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Hugo Miiller Lecture. 
DELIVERED BEFORE THE CHEMICAL SocrETY ON Marcu 26ru, 1930. 
By GEORGE VON HEVEsy. 


The Chemistry and Geochemistry of the Titanium Group. 


Mr. PrREesIDENT, LapiEs, and GENTLEMEN,—May I be permitted to 
express to you, Mr. President, and to the Council of the Chemical 
Society my hearty thanks for the great honour you have shown me 
in inviting me to deliver the Hugo Miiller Lecture this year. 

For the subject of the lecture I am to give to-day I have chosen 
the problem of the chemistry and geochemistry of the titanium 
group, a problem of equal interest to Chemistry and to Mineralogy. 


1, 


The head of the group, titanium, is one of the most abundant 
elements; the last member of the group, thorium, is the parent 
substance of one of the radioactive disintegration series. The 
intermediate members zirconium and hafnium are remarkable for a 
similarity unique in the periodic system. A comparison of the 
properties of the members of the titanium group is therefore extra- 
ordinarily interesting. Clarke and Washington consider titanium 
as number 9 in the series of abundance of elements in igneous rocks, 
with an abundance of 0-63%. This value is based on about 5000 
analyses of igneous rocks. In stone meteorites titanium takes the 
12th place, for the elements sulphur, nickel, and chromium, which 
are less common in igneous rocks, precede titanium in these sub- 
stances. In iron meteorites, however, titanium advances to the 
8th position. We desired to determine the abundance of all the 
members of the titanium group as well as of other rare elements in 
§ one and the same material, and for this purpose we prepared a 
standard mixture, using more than 300 samples of igneous rocks of 
all possible types. 

B 
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The composition of the standard mixture so far as the common 
elements are concerned was as follows : 


Sis) Sucdeniasttatiace sdaagmaia dens 56-35% BM ndtitindesanadionsceomeme 3°19% 
ie. icpaddeisausionmuvwnsiconnes 13-08 STL snvndecavabeaeswasecuoion 1-02 
MEP sichdiwbtndeinssudendec 8-06 SEE b sbintcivlacnetinnsesenph 0-21 
SED Gawbsustasesacoebatonin 4-64 MEE abegcsrcsucessdrecescess 0-11 
OMIA -nidusnmineestaaweteaune 2-87 | Od bg ree 1-56 
BMD siccdaneesaaseeueiebaken 5:70 tS Be ag Pereorerreree re 0-06 
TET, |. copbeusaiaccadsaatanan 3°26 


Further, 1 gram contained : 


Ti. Zr. Hf. Th. 

0-61 x 10-3 1-8 x 10° 3-2 x 10° 1-3 x 107° gram 
Le Nb. Ta. Pa. 

0-2 x 10° 3-2 x 10°? 2-4 x 10° 0-5 X 10-!* gram 


Although the determination of the elements of the titanium group 
in the available material of the earth’s crust presents no difficulties, 
we encounter great difficulties when trying to determine the share of 
these elements in the building up of the whole earth’s material. 
The solution of the latter question is of great importance, as the 
proportion of each element gives .a measure of its nuclear stability 
upon the assumption that the earth is a fair sample of the solar 
system. 

So far as titanium is concerned, it is comparatively easy to 
determine its share in the total mass of the earth. We can carry 
out the calculation in two different ways, using as its basis either 
the analysis chiefly of terrestrial rocks or solely the analysis of 
meteorites. According to the data of V. M. Goldschmidt, the masses 
of the four shells of the earth—the iron—nickel core, the intermediate 
shell, the eclogite shell, and the silicate shell—are in the ratio of 
about 31 :37:30:3. Suppose we select the first way and start 
from the titanium content of eclogites, which is about 0-3%. We 
will assume this value for the total eclogite plus silicate shell, this 
assumption being justified partly by the fact that the eclogite shell 
is about ten times as heavy as the silicate shell, and also because the 
titanium content of the silicate shell is not very different from the 
above value, as the following table shows. 


Average titanium content, %,. 


Igneous Stony 
Granite, Basait, Plateau Peridotite. Eclogite. rock, Our meteorites 
average. average. basalt. (Daly- (Eskola, average. standard (average of 
(Daly) (Daly) (Niggli) Holmes) Wagner) (Clarke) mixture. 20 stones). 
0-23 0-82 1-49 0-4 0-3 0-63 0-61 0-19 


It follows from the above considerations that the titanium found 
in the eclogite plus silicate shell corresponds to 0-001 of the earth’s 
total material. The titanium content of the intermediate shell 
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mon | cannot be larger than that of the stone meteorites and will therefore 
only moderately increase the above-quoted figure, namely, from 
0-001 to less than 0-0016. Moreover, the amount of titanium present 
in the iron core increases this figure only very slightly, for we found 
! the average titanium content of iron meteorites to amount only to 
4x 10+ g. per g., the titanium content of the 11 iron meteorites 
investigated varying between 3-4 x 10 and 1-8 x 10° g. per g. 
The above considerations were based on the assumption that the 
second shell is chiefly composed of eclogite. An alternative view 
favoured by several geologists is that the material below the crust is 
more like peridotite in either crystalline or glassy state. For 
example, Holmes assumes that at a depth of about 60 km., crystalline 
am peridotite is passing into a glassy substratum, which prevails down 
to the depth of 2900 km. where the metallic core begins. The 


wn 





ieee average titanium content of peridotite works out to about 0-4%, 

sal and as according to the above assumption two-thirds of the total 

wt earth material is built upon similar lines to peridotites, the total 

: en titanium content of the earth may be put at somewhat less than 

pa 0-19%. 

ality Our alternative method is to base the determination solely on the 

solar ’ ; : Peat 
analysis of meteorites. As stone meteorites have a titanium 
content of 0-2%,, if we regard two-thirds of the mass of the earth as 

y to ‘ ; oe , ; 

hee having essentially the composition of the stone meteorites, we obtain 

: ec a titanium content of the total earth not more than 0-14%. To this 

‘ of | *mount must be added the titanium content of the iron core, which 

mail. leads to a slightly increased figure, viz., 0-15%. The following 

5 table shows the titanium content of the total earth material 

late 

‘ calculated 

io of 

start § (a) from the analysis of terrestrial rocks, assuming an 

We Cologite whell .......ccccccccccccccssccccscececscosesssocoese 0-0016 g. per g. 
Peg (b) from the analysis of terrestrial rocks, assuming a 

, this eee TS RD 56 BONERS RCS <A 0-0019 

shell (c) from the analysis of meteorites alone —..........seeseeees 0-0015 

{ ei These figures are slightly too high, as the titanium content of the 
intermediate shell is probably less than that assumed. 

The most important titanium minerals are ilmenite (FeTiQ,), 

rutile (TiO,), titanite (CaTiSiO;), and perowskite (CaTiQ,). 

= From a magma deficient in lime and iron, titanic oxide may 


on‘ct_ If separate as rutile; when lime is abundant, titanite or perowskite 
nat may form; in the presence of much iron ilmenite will be deposited. 

- In order to decide in which mineral the greatest part of the 
titanium exists, we have chosen the following method. Niobium 
and tantalum always occur together with titanium; the chemical 


similarity of these elements is well knéwn'and, as in chemical pro- 


ound 
rth’s 
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cesses, so also in geochemical separations, niobium and tantalum 
invariably follow titanium. If we determine the average niobium- 
titanium or tantalum-—titanium ratio of igneous rocks, and simultane- 
ously that of titanium minerals, we can conclude at once how far a 
titanium mineral can be the chief carrier of titanium in igneous rocks. 
We find, for example, that the ratio tantalum—titanium in titanite, 
perowskite, and rutile is so much larger than in igneous rocks that 
these minerals cannot be the chief carriers of titanium. The 
titanium-niobium ratio of ilmenite is not very different from that 
found in igneous rocks, and it is therefore apparent that ilmenite 
must be the mineral which contains the greatest part of the titanium 
present in igneous rocks. 

The atomic ratio of niobium to titanium and of tantalum to 
titanium in certain minerals is seen in the following tables. 


Atoms of niobium per 1000 atoms of titanium. 
In our igneous rock 
Rutile. Titanite. Ilmenite. standard mixture. 
0-55 0-29 0-0024 0-0067 
Atoms of tantalum per 1000 atoms of titaniwm. 
In our igneous rock 
Rutile. Titanite. Ilmenite. standard mixture. 
0-052 0-23 0-0009 0-0027 


These figures show that most of the earth’s titanium, so far as it 
occurs in titanium minerals, must exist as ilmenite. 

Titanium, however, is found not only as the chief constituent of 
the titanium minerals, but also as a vicarious constituent of silicates. 
Formerly it was thought that titanium could replace silicon, but 
recently Machatschki and others, in view of Goldschmidt’s work, 
have concluded that this cannot occur, at least at lower temperatures, 
on account of the great difference in the ionic radii (0-64 A. and 
0-39 A.), but titanium may replace magnesium (ionic radii 0-64 A. 
and 0-78 A.).* At high temperatures titanium might replace silicon, 
but when such a metasilicate cools, the titanium present would be 
expected to crystallise as ilmenite or another titanium mineral of 
similar constitution. To determine the amount of titanium which 
replaces magnesium in our “standard igneous rock mixture,” we 
separated the latter into light and heavy constituents, and we could 
then distinguish between the vicarious titanium present in the 
lighter fraction and the titanium from titanium minerals present in 
the heavier fraction. It was found that the latter amounts to more 
than two-thirds of the total titanium present. 


* These are Goldschmidt’s figures. Pauling gives the ionic radii as 0-68 
and 0-80 A. respectively. 
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OF THE TITANIUM GROUP. 


2. 


The increase of the nuclear charge by 18 units in the transition 
from titanium to zirconium causes a very appreciable decrease in 
the abundance of the element. It is probable that the lighter 
elements such as titanium and zirconium were built up by synthesis 
rom lighter nuclei, and in this way very appreciably more titanium 
atoms than zirconium were formed. 

The increase of the ionic size from 0-64 to 0-87 A.* in going from 
titanium to zirconium had also important geochemical results. In 
his fundamental work on geochemistry, V. M. Goldschmidt has 
drawn attention to the fact that the products of magmatic crystal- 
lisation can be roughly classified into three groups. The first 
includes the minerals of the earliest separation from the magma, the 
second contains the dominating minerals of the main period of 
crystallisation, and in the third group are the minerals which 
separate from the magma at a very late stage of its evolution. The 
distribution of any given element between a liquid phase and a 
co-existing crystalline phase will depend on isomorphism between 
the element or its ions and the components of the crystalline phase. 
Isomorphism mainly depends on the size of the atoms or ions 
involved, and we have to expect a sorting of elements according to 
the size of their atoms and ions in relation to the sizes of the dominat- 
ing constituents of the crystalline phases. Now, elements of very 
small ionic or of very large ionic size do not enter the crystal, but are 
forced to remain suspended in the liquid.. In this manner, a number 
of rare elements are, or become, concentrated in mother-liquors or 

magmas, remaining there till the concentration reaches the satur- 
ation limit of their own crystalline phases. When that stage is 
reached they are precipitated as minerals of rare elements. This 
line of thought explains why, in the mother-liquors of silicate 
magmas, 4,e., the pegmatite magmas, we encounter such a wealth of 
rare elements. Goldschmidt emphasises the idea that the process 
of fractional crystallisation has also important consequences for the 
vertical distribution of the elements throughout the silicate shell of 
the earth. The specific gravity of the liquid part of an ordinary 
silicate magma that is in process of fractional crystallisation decreases 
substantially as crystallisation proceeds, owing to the high density 
of early minerals and to the increase in such volatile compounds as 
water and carbonic acid in the mother-liquor. Therefore, residual 
magmas will have a strong tendency to migrate upwards to the 
uppermost levels of the earth’s crust, so that in the highest levels 
of the silicate shell we encounter a relative enrichment of those 


* These are Goldschmidt’s figures. 
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elements found concentrated in the light granitic rocks and pegma- 
tites. For this reason many of the rare elements typical of pegma- 
tite associations are found in comparatively high concentrations in 
the uppermost levels of the lithosphere. Three of the four members 
of the titanium group, namely, zirconium, hafnium, and thorium, 
are conspicuous members of the later group of the pegmatite magma 
although they are not found exclusively among the crystallisation 
products of residual magmas. On the other hand, a large proportion 
of the titanium enters into the products of early crystallisation. 

The geochemical behaviour of titanium is, therefore, entirely 
different from that of the other members of its group. One of the 
most important consequences of this fact is that the titanium 
content of the igneous rocks is not very different from that of the 
eclogite and even of the intermediate shell, and therefore, as we saw, 
the titanium content of the igneous rocks supplies a fairly accurate 
measure of the titanium content of the total earth material. No 
such conclusion can be drawn from the zirconium, hafnium, and 
thorium content of the igneous rocks. 


3. 


It is of interest to recall that, even before the above geochemical 
considerations were known, the conclusion had been reached that 
thorium and uranium were practically limited to the lithosphere. 
The present Lord Rayleigh reached this conclusion through his 
considerations of the thermal equilibrium of the earth. At that 
time * it seemed quite arbitrary to say that the radioactive elements 
should chiefly exist only in the uppermost layer of the earth. To-day 
it seems to us to be quite obvious that the elements of residual 
crystallisation, such as uranium and thorium, have to concentrate 
in the uppermost shell of the earth. The decrease in the thorium 
content with increasing depth is beautifully shown by the following 
table, based chiefly on the work of Joly and Poole : 


IO ccceusccenines bivieuveossesatatines 2 x10 
De, EE. 5. 5c taecebcrnacubaests 0-6 x 10° 
Basalt, plateau .......ccsseccccsereeees 0-5 x 10° 
Ultze-DABIC GUMIte ..cccccccccccccccccee 0-3 x 10 
PETG RIND © ccccccvccscecccvcsccscescocesoes 0-2 x 10° 


Considerations, based on the heat equilibrium of the earth, allow us 
to calculate the thorium content of the total earth’s material. Iam 
much indebted to Professor A. Holmes for the more recent data. 
According to his calculations, the amount of thorium compatible 
with the requirements of the heat equilibrium is about 2 x 10-’ g. 
per g. in the layer corresponding to Goldschmidt’s silicate, eclogite, 


* Holmes and Lawson have recently drawn attention to the fact that the 
heat production due to potassium disintegration must be also taken intoaccount. 
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yma- § and intermediate shells combined; or, if distributed throughout 
gma- | the total mass of the earth, 1:3 x 10-7 g. per g. 
ns in The thorium content for the whole earth may also be computed 


bers | by methods similar to those for computing the titanium content. 


‘ium The result is seen from the following table : 
, g 
gma : . 
Ae Thorium content of the total earth material. 
ti From heat equilibrium considerations ...........++++ 1-3 x 10-7 g. per g. 
rcion From the analysis of terrestrial rocks ............++. «a xe 
From the analysis of meteorites alone ............++. 14 x 10° 
irely The results in the second and third lines are somewhat too high, 


f the as the thorium content of the intermediate shell is presumably 
uum | somewhat smaller than that assumed. 


the 
saw, 4. 
irate According to Clarke and Washington, the average zirconium 


. 


No content of igneous rocks amounts to 0-026%. In our “ standard 
and mixture ’’ we find a zirconium content of 0-019%, and a hafnium 
content of 6-00032%. Thus the titanium/zirconium ratio is 32: 1. 
The difference in abundance of these two elements is, however, more 
marked wher one considers the whole earth’s material. The 
lical arguments employed for the case of thorium can also be applied to 





that zirconium in so far as the geochemical behaviour of this element 

ere. follows that of thorium. The corresponding result is seen from the 

his following table. 

that ‘ : . 

site Zirconium content of the total earth material. 

dav From the analysis of terrestrial rocks ..........++0++ 2 x 10° g. per g. 

, wd From the analysis of meteorites alone ............++. 3 x 10> 

ua ’ alii : ‘ ’ , 

The assumption of similar geochemical behaviour by zirconium 

rate , ; ger . ‘ 

, and thorium could be questioned, but no objections can be raised 

jum ey CHT , ‘ : , 

: against its application to the case of zirconium and hafnium. Owing 

ying ; : Pe ; : . 
to their great chemical similarity, zirconium and hafnium share the 
same fate during geochemical processes, and we may therefore 
consider the zirconium /hafnium ratio ascertained in the lithosphere 
to be a trustworthy measure of their general abundance in the 
material of the earth and, presumably, of the whole solar system. 
On account of the important conclusions which can be drawn from 

y us them, the ratios zirconium: hafnium, yttrium : holmium, niob- 

am ium : tantalum, and so on, become of great interest. This applies 

ata. to a still greater extent to the relative abundance of the isotopic 

ible atoms as determined by Aston’s recent researches. 

7g. 


5. 





ite, 
In nature, zirconium is found chiefly as zircon (ZrSiO,). This 
mineral is a product of the first crystallisations of the silicate melt 





the 
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as well as of the chief crystallisation, but its chief occurrence is 
among the products of residual crystallisation. The last includes, 
according to Goldschmidt, about 80° of the total amount of zir- 
conium. In nepheline-syenites, poor in silica but alkali-rich, 
zirconium occurs as eudialite, which weathers into baddeleyite. 
Zirconium is also found as a more or less important constituent of a 
large number of less common silicates. 

The next member of the titanium group, hafnium, is never found 
as a dominating constituent of a mineral: no hafnium minerals are 
known. This is due chiefly to the unique similarity between 
zirconium and hafnium, but also to the fact that zirconium is much 
more abundant. In no case is the “ camouflage ’’ phenomenon, as 
Goldschmidt calls it, more conspicuous. In the fluid-gaseous stage 
of our solar system, a zirconium : hafnium ratio of about 60:1 
prevailed throughout, and owing to their similarity, the same ratio 
is found also in the lithosphere. 

The following example shows how weathering and other processes 
which can produce a very appreciable shift in the zirconium : titan- 
ium ratio are entirely ineffective in separating zirconium from 
hafnium. On the Chibina tundra of the Kola Peninsula there are 
found both unaltered and weathered eudialite. The original mineral 
shows a TiO, : ZrO, ratio of about 11, whereas in the weathered 
mineral] a ratio of about 1 isfound. The ZrO, : HfO, ratio was found 
to be exactly 100 : 1-3 in both cases. 

In the course of the formation of minerals the original haf- 
nium : zirconium ratio was, however, appreciably altered sometimes in 
favour of zirconium in the products of alkaline residual crystal- 
lisation, a zirconium poorer in hafnium than that of the gaseo-liquid 
earth thus being left behind. The lowest hafnium content is shown 
by those zircons which occur in nepheline-syenites with a low 
silica content, such as the zircons of Brazil. We find here zircon- 
ium : hafnium ratios up to 700:1. In the products of siliceous 
residual crystallisation, on the other hand, we sometimes find a very 
appreciable decrease in the above ratio. Some unaltered zircons of 
granitic origin, such as the zircons of Seiland investigated by Barth, 
exhibit an atomic ratio Zr : Hf of 40, and altered zircons, e.g., some 

alvites and cyrtolithes, show an atomic ratio up to 6:1 (the 
ZrO, + HfO, content of such minerals amounts to about 50%). 

Minerals which contain a high hafnium-zirconium ratio contain 
mostly also large amounts of yttrium earths, such as thorium, 
uranium, niobium, tantalum, and beryllium. As Urbain has shown, 
the separation of closely related elements by fractional crystallisation 
can sometimes be promoted by the addition of a third element 
which crystallises between the elements to be separated. It is 
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possible that one or more of the elements mentioned above play 
this role. 

Owing to the presence of thorium and uranium in such minerals 
as are products of residual crystallisation, we find a certain parallel- 
ism between hafnium content and radioactivity. Minerals which 
show a high hafnium content are often found in a “ metamikt ” 
state, which is also shown by the fact that such minerals give no 
sharp rings in their X-ray diagrams. Bohm and Ganter have taken 
X-ray diagrams of a large number of zirconium minerals but could 
not find a connexion between hafnium content and ‘“‘ metamikt ”’ 
nature. Cyrtolithes from Parry Sound, Ontario (2:36% of Hf0O,) 
or Karelia (2-3% of HfO,) were found as distinctly ‘‘ metamikt ” as 
the cyrtolithes of Rockfort, Mass., which exhibited an uncommonly 
high hafnium content (up to 10% of HfO,). 

The elements of the titanium group are also found in the sun’s 
spectrum. The titanium lines and also oxide bands appear with 
great intensity, but the zirconium lines are much weaker and the 
hafnium lines even fainter still. 

The geochemical behaviour of the elements of the titanium group 
clearly indicates that the chemical resemblance between titanium 
and zirconium, on the one hand, and hafnium and thorium, on the 
other, is of the usual order, whilst the resemblance between zircon- 
ium and hafnium is exceptionally close. In the following we shall 
investigate how far the resemblance is borne out by the chemical 
behaviour. 

6. 

The most exact method for comparing the chemical similarity 
makes use of the ionisation potential of the elements, a magnitude 
which is best furnished by optical data. In spite of the great ad- 
vances in optical spectroscopy, it has not yet been possible to disen- 
tangle the spectra of the elements of the titanium group to an extent 
that would enable us to calculate their ionisation potentials. There 
is, however, an approximate parallelism between ionisation poten- 
tial and atomic magnitude, and this permits us to employ the atomic 
or the ionic size instead of the ionisation potentials in making chemical 
comparisons. Fig. 1 shows the ionic radii and atomic numbers of 
the elements of the titanium group, whereas Fig. 2 compares the 
values of their atomic radii and atomic numbers. ‘The ionic radii 
were obtained by Dr. Béhm in my laboratory, and the atomic radii 
by van Arkel and de Boer at Eindhoven; the latter workers were 
able to prepare the metals of the titanium group and even single 
crystals by a very elegant method. Although the atomic radii of 
zirconium and hafnium show an appreciable difference, their ionic 
radii are identical within 0-05%. 

B2 
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The molecular volumes of the oxides and the atomic volumes of 
the metals are given in the following tables. 


TiO, (rutile) 


1.0 


0.9 
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Molecular volumes and densities of the oxides. 











Mol. vol. Density. 
iaiiivtnthanhinitdpeseinegieennbhresanekis 18-75 3°97 
ZrO, (tetragonal, nearly fluorite type) .......... 20-10 6-13 
CeO, (cubic, fluorite type) ............sesssescseees 23-99 7-58 
HfO, (tetragonal, nearly fluorite type) .......... 20-10 10-47 
ThO, (cubic, fluorite type) ............sceeeeeeeeees 26-75 9-86 
Fig. 1 
| ot 
Th 
= 
- © 
ao 
oO 
e Zr 
Fo Hf 














0.8 
0.7 
Ti 
06 
Atomic Number 
22 40 72 30 


Second monoclinic modifications of ZrO, and HfO, have a somewhat 
higher molecular volume, viz., 21-11, and accordingly a lower density, 


viz., 


5°84 and 9-98 respectively. 


latter modification is obtained. 


Under the usual conditions the 


Atomic volumes and densities of the metals. 


Atomic vol. Density. 
TE! csaqeecsssdadscccnsedessees 4:5 
BE seceucocssccceosesessossecs 6-52 
SE casunndsceschbbacsunsaviecs 13-31 
DA: cg csavedsoes Baeedsicecusbcce 12-0 


The melting points of the oxides and especially of the carbides of 
the elements of the titanium group are conspicuously high, as seen 


in the following table. 
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Melting poinis of the oxides and carbides. 


TS Sindinsrddicmemnianeins WORF TES civcssssecsscsesveceassescs — 
ili. sheteeninvkemvancabeien 2687 BS san escnysrcisedeasscnvepues 3532° 
MENA . dttoharsmedsnetssecsscec 2812 MERE qnahccsochassnseucahoonseks 3887 
By eas Faapassaesctetoneite 2800 WS  Résccdussnssenamtapesoes — 


The solid solution containing 1 mol. of hafnium carbide and 4 mols. 
of tantalum carbide has the highest melting point yet found, for it 
melts at 3942°. The melting point of zirconium metal is 1580°, and 
that of hafnium 2230°. 


Fie. 2. 
Ler 
Th 
o<t 
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= 
lI7 Fo 
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Zr H+ 


¥ Ti 





Atomic Number 
i i 
22 40 72 90 


The great similarity of the ionic sizes of zirconium and hafnium 
is exhibited in the minute differences of solubility of most of the 
corresponding compounds, which account for the great difficulties 
of separation. In only a few cases are the differences not inappreci- 
able; such an instance is afforded by the potassium and ammonium 
hexafluorides, as seen from the following table. 





Solubility (mols. per litre) at 20° in N/8-hydrofluoric acid. 


Se ae 00488 KH, .....cccccesoee 0-1008 
0 ieee 0-0655 K,ThF 4,H,O .....0000 Hardly soluble 


| The phosphates exhibit marked solubility differences in concentrated 


mineral acids : 
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Solubility (mols. per litre) of phosphates at 20° in 10N-hydrochloric 
acid. 


























Titanium phosphate  ........ssececeeeereeees 0-32 

Zirconium ay 3). 11* Skenniiniadesadadiis 0-00023 

Hafnium 99 (iC Steen cencc vos ocsecess 0-00011 
It is of interest to note that hafnium phosphate is the least soluble of 
all known phosphates. 


The solubilities of the oxychlorides of zirconium and hafnium are 
practically identical in water and in dilute acids, but at greater acid 
concentrations very different behaviour is found. Instead of 
decrease of solubility with increasing acid concentration, we witness 
an increase in solubility after a concentration of about 8N-hydro- 
chloric acid is reached. In this acid, these oxychlorides show a 
similar behaviour to that of lead chloride, where the increased 
solubility with increasing acid concentration is due to the formation 
of a complex compound. In the range of increasing solubility the 
oxychlorides of zirconium and hafnium show a distinct difference of } 
solubility, presumably due to the greater tendency of the zirconium | ii 
salt to form complex compounds. That complex hafnium com- J rn 
pounds are less easily formed and more easily decomposed is also | c 
shown by heating zirconium and hafnium ammonium hexafluorides, 
the latter compound being more easily decomposed. le 

The oxybromides also show markedly different solubilities in § i: 
concentrated hydrobromic acid: in 30N-acid the zirconium salt is | t 
4-5 times more soluble than the hafnium salt. In the case of the § si 


— 2s oe. Bi ite beet ae | Ue CelC|! hee eee ee) 6 Cee UC ee 


oxyfluorides the greatest difference, 2 : 1, is found in 20N-acid. ti 
The methods actually used to separate hafnium and zirconium § a 
are based on the fractional crystallisation of the ammonium or § |: 


potassium hexafluorides and on the precipitation of the simple or J p 
the crystallisation of the complex phosphates. 7 






7. 


The anomalous behaviour of the titanium group has been described 
and illustrated. I shall now try to explain the anomaly by means of 
Bohr’s quantum theory of atomic structure. According to Bohr’s 
views, the chemical character of an element is conditioned by the 
charge on the nucleus of the atom and the attraction exerted by the 
charge on the electrons of the outermost shell. An increase in the 
nuclear charge without a change in the arrangement of the electrons 
has the effect of making the outer electrons more tightly bound, and 
the atom becomes less basic. 

In the vertical groups of the Mendeléeff system, such an increase 
of charge takes place from the lower to the higher elements, but at 
the same time the valency electrons are displaced further and further 
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from the nucleus into quantum orbits of higher quanéum number. 
Owing to this fact, this increased attraction—which is an effect of 
tne increase of nuclear charge—is not only counterbalanced but even 
outweighed by the greater distance of the outer electrons from the 
nucleus, and the higher members become more basic than the lower. 
Barium has a nuclear charge 18 units higher than strontium, and yet 
it is the more basic element. In comparing hafnium with zirconium 
we find the difference in nuclear charge is 32 units, much more than 
in the case of barium and strontium, while the difference in the 
quantum number of the orbits is the same in each case. In com- 
paring barium and strontium with zirconium and hafnium we have 
in both cases the same difference of quantum number of the valency 
orbits, but in the latter case the much bigger difference in nuclear 
charge of 32 units can no longer be compensated by the increase in 
the quantum number of the valency electrons, and hafnium is 
accordingly only inappreciably more basic than zirconium. We 
can always imagine two atoms of very different nuclear charge show- 
ing practically the same chemical behaviour if only the quantum 
numbers of the valency electrons are very different and exactly 
compensate the difference in the nuclear charge. 

The next question which occurs is: Why has hafnium a so much 
larger nuclear charge than zirconium? The difference is due to the 
introduction of the 14 rare-earth elements before hafnium. That 
the appearance of the rare earths is responsible for the extreme 
similarity of zirconium and hafnium, becomes apparent when we try 
todraw up a fictitious periodic tablecontaining norare-earth elements 
and then deduce the properties of an element which would follow 
lanthanum in such a table. Lanthanum is not considered in atomic 
physics as a rare-earth element. After lanthanum there would be a 
“ pseudo-hafnium,” then a “ pseudo-tantalum,” a ‘“‘ pseudo- 
tungsten,” and so on. These pseudo-atoms would all be more 
reactive than the real ones, since their valency electrons would be 
less tightly bound. ‘“‘ Pseudo-hafnium ” would have a density of 9, 









instead of 13, “ pseudo-tantalum ”’ 14 instead of 17, ‘“ pseudo- 
tungsten” 15 instead of 19. Although these pseudo-metals are 
purely fictitious, their compounds are not. The quadrivalent 
compounds of “ pseudo-hafnium” are known and are, in fact, 
identical with the ceric compounds. This is obvious from a simple 
observation of the electronic grouping as shown in the table on 
p. 14. 

As is to be expected, the anomalous behaviour of the ionic sizes and 
the molecular volumes of the oxides disappears if we replace the 
hafnium ion by the ceric ion (Fig. 3). This observation is not with- 
out interest in connexion with the earlier, apparently insuperable, 
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Hafnium. Hafniumt++++, 

N oO P N O P 
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Pseudo-hafnium. Pseudo-hafnium ++++*, 

N O P N oO P 
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difficulty of placing cerium in the third or in the fourth group of 
the periodic table. The cerium atom and the cerous ion are not 
directly related to zirconium, but the ceric ion is the pseudo- 
homologue of the zirconium ion. Similarly the quinquevalent praseo- 
dymium ion would be the pseudo-homologue of the niobium ion. 








8. 


I would like to mention the chief points in the analytical chemistry 
of the titanium group. Titanium can be colorimetrically estimated 
even when present only in traces, e.g., as little as 0-001 % in iron. 
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The estimation of thorium also offers no difficulty. 

Apart from chemical methods, the detection of thorium can be 
carried out conveniently by measuring the radioactivity of the 
thorium emanation. If the thorium content is too small, it can be 
concentrated chemically. This concentration is much facilitated by 
using the method of radioactive indicators. A known quantity of a 
thorium isotope (for example, U-X) is added to the solution of the 
mineral, and the quantity is checked by electroscopic measurements 
before and after the concentration process. In this way any therium 
loss can be allowed for. 

Zirconium can be easily determined by Hillebrand’s method by 
the precipitation of the phosphate in acid solution, but the existence 
of hafnium introduces very great difficulties. The characteristic 
insolubility of zirconium phosphate in mineral acids is also shown 
by hafnium phosphate, as also are the colour reactions of zirconium, 
fur example, the red colour developed with sodium alizarinsulphon- 
ate. One is, therefore, forced to turn to physical methods. In a 
mixture of the two oxides with no other constituent, a determination 
of the density supplies a simple means of analysis. A replacement 
of 1% of zirconium by the same volume of hafnium represents an 
increase of density of 0-7%. This method is useless except when 
a pure mixture of the oxides is available. Otherwise, only spectro- 
scopic methods are possible, and quantitative X-ray spectroscopy is 
especially suitable. In order to determine the amount of hafnium 
in a mineral a known amount of lutecium oxide is added to the 
powdered mineral, and the intensities of the Hf-La«, and Lu-La, lines 
are compared. These two lines lie very close together and are 
therefore especially suitable for intensity comparisons. 

Quantitative X-ray spectroscopy is applicable to the determination 
of almost every element, but is indispensable in the above-mentioned 
case as in all other cases of elements difficult to determine chemically 
or those present in minerals only in traces. 

Often the combination of chemical concentration and the X-ray 
method proves to be very useful. The determination of the abun- 
dance of niobium and tantalum already mentioned was only rendered 








possible by removing the titanium together with niobium and 
tantalum from the mineral, concentrating the last two in this fraction 
chemically until a concentration of 1 : 1000 or 1 : 10,000 was reached, 
and then using the X-ray method. Starting with a one-pound 
sample, in the part actually used for the X-ray analysis there was 
not more than 1/100 mg. of tantalum, but this sufficed for the X-ray 
analysis. 

X-Ray spectroscopy furnishes an unsurpassed method for the 
analysis of minerals, and it is greatly to be deplored that the late 
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H. G. J. Moseley, to whom we owe the discovery of the fundamental] 
law of X-ray spectra and who laid the foundation for X-ray analysis, 
could not live to witness this and numerous other applications 
of his discovery. 





I.—The Formation of Kojie Acid from Sugars by 
Aspergillus oryze. 


By FREDERICK CHALLENGER, Louis Kien, and THomas 
KENNEDY WALKER. 


Tae similarity in structure between glucose (I) and kojic acid (IT) 
is striking and has been mentioned by many workers (see Challenger, 
Klein, and Walker, J., 1929, 1499; Maurer, Ber., 1930, 63, 25, 
2069) who have studied the conversion of glucose and other carbo- 
hydrates into this y-pyrone derivative by A. oryze and related 
moulds. 


CH-OH CO CO 
HO-HC/ \CH-OH HC/ NCOH — HC/ \C-OH 
HO-H.C-HC. JcH-OH HO-H,C-Cl !cH HCC. )CH 
6 0 
(I.) (II.) (III.) 


The present authors have recently shown (loc. cit.) that kojic acid 
is also formed from arabinose and xylose by A. oryz@. This may be 
explained by assuming a preliminary breakdown to a 3-carbon 
compound such as dihydroxyacetone, which then undergoes con- 
densation to glucose or a similar aldohexose. The production of 
kojic acid from glycerol, which was observed by Traetta-Mosca, 
using A. glaucus, and confirmed by us with the strain of A. oryze 
here described, is not in disagreement with such a suggestion. 
Acetobacter suboxydans, B. xylinum, and other organisms convert 
glycerol into dihydroxyacetone (Bertrand, Ann. Chim. Phys., 1904, 
3, 255; Fulmer and Werkman, ‘ Index to the Chemical Action of 
Micro-organisms,”’ 1930, 131, 169), and therefore the change glycerol 
——>kojic acid may well proceed through this triose : we have recently 
shown that during the growth of A. niger on a 5% glycerol solution 
containing the necessary inorganic salts the medium acquires 
reducing properties. Addition of phenylhydrazine causes the 
precipitation of the osazone of glyceraldehyde (or of dihydroxy- 
acetone). This triose has not previously been obtained from 
glycerol by the action of a mould. We find that more than 30% 
of the theoretical yield of kojic acid may be obtained when A. 
oryze is cultivated in solutions containing dihydroxyacetone as 
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sole source of carbon. No yields of kojic acid approaching this 
figure have been obtained by us with any other substrate. The 
formation of kojic acid in this way may, however, occur without 
any preliminary condensation to a hexose, thus :— 


OH H-CH-OH co 
Pa *" sali 
HC z O-OH -21,0 HC C-OH | 0 
HO-H,C-C CH ~ yo” HOH,C-C CH . 
\ 4 \Z4 
OH HO O 


It is therefore unnecessary to assume the formation of a hexose 
during the conversion of pentoses into kojic acid, since formation of 
glyceraldehyde or dihydroxyacetone by loss of two atoms of carbon 
as glycollaldehyde may readily occur. Many examples are known 
where pentoses yield the same products as hexoses under the influence 
of micro-organisms (J., 1929, 1498; Fulmer and Werkman, op. 
cit., 1930, 129). Consequently it is probable, though definite 
proof is so far lacking, that the conversion of glucose into kojic 
acid may also be preceded by ring fission with formation of a triose, 
and that the hydroxy-y-pyrone nucleus is not directly carved out 
of the pyranose ring. This suggestion would fall into line with 
Robinson’s view (Brit. Assoc. Reports, Edinburgh, 1921, 417; J. 
Soc. Chem. Ind., 1925, 1182) that the formation in nature of the 
pyrone and the pyrylium rings of the anthoxanthins and antho- 
cyanins involves the participation of a triose which, with the twelve 
carbon atoms of two hexose molecules, completes the skeleton of 
the colouring matter. 

A. oryze grows well on rhamnose, but in several experiments 
only minute traces of a substance giving a red colour with ferric 
chloride could be isolated from the culture. After conversion into 
its copper salt and regeneration with hydrogen sulphide this sub- 
stance melted at 146—148°, and at 150—151° in admixture with 
kojic acid (m. p. 154°). In all, about 30 g. of carefully purified 
rhamnose were fermented, but the result was inconclusive owing to 
the very poor yield. If the pyranose ring remained intact during 
fermentation allomaltol (IIIT) (Yabuta, J., 1924, 125, 575) should 
be produced, whereas if fission occurs kojic acid should arise by way 
of glyceraldehyde. 

A study of the formation of kojic acid from organic compounds 
containing two and three atoms of carbon is in progress, and the 
behaviour of this and other y-pyrone derivatives to micro-organ- 
isms is being investigated. The publication of the results so far 
obtained appears desirable in view of the work of Maurer (loc. cit.). 
An examination of the behaviour of methylated and acetylated 











18 CHALLENGER, KLEIN, AND WALKER: THE FORMATION OF 


has also been commenced. 


EXPERIMENTAL. 


The mould used in this research, a strain of Aspergillus oryze, 
and the medium containing the inorganic salts, designated “‘ med- 
ium K,” were the same as those employed in previous work (J., 
1929, 1498). The following details of the morphological character- 
istics of this strain of A. oryze were kindly supplied by Dr. C. Thom 
of the Bureau of Chemistry and Soils, Washington, to whom the 
authors’ thanks are specially due. 

“ Mould 5060 IV, labelled ‘A. oryzz, diastase—Neuberg’ : 
The strain belongs to the flavus section of the flavus oryze 
series rather than to the long-stalked yellowish series identified 
with the original cultures of A. oryze. Colonies upon agar 
in Czapek’s solution grow rapidly, spreading in 7 to 8 days 
over the whole surface of the petri dish, with marginal growing 
area 15—20 mm. wide consisting of radiating hyphae partly above, 
partly below, the surface of the agar. These are white, passing 
toward green with the development of stalks and heads in the 
central area, with the transitional area often in yellow (citrine 
to flavus of Saccardo’s chromotaxia) or with yellow almost sup- 
pressed. The central or conidial area shows shades of yellow-green 
to fairly deep green (about ivy-green of Ridgway’s XXXI) in the 
large colonies and upon deep agar, becoming brown in age. The 
mass of mycelium tends to become radiately wrinkled and in- 
distinctly zonate in thin areas of the substratum. The reverse is 
white or mostly uncoloured ; stalks from 400—500 yp in the earlier 
stages to 1000u or longer in groups developing later, from 5, in 
diameter at base to 8—10 p or larger just below the vesicle. 

“ The heads (unwashed) are large and small in the same areas, 
up to 250—300 u, from hemispherical to three-fourths of a spherical 
mass with chains radiating irregularly over three-fourths of a 
sphere—more than a hemisphere. 

“ The vesicle is an almost globose enlargement of the rather 
broad apex of the stalk, up to 40 in diameter or larger, small and 
large in same areas, pyriform to almost globose and fertile over the 
upper half to three-fourths. The sterigmata are in smaller heads 
and younger groups of large heads in one series, later doubled, 
especially near the base of the large heads, so that simple and double 
sterigmata are intermingled ; about 10 u by 2—3 yu, or primary about 
10—12 by 3—4, and secondary about 10 by 2—3yu. The conidia 
are about 5—6 » subglobose, and are rough and very green.” 
Fermentation of Dihydroxyacetone—Experiment 1, The usual 


sugars towards moulds of the Aspergillus family, and other organisms, 
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precautions were adopted to ensure aseptic conditions in working 
and the results were checked by control experiments on the un- 
inoculated media. The temperature of incubation was 31—32°. 
The dihydroxyacetone was a fresh specimen obtained from Messrs. 
Meister, Lucius & Briming (Hoechst a/M., Germany) and was 
purified immediately before use by extraction with hot acetone, 
which dissolved the impurities. The substance then formed white 
odourless crystals, m. p. 85—86° (Found by micro-analysis : 
C, 40-4; H, 6-8. Cale.: C, 40-0; H, 6-7%). Nine tubes, each 
containing 11 c.c. of medium K, were sterilised and 0-5 g. of di- 
hydroxyacetone was introduced into each tube. After being 
shaken to ensure complete solution, eight of the mixtures were 
inoculated with spores of A. oryze, the remaining mixture being 
kept as a control. Growth took place rather slowly. A tube gave 
an intense cherry-red colour with ferric chloride on the 12th day, 
and the test was still positive on the 19th day. Accordingly, on 
the 19th day, the contents of the remaining six tubes were filtered, 
the mycelia well washed with hot water, and the filtrate and washings 
continuously extracted with ether. The extract, dried over sodium 
sulphate, gave 0-75 g. of almost pure kojic acid, m. p. 145—147°, 
and 150—151° in admixture with an authentic specimen 
(m. p. 154°). After recrystallisation from alcohol, the m. p. and 
mixed m. p. were 153—154° (Found by micro-analysis: C, 51:3; 
H, 4:3. Cale. : C, 50-8; H, 4:2%). 

Experiment 2. 250 C.c. of medium K were divided amongst 
14 tubes, each containing 15 c.c., a control tube containing 10 
c.c., and 6 small indicator tubes, each containing 5 c.c. The 
tubes were sterilised and dihydroxyacetone was added to each, 
so as to give a 5%, solution. Growth was evident on the 6th 
day and a positive ferric chloride test was not obtained until 
the 9th day. On the llth day it was found that, whilst there 
were good sporing growths in some of the tubes (positive ferric 
chloride test), others had grown badly (negative ferric chloride test). 
Accordingly the contents of the tubes having good growths 
(9 large and 1 indicator), corresponding to 7 g. of dihydroxyacetone, 
were worked up, and gave 0-78 g. of kojic acid, m. p. 145—147°, and 
151—152° in admixture with an authentic specimen kindly supplied 
in 1926 by Professor H. Raistrick. After recrystallisation from 
alcohol, the m. p. and mixed m. p. were 154°. The kojic acid was 
further characterised as the diacetyl derivative, m. p. (after recrystal- 
lisation from alcohol) and mixed m. p. 101—102° (compare Yabuta, 
J. Chem. Soc. Tokyo, 1916, 37, 1185, 1234; A., 1922, i, 939). 

Fermentation of Glycerol.—Although kojic acid has been obtained 
from glycerol by fermentation with A. oryze (Kinoshita, Acta 
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Phytochim., 1927; 3, 31) and with A. glaucus (Traetta-Mosca, | | 
Gazzetta, 1921, 54, ii, 269), it seemed desirable to test its production | ° 
Cc 


from glycerol by the strain of A. oryz@ used in this research. 50 C.c. 
of 5% glycerol in medium K were used. The ferric chloride 
coloration was first obtained on the 3rd day. On the 9th day, 0-05 § ® 
g. of kojic acid was isolated, m. p. (after crystallisation from ether) 
and mixed m. p. 154°. 

Negative Results of Fermentation Experiments.—No growth of 
A. oryze took place on 5% ethylene glycol in medium K, even 
after 20 days at 31—32°. , 

The same mould grew quite well on 2°, calcium gluconate, 2°, 
potassium hydrogen saccharate, 2° potassium citrate (containing 
4% citric acid), 1% glyceric acid, and 5% trimethylene glycol, in 
medium K, but the ferric chloride test was negative in all these 
cases. The cultures in potassium hydrogen saccharate were 
alkaline to litmus after 19 days and contained chiefly potassium 
carbonate. 

Attempts were made to detect intermediate products before 
kojic acid in cultures of A. oryze on arabinose. Tests for ketonic ‘ 
or aldehydic substances with 2: 4-dinitrophenylhydrazine or 
Schiff’s reagent were negative. 

Action of Aspergillus niger on Glycerol. Production of a Triose.— 
The strain of A. niger was the same as that used in the research on 
citric acid formation (J., 1927, 200, 3044). Later it was found to ; 
have lost its power to produce citric acid from glucose, and this 
condition had probably been reached at the time of the experiments 
now to be described. Similar observations are recorded by many 
workers in this field. 'Wehmer (Biochem. Z., 1928, 197, 418) found 
that a strain of Aspergillus fumaricus which had through many 
generations produced excellent yields of fumaric acid finally ceased 
to do so and gave only gluconic acid. Bernhauer (Biochem. Z., 1928, 
197, 341) reports a similar failure to produce citric acid in a mould 
which previously readily formed this acid. 4000 C.c. of a 5% 
solution of glycerol containing the mineral salts of medium M 
(J., 1927, 204) were sterilised and inoculated with spores of the 
mould. Incubation was conducted at room temperature (20°) 
and samples were withdrawn periodically for examination. After 
21 days the acidity was negligible. Citric acid was absent, since 
Denigés’s test (J., 1927, 3044) was negative throughout the course 
of the fermentation. Samples taken at this time slightly reduced 
Fehling’s solution. After 40 days the acidity was still very slight 
(25 c.c. of the culture required 1-0 c.c. of N/10-sodium hydroxide), 
but the medium now reduced Fehling’s solution very strongly and 
gave a positive Molisch reaction for carbohydrates (Z. anal. Chem., 
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1887, 26, 258). After 46 days these reactions still persisted. The 
culture was then neutralised with calcium carbonate and con- 
centrated to 1500 c.c.: some crystalline matter which separated on 
standing was chiefly inorganic. No salt of gluconic or saccharic 
acid was found in either the filtrate or the precipitate. The dark, 
somewhat viscous, supernatant liquid was then decanted and 
examined for glyceraldehyde. 

350 C.c. were diluted with an equal volume of water, boiled for a 
few minutes with charcoal, cooled, filtered, and treated with a 
solution containing phenylhydrazine hydrochloride (4:4 g.), sodium 
acetate (8-8 g.), glacial acetic acid (52 c.c.), and water (35 c.c.). 
A precipitate slowly separated during 3 days. It was removed, 
washed with a little water, dried in a vacuum, and recrystallised 
three times from benzene, forming small yellow leaflets with a 
bronze-like sheen (0-5 g.), m. p. 131° (Found by micro-analysis : 
C, 66-9; H, 6-1; N, 21-2, 20-8. Calc. for C,;H,,ON,: C, 67-2; 
H, 6-0; N, 20-9%). 

The osazone of glyceraldehyde was prepared from dihydroxy- 
acetone and phenylhydrazine acetate; m. p. and mixed m. p. 131— 
132°. We are indebted to Mr. H. B. Stent, M.Sc., for carrying out 
this experiment. 

Action of A. niger on Glycerol. Detection of Oxalic Acid.—Further 
experiments were made with glycerol and a different strain of A. 
niger (also obtained through the courtesy of Professor C. Neuberg, 
and designated N2) which was shown to produce citric acid in 4 days 
when grown on 5% glucose solution with the inorganic salts of 
medium M. 

A 5% glycerol solution with the salts of medium M in a large 
number of boiling-tubes was sterilised and inoculated as usual. 
On the 9th day the contents were filtered, united, made faintly 
alkaline with ammonia, and concentrated. Precipitation with 
lead acetate, followed by decomposition of the lead salt with hydro- 
gen sulphide, finally gave only oxalic acid, m. p. (after recrystallis- 
ation) 100—101° alone or in admixture with an authentic specimen. 
The production of oxalic acid was observed in several separate 
experiments and was confirmed by titration with N/50-sodium 
hydroxide and with N/50-potassium permanganate, and by form- 
ation of the di-p-bromophenacylester. This melted and decomposed 
at 230°, alone or in admixture with a known specimen. The 
fermented culture did not reduce Fehling’s solution as in the earlier 
experiments with a different strain. No citric acid was obtained, 
although many strains of A. niger convert glycerol into this acid, 
and neither tartronic acid nor saccharic acid could be detected. 
Oxalic acid was also produced as sole recognisable product by the 
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growth of the same strain of A. niger (N2) on a 5% arabinose solution 
containing the usual inorganic salts, the cultures being worked up 
on the 8th day. The formation of oxalic acid from glycerol has been 
observed by Elfving (Physiol. Abs., 1919, 6, 162), and by Amelung 
(Z. physiol. Chem., 1927, 166, 161), who used various strains 
of A. niger; Banning (Centr. Bakt. Parasitenkunde, II, 1902, 8, 
395—556) also obtained it, using B. oxydans, B. ascendens, B. 
xylinum, and T'ermobacterium aceti. 

The strain N2, while capable of converting glucose into citric 
acid, failed to produce, or at least to accumulate, this acid from 
glycerol or arabinose in recognisable quantity. The cultures were 
frequently tested for citric acid. Its non-formation from glycerol 
and from arabinose are probably inter-related, since any conversion 
of arabinose into citric acid probably proceeds through a 3-carbon 
compound. 


ADDENDUM [January 2nd, 1931]. 


After this paper had been submitted for publication the authors 
found that Corbellini and Gregorini (Gazzetta, 1930, 60, 244) had 
already reached very similar conclusions. They regard fission of 
a hexose or pentose to a triose as a necessary preliminary to kojic 
acid synthesis by Aspergilli. It is suggested that this may be 
effected by a condensation of two oxidised trioses such as tartron- 
aldehyde and glyceraldehyde in a manner analogous to the benzoin 
synthesis. 

They regard the formation of kojic acid from fructose (from inulin) 
as incompatible with the persistence of the pyranose ring, since, if 
this be not ruptured, it should yield 3-hydroxy-2-hydroxymethy]- 
y-pyrone and not kojic acid. 

Sumiki (Bull. Agr. Chem. Soc. Japan, 1929, 5, 10; A., 1930, A, 
1477) reports the formation of 2-hydroxymethylfuran-5-carboxylic 
acid from A. glaucus and glucose or sucrose. Details are not 
available, but this substance may theoretically arise from two mole- 
cules of dihydroxyacetone or glyceraldehyde by elimination of water, 
and oxidation. In the case of glucose it is doubtless unnecessary 
to postulate the formation of fructofuranose, although the conver- 
sion of this sugar into the furan acid can readily be formulated 
without ring fission. 

In considering the production of furan derivatives by the agency 
of micro-organisms the work of Yamada (Bull. Chem. Soc. Japan, 
1929, 4, 31; Bull. Agr. Chem. Soc. Japan, 1928, 4, 18; Chemical 
Abstracts, 1928, 22, 2435) should be borne in mind. 

Katagiri and Kitahara (Bull. Agr. Chem. Soc. Japan, 1929, 5, 38), 
using A. oryz@, were unable to obtain kojic acid from ethylene glycol 
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ution | and glyceric or saccharic acid. This is in agreement with some 
d up | preliminary results of the present authors. Saccharic acid, unlike 
been | gluconic acid, cannot yield a triose by simple fission, 

elung 
rains The cost of this investigation has been in part defrayed by grants 
2, 8, | from the Chemical Society and from the Government Grant Com- 
s, B. | mittee of the Royal Society. The Department of Scientific and 
Industrial Research has made grants for the development of the 
citric | research, which have ensured the participation of L. K. To these 
from bodies the authors wish to express their thanks. 
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Il.— Digitalis Glucosides. Part III. Glucosides of 
Digitalis lanata. 
thors 
had 
m of | In a recent communication (J., 1930, 508) it was shown that the 
kojic | leaves of Digitalis lanata contain a previously unknown physio- 
y be | logically active glucoside to which the name digoxin was given. 
tron- | A second crystalline glucoside has now been separated and found 
wzoin | to be identical with gitoxin,’a glucoside which has hitherto only 
been found in the leaves of D. purpurea. 
ulin) Gitoxin was first prepared in an impure state by Kraft (Arch. 
se, if | Pharm., 1912, 250, 118) and described under the name anhydro- 
thyl- | gitalin. It was subsequently isolated by Windaus and Schwarte 
(Ber., 1925, 58, 1515) and named gitoxin; shortly afterwards it 
), A, | was described by Cloetta (Arch. Exp. Path. Pharm., 1926, 112, 261) 
xylic | under the name “ Bigitalinum cristallisatum.”” The empirical formula 
not § C,,H,,0,, was established by the work of Windaus, Westphal, and 
nole- § Stein (Ber., 1928, 61, 1847). The glucoside from D. lanata corre- 
ater, | sponds with the general description given by Windaus and Schwarte, 
sary § and Cloetta, but differs in one respect—Cloetta states (loc. cit., 
.ver- | p. 270) that the glucoside is optically inactive. In pyridine solu- 
ated § tion the glucoside from D. lanata had a small but definite optical 
activity, but since a specimen of gitoxin prepared from D. purpurea 
ency § had the same specific rotation, the glucosides from both sources 
pan, § are identical in this as in other respects. On hydrolysis the glucoside 
vical | gave a practically quantitative yield of gitoxigenin (1 mol.) and 
digitoxose (3 mols.) as indicated by Windaus and Schwarte (loc. 
cit.). In addition to digoxin, which has now been isolated in 
considerable quantity, and gitoxin, which is present to a smaller 
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extent, the leaves of D. lanaia contain other glucosides which are 
at present under examination. 













Ex PERIMENTAL. ; 

The total glucosides were dissolved in acetone and kept until a § }, 
mixture of the less soluble glucosides separated. After being § ,, 
washed with acetone, the sparingly soluble fraction was extracted (c 
with successive small quantities of hot 80% alcohol. The first § ,, 
extracts, which were rich in digoxin, were worked up by the process § j, 






previously described (loc. cit.). The final alcoholic extract con- 
sisted chiefly of gitoxin. It was concentrated under reduced pres- 
sure until a finely crystalline solid separated. The more soluble 
glucosides were removed from this solid by boiling with small § ., 
amounts of chloroform, in which gitoxin itself is but sparingly | ,, 
soluble. ‘The residue was recrystallised by concentrating a solution J ¢.: 
in hot 80% alcohol or in a boiling mixture of methyl alcohol and § 7 
chloroform. Purification was completed by repeating the extraction 
with chloroform and recrystallisation until the m. p. and specific J y; 
rotation became constant. ace 
Gitoxin separates from hot dilute alcohol, or on concentration | at 
of a solution in methyl alcohol and chloroform (equal volumes), § 10; 
in short stout prisms, m. p. 285° (corr.; decomp.). It can also § To 
be crystallised by diluting a solution in pyridine with water or J Th 
ether. In pyridine solution it has [«}?{,, +- 3-5° (¢ = 1-02) (Found: f fro 
C, 63-1, 62-8; H, 8-1, 8-2; OMe, absent. Cale. for C,,;H,,0,,: § Ke 
C, 63-0; H, 8-3%). 48- 
Hydrolysis of Gitoxin.—The glucoside (3-16 g.), finely powdered, 
was boiled under reflux with 80% alcohol (1500 c.c.) until solution 1 
was nearly complete. Hydrochloric acid (d 1-16) (6 c.c.), diluted § thi: 
with water to 60 c.c., was added to the hot cloudy solution, and § for 
heating continued. The remaining gitoxin soon went into solution W 
and heating was continued for 15 minutes after addition of the acid. 
The solution was then cooled, neutralised with sodium hydroxide 
solution, concentrated in a vacuum to about 200 c.c., and kept 
in a refrigerator until crystallisation was complete. The genin 
(dried at 100° in a vacuum) weighed 1-305 g. (82-6°%, of the theoretical IIT 
yield). The filtrate and washings were mixed with one-third of 
their volume of 0-3°% hydrochloric acid and heated on a water-bath 
for 15 minutes. After being concentrated slightly under reduced 
pressure, the solution was cooled, neutralised with sodium hydroxide, 
and extracted with chloroform, which removed 0-274 g. of crude Ay ¢ 
gitoxigenin (17-3% of the theoretical yield. Total, 99-9%). ‘The §.-ph 
aqueous liquid was evaporated to dryness under reduced pressure, 
the residue dried, and the. sugar extracted with acetone. The 
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acetone extract was evaporated and gave a syrupy residue, which 
solidified completely and after drying at 75° in a vacuum weighed 
1:70 g. (calc. for 3 mols., 1-798 g.), t.e., 94-6% of the theoretical yield. 

Gitoxigenin.—The crude genin, after drying at 100° in a vacuum, 
had [a]? ++ 38-4° (c in methyl alcohol, 0-585). After crystallis- 
ation from dilute alcohol it had for the dry substance [«]*,, + 38-5° 
(c in methyl] alcohol, 0-681) and m. p. 234°. Cloetta (loc. cit.) gave 
m.p.232° and [«]p + 32-6° (methylalcohol). There was no depression 
in the m. p. when the genin was mixed with gitoxigenin prepared 
by the hydrolysis of gitoxin from D. purpurea. It crystallised in 
the characteristic plates illustrated by Cloetta (loc. cit.). The 
crystals contained 1-5 mols. of water (Found for the air-dried 
crystals: C, 66-1, 66-4, 66-1; H, 8-6, 8-8, 8-6; loss at 100° in a 
vacuum, 6-6. Cale. for C,,H,,0;,1-5H,O: C, 66-2; H, 8-9; H,0, 
65%. Found for the substance dried at 100° in a vacuum: C, 
70:7, 70-6; H, 8-6, 8-7. Calc. for C,,H,,0,;: C, 70-7; H, 8-8%). 

Digitoxose.—The unpurified digitoxose had [«]%{,, + 55-3° (c in 
water, 3-16), m. p. 103—104°. When crystallised from ethyl 
acetate, it gave the following yields: 1-22 g., m. p. 106° (softening 
at 96°) (corr.), [a]: + 55-7° (c in water, 2-19); 0-15 g., m. p. 
103—104° (softening at 95°), [a]%,, + 52-6° (c in water, 0-821). 
Total, 1:37 g. By recrystallisation the m. p. was raised to 112°. 
The m. p. was not lowered on admixture with digitoxose prepared 
from gitoxin from D. purpurea and the sugar gave the characteristic 
Keller reaction (Found: C, 48-8; H, 7-9. Calc. for C,H,,0, : C, 
48-6; H, 8-2%). 


The author’s thanks are due to Mr. R. N. Fox for assistance in 
this investigation and to Mr. A. Bennett and Mr. H. C. Clarke 
for the analyses. 


Wetitcome CHEMICAL WoRrKsS, 
DARTFORD. [Received, November 24th, 1930.] 





Iil.—The Action of Beckmann’s Mixture on Some 
Monocyclic Terpenes. Part II. Terpinolene and 
“* Origanene.”’ 
By Taomas ANDERSON Henry and Humpsrey Pacer. 


AN examination of the action of Beckmann’s mixture on «-terpinene, 
~phellandrene, and limonene (Henry and Paget, J., 1928, 70) 


showed that oxidation of the first two was probably preceded by the 
addition of a molecule of water at each of the double linkages, 
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whereas limonene underwent hydration at the extra-cyclic linkage 
only, a hydroxyl group being added at each end of the cyclic linkage. 

Each of these hydrocarbons contains one ethylenic linkage in 
the 1 : 2-position, and it is of interest to examine the behaviour of 
terpinolene, A1:4®-.»-menthadiene, under the same conditions, 
in view of its close relationship to «-terpinene and limonene, A?!*3. 
and A1:8®).»-menthadienes respectively. 

It is doubtful whether terpinolene occurs in nature, and the 
methods by which it is prepared, from turpentine oil or from terpineol, 
give rise to considerable proportions of terpinene and dipentene; 
of two commercial samples examined, one contained about 8°, of 
terpinolene, and the other apparently none. Attempts to prepare 
it from the pinene fraction of American turpentine oil by heating 
with formic or sulphuric acid gave poor results, but it was obtained 
with more success by shaking dl-«-pinene, for which the authors are 
indebted to Professor J. L. Simonsen, with cold alcoholic sulphuric 


Fie. 1. Fie. 2. 

















acid, or from commercial terpineol by treatment with hot aqueous 
oxalic acid solution or with cold alcoholic sulphuric acid. 

The terpinolene used for oxidation was regenerated from the 
recrystallised tetrabromide. When first prepared, terpinolene 
tetrabromide separates in irregular clusters of crystals (A), melting 
at 122°. On slow recrystallisation, square-ended tablets appear 
(B), which are more stable than (A) and melt at 119°. Both forms 
on debromination yield the same terpene. The authors are indebted 
to Mr. H. M. Powell, of the Department of Mineralogy of Oxford 
University, who kindly undertook to examine these crystals: 
his measurements show that (A) (Fig. 1) is identical with the speci- 
men of terpinolene tetrabromide described by Hintze (Z. Kryst., 
1885, 10, 258), whilst (B) (Fig. 2) has not been described previously. 

Terpinolene (1) is not very readily attacked by Beckmann’s 
mixture. The principal products of oxidation are levulic (VII) and 
acetic acids. The intermediate product (II) has not been isolated, 
but a small amount of an unsaturated keto-lactone has been obtained, 
to which the formula of 8-thujaketo-lactone (III) is assigned, since 
on catalytic reduction it yields homoterpenyl methyl ketone (IV) 
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by the addition of two atoms of hydrogen. It is readily oxidised 
by permanganate to levulic acid (VII), and on prolonged treatment 
with Beckmann’s mixture at 60° it breaks somewhat unexpectedly 
between the two methylene groups, giving a quantitative yield of 
terebilic acid (VIII), the identity of which was confirmed by catalytic 
reduction to terebic acid (1X). 

Hydrolysis of the keto-lactone (III) takes place only on warming 
with alkali. The product is not the corresponding hydroxy-acid, 
but an unsaturated acid, which is represented by formula (V), since 
on reduction it absorbs four atoms of hydrogen with great rapidity, 
giving e-keto-$-:sopropylheptoic acid (VI). This unsaturated 
acid is presumably formed from §-thujaketo-lactone (III) by loss 
of water between the hydroxyl group on what was the 8-carbon 
atom of terpinolene and an adjacent hydrogen atom attached to 
carbon 9. 


CMe CMe-OH COMe COMe 
ZN + iS VA a’ 
GH, OH GH, OH-OH CH, CO GH, CO> 
CH, CH, CH, CH, CH, CH CH, CH, 
\ ,, \A ‘. i 
G vou CH 
CMe, CMe,-OH CMe,-O CMe,—O 
(I.) (II.) (III.) (IV.) 
COMe COMe 
CH, 0O,H Oi, 00,H 00: CO  . 
CH, CH CH,CH, HO,C CH| HO,C CH, | {OMe 
\7 \Z \F ral 
¢ (Ht ¢ CH (He 
CMe-CH, CHMe, CMe,-O CMe,—O CO,H 
(V.) (VI.) (VIII.) (IX.) (VII.) 


This sequence of reactions is best explained by the assumption that 
the first step in the oxidation is the formation of the tetrahydric 
alcohol (II). The formation of 8-thujaketo-lactone (III) provides 
direct evidence of the addition of hydroxyl groups at carbon atoms 
4 and 8 and the addition of hydroxyl groups at 1 and 2 is in harmony 
with what takes place in the case of limonene, where the trihydric 
alcohol, 1 : 2 : 8-trihydroxyterpan, was isolated as an intermediate 
product. 

“ Origanene.”’—It was suggested (Ann. Reports, 1908, 5, 100) 
that this terpene, which Pickles (J., 1908, 93, 866) regarded as 
Al:3.y-menthadiene, is «-terpinene, for which this formula is now 
generally accepted. That suggestion ignores the fact that “ ori- 
ganene ”’ yields a nitrosyl chloride, m. p. 91—94°, a nitrolpiperidide, 
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m. p. 198°, and a nitrolbenzylamine, m. p. 104—105°, all well. 
defined crystalline substances, which have not been recorded as 
obtainable from «-terpinene. As the authors have had at their 
disposal a small quantity of residues left from the preparation of 
carvacrol from Cyprus origanum oil, the only known source of 
“ origanene,” they have taken the opportunity of examining this 
material and have shown that «-terpinene is present by the prepar- 
ation of the characteristic nitrosite of this terpene and by the 
identification of dimethylacetonylacetone among the chromic acid 
oxidation products (Henry and Paget, loc. cit.). There is, however, 
also present, along with p-cymene, a terpene giving the three 
characteristic crystalline derivatives referred to above, as described 
by Pickles, and for this terpene the name “ origanene ”’ should be 
provisionally retained, until the terpene can be definitely identified. 
As the yield of the fraction rich in “ origanene”’ in the present 
instance was only 1-4% of the original oil, large quantities of the 
latter will be required to provide enough of the pure terpene for 
detailed investigation. 


EXPERIMENTAL. 


Terpinolene was prepared from dl-«-pinene by shaking with half 
its volume of alcoholic sulphuric acid (50% by weight), and also 
from terpineol by boiling it gently for 30 minutes with 40% aqueous 
oxalic acid solution or by keeping it at room temperature for 2—3 
days with alcoholic sulphuric acid. The product in each case was well 
washed, dried, and fractionated, first through a short column of 
glass beads at 100 mm. pressure, then at ordinary pressure, and 
finally the fraction distilling at 180—190°/760 mm. was redistilled 
over sodium. The material so prepared gave yields of terpinolene 
tetrabromide corresponding to 3—10% of terpinolene, but this is 
a doubtful guide to the actual amount of terpinolene present. 

In the preparation of terpinolene tetrabromide, which is somewhat 
unstable, ether was found preferable to chloroform or glacial acetic 
acid as a diluent, since it is readily removed, and allows of the 
maintenance of a lower temperature. The redistilled terpene 
(25 c.c.), dissolved in 100 c.c. of ether and well cooled in ice and salt, 
was treated with 12-3 c.c. of bromine, added very slowly. The 
solvent was then removed by aspiration, and the crystalline residue 
filtered from oil and washed with acetic acid. After crystallisation 
once, from two volumes of alcohol, acetone, or ethyl acetate, irregular 
clusters of crystals (Fig. 1) separated (A), m. p. 122°. By slow 
recrystallisation from ten volumes of acetone, square-ended rect- 
angular plates (Fig. 2) were obtained (B), m. p. 119°. A marked 
depression of melting point was observed with mixtures of A and 
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B, or on addition to either of dipentene or isolimonene tetrabromide 
(J., 1921, 119, 1718), from which they differ also in crystalline form. 
Both A and B belong to the monoclinic system. The measurements 
—_ two crystal forms furnished by Mr. H. M. Powell are given 
below. 


A. Monoclinic, a:b:c = 0-7804: 1: 0-9668; B = 114° 18’. 
Hintze (loc. cit.) records a:b: c = 0-79678: 1: 0-98522; B = 114° 37’. 


ca (001): (100) (Powell) 64° 45’ (Hintze) 65° 25’ 
cp (001): (110) 70° 27 70° 17’ 
co (001): (i11) 71° 5’ 71° 21’ 
po (110): (111) 38° 38’ 38° 22’ 


B. Monoclinic, showing a 100, m 110, c 001, p 101, elongated parallel to the 
baxis. a@:b:c = 2:5995: 1: 2-0333; B = 118° 8}’. 
am (100):(110) observed 70° 9’ calculated — 


m m’ (110): (110) 39° 26’ 39° 42’ 
ac (100): (001) 61° 514’ - 
em (001): (110) 98° 591’ 99° 13’ 
cp (001): (101) 70° 36’ on 
pa (101):(100) 47° 34’ 47° 324’ 
pm (101): (110) 103° 12’ 103° 16’ 


Plane of optic axis b(010); one optic axis of a negative biaxial 
ligure emerges perpendicular to a(100). 

Debromination of the Tetrabromide.—To the A form of terpinolene 
tetrabromide (35 g.), dissolved in dry ether (250 c.c.) and dry alcohol 
(100 ¢.c.), zinc dust (40 g.) was added in small amounts. When 
the vigorous action had subsided, the mixture was boiled gently 
for 1 hour and set aside for 24 hours. The ethereal solution was 
then filtered, washed with water, and dried, and the solvent removed 
by distillation. ‘The residual oil was free from bromine; it distilled 
at 72°/10 mm., 121°/112 mm., and had dj} 0-8633, nj 1-4883; 
in acetic anhydride solution it gave with a drop of concentrated 
sulphuric acid a transient pale pink colour. On bromination it 
yielded 86% of tetrabromide A. 

The debromination of tetrabromide B proceeded exactly in the 
same way. ‘The recovered terpene had b. p. 121°/111 mm., 186°/764 
mm., di 0-8632, n%” 1-4886; on bromination it yielded 88% of 
tetrabromide A. 

Oxidation of Terpinolene.—The terpene (24 c.c.) was oxidised by 
consecutive quantities of 200 c.c. of Beckmann’s mixture. Oxid- 
ation proceeded slowly and after three repetitions 10-5 c.c. of oil 
remained, distilling at 75°/26 mm. and yielding 80% of tetrabromide 
A. After continued oxidation, 0-5 c.c. of residual oil was obtained, 
which gave a trace of p-tolyl methyl ketone semicarbazone and in 
which dipentene was identi.ied by its tetrabromide to the extent 
of about 1% of the total terpene taken. This amount may have 
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terpinolene tetrabromide used, but it is not unlikely that it arose 4 
from conversion of terpinolene during debromination or distillation. . 
The oxidation liquors were extracted thoroughly with ether and 
with chloroform and the extracts were washed with dilute sodium § © 
carbonate solution and so divided into neutral extract (5-7 g.) and ya 
acids (15-7 g.). - 
The neutral extract on treatment with an alcoholic solution of | * 
semicarbazide gave a colourless crystalline semicarbazone, m. p. § - | 
222—223° (corr.; decomp.), which was sparingly soluble in boiling see 
alcohol (Found: C, 55:3; H, 6-9; N, 17-8. C,,;H,,0,N, requires “a 
C, 55-2; H, 7-1; N, 17-6%). On shaking the semicarbazone, in ” 
suspension in ether, with an excess of 10% hydrochloric acid until - 
no material remained undissolved, the ketone was obtained; it 1 


crystallised in nodular masses, m. p. 48—50°, from a little water 
(Found: C, 65-8; H, 8-1. C, 9H,,0, requires C, 65-9; H, 7-7%). 
The aqueous solution was neutral to litmus and did not neutralise b 
alkali on standing with it in the cold; but when the mixture was — 
heated on the water-bath for 15 minutes alkali equivalent to 5-5 c.c. : 
of N-sodium hydroxide for 1 g. of substance was absorbed (calc. for ba 
1 g. of Cy9H,,05, 5-5 c.c.). On hydrogenation in aqueous solution lin 
with palladium catalyst this keto-lactone absorbed the equivalent 
of two atoms of hydrogen (Found: 1 g. required 137-3 c.c. of of 
hydrogen. Calc. for CygH,4Os—>C9H 403, 123-0 c.c. at N.T.P.). | 
The reduced product was identified as homoterpenyl methyl ketone ie 
by conversion into the semicarbazone, m. p. 209° (Found : C, 54-7; : 
H, 8-1. Cale. for C,,H,,0,N,: C, 54:8; H, 7-9%), which showed 


no depression of melting point on admixture with an authentic = 
specimen. The keto-lactone C,)H,,0,; is therefore regarded asf 
8-thujaketo-lactone(e-keto-8-hydroxyisopropyl-A*-heptenolactone) (III), a 
and the following observations confirm this view. ate 

When the keto-lactone is dissolved in warm alkali, as stated above, § ,-, 


the solution obtained does not on acidification yield the correspond- 
ing hydroxy-acid or regenerate the keto-lactone unchanged, but 
furnishes instead an acid, crystallising in slender rods, m. p. 130°, by 
which is isomeric with the keto-lactone and can be titrated in the 
cold (Found: by micro-analysis, C, 65-8; H, 7-7; 1 g. required dr 
5-5 c.c. of N-NaOH. C, H,,0, requires C, 65-9; H,7-7%; 1lg.= : 









5-5 c.c. of N-NaOH). This acid we propose to represent by formula = 
(V). On hydrogenation in presence of palladium catalyst 1 g. sas 
absorbed 228 c.c. of hydrogen (Cale. for C19H,,0;—>C 49H 4,03, 246:2 wit 
c.c.), yielding an oily acid which readily furnished a semicarbazone, im 
m. p. 140—143° after recrystallisation from alcohol (Found: the 
C, 54:3; H, 8-5; N,17-2. Calc. for C,,H,,03N;: C, 54:3; H, 86; 9 





N, 17-39%). This substance is undoubtedly the semicarbazone of 
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di-c-keto-8-tsopropylheptoic acid (VI). This acid has been prepared 
from various sources : Wallach obtained it by the reduction of thuja- 
ketonic acid and prepared the semicarbazone, m. p. 140° (Annalen, 
1911, 381, 83). Higher melting points have been recorded for the 
semicarbazone, e.g. 158—159° in the case of acid prepared from 
carvotanacetone, but these always relate to the optically active acid 
as pointed out by Wallach (ibid., 1917, 414, 285). 

The keto-lactone was very readily oxidised by a 2% aqueous 
solution of potassium permanganate at 0°, yielding a mixture of 
acids, smelling strongly of acetic acid, in which levulic acid was 
identified by conversion into its semicarbazone, m. p. 188° (alone or 
mixed with an authentic specimen). 

The keto-lactone was not readily attacked by Beckmann’s 
mixture, but, after standing with an excess of this reagent at 60° 
for 2 days, 0-9 g. yielded 0-3 g. of unchanged material and 0-6 g. of 
an acid, which crystallised well from water, sublimed slightly at 
about 120°, and melted at 168° (Found: by micro-analysis, C, 
53-8; H, 53; 1 g. required 6-35 c.c. of N-NaOH. Calc. for 
C,H,O,: C, 53-85; H, 5-1%; 1g. = 6-4 0¢.c. of N-NaOH). The 
barium salt, which was very soluble in water, was obtained crystal- 
line by slow evaporation of its aqueous solution [Found: Ba, 29-6. 
Cale. for (C,H,0,).Ba: Ba, 30-6%]. These characters are those 
of terebilic acid (VIII) (Roser, Ber., 1882, 15, 295), and confirmation 
of the identity was obtained by reduction of the acid to terebic acid 
(IX). When the acid in aqueous solution was shaken with pallad- 
ium catalyst in an atmosphere of hydrogen, the equivalent of two 
atoms of hydrogen was absorbed (Found for 1 g., 150-3 c.c. Cale. 
for C,H,O,—>C,H,)0,, 143-5 c.c. at N.T.P.), and thereafter, by 
extraction with ether, an acid was obtained which crystallised 
well from water; alone or mixed with authentic terebic acid, it 
melted at 174°, but the m. p. of a mixture with the acid C,H,O, was 
155—160°. 

The acid fraction from the original oxidation of terpinolene did 
not crystallise. Volatile acids were removed in three fractions 
by partial neutralisation and distillation with steam; each frac- 
tional distillate was neutralised with baryta and evaporated to 
dryness [Found : Ba, (i) 53-5, (ii) 53-8, (iii) 46-6. Cale. for barium 
acetate: Ba, 53-89%]. From the last fraction a little levulic acid 
was isolated as the semicarbazone. The acid remaining in the flask 
was extracted with chloroform, and was oily. It reacted readily 
with semicarbazide solution, giving an 88% yield of levulic acid 
semicarbazone, m. p. 188° (from water). It was also identified by 
the semicarbazone, m. p. 149°, of its methyl ester (Found: C, 44-7; 
H,7-0; N,22-6. Calc. for C,H,,0,N,: C,44:9; H, 6-9; N,22-5%). 
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“ Origanene.”—From 500 g. of the non-phenolic portion of 
Cyprus origanum oil, by repeated fractional distillation, finally over 
sodium, two hydrocarbon fractions, (a) b. p. 167—-172° (38 g.) and 
(b) b. p. 172—186° (88 g.); were prepared. Fraction (b) yielded 
per c.c. 0-0138 g. of a crystalline nitrosite, m. p. 158° (alone or 
mixed with authentic «-terpinene nitrosite). On oxidation with 
Beckmann’s chromic acid mixture, as described above, 25 c.c. of 
the same fraction yielded a small amount of neutral oil, which on 
treatment with an alcoholic solution of semicarbazide furnished 
0-18 g. of a crystalline substance, m. p. 203° (alone or mixed with 
authentic dimethylacetonylacetone semicarbazone) (Found: C, 
59-6; H, 8-5: N, 22-95. Calc. for CjH,,ON,: ©, 59-7; H, 8-3; 
N, 23-2%). 

A portion of the same fraction on appropriate treatment furnished 
per c.c. 0-0109 g. of a crystalline nitrosochloride, m. p. 101° (decomp.), 
falling to 98° after recrystallisation from chloroform by addition of 
methyl alcohol (compare Pickles, loc. cit.). From fraction (a) the 
same nitrosochioride was obtained in larger yield (0-0433 g. per c.c.) 
(Found: N,7-2. Cale. forC,,H,,ONCI: N,6-9%). On suspension 
in alcohol and treatment with piperidine, the nitrosochloride 
furnished a nitrolpiperidide, m. p. 198° after recrystallisation from 
hot alcohol. 


The authors are indebted to Mr. E. M. Gibbs for much assistance 
in the experimental work and to Mr. A. Bennett for a number of 
microanalyses. 


WELLCOME CHEMICAL RESEARCH LABORATORIES. 
[Received, November 27th, 1930.] 





1V.—T he Interaction between Iodine Pentoxide and 
Nitric Oxide. 
By MapHAVLAL SUKHLAL SHAH and TRAMBAKLAL MOHANLAL O2A. 


Wuuitst studying the combustion of charcoal in certain gases, one 
of us observed that iodine pentoxide and nitric oxide react with 
each other, giving iodine and nitrogen peroxide (Shah, J., 1929, 
2666). We have now examined the reaction in detail, and have 
found that at 120°, in presence of sodium hydroxide, all the nitric 
oxide is converted into nitrite and nitrate. The course of the 
reaction has been followed by measuring (a) the diminution in 
volume of the gas, i.e., the volume of nitric oxide used, (6) the 
amount of iodine produced, and (c) the amount of nitrite formed. 
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EXPERIMENTAL. 


The apparatus shown in Fig. 1 was used. The bulb A which 
contained iodine pentoxide (0-2—0-5 g.) was connected through a 
small water condenser B to a three-way tap m by means of ground 
joints x and y. The other limbs of the tap m were joined to the gas 
burette H with the nitric oxide reservoir and by means of the ground 
joint z to a bulb C containing coarsely powdered moist sodium 
hydroxide. Connexion with the Sprengel pump and pressure 


Fic. 1. 








column was made, when required, by opening the tap ». rom 
trial experiments it was found (@) that the reduction of iodine 
pentoxide with nitric oxide begins at 80° and is rapid at 120° and 
(b) that the time required to complete the reaction at 120° varies 
with the amount of nitric oxide used in the experiment. 
Procedure.—After complete evacuation of the apparatus from A 
to C, the taps m and n were closed and the bulb A was immersed in 
a paraffin-bath at room temperature. A measured volume of nitric 
oxide, purified by fractionation in liquid air, was next admitted, and 
Cc 











34 


the tap m turned off. The bulb A was then heated to 120° for time 
t (mins.), and the iodine produced was condensed in B. After the 
heating was over, the bulb A was immersed in ice-water and kept 
at 0° for 4 hour to condense residual iodine vapour. 

The connexion with the bulb C was next made, and the remaining 
gas absorbed by the moist sodium hydroxide. After } hour, a test 
was made for the presence of unabsorbed gas by connecting the 
apparatus with the pump through the tap 7: not the slightest 
fluctuation of mercury in the pressure column was observed, showing 
that, all gas having been absorbed, the reaction was quantitative. 

The bulb A was now detached from the ground joint y. The 
unchanged iodine pentoxide was neutralised with freshly prepared 
sodium bicarbonate solution, and iodine in the condensing tube B 
and the bulb A was dissolved in potassium iodide. The resulting 
solution was titrated with standard sodium thiosulphate, giving a 
measure of the iodine produced. The contents of the bulb C, viz., 
sodium hydroxide, nitrite, and nitrate, were dissolved in water, 
diluted to 100 c.c., and titrated with standard potassium per- 
manganate, which gave the amount of nitrite formed. 

The results of seven experiments, typical of the 25 performed, 
are given in the tables. The recorded volumes of nitric oxide are 
reduced to N.7'..P. 
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The interaction between iodine pentoxide and nitric oxide at 120°. 











I. IT. Ilr, Iv. V. VI. Vil. VIII. IX, x. xI. XII. 
NaNO, 

Calc. values, corr. NaNO, NO NO NO 

: NO Products, mg. mg. to I, (v— from from total 
Expt. used, ———, |« (IV), VID, IV, Ix, (X+XI) 

No. c.c. t. I, NaNO, I,. NaNO, mg. ing. C.c. c.c. C.c, 

1 2633 30 54:54 47-51 59-69 40-57 37-06 10-45 24-06 2-26 26-32 

z 25-06 60 5485 41:10 56-78 38-59 37-28 3-82 24-21 0-83 25-04 

3 29-47 90 =-62-2 51:16 66-77 45-38 42-26 8-90 27-44 1-92 29-36 

I. Il. ir Iv. V. VIL Vil. VII. Ix. x. XI. xi. 

1, corr. 

Calc. values, to T,. No NO NO 

: NO Products, mg. . NaNO, (V— _ from from total 
Expt. used, ¢ — ee, «6 (V), «6D, «3Ss,:=CsC*TX, «= (X + XD). 

No. C.c. t. I,, NaNO, I, NaNO, mg. mg. C.c. C.c. c.c. 
4 27-37 60 «= 6218. «4218 «62-03 42-16 «62-07 = O11) 27-39 0802S 27-41 
5 25-74 90 59-17 38-41 58-38 39-65 56-52 265 24-94 0-78 25-72 
6 29:93 105 7443 37:90 67-82 46-10 55-80 1863 24-61 5-48 30-09 
7 35-48 135 88-42 43-94 80-41 54:66 65:97 22-45 29-11 6-60 35-71 
The amounts of iodine and nitrite (columns IV and V) when 


compared with 


equation 


those (columns VI and VII) deduced from the 


lead to the following conclusions : 
(a) The iodine and nitrite values agree only in Expt. 4, i.c., in 
one out of the 25 experiments the reaction proceeded solely according 


to equation (1). 


10NO + 21,0, = 21, + 5N,0,(—> 5NaNO,). 


(1) 
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(6) The iodine values are low and the nitrite values are high in 
Expts. 1, 2, and 3. This indicates that the reaction shown in 
equation (1) was not completed : nitrogen peroxide and nitric oxide 
that had escaped oxidation by iodine pentoxide gave the trioxide 
and led to the formation of more nitrite according to 


5N,0, + 10NO = 10N,0,(—> 20NaNO,) . . (2) 


The peroxide by itself (5 mols.) would yield nitrite (5 mols.) as in (1) 
which must be deducted. In addition, the nitric oxide in (2) yields 
15 mols. of nitrite instead of 5 mols. as in (1). 

(c) The iodine values are high and the nitrite values low in Expts. 
5, 6, and 7, as if nitrogen peroxide and iodine pentoxide had reacted 
thus : 

5N,0, + 1,0; =1,+5N,0, ... . (3) 


This was tested in separate experiments by heating pure nitrogen 
peroxide with iodine pentoxide in sealed vessels at 120°: iodine 
pentoxide was reduced and iodine evolved. The nitrogen pentoxide 
thus produced may decompose, giving nitrogen peroxide and oxygen. 
In none of our 25 experiments was any gas (oxygen) left unabsorbed 
by sodium hydroxide, indicating that, even if the decomposition 
had occurred, the mixture of nitrogen peroxide and oxygen behaved 
as nitrogen pentoxide in its absorption by sodium hydroxide. 
Baekland (J. Amer. Chem. Soc., 1904, 26, 392) observed that such a 
mixture of nitrogen peroxide and oxygen evolved by heating lead 
nitrate was completely absorbed by the product when the temper- 
ature was allowed to fall. 

Thus nitric oxide (10 mols.) can lead either to iodine (2 mols.) 
and nitrite (5 mols.) as in equation (1), or to iodine (3 mols.) and 
nitrate according to equations (1) and (3), @.e., 


10NO + 31,0, = 3I,++5N,0,... . (4) 


Hence the excess of iodine above that corresponding to the nitrite 
formed is a measure of the nitric oxide reacting in the latter way. 


Discussion. 

‘The interaction between iodine pentoxide and nitric oxide can 
be explained in two ways. (a) We have proceeded above on the 
assumption that the initial product of this interaction is nitrogen 
peroxide as in (1) and that nitrogen pentoxide is obtained on subse- 
quent oxidation as in (3). We are unable to adduce decisive 
evidence in support of this view. (b) The fact that nitrogen per- 
oxide reduces iodine pentoxide with the production of iodine is 
important. Nitrogen pentoxide may be the primary product, 
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according to (4), and nitrogen peroxide may then be produced on 
subsequent interaction with nitric oxide, thus 


5N,0,; + 5NO=7-5N,0,.. . ~~ (5) 


This assumption is equally tenable. 


We are indebted to Dr. A. N. Meldrum for permitting us to carry 
out part of this work at the Royal Institute of Science, Bombay, 
and for supplies of liquid air. 

THE MADHAVLAL RANCHHODLAL SCIENCE INSTITUTE, 

GUJARAT COLLEGE, AHMEDABAD. [ Received, October 13th, 1930. ] 


V.-—l-w-Halogenoalkylisoquinolines and Their 
Derivatives. 
By RecrinaLp CHILD and Frank LEE Pyman. 


In attempting to synthesise substances having ameebicidal properties, 
we have followed clues indicated by the structure assigned to 
emetine (1) by Brindley and Pyman (J., 1927, 1067). In our previous 
communication (J., 1929, 2010) we described a series of bases which 
resembled emetine in that they contained two 6 : 7-dimethoxy- 
isoquinoline nuclei united in the 1: 1-positions by a chain of 
methylene groups, for example, the substance (II), but these had no 
amcebicidal properties. 


CH, CH, 
i \ yo ™ (CH,)s . 
H,¢ CH CHMe 


Z 
CH CH, CH CH CH 


MeO /\NH \y/ oe: MeO’ \” \NH HN Ol 


MeO. A CH, HyC\ OMe Me CH, BN Z ow 
CH, CH, Xa, * 


(L,) ~* aL) 
The present work was commenced with the object of synthesising 
10 : 11-dimethoxy-1 : 2 : 3: 4: 6: 7-hexahydrobenzpyridocoline (III),* 


* The nomenclature devised by the Editor for the new ring systems described 
in this communication is based on the following types : 


an 
IFA a) Fy 
ey ay 18 a Caen” fy, ae 
1 is @ pir 
WAY WAY WY 





siialAlclitbied: Benzpyridocoline. Benzglyoxalocoline. 
A is derived from pyrrocoline (Scholtz, Ber., 1912, 45, 734) and B and CU by 
analogy from pyridocoline and glyoxalocoline respectively. 





















37 
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since both Spath and Leithe (Ber., 1927, 60, 688) and Brindley and 
Pyman (loc. cit.) presume that the tertiary nitrogen atom of emetine 
is common to a tetrahydroisoquinoline nucleus and an additional 
(5) piperidine ring. Moreover, Pyman and Wenyon (J. Pharm. Expt. 
Ther., 1917, 10, 237) found that a comparatively simple derivative 
of cepheline having the formula C, >H,,O,NCl, had ameebicidal 



























d on 


‘ary § properties, and Brindley and Pyman (loc. cit.) proposed a formula 
bay, (IV) for this substance which represents it as a derivative of 10 : 11-di- 
methoxy-1 : 2: 3:4: 6: 7-hexahydrobenzpyridocoline. 
CH. CH. 
0.) 2 2 
\ Neil 
H, CH, MeH$  CH-CH,-CH,-CO-CHCI, 
CH CH, CH CH, 
Meo’ \“ Nx Me0/ \“ \w% 
Me CH MeO 11 
ggg JS CH, 
CH, CH, 
ties, (III.) (IV.) 


1 to The base (III) was readily prepared in the following manner. 
10u8 | 3-Chlorovalero-8-veratrylethylamide (V) was converted by means of 
hich | phosphorus oxychloride into 1-8-chlorobutyl-6 : 7-dimethoxy-3 : 4-di- 
OXY- | hydroisoquinoline (V1), which was isolated in the form of the picrate. 
n of | The corresponding base was readily converted into 5 : 14-dehydro- 
dno | 10:11-dimethory-1:2:3:4:6:7-hexahydrobenzpyridocolinium chloride 
(VII) by gentle warming, and this substance gave the required base 
(IIT) on reduction. 


CH,Cl-CH,*CH,*CH,*CO-NH-CH,*CH»C,H;(OMe), (V.) 





CH, 
\ ns 
1) , 
ie CH,°CH,°CH,-CH,Cl H,¢ CH, 
a C CH, 
(VI.) \ Nw (VID) 
OO ans OO) n: 
sing La on 
I1),* CH, CH, 


ribed Although numerous alkyl-, aralkyl-, and aryl-substituted 3 : 4-di- 
hydroisoquinolines have been synthesised by the Bischler—Napieral- 
ski method or its variants, 1-alkyl-3 : 4-dihydroisoquinolines con- 
taining halogen or other reactive groups in the 1-alkyl substituent 
had not been prepared hitherto by this or any other method. 
Consequently, it appeared to us to be of interest to study further 
examples of similar type, and these are now described in descending 
order of the substituted fatty acid. The action of phosphorus oxy- 
chloride upon y-bromobutyro-8-veratrylethylamide (VIII) gave very 
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little 1-y-chloropropyl-6 : 7-dimethoxy-3 : 4-dihydroisoquinoline (IX), 
the main product being the resultant of its cyclisation, 4 : 13-dehydro- 
9: 10-dimethoaxy-1 : 2:3:5:6:13-hexahydrobenzpyrrocolinium chloride 
(X). This result, contrasted with that recorded above, adds another 
example to the number already known (Bennett, Heathcoat, and 
Mosses, J., 1929, 2567; Littmann and Marvel, J. Amer. Chem. Soc., 
1930, 52, 289), where the tendency to the formation of 5-membered 
rings containing one hetero-atom is greater than that to the form- 
ation of 6-membered rings similarly constituted. The quaternary 
chloride (X) gave 9: 10-dimethoxy-1:2:3:5:6: 13-hexahydro- 
benzpyrrocoline (XI) on reduction. 
(viti.) CH,Br-CH,-CH,-CO-NH-CH,-CH,°C,H,(OMe - 
CH,*CH,*CH,Cl CH,—CH, 
C C Cc H, 


Meo)“ Sn >MSOK Se — wee 
MeO). JCB, MeC \ CHa MeO! 
CH, CH, CH, 
(TX.) (X.) (XI.) 

The action of phosphorus oxychloride upon §-chloropropiono-8- 
veratrylethylamide gave basic products almost free from chlorine, 
which could not be crystallised. They were doubtless polymerides 
of 6: 7-dimethoxy-1-vinyl-3 : 4-dihydroisoquinoline. 

On the other hand, chloroaceto-£-veratrylethylamide was readily 
converted into 1-chloromethyl-6 : 7-dimethoxy-3 : 4-dihydroisoquinol- 
ine (XII). 

When the hydrochloride of this base was mixed with aqueous 
potassium cyanide, 1-chloromethyl-1-cyano-6 : 7-dimethoxytetrahydro- 
isoquinoline (XIII) was precipitated. This substance when boiled 
with aqueous-alcoholic potassium cyanide gave 1-cyanomethyl-6 :7-di- 
methoxy-3 : 4-dihydroisoquinoline (XIV), from which 1-8-amino- 
ethyl-6 : 7-dimethoxytetrahydroisoquinoline (XV) was obtained on 
reduction. 
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Attempts to condense the substance (XII) with ethyl sodio- 
malonate gave only highly-coloured uninviting products, and 
similar results were obtained in trying to replace the chlorine atoms 
by the amino-group by means of ammonia and potassium phthalimide. 
With the hope of preparing 1-aminomethy1-6 : 7-dimethoxy-3 : 4-di- 
hydroisoquinoline by the hydrolysis of its N-benzoyl derivative, 
hippuro-8-veratrylethylamide was dehydrated by means of phosphorus 
oxychloride, but in the place of the expected 1-benzamido- 
methyl-6 : 7-dimethoxy-3 : 4-dihydroisoquinoline (XVI), a substance 
derived from this by the loss of a molecular proportion of water 
was obtained. This substance is a monoacidic base, and cannot 
be reduced either by tin and hydrochloric acid, or by means of 
sodium amalgam in alcohol. These properties are consistent with 
its representation as 9 : 10-dimethoxy-3-phenyl-5 : 6-dihydrobenzgly- 
oxalocoline (XVII), and no other formula seems equally probable. 


CH,"NH-C OPh CH—N 
~ C CPh 
(XVI.) mar Nw Met) nv (XVIL.) 
Me Jods e H, 
CH, CH, 


Suitable salts of the compounds formulated (III), (VI), (VII). (X), 
(XI), (XII), (XV) and (XVII) were tested for amcebidical properties 
by Mr. C. A. Coulthard of Boots’ Bacteriological Department, using 
the methods employed by Laidlaw, Dobell, and Bishop (Parasitology, 
1928, 20, 207) for testing the action of emetine. Of these compounds, 
(XVII) prevented the growth of Entameba histolytica in cultures at 
a dilution of 1 in 25,000, whereas the control substance emetine was 
effective in a dilution of 1 in 500,000. All the other compounds 
were far less effective. By the courtesy of the Chemotherapy 
Committee of the Medical Research Council these salts were tested 
for antimalarial activity under the direction of Dr. Keilin, F.R.S., 
at the Molteno Institute, Cambridge, and were found to be inactive. 
They were also found to be devoid of trypanocidal activity by Mr. 
W. A. Broom, B.Sc., of Boots’ Pharmacological Department. 

We desire to express our thanks to all the above investigators of 
the physiological properties of these compounds. 


EXPERIMENTAL. 


The acyl-phenylethylamides required as intermediates in the 
preparation of the isoquinoline derivatives to be described were 
prepared, unless otherwise stated, by the gradual addition of the 
corresponding acid chloride (1 mol.) to a well-stirred solution of the 
amine (2 mols.) in dry ether. After being kept for 1 hour, the 
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ethereal solution was washed with water to remove amine hydro- 
chloride and the amide was collected either by filtration or after 
drying and distillation of the ethereal solution. After recrystallis- 
ation the pure amide was obtained in yields averaging about 75% 
of the theoretical. These amides were insoluble in water, but readily 
soluble in the usual organic solvents with the exception of light 
petroleum and in some cases ether. 

Chloroaceto-8-phenylethylamide, long needles from ether at 0°, has 
m. p. 67° (corr.) (Found: C, 60-6; H, 6-3; N, 7-1. C, 9H,,ONCI 
requires C, 60-7; H, 6-1; N, 7-1%). 

Chloroaceto-8-m-methoxyphenylethylamide, plates from ether, has 
m. p. 56—57° (corr.) (Found: C, 58-0; H, 6-5. C,,H,,0,NCI 
requires C, 58-0; H, 6-2%). 

Chloroaceto-8-piperonylethylamide, fine needles from ether-light 
petroleum, has m. p. 72° (corr.) (Found: C, 546; H, 5:2. 
C,,H,,0,NCI requires C, 54-6; H, 5-0%). 

Chloroaceto-8-veratrylethylamide, prismatic needles from alcohol, 
has m. p. 96° (corr.) (Found: C, 55-7; H, 6-3; N, 5-5; Cl, 13-8. 
C,.H,,0,NCl requires C, 55-9; H, 6-3; N, 5-4; Cl, 13-8%). 

Bromoaceto-8-veratrylethylamide, from £-veratrylethylamine and 
bromoacetyl bromide, separated from alcohol in minute needles, 
m. p. 115° (corr.) (Found: C, 47-7; H,5-4; N,4-7. C,.H,,0,NBr 
requires C, 47:7; H, 5-3; N, 46%). 

Cyanoaceto-8-veratrylethylamide, prepared by mixing equimolecular 
quantities of 8-veratrylethylamine and ethyl cyanoacetate, crystal- 
lised from alcohol in needles, which melted at 115° (corr.), but after 
resolidifying did not melt until 127—128° (corr.) (Found : C, 62-8; 
H, 6-9; N, 11-3. C,3;H,,.0,N, requires C, 62-9; H, 6-5; N, 11-3%). 

Hippuro-$-phenylethylamide, needles from alcohol, has m. p. 161° 
(corr.) (Found: C, 72:3; H, 6-5; N, 9-8. C,,H,,O,N, requires 
C, 72-3; H, 6-4; N, 9-9%). 

Hippuro-8-veratrylethylamide, clusters of needles from moist 
acetone, contains 1H,O, and melts between 85° and 95° (Found : 
C, 63-1; H, 6-7; N, 7-9. C,9H,.0,N,,H,O requires C, 63-3; H, 6-7; 
N, 7:8%). 

8-Chloropropiono-8-veratrylethylamide, needles from alcohol, has 
m. p. 102—103° (corr.) (Found: N, 4:9. C,,H,,0,NCl requires N, 
52%). 

y-Bromobutyro-B-veratrylethylamide, prepared from the amine and 
y-bromobutyryl chloride (b. p. 86—87°/15mm.), crystallised from 
ether-light petroleum in matted needles, m. p. 65° (corr.) (Found : 
C, 51-0; H, 63; Br, 24-4. C,,H,sO,NBr requires C, 50-9; H, 6-1; 
Br, 24:3%). This substance decomposes very readily, especially 
when moist, with the formation of butyrolactone, b. p. 205—207°, 
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and -veratrylethylamine hydrobromide, m. p. 179—180° (corr.), 
readily soluble in water, sparingly soluble in cold absolute alcohol 
(Found : C, 46-0; H, 6-0; N, 5-3. C,9H,,0.N,HBr requires C, 45-8 ; 
H, 6-2; N, 53%). 

§-Chlorovalero-8-veratrylethylamide was prepared from {-veratryl- 
ethylamine and 8-chlorovaleryl chloride (b. p. 75—80°/5—8 mm., 
from the acid and thionyl chloride). It formed needles from ether, 
m. p. 60—62° (corr.) (Found: C, 60-3; H, 7-6. C,;H,.0O,NCl 
requires C, 60-1; H, 7-4%). 

3-Bromovaleryl-8-veratrylethylamide, feathery needles from ether- 
light petroleum, has m. p. 70—72° (corr.) (Found : C, 52-5; H, 6-6; 
N, 40; Br, 23-4. C,;H,.O,NBr requires C, 52-3; H, 6-5; N, 41; 
Br, 232%). 

Action of Phosphorus Oxychloride upon Chloroaceto-6-veratrylethyl- 
amide.—Chloroaceto-8-veratrylethylamide (30 g.), toluene (90 c.c.), 
and phosphorus oxychloride (30 c.c.) were heated under reflux in an 
oil-bath at 120—130° for 1 hour. After cooling, the product was 
diluted with light petroleum and the nearly colourless mixture of 
solvents was decanted and rejected. The remaining brown gum was 
dissolved in water, and traces of non-basic material were removed 
by ether. The aqueous liquor was basified with ammonia and 
extracted with ether. The ethereal solution was extracted with 
dilute hydrochloric acid, and this extract was concentrated to a 
syrup and mixed with acetone ; 1-chloromethyl-6 : 7-dimethoxy-3 : 4-di- 
hydroisoquinoline hydrochloride (24-0 g.) then separated in canary- 
yellow elongated plates (darkens from about 210°, effervesces at 
217°), and a further quantity (6-1 g.) of almost equally pure material 
was isolated from the mother-liquors. The total yield (30-1 g.) 
is 93-89% of the theoretical. This salt is easily soluble in water, 
9 wn acid solution. It is anhydrous and has sternutatory 

(Found: C, 52-5; H, 5-6; Cl, 25-9. C,.H,,0,NCI,HCl 
', 652-2; H, 5-5; Cl, 25-7%). 
rate is sparingly soluble in alcohol ; it separates from glacial 
ace i in yellow needles, m. p. 196° (corr.; decomp.) (Found : 
Cl, 7 J1gH ,4O,NCI1,C,H,0,N, requires Cl, 7-6%). 

1-0. methyl-1-cyano-6 : 7-dimethoxytetrahydroisoquinoline is pre- 
pared gummy mass, which quickly becomes crystalline, when 
aqueot ‘ations of potassium cyanide and 1-chloromethyl-6 : 7-di- 
methoxy-3 : 4-dihydroisoquinoline hydrochloride are mixed. It 
softens at 122° and melts at 125° (corr.; decomp.) (Found: N, 10-3; 
Cl, 13-4. C,,H,,0,N,Cl requires N, 10-5; Cl, 133%). It is 
insoluble in water, very dilute hydrochloric acid or ether. It is 
readily soluble in hot alcohol, but the solution quickly darkens on 
heating. 
c2 
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1 - Cyanomethyl - 6 : '7 - dimethoxy - 3 : 4 - dihydroisoquinoline. —'To 
1 - chloromethyl - 6 : 7 - dimethoxy - 3 : 4-dihydroisoquinoline hydro- 
chloride (20 g.) in water (200 c.c.), potassium cyanide (15 g.) in 
water (75 c.c.) was added. The gummy precipitate of 1-chloro- 
methyl-1-cyano-6 : 7-dimethoxytetrahydrotsoquinoline was  trans- 
ferred moist to a solution of potassium cyanide (25 g.) in water 
(70 ¢.c.) and alcohol (100 c.c.). The solution was boiled under 
reflux for } hour and filtered hot ; pure 1-cyanomethyl-6 : T-dimethoxy- 
3 : 4-dihydroisoquinoline (9-7 g.; m. p. 173°, corr.) was thus obtained 
in very pale buff, sandy crystals. The mother-liquor deposited on 
cooling a crop (4:1 g.; brown; m. p. 171°) and on concentration 
another crop (2-1 g.; dark brown; m. p. 165°). The total yield is 
thus 95%. The compound separates from alcohol in pale yellow, | e 
almost colourless needles, m. p. 173° (corr.) (Found : OC, 67-5; H,6-0; | 
N, 12-4. C,,H,,0,N, requires C, 67-8; H, 6-1; N, 12-2%). The I d 
hydrochloride, pale yellow rhombs from alcohol, m. p. 205—206° | n 
(corr.), is readily dissociated by water with deposition of the free — p 
base (Found : N, 10-6; Cl, 13-1. C,,H,,0,N,,HCl requires N, 10-5; | d 
Cl, 13-3%). The picrate is sparingly soluble in alcohol and crystal. ' 
lises from glacial acetic acid in orange-yellow needles, m. p. 225° | 
(decomp.) (Found: C, 49-5; H, 3:9. C,3;H,,0,N,,C,H,0,N, re- § Ii 
quires C, 49-6; H, 3-7%). is 
1-Cyanomethyl-6 : 7-dimethoxy-3 : 4-dihydroisoquinoline wasalso | d 
obtained (in 40% yield) by the interaction of cyanoaceto-8-veratry]- 
ethylamide and phosphorus oxychloride in toluene; it melted at | r 
173° (corr.) alone or mixed with the base prepared as above described. 
1-8-Aminoethyl-6 : 7-dimethoxytetrahydroisoquinoline.—To 1-cyano- § 0: 
methyl-6 : 7-dimethoxy-3 : 4-dihydroisoquinoline (11-7 g.), suspended § is 
in absolute alcohol (200 c.c.), sodium (60 g.) and more absolute alcohol § h: 
(400 c.c.) were added in the course of 14 hours. After heating for } 
hour on the steam-bath, the sodium had dissolved completely. The | pi 
solution was mixed with water (100 ¢.c.), acidified with hydrochloric 
acid (300 c.c. conc.), filtered from sodium chloride, and concentrated 
to a volume of about 200 c.c. It was then mixed with a large 
excess of sodium hydroxide and extracted, first with ether and then 
with chloroform. Each solvent removed gummy bases, which 
were dissolved in dilute hydrochloric acid and precipitated by 
aqueous picric acid. The amorphous picrates obtained were 
crystallised fractionally from alcohol ; 14-3 g. of pure 1-8-aminoethyl- 
6 : 7-dimethoxytetrahydroisoquinoline dipicrate were then obtained 
(yield, 40%). It crystallises from alcohol in glistening yellow 
needles, containing 1 mol. C,H,*OH, and after drying has m. p. 205° 
(corr.). It is sparingly soluble in water or alcohol, even when hot 
(Found in air-dried salt : loss at 115°, 6-3; C, 43-5; H, 5-0; N, 15-0. 
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C,3H»90.N2,2C,H,0,N;,C,H,-OH requires C,H;"OH, 6-2; C, 43:8; 
H, 4-4; N, 151%. Found in dried salt : C, 43-0; H, 4:1; N, 16-3. 
C3H90.N.,2C,H,O,N, requires C, 43-2; H, 3-8; N, 16-1%). 

The dihydrochloride crystallises from aqueous acetone in cream- 
coloured plates, m. p. 276—277° (corr. ; efferv.). It is readily soluble 
in water, giving a neutral solution (Found in air-dried salt : loss at 
120°, 6-8, 7-0. C,H, 90,N,,2HCI,H,O requires H,O, 5-5%. Found 
in dried salt : C, 50-1; H, 7-5; Cl, 22-4. C,,H,,0,N,,2HCI requires 
C, 50-5; H, 7-2; Cl, 22-9%). 

Action of Phosphoric Oxide upon Bromoaceto-8-veratrylethylamide. 
—Bromoaceto-8-veratrylethylamide (5 g.) was dissolved in xylene 
(50 c.c.) and phosphoric oxide (15 g.) was added at intervals in three 
equal portions to the boiling solution (compare Pictet and Kay, 
Ber., 1909, 42, 1973). The gelatinous residue remaining after 
decantation of the hot liquor was dissolved in water, and non-basic 
material removed by means of ether. The addition of picric acid 
precipitated 5-7 g. of picrate (yield, 70%), m. p. 177° (uncorr.; 
decomp.). 

1-Bromomethyl-6 : 7-dimethoxy-3 : 4-dihydroisoquinoline picrate is 
sparingly soluble in alcohol (about 1 in 120 parts of boiling alcohol). 
It was obtained, after two crystallisations from acetone, in which it 
is more soluble, as orange-yellow needles, m. p. 190—191° (corr. ; 
decomp.) (Found : C, 42-0; H, 3-6; Br, 15-6. 

C,,H,,0,NBr,C,H,0,N, 
requires C, 42-1; H, 3-3; Br, 15-6%). 

On heating bromoaceto-$-veravrylethylamide with phosphorus 
oxychloride in toluene, 1-chloromethy1-6 : 7-dimethoxy-3 : 4-dihydro- 
isoquinoline was obtained in 80% yield, the bromine substituent 
having been replaced by chlorine. 

Action of Phosphorus Oxychloride upon Chloroaceto-R-m-methoxy- 
phenylethylamide.—Chloroaceto-8-m-methoxy phenylethylamide (7 g.) 
was treated with phosphorus oxychloride and the basic products 
were taken into hydrochloric acid in the usual way. The hydro- 
chloride solution on concentration, and addition of acetone, gave 
3:1 g. of buff-coloured hard crystals, which softened at 130° and had 
m. p. ca. 170° and appeared to contain solvent of crystallisation ; 
these were collected and the hydrochloride remaining in the mother- 
liquor was converted into picrate, 3-8 g., m. p. 162—165°, by the 
addition of aqueous picric acid. 

1-Chloromethyl-6-methoxy-3 : 4-dihydroisoquinoline picrate separated 
from acetone in fine yellow needles, m. p. 169—170° (uncorr.) 
(Found: C, 465; H, 40; N, 13-2. C,,H,,ONCI,C,H,0,N, 
requires C, 46-5; H, 3-45; N, 12-8%). 

Action of Phosphorus Oxychloride upon Chloroaceto-f-piperonyl- 
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ethylamide.—Chloroaceto-8-piperonylethylamide (9 g.) was treated 
with phosphorus oxychloride in the usual manner ; the residue, after 
dilution with light petroleum and decantation of the supernatant 
liquid, consisted of a semi-crystalline reddish mass. This was 
dissolved in water and basified; the base was transferred to hydro. 
chloric acid by means of chloroform, since it was more readily soluhle 
in this solvent than in ether. 

The solution of hydrochloride was evaporated to smal! bulk under 
diminished pressure and treated with acetone, which gave 8 g. 
(82%) of crude hydrochloride, m. p. 190° (decomp.). The salt, 
recrystallised from aqueous acetone, had m. p. between 150° and 170° 
and contained solvent; after drying at 100°, it darkened at 195° and 
decomposed with effervescence at 204°; it was less readily soluble in 
water than the other hydrochlorides prepared. On the addition of 
picric acid it gave 1-chloromethyl-6 : 7-methylenedioxy-3 : 4-dihydro- 
isoquinoline picrate, orange-red needles from acetone, m. p. 179—180° 
(corr.; decomp.) (Found : C, 45-2; H,3-2. C,,H,,O0,NC1,C,H,0,N, 
requires C, 45-1; H, 2-9%). 

Action of Phosphorus Oxychloride upon §-Chloropropiono-f- 
veratrylethylamide.—8-Chloropropiono-$-veratrylethylamide (9-5 g.) 
was boiled gently under reflux with phosphorus oxychloride (28-5 c.c.) 
in toluene (100 c.c.) for 45 minutes. The residue after addition of 
light petroleum and decantation of the supernatant liquor was 
dissolved in water. Addition of excess of aqueous picric acid to the 
solution precipitated 14 g. of an amorphous picrate, which melted 
over a wide range of temperature. All attempts to obtain a homo- 
geneous crystalline substance from the latter failed; but acetone 
(500 c.c.) effected a partial separation of the picrate from two 
experiments (24-7 g.) into a high-melting fraction, A (5-2 g.; m. p. 
235°, uncorr.), and a more soluble fraction, B (19 g.; m. p. 145—185°, 
uncorr.; decomp.). A contained no chlorine, and B only a trace. 

Action of Phosphorus Oxychloride upon y-Bromobutyro-$-vera- 
trylethylamide.—(1) y-Bromobutyro-f-veratrylethylamide (9 g.) was 
boiled gently with phosphorus oxychloride (25 c.c.) in toluene (90 c.c.) 
for 30 minutes. After cooling, light petroleum was added and the 
supernatant liquor decanted. The dark oily residue was dissolved 
in water and precipitated with saturated aqueous picric acid (500 c.c.), 
giving 11-5 g. of picrates, m. p. 152—154° to a turbid fluid, clearing 
at 164°. This product proved to be a mixture of 1-y-chloropropyl- 
6 : 7-dimethoxy-3 : 4-dihydroisoquinoline picrate and 4 : 13-dehydro- 
9 : 10-dimethoxy-1:2:3:5:6:13-hexahydrobenzpyrrocolinium 
picrate, which were difficult to separate, but after fractionation from 
acetone 1 g. of the quaternary picrate was isolated inanearly purestate 
(m. p. 190—192°) and a specimen (0:7 g.) of crude 1-y-chloropropyl- 
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ated § 6: 7-dimethoxy-3 : 4-dihydroisoquinoline picrate (m. p. 163— 164°) 
ufter | Was obtained with Cl = 5-6 instead of the calculated 7:1%. It was 
found that the mixed picrates were very readily converted into the 
quaternary cyclic compound through the base, and in a second 
dro. | experiment cyclisation was completed before the products of the 
reaction were isolated. 


tant 


I 
see (2) y-Bromobutyro-8-veratrylethylamide (27:7 g.) was treated 
nder | With phosphorus oxychloride in the usual way, and the aqueous 
Bg. solution of the reaction product was basified with ammonia and 
salt, extracted with ether. The ethereal extract was concentrated and 


179° | tapidly deposited the crystalline quaternary chloride (6-2 g.; m. p. 
119—120°); the ethereal filtrate on evaporation left a residue which 


and 
lein | g2ve with picric acid 0-7 g. of the quaternary picrate. The aqueous 
n of § liquor gave with picric acid, 26-7 g. of the quaternary picrate, m. p. 


dro. | 188—193°. The yield of crude quaternary salts is thus 95% of the 
190° | theoretical. 

)-N; 4 : 13-Dehydro-9 : 10-dimethoxy-1 : 2:3: 5:6: 13-hexahydrobenz- 
pyrrocolinium chloride separates from alcohol-ether as a crystalline 
0-6- powder, m. p. 120--122° (corr.), containing 2H,O (Found : loss at 
120°, 10-7; C, 55-2; H, 7-6. C,,H,,0,NC1,2H,O requires 2H,O, 


= 11-9; C, 55:3; H, 7-°3%). After prolonged drying at 100°, it is 
» of | rendered anhydrous and melts at 204—205° (corr.) (Found: C, 
was | 027; H, 7-1. Cj 4H ,0,NClI requires C, 62:8; H, 68%). The dry 


the | salt is hygroscopic and easily soluble in water or alcohol. 
ted The picrate is best recrystallised by dissolving 10 g. in acetone 
(2 1.) and concentrating the solution to 750 ¢c.c. It separates on 





su cooling in short yellow prisms, m. p. 201—202° (corr.). Difficulty 
two | Was experienced in its combustion owing to its explosive nature 
.p. (Found: C, 51-3; H, 4-7; picric acid, 49-5. C,,H,,O,N, requires C, 
B5°, 52:1; H, 4-4; picric acid, 49-8%). 

aoe. 9: 10-Dimethory-1:2:3:5:6: 13-hexahydrobenzpyrrocoline.— 
ora. | 10 4:13-dehydro-9 : 10-dimethoxy -1 : 2:3: 5:6: 13-hexahydro- 
was § benzpyrrocolinium chloride (5 g.) in alcohol (50 c.c.) and hydro- 


: chloric acid (30 c.c.), tinfoil (9 g.) and more acid (20 c.c.) were added 
the | in the course of 4 hours. Tin was removed by hydrogen sulphide, 
ved § and the filtrate was concentrated, basified, and extracted with ether. 
On distillation of the ether, the base was obtained as an oil, which 


c.), “gee 
re rapidly crystallised (m. p. crude 78—80"), in yields of 80—85%. 
yyl- It crystallises from light petroleum in broad needles, m. p. 88—89° 


iro (corr.), which are readily soluble in other organic solvents. It is 
slightly soluble in water, giving a solution which is alkaline to 







om & Phenolphthalein (Found: C, 71:8; H, 8-2. C,,H,0,N requires 
ate § © 72-0; H, 82%). 


The hydrobromide forms rhombs from absolute alcohol ; it has m. p. 








46 CHILD AND PYMAN: ]-w-HALOGENOALKYLiSOQUINOLINES 


186° (corr.) and is readily soluble in water, giving a neutral solution 

(Found: C, 53-4; H, 6-7; Br, 25-3. C,,H,,O.N,HBr requires 
C, 53-5; H, 6-4; Br, 25-4%). The picrate crystallises from alcohol 
(100 pts.) in fine yellow needles, m. p. 187° (corr.; decomp.) (Found : 
N, 12-0. C,,H,,0,N,C,H,O,N, requires N, 12-1%). 

Action of Phosphorus Oxychloride upon %-Chlorovalero-B-veratryl. 
ethylamide.—8-Chlorovalero-f-veratrylethylamide (4-5 g.) was boiled 
with phosphorus oxychloride (15 c.c.) in toluene (50 c.c.) for 30 
minutes. The product was worked up in the usual way and precipi- 
tated as picrate, the yield of crude salt, m. p. 150—156°, being 
7-1 g., #.e., 93%. &-Bromovalero - £8 - veratrylethylamide, when 
similarly treated, gave the same product, and when larger quantities 
were worked up it was possible to isolate from the mother-liquor a 
small quantity of the corresponding quaternary picrate of m. p. 183°. 

1-8-Chlorobutyl -6 : 7 -dimethowy-3 : 4-dihydroisoquinoline picrate 
erystallises from alcohol (80 pts.) in yellow needles, m. p. 156—157° 
(corr.) (Found : C, 49-3; H, 4-8; N, 10-8; Cl, 6-9; picric acid, 44-4. 
©,5H )0,NCI,C,H,0,N, requires C, 49-3; H, 4-8; N, 11-0; Cl, 6-9; 
picric acid, 448%). The hydrochloride was prepared by treating 
the picrate with hydrochloric acid and removing picric acid by ether. 
It forms hard rhombs from 90% acetone, m. p. 172—173° (corr.; 
decomp.). It is readily soluble in water, giving a solution neutral 
to litmus and having a marked blue fluorescence (Found : Cl, 22:2. 
C,H 50,NCI,HCI requires Cl, 22-3%). 

5 : 14-Dehydro-10 : 11-dimethoxy-1 :2:3:4:6 . 7-hexahydrobenz- 
pyridocolinium Salts.—1-8-Chlorobuty]-6 : 7-dimethoxy -3 : 4-di- 
hydroisoquinoline picrate (34g.) was converted intothe hydrochloride. 
The latter was not isolated, but the solution after removal of picric 
acid was basified with ammonia and extracted three times with 
ether. The extract was dried over sodium sulphate, filtered, and 
concentrated. As evaporation proceeded, the at first clear ethereal 
solution became turbid; when the solution reached small bulk, 
exothermic reaction set in and the last traces of ether came off 
rapidly. The residue was dissolved in water, and the solution was 
filtered and treated with an excess of picric acid, which precipitated 
the quaternary picrate (23-9 g., m. p. 182—184°). Acidification of 
the alkaline mother-liquor and addition of picric acid gave a further 
4-5 g. of the same picrate (total yield, 28-4 g. or 90%). 

5 : 14-Dehydro-10 : 11-dimethory-1:2:3:4: 6: 7-hexahydrobenz- 
pyridocolinium picrate separates from alcohol (80 pts.) in beautiful 
golden spangles, m. p. 185—186° (corr.) (Found: C, 53-1; H, 5-1; 
N, 12-0; picric acid, 48-5. C,,H,.O,N, requires C, 53-2; H, 4-7; 
N, 11-8; picric acid, 483%). The corresponding chloride, when 
prepared from the picrate, is obtained by the gradual addition of 
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ether to its solution in 5 parts of alcohol as @ microcrystalline, pale 
yellow powder which after air-drying retains an additional molecule 
of hydrogen chloride and 2 molecules of water; both of these are 
lost on prolonged drying first over sulphuric acid in a vacuum and 
finally at 115°. The air-dried salt effervesces at 103° after softening 
from 90°; the dried salt has m. p. 197—198° (corr.) and is hygro- 
scopic [Found in air-dried salt : C, 51-1, 512; H, 7-3, 7-1; Cl (total), 
18-5; Cl (as free HCl, by titration), 8-8; total loss on drying, 19-9, 
C,;H0,NC1,HC12H,0 requires C, 50-8; H, 7-1; Cl (total), 20-0; 
Cl (as free HCl), 10-0; total loss, 20-49%. Found in dried salt: C, 
63-5; H, 7-3. C,;H,,O,NCI requires C, 63-9; H, 7-2%]. The 
iodide separates from water, in which it is moderately easily soluble, 
in large yellow rhombs, m. p. 210—212°. 

10 : 11 -Dimethovy-1 :2:3:4:6: 7-hexahydrobenzpyridocoline.— 
Thirty grams of the above quaternary picrate were converted into 
hydrochloride; the syrupy residue of the latter was dissolved in 
100 c.c. of alcohol and reduced by means of concentrated hydrochloric 
acid (75 c.c.) and tinfoil (28 g.), the foil being added gradually to the 
gently boiling solution over a period of 6 hours. 

After distillation of the alcohol, the residue was diluted with 
water and treated with hydrogen sulphide, and the filtrate from tin 
sulphide was evaporated to dryness under reduced pressure. The 
residue was dissolved in a little water, basified with ammonia, and 
extracted with ether. The extract, dried over potassium carbonate 
and evaporated, left an oil, which rapidly crystallised; m. p. 54°. 
Yield, 14-5 g. (927%). 

10 : 11-Dimethory-1:2:3:4:6:7-hexahydrobenzpyridocoline is 
insoluble in water, but is easily soluble in the usual organic solvents, 
with the exception of light petroleum, from which it separates in 
nodular crystals, m. p. 59—60° (corr.). It may be distilled under 
diminished pressure without decomposition, b. p. 225°/15 mm. 
(Found: C, 72:7; H, 83; N, 5-9. C,;H,,0,N requires C, 72-8; 
H, 8-5; N, 5-7%). The hydrochloride separates from alcohol in 
small colourless crystals, m. p. 235—237° (corr. ; decomp.), easily 
soluble in water, giving a sclution neutral to litmus (Found : Cl, 12-6. 
C,,H,,0,N,HCl requires Cl, 125%). The picrate forms bright 
yellow needles, m. p. 172—174° (corr.), from 40 parts of alcohol. 

Methiodides. The base (2 g.) was boiled under reflux for 5 hours 
with an excess of methyl iodide. The product (3-2 g., m. p. 236°) 
was separated by fractional crystallisation from water into the 
sparingly soluble f-nethiodide, colourless rosettes of needles, m. p. 
244945° (corr.) (Found: C, 49:3; H, 6-5; I, 32-8. C,,H,0,NI 
requires C, 49-3 ; H, 6-2; I, 326%), and the more soluble «-methiodide, 
colourless glistening plates from water, m. p. 228° (corr.) (Found : 
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I, 32-5%%). The a-methiodide is largely converted into the 6-salt on 
being heated at 250°. c 

Action of Phosphorus Oxychloride upon Hippuro-f-veratryl- 
ethylamide.—Crude hippuro-f-veratrylethylamide (15-6 g.) (pre- 
pared by heating equimolecular proportions of ethyl hippurate and 
8-veratrylethylamine for 5 hours at 180°) was boiled gently under 
reflux for $ hour with toluene (160 ¢.c.) and phosphorus oxychloride 
(48 c.c.). The product was mixed with light petroleum, and the 
precipitated dark resinous material was dissolved in water. After 
treatment with charcoal this solution was basified, and the crude 
precipitated base (yield, 90°) was purified by several crystallisations 
from alcohol, the pure base being obtained in about 60% yield. 

9 : 10-Dimethoxy-3-phenyl-5 : 6-dihydrobenzglyoxalocoline crystal- 
lises from alcohol (12 pts.) in large striated plates, m. p. 187° (corr.). 
It is insoluble in water or ether, but readily soluble in chloroform 
(Found : C, 74-5; H, 5-8. C,,H,,0,N, requires C, 74-5; H, 5-9%). 
The hydrochloride crystallises from aqueous alcohol in plates, m. p. 
286—287° (corr.; decomp.). It is soluble in 25—30 parts of cold 
water (Found : Cl, 10-4. C,gH,,0,N,,HCl requires Cl, 10-35%). The 
hydrobromide forms colourless anhydrous needles, m. p. 293° (corr.), 
from water (80 parts) (Found: Br, 20-7; N, 7-25. C,gH,,0,N,,HBr 
requires Br, 20-6; N, 7-2%). The methiodide, obtained by 
refluxing the powdered base with a large excess of methyl iodide 
for several hours, formed pale cream-coloured feathery needles, 
m. p. 255° (corr.), from a large volume of water (Found: C, 53-4; 
H, 5-0; I, 27-6. CygH,,0,N,,CH,I requires C, 53-5; H, 4-7; 
I, 28-3%). The picrate, sparingly soluble in alcohol or acetone, was 
obtained from glacial acetic acid as matted clusters of yellow 
needles, m. p. 226—227° (corr.). 

Nitro-derivative. The base (1-0 g., m. p. 187°) was added to 50 c.c. 
of N-nitric acid ; on warming, the sparingly soluble nitrate gradually 
dissolved. As the temperature was raised, the solution began to 
turn yellow and between 60° and 70° it became turbid with the separ- 
ation of an orange-yellow solid. After 1 hour’s heating on the steam- 
bath, the solid was removed, washed well with water, and dried at 
100°. Yield, 1-05g. M. p. 193—194° (uncorr.). 

The nitro-derivative formed long orange-yellow needles, m. p. 202° 
(corr.), from 150 parts of alcohol (Found: C, 64-5, 64-6; H, 5-2, 
5:3; N, 12-05. C, 9H,,0,N; requires C, 64-9; H, 4:9; N, 12-0%). 
It is soluble in concentrated hydrochloric acid, but is thrown out of 
solution by addition of water. The orange-coloured solution in 
hydrochloric acid is reduced by tinfoil to a colourless solution, which, 
after dilution and removal of tin as sulphide, gives a diazo-reaction, 
for a free amino-group. 
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Demethylation, The base (1 g.) was heated in a sealed tube with 
concentrated hydrochloric acid (15 c.c.) for 5 hours at 160°. The 
resulting mass of crystals (hydrochloride of the demethylated 
base) was collected, washed with water, and dried (yield, 1 g.). 

9 : 10-Dihydroxy -3- phenyl -5 : 6-dihydrobenzglyoxalocoline hydro- 
chloride crystallises from water (80 parts) in small needles, containing 
3H,O. After drying at 120°, it has m. p. 293° (corr.) (Found : loss 
at 120°, 13-3. C,,H,,0,N,,HC1,3H,O requires loss, 147%. Found 
in dried salt: C, 64-6; H, 5-2. C,,H,,0,N,,HCl requires C, 64-8; 
H, 4-8%). The salt in dilute aqueous solution affords a deep green 
colour with a drop of ferric chloride solution. 


RESEARCH LABORATORIES, Messrs. Boots Pure Drvue Co. LtD., 
NotrrinGcHaM. [ Received, December 1st, 1930.] 





VI.—New Derivatives of Pyrrole. Part I. The 
Synthesis of 3-Keto-4: 5-dihydrodi-(1 : 2)-pyrrole 
and of 8-Keto-5 : 6: 7 : 8-tetrahydropyrrocoline. 


By Grorce Roger CLemMo and GEORGE ROWNTREE RAMAGE. 


ALTHOUGH it is now known that the nitrogen atom is a common 
member of two fused ring systems, as in structure (I), in certain 
alkaloids of the berberine type, and Karrer and co-workers (Helv. 
Chim. Acta, 1928, 11, 1067) have suggested that lupinine (I) has the 
same structural feature, the literature records little concerning the 
synthesis and properties of the simple parent ring systems. 

Léffler and Plécker (Ber., 1907, 40, 1310) claim to have synthesised 
substituted conidines, but apparently they failed to synthesise the 
parent substance (II). Later, Léffler and Kain (Ber., 1909, 42, 94) 
stated that 8-coniceine (1-piperolidine) (III) was obtained by the 
ring closure of @-(«-piperidyl)propionic acid, followed by reduction 
of the lactam by sodium. 


CH,"OH 
Pr. ( 
ee Py = 
SNV/ \N VN / 
(I.) (II.) (III.) 


Scholtz (Ber., 1912, 45, 734) obtained «-picolide, to which struc- 
ture (IV) was assigned, from «-picoline and acetic anhydride, and it is 
claimed that treatment with hydrochloric acid gives pyrrocoline 
(V). Recently, Tschitschibabin and Stepanow (Ber., 1927, 60, 1607 ; 
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1930, 63, 470) have obtained substituted pyrrocolines* from 
«-picoline and various acid anhydrides. 


CO-CH, 
Vy" i\= 7-790 
WN taal | ay Nay 
‘vy ‘‘ (V.) (VI. _—e 


The yields obtained in most if not all of the above reactions 
are not stated or are poor, e.g., the 5—6% yields in the condensations 
of «-picoline and acetaldehyde (Meisenheimer and Mahler, Annalen, 
1928, 462, 301) and propaldehyde (Léffler and Plécker, Joc. cit.) 
respectively. 

The syntheses of 3-keto-4 : 5-dihydrodi-(1 : 2)-pyrrole (V1) and of 
8-keto-5 : 6:7 : 8-tetrahydropyrrocoline (VIII) are now described, 
and it is hoped to record the development of this work, including 
the reduction of these ryt in a subsequent communication, 


[J HE CH,——CCI-CH, 
~% oN: jet CH,-CO-O 
N-CH,-CH,-CN HO OH 
(VII.) (VIII.) (IX.) 


Pyrrole has been the starting point: it is surprising that advan- 
tage has not hitherto been taken of the combined activity of the 
a- and the acidic imino-hydrogen atom for synthetic work, 

Potassium pyrrole has been prepared by an improved method, 
and its condensation with halogen-substituted aliphatic compounds 
and sulphonic esters studied. Ciamician (Monatsh., 1880, 1, 624) 
investigated the action of potassium pyrrole on chloroacetic acid 
in ether, but does not mention the isolation of pure 1-pyrrylacetic acid. 
It has now been found that condensations of the above type can be 
effected satisfactorily if benzene is used instead of ether. For 
example, potassium pyrrole and ethyl 8-chloropropionate in benzene 
give a 40% yield of ethyl 8-1-pyrrylpropionate, whereas none is 
obtained if ether is used. Hydrolysis of this ester with alcoholic 
potash gives $-l-pyrrylpropionic acid, but all attempts to effect ring 
closure to give (VI) have been unsuccessful. 

The fact that E. Fischer’s classical uric acid synthesis (Ber., 
1895, 28, 2473) involved a lactam carbonyl group in the ring 
closure led to attempts to effect similar ring closure of N-sub- 
stituted derivatives of succinimide, e.g., succino-n-butylimide, but 
no success has heen thus achieved. 


* These workers suggested the name indolizine for the parent structure (V), 
but we are advised to use the older system of nomenclature. 
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Attention was then directed to the condensation of potassium 
pyrrole with ®-chloroethyl and $-cyanoethyl toluene-p-sulphonates 
(compare Clemo and Perkin, J., 1922, 121, 642; Clemo and Walton, 
J., 1928, 723) and 1-8-chloroethylpyrrole and 1-8-cyanoethylpyrrole 
(VII) were thus obtained in yields of 7% and 60% respectively. 

These results are linked with the question of the stability of these 
esters to sodium hydroxide (compare Clemo and Walton, loc. cit.) 
and indicate that potassium pyrrole condenses readily with com- 
pounds which are easily hydrolysed by alkalis. 1-y-Chloropropyl- 
pyrrole was then prepared from potassium pyrrole and y-chloropropyl 
toluene-p-sulphonate (J. Amer. Chem. Soc., 1923, 45, 842), but it 
was recovered unchanged after prolonged boiling with alcoholic 
potash, and treatment with aluminium chloride in light petroleum 
also failed to effect ring closure. 

When 1-f-cyanoethylpyrrole was submitted to the Hoesch 
reaction, ring closure occurred to give (VI), which was most con- 
veniently isolated by forming the semicarbazone and hydrolysing 
this with N/2-sulphuric acid in the presence of chloroform (compare 
Kon, J., 1930, 1616). A piperonylidene derivative has also been 
obtained, but (VI) does not give a hydrochloride or a methiodide. 

Concurrently with the above, efforts were made to synthesise 
the fused six- and five-ring system (VIII). In the first place, 
4-carbethoxypropiony] chloride (compare Blaise, Bull. Soc. chim., 
1899, 21, 645) was condensed with potassium pyrrole to give ethyl 
8-1-pyrroylpropionate, C,H,N-CO-CH,°CH,°CO,Et, but treatment 
of this with sodium in xylene and distillation with calcium chloride 
failed to remove alcohol. Next, the liquid obtained from levulic 
acid and thionyl chloride, which has the properties of levulyl 
chloride but may have the lactone structure (IX) (compare Annalen, 
1890, 256, 334), was condensed with potassium pyrrole, readily 
giving 8-1l-pyrroylethyl methyl ketone, C,H,N*CO-CH,°CH,°CO-CHsg, as 
shown by the formation of a phenylhydrazone and a semicarbazone. 
Treatment of the ketone with acids and alkalis, however, always 
resulted in amide hydrolysis, as was also the case with ethyl 8-1- 
pyrroylpropionate (above). Finally, y-l-pyrrylbutyronitrile was 
prepared from potassium pyrrole and y-bromobutyronitrile, this 
material being used because y-cyanopropyl toluene-p-sulphonate 
could not be made from trimethylene cyanohydrin. When the 
butyronitrile was subjected to the Hoesch reaction, ring closure 
took place and 8-keto-5 : 6 : 7 : 8-tetrahydropyrrocoline (VIII) was 
obtained ; it was isolated in the first instance as the semicarbazone, 
which gave the free ketone on hydrolysis. The compound readily 
gives a piperonylidene derivative, but not a methiodide. 














CLEMO AND RAMAGE : 


EXPERIMENTAL. 


Potassium Pyrrole-—Potassium (8 g.) was shaken with boiling 
xylene. To the cooled suspension, absolute alcohol (2 drops) was 
added, followed by freshly distilled pyrrole (13-4 g.) in small amounts, 
the reaction being allowed to cease after each addition. More 
pyrrole (5 g.) was then added to dissolve any remaining potassium, 
the mixture heated on the water-bath for an hour, and the xylene 
removed under reduced pressure, leaving potassium pyrrole (21 g.) 
as a white, highly deliquescent powder (Found: N, 13-0. Cale.: 
N, 13-3%). 

Ethyl 1-Pyrrylacetate and 1-Pyrrylacetic Acid.—Potassium pyrrole 
(2-6 g.) was made into a paste with benzene (3 c.c.), and ethyl 
chloroacetate (3-2 g.) in benzene (3 c.c.) added slowly with constant 
mixing. When the vigorous reaction ceased, the mixture was 
heated on the water-bath for 4 hour, treated with water, and ex- 
tracted with ether. The dried extract on fractionation gave ethyl 
1-pyrrylacetate (1-0 g.), b. p. 112°/20 mm. (Found: C, 62-5; H, 
7:35. CgH,,0O,N requires C, 62-7; H,'7-2%). 

The ester was heated on a water-bath for 1 hour with excess of 
methyl-alcoholic potash (10%), water added, the methyl alcohol 
boiled off, and the solution acidified and extracted with ether. 
After removal of the ether, 1-pyrrylacetic acid remained as a yellow 
oil which solidified; crystallised from petroleum (b. p. 80—100°), 
it formed long colourless prisms, m. p. 91° (Found: C, 57-4; H, 
5-65. CgH,O,N requires C, 57-6; H, 5-6%). The amide, prepared 
from the ester and concentrated aqueous ammonia, crystallised 
from xylene in needles, m. p. 169° (Found: C, 58-4; H, 6-5. 
CgH,ON, requires C, 58-1; H, 6-45%). 

Ethyl -1-Pyrrylpropionate and §-1-Pyrrylpropionic Acid.— 
Potassium pyrrole (5-2 g.) in the presence of benzene (6 c.c.) was 
condensed with ethyl 6-chloropropionate (7-5 g.) in the same way 
as with the chloroacetate, and ethyl 8-1-pyrrylpropionate (3'1 g.), 
b. p. 122°/23 mm., obtained (Found: C, 64-7; H, 7-8. CyH,,0,N 
requires C, 64-7; H,7-8%). The ester was hydrolysed with methy]l- 
alcoholic potash (10%), and 8-1l-pyrrylpropionic acid obtained as 
colourless prisms, m. p. 62°, after crystallising from petroleum 
(b. p. 80—100°) (Found: C, 60-3; H, 6-5; N, 10-2. C,H,O,N 
requires C, 60-4; H, 6-5; N, 10-1%). The amide formed colourless 
prisms, m. p. 81°, from benzene (Found: C, 60-8; H,7-4. C,H,,ON, 
requires C, 60-9; H, 7-2%). The compound is readily soluble in 
cold water. 

Succino-n-butylimide—Succinimide (10 g.), dissolved in hot 
absolute alcohol (25 c.c.), was added to a solution of potassium 
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ethoxide (3-9 g. of potassium in 25 c.c. of absolute alcohol), and 
n-butyl bromide (13-7 g.) slowly run in. The mixture was heated 
on the water-bath for 6 hours, the potassium bromide (12 g.) filtered 
off, and the filtrate fractionated ; succino-n-butylimide (12-5 g.; 80% 
of the theoretical yield), b. p. 140°/17 mm., was obtained (Found : 
0, 61-9; H, 8-1. C,H,,0,N requires C, 61-9; H, 8-4%). 

1-8-Chloroethylpyrrole—Potassium pyrrole (2-6 g.), benzene 
(3 c.c.), and 6-chloroethyl toluene-p-sulphonate (5-9 g.) were mixed 
in one operation and the product was worked up as described for 
the $-cyano-compound (below); 1-8-chloroethylpyrrole (0-25 g.), 
b. p. 84°/20 mm., was obtained (Found: N, 11-0. C,H,NCl 
requires N, 10-8%). 

1-8-Cyanoethylpyrrole—-Cyanoethyl toluene-p-sulphonate (2-8 
g.) was well mixed with a suspension of potassium pyrrole (2:6 g.) 
in benzene (4 ¢.c.). When the vigorous reaction that took place 
had abated, a further 2-8 g. of the sulphonic ester were added and 
the mixture was heated on a water-bath for 1 hour. Water was 
then added, the mixture extracted with ether, and the extract 
dried and fractionated, giving 1-$-cyanoethylpyrrole (1-8 g.), b. p. 
140°/20 mm. (Found: C, 70:2; H, 65; N, 23-6. C,H,N, 
requires C, 70-0; H, 6:7; N, 233%). The compound is insoluble 
in water, and is readily hydrolysed to @-1-pyrrylpropionic acid by 
boiling alcoholic potash. 

1-y-Chloropropylpyrrole.—Potassium pyrrole (2-6 g.), benzene 
(3 c.c.), and y-chloropropyl toluene-p-sulphonate (6-2 g.) were mixed 
in one operation and gave 1-y-chloropropylpyrrole (1-4 g.), b. p. 
87°/15 mm., as a colourless oil which darkened rapidly on standing 
(Found : C, 58-6; H,6-8. C,H, )NCl requires C, 58-5; H,7-0%). 

3-Keto-4 : 5-dihydrodi-(1 : 2)-pyrrole (V1).—A slow stream of dry 
hydrogen chloride was passed for 45 minutes through §-1-pyrryl- 
propionitrile (1 g.), dissolved in dry ether (7 c.c.) containing 
anhydrous zine chloride (0-25 g.). The mixture was left over-night 
in a stoppered test-tube, the ether decanted, and the deliquescent 
pale yellow imino-hydrochloride added in small portions with 
thorough mixing to sodium acetate (5 g.) and semicarbazide hydro- 
chloride (1 g.). Alcohol (4 c.c.) was added and after being heated 
for 1 hour on the water-bath the mixture was filtered, diluted with 
water (3 c.c.), and left over-night. The resulting crystalline semi- 
carbazone (0-5 g.) was suspended in chloroform (50 c.c.) and well 
shaken with N/10-sulphuric acid (9 c.c.) for 6 hours, and again for 
a further hour after being left over-night. The chloroform layer 
was separated and dried, the solvent removed, and the residue 
distilled, giving a crystalline solid (0-2 g.), m. p. 54° [Found : C, 69-7, 
69:5; H, 6-1, 59; N, 11-7; M (Rast), 119. C,H,ON requires 
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C, 69-4; H, 5-8; N, 11-46%; M, 121). The ketone is fairly easily 
soluble in cold water (giving a solution neutral to litmus), moderately 
easily soluble in ether, but readily soluble in alcohol and chloroform. 
It gives the pine-shaving test for pyrrole and a purple colour reaction 
with p-dimethylaminobenzaldehyde. The compound is unchanged 
by treatment with nitrous acid. 

The semicarbazone obtained from the pure ketone crystallised 
from alcohol in long, colourless, thin prisms, m. p. 211° (Found: 
C, 54-1; H, 5-9. C,H,,ON, requires C, 53-9; H, 5°6%). The 
piperonylidene compound was prepared in alcohol containing a 
trace of solid sodium hydroxide and crystallised from the same 
solvent in pale yellow prisms, m. p. 194° (Found: C, 70-9; H, 4:3. 
C,;H,,0,N requires C, 71-15; H, 4:35%). 

Ethyl 8-1-Pyrroylpropionate-—8-Carbethoxypropionyl — chloride 
(4-1 g.) in benzene (2 ¢.c.) was added slowly with thorough mixing 
to potassium pyrrole (2-6 g.) in benzene (5 c.c.). The mixture was 
then heated on the water-bath for 15 minutes, made alkaline with 
sodium bicarbonate, and extracted with ether. Ethyl 8-1-pyrroyl- 
propionate (1-2 g.) was obtained as a liquid, b. p. 162°/22 mm., 
which solidified on standing and then crystallised from petroleum 
(b. p. 40—60°) in stout colourless prisms, m. p. 50° (Found : C, 61-4; 
H, 6-5; N,7-2. C,gH,,0,N requires C, 61-5; H, 6-7; N,7-2%). 

Levulyl Chloride—A mixture of thionyl chloride (10 c.c.) and 
levulic acid (10 g.) was warmed gently until the evolution of hydro- 
gen chloride ceased; it was then heated on a water-bath for an hour 
and fractionated, giving levulyl chloride (9-6 g.), b. p. 84°/17 mm. 

8-1-Pyrroylethyl Methyl Ketone—Levulyl chloride (3-4 g.) in 
benzene (3 c.c.) and potassium pyrrole (2-6 g.) in benzene (3 c.c.) 
were condensed as in the case of ethyl 8-1-pyrroylpropionate (above) 
and gave the ketone[(1fg.),.b."p. 148°/168mm. (Found: N, 8-7. 
C,H,,0,N requires N, 8-5%). The phenylhydrazone had m. p. 131° 
(Found: C, 71-0; H, 6-8. C,;H,,ON, requires C, 70-6; H, 6-7%), 
and the semicarbazone, m. p. 190° {(Found: C, 54-0; H, 6-4. 
C9H,,O.N, requires C, 54-1; H, 6-3%). 

y-1-Pyrrylbutyronitrile—y-Bromobutyronitrile (3-7 g.) and 
potassium pyrrole (2-6 g.) in benzene (3 c.c.) were condensed and 
gave y-l-pyrrylbutyronitrile (0-65 g.), b. p. 152°/23 mm. (Found: 
N, 20-7. C,H, N, requires N, 20-9%). 

8- Keto-5:6:7:8-tetrahydropyrrocoline (VIII).—y-1- Pyrryl- 
butyronitrile (1 g.) under the same conditions as for the prepar- 
ation of (V1) above, gave a semicarbazone (0-7 g.), which was hydro- 
lysed by shaking it for 6 hours with N/2-sulphuric acid (7 c.c.) in 
the presence of chloroform (70 c.c.). After removal of the chloro- 
form the residue was distilled in a vacuum; the distillate (0-2 g.) 
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solidified on cooling, and crystallised from petroleum (b. p. 80—100°) 
in faintly yellow prisms, m. p. 34° (Found: C, 71:2; H, 6-7. 
(,H,ON requires C, 71:1; H, 6-7%). The ketone gives the pine- 
shaving test for pyrrole and a light purple colour reaction 
with p-dimethylaminobenzaldehyde. The semicarbazone crystal- 
lises from aicohol in plates, m. p. 193° (Found: C, 56-1; H, 6-2. 
(yH,.ON, requires C, 56:25; H, 625%). The puperonylidene 
compound crystallises from alcohol in yellow prisms, m. p. 136° 
(Found : ©, 71-7; H,5-1. C,gH,,0,N requires C, 71-9; H, 4-9%). 


Our thanks are due to Imperial Chemical Industries Ltd. for a 
grant which has defrayed the cost of certain research materials, 
and to Mr. C. R.S. Tenniswood, B.Sc., for doing micro-analyses, 
and one of us (G. R. R.) is indebted to the Council of Armstrong 
College for a studentship which has enabled him to take part in the 
investigation. . 


UNIVERSITY oF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. [Received, November 20th, 1930.] 


VII.—Phase-rule Studies on Metallic Thiocyanates. 
Part I. The Systems Ba(CNS),-NaCNS-H,O and 
Ba(CNS),-KCNS-H,O at 25°. 

By Vincent JosErx OccLESHAW. 


NeirHER the solubilities of metallic thiocyanates nor their double 
salts have hitherto received much attention. The majority of the 
double salts are of the types M’CNS,M"(CNS),,7H,O and 
2M'CNS,M"(CNS),,cH,O, where M' is usually an alkali metal, 
but little is known as to the conditions for their formation or of 
their stability in solution. No double salts of the alkali-metal 
thiocyanates with those of the alkaline-earth metals have been 
described, and results are now given of a study of two ternary 
aqueous systems, each containing the thiocyanates of barium and 


an alkali metal at 25°. 


EXPERIMENTAL. 


The potassium thiocyanate vsed was of A.R. quality. The 
sodium and barium thiocyanates were prepared by repeated 
crystallisation of the commercial materials from water, followed 
by drying over fused calcium chloride, until the ratios Ba : CNS 
and Na:CNS were satisfactory. Certain commercial samples of 
barium thiocyanate contained a little of the ammonium salt, and 
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in some cases were purified by boiling with a slight excess of barium 
hydroxide solution until ammonia ceased to be evolved; carbon 
dioxide was passed through the cold solution to eliminate the 
excess of barium hydroxide, and the solution was boiled, filtered, 
and evaporated to crystallisation. After a further recrystallisation 
the barium thiocyanate was sufficiently pure for use. As the 
sodium thiocyanate after purification still contained some sodium 
carbonate, the material used in the determination of the solubility 
of this salt and in making up the mixtures on the sodium thio- 
cyanate side of the system was further purified by recrystallisation 
from 96% alcohol and then dried at 130° (Found: CNS, 71-64. 
Calc. : CNS, 71-64%). 

The various mixtures were made up from weighed amounts of 
the appropriate solids together with ordinary distilled water in 
such quantity as to give a saturated solution at 25° as well as just 
sufficient solid phase for accurate analysis. According to Hughes 
and Mead (J., 1929, 2282), there is a transition point in the system 
NaCNS-H,0O at about 30°, so in the system containing this salt, 
where the solid phase was probably hydrated sodium thiocyanate, 
the various mixtures were heated until homogeneous, and the 
resultant solution was cooled to 30° (approx.), any solid separating 
being just dissolved by the addition of a little water, and then 
rotated in a thermostat regulated at 25° + 0-05° for 2—7 days. 
As this procedure did not always give the stable solid phase, it 
was modified as follows: the mixtures were made up from weighed 
amounts of solids with sufficient water to give unsaturated solutions 
at 25°; dry filtered air at 25° was drawn through the solutions at 
this temperature until sufficient solid phase separated, whereupon 
the mixtures were shaken in the thermostat for periods varying 
from 2 days to 4 weeks. Even so, the mixtures, in most cases, had 
to be inoculated with hydrated sodium thiocyanate to induce 
separation of the stable solid phase. In the potassium thiocyanate 
system the mixtures, after homogeneity had been attained by 
warming, were cooled to 35° and treated and shaken in the thermo- 
stat as above. A few points on the diagram of this system were 
confirmed by using mixtures prepared by the second method. 

When equilibrium had been attained, the solid phase was allowed 
to settle and convenient amounts of solution and moist solid were 
withdrawn, a warmed pipette with a glass-wool filter being used 
for the former, and a sintered-glass filter to retain the latter. After 
being weighed, the solution and moist solid were made up to con- 
venient volumes and analysed. In each system barium and total 
thiocyanate radical were determined, the former as sulphate and 
the latter gravimetrically as the silver salt (Treadwell, ‘‘ Analytical 
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Chemistry,” Vol. II, 7th edn., p. 303). As an occasional check, the 
thiocyanate was oxidised by bromine water and the resultant 
sulphate determined as barium sulphate, but there is no doubt 
that the first method is quite accurate. 

All results are expressed as g. per 100 g. of solution and moist 
solid respectively. 


System Ba(CNS),—-NaCNS-H,0. 











Solution. Moist solid. 

No. Ba(CNS),. NaCNS. H,0. Ba(CNS),. NaCNS. H,0. 
gece 62-61 0 37°39 — ae _- 
Di nce 49-83 12-96 37-21 74-91 3-20 21-89 
er 43°53 19-93 36-54 69-76 6-62 23-62 
i sneer 39-73 24-64 35°63 60-61 12-23 27°16 
Ow aks 34-93 31-11 33-96 63-05 12-54 24-41 
eee 30-94 39°33 29-73 50-64 25-93 23-43 
_ ee 27-99 41-52 30-49 a — 
Ake 27-99 41-60 30-41 3°59 66-10 30-31 
tse 19-77 46-03 34-20 6°19 61-93 31-88 

ee acces 7-07 54-14 38-79 1-52 66-06 32-42 
eee 0 58-78 41-22 = -— _— 
aoe 23-21 45-09 31-70 14°33 66°31 19-26 
aes 15-18 50-60 34-22 5-91 80-98 13-11 
Be. -svcect 0 62-39 37-61 — — — 


(Nos. 12, 13, and 14 refer to mixtures which are really metastable.) 


Fria. 1. 








NaCNS Ba(CNS), 


These results are plotted in Fig. 1, from which it will be seen 
that no double salt exists in this system at 25°, and that the di- 
hydrate of sodium thiocyanate is the stable solid phase when this 
salt is in equilibrium with the various saturated solutions. Hughes 
and Mead (loc. cit.) find that the monohydrate of sodium thiocyanate 
is the stable form below 30-3°, but this result could not be confirmed. 
From the data given by these authors, the solubility of sodium 
thiocyanate at 25° is 60-2 g. per 100 g. of solution, whereas the 
value now obtained is 58-78, which is the mean of four closely 
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agreeing determinations on solutions which had been shaken in 
contact with solid phase for from 2 days to a month. When the 
solubility of sodium thiocyanate was determined by shaking excess 
of the anhydrous salt with water until equilibrium was attained, 
values of 62:34 and 62-40 were obtained; and in two cases, in 
which an unsaturated solution was evaporated by passage of dry 
filtered air at 25° and then shaken in the thermostat, values of 
62-37 and 62-46 were obtained, giving a mean of 62-39. 

When a solubility curve is constructed from the data given by 
Hughes and Mead (loc. cit.), and the branch for which the stable 
solid phase is anhydrous sodium thiocyanate is extrapolated to 25°, 
a solubility of 62-80 g. per 100 g. of solution is obtained, from 
which it appears that the solubility of 62-39 corresponds to solutions 
in contact with anhydrous salt, if allowance is made for the differ. 
ence in the methods used. When such solutions were inoculated § ' 
with dihydrate, this hydrate immediately separated, and th] 
solubility fell to 58-78. In one case after inoculation, the solid} (, 
phase in equilibrium with one of these solutions was separated 
and dried by pressure between filter-paper. It was found to have 
CNS, 49-03 (Cale. for NaCNS,2H,O : CNS, 49-60%). 

Either by not cooling the various mixtures to 30° before shaking 
them in the thermostat, or by evaporating unsaturated solutions 
at 25° by the method already given, it has been possible to trace 
the curve, where solutions are in metastable equilibrium with 
anhydrous sodium thiocyanate, for some distance from the NaCNS- 
H,0 side of the diagram. When, however, such mixtures were 
inoculated with dihydrate and shaken, the solid phase became 
sodium thiocyanate dihydrate, and the solutions, after equilibrium 
had been attained, were found to correspond to points on the upper 
curve of thediagram. In view of the readiness with which anhydrous § me: 
sodium thiocyanate absorbs moisture when exposed to the atmo-§ the 
sphere, it is somewhat remarkable that it should change so very § sys 
slowly into its dihydrate, the stable form at 25°, when in contact § fon 
with these aqueous solutions. During the purification of sodium § wh 
thiocyanate, this dihydrate, which readily forms supersaturated § thi 
solutions, was obtained. Prepared in this way, and freed from § typ 
as much mother-liquor as possible by suction, it had CNS, 48:56;§ | 
kept over partly dehydrated dihydrate in a vacuum for 4 days, it § fro 
had CNS, 49-43; and kept thus for a further 20 days, it had CNS, § 4s 
49-38. Another sample, prepared and dried in the same way, had § cat 
CNS, 49-67 (Calc. for dihydrate: CNS, 49-60%). The transition 
temperature of this dihydrate, determined dilatometrically, was 
30-4°, and that determined thermometrically was 30-3°. 
Further work on the system NaCNS-H,9 is in progress. 
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System Ba(CNS),-KCNS-H,0. 








Solutions. Moist solid. 

No. Ba(CNS),. KCNS. H,O. Ba(CNS).. KCNS. H,0O. 

 paseei 62-61 0 37°39 = — — 
; are" 55-72 14-45 29-83 74-78 4:40 20-82 
— ee 53-14 19-46 27-40 73-41 6-04 20-55 
De isiikee 52-84 19-50 27-66 55-84 27-81 16-35 
ier costo 46-60 26-04 27°36 57-29 32-91 9-80 
i rpansee 43-66 28°95 27°39 55-30 32-13 12-57 
Be conaag 39-45 34-02 26-53 51-94 33-27 14-79 
vance 39-10 34-47 26°43 49-86 33°37 16-77 
Tels 37-04 37-18 35-78 52-86 33°44 13-70 
conden 31-73 43-92 24-35 46-65 36-64 16-71 
ge 30-75 45-00 24-25 44-66 38°54 16-80 
| PP 28-96 47-67 23-37 49-06 36-83 14-1] 
eee 28-68 48-28 23-04 26-76 63°37 9-87 
Be cscek 22-78 52-42 24-80 5-63 88-24 6-13 
Ss cteoaa 10-24 62-32 27-44 1-97 92-15 5-88 
a 0 70-89 29-11 == — — 


The results for this system are plotted in Fig. 2. Foote (Amer. 
Chem. J., 1903, 30, 341) gives 70-53 g. per 100 g. of solution as a 


Fie. 2. 


3KtNS,) 9 Ba{Cns) Si,0 








KCNS BalCns)» 


mean value for the solubility of potassium thiocyanate at 25°, but 
the value now obtained is 70-89. From the diagram for this 
system, it appears that a double salt corresponding closely to the 
fomula 3KCNS,2Ba(CNS),,5H,O exists over a fairly wide area, 
whereas when potassium thiocyanate forms double salts with the 
thiocyanates of other bivalent metals, these are usually of the 
type KCNS,M(CNS),,7H,O or 2KCNS,M(CNS),,2H,0. 

Fig. 2 shows this double salt to be capable of crystallisation 
from water without decomposition, so it was prepared by making 
a solution containing the constituent salts in the proportion indi- 
cated by the formula, and allowing it to crystallise at 25°. Two 
samples prepared in this way were freed from as much mother- 
liquor as possible by suction, dried in air in cold weather, and 
analysed (washing with water could not be carried out on account 
of the high solubility of the substance) [Found: KCNS, 32-91, 
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33-09; Ba(CNS),, 57-29, 56-63; H,O (by diff.), 9-80, 10-28. 
3KCNS,2Ba(CNS),,5H,O requires KCNS, 32-91; Ba(CNS),, 56-99: 
H,0, 10-12%]. 


Summary. 


The ternary systems Ba(CNS),-NaCNS-H,O and Ba(CNS),- 
KCNS-H,0 have been investigated at 25°. 

The solubilities of the thiocyanates of barium, sodium, and 
potassium are 62-61, 58-78, and 70-89 g. respectively per 100 g, 
of solution. 

The dihydrate is the stable solid phase of sodium thiocyanate 
at 25°, its transition temperature being about 30-3°. The meta. 
stable solubility curve of anhydrous sodium thiocyanate has been 
traced for some distance in the ternary system, and the solubility 
of the anhydrous salt found to be 62-39 g. per 100 g. of solution. 
Double-salt formation has not been found in the system containing 
sodium thiocyanate. 

In the system containing potassium thiocyanate, a double salt, 
3KCNS,2Ba(CNS),,5H,O, exists over a wide area and is stable in 
aqueous solution. 


UNIVERSITY OF LIVERPOOL. [Received, July 28th, 1930.] 





VITI.—Germanium. Part VIII. The Action of 
Ammonia on Germanium Tetrachloride: Ger- 
manium Imide.* 

By Jonn SmeatH THomas and Wii11AM Pues. 


In a previous communication (J., 1926, 1051) the formation of a 
substance having the formula GeCl,,6NH;, by the direct combin- 
ation of ammonia with germanium tetrachloride, was described; it 
was also pointed out that this substance when treated with 
ammonia under pressure forms a higher compound GeCl,,16NH,, the 
dissociation pressure of which is 1040 mm. at 0°. 

The exact nature of the substance GeCl,,6NH, was not determined. 
Two alternatives are possible. (1) It may be considered to be a 
simple addition compound such as metallic salts commonly form 
with ammonia, and this view is supported by the description by 
Rosenheim and Schiitte (Z. anorg. Chem., 1901, 26, 239) of a hex- 
ammine of titanium tetrachloride. (An investigation of the 
titanium compound, however, does not support the view of those 
authors as to its nature. These results will shortly be published.) 


* The subject matter of this paper was contributed to Section B of the 
British Association at its Cape Town meeting in 1929. 
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(2) On the other hand, the substance may be a mixture of ammonium 
chloride and germanium imide, Ge(NH), or NGeNH,, produced, as 
Franklin suggests (J. Amer. Chem. Soc., 1905, 27, 820; 1924, 46, 
9137; Amer. Chem. J., 1912, 47, 285), by the ammonolysis of 
germanium tetrachloride : 


GeCl, ++ SNH, = [Ge(NH,),] -+ 4NH,Cl 
(unstable) 


Ge(NH), + 2NH, 


The halogen derivatives of the non-metals and of the metalloids 
are known to behave in this way; for instance, Stock and Blix 
(Ber., 1901, 34, 3039) obtained a mixture of borimide and ammonium 
bromide by the action of ammonia on boron tribromide, and Joannis 
(Compt. rend., 1902, 135, 1106) showed that the first product of this 
reaction at — 50° is the amide B(NH,),, which loses ammonia as 
the temperature rises, forming the imide. Similarly, Lengfeld 
(Amer. Chem. J., 1899, 24, 531) and Blix and Wirbelauer (Ber., 1903, 
36, 4220) have obtained silicon tetramide and also silicon imide 
admixed with ammonium chloride. 

The present investigation was undertaken with the object of 
deciding whether germanium tetrachloride hexammine is a pure 
compound or whether it is a mixture of germanium imide and 
ammonium chloride. Since the completion of this work, Schwarz 
and Schenk have investigated the compounds of germanium with 
nitrogen (Ber., 1930, 63, 296), and their conclusions regarding the 
substance GeCl,,6NH, confirm the views of the present authors. A 
careful microscopic examination of the substance revealed no evi- 
dence of heterogeneity. Nevertheless, certain observations already 
noted by the present authors (loc. cit.) point to the second altern- 
ative. The vapour pressure of the substance at the laboratory 
temperature is extremely small: it may be kept for days over 
concentrated sulphuric acid without suffering any appreciable loss 
in weight, whereas additive ammonia compounds invariably exhibit 
an appreciable ammonia pressure. 

The absorption of ammonia by the hexammine, with the form- 
ition of the higher derivative previously mentioned, also supports 
the second alternative. Troost (Compt. rend., 1879, 88, 578) has 
shown that ammonia and ammonium chloride combine to form a 
compound NH,C1,3NH;, the dissociation pressure of which at 0° is 
variously given as 1035 mm. and 1041 mm. By accepting the 
second alternative, however, another difficulty is introduced. If 
the substance is a mixture of germanium imide with ammonium 
thloride, each molecule of the latter being assumed to combine with 
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3 mols. of ammonia, it should give a higher compound yielding 18 
mols. of ammonia for each mol. of germanium tetrachloride. From 
generally accepted valency considerations a higher compound of the 
composition GeCl,,18NH, should also be formed if the hexammine 
is a molecular compound. 

In order that there should be no doubt about this point, as a first 
step in the present investigation, the amount of ammonia taken up 
by the substance GeCl,,6NH, and the dissociation pressure of the 
product were re-determined. The results previously obtained were 
confirmed, and no evidence of the existence of a compound 
GeCl,,18NH, could be found. Ample time was allowed for the 
system to reach equilibrium and, in the authors’ opinion, the shortage 
of ammonia is not due to a failure to establish equilibrium owing to 
the slowness of the reaction as the equilibrium point is approached. 

On the other hand, assuming the original substance to be a 


mixture, the imide groups may themselves take the place of 2 fi 


molecules of ammonia in satisfying the residual valencies of the 
ammonium chloride molecules. This possibility is tentatively 
suggested as an explanation of the observed shortage of ammonia. 


EXPERIMENTAL. 


The Aitempted Separation of the Substance GeCl,,6NH, into 
Germanium Imide and Ammonium Chloride——Ammonium chloride 
is known to dissolve in alcohols. Itis more soluble in methyl than 
in ethyl alcohol; according to Lobry de Bruyn (Z. physikal. Chem., 
1892, 10, 787), its solubility in these solvents at 19-5° is 3-35% and 
0-62% respectively. 

In a preliminary experiment, freshly prepared hexammine was 
shaken with absolute methyl alcohol. The substance did not 
dissolve completely, but the filtered liquid, on evaporation, yielded 
crystals of ammonium chloride. Later, 1-035 g. of germanium 
tetrachloride were dissolved in 100 c.c. of absolute methyl] alcohol 
and an excess of dry ammonia was at once passed into the solution. 
The liquid became very hot but no precipitate formed, even on 
cooling. When the liquid was quite cold, 300 c.c. of dry ether were 
added and a bulky white precipitate was at once formed. This was 
separated, washed with a mixture of alcohol and ether, and dried; 
it weighed 0-9986 g. and contained Cl, 63-2; NH,, 32°3%; Ge, a 
trace (not estimated). The ratio NH,:Cl in this precipitate is 
1: 1-01, and 92% of the chlorine originally present in the germanium 
tetrachloride is accounted for. The filtrate, on evaporation to 
dryness, yielded a white solid which, after drying at 90°, weighed 
0-4782 g. (Found : Ge, 59-5; Cl, 3-3; NH,, 149%; NH,:Cl = 1:1). 
The substance dissolved in water with difficulty and without notice- 
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able evolution of heat. It appeared to be hydrated germanium 
dioxide containing a little ammonium chloride. 

A number of other experiments carried out on these lines all 
yielded similar results. In every case 2 mols. of ammonia were lost, 
possibly owing to alcoholysis of the imide, but, since the presence of 
secondary amine could not be detected in the solution, more probably 
by hydrolysis of the imide during drying or at some other stage of 
the experiment. Although a practically complete separation of 
ammonium chloride from the hexammine can be effected in this way, 
because of the reactive nature of the solvent, it is unsafe to con- 
clude from the results of these experiments that the substance is a 
mixture of imide and ammonium chloride. This objection has less 
force when liquid ammonia, one of the constituents of the substance, 
is employed as solvent; Franklin and Kraus have shown (Amer. 
Chem. J., 1892, 20, 820) that ammonium chloride dissolves readily 
in this solvent. 

A series of experiments was therefore carried out with the object 
of separating the constituents by means of liquid ammonia. In the 
earlier experiments the hexammine was prepared by the action of 
dry ammonia on a solution of germanium tetrachloride in dry ether. 
The liquid, with the precipitate, was blown into a stoppered and 
weighed filter of sintered glass, and the precipitate was there washed 
with dry ether and dried in a current of dry air. In some experi- 
ments the substance was prepared in the filter by the action of dry 
ammonia on germanium tetrachloride. The solid was then washed 
with carefully dried liquid ammonia, the filtrate being collected in a 
Dewar vessel. On evaporation of this liquid, crystals of ammonium 
chloride containing only a trace of germanium were obtained. Dry 
air was passed over the solid remaining in the filter in order to remove 
the free ammonia, and the filter was then detached, rapidly corked, 
and weighed. The solid was dissolved in a measured volume of 
dilute sulphuric acid and this solution was analysed. In every case 
the residue was found to be free from chlorine. A typical analysis 
gave the following figures : Ge, 67; NH,, 26-2% [Calc. for Ge(NH), : 
Ge, 70:73; NH, 33-17%]. In no case did the analytical results 
account for more than 92% of the material. This observation 
agrees with that of Schwarz and Schenk (loc. cit.), who, using a 
similar method of separation, obtained a product the analysis of 
which accounted for only 92% of the material. These authors 
regard the substance as germanium imide, but they do not appear 
to have obtained it in any higher degree of purity. 

These low analytical results are to be attributed to the readiness 
with which the imide is hydrolysed when exposed to traces of water 
vapour. Although, in the experiments quoted above, great pre- 
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cautions were taken to prevent the ingress of moisture, the filter 
had to be opened when it was being detached from the rest of the 
apparatus. During the experiment the filter became coated with a 
thick layer of ice which, when melting, left a thin film of water round 
the junction of the rubber stopper used and the funnel, and this film 
was very difficult to remove. For this reason an all-glass apparatus 
was constructed in which the substance GeCl,,6NH, could be 
prepared, washed with liquid ammonia, dried, and weighed for 
analysis without its being opened at any stage. 
This apparatus (see Fig. 1) consisted of a tube A about 14” in 
ge diameter, to which, at its upper end, a 
a tube B 8” long and 3” in diameter was 
sealed. The tube B was somewhat con- 
stricted at a point 2” from its lower end to 
facilitate sealing when required. To the 
upper end of the wide tube A two other 
tubes were sealed: C, with its side tube D 
carrying a stopcock, served for the intro- 
duction of germanium tetrachloride and 
ammonia, whereas H, which was also 
provided with a stopcock, was an exit 
tube by means of which the pressure in the 
apparatus could be regulated. Ata point 
some 2” above its lower end, the tube 4 
' ie was constricted in order to provide support 
==} g¢ |—| for a filter F of sintered glass. This was 
. cut from a sintered-glass Gooch crucible of 
= porosity 3, and was maintained in position 
- —-| and made liquid-tight by means of a ring 
e a . of rubber cut from thick-walled rubber 
= tubing. On the filter rested a small 
platinum capsule. This upper portion of 























the apparatus was cooled by means of a mixture of alcohol and solid 
carbon dioxide placed in the vessel with which it was surrounded. 
The upper part of the apparatus was connected to a large vessel 6, 
which was also surrounded by the cooling mixture. G was provided 
with an exit tube H, connected by means of thick-walled rubber 
tubing, which could be closed by means of a screw-clip, to a long 
train of drying tubes; this was also the case with exit LZ. 

The apparatus having been thoroughly dried, both the upper and 
the lower vessel were cooled, and germanium tetrachloride was 
introduced into the platinum capsule in the following way. The 
liquid, contained in a small bulb at the end of a tube which had been 
drawn out to a long fine capillary, was frozen. The end of the 
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capillary was then broken, and the tube rapidly inserted through a 
rubber tube attached to the end of C. In this way a flexible but 
air-tight joint was made. When the bulb was gently warmed, the 
germanium tetrachloride was transferred to the platinum capsule 
and, without withdrawal of the capillary, the tube C was sealed. 
(In the earlier experiments the capsule was omitted, but the german- 
ium tetrachloride was then found to soak into the filter, which 
became clogged as soon as the reaction with ammonia occurred.) 
Carefully dried ammonia was then slowly admitted into the appar- 
atus, the screw-clip at H being left open, and a steady reaction 
occurred. When the reaction appeared to be over, the screw-clip 
was shut and liquid ammonia began to condense in the upper vessel. 
As soon as it was about half full, the screw-clip was opened and 
filtration then occurred, the filtrate being collected in G. This was 
repeated two or three times, the stream of ammonia was then 
stopped, and the excess of ammonia was removed from the upper 
vessel by a current of dry air. The tube connecting A and G was 
then sealed, and after removal of the cooling mixture from the outer 
vessel, the apparatus was inverted so that insoluble residue with 
some pieces of capillary tube fell into B, which was now drawn off 
at the constriction provided for the purpose. B was then weighed, 
and opened under sulphuric acid, in which the product dissolved. 
After the tube had been thoroughly washed, the liquid was filtered, 
the small pieces of capillary being collected and weighed with the 
tube itself. Thus the weight of the product was obtained. The solu- 
tion was made up to known volume and analysed. The following 
figures were obtained for the residue insoluble in liquid ammonia : Ge, 
69-63; NH;, 31-28% [Ge(NH), requires Ge, 70-73; NH;, 33-17%]. 
This substance, which was free from chlorine, was the purest specimen 
of germanium imide obtained in the course of this work. 

It thus appears that the substance GeCl,,6NHz, hitherto called the 
hexammine, can be separated into 1 mol. of germanium imide and 
4 mols. of ammonium chloride. It is recognised that the separation 
by means of liquid ammonia may also involve chemical action 
between the substance and the solvent but, taking into account all 
the evidence, we are of opinion that the substance is really a mixture 
rather than a molecular compound of germanium chloride and 
ammonia. 

Germanium imide is a light white powder which is immediately 
decomposed by water, forming a turbid liquid which smells strongly 
of ammonia. On treatment with dilute acids a clear solution is 
obtained. When heated gently, the imide loses ammonia with the 
formation, according to Schwarz and Schenk (/oc. cit.), of germanam, 
Ge,N,H. 

D 
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The Possible Intermediate Formation of Germanium Amide, 
Ge(NH,),.—It has already been pointed out that, in the formation 
of imides of boron and silicon, amides are obtained as intermediate 
products. Germanium might be expected to behave similarly, and 
a series of experiments was therefore carried out in order to ascer- 
tain whether or not germanium amide is formed as an intermediate 
product. Attempts to isolate the amide at low temperatures 
(— 20°) failed, and it is clear, therefore, that if this compound does 
exist it must be extremely unstable. An examination of the 
pressure—temperature curves obtained in the course of experiments 
on the absorption of ammonia by the mixture of germanium imide 
and ammonium chloride gave no indication of the existence of any 
such compound, but these observations did not extend far below 
0°. By use of a somewhat modified method, the region from 0° to 
— 20° was now investigated. The apparatus used was similar to 
that previously described by the authors (J., 1926, 1051), but the 
ammonia and the germanium tetrachloride were allowed to react at 
— 20° and the product was tien allowed to absorb ammonia, On 
very slowly raising the temperature, ammonia was given off, and 
this was steadily removed so that the pressure was kept practically 
constant at 760 mm. The volume of gas liberated during each 
degree rise of temperature was measured, and the results thus 
obtained are shown in Fig. 2, in which the total amount of ammonia 
evolved is plotted against the temperature. 

As will be seen from this diagram, a gradual evolution of gas was 
observed between —15° and — 4°, probably ammonia that had been 
adsorbed on the fine powder. Between these points the curve shows 
no break such as one would expect if the dissociation temperature 
of an amide lay in this region. Indeed, the total volume of ammonia 
given off between — 15° and — 5° corresponds to little more than 
one molecular proportion. In the neighbourhood of — 4°, however, 
the curve exhibits a sudden change of direction owing to the rapid 
evolution of a large volume of gas. This is the only pro- 
nounced break shown by this curve and it indicates the dissociation 
of the compound NH,CI1,3NH,, the dissociation temperature of 
which, as the authors have shown (loc. cit.), is in the neighbourhood 
of — 4°. It would appear then, that if germanium amide exists, 
its dissociation temperature is either below — 20° or in the neighbour- 
hood of — 4°. The latter alternative, in the light of all the available 
evidence, seems very improbable, and we conclude that if germanium 
amide exists it can only do so at very low temperatures. 

The Action of Hydrogen Chloride on Germanium Imide.—When 
dry hydrogen chloride is passed over germanium imide or its mix- 
tures with ammonium chloride, the gas is rapidly absorbed and the 
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substance becomes very hot. Owing to the difficulty of preparing 
the pure imide, the mixture of imide with ammonium chloride, 
prepared by the action of ammonia on germanium tetrachloride, 
was used in the following experiments. 

Mixtures which had been kept for some time in a desiccator over 
concentrated sulphuric acid and also specimens which had been 
freshly prepared behaved in the same way. In both cases the gas 
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was rapidly absorbed. As soon as the solid became cool, it was 
removed from the reaction vessel, kept in a desiccator over sodium 
hydroxide and concentrated sulphuric acid for several hours, and 
then analysed. The following analyses are typical of products 
obtained in this wav: Ge, 149; Cl, 564; NH;, 28% 
(Ge(NH),,2HC14NH,Cl requires Ge, 18-48; Cl, 54-69; NH,, 26-14%]. 

These results indicate the absorption of 2 mols. of hydrogen 
chloride by each mol. of imide. The high value obtained for 
ammonia can be accounted for by incomplete removal of the gas in 
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the preparation of the mixture. The high chlorine and low german. 
ium values cannot be so explained, and further experiments were 
therefore made with the object of accounting for them. 
The mixture of imide and ammonium chloride was prepared in 
a small bulb, and after the excess of ammonia had been pumped off, 
dry hydrogen chloride was admitted into the reaction vessel. After 
the first rapid absorption, the gas was allowed to remain in contact 
with the solid for several days, during which a further slow absorp- 
tion of hydrogen chloride occurred. When no further gas was 
taken up, the excess of hydrogen chloride was pumped out, and the 
remaining solid analysed (Found: Ge, 11-91; NH, 28-21; Cl, 
582%). The ratio Ge : NH, : Cl is thus 1: 10: 10-1, instead of the 
expected 1:6:6. The ratio NH,: Cl is, however, 1:1 and the 
above result could therefore be due to the absorption of more than 
2 mols. of hydrogen chloride and subsequent loss of germanium 
chloride, thus : 
Ge(NH), -++ 2HCl = Ge(NH),,2HCI; 
Ge(NH),,2HCl -- 4HCl = GeCl, + 2NH,(Cl. 


To test this assumption, the experiment was repeated, but the 
gas pumped off at the close was absorbed in sodium hydroxide. 
Dry air was then admitted and the evacuation was repeated in this 
way several times. On analysing the residue, the ratio Ge : NH, : Cl 
was again found to be 1:10:10, but 40% of the germanium 
originally present was now found in the sodium hydroxide solution. 

A final experiment was then performed in which the volume of 
hydrogen chloride absorbed by a known weight of the imide- 
ammonium chloride mixture was measured. In this case the 
apparatus was not exhausted at the conclusion of the experiment, 
and a correction had, therefore, to be made for the hydrogen chloride 
remaining unabsorbed in the reaction vessel. The volume of gas 
actually taken up by the mixture was found to correspond to 5-85 
mols. of hydrogen chloride per mol. of germanium chloride taken at 
the outset, thus giving a final composition for the product expressed 
by the ratio Ge : NH, : Cl = 1 : 6 : 9-85. 

On analysing the product, however, a ratio 1 : 6-26: 9-36 was 
obtained. The discrepancy between this result and the ratio 
obtained from the volume of hydrogen chloride absorbed is probably 
due to some of the very volatile germanium chloride having diffused 
back into the hydrogen chloride reservoir during the several days 
over which the experiment extended. 

The authors feel justified in concluding that, when treated with 
hydrogen chloride, germanium imide first rapidly combines with 
2 mols. of the gas, forming the hydrochloride of the base. This 
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substance then reacts slowly with a further quantity of hydrogen 
chloride, forming germanium tetrachloride and ammonium chloride. 

The Action of Heat on the Mixture of Germanium Imide and 
Ammonium Chloride.—Since ammonium chloride volatilises at com- 
paratively low temperatures, it was thought that its separation from 
its mixture with germanium imide might be effected by heating this 
mixture. 

In a preliminary experiment, the mixture was heated to 210° in 
a stream of dry hydrogen. A large portion of the material sublimed, 
but, although the ratio Cl/NH, was slightly higher in the sublimate 
than in the residue, no marked difference in composition could be 
detected between the two products. Similar results were obtained 
when the mixture was heated in a vacuum, the [ammonia evolved 
being pumped off as the reaction proceeded. The following is a 
typical analysis of products obtained in this way : 

Residue = 0-1276 g. (Found: Ge, 25-4; Cl, 47-8; NH,, 26-65% ; 
Ge: Cl: NH, = 1-6: 6:7). 

Sublimate = 1-494 g. (Found : Ge, 24:52; Cl, 47-6; NHg,, 25-6% ; 
Ge: Cl: NH, = 1-5: 6: 6-8). 

The quantity of germanium actually determined in the residue 
was very small, so the precise value for germanium in the correspond- 
ing ratio is uncertain; the ratio Cl: N = 6:7, however, has con- 
siderable significance. 

It is clear from these analyses that loss of ammonia has occurred. 
Calculating the Ge: Cl: NH, ratio on the residue and sublimate 
combined, the value 1 : 4 : 4-44 was obtained, and, since this ratio 
in the original substance = 1:4:6, approximately 1-5 mols. of 
ammonia have been lost for each mol. of germanium tetrachloride 
taken at the outset of the experiment. 

The most obvious explanation of this loss of ammonia would be 
furnished by imagining germanium imide to react with ammonium 
chloride, thus: Ge(NH), + 2NH,Cl = Ge(NH),,2HCl + 2NHs3. 
This reaction would, however, require a loss of 2 mols. of ammonia 
for each mol. of germanium chloride taken. A series of experi- 
ments was therefore performed in which the mixture of imide and 
ammonium chloride was heated for several days to various tem- 
peratures, and the ammonia produced was steadily pumped off and 
measured. The temperatures at which experiments were made 
were 130° (boiling amyl acetate), 184-4° (boiling aniline), 224° 
(boiling methyl salicylate), 300° (fused mixture of sodium and 
potassium nitrates). The amount of ammonia collected was in 
each case approximately the same, namely 1-5 mols. per mol. of 


germanium tetrachloride taken initially. This result agrees well 


with the volume of ammonia calculated from the analyses of the 
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residue and the sublimed material in the experiment previously 
described. The volume of ammonia appeared also to be independent 
of the amount of sublimate formed. 

On passing the evolved ammonia back into the apparatus, it was 
reabsorbed rapidly until about seven-eighths of it had been taken up; 
the remainder was absorbed very much more slowly. During this 
reabsorption of ammonia, the solid in the reaction vessel became 
very hot. When the sublimate was small in amount this heat was 
developed mainly in the residue, but in those cases in which a large 
quantity of sublimate was produced this also beeame hot during the 
reabsorption of ammonia. A small quantity of ammonia, usually 
1—1-5% of the volume driven off, could not be reabsorbed. 

These observations, taken together, appear to indicate that the 
evolution of ammonia which occurs when the mixture is heated 
cannot be satisfactorily explained on the basis of the simple reaction 
mentioned previously. This view was confirmed by the results of 
attempts to measure the equilibrium pressure for the reaction at 
130°. It was found that the pressure rose at this temperature to a 
steady value, 343 mm. (the volume of the apparatus was 25-6 c.c.). 
On removal of 4 c.c. of the gas (measured at V.7'.P.), the pressure 
fell and finally assumed a steady value at 301 mm. Removal of 
successive small quantities of ammonia, until a total of 86-5.c.c. had 
been collected, was accompanied by stepwise decreases of pressure 
until, when no more ammonia could be pumped off, the manometer 
recorded zero pressure. No steady equilibrium pressure, such as 
the simple reaction referred to above would require, could be 
obtained. 

Any explanation of the loss of ammonia must account for (1) the 
evolution of only 1-5 mols. of this gas for each mol. of germanium 
chloride present ; (2) the fact that the greater portion of this residue 
can be rapidly reabsorbed, the remainder only slowly; (3) the 
absence of a definite equilibrium pressure ; and (4) the presence of 
germanium in the sublimate which has also very nearly the same 
composition as the residue. These conditions can all be satisfied by 
assuming the following changes to occur : 


{2Ge(NH), — Ge,N,H + NHsg, 

\Ge,N,H + 2NH,Cl — Ge,N,H,2HCl + 2NH,, 
also Ge(NH), + 4NH,Cl — GeCl, + 6NHg, 
or Ge,N,H +- 8NH,Cl = 2GeCl, + 11NH3. 
Either of the last pair of reactions would account for the presence 
of germanium in the sublimate, for the germanium tetrachloride and 
ammonia formed would recombine in the cool part of the tube, 
although the temperature there would still be sufficiently high for 
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the first pair of reactions indicated in the above scheme to take 
place, 

As regards these reactions, it may be pointed out that Schwarz 
wid Schenk have shown (loc. cit.) that germanium imide does lose 
ummonia when heated to a comparatively low temperature (150°), 
with the formation of germanam; on the other hand, the imide 
prepared by these investigators was by no means pure. If, however, 
the decomposition of germanium imide were the only reaction to 
occur, only 0-5 mol. of ammonia would be produced for each mol. of 
germanium chloride present. By assuming germanam to have the 
structure (I), which might be expected to undergo addition of 
hydrogen chloride as in the second equation above, forming (IT), the 
liberation of 1-5 mols. of ammonia would be accounted for. 


if ae 
,Ge—N ,Ge— <n 

(1) HNC | HNC | Wy UL) 
Ge=N NGe=NKG 


Finally, the existence of these two reactions, especially if the 
first took place much more rapidly and gave rise to a higher equili- 
brium pressure than the second, would account for the absence of an 
equilibrium pressure for the conditions under which the experiment 
was carried out. 

Summary. 

(1) To account for the fact that the substance GeCl,,6NH, can 
take up only 10 additional molecules of ammonia, it is suggested 
that a molecule of germanium imide takes the place of 2 molecules of 
ammonia in satisfying the residual valencies of ammonium chloride. 

(2) By using liquid ammonia as solvent for ammonium chloride 
and a specially designed apparatus, the substance GeCl,,6NH, has 
been separated into germanium imide and ammonium chloride. A 
specimen of germanium imide of 97-2%, purity was obtained. 

(3) Some properties of germanium imide are described. 

(4) No evidence of the formation, above — 20°, of germanium 
amide as an intermediate product of the action of ammonia on 
germanium tetrachloride could be obtained. 

(5) Germanium imide rapidly reacts with 2 molecules of hydrogen 
chloride, forming a salt of the base which then slowly reacts with 
more hydrogen chloride, giving germanium tetrachloride. 

(6) The action of heat on mixtures of germanium imide and 
ammonium chloride has been investigated, and an explanation of 
the results obtained, based on the assumed formation of a hydro- 
chloride of germanam, is advanced. 
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IX.—Syntheses of Glucosides. Part VII. The 
Synthesis of 6-Bromoindican. 


By ALEXANDER ROBERTSON and Roy Basi. WATERS. 


THE general method devised by one of us (A. R.) for the preparation 
of 3-8-glucosidoxyindoles (J., 1927, 1937) has been applied to the 


synthesis of 6-bromo-3-8-glucosidoxyindole (6-bromoindican) (V1) 
according to the following scheme : 


CO,Me 0H \- 0-C,H,0(OAc), 
Br. _)NH-CH,-CO,Me> } Jco,Me> 20s! Me 


/ ‘a 4 \e 
(I.) = (IIT.) 
an —0 O-C4Hls105 » [Oo 010A 0g, OW tee 
me Ne 1g, eke _ 4 
NAc NH 


nt (V.) (VI.) 


Methyl 4-bromoanthranilate, unlike methyl anthranilate, failed to 
react with methyl chloroacetate when the two substances were 
heated alone or in the presence of anhydrous sodium acetate (or 
pyridine). The dimethyl ester (I) was obtained by the esterification 
of 5-bromophenylglycine-2-carboxylic acid, which is formed in 
almost theoretical yield by the condensation of 4-bromoanthranilic 
and chloroacetic acids in warm alkali (Friedlander, Bruckner, and 
Deutsch, Annalen, 1912, 388, 23. Heller and Hessel, J. pr. Chem., 
1928, 120, 64, were unable to prepare the analogous chloro-acid by 
this method). The conversion of (I) into (II) by ring closure, which 
was effected by sodium in boiling benzene containing a trace of 
sodium methoxide, did not proceed so readily as the formation of 
methyl indoxylate from methyl phenylglycine-o-carboxylate (Robert- 
son, loc. cit.). Heller and Hessel (loc. cit.) have noted that the 
analogous chloro-compound could not be converted into methyl 
6-chloroindoxylate by heating with sodium methoxide solution. 

6-Bromoindican closely resembles indican itself in properties and 
on hydrolysis under various conditions it gives analogous products. 
In the presence of an oxidising agent, e.g., p-nitrosodimethylaniline, 
the liberated 6-bromoindoxy] is instantly oxidised with the form- 
ation of 6: 6’-dibromoindigotin. The latter compound has been 
sap by Friedlander and his co-workers (Ber., 1909, 42, 765; 

922, 55, 1655; Annalen, 1912, 388, 23) to be the main constituent 
e purple of the ancients ”’ (Tyrian purple), which is formed by the 
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action of light on an unknown precursor present in the glands of 
certain marine molluscs. 

Under appropriate conditions the 6-bromoindoxyl condenses with 
p-nitrobenzaldehyde and with isatin, yielding p-nitrobenzaldehyde- 
6-bromoindogenide and 6-bromoindirubin respectively. 

Owing to the small amount of material available, attempts to 
prepare and isolate 6-bromoindoxyl] from 6-bromoindoxylic acid were 
unsuccessful. Vigorous acetylation of the latter substance gave 
only a small yield of diacetyl-6-bromoindoxy]. 


EXPERIMENTAL. 


Methyl 4-Bromoanthranilate——4-Bromoanthranilic acid was pre- 
pared by the method of Friedlander, Bruckner, and Deutsch (loc. 
cit.), the oxidation of 4-bromo-2-acetamidotoluene, however, being 
carried out at 105° instead of 80°. 

The methyl ester was obtained by refluxing a mixture of the acid 
(20 g.), methyl alcohol (200 c.c.), and sulphuric acid (40 c.c.) for 
8hours. Part of the alcohol (100 c.c.) was removed by distillation, the 
residue poured into ice-water (200 c.c.), and the ester precipitated by 
excess of sodium carbonate. Crystallised from 50°% methyl alcohol, 
it formed colourless needles (21 g.), m. p. 78° (Found: C, 41-9; 
H, 3-7; Br, 34:7. C,H,O,NBr requires C, 41-8; H, 3-5; Br, 34-8%). 

Dimethyl 5-Bromophenylglycine-2-carboxylate (I).—A solution of 
4-bromoanthranilic acid (21-6 g.) and chloroacetic acid (9-4 g.) in 
55% aqueous potassium hydroxide (200 c.c.) was refluxed for 
several hours. Potassium 5-bromophenylglycine-2-carboxylate 

22 g.), which crystallised on cooling (compare Friedlander, Bruckner, 
and Deutsch, loc. cit.), was heated (20 g.) with methyl alcohol (200 
c.c.) and sulphuric acid (80 c.c.) under reflux for 3 hours. Addition 
of ice-water (800 c.c.), followed by excess of sodium carbonate, 
precipitated the dimethyl ester, which crystallised from methyl 
alcohol in tiny prisms (12 g.), m. p. 101° (Found : C, 43-7; H, 4-2. 
C,,H,,.0,NBr requires C, 43-7; H, 40%). 

Methyl 6-Bromo-3-hydroxyindole-2-carboxylate (I1).—To pulverised 
sodium (2 g.) and dimethyl 5-bromophenylglycine-2-carboxylate 
(20 g.) in benzene (200 c.c.), methyl alcohol (0-1 c.c.) was added, and 
the mixture refluxed for 4 hours; the sodium derivative of methyl 
6-bromo-3-hydroxyindole-2-carboxylate gradually separated. After 
cooling, the greenish-yellow solid was collected, washed with benzene, 
dried, and dissolved in water (800 c.c.). The solution was filtered 
after treatment with charcoal, and the ester precipitated by 50% 
acetic acid. Crystallised from dilute methyl alcohol and then from 
benzene, it formed colourless prisms (14 g.), m. p. 192° (Found : 
C, 44-2; a 3-2. C,)H,O,NBr requires C, 44:5; H, 30%). The 
D 
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diacetyl derivative was obtained in almost theoretical yield when the 
ester (1 g.), fused sodium acetate (1 g.), and acetic anhydride (10 c.c.) 
were heated (oil-bath at 160°) for 2 hours; it crystallised from methy] 
alcohol in rhombic prisms, m. p. 151° (Found: ©, 47-6; H, 3-6. 
C,,H,,.O;NBr requires C, 47-5; H, 3-4%). 

A solution of the ester (1 g.) in 5% methyl-alcoholic sodium 
hydroxide (20 c.c.) was refluxed for 14 hours in an atmosphere of 
nitrogen. Next day, the colourless potassium salt was collected, 
washed with methyl alcohol, and dissolved in the minimum amount 
of water. Dilute hydrochloric acid precipitated 6-bromoindoxylic 
acid (0-7 g.), which separated from warm water as a trihydrate in 
aggregates of prisms, m. p. 198° (decomp.) (Found: C, 34-7; H, 
3-5. C,H,O,NBr,3H,0 requires C, 34-8; H, 3-9%). Dried at 100°, 
the substance was dehydrated and then melted at 210°. 

Acetylation of 6-bromoindoxylic acid (0-5 g.) by means of acetic 
anhydride (2 c.c.) and sodium acetate (0-5 g.) during 1 hour at 160° 
(oil-bath) gave 6-bromo-1-acetyl-3-acetoxyindole. Repeated crystal- 
lisation from dilute alcohol finally gave this substance as a hydrate 
in colourless prisms, m. p. 150—152° after sintering at 122° (Found : 
C, 45-8; H, 3-8. C,,H,,O,NBr,H,O requires C, 45:7; H; 4-1%). 
Friedlander, Bruckner, and Deutsch (loc. cit.) record 118-5° as the 
melting point of this compound but do not give the analysis. 

Methyl 6-Bromo-3-O-tetra-acetyl-8-glucosidoxyindole-2-carboxylate 
(III).—A cooled solution of potassium hydroxide (2 g.) in water 
(15 c.c.) was gradually added with stirring to a solution of methyl 
6-bromoindoxyl-2-carboxylate (10 g.) and O-tetra-acetyl-«-gluco- 
sidyl bromide (15-2 g.) in acetone (100 c.c.) at 10°. When, after 
remaining at room temperature for 5 hours, the mixture was poured 
into ice-water (400 o.c.), the tetra-acetyl glucoside separated as a 
dark oil which solidified. The compound crystallised from methyl 
alcohol (charcoal) in clusters of colourless elongated prisms (14 g.), 
m. p. 171°, [«]i’ — 59-7° (in acetone) (Found: ©, 48-2; H, 45; 
N, 2-3. C,,H,,0,.NBr requires C, 48-0; H, 4:3; N, 23%). It is 
sparingly soluble in ether and readily soluble in acetone or warm 
alcohol. A penta-acetyl derivative could not be obtained. 

6-Bromo-1-acetyl-3-O-tetra-acetyl-B-glucosidoxyindole (Penta-acetyl- 
6-bromoindican) (V).—Potassium hydroxide (5 g.), dissolved in 
methyl] alcohol (30 c.c.), was gradually added to a suspension of the 
ester (III) (5 g.) in methyl alcohol (75 c.c.). After the solid had 
dissolved, the solution was heated on the steam-bath for 1 hour and 
potassium 6-bromo-3-8-glucosidoxyindole-2-carboxylate (LV) separated. 
Next day, the crystalline salt (3-5 g.) was collected, washed with 
methyl alcohol, and dried (Found: C, 39:3; H, 3:2; Br, 17-4. 
C,;H,,O,NBrK requires C, 39-5; H, 3:3; Br, 175%). A warm 
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aqueous solution of the substance gradually became pink. Liberated 
from the salt. by means of cold dilute hydrochloric acid, the glucoside 
of 6-bromoindoxylic acid formed a gel which could not be crystallised. 
Prolonged hydrolysis of the glucoside by hot dilute hydrochloric acid 
in the presence of ferric chloride gave 6 : 6’-dibromoindigotin and 
glucose. 

A mixture of the potassium salt (IV) (3 g.), fused sodium acetate 
(3 g.), and acetic anhydride (45 c.c.) was heated on the steam-bath 
for 1 hour and then at 160° (oil-bath) for 1 hour, On addition of ice- 
water to the cooled mixture, penta-acetyl-6-bromoindican (V) separ- 
ated as an oil which crystallised in the course of 24 hours. Re- 
crystallised from methyl alcohol (charcoal), it formed elongated 
prisms (3 g.), m. p. 159°, [a]p’ — 48-8° (in acetone) (Found: C, 49-5; 
H, 4-8; N, 2-3. C,,H,,0,,NBr requires C, 49-3; H, 4:5; N, 2-4%). 
The compound is sparingly soluble in cold and readily soluble in hot 
alcohol, acetone, or chloroform. 

6-Bromo-3-8-glucosidoxyindole (6-Bromoindican) (V1).—Dry methyl 
alcohol (120 c.c.) containing finely powdered penta-acetate (4 g.) 
in suspension was saturated at 0° with dry ammonia. The solid 
quickly dissolved and the solution was then kept at 0° for 17 hours. 
After removal of the ammonia and methyl alcohol in a vacuum, the 
residual oil was freed from acetamide by exposure to a high vacuum 
(1mm. at 100°) for 1 hour, A solution of the amber-coloured residue 
in warm water was filtered after treatment with charcoal and, on 
cooling, 6-bromo-3-8-glucosidoxyindole (V1) separated as a tetra- 
hydrate in silky leaflets, m. p. 64° after sintering at 52—54°, [a]? 
— 6-4° (in acetone) (Found in air-dried specimen; C, 37:7; H, 5-5. 
C,,H,,0,NBr,4H,0 requires C, 37-7; H, 5-4%). When dried in a 
vacuum over phosphoric oxide for 60 hours, the compound lost part 
of its water of crystallisation; it then melted at 177° after sintering 
at 84° (Found: C, 44:1; H, 46. C,,H,,0,NBr,}H,O requires C, 
43-9; H, 45%). Further dehydration at 110° for 15 hours and 
finally at 160° for 5 minutes gave the anhydrous substance (Found : 
C, 45-0; H, 4-4. C,,H,,O0,NBr requires C, 44-9; H, 4:3%). 

6-Bromoindican is rapidly hydrolysed by warm 2% hydrochloric 
acid and by emulsin at 35—37° with the liberation of glucose and 
6-bromoindoxyl, which is partly oxidised in the air to 6: 6’-di- 
bromoindigotin. If, however, ferric chloride is added and air is 
bubbled through the warm acid solution, the liberated bromoindoxy! 
is instantaneously oxidised to the pure indigotin. When a drop of 
concentrated hydrochloric acid is added to a solution of the glucoside 
in warm glacial acetic acid containing a little p-nitrosodimethylani- 
line as an oxidising agent, reddish-violet microscopic prisms of 
6: 6’-dibromoindigotin quickly separate. 
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Hydrolysis of the glucoside by warm 3% hydrochloric acid in the 
presence of isatin gave a quantitative yield of 6-bromoindirubin, 
which crystallised from hot aniline in purple prisms with a green 
metallic sheen. This compound does not melt below 340° (Found : 
C, 56-3; H, 2-8. C,gH,0,N,Br requires C, 56-3; H, 2-6%). When 
isatin is replaced by p-nitrobenzaldehyde, the latter condenses with 
6-bromoindoxyl to give p-nitrobenzaldehyde-6-bromoindogenide, 
which separates from warm acetone in brick-red microscopic prisms, 
m. p. 297—298° (Found: C, 52-5; H, 2-6. C,;H,O,N,Br requires 
C, 52-2; H, 2-6%). 


We are indebted to the Department of Scientific and Industrial 
Research for a maintenance grant which enabled one of us (R. B. W.) 
to take part in this investigation, and to the Chemical Society for 
grants which partly defrayed the cost of the materials. Our thanks 
are also due to Mr. L. W. Mullinger, B.Sc., who assisted us in the 
preparation of a quantity of 4-bromoanthranilic acid. 


East LonDON COLLEGE, 
University or Lonpon. [Received, November 19th, 1930.] 


X.— Chlorination of o- and p- Nitrotoluenes. 
3:4: 6-Trichloro-2-nitrotoluene and 2: 6-Dichloro- 
4-nitrotoluene. 
By Lzorotp Frerpinanp LEvy and Henry STEPHEN. 


Durine the course of an investigation for which 6-chloro-2-nitro- 
toluene was required, the action of chlorine on o-nitrotoluene in 
presence of antimony pentackloride was on one occasion carried 
beyond the stage of monochlorination. The nitrotoluene was 
saturated with chlorine, and next day there was a copious deposit 
of a trichloro-2-nitrotoluene, m. p. 93—94° after purification, for 
which the following structures are possible : 


Me Me Me Me 
C O, C 0, 0, C 0, 
l Cl Cl 1 Cl 1] 
Cl Cl Cl 


(I.) (IL.) (III.) (IV.) 


Of these four substances, (III), prepared by Cohen and Dakin (J., 
1902, 81, 1338), melts at 81—82°, and (IV) may be excluded from 
consideration since in the monochlorination of o-nitrotoluene 
chlorine enters position 4 or 6 (Janson, D.R.-P. 107505; Cohn, 
Monatsh., 1902, 22, 474). Hence trichlorination should result in 
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a compound in which both positions are occupied, and this con- 
dition is fulfilled by (I) and (II). To decide which of these structures 
may be assigned to the trichloro-2-nitrotoluene above, the latter 
was nitrated, a trichlorodinitrotoluene, m. p. 226° (corr., 229-5°), 
being obtained. The trichlorodinitro-compounds corresponding to 
(I) and (II), namely, 3: 4: 6-trichloro-2 : 5-dinitrotoluene, m. p. 
226°, and 4:5: 6-trichloro-2 : 3-dinitrotoluene, m. p. 140—141°, 
have been described by Seelig (Annalen, 1887, 237, 140). It 
follows, therefore, that the trichloro-compound obtained as described 
is 3 : 4: 6-trichloro-2-nitrotoluene (I). On reduction it was converted 
into 3 : 4 : 6-trichloro-o-toluidine. 

The investigation was now extended to include the chlorination 
of p-nitrotoluene. Antimony pentachloride in solution in the 
nitro-compound, saturated with chlorine, chlorinates very slowly 
after the stage of monochlorination, and only after three months 
was a crystalline deposit obtained. This proved to be a dichloro- 
4-nitrotoluene, m. p. 63—64°. Wachendorff (Annalen, 1877, 185, 
273; compare also Lellmann, Ber., 1884, 17, 534) obtained 2-chloro- 
4-nitrotoluene by the action of chlorine on a solution of antimony 
pentachloride in p-nitrotoluene, from which it may be concluded 
that the probable structure of the above dichloro-4-nitrotoluene is 
represented by (V). 


Me Me Me 
C O- als cy 1%, 
NO, NO, 

Foy ) (V.) (VI.) 


The nitro- and dinitro-derivatives of the six dichlorotoluenes have 
been studied by Cohen and Dakin (J., 1901, 79, 1111), but an 
inspection of the properties of the mononitro-derivatives shows that 
none of these corresponds to (V), and this appears now to have been 
prepared for the first time. 

Nitration of (V) gave 2 : 6-dichloro-3 : 4-dinitrotoluene (V1), which 
is also new since it does not correspond to any of the dinitro-com- 
pounds described by Cohen and Dakin (loc. cit.). On reduction (VI) 
gave the hydrochloride of the corresponding diamine, which 
showed the usual qualitative reactions characteristic of an o-diamine ; 
there was insufficient of the latter for analysis and for the preparation 
of a benziminazole. 

Further proof of the structure (V) was obtained by reducing it to 
a dichloro-p-toluidine, m. p. 55°. Of the four possible isomeric 
dichloro-p-toluidines, the 2 : 3- (m. p. 40—42°), 2: 5- (m. p. 91— 
92°), and 3 : 5- (m. p. 60°) are described in the literature, from which 











78 CHLORINATION OF 0- AND p-NITROTOLUENES. 


it appears probable thut the dichloro-compound (m. p. 55°) is the 
fourth isomeride, 2 : 6-dichloro-p-toluidine (VII). Its acetyl and 
benzoyl derivatives have been prepared, and these differ in melting 
point from the corresponding derivatives of the other isomerides. 
An attempt was made to oxidise (I) and (V) by means of potassium 
permanganate to 3 : 4 : 6-trichloro-2-nitrobenzoic acid and 2 : 6-di- 
chloro-4-nitrobenzoic acid respectively, but both compounds 
resisted oxidation after six days’ continual heating on the water-bath. 


EXPERIMENTAL. 


3:4: 6-T'richloro-2-nitrotoluene.—A solution of antimony penta- 
chloride (5 g.) in o-nitrotoluene (27-4 g.) was saturated with chlorine. 
The crystalline deposit which separated over-night was removed by 
filtration and well pressed on a porous tile. The mother-liquor 
retained appreciable quantities of the nitro-compound, a further 
small amount being obtained by freezing. Yield, about 9 g. of pale 
yellow, elongated needles, m. p. 93—94° after crystallisation from 
alcohol. The trichloronitro-compound is soluble in the usual solvents 
with the exception of light petroleum (Found : Cl, 44:3. C,H,O,NCI, 
requires Cl, 44-3%). 

3:4: 6-Trichloro-2 : 5-dinitrotoluene—The above trichloronitro- 
compound (1 g.) was warmed at 60° with nitric acid (8 c.c., d 1-51) 
and sulphuric acid (5 c.c.) for 15 minutes. The mixture was cooled 
and poured into water; the precipitate obtained crystallised from 
alcohol-glacial acetic acid in shining flat needles, m. p. 226° (corr., 
229-5°) (Found : Cl, 37-3. Cale. for C,H,0,N,Cl, : Cl, 37-3%). 

3:4: 6-Trichloro-o-toluidine.—The mononitro-compound (4:8 g.), 
dissolved in alcohol, was boiled with hydrochloric acid (40 c.c.), 
crystalline stannous chloride (14 g.), and a trace of metallic tin for 
10 minutes. When the mixture was poured into cold water, the 
base was obtained (the hydrochloride is completely hydrolysed in 
aqueous solution). It crystallised from alcohol in long colourless 
needles, m. p. 89°, was volatile in steam, and had the odour of a 
toluidine (Found : Cl, 50-7. C;H,NCl, requires Cl, 50-6°%). 

The acetyl derivative, prepared by heating the base with acetic 
anhydride and one drop of sulphuric acid, crystallised from 
dilute alcohol in colourless needles, m. p. 199° (Found: Cl, 42:1. 
C,H,ONCI, requires Cl, 42-89%). The benzoyl derivative, prepared 
by the usual Schotten—Baumann method, crystallised from alcohol 
in plates, m. p. 230° (Found: Cl, 33-8. C,,H,,ONCI, requires 
Cl, 33-9%). 

2 : 6-Dichloro-4-nitrotoluene.—Chlorination of p-nitrotoluene was 
carried out as in the previous case. ‘The crystalline deposit which 
separated after 3 months was recrystallised from alcohol, forming 
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long needles, m. p. 63—64° (Found : Cl, 35-2. C;H;O,NCI, requires 
Cl, 35°5%). 

2 : 6-Dichloro-3 : 4-dinitrotoluene-—The _dichloronitro-compound 
above (1 g.) was warmed with nitric acid (5 c.c., d 1-51) and sulphuric 
acid (8 c.c.) on the water-bath. Crystals separated at first and after- 
wards melted to an oil. On cooling and dilution with water the 
dinitro-compound was precipitated; it crystallised from alcohol in 
needles, m. p. 130° (Found: Cl, 28-2. C,H,0,N,Cl, requires Cl, 
283%). 

2 : 6-Dichloro-p-toluidine.—2 : 6-Dichloro-4-nitrotoluene (2 g.) was 
reduced with stannous chloride (7-6 g.) and hydrochloric acid 
(40 c.c.). The base crystallised from dilute alcohol in needles, m. p. 
55° (Found: Cl, 40-3. C,H,NCl, requires Cl, 40-3%). 

The acetyl derivative, prepared from the base and acetic anhydride, 
crystallised from water in colourless needles, m. p. 215° (Found : 
Cl, 32-4. CyH,gONCl, requires Cl, 32-6%). The benzoyl derivative 
formed colourless needles, m. p. 179° (Found : Cl, 25-3. C,,H,,ONCI, 
requires Cl, 25-35%). 

THE UNIVERSITY OF THE WITWATERSRAND, 

JOHANNESBURG, SoutH AFRICA. [Received, November 17th, 1930.] 


XI.—The Preparation of 4-Nitrophthalimide and 
Derivatives. 
By Lropotp FEerpInanp Levy and HENRY STEPHEN. 


Tue preparation of 4-nitrophthalimide has hitherto depended on the 
action of ammonia on 4-nitrophthalic acid or its anhydride (Seidel 
and Bittner, Monatsh., 1902, 23, 415; Bogert and Boroschek, J. 
Amer. Chem. Soc., 1901, 23, 740). Since the preparation of the acid 
is troublesome, an attempt was made to prepare 4-nitrophthalimide 
by the direct nitration of phthalimide. The use of nitric and acetic 
acids was unsuccessful under all the conditions tried. Nitric acid 
in presence of sulphuric acid containing 10% of sulphur trioxide 
gave a 78% yield of 4-nitrophthalimide, m. p. 198° (Bogert and 
Boroschek give m. p. 197°; Seidel and Bittner, 202°; Chapman and 
Stephen, J., 1925, 127, 1791, give 197-—198°). In the mother- 
liquor from the nitration, no 3-nitrophthalimide was found. Re- 
placing the fuming acid by ordinary concentrated sulphuric acid 
diminished the yield to 40%. 

Nitration of N-phenylphthalimide under the conditions described 
above showed that the nitro-group enters the phenyl] nucleus only, 
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the final product being a mixture of p-nitroaniline and phthalic 
acid. 

Phthalic anhydride nitrated by means of sulphuric and nitric 
acids gives a mixture of 3- and 4-nitrophthalic acids (Lawrance, 
J. Amer. Chem. Soc., 1920, 42, 1872). When the nitration is carried 
out in the presence of fuming sulphuric acid as for phthalimide, 
4-nitrophthalic acid and unattacked phthalic acid are obtained, 
no 3-nitrophthalic acid being produced. As Bentley and Weizmann 
(J., 1907, 91, 101) obtained only 4-sulphophthalic acid by the action 
of fuming sulphuric acid on phthalic anhydride, nitration is probably 
subsequent to sulphonation. 

An improved method of reducing 4-nitrophthalimide to the 
corresponding base is described. The diazotised base couples with 
phenol and «- and @-naphthol in alkaline solution, giving orange, 
maroon, and light brown dyes respectively, and with aniline and 
a- and §-naphthylamine in acid solution, giving deep red, red, and 
yellow dyes respectively. 

4-Aminophthalimide condenses readily with phthalic anhydride 


to give 4-phthalimidophthalimide, CH <6 >N-CoHs< o> NE. 


EXPERIMENTAL. 
4-Nitrophthalimide.—Phthalimide (20 g.) was added gradually 
to a cold mixture of 24 c.c. (3 mols.) of nitric acid (d 1-44) and 200 
e.c. of fuming sulphuric acid containing 10% of sulphur trioxide, 
the temperature rising to about 80°. After being maintained at 
this temperature for not more than 30 minutes, the wine-red solution 
was cooled and poured on 400 g. of ice, the temperature not being 
allowed to rise above 20° (otherwise the imide is hydrolysed to 4- 
nitrophthalic acid). The precipitate of 4-nitrophthalimide was 
washed and crystallised from alcohol, forming buff-coloured plates, 
m. p. and mixed m. p. 198° (Found: N, 7-2. Calc. for CgH,O,N, : 
N, 7:3%). Yield, 78%. 

From the ice-cold acid mother-liquor of the imide, ether extracted 
4-nitrophthalic acid, which was obtained as a yellow crystalline 
mass, m. p. 166° (efferv.; 114° after resolidifying). 

4-Aminophthalimide—This was prepared by a modification of 
the method of Bogert and Renshaw (J. Amer. Chem. Soc., 1908, 
30, 1135). 4-Nitrophthalimide (20 g.; 1 mol.) was stirred into a 
solution of stannous chloride (84 g.; 1-1 mols.) in 450 c.c. of hydro- 
chloric acid (d 1-14) and 150 c.c. of water. The temperature rose 
to 50°, the 4-nitrophthalimide dissolved, and 4-aminophthalimide 
hydrochloride gradually separated as a crystalline paste. The 
precipitate was collected at 0°fand washed with$hot water until free 
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from acid, the hydrochloride thus being completely hydrolysed 
and the base obtained as golden-yellow needles (15-3 g.), m. p. 294° 
(corr.), of sufficient purity for the later experiments. The base 
may be recrystallised from hot glacial acetic acid (Found : N, 17-7. 
Cale. for CgH,O,N,: N, 17-3%. Found for the hydrochloride : 
HCl, 18-2. Cale. for C,H,O,N,,HCl: HCl, 18-4%). 

4-Aminophthalimide hydrochloride is appreciably soluble in 
hydrochloric acid. The yield of base could be slightly increased by 
neutralising the mother-liquor from the hydrochloride with ammonia 
and extracting the precipitate with alcohol. 

The acetyl derivative, prepared by warming the base with acetic 
anhydride, crystallised from glacial acetic acid in minute, pale 
straw-coloured needles, m. p. 331° (corr.; decomp.) (Found: N, 7-0. 
CoH,O,N, requires N, 6-9%). The benzoyl derivative was obtained 
by dissolving the base (5 g.) in 150 c.c. of boiling pyridine, adding 
benzoyl chloride (4-5 g.) to the cold solution, and boiling the 
mixture for } hour and pouring it into water: the precipitate was 
boiled with water to remove benzoic acid and crystallised from 
acetic acid, forming small cream-coloured needles, m. p. 322° (corr.), 
moderately easily soluble in hot ethyl alcohol but insoluble in 
most other solvents (Found: N, 5-3. C,;H,,0,;N, requires N, 
53%). 

4-Phthalimidophthalimide.—4-Aminophthalimide (2 g.; 1 mol.) 
was intimately mixed with phthalic anhydride (1-90 g.; 1-1 mols.) 
and heated at 180° for an hour. The solid mass was powdered when 
cold, boiled with 100 c.c. of water to remove phthalic anhydride, 
and crystallised from acetic acid, giving a yellow crystalline powder, 
m. p. 319° (corr.; decomp.) (Found: N, 5-0. C,,H,O,N, requires 
N, 4:8%). 

4-Chlorophthalimide—The finely divided suspension of hydro- 
chloiide obtained from 4-aminophthalimide (10 g.; 1 mol.), 100 
e.c. of hydrochloric acid, and 100 c.c. of water was diazotised at 
0—3° (5 g. of sodium nitrite in 15 c.c. of water). The violet diazon- 
ium solution was added rapidly to a solution of cuprous chloride 
(prepared from 42 g. of copper sulphate) in 66 g. of hydrochloric 
acid (d 1-14) at 0°, a double compound separating. After 3 hours’ 
stirring, the mixture was warmed on the water-bath. 4-Chloro- 
phthalimide, which separated as a thick paste, crystallised from 
acetic acid as colourless needles (6 g.), m. p. 210° alone or mixed with 
an authentic specimen prepared from 4-chlorophthalic acid (Reé, 
Annalen, 1886, 233, 238). 

4-Hydroxyphthalimide.—The base (2 g.) was diazotised, and the 
solution after 15 minutes was warmed on"the water-bath until the 
evolution of nitrogen ceased. The solution when cold deposited 
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4-hydroxyphthalimide, which crystallised from hot water as colour- 
less prismatic needles, m. p. 290° (corr.). Bentley and Weizmann § int! 


(loc. cit.) give m. p. 290° and Reé (loc. cit.) gives 288—289°. 


THE UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SourH Arrica. [Received, November 17th, 1930.] 





XII.—A New Method of reducing Aromatic 
Nitro-compounds. 


By Turopora EvizaABETH DE KrewreT and HENRY STEPHEN. 


As anhydrous stannous chloride is now readily accessible (Stephen, 
J., 1930, 2786), its use for the reduction of aromatic nitro-compounds 
under anhydrous conditions has been investigated. The process 
to be described provides a simple means of reducing the nitro- 
compound, acetylating the base, anc. in many cases chlorinating the 
resulting anilide in situ; for instance, 


C,H,-NO, —> C,H,"NH, —> C,H,"NHAc —> C,H,Cl‘NHAc. 


All observations indicate that monochlorination takes place in the 
para-position to the original nitro-group. In p-substituted nitro- 
compounds no chlorination takes place except in the case of p- 
chloronitrobenzene which, only if hydrogen chloride is present 
during the reduction, gives 2 : 4-dichloroacetanilide (in the absence 
of hydrogen chloride, the product is p-chloroacetanilide). 

The reduction of p-nitrophenetole by the present method does 
not yield any chlorophenetidine (compare Hurst and Thorpe, J., 
1915, 107, 934). 

It is probable that 8-arylhydroxylamines may be concerned in 
the process, since $-phenylhydroxylamine on reduction by the 
present method gives only p-chloroacetanilide, which is also the 
product from the reduction of nitrobenzene. The reduction of 
8-phenylhydroxylamine derivatives and isonitroso-compounds is 
being investigated. 

The reduction of o-nitrophenol and certain of its substitution 
products yielded in each case a N-monoacetyl derivative of the 
corresponding aminophenol, although sufficient acetic anhydride was 
present to acetylate the hydroxyl group. It is probable that the 
a-methylbenzoxazoles are intermediate products in the reduction 
of o-nitrophenolic compounds, since during the working up of the 
reaction mixture an oil was observed to form, which rapidly changed 
in acid solution to the N-monoacety] derivative of the base (compare 
Upson, Amer. Chem. J., 1904, 32, 40). No chlorination was 
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observed in these cases despite the fact that the para-position 
in the nitrophenol was unoccupied. 

The following table summarises the experimental results of the 
present investigation : 


Nitro-compound. Reduction product isolated. 
Nitrobenzene p-Chloroacetanilide 
o-Nitrotoluene 4-Chloroaceto-o-toluidide 

*m- y) 4- ” -m- ” 
p- co Aceto-p-toluidide 
o-Chloronitrobenzene 2 : 4-Dichloroacetanilide 
*m- - m-Chloroacetanilide 
p- ” (a) p- ”? 
(b) 2: 4-Dichloroacetanilide 
o-Nitrobenzoie acid Anthranilic acid 
*m- oe m-Aminobenzoic acid 
~ ” p- ” 
*9-Nitroanisole 5-Chloro-2-acetamidoanisole 
p- ” Aceto-p-anisidide 
*o-Nitrophenetole 5-Chloro-2-acetamidophenetole 
p- ob Phenacetin 
o-Nitrophenol o-Acetamidophenol 
p- ” p-Acetamidophenyl acetate 
3-Chloro-6-nitrophenol 3-Chloro-6-acetamidophenol 
©... Jeb Pe a 4-Chloro-2- os 
5 ” 3-Chloro-4-acetamidopheny] acetate 
3-Nitro-p-cresol 3-Acetamido-p-cresol 
a-Nitronaphthalene 4-Chloro-1-acetnaphthalide 
B-Phenylhydroxylamine p-Chloroacetanilide 


The yields in all cases except those marked * were almost quantitative as 
acetyl derivatives; the average yield in the other cases was about 65%. 


The authors are of the opinion that the mechanism of the chlorin- 
ation taking place during the reduction is direct nuclear chlorination. 
A similar view has been expressed by Jones (Brit. Assoc. Reports, 
1910, 85) in connexion with the action of chlorine on anilides. 


EXPERIMENTAL, 


The reduction of nitrobenzene is a typical example of the method. 

Crystalline stannous chloride (3:5 g.; 3 mols.) was treated with 
acetic anhydride (4-6 g.; 9 mols.) ina 100 c.c. Claisen distilling flask ; 
after dehydration was complete, nitrobenzene (0-6 g.; 1 mol.) 
was added, and the mixture heated for about } hour until a clear 
yellow solution was obtained. The acetic acid was now removed 
under reduced pressure, and the residue treated with 10 c.c. of water 
and heated until a clear solution was obtained. On cooling, 
p-chloroacetanilide was obtained in almost theoretical yield, m. p. 
and mixed m. p. 173°. 

Difficulty was experienced in isolating the anilides resulting from 
the reduction of m-substituted nitro-compounds, and it was found 
necessary in these cases to isolate the free bases by steam distillation 
in alkaline solution. A 30% yield of the anilides may be obtained 
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if the residue after removal of the acetic acid is extracted with hot 
benzene, and from the resulting solution a crystalline anilide cap 
be isolated. A similar difficulty was experienced in isolating the 
anilides from the reduction of o-nitroanisole and o-nitrophenetole, 
and in these cases also it was found preferable to obtain the free 
bases. 

3-Chloro-6-acetamidophenol and the ON-diacetyl derivative of 
3-chloro-4-aminophenol have been prepared by the reduction of 
3-chloro-6-nitrophenol and 3-chloro-4-nitrophenol, respectively, 
both of which were obtained (1-9 g. and 4 g., respectively) by the 
nitration of m-chlorophenol (6 g.) with nitric acid (d 1-42) (Uhlemann, 
Ber., 1869, 2, 1161, isolated only 3-chloro-6-nitrophenol). These 
are readily separated, since the former is volatile in steam. The 
nitration of m-chlorophenol is also reported (Chem. Fabr. Griesheim 
Elektron, D.R.-P. 143449) as yielding 3-chloro-4-nitrophenol to. 
gether with an isomeride volatile in steam, which was no doubt 
identical with 3-chloro-6-nitrophenol, although this is not definitely 
stated in the patent. The melting point, 38-9°, of the latter agrees 
with that stated by Uhlemann, but there is a discrepancy between 
the m. p. 120° found for 3-chloro-4-nitrophenol and 133° as stated 
in the patent referred to above. The non-volatile isomeride was 
repeatedly crystallised from hot water as pale yellow needles without 
affecting the melting point. Analysis for chlorine by Robertson’s 
method (J., 1915, 107, 902) gave Cl, 20-0 (C,H,O,NCI requires 
Cl, 20-5%). 

3-Chloro-6-acetamidophenol crystallises from water in rhombic 
prisms, m. p. 186° (Found: Cl, 18-8. Cale. for C,H,O,NCI: C), 
19-1%). 

3-Chloro-4-acetamidophenyl acetate crystallises from water in 
needles, m. p. 127° (Found: Cl, 15-35. C, 9H, O,NCl requires 
Cl, 15-6%). 

THE UNIVERSITY OF THE WITWATERSRAND, 

JOHANNESBURG, SouTH AFRICA. [Received, November 17th, 1930.] 


XIII.—2-Hydroxy-4-methoxy- and 4-Hydroxy- 
2-methoxy-benzaldehydes. 
By THropora ELizaBetH DE Krewiet and Henry STEPHEN. 


By the action of hydrogen cyanide (9 mols.) on m-methoxyphenol 
in presence of hydrogen chloride and aluminium chloride, with 
benzene as solvent, Gattermann and Berchelmann (Ber., 1898, 34, 
1767) obtained only 4-hydroxy-2-methoxybenzaldehyde, but Ott 
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and Nauen (Ber., 1922, 55, 928) showed that 2-hydroxy-4-methoxy- 
benzaldehyde was also formed. 

The two aldehydes have now been obtained in good yield as 
follows. A solution of m-methoxyphenol (20 g.; 1 mol.) in 70 c.c. 
of absolute ether was after addition of hydrogen cyanide (20 g.; 
3 mols.) saturated with dry hydrogen chloride and kept in a refriger- 
ator for not more than 24 hours. (If kept for a longer time, the 
yellow crystalline mass becomes deep crimson owing to the conver- 
sion of 4-hydroxy-2-methoxybenzaldehyde into a red tar by the 
action of the hydrogen chloride.) The ether was decanted, the 
aldimine hydrochlorides were washed with dry ether and dissolved 
in 2 litres of cold water, the solution was heated to boiling, and the 
2-hydroxy-4-methoxybenzaldehyde removed in a current of steam. 
It crystallised from the distillate in long white needles, m. p. 41— 
42°, and more was obtained by salting-out and extraction with 
ether (total yield, 9-5 g.). The residue after steam-distillation 
slowly deposited 4-hydroxy-2-methoxybenzaldehyde in straw- 
coloured needles, and salting-out and extractin with oether gave a 
further quantity (total yield, 10 g.). After crystallisation from hot 
water (charcoal) this aldehyde had m. p. 153°. A small quantity 
of the mixed aldimines may be obtained from the original ethereal 
mother-liquor and washings. 

4-Hydroxy-2-methoxybenzaldehyde forms a phenylhydrazone, 
yellow needles, m. p. 158°, from dilute acetic acid (Found: N, 
120. C©,,H,,0O,.N, requires N, 11-6%), a p-nitrophenylhydrazone, 
dark red, rhombic plates, m. p. 255° (decomp.), from glacial acetic 
acid or alcohol (Found: N, 14-7. C©,,H,,0,N,' requires N, 14-6%), 
and a semioxamazone, short white plates, m. p. 242°, from glacial 
acetic acid (Found: N, 17-1. C,)H,,0,N, requires N, 17-8%). 

2-Hydroxy-4-methoxybenzaldehyde yields a p-nitrophenylhydr- 
azone, bright red needles, m. p. 226-5°, from acetic acid (Found : 
N, 15:5. C,,H,,0,N, requires N, 14-6%), a semioxamazone, pale 
lemon-yellow plates, m. p. 247°, from 50% acetic acid (Found : 
N, 17-9. CyjH,,0,N, requires N, 17-8%), and a semicarbazone, 
short white rods, m. p. 230°, from glacial acetic acid (Found : 
N, 19-9. C,H,,0O,N, requires N, 20-1%). 

An investigation of the formation of pyrylium compounds from 
aldehydes will be published shortly. 


THE UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SoutTH AFRICA. [ Received, November 24th, 1930.] 
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XIV.—The Relative Strengths of Bases in Non-aqueous 
Solutions. Part II1.* 


By Eric Ian Jounson and James Rippick PARTINGTON. 


TuE reduction of availability of hydrogen chloride in alcoholic 
solution, as determined by its catalytic effect on the esterification 
of carboxylic acids (Goldschmidt and Udby, Z. physikal. Chem., 
1907, 60, 728; Lapworth and Partington, J., 1910, 97, 19), may be 
attributed to combination of the water, or other weak base producing 
the effect, with hydrion as the effective catalyst, and this hypothesis 
has been adopted in the present communication, although such a 
specific assumption is not necessary (Lapworth, Trans. Faraday 
Soc., 1928, 24, 721). 

Mitchell and Partington (J., 1929, 1562) investigated the effects 
of other oxygen compounds which might be expected to exhibit 
the same type of anticatalytic activity as water. Ethyl ether had 
a slight accelerating effect, methyl ether no effect at all, and dimethyl- 
pyrone a retarding effect about double that caused by an equivalent 
amount of water. This was explained, tentatively, by the assump- 
tion that whereas water could combine with one molecule of hydrion, 
dimethylpyrone could combine with two, and (as had been suggested 
by Kendall, J. Amer. Chem. Soc., 1914, 36, 1722; 1915, 37; 160; 
1917, 39, 2303; and by Knox and Richards, J., 1919, 115, 508) 
that the carbonyl oxygen atom could also combine with hydrion. 
This assumption, as will be seen in what follows, is not capable of 
explaining the results with other compounds and is no longer 
entertained. 

The present investigations are the first of a series of experiments 
which have for their object the discovery of some relation between 
the particular type of linkage of oxygen in compounds which might 
be expected to act as weak bases and the strengths of the basic 
properties exhibited by such compounds as measured by the anti- 
catalytic effect. 

It has been found that di-n- and -iso-propyl ethers have no appreci- 
able effect on the reaction, and this, taken in conjunction with 
the results of Mitchell and Partington with methyl and ethyl ethers, 
shows that the alkyl ethers do not exhibit any basic properties in 
the conditions of these experiments. In pursuance of the idea 
that some generalisations might be drawn from the effect of sub- 
stances containing a heterocyclic oxygen atom, furan was used, but 
was found to produce no effect beyond a slight acceleration. The 


* Part I, Lapworth and Partington, J., 1910, 97, 19; Part II, Mitchell and 
Partington, J., 1929, 1662. 
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oxygen linkage in furan is, however, the same as that in y-pyrone, 
which was found to possess marked anticatalytic activity. The 
carbonyl group as such does not appear to possess any marked basic 
function, since benzil produced no effect beyond a slight acceleration. 
From figures given by Lapworth (J., 1908, 93, 2199) it appears that 
acetone should have no anticatalytic effect. 

It was thought probable that the capacity of a substance for 
combining with hydrion might run parallel with its capacity for 
molecular association. A substance which appears to be highly 
associated is glycerol (compare Young, “ Stoicheiometry,’’ 1908, 
p. 359), but this was found to have no effect on the reaction velocity. 

Since pyrones appeared to be the most promising substances, 
other members of the series were tried, particular attention being 
paid to the influence of the groups attached to the two carbon atoms 
adjacent to the oxygen atom in the ring. With diphenylpyrone a 
retarding effect was produced which, although greater than that 
produced by an equimolecular amount of water, was not so great as 
that produced by an equimolecular amount of dimethylpyrone. 
Phenylmethylpyrone had an effect intermediate between those of 
dimethyl- and diphenyl-pyrone. Unsubstituted y-pyrone was found 
to have an effect about half as great as that produced by an equi- 
molecular amount of water, and considerably less than that of 
diphenylpyrone. 

Lapworth’s theory (J., 1908, 93, 2187) was then applied to cal- 
culate the ratios of the equilibrium constants for the formation, 
by each pyrone and by water respectively, of complex ions with 
hydrion, the assumption being made that each molecule of hydrion 
combines with one of base. In this way a quantitative measure 
of the relative strengths of the bases as compared with water 
could be obtained. If we denote by K,,K,’, and K,’’ the equili- 
brium constants for water, alcohol, and another weak base, in the 
reaction B +- H* = BH", where K, = [H'] [B]/{B-H’], we find the 
following values of K,/K,” : 


Water 
Series. value. Ke. Base. K,/K,”’. 
Bh wuscsiegstocaprsocusccsias 0-18 1:85 Diphenylpyrone 1-19 
Ie spsnveqnensonrepeqqueves 0-14 2-27. Diphenylpyrone 1-31 
Phenylmethylpyrone 1-83 
Dimethylpyrone 2-81 
Mixitapsanvdisnaiuls 0-135 1:85 y-Pyrone 0-55 
Dimethylpyrone 2-67 


(The meanings of the water value and of Ke are explained below.) 


EXPERIMENTAL 
The alcohol used throughout was prepared from 96% spirit which 
was refluxed for 6 hours with half its volume of well-burnt lime and 
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two sticks of caustic soda per litre. It was then distilled into a 
flask containing another charge of lime and soda mixture, the 
refluxing being repeated and followed by distillation into a clean 
dry flask, the exit of which was guarded with a calcium chloride 
tube. Clean, fresh calcium turnings were dropped in, and the whole 
left to stand fora day. It was then refluxed for 6 hours and distilled 
off through a 12-bulb fractionating column. The middle fraction 
was collected. The product, which was free from aldehyde, ketone, 
and ammonia, was stored in a vessel with a siphon attachment and 
a guard tube of phosphoric oxide. 

Di-n-propyl ether was prepared by the method of Norton and 
Prescott (Amer. Chem. J., 1884, 6, 243). On redistillation from 
fresh sodium, the fraction of b. p. 88—90° was collected and 
used. 

Ditsopropyl ether, prepared by the method of Erlenmeyer 
(Annalen, 1863, 126, 306), had b. p. 68°. 

Attempts were made to prepare furan by the method of Freundler 
(Compt. rend., 1897, 124, 1157). Pyromucic acid was heated in 
portions of 5 g. in sealed tubes for 2 hours at 270°. In all, six tubes 
were used, four of which burst on heating. The other two were 
opened in the usual way. Nothing was found in them except a 
little pyromucic acid. The furan was therefore made by another 
method described by Freundler in the same paper. Barium pyro- 
mucate was heated alone, and the distillate collected and purified. 
The product was a colourless liquid, b. p. 32°, which had no action 
on sodium. 

Benzil was purified by recrystallising it twice from absolute 
alcohol and drying it in a vacuum over phosphoric oxide; m. p. 
95°. 

Pure commercial glycerol was distilled twice in a vacuum, the 
first and last fractions being rejected. 

Diphenylpyrone was made from distyryl ketone (Vorlander and 
Meyer, Ber., 1912, 45, 3355; Claisen and Claparéde, Ber., 1881, 14, 
2461). The product consisted of white needles, m. p. 139—140°, 
and gave a violet fluorescence in concentrated sulphuric acid. 

Phenylmethylpyrone was made by a modification of the method 
of Ruhemann (J., 1908, 93, 431), recommended by Gibson and 
Simonsen (J., 1928, 2307). The product on recrystallising from 
ligroin and drying over wax in a vacuum was obtained as small 
white needles, m. p. 86—87°. 

Unsubstituted y-pyrone was prepared by the method of Will- 
statter and Pummerer (Ber., 1904, 37, 3704, 3734). The crude 
product was purified by distillation under reduced pressure, the 
fraction boiling at 105°/16 mm. being collected; m. p. 31:5’. 
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Dimethylpyrone (British Drug Houses) was used direct; m. p. 
132°. 

In other respects the materials used and the experimental pro- 
cedure adopted were the same as those of Mitchell and Partington 
(loc. cit.). Alcoholic solutions of phenylacetic acid and hydrogen 
chloride were made up and their concentrations determined. When 
the solutions attuined the temperature of the thermostat. (25° +- 
0:05°), 25 c.c.-portions of each solution were mixed. 5 (C.c. of the mix- 
ture were withdrawn from time to time and titrated with N/10- 
sodium hydroxide. The water valueof the alcohol, R, was 
calculated from the formula 


Ke — ‘B+ W + FoMloge 4 a= ee -()-%) 
2° oe 





(1) 


Kc in the tables is based on the value of K referring to one litre of 
solution, and ¢ is expressed in mols. per litre. In equation (1), c is 
in V/10 c.c. units per litre and K refers to 10 c.c. of solution, since 
R, W, and Y are in these units. Therefore Ke (proper) = Ke 
(equation 1) x (1/10,000) x 100 = Ke x 10°. Thus, in Series 
A, Flask 1, the values of Ke from equation (1), taking R = 18 
(i.e. r= 0-18), W = 0, Y, = 10-56, give a mean result of 0-185. 
Kc is, therefore, entered in the table as 0-00185. In the calculation 
of Kc, the value of Y, was taken as that of the first titre of 10 .c., 
ie., 15 minutes after the commencement of the reaction, and the 
correct value of r was taken as that which made the mean values 
of Ke for the normal and the retarded reaction coincide. In 
substituting W or M”’ in equations (1) and (2), the weight in grams 
in 40 c.c.,g, was converted into N/10 c.c. units in 10 c.c. by the 
relation 


M” =g X 19,000/(mol. wt. of subst.) x 4. 


The equation for the case in which a second weak base in addition 
to water is present in the solution in concentration M” is readily 
found from the equations given by Lapworth (J., 1908, 93, 2187) 
to be 


Ke —(R+W+K.M"/K,” + Yo)(log. ¥;—log. Y) —(¥, — Y) 
| ‘—i, 





(2) 


The ratio K,/K,"’ can be found for the particular weak base by (i) 
finding the value of R from the normal reaction and the reaction 
in which water only has been added, by means of equation (1), and 
then (ii) substituting this value of R and the corresponding value 
of Ke in equation (2). 
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Series A. 
Phenylacetic acid = 0-1055N ; hydrogen chloride = 0-0505N, 
Ke x 10°, assuming 


90 


t. Y=2%ai—az). £=Ol& rs O17. r= 0-18. r= 019, 
Flask 1. No water. 
ne ae eee 10-56 = -- — 
DD. sisteuceeasauan 8-97 — — — — 
BO ocdosddidciols 7-85 1-61 1-70 1-79 1-88 
Sey eee 6-59 1-66 1-75 1-84 1-92 
_ _ pbrcsetinenipesits 5-63 1-64 1-73 1-8] 1-90 
BO ceecssddvrecte 4-75 1-69 1-77 1-86 1-94 
BOD. cocbhcccshopsien 3°71 1-73 1-82 1-90 1-98 
 . eee 2-98 1-72 1-80 1-89 1-97 
Mean 1-675 1-76 1-85 1-93 
Flask 2. 0-1251 G. of water. 
pe See 10-56 — — -- — 
Dk stekevaehnunase 9-69 -—- = = _— 
eee 8-97 1-78 1-83 1-88 1-93 
See ees 8-16 1-72 1-77 1-82 1-87 
EN  madainceegaianeasls 7-42 1-72 1-77 1-82 1-87 
DO dobqe du ddcbid 6-67 1-79 1-83 1-88 1-93 
0 5-83 1-76 1-81 1-85 1-90 
Me -cuchsndueantess 5-06 1-77 1-82 1-87 1-92 
Mean 1-755 1-805 1:85 1-90 
Therefore r = 0-18 and Ke = 1°85. 
Flask 3. 0-9306 G. of diphenylpyrone. 

t. Y=2a—a). K,/K,”. é. Y=2(a—z). K,/K,”. 
ee 10-56 — , ae 6-53 1-07 
Di, ecebeatuhnss 9-08 — DT Meabentoones 5-92 1-20 
BD edeccddesis 8-30 1:17 IDB ivi.didinnd 5-02 1-18 
2 eee 7-46 1-34 DE ecutive 4:30 1-20 
Mean 1-19 


Series B. 
Phenlyacetic acid = 0-1004N ; hydrogen chloride = 0-05335N. 


Ke X 10°, assuming 





t. Y=2(a—2).. r=0-18.. r=0-14. r=0-15. 1r=0-16. 
Flask 1. No water. 

© ciemunninin 10-10 — —_ — —_— 
BD scccsescvecsoeesce 7°88 os — — — 
D. snipdamnmieanen 6-48 2-08 2-21 2-34 2-47 
Ty Uctacwpecwdetinite 4-98 2-20 2-33 2-46 2-59 
Til eevieddbeccdsncesh 3-96 2-18 2-30 2-43 2-55 
BP: ecmmearavre 3°14 2-20 2-33 2-45 2-57 

TE coadcancesureseens 2-34 2-15 2-26 2-37 2-49 
DD sisseeteistéensinn 1-80 2-08 2-18 2-29 2-40 
Mean 2°15 2-27 2-39 2-51 

Flask 2. 0-0915 G. of water. 

SD esdpbbscassveciess 10-10 — — a ids 
BE. cnncsdcentscvesces 8-86 — —_— on ii 
eae 7°84 2-24 2-32 2-40 2-48 
DD “inavadsataptiapscs 6-76 2-17 2-25 2-32 2-40 
GST Ri ected Aided § 84 2-17 2°24 2-32 2-39 
Oe deck dcceneaduees 5-00 2-22 2-30 2°37 2-45 

Ey nseuatdegeactenens 4-06 2-20 2-28 2-35 2-43 
DOD J.cctbovvcccddiczé 3-36 2-17 2-24 2-31 2-38 
Mean 2-20 2°27 2-34 2-42 

Therefore r = 0-14 and Ke = 2-27. 
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OF BASES IN NON-AQUEOUS SOLUTIONS. 


1-261 G. of diphenylpyrone. 


eeeeeerereee 


eeereeeeeeee 


ee eeeeeeeeee 


se eeeeeeesee 


ee eeeeeeeeee 


Flask 3. 


Y =2(a—2). 


K,/K,”. 2. 
— 0 
— 15 
1-19 30 
1-33 50 
1-31 70 
1-31 90 
1-34 120 
1-39 150 


Mean 1:31 


Flask 5. 


Y=2(a—z). K,/K,”. t. 
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Flask 4. 


0-9454 G. of phenylmethylpyrone. 


Y=2(a—z). K,/K,”. 


10-10 _— 
9-08 —_ 
8-28 1-69 
7-40 1-89 
6-60 1-79 
5-94 1-7 
5-12 1-92 
4-40 1-94 


Mean. 1:83 


0:6303 G. of dimethylpyrone. 


Y=2(a—z). K,/K,’”’. 


7-21 2-79 
6-63 2-82 
5-81 2-78 
5:17 2°84 

Mean 2:81 


In this series of reactions the water and pyrones were weighed out 


in exactly equimolecular quantities. 


ally in the accompanying figure. 


The results are shown graphic- 
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Series C. 
Phenylacetic acid = 0-1013N ; hydrogen chloride —0-0463N. 
Ke x 10°, assuming 
t. Y=2(a—z2). r=0-12. r=0-13. r=0-14. r=0°15. 
Flask 1. No Water. 
| ANS 10-08 — * _ — én I 
15 Peer eeeeeeeseseeee 8-30 oom» ou ——- — 0 
i -saiindhdidlsnineuae 6-98 1-67 1-78 1-89 2-02 
TD diesobseskonsaheuns 5-64 1-67 1-78 1-89 2-01 ( 
WE, adhscccuscsogepene 4-61 1-69 1-79 1-90 2-01 4 
DO ctccdsuscsedencees 3-76 1-73 1°82 1-92 2-03 ' 
EP chictdtistbonenne 2-88 1-71 1-80 1-91 2-01 . 
___ ERO 2-26 1-68 1-77 1-87 1-98 it 
Mean 1-69 1-79 1-90 2-01 , 
Flask 2. 0-0710 G. of water. 
Wi venseccccccenessss 10-08 -- = — —— 
BU .c0csessecsesveness 8-97 -— — = —— 
ne 8-03 1-73 1-80 1-88 1-95 
it ignaseesenaneuuyes 6-98 1-72 1-79 1-86 1-94 
Oe sednnsianbedegenns 6-07 1-74 1-81 1-88 1-95 
De sccdsaccvcasesunes 5-33 1-73 1-80 1-87 1-94 
Ee 4-38 1-74 1-81 1-88 1-95 
DOE  séatacvasisensanes 3-60 1-76 1-83 1-90 1-95 . 
Mean 1-74 1-81 1-88 1-95 2 
Therefore r = 0°135 and Ke = 1°85. : 
U 
Flask 3. 0-4964 G. of y-pyrone. Flask 4. 0-4120 G. of dimethylpyrone. J aj 
t. Y=2(a—2). K,/K,”. t. Y=2(a-z). K,/K,”. th 
D scecsscccees 10-08 a D Seescceneses 10-08 _- in 
| rer 8-80 oe BD: cwscantacees 9-03 _ 
ER DES 7-78 0-576 eee 8-38 2-68 he 
__ ees 6-63 0-554 _ eee 7-59 2-65 (r 
__ paa 5-64 0-513 _ eee 6-88 2-63 
OD ssaneseceans 4-86 0-513 OD cckitinniies 6-27 2-66 It 
BED cvccceseesse 3-93 0-556 BD sdnsscsesces 5:47 2-69 Wi 
BE tesevisveces 3-27 0-577 BD ékvsasancees 4-78 2-70 o 
Mean 0-548 Mean 2-67 | 
W. 
Summary. pe 
The rate of esterification of phenylacetic acid in dry alcoholic § 
. . . . . se: 
solution under the influence of hydrogen chloride is slightly acceler- P 
ated by small quantities of benzil and furan, is not affected by small 
quantities of di-n- and -iso-propyl ethers and glycerol, and is retarded 
to various extents by diphenylpyrone, phenylmethylpyrone and § H. 
H. 


unsubstituted y-pyrone. None of these pyrones has as great 4 
retarding effect as dimethylpyrone. 


East LonpDoN COLLEGE, 
UNIVERSITY OF LONDON. [Received, November 26th, 1930.] 
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XV.—The Action of Nitric Acid on Polycyclic 
Indole Derivatives. Part IX.* 


By STEPHEN ARNOLD Bryant and SypNEY GLENN PRESTON 
PLANT. 


In view of the widely different nature of the products obtained when 
nitric acid acts on the acyl derivatives of tetrahydrocarbazole 
(I; » = 2), dihydropentindole (I; n = 1), 7:8: 9: 10-tetrahydro- 
«3-naphthacarbazole (II), and 8: 9:10: 11-tetrahydro-«’p’-naphtha- 
carbazole (III; R = H), and of the deep-seated variations observed 
in the reactions of substances formed in such cases by the addition 
of OH and NO, or OH and OH to the double linkage (see the previous 


CH, H, NH H, 
A (DREN. H vA 
C) | ton). pti 1) 2 VD 
pho Pat iy *\7\% 
NH CH, i, RH NH 
(L.) (II.) (III.) 


papers in this series), it became of interest to extend these investig- 
ations to certain closely related types. For this purpose 7 : 8-di- 
hydro-a8-naphthapentindole (IV) has now been prepared by an 
application of Fischer’s indole synthesis to cyclopentanone-«-naph- 
thylhydrazone. When a solution of (IV) in acetic anhydride contain- 
ing a few drops of concentrated sulphuric acid was boiled for several 
hours, two isomeric acetyl derivatives were formed. One of these 
(m. p. 157°) was evidently the expected 10-acetyl compound, since 
it was readily hydrolysed by aqueous-alcoholic potassium hydroxide 
with the regeneration of the indole (IV). The other (m. p. 215°) 
contained the acetyl group attached to a benzene nucleus, a fact 
which was confirmed by its stability towards aqueous-alcoholic 
potassium hydroxide and by conversion into an oxime, and, of the 
various possibilities for the location of this group, the 1-position 
seems the most probable for reasons which are discussed below. 


H, NH 2 f3 H, NH 
H,é \ fe ; AK / SAD 
H,2 ls 39 re lhe ‘Na’ H. 
 ) Sy 
(IV.) (VI.) 





* The following communications are “lig as constituting the preceding 
parts of this series :—J., 1921, 119, 1825; 1923, 128, 676, 3242; 1926, 2260; 
1928, 1840, 2454; 1929, 1970, 2493. 











94 BRYANT AND PLANT: THE ACTION OF NITRIC ACID 





The formation of this 1(?)-acetyl compound was not due to an 
isomeric change involving the 10-acetyl derivative, since the latter 
was found to be completely unchanged after boiling with acetic 
anhydride and a little sulphuric acid. Efforts to obtain crystalline 
products by the action of nitric acid on the 10-acetyl compound in 
glacial acetic acid have been unsuccessful, and it has also not been 


fourd possible to benzoylate (IV) under the many conditions ; 


investigated. 

9 : 10-Dihydro-«’ B’-naphthapentindole (V), isomeric with (IV), was 
accordingly prepared by the Fischer method from cyclopentanone- 
8-naphthylhydrazone.. The alternative course for this reaction, 
which would give the substance (VI), cannot be considered with 
any justification as a possibility, since ring closure would involve 
the 8-position in the naphthalene molecule. Moreover, the analog- 
ous reaction with cyclohexanone-$-naphthylhydrazone has _ been 
proved conclusively by Oakeshott and Plant (J., 1928, 1840) to lead 
to the compound (III; R=H). It has, however, been stated 
recently by Cecchetti and Ghigi (Gazzetta, 1930, 60, 185) that the 
Fischer reaction with 2-methylcyclohexanone-?-naphthylhydrazone 
yields two products, isolated as oils and analysed in the form of 
their picrates (m. p.’s 190° and 162—163°), which are regarded 
without any proof as the indole (VII) and the indolenine (VIII) 
respectively. Although it is extremely unlikely that these formule 
correctly represent the products of Cecchetti and Ghigi, nevertheless, 
in view of the desirability of removing any possible doubt concerning 
the nature of the compound (V), it ‘was decided to examine their 


validity. It was found that the action of dilute sulphuric acid on 
2-methyleyclohexanone-8-naphthylhydrazone yielded two solid pro- 
J/\. 
MeH NH H, N H, 
P an WV" A y, 
HOY) HLLDO HOO 
| Ma 
Hy / Hy NAS 
H, H, Hs 
(VII.) (VIII.) (IX.) 


ducts, m. p.’s 115° and 92°, which are undoubtedly 8-methyl- 
8:9:10: 11-tetrahydro-«’@’-naphthacarbazole (III; R= Me) 
(picrate, m. p. 201°, decomp.) and 12-methyl-8 : 9: 10: 11-tetra- 
hydro-«’$’-naphthacarbazolenine (IX) (picrate, m. p. 166°) respect- 
ively. The constitution assigned to the former was established by 
dehydrogenation, which led to 8-methyl-«’’-naphthacarbazole (X: 
% = H), the identity of which was confirmed by an unambiguous 
synthesis, For this purpose a method analogous to that used by 
Schépff (Ber., 1896, 29, 265) for the preparation of «’f’-naphtha- 
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carbazole was employed. 2-Hydroxy-3-naphthoic acid and 
»tolylhydrazine were mixed in ethereal solution, and the resulting 
solid was heated until a'reaction set in; ammonia was then evolved 
and 8-methyl-a’$’-naphthacarbazole-6-carboxylic acid (X; R= 
0O,H) was formed. The latter, on decarboxylation, yielded 
§-methyl-«’8’-naphthacarbazole, identical with the product just 
described. It,is, therefore, obviously not justifiable to assume ring 
closure in the B-position in such reactions, and there can now be no 
reasonable doubt concerning the nature of (IX) and of (V). 

When the indole (V) was treated in acetone solution with acetyl 
chloride and aqueous sodium hydroxide (compare Stevens and 
Tucker, J., 1923, 123, 2140), 7-acetyl-9 : 10-dihydro-a’' B’-naphtha- 
pentindole was obtained, and the position of the acetyl group was 
confirmed by the readiness with which (V) was regenerated with 
alcoholic potassium hydroxide. On boiling a solution of. this 
product in acetie anhydride containing a little. sulphuric acid, 
further acetylation took place to give 5( 2) : 7-diacetyl-9 : 10-dihydro- 
v'6’-naphthapentindole. The same diacetyl compound was obtained 
directly from (V) by boiling its solution in acetic anhydride and a 
trace of sulphuric acid. The reactions of this latter product indicate 
quite definitely that the second acetyl group is. attached to a carbon 
atom, but its exact location is not certain, the 5-position being 
regarded as the most probable, since it represents an «-position in 
the naphthalene system and direct substitution into acylated 
dihydropentindoles has been shown to result in the introduction 
of the group into a meta-position with respect to the nitrogen atom 
(see Part VIIT). Hydrolysis of the diacetyl compound with aqueous- 
ilcoholic potassium hydroxide gave 45(?)-acetyl-9 : 10-dihydro- 
«'8’-naphthapentindole, which could be re-acetylated in acetone 
solution with acetyl chloride and aqueous sodium hydroxide or 
converted into  4( ?)-acelyl-7-benzoyl-9 : 10-dihydro-«' B’ -naphtha- 
pentindole by a similar process using benzoyl chloride. Treatment 
of (V) itself in acetone solution with benzoyl chloride and aqueous 
ilkali gave the 7-benzoyl compound, and, by using ethyl chloro- 
formate instead of benzoyl chloride, the 7-carbethoxy-compound 
was obtained. These two acyl derivatives could readily be hydro- 
lysed to the original indole (V). 

The 7-acetyl, 7-benzoyl, and 7-carbethoxy-derivatives of (V), 


g*hen nitrated in glacial acetic acid solution under experimental 


conditions which in every case must be carefully followed, yielded 
tach a mononitro-compound, and these, on hydrolysis, all gave the 
same nitro-9 : 10-dihydro-«’B’-naphihapentindole, It is established, 
therefore, that in all these compounds the nitro-group occupies the 
‘ame position, which, for the reasons cited above in the case of the 
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5( ?) :.7-diacetyl derivative, is believed to be on the 5-carbon atom. 







From the 7-carbethoxy-derivative of (V) it was possible also to fu 
obtain a dinitro-compound under the conditions described in the Tt 
experimental section, but in all these processes of nitration it was J P° 

gr 






not possible to isolate any crystalline products if the conditions 
employed differed sorivusly from those given. Furthermore, in no 
caso was any indication found of the formation of a product through § P* 
the addition of OH and NO, or OH and OH at the double linkage, J *? 
A similar failure to isolate such addition products has been recorded § 
in Part V (J., 1928, 1840), which deals with the derivatives of the th 
naphthacarbazoles (II) and (III; R = H). In view of the fact that ab 
these addition products are very readily formed and easily isolated 
from the acyl derivatives of tetrahydrocarbazole (I; n = 2) and 

































dihydropentindole (1; ~= 1), it is remarkable that no single ha 
example of such a product has been found among the compounds Ki 
derived from any of these four more complex types, which differ 58 
from the two simpler ones (I) only in having a second benzene wh 
nucleus attached to the one already present. These results indicated . 

. 


that it would be of interest to extend the investigations to substances 
which are derived from tetrahydrocarbazole or dihydropentindole P® 








by inserting a benzene nucleus in the reduced portion of the molecule. - 
an 
H. 
waa, Soy fom 
ll | 1 ati 
Ne 7 , 4 ber 
Me NH R NH sta 
(X.) (XII.) clo 
For this purpose 5: 6-dihydro-«$-naphthacarbazole (XI) and hy 
benzopentindole (XII) have been prepared by applying Fischer's§ ™" 
indole synthesis to the phenylhydrazones of 1-keto-1:2:3:4 hyc 
tetrahydronaphthalene and «-hydrindone respectively. The former 
reaction has recently been described by Ghigi (Gazzetta, 1930, 60, 
194), and the product (XI) has been previously obtained by Titley 
(J., 1928, 2571) from ethyl 1-keto-1 : 2 : 3 : 4-tetrahydronaphthalene- 
2-carboxylate by heating with phenylhydrazine hydrochloride and 
concentrated hydrochloric acid, and called “1 : 2-indolo(2 : 3)-3 : 4 
dihydronaphthalene.” It has now been found that the preparation 


of N-acyl derivatives from (XI) is surprisingly difficult and so far : 
these have not been characterised. When, however, a solution off °4" 







the substance in acetic anhydride containing a few drops of sulphuric acl 
acid was boiled for several hours, a monoacetyl derivative was ed 
formed, but the reactions of this product indicated that it is 4 vo 

: 






C-acetyl compound. Thus it was quite unchanged when its solution 
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in alcoholic potassium hydroxide was boiled for 14 hours, and, 
furthermore, it was found possible to prepare an oxime from it. 
This ketone closely resembles 1( ?)-acetyl-7 : 8-dihydro-«f-naphtha- 
pentindole, described above, and it seems probable that the acetyl 
groups occupy analogous positions in the two structures. If this is 
so, only the 1- and 4-positions are reasonable possibilities, and 1- is 
preferred, since the steric effects of the 1-acetyl group in the dihydro- 
«8-naphthapentindole derivative could explain the inability to 
acetylate it further. The product derived from (XI) is called, 
therefore, 1( ?)-acetyl-5 : 6-dihydro-«8-naphthacarbazole. The in- 
ability to effect N-acylation of (XI) has prevented the further 
investigation of this substance along the desired lines. 

The preparation of benzopentindole (XII) by the Fischer reaction 
has already been described by Hausmann (Ber., 1889, 22, 2022), 
Kipping (J., 1894, 65, 494), and Leuchs and Kowalski (Ber., 1925, 
58, 2825), and called ‘“‘ o-benzyleneindole,’’ while Titley (loc. cit.), 
who prepared it from ethyl 1-hydrindone-2-carboxylate, has assigned 
to it the name “‘ 2 : 3-indeno(1 : 2)-indole.’” Leuchs and Kowalski 
have also prepared the 7-acetyl derivative, but it has not been found 
possible in the present work to prepare any crystalline substance 
from this by the action of nitric acid under various conditions. 
When benzopentindole was treated in acetone with benzoyl chloride 
and aqueous potassium hydroxide, it was converted into 7-benzoyl- 
benzopentindole, which could readily be hydrolysed with the regener- 
ation of (XII). From the product of the action of nitric acid on this 
benzoyl compound in acetic acid it was possible to isolate a sub- 
stance which had been formed by the addition of nitric acid, and 
closely resembled the analogous products isolated in the tetra- 
hydrocarbazole and dihydropentindole series. This derivative 
must therefore be regarded as 14-nitro-6-hydroxy-7-benzoyl-6 : 14-di- 
en ae (XIII; R= Bz). The addition products of 


pat ——- CH 
NHR HOC 


ro (XIV.) 


this type previously obtained differ considerably in their behaviour 
towards alkalis. The present example readily dissolved in warm 
aqueous potassium hydroxide, and, after acidification with acetic 
acid, the main product of the reaction proved to be 14-nitro-6-hydr- 
oxy-6 : 14-dihydrobenzopentindole (XII1; R =H). In this respect 
the compound (XIII; R = Bz) behaves like the analogous deriv- 
ative from 8-acetyldihydropentindole (Part VIII; J., 1929, 2493), 
E 
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although an examination of the product indicated the probable 
presence of small quantities, insufficient for characterisation, of the 
acids (XIV; R = Bz) and (XIV; R = H) formed by the alternative 
reactions already observed in the earlier work. 

In view of the remarkable differences in the reactions of derivatives 
of tetrahydrocarbazole on the one hand and dihydropentindole on 
the other (described in the earlier Parts) it became of interest 
to extend these investigations to 2:3: 4: 5-tetrahydroheptindole 
(1; » = 8), but so far attempts to acylate this substance have been 
unsuccessful, although similar conditions in the two former cases 
readily accomplished the desired process. 


EXPERIMENTAL. 


7 : 8-Dihydro-«8-naphthapentindole and its Acetylation Products.— 
cycloPentanone-«-naphthylhydrazone, formed when «-naphthyl. 
hydrazine (50 g.) and cyclopentanone (50 c.c.) were heated together 
on the steam-bath for 5 minutes, crystallised from alcohol in colour- 
less prisms, m. p. 95° (Found : N, 12:3. C,;H,,N,requires N,12-5%). 

The crude hydrazone was heated together with water (1075 c.c.) 
and concentrated sulphuric acid (65 c.c.) on the steam-bath for 15 
minutes with frequent shaking. The solid product was then 
crystallised from alcohol, 7 : 8-dihydro-«8-naphthapentindole being 
obtained in long colourless prisms, m. p. 167° (Found: N, 6:5. 
C,;H,,N requires N, 6-8%). Alternatively, a solution of the crude 
hydrazone in glacial acetic acid (200 c.c.) was boiled for a few 
minutes; the indole separated, on cooling, in colourless plates, 
m. p. 167°. When equal weights of the indole and picric acid were 
mixed in hot benzene, the picrate separated in reddish-brown 
needles, m. p. 167° (decomp.). 

A solution of the indole (50 g.) in acetic anhydride (200 c.c.) and 
a few drops of concentrated sulphuric acid was boiled under reflux 
for 10 hours; most of the acetic anhydride was then distilled off at 
the ordinary pressure and the residue was distilled at a pressure of 
40 mm. Four fractions with tlte following b. p.’s were collected, 
(i) 288—291°, (ii) 291—296°, (iii) 296—300°, and (iv) 300—320°. 
When the first fraction was crystallised successively from glacial 
acetic acid and alcohol, 10-acetyl-7 : 8-dihydro-«-naphthapentindole 
was obtained in colourless plates, m. p. 157° (Found: N, 57. 
C,,H,;ON requires N, 5-6%). The second fraction consisted mainly 
of the unchanged indole, and the third and fourth fractions were 
crystallised from alcohol and ethyl acetate respectively. After the 
latter two products had been united and recrystallised from chloro- 
form, 1( ?)-acetyl-7 : 8-dihydro-«8-naphthapentindole was isolated in 
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yellow prisms, m. p. 215° (Found: OC, 81-7; H, 61; N, 57. 
C,7H,;ON requires C, 81-9; H, 6-0; N, 5-6%). 

When a mixture of the 10-acetyl derivative (1 g.), potassium 
hydroxide (3 g.), water (5 c.c.), and alcohol (20 c.c.) was boiled for 
} hour, then diluted with a little water and allowed to cool, 7 : 8-di- 
hydro-«$-naphthapentindole separated in good yield. After a 
similar solution of the 1(?)-acetyl derivative in aqueous-alcoholic 
potassium hydroxide had been boiled for 4 hours, the unchanged 
substance separated quantitatively on cooling. When a mixture 
of the 1( ?)-acetyl compound (1 g.), hydroxylamine hydrochloride 
(2-5 g.), crystallised sodium acetate (3-5 g.), and alcohol (25 c.c.) was 
boiled for an hour and then diluted with water, the oxime was 
precipitated ; it crystallised from ethyl acetate in colourless plates, 
m. p. 236° (decomp.) (Found: N, 10-5. C,,H,,ON, requires N, 
10-6%). 

9 : 10-Dihydro-«’ B’-naphthapentindole and its Acyl Derivatives.— 
When a mixture of 6-naphthylhydrazine (20 g.) and cyclopentanone 
(20 c.c.) was heated on the steam-bath for 5 minutes, the hydrazone 
was formed as an oil; this solidified in contact with petroleum and 
then crystallised from methyl alcohol in colourless prisms (slowly 
decomposing on exposure to light), m. p. 77° (Found: N, 12-9. 
C,;HigN, requires N, 125%). The crude hydrazone was treated 
with water (430 c.c.) and concentrated sulphuric acid (25 c.c.), and 
the mixture heated on the steam-bath for 4 hour with frequent 
shaking. The aqueous liquid was then removed by decantation 
from the sticky brown product, which was washed with water and 
subsequently obtained as a solid (22 g.,m. p. 100°) by crystallisation 
from petroleum (800 c.c., b. p. 80—100°). After recrystallisation 
from alcohol, 9 : 10-dihydro-«’B’-naphthapentindole was isolated in 
colourless plates, m. p. 103° (Found: N, 6-7. C,;H,,N requires 
N, 6-8%). The corresponding picrate separated from a relatively 
large amount of alcohol in brown needles, m. p. 189° (decomp.). 

(a) Acetyl derivatives. A mixture of the indole (6 g.), acetone 
(80 c.c.), and aqueous sodium hydroxide (30 g. of 50%) was treated 
gradually with acetyl chloride (20 c.c.) with vigorous shaking and 
occasional cooling. After dilution with water, the solid product 
was collected and washed first with water and then with acetone. 
The 7-acetyl-9 : 10-dihydro-«’B’-naphthapentindole obtained was 
practically pure, but it could be recrystallised from xylene, from 
which it separated in colourless prisms, m. p. 170° (Found: N, 5-7. 
C,,H,,ON requires N, 5-6%). When a solution of the 7-acetyl 
derivative in alcoholic potassium hydroxide was boiled for 4 hour 
and then diluted with water, 9 : 10-dihydro-«’f’-naphthapentindole 
was precipitated. 
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A solution of the 7-acetyl derivative (2 g.) in acetic anhydride 
(20 c.c.) containing two drops of concentrated sulphuric acid was 
boiled for $ hour; on cooling, a dark green solid separated. This 
product was washed with acetic acid and crystallised successively 
from cyclohexanone and cyclopentanone, 5( ?) : 7-diacetyl-9 : 10-di- 
hydro-«’8’-naphthapentindole being obtained in pale green plates, 
m. p. 234° (Found: N, 4-9. C,,H,,O,N requires N, 48%). The 
same diacetyl derivative was isolated from a similar process after 
a solution of 9 : 10-dihydro-«’f’-naphthapentindole (10 g.) in acetic 
anhydride (100 c.c.) containing concentrated sulphuric acid (0-3 c.c.) 
had been boiled for 2 hours under reflux. 

When a mixture of the 5( ?) : 7-diacetyl derivative (5 g.), potassium 
hydroxide (7 g.), water (10 c.c.), and alcohol (130 c.c.) was boiled 
for 4 hour and then allowed to cool, 5( ?)-acetyl-9 : 10-dihydro- 
a’8’-naphthapentindole separated, a further quantity being obtained 
by concentrating the mother-liquor. After recrystallisation from 
amyl alcohol it was isolated in greenish-yellow plates, m. p. 239° 
(Found: N, 5-7. C,,H,,ON requires N, 5-6%). On the gradual 
addition of acetyl chloride (5 c.c.) to a mixture of the 5( ?)-acetyl 
compound (1-5 g.), acetone (60 c.c.), and aqueous sodium hydroxide 
(8 g. of 50%), followed by dilution with water, the 5( ?) : 7-diacetyl 
derivative (purified by crystallisation from cyclohexanone) was 
regenerated. By an analogous process with the aid of benzoy! 
chloride and potassium hydroxide, the 5(?)-acetyl compound was 
converted into 5( ?)-acetyl-7-benzoyl-9 : 10-dihydro-«’ B’-naphtha- 
pentindole, which, after successive crystallisation from cyclohexanone 
and xylene, was obtained in pale greenish-yellow plates, m. p. 163° 
(Found: N, 3-9. C,,H,,0O,N requires N, 4-:0%). After a mixture 
of this product (1 g.), potassium carbonate (3 g.), water (75 c.c.), and 
alcohol (150 ¢.c.) had been boiled for 1} hours, and the solution 
filtered and cooled, 5( ?)-acetyl-9 : 10-dihydro-«’f’-naphthapentindole 
separated. 

(b) Benzoyl derivative. Benzoyl chloride (15 c.c.) was added with 
shaking to a mixture of 9: 10-dihydro-«’f’-naphthapentindole 
(9 g.), acetone (80 c.c.), and aqueous potassium hydroxide (22 g. of 
66%), and, after the addition of water, the product was washed with 
acetone and crystallised from acetic anhydride, 7-benzoyl-9 : 10-di- 
hydro-«’B’-naphthapentindole being obtained in pale yellow prisms, 
m. p. 196° (Found: N, 4-8. OC, ,H,,ON requires N, 4-5%). Hydro- 
lysis of this product to the original indole was best effected by boiling 
it (1 g.) with potassium carbonate (3 g.), water (50 c.c.), and alcohol 
(65 c.c.) for an hour. After the solution had been filtered hot and 
diluted with water, the indole was precipitated in a practically pure 
condition. 
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(c) Carbethoxy-derivative. Prepared by a process analogous to 
that described for the benzoyl derivative, ethyl chloroformate being 
used instead of benzoyl chloride, ethyl 9 : 10-dihydro-«’®’-naphtha- 
pentindole-7-carboxylate crystallised from benzene in colourless 
prisms, m. p. 160° (Found: N, 4-9. ©,,H,,0,N requires N, 5-0%). 
Hydrolysis to the original indole was effected by the action of boiling 
alcoholic potassium hydroxide for an hour, the product being 
isolated by the subsequent addition of water and crystallised from 
petroleum. 

Nitration of the 7-Acyl-9 : 10-dihydro-«’®’-naphthapentindoles.— 
When a solution of 7-acetyl-9 : 10-dihydro-«’8’-naphthapentindole 
(2 g.) in glacial acetic acid (100 c.c.) at 70° was treated with nitric 
acid (1 c.c. of d 1-42), a bright yellow precipitate (1-1 g.) appeared ; 
this was separated from the cooled mixture, washed with acetic 
acid, and crystallised from xylene, 5( ?)-nitro-7-acetyl-9 : 10-dihydro- 
«'8’-naphihapentindole being obtained in lemon-yellow plates, m. p. 
247° (Found: N, 9-5. C,,H,,0,N, requires N, 95%). When a 
mixture of this substance (3 g.), potassium carbonate (12 g.), water 
(150 c.c.), and alcohol (195 c.c.) was boiled for an hour and allowed 
to cool, 5( ?)-nitro-9 : 10-dihydro-a’B’-naphthapentindole separated ; 
on recrystallisation from benzene, it was isolated in brick-red plates, 
m. p. 228° (Found: N, 11-0. C,;H,,0O,N, requires N, 11-1%). 
This product was re-acetylated when treated in acetone solution 
with aqueous sodium hydroxide and acetyl chloride. 

7-Benzoyl-9 : 10-dihydro-«’B’-naphthapentindole (6 g.) was ground 
with a solution of nitric acid (3 c.c. of d 1-5) in glacial acetic acid 
(30 c.c.) and left for 6 hours with occasional stirring. The solid 
product was then collected, washed with acetic acid, and crystallised 
from chloroform,  5( ?)-nitro-7-benzoyl-9 : 10-dihydro-«’ B’-naphtha- 
pentindole (1-6 g.) being obtained in yellow plates, m. p. 259° (Found : 
C, 74:3; H, 4:6. C,.H,,0,N, requires C, 74-2; H, 4.5%). When 
hydrolysed by the process already described for the corresponding 
acetyl derivative, it yielded 5( ?)-nitro-9 : 10-dihydro-«’’-naphtha- 
pentindole identical with the product mentioned above. 

When a solution of ethyl 9 : 10-dihydro-«’B’-naphthapentindole- 
7-carboxylate (2 g.) in glacial acetic acid (100 c.c.) at 70° was treated 








with nitric acid (1 ¢.c. of d 1-42), a solid product separated almost 
immediately, but rapidly redissolved. The extent to which this 
phenomenon was observed varied considerably in several similar 
experiments. After the solution had become cold, the final product 
of the reaction began to separate. This was collected after a day 
and recrystallised from chloroform, ethyl dinitro-9 : 10-dihydro- 
a’B’-naphthapentindole-7-carboxylate being obtained in yellow plates, 
m. p. 220° (decomp.) (Found : C, 59-4; H,4-2; N, 11-1. C,gH,,0,N, 
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requires C, 58-5; H, 4-1; N, 11-4%). In order to isolate a mono. 
nitro-compound from the above reaction a smaller quantity of 
nitric acid (0-75 c.c.) was used and the whole was rapidly cooled 
immediately after admixture. The solid was then collected, washed 
with acetic acid, and recrystallised from benzene, ethyl 5( ?)-nitro. 
9 : 10-dihydro-«’B’-naphthapentindole-7-carboxylate being obtained 
in lemon-yellow plates, m. p. 202° (Found: N, 8-7. C,gH,,0,N, 
requires N, 8-6%). This substance remained unchanged when 
treated with nitric acid in glacial acetic acid at 70°. When hydro. 
lysed under conditions similar to those used for the corresponding 
acetyl derivative described above, it yielded 5( ?)-nitro-9 : 10-di- 
hydro-«’B’-naphthapentindole. 

8-Methyl-8 : 9 : 10 : 11-tetrahydro-«’B’-naphthacarbazole and 12- 
Methyl-8 : 9 : 10 : 11-tetrahydro-«’B’-naphthacarbazolenine.— - Naph- 
thylhydrazine (20 g.) and 2-methylcyclohexanone (14 g.) were heated 
together on the steam-bath for } hour, and the oily hydrazone was 
then treated with water (300 c.c.) and concentrated sulphuric acid 
(50 c.c.). After being boiled for 10 minutes with frequent shaking, 
the mixture was diluted with water and extracted with ether. The 
ethereal solution was dried over calcium chloride, the solvent 
removed, and the residual dark red oil (15 g.) boiled in glacial acetic 
acid (100 c.c.) with charcoal for 5 minutes. After being filtered, the 
solution was concentrated under reduced pressure; on cooling and 
standing, 8-methyl-8 : 9: 10: 11-tetrahydro-«’$’-naphthacarbazole 
separated in practically colourless prisms, m. p. 113°. When 
recrystallised from petroleum (b. p. 60—80°), it was isolated in 
colourless prisms, m. p. 115° (Found: C, 86-7; H, 7-3. Calec.: 
C, 86-8; H, 7:2%). Its picrate separated from much alcohol in 
dark crimson needles, m. p. 201° (decomp.). 

The dilute sulphuric acid solution from the indole synthesis was 
made alkaline by the addition of aqueous sodium hydroxide and 
extracted with ether. After the ethereal solution had been dried 
over potassium carbonate, and the solvent removed, a dark brown 
syrup (12-5 g.) remained. When this was distilled, a yellowish- 
brown oil (b. p. 228—232°/16 mm.) was collected, and, on treatment 
with petroleum (b. p. 60—80°), the product solidified. After being 
crystallised from this solvent, 12-methyl-8 : 9 : 10 : 11-tetrahydro- 
«’8’-naphthacarbazolenine was obtained in colourless plates, m. p. 
92° (Found: C, 87-1; H, 7-4. Cale.: C, 86-8; H, 7-2%). In 
admixture with the isomeric indole its m. p. was much depressed. 
This indolenine was readily soluble in dilute hydrochloric acid, from 
which it was reprecipitated by ammonia. Its picrate separated 
from alcohol in bright yellow prisms, m. p. 166°. 

A mixture of the indole (III; R = Me) (4-7 g.), sulphur (1-3 g.), 
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and quinoline (30 c.c.) was boiled for 45 minutes, hydrogen sulphide 
being freely evolved during the early stages. After being cooled, 
the solution was poured into dilute hydrochloric acid; the yellow 
solid so obtained was dried in a desiccator and then distilled under 
reduced pressure with the addition of a small quantity of iron filings. 
The distillate was again distilled under similar conditions with iron 
filings, and the product then readily solidified. After crystallisation 
from glacial acetic acid, 8-methyl-«’B’-naphthacarbazole was obtained 
in colourless prisms, m. p. 144° (Found : C, 88-5; H, 5-7. C,,H,,N 
requires C, 88-3; H, 5-6%). 

Synthesis of 8-Methyl-«’B’-naphthacarbazole—-When ethereal solu- 
tions of 2-hydroxy-3-naphthoic acid (19 g.) and o-tolylhydrazine 
(12-5 g.) were mixed, a precipitate (22 g.), which presumably con- 
sisted of the hydrazine salt, separated almost immediately. This 
product was heated in a flask immersed in an oil-bath, and, when its 
temperature reached 130°, a reaction started. The temperature 
rose steadily to 165° and then very rapidly to 210°, a considerable 
amount of ammonia being evolved. On being cooled, the oily 
product solidified, and, after warming and stirring with alcohol, 
8-methyl-«’8’-naphthacarbazole-6-carboxylic acid was obtained as 
an insoluble residue. It crystallised from glacial acetic acid in 
small yellow plates, m. p. 320°. The acid was readily soluble in 
aqueous sodium carbonate and was reprecipitated by the addition 
of dilute hydrochloric acid. When it was intimately mixed with 
an excess of pulverised soda-lime and strongly heated in a hard- 
glass test-tube, an oil collected and solidified, on cooling. This 
product was crystallised from acetic acid, 8-methyl-«’8’-naphtha- 
carbazole being obtained in small colourless prisms, m. p. 142°. In 
admixture with a specimen of the product (m. p. 144°) obtained by 
the dehydrogenation of the indole (III; R = Me), its m. p. was 143°. 

1( 2)- Acetyl -5 : 6-dihydro - «8 - naphthacarbazole.— : 6 - Dihydro - 
28-naphthacarbazole was prepared by heating 1-keto-1 : 2:3: 4- 
tetrahydronaphthalene (15 g.) and phenylhydrazine (11 g.) on a 
steam-bath for a few minutes and treating the resulting hydrazone 
with water (200 c.c.) and concentrated sulphuric acid (40 c.c.). 
After the mixture had been vigorously boiled for an hour, the 
product was crystallised from alcohol and obtained in colourless 
plates, m. p. 161° (compare Ghigi, loc. cit.). A solution of this 
indole (10 g.) in acetic anhydride (100 c.c.) containing a few drops 
of concentrated sulphuric acid was boiled under reflux for 6 hours. 
After the solution had been concentrated, the residual liquid 
was distilled under reduced pressure, and a product (b. p. about 
370°/40 mm.) was collected; this was crystallised successively 
from alcohol and amy] acetate, 1( ?)-acetyl-5 : 6-dihydro-x8-naphtha- 
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carbazole being obtained in yellow plates, m. p. 253° (Found: 
C, 82:3; H, 5-5. C,gH,,ON requires C, 82-8; H, 5-7%). This 
ketone was recovered quantitatively and unchanged after its 
solution in alcoholic potassium hydroxide had been boiled for 1} 
hours. A small quantity (0-2 g.) was mixed with hydroxylamine 
hydrochloride (0-6 g.), crystallised sodium acetate (0-9 g.), and 
alcohol (10 c.c.), and the whole boiled for an hour; the ozime, 
obtained by dilution with water, crystallised from amyl acetate in 
colourless needles, m. p. 292° (decomp.) (Found : N, 9-8. C,,H,,ON, 
requires N, 10-1%). 

Derivatives of Benzopentindole——The benzopentindole was pre. 
pared by boiling a solution of a-hydrindonephenylhydrazone in 
alcoholic hydrogen chloride for 20 minutes, and separated in colour. 
less plates, m. p. 258° (after recrystallisation from alcohol). Benzoyl 
chloride (6 c.c.) was added to a mixture of benzopentindole (3 g.), 
warm acetone (60 c.c.), and aqueous potassium hydroxide (7 g. of 
60%), and, after being vigorously shaken, the whole was diluted 
with water; 7-benzoylbenzopentindole then separated. It crystallised 
from benzene in pale yellow plates, m. p. 187° (Found: N, 4-4. 
C..H,,ON requires N, 45%). A solution of this benzoyl compound 
in alcoholic potassium hydroxide was boiled for 4 hour; benzo- 
pentindole separated on cooling. A solution of the benzoyl com- 
pound (3 g.) in glacial acetic acid (150 c.c.) at 70° was treated with 
nitric acid (3 c.c. of d 1-5) dissolved in a little acetic acid. After 
being cooled, the solution was concentrated to 10 c.c. under reduced 
pressure, and, on standing, a solid separated. This was washed with 
glacial acetic acid until colourless, dried over sodium hydroxide in a 
desiccator, and then extracted with boiling ether. The residue 
(1-4 g.), which consisted of 14-nitro-6-hydroxy-7-benzoyl-6 : 14-di- 
hydrobenzopentindole, melted at 169° (decomp.) and was unchanged 
by crystallisation from alcohol or benzene; it separated from the 
latter solvent in colourless needles (Found: C, 71-5; H, 4-5; N, 
7-7. CygH,,0,N, requires C, 71:0; H, 4:3; N, 7-5%). When 
cautiously heated, this product decomposed with evolution of 
oxides of nitrogen, but after its solution in alcohol had been boiled 
for 14 hours it crystallised unchanged on cooling. It dissolved 
completely when shaken for a few minutes with warm aqueous 
potassium hydroxide (20%), and the product, obtained on acid- 
ification with acetic acid, was purified first by crystallisation from 
alcohol, then by grinding with dilute hydrochloric acid to remove 
any traces of o-(o-aminobenzoylmethyl)benzoic acid (XIV; R= 
H), and finally by recrystallisation from alcohol, from which it 
separated in colourless prisms, m. p. 200° (decomp.) (Found: 
C, 67-7; H, 5-1; N, 8-7. C,;H,,0O,N, requires C, 67-2; H, 4:5; 
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N, 104%). There is little doubt that this product is essentially 
14-nitro-6-hydroxy-6 : 14-dihydrobenzopentindole, but the analysis 
indicates the probable presence of a small amount of o-(0-benz- 
amidobenzoylmethyl)benzoic acid (XIV; R= Bz) (C..H,,0,N 
requires C, 73-5; H, 4-7; N, 3-9%). 
THe Dyson Prerrins LABoRATORY, 
OxFoRD. [Received, November 19th, 1930.] 





XVI.—The Co-ordination Compounds of Oximes. Part 
II, Nickel and Cobalt Compounds of o-Hydroxy- 
benzaldoaime. 


By Oscar L. Brapy. 


Tue use of co-ordination compound formation for the deter- 
mination of the configuration of geometrical isomerides has been 
suggested by Hieber and Sonnehalb (Annalen, 1927, 456, 86) for 
hydrazones, and Taylor and Ewbank (J., 1926, 2821) pointed out 
that where the physical properties of an oxime suggested that it 
contained a co-ordinated ring the formation of such a ring would 
indicate the configuration. 

These ideas have been applied to obtain more evidence for the 
new configuration of aldoximes (Brady and Bishop, J., 1925, 127, 
1357). 

o-Hydroxybenzaldoxime (salicylaldoxime) has all the properties 
of a co-ordination compound: it is sparingly soluble in water, 
very soluble in organic solvents, and is more volatile than would 
be expected; on the other hand, the m- and p-hydroxybenz- 
aldoximes are readily soluble in water and but moderately so in 
organic solvents. There seems no doubt, therefore, that this 
compound should be formulated as (I) or (II). 


» au (II.) 


eS OH H See! 


Of these, (I) is undoubtedly preferable, first because it contains a 
six- rather than a seven-membered ring and secondly because on 
treatment with acetic anhydride at room temperature o-hydroxybenz- 
aldoxime gives a monoacetyl compound in which the oximino- 
hydroxyl is acetylated, whereas p-hydroxybenzaldoxime under 
similar conditions gives a monoacetyl compound in which the 
phenolic group is acetylated (Brady and Dunn, J., 1914, 105, 
$21), 

E2 
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With nickel and cobalt acetates, o-hydroxybenzaldoxime gives 
co-ordination compounds of the type (III). 


OH H WY H \yv 
OV y,~N=C- 0-Ni<0H 0->Ni-0 
c=n*'\o— >—CH=N H=N 


H OH It) (IV.) (V.) 


The results of the study of the co-ordination compounds of the 
dioximes (Hieber and Leutert, Ber., 1929, 62, 1839; Brady and 
Muers, J., 1930, 1599) strongly support formula (III) as against 
the alternatives (IV) and (V). 

Since o-hydroxybenzaldoxime behaves as an «-aldoxime, it will 
be seen that the above facts support the new configurations for 
these compounds. Unfortunately, o-hydroxybenzaldoxime, like all 
hydroxyl-substituted benzaldoximes, exists in only one form: the 
absence of the @-isomeride for comparison prevents the argument 
being conclusive. 

Incidentally in o-hydroxybenzaldoxime we have a compound, 
itself co-ordinated, which readily forms co-ordination compounds 
with metals. Taylor and Ewbank (loc. cit.) suggest that metallic 
complex formation in «-oximino-ketones and in the benzildioximes 
depends on the reactivity of the carbonyl group in the first case and 
of the tervalent nitrogen atom of one of the oximino-groups in the 
second and that these groups are less reactive when the oxime itself 
possesses a six-membered co-ordinated ring structure. By this 
means they account for the failure to obtain metallic complexes 
from, for example, $-benzilmonoxime and §-benzildioxime. From 
the study of o-hydroxybenzaldoxime it seems that the possession of 
a similar six-membered ring co-ordination system by the oxime is 
not of itself sufficient to prevent the formation of metallic com- 
plexes. This ring formation might certainly be expected to 
inactivate the nitrogen atom in o-hydroxybenzaldoxime as effectively 
as it does in §-benzildioxime. If the structures of Hieber and 
Leutert (Ber., 1929, 62, 1839) are adopted for the metal complexes 
of the oximes, §-benzilmonoxime and £-benzildioxime cannot, on 
stereochemical grounds, form such complexes, quite apart from 
any question of co-ordination in the oxime. 

Recently Ephraim (Ber., 1930, 63, 1928) has suggested the use of 
o-hydroxybenzaldoxime as a specific reagent for the determination 
of copper. Under the exact conditions specified by him for the 
quantitative precipitation of copper, nickel salts, for example, 1% 
nickel chloride, give some precipitate. The addition of just enough 
acetic acid to redissolve the precipitate, formed by the previous 
addition of alkali to neutrality, is not sufficient to keep all the 
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nickel in solution, 5 to 10 drops more being required. The presence 
of salts of weak acids in any quantity would also invalidate the 
method. 

EXPERIMENTAL. 

An alcoholic solution of o-hydroxybenzaldoxime (5 g.) was 
poured into a 10% solution of nickel acetate (80 c.c.) with thorough 
agitation. The precipitate, after being washed with water, dried, 
and crystallised from chloroform, gave nickel o-hydroxybenzaldoxime 
in brilliant dark green needles (Found: C, 51-1; H, 3-7; N, 8-4; 
Ni, 17-0; M, in camphor, 319. C,,H,,0,N,Ni requires C, 50-8; 
H, 3-6; N, 8-5; Ni, 17-7%; M, 331). 

The freshly precipitated compound was suspended in water, 
ether and 2N-hydrochloric acid were added, and the mixture was 
shaken until the ether was colourless and no solid remained. 
Evaporation of the ethereal layer at room temperature gave pure 
«-o-hydroxybenzaldoxime, there being no indication of the formation 
of the missing isomeride. 

The cobalt compound, prepared in an analogous way, was more 
difficult to purify. By dissolving it in chloroform and adding light 
petroleum cautiously, cobaltous o-hydroxybenzaldoxime was obtained 
as a dark brown powder (Found : C, 49-4; H, 3-6; N, 8-4; Co, 17°8. 
C,4H,20,N,Co requires C, 50-7; H, 3-6; N, 8-5; Co, 17-8%). 

THe RawpH Forster LABORATORIES OF ORGANIC CHEMISTRY, 

UnivERsiry COLLEGE, LONDON. [Received, November 18th, 1930.] 





XVII.—Quinoline Compounds containing Arsenic. 
Part II. Synthesis of 6-Methoxyquinoline Deriv- 
atives of Aminophenylarsinic Acids by the Use of 
4-Bromo-6-methoxy-2-methylquinoline. 

By Rospert HENRY SLATER. 


In continuation of the investigations described in Part I (Slater, 
J., 1930, 1209), several new 6-methoxyquinolylarsinic acids have 
been prepared in order that their chemotherapeutic activities in 
malaria and in trypanosomiasis might be ascertained. Since 
4-chloro-6-methoxy-2-methylquinoline does not condense readily 
with o-aminophenylarsinic acid, o-tolidine, or o-dianisidine, and 
gives a diquinolyl derivative with pp’-diaminodiphenylmethane 
instead of the desired monoquinolyl compound (Slater, loc. cit.), it has 
now been successfully replaced in all four condensations by the 
analogous but more reactive 4-bromo-6-methoxy-2-methylquinoline, 
prepared from 4-hydroxy-6-methoxy-2-methylquinoline (Conrad 
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and Limpach, Ber., 1888, 21, 1650) by the action of phosphoryl 
bromide at 80—90°: 0-6’-methoxy-2’-methyl-4’-quinolylaminopheny. 
arsinic acid (I) (compare Burton and Gibson, J., 1926, 459; Winter. 
steiner and Lieb, Ber., 1928, 61, 1126), 4-0-tolidino-6-methozy. 
2-methylquinoline (III; R=Me), 4-0-dianisidino-6-methoxy-2. 
methylquinoline (III; R=OMe), and _ p-6-methory-2-methyl-4. 
quinolylamino-p’-aminodiphenylmethane, respectively, were thus 
obtained under the conditions described later. The last three 
compounds were converted by the Bart reaction into 4’-6”-methozy. 
2”. methyl -4’’- quinolylamino-3 : 3’-dimethyldiphenylylarsinic acid 
(iV; R=Me), 4’-6’-methory-2”-methyl-4”-quinolylamino-3 : 3’- 
dimethoxydiphenylylarsinic acid (IV; R = OMe), and p-6-meth- 
oxy-2-methyl-4-quinolylaminodiphenylmethane-p'-arsinic acid (VY) 
respectively. 
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By reduction in boiling alcohol-hydrochloric acid solution by 
sulphur dioxide in presence of a trace of iodine, compound (I) was 
converted into 12-chloro-7-methory-11-methyl-5 : 12-dihydroquinbenz- 
arsazine (II) (compare Burton and Gibson, Joc. cit., p. 458), which on 
oxidation gave 7-methoxry-11-methylquinbenzarsazinic acid (II, with 
AsO-OH in place of AsCl) (compare Gibson and Johnson, J., 1927, 
2512). This acid is amphoteric and exhibits a brilliant blue 
fluorescence in dilute acid or alkali solution. Phosphoryl chloride 
converted the arsinic acid (I) into 7-methoxy-11-methylquinbenz- 
arsazinyl chloride. 

The arsinic acid (I) dissolved in boiling acetic anhydride and in 
boiling hydrochloric acid. The former solution, after decomposition 
with excess of water, exhibited a brilliant blue fluorescence, but no 
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fluorescence was observed with the hydrochloric acid solution even 
on prolonged boiling. It would, therefore, appear that boiling acetic 
anhydride, but not boiling hydrochloric acid, readily effects ring 
closure (compare Gibson and Johnson, loc, cit., p. 2501). 

The parent base of this group, namely, 4-anilino-6-methoxy- 
2-methylquinoline (VI), was readily obtained by condensing aniline 
with 4-chloro-6-methoxy-2-methylquinoline (Conrad and Limpach, 
loc. cit., p. 1651) at 180°. 

Some of the compounds now described give (as stated in the 
experimental section) brilliant colorations when they are added 
under suitable conditions to a dilute solution of iodine in aqueous 
potassium iodide (compare Part I, loc. cit.; Kermack, Slater, and 
Spragg, Proc. Roy. Soc. Edinburgh, 1930, 50, 243). 

A solution of the acetyl derivative of 4-o-dianisidino-6-methoxy- 
2-methylquinoline in warm dilute acetic acid shows a remarkable 
tendency to gelatinise on cooling. This property is exhibited in 
comparatively small concentrations, and the gel obtained with a 
0:5°% solution resembles moderately concentrated gelatin. 

The above quinolylarsinic acids and some of the intermediate 
compounds are being tested by the Joint Committee on Chemo- 
therapy formed by the Medical Research Council and the Department 
of Scientific and Industrial Research in respect of their chemo- 
therapeutic actions. The results of these tests will be published 
later. 

EXPERIMENTAL. 

4-Bromo-6-methoxy-2-methylquinoline.—4-Hydroxy-6-methoxy - 2 - 
methylquinoline was obtained in good yield by the following modi- 
fication of the method of Conrad and Limpach (loc. cit., p. 1649). 
A solution of p-anisidine (61-5 g.) in ethyl acetoacetate (65 g.) was 
kept at 37° for 3 days, the water liberated was then removed under 
diminished pressure at 60°, and the ethyl §-p-methoxyphenylamino- 
crotonate heated very rapidly to 250—260°. The flame was 
removed whenever the vigorous reaction, which took place at this 
temperature, began to subside. The solid, light brown residue was 
repeatedly extracted with hot dilute hydrochloric acid (5%) and 
the combined extracts were boiled with animal charcoal for a few 
minutes, filtered, and rendered alkaline with ammonium hydroxide 
solution. The pale yellow crystalline precipitate of 4-hydroxy- 
6-methoxy-2-methylquinoline was washed with water and dried at 
100°; m. p. 296—298° (slight decomp.); yield, 57-5 g. (61% of the 
theoretical). Conrad and Limpach obtained a 37% yield. 

A mixture of 4-hydroxy-6-methoxy-2-methylquinoline (25 g.) and 
phosphoryl bromide (50 g.) was vigorously shaken at 80—90° for 
1 hour. The product was decomposed with water (400 c.c.) at 60° 
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and the dark brown solution was boiled with animal charcoal for 
10 minutes, filtered, and rendered alkaline with sodium hydroxide 
solution. The brown flocculent base liberated crystallised from 
light petroleum (b. p..60—80°) in sheaves of fine, pale yellow, 
rectangular, prismatic needles (15-5 g.), m. p. 117—118° (Found: 
C, 52-5; H, 4-2; N, 5-3. C,,H,,ONBr requires C, 52-4; H, 4-0; 
N, 5-6%). 

4-Bromo-6-methoxy-2-methylquinoline is slightly soluble in hot 
water, readily soluble in ethyl and methyl alcohol, ethyl acetate, 
acetone, ether, chloroform, benzene, acetic acid, and dilute mineral 
acids, but much less soluble in ligroin and light petroleum. The 
acetic acid and dilute nitric acid solutions exhibit a blue fluorescence, 
and the solution in dilute sulphuric acid a greenish-blue fluorescence 
which changes to violet on further dilution. No fluorescence is 
observed with a solution in dilute hydrochloric acid. 

o-6’- Methoxy-2’-methyl-4’-quinolylaminophenylarsinic Acid (1).— 
4-Bromo-6-methoxy-2-methylquinoline (8-5 g.) and o-aminophenyl- 
arsinic acid (5-4 g.) were dissolved in dry amy] alcohol (70 c.c.), and 
potassium carbonate (16 g.) and traces of copper-bronze and iodine 
added. The mixture was kept at 130—140° for 22 hours and cooled, 
and the amy] alcohol removed by distillation in steam. The residual 
dark reddish-brown solution was boiled for a few minutes, and the 
solid residue extracted thrice with small quantities of warm dilute 
aqueous sodium hydroxide. The hydrogen-ion concentration of 
the combined filtrates was adjusted with hydrochloric acid to 
Pu 7:3; the arsinic acid, thereby quantitatively precipitated as a 
light brown, gelatinous solid, was purified by several reprecipitations 
from its solution in warm dilute aqueous sodium hydroxide (animal 
charcoal) at its isoelectric point (pg 7-3) with hydrochloric acid. 
The white gelatinous solid thus obtained was washed with water 
and dried at 100°; m. p. 302—303° (decomp.) (yield, 5-9 g.) (Found : 
As, 19-3. C,,H,,0,N,As requires As, 19-3%). 

The arsinic acid is practically insoluble in water and in the usual 
neutral organic solvents, but it is readily soluble in acetic acid and 
in a mixture of alcohol and hydrochloric acid. A saturated solution 
in hot dilute acetic acid deposits well-shaped, colourless, rhombic 
prisms on cooling. The acid dissolves readily in dilute sodium and 
ammonium hydroxide solutions and in moderately concentrated 
hydrochloric acid. A colloidal solution of the arsinic acid does not 
give a coloration with N/1000-iodine. If, however, a few drops of 
concentrated hydrochloric acid are added to the mixture, a brilliant 
violet coloration appears; this disappears on the addition of more 
hydrochloric acid. A solution in warm concentrated sulphuric acid 
exhibits a blue fluorescence which persists on dilution with water. 
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The sodium salt is precipitated in stellate clusters of fine, colourless, 
prismatic needles when concentrated sodium hydroxide solution is 
added to a solution of the arsinic acid in dilute alkali. The following 
salts are precipitable from an aqueous solution of the ammonium 
salt: magnesium salt, pale yellow, amorphous, insoluble in hot 
water; barium salt, fine feathery needles, moderately soluble in 
cold water, readily soluble in hot water; silver salt, pale yellow, 
amorphous, insoluble in hot water: mercuric salt, white, curdy, 
insoluble in hot water. The calcium salt appears to be readily 
soluble. It is slowly precipitated, however, in sheaves of fine slender 
needles when excess of a concentrated calcium chloride solution is 
added to the ammonium salt solution. 

12-Chloro-7-methoxy-11-methyl-5 : 12-dihydroquinbenzarsazine (II). 
—The preceding arsinic acid (1-9 g.) was dissolved in a mixture of 
alcohol (15 ¢.c.) and hydrochloric acid (10 c.c.; d 1-19), and a small 
crystal of iodine added. The clear brown solution was gently boiled, 
and sulphur dioxide bubbled through. In a few minutes a copious, 
light brown, crystalline mass was precipitated (1-7 g.): this, recrys- 
tallised from hot water, formed small, pale yellow, rhombohedral 
plates, which darkened slightly at 235° and melted at 245—247° 
(decomp.) (Found: Cl, 9-0; As, 20-2. C,,H,,ON,CIAs requires 
Cl, 9-5; As, 20-1%). 

The quinbenzarsazine is moderately soluble in hot water, but 
practically insoluble in the usual neutral organic solvents. It dis- 
solves readily in acetic acid. It is slightly soluble in hot dilute 
sodium hydroxide solution and in boiling hydrochloric acid; these 
solutions deposit stellate clusters of fine, rectangular, prismatic 
needles on cooling. 

7-Methoxy-11-methylquinbenzarsazinic Acid.—12-Chloro-7-meth- 
oxy-11-methyl-5 : 12-dihydroquinbenzarsazine (0-9 g.) was dissolved 
in hot acetic acid (5 c.c.) and cooled, and hydrogen peroxide (10 c.c. ; 
10 vols.) added. The pale yellow solution rapidly turned reddish- 
brown and exhibited a brilliant blue fluorescence. After 5 minutes, 
the solution was warmed on the water-bath to complete the oxid- 
ation and its reaction was then adjusted with aqueous sodium 
hydroxide to py 7-0: the arsazinic acid, quantitatively precipitated 
as a pale yellow, gelatinous solid, was dissolved in dilute aqueous 
sodium hydroxide, reprecipitated at its isoelectric point (pq 7-0) 
with hydrochloric acid, washed with water, and dried at 100° (yield, 
0-7 g.). The acid was unmelted at 310° (turning slightly brown) 
(Found: As, 20-5. C,,H,,0,N,As requires As, 20-3%). 

The arsazinic acid is practically insoluble in water and in the 
usual neutral organic solvents. It dissolves readily in acetic acid, 
dilute aqueous sodium and ammonium hydroxide solutions, and in 
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hot concentrated hydrochloric acid : these solutions exhibit a blue 
fluorescence. The hydrochloric acid solution deposits small pris. 
matic needles on cooling. A solution in warm concentrated sul. 
phuric acid exhibits a brilliant blue fluorescence which is not 
destroyed on dilution with water. 

The sodium salt is precipitated in a white gelatinous state when 
concentrated sodium hydroxide solution is added to a solution of 
the arsazinic acid in dilute alkali: this dissolves on heating and 
crystallises on cooling in fine, colourless, sharp-pointed, prismatic 
needles. The following salts are precipitable from an aqueous solu. 
tion of the ammonium salt : magnesium salt, sheaves of fine, long, 
colourless needles, soluble in hot water; barium salt, white, 
gelatinous, soluble in hot water, crystallises on cooling in stellate 
clusters of fine prismatic needles; calcium salt, white, gelatinous, 
insoluble in hot water; silver salt, white, gelatinous, insoluble in 
hot water; mercuric salt, white, curdy, insoluble in hot water. 

7-Methoxy-11-methylquinbenzarsazinyl Chloride.—The arsinic acid 
(I) (1-9 g.) was added to phosphoryl chloride (8 c.c.) so that the 
temperature did not rise above 80°. When the vigorous reaction 
had subsided, the product was warmed on the water-bath until 
evolution of hydrogen chloride ceased and was then cautiously 
decomposed with water. The bright yellow solid which separated 
was dissolved in warm dilute acetic acid (10%), and the filtered 
solution neutralised with dilute aqueous sodium hydroxide; the 
arsazinyl chloride was then completely precipitated as a pale yellow 
gelatinous solid. This was washed with water and dried (yield, 
1-4 g.). It darkened slightly at 150° and melted at 165—167° 
(Found: Cl, 8-9; As, 19-6. C,,H,,0O,N,ClAs requires Cl, 9-1; 
As 19-3%). 

The arsazinyl chloride is readily soluble in acetic acid, slightly 
soluble in acetone and in boiling benzene, and practically insoluble 
in ligroin, light petroleum, and water. It slowly dissolves in boiling 
dilute aqueous sodium hydroxide, the solution exhibiting a bright 
blue fluorescence. It is readily soluble in boiling dilute hydrochloric 
acid. 

4-0-Tolidino-6-methoxy-2-methylquinoline (III; R = Me).—A mix- 
ture of 4-bromo-6-methoxy-2-methylquinoline (5-0 g.) and o-tolidine 
(10 g.), heated at 140—150° for 9 hours, became almost completely 
solid. The product was digested with excess of boiling dilute 
hydrochloric acid (10%), which converted it into a practically 
insoluble, light brown hydrochloride. This was washed with dilute 
hydrochloric acid (10%), and converted by means of warm aqueous 
sodium hydroxide into the free base (7-2 g.), which crystallised from 
aqueous alcohol (40% alcohol) in fine, pale yellow rhombohedra, 
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m. p. 152° with loss of solvent of crystallisation. After being heated 
for 5 hours at 100°, the compound had m. p. 199—200° (Found : 
C, 78-3; H, 6-7; N, 10-9. C,;H,,ON, requires C, 78:3; H, 6-6; 
N, 110%). 

The base is insoluble in water, readily soluble in chloroform and 
acetone, moderately soluble in ethyl alcohol, methyl alcohol, ethyl 
acetate and acetic acid, sparingly soluble in ether, benzene, and 
ligroin, and practically insoluble in light petroleum. It is slightly 
soluble in boiling dilute hydrochloric acid, and, on cooling, the 
hydrochloride crystallises in colourless octahedra. The sulphate is 
deposited from solution in warm dilute sulphuric acid as a white 
gelatinous mass. The base dissolves in dilute nitric acid to give a 
brown solution. A solution of the diazo-chloride gives a blood-red 
azo-dye with an alkaline solution of B-naphthol. A dilute solution 
of the base in aqueous alcohol or acetic acid gives a reddish-brown 
coloration with N/1000-iodine. 

The acetyl derivative, prepared by means of boiling acetic 
anhydride, crystallised from alcohol—light petroleum (b. p., 60—80°) 
in large, colourless, rectangular plates, m. p. 182—183° (Found : 
N, 9-6. C,,H,,0,N, requires N, 9-9%). It is readily soluble in 
ethyl alcohol, methyl alcohol and acetic acid, moderately soluble 
in chloroform and acetone, slightly soluble in ethyl acetate and 
benzene, and practically insoluble in water and light petroleum. A 
dilute alcoholic or acetic acid solution does not give a coloration 
with NV/1000-iodine. Hydrochloric acid gradually precipitates the 
hydrochloride from an alcoholic solution in rosettes of fine, slender, 
prismatic needles. 

4'-6'’-Methoxy-2'’-methyl-4''-quinolylamino-3 : 3'-dimethyldiphenyl- 
ylarsinic Acid (IV; R = Me).—A well-stirred mixture of 4-o-toli- 
dino-6-methoxy-2-methylquinoline (7-7 g.) and hydrochloric acid 
(11-4 c.e. of hydrochloric acid, d 1-19; 20 c.c. of water) was cooled 
to 0° and diazotised (sodium nitrite, 1-6 g.; water, 10 c.c.) below 3°. 
A pale orange diazonium salt soon separated, and after 30 minutes 
the mixture was neutralised at 0° with 5N-sodium hydroxide, and 
sodium arsenite solution (a mixture of arsenious oxide, 6 g., in 
5N-sodium hydroxide, 12 c.c.; sodium carbonate, 12 g., in water, 
36 c.c.; and 10% copper sulphate solution, 1-2 c.c., to which was 
added sufficient aqueous ammonium hydroxide solution to give the 
soluble complex salt) added. The whole was kept at room tem- 
perature for 18 hours and then warmed gently on the water-bath 
until evolution of nitrogen ceased. After filtration, the solid, dark 
brown residue was extracted thrice with small quantities of hot 
aqueous sodium hydroxide (5%). The reaction of the combined 
filtrates was adjusted with hydrochloric acid to py 7-0; the arsinic 
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acid was then quantitatively precipitated as a light brown, gelatinous 
solid. This was collected and repeatedly dissolved in warm dilute 
aqueous sodium hydroxide (animal charcoal) and reprecipitated at 
the above isoelectric point (p, 7-0) with hydrochloric acid. The 
acid was finally obtained as a white gelatinous solid, which was 
washed with water and dried at 100°. It darkened slightly at 300° 
and melted at 304—305° (decomp.); yield, 4-4 g. (Found: As, 15-4, 
C,;H,,0,N,As requires As, 15-2%). 

The arsinic acid is practically insoluble in water and in the usual 
neutral organic solvents. It is moderately soluble in acetic acid 
but only slightly soluble in a mixture of alcohol and hydrochloric 
acid. A saturated solution in hot dilute acetic acid crystallises on 
cooling in large, colourless, well-shaped, rhombic prisms. The acid 
dissolves readily in dilute aqueous sodium and ammonium hydroxide 
solutions, but is only slightly soluble in moderately concentrated 
hydrochloric acid. A solution in warm concentrated sulphuric acid 
exhibits a light blue fluorescence which disappears on dilution with 
water. A solution in dilute acetic acid gives a light brown pre- 
cipitate when added to N/1000-iodine; this gradually changes to 
dark brown on standing. 

The white gelatinous sodium salt is readily produced when con- 
centrated sodium hydroxide solution is added to a solution of the 
arsinic acid in dilute alkali; it dissolves on boiling, but is repre- 
cipitated in a gelatinous state on cooling. The magnesium, calcium, 
barium, silver and mercuric salts are precipitable in a white 
amorphous condition from an aqueous solution of the ammonium 
salt: these are practically insoluble in hot water. 

4-0-Dianisidino-6-methoxy-2-methylquinoline (III; R = OMe).—A 
mixture of 4-bromo-6-methoxy-2-methylquinoline (2-5 g.) and 
o-dianisidine (7-0 g.) containing a trace of finely divided copper- 
bronze, heated at 135—140° during 8 hours, became dark brown and 
almost completely solid. The product was digested with boiling 
dilute hydrochloric acid (5°), and the dirty grey, gelatinous hydro- 
chloride, which separated on cooling, was washed with dilute hydro- 
chloric acid and converted into the crude base (4-1 g.) by warming 
with aqueous sodium hydroxide. On attempting to purify the base 
by crystallisation from aqueous alcohol (animal charcoal), a consider- 
able quantity of dark brown, resinous material separated and only 
a small amount (1-3 g.) of fine, pale yellow, rectangular, prismatic 
needles, m. p. 195—196°, was obtained (Found: C, 72-0; H, 6-1; 
N, 10-1. C,;H,;0,N, requires C, 72-3; H, 6-1; N, 10-1%). The 
resinous material had phenolic properties and was probably formed 
by demethylation by the hydrobromic acid liberated. 

Attempts to improve the yield of base by carrying out the con- 
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densation in either boiling amyl alcohol or nitrobenzene in presence 
of anhydrous potassium carbonate and traces of finely divided copper- 
bronze and iodine were unsuccessful, resinous products being 
obtained in both cases. A very good yield was obtained, however, 
by carrying out the condensation under diminished pressure as 
follows. 4-Bromo-6-methoxy-2-methylquinoline (2-5 g.) and o-di- 
anisidine (7-0 g.) were heated together at 140°/10—15 mm. The 
melt rapidly became very viscous with slight frothing and in about 
9 minutes had almost completely solidified. The product was 
extracted with boiling dilute hydrochloric acid (5%), and the prac- 
tically colourless, gelatinous hydrochloride, which was precipitated 
on cooling, was washed with dilute hydrochloric acid. The pale 
yellow base, which separated on the addition of ammonium hydr- 
oxide solution, was of a high degree of purity and crystallised readily 
from aqueous alcohol as described above (yield, 4-0 g.). 

The base is insoluble in water, readily soluble in ethyl alcohol, 
methyl alcohol, chloroform, acetone, ethyl acetate, and acetic acid, 
moderately soluble in benzene and ether, but much less soluble in 
ligroin and light petroleum. A dilute alcoholic solution gives a red 
coloration with N/1000-iodine: this disappears on warming and 











does not reappear on cooling. A dilute acetic acid solution under 
the same conditions gradually gives with N/1000-iodine a chocolate 
coloration which disappears on warming but reappears on cooling. 
The base is slightly soluble in boiling dilute hydrochloric, sulphuric, 
and nitric acids, and white gelatinous precipitates of the corre- 
sponding salts separate on cooling. A solution of the diazo-chloride 
gives a crimson azo-dye on treatment with an alkaline solution of 
$-naphthol. 

The acetyl derivative crystallises from aqueous alcohol (10% 
alcohol) in sheaves of fine, colourless, slender needles, m. p. 140° 
with loss of a molecule of water of crystallisation (Found : C, 68-6; 
H, 6-1; N, 8-9. C,,H,,O,N,,H,O requires C, 68-2; H, 6-1; N, 
88%). After dehydration at 150° the compound has m. p. 200— 
201°. It is readily soluble in ethyl alcohol, methyl alcohol, chloro- 
form, acetone, ethyl acetate and acetic acid, moderately soluble in 
benzene, and slightly soluble in ether, light petroleum, and boiling 
water. The benzene solution exhibits a greenish-blue fluorescence. 
A dilute alcoholic solution gives a brilliant blue coloration with 
V/1000-iodine : this disappears on warming and does not reappear 
m cooling. A dilute acetic acid solution, under the same con- 
ditions, gives with iodine an intense red coloration which rapidly 
changes to violet: this practically disappears on warming but 
kappears on cooling. This violet coloration is given down to a con- 
entration of about N/64,000-iodine. A violet coloration is also 
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produced when a dilute aqueous solution of potassium iodide is added 
to a mixture of an acetic acid solution of the acetyl compound and 
bromine water. Hydrochloric acid slowly precipitates the hydro. 
chloride from an alcoholic solution in sheaves of fine feathery needles, 

4’.6” - Methoxy -2"' - methyl -4" -quinolylamino-3 : 3’ -dimethoxydi- 
phenylylarsinic Acid (IV; R = OMe).—This acid was obtained 
from 4-o-dianisidino-6-methoxy-2-methylquinoline (III; R = OMe) 
by the Bart reaction under practically the same conditions as 
were used for the preparation of 4’-6’’-methoxy-2’’-methyl-4’. 
quinolylamino-3 : 3’-dimethyldiphenylylarsinic acid (base, 4:2 ¢.; 
hydrochloric acid, 5-7 c.c. of d 1-19 in water, 15 c.c. ; sodium nitrite, 
0-8 g., in water, 8 c.c.). The hydrogen-ion concentration of the 
alkaline filtrate was adjusted with hydrochloric acid to py 7-0 and 
the arsinic acid, then completely precipitated as a dirty grey, 
gelatinous solid, was repeatedly dissolved in warm dilute aqueous 
sodium hydroxide (animal charcoal) and reprecipitated at the above 
isoelectric point (pq, 7-0) with hydrochloric acid. The acid was 
finally obtained as a pale grey, gelatinous solid, which was washed 
with water and dried at 100° (yield, 3-7 g.). It darkened slightly at 
about 220° and melted at 243—245° (decomp.) (Found: As, 144, 
C,;H,;0,N,As requires As, 14-3%). 

The arsinic acid is practically insoluble in water and in the usual 
neutral organic solvents. It is moderately soluble in acetic acid: 
a saturated solution in hot dilute acetic acid slowly crystallises on 
cooling in sheaves of fine long needles. The acid dissolves readily 
in dilute aqueous sodium and ammonium hydroxides to give reddish- 
brown solutions, but it is only slightly soluble in moderately con- 
centrated hydrochloric acid. A solution in warm concentrated 
sulphuric acid exhibits a blue fluorescence which disappears on 
dilution with water. A solution in dilute acetic acid slowly gives 
dark brown flocculent precipitate when added to N/1000-iodine. 

The light grey gelatinous sodium salt is readily produced in the 
usual way. The magnesium, calcium, and barium salts are white 
and gelatinous, and the silver and mercuric salts are pale yellow and 
curdy: all are insoluble in water. 

p-6-Methoxy-2-methyl -4-quinolylamino - p'-aminodiphenylmethane. 
—A mixture of pp’-diaminodiphenylmethane (6 g.) and 4-bromo- 
6-methoxy-2-methylquinoline (2-5 g.), heated at 135—140°/10—15 
mm., rapidly became very viscous with slight frothing and in about 
30 minutes was converted into a light brown, crystalline solid. 
This was extracted with a slight excess of boiling dilute hydrochloric 
acid (5%), and the pale greenish-yellow, gelatinous hydrochloride, 
which readily separated on cooling, was filtered off, washed with 
dilute hydrochloric acid, and warmed with ammonium hydroxide 
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vided @ solution. The base (3-7 g.) liberated crystallised from aqueous 
1 and § alcohol (20% alcohol) in pale yellow, rectangular, prismatic needles 
ydro. | (radially arranged), m. p. 135—145° with loss of a molecule of water 
odles, § of crystallisation (Found : C, 74-1; H, 6-7; N, 10-6. C,,H,,ON;,H,O 
acydi- requires C, 74-4; H, 6-5; N, 10-8%). 
ained § ‘The base is insoluble in water. It is readily soluble in ethyl 
OMe) alcohol, methyl alcohol, chloroform, acetone, ethyl acetate and 
is ag @ acetic acid, slightly soluble in ether and benzene, and practically 
|-4”.§ insoluble in light petroleum. A dilute alcoholic or acetic acid 
2 g.;§ solution does not give a coloration with N/1000-iodine. This is in 
trite, § sharp contrast to the behaviour of the corresponding diquinolyl 
f the § derivative, which gives with iodine a deep purple coloration (compare 
) and & Slater, loc. cit., p. 1215). A dilute alcoholic or acetic acid solution 
grey, § containing both the mono- and the di-quinolyl compound also gives 
1eous § 8 deep purple coloration on the addition of iodine even when the 
bove § former is present in large excess, and the non-production of a colour, 
was{ under these conditions, with the monoquinolyl derivative alone 
vshed § indicates that it is free from contamination with the diquinolyl 
ly at| compound. The base is slightly soluble in boiling dilute hydro- 
14-4,§ chloric, sulphuric and nitric acids and, on cooling, crystalline 
precipitates of the corresponding salts separate. A solution of the 
isual § diazo-chloride gives a scarlet azo-dye on treatment with an alkaline 
wcid : | solution of 8-naphthol. 
3 on p-6-Methoxy-2-methyl - 4 - quinolylaminodiphenylmethane - p'- arsinic 
adily § Acid (V).—This acid was obtained from p-6-methoxy-2-methy]- 
dish. @ 4-quinolylamino-p’-aminodiphenylmethane by the Bart reaction 
con-@ under practically the same conditions as were used for the 
ated @ preparation of the preceding arsinic acids (base, 3-7 g.; hydrochloric 
s on § acid, 5-7 c.c. of d 1-19, in water, 15 c.c.; sodium nitrite, 0-8 g., in 
vega Water, 5 c.c.), but the temperature was kept at 15—20° since diazo- 
ine. § tisation does not take place below 15°. The reaction of the alkaline 
1 the & filtrate was adjusted with hydrochloric acid to py 6-5 and the arsinic 
vhite § wid was then completely precipitated as a pale yellow, gelatinous 
-and § solid, which was purified as in the other cases. It darkened slightly 
at 280° and charred at about 300° (Found: As, 16-0. C,,H,,0,N,As 
vane. Tequires As, 15-7%). The yield was rather small. 
ym0- The arsinic acid is practically insoluble in water and in the usual 
—_]j § neutral organic solvents. It is readily soluble in acetic acid and 
bout § in dilute aqueous sodium and ammonium hydroxide solutions, but 
olid. @ only slightly soluble in moderately concentrated hydrochloric acid. 
loric @ Asolution in concentrated sulphuric acid exhibits a brilliant purplish- 
ride, @ blue fluorescence which is destroyed on dilution with water. A 
with @ dilute acetic acid solution of the arsinic acid gives a light brown, 
ide @ amorphous precipitate with NV /1000-iodine : this dissolves on warm- 
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ing but is reprecipitated on cooling. The white gelatinous sodium 
salt is readily produced in the usual way. 
4-Anilino-6-methoxy-2-methylquinoline (VI).—A mixture of 
4-chloro-6-methoxy-2-methylquinoline (5-2 g.) and aniline (10 g)) 
was heated along with a trace of finely divided copper-bronze at 
180° for 5 hours, and the light brown product was rendered alkaline 
with aqueous sodium hydroxide and distilled in steam to remove 
the excess of aniline. The solid residue was dissolved in alcohol, 
and the filtered solution saturated with dry hydrogen chloride; 
the monohydrochloride of the base then separated in fine, pale yellow, 
sharp-pointed, rectangular, prismatic needles (6-0 g.), which dark- 
ened slightly at 300° but were unmelted at 310° (Found: C, 67:5; 
H, 6-0; N, 9-3. C,,H,,ON,,HCl requires C, 67-9; H, 5-7; N, 
9-3%). The free base, liberated by warm aqueous sodium hydroxide, 
crystallised from benzene, containing a few chips of potassium 
hydroxide, in tufts of fine, slender, colourless needles, m. p. 208— 
209°. The base is insoluble in water. It is readily soluble in ethy| 
alcohol, methyl alcohol, chloroform, acetone, ethyl acetate, ether, 
and acetic acid, moderately soluble in benzene and ligroin, and 
slightly soluble in light petroleum, boiling dilute hydrochloric, 
sulphuric and nitric acids; when these acid solutions are cooled, 
crystalline precipitates of the corresponding saiis separate. 


The author desires to express his thanks to the Court of the 
Grocers’ Company, London, for a scholarship which has enabled 
this work to be carried out. 


Royat CoLtLece or Paysicrans’ LABORATORY, 
EDINBURGH. [Received, October 16th, 1930.] 





XVIII.—Studies in the Naphthalene Series. Part I. 
Diaryl- and Triaryl-methane Derivatives of Di- 
methyl-a-naphthylamine. 

By BaskErR GOKHLE and FREDERICK ALFRED Mason. 


Wuitst the chemistry of the diphenyl- and triphenyl-methane 
series of intermediates and dyes has been exhaustively investigated, 
as instanced by Michler’s hydrol, Michler’s ketone, malachite- 
green, crystal-violet, etc., very little has been done regarding the 
chemistry of diaryl- and triaryl-methane derivatives containing two 
or three naphthalene nuclei. 

As regards dinaphthylmethane derivatives, Friedlander and 
Wellmann (Ber., 1898, 21, 3123) condensed benzaldehyde and 
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p-dimethylaminobenzaldehyde with dimethyl-«-naphthylamine to 

give the leuco-bases C,H;*CH(C,)H,*NMe,), and 
NMe,C,H,°CH(C,,H,*NMe,). 

respectively, but were unable to obtain the corresponding dyes 

owing to the surprising resistance of the leuco-bases to oxidation. 

The only comprehensive investigation upon di- and tri-arylmethane 
derivatives containing one or more naphthalene nuclei is that of 
Noelting (Ber., 1904, 37, 1901), who prepared phenyldinaphthyl- 
methane derivatives from -dimethylaminobenzaldehyde and 
various substituted naphthalene derivatives; the same chemist 
also prepared eight diaminonaphthyl ketones by heating p-dimethyl 
(or diethyl)-aminobenzo-alkyl- or -aryl-anilides with phosphoryl 
chloride and then with dimethylaniline; such as 

NMe,°C,H,°CO-C,,H,-NHMe, NEt."C,H,°CO-C,,H,-NHPh, 

etc. From these mixed ketones Noelting obtained various leuco- 
triarylmethane compounds such as (NMe,°C,H,),CH-C,,)H,-NHMe 
and (NHEt-C,,H,),CH-C,H,-NMe,, which were oxidised to blue 
or green dyes. Only one trinaphthylmethane derivative was pre- 
pared, tri-1 : 1’: 1’’-ethylaminonaphthylmethane, which was oxidised 
toa blue dye (compare also Badische Anilin & Soda Fabrik, D.R.-PP. 
27032, 27789; Bayer & Co., D.R.-P. 66712; Nathanson and Miller, 
Ber., 1889, 22, 1875). 

It was therefore of considerable interest to attempt the preparation 
of analogous derivatives from dimethyl-«-naphthylamine, for which 
purpose it was necessary to examine methods for the preparation of 
dimethyl-«-naphthylamine (compare J., 1930, 1757), of tetramethyl- 
diaminonaphth-hydrol and of the corresponding ketone. 

For the preparation of 4 : 4’-tetramethyldiamino-1 : 1'-dinaphthyl- 
carbinol (NMe,°C,5H,),CH-OH, the corresponding 4 : 4’-tetramethyl- 
diaminodinaphthylmethane was used as the starting material: 
it was prepared by a slight modification of Morgan’s method (J., 
1900, 77, 283) by condensing dimethyl-«-naphthylamine with 
formaldehyde in glacial acetic acid solution in presence of hydro- 
chloric acid, and also by using methylal in place of formaldehyde. 

The base was oxidized with difficulty to the desired hydrol by 
the use of chloroanil in nearly boiling glacial acetic acid; the yield, 
however, was small (about 2%). The pure hydrol forms minute 
clusters of microscopic navicular crystals from benzene-ligroin, 
readily distinguished under the microscope from the rosettes of, 
apparently, triclinic crystals of the methane base; it dissolves in 
cold glacial acetic acid to a nearly colourless solution which gradually 


| becomes blue; the colour is greatly intensified on heating, but 


diminishes again on standing, so that presumably there is in solution 
an equilibrium between the normal colourless salt (I) and the blue 
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quinonoid salt (II). Michler’s hydrol exists in acetic acid solution 
chiefly or exclusively in the coloured form; this conclusion is borne 


(I.) NMe,*C,,H,CH(OH)-C,,H,-NHMe,Ac == 
(IL) NMe,C,,H,CH:C,,H,:NMe,Ac + H,0 


out by the spectrophotometric examination of the solutions as 
indicated in the accompanying curves. 

Attempts to prepare the corresponding tetramethyldiamino. 
dinaphthyl ketone by a variety of different methods known to work 
smoothly and successfully in the case of Michler’s ketone were all 
unsuccessful, the initial material being either recovered unchanged 
or, a8 with chloroanil, almost entirely converted into complex 
oxidation or condensation products. It does not therefore appear 
to be possible to obtain the ketone by any known method. 

The corresponding “‘ mixed ” phenylnaphthy] derivatives, namely, 
4 : 4’-tetramethyldiaminophenyl-1-naphthylcarbinol (III) and the cor. 
responding 4 : 4’-tetramethyldiaminophenyl-1l-naphthyl ketone (IV), 


Me,N -CH(OH)-<_NMe, Me,N Co- << YNMe 


(III.) (IV.) 


were also prepared, the latter by condensing the chloride of 4- 
dimethylamino-l-naphthoic acid with dimethylaniline by means of 
aluminium chloride; on reduction with sodium amalgam in alcohol, 
it gave the corresponding hydrol, which dissolved in glacial acetic 
acid to a brilliant blue solution. 

As it was impossible to obtain the trinaphthy! analogue of crystal- 
violet vid the tetramethyldiaminodinaphthyl ketone, the attempt 
was made to prepare the corresponding leuco-compound, 4 : 4’ : 4”- 
hexamethyltriaminotrinaphthylmethane, CH(C,jH,*NMe,)3, by con- 
densing dimethyl-«-naphthylamine with orthoformic ester in 
presence of anhydrous zinc chloride as used by Welter (J. pr. Chem., 
1893, 48, 231) for the synthesis of leucaniline; this method failed, 
but on replacing the zine chloride by aluminium chloride the con- 
densation was effected and the desired product obtained. 

Here also, however, it was found impossible to oxidise the leuco- 
base to a colouring matter, lead peroxide, chloroanil, and other 
oxidising agents being completely without effect. 

Note upon the Colours of 4 : 4'-Tetramethyldiaminodiphenylcarbinol 
(A), 4: 4'-Tetramethyldiaminophenylnaphthylcarbinol (B), and 4 : 4- 
T'etramethyldiaminodinaphthylearbinol (C) in Glacial Acetic Acid 
Solution.—As has been pointed out above, a characteristic property 
of Michler’s hydrol and its analogues is the deep blue colour shown 
by their solutions in glacial acetic acid and it appeared of interest, 
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therefore, to measure their absorption curves in such solutions 
and to ascertain how far the positions of the absorption maxima 
agree with the theory developed in particular by Moir (see, for 
instance, Formanek, “ Untersuchung und Nachweis organischer 
Farbstoffe auf spektroskopischem Wege,” 1908, p. 104; Moir, 


Fia. 1. 


> 
3 
5 
A 











400 25 50 75 500 25 50 75 600 25 50 75 700 25 50 
Wave-length in pp. 
Absorption curves of hydrols in glacial acetic acid : 

A. 4:4’-Tetramethyldiaminodiphenylcarbinol, 1 in 800,000. 

B. 4: 4’-Tetramethyldiaminophenylnaphthylearbinol, 1 in 100,000. 

C. 4: 4’-Tetramethyldiamino-1 ;: 1’-dinaphthylearbinol, 1 in 12,500. 
J., 1921, 1419, 1654; 1922, 121, 1555, 1808; 1923, 123, 2792; 1924, 
125, 1134; 1925, 127, 967, 2338; 1927, 1809). 

Solutions of various concentrations of the three hydrols were 
examined in a Hilger—-Nutting spectrophotometer, and the absorp- 
tion curves plotted. The peaks of the absorption curves were 
found to be unaffected by variations in concentration and the 
maxima were found to be at 603, 651, and 679 uy respectively. 





122 GOKHLE AND MASON: 


According to Moir’s theory the wave-length of an ionisable dye 
may be calculated thus : 


a eae) ae 


where 2, is the wave-length of the absorption band of the parent 
substance, K, is the “ colour factor ’’ for a phenyl group (if a phenyl 
derivative), K, the “colour factor” for any other substituent 
group present, and so on. In the case of Michler’s hydrol itself 
(curve A) we have, using Moir’s figures, 


Ae = Ay X Kon-on X Kore, = 1380 x 0-39 x (1-059)? = 603 


For B the calculation is the same, the result being multiplied by 
a naphthalene/benzene substitution factor 1-07 : 


Az, = 603 x 1:07 = 645 
For C the calculation becomes 
Az = 603 x (1-07)? = 690 


The three values observed are, 603, 651, and 679 respectively. 


EXPERIMENTAL. 

Preparation of 4 : 4'-Tetramethyldiamino-1 : 1'-dinaphthylmethane.— 
(i) By means of formaldehyde. To a mixture of dimethyl-«-naphthyl- 
amine (100 g.) and glacial acetic acid (400 c.c.), 40% formalin 
(25 c.c.) and concentrated hydrochloric acid (25 c.c.) were added 
successively. The mixture was kept over-night, boiled for a few 
minutes, cooled, and poured into ice-water (2—4 1.); most of the 
desired base was then precipitated as a light creamy solid, and more 
was obtained by rendering the aqueous layer just alkaline with 
ammonia. The combined product was filtered off, washed well, 
pressed on a porous tile, and dried cautiously at 90°. After re- 
crystallisation from benzene-ligroin (1:4) it formed colourless 
microscopic crystals (89 g.), m. p. 181—182-5° (Morgan gives m. p. 
176°). It is advisable to use a large bulk of water for the precipit- 
ation to avoid the formation of the desired base as a gummy product, 
as described by Morgan. 

(ii) By means of methylal. A mixture of dimethyl-«-naphthyl- 
amine (10 g.), glacial acetic acid (20 c.c.), methylal (7 ¢.c.), and 
concentrated hydrochloric acid (2 c.c.), having been kept over- 
night, was boiled for 2 hours, cooled, and poured into ice-water 
(500 c.c.), and a slight excess of ammonia added. The base separated 
as a pasty orange mass which, when dried and recrystallised from 
benzene-ligroin, yielded 6-0 g. of the desired base in a pure form 
(yield, 57°, of the theoretical). 

(iii) By means of sulphuric acid. Dimethyl-«-naphthylamine 
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(10 g.) and concentrated sulphuric acid (25 c.c.) were cautiously 
mixed, with ice-cooling, and methylal (5 c.c.) was added. After 
standing for 3 hours at room temperature, the mixture was heated 
on the water-bath for 20 minutes and poured on ice. After neutral- 
isation with ammonia the “ methane base ”’ was precipitated as a 
pale yellow substance, the yield of pure recrystallised product being 
50 g., 1.e., 47% of the theoretical. 

Oxidation of 4 : 4'-Tetramethyldiamino-1 : 1'-dinaphthylmethane.— 
The “ methane base’ was surprisingly resistant to the action of 
oxidising agents such as lead peroxide and warm dilute hydro- 
chloric acid or sulphuric acid. Of 5 g. of the base in concentrated 
sulphuric acid, after being stirred with lead peroxide for 4 hours 
at room temperature, 3 g. were recovered; the remainder was 
converted into a tarry product containing no trace of the expected 
hydrol. 

Chloric acid activated by osmic acid in glacial acetic acid solution 
(K. A. Hofmann, E.P. 20593, 1913), and potassium permanganate 
in dilute sulphuric acid or in acetone solution, also failed to give 
any definite product, most of the base being recovered unchanged 
in each case. 

Oxidation with chloroanil. A cold solution of the methane base 
in glacial acetic acid, on addition of chloroanil and gentle warming, 
gradually became greenish-blue; finally, when heated to incipient 
ebullition, the liquid became deep violet-blue owing, as was shown 
later, to the formation of the desired 4 : 4’-tetramethyldiamino- 
|: 1'-dinaphthylcarbinol. The isolation and identification of the 
hydrol, however, proved to be a difficult task and was complicated 
by the fact that the impure hydrol and the crude “‘ methane base ”’ 
both melt hetween 160° and 180°. 

After many experiments, the best yield of the hydrol was 
obtained as follows : glacial acetic acid (50 c.c.) was warmed on the 
water-bath to 80° and an intimate powdered mixture of the methane 
base (5 g.) and chloroanil (7 g.) was added gradually during 20 
minutes with occasional shaking. The blue liquid was then heated 
cautiously at 110° for 10 minutes, and the flask cooled in ice for 
an hour; the pasty product was well shaken with cold 10% hydro- 
chloric acid (150 c.c.), excess of dilute aqueous ammonia and ice 
were added to the filtered liquid, and the resultant grey precipitate 
was filtered off, pressed on a porous plate, dried in the air at room 
temperature, and extracted with ether. The dried extract on 
evaporation deposited much brown resinous matter, together with 
a small amount of microcrystalline hydrol; this was cautiously 
washed with a few drops of benzene and recrystallised from benzene-— 
ligroin (yield, about 0-1 g.) (Found: C, 83-0; H, 7:3; N, 8-7. 
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C.;H,,ON, requires C, 81-1; H, 7:3; N, 7-6%). Probably, there. § ™° 
fore, the: product was still slightly contaminated with unoxidised f ‘he 
base. The very poor yield of product obtained effectually pre. § 5 
vented any further investigation into the properties of the compound, 1 
in particular its ability to form leuco-triarylmethane derivatives,  ™° 
The hydrol, after recrystallisation from ether—benzene, melted § 2 
at 184—186° in a pre-heated melting-point apparatus, the “‘ methane “< 
ac 



































base’ in the same apparatus melting at 181—182-5°, whilst a 
mixed melting point gave 177—179°. It is, however, difficult to ch 
give the melting point accurately, as slight incipient decomposition § YP 
oceurs according to the rate of heating. ort 

The purified hydrol gave a colourless or faintly green solution §S 
in cold glacial acetic acid, the colour becoming an intense deep (10 
blue-violet on warming, and fading again slowly on cooling in ice, J‘! 
In concentrated hydrochloric or sulphuric acid the hydrol dissolved § Aft 
to a deep yellow solution. Teli 

4-Dimethylamino-1-naphthoyl Chloride——The corresponding acid The 
was prepared by the method of Friedlander and Wellmann (lo. fic" 
cit.) by heating together dimethyl-a-naphthylamine (34 g.) and a }{!° 
benzene solution (42 c.c.) of carbonyl chloride (14 g.) in a sealed Hi, 
tube at 60—70° for 4 hours. From the reaction product, after> 4 
removal of unchanged base, about 10 g. of the desired acid, m. p. wel 
163—165°, were obtained on acidification with acetic acid. is f 

The chloride was prepared by refluxing the acid (10 g.), suspended f ket 
in dry ether (20 c.c.), with thionyl chloride (7-5 c.c.) for ? hour. —®P 
The volatile constituents were removed under reduced pressure, § Vit! 
leaving the chloride as a white solid (10-5 g.) (Found: Cl, 15-4, §™tl 
C,3H,.ONCI requires Cl, 15-2%). the 

The anilide, prepared by refluxing the chloride with excess of F""4 
aniline in benzene solution for 10 minutes, crystallised from toluene the 
in fine colourless needles (Found: C, 78:4; H, 60; N, 95. }dim 
C,H, ON, requires C, 78-6; H, 6-2; N, 9-7%). alw 

Attempts to synthesise 4 : 4'-Tetramethyldiamino-1 : 1'-dinaphthyl tbe 
Ketone.—4-Dimethylamino-l-naphthoyl chloride (5 g.) in tetra- FP 
chloroethane (20 c.c.) and dimethyl-«-naphthylamine (5 ¢.c.) were as 
treated with powdered aluminium chloride (5 g.) and finally heated §'°™ 
on the water-bath : only a tarry product was obtained from which frot 
nothing could be isolated. wit 

In the experiments carried out for the preparation of dimethyl- 
aminonaphthoic acid by heating together carbonyl chloride and 
the base, no trace of the desired ketone was found. A number of 
experiments carried out on the lines of D.R.-PP. 287994 and 289108 
(oxidation to the thio-ketone by means of sulphur, etc.), a method 
which works well in the case of tetramethyldiaminodipheny!- 
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methane, all gave negative resulis, as also did attempts to effect 
the oxidation by means of p-nitrosodimethylaniline (compare 
Sachs, Ber., 1900, 33, 959). 

4:4':4" ~ Hexamethyliriaminotrinaphthylmethane. — After di- 
methyl-«-naphthylamine (30 g.), orthoformic ester (7:5 g.), and 
zinc chloride (10 g.) had been heated in an oil-bath at 130—150° 
for 4 hours, most of the base was recovered unchanged. Satis- 
factory results were obtained, however, by the use of aluminium 
chloride, which does not appear to have been used before in this 
type of condensation. Dimethyl-«-naphthylamine (30 g.) and 
orthoformic ester (7-5 g.) were placed in a flask provided with a 
stirrer and water-cooling. Finely powdered aluminium chloride 
(10 g.) was added slowly during } hour, and the temperature raised 
slowly to 70°, the mixture gradually thickening to a solid paste. 
After extraction with dilute hydrochloric acid the solution was 
rendered alkaline with sodium carbonate and distilled in steam. 
The residual brown solid after several crystallisations from benzene— 
ligroin (1 : 4) formed microscopic white crystals, m. p. 266—267-5° 
(found: C, 84-8; H, 70; N, 7-8. C,,H,,N, requires C, 84-8; 
H, 7-1; N, 8-0%). 

4:4'-T'etramethyldiaminophenyl-1-naphthyl Ketone (IV).—It is 
well known that the acid chloride of dimethylaminobenzoic acid 
is formed as an intermediate stage in the production of Michler’s 
ketone, but this method fails, as already noted, in the case of the 
naphthalene analogue; the acid chloride also failed to condense 
with dimethylaniline under similar conditions, but it was found, 
rather surprisingly, that by the cautious use of aluminium chloride 
the condensation could be effected without the formation of an 
wndue amount of colouring matters and other by-products. To 
the acid chloride (10 g.) in tetrachloroethane (20 c.c.) were added 
dimethylaniline (20 c.c.) with ice-cooling, and then powdered 
aluminium chloride (10 g.) by degrees. After standing over-night 
the whole was heated on the water-bath for 2 hours, cooled, and 
poured on ice and dilute hydrochloric acid. The product was 
basified with sodium carbonate and the volatile constituents were 
removed in steam. The granular residue after two crystallisations 
from ether gave large well-formed rhombs, sometimes striated 
with blue-green streaks; m. p. 128-5—129° (Found: C, 79:3; 
H, 7-0; N, 8-9. C,,H,.ON, requires C, 79-3; H, 6-9; N, 8-8%). 

The ketone is easily soluble in alcohol, ether, and dilute mineral 
acids to light greenish-yellow solutions. In presence of phosphoryl 
chloride the “‘ mixed ketone ’’ condensed with dimethylaniline to 
yield a deep blue colouring matter, presumably identical with the 
“Naphthoblau ” of Noelting and Philipp (Ber., 1908, 41, 580; see 
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also D.R.-P. 27789 of the Badische Anilin & Soda Fabrik, and 
Noelting and Saas, Ber., 1913, 46, 961). 

4: 4'-Tetramethyldiaminophenyl-1-naphthylcarbinol (I11).—The 
“mixed ketone” (2 g.) was dissolved in alcohol (100 c.c.), 4% 
sodium amalgam (10 g.) added, and the whole refluxed gently for 
3 hours. After cooling, the alcoholic solution was poured into 
water, and the clean lemon-yellow crystalline precipitate filtered 
off. It was purified by re-solution in alcohol and reprecipitation 
in water. After drying in a vacuum, it formed a pale yellow,§ 1 
crystalline powder, m. p. about 62—63° (Found: C, 78-7; H, 7:1; : 
N, 8:8. C,,H,,ON, requires C, 78-8; H, 7:5; N, 88%). 4 
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4-Nitrosodimethyl-«-naphthylamine was prepared by the method 
of Friedlander and Wellmann (loc. cit.): Dimethyl-«-naphthyl. 
amine (8-5 g.) was dissolved in concentrated hydrochloric acid 
(15 c.c.) with the addition of ice, and a nearly saturated solution 
of 3-5 g. of sodium nitrite in water was run in during 10 minutes§ 
After 4 hour, the yellow nitroso-compound was filtered off andj bu 
pressed (yield, 9 g.). On reduction with zinc dust in acid solution} de: 
the amino-compound was formed without difficulty, and the acetylf tal 
derivative was prepared as a colourless crystalline product, m. p.§ ser 
185° (Found: C, 73-5; H, 7-1; N, 12-1. C,,H,,ON, requires§ . 
C, 73-7; H, 7-0; N, 123%). The corresponding benzoy] derivative} sili 
melted at 195°. An attempt to prepare the analogue of methylene-§ by 
blue B by oxidising together a mixture of the base with dimethyl-f (co 
«-naphthylamine in presence of sodium thiosulphate by means off D? 
potassium dichromate was unsuccessful, only a brown tarry product ;... 
being obtained containing no identifiable colouring matter. Yore 
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XIX.—The Parachor and Chemical Constitution. | 5°" 
Part XVI. Silicon Compounds. < 

By Samuvet SueDEN and Henry WILEINs. T 

Ur to the present the only data from which the atomic parachor of subs 
silicon could be calculated are the observations of Ramsay and§ é 
Shields (J., 1893, 63, 1089) and of Mills and Robinson (J., 1927, 192 
1823) on the surface tension and density of silicon tetrachloride. § § U 
These give very different values for the parachor of silicon (Table I, oH 
repl: 





la and 16). We have therefore prepared a number of other silicon 
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compounds and measured their parachors, with the results shown 
in Table I. It will be seen that the constant for silicon is about 28 
units and that the data of Ramsay and Shields for silicon tetra- 
chloride probably contain a serious error. 


TABLE I. 
Atomic Parachor of Silicon. 

Substance. [P]. =[P]. Si. 

la Silicon tetrachloride .............+. 229-2 217-2 12-0 
1b 55 gael”! ‘Spaudiwab hones 242-2 217-2 25-0 
2 Methyl orthosilicate ............... 330-9 304-4 26-5 
3 Ethyl orthosilicate ................ 487-6 460-4 27-2 
4 Tetraethylsilicane .................. 412-1 380-4 31-7 
§ Tetrapropylsilicane............... 565-3 536-4 28-9 
6 Tetraphenylsilicane.................. 787-5 760-0 27-5 
Mean (excluding la) 27-8 


EXPERIMENTAL. 

Surface tensions were determined by the method of maximum 
bubble pressure (Sugden, J., 1922, 121, 858; 1924, 125, 27), and 
densities with a U-shaped pyknometer (J., 1924, 125, 1171). The 
tables below are set out in the same way as in earlier papers of this 
series and need no further description. 

Methyl orthosilicate, C,H,,0,Si, M = 152-4, was prepared from 
silicon tetrachloride and pure dry methyl alcohol, and was purified 
by fractional distillation. The specimen used boiled at 121—122° 
(corr.)/759 mm. Densities determined: D? 1-032, Df 1-010, 
DE” 0-993, D®* 0-973, whence Di. = 1-067 — 0-00155t. 


Se ee ee 18° 32° 48-5° 61° 

Di inicnainnnwbingietes 24-98 23-71 21-64 20-44 

_ RAI RE HE SRE S 1-039 1-017 0-991 0-972 

Parachor ......... 328-0 330-6 331-6 333-3 Mean 330-9 


Ethyl orthosilicate, C,Hy,0,Si, M = 208-5. A commercial speci- 
men was purified by repeated fractionation. The fraction used 
boiled at 165-3—165-8° (corr.)/756 mm. Densities determined : 
DP 0-933, D®* 0-904, D?* 0-887, Di 0-870, whence D{- = 0-957 
— 0-00135¢. 


Paedecencsscnpasisssnns 16-5° 32° 43°5° 60-5° 
Porressrscceccvcaceses 22-21 20-65 19-44 17-95 

DP ccsiabobouredupeus 0-934 0-913 0-898 0-874 

Parachor ......+.+ 484-8 486-9 487-7 491-1 Mean 487-6 


Tetraethylsilicane, CgHo)Si, M = 144-5. The preparation of this 
substance from magnesium ethyl bromide and silicon tetrafluoride 
is described by Jaeger and Dijkstra (K. Akad. Wetensch. Amsterdam, 
1924, 27, 398). When the more easily handled silicon tetrachloride 
is used, the yield is much smaller and becomes very small when the 
method is applied to the preparation of tetrapropylsilicane. By 
teplacing part of the solvent ether with benzene, thus obtaining a 
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higher reaction temperature, and using a large excess of Grignard 






reagent, we have been able to use the method for preparing both x 
these substances. 

To 128 g. of magnesium in 690 c.c. of dry ether, 10 g. of ethyl 
bromide and a crystal of iodine were added. When a vigorous B 
reaction set in, the remainder of the ethyl bromide (10 mols. ; 440g. ‘ 





in all), diluted with 200 c.c. of benzene, was added slowly. Finally 
a further 500 c.c. of benzene warmed to 40° were added and the § ha 
Grignard solution was decanted from excess of magnesium. To this § P/ 
solution, 68 g. (1 mol.) of silicon tetrachloride were added, and the § 65 
mixture was heated on the water-bath for 12—15 hours. yie 

After decomposition with dilute acid and removal of the solvent J of 
from the benzene-ether layer, 45 g. of crude product were obtained. J “? 
This contained a considerable amount of silicols, which were removed § 
by repeated shaking with concentrated sulphuric acid. The § i™ 
insoluble residue (20 g.) was then fractionated, and was nearly pure. § tt 
The fraction used for measurement boiled at 153° (corr.)/759 mm. § br: 
and had D®" 0-7660; Jaeger and Dijkstra give b. p. 155°/760 mm. 
and D%’ 0-7673. Densities determined: D'" 0-7563, D3 0-7396, fbr 
Ds" 0-7305, D%° 0-7402, Di* 0-6857, whence Dj. = 0-7818 — § lys 





0-000791¢. a ( 
0 hb tai, 12° 40° 62-5° 78° =: 125-5° one 
FP idecccdpasiceds 23-69 21-17 19-15 17°86 13-68 me 
Pp eee 0-7722 0-7500 0-7321 0-7196 06-6014 spc 
Parachor ... 412-9 413-2 412-8 412-9 408-6 Mean 4121 os 

u 


Tetrapropylsilicane, C,.H,.Si, M = 200-6, was prepared in aff (a 
similar manner and was purified by repeated treatment with con-§ ;. 0 
centrated sulphuric acid, followed by fractional distillation. The § ;,. 
specimen used boiled at 213—215° (corr.)/751 mm. Densities § ., | 
determined : D%* 0-7809, Di#* 0-7696, D®®* 0-7560, Dj 0-744, af- 


Di" 07254, whence Ds. = 0-7990 — 0-0007271. boi 
6 WA lcadbbenitell 14° 38-5° 64° 85-5° the 
Yarrrrrcecccccccccescoocs 24-65 22-22 20-22 18-46 . 
DD ceccccccecesecccecece 0-7888 0-7710 0-7522 0-7366 pol 
Parachor .........++. 566-7 564-8 565-5 564-2 Mean 5653 § suc 


Tetraphenylsilicane, C.,H)Si, M = 336-6. We are indebted to § be. 
Prof. F. Challenger for a pure specimen of this substance melting J cha 
at 234° (corr.). Densities determined: D*'* 0-937, D3 0-927, ( 





D®*’ 0-917, whence Df = 0-983 — 0-000883(¢ — 200). aut 

pzopliesios acu 245° 256° 267° —«-279-5° be | 

mika bistindinn edt 23-70 22-78 21-79 20-90 —! 

| Aero 0-943 0-934 0-924 0-913 a ye 
Parachor ............ 787-5 787-3 787-0 788-1 Mean 7875 M 
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XX.—Properties of Conjugated Compounds. Part 
XI. Addition of Hydrogen Bromide to By- and 
ad-Dimethylbutadiene. 


By Ernest HarotD Farmer and FREDERICK C. B. MARSHALL. 


THE mode of addition of hydrogen bromide to Sy-dimethylbutadiene 
has been studied within the last ten years by Bergmann (J. Russ. 
Phys. Chem. Soc., 1920, 53, 37) and Claisen (J. pr. Chem., 1922, 105, 
65), but whereas the former author states that the hydrocarbon 
yields a stable «8-compound, CMe,Br-CMe:CH, with one molecule 
of hydrogen bromide, the latter concludes that, although an unstable 
«8-hydrobromide is intermediately formed, the stable product is the 
a8-compound CMe,.CMe-CH,Br. The «$—> «8 isomerisation 
involved in the change from intermediate to stable compound is 
attributed to the action of heat or the catalytic action of hydrogen 
bromide. 

In arriving at the constitution of Sy-dimethylbutadiene hydro- 
bromide, Bergmann relied on the fact that#this substance is hydro- 
lysed by dilute alkali to dimethylisopropenylcarbinol—apparently 
a derivative of the «$-hydrobromide—but Claisen (loc. cit.) con- 
vincingly showed that the stable «3-hydrobromides of both #y-di- 
methylbutadiene and isoprene yield on hydrolysis, not the corre- 
sponding primary alcohols [CMe,:-CR-CH,Br —> CMe,:CR-CH,OH], 
but the isomeric tertiary alcohols [CMe,-CR°CH,Br —~> 
CMe,(OH)-CR:CH,]. Consequently, whilst Bergmann’s dimethyl- 
isopropenylearbinol might have been derived from the «$-hydro- 
bromide of dimethylbutadiene, it might equally have arisen from the 
a-isomeride. Claisen’s own evidence for the formation of an 
#-hydrobromide relates to observations as to the way in which the 
boiling point of the hydrobromination product varies according to 
the conditions of formation and isolation. The differences in boiling 
point are assumed to correspond to differences in constitution and are 
such as to suggest that a low-boiling and labile «8-compound may 
be prepared under suitable conditions of working but that it readily 
changes to its «3-isomeride. 

Claisen’s experiments have been repeated many times by the 
authors, who find it to be true, as is stated, that if the hydrobromide 
be prepared very carefully with a deficiency of hydrogen bromide at 
— 20°, and the crude product then distilled over a little freshly 
ignited sodium carbonate, much of the material has a boiling point 
lower (up to 15° lower at 10 mm.) than that of the pure «3-hydro- 
bromide; moreover, if the low-boiling portion be heated for some 
time on a steam-bath, the boiling point rises to that of the pure 

r 
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a3-compound., Nevertheless the authors are emphatically of 
opinion that the observations in question have no constitutional 
significance in relation to «f,«3-isomerism and that the supposed 
efficacy of solid sodium carbonate in preventing isomerisation is 
unreal. 

The formation of low-boiling samples of the hydrobromide occurs 
only when a deficiency of hydrogen bromide is employed. Claisen 
apparently observed this and assumed that the deficiency of 
hydrogen bromide was directly related to the formation of low. 
boiling samples of the addition product. It seemed none the less 
possible, however, that the significant feature in relation to the low 
boiling point of the product was not the deficiency of hydrogen 
bromide, but the excess of hydrocarbon. It has been found, 
indeed, that the boiling point of a considerable proportion of the 
pure «3-hydrobromide may be deliberately depressed by adding 
thereto several drops of the original hydrocarbon ; * also the original 
boiling point may be restored by heating the sample for about } hour 
at atmospheric pressure. All the low-boiling samples, when once 
obtained, may be distill@A at the lower temperature no less well in 
the absence of sodium carbonate than in its presence. Fractional 
crystallisation of the supposed mixture of isomerides, carried out 
as efficiently as possible at — 70°, has failed to yield or indicate the 
presence of an «f-compound. 

The chemical evidence obtained by the degradation of a number 
of distilled and undistilled specimens of the addition product points 
unmistakably to the fact that the primarily formed hydrobromide 
(even when addition is effected at — 20° in the absence of excess of 
hydrogen bromide) is the «8-compound; furthermore, so far as 
degradation experiments can indicate, it is the sole product, although 
the complete absence of very small proportions of the «$-isomeride 
could not be asserted. The decomposition of its ozonide to yield 
acetone and bromoacetone proceeds fairly smoothly and with 
excellent yields from both distilled and undistilled specimens, but 
in no experiment could the presence of formaldehyde, formic acid, or 
methyl bromoisopropyl ketone (arising from an «f-form) be dis- 
tinguished by the most delicate tests. 

The behaviour of By-dimethylbutadiene in thus yielding directly 
a non-mobile hydrobromide of terminal character is quite different 
from that of «3-dimethylbutadiene, which gives a mixture of pro- 
ducts. The hydrobromination of the latter does not appear to have 


* The hydrocarbon constitutes up to 20% of the crude hydrobromination 
mixture under Claisen’s conditions of addition. Although the bulk of this 
is readily removed, the last minute traces considerably affect the boiling 
point, and are, apparently, not rapidly expelled. 
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y of ff been previously studied, but there can be no doubt that the product 

tional contains both the «f-hydrobromide (I) and its «8-isomeride (II), 

posed ff since by gentle permanganate oxidation it yields a mixture of 

On 18 § glycols which is in turn convertible into a mixture of mono- and 
di-basic acids as shown in the scheme : 


laisen ssaithaeae' ida teisieid (I.) CH,Me-CH:CH:-CHMeBr (I1.) 








Me CH,Me-CHBr-CH(OH)-CHMe-OH CH,Me-CH(OH)-CH(OH)-CHMeBr 
: l 

> less Y v y a 

2 low reggie eeeenrplien die CH,Me-CO,H ne 
al CH,Me-CH(CN)-CO,Na CHMe(CN)-CO,Na 
a CHEt(CO,H), CHMe(CO,H), 


ginal § Methylsuccinic acid, which, along with acetic acid, should be formed 
hour § from the third theoretically possible hydrobromide, 

once CHMeBr-CH,°CH:CHMe, 

sll in § were it present, could not be isolated even when the degradation 
ional § was carried out on a considerable scale. This absence of a third 
out § isomeride is interesting as showing that «f-addition takes place in 
2 the § only one of two possible ways. 

By separating and weighing the acetic and propionic acids pro- 
nber § duced from a large quantity of the hydrobromide, it has been 
dints § possible to arrive at a rough estimate of the «f,«8-ratio, but owing 
mide § to the laborious nature of the process it has been necessary to con- 
ss of §f fine attention to undistilled samples of the hydrobromide which have 
r as [been thoroughly freed from volatile impurity. The mixed acids F 
nugh ff have been obtained in about 91% yield and, on the assumption that 
ride § the original proportion of the two acids is not affected by the experi- 
rield § mental losses, it has been computed that the proportion of «8-hydro- 
with § bromide in the hydrobromination product amounts to 90% of the 

but § whole—a figure which agrees roughly with the highest estimate of 
l,or [the proportion of acetaldehyde produced by ozonolysis of the 
dis-  hydrobromide. 

With respect to the miobility of the «3-dimethylbutadiene hydro- 
ctly ff bromides no definite statement can be made. The boiling point of 
rent §f the addition product fluctuates (within limits) so irregularly, chang- 
pro- Bing a little at each distillation, that no constant-boiling fractions 
lave could be obtained. It was evident that the addition product 
contained more than one hydrobromide, but although the vari- 
ability of the boiling point could have been regarded as indicating 
the occurrence of some isomerisation during distillation, and even 
on standing, a prolonged study of distillation phenomena in con- 
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nexion with refractivity and density determinations failed to show 
any great probability in this direction. 

From the two examples here discussed, it is clear that the manner 
in which the alkylbutadienes add hydrogen bromide varies, as it 
does for other symmetrical and unsymmetrical addenda, with the 
position of substituent groups in the unsaturated chain. At present, 
however, there is nothing to indicate the order of events in the 
two-fold process of addendum-attachment and addendum-partition. 


EXPERIMENTAL, 
A. Addition to By-Dimethylbutadiene. 

Method of Hydrobromination—The hydrogen bromide was pre- 
pared by the interaction of carefully purified hydrogen and bromine 
in the presence of heated platinised asbestos. For this purpose the 
hydrogen issuing from a purifying train was slowly bubbled through 
the exact amount of bromine to be used in the experiment, and the 
resulting gaseous mixture conducted through a quartz tube con- 
taining the catalyst (compare Claisen and Eisleb, Annalen, 1913, 
401, 21). The hydrogen bromide was passed over red phosphorus 
into a reaction flask maintained at, or below, — 20° by immersion 
in a freezing mixture. Quantities of from 5 g. to 30 g. of the hydro- 
carbon were treated at one time, the period of conversion for 20 g. 
being about 4 hours. The proportion of hydrogen bromide relative 
to the amount of hydrocarbon taken, as also the temperature of 
addition and the manner of working up the product, was varied in 
the different experiments. 

The Hydrobromide as prepared by Claisen.—The product obtained 
by using § mol. of hydrogen bromide per molecule of hydrocarbon 
at — 20° was kept alone for 10 minutes and then in contact with a 
mixture of calcium chloride and potassium carbonate for a further 
30 minutes (Claisen, loc. cit., p. 77). The resultant, pale brown 
liquid contained free hydrocarbon. Most of this evaporated when 
the pressure in the containing flask was reduced, but the residual oil 
did not then distil constantly. Three fractions were collected: 
(i) below 45°/20 mm. (4 g.), (ii) 45—48°/20 mm. (14 g.), (iii) 48— 
52°/20 mm. (10 g.), but the combined fractions distilled completely 
between 51° and 54°/20 mm. after being heated on a steam-bath at 
atmospheric pressure for $ hour. (In all distillations of hydro- 
bromides a water-bath maintained at about 15° above the b. p. of 
the material was employed. This allowed distillation to proceed 
uniformly at the rate of about 2 drops per second.) The fraction 
of b. p. 51—54°/20 mm. was a pure hydrobromide (Found: Br, 
49-4. C,H,,Br requires Br, 49-3%), but the low-boiling portion, 
after the first few drops of the distillate had been rejected, had 











alm¢ 
prep 
thor 
mon 
T 
buta 
bulk 
redu 
disa} 
more 
the 1 
most 
com! 
origi 
disti 
of a 
50°/: 
T) 
of C 
more 
was 
— 7 
coulc 
state 
The 
recry 
70°/ 
(ii 


| mate 


mm. 
obtai 
(iii 
the c 
the | 
const 
to a 
exces 
at re 
De 
and 
forms 
reliar 
fracti 
hydr 








show 


nner 
as it 
. the 
sent, 
the 
tion. 


pre- 
nine 
the 
ugh 
the 


913, 
rus 
sion 
lro- 


hive 
» of 
| in 












PART XI. 133 


almost the correct bromine content (Br, 48-9%). The freshly 

prepared hydrobromide, when freed from volatile impurities by 
thorough agitation at greatly reduced pressure, was practically pure 
monohydrobromide (Br, 49-8°,). 

To the distillate of b. p. 51—54°/20 mm., 0-5 g. of By-dimethyl- 
butadiene was added, and the mixture redistilled. Although the 
bulk of added impurity at once evaporated when the pressure was 
reduced, and the last traces might well have been expected to 
disappear whilst the hydrobromide was being heated to its b. p., yet 
more than a third of the material now boiled below 50°/20 mm. and 
the remainder at 51—54°/20 mm. The first fraction could for the 
most part be redistilled at the lower temperature, but when the 
combined fractions were heated on a steam-bath for 4 hour, the 
original b. p. (61—54°/20 mm.) was restored. When this latter 
distillate was in its turn treated with a little hydrocarbon, the b. p. 
of a considerable proportion thereof was again depressed below 
50°/20 mm. 

The Hydrobromide prepared under Conditions differing from those 
of Claisen.—(i) Using a slight excess of hydrogen bromide. Slightly 
more than 1 mol. of hydrogen bromide per molecule of hydrocarbon 
was employed at — 20°. The product solidified when cooled to 
— 170°, but no separation into structurally distinct compounds 
could be achieved by fractional crystallisation either in the undiluted 
state or from solution in n-hexane, light petroleum, or chloroform. 
The solid hydrobromide melted at — 32° both before and after 
recrystallisation from petroleum, and distilled completely at 68— 
70°/35 mm. (53—55°/20 mm..). 

(ii) Using a slight deficiency of hydrogen bromide at — 20°. The 
material thus obtained melted at — 32° and boiled at 53—55°/20 
mm. after recrystallisation. A large proportion of similarly 
obtained, but unpurified, material boiled at 32—45°/20 mm. 

(iii) Using a slight deficiency of hydrogen bromide at — 72°. Since 
the contents of the reaction vessel solidified asthe addition proceeded, 
the hydrogen bromide was conducted on to the surface of the 
constantly agitated hydrocarbon. The solid so obtained melted 
to a pale pink liquid which darkened on standing. After the 
excess of hydrocarbon had been removed by a stream of air bubbles 
at reduced pressure, it boiled practically constantly at 54°/20 mm. 

Degradation of the Hydrobromide.—Since neutral permanganate 
and dichromate proved unsatisfactory as oxidising agents, the 
former giving apparently a mixture of hydroxy- and bromo-acetone, 
reliance was placed on ozonolysis. This process was applied to all 
fractions of the distilled hydrobromide, ‘and also to samples of the 
hydrobromide which had been purified merely by removal of the 
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excess of hydrocarbon at reduced pressure. In all cases identical 
results were obtained. 

Quantities of 5—20 g., dissolved in chloroform or n-hexane, were 
ozonised for 10 hours at 0°. The ozonide, freed from solvent, was 
treated with 20—50 c.c. of water and the vapours generated (first 
in the cold and then on gentle warming) were swept by a stream of 
carbon dioxide into different reagents. No considerable amount of 
formaldehyde could have been produced, since $-naphthol and 
p-nitrophenylhydrazine in turn gave no trace of a derivative thereof 
and numerous sensitive colour tests gave no indication of its presence. 
Dimethyldihydroresorcinol, the most satisfactory reagent known to 
the authors for detecting the presence of aldehydes amongst the 
degradation products of butadiene addition products (compare 
Klein and Livier, Mikrochemie, pp. 204—234), gave a very faint 
precipitate which melted over a range up to 160°. This was neither 
formaldehyde dimethone, m. p. 187°, nor its anhydride, m. p. 171°; 
it could conceivably represent a very impure specimen of either of 
these, but even so would not correspond to more than 1—2% of an 
«8-hydrobromide. The aqueous liquor yielded acetone on distill. 
ation. This was recognised both by the iodoform reaction and by 
the formation, under conditions similar to those employed by 
Robinson in detecting traces of tropinone (J., 1917, 111, 762), of 
piperonalacetone, m. p. 105°, mixed m. p. 105-5°. When steam was 
passed through the aqueous residue, bromoacetone distilled. This 
substance (b. p. 35—44°/10 mm. on redistillation) gave a semi- 
carbazone, m. p. 142°, and oxime, m. p. 32—34°, which were com- 
pared directly with authentic specimens; no higher-boiling bromo- 
ketone such as should arise from an «$-hydrobromide could be 
isolated in any experiment. 


B. Addition to «8-Dimethylbutadiene. 


Method of Bromination.—The pure hydrocarbon, prepared by 
catalytic dehydration of A*-hexen-4-ol both by the method of 
Kyriakides (J. Amer. Chem. Soc., 1914, 36, 994) and by distillation 
in the presence of a few drops of hydrobromic acid, was treated with 
hydrogen bromide as above described. The product (Found: 
Br, 49-5. C,H,,Br requires Br, 49-3%), more stable and less 
lachrymatory than that produced from #y-dimethylbutadiene, did 
not distil constantly. The boiling point fluctuated irregularly 
between 37° and 47°/10 mm. in the same and successive distillations, 
although care was taken to keep the rate of distillation constant. 
This happened whether the hydrobromide was worked up in the way 
described by Claisen for the fy-hydrocarbon or was freed from 
unchanged hydrocarbon and volatile impurities merely by subjection 
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to a stream of air bubbles at reduced pressure. The fluctuation in 
boiling point did not correspond to significant changes in the refrac- 
tive index or specific gravity of the specimens, since the figures for 
these, ni* 1-4760, di8* 1-199, remained almost constant from 
fraction to fraction and from specimen to specimen, even after these 
had been kept for several weeks and distilled many times. The 
addition product is shown by chemical evidence (see below) to 
contain two isomeric hydrobromides, y-bromo-Af-hexene and B-bromo- 
Ay-hexene, but not only could no separation of the isomerides be 
effected, or indeed their occurrence unmistakably recognised by 
behaviour on distillation, but the above-mentioned variation of 
boiling point appeared to be quite unrelated to the progressive 
occurrence (spontaneously or by action of heat or of catalysts) of 
isomeric change or serious degradation during distillation (Found, 
after distillation : Br, 49-0%). 

Degradation of the Hydrobromination Product.—(a) By ozonolysis. 
The ozonide was obtained as described above for that of By-dimethyl- 
butadiene. It was an explosive liquid which decomposed only very 
slowly when heated with water. Since it was necessary to determine 
whether acetaldehyde and propaldehyde, one or both, were formed 
by its decomposition, considerable attention was paid to the 
technique of detecting and estimating low concentrations of these 
substances when produced alone or together with other aldehydes. 
The well-known 6-naphthol test proved wholly untrustworthy as 
a general method for even the mere detection of acetaldehyde. In 
many experiments, low concentrations of this substance in carbon 
dioxide (as derived by passing the gas through a decomposing ozonide 
or through a dilute solution of genuine acetaldehyde) remained 
undetected. Dimethyldihydroresorcinol appeared to be generally 
satisfactory for the detection of acetaldehyde, but under no conditions 
of working applicable to ozonolysis experiments could the precipita- 
tion of the solid acetaldehyde derivative of this reagent (acetaldehyde 
dimethone, m. p. 139°. Compare Klein and Livier, loc. cit.) be 
brought about quantitatively or in constant ratio (allowing for 
solubility) to the acetaldehyde present. The figures obtained by 
the use of this reagent can represent, therefore, only a lower limit 
for the acetaldehyde produced during ozonolysis. 

Both acetaldehyde and propaldehyde were formed by degradation 
of the ozonide. Of these, only the latter could be condensed in a 
series of glass spirals, cooled to — 20°, when the volatile products 
were swept from the reaction vessel by a stream of carbon dioxide ; 
the yield of crude liquid propaldehyde was too small, however, to 
allow of more than positive identification. From different samples 
of the hydrobromide, yields of acetaldehyde dimethone were 
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obtained which pointed to the presence of from 50 to 80% of the 
hydrobromide CH,Me-CHBr-CH:CHMe in the hydrobromination 
product. Owing to the untrustworthiness of the method, however, 
it was not practicable to demonstrate in this way that the undis- 
tilled bromination product, as well as all fractions of the distilled 
product, contained the same high proportion of «$-addition product. 

The bromo-aldehydes obtained in the decomposition were 
separated from unchanged ozonide by steam distillation—a very 
necessary procedure if serious accident were to be avoided during 
subsequent distillation. Since the yellow oil obtained could not be 
profitably oxidised by permanganate or chromic acid, a different 
procedure was followed in recognising and estimating the bromine- 
containing degradation product. 

(b) By permanganate oxidation. The hydrobromide could not 
be oxidised satisfactorily to the appropriate mixture of fatty and 
bromo-fatty acids solely by the action of permanganate in neutral 
solution. Experiment showed, however, that the hydrobromide, 
dissolved in acetone, gave a good yield of crude (mixed) bromo- 
glycols with this reagent; moreover the glycols could be fairly 
smoothly oxidised to the corresponding acids by the action of a 
cold dilute potassium dichromate-sulphuric acid solution. The 
oxidation product, which was very thoroughly extracted with ether, 
consisted of a low-boiling portion roughly separable into acetic acid 
and propionic acid fractions, and a bromine-containing portion which 
could only be distilled satisfactorily at reduced pressure. The 
acetic and propionic acids, further purified by distillation, were 
readily obtainable in the form of their p-bromophenacy] esters 
(m. p.’s 85° and 59° respectively), which were compared with 
authentic specimens. The bromo-acids yielded the corresponding 
nitriles when heated with potassium cyanide in the usual way: 
these (not isolated) were convertible into the salts of corresponding 
acids by boiling with caustic alkali. Of the three dibasic acids 
which could thus be formed from the three theoretically possible 
isomeric hydrobromides, only two were obtained. These, methyl- 
malonic acid (m. p. 130°) and ethylmalonic acid (m. p. 112°), were 
separated by fractional crystallisation and compared with authentic 
specimens. 
The Proportions of «B- and «3-Isomerides. 

A first approximation to the proportion of «8- and «8-isomerides 
in the original (undistilled) hydrobromination mixture was made 
possible by oxidising a large quantity of undistilled material in two 
stages exactly as described above. For this purpose the permangan- 
ate oxidation product was not isolated but directly mixed (after 
removal of manganese mud and the acetone used as solvent) with 
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40% excess over the amount of cold potassium dichromate—sulphuric 
acid mixture necessary to ensure complete oxidation to carboxylic 
acid. The mixture was kept for 36 hours. The two fatty acids 
were carefully fractionated under a column and weighed. The 
specimens obtained together represented approximately 91% of the 
yield theoretically possible (two of the three theoretically possible 
hydrobromides could yield acetic acid); of this yield, the acetic acid 
constituted approximately 10-5% and the propionic acid 89-5%. 

The bromo-acids, which, although obtained in considerable 
quantity, were sacrificed somewhat in attaining complete expulsion 
of propionic acid, were converted into the corresponding malonic 
acids, but the yield of the latter was not estimated. A careful 
refractionation of the acid mixture in which ethylmalonic acid was 
greatly in excess over methylmalonic acid disclosed the presence of 
no methylsuccinic acid; moreover, subsequent treatment of the 
mixture with acetyl chloride led to the isolation of no trace of the 
anhydride of this acid. 


The authors desire to thank the Salters’ Institute of Industrial 
Chemistry and the Chemical Society for grants to one of them 
(F. C. B. M.) which have enabled the investigation to be carried out. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpvon, S.W.7. [Received, November 12th, 1930.] 





XXI.—The Chlorination of Iodophenols. Part III. 
The Chlorination of o-Iodophenol. 


By Samvet Bucnwan and Hamitton McComBig. 


THE action of chlorine on solutions of the iodophenols and their 
derivatives has so far been studied systematically only with reference 
to p-iodophenol (Brazier and McCombie, J., 1912, 101, 913 ; King and 
McCombie, J., 1913, 103, 1762). The results obtained from that 
series are most interesting in that it was found possible in certain 
cases to stabilise the iododichlorides obtained from the parent phenol 
by substitution of the hydrogen in the hydroxyl group. It was 
shown that p-iodophenol on successive chlorinations gave rise to a 
series of unstable iododichlorides decomposing with formation of 
the mono-, di-, tri-, and tetra-chloroiodophenols. The benzoyl 
derivative of p-iodophenol and the benzoyl and acetyl derivatives of 
the chloro-substituted p-iodophenols, on the other hand, all gave 
stable iododichlorides. 

Willgerodt (Ber., 1892, 25, 3495) stated that when o-iodophenol or 
2:4: 6-tri-iodophenol in chloroform solution was treated with 

F2 
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chlorine, compounds were obtained in which iodine was replaced by 
chlorine. In the present investigations, however, it was found that 
o-iodophenol dissolved in carbon tetrachloride gave on chlorination 
a sequence of unstable iododichlorides and decomposition products 
very similar to those obtained from p-iodophenol. Also King and 
McCombie (loc. cit.) have pointed out that although 2 : 4 : 6-tri-iodo- 
phenol does not give an iododichloride when dissolved in chloroform, 
it does give one when in solution with carbon tetrachloride. 

Jannasch and Hinterskirch (Ber., 1898, 34, 1710) obtained from 
the methyl ether of o-iodophenol an iododichloride which decomposed 
with evolution of hydrogen chloride, giving a decomposition product 
with one chlorine atom in the nucleus. Analogous compounds were 
obtained when o-iodophenetole was chlorinated by Jannasch and 
Naphthali (Ber., 1898, 31, 1714). These investigators assumed that 
the chlorine atom entered the ring in a position meta to the methoxy- 
group and, accordingly, gave the decomposition product the struc- 
ture 5-chloro-2-iodoanisole. If, however, the reaction be regarded 
as the chlorination of one molecule by another instead of being a 
purely intramolecular change, it would seem reasonable to suppose 
that the entering atom would take up a position para to the more 
strongly directive methoxy-group. Ingold, Smith, and Vass (J., 
1927, 1245) proved by synthetic means that the chlorine atom does 
migrate to the para-position relative to the methoxy-group. 

When chlorine was led into an ice-cold 10% solution of o-iodo- 
phenol in carbon tetrachloride, an iododichloride was obtained which, 
when separated by filtration, decomposed rapidly with evolution of 
hydrogen chloride, giving 4-chloro-2-iodophenol. Usually, however, 
chlorination of o-iodophenol was accompanied by vigorous evolution 
of hydrogen chloride and the iododichloride ultimately obtained 
decomposed to give 4 : 6-dichloro-2-iodophenol. This same compound 
was obtained by the chlorination of 4-chloro-2-iodophenol and 
subsequent decomposition of the iododichloride. On chlorinating 
4 : 6-dichloro-2-iodophenol an iododichloride was obtained which 
decomposed rapidly, giving again the dichloroiodophenol with only 
"— of the more peed Cee: eo derivative. 
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Two of the derivatives—o-iodophenyl allyl ether and o-todophenyl 
phenylcarbamate—were chlorinated and analysis showed that two 
chlorine atoms, besides those attached to the iodine, had entered 
the molecule. In the allyl ether it was fairly obvious that chlorin- 
ation had resulted in saturation of the double bonds. Chlorine 
atoms entering the molecule of o-iodophenyl phenylcarbamate, 
however, have the choice of two rings and it is interesting to note 
that, although the 4- and 6-positions in both are vacant, they 
attach themselves to the ring with the nitrogen in preference to 
that with the hydroxyl group. In order to see more clearly the 
effect of competition between these two rings for available chlorine 
atoms, chlorination of unsubstituted diphenylcarbamate was 
carried out in the cold. On analysis it was found that three chlorine 
atoms had entered the molecule; two were, as before, in the ring 
attached to the nitrogen atom in positions 4 and 6, and the other 
was in position 4 in the phenolic ring. 

When a stream of chlorine was led into a solution of o-iodophenol 
in carbon tetrachloride at 60—70°, only two compounds could be 
separated, namely, chloroanil and hexachlorocyclohexadienone. 
In the g-iodophenol series tetrachloro-p-iodophenol was also 
obtained, but with o-iodophenol no compound containing iodine 
could be separated. 

The stability of the iododichlorides derived from o-iodophenol 
might be tabulated as follows. 

Moderately stable Unstable. 
Stable. (1—3 months). j ~ 
Benzoate Phenoxyacetophenone Acetate Allyl ether 


Carbonate Carbamate Benzyl ether Methyl ether 
Toluenesulphonate Dibromopropylether Phenylether Ethyl ether 





o-lodophenyl ethyl carbonate did not give an iododichloride. 


EXPERIMENTAL. 


o-Iodophenol was prepared from phenol by mercuration, followed 
by iodination with free iodine. The product was obtained pure by 
vacuum distillation. 

2-Iodophenyl acetate was obtained as a colourless oil by the action 
of glacial acetic acid and acetic anhydride (3:1) on o-iodophenol 
(Found : I, 48-4. C,H,O,I requires I, 48-5%). 

The iododichloride, which was unstable, melted and decomposed 
at 92—93°. 

2-Iodophenyl benzyl ether was prepared by heating benzyl chloride 
and the sodium salt of o-iodophenol in alcoholic solution for 5 hours ; 
purified by vacuum distillation, it was obtained as a colourless oil 
(Found: I, 41-1. C,,;H,,OI requires I, 40-9%). 
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The iododichloride was unstable. 

2-Iodophenyl benzoate was obtained by the action of benzoy| 
chloride on o-iodophenol in sodium hydroxide solution. It crystal- 
lised from light petroleum (b. p. 40—60°) in white needles, m. p, 
34° (Found : I, 39-1. ©,,H,O,I requires 1, 39-2%). 

The tododichloride, which was stable, melted and decomposed at 
98—101° (0-099 gave 0-1304 AgI + AgCl. C,,H,O,CI,I requires 
0-1308). 

2-Iodophenyl phenylcarbamate was prepared by heating 0-iodo- 
phenol gently for 4 hour with the theoretical amount of phenyl- 
carbimide and recrystallising the product from benzene; it formed 
white needles, m. p. 121—122° (Found: I, 37-6. C,H, 0,NI 
requires I, 37-5%). 

Chlorination was carried out in chloroform solution and after 
much evolution of hydrogen chloride an tododichloride was pre- 
cipitated, m. p. 125° (decomp.). Analysis showed that four chlorine 
atoms had entered the molecule (0-1625 gave 0-2766 AgI + AgCl. 
C,,H,O,NCI1,I requires 0-2742). 

The iododichloride was fairly stable and decomposed slowly after 
4 weeks with evolution of chlorine. On treating an acetic acid 
solution of the iododichloride with aqueous potassium iodide 
2-iodophenyl 2 : 4-dichlorophenylcarbamate was precipitated in white 
needles, m. p. 145°. Its constitution was proved by condensing 
o-iodophenol with 2 : 4-dichlorophenylearbimide (0-1040 gave 0-1334 
AgI + AgCl. C,,;H,O,NCI,I requires 0-1331). 

4-Chloro-2-iodophenol.—A 10% solution of o-iodophenol in carbon 
tetrachloride was saturated at 0° with dry chlorine. The iododi- 
chloride, which was precipitated almost at once, was filtered off 
rapidly and kept cold. Rapid decomposition with evolution of 
hydrogen chloride took place. The decomposition product, which 
was dark in colour, was washed with bisulphite solution and 
recrystallised from light petroleum (b. p. 40—60°), 4-chloro-2-todo- 
phenol being obtained as white needles, m. p. 78° (0-1848 gave 
0-2768 AgI + AgCl. C,H,OCII requires 0-2748). The constitution 
of this compound was proved by synthesis from 4-chloro-2-nitro- 
phenol. The benzyl derivative of 4-chloro-2-nitrophenol (white 
needles from methyl alcohol, m. p. 84—85°. Found: Cl, 13-4. 
C,,;H, 90,NCI requires Cl, 13-59%) was reduced by refluxing it for 
8 hours with a solution of stannous chloride in ether. The hydro- 
chloride of the base was diazotised and added to potassium iodide 
solution. Debenzylation was effected by boiling the benzyl ether 
of 4-chloro-2-iodophenol with excess of a 30% solution of hydrogen 
bromide in glacial acetic acid for 48 hours. 

4-Chloro-2-iodophenyl acetate was obtained by the decomposition 
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of the iododichloride from 2-iodopheny] acetate or by the acetylation 
of 4-chloro-2-iodophenol. This proved its constitution. It was a 
colourless oil (0-3956 gave 0-5060 AgI + AgCl. C,H,O,CII requires 
0:5050). The iododichloride decomposed rapidly. 

4-Chloro-2-iodophenyl benzyl ether was prepared by the decom- 
position of the iododichloride of 2-iodophenyl benzyl ether or by 
the benzylation of 4-chloro-2-iodophenol. This proved its constitu- 
tion. It formed white needles, m. p. 60°, from light petroleum 
ether (0-1974 gave 0-2186 AgI + AgCl. C,,H,,OCII requires 0-2171). 
The iododichloride melted and decomposed at 95—97°. It decom- 
posed slowly over a period of 4 or 5 days. 

4-Chloro-2-iodophenyl benzoate crystallised from light petroleum 
in white needles, m. p. 88° (0-1716 gave 0-1808 AgI + AgCl. 
C,,;H,O,CIL requires 0-1812). 

The tododichloride, which was stable, melted with decomposition 
at 103—104° (0-2046 gave 0-3178 AgI + AgCl. C,,H,O,Cl,I requires 
0-3170). 

4-Chloro-2-iodophenyl phenylearbamate was obtained from ethyl 
alcohol in white needles, m. p. 128° (0-2091 gave 0-2128 AgI + AgCl. 
C,;H gO,NCII requires 0-2119). 

The tododichloride was precipitated from chloroform with evolu- 
tion of hydrogen chloride. It melted with decomposition at 146°. 
Analysis showed the presence of five chlorine atoms in the molecule, 
two of them being in positions 2 and 4 in the anilide ring (0-1715 
gave 0-3202 AgI + AgCl. C,,H,O,NCI,I requires 0-3181). 

4 : 6-Dichloro-2-iodophenol.—4-Chloro-2-iodophenol in carbon 
tetrachloride at 0° was chlorinated, and the iododichloride separated 
and allowed to decompose. The decomposition product crystallised 
from light petroleum in white needles, m. p. 62° (0:2288 gave 
04039 AgI + AgCl. C,H,OCI,I requires 0-4051). 

4 : 6-Dichloro-2-iodophenol was more easily obtained by rapid 
chlorination of o-iodophenol. Evolution of hydrogen chloride took 
place and the iododichloride eventually obtained decomposed to 
give the dichloroiodophenol. The constitution of this substance was 
proved by treating 2 : 4-dichlorophenol with iodine monochloride. 

4 : 6-Dichloro-2-iodophenyl acetate was obtained by the decomposi- 
tion of the iododichloride of 4-chloro-2-iodophenyl acetate. It was 
identical with the compound resulting from the acetylation of 
4: 6-dichloro-2-iodophenol and crystallised from light petroleum in 
white needles, m. p. 59° (0-1719 gave 0-2722 AgI + AgCl. C,H,0,Cl,I 
requires 0-2711). 

The iododichloride decomposed after 5—6 days, giving the parent 
substance. 

4: 6-Dichloro-2-iodophenyl benzyl ether was also prepared. by 
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decomposition from the iododichloride of the 4-chloro-2-iodopheny] 
benzyl ether or by the benzylation of 4 : 6-dichloro-2-iodophenol, 
It formed white needles, m. p. 62°, from light petroleum (0-1998 
gave 0-2718 AgI + AgCl. C,,H,OCI,I requires 0-2738). 

The iododichloride decomposed over several days, giving again 
4 : 6-dichloro-2-iodophenyl benzyl] ether. 

4 : 6-Dichloro-2-todophenyl benzoate was obtained as white crystal- 
line cubes, m. p. 89°, from light petroleum or alcohol (0-1997 gave 
0:2650 AgI + AgCl. C,3;H,O0,CI,I requires 0-2653). The iododi- 
chloride was not obtained on chlorination. 

4 : 6-Dichloro-2-iodophenyl phenylearbamate was obtained from 
carbon tetrachloride solution in white needles, m. p. 181° (0-0976 
gave 0-1248 AgI + AgCl. C,,H,O,NCI,I requires 0-1249). On 
chlorination in chloroform solution, hydrogen chloride was evolved 
but no iododichloride was precipitated. 

Trichloro-o-iodophenol.—4 : 6-Dichloro-2-iodophenol was chlorin- 
ated at 0°, and the iododichloride filtered off and allowed to decom- 
pose. The products consisted of 4: 6-dichloro-2-iodophenol with 
traces of the trichloro-derivative. Separation of the two was effected 
by repeated crystallisation from light petroleum; m. p. 52—54° 
(0-1528 gave 0-3114 AgI + AgCl. C,H,OCI,I require 0-3143). 

2-lododiphenyl Hther.—2-Nitrodiphenyl ether was reduced by 
refluxing it for 8 hours with stannous chloride in ether. The ether 
was distilled off, and the tin double salt decomposed with 30% 
sodium hydroxide solution. The base was extracted with ether, 
dried, and vacuum-distilled. Diazotisation was effected with 
sodium nitrite in the presence of sulphuric acid and the diazo- 
solution was added to aqueous potassium iodide. The oily product 
was steam-distilled and crystallised from methyl alcohol; m. p. 
55—56° (Found : I, 42-8. C,,H,OI requires I, 42-9%). 

Chlorination was carried out in a solution of carbon tetrachloride 
and light petroleum (50/50). The tododichloride, which was unstable 
and decomposed after 2 days, melted with decomposition at 81—82° 
(0-2008 gave 0-2871 AgI + AgCl. C,,H,OCI,I requires 0-2856). 

w-2'-Iodophenoxyacetophenone.—o-lodophenol was refluxed with 
the theoretical amount of w-chloroacetophenone in sodium ethoxide 
solution for 5 hours and poured into water. The product crystallised 
from ethyl alcohol in white needles, m. p. 123° (Found: I, 37-7. 
C,,H,,0,I requires I, 37-6%). 

The iododichloride, which was moderately stable and very light 
in colour, melted and decomposed at 98°. 

Di-2-iodophenyl Carbonate-—To a 20%, solution of o-iodophenol 
in pyridine was added twice the theoretical weight of carbonyl 
chloride, dissolved in toluene. After 4 hours the mixture was 
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poured into dilute acid. White needles, m. p. 88°, were obtained 
from methyl alcohol (Found: I, 548. C,,;H,O,I, requires I, 
545%). 

The tododichloride, which was stable, melted and decomposed at 
108°. Analysis showed that chlorine was added on at both iodine 
atoms (0-1762 gave 0-2990 Agi + AgCl. C,,H,0,Cl,I, requires 
0:3008). 

2-Iodophenyl p-Toluenesulphonate.—o-Iodophenol was dissolved 
in pyridine, and p-toluenesulphonyl chloride added slowly. The 
mixture was kept for 3 days and then poured into dilute acid. 
The sulphonate crystallised from methyl alcohol in white needles, 
m. p. 80° (Found : I, 34:2. C,,H,,O,IS requires I, 33-9%). 

The iododichloride, which was stable, melted with decomposition 
at 95—-97° (0-2440 gave 0-2866 AgI + AgCl. C,,H,,0,CI,IS requires 
0-2862). 

2-Iodophenyl Allyl Ether—To a 5% solution of o-iodophenol in 
sodium ethoxide solution was added the calculated weight of allyl 
bromide and the whole was refluxed for 5 hours and poured into 
water. The oil obtained was purified by vacuum distillation 
(Found : I, 49-1. C,H,OI requires I, 48-9%). 

The iododichloride, m. p. 84° (decomp.), decomposed slowly in air. 
Analysis showed that the double bond was saturated with chlorine 
(0:1946 gave 0-3936 AgI + AgCl. C,H,OCI,I requires 0-3916). 

2-Iodophenyl Dibromopropyl Ether—Dry bromine (2-5 g.) was 
added to 5 g. of 2-iodopheny] allyl ether in 25 c.c. of dry carbon 
tetrachloride, and the mixture kept over-night. When the solvent 
was distilled off, the ether was obtained as a colourless oil (0-1754 
gave 0-2550 Agi + AgBr. C,H,OBr,I requires 0-2551). 

The iododichloride, m. p. 118° (decomp.), decomposed slowly 
after about 4 weeks, giving 4-chloro-2-iodophenyl dibromopropyl ether, 
which crystallised from light petroleum in white needles, m. p. 52° 
(0:1934 gave 0-3186 AgIl + AgBr + AgCl. C,H,OCIBr,I requires 
0-3210). 

2-Iodophenyl Ethyl Carbonate-—Ethyl chlorocarbonate was added 
to a suspension of o-iodophenol in sodium bicarbonate solution and 
kept for 36 hours. The oil produced was extracted with ether, 
dried, and vacuum-distilled (Found: I, 43:7. C,H,O,I requires I, 
43-8%). 

An iododichloride could not be obtained. 

Chlorination of a Warm Solution of o-Iodophenol in Carbon Tetra- 
chloride.—o-Iodophenol (10 g.) was dissolved in 100 c.c. of carbon 
tetrachloride, and chlorine passed in, the temperature being kept 
at 60—70°, until all evolution of hydrogen chloride had ceased. 
The solvent was distilled off, and the residue extracted, first with 





144 ATTREE AND PERKIN: REDUCTION PRODUCTS 


light petroleum and then with methyl alcohol. From the petroleum 
extract, hexachlorocyclohexadienone crystallised in white needles, 
m. p. 107°. On treatment with aqueous potassium iodide, penta- 
chlorophenol was obtained, m. p. 187°. From the methyl-alcoholic 
extract, chloroanil was obtained in large bulk; m. p. 280°. 

4-Chloro-2 : 6-di-iodophenol_—_An attempt was made to prove the 
constitution of 4-chloro-2-iodophenol by the direct iodination of 
p-chlorophenol with iodine monochloride. The substance obtained 
crystallised from light petroleum in white needles, m. p. 106—107° 
(0:1713 gave 02778 Agi + AgCl. C,H,OCII, requires 0-2762), 
When this was chlorinated in carbon tetrachloride solution, an 
unstable iododichloride was obtained. 

4-Chlorophenyl 2 : 4-Dichlorophenylcarbamate.—A 10% solution of 
diphenylcarbamate (m. p. 122°) in chloroform was chlorinated at 0° 
until evolution of hydrogen chloride ceased. The solvent was dis- 
tilled off, and the solid residue crystallised from carbon tetra- 
chloride; m. p. 157° (Found: Cl, 33-6. C,,H,O,NCI, requires Cl, 
33°7%). The constitution of this compound was proved by the 
condensation of p-chlorophenol with 2 : 4-dichlorophenylcarbimide. 
The latter was prepared by passing a stream of carbonyl chloride 
over 2: 4-dichloroaniline hydrochloride at 350—400°; after dis- 
tillation (b. p. 234—236°), it crystallised from light petroleum in 
white needles, m. p. 61° (Found: Cl, 37-8. C,H,ONCI, requires 
Cl, 37-8%). 


One of the authors (8S. B.) is indebted to the Yuill Fund of 
Aberdeen University for a Research Scholarship. 


UNIVERSITY CHEMICAL LABORATORIES, 
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XXII.—Reduction Products of the Hydroxyanthra- 
quinones. Part XII. 


By Gorpon FREDERICK ATTREE and ARTHUR GEORGE PERKIN. 


By the oxidation of 3-hydroxyanthranol (I) Perkin and Whattam 
(J., 1922, 121, 289) obtained 3 : 3’-dihydroxydianthrone (II), and 
from this by the action of alkaline ferricyanide 2 : 2’-dihydroxy- 
helianthrone (IV) was prepared by Haller and Perkin (J., 1924, 
125, 231). 

The intermediate product 3 : 3’-dihydroxydianthraquinone (III) 
is readily produced (Perkin and Yoda, J., 1925, 127, 1884) by the 
action of iodine in pyridine solution on 3 : 3’-diacetoxy-9 : 9'-di- 
anthranyl diacetate. It could not thus be obtained from 3: 3’-di- 
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acetoxydianthrone, evidence that’ in the conversion of (II) into 
(III) the enolisation of the former is first essential. 
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Proof of the constitution of (IV) was afforded (Perkin and Hard- 
acre, J., 1927, 181) by its oxidation with chromic acid to 2 : 2’-di- 
hydroxydianthraquinonyl (V), which was synthesised by the 


Ullmann method from 1-bromo-2-hydroxyanthraquinone. 
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From te by further owed 2:2’-dihydroxynaphthadianthrone 
(VI) was obtained. Attempts were made to obtain from 3 : 4-di- 
hydroxyanthranol (deoxyalizarin) and 3 : 4 : 6-trihydroxyanthranol 
(deoxyanthrapurpurin) respectively, by similar methods, 7 : 7’: 8: 8’- 
tetrahydroxy- and 2:2’:7:7’: 8: 8’-hexahydroxy-helianthrones, 
because such compounds, it was anticipated, would possess tinctorial 
properties of interest. Although in each case the production, from 
these anthranols, of the corresponding hydroxydianthrones could be 
readily effected, attempts to convert the latter into hydroxyheli- 
anthrones were unsuccessful (Goodall, Macmaster, and Perkin, J., 
1924, 125, 476; 1927, 1306). Itis shown in the sequel that 4 : 4’-di- 
hydroxydianthrone (VII) is also unreactive in this respect. The reason 
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for these failures is now, at least in part, clear, because, by the methods 
of oxidation here cited, the production of the 1 : 1’-dianthraquinony| 
linkage, which is essential for the conversion of hydroxydianthra- 
quinone into hydroxyhelianthrone (compare III and IV), only 
occurs between the hydroxylated rings. Obviously, therefore, in the 
case discussed above (compare VII) helianthrone formation is not 
possible from hydroxydianthrones which contain a hydroxyl group 
in position 4. Such an explanation, however, is incomplete in that it 
affords no reason for the non-production from these 4-hydroxy- 
compounds of the corresponding dianthraquinones (compare III) 
and indeed, as shown later, this reaction is also inhibited by the 
presence of hydroxy] groups other than that in this position. 

In continuation of experiments with the desire of preparing 
mordant dyes of the helianthrone group 1-hydroxy-2-methoxy- 
anthrone (VIII) (Miller and Perkin, J., 1925, 127, 2684) was now 
studied with a more satisfactory result. From it, by air oxidation 
in alcoholic potassium hydroxide sclution, 1 : 1’-dihydroxy-2 : 2'-di- 
methoxydianthrone (IX) was obtained, and this, by treatment with 
iodine in hot pyridine solution, gave 4: 4'-dihydroxy-3 : 3’-di- 
methoxyhelianthrone (X1) in excellent yield. 
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Later experiments have shown that for this purpose the isolation 
of (IX) is unnecessary, and that from (VIII), by means of iodine or 
arsenic acid in pyridine solution, the production of (XI) can be 
effected just as well in one operation. 4:4’-Dihydroxy-3: 3’-di- 
methoxyhelianthrone is again produced (yield, 40%) when a nitro- 
benzene solution of (VIII) is boiled for thirty minutes, and indeed 
to a minor extent when the latter is heated beyond its melting 
point at about 250°. Although 1 : 1’-dihydroxy-2 : 2’-dimethoxy- 
dianthraquinone (X) is evidently an intermediate product in these 
reactions, so readily does it pass into (XI) that its satisfactory 
isolation has not yet been effected. When, however, a pyridine 
solution of (VIII) is boiled for a long period there is formed, in 
addition to (X1), a trace of a second compound, as yet only prepared 
in an impure condition, which very probably consists of (X). 

Some doubt arose as to the correctness of the constitution assigned 
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to (XI) in that the corresponding naphthadianthrone (compare VI) 
could not be prepared by exposing its solution in nitrobenzene to light 
even for many weeks, and in that the corresponding dianthraquinonyl 
could not be produced by oxidation with chromic acid. That (XI) 
consists of 4: 4’-dihydroxy-3 : 3’-dimethoxyhelianthrone, however, 
has been proved by its synthesis from 4-bromo-1-hydroxy-2- 
methoxyanthraquinone as the result of experiments carried out 
by Mr. N. H. Haddock and one of us (A. G. P.), an account of 
which will be shortly communicated to the Society. 

By the demethylation of (XI) with haloid acid 3:3’: 4 : 4’-tetra- 
hydroxyhelianthrone (XII) is obtained as maroon-coloured needles 


H C H OH 
ON) CO Nd 
mM /2 C O 


(XII) (XIII.) (XIV.) 


giving blue solutions in alkalis. More simply it can be prepared 
from 1 ; 2-dihydroxyanthrone ‘Cross and Perkin, J., 1930, 296) or 
from the 1: 1’ : 2 : 2’-tetrahydroxydianthrone derived from it by the 
methods described above as serviceable for the preparation of (XI) 
from 1-hydroxy-2-methoxyanthrone. Although reaction occurs 
more rapidly with 1 : 2-dihydroxyanthrone than with the 1-hy- 
droxy-2-methoxy-compound, the yield is poorer in the former 
case, and secondary products of an indefinite character are produced 
in considerable amount. 

3:3':4:4’-Tetrahydroxyhelianthrone does not dye mordanted 
calico even in the colloidal condition, and though it shows tinctorial 
property towards wool prepared with tin, aluminium, iron, and 
chromium, the shades obiained, especially as regards the first two 
mordants,* are weak and of a poor character. This appears at first 
sight peculiar, because there is present in both nuclei of (XII) the 


group ah Ag OH (A) which is present in alizarin (XIII) 


itself and to which the powerful dyeing property of the latter is 
usually ascribed. On the other hand, it has been pointed out by 
Miller and Perkin (J., 1925, 127, 2686) and Cross and Perkin (loc. 
cit.) that, though in the hydroxybenzanthrone series the group (A) 
does confer tinctorial property, as, for instance, on 3 : 4 (or 4 : 5)-di- 
hydroxy- and 2 : 4 : 5-trihydroxy-benzanthrones (isobenzalizarin and 


s The sodium salt of 3:3’:4:4’-tetrahydroxyhelianthronedisulphonic acid, 
evidently the 2 : 2’-compound, is, however, a powerful dye. 
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isobenzflavopurpurin), these are scarcely strong colouring matters 
and therefore show some analogy in this respect to 3 : 3’ : 4 : 4’-tetra. 
hydroxyhelianthrone. There can be no doubt that in the dye lakes 
given by alizarin (and other hydroxyanthraquinone dyes) there is 
present a co-ordinated (chelate) metallic complex as expressed in the 
formula of Morgan for Turkey-red lake (XV) (J., 1922, 124, 161), 
which is based on the analytical results of Mohlau (Ber., 1913, 46, 
483), mae a modification of this can be suggested as possible. It 


<Al ) 


o— < <€£ * RH, o 
\ —O—_—_ a4 Ca, 
(XV.) \ 20 \oF (XVI) 


0 OCa; 


would thus appear that the saeiteaition between the dyeing pro- 
perties both of the hydroxybenzanthrones cited and of 3: 3’: 4:4’ 
tetrahydroxyhelianthrone and those possessed by alizarin arises 
from the fact that in the latter an additional carbonyl group is 
present in position 10. This, however, can hardly be the entire 
explanation, because 7 : 8-dihydroxybenzanthrone (XIV) dyes full 


shades very similar to those produced by alizarin, though possibly of 
a less permanent character. That the carbonyl group strongly 
influences a hydroxyl when this is in the para-position thereto has 
been discussed in earlier papers (oc. cit.), and it is now suggested that 
such a group, which is present in both alizarin and benzalizarin and 
is absent from the hydroxybenzanthrones above cited and from 
3:3’: 4: 4’-tetrahydroxyhelianthrone, is essential for the develop- 
ment of strong tinctorial property in mordant dyes. As co-ordin- 
ation between the p-hydroxyl and carbonyl groups is hardly to be 
anticipated, it suggests itself that in the dye lakes concerned these 
groups are involved in the formation of a p-quinonoid complex. 
For the satisfactory dyeing of adjective dyes, more especially with 
iron and aluminium mordants, the presence of a calcium salt is 
necessary, which, without doubt, reacts, as in the case of alizarin, in 
the first place with the 2-hydroxyl, or with that present in other 
colouring matters in the p-position to the carbonyl group, and 
indeed (J., 1899, 75, 433) a crystalline 2-monocalcium salt of alizarin 
has been prepared. That such a compound is produced in the dye- 
bath hardly explains its service in the dyeing operation, and this, it 
is now considered, arises from the fact that such calcium salts tend 
to take up a p-quinonoid form if this is not present in the original 
dye. With alizarin this change may be represented as (XVI), and 
such a scheme can without difficulty be embodied in Morgan's 
formula (XV) for Turkey-red lake. That a chelate group is present 
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in phenolic dye lakes in general and is not confined only to those 
derived from colouring matters, mainly hydroxyanthraquinones, in 
which a hydroxyl adjacent to a carbonyl group is present, seems 
certain, owing to the general similarity in property of such pigments. 
How the presence of such a linkage in the dye lakes of colouring 
matters of the type of benzalizarin (XIV) is to be represented does 
not appear to, have been previously discussed. However, if these 
contain, as is suggested, a p-quinonoid group, the chelation can 
evidently be expressed as follows, M representing the metal involved. 
Among other dyes of importance are hematein and y—o 
brazilein, which undoubtedly are p-quinonoid (Engels, 4 
Perkin, and Robinson, J., 1908, 93, 1140) and it is Oy 
difficult to see how the chelation which exists in their 

colour lakes is to be otherwise represented. When 

acetylated even at 200°, 3:3’: 4: 4’-tetrahydroxyhelianthrone gives 
only the 4 : 4’-dihydroxy-3 : 3’-diacetoxy-compound, being analogous 
in this respect to the hydroxybenzanthrones previously cited, in 
which the «-hydroxyl group has a similarly inert character. The 
chelate linkage in these compounds is, therefore, of an extremely 
stable character, whereas in comparison that present in alizarin is 
much weaker, for the «-hydroxy] of the latter can even be acetylated 
in the cold if the mixture is kept for several days (Perkin, loc. cit.). 
It seems possible, therefore, that the presence of a stable chelate 
group in such colouring matters may adversely influence their power 
of lake formation in the dyeing operation. 

Although 2:3-dihydroxy(hystazarin)anthranol is _ readily 
oxidised to 2 : 2’ : 3 : 3’-tetrahydroxydianthrone, attempts to convert 
the latter into the corresponding dianthraquinone have failed. 
On the other hand, 2:2’: 3: 3’-tetramethoxydianthrone (XVIII) 
(from 2: 3-dimethoxyanthranol, XVII) does react with alkaline 
persulphate to yield 2: 2’:3:3’-tetramethoxydianthraquinone 
(XIX). By the prolonged action of light on the latter in benzene— 
alcohol solution 2 : 2’ : 3 : 3’-tetramethoxyhelianthrone (XX), together 
with a little of the corresponding naphthadianthrone, is produced. 


_ 
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Haloid acid converts (XX) into 2 : 2’ : 3 : 3’-tetrahydroxyhelianthron., 
This compound is specially interesting because, unlike the 
3: 3’: 4: 4'-tetrahydroxyhelianthrone just discussed, it strongly 
dyes both mordanted wool and calico, if applied thereto either in the 
colloidal condition or in dilute ammoniacal solution. As the 
hydroxyl groups in 2: 2’:3:3’-tetrahydroxyhelianthrone are in 
analogous positions to those present in hystazarin (2 : 3-dihydroxy- 
anthraquinone), which it is known is but a feeble dye, this was 
hardly to be anticipated, and it thus appears that the tinctorial 
effect resulting from the positions of the hydroxyl groups in the 
helianthrone molecule differs markedly from that due to the position 
of hydroxy] in the anthraquinone group. 

When (XXI) as acetyl compound is oxidised with chromic acid, 
2:2’:3:3'-tetrahydrozy-1:1'-dianthraquinonyl (XXII)  (di- 
hystazarin), a compound closely resembling hystazarin itself, is 
produced. Unlike hystazarin again, however, this compound 


OCs) C008) O00} 


(XXII.) (XXIII.) (XXIV. ) 


(XXII) dyes well both with mordanted wool and with calico 
and it is evident, therefore, that the tinctorial properties of 
both this compound and the tetrahydroxyhelianthrone (XXjJ), 
from which it is derived, are largely influenced by the 1: 1’-di- 
anthraquinonyl linkage, a group which is obviously absent from 
hystazarin itself. On the other hand, 2:2’ :3: 3’-tetrahydroxy- 
naphthadianthrone (XXIII) dyes feeble shades, which in their 
intensity resemble those given by hystazarin. Thus, whereas the 
presence in (XXII) of the 1 : 1’-dianthraquinony] linkage enhances 
the tinctorial effect, this is nullified by the introduction of a 
similar group in the 8: 8’-position. No explanation of this in- 
fluence of the latter can at present be suggested. 

Attempts to prepare 1 : 1’-dihydroxydianthrone from 1-hydroxy- 
anthrone have hitherto been unsuccessful, though 1 : 1’-dimethozy- 
dianthrone is readily produced by the air oxidation of 1-methoxy- 
anthrone in alcoholic potash solution. More drastic treatment of the 
latter in the same manner, or, alternatively, the action of iodine on 
the former compound, gives 1: 1'-dimethorydianthraquinone and 
from this, by illumination and subsequent demethylation, 4 : 4’-di- 
hydroxyhelianthrone (XXIV) and 4: 4'-dihydroxynaphthadianthrone 
are obtained. These two substances, though closely resembling 
the 2 : 2'-dihydroxy-compounds of Haller and Perkin (Joc. cit.), are 
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not only insoluble in alkaline solutions but also resistant to acetyl- 
ation, and afford a further instance of the stability of the chelate 
linkage which is present in «-hydroxyhelianthrones and naphthadi- 
anthrones. 

Although 3-hydroxyanthranol yields the dianthrone (loc. cit.) in 
almost quantitative amount, 3-methoxyanthranol gives but a 
trifling yield of 3 : 3’-dimethoxydianthrone. From this compound, 
3: 3’-dimethoxydianthraquinone, the related helianthrone and 
naphthadianthrone, compounds previously prepared by Perkin and 
Yoda (loc. cit.) by other methods, are readily produced, and the last, 
which was only cursorily examined by those authors, has been 
isolated in quantity. 

In attempts, which have proceeded over a long period, to prepare 
hydroxyhelianthrones other than those described above, numerous 
hydroxyanthranols have been used, but in all cases with negative 
results: though hydroxydianthrones could usually be prepared 
from them, their conversion into hydroxydianthraquinones could 
not be effected. Similar failures were experienced when the 
hydroxyls present in these compounds were either partly or entirely 
replaced by methoxyl groups, though care was taken to effect, as 
far as possible, the conversion of the methoxydianthrone into di- 
anthranol either previous to or during the oxidation process. It is 
puzzling that the presence of hydroxyl groups in various positions 
in dianthrone (which itself yields dianthraquinone) should inhibit 
this reaction, and that whereas 3 : 3’-dihydroxydianthrone readily 
suffers this change, such compounds as 3: 3’ : 7 : 7’-tetrahydroxy-, 
3:3': 7: 7'-tetramethoxy- and 3: 3’-dihydroxy-7 : 7’-dimethoxy- 
dianthrones do not. 

For the preparation of hydroxyanthranols or anthrones from 
hydroxyanthraquinones, boiling stannous chloride and hydrochloric 
acid (Goodall and Perkin, Joc. cit.) has proved to be the most effective 
reducing agent. Methoxyanthraquinones, however, are often 
demethylated during the process. Although this defect can be 
avoided by the use of copper or aluminium and sulphuric acid at 
40° as the reducing agent, the procedure here generally adopted has 
been to add stannous chloride-hydrochloric acid to the methoxy- 
anthraquinone in hot acetic acid and allow the mixture to cool. On 
the other hand, the partial demethylation of a polyhydroxyanthra- 
quinone, if desired, may be effected by boiling such a mixture, 
wually for about one hour. As the partly methylated anthranol or 
ithrone thus obtained (preferably acetylated) can be readily 
ixidised to the hydroxymethoxyanthraquinone, a method is avail- 
ible for the preparation of compounds of this type which are usually 
lificult to obtain by other methods. Again it is curious that when 
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symmetrical dimethoxyanthraquinones, as, for instance, the 
2:7-,1:8-, and 1: 5-compounds, are thus reduced and yield, as 
they do respectively, the 2-hydroxy-7-methoxy-, 1-hydroxy-8- 
methoxy-, and 1-hydroxy-5-methoxy-anthranols, one methyl group 
only is eliminated and not both. 

When hydroxyanthranols are converted into hydroxydianthrones 
the yields obtained are variable and frequently poor, even when 
different methods of oxidation are employed, owing to the simul- 
taneous production of hydroxyanthraquinone. This poverty of 
yield may arise to some extent from the easier solubility of certain 
of these compounds in the solvent employed (usually acetic acid) 
and their consequent liability to further attack by the oxidising 
agent, but it is more probably due to the fact that in the circum- 
stances of the experiment a mixture of both hydroxyanthranol and 
hydroxyanthrone is present and that, whereas the former is oxidised 
to the dianthrone, the latter yields the anthraquinone according to 
the we scheme : 


CO . CO. 
5 Cp aD Ce 
Aga’ /\Nco 


EXPERIMENTAL. 


To 2-methoxyanthraquinone (10 g.) in sulphuric atid (160 c.c.), 
copper powder was gradually added, with good stirring, and the 
mixture was kept at 140° for 1 hour. After filtration through 
asbestos to remove copper, the liquid was poured on ice, and the 
precipitate collected and dried on tile. A suspension of the product 
in acetic anhydride (25 c.c.) was treated with pyridine (20 c.c.) and 
the solution kept over-night. The crystalline deposit, after being 
washed with alcohol, was recrystallised from carbon disulphide, 
giving sulphur-yellow plates (7-5 g.) of 3-methoxy-9-anthranyl 
acetate, m. p. 152—154° (Found : C, 76-7; H, 5-4. C,,H,,O, requires 
C, 76:7; H, 53%). 

For hydrolysis, hydrochloric acid (5 pts.) was gradually added to 
the acetyl compound (1 pt.) in boiling acetic acid (15 pts.). Cautious 
addition of boiling water caused the separation of 3-methoxy-9- 
anthranol as fine needles, m. p. 108—109°, after recrystallisation 
from alcohol (Found: C, 80-2; H, 5:5. C,;H,,0, requires (, 
80-5; H, 53%). 

3: 3’-Dimethoxydianthrone was prepared from 3-methoxy-9- 
anthranol (1 pt.), acetic acid (5 pts.), alcohol (5 pts.), and ferric 
chloride solution [commercial ferric chloride (1 pt.) in acetic acid 
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the } (2 pts.)] * by gentle evaporation on the water-bath. After one hour, 
as | dilution with alcohol caused the gradual deposition of crystals 
y-8- | (0-3 pt.), which separated from benzene (charcoal) as small colourless 
oup | prisms, m. p. 215—217° to a green liquid ; these dissolved in sulphuric 
acid with a pale yellow tint (Found: C, 80-6; H, 5-3. C,9H,.0, 
mes f requires C, 80-7; H, 4-9%). 
hen From the acetic acid filtrate, water precipitated a product which 
aul- | by fractional crystallisation from benzene gave 2-methoxyanthra- 
of | quinone, m. p. 195—197°, as the main constituent. 
tain 3 : 3’-Dimethoxydianthranyl 9 : 9'-diacetate, obtained with acetic 
cid) } anhydride and pyridine in the usual manner, crystallised in hair- 
sing | like needles, m. p. 228—230°, soluble in sulphuric acid with a violet- 
um-f§ red tint (Found: C, 77-3; H, 5-2. C,,H,.0, requires C, 77-0; 
and H, 4-9%). 
ised 3 : 3'-Dimethoxydianthraquinone.—To the diacetyl compound 
g tof (0-5 g.) in pyridine (5 c.c.), iodine (0-5 g.) was added and the liquid 
was kept at 80° for 14 hours, and poured into acidified sodium 
bisulphite solution. The yellow precipitate after exhaustion with 
acetone separated from nitrobenzene as small yellow plates, m. p. 
294—295° (Found: C, 80-4; H, 4-8. Calc. for C,,H,.0,: C, 81-0; 
H, 45%). Perkin and Yoda (loc. cit.), who prepared this com- 
pound by the methylation of 3: 3’-dihydroxydianthraquinone, give 
m. p. 297—299°. 

2 : 2'-Dimethoxynaphthadianthrone, previously obtained in an 
.C.), impure condition by Perkin and Yoda, is readily prepared by expos- 
the ing a solution of 3:3’-dimethoxydianthraquinone (0-4 g.) in 
ugh f pyridine (55 c.c.) to light for a fortnight. Recrystallised from nitro- 
the benzene, it consists of orange-red needles which do not melt below 
duct # 340° and dissolve in sulphuric acid with a red tint (Found: C, 
and 81-5; H,4-1. Cj 9H,,0, requires C, 81:8; H, 3-6%). 
emg} 3:6-Dihydroxy-9-(isoanthraflavic acid)-anthranol.—isoAnthra - © 
uide, | flavic acid, prepared in bulk by the method of Hall and Perkin (J., 
anyl | 1923, 123, 2036), was dissolved (160 g.) in pyridine (250 c.c.), the 
ures solution filtered and treated with twice its volume of boiling water, 
and hydrochloric acid added until precipitation was complete. 
cd to} The pale yellow needles were practically pure. To obtain the 
10U8 | anthranol previously described by Roemer and Schwarzer (Ber., 
ry-9- 1882, 15, 1041), who employed zine dust and ammonia as the 
t100 | reducing agent, isoanthraflavic acid (8 g.), suspended in stannous 
s C, chloride—hydrochloric acid solution [stannous chloride (2 pts.), 
hydrochloric acid (5 pts.)],f was digested at the boiling point for 
4hours. From the pale grey, crystalline product (7-5 g.), which was 


* Referred to throughout this paper as ferric chloride solution. 
t Referred to throughout this paper as stannous chloride—hydrochloric acid. 
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sufficiently pure for further work, the acetyl compound was pre- 
pared. This melted at 183—184°, and not at 173° as stated by 
Roemer and Schwarzer. 

3:3’: 6: 6’-Tetrahydroxydianthrone.—To isoanthraflavic acid. 
anthranol (1 g.) in acetic acid (10 c.c.), ferric chloride solution 
(2 c.c.) was added, and the mixture boiled for 15 minutes. The 
crystals (0-4 g.) were collected and washed with water and with 
alcohol. By using, however, the anthranol (1-g.), acetic acid 
(5 c.c.), alcohol (25 c.c.), and ferric chloride solution (2 c.c.), 
a purer product (0-42 g.) was obtained. The 3:3’: 6: 6’-tetra- 
acetoxy-9 : 9’-dianthranyl diacetate, prepared with acetic anhydride 
and pyridine, separated from alcohol-acetic acid in small, pale 
yellow plates, m. p. 280—282°, which dissolved in sulphuric acid with 
a scarlet tint (Found: C, 68-2; H, 4:3. C,H ,0,. requires C, 
68-3; H, 42%). 

For hydrolysis, 0-5 g. in acetic acid (15 c.c.) was digested at the 
boiling point with hydrochloric acid (5c.c.). The crystalline deposit} 
contained a greenish-blue impurity, giving a blue solution in alcohol, 
evidently derived from the dianthrone by the action of hydrochloricf Ww 
acid [compare 3:4:6: 3’: 4’: 6’-hexahydroxy(anthrapurpurin)di-f 2 
anthrone; J., 1929, 192]. Thus obtained, 3:3':6:6'-tetra-— Pp 
hydroxydianthrone forms small, pale yellow prisms which darken at} ©! 
270°, become green at about 300°, and do not appear to have af 1 
definite melting point (Found: C, 74-6; H, 40. C,,H,,0, requires— Ww 
C, 74-6; H, 4:0%). so 

When a solution of the hexa-acetyldianthranol in pyridine wasj_ W: 
boiled with the addition of iodine, dianthraquinone formation did§ bc 
not occur and the main bulk of the original compound was recovered— 40 
unaltered. The behaviour of the dianthrone (as sodium dianthran- 
oxide) with alkaline ferricyanide or hypobromite was also studied} 4¢ 
with a negative result. 

isoAnthraflavic acid dimethyl ether, prepared from isoanthraflavic | 80! 
acid in sodium hydroxide solution (10%) and methy] sulphate in the§ Af 
usual manner, separated from acetic acid as yellow needles, m. p.f dit 
215—217° (Found: C, 71:5; H, 4:4. C,,H,.0, requires C, 71-6;] pr 
H, 4-4%). cry 

3 : 6-Dimethoxy-9-anthranol was prepared from this dimethyl ether | 19 
(7 g.) by means of sulphuric acid (100 c.c.) and copper powder (14g.) | wh 
(see 3-methoxyanthranol, above). The product was acetylated in} Te4 
the cold, pyridine (10 c.c.) and acetic anhydride (12 g.) being used, ] 
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and crystallised from alcohol-acetic acid or carbon disulphide, § %# 
3 : 6-dimethoxy-9-anthranyl acetate being obtained in pale yellow, § PI 
the 





prismatic needles, m. p. 180—181°, soluble in sulphuric acid with a 
transient red colour, a yellowish-green fluorescent solution being 
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dissolved in dilute alkali with a yellow colour, and in sulphuric acid 
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eventually produced (Found: C, 74:0; H, 5-3. C,gH,,0, requires 
C, 72:9; H, 5-4%). 

Hydrolysis with hydrochloric acid in the usual manner gave 
colourless leaflets of 3:6-dimethoxy-9-anthranol resembling 
phenanthrene in appearance; after recrystallisation, these melted at 
158—160° (Found: C, 75-5; H, 5-5. C,,H,,0, requires C, 75-6; 
H, 5-5%). 

3:3’: 6: 6’-Tetramethoxy-9 : 9’-dianthrone.—The anthranol (1-2 g.) 
in acetic acid (12 c.c.) was heated at 85°, and ferric chloride solution 
(3-5 c.c.) added. After 14 hours, alcohol (1-5 pts.) was added, and 
the product (0-95 g.) collected and recrystallised both from alcohol 
and from benzene. The faintly fluorescent, colourless needles, 
m. p. 242—243°, dissolved in sulphuric acid with a pale yellow 
tint (Found: C, 76-0; H, 5:2. C,,H,,0, requires C, 75-9; H, 
51%). 

In the acetic acid mother-liquor the presence of isoanthraflavic 
acid dimethyl ether, m. p. 215—217°, was detected. 

3:3’: 6: 6’-Tetramethoxy-9 : 9’-dianthranyl diacetate, prepared 
with acetic anhydride and pyridine and crystallised from alcohol— 
acetic acid, formed yellow prisms, m. p. 255—256°, soluble in sul- 
phuric acid with a red coloration. Digested at 80° with a solution 
of iodine (1 pt.) in pyridine (5 pts.) for 1 hour, it remained unattacked, 
no dianthraquinone formation being observed. Negative results 
were also obtained when the dianthrone itself (a) rendered colloidal by 
solution in sulphuric acid and reprecipitation with water, was gently 
warmed with alkaline ferricyanide solution, and (b) was digested with 
boiling alcoholic potash, and the liquid poured into dilute aqueous 
ammonium persulphate. 

6-Hydroxy-3-methoxyanthranol—A mixture of iso-anthraflavic 
acid dimethyl ether (2-5 g.), acetic acid (30 c.c.), and stannous 
chloride—hydrochloric acid (30 c.c.) was boiled for 1 hour, the 
solution poured into water, and the precipitate washed and dried. 
After extraction with benzene to remove isoanthraflavic acid 
dimethyl ether anthranol (isolated as leaflets, m. p. 156—158°), the 
product was acetylated ; the 3-methoxy-6-acetoxy-9-anthranyl acetate 
crystallised from alcohol-acetic acid in colourless needles, m. p, 
197—199°, and gave with sulphuric acid a bluish-red coloration 
which quickly became yellow (Found: C, 70-7; H, 5-0. C, 9H,,0; 
requires C, 70-4; H, 4:9%). 

Hydrolysis with hydrochloric acid in acetic acid gave the free 
anthranol, which separated from alcohol in almost colourless prisms 
apparently containing alcohol of crystallisation, as when heated 
these became opaque, subsequently melting at 234—236°. It 
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gave a yellow solution with a green fluorescence (Found: C, 74:8; 
H, 5-1. C,,;H,,0, requires C, 75-0; H, 5%). 

isoAnthraflavic Acid Monomethyl Ether.—3-Methoxy-6-acetoxy-9- 
anthranyl acetate in acetic acid was oxidised with chromic acid ; 
addition of hot water then precipitated yellow needles of acetyliso- 
anthraflavic acid monomethyl ether, which, after recrystallisation from 
alcohol, melted at 194—196° and dissolved in sulphuric acid with a 
crimson coloration (Found: C, 68-5; H, 4-1. C,,H,,0; requires 
C, 68-9; H, 4%). 

Hydrolysis with hydrochloric acid gave the free monomethyl ether, 
which separated from acetic acid as fine yellow needles, m. p. 
283—285° (Found: C, 70-7; H, 4:2. C,;H,,0, requires C, 70-9; 
H, 3-9%). 

isoAnthraflavic acid monomethy] ether is also obtained in trifling 
amount when isoanthraflavic acid is methylated with methyl 
sulphate and alkali, and can be isolated from the crude dimethyl 
ether by extraction with dilute aqueous ammonia. It is also pro- 
duced when isoanthraflavic acid monomethyl ether anthranol in 
alcoholic solution is exposed to light : the liquid gradually darkens 
during about 3 days and on dilution with water yields a precipitate, 
from which the pure compound is obtained by crystallisation from 
alcohol-acetic acid. 

6 : 6'-Dihydroay-3 : 3'-dimethoxydianthrone.—To acetylisoanthra- 
flavic acid monomethy] ether anthranol (0-3 g.) in acetic acid (2 c.c.), 
ferric chloride solution (0-6 c.c.) was added, and the mixture, after 
being kept at 70° for } hour, was diluted with alcohol and gently 
evaporated. The crystals (0-05 g.) obtained (filtrate A) were washed 
with alcohol and converted into the acetyl compound, which crystal- 
lised from alcohol in pale yellow, prismatic needles, m. p. 229—231°, 
and dissolved in sulphuric acid with a scarlet coloration. From 
filtrate A, by dilution with water, a precipitate consisting almost 
entirely of isoanthraflavic acid monomethyl ether was isolated. 

On dissolution of the acetyl compound in boiling dilute alcoholic 
potassium hydroxide, acidification, and cautious addition of boiling 
water, the dianthrone separated as fine colourless needles. After 
being washed with alcohol, these commenced to darken at about 
250° and melted at 292—295° (Found: C, 75-4; H, 4:9. Cy 9H,.0, 
requires ©, 75:3; H, 46%). 3:3’-Dimethoxy-6 : 6’-diacetoxy- 
dianthranyl diacetate in boiling pyridine solution is not oxidised 
by iodine to the corresponding dianthraquinone, and the action of 
ammonium persulphate on the dianthrone itself was similarly 
ineffective. 

3 : 7-Dihydroxy-9-anthranol was readily prepared from anthra- 
flavic acid by the stannous chloride—hydrochloric acid method 
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(Goodall and Perkin, loc. cit.) in a condition sufficiently pure for 
experiment. Only 5 g. of this compound were available. 

3:3’: 7: 7'-Tetrahydroxydianthrone.—A mixture of the anthranol 
(1 g.), acetic acid (10 c.c.), and ferric chloride solution (2 c.c.) was 
digested at the boiling point for 15 minutes. The anthranol without 
apparent solution passed into the dianthrone, which was washed with 
alcohol. It darkened at 290°, melted at about 315—318°, and dis- 
solved in sulphuric acid with an orange-yellow colour (Found : 
C, 74-4; H,4-0. C,,H,,0, requires C, 74-6; H,4-0%). Owing to its 
sparingly soluble character it is somewhat slowly attacked by boiling 
acetic anhydride and pyridine. 

3:3’: 7: 7'-Tetra-acetoxy-9 : 9'-dianthranyl diacetate separated 
from hot nitrobenzene on dilution with alcohol in colourless needles, 
which darkened at about 290° and did not appear to have a definite 
melting point. Sulphuric acid dissolved it with a scarlet colour, 
which passed through brown to green on keeping (Found : C, 68-3; 
H, 4:4. C, 9H5,0,,. requires C, 68-3; H, 4:2%). Neither from this 
compound nor from the free dianthrone could the corresponding 
dianthraquinone be produced. 

Hystazarin.—For the isolation of this colouring matter from the 
product obtained by the condensation of pyrocatechol with phthalic 
anhydride in the presence of aluminium chloride, the following 
modification of D.R.-P. By. 298,345 was employed. The mass, 
thoroughly exhausted with boiling hydrochloric acid and with boiling 
water, was extracted with hot dilute aqueous ammonia, and the 
extract acidified. The pale brown product (A) was acetylated and 
the acetyl hystazarin, after purification, was hydrolysed in the usual 
manner. (The brownish-black product of the reaction, insoluble in 
ammonia and formed in considerable amount, has vat-dyeing 
property : a suspension in dilute alkali solution readily dissolves on 
the addition of sodium hyposulphite, giving a clear solution from 
which cotton can be dyed in deep brown shades. These, though fast 
to soap, show little permanence in contact with dilute alkaline 
hypochlorite solution.) 

Hystazarin (2 :3-dihydroxy)anthranol was prepared from hystazarin 
by Schrobsdorff (Ber., 1903, 36, 2938) by the aid of zinc dust and 
ammonia. It can be obtained in almost quantitative yield by digest- 
ing hystazarin with boiling stannous chloride-hydrochloric acid 
solution for 4 hours. 

2: 2’:3:3’-Tetrahydroxydianthrone separated when a mixture 
of acetyl hystazarin anthranol (1 g.), acetic acid (4 c.c.), and ferric 
chloride solution (2 c.c.) was heated at 85° for 1 hour; yield (0-5 g.). 
2:2’:3: 3’-Tetra-acetoxy-9 : 9’-dianthrone, prepared by digesting the 
dianthrone with boiling acetic anhydride for 2 hours, crystallised 
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from alcohol-acetic acid in pale yellow prisms, which darkened at 
about 230°, melted at 274—277°, and dissolved in sulphuric acid with 
an orange colour (Found: C, 69:7; H, 4:2. C3 gH»,0j9 requires 
C, 69-9; H, 42%). When pyridine, however, is present during 
the acetylation process, 2: 2’ : 3 : 3’-tetra-acetoxy-9 : 9’-dianthranyl 
diacetate is produced and this is deposited from alcohol-acetic acid 
in small colourless prisms which darken at about 250° and melt at 
293—295°. Sulphuric acid dissolves it with a red coloration, which 
passes through green, and eventually develops a brown tint (Found : 
C, 68:5; H, 4-4. Cy H5 012 requires C, 68-4; H, 42%). Heated 
with iodine in pyridine solution at 80° for 1 hour, it was unaffected 
and could be recovered unchanged, and from neither this compound 
nor the free dianthrone could the corresponding dianthraquinone be 
obiained. 

For the preparation of hystazarin dimethyl ether the crude 
hystazarin (A) was employed and the methylation product was 
prepared in a similar manner to 1-methoxyanthraquinone (loc. cit.) 
and crystallised from benzene (yield, 60%). The mother-liquor 
contained a more soluble substance, probably alizarin dimethyl 
ether. 

2 : 3-Dimethoxyanthranol.—Hystazarin dimethyl ether (3 g.) was 
dissolved in boiling acetic acid (55 c.c.), the solution slightly cooled, 
and stannous chloride—hydrochloric acid solution (35 c.c.) added. 
The greenish-yellow liquid was kept over-night and poured into much 
water, and when the viscid mass had solidified it was collected, dried 
on tile, and acetylated (3 g.) with acetic anhydride and pyridine. 
2 : 3-Dimethoay-9-anthranyl acetate separated from alcohol in silky 
needles, m. p. 169—171°, soluble in sulphuric acid with an orange 
colour (Found: C, 72°85; H, 5-6. C,gH,,0, requires C, 72-9; 
H, 5-4%). 

For hydrolysis, boiling dilute potassium hydroxide solution was 
employed, and the product recrystallised from alcohol. The 
anthranol was thus obtained as pale yellow, prismatic needles, m. p. 
143—146°, giving with sulphuric acid a brown solution (Found : 
C, 74:9; H, 5-6. C,,H,,0, requires C, 75-5; H, 5-5%). 

2:2':3: 3’-Tetramethoxydianthrone.—A mixture of the anthranol 
(1 g.), acetic acid (10 c.c.), and ferric chloride solution (2 c.c.) was 
boiled for 30 minutes. Methyl alcohol (35 c.c.) was now added, the 
clear liquid was evaporated to one-fourth of its bulk, and the crystals 
which separated were recrystallised from alcohol and from benzene. 
The small colourless needles obtained melted at 243—245° and dis- 
solved in sulphuric acid with an orange-red colour (Found : C, 76:3; 
H, 56. C3,.H,,0, requires C, 75-9; H, 5-1%). 
2:2':3:3’-Tetramethoxy-9 : 9’-dianthranyl diacetate, prepared 
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in the usual manner, was recrystallised from alcohol—acetic acid and 
obtained in hair-like needles, m. p. 194—196°. 
2:2':3:3' - Tetramethoxydianthraquinone.—2 : 2’ : 3 : 3’- Tetra - 
methoxydianthrone (1 g.), suspended in alcohol (10 ¢.c.), was boiled 
with the addition of 5% alcoholic potassium hydroxide (10 ¢.c.), and 
the clear liquid stirred into 4°, ammonium persulphate solution 
(25 c.c.). The yellow product was collected after some time, washed 
with water and with alcohol, and dissolved in much benzene (char- 
coal), and the solution evaporated to crystallisation. The product, 
recrystallised from the same solvent, consisted of pale yellow needles 
(0-8 g.) which darkened at 285°, melted at 290—291°, and gave with 
sulphuric acid a dull red-violet coloration, quickly passing to blackish- 
brown. It dissolved in boiling benzene with a deep green tint, 
which faded on keeping, a property evidently characteristic of 
dianthraquinone and its compounds (Found: C, 76:3; H, 4:7. 
Cs.H,,0.4 requires C, 76-2; H, 4-7%). 
2:2':3:3'-Tetramethoxyhelianthrone.—A solution of the di- 
anthraquinone (2 g.) in benzene (400 c.c.) and alcohol (100 c.c.) was 
exposed to light during 20 days. The highly fluorescent, orange-red 
liquid produced contained in suspension crystals of 2: 2’:3:3’- 
tetramethoxynaphthadianthrone (see below); these (0-1 g.) were 
removed and the liquid was evaporated to a small bulk. On 
addition of alcohol and further evaporation, scarlet crystals separated 
(1-5 g.) (filtrate A), which were washed with alcohol and fractionally 
recrystallised in the same manner, a little tetramethoxynaphthadi- 
anthrone being thus eliminated. Finally, the product was dissolved 
in pyridine, and the solution treated with hot alcohol; alternatively, 
it was recrystallised from nitrobenzene. The prismatic needles, m. p. 
287—288, dissolved in sulphuric acid with a deep indigo-blue colour 
(Found: C, 76-1; H, 4-4. C,,H,.0, requires C, 76-4; H, 44%). 
The filtrate (A) contained a little tetramethoxydianthraquinone. 
2:2’: 3: 3’-T'etramethoxyhelianthrone dissolves sparingly in boiling 
benzene to give a yellow solution with an intensely green fluorescence. 
It is not readily reduced by warm alkaline hyposulphite and the green 
vat is quickly oxidised by air to the original substance. 
2:2':3:3’-T'etrahydroxyhelianthrone.—The finely ground tetra- 
methoxy-compound (0-5 g.) in a mixture of acetic acid (5 c.c.) and 
hydrochloric acid (d 1-16) (5 c.c.) was heated in a sealed tube at 
190° for 3hours. The product, which consisted of crystals suspended 
in a deep maroon-coloured liquid, the latter evidently containing 
the oxonium salt in solution, was poured into water, yielding a dull 
ted mass of prismatic needles. These could be recrystallised by 
solution in boiling alcoholic ammonia and acidification, and thus 
separated as iridescent metallic leaflets. 
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Owing to its sparing solubility in the usual solvents this com- 
pound could not be recrystallised in the usual manner. Analyses 
have not given concordant results, though no difficulty has been 
experienced in this respect with either its tetramethoxy- or tetra- 
acetyl derivative. Possibly the compound retains water of crystal- 
lisation tenaciously. The point will be further investigated. 
Very dilute alkali solutions dissolve the compound with a dull 
violet-red tint, whereas with stronger solutions an almost black 
liquid is produced. With dilute solutions of ammonia and sodium 
bicarbonate a dull crimson coloration is obtained. Rendered 
colloidal by solution in dilute alkali and reprecipitation with acid, 
2:2’:3:3’-tetrahydroxyhelianthrone dyes mordanted calico, 
though preferably it is dissolved in the minimum of dilute aqueous 
ammonia before being added to the dye-bath. Such a solution, just 
neutralised with acetic acid, behaves equally well. By applying in 
this manner 2° of colouring matter to woollen cloth, mordanted with 
tin, aluminium, iron, and chromium, maroon, deep brown-maroon, 
deep black, and blackish-brown shades are obtained respectively. 
These are of the anthragallol type but bluer in tone. Hystazarin 
applied to wool in the same manner gave with the same mordants pale 
dull orange, pale dull pink, pale brown-purple, and weak maroon 
colours. 

2: 2’:3:3'-Tetrahydroxyhelianthrone, finely powdered, was 
digested with boiling acetic anhydride and pyridine. Ochre prisms 
separated during the digestion and these were dissolved in boiling 
benzene (charcoal), and the intensely fluorescent solution was diluted 
with alcohol and partly evaporated; the orange leaflets of 
2 :2':3:3'-tetra-acetoxyhelianthrone, after recrystallisation in similar 
manner, melted at 295—297° (Found: C, 70-5; H, 3-5. CygH».01 
requires C, 70-3; H, 3-5%). 

2:2':3:3'-Tetra-acetoxy-1 : 1'-dianthraquinonyl._—To 2 : 2’ :3:3'- 
tetra-acetoxyhelianthrone (0-2 g.) in boiling acetic acid (12 c.c.), 
chromic acid (0°25 g.) in 50% acetic was slowly added. Cautious 
addition of boiling water gave pale yellow crystals, which were dis- 
solved in much acetone and the solution concentrated. The plates 
or leaflets congealed together at about 200°, resolidified, and melted 
at 268—270°. When, however, the melting-point tube was 
plunged into a bath at 200°, complete fusion of the substance 
occurred, followed by rapid solidification. Sulphuric acid dissolved 
the compound, giving a red-brown solution (Found: OC, 66°; 
H, 3:3. C3gH,.0,. requires C, 66-8; H, 34%). 

Hydrolysis with hydrochloric acid in the presence of acetic acid 
caused the gradual deposition of 2: 2’ : 3 : 3'-tetrahydroxydianthro- 
quinonyl as minute prisms or prismatic needles, which in their dull 
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yellow colour resembled hystazarin itself. It is very sparingly 
soluble in the usual solvents, does not melt below 360°, and forms 
green-blue solutions in alkalis and a brick-red solution in sulphuric 
acid (Found: C, 69:9; H, 3-0. C,,H,,0, requires O, 70-2; H, 
30%). It dyes tin-, aluminium-, iron-, and chromium-mordanted 
calico when applied thereto by the methods found serviceable with 
2:2’: 3: 3'-tetrahydroxyhelianthrone for this purpose, producing 
bright orange, dull red-purple, purple, and dull brown shades. 

2:2'’:3:3'-T'etramethoxynaphthadianthrone, obtained in small 
amount during the preparation of the helianthrone (above), formed 
the sole product when 2:2’ :3 : 3’-tetramethoxydianthraquinone 
(1 g.) in benzene (200 c.c.) and alcohol (100 ¢c.c.) was exposed to 
light for 6 weeks. The deposit separated from much nitrobenzene 
as orange-coloured silky needles (Found: C, 76-4; H, 4-0. 
C3gHo 0, requires C, 76-8; H, 4-0%). 

2:2’: 3:3’-Tetrahydroxynaphthadianthrone, prepared by heating 
the tetramethoxy-compound with a mixture of hydrochloric acid (d 
1-16) (3 pts.) and acetic acid (1 pt.) at 215° for 1 hour and subse- 
quently at 200° for 3 hours, formed a glistening scarlet mass of fine 
needles, very sparingly soluble in all solvents, soluble in sulphuric 
acid with a violet-red coloration. It dissolves in sodium hydroxide 
solution (10%) with a red-brown colour, and in dilute aqueous 
ammonia with a crimson colour, which changes to red-brown on 
dilution, whereas with dilute sodium carbonate solution a crimson 
colour is produced. It possesses little affinity for mordanted calico, 















and is a poor dye also towards wool mordanted with tin, aluminium, 
iron, or chromium. The shades (2%) given on the latter are respect- 
ively dull pink, pale pink drab, brown-black, and somewhat pale 
olive-brown. 

2:2’:3: 3’-Tetra-acetoxrynaphthadianthrone.—When the  tetra- 
hydroxy-compound was acetylated in boiling solution, the crystals 
did not appear to dissolve but were gradually replaced by fine 
yellow needles. These, after recrystallisation from much nitro- 
benzene, darkened and sintered at about 350°, but had not melted at 
360° (Found: C, 70:3; H, 3-0. C3,H,,0,) requires C, 70°5; H, 
31%). 

4: 4'-Dihydroxydianthrone.—To 4-hydroxyanthranol (Cross and 
Perkin, loc. cit.) (2 g.) in acetic acid (20 c.c.) and alcohol (20 c.c.), 
ferric chloride solution (4 c.c.) was added, and the mixture gently 
evaporated at 100° to one-third of the original bulk. Crystals 
commenced to separate almost immediately; at the end of the 
operation these (1-1 g.) were collected hot and washed with boiling 
alcohol. From the filtrate, 1-hydroxyanthraquinone separated. 
The almost colourless, thin plates or leaflets dissolved in sulpburic 
G 
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acid with an orange-red colour, and when heated darkened at about J , 
240° und melted at 256—258° (Found: C, 80-0; H, 4:3. Cale. for rn 
CygH,,0,: C, 80-3; H, 43%). ¢ 

4: 4'-Diacetoxy-9 : 9’-dianthranyl diacetate, obtained in the usual f , 
manner, crystallised from acetic anhydride in colourless prisms, [ }, 
m. p. 265—267° after previous blackening (Found: C, 76-4; H, 4-5. § ;, 
Cy.H,.0, requires C, 76-5; H, 43%). Neither from this compound f ,, 
nor from the dianthrone itself could the corresponding dihydroxy- f 4 


dianthraquinone be prepared. ( 
Section II. , 
‘ 


1-Hydroxyanthrone (1 g.) in acetic acid (3 c.c.) was unaffected 
when, after addition of ferric chloride solution (1 c.c.), the mixture 
was heated at 100° for 1 hour. Other experiments, at various 
temperatures and with different oxidising agents, gave no indication f ¢ 
of the production of a dianthrone from this compound. 

For the preparation of 1-methoxyanthraquinone advantage was 
taken of the German patent (D.R.-P. 242379, 1910; Friedlander’s 
“ Fortschritte,’” X, 592) specially designed for the methylation of | ¢ 
the «-hydroxyl group when present in hydroxyanthraquinones. A a 
mixture of potassium 1-hydroxyanthraquinone (10 g.), methyl f ,, 
sulphate (60 g.), and sodium carbonate (25 g.) was heated at 140°. 
After crystallisation from alcohol the product melted at 168—169°.  ,., 

1-Methoxyanthrone.—1-Methoxyanthraquinone (10 g.) in sulphuric 
acid (140 c.c.) was treated with copper powder (12 g.) at 40— § 4, 
45° and stirred for 3 hours, the procedure being identical with that ph 
given (op. cit.) for the preparation of 2-methoxyanthranol. A § 4), 
mixture of the product (9 g.), acetic anhydride (15 c.c.), and pyridine § jj, 
(12 c.c.), after being kept, was run into dilute sulphuric acid, and the § gp 
viscid precipitate air-dried. This consisted of 1-methoxyanthrone, 
formation of the acetyl anthranol not having occurred: other [ ,j 
instances which are given in this paper and the results of experi- § ,), 
ments which are in progress appear to indicate that this is a general § },,, 
property of anthrones containing an «-methoxyl or «-hydroxyl § ¢ 
group, and that enolisation of anthrone to anthranol does not occur , 
in these circumstances. By crystallisation from carbon disulphide, f ,,,, 
the product was obtained in large prismatic needles, m. p. 129— § ,,) 
131° (Found: C, 80-4; H, 5-4. C,;H,,0, requires C, 80°35; H, J ,.. 
5:35%). Graebe and Bernhard (Annalen, 1906, 349, 229) describe § y., 
1-methoxyanthrone, which they prepared by the direct methylation § | . 
of 1-hydroxyanthrone, as melting at 105°. It is likely, however, that 
their compound, judging from its method of formation, is 1-methoxy- 
9-anthranyl methyl ether. 
1 ; 1’-Dimethoxydianthrone.—To 1-methoxy-9-anthrone (1 g.) im 
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acetic acid (4 c.c.), ferric chloride solution (1 c.c.) was added, and the 
mixture heated at 60° for 1 hour. Addition of alcohol caused 
crystals of the dianthrone (0-2 g.) to separate, and these were washed 
with hot alcohol (filtrate A). Preferably, methyl-alcoholic potassium 
hydroxide (20°) (2-5 c.c.) was added to 1-methoxyanthrone (1 g.) 
in methyl alcohol (35 c.c.), and air aspirated through the boiling 
solution. From the resulting dull orange liquid, crystals of the 
dianthrone soon separated, and after } hour these were collected hot 
(0-33 g.) and washed with alcohol. From this filtrate and also from 
filtrate (A), on cooling, crystals of 1-methoxyanthraquinone were 
deposited, which, after purification, melted at 169°. 1: 1’-Di- 
methoxydianthrone is deposited from much acetone as minute, pale 
yellow, prismatic needles which darken at about 200° and do not 
appear to have melted at 330° (Found: C, 81-1; 4H, 5-1. 
Cp H 90, requires C, 80-7; H, 4:9%). 

The 1: 1'-dimethoxy-9 : 9’-dianthranyl diacetate obtained by 
acetylation in presence of boiling pyridine crystallised from 
alcohol-acetic acid in pale yellow prisms, m. p. 290—291° (Found : 
C, 76-9; H, 4:9. C,,H,,0, requires C, 76-9; H, 49%). The 
crimson solution in sulphuric acid became violet and then blue on 
keeping. 

1 : 1’-Dimethoxydianthraquinone.—If during the oxidation of 
l-methoxyanthrone with air in the presence of methyl-alcoholic 
potassium hydroxide much methyl alcohol is employed, a crystalline 
deposit is obtained which separates more slowly, dissolves in sul- 
phuric acid with an indigo-blue coloration, and consists mainly of 
the dianthraquinone. Alternatively, a mixture of 1 : 1’-dimethoxy- 
dianthrone (1 g.), pyridine (30 c.c.), and iodine (1 g.) was kept at 
60° for 1} hours. The liquid, diluted with alcohol, gave a crystalline 
deposit (0-7 g.), which was washed with alcohol and dissolved in hot 
nitrobenzene and the solution was cautiously diluted with boiling 
alcohol. The pale yellow needles obtained darkened at 280°, 
became black at 300°, and melted at about 315—316° (Found : 
C, 81-1; H, 4-7. C,9H.,0, requires C, 81-1; H, 4-5%). 

4: 4'-Dimethoxyhelianthrone and 4: 4'-Dimethoxynaphthad: - 
anthrone.—1 : 1’-Dimethoxydianthraquinone, rendered colloidal by 
solution in sulphuric acid and precipitation with water, was gently 
warmed with alkaline potassium ferricyanide solution (compare 
Haller and Perkin, loc. cit.), but without effect. When, however, 
1: 1’-dimethoxydianthraquinone (0-5 g.) in the minimum of acetone 
(1 litre approx.) was exposed to light, crystals slowly separated ; 
after 1 month these (0-35 g.) were collected and recrystallised from 
nitrobenzene (filtrate A). The long orange-red needles, which con- 
sisted of 4 4’-dimethoxynaphthadianthrone, did not melt below 360° 
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and gave with sulphuric acid a highly fluorescent, crimson solution 
(Found : C, 81-6; H, 3-7. Cy gH,,0, requires C, 81-8; H, 36%). 

This compound, added to hydrobromic acid (40%) (3 pts.) and 
acetic acid (1 pt.), became violet and in part dissolved, evidently 
owing to the formation of an oxonium hydrobromide. The mixture, 
heated at 180° for 3 hours, gave a salmon-red deposit of 4 : 4’-di- 
hydroxynaphthadianthrone which, recrystallised from much nitro- 
benzene, formed scarlet hair-like needles, which did not melt below 
360° (Found: C, 80-7; H, 3:1. C,gH,.0O, requires C, 81:5; H, 
2-9%). 

4: 4’-Dihydroxynaphthadianthrone is not dissolved by alkali 
solutions, does not suffer reduction with alkali hyposulphite, and is 
unattacked by digestion with boiling acetic anhydride and pyridine 
for several hours. Sulphuric acid dissolves it with a red tint. 

The hot nitrobenzene filtrate (A), treated with much boiling 
alcohol, deposited minute needles of 4 : 4’-dimethoxyhelianthrone. 
Recrystallisation from nitrobenzene gave a salmon-coloured mass, 
which did not melt below 360° and gave with sulphuric acid a violet 
solution (Found: C, 80-7; H, 4:1. CC, 9H,,0, requires C, 81-4; 
H, 4:1%). 

For the demethylation of this compound, carried out as in the 
case of 4: 4’-dimethoxynaphthadianthrone, only a trace of 4 : 4’-di- 
methoxyhelianthrone was available. The 4: 4’-dihydroxyhelian- 
throne, obtained as orange-red needles, was insoluble in alkaline 
solutions and did not appear to yield an acetyl compound by 
ordinary methods. 

Anthrarufin(1 : 5-dihydroxy)anthrone, previously obtained by 
Pleuss (Ber., 1902, 35, 2928) by the action of hydriodic acid and 
phosphorus on anthrarufin, is more conveniently prepared in 
quantity by digesting the latter, finely powdered, with boiling 
stannous chloride-hydrochloric acid solution. Reduction occurs 
somewhat slowly, and the digestion should occupy about 40 hours. 
The product was acetylated and the acetyl compound, m. p. 184— 
185° after recrystallisation from alcohol-acetic acid (compare 
Pleuss), was hydrolysed with hydrochloric acid in the usual manner. 
The yellow leaflets of the anthranol became black at about 220° and 
had not melted at 300°. Pleuss gives 200° as the decomposition 
point. From neither 1: 5-dihydroxy-9-anthrone nor its acetyl 
compound could a dianthrone be obtained by the action of ferric 
chloride. 

Anthrarufin dimethyl] ether according to D.R.-P. 77818 is obtained, 
in conjunction with chrysazin dimethyl ether, by the action of 
methyl-alcoholic sodium hydroxide on crude dinitroanthraquinone. 
For the purpose of this investigation it was prepared, however, from 
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diluted with hot hydrochloric acid, deposited pale yellow needles ; 
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potassium anthrarufin (10 g.) and methyl sulphate (50 g.) in the 
presence of sodium carbonate (25 g.) at 140° (compare D.R.-P. 
242379). It melted at 236—238°, whereas, according to the former 
patent, the melting point is 230°. 

1 : 5-Dimethoxyanthrone.—To anthrarufin dimethyl ether (5 g.) in 
acetic acid (150 c.c.) at 100°, stannous chloride—hydrochloric acid 
(125 c.c.) was added, and the mixture kept for 10 minutes without 
further heating. The pale green crystals (3 g.) were collected 
(filtrate A), washed with hydrochloric acid and with water, and 
recrystallised from acetic acid, 1 : 5-dimethoxyanthrone being obtained 
in brown-red leaflets, m. p. 181—182°, which gave in sulphuric acid 
a red solution quickly changing to green-blue (Found: C, 75-6; 
H, 56; CH, 11-5. C,,.H,,0, requires C, 75-6; H, 5-5; CHs, 
11-6%). 

From filtrate (A), by addition of hot water, yellow crystals of 
anthrarufin anthranol monomethy]l ether (see below) separated. 

1 : 5-Dimethoxy-9-anthranyl acetate, obtained in the usual manner, 
crystallised from alcohol-acetic acid in pale yellow needles, m. p. 
169—171° (Found: C, 72-7; H, 5:3. C,gH,,0, requires C, 72-9; 
H, 5-4%). 

1:1':5:5'-T'etramethoxydianthrone was prepared from the anthrone 
(1 g.) in acetic acid (10 c.c.) with ferric chloride solution (3 c.c.) at 
85°. Crystals soon commenced to separate and after 1 hour the 
mixture was diluted with alcohol. The dianthrone separated from 
much benzene in small colourless needles, m. p. 305—307°, giving 
in sulphuric acid a transient deep red-brown solution changing 
through green to blue (Found: C, 75:7; H, 5-2. Cj9H,,0., requires 
C, 75-9; H, 5-1%). The dianthrone was not attacked by boiling 
acetic anhydride and pyridine, and on treatment by the iodine and 
persulphate methods no evidence of dianthraquinone formation was 
observed. 

10-Hydroxy-1 : 5-dimethoxyanthrone.—Anthrarufin dimethyl ether 
(2 g.) in acetic acid (40 c.c.) was treated with stannous chloride— 
hydrochloric acid (40 c.c.), and the mixture kept at 65° for 3 hours. 
The green precipitate gradually became crystalline and after being 
washed with hydrochloric acid and with water and recrystallised 
from acetic acid (charcoal) gave long violet needles, m. p. 153— 
155°, soluble in sulphuric acid with a pure blue colour (Found : 
C, 71-0; H, 5-2; CH,, 10-95. C,,H,,O, requires C, 71-0; H, 5-2; 
CH, 11-1%). 

1-Hydroxy-5-methoxyanthrone.—To anthrarufin dimethyl ether 
(5 g.) in acetic acid (100 c.c.), stannous chloride—hydrochloric acid 
(125 ¢.c.) was added, and the mixture boiled for1 hour. The liquid, 
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after cooling, these were collected (4:2 g.) and recrystallised from 
alcohol. The product, m. p. 131—133°, dissolved in sulphuric acid 
with a pale yellow colour. 1-Acetory-5-methoxy-9-anthranyl 
acetate, prepared from the anthrone in the usual manner, separated 
from alcohol in stout yellow needles, m. p. 161—163°. The alcoholic 
solution has a strong blue fluorescence (Found: C, 70-5; H, 5-0. 
C19H,,0; requires C, 70-4; H, 4-9%). 

L : 1’-Dihydroxy-5 : 5'-dimethoxydianthrone—A mixture of the 
anthrone (0-5 g.), acetic acid (5 c.c.), aleohol (5 c.c.), and ferric 
chloride solution (1-5 c.c.) was kept at 85° for 1 hour and the crystals 
formed (0-4 g.) were then collected and washed with alcohol. Unless 
alcohol is present during the oxidation process an almost black 
product results. Recrystallisation from much acetic acid gave pale 
yellow prisms, m. p. 287—289°, soluble in sulphuric acid with an 
orange-yellow colour which quickly passes to greenish-blue (Found : 
©, 75-4; H, 4-6. C5 9H .0, requires C, 75-3; H, 46%). 

Acetylation in boiling solution in presence of pyridine gave 
1 : 1’-diacetoxy-5 : 5’-dimethoxy-9 : 9’-dianthranyl diacetate, which 
separated from acetic acid (charcoal) as pale yellow needles. These 
darkened at about 230° and appeared to melt at 250—252° 
(Found: C, 70-8; H, 4:7. C3gH5 9049 requires C, 70-6; H, 4-6%). 

Experiments by the methods previously indicated failed to pro- 
duce the corresponding dianthraquinone either from this compound 
or from 1 : 1’-dihydroxy-5 : 5’-dimethoxydianthrone. 

1 : 8-Dimethoxyanthrone.—Chrysazin dimethyl ether (D.R.-P. 
77818), m. p. 217—219°, was prepared similarly to anthrarufin 
dimethyl ether (above). For reduction, 10 g., rendered colloidal by 
solution in sulphuric acid and precipitation by ice-water, were 
digested with boiling 10° aqueous ammonia (250 c.c.), and zinc 
dust (25 g.) gradually added during 8 hours. When cold, the pro- 
duct was collected, washed, dried, and extracted with boiling acetic 
acid. The crystals of zinc acetate which separated on cooling were 
removed, and the filtrate was concentrated. The yellow hair-like 
needles of the anthrone thus obtained, after recrystallisation from 
acetic acid, melted at 196—197° and dissolved in sulphuric acid 
with an orange coloration (Found: C, 75:7; H, 5-6; CHg, 11-7. 
C,H ,40, requires C, 75-6; H, 5-5; CHg, 11-8%). 

1: 1’: 8: 8'-Tetramethoxydianthrone.—To 1 : 8-dimethoxy -9 
anthrone (1 g.) in alcohol (70 c.c.), 20% alcoholic potassium hydr- 
oxide (2:5 ¢.c.) was added, and air aspirated through the boiling 
solution for 20 minutes. The liquid became orange-brown and 
deposited crystals (0-5 g.), which were dissolved in pyridine (charcoal) 
and the solution was cautiously diluted with hot water. Colourless 
prisms separated which darkened at about 250°, did not melt below 
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340°, and dissolved in sulphuric acid with a red-brown colour which 
rapidly changed to dull green (Found: C, 75-9; H, 5-2. Cj.H.,O, 
requires C, 75-9; H, 5-1°%). 

Prolonged digestion with boiling acetic anhydride and pyridine 
failed to yield the corresponding acetyldianthranol, the dianthrone 
being unaffected, and the methods of oxidation usually serviceable 
for the purpose failed to convert it into a dianthraquinone. 

1-Hydroxy-8-methoxyanthrone.—A solution of chrysazin dimethyl 
ether (10 g.) in boiling acetic acid (400 c.c.) was cooled to 40°; when 
crystallisation commenced, stannous chloride—hydrochloric acid 
solution (250 ¢.c.) was added. After being kept over-night, the clear 
solution was diluted with hot water (500 c.c.), and when cold the 
yellow amorphous precipitate was collected and washed with 
hydrochloric acid and with water (yield, 8 g.). By repeated crystal- 
lisation from acetic acid it was obtained as pale yellow needles, 
m. p. 183—185°, soluble in sulphuric acid with an orange-yellow 
colour, which gradually changed to dull green (Found: C, 75:3; 
H, 5-1; CH,, 66. C,;H,.0, requires C, 75-0; H, 5-0; CHg, 
625%). 

Acetylation in pyridine gave 1-acetoxry-8-methoxy-9-anthranyl 
acetate. This separated from alcohol-acetic acid as needles, m. p. 
164—165° (Found: C, 70-2; H, 4:9. C,.H,,0; requires C, 70-3; 
H, 4-9%). 

1 : 1'-Dihydroxy-8 : 8’-dimethoxydianthrone.—To the anthrone 
(1 g.) in acetic acid (10 c.c.) and alcohol (5 c.c.), ferric chloride 
solution (3 ¢.c.) was added, and the mixture kept at 80° for 1 hour. 
The separated product (0-6 g.) crystallised from acetic acid (charcoal) 
in pale yellow prisms which did not melt below 330° (Found : 
(, 75-5; H, 4:7. Cy9H.0, requires C, 75-3; H, 4-6%%). 

The acetyl compound, prepared as usual, separated from acetic 
acid in almost colourless needles, m. p. 284—287°, which dissolved 
in sulphuric acid with a red coloration. It was not found possible 
to obtain a dianthraquinone from either this compound or the 
dianthrone itself. 

1-Hydroaxy-2-methoxyanthrone.—In the preparation of this com- 
pound from alizarin 2-methyl ether by the action of boiling stannous 
chloride-hydrochloric acid (Miller and Perkin, loc. cit.) the yield is 
poor and much viscid matter is produced as a result of over-reduction. 
The following process gives better results. A solution of alizarin 
2-methyl ether (20 g.) in boiling acetic acid (500 c.c.) is slightly 
cooled, some crystallisation occurring, and stannous chloride— 
hydrochloric acid (320 c.c.) added. On keeping, a clear liquid is 
produced, from which long needles of 1-hydroxy-2-methoxy- 
anthrone gradually separate. After 2 days, hot water (150 c.c.) is 
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slowly added and, when cold, the crystals (18 g.) are collected. By 
fractional crystallisation from alcohol the more soluble 4-hydroxy-3- 
methoxyanthranol is removed from the mixture and the pure 
1-hydroxy-2-methoxy-compound (11-5 g. approx.) obtained. 

1 : 1’- Dihydroxy-2 : 2'-dimethoxydianthrone.—To 1 - hydroxy - 2 - 
methoxyanthrone (1 g.) in boiling methyl alcohol (40 c.c.), con- 
centrated aqueous ammonia (20 drops) was added and air aspirated 
through the solution. After 15 minutes the crystals (0-9 g.) were 
collected and recrystallised from benzene. The yellow prisms 
obtained, m. p. 195—197°, dissolved in sulphuric acid with a red 
colour which passed to violet on keeping. Alternatively, the 
anthrone in boiling alcohol was treated with a little concentrated 
alkaline hypoiodite solution. The separated crystals, evidently of a 
sodium salt of the dianthrone, were collected and digested with 
boiling dilute hydrochloric acid, and the product crystallised from 
benzene. In a third process, ferric chloride solution (1 ¢.c.) was 
added to 1-hydroxy-2-methoxyanthrone (0-5 g.) in acetic acid 
(5 c.c.) and alcohol (5 c.c.), and the mixture gently evaporated. The 
crystalline deposit of the dianthrone was collected hot; the filtrate 
contained much alizarin 2-methyl ether (Found: C, 75-5; H, 4:4. 
CypH.0, requires C, 75:3; H, 46%). 

On account of the formation of some 4: 4’-dihydroxy-3 : 3’-di- 
methoxyhelianthrone when 1: 1’-dihydroxy-2 : 2’-dimethoxydi- 
anthrone was acetylated in boiling solution, a solution of the latter 
(1 g.) in pyridine (4 c.c.) and acetic anhydride (5 c.c.) was gently 
warmed for a few seconds and kept over-night. The 1: 1’-di- 
acetoxy-2 : 2’-dimethoxy-9 : 9’-dianthranyl diacetate obtained crystal- 
lised in colourless needles, m. p. 242—245° (Found: ©, 72-1; H, 
4-7. Cs,H,,O, requires C, 72-6; H, 49%). 

1 : 1’-Dihydroxy-2 : 2’-dimethoxydianthrone was also produced 
when a solution of 1-hydroxy-2-methoxyanthrone (0-5 g.) in nitro- 
benzene (2 c.c.) was boiled ; it was isolated by the addition of alcohol. 
Again, it was obtained in almost quantitative amount when the 
hydroxymethoxyanthrone (2 g.) in acetone (50 c.c.) was treated with 
diazomethane (nitrosomethylurethrane, 8 c.c.) (compare the similar 
behaviour of 3:4-dihydroxyanthranol; Perkin and Story, J., 
1929, 1406). 

4 : 4’-Dihydroxy-3 : 3'-dimethoxyhelianthrone.—To a boiling solu- 
tion of 1-hydroxy-2-methoxyanthrone (2 g.) in pyridine, iodine 
(4 g.) is gradually added during } hour. A red colour soon develops 
and needles of the helianthrone separate. After dilution with 
alcohol, and keeping, the crystals (1-7 g.) are collected and washed 
with a trace of pyridine and then with alcohol. The filtrate is poured 
into acidified bisulphite solution, and the maroon precipitate dried 
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and redissolved in a minimum of boiling pyridine. A further 
amount of the helianthrone (0-075 g.) separates on cooling. In the 
final mother-liquor the presence of a substance soluble in sulphuric 
acid with a violet, and in dilute alkali with a red colour, possibly 
alizarin 2-methyl ether, can be detected. Reaction also occurred 
when the mixture, above described, was heated at 90° for 2 hours, 
the helianthrone being deposited as iridescent magenta-like leaflets, 
but the yield (75%) was lower. The maroon-coloured needles, 
though apparently pure, were recrystallised from much nitrobenzene, 
in which they dissolved sparingly at the boiling point to give a 
highly fluorescent solution. The helianthrone does not melt below 
330°, and dissolves in sulphuric acid with an intense greenish- 
blue colour (Found: C, 75-8; H, 3-8. C,9H,,0, requires C, 75-9; 
H, 3-8%). 

4: 4’-Dihydroxy-3 : 3'-dimethoxyhelianthrone is also formed when 
1-hydroxy-2-methoxyanthrone in pyridine is boiled with the gradual 
addition of a solution of arsenic acid in the same solvent. It can 
again be obtained, though in small amount, by merely boiling a 
pyridine solution of the anthrone: 1-hydroxy-2-methoxyanthrone 
(0-5 g.) in pyridine (5 c.c.), boiled for 6 hours, gave, after dilution 
with alcohol, 4 : 4’-dihydroxy-3 : 3’ -dimethoxyhelianthrone 
(0-09 g.). The red filtrate was poured into dilute hydrochloric acid, 
and the precipitate washed, drained on tile, and added to a little 
boiling acetone. Dull orange needles separated in trifling amount 
and these dissolved in sulphuric acid with a violet tint, passing to 
dark brown on keeping, a colour reaction suggesting that they con- 
sisted of 1: 1’-dihydroxy-2 : 2’-dimethoxydianthraquinone. The 
conversion of 1-hydroxy-2-methoxyanthrone (1 g.) into the heli- 
anthrone could also be effected by digesting it in boiling nitrobenzene 
(5 c.c.) for 14 hours (yield, 0-4 g.). 

4: 4’-Dihydroxy-3 : 3’-dimethoxyhelianthrone is unattacked when 
boiled with acetic anhydride and pyridine during many hours, 
though digestion with alcoholic potassium hydroxide solution gives 
evidence of the formation of a potassium salt. It is not reduced by 
stannous chloride-hydrochloric acid, or by warming with alkali 
hyposulphite, does not suffer conversion into the corresponding 
naphthadianthrone when its solution in much nitrobenzene is exposed 
to light for 1 month, and does not appear to yield a tetrahydroxydi- 
anthraquinonyl when oxidised with chromic acid in much glacial 
acetic acid solution, owing, possibly, to the presence of the unpro- 
tected 4-hydroxyl group. 

3:3':4:4'-Tetrahydroxyhelianthrone is readily prepared by 
heating the 4: 4’-dihydroxy-3 : 3’-dimethoxy-compound with a 
mixture of hydrochloric acid (d 1-16) (3 pts.) and acetic acid (1 pt.) 
G2 
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at 180° for 3 hours. The voluminous maroon-coloured needles, 
consisting apparently in part of hydrochloride, are collected; after 
being washed with alcohol, they have a coppery lustre (Found : 
C, 75-4; H, 3-2. C,,H,,0, requires C, 75:3; H, 3-1%). 

The tetrahydroxyhelianthrone does not melt below 360°. It is 
soluble in sulphuric acid with a green-blue tint, and in dilute alkalis 
with a deep blue colour, which is not discharged on addition of 
sodium hyposulphite. It dissolves in aqueous ammonia with a 
violet colour. When rendered colloidal by solution in alkali and 
reprecipitation with acid, it does not dye mordanted calico. How- 
ever, it shows tinctorial property, though of a weak character, 
towards wool prepared with tin, aluminium, iron, and chromium 
mordants, giving dull pink, pale dull red-violet, dull brown-purple, 
and dull violet shades respectively. For dyeing purposes it is 
preferably applied to the material as a solution obtained by dissolv- 
ing the colloidal substance in the minimum of dilute aqueous 
ammonia, the dye-bath being subsequently rendered faintly acid 
with acetic acid. 

3: 3':4:4’-Tetrahydroxyhelianthrone (0-5 g.) in acetic anhydride 
(75 c.c.) and pyridine (2 ¢.c.) was digested at the boiling point for 
3 hours. The 4: 4’-dihydroxy-3 : 3'-diacetoxryhelianthrone (0-4 g.) 
thus obtained was recrystallised from nitrobenzene in which, at the 
boiling point, it gives a scarlet fluorescent solution. It consists of 
iridescent chocolate-coloured needles, m. p. about 325° (Found : 
C, 72-2; H, 3-4. C,,H,,0, requires C, 72-4; H, 34%). 

A solution of 3:3’: 4: 4’-tetrahydroxyhelianthrone (0-5 g.) in 
fuming (20°) sulphuric acid (5 c.c.) was heated at 100° for 1 hour, 
and the product diluted with water. To the boiling suspension, 
sodium chloride was added, and the sodium sulphonate collected, 
washed with salt solution, drained, and dried. It dissolved in 
boiling water, the magenta solution being turned blue by alkali. It 
is a powerful dye, giving on wool mordanted with tin, aluminium, 
iron, and oxidised chromium, respectively, deep red-brown, red- 
violet, black, and slate-blue shades. 


hydroxyanthrone (0-5 g.) in acetic acid (5 c.c.) and alcohol (5 c.c.), 
ferric chloride solution (1 c.c.) was added, and the mixture gently 
concentrated by heating at 96°. The pale yellow needles which 
separated (0-45 g.) were washed with methyl alcohol, with water, 
and with boiling acetone; they then darkened at about 210° and 
melted at 226—-228°. When recrystallised from benzene, they 
developed an orange tint and melted at 240—241°. The compound 
is soluble in sulphuric acid with an orange-red, and in dilute alkali 
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with a crimson colour (Found : C, 74:8; H, 3-9. C,gH,,0, requires 
C, 74-7; H, 4:0%). 

1:1’: 2: 2’-Tetrahydroxydianthrone (0-4 g.) in pyridine (1 c.c.) was 
treated in the cold with acetic anhydride (1-3 c.c.). The solution 
gradually deposited crystals and, after keeping, these were collected 
and recrystallised from benzene (charcoal). The colourless leaflets 
of 1: 1’ : 2: 2’-tetra-acetoxy-9 : 9’-dianthrone melted-at 245—247° and 
dissolved in sulphuric acid with an orange-red colour (Found : 
C, 70-4; H, 3-8. C5gH 04) requires C, 69-9; H, 4:2%). 

1:1’:2:2’-Tetrahydroxydianthrone is also obtained when a solution 
of 1 : 2-dihydroxyanthrone in the minimum of nitrobenzene is boiled 
for a few seconds and allowed to cool. The fine orange crystals 
produced, washed with benzene and recrystallised from the same 
solvent, melted finally at 240—241°. 

To 1: 2-dihydroxyanthrone (2 g.) in pyridine (20 c.c.), iodine 
(4 g.) was added. On warming, an energetic action occurred and in 
5 minutes a thick crystalline suspension was obtained. This was 
collected (filtrate A) and washed with alcohol, and the crude product 
was stirred with pyridine, again collected, and washed with alcohol. 
The yield of pure 3:3’:4:4’-tetrahydroxyhelianthrone thus 
obtained was 0-8 g. approximately. Addition of much boiling 
alcohol to filtrate (A) caused the deposition of a dark brown powder 
(B), soluble in sulphuric acid with a deep blue-black and in dilute 
alkali with a violet colour. This is probably a mixture and has not 
been further studied. A solution of 1 : 2-dihydroxyanthrone (1 g.) 
in boiling nitrobenzene (15 ¢.c.) soon commenced to deposit crystals 
of 3:3':4:4'-tetrahydroxyhelianthrone and after 20 minutes 
reaction was complete (yield, 0-4 g.). The deep-coloured filtrate, 
diluted with much alcohol, gave a product closely resembling that 
described above (B). 

3: 3':4:4'-Tetrahydroxyhelianthrone (0-5 g.) in sulphuric acid 
(2 c.c.) was heated at 160° for 2 hours, the liquid poured into water, 
and the precipitate collected and repeatedly extracted with alcohol 
and with water. The small residue was digested with acetic 
anhydride and pyridine; orange-red needles of an acetyl compound 
separated in trifling amount, which did not melt below 360°, dissolved 
in sulphuric acid with a red-violet colour, and presumably consisted 
of 4 : 4’-dihydroxy-3 : 3’-diacetoxynaphthadianthrone. 

Purpuroxanthin dimethyl ether, obtained as a by-product of the 
methylation of purpuroxanthin with methyl sulphate and alkali 
(Graebe and Bernhard, Annalen, 1906, 349, 222), is more readily 
prepared in quantity from the dry potassium salt and methyl 
sulphate in the presence of sodium carbonate (compare chrysazin 
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dimethyl ether). It crystallises from benzene in needles containing 
benzene of crystallisation, m. p. 164—165° (Found: C, 71-4; H, 
46%). Graebe and Bernhard give m. p. 150—153°. 

Attempts to prepare the corresponding anthrone from purpuro- 
xanthin dimethyl ether by reduction with copper and sulphuric 
acid, or zinc dust and ammonia, in aqueous suspension or in pyridine 
solution (compare alizarin dimethyl ether), failed in each case, the 
unattacked substance being mainly recovered. In the latter 
instance, however, crystallisation of the product from benzene gave 
as a more soluble fraction red prismatic needles, m. p. 156—158°, 
which consisted, very probably, of 10-hydroxy-1 : 3-dimethoxy- 
anthranol (Found: C, 71:0; H, 4:8. C,,H,,0O, requires C, 71-0; 
H, 5-2%). 

When stannous chloride—hydrochloric acid (25 c.c.) was added to 
purpuroxanthin dimethyl ether (1 g.) in hot acetic acid (20 c.c.), the 
liquid became red and deposited crystals, apparently of the above- 
described compound, which slowly dissolved on boiling. After 
dilution with water, the product was collected, washed, dried, and 
acetylated in the usual manner. The acetyl compound, which 
crystallised from alcohol in yellow prismatic needles, m. p. 154—155°, 
and dissolved in sulphuric acid with an evanescent yellow colour, 
wasevidently triacetylpurpuroxanthinanthranol, demethylation having 
occurred during the reduction process (Found: C, 67-8; H, 4-6. 
C,,H,,0, requires C, 68-1; H, 4:5%). 

Hydrolysis with hydrochloric acid in the presence of acetic acid 
gave pale brown leaflets of 1 : 3-dihydroxy(purpuroxanthin) 
anthrone, m. p. 217—219°. Experiment showed that the latter is 
also obtained by digesting purpuroxanthin with boiling stannous 
chloride—hydrochloric acid for 4 hours. By acetylating the product, 
the acetyl compound, m. p. 154—155°, was obtained. Attempts to 
convert purpuroxanthinanthrone into the corresponding dianthrone 
have hitherto failed. 

A solution of alizarin dimethyl] ether in hot acetic acid was slightly 
cooled, and stannous chloride-hydrochloric acid (30 c.c.) added. 
After being kept over-night, the product, isolated by dilution with 
water, gave on crystallisation from alcohol needles consisting 
evidently of 3 : 4-dimethoxyanthranol (compare Graebe and Thode, 
Annalen, 1906, 349, 207). This by acetylation in boiling solution in 
the usual manner gave 3: 4-dimethoxy-9-anthranyl acetate, which 
separated from alcohol in yellow plates, m. p. 146—148° (Found: 
C, 73-1; H, 5-4. C,,H,,0, requires C, 73-0; H, 5:3%). 

When 3 : 4-dihydroxyanthranol (deoxyalizarin) is methylated with 
methy! sulphate and alkali (Graebe and Thode, loc. cit.), the yield of 
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3: 4-dimethoxyanthrone obtained is variable owing to the pro- 
duction of 3 : 4-dimethoxy-9-anthranyl methyl ether. If the methyl- 
ation process is continued until a colour change does not occur on 
the addition of alkali, the methyl ether is the sole product of the 
reaction. It crystallises from alcohol in yellow prisms, m. p. 
116—118° (Found: C, 76-1; H, 4:6. C,,H,,0, requires C, 76-1; 
H, 60%). 

Though Graebe and Thode prepared 3 : 4-dimethoxyanthrone from 
alizarin dimethyl ether in aqueous suspension by reduction with 
zine dust and ammonia, the method is tedious, and experiment has 
shown that reaction takes place much more readily in the presence of 
pyridine. ‘To alizarin dimethyl ether in boiling commercial pyridine 
(20 pts.), zinc dust is added, and concentrated aqueous ammonia 
drop by drop during 30 minutes. After cooling, the cautious 
addition of boiling water causes the separation of the dimethoxy- 
compound in almost quantitative yield. By recrystallisation from 
carbon disulphide it is obtained as colourless needles, m. p. 162° 
(Found: C, 75-6; H, 58%). Graebe and Thode describe it as 
yellow and give its melting point as 150°. 


We are much indebted to the British Dyestuffs Corporation, Ltd., 
and to the British Alizarine Company, Ltd., for gifts of commercial 
specimens of many of the hydroxyanthraquinones employed in this 
investigation. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
Ture UNIVERSITY, LEEDs. [ Received, November 20th, 1930.] 





X XIII.—Heterocyclic Systems containing Selenium. 
Part IV. cycloSelenohexane. 


By Gupert T. Morcan and Francis HEREWARD BURSTALL. 


THE interaction of sodium selenide and «-hexamethylene di- 
bromide in alcoholic media leads to the formation of only a small 
proportion of monomeric cycloselenohexane (I), since the main 
product is a mixture of at least two polymeric forms. Accordingly 
this reaction is comparable with that which takes place between 
trimethylene dibromide and sodium selenide which was outlined in 
Part III (J., 1930, 1497). cycloSelenohexane, a pungent oil, has, 
however, a greater stability than the four-membered cyclic seleno- 
hydrocarbon. It furnishes cycloselenidihalides of type (II) and 
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these dihalides resemble, in general, the corresponding dihalides of 
cycloselenobutane and cycloselenopentane (J., 1929, 1096, 2197). 


[CHal.<6 Se ec Me. CHa CH, cae > (CHal<e > SeX, 


CH, CH, ‘CH, 
aa.) (L.) X=Cl,Br,orI. (II) 
(IV.) (C,H, Se)» (C,H,.Se)2 (V 
Heat 
CH,: ‘CHM CH,*CHMe~ 
CHe<oW CH, >Se X, <— CHy< ay CHS, 
" ai A v3 ) cH, vane 
fe Me 
CAs< oH —CH,- AI 
| (VIL) 
CH'CHy'CHySeCN __, CH,CH,‘CH,Se = CH,CH,CH,Se0,H 
CH,°CH,°CH,"SeCN CH,-CH,°CH,Se CH,-CH,*CH,*Se0,H 
(IX.) (X.) (XI.) 


Methyl iodide gives the water-soluble cycloselenihexane 1-methiodide 
(III), and mercuric chloride furnishes a characteristic cycloseleno- 
hexane mercurichloride. 

A determination of the parachor of cycloselenohexane shows that 
this substance is a normal liquic. 


D cxsdvevsnisencaniscuevessstcoscetnienseness 19-5° 35-0° 46-0° 

EE EEEE. . saxnssssnnnevisanenseneaccs 1-358 1-343 1-331 
Surface tension (y)  ......sseceeeeeees 39-85 38-01 36-73 

PUNE hdniccccecconstcanideaneaieees 302-2 301-9 302-1 


Mean parachor 302-1 (cale., 303-1) 


The structural constant for a seven-membered ring is taken as 
6-6 (Sugden, “ The Parachor and Valency,” p. 40). 

Two well-defined individuals have been obtained from the sapo- 
naceous mixture of polymerides which accompanies cycloselenohexane ; 
the first compound crystallising from the more soluble portion of 
the polymeride is a white, highly crystalline dimeride (IV), while the 
second, present in much larger quantity, is a waxy, readily fusible 
solid of high molecular weight (V). Both these polymerides furnish 
dibromides which are each reducible to the original polymeride. On 
being heated, these polymeric selenohydrocarbons remain stable to 
above 200° and then depolymerise, without loss of selenium, into 
2-methylcycloselenopentane (V1), which contains a new six-membered 
ring. This selenohydrocarbon is a pungent oil which furnishes 
liquid 2-methyleycloselenipentane 1: 1-dihalides (VII), a water- 
soluble methiodide (VIII), and a well-defined mercurichloride. The 
stability of 2-methylcycloselenopentane is comparable with that of 
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cycloselenopentane, but the additive compounds of the former 
cyclic selenide are less stable than those of the latter, a difference 
which may be due to steric effect produced by the «-methyl group. 
A clue to the constitution of 2-methylcycloselenopentane is obtained 
by the action of heat on 2-methylcycloselenipentane 1 : 1-dibromide, 
which loses elemental selenium and yields §-methylpentamethylene 
dibromide. This dibromide is converted successively into the 
corresponding dinitrile and «-methylpimelic acid, the latter being 
identified as its dianilide. 


CH <r ae CH,*CHMeBr 


H,>SeBr, —> CH<CHcH Br | t Se 


Y 
CH,-CHMeCO,H CH,-CHMe-CN 
CH2<CH}-CH,-CO,H ~~ ©H2<n:-CH,-CN 


An alternative method of preparing 2-methylcycloselenopentane 
starts from hexamethylene dibromide and potassium selenocyanate, 
which interact smoothly to yield hexamethylene diselenocyanate (IX). 
Hydrolysis of this substance by alcoholic alkali, followed by aerial 
oxidation, leads to cyclohexamethylene 1 : 8-diselenide (cyclodiseleno- 
hexane, X). This diselenide, which is not a simple mono-neric sub- 
stance, is decomposed by bromine into hexamethylene dibromide 
and selenium, an effect which differs from that of bromine on 
cyclotetramethylene diselenide and cyclopentamethylene diselenide. 
By the action of heat this diselenide (X) furnishes 2-methylcyclo- 
selenopentane with loss of one atom of selenium. When treated 
with nitric acid, the foregoing diselenide and hexamethylene 
diselenocyanate both give hexamethylenediselenious acid (X1). 

The parachor of 2-methyleycloselenopentane indicates that this 
substance is quite normal. 


aE ee ea nT eT re 19-5° 35:0° 46-0° 
De MSItY (D)  ceeeeeeeeeeeeeeereserseens 1-290 1-273 1-261 
Surface tension (y) ..........ssesee0- 33-49 31-43 30°53 
PUNE uinnetincecsaccensinnssesossoes 304°5 303-8 304-4 


Mean parachor 304-2 (calc., 302-6) 


The sulphur analogues of cycloselenohexane and 2-methylcyclo- 
selenopentane have been prepared by Grischkevitsch-Trochimovski 
(J. Russ. Phys. Chem. Soc., 1916, 48, 944, 928), who recorded the 
physical and chemical properties of these cyclic thiohydrocarbons. 


EXPERIMENTAL. 


cycloSelenohexane (1).—x&-Hexamethylene glycol, prepared by 
reducing diethyl adipate with sodium in anhydrous alcohol (compare 
Miiller and Sauerwald, Monatsh., 1927, 48, 521), was converted by 
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hydrogen bromide into a&-hexamethylene dibromide (b. p. 127— 
130°/25 mm.). An alcoholic suspension of sodium selenide was 
prepared by passing hydrogen selenide, generated by the action of 
dilute sulphuric acid on aluminium selenide (18 g.), into a solution 
of sodium (6-9 g.) in alcohol (250 c.c.) and water (9 c.c.) in a hydrogen 
atmosphere. Hexamethylene dibromide (32 g.) was added, and the 
mixture refluxed for 2 hours. The alcoholic filtrate from sodium 
bromide and yellow polymerides was distilled under reduced pressure, 
and the distillate rectified until a colourless solution resulted. A 
slight excess of an alcoholic solution of iodine was added; reddish- 
purple crystals of cycloselenihexane 1 : 1-di-iodide (1-8 g.) then slowly 
separated and a further quantity (0-3 g.) was obtained on evaporation 
of the mother-liquor. cycloSelenohexane, regenerated by stirring 
and warming the di-iodide with an excess of aqueous sodium meta- 
bisulphite, was dried over calcium chloride and rectified by distil- 
lation under diminished pressure and was thus obtained as a colour- 
less liquid having a penetrating but not unpleasant odour, b. p. 
105—106°/68 mm., 188—190°/756 mm.; nj) 1-5470; d?* 1-353; 
di" 1-341; dif 1-334; di 1-323; whence dj = 1-378 — 0-00101¢ 
(Found: C, 43-9; H, 7-45; Se, 48-4. C,H, Se requires C, 44-1; 
H, 7-4; Se, 48-5%). Although the selenohydrocarbon was insoluble 
in water, it was miscible in all proportions with organic solvents and 
was volatile in the vapours of alcohol and ether. It dissolved in 
cold concentrated sulphuric acid and yellow to red tints developed 
on warming. cycloSelenohexane could be kept without change in 
a cool dark place and it was not oxidised by air. 

cycloSelenohexane mercurichloride, C,H,,Se,HgCl,, separated in 
sparingly soluble, white, flaky crystals when alcoholic solutions of 
its generators were mixed ; it melted at 193—194° (decomp.) (Found : 
Cl, 16-3. C,H,,Cl,SeHg requires Cl, 163%). This characteristic 
mercurichloride was insoluble in water and most organic solvents 
except alcohol; aqueous caustic alkalis regenerated cycloseleno- 
hexane. 

cycloSelenthexane 1 : 1-di-iodide (I) was obtained in small reddish- 
purple needles, m. p. 82°, from alcoholic solutions of its generators 
(vide supra), and was recrystallised from carbon tetrachloride or 
benzene (Found: Se, 18-65; I, 61-1. C,H,,I,Se requires Se, 19-0; 
I, 60-85%). 

eycloSelenthexane 1 : 1-dibromide (II) with the following dichloride 
was prepared in a similar way to the di-iodide. It separated from 
carbon tetrachloride in yellow prismatic crystals, m. p. 118—119° 
(Found: Br, 49-4. C,H,.Br.Se requires Br, 49:5%). This di- 
bromide decomposed slowly, forming hexamethylene dibromide and 
leaving a residue of selenium. 
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cycloSelenohexane 1 : 1-dichloride (II) separated in small white 
crystals, m. p. 78°, from carbon tetrachloride solution (Found : 
Cl, 30-1. C,H,,Cl,Se requires Cl, 30-3%). The dichloride and 
dibromide were soluble in most organic solvents and dissolved 
in water, giving acid solutions. 

cycloSelenihexane 1-methiodide was readily prepared from cyclo- 
selenohexane and methyl iodide. It crystallised from aqueous 
acetone in white prisms decomposing at 149—150°; it was insoluble 
in organic solvents except alcohol (Found: I, 41-7. C,H,;ISe 
requires I, 41-6%). 


Polymeric cycloSelenohexanes. 


The yellow gummy solid mixed with sodium bromide which had 
separated from the original alcoholic solution containing cycloseleno- 
hexane was extracted with chloroform and the extract was evapor- 
ated to dryness. When the residue was thoroughly extracted with 
petroleum (b. p. 60—80°), it yielded two fractions of differing solu- 
bility (19 g.) and a dark brown, insoluble varnish which was not 
further investigated. 

Dimeride, (C,H,.Se), (IV).—The more soluble fraction, separating 
in white needles mixed with an oily impurity, was recrystallised 
from hot acetone, whereupon the dimeride separated in white 
acicular prisms [Found : C, 44:2; H, 7-4; Se, 48-3; I (in boiling 
benzene), 335. (C,H,.Se), requires C, 44:1; H, 7:4; Se, 48-5; 
M, 326-6). 

This polymeride melted to a colourless liquid at 92° and only 
depolymerised above 220°. Although insoluble in water and only 
sparingly soluble in alcohol, it dissolved easily in most organic 
solvents. In carbon tetrachloride it combined with bromine to 
form a pale yellow, microcrystalline dibromide, m. p. 145° (decomp.) 
(Found: Br, 49-4. (C,H,.Br.Se), requires Br, 49:5%]. This 
dibromide was sparingly soluble in most solvents and decomposed 
slowly ; when treated with aqueous sodium metabisulphite, it was 
reduced to the original dimeride. 

Polymeride, (CgH,.Se), (V).—The less soluble fraction, which was 
the main product of the interaction of hexamethylene dibromide 
and sodium selenide, recrystallised from acetone as a white, waxy, 
microcrystalline powder, m. p. 36—37° [Found : C, 44-15; H, 7-4; 
Se, 48-7. (C,H,.Se), requires C, 44:1; H, 7-4; Se, 485%]. A 
molecular-weight determination (in boiling benzene) indicated that 
this polymeride represented an aggregation of approximately twelve 
molecules of C,H,,Se. When dissolved in chloroform, the polymer- 
ide and bromine furnished a yellow oily bromide and this crystal- 
lised when triturated with acetone [Found : Br, 49-2. (C,H,,.Br,Se), 
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requires Br,49-5% ]. This complex dibromide decomposed slowly and 
melted to a red liquid at 94—95° (decomp.). Aqueous sodium meta- 
bisulphite reduced it to the original polyselenide and warm dilute 
nitric acid converted it into a colourless viscid oxidation product 
which separated on cooling. Whereas this polymeride was insoluble 
in water and only sparingly so in alcohol, it dissolved easily in the 
common organic solvents. Concentrated sulphuric acid developed 
a red tint on warming, but 2N-caustic alkalis had no action. 
2-Methyleycloselenopentane (VI).—The foregoing polymeride 
melted to a clear yellow liquid at 36—37° and showed considerable 
stability at higher temperatures, but depolymerisation commenced 
at about 220° without loss of selenium and a dark yellow oil distilled. 
When this pyrolysis was carried out under 30 mm. pressure with 
purified polymeride, practically no residue remained. The distillate 
was fractionated under reduced pressure. 
2-Methylcycloselenopentane was a colourless to pale yellow liquid 
having a characteristic penetrating odour, b. p. 90°/65 mm., 
169—171°/764 mm.; nis 1-5205; d2” 1-287; dj? 1-278; di? 1-267; 
d 1-257; whence di. = 1:3115 — 0-00111¢ (Found: C, 43-9; 
H, 7-4; Se, 48-6. C,H,.Se requires C, 44-1; H, 7-4; Se, 485%). 

Although insoluble in water 2-methylcycloselenopentane was 
miscible in all proportions with organic solvents; moreover it was 
volatile in the vapours of steam, alcohol, and ether. Sulphuric 
acid gave yellow to red tints on warming, whereas nitric acid 
furnished a crystalline nitrate. Acid or alkaline permanganate 
ruptured the ring, but a single acid could not be isolated from the 
oxidised mixture. 2N-Caustic alkalis had no action on 2-methy]l- 
cycloselenopentane. 

The halogen addition products with 2-methylcycloselenopentane 
were liquid or gummy; the dichloride a colourless liquid, the di- 
bromide a reddish-yellow gum (Found: Br, 49-0. C,H,.BrSe 
requires Br, 49-5°/,), and the di-iodide a deep red gum. 

Constitution of 2-Methylcycloselenopentane.—The foregoing di- 
bromide was heated under diminished pressure until decomposition 
ensued and a distillate of 8-methylpentamethylene dibromide was 
collected, leaving a residue of metallic selenium. The latter di- 
bromide was converted by boiling with aqueous-alcoholic potassium 
cyanide into the corresponding dinitrile, which was hydrolysed to 
a-methylpimelic acid by boiling with concentrated hydrochloric acid. 
The acid solution was neutralised with sodium carbonate and 
evaporated to dryness, and the residue acidified and extracted with 
ether. Evaporation left a gummy dibasic acid, which was con- 
verted without further purification into the dianilide, m. p. 161— 
162°, by boiling with aniline. An authentic sample of the dianilide 
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was prepared by Einhorn and Ehret’s method (Annalen, 1897, 295, 
175) from o-cresotinic acid, which was converted successively into 
dibromo-o-cresotinic acid and «-methylpimelic acid. The latter 
gave a dianilide, melting at 165° alone and at 162° when mixed with 
the above specimen. 

2-Methylcycloselenopentane mercurichloride separated when con- 
centrated alcoholic solutions of its generators were mixed. Re- 
crystallisation afforded the mercurichloride in small white needles, 
m. p. 112° to a colourless liquid (Found: Hg, 45-8; Cl, 16-2. 
C.gH,,Cl,SeHg requires Hg, 46-1; Cl, 163%). Aqueous caustic 
soda regenerated the selenohydrocarbon, 

2-Methylcycloselenopentane 1-Methiodide (VIII).—This water- 
soluble product was readily prepared by warming 2-methylcyclo- 
selenopentane with methyi iodide. The white microcrystalline 
powder was washed with acetone and crystallised from water; 
m. p. 164° (decomp.) (Found: I, 41:5. C,H,,;ISe requires I, 
41-6%). 

Alternative Formation of 2-Methylcycloselenopentane.—Hexa- 
methylene «=-diselenocyanate (IX). Potassium selenocyanate (14-4 g.) 
and «&-hexamethylene dibromide (12-2 g.) were heated in acetone 
solution under reflux for several hours. The filtrate from potassium 
bromide was evaporated, and water added to the residue. The 
deep yellow, viscid oil was dissolved in benzene and dried with 
calcium chloride. The filtered solution was poured into a large 
excess of petroleum (b. p. 40—60°); the diselenocyanate then separ- 
ated as a thick yellow oil. Any solvent remaining after the 
separation of the diselenocyanate was removed by heating under 
reduced pressure (Found: C, 32-35; H, 4:1; Se, 53-8. C,H, .N.Se, 
requires C, 32-3; H, 4:1; Se, 53-89%). This selenocyanate did not 
solidify and decomposed on distillation; it was insoluble in water 
and only sparingly soluble in petroleum but dissolved in most 
organic media. It possessed the penetrating and nauseous odour 
characteristic of this group of compounds. 

cycloHexamethylene 1: 8-Diselenide (cycloDiselenohexane, X).— 
The foregoing diselenocyanate (5-0 g.), dissolved in alcohol (50 c.c.), 
was added to a solution of sodium (2 g.) in 100 ¢.c. of alcohol. The 
yellow mixture was poured into a large excess of water through which 
air was aspirated. The precipitated brown oil was extracted with 
chloroform and dried; the solvent was evaporated to furnish brown 
diselenide, which slowly solidified in a desiccator at 0° (Found: C, 
29-6; H, 5-0; Se, 65-8. C,H,.Se, requires C, 29-7; H, 5-0; Se, 
65-394). A molecular-weight determination indicated that this 
diselenide was a highly polymerised substance. When a chloroform 
solution of the diselenide was treated with bromine, no immediate 
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reaction occurred but selenium was slowly deposited with formation 
of hexamethylene dibromide. 

When this diselenide was heated, it melted rather indefinitely 
at 40° and showed no further change until at about 250° it decom- 
posed with loss of selenium and formation of 2-methylcycloseleno- 
pentane, identified by its boiling point (169—171°) and by its 
characteristic mercurichloride, m. p. 112°. 

Hexamethylenediselenious acid (XI) was isolated when the fore- 
going diselenide or diselenocyanate was dissolved in warm nitric acid 
(l cone. acid: 1 water); it crystallised from water in small 
white needles, decomposing at 147° (Found : Se, 50-4. C;H,,0,Se, 
requires Se, 51-35%). 

CHEMICAL RESEARCH LABORATORY, 

TEDDINGTON, MIDDLESEX. [ Received, November 20th, 1930.] 





XXIV.—cycloT ellurobutane (Tetrahydrotellurophen). 
By Grsert T. Moraan and Francts HEREWARD BURSTALL. 


THE earliest known saturated cyclic tellurohydrocarbon, namely, 
cyclotelluropentane, was first prepared by a method involving 
condensation between «e-pentamethylene dihalides and aluminium 
telluride (Morgan and Burgess, E.P. 292222; J., 1928, 322), a 
process which has now been employed in producing the five- 
membered homologue (I). But in the course of our investigation a 
more direct method has been devised whereby tellurium is combined 
additively with alkylene dihalides, and this process, which is of 
general application, has the technical advantage of obviating a 
preliminary preparation of readily decomposable metallic tellurides. 

Amorphous tellurium dissolves in «3-tetramethylene di-iodide at 
130° with quantitative production of cyclotelluributane 1 : 1-di-todide 
(II), I[CH,],f + Te = C,H,:Tel,, and this additive compound can 
be reduced to cyclotellurobutane or tetrahydrotellurophen (1), a pale 
yellow oil of repulsive odour which oxidises rapidly in air to cyclo- 
telluributane l-oxide (IV). The cyclic tellurohydrocarbon also 
furnishes very stable cyclotelluributane 1 : 1-dihalides (II), which 
remain unchanged at temperatures considerably above their melting 
points, and moreover the dichloride and dibromide dissolve in hot 
water to acid solutions, from which they crystallise unchanged on 
cooling. cycloTelluributane 1:1-dibromide gives a well-defined 
biscyclotelluributane 1 : 1'-oxydibromide (V) when treated with one 
equivalent of alkali or when mixed with a molecular proportion of 











ution 


itely 
com- 
leno- 
y its 


fore- 
acid 
mall 
),Se, 


Le 


nely, 
[ving 
lium 
2), a 
five- 
ion a 
yined 
is of 
ng a 
‘ides. 
le at 
od ide 
| can 
pale 
yclo- 
also 
yhich 
ting 
1 hot 
d on 
fined 
. one 
on of 








cyclotTELLUROBUTANE (TETRAHYDROTELLUROPHEN). 181 


cyclotelluributane 1-oxide. Mercuric chloride and methyl iodide 
give with the tellurohydrocarbon the characteristic cyclotelluro- 
butane mercurichloride and methiodide (IIT). 


oe cH r aie PSoirén me CH,: i" _ 
(v.) Br WA (II, X = Cl, Br, or I.) 
CH, CH. 7 _ CH CH, . CHeCH~ 7.9 
CH,’ -_s (H,-CH,- ° —* (n,-cH,7 


(IIL) (.) ae (IV.) 


CH,-CH, [CH,|,Br CH, CH», [CHa] pp<-CHe' Ha 
CH, CH <i <Spr(I) CH,-CH. rT SCH »CH, 
(VI.) Br(I) (I)Br var.) 


When tetramethylene dibromide and aluminium telluride are 
heated together, a vigorous reaction commences at 125° and the 
water-soluble telluronium salts, 1-bromobutylcyclotelluributane 
1-bromide (VI) and tetramethylene-«d-biscyclotelluributane 1 : 1’-di- 
bromide (VII) are formed; but the presence of cyclotelluributane 
1: 1-dibromide was not detected (compare Morgan and Burgess, 
loc. cit.). The two foregoing telluronium bromides dissociate on 
heating into tetramethylene dibromide and cyclotellurobutane, 
whereas when their aqueous solutions are treated with potassium 
iodide, 1-bromobutylcyclotelluributane 1-iodide (V1) and tetramethyl- 
ene-aS-biscyclotelluributane 1:1'-di-iodide (VII) are formed 
respectively. 

In their physical and chemical properties the foregoing telluronium 
salts derived from cyclotellurobutane resemble closely those from 
cyclotelluropentane (loc. cit.). A similar resemblance exists between 
the dihalides of the two cyclic tellurohydrocarbons. One difference, 
however, is noteworthy : cyclotelluripentane di-iodide was obtained 
in two well-defined forms, an orange-yellow modification crystallising 
from hot solutions and passing at the ordinary temperature into 
deep red prisms with purple-blue reflex (Morgan and Burgess, 
loc. cit.; Gilbert and Lowry, J., 1928, 2658). cycloTelluributane 
di-iodide crystallises from acetone in purple plates, whereas from 
hot benzene it separates in red crystals. There is far less contrast 
between these two modifications and both remain unchanged at the 
ordinary temperature. 
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EXPERIMENTAL. 


eycloTellurobutane (Tetrahydrotellurophen) (1).—28-Tetramethyl- 
ene glycol was prepared by reduction of diethyl succinate with 
sodium and dry alcohol and converted into the corresponding 
dibromide by the action of hydrogen bromide (compare Miller, 
Monatsh., 1928, 49, 27). «8-Tetramethylene di-iodide was obtained 
by refluxing the foregoing dibromide with excess of a 15% acetone 
solution of sodium iodide. After removal of sodium bromide and 
excess of the solvent the residue of di-iodide was rectified under 
reduced pressure, b. p. 177°/178 mm. 

Amorphous tellurium (10 g.) was heated at 130—140° with 
«8-tetramethylene di-iodide (63 g.) for 5 hours with occasional 
shaking. The dark solution was filtered hot from undissolved 
tellurium and, on cooling, most of the product crystallised. A 
further quantity of di-iodide was obtained by precipitation with 
petroleum (b. p. 40—60°), from which «8-tetramethylene di-iodide 
(38 g.) was recovered. cycloTelluributane 1 : 1-di-iodide (vide infra), 
purified by crystallisation from acetone, was reduced by passing 
sulphur dioxide into its boiling aqueous suspension. The telluro- 
hydrocarbon volatilised in steam and was collected under cold 
water. The heavy reddish-yellow oil was extracted with chloro- 
form, dried over calcium chloride, and rectified in carbon dioxide 
under reduced pressure, b. p. 105—106°/122 mm.; 166—167°/761 
mm. (Siwoloboff method); 7} 1-6175 (Found: C, 25-9; H, 4-2; 
Te, 69-3. C,H,Te requires C, 26-15; H, 4-4; Te, 69-45%). This 
tellurohydrocarbon, which possessed a very penetrating and un- 
pleasant odour, was miscible in all proportions with organic solvents 
but was insoluble in water. cycloT'ellurobutane oxidised readily in 
air, reacted explosively with concentrated nitric acid, and developed 
a red coloration with sulphuric acid. 

cyclo7'ellurobutane mercurichloride, CyH,:Te,HgCl,, separated in 
white crystals when alcoholic solutions of its generators were mixed. 
After recrystallisation it melted at 146—147° with sintering at 140°. 
The characteristic odour of cyclotellurobutane was observed when the 
mercurichloride was warmed with aqueous caustic soda (Found : 
Cl, 15-6. C,H,Cl,TeHg requires Cl, 15-6%). 

cycloTelluributane 1:1-dichloride (II) crystallised in white 
needles when chlorine was passed into a solution of the cyclic 
telluride or when concentrated hydrochloric acid was added to a 
solution of cyclotelluributane oxide (vide infra); m. p. 111—112° 
(Found: Cl, 27-8. C,H,Cl,Te requires Cl, 27-9%). It dissolved 
in warm water, crystallised unchanged on cooling, and was stable to 
above 200°; moreover it dissolved in the common organic solvents. 
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cycloTelluributane 1: 1-dibromide (II), obtained in yellowish- 
white prisms when solutions of its generators were mixed, was 
crystallised from benzene (Found: C, 13-8; H, 2-2; Br, 46-7. 
C,H,Br,Te requires C, 14-0; H, 2:3; Br, 46-5%). After melting 
to a clear liquid at 130°, it remained unchanged to 210°; a yellow 
colour then developed and bubbles of gas appeared. The dibromide 
was soluble in most organic media, dissolved sparingly in hot water 
to an acid solution, and crystallised unchanged on cooling. 

cycloTelluributane 1: 1-di-iodide (II), obtained by heating 
tellurium with excess of tetramethylene di-iodide (vide supra) or 
by adding iodine to a solution of cyclotellurobutane, crystallised 
from acetone in shining purple plates, whereas hot benzene solutions 
gave the di-iodide in bright red, prismatic crystals. Both these 
forms melted without decomposition at 149—150° and remained 
unchanged above 200°. The red crystals darkened above 100°, but 
under normal conditions both forms remain unchanged. The 
di-iodide was not appreciably soluble in water and only sparingly 
soluble in alcohol, but it dissolved in the common organic solvents 
(Found : I, 58:2; Te, 28-9. C,H,I,Te requires I, 58-0; Te, 29-15%). 

Biscyclotelluributane 1: 1'-oxydibromide (V) was formed when 
cyclotelluributane 1 : 1-dibromide and oxide were warmed in equi- 
molecular proportion in aqueous solution or by the addition of 
sufficient sodium carbonate or sodium hydroxide to remove half 
the bromine from the telluridibromide. The sparingly soluble 
oxybromide separated from warm water in small white prisms, 
m. p. 207° (decomp.) (Found: C, 17:7; H, 3-1; Br, 29-5. 
C,H,,OBr,Te, requires C, 17-7; H, 3-0; Br, 29-45%). Caustic 
alkalis converted it into the telluroxide (IV), whereas hydrobromic 
acid regenerated the dibromide (II). 

cycloTelluributane 1-oxide (IV), arising from the aerial oxidation 
of cyclotellurobutane, also resulted from the action of caustic or 
carbonated alkalis on cyclotelluributane 1 : 1-dihalides. This white 
microcrystalline product melted at 241° (decomp.) (Found: Te, 
63:25. C,H,OTe requires Te, 63-9%). It was soluble in water, 
alcohol, or acetone; halogen acids regenerated the corresponding 
dihalides. 

eycloT'elluributane 1-Methiodide (II1).—cycloTellurobutane and 
methyl iodide combined at once with generation of heat; the 
colourless product crystallised from water in needles (Found : 
I, 38:8. C;H,,ITe requires I, 390%). Although soluble in water 
or alcohol, the methiodide was insoluble in other common organic 
media. It darkened at 200° and vaporised rapidly without melting 
at 240°. 

Aluminium Telluride and «8-Tetramethylene Dibromide.—Alumin- 
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ium telluride (30 g.) and tetramethylone dibromide (67 g.) were 
heated in a flask fitted with a ground-glass air condenser ; a vigorous 
reaction commenced at 125°. The mixture was removed from the 
source of heat and shaken while the reaction was moderated by 
cooling if necessary. A little hydrogen bromide was evolved and 
the heating was continued at 125° for 2 hours; the cooled semi- 
solid mixture was then extracted successively with carbon tetra- 
chloride, acetone, alcohol, and water. Tetramethylene dibromide 
(10 g.) was recovered from the carbon tetrachloride extract and a 
black insoluble residue (12 g.) remained. 

1-3-Bromobutylcyclotelluributane 1-bromide (VI), obtained from 
the acetone and alcoholic extracts of the foregoing reaction product, 
crystallised from alcohol in white shining threads (Found : C, 23-7; 
H, 4:15; Br, 39-6. C,H,,Br,Te requires C, 24-0; H, 4:0; Br, 
40-0%). This complex bromide was soluble in water but did not 
dissolve in benzene or chloroform. When heated, it melted at 
152—153° and dissociated above its melting point into tetramethylene 
dibromide and cyclotellurobutane. Aqueous potassium iodide and 
this telluronium bromide gave a yellow microcrystalline precipitate 
of 1-3-bromobutylcyclotelluributane 1-iodide, which melted at 175— 
176° (decomp.) after recrystallisation from alcohol (Found : C, 21-4; 
H, 3-7. C,H,,BriTe requires C, 21-5; H, 3-6%). 

Tetramethylene-«8-biscyclotelluributane 1:1'-dibromide (VII) 
crystallised from an aqueous extract of the interaction of aluminium 
telluride and tetramethylene dibromide. The white microcrystal- 
line salt contained one molecule of water of crystallisation (Found : 
C, 23-5; H, 45; Br, 26-7; loss at 110°, 2-8. C,,H,,Br,Te,,H,0 
requires C, 23-3; H, 44; Br, 26-6; H,O, 30%). This complex 
dibromide melted at 225° with dissociation into tetramethylene 
dibromide and cyclotellurobutane. With aqueous solutions of the 
dibromide, silver nitrate gave a precipitate of silver bromide, 
whereas platinic chloride furnished a small quantity of a red chloro- 
platinate, m. p. 135° (decomp.). 

Tetramethylene-«8-biscyclotelluributane 1 : 1'-di-iodide (VII), pre- 
cipitated from aqueous solution of the foregoing dibromide on the 
addition of potassium iodide, redissolved to a colourless solution in 
water but separated therefrom in deep yellow, sparingly soluble 
crystals which decomposed at 215° (Found: I, 37-3. C,,H,,I,Te, 
requires I, 37-5%). 

CHEMICAL RESEARCH LABORATORY, 

TEDDINGTON, MIDDLESEX. [Received, December 16th, 1930.] 
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SOME ALIPHATIC COMPOUNDS OF ARSENIC. 
were 
a XXV.—Some Aliphatic Compounds of Arsenic. 
m the 
xd by By W. J. Cecm Dyke, Gwyn Daviss, and Wiri1am J. Jonzs. 
d and | Tax present communication contains a description of the properties 
semi- | of a few compounds derived from the lower tertiary arsines. 
tetra- The arsines used were prepared by the action of arsenic trichloride 
omide } on the Grignard reagents, and were purified by redistillation under 
and a | the lowest convenient pressure. The boiling points, ¢°, of tri- 
n-propylarsine, when distilled in nitrogen under low pressures, 
from | » mm., were found to be 84°/17 mm., 92°/27 mm., and 113°/79 mm., 
oduct, | which are related by the equation 10-2378 — log.) p = 3215/(t + 
23-7; | 273). For 12 mm. the equation gives b. p. 78°, in agreement with 
; Br, } that given by Grischkevitsch-Trochimovski and Sikorski (Bull. Soc. 
id not | chim., 1927, 41, 1572), viz., 78-5—79°/12 mm.; Dehn and Williams 
ed at | (Amer. Chem. J., 1908, 40, 112), however, give b. p. 158°/73 mm. 
uylene | and 167°/90 mm. 


e and Exposed to the air, the arsine gradually deposits the oxide, which 
pitate | can also be prepared by shaking either an alcoholic solution of the 
175— ]| arsine with red mercuric oxide or a similar solution of the arsine 


21-4; | dibromide with silver oxide. T'ri-n-butylarsine oxide [Found: 
C, 54-8; H, 10-6; As, 28-7. (C,H,),AsO requires C, 54:9; H, 10-4; 
(VII) | As, 28-6°] forms pasty crystals, insoluble in water or in ether, but 
inium | soluble in alcohol. Obtained by aerial oxidation of the arsine in 
-ystal- ff ether, éri-n-amylarsine oxide [Found : C, 59-3; H, 11-2; As, 24-4. 
ound : § (C;H,,)sAsO requires C, 59-2; H, 10-9; As, 24-6%] forms an oil 
¢»H0 § which slowly solidifies when kept in the presence of sulphuric acid. 
mplex Prepared by the method of Hantzsch and Hibbert (Ber., 1907, 40, 
aylene § 1512), tri-n-propylarsine sulphide [Found: §S, 13:3; As, 31-1. 
of the | (C,H,),AsS requires S, 13-6; As, 31-7%] and triisobutylarsine 
mide, | sulphide [Found : S,11-7. (C,H )sAsS requires S, 11-5%] crystallise 
hloro- | as long colourless needles. 

When an alcoholic solution of the arsine dibromide is shaken 
» pre- § with a slight excess of silver sulphate, the precipitated silver bromide 
om. the J removed, and the filtrate diluted with ether, tri-n-propylarsine 
ion in | sulphate [Found: SO,, 31-6. (C,H,),AsSO, requires SO,, 32-0%] 
oluble | is obtained as white hairy crystals, m. p. 84°, easily soluble in 
41,Te, | alcohol and immediately deliquescent in the air. 

When a dilute solution of chlorine in carbon tetrachloride is 
cautiously added to a solution of an arsine in the same solvent, 
considerable evolution of heat ensues, and there results a solution of 
the arsine dichloride, which remains as white crystals on evaporation 
of the solvent in a vacuum. The dichlorides are easily soluble in 
water or alcohol; they are best recrystallised from ether. They 
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are less hygroscopic than the corresponding dibromides. T'ri- 
n-propylarsine dichloride [Found : C, 39-2; H, 7-9; Cl, 25-8; As, 
27:2. (C,H,),AsCl, requires C, 39-2; H, 7-7; Cl, 25-8; As, 27-3%] 
forms elongated prisms, m. p. 84°. T'ri-n-butylarsine dichloride 
[Found: Cl, 22-2; As, 23-4. (C,H,),AsCl, requires Cl, 22-4; As, 
23-6%] has m. p. 40°. Triisobutylarsine dichloride [Found : C, 45-1; 
H, 8-6; Cl, 22-0; As, 23-6. (C,H,),AsCl, requires C, 45-4; H, 8-6; 
Cl, 22-4; As, 23-6%] forms square white plates, m. p. 130°. T'ri- 
n-amylarsine dichloride (Found: Cl, 19-4. (C;H,,),AsCl, requires 
Cl, 197%] is a sweet-smelling liquid. 

Arsine dibromides are produced when carbon tetrachloride 
solutions of their components are mixed, and the solvent is expelled ; 
excess of bromine gives a deep red coloration, due probably to the 
formation of perbromide. When recrystallised from acetone, the 
arsine dibromides form colourless, highly hygroscopic crystals, 
which are easily soluble in alcohol, in ether, and in carbon tetra- 
chloride. When the crystals are exposed to chlorine, or are treated 
with nitric or sulphuric acid, bromine is expelled. Tri-n-propyl- 
arsine dibromide [Found: C, 29-4; H, 5-9; Br, 43-4; As, 20-5. 
(C,H,),AsBr, requires C, 29-7; H, 5-8; Br, 43-9; As, 20-6%] forms 
stout rods, m. p. 95°; ftri-n-butylarsine dibromide (Found: Br, 
39:3; As, 18-2. C,,H,;Br,As requires Br, 39:4; As, 18-5%) 
crystallises as cubes, m. p. 55°; triisobutylarsine dibromide (Found : 
C, 35-4; H, 7-1; Br, 39-4. C,,H,,Br,As requires C, 35-5; H, 6-7; 
Br, 39-4°), rhombs, m. p. 135°; tri-n-amylarsine dibromide (Found : 
Br, 35:2. C,;H,,Br,As requires Br, 35-7°%,) is a liquid. 

Yellow flocculent precipitates of arsine di-iodides are obtained 
on mixing solutions of iodine and of the arsines in light petroleum. 
The di-iodides are very soluble in water and in alcohol, but insoluble 
in ether. On short exposure to the air, they become dark brown. 
Tri-n-propylarsine di-iodide (Found: I, 55-6. C,H,,I,As requires 
I, 55:4), m. p. ca. 130° (after previous darkening) ; tri-n-butylarsine 
di-iodide (Found: I, 51-1. C,,H,,I,As requires I, 50-8%), m. p. 
124°; triisobutylarsine di-todide (Found: I, 50-6°%), m. p. 117— 
119° (after previous darkening). 

With mercuric chloride, trialkylarsines yield double compounds 
of the general formula R,As,HgCl, These compounds slowly 
separate from alcoholic solutions of equivalents of their components, 
and may be recrystallised from alcohol. There were thus obtained 
the mercurichlorides of tri-n-propylarsine, (C;H,),As,HgCl, (Found : 
Cl, 14:9. Cale.: Cl, 14-99%), m. p. 106°, of tri-n-butylarsine, 
(C,H,)sAs,HgCl, (Found: Cl, 13-8. Cale.: Cl, 137%), m. p. 70°, 
and of triisobutylarsine, (C,H,),As,HgCl, (Found: Cl, 13-5. 
Cale. : Cl, 13:7%), m. p. 158°. 
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Landolt (Annalen, 1854, 92, 370) claimed to have prepared a 
double compound of triethylarsine dichloride with mercurous oxide 
(Found : C, 16-59, 17-05; H, 4-24, 4-63; Cl, 16-37, 17-19; Hg, 48-22, 
47-06%). From his method of preparation, viz., mixing alcoholic 
solutions of mercuric chloride and of triethylarsine, there is little 
doubt that he was dealing with an impure specimen of triethylarsine 
mercurichloride [{(C,H;),As,HgCl, requires C, 16-61; H, 3-49; Cl, 
16°35; Hg, 46-26% ]. 

Methiodides are readily obtained when equivalents of arsine and 
methyl iodide are mixed in ethereal solution. They may be recrystal- 
lised from water or alcohol or alcohol-ether. Methyltriethylarsoniwm 
iodide (Found : I, 41-7. C,H,,lAs requires I, 41-7%) has m. p. 270°. 
Methyltri-n-propylarsonium iodide (Found: I, 36-6. C, )H,,TAs 
requires I, 36-7°%) forms hexagonal prisms, m. p. 204°. Methyl- 
triisobutylarsonium iodide (Found: I, 32-6. C,3H,,[As requires 
I, 32-7%) forms well-developed tabular crystals, m. p. 254° (after 
previous darkening). The following were prepared in less pure 
condition: methyltri-n-butylarsonium iodide (Found: I, 32:7. 
C,3H3 [As requires I, 32-7°%);  ethyltri-n-butylarsonium iodide 
(Found: I, 31-6. C,,H, IAs requires I, 31-6%), m. p. ca. 107°; 
methyltri-n-amylarsonium iodide (Found: I, 30-1. C,,H,,lAs 
requires I, 29-5), obtained as an oil. 

Chloroplatinates as follows have been obtained from the arsonium 
chlorides. Methyltri-n-propylarsonium chloroplatinate, 

[CH,°As(C,H.)3],PtCl, 
(Found: C, 28-2; H, 5-7; Cl, 24:9. C,)9H,,Cl,As,Pt requires 
(, 28-3; H, 5-7; Cl, 25-1%), m. p. 219° (decomp.), forms elongated 
orange plates. Methyltriisobutylarsonium chloroplatinate, 
[CH,*As(C,H,)3]oPtCl, 
(Found: C, 33:3; H, 6-7; Cl, 23-0. C,H Cl,As,Pt requires 
C, 33-5; H, 6-5; Cl, 22-9%), m. p. 224° (decomp.), orange needles. 
Methyltri-n-amylarsonium chloroplatinate, [CH,°As(C;H,,)3],PtCl, 
(Found: C, 37:6; H, 7:3; Cl, 20-8. C,,H.Cl,As,Pt requires 
C, 37°38; H, 7-2; Cl, 21-0%), orange plates, m. p. 114°. These 
chloroplatinates were recrystallised from alcohol. 

When hot alcoholic solutions of cadmium iodide and of arsine 
methiodide are mixed and then cooled, white arsonium cadmi-iodide 
crystallises. These compounds are fairly soluble in boiling water or 
alcohol, and easily in cold acetone; they are best recrystallised from 
alcohol. Methyltriethylarsonium cadmi-iodide, 2CH,*As(C,H;),1,Cdl, 
(Found: C, 17:2; H, 3-7; I, 52:3; Cd, 116. C,,H,,1,As,Cd 
requires C, 17-2; H, 3-7; I, 52-1; Cd, 11-5%) erystallises as flakes, 
m. p. 283° (with volatilisation). Methyltri-n-propylarsonium cadmi- 
iodide, 2CH,*As(C,H,),I,CdI, (Found: C, 22-7; H, 4-8; I, 48-1; 
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Cd, 10-7. C9H,,I,As,Cd requires C, 22:7; H, 4-6; I, 47-9; Cd, 
10-6%) forms needles which volatilise a few degrees above their m. p. 
279°. Methyltri-n-butylarsonium cadmi-iodide, CH,*As(C,Hg),I,CdI, 
(Found : C, 20-5; H, 4-1; I, 50-3; Cd, 14-6. C,,H59I,AsCd requires 
C, 20°7; H, 4-0; I, 50-5; Cd, 14-9%) forms stellate needles, m. p. 
100°. Methyltriisobutylarsonium cadmi-iodide, CH,*As(C,Hg)3I,Cal, 
(Found : C, 20-7; H, 4-3; I, 50-4; Cd, 15-2. C,,H,91,AsCd requires 
C, 20:7; H, 4:0; I, 50-5; Cd, 149%), needles, m. p. 138°. It is 
noteworthy that, whilst the methyltriethyl and methyltri-n-propy] 
compounds are of the type 2MeR,AsI,CdI,, similarly to the com- 
pounds 2Me,AsI,CdI, and 2Et,AsI,CdI, (Cahours, Annalen, 1862, 
122, 207, 201), the more easily fusible methyltributyl compounds 
have the formula MeBu,AsI,CdI,. 

Methyliri-n-propylarsonium mercurichloride [Found: Cl, 20-6; 
Hg, 38:1. CH,°As(C,H,),Cl,HgCl, requires Cl, 20-2; Hg, 38-1%| 
is obtained on adding a hot alcoholic solution of mercuric chloride to 
a similar solution of the methochloride, and cooling. On recrystal- 
lisation from alcohol, the mercurichloride separates as white needles, 
m. p. 141°. 

With mercuric iodide, the methiodides of the arsines give yellow 
compounds of the general formula MeR,AsI,HgI, (Cahours, loc. cit. ; 
Mannheim, Annalen, 1905, 341, 182; Dehn and Williams, loc. cit.). 
Prepared by mixing hot alcoholic solutions of its components, and 
recrystallised from alcohol, methyliriethylarsonium mercuri-todide 
[Found : I, 50-1; Hg, 26-4. CH,°As(C,H;),I,HgI, requires I, 50-2; 
Hg, 26-4°,| forms needles, m. p. 61°; methyltri-n-propylarsonium 
mercuri-iodide (Found: I, 47-6; Hg, 24:5. C,,H,,1,AsHg requires 
I, 47-6; Hg, 25-0%), needles, m. p. 90°; methyltri-n-butylarsonium 
mercuri-iodide (Found: I, 45-1; Hg, 23-7. C,,H l,AsHg requires 
I, 45-2; Hg, 23-8%) and methyltriisobutylarsonium mercuri-iodide 
(Found : I, 45-2; Hg, 23-8°) have m. p.’s 76° and 117° respectively. 

Tue TatemM LABORATORIES, UNIVERSITY COLLEGE, 

CARDIFF. [Received, December 2nd, 1930.] 





XXVI.—Researches in the Menthone Series. Part IX. 
A New Optical Resolution of dl-Menthol and of 
dl-Camphor-10-sulphonic Acid. 

By Jonun Reap and WILLIAM JOHN GRUBB. 


AurnoucH the naturally occurring form, /-menthol, was fairly 
readily obtained by the optical resolution of d/-menthol by Pickard 
and Littlebury (J., 1912, 101, 109), the method does not appear to 
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Cd, lend itself to the preparation of d-menthol in quantity, the necessary 
m. p. operations being summarised as follows (loc. cit., p. 121) : dl-menthyl 


Cdl, hydrogen phthalate —-> brucine salt (mother-liquors) —-> impure 
uires | d-menthyl hydrogen phthalate —-> impure d-menthol —-> impure 
n. p. d-menthyl hydrogen succinate —-> cinchonidine salt (six recrystal- 
CdI, | lisations) ——> slightly impure d-menthyl hydrogen succinate —-> 
uires J slightly impure d-menthol —-> slightly impure d-menthyl benzoate 
It is ] (two recrystallisations)—-> pure d-menthyl benzoate. A more 
ropyl | recent resolution of di-menthol (Neuberg, Jacobsen, and Wagner, 
com- | Fermentforsch., 1929, 10, 491) through glucoside formation with 
1862, “- or f-acetobromoglucose has not led to the isolation of pure 
unds | d-menthol. 

Several attempts have been made to render d-menthol accessible 


20-6; § in useful quantities, but as yet we have had no opportunity of 
1% | | preparing it from d-menthylamine (J., 1929, 23). 
de to We now show that a mixture of /-menthyld-camphor-10-sulphonate 


ystal- § (/-D) and d-menthyl d-camphor-10-sulphonate (d-D), which is easily 
edles, | obtained by the interaction of dl-menthol and d-camphor-10-sul- 
phonyl chloride in quinoline, yields the first of these esters in a state 
ellow | of purity after four recrystallisations. Similarly, pure d-menthyl 
. cit.; | l-camphor-10-sulphonate (d-L) may be obtained by using /-camphor- 
cit.). | 10-sulphonyl chloride. The process is not hindered by the presence 
, and | of a little of the antimeric acid chloride, and a yield of more than 
iodide | 40% of the calculated quantity of pure ester is easily secured. 
50-2; | Hydrolysing agents furnish mixtures of / (or d)-menthol and partly 
mium | racemised d (or /)-A’-menthene from these two esters (compare 
yuires § Patterson and McAlpine, J., 1928, 2464), the main reaction proceed- 
mium fing as follows: C, 9H,°O-SO,R —~> C,)H,, + R*SO,-OH. The 
quires } product obtained by steam-distilling d-menthyl /-camphor-10-sul- 
iodide } phonate in presence of 50°% aqueous oxalic acid was shown to contain 
ively. | ¢-menthol corresponding to not less than 25% of the ester, but the 
yield of pure d-menthol actually isolated was only 10%; _ the 
930.] substance had m. p. 42°, [«]j° + 49-9° (alcohol). It is not clear that 
uncombined d-menthol has been previously prepared in a state of 
stereochemical purity. Its odour, although of the same general 
1X character, is fainter than that of /-menthol (compare Pickard and 
, | Littlebury, loc. cit., p. 112). Pure dl-menthol, now prepared for the 
id Of |} first time by mixing equal quantities of the d- and the l-form in 
light petroleum, melted at 34°, which is the temperature already 
recorded for specimens prepared directly from optically inactive 
materials. 
The l-camphor-10-sulphonyl chloride used in the above process 
may be recovered; since, also, the operations are simple and easily 
conducted, the optical resolution of d/-menthol in this way provides 
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a practicable method for the preparation of d-menthol, in spite of 
the unsatisfactory result of the final hydrolysis. The esters /-D and 
d-L should be of use in the diagnosis of /- and d-menthol, respectively. 

An equimolecular mixture of the esters d-L and /-L, when 
recovered from an ethereal solution, melted indefinitely over a wide 
range of temperature and gave no indication of the formation of 
a partial racemate. Similar behaviour was shown by a mixture of 
l-D and I1-L. In both cases, the observed rotatory power in chloro- 
form was practically equal to the mean value for the two components. 
An equimolecular mixture of /-D and d-L appeared to give rise to 
mixed crystals when allowed to separate slowly from ethyl acetate. 
Owing to the easy separation of /-D from /-L, dl-camphor-10-sul- 
phonic acid is readily resolved by conversion into the /-menthy] 
ester, three recrystallisations of the product furnishing pure /-D in 
about 65% yield. When heated to 153°, the ester decomposes 
suddenly and quantitatively into pure d-camphor-10-sulphonic acid 
and partly racemised d-A*-menthene (compare Patterson and 
McAlpine, J., 1927, 349). It may be added that the velocity of 
formation of I-D is appreciably greater than that of d-D: we are 
engaged in a further study of this and other problems arising out of 
the present research. 


EXPERIMENTAL. 


1-Menthyl d-Camphor-10-sulphonate—To a solution of /-menthol 
(5-2 g.) in freshly distilled anhydrous quinoline (20 c.c.) was added 
slightly more than 1 mol. (8-5 g.) of d-camphor-10-sulphony] chloride 
(J., 1930, 2768). The chloride dissolved on gentle warming, the 
temperature rose spontaneously to 70—80°, and quinoline hydro- 
chloride separated on cooling. The solid ester obtained by treating 
the product with dilute hydrochloric acid was steam-distilled for 
15 minutes in order to remove unchanged menthol; it was then 
washed with water, dried, and recrystallised from hot ethyl acetate. 
The yield was about 85% of the calculated amount. The quinoline 
was recovered and used again. Dry pyridine was also used success- 
fully in the reaction (compare Tschugaeff, Ber., 1911, 44, 2026). 

The ester crystallises from light petroleum in slender needles, 
attaining 5 or 6 cm. in length. From a cold saturated solution in 
ethyl acetate it is deposited in magnificent doubly-terminated 
prisms: one such crystal, 6 cm. long, weighed 10 grams. The 
following report of a crystallographic examination of the substance 
has been kindly furnished by Miss Mary W. Porter, B.Sc., of the 
Department of Mineralogy, University of Oxford : 

“The system is tetragonal, c: a = 1-3788:1, the forms being 
a(100), m(110) and p(111). The habit of the crystals shows m(110) 
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well developed and a(100) narrow (Fig. 1). The angular values 
obtained from the measurement of five crystals are given in the 
following table : 


¢ p 


———————— — 


No. of Mean Mean 
Form. readings. Limits. obs. Cale. Limits. obs. Calc. 
a(100) 14° 359° 51’— 0°14’ O°’ 0° 0’ 89° 54’—90° 9’ 90° 2’ 90° 0’ 
m(110) 19 44 55—45 7 45 1 45 0 89 54—90 3490 4 90 0 
p(ill) 20 44 47—45 9 45 03 45 0 62 34—63 1762 51 — 


Cleavage : m(110) perfect. Double refraction positive.”’ 

l-Menthyl d-camphor-10-sulphonate gave ai — 0-83°, [a]i* 
— 20-9° (c 1-9855, chloroform ; 1 2) (compare Ber., 1911, 44, 2026) ; 
it melts at 125-5° and decomposes at 153°, 
forming d-camphor-10-sulphonic acid and partly 
racemised d-A?-menthene (Found: C, 65-2; H, 
93. Cale. for Cyp9H,,0,8: C, 64-8; H, 9-3%). 
When steam-distilled, the ester does not 
volatilise, but it undergoes an extremely slow 
decomposition leading to the formation of 
lmenthol, d-camphor-10-sulphonic acid and 
partly racemised d-A°-menthene; the addition 
of sodium hydroxide appears to have little or no 
effect upon this process. The ester is very stable 
towards hot alcoholic potassium hydroxide; 
when treated with sodium in hot ethyl alcohol, 
it breaks down slowly, yielding menthol and 
menthene, and a similar reaction occurs much 
more readily when boiling propyl] alcohol is sub- 
stituted for ethyl alcohol. The ester is not affected appreciably 
when warmed with tin and concentrated hydrochloric acid, or 
with zinc and glacial acetic acid. Prolonged boiling with 20% 
hydrochloric or sulphuric acid causes a gradual decomposition 
of the ester, with the production of menthene, and a similar change 
occurs rapidly when the substance is heated with a methyl- or 
éthyl-aleoholic solution of hydrogen chloride. The most satisfactory 
hydrolysing agent which we have yet applied to the ester is hot 50% 
aqueous oxalic acid : this yielded a mixture of /-menthol, d-camphor- 
\0-sulphonic acid and partly racemised d-A*-menthene. /-Menthyl 
benzoate prepared from the volatile product had m. p. 54°, [a]}* 
~ 89-0° (c 2-0, alcohol) and [«]}*" — 90-6° (c 1-1, benzene) (compare 
J., 1912, 404, 119). 

|-Menthyl 1-Camphor-10-sulphonate—The crude ester was pre- 
pared, in the manner described above, from /-menthol and /-camphor- 
l-sulphonyl chloride ({«]}’ — 31-0° in chloroform, c 2-0). The 


Fia. 1. 
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resulting colourless oil was steam-distilled for 10 minutes only, in 
order to remove most of the unchanged menthol. The dried product 
crystallised slowly in the ice-chest. After two recrystallisations 
from an ice-cooled solution in rectified spirit, the ester had m. p. 
47°, aif — 3-10°, [a}i* — 77-6° (c 1-9950, chloroform) (Found: 
C, 65-0; H, 93%). It separates in minute crystals, and is very 
soluble in all the ordinary organic solvents. When heated to 153°, 
it decomposes into /-camphor-10-sulphonic acid and partly racemised 
d-A°-menthene. In its behaviour towards hydrolysing agents it 
resembles /-menthyl d-camphor-10-sulphonate; it is, however, less 
resistant than the latter ester, being, for instance, more readily 
decomposed when steam-distilled. When mixed together in equal 
quantities, the two esters appear to decompose at about the same 
rate during steam distillation; so that the above difference may 
depend upon the fact that the first ester, unlike the second, ode 
solid in contact with boiling water, when pure. 

Resolution of dl-Menthol with d-Camphor-10-sulphonyl Chloride.— 
dl-Menthol (m. p. 28-8—31-2°), mixed in quinoline solution with 
d-camphor-10-sulphonyl chloride in the usual way, furnished a 
crystalline ester having [«]j}' + 26-0° (c 1-9, chloroform). After 
two recrystallisations from light petroleum and two from ethyl 
acetate, this product gave pure /-menthyl d-camphor-10-sulphonate, 
identical with the foregoing ester, the yield being about 45% of the 
calculated amount. When treated with 50% aqueous oxalic acid, 
in the way described below, the ester yielded (1) partly racemised 
d-A3-menthene, and (2) crude J-menthol, corresponding respectively 
to 40% and 35% of the amounts theoretically possible. The 
characteristics were (1) b. p. 45—50°/7 mm., nj" 1-4566, [af 
+ 34-0° (c 2-0, alcohol); (2) b. p. 85—90°/7 mm., [a] — 356 
(c 2-0, alcohol). The second fraction, after purification on porous 
plate, gave I-menthol having m. p. 42°, [«]}° — 48-9°, the yield 
being 10% of the amount theoretically obtainable from the original 
l-menthyl d-camphor-10-sulphonate. 

Resolution of dl-Menthol with 1-Camphor-10-sulphonyl Chloride— 
l-Camphor-10-sulphony] chloride, prepared from a stereochemically 
impure specimen of I-camphor ([«]*’ — 37-0°, ¢ 2-5, alcohol), had 
[a]is” — 24-5° (c 2-0, chloroform), and thus contained about 12% of 
the d-antimeride (compare Graham, J., 1912, 104, 754). In reaction 
with dl-menthol it gave a crystalline ester having [a] — 190 
(c 2-0, chloroform). When fractionally recrystallised twice from 














light petroleum and twice from ethyl acetate, this product yielded 
42%, of the possible quantity of d-menthyl 1-camphor-10-sulphonatt, 
m. p. 125-5°, ai” + 0-86°, [aJy + 208° (¢ 2-0740, chloroform) 
(Found: C, 64-9; H, 9-2%). 
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y; in Steam was passed into a suspension of the powdered ester in hot 
oduct § 50% aqueous oxalic acid, and the distillate was collected. The 
‘tions § ester was added in portions of 10 g., at intervals of 30 minutes, an 
m. p.— equivalent of sodium hydroxide solution being introduced simultane- 
und: f ously. When dried and fractionally distilled under diminished 
very— pressure, the volatile oil produced in this way yielded two main 
153°, fractions: (1) b. p. 47—48°/7-5 mm., [«]) — 31-2° (c 2-0, alcohol), 
mised F [x], — 31-6° (c 2-0, ether); (2) b. p. 91—92°/8 mm., [a], + 36-5° 
ats it} (c 2-0, alcohol). Fraction 1 was a liquid possessing the character- 
*, less f istics of partly racemised 1-A?-menthene; the yield corresponded to 
adily} 42°/ of the ester. Fraction 2 was partly crystalline, and consisted 
equal} of d-menthol contaminated with about 16°, of menthene; the 
samep yield corresponded to 30% of the ester. The d-menthol contained 
) mayp in this fraction was thus about 25% of the quantity theoretically 
mains} obtainable from the original ester. When left on porous plate in a 
desiccator for 2 days, fraction 2 gave pure d-menthol. The oil 
ide. recovered from the porous plate by extraction with ether was heated 
_ with} with boric acid at 100—120° for 4 hours (Ber., 1929, 62, 2945), and 
ned af} the resulting semi-solid mass was distilled under reduced pressure to 
After} remove water and menthene. When steam-distilled with sodium 
ethyl§ carbonate solution, the residue gave a further quantity of d-menthol, 
onate,} which was dried on porous plate as before. The total yield of pure 
of the} d-menthol was 10%, referred to the original d-menthyl J-camphor- 
acid, 10-sulphonate. The product had m. p. 42°, a%° + 1-52°, [a]? 
mised) + 389°; a” + 1-95°, [a] + 49-9°; adi, + 229°, [a], + 58-6°; 
tively F at” + 2-96°, [a]}8" + 75-7° (c 1-9550, alcohol). A specimen of 
The} natural J-menthol, consisting of long prisms, m. p. 42°, had o2” 
, [olf — 1-52°, [a] — 38-6°; a” — 1-95°, [a] — 49-6°; 033", — 2-29°, 
 356'F a}, — 58-2°; a®” — 2-96°, [a]" — 75-3° (c 1-9665, alcohol). 
porous =The residue from the hydrolysis was neutralised with milk of lime 
) yield} in order to precipitate the oxalic acid, and the filtrate was evaporated 
riginsl} to dryness on the water-bath. The resulting sodium /-camphor- 
10-sulphonate, when treated with thionyl chloride, readily yielded 
ridé—} l-camphor-10-sulphonyl chloride, [a] — 31-0° (c 2-0, chloroform). 
nically} Somewhat more than 80% of the sulphonyl chloride corresponding 
), had} to the pure ester was recovered in this way. 
2% off = Equimolecular Miztures of Certain Optically Active Menthyl 
actiol § Camphor-10-sulphonates.—(1) An ethereal solution of equal weights 
- 190°F of pure l-menthyl /-camphor-10-sulphonate (m. p. 47°) and d-menthyl 
> fro § I-camphor-10-sulphonate (m. p. 125-5°) when evaporated to dryness 
yielded F yielded a product composed of fine crystals. When heated, these 
honalt,® softened at about 50°, became completely liquid at about 105°, and 
ofort) F decomposed at 153°, yielding dl-A’-menthene and _ J/-camphor- 
\0-sulphonic acid. The observed value of [«}i* in chloroform was 
EH 
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— 28-9° (c 2-0), the mean of the values for the two components 
being — 28-4°. 

(2) The product obtained in a similar way from /-menthy] /-cam- 
phor-10-sulphonate and /-menthyl d-camphor-10-sulphonate was 
indistinguishable in appearance from the foregoing material. When 
heated, it softened at about 48°, melted completely at about 105°, 
and decomposed at 153°, yielding partly racemised d-A*-menthene 
and dl-camphor-10-sulphonic acid. The observed and the calculated 
value of [a]!® (c 2-0, chloroform) were — 49-6° and — 49-3°, 
respectively. 

(3) The optically inactive product obtained by evaporating to 
dryness an ethereal solution containing equal weights of /-menthyl 
d-camphor-10-sulphonate and d-menthyl J-camphor-10-sulphonate 
melted sharply at 102°. A large crystal obtained by slow deposition 
from ethyl acetate had [«]if -+ 5-9° (chloroform), corresponding to 
a mixture of about 64% of d-Z and 36% of I-D. 

Resolution of dl-Camphor-10-sulphonic Acid with 1-Menthol.— 
dl-Camphor-10-sulphonyl chloride (57-6 g.; 1 mol.) was stirred into 
a solution of J-menthol (53-8 g.; 1-5 mols.) in anhydrous pyridine 
(100 c.c.). At the end of the reaction the mixture was poured into 
water, and an ethereal extract of the resulting oily product was 
washed with dilute sulphuric acid and water. Excess of menthol 
was removed by steam distillation, and the crude ester was then 
isolated by extraction with ether; it was obtained in 90% yield, and 
had [a]}}i* — 47-4° (c 2-1, chloroform). Three successive recrystal- 
lisations from hot ethyl acetate furnished pure /-menthyl d-camphor- 
10-sulphonate ([«]if’ — 20-9°, c 2-0, chloroform) in about 65%, yield. 

When heated to about 155° in an oil-bath, the ester decomposed, 
yielding partly racemised d-A*-menthene and d-camphor-10-sul- 
phonic acid; the latter substance formed a crystalline mass in the 
flask. The two products of the reaction were readily separated by 
treatment with water and ether, or with light petroleum alone, the 
perfectly anhydrous acid being obtained in the latter case. When 
evaporated on the water-bath, the aqueous layer from the first 
process yielded the crystalline acid: after being dried in a vacuum 
desiccator, this was found by titration to contain 7-5% of water, and 
it gave [a]}* -+ 19-8°, [aJ!%, -+ 26-1° (c 5-1, water); the corrected 
values were thus [a]j” -++ 21-4° and [a]}$, + 282°. The acid was 
therefore optically pure (compare Pope and Gibson, J., 1910, 97, 
2214; Burgess and Gibson, J. Soc. Chem. Ind., 1925, 44, 4961). 
The yield from the ester was almost theoretical. The d-A?-menth- 
ene formed in the reaction had [«]}*" + 19-8° (c 2-1, alcohol). 

The acid obtained by washing the decomposition product of the 
ester directly with dry ether, followed by light petroleum, consisted 
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of a crystalline powder, the particles of which differed from those of 
the foregoing specimen of the acid by showing no tendency to 
cohere: aj -+ 2-17°, [a}if’ + 21-4°; aif, + 2-84°, [a]i&, + 28-0° 
(c 5-0735, water) (Found: C, 51:5; H, 7-0. C,)H,,0,8 requires 
U, 51-7; H, 6-9%). 

We express our thanks to the Carnegie Trust for a scholarship 
awarded to one of us (W. J. G.). 


UNITED COLLEGE or Sr. SALVATOR AND St. LEONARD, 
UNIVERSITY oF St. ANDREWS. [Received, November 28th, 1930.] 





XXVII.—The Propagation of Flame in Electric Fields. 
Part I. Distortion of the Flame Surface. 


By Ernest MicHEL Gu&navtt and RicHARD VERNON WHEELER. 


It has long been known that flames, and the hot products of com- 
bustion immediately resulting from them, are conductors of elec- 
tricity. This knowledge has led to the speculation that the pro- 
pagation of flame may be directly due to the preliminary ionisation 
of the reacting gases. Attempts have been made to demonstrate 
by experiment the electrical nature of flame propagation. 

Dixon, Campbell, and Slater (Proc. Roy. Soc., 1914, 90, A, 506) 
studied photographically the effect of a transverse magnetic field 
of 10,000 gauss on the detonation-wave in mixtures with oxygen of 
hydrogen, acetylene, cyanogen, carbon monoxide, and carbon 
disulphide. There was no visible influence on the speed or form of 
any of the detonation-waves nor, in experiments with acetylene and 
oxygen, could any alteration in the initiatory phases of explosion 
flames be detected. 

Malinowski (J. Chim. phys., 1924, 21, 469) recorded the complete 
arrest of the propagation of flame in rich mixtures of light petroleum 
vapour (approximating to hexane) and air, and later, with Lawrow 
(Z. Physik, 1930, 59, 690), the slowing down and occasional complete 
arrest of flame in mixtures with air of methane, ethylene, and 
acetylene, as the result of the application of a transverse electric 
field. Similar results were recorded by Bernackyj and Retaniw 
(Ukrain. Phys, Abhand., 1928, 2,9). In each of these researches the 
experimental method was as follows : A metal cylinder was arranged 
vertically and acted as one “ plate ” of an air condenser. The other 
was a metal rod the diameter of which was varied so that, when 
fixed axially in the cylinder, it provided an annular space of chosen 
width (never more than 5 mm. and often as little as1-5mm.). This 
condenser was used as a gas-burner, the inflammable mixture being 
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allowed to flow upwards through the annular space at such a speed 
that the flame, when the mixture was ignited at the top, could travel 
slowly downwards. When an electric potential above a certain 
voltage was applied to the condenser, the flame was extinguished 
with mixtures of air with a hydrocarbon such that the oxygen was 
in defect and carbon could be deposited. No positive result was 
obtained with hydrogen—air mixtures. 

Haber (Sitz. Preuss. Akad. Wiss. Phys.-Math., 1929, 11, 162) 
carried out similar experiments, using as a condenser a rectangular 
tube with two sides of glass and two of metal, arranged vertically, 
and determining the effect of an electric field on the speed of flame 
in mixtures of benzene with air and oxygen, of cyanogen with a 
mixture of oxygen and nitrogen, and of air with a mixture of carbon 
monoxide and hydrogen. He found that an electric field had a 
retarding effect only on those flames that gave a well-defined Swan 
spectrum. Haber’s principal deduction from his experiments was 
that the speed of propagation of an explosion is determined, not by 
electrically charged dissociation products, but by neutral inter- 
mediate products of dissociation (transient uncharged radicals) 
obtained with an expenditure of less energy. Of such uncharged 
radicals, C-C and C-H alone appear to have a sufficiently low ionis- — 
ation potential to allow of dissociation into ions and electrons in the 
flame, so that an electric field only affects flames in which such 
radicals are present. Haber noted that the shape of the flame (in a 
benzene-air mixture) was modified by the electric field, presumably 
owing to the drag exerted by the moving ions on the flame gases. 

It is evident that if an electric field distorts the flame of an 
explosion, the conditions of propagation, as regards the cooling of 
the flame by the walls of the explosion-vessel and the free movement 
of the flame-surface, are materially altered, particularly when the — 
space in which the flame moves is as restricted as in the experiments 
just described. These altered conditions would affect the speed of 
propagation of flame apart altogether from any effect of an electric 
field on the reactions occurring in the flame-gases themselves. For 
example, Mason and Wheeler (J., 1920, 117, 1227) have shown that, 
during upward propagation in a long tube of quartz, 5 cm. in — 
diameter, closed at the upper and open at the lower end, the flame 
in an 8-3% methane-air mixture would begin to travel at either of 
two speeds, dependent on whether the shape of the flame-front were — 
symmetrical or (the slower flame) unsymmetrical. The alteration 
in the shape of the flame-front in Mason and Wheeler’s experiments 
was an effect of resonance. An increase in the speed of upward 
propagation of flame in a 7% methane-air mixture on the applic- | 
ation of an electric field, which may well have been due to an 











Puate I. 


Fie. 1.— Without electric field. 


Fig. 2.—Electric field 3000 volis per cm. 


[To face p. 196.) 





Tuate II. 


Fic. 1.—No electric field. 


Fie. 3.—Electric field 5000 volis per cm. 
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alteration in the shape of the flame front, has been noted by Thornton 
(Phil. Mag., 1930, 56, 260). In his experiments, a closed tube of 
glass, 1 m. long and 3 cm. in diameter, was used, a metal rod, dis- 
posed axially, acting as one plate of the electrical condenser and a 
metal sheath outside the tube serving as the other plate. 

The present paper demonstrates the extent to which the shape of 
a flame-surface can be altered by an electric field and is preliminary 
to a study of the effect such an alteration has on the speed of 
propagation of flame under different conditions. 

It is shown that when a flame spreads from the centre of a sphere, 
its normal symmetry (see Fig. 1, Plates I and IT) is destroyed if it is 
= exposed to an electric field (Fig. 2, Plate I, and Figs. 2 and 3, Plate IT). 
Whilst the flame is between the plates of the charged condenser 
(see ‘‘ Experimental ”’), before it has actually touched the plates, 
it is wholly within the electric field and is most susceptible to 
influence by it. As soon as the flame surface, which is a conductor 
of electricity, touches the plates, the system tends to discharge itself 
and the electric field is almost entirely destroyed so long as any part 
of the flame-surface touches the plates, the capacity of the condenser 
being small. The photographs in consequence show that the flame 
suffers no further distortion after it has touched the plates, but 
spreads throughout the sphere in a manner occasioned by its shape 
at that moment. 

There appears to be little or no alteration in the rate of growth 
of the flame in a direction transverse to the field. In a direction 
longitudinal to the field, the electrons move towards the left-hand 
(positive) plate. In this direction, therefore, the field would 
cause electrons produced in the flame to move ahead of it with an 
increased speed, and in the opposite direction it would retard them. 
The photographs show, however, that the electric field did not 
stimulate the growth of the flame towards the left-hand plate, so 
that electrons shot ahead of the flame do not appear to have assisted 
its propagation. The positive ions are moved by the field towards 
the right-hand plate and it is in this direction that the speed of the 
flame is apparently increased. There is, however, a bodily move- 
ment of the whole of the spherical flame-surface towards the right- 
hand piate and sometimes (e.g., in Figs. 2 and 3, Plate II) wholly 
to the right of the spark that caused ignition. The movement of 
the flame-surface towards the left-hand plate is therefore not only 
retarded but actually reversed by the field. This suggests that the 
movement of the flame-surface may be mechanical, due to the 
movement of the heavy positive ions dragging the flame-surface with 
them, and not necessarily the result of a stimulus to chemical 
activity imparted by the electric field. 
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EXPERIMENTAL. 


Mixtures of carbon monoxide and air or oxygen were ignited 
electrically at the centre of a spherical explosion-vessel and the 
movement of the flame-surface as it spread, with and without an 
electric field, away from the point of ignition was studied photo. 
graphically. The explosion-vessel (Fig. 1) was of glass, 9 cm. in 
diameter. An electric field could be applied between two parallel 
plates of a condenser, 2 cm. apart, consisting of discs of platinum, 
1-5 cm. in diameter, set on rods of platinum sealed into the glass 
diametrically opposite each other. Ignition of the mixtures was at 
a spark-gap between thin platinum wires sealed into the glass in a 
plane at right angles to the rods bearing the condenser plates. 


Fig. 1. Fia. 2. 








The plates of the condenser (C, Fig. 2) were charged to the required 
difference of potential by means of an induction-coil, I, the output 
from the secondary circuit being rectified by a diode thermionic 
valve, V. The voltage was controlled by a variable resistance in 
series with the primary circuit of the coil and measured by an 
electrostatic voltmeter, E. The direction of the electric field, and 
of the electron flow when gas between the condenser plates is ionised, 
is shown in Fig. 2 by arrows. 

The gas mixtures, before entering the explosion-vessel, were dried 
by passage through calcium chloride and concentrated sulphuric 
acid to maintain electrical insulation of the condenser. ‘To ensure 
easy ignition of mixtures of carbon monoxide and air thus dried, a 
small quantity (about 1%) of hydrogen was added. Ignition was 
by the secondary discharge from an induction coil on breaking the 
primary circuit, the trembler being locked. 

The development of the flames was studied by the method of 
“snapshot ”’ photography devised by Ellis and Robinson (J., 1925, 
127, 764; see also Ellis, Safety in Mines Research Board Paper 
No. 32, 1927), the interval between ignition and the first, and 
between each successive, snapshot being 19-26 milliseconds. For 
the photographs here reproduced (Plates I and II) the right-hand 
plate of the condenser was negatively charged, so that the movement 
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of positive ions was towards that plate and that of electrons and 
negatively-charged particles towards the left-hand, positive plate. 
Attention should be directed towards the earlier, inner, snapshots 
in each photograph. The later gravitational distortion at the base 
of the flames on Plate II, where the snapshots merge and overlap, 
does not concern the present research. It is fully explained by 
Ellis in Fuel, 1928, '7, 202. 

The photographs on Plate I are of the movements of flame in a mix- 
ture of 92-2% of carbon monoxide and 1-0% of hydrogen in oxygen, 
Fig. 1 without and Fig. 2 with an electric field of mean strength 
3000 volts percm. For the photographs on Plate [i, a mixture of 
12-59% of carbon monoxide and 1-5% of hydrogen in air, in which 
flame moves more slowly, was used. For Fig. 1 there was no 
electric field, whilst for Figs. 2 and 3 the mean strength of the field 
was 3000 and 5000 volts per cm. respectively. 


SAFETY IN Mines RESEARCH LABORATORIES, 
SHEFFIELD. [Received, December 12th, 1930.] 


XXVIII.—The Conductivity of Electrolytes in Nitro- 


methane. 


By C. P. Wrieut, D. M. Murray-Rost, and Sm Haroip 
HARTLEY. 


MEASUREMENTS of the conductivity of electrolytes in methyl and 
ethyl alcohols have shown that differences of behaviour in the two 
solvents are primarily to be accounted for by the difference in 
dielectric constant. The greater tendency for ionic association to 
take place in ethyl alcohol is shown for strong electrolytes by the 
greater deviation of the experimental results from the theoretical 
equation of Debye and Hiickel as modified by Onsager, and for 
weak electrolytes by their smaller dissociation constant. Nitro- 
methane has a larger dielectric constant (viz., 37) than the alcohols, 
so that, if the ionic association were controlled by the interionic 
forces alone, electrolytes would be expected te approach more 
closely to ideal behaviour in this solvent. The results of the 
present investigation show that this is not the case for the majority 
of electrolytes and that the chemical properties of nitromethane, 
which are very different from those of the alcohols, have a large 
influence in determining the behaviour of electrolytes dissolved 
in it. For instance, a number of salts which behave as strong 
electrolytes in methyl and ethyl alcohols are found to be weak 
H2 
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electrolytes in nitromethane; and the hydrion no longer possesses 
the abnormal mobility which it has in hydroxylic solvents. 

Philip (J., 1910, 97, 1271; 1924, 125, 1189) and Walden (Z. 
physikal. Chem., 1905, 54, 202; 1907, 58, 509) have both measured 
the conductivity of solutions of tetraethylammonium iodide but 
their results do not agree, nor is there satisfactory concordance 
between Walden’s various series of measurements, which give 
values of A, differing by more than 6%. Philip also investigated 
potassium iodide; the results obtained in his later work are in 
quite good agreement with ours in the range in which they overlap, 
but most of his measurements were made in more concentrated 
solution. It has now been found that iodides tend to react with 
the solvent, which may account for the discrepancies; a solution 
of ammonium iodide became yellow too rapidly for measurements 
to be made and lithium iodide also reacted on standing for some 
time. The measurements described for the latter were made 
within two hours of preparing the solution. 


EXPERIMENTAL. 


Purification of Nitromethane.—The nitromethane obtained from 
Poulenc Fréres was pale yellow and smelt strongly of cyanide; it 
was therefore carefully purified. After a preliminary distillation, 
the relative efficiency of various drying agents was tested and 
compared with that of fractional distillation by measuring the 
viscosity of the dehydrated products; the sample which had the 
longest time of flow in an Ostwald viscometer was assumed to be 
the driest, since addition of water to nitromethane lowers the 
viscosity. Phosphoric oxide was found to be unsuitable as it 
forms a sol in nitromethane, and a white solid was deposited in the 
condenser when it was distilled. None of the other drying agents 
tried was so efficient as fractionation, and the final procedure 
adopted was as follows. Most of the water was removed with 
calcium chloride, and the final traces were eliminated by two 
distillations through a 3-foot Hempel column, the course of the 
distillation being followed by the boiling point measured by a 
thermometer near the top of the column. Volatile impurities were 
removed by refluxing for several hours in a current of dry ait, 
followed by distillation through a siphon conductivity cell, so that 
the resistance of each portion of the distillate could be measured. 
The slight smell of cyanide, which generally remained after the 
second fractionation, was always removed by this treatment. 

When it was necessary to recover the nitromethane from solu- 
tions, several modifications had to be introduced. It was found 
impossible to obtain nitromethane of low conductivity if it had 
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been distilled off residues containing thiocyanates, which apparently 
reacted with the solvent. Solutions of thiocyanates were therefore 
always treated with aqueous silver nitrate immediately after use, 
and the silver thiocyanate was removed before distilling the nitro- 
methane. Solutions of other salts were distilled directly, as this 
did not affect the conductivity. Solutions of acids were extracted 
with water, hydrogen chloride being removed easily but perchloric 
acid much more slowly. Even with this treatment it was some- 
times impossible to obtain nitromethane of low conductivity, but 
it was finally discovered that the conducting impurities were 
removed by refluxing with animal charcoal for some hours before 
fractionation. 

The lowest conductivity obtained, as measured in the cell on 
the final still, was 0-15 x 10-7? mho, and the best specimen used in 
a series of measurements was 0-4 x 10-7 mho; in general, the 
conductivity of nitromethane was 1—3 x 10-7 mho. The values 
quoted by Walden (Z. physikal. Chem., 1905, 54, 202) and by 
Philip and Oakley (J., 1924, 125, 1189) are 16 x 10-7 and 4 x 10° 
mho, respectively. 

Density of Nitromethane.—This was measured at 25° in a glass 
pyknometer, which was filled with nitromethane in such a way 
that the liquid never came into contact with moist air. The 
values of Di for three different specimens were 1-1311, 1-1312, 
and 1-1312;. The mean, viz., 1-1312, was used in calculating the 
conductivity results, 

Dielectric Constant of Nitromethane.—This was measured over a 
range of temperature, and the results have already been published 
by Lattey and Gatty (Phil. Mag., 1929, 7, 985). The value at 
25° is 37. 

Viscosity of Nitromethane.—This was measured at 25° in an 
Ostwald viscometer which had a time of flow for water of 200-0 
secs. The time of flow for a number of specimens of pure nitro- 
methane was 123-6 + 0-1 secs., which leads to a value for the 
viscosity of nitromethane of 0-00627, if the above value for its 
density is used together with a value of 0-00895 for the viscosity 
of water at 25°. 

Measurements were also made to determine the change of viscosity 
of nitromethane caused by adding small amounts of water, and 
the following times of flow were obtained : 

437 


(USN (ROR aR nae air tite 0-000 0-245 
Time of flow (Secs.) .........seceeeeeees 123-6 122-7 12% 


~~] 


> 
bho 


The addition of 0-1°% of water therefore lowers the viscosity of 
nitromethane by about 0-3%. Similar measurements were made 
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of the change of viscosity of water due to addition of nitromethane, 
with the following results : 


Nitromethane, % 0-00 0-506 1-903 4-130 
Time of flow (sees.) 200-0 200-8 202-5 204-5 


These show that the viscosity of water is raised by the addition 
of nitromethane. It is remarkable that the addition of small 
quantities of a more viscous liquid, such as water, should lower 
the viscosity of nitromethane, while exactly the reverse takes 
place on the addition of nitromethane to water. No other pair of 
liquids is known to behave in this manner. If the curve for the 
whole range of concentrations could be realised, it would have 
both a maximum and a minimum, but this is not possible owing 
to the limited miscibility of the two liquids even at 100°. 

Mutual Solubilities of Nitromethane and Water.—The viscosity 
results were used to find the mutual solubilities of nitromethane 
and water. Layers of each liquid were allowed to reach mutual 
saturation at 25° and the time of flow for each layer was measured. 
The upper layer, a saturated solution of nitromethane in water, 
was diluted with water so that solutions containing known amounts 
of the saturated solution were obtained. The times of flow for 
these solutions were measured and compared with those for water 
containing weighed quantities of nitromethane. Similar measure- 
ments were made with the lower layer after dilution with nitro- 
methane. By this means the following values of the mutual 
solubilities at 25° were obtained : 


Solubility of water in nitromethane = 2%. 
Solubility of nitromethane in water = 10°. 


Preparation of Solutions.—Salts. Approximate values of the 
relative solubilities of salts in nitromethane were obtained by 
measuring the conductivity of saturated solutions in an Ostwald 
cell; the peculiar solubility relations greatly restricted the choice 
of salts that could be measured in nitromethane, as many of them 
were only sparingly soluble. Apart from the tetraethylammonium 
salts, all of which are very soluble, no soluble chlorides, bromides, 
or nitrates were found, so the work was restricted to the iodides, 
thiocyanates, and perchlorates. Solutions were made by dissolving 
a known weight of dry salt in a weighed quantity of nitromethane. 
The methods for drying most of the salts have been described else- 
where (for the thiocyanates, see Unmack, Proc. Roy. Soc., 1930, 
127, 228; and for the perchlorates, Copley and Hartley, J., 1930, 
2488). A full account of the methods we investigated for drying 
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the tetraethylammonium salts will be published later, but in the 
present research they were dried in an air-bath at 110° except 
the nitrate, which was dried in a current of nitrogen at 120°. 
Lithium iodide was dried in a vacuum over phosphoric oxide at 
about 90°. 

Acids. Perchloric acid, the only acid with which accurate 
measurements were attempted, was made by mixing solutions of 
hydrogen chloride and silver perchlorate. A solution of hydrogen 
chloride can be made by bubbling the gas into nitromethane, but 
its analysis presents considerable difficulties. Titration with alkali 
is impossible because nitromethane is itself a pseudo-acid ; attempts 
were made to determine the concentration by means of Volhard’s 
method after adding excess of water, but no accurate end-point 
was obtained since the colour of the ferric thiocyanate faded con- 
tinuously, probably owing to its reacting with the nitromethane. 
Finally, solutions of perchloric acid were made by adding a slight 
excess of hydrogen chloride solution to the silver perchlorate; most 
of the hydrogen chloride could be removed by exhausting the 
solution, for it has a high vapour pressure even at room temperature, 
and any small quantity remaining in solution would not affect the 
conductivity results as it is not appreciably ionised. 


Determination of Conductivity—The method has already been 
described in detail (Frazer and Hartley, Proc. Roy. Soc., 1925, 
109, 351). The cell used was of the type described by Hartley 
and Barrett (J., 1913, 103, 786), but of only 100 c.c. capacity. 
Weighed amounts of solution were added from a weight burette 
to the cell, which contained a known weight of nitromethane, and 
the resistance was measured after each addition. 


Results. 


Values of the equivalent conductivity at various concentrations 
are given in Table I. An empirical equation, representing the 
variation of conductivity of each electrolyte with concentration, 
and also the value of A, obtained therefrom are given at the head 
of the corresponding sections, except in the case of weak electrolytes ; 
these equations are discussed later. Col. 1 gives the specific con- 
ductivity of the solvent in reciprocal megohms; the solvent correc- 
tion was applied by subtracting this value from the conductivity 
of the solution at each concentration. Col. 2 gives the values of 
c X 104, where c is the concentration in g.-equivs. per litre; col. 3, 
the values of ct x 1000, or, in the case of the tetraethylammonium 
salts, of 100V/c; col. 4, the equivalent conductivity, A,, and col. 5 
the values of the difference between the observed value of A, and 
that calculated from the equation at the head of the section. 
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ex10*. cix 1000. 
Lithium thiocyanate. 
1-418 2-72 
3-080 4-56 
5-810 6-96 
12-44 11-56 
18-86 15-26 


Sodium thiocyanate. 


1-157 
2-255 
4-130 
5-902 
7-59] 
9-129 
0-857 
1-717 
3°539 
5-126 
6-837 
9-082 


2-37 
3°70 
5-55 
7-04 
8-32 
9-41 
1-94 
3-09 
5-00 
6-42 
7:79 
9-38 


Ac = Ag — 1330c# ; Ay = 


0-08 1-065 

2-025 
3°415 
5-435 
7-719 
10-54 


2°25 


3°45 

4°89 
6-66 
8-42 

10-36 





125-3 
123-7 
121-8 
119-5 
117-0 
114-6 


Ac. 


32-45 
21-08 
16°36 
13-10 
11-51 


107-2 
97-9 
87-1 
79-9 
74-7 
71-2 

110-8 

101-7 
89-5 
82-4 
76-4 
70:3 





Ammonium perchlorate. 


128-3. 


TABLE I. 


cx cx 
10%. «©1000. = Ag. Diff. 
Potassium thiocyanate. 

Ae = Ag — 1560c#; = Ay = 130-0. 
3°254 4:72 123-6 +1-0 
6-449 746 1186 +0-2 
11-717 11-11 1130 +0-3 

20-488 16:13 105-9 +1-1 
1-271 2-62 1262 +01 
3-205 469 1231 +0-4 
7-138 799 117-9 +03 
12-639 11-68 112-2 +04 
1-477 2:80 1253 —03 
2-649 4:12 123-4 —0-2 
4-686 6-02 120-4 0-0 
8-220 8-76 1160 —0-3 
12:729 11-73 1114 —0-3 
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K. cx 104, 





c# x 1000. 





Ae. 


Ammonium thiocyanate. 


1-221 
2:519 
4-766 
8-513 
13-22 


19-60 


0-04 








2-46 
4-00 
6-10 
8-98 
12-05 
15-62 


LAthium perchlorate. 





118-5 
107-8 
95-7 
83-1 
73°3 
64-7 

















0-32 1-253 2-50 117:8 
2-443 3°91 112-3 
4-737 6-07 104-9 
8-639 9-06 95:9 
14-341 12-71 86-7 
20-89 16-34 79:1 
26-77 19-27 74-0 
0-29 1-153 2:37 =: 118-0 
2-240 3-69 113:1 
3-741 5-20 108-1 
6-031 7:14 102-2 
8-223 8-78 97-6 
13-03 11-93 
cx cx 
K. 10*. 1000. Ae. Diff 
Sodium perchlorate. 
Ae = Ag — 1640c#; Ay = 122-5. 
0-10 1310 2-58 117-8 +05 
2-458 3:91 115:7 +0-4 
3-864 530 113-2 +06 
5-954 707 1104 +40°5 
7613 834 1082 +06 
10-519 10:34 105-1 -|-0°5 
0:24 0-770 1:81 118>7 0-8 
1-507 2°83 117-2 —0-7 
3061 452 114-7 —0-4 
6-622 .6-72 111-2 —03 
8-131 8-70 108-2 0-0 
11-75 11-13 1045 +03 
0:26 0-863 1:95 1192 —01 
1-710 308 117-7 +0-2 
3-172 465 1153 +04 
5-648 682 1116 +03 
7369 86815 1095 +03 
10-56 10:36 105:9 +0:3 


Thallium perchlorate. 
Ag = Ay — 1400c#; Ay = 124-4. 


0-14 0-964 
1-835 
3-000 
4-612 
6-291 
8-455 





2-12 
3°23 
4-48 
5-96 
7-34 
8-93 





121-3 —02 
119-9 0-0 
118-2 +01 
116-1 0-0 
114-2 +02 
111-9 0-0 










0-4 


0-§ 


0-1 
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ct xX 
104. 
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cx 
Diff. 104. Diff. 


oT ry ©: 
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Se ODO AIS 


Silver perchlorate. 


Ae = Ag — 705c#; A, = 11 


0:25 1-463 
2-997 
6-055 

10-51 

14-82 

19-96 
2-573 
4-993 
7-452 

10-90 

16-19 


1-336 
2-652 
4-756 
7-660 
10-90 
15-40 


2-78 
4-48 
7:16 

10-34 

13-00 

15-86 
4-05 
6-29 
8-22 

10-59 

13-79 
2-61 
4:13 
6-09 
8:37 

10-59 

13-33 


114-4 
113-9 
112-3 
110-1 
108-2 
106-1 


113-0 
111-6 
110-4 
108-8 
106-6 
114-5 
113-7 
112-4 
110-7 
109-2 
107-2 


Lithium iodide. 
= Ag — 2100c#; A, = 


1-507 
3-212 
6-327 
9-697 
14-18 
0:987 
2-842 
6-061 


c xX 
K. 104. 


Ve. 


109-9 
106-5 
100-8 

95-7 

90-3 
111-8 
108-1 
101-8 


92-2 


Ae. 


oO 


“5. 


(—) 


| +++++ 1 


11 | 
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mbm bomb NMhwo DWBUOOQ- 


t+Et+ | 


Tetraethylammonium perchlorate. 
he = Ag — 227VC; Ay = 113-4. 


0-43 2-002 
3°432 
5-411 
8-015 

13-21 
1-623 
2-953 
5-271 
8-539 

13-23 
1-293 
2-826 
5-993 
9-981 

14-62 


0-85 


0-13 


1-42 


110-0 
109+1 
108-0 
106-9 
105-2 
110-5 
109-5 
108-2 
106-7 
105-1 
110-8 
109-6 
107-9 
106-1 
104-7 


—0-2 
—0-1 
—0-1 
—0:1 
—0-1 


| + | | 
FPSO S999 
Ce ee ee OOO 


~ 
jj o@ 


0-12 


Ac 
0-12 


Perchloric acid. 
Me = Ag — 2340c#; A, = 127 
(approx.). 


1-045 
2-042 
3-921 
7-087 
9-552 
11-13 
1-361 
2-705 
4-717 
7-328 
12-08 
16-72 
22-72 
1-319 
2-684 
5-340 
9-218 
12-78 
17-04 
21-27 


2-22 
3-47 
5-36 
7°94 
9-70 
10-73 
2-64 
4-17 
6-05 
8-12 
11-34 
14-06 
17-26 
2-59 
4-16 
6-58 
9-47 
11-77 
14-16 
16-54 


115-0 
113-6 
111-1 
106-8 
102-9 
100-5 
118-0 
115-5 
112-3 
108-6 
101-6 

95-7 

89-6 
116-9 
114-9 
110-8 
104-5 

98-5 

91-5 

85:3 


Potassium iodide. 


= Ay — 936c#; Ay = 


0-985 
1-818 
3-455 
5-517 
6-676 
9-432 
0-974 
1-821 
3-610 
5-790 
8-056 
10-26 


Cc xX 
104, 


2-13 
3°22 
4-91 
6-72 
7-64 
9-60 
2-11 
3-21 
5-07 
6-94 
8-65 


10-18 
100 x 


Vo. 


118-8 
118-5 
117-1 
115-5 
114-6 
112-7 


119-1 
118-7 
117-3 
115-6 
114-0 
112-6 


Ae. 


| 


++++! | 
CWh Oem eee wma es 
ROH DRO OCUWAWDH WHR 
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toto S 


121-9. 


Tetraethylammonium nitrate. 
Ae = Ay — 220Vc; Ay = 114-3. 


0-25 


0-23 


0-05 


1-484 


3-021 


5-496 


8-828 
13-55 
17-22 

1-193 


2-255 


4-023 


6-374 


9-672 
14°81 


1-416 
2-866 
6-093 


10-39 
16-85 


1-22 
1:74 
2°34 
2°97 
3°68 
4:15 
1-09 
1-50 
2-01 


111-6 
110-5 
109-2 
107:8 
106-3 
105-2 
111-4 
110-6 
109-7 
108-6 
107-3 
105-7 
112-0 
110-9 
109-1 
107-5 
105-6 
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ex  100x cx 100x i 
ke 104, Ve. Ac. Diff. k. 104. a/c. Ae. Diff. t 
Tetraethylammonium iodide. Tetraethylammonium thiocyanate. 1 
Ne = Ay — 210Vc3 Ay = 111-2. Ae = Ag — 218Vc; Ay = 119-7. 
0-28 1:204 1:10 1075 —14 O15 1:137 1:07 117-4 0-0 e 
2-367 1-54 107-6 —0-4 2-095. 1-45 116-6 0-0 Cc 
4035 2-01 107-0 0-0 4-219 2-05 115-3) -++-0-1 
7-915 2-81 105-5 =+0-1 7067 2-66 113-9 0-0 
12-05 3°47 104-0 +-0-1 9-955 3:15 112-8 0-0 nv 
1688 = 41 610260 00 F190 -1-236 «1-11. «117-0 —03 
0-24 1416 41:19 107-9 -0°8 2-875 1-69 116:0 0-0 
2-715 1:65 107-5 —0-1 5-256 2-29 114-7 0-0 
5-104 2:26 106-5 0-1 9-122 3:02 1130 +01 
7-638 2-76 1055 —0O-1 12-40 3-52 1118 —02 
11-96 3°46 104-0 —0O-1 
Tetraethylammonium picrate. 
Ke. e x 104. 100Vc. Ne. Diff. 
Ae = Ay — 191Vc; A, = 93°5. 
0-05 0-879 0-93 91-74 + 0-02 
1-810 1-34 90-80 —0:13 
3-267 1-81 89-95 + 0-10 
5-454 2-84 88-98 — 0-06 
9-123 3-02 87-62 —0-11 
0-06 1-013 1-01 91-68 -+0-10 
2-024 )-42 90-89 +O-11 
3-824 1-96 89-84 -+-0-08 
6-101 2-47 88-87 -+-0-09 
10-59 3°25 87-37 -+-0-08 
Graphical Representation of Results—The usual graphical method 
of representation is to plot the equivalent conductivity against 
the square root of the concentration, as there is generally a linear 
relation between these two quantities for strong electrolytes in 
dilute solution, and this is used for extrapolation to infinite dilution 
in order to obtain values of Ay in water, the alcohols, and other 
solvents. In nitromethane, however, it is found that none of the 
highly dissociated salts, with the exception of the tetraethyl 
ammonium salts, gives this linear relation; the experimental points 
lie on a curve which is generally concave to the concentration 
axis but in some cases approximates to a straight line between the 
concentrations V/2500 and N/500. These curves are useless for 
extrapolation to infinite dilution, especially as the points in the 
most dilute region are the least trustworthy, and it is very possible 
that some of the curvature is due to reaction with the solvent or J Pla 
with impurities, as this would be most noticeable in dilute solutions. obe 
pole 





It has been found, however, that most of the salts giving curves of 
this type give approximately straight lines when the conductivity 
is plotted against the two-thirds power of the concentration. The 
use of this function is entirely arbitrary, but it makes an extra- 
polation to infinite dilution possible. On the other hand, the 
results for the tetraethylammonium salts are represented graphically 
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in the normal manner, for, excepting the iodide, which reacts with 
the solvent, they give straight lines for the square-root relation. 
The differences in behaviour are illustrated in Fig. 1, in which the 
equivalent conductivity is plotted against the square root of the 
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concentration for a number of electrolytes of different types. 


Values of \g—Table II gives the values of A, obtained by the 
methods of extrapolation just described; more confidence is to be 
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placed on the results for the tetraethylammonium salts, which 
obey the square-root relation, than for the other salts, as the extra- 
polation for these is probably not correct to nearer than 1—2%. 
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It is unfortunate that there are not sufficient data for a satisfactory 
test of the applicability of the law of independent mobilities to 
solutions in nitromethane; the fact that many salts are insoluble 
and that others behave as weak electrolytes has made it impossible 
to obtain two independent values of the mobility of any single ion. 
The difference between the mobilities of the thiocyanate and those 
of the iodide ions can be determined from the results for the tetra- 
ethylammonium and the potassium salts and the values are con- 
cordant : 
Aoxews — Aogr = 8; 
Aowscxs — Aowma = 8°5; 


but this concordance does not provide a test of the accuracy of the 
values of A, for the potassium salts as they were both determined 
by the same method of extrapolation. 

Ionic Mobilities—No measurements of the transport number of 
any ion in nitromethane are available, so it is not possible to obtain 
direct values of the individual ionic mobilities. The only other 
course is to use Walden’s relation that the product J)» is constant 
for all solvents, where J, is the mobility of a large ion and » is the 
viscosity of the solvent. Walden has measured the conductivity 
of tetraethylammonium picrate in a number of solvents, and 
found that the product Agy has the value of 0-560 (approx.) in each 
case. The value for this product in nitromethane is 0-586, and 
the results of measurements in other solvents, which have been 
carried out in this laboratory and will shortly be published, have 
shown that there may be larger variations than Walden’s results 
suggest. Nevertheless, this product is more nearly constant for 
tetraethylammonium picrate than for any other salt, presumably 
owing to the fact that neither of the ions is heavily solvated. The 
values of the mobility of the picrate ion in water and in methyl 
and ethyl alcohols give a more constant value for the product [4 
than those of the tetraethylammonium ion, and Table III has been 
compiled showing approximate ionic mobilities on the assumption 
that for the picrate ion /,y = 0-275, giving a value of /, for this ion 
of 44. 

Taste III. 


Ionic mobilities in nitromethane. 


Ion. 
Picrate 


* Calculated from the product /4y7 = 0-275. 
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Discussion of Results. 


Comparison with Onsager’s Equation.—The variations in behaviour 
of the different salts can best be seen from a comparison of the 
experimental results with the theoretical behaviour of an ideal 
electrolyte as expressed by Onsager’s modification of Debye’s 
equation. The value of x in the equation A, = Ay —2Vc, as 
calculated from the Debye—Hiickel—Onsager equation, reduces for 
uni-univalent electrolytes to the expression 


__ (5-85 x 105 58-0 \_ 
nine { (pTy: Ao + in) V2 


and for nitromethane at 25° (n = 0-00627; D = 37) this gives 
Ss 0-727A, -|- 125°8. 

In order to compare the experimental values of « with those given 

by this equation, values of the percentage deviation, 100(2p.. — 

Yeatc.)/%ealc.» have been calculated and are given in Table IV. In 

the cases when a straight line is not given for the A.-Vc relation, 

the observed value of x is taken as the slope of the curve at about 


N/1000, where usually it approximates to a straight line. Although 
the values of Ay are not known accurately for these electrolytes, 


the values of x are not seriously affected, as an error of 2% in Ay 
would only change x by about 1%, and this is negligible when 
differences of the order of 100% are being considered. 


TABLE IV. 
Values of 100(aobs, — eatc.)/eatc.+ 
C1O,. CNS. NO). Picrate. 
430 weak . 
175 weak 
-- 188 
26 — 
135 weak 
9 2 5s —1+5 


This table shows that there is excellent agreement for the tetra- 
ethylammonium salts between the observed values of 2 and those 
calculated from Onsager’s equation, and it is significant that these 
are the only electrolytes in nitromethane which have been found 
to give a linear relation between A, and Vc over the whole range 
of concentration studied. The iodide gives a line which is curved 
in the dilute region, but it is nearly linear at concentrations greater 
than NV /2000, and in this region the slope is very close to the theor- 
etical value, so it is probable that the deviation from the straight 
line is due to reaction with the solvent. The tetraethylammonium 
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salts also differ from those of the metals in their ease of solubility, 
and it is possible that this is connected with the fact that they 
show little tendency to ionic association in solution, as seen from 
the agreement of their behaviour with that of an ideal electrolyte, 

On the other hand, all the salts which fail to obey the square. 
root relation give large deviations from the theoretical slope and 


Fic. 2. 
N 
10,000 









































Ve. 


so are presumably considerably associated in solution, and it is 
probable that the curvature of the A—Vc curves is partially due 
to the ionic association being less in the dilute region. The amount 
of association varies considerably, but the figures in the table 
indicate that there are certain regularities depending on the nature 
of the ion. The results for the thiocyanates of the alkali metals 
are plotted in Fig. 2, and show that the tendency for ionic association 
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to take place is greater for the elements of lower atomic number : 
the sodium salt is intermediate in strength between the potassium 
and the lithium salt, the latter being quite a weak electrolyte. The 
perchlorates show less tendency to associate than the thiocyanates, 
but the influence of the kation is similar, lithium perchlorate show- 
ing greater deviation from the ideal slope than either the sodium 
or the ammonium salt; potassium perchlorate is too insoluble to 
he measured, but the difference between lithium and potassium is 
again shown by the results for the iodides. This influence of the 
nature of the kation upon the degree of association is exactly the 
opposite to that found in methyl and ethyl alcohols, for in these 
solvents the lithium salts show the least deviation from the Onsager 
equation and the tendency to associate increases with atomic 
number. The results in alcohol agree with Bjerrum’s view that 
there is a greater tendency for association in the case of ions of 
smaller diameter; for if it is assumed that the relative mobilities 
of the alkali ions are a measure of the relative sizes of the solvated 
ions in solution, then lithium is the largest ion and there is a con- 
tinuous decrease of size from lithium to cesium. In nitromethane, 
however, the departure from ideal behaviour shows that there is 
much greater tendency for the kation to associate with the anion 
than in the alcohols, and in this solvent the influence of the nature 
of the kation on the degree of association is in accordance with 
Fajans’s rule that there is more tendency to form covalent links 
when the kation is small. It is clear that in this respect it is the 
size of the unsolvated ion which is to be considered, lithium having 
the smallest ionic radius of the ions of the alkali metals, although 
the relative mobilities of the alkali metals in nitromethane indicate 
that the size of the solvated ions varies in the same order as in the 
alcohols. 

Apart from these differences the outstanding fact is that, although 
all the alkali-metal salts in the above table behave as strong electro- 
lytes in methyl and ethyl alcohols with a maximum deviation from 
Onsager’s equation of 50°, for sodium perchlorate in ethyl alcohol, 
yet in nitromethane they show a wide divergence from ideal be- 
haviour, proving conclusively that the association of ions to form 
molecules or neutral doublets is not governed entirely by the 
electrical forces between them. The molecules of the alcohols 
possess both donor and acceptor properties and can thus form 
co-ordinate links with both kation and anion, whereas nitromethane, 
being a pure donor, can only attach itself by such links to the 
kation, any solvent molecules round the anion being held electro- 
statically merely as a result of their dipole character. This suggests 
that the prevention of ionic association in hydroxylic solvents may 





WRIGHT, MURRAY-RUST, AND HARTLEY : 


be due to the protective sheath formed round them by the solvent 
molecules, and that the absence of co-ordinate linkages between 
the anions and nitromethane facilitates their association with the 
kation. This view of the influence of the solvent on ionic dis. 
sociation is practically the same as Brénsted’s theory that the 
dissociation of acids is conditioned by the relative affinity of the 
proton for the anion and for the solvent molecule respectively : 


HA + solvent = H(solvent)* + A’. 
In this case the action should be represented 
M‘X’ + solvent = M’(solvated) 4+- X’(solvated). 


Confirmation of this suggestion of the protective action of the 
hydroxylic solvent molecules is afforded by the effect of small 
quantities of water on the conductivity of solutions in nitrometh. 
ane, since the changes in conductivity for weak salts are far greater 
than could be due to any change in the dielectric constant. 
Change in Conductivity due to Addition of Water.—A small 
amount of water was added in a few cases at the end of a series of 
measurements, when the concentration of the solution was between 
N/1000 and N/500. Table V shows the effect on the conductivity. 
The increase of fluidity of pure nitromethane caused by 0:1% 
addition of water was 0-3%. The third column shows the per- 


TABLE V. 


Increase in conductivity on Deviation from 
addition of 0-1% of water. ideal slope. 
12% 430% 
1-4 175 
60 (weak) 
10 (weak) 
0-22 2 
0-28 9 


NEt,NO, 0-07 5°3 


centage deviation from Onsager’s equation, and comparison of this 
with col. 2 shows that there is a large increase in conductivity when 
the electrolyte deviates widely from ideal behaviour. It is inter- 
esting to note that in the case of the tetraethylammonium salts, 
which are normal in their behaviour, the increase in conductivity 
is very close to that expected from the increase of fluidity. 
Acids.—Perchloric acid is the only acid with which accurate 
measyrements were attempted, but several other acids have been 
investigated by measuring their conductivity in an Ostwald cell 
and comparing it with that of N/100-perchloric acid in the same 
cell, which gave an equivalent conductivity of about 70. Sulphuric, 
thiocyanic, benzenesulphonic, and nitric acids were measured at 
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concentrations between N/20 and N/50 and gave values of A, 
varying from 1 to 5 units. Thiocyanic acid was made by mixing 
solutions of potassium thiocyanate and hydrogen chloride, the latter 
being in excess, and the conductivity rose quickly during the 
measurement owing to reaction with the solvent. The solutions 
of sulphuric and nitric acids were made by adding a few drops of 
the concentrated acids to the nitromethane, and that of benzene- 
sulphonic acid by adding a few crystals of the solid, so that the 
values for the conductivity represent a maximum as a certain 
amount of water was present in each case. Picric and trinitro- 
benzoic acids gave even lower conductivities, whilst hydrogen 
chloride scarcely altered the resistance of the pure nitromethane. 
Although these results are only approximate, they show that 
perchloric acid is the only acid which is strongly ionised. In 
methyl and ethyl alcohols it has been found that there is a number 
of acids that are strong electrolytes, so the difference must be due 
to the relative affinities of the anion and of the solvent molecule 
for the proton ; and it appears that the tendency for the perchlorate 
ion to associate with the proton is sufficiently small to enable the 
acid to remain dissociated in solution. It is also noteworthy that 
the hydrogen ion has no longer the abnormal mobility which it 
possesses in the hydroxylic solvents. If the abnormal mobility in 
water and the alcohols is to be explained, as Hiickel has suggested 
(Z. Elektrochem., 1928, 34, 546), by a chain mechanism involving 
the transference of a proton from one molecule to another, then 
the normal mobility of the hydrogen ion in nitromethane is to be 
expected, since the absence of a hydroxyl group in the nitromethane 
molecule makes the proton exchange much less probable. On this 
view, the movement of the hydrion in nitromethane would be 
similar to that of any other solvated kation, the relative mobilities 
being primarily governed by the size of the solvated ions. 

A striking difference between solutions of perchloric acid in 
nitromethane and in the alcohols is shown by the effect on the 
conductivity of adding small amounts of water. Murray-Rust and 
Hartley (Proc. Roy. Soc., 1929, 126, 84) have shown that the 
addition of 0-1% of water to a solution of perchloric acid either in 
methyl or in ethyl alcohol causes a decrease in the conductivity of 
about 5%; this is probably due to the affinity of water for the 
proton which hinders its transference from one alcohol molecule 
to another, thereby reducing its abnormal mobility. In nitro- 
methane, however, a corresponding addition causes an increase of 
about 6%, which presumably is mainly due to an increase of ionis- 
ation, since perchloric acid shows a large deviation from the ideal 
slope. 
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Summary. 


1. A method of preparing nitromethane suitable for conductivity 
work is described. 

2. The density and viscosity of nitromethane at 25° are respect- 
ively 1-1312 and 0-00627. The addition of water to this liquid 
lowers its viscosity, and the addition of nitromethane to water has 
the opposite effect, in spite of the fact that water is the more viscous 
liquid. The mutual solubilities of water and nitromethane at 25° 
are approximately : water in nitromethane, 2%; nitromethane in 
water, 10%. 

3. The electrical conductivity of nitromethane solutions of 
certain uni-univalent salts and of perchloric acid ranging from 
0-0001N to 0-002N has been measured at 25°. 

4. Only the tetraethylammonium salts give a linear relation 
between A, and c, whilst other salts conform to the empirical 
relation A, = Ag — act. 

5. Approximate ionic mobilities have been calculated on the 
basis of Walden’s rule, assuming for the picrate ion Jgn = 0-275. 

6. The results for the tetraethylammonium salts show good 
agreement with the Debye—Hiickel—Onsager equation. All other 
salts show large divergences from ideal behaviour; some of them 
are weak electrolytes in nitromethane though they all behave as 
strong electrolytes in methyl and ethyl alcohols. As the dielectric 
constant of nitromethane is greater than that of the alcohols, the 
results show that ionic association is not entirely controlled by 
the electrical forces between the ions. 

7. The addition of small quantities of water increases the con- 
ductivity of electrolytes in nitromethane, the increase being greater 
for salts with large divergences from ideal behaviour. For the 
tetraethylammonium salts, the increase in conductivity is of the 
same order as the increase in fluidity. 

8. Perchloric acid is a fairly strong electrolyte in nitromethane 
and the mobility of the hydrogen ion is 63; it thus has not the 
abnormal mobility in this solvent that it possesses in hydroxylic 
solvents. Approximate measurements with other acids showed 
that they are all very weak electrolytes in nitromethane. 
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XXIX.—The Conductivity of Electrolytes in Nitro- 


ity benzene. | 


vect- | By D. M. Murray-Rust, H. J. Hapow, and Sir Haroip Harriey,. 
quid 
* has 
cous 


Tus work is a continuation of that recorded in the preceding paper, 
and was undertaken in order to compare the influence of nitro- 
methane and nitrobenzene on the behaviour of electrolytes in solution. 1 
These solvents have approximately equal dielectric constants (37 
and 35, respectively) and their chemical constitution is similar, 
so that no large differences in ionising power are to be expected. 
Previous measurements have been restricted to a few salts with 
from J organic kations (Walden, Z. physikal. Chem., 1905, 54, 203; 1911, 78, 
275), and an attempt was made to extend this investigation to salts 
with metallic kations, as the results obtained with these electrolytes | 
irical § in nitromethane are particularly interesting; none of these salts 
except silver perchlorate, however, was sufficiently soluble in 


_ the J nitrobenzene for the purpose. 4 
75. 


, 25° 


1e in 


s of 


ation 


good EXPERIMENTAL. 
5 
other Preparation of Nitrobenzene.—Harrington’s A.R. benzene was 


them further purified by freezing out about half the original quantity ; 
ve a B this was nitrated in the cold so slowly that the temperature did 
ectric J not rise above 10°. The nitrobenzene was separated, dried with 
, the F phosphoric oxide, and distilled under 10 mm. or less. Tho 
d by § temperature of the vapour was about 90—95°. 
Preparation of Solutions.—Pure specimens of tetraethylammonium 
con- § picrate and perchlorate and also of silver perchlorate were available, 
eater J and solutions were made by drying the salt to constant weight and : 
t the f dissolving it in a known weight of nitrobenzene. Silver perchlorate " 
f the fis only sparingly soluble in nitrobenzene, and solutions stronger than | 
V/100 could not be obtained. 
thane # Perchloric acid was prepared by mixing solutions of silver per- 
t the Bchlorate and hydrogen chloride, the latter being made by passing 
xylic Bihe dry gas into nitrobenzene. It was impossible to make an 
owed i xccurate analysis of solutions of hydrogen chloride because they 
fumed strongly in air, but the concentration was determined 
approximately by titration with alkali, and a small excess was 
ilways added to the silver perchlorate solution. Any excess of 
30.] hydrogen chloride was removed by evacuating the solution. 
Conductivity Measurements —The method of measuring the 
conductivity has been described in detail by Frazer and Hartley 
(Proc. Roy. Soc., 1925, 109, 351), and the conductivity cell was the 
‘ame as that used in the preceding paper. 
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Results.—The equivalent conductivity at various concentrations 
is given in the following table. The tetraethylammonium salts 
obey a linear relation, A, = Ay — aVc, and the best values of 
A, and x are given at the head of the appropriate section. Col. 1 
gives the values of «x, the specific conductivity of the solvent in 
reciprocal megohms; col. 2, the values of c x 10*, where c is the 
concentration in g.-equivs. per litre; col. 3, the values of 100Ve; 
col. 4, the equivalent conductivity A,, and col. 5, for the 
tetraethylammonium salts, the difference between the observed 
value of A, and that calculated from the values of A, and x given 
at the head of the tables. 


ex 100x cx  100x 
« 102 Veo he Diff. «. 104. Ve. he _ Diff. 
Tetraethylammonium porate. Tetraethylammonium perchlorate. 
A, = Ay — 75V C3 Ag = 32-7. Ae = Ay — 93V'c; Ay = 37°6. 
0:03 0-633 0-795 31-97 —0-13 0-04 1-658 1-291 36-40 0-00 
1618 1-272 31-74 —0-01 3-510 1°873 35-89 +0-03 
2-749 1-658 31-48 +0-02 6-014 2-453 35°35 +-0-03 
4-805 2-191 31:07 -+0-01 9-703 3-114 34-71 0-00 
7-658 2-768 30-63 0-00 14:37 3-791 34:06 —0-03 
13-05 3-612 29-81 —0-03 21-84 4-672 33:20 —0-06 
0-03 1-469 1-212 31-75 +0-02 0-04 1-462 1-209 3645 —0-04 
2-626 1-621 31:49 -+0-02 3000 1-732 35-97 —0-02 
3-573 1-890 31:29 +0-01 5-358 2-319 35-45 +0-04 
5-293 2-301 30-99 +0-01 7-403 2-721 35:03 —0-04 
7-405 2-721 30-64 —0-02 11-82 3-438 34:37 -+0-04 
10-92 3°305 30-18 —0-05 17-43 4-200 33-65 -+-0-04 
ke eX 104 100V¢. Ae. nx ¢X 10% 100Ve. Ne 
Silver perchlorate. Perchloric acid. 
Ay = 38-4 (approx.). Ay = 43 (approx.). 
0-03 0-851 0-922 37°19 0-03 0-926 0-962 35°9 
1-627 1-278 36°34 1-777 1-334 32:8 
3-016 1-738 34-90 2-922 1-709 30-0 
7-109 2-666 31-62 4-453 2-109 27:6 
9-777 3-126 30-12 6-639 2-577 24-0 
€ 9. 99. 
0-03 0-596 0-721 37-58 S812 23808 22 
1-292 1-136 36°75 0-04 0-706 0-840 37:1 
2-390 1-552 35°38 1-242 1-135 35:2 
3-152 1-775 34-58 2-016 to oe 
y-O% . . ' 3-180 1-78 30-2 
0-02 0-986 0-993 37-04 4-548 9-133 27-9 


1-184 1-345 36-19 
3-108 1-763 34-70 
5-593 2-364 32:71 
7-683 2-771 31-32 
10-27 3-203 29-91 


Discussion of Results. 


The results are shown graphically in the figure, in which the 
equivalent conductivity is plotted against the square root of the 
concentration. 
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Tetraethylammonium picrate and perchlorate. The two series for 
each salt are in good agreement, ani the points lie on a straight 
line when A, is plotted against ~/c. The slopes of these lines have 
been compared with those calculated from the Debye—Hiickel- 
Onsager equation A, = Ag — 2Vc, in which, for uni-univalent 
electrolytes, 


___ (5°78 x 10° 58-0 \ 5 
"=" ory “e+ DRY? 


For nitrobenzene at 25°, D = 34-5 (Lattey and Gatty, Phil. Mag., 
1929, 7, 985) and » = 0-0183, whence x = 0-784A, ++ 44-2. 

A comparison of the observed values of z with those calculated from 
this equation is given below, together with the values of the percent- 
age deviation 100( obs, — 2catc.)/ calc. 


Xobs. X calc. 100(Xovs. ~— Xcaic.)/ Teale. 
N(C,H;)4Pic ppciennawes 75 70 7 
N(C,H 5) 46 (| Sorrreres 93 74 26 


These figures show that neither salt is widely divergent from ideal 
behaviour and that, as in the case of nitromethane, the deviation 
is less for the picrate than for the perchlorate. The broken line in 
the diagram shows the average theoretical slope in nitrobenzene, 
calculated by putting Ay = 35 in the above equation. 

Silver perchlorate. The three series are in good agreement, but 
the results do not conform to the relation A, = Ay —2Vc. The 
curve obtained when A, is plotted against /c suggests that silver 
perchlorate is not completely ionised; there is an approximately 
linear portion between the concentrations 0-0008N and 0-0002N, 
with a slope about five times as large as that calculated from 
Onsager’s equation, but at lower concentrations the curve becomes 
wneave to the concentration axis and at 0-00005N its slope is not 
much greater than the theoretical. The value A, = 38-4 has been 
obtained by an approximate extrapolation of the curve in dilute 
wlution. 

Perchloric acid. The two series are not in good agreement 
owing to the errors introduced in preparing the solutions by mixing. 
The curve is that of an electrolyte of intermediate strength, approxi- 
nately linear in dilute solutions but convex to the concentration 
axis at higher concentrations. The slope of the linear portion is 
approximately ten times the theoretical. Perchloric acid is thus 
uppreciably associated in nitrobenzene solution, the degree of 
lissociation at N/1000 being about 55%, but it is a much stronger 
lectrolyte than any other acid. Approximate measurements of 
the conductivity of hydrogen chloride, benzenesulphonic acid, and 
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trinitrobenzoic acid showed that these acids are only very slightly 
ionised in nitrobenzene ; at about N/100, benzenesulphonic acid has 
an equivalent conductivity of the order of 1, while the other two 
acids give considerably lower values. 

Ionic Mobilities.—Values of A, obtained by extrapolating the plot 
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of A, against Vc to infinite dilution are given below; for silver 
perchlorate and perchloric acid the values are only approximate, 
as there is not a linear relation between A, and Vc. 
N(C,H,),Pic 32. AgCl0, 
N(C,H,),ClO, 


There are no data for transport numbers in nitrobenzene, % 
individual ionic mobilities cannot be calculated directly. The only 
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other method available is that explained in the preceding paper 
(p. 208). For tetraethylammonium picrate in nitrobenzene, Ayn = 
0-598, and in nitromethane (preceding paper) Ayy = 0-586, so the 
product may not be as constant as Walden’s results suggest. It is 
more nearly constant, however, for tetraethylammonium picrate 
than for any other salt, and the following mobilities have been 
calculated on the assumption that, for the picrate ion, Jy = 0-275. 

Ton NEt,’ Ag’ H° Picrate C10,’ 

Io. 17-7 18, 23 15-0 19-9 
It is interesting that in nitrobenzene, as well as in nitromethane, 
the hydrion has not the abnormal mobility that it possesses in 
hydroxylic solvents. In the two nitro-compounds its mobility is 
only 20—30% greater than that of the silver ion, whereas in methyl 
and ethyl alcohols it is three times as great. 

Conclusion.—The results for nitrobenzene show that its behaviour 
as an ionising agent is similar to that of nitromethane and very 
different from that of hydroxylic solvents. Each of the four electro- 
lytes investigated in nitrobenzene deviates more from ideal behaviour 
than in nitromethane, which suggests that there is rather more 
tendency for ionic association to take place in the former. This 
cannot be entirely accounted for by the slightly lower dielectric 
constant of nitrobenzene, but shows that the tendency of this 
solvent to solvate the ions is less than that of nitromethane; this 
may also be connected with the lower solubility of electrolytes in 
nitrobenzene. 

Summary. 

1. The electrical conductivity of four uni-univalent electrolytes 
has been measured in nitrobenzene between the concentrations 
0-0001N and 0-002N at 25°. 

2. Tetraethylammonium picrate and perchlorate are strong 
electrolytes, and the results are in agreement with those calculated 
from the Debye—Hiickel-Onsager equation; but silver perchlorate 
is appreciably associated. 

3. Perchloric acid is an electrolyte of intermediate strength, and 
gives a value of 43 for the mobility of the hydrogen ion, which shows 
that it is not abnormally fast in nitrobenzene as it is in hydroxylic 
solvents. Hydrogen chloride, benzenesulphonic acid, and trinitro- 
benzoic acid are very weak electrolytes. 

4. Nitrobenzene is similar to nitromethane as an ionising solvent, 
but the tendency towards ionic association is rather greater in the 
former. 

THE PuysicaL CHEMISTRY LABORATORY, 
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NOTES. 


NOTES. 


Naphthalene-1 : 5-disulphonic Acid as a By-product in the Mono. 
sulphonation of Naphthalene. By Crpric BurTON RADCLIFFE and 
WALLACE FRANK SHORT. 


AccorDING to the literature (Mertz and Weith, Ber., 1870, 3, 195; 
Landshoff, G.P. 50411, 1889; Euwes, Rec. trav. chim., 1909, 28, 
298) naphthalene is not disulphonated by concentrated sulphuric acid 
untii a relatively high temperature is attained. In the preparation 
of 1-naphthonitrile from sodium naphthalenesulphonate and potass. 
ium cyanide (Mertz and Muhlhiuser, Ber., 1870, 3, 709) we obtained 
as by-product a yellow oil, b. p. 220—245°/3—4 mm., which solidified 
on trituration with acetone and after repeated crystallisation from 
alcohol and acetic acid melted at 257° (uncorr.). This substance was 
shown to be | : 5-naphthylene dicyanide by saponification to naphtha. 
lene-1 : 5-dicarboxylic acid, m. p. 320—322° (corr.), according to 
the method of Weissgerber and Kruber (Ber., 1919, 52, 354). The 
dimethyl ester of the acid. melted at 113—114° (uncorr.) (Moro, 
Gazzetta, 1896, 26, i, 92). The sodium naphthalene-«-sulphonate 
was prepared by the sulphonation of naphthalene with 1-96 mols. of 


sulphuric acid (98%) at 40—50°, followed by conversion into the 
barium salt. It is evident that owing to the sparing solubility of the 
barium salt of naphthalene-1 : 5-disulphonic acid and incomplete 
conversion into the dicyanide, an estimate of the degree of disulphon- 
ation based upon the yield of dicyanide (1-4 g. per 100 g. of naphtha- 
lene employed) must be a conservative one.—AUCKLAND UNIVERSITY 
CoLLEGE, NEw ZEALAND. [Received, December 3rd, 1930. | 





The Bromination of 4-Nitro-1-methyinaphthalene. By JoHN STANLEY 
HERBERT Davies and ALBERT EDWARD OXFORD. 


AN attempt to prepare 4-nitro-1-naphthylmethyl bromide by bromin- 
ating the nitro-hydrocarbon in ultra-violet light gave only nuclear- 
substituted mono- and tetra-bromo-derivatives. 

A small quartz flask containing 4-nitro-1-methylnaphthalene 
(5 g.) and bromine (5 g.) was held over a mercury lamp at such a 
height that the flask was just warm to the hand. Evolution of 
hydrogen bromide soon commenced and the mixture became almost 
fluid and then pasty (2—24 hours). The almost solid product was 
washed with ether. By crystallisation from alcohol and mechanical 
separation, the residue (5 g.) gave monobromo-4-nitro-1-methy]- 
naphthalene, in delicate yellow needles, m. p. 137-5—138-5° (Found: 
C, 49-6; H, 3-1; N, 5-1; Br, 30-3. C,,H,O,NBr requires C, 496; 
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H, 3-0; N, 53; Br, 30-1%), and a very small amount of tetrabromo- 
4-nitro-1-meth: naphthalene as hard vitreous crystals, m. p. 189— 
190° (decomp.) (Found: C, 26-4; H, 1:8; N, 2-8; Br, 62-7. 
C,,H,O,.NBr, requires C, 26-2; H, 1-0; N, 2-8; Br, 63-6%). 

A similar mixture of substances was obtained when bromination 
was carried out for 2 hours at 100—120° in a sealed tube. 

a-Naphthylmethyl chloride has previously been described as a 
liquid. 1-Methylnaphthalene (100 g.) was chlorinated exactly as 
described by Wislicenus and Wren (Ber., 1905, 38, 502); the dark 
brown product on distillation yielded a first fraction (43 g.), b. p. 
]28—142°/14—16 mm., and a main fraction (55 g.), b. p. 146— 
158°/14—16 mm. The latter solidified when cooled to — 15° and 
separated from alcohol at — 15° in elongated silvery flakes, m. p. 
29-5—30-5° (Found: C, 74-9; H, 5-1; Cl, 19-8. Cale. for C,,H,Cl: 
C, 74:8; H, 5-1; Cl, 20-1%). 

2:4-Dinitrobenzyl Bromide.—2:4-Dinitrobenzyl chloride was 
boiled (6 hours) with excess of sodium bromide in methyl alcohol. 
The filtered solution was evaporated, the resulting oil dissolved in 
ether, and the ethereal solution allowed to evaporate in the ice-chest. 
Bushes of delicate colourless needles, m. p. 46—47°, were formed, 
readily soluble in the usual solvents with the exception of the higher 
alcohols (Found: Br, 29-9. Calc. for C,H,O,N,Br: Br, 30-7%).— 
[Received, October 24th, 1930. 
























Reaction of p-Anisidine and Ethyl Methylaceloacetate. By WILLIAM 
OGILVIE KERMACK and JAMES FERGUS SMITH. 


Tue crystalline solid, m. p. 46°, obtained from ethyl acetoacetate 
and p-anisidine at 37° is without doubt ethyl 6-p-anisidinocrotonate, 
MeO-C,H,-NH-CMe:CH-CO,Et (Conrad and Limpach, Ber., 1888, 21, 
1651). 

The following evidence, however, indicates that the white crystal- 
line compound, m. p. 51° (frém, aqueous alcohol) isolated from the 
semi-solid crystalline mass (compare J., 1930, 2005) obtained from 
p-anisidine and ethyl methylacetoacetate is formed from 2 mols. of 
the former and 1 mol. of the latter. 

(1) Analysis—Found: N, 7-1, 7:3, 7:4. ©,,H,,0,N requires 
N, 56%. Cy,H,g0,N, requires N, 7-5%. 

(2) Whereas the product obtained from equimolecular quantities 
of p-anisidine and ethyl acetoacetate is a hard solid (yield, almost 
theoretical) after removal of water in a vacuum desiccator, the 
corresponding product from p-anisidine and ethyl methylacetoacetate 
is only semi-solid even under diverse conditions (yield, 64%, of 
] 














229 NOTES. 


the theoretical, calculated as C,,H,,O,N, or 90% calculated as f- 
Cy, H,,0,N3. oe 

(3) When 2 mols. of p-anisidine and 1 mol. of ethyl methyl. § *Y 
acetoacetate are kept at 37°, the mixture after removal of water J © 
sets to a hard mass. Yield of crude material, m. p. 40—46°, 95%, phe 
of the theoretical, calculated as C,,H,,0,No. For 

(4) When kept in a stoppered tube, but not in a vacuum desiccator, Mr. 
the compound, m. p. 51°, gradually darkens with softening and 
finally becomes a black liquid, whereas ethyl @-p-anisidinocrotonate | ™* 
is a stable compound. ase 

(5) Treatment of the compound of m. p. 51° (5 g.) with acetic 
anhydride yields aceto-p-anisidide, m. p. 125—126° (yield, 3-8 ¢.). fun 
Theoretical yield calculated for C,,H,,0,N, 3-3 g.; for C,,H,,0,N,, § "" 





4-4 g. pot 
(6) Molecular weight: 199 and 202 (cryoscopically in benzene). 48. 
Calculated for C,,H,,0,N,C,H,ON, 186; and for ack 
(MeO-C,H,-NH),CMe-CHMe:CO, Et, = 
372. This result indicates dissociation of the compound hea 
C,,H,,0,N,C,H,ON - 
in benzene but appears inconsistent with the formula C,,H,,0,N. by 
An examination of the literature indicates that certain crystalline the 
condensation products of ethyl and methyl acetoacetates with § ‘De 
derivatives of aniline, e.g., p-toluidine (Conrad and Limpach, Ber., 193 
1888, 21, 523), are probably normal derivatives of 8-anilinocrotonic sul} 
met 


acid and analogous to the 8-p-anisidinocrotonate mentioned above. ; 
—Resrarcn Laporatory, Royat CoL“tece or Pauaysicians, § @” 
EpinsureH. [Received, November 6th, 1930.] . 
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An Altempted Preparation of Methanetetrasulphonic Acid. By HH, 

FREDERIC BARRY KIPPING. 





clus 
In an attempt to prepare potassium methanetetrasulphonate, § and 
aqueous solutions of potassium di-iodomethanedisulphonate (v. § the 
Pechmann, Ber., 1895, 28, 2379) and potassium sulphite were § 28, 
heated together under reflux during 4—5 hours: ~on cooling, a § befc 
crystalline salt separated which was identified as potassium methion- § clus 
ate (Found: K, 30-7, 30-8. Calc. for CH,O,S8,K,: K, 30-9%). § [Re 
The barium salt was prepared by precipitation with barium chloride 
(Found: Ba, 397. Calc. for CH,0,8,Ba,2H,O: Ba, 39-6%). 
When hot solutions of the same substances were mixed, a violent 
reaction occurred and potassium methionate again separated 
(Found: for potassium salt: K, 30-9, and for barium salt: Ba, 
39-9, 39-8; H,O, 10-3. Required for 2H,O, 10-35%). The 
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identity of the potassium salt with potassium methionate (prepared 
‘by the interaction of acetylene and fuming sulphuric acid and lent 
to me by Dr. F. G. Mann) was also proved by taking X-ray rotation 
photographs with the length of the crystals as the rotation axis. 
For these photographs I am greatly indebted to Dr. Wooster and 
Mr. Bernal. 

During this work attempts were made to prepare potassium 
methionate, for purposes of comparison, by the sulphonation of 
acetamide with fuming sulphuric acid (Buckton and Hofmann, 
Annalen, 1856, 100, 133). When acetamide was heated with 
fuming acid containing about 65% or 30% of sulphur trioxide at 
various temperatures, the product obtained in every case was 
potassium methanetrisulphonate (Found: K, 30-1, 30-0; H,0, 
48. Cale. for CHO,S,K,,H,O: K, 30:15; H,O, 46%). With 
acid containing 10% of sulphur trioxide, below about 170--180° 
no product but potassium acetate could be isolated, but after 
heating to 210° potassium methionate was obtained in somewhat 
poor yield (Found: K, 30-8%; H,O, none). The fuming acid used 
by Buckton and Hofmann (about which they give no details) was 
therefore apparently fairly dilute, as there seems no doubt that 
they actually obtained methionic acid. Backer (Rec. trav. chim., 
1930, 49, 1108) has converted methionic acid into methanetri- 
sulphonic acid by treatment with fuming sulphuric acid, an experi- 
ment which probably explains the difference in the products ob- 
tained from acetamide. 

While the first stages of this work were in progress the inter- 
action of potassium diazomethanedisulphonate (v. Pechmann, 
loc. cit.) and potassium sulphite was studied and the product 
identified as potassium methanetrisulphonate (Found: K, 30-15; 
H,O, 49%. Found in dried material: K, 31-6%). The con- 
clusion of Fantl and Fisch (J. pr. Chem., 1930, 124, 159) and Backer 
and Klaassens (Rec. trav. chim., 1930, 49, 1047, 1110) concerning 
the non-existence of hydroxymethanetrisulphonic acid (Ber., 1895, 
28, 2382; Annalen, 1872, 161, 139) had already been reached 
before my attention was drawn to the recent papers. ‘This con- 
clusion is therefore fally confirmed.—THz UNIVERSITY, CAMBRIDGE. 
(Received, November 24th, 1930.] 
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XXX.—Formation of Sulphonium Chlorides and of 
Unsaturated Substances by the Action of Water and 
of Aqueous Alcoholic Potash on BB'-Dichlorodiethyl 
Sulphide. 


By Joun STANLEY HerBert Davies and ALBERT EDWARD 
OXFORD. 


THE hydrolysis of $8’-dichlorodiethyl sulphide (I) has formed the 
subject of numerous investigations and it has generally been 
assumed that the reaction occurs in two stages : 


(1) S(C,H,Cl), (1) + H,O —> C,H,CIS-C,H,-OH (II) + HCl 
(2) C,H,Cl‘S-C,H,-OH + H,O —-> S(C,H,°OH), (II) ++ HCI 


It is probable, however, that the assumed intermediate (II) has not 
yet been isolated (compare Wilson, Fuller, and Schur, J. Amer. 
Chem. Soc., 1922, 44, 2762, 2867). Bales and Nickelson (J., 1922, 
121, 2137; 1923, 123, 2486), studying the action of aqueous- 
alcoholic potash on 88'-dichlorodiethyl sulphide, isolated a liquid, 
b. p. 152—154°, to which they assigned the constitution (II), but, 
as explained later, this substance appears to be 8-chloroethyl vinyl] 
sulphide. Our attempts to prepare §-chloro-8’-hydroxydiethyl 
sulphide (IL) from the sodium salt of monothioethylene glycol and 
ethylene dichloride (compare Bennett and Whincop, J., 1921, 119, 
1862) and from 8-chloroethyl mercaptan and ethylene oxide failed. 
The last-named reaction was not studied very closely, chiefly on 
account of the inaccessibility of §-chloroethyl mercaptan, but 
ethylene chlorohydrin appeared to be the only volatile liquid formed. 

An attempt has also been made to obtain 6-chloro-}’- 
hydroxydiethyl sulphide directly from $8’-dichlorodiethyl sulphide 
by evaporating a solution of the latter in the minimum amount of 
boiling water at a low temperature under diminished pressure. 
The product was a syrup, insoluble in chloroform and acetone 
(hence neither II nor III) but readily soluble in cold water to give 
a solution containing much chloride ion. In previous work on the 
hydrolysis of (I) a large excess of water has usually been employed. 
Under these conditions the conversion into thiodiglycol (III) is 
almost quantitative, but it is now found that when the amount of 
boiling water is greatly reduced, for example, to about thrice the 
volume of the chloro-sulphide, the reaction takes an unexpected 
course. Little free thiodiglycol or other chloroform-soluble sub- 
stance can be isolated, but the solution contains hydrochloric acid 
and a complex mixture of sulphonium chlorides of two distinct 
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CHLORIDES AND OF UNSATURATED SUBSTANCES, ETC. 225 


types, (a) those whose aqueous solutions yield hydrochloric acid on 
boiling and form an insoluble oil (mostly I) when heated with 
concentrated hydrochloric acid, and (6) those whose aqueous solutions 
are stable to heat and do not yield an insoluble oil with hydrochloric 
acid. Chlorides of type (6) are the chief products only when the 
amount of water used is as small as possible. Only one of the 
sulphonium chlorides present in the syrup obtained by evaporation 
of the solution has been isolated in a state of purity, namely, 1 : 4- 
dithian 1-8-hydroxyethochloride (V1; type 6), identical with one of 
the products of the interaction of ethylene bis-§-hydroxyethyl 
sulphide (XI) and ethylene chlorohydrin, and also of ethylene 
chlorohydrin and 1: 4-dithian. The last-named synthesis places 
its constitution beyond doubt. Similar syrupy mixtures of sul- 
phonium chlorides (containing VI) can also be obtained in the 
reverse way by heating §8’-dihydroxydiethyl sulphide with dilute 
hydrochloric acid under suitable conditions (p. 233). 

According to formula (VI) two C,H,S residues have united during 
hydrolysis. Examples of similar condensations have been recorded 
by Bell, Bennett, and Hock (J., 1927, 1803), and Phillips, Davies, 
and Mumford (J., 1929, 540). By the mechanism suggested there, 
the compound (VI) can be obtained theoretically from (III) and (I) 
or (II), from (II) and (I), or from two molecules of (II). The first 
possibility can be ruled out definitely, since the interaction of (III) 
and (I) gives sulphidobis-B-hydroxydiethyl sulphide 1 : 3-di-f- 
hydroxyethochloride * (IX; a sulphonium chloride of type a), in 
which two molecules of the former have united with one of 
the latter. An attempt to prepare (IX) from sulphidobis- 
8-hydroxydiethyl sulphide, S(C,H,S-°C,H,OH), (Bennett and 
Whincop, Joc. cit.), and ethylene chlorohydrin led to the isolation of 
two sulphonium chlorides, viz., (VI) and a substance which is 
probably the isomeride of (IX), viz., sulphidobis-8-hydroxydiethyl 
sulphide 1 : 2-di-8-hydroxyethochloride (VIII). 
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Thiodiglycol (III), unlike (I), unites readily with methyl iodide 
and other alkyl and aryl halides, and with ethylene chlorohydrin 
to give tri-8-hydroxyethylsulphonium chloride (XII); also, unlike any 
other sulphide investigated here, it forms a crystalline sulphonium 
chloride with (I) itself, as mentioned above. It is thus clear why 
all attempts to isolate $-chloro-8’-hydroxydiethyl sulphide (II) by 
hydrolysis of (I) have failed, for, even if it were formed momentarily, 
it might unite with itself and most certainly would combine with 
(III) to form sulphonium chlorides. Although the conditions of 
hydrolysis favour the suggestion that the chlorohydroxy-sulphide 


* The sulphur atoms are numbered 1, 2, and 3, starting from one end of 
the chain, 
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(II) is the main source of sulphonium chloride formation, it is almost 
certain that the dihydroxy-compound (III) also takes part, and if it 
is further assumed that any compound of the form R’S-0,H,OH 
so arising may by virtue of its reactive sulphur atom unite with any 
compound present containing the group C,H,Cl, it follows that a 
large number of sulphonium chlorides may be formed and that the 
syrupy hydrolysis product may well be a complex mixture. The 
scheme on p. 227 outlines some of the possibilities (unknown com- 
pounds being enclosed in parentheses). The substances (XII) and 
(IX) have been prepared by other methods (see above) but have 
not actually been isolated from the hydrolysis syrup. 


In order that (VI) (with the skeleton S<EB>SO,H,") may 
att, 


arise from 2S(C,H,’)., it seems essential to assume the splitting off 
of either ethylene chlorohydrin or ethylene dichloride at some 
intermediate stage, e.g., from (IV) and (X) respectively. Neither 
was detected among the hydrolysis products, but the former 
might have combined with (III) to give (XII). Since ethylene 
dichloride does not unite with thiodiglycol to form a sulphonium 
chloride, it would appear that it was not formed during the hydrolysis. 
The yield of (VI) is increased by reducing the relative amount of 
water, clearly because the intermediates have then a better chance 
of reacting with each other, and it is quite probable that (VI) may 
be reached by more than one route, e.g., along routes (a) 1—~> 
Il —> IV —> V —> VI and (6) I—> II—> HI —> VU—> 
Vill —+ V—~+VI. This view is strongly supported by the form. 
ation of (VI) from ethylene chlorohydrin and ethylene bis-8-hydroxy- 
ethyl sulphide (XI), probably along the route XI—~> VII—> 
VIII —-> V —-> VI (compare 6 above), and also by its formation 
together with (VIII) from ethylene chlorohydrin and sulphidobis. 
8-hydroxydiethyl sulphide. 

Since most of the theoretically possible intermediate compounds 
contain two or three atoms of sulphur, it might be expected that 
corresponding dichloro-di- and -tri-sulphides might be formed 
together with (I) when the hydrolysis syrup is heated with concen- 
trated hydrochloric acid. In one such experiment, ethylene bis- 
8-chloroethyl sulphide (C,H,Cl*S-C,H,°S-C,H,Cl) was in fact isolated 
in small yield, in all probability bene derived from (V). 

The introduction of gaseous hydrogen chloride into anhydrous 
68’-dihydroxydiethyl sulphide at 100° gives rise to no sulphonium 
chlorides but to a distillable liquid, chiefly (I), and an almost equal 
amount of an undistillable oil, which on treatment with alcoholic 
sodium phenoxide yields a crystalline diphenoxy-derivative, 
Cz9H.,0,8,. The main constituent of the parent undistillable oil 
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is therefore probably oxidobis-8-chlorodiethyl sulphide, CgH,,0C1,$,, 
formed from (II) by loss of water : 
2C,H,ClS:C,H,-OH —-> (C,H,Cl*S-C,H,),0 + H,O* 

A parallel may be found in the production of (EtO*C,H,’S-C,H,),0 
from £-ethoxy-f’-hydroxydiethyl sulphide by the action of zine 
chloride (Kretov,J. Russ. Phys. Chem. Soc., 1929,61, 2345). Sulphon- 
ium chloride formation is, however, encountered again when thionyl 
chloride reacts with a large excess of thiodiglycol (III), and attempts 
to prepare §-chloro-8’-hydroxydiethyl sulphide by this method 
failed. 

There remains to be considered the compound, b. p. 152—154°, 
which Bales and Nickelson (loc. cit.) obtained by the action of 
aqueous-alcoholic potash on (I) and which, when treated with 
phosphorus trichloride, apparently was reconverted into (I). A 
comparison of the physical constants of their product with those of 
(I) and (III) gave rise to doubt as to the validity of their conclusions 
and the present authors found that by the action of potassium 
hydroxide (1 mol.) in 20% aqueous alcohol 8§’-dichlorodiethyl 
sulphide was incompletely converted into a mixture of divinyl 
sulphideand 8-chloroethyl vinyl sulphide (XIII), b. p. 1515— 
152°5°/764 mm., which readily absorbed hydrogen chloride without 
formation of water to give «$’-dichlorodiethyl sulphide (XIV). 


(I) —_™. CH,:CH-S-C,H,Cl (xm11.) Pie sone CHMeCI-S-C,H,Cl (x1v.) 


Employing a large excess of aqueous alcoholic potash, we have 
obtained results largely in agreement with those of Kretov (loc. cit.), 
who has exhaustively studied the action of zinc dust and alcohol on 
(1), but in addition §-ethoxyethyl vinyl sulphide has been isolated. 


















CC ee —C Ol lC rh SlhlhlC rOUCS 


ee tet tet lUlUC kl 












EXPERIMENTAL. 

88’-Dihydroxydiethy] sulphide (thiodiglycol) (III) was prepared by 
a modification of Gomberg’s method (J. Amer. Chem. Soc., 1919, 
41, 1414). It is a colourless viscous oil, b. p. 130°/2 mm., d* 
1-1821, readily soluble in water, ethyl acetate, alcohol, acetone, and 
chloroform and very sparingly soluble in ether, benzene, and carbon 
tetrachloride. 

The diphenylcarbamate (6-6 g.), prepared from the sulphide (2 g.) 









Ay +-TorIl 
* The scheme S(C,H,OH), — H,O > Sc SO > 


la tN 
(Cl or OH)-C,H,-S-C,H,-SCK 

\o,H,7 
provides an alternative structure for the undistillable chloro-sulphide, but 
is improbable in view of the fact that £8’-dichlorodiethyl sulphide, although 
miscible with 1 : 4-thioxan, does not react with it to any appreciable extent 


even at 140°. 









HCl \C.H,” 
O ——> ©,H,CI-S-C,H,-S-C,H,-0-C,H,Cl 
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and phenylearbimide (5 g.) on the water-bath, separated from 
benzene as a felted mass of long silky needles, m. p. 128-5— 
129-5° (Found :* C, 60-4; H, 5-6; N, 7-6. C,gH  90,N,8 requires 
(, 60-0; H, 5-6; N, 78%). The methiodide is a viscous, un- 
H,),0 erystallisable, red oil, insoluble in chloroform. Its neutral aqueous 
ate solution develops no acidity on boiling. The p-toluenesulphilimine 



























zine ° ° 
Pros (18 g.), obtained by keeping aqueous solutions of the sulphide 
iony) § (12 g- in 12 ¢.c.) and chloramine-T (36 g. in 100 c.c.) together over- 
mpts night, was crystallised from benzene and twice from chloroform. 


sthod § Jt formed colourless needles, m. p. 86—87° after slight softening at 
83° [Found :* C, 42-7; H, 6-0. CH,°C,H,°SO,*N:S(C,H,’OH),,H,O 
154° requires C, 42-7; H, 6-1%]. It is moderately easily soluble in cold 
| water, alcohol, and acetone and sparingly soluble in cold benzene, 
with | Chloroform, and ethyl acetate. 

i Tri-8-hydroxyethylsulphonium Chloride (XII).—A mixture of 
$6'-dihydroxydiethyl sulphide (5 g.) and 30-8% aqueous ethylene 
chlorohydrin (1, 2, or 3 mols.) was heated on the water-bath for 
about 13 hours and the water and excess of chlorohydrin were then 
ethyl removed under reduced pressure. The residual colourless oil solidi- 
s fied on cooling or on addition of chloroform and separated from 





om alcohol in clusters of hard prismatic crystals, m. p. 125—126° 
aad (Found :* C, 35-6; H, 7-4; Cl, 17-2. C,H,,0,CIS requires C, 35-6; 
H, 7-4; Cl, 17-56%). It is almost insoluble in hot chloroform, 
carbon tetrachloride, acetone, benzene, and ether. The yield 
RIV.) appeared to be greatest (7-2 g.) when 3 mols. of aqueous chlorohydrin 
have were used, and was considerably diminished when equimolecular 
cit.), proportions of anhydrous materials were heated for much longer 
1 on periods. In all cases the crystalline solid was accompanied by an 
3 oil insoluble in chloroform, but the amount was greater when 
anhydrous chlorohydrin was used. Both solid and oil are readily 
soluble in water, and their solutions give an immediate precipitate 
d by of silver chloride with aqueous silver nitrate. The oil, which 
_. appeared to be a more complex sulphonium chloride, was not 
d: examined further. 
and T'ri-8-hydroxyethylsulphonium chloride develops no acidity when 
"bon dissolved, in water, and its chlorine content can be estimated 
» @) volumetrically. It is soluble in concentrated hydrochloric acid, 
g, 


but no 68’-dichlorodiethyl sulphide is formed on prolonged boiling. 
ee The Action of 88’-Dichloro- on 88'-Dihydroxy-diethyl Sulphide. 

Formation of Sulphidobis-8-hydroxydiethyl Sulphide 1 : 3-Di-8- 
H,Cl hydroxyethochloride (IX).—Complete miscibility of the two inter- 
actants takes place only after several days with frequent shaking ; 






* All analyses so marked are micro-analyses made by Dr. Ing. A. Schoeller, 
of Berlin. 
12 
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a syrup denser than the chloro-sulphide is then obtained which 
slowly crystallises when seeded with the solid sulphoniwm chloride 
prepared by the following method :—A mixture of the chloro. 
sulphide (10-16 g. ; 1 mol.) and the dihydroxy-sulphide (23-4. ; 3mols.) 
was heated at 65—75° for 6 hours after being shaken when hot to 
effect homogeneity. The excess of thiodiglycol was then removed 
by six extractions with much chloroform, leaving a very viscous oil 
which, after being freed from chloroform, slowly crystallised during 
several weeks. After many crystallisations from alcohol, clusters of 
non-hygroscopic, colourless, flat needles, m. p. 101-5—103°, were 
obtained (Found* : C, 35-5; H, 7-0; 8, 23-5; Cl, 17-5. C,,.H,,0,CI,8, 
requires C, 35-7; H, 6-9; 8, 23-8; Cl, 17-6%). 

A better, if more troublesome, method is to use a large excess of 
the chloro-sulphide and to continue the heating for 10 hours with 
frequent and vigorous shaking, unchanged material being removed 
first by decantation and then by extraction of the syrupy residue 
with acetone. The addition compound C,H,CI-S-C,H,*SCl(C,H,°OH), 
was not detected under these or any other conditions. 

88’-Dichlorodiethyl sulphide does not form additive compounds 
when heated at 80° for six hours with diethyl sulphide, sulphidobis- 
8-hydroxydiethyl sulphide, ethylenebis-8-hydroxyethyl sulphide, 
1 : 4-dithian or 1 : 4-thioxan. 

The new sulphonium chloride is very sparingly soluble in acetone, 
somewhat sparingly soluble in cold alcohol, insoluble in most 
other organic solvents, but very readily soluble in cold water 
to give a neutral solution containing the theoretical amount of 
chloridion. An equivalent amount of hydrion is, however, quickly 
produced on boiling, and 0-3 equivalent is liberated when its 1% 
aqueous solution is kept at 15—20° for 3 weeks. It behaves exactly 
like thiodiglycol when heated with little or much hydrochloric acid, 
but, unlike this substance, yields only @6’-dichlorodiethyl sulphide 
with hydrogen chloride at 100° (compare p. 231). The mercurichloride 
is an oil, and the chloroplatinate a yellow amorphous solid, m. p. 
133—134°, insoluble in all the usual solvents. 

The Action of Ethylene Chlorohydrin on Sulphidobis-8-hydroxy- 
diethyl Sulphide. Probable Formation of Sulphidobis-8-hydroxy- 
diethyl Sulphide 1 : 2-Di-8-hydroxyethochloride (VIII).—A solution 
of sulphidobis-8-hydroxydiethyl sulphide (Bennett and Whincop, 
loc. cit.) (19 g.; 1 mol.) in ethylene chlorohydrin (62 g.; 10 mols.) 
was heated at 100° for 14 hours. The product, when shaken with 
chloroform (500 c.c.), yielded a brown chloroform-insoluble oil (2 g.) 
which solidified on treatment with ether. By fractional crystallis- 
ation from alcohol, two sulphonium chlorides were obtained. The 
higher-melting (m. p. 160—167°) and more sparingly soluble 
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which 





































chioride was probably 1 : 4-dithian 1-§8-hydroxyethochloride (below) 


a and the other, which formed long, slender, colourless needles, m. p. 
tila. 120—121°5°, from alcohol-acetone, undoubtedly depressed the m. p. 


n0t to of the sulphonium chloride (IX). It is probable, therefore, that it 
saved has the constitution assigned (VIII) (Found : Cl, 17-5. C,.H,,0,Cl,8; 
meal requires Cl, 17-6%). 

1:4-Dithian 1-8-Hydroxyethochloride (VI).—(a) Ethylenebis-f- 





uri ; ‘ 3 
re hydroxyethyl sulphide (20 g.) and ethylene chlorohydrin (55 g.; 
‘ 5 mols.) were heated on the water-bath for 8 hours. The brown 
were sa 1 
CLS reaction mixture was heated under reduced pressure to remove the 
2"3 Ff excess of chlorohydrin and volatile reaction products. The addi- 
eal tion of chloroform to the residue furnished a precipitate (3 g.) 
oar th embedded in a smali amount of oil. After repeated crystallisation 
mrtaee from alcohol, it formed flat needles, m. p. 175°, which did not depress 
the m. p. of the product obtained by method (6). Removal of the 
sidue : eit , . 
OH) solvent from the chloroform liquors furnished a brown oil, which 

* | gave a gelatinous precipitate (2-5 g.) on treatment with water. 
_ This was not examined further. 
aie Ethylenebis-8-hydroxyethyl sulphide was unaffected by ethylene 
side dichloride even after 18 hours’ heating on the water-bath. 

‘ (6) From ethylene chlorohydrin and 1: 4-dithian. A solution of 
as |: 4-dithian (10 g.) in ethylene chlorohydrin (30 c.c.) was kept at 
host 100° for 28 hours (further heating diminishes the yield by side 
| reactions). The reaction mixture was diluted with much chloroform ; 
ater : ° a 
t of the monosulphonium chloride was then precipitated almost pure 
sklv (5 g.,m. p. 170°). One crystallisation from alcohol sufficed to raise 
19/ the m. p. to 175° (Found : Cl, 17-4. C,H,,0CIS, requires Cl, 17-7%). 
Wn The mercurichloride, prepared from aqueous solutions of the 

3 sulphonium chloride and mercuric chloride, crystallised from hot 
cid, é . : 
ide alcohol, in which the reaction product was not completely soluble, 
ride a gummy residue remaining, in long colourless needles, m. p. 95—96° 


[Found :* Cl, 21-5. (C,H,,0CIS,).,HgCl, requires Cl, 21-1%]. 
“PE Action of Hydrogen Chloride on 88'-Dihydroxydiethyl Sulphide 
atl00°. Formation of 8'-Dichlorodiethyl Sulphide (1) and Oxidobis-f- 
sy. chlorodiethyl Sulphide—Dry hydrogen chloride was led into £f’- 
dihydroxydiethyl sulphide (160 g.) at 100—106°. Water did not 


xY- 


oe separate until the absorption was nearly complete. Distillation of the 
i) bottom layer (180 g., m. p. about 0°) furnished a volatile fraction of 
+h almost pure 8’-dichlorodiethyl sulphide (56%) and a more viscous 


g.) residue (44%), which could not be distilled at 152°/1 mm. and was 
a insoluble in cold water [Found : Cl (as HCl by hydrolysis by boiling 
“a water), 24-0; Cl (by Carius), 23-7; 8, 25-7. CgH,,OCI,S, requires 
sle Cl, 27-0; S, 24:3. C,H,,Cl,S, requires Cl, 25-5; 8, 34-49%]. 

The phenoxy-derivative. Crude oxidobis-f-chlorodiethyl sulphide 
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(6-4 g.) was added to a solution of phenol (5 g.) in sodium ethoxide 
(sodium, 1-25 g., and absolute alcohol, 140 c.c.). The mixture was 
boiled under reflux for 1 hour, sodium chloride being precipitated 
almost immediately. By addition of water (70 c.c.) a yellow oil was 
thrown down, which partly solidified after thorough and repeated 
washing with water. Several crystallisations from light petroleum 
(b. p. 60—80°) furnished colourless needles, m. p. 55—57°, which 
depressed the m. p. of $8’-diphenoxydiethyl sulphide, m. p. 54° 
(Found :* C, 62-8; H, 7-0; 8, 17-4. Cy 9H,,0,8, requires C, 63-5; H, 
6-9; 8, 16-9. C,,H,,0.8, requires C, 60-9; H, 6-6; S, 244%). 

is readily soluble in all the usual solvents except light petroleum. 

Hydrolysis of (8'-Dichlorodiethyl Sulphide by 2—6 Volumes of 
Boiling Water. Formation of a Mixture of Sulphonium Chlorides.— 
The pure chloro-sulphide, m. p. 14-4°, was added drop by drop 
during 33 hours to the requisite volume of water, boiling vigorously 
under reflux (oil-bath at 130°), the boiling being continued for 6 
hours in all. The minimum amount of cold water required to 
dissolve 1 vol. of the chloro-sulphide under these conditions is 2-25 
vols. After cooling, removal of unchanged material (if any), filtration, 
and withdrawal of an aliquot portion for analysis, the remainder was 
evaporated to dryness at 60—70°/10—15 mm. 

The liquid before evaporation contained negligible amounts of 
thiodiglycol, unchanged material, and other chloroform-solubie 
substances, whilst during evaporation a little dithian was obtained 
at the commencement and a small but appreciable amount of £’- 
dichlorodiethyl sulphide towards the end. The results tabulated 
below show the remarkable differences in the properties of the 
hydrolysis liquid and syrup obtained when the amount of water is 
merely increased from the minimum (Y, 2-25 vols.) to 3 vols. (Z). 
When 6 vols. of water are used, the hydrolysis syrup contains no 
1 : 4-dithian 1-8-hydroxyethochloride (see a below). 


¥. Z. 
Density ...... 1-12 at 15° —- 1-10 at 15° 
1. Total chloridion content of hydrolysis liquid 
(estimated gravimetrically). .......-..+++.+++++++ 16-0% 13-1% 
2. Chlorine present as free HC! in aqueous liquid 
(estimated by titration with 0-1N-NaOH). 115% 9-9% 


3. Chlorine present in form of sulphonium chlor- 

ides, whose Cl is hydrolysed to HCl by 250 

pts. of boiling water (estimated by titration 

WERE OTN <FORM co sccencsccccesscssccsscosssccess 20% 2°4% 
4. Chlorine present in form of sulphonium chlor- 

ides not hydrolysed to HCl as in 3, i.e., 


(ef 4 ‘gue dime Radney 2-5% 08% 
5. Yield of crude sy “y | by evaporation............. 30% about 30% 
6. Yield of crude Bf’ ichlorodiethy] sulphide by 17% of wt. 70% vd — 


eran fs the — in 5 with 12 vols ofconc. of syrup of sy 
hydrochloric aci dat 100° (compare b below). (m. p. 13-0°) (m. p. 12: 2°) 
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(a) Isolation of 1 : 4-dithian 1-8-hydroxyethochloride. The hydro- 
lysis was carried out as above, 2-25 vols. of water being used, and 
the above sulphonium chloride, m. p. 170—173°, was isolated 
either by keeping the acetone-washed syrup on a porous tile in a 
desiccator for several weeks, or preferably by dissolving it in about 
5 vols. of boiling alcohol, filtering the solution, and seeding it when 
cold. Two further crystallisations from alcohol furnished the pure 
material, identical in all respects with the product obtained by the 
methods described on p. 231 (Found :* C, 35-6; H, 6-6; Cl, 17-7. 
(',H,,OCIS, requires C, 35-9; H, 6-5; Cl, 17-7%). 

(b) Conversion into @8'-dichlorodiethyl sulphide and ethylenebis- 
3-chloroethyl sulphide. The latter substance was isolated only when 
a relatively small proportion of hydrochloric acid was used. 

A solution of the syrup (49 g.; obtained by hydrolysis with 4 vols. 
of water) in concentrated hydrochloric acid (150 c.c.; d 1-14) was 
heated at 100° for 40 minutes. When cold, the bottom layer was 
separated, and united with the residue obtained by extracting the 
aqueous layer twice with carbon tetrachloride and subsequently 
removing the solvent. The total yield of crude oil was 42 g., m. p. 
about 7°. This, on distillation, furnished 8’-dichlorodiethyl 
sulphide (35 g.) and a dark-coloured undistillable residue, which 
partly solidified at 0° and from which a small quantity (1 g.) of 
nearly pure ethylenebis-8-chloroethyl sulphide, m. p. 51—54° 
(Bennett and Whincop, loc. cit., record m. p. 54°), was isolated after 
spreading on a porous tile (Found : Cl, 31-2. Calc. for CgH,,Cl,§, : 
Cl, 32-4%). Its vesicant action was equal to that of authentic 
ethylenebis-8-chloroethyl sulphide. 

If 10 vols. of hydrochloric acid are used, $$’-dichlorodiethyl 
sulphide is the sole product. A number of experiments were also 
carried out on the action of relatively small amounts of concentrated 
hydrochloric acid on thiodiglycol at 100°, but in no case was 
ethylenebis-8-chloroethyl sulphide detected, although in one 
instance (2:8 vols. of hydrochloric acid, d 1-16, to 1 vol. of 
thiodiglycol) the m. p. of the crude oil was as low as 10-2°. 

Formation of 1 : 4-Dithian 1-8-Hydroxyethochloride (V1) and Other 
Sulphonium Chlorides from 68'-Dihydroxydiethyl Sulphide and Dilute 
Hydrochloric Acid.—The dihydroxy-sulphide (21 g.; 1 mol.; 1 vol.) 
was dissolved in a mixture of concentrated hydrochloric acid 
(35 c.c., d 1-16; i.e., 2 mols. HCl) and water (16 c.c.; total amount 
of water, 2-5 vols.) and boiled under reflux for 5 hours. The pale 
yellow solution, which contained only traces of chloroform-soluble 
products, was separated from a little @8’-dichlorodiethyl sulphide 
and evaporated to dryness at 60—70°/10 mm. From the mixture of 
sulphonium chlorides thus obtained, pure 1 : 4-dithian 1-8-hydroxy- 
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ethochloride was isolated by shaking with acetone and crystallisation 
from alcohol. 

The initial concentration of the dihydroxy-sulphide is the most 
important factor in the formation of sulphonium chlorides. by this 
method: from the syrup produced from $§’-dihydroxydiethy] 
sulphide (1 vol.; 1 mol.) and hydrogen chloride (2 mois.) in water 
(3 vols. in all) still less of the above solid could be obtained. Whena 
large excess of dilute hydrochloric acid of the same strength was used, 
no sulphonium chlorides were formed at all, whilst if insufficient 
dilute acid of the same strength was used, the resulting syrup un- 
doubtedly contained sulphonium chloride, since the total chloridion 
content exceeded considerably the free hydrochloric acid content. 

Hydrolysis of 8'-Dichlorodiethyl Sulphide (1 Mol.) with 20% 
Aqueous-alcoholic Potassium Hydroxide—(a) Using 4 mols. of 
potassium hydroxide. Pure $8'-dichlorodiethyl sulphide, m. p. 14-4° 
(100 g.; 79 c.c.), was slowly added down the condenser during 
20 minutes to a solution of potassium hydroxide (141 g.; 4 mols.) 
in a mixture of water (120 c.c.) and alcohol (480 c.c.) boiling under 
reflux (oil-bath at 110°). After refluxing for a further 30 minutes, 
the mixture was distilled until the vapour temperature reached 
95°. The distillate was poured into water (7 vols.), and the mixture 
of divinyl and §-ethoxyethyl vinyl sulphides (top layer) was 
separated, dried over anhydrous sodium sulphate for a few hours, 
and distilled at once through an efficient fractionating column. The 
divinyl sulphide (35 g.) was distilled at 80 mm., leaving a residue 
which began to polymerise at 100°; the distillation was therefore 
quickly carried to completion at 15 mm. ($-ethoxyethyl vinyl 
sulphide fraction, ca, 3 g.). 

The undistilled residue from the reaction was filtered from salt, 
and both filtrate and salt were exhaustively extracted with ether. 
The red mobile oil (8 g.) obtained from the dried ethereal extract, 
when fractionated through an efficient column at 4 mm., furnished 
a little 8-ethoxyethyl vinyl sulphide, 68’-diethoxydiethyl sulphide 
(4 g., b. p. 101—102°/4mm.), and {-ethoxy-§’-hydroxydiethyl 
sulphide (1 g., b. p. 117-5°/4 mm.). . The undistilled residue (2 g.) 
was not further examined. 

Diviny! sulphide, S(CH°CH,),, b. p. 85°, is a colourless, highly 
refractive, mobile oil when freshly distilled, It is no longer com- 
pletely miscible with alcohol after a few hours, becomes more and 
more viscous, and changes after about a month into a translucent 
jelly, which still contains some unpolymerised sulphide and is soluble 
n chloroform and partly soluble in benzene and convertible by 
acetone or alcohol into a gum. According to Bales and Nickelson 
(/oe. eit.) divinyl sulphide polymerises in 48 hours to an opaque jelly 
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soluble only in carbon disulphide, but in our experience this descrip- 
tion applies rather to crude undistilled divinyl sulphide, which 
polymerises in less than a week to an opaque jelly convertible by 
alcohol or acetone into an amorphous friable solid. 

Freshly distilled divinyl sulphide readily forms a sulphilimine, 
m. p. 91—93°, large hexagonal prisms from alcohol, when shaken 
with excess of 10% aqueous chloramine-T at 30° (Found :* C, 51-6; 
H, 5-0. C,,H,,0,NS, requires C, 5.-8; H, 5-1%). 

8-Ethoxyethyl vinyl sulphide, CH,:CH'S:C,H,OEt, b. p. 65°/8 
mm., d2” 0-9532, is a colourless mobile’ liquid with. a curious, pungent, 
camphor-like odour. It slowly darkens on keeping (Found : C, 54-1; 
H, 8-9. C,H,,OS requires C, 54:5; H, 9-1%). It yields a gummy 
uncrystallisable sulphilimine, but a well-defined mercurichloride, 
tiny leaflets, m. p. 152—153°, from alcohol, satisfactory analytical 
figures for which could not be obtained. £8’-Diethoxydiethyl 
sulphide, b. p. 101—102°/4 mm., was identified by its density (d?* 
0:9658), its almost ethereal odour, and by its readily obtained 
mercurichloride, m. p. 93—-94° (Kretov, loc. cit., records m. p. 93— 
93-5°), moderately soluble in cold alcohol. When it is shaken with 
10% aqueous chloramine-T, an oily product is obtained from which 
toluene-p-sulphonamide can be separated. 

(6) Using 1 mol. of potassium hydroxide. Isolation of 8-chloroethyl 
vinyl sulphide (XIII). A solution of potassium hydroxide (35-5 g.) 
in water-alcohol (1 : 4 by volume, 175-5 ¢.c.) was placed in a distil- 
lation flask fitted with a condenser and dropping-funnel containing 
63’-dichlorodiethyl sulphide (100 g.). About 1/6th was added to 
the cold alcoholic potassium hydroxide, and the mixture heated 
until reaction commenced (oil-bath at 105—110°); the remaining 
dichloro-sulphide was then added as quickly as possible without 
allowing the reaction to get out of control. The bath temperature 
was then gradually raised to 160°, the distillate poured into water, 
and the oil collected, dried over calcium chloride, and fractionated. 
From the crude product (212 g. from 12 such experiments), after 
discarding the more volatile fractions, were obtained crude unchanged 

38’-dichlorodiethyl sulphide (56 g.), b. p. 80—129°/51 mm., m. p. 3°, 

and £-chloroethyl vinyl sulphide (87 g.), b. p. 71—72°/50 mm. (Found : 
C, 39-2: H, 5-8; Cl, 28-6, 28-7; 8, 25-9, 26-1. C,H,CIS requires 
C, 39-2; H, 5:7; Cl, 29-0; S, 26-2%). The derived sulphilimine, 
clusters of needles from toluene, had m. p. 101-5—103° (Found :* 
C, 45-5; H, 4-6; Cl, 12-3. C,,H,,O,NCIS, requires C, 45-3; H, 4:8; 
Cl, 12-2%). 

The mercurichloride is amorphous and when heated begins to 
shrink at 95°, commences to evolve a gas without marked decom- 
position, and blackens at 150° with copious evolution of gas. It is 
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only sparingly soluble in the usual solvents and appears to be 
decomposed by some, e.g., hot benzene, toluene, and xylene. 
a8’-Dichlorodiethyl Sulphide (XIV).—A rapid current of dry 
hydrogen chloride was passed into 8-chloroethyl vinyl sulphide 
(43-6 g.) contained in a bubbler fitted with a sintered glass inlet. 
Absorption of the gas took place readily and quantitatively (13-9 g.; 
} hour) with evolution of heat, and when the liquid became warm, 
it was cooled in ice-water. The excess of hydrogen chloride (1-9 g.) 
was removed from the wine-red reaction product by means of a 
current of dry air, and the pale yellow liquid obtained was fraction- 
ated through a Raschig column, the main fraction (about 41 g.) 
boiling at 67—69°/9 mm. On refractionation it distilled at 
68—69°/9 mm. (Found: C, 31-2; H, 5-1; Cl, 41-7, 41-8; §, 21-4. 
C,H,CI,S requires C, 30-2; H, 5:1; Cl, 44-6; 8S, 20-1%). The 
analytical figures, which remained constant after several redistil- 
lations, show that the substance contains presumably a little 
unchanged £-chloroethyl vinyl sulphide. 

«8’-Dichlorodiethyl sulphide when freshly distilled is a colourless 
mobile oil with a piercing odour quite distinct from that of its a2’- 
and 88’-isomerides. It develops a brown colour on standing, and a 
dark-coloured residue is generally left behind on distillation at 9 mm. 
pressure, together with a small amount of silvery needles, m. p. 121° 
(indefinite), in the neck of the flask and in the condenser. 

The only pure product isolated from the action of aqueous chlor- 
amine-T was toluene-p-sulphonamide, m. p. 136—137°, but a very 
unstable sulphilimine appeared to be formed which decomposed on 
attempted crystallisation from hot benzene. 


We desire to express our thanks to Professor R. Robinson for 
much helpful criticism. 


RESEARCH EsTABLISHMENT, SUTTON OAK, 
St. Hetens, LANCASHIRE. [ Received, October 24th, 1930.] 


XXXI.—A Synthesis of Hydrastine. Part I. 


By Epwarp Hope, Frank LEE PyMAN, FREDERICK GEORGE PERCY 
RemFry, and Ropert RoBINson. 


THE experiments described in the present communication were 
carried out from 1910 * and gave results which were somewhat 
difficult to understand at that time. As shown below, two optically 
inactive stereoisomerides having the constitution assigned to hydr- 


* A note on ‘“* Anhydrohydrastininemeconine *’ was published (P., 1912, 


28, 17). 
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astine were isolated and neither was identical with an isomeride, 
m. p. 162°, obtained by the prolonged action of alcoholic potassium 
hydroxide on the natural /-base. A description of the hydrastine 
isomeride, m. p. 162°, will be included in Part IT of this series. It 
may be recalled that the two best syntheses of «-gnoscopine (dl-narco- 
tine) are the following (Hope and Robinson, J., 1914, 105, 2086) :— 
(1) Condensation of cotarnine and nitromeconine to nitro-8-gnosco- 
pine, followed by elimination of the nitroxyl through the related 
amino- and hydrazino-$-gnoscopines and finally by the isomeris- 
ation of 8-gnoscopine with formation of «-gnoscopine. (2) Con- 
densation of cotarnine with iodomeconine to iodo-«-gnoscopine and 
reduction of this base by means of amalgamated aluminium in 
boiling alcoholic solution. 

In the hydrastine case the results were not quite parallel, since 
the main products isolated by the nitromeconine and iodomeconine 
routes were identical, but mixtures were obtained in both cases. 

Hydrastinine and nitromeconine in boiling alcoholic solution 
furnish a mixture of anhydrohydrastininenitromeconines (I; R = 
NO,) in excellent yield. Separation of the components at this stage 
was impracticable, but on reduction with stannous chloride and 
hydrochloric acid the amino-r-hydrastines (I; R = NH,) were 
obtained and by taking advantage of the more sparing solubility 
of one of the bases and of its dihydrochloride, the mixture was 
resolved into dl-aminohydrastine-a, m. p. 216—217° (corr.), and 
dl-aminohydrastine-b, m. p. 196—197° (corr.). 


OMe OMe 
CO 
RZ OMe Meo’ \” yi 
(I.) Jf (IL) 
HCO OH 
pm 2 CH 
/ i \M 
CH<?, \yMe : CHL<ol x spy 
a 4 CH, is Ps am, 
CH, CH, 


On reduction of the related diazonium chlorides by means of 
stannous chloride in concentrated hydrochloric acid solution these 
bases yielded the isomeric hydrazinohydrastines (I; R = NH*NH,), 
but on oxidation with cupric salts the latter stereoisomerides behaved 
differently. dl-Hydrazinohydrastine-a afforded dl-hydrastine-a (1; 
R =H) in good yield, whereas dl-hydrazinohydrastine-b under 
similar conditions gave dl-hydrastine-b in poor yield, the main 
product being in this case dl-dedihydrohydrastine (II). 

The phenanthrene constitution suggested for this interesting base 
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has not been rigorously proved to be correct, but it is very probably n 
so in view of the method of preparation and the facts that the o 
substance does not yield hydrastinine on oxidation and was recovered a 
unchanged after an attempt had been made to reduce it by means 
of hydrogen and palladinised charcoal. ol 
The inactive hydrastines exhibited the behaviour of lactones and rw 
afforded hydrastinine on oxidation. ai 
We have no precise information in regard to the relation of the p 
inactive isomerides to the natural l-hydrastine or to the parallel fi 
gnoscopine-narcotine series and these matters can be more con. n 
veniently discussed at a later stage. 0 


EXPERIMENTAL. 


Anhydrohydrastininenitromeconine (I; R = NO,).—More than ( 
fifty preparations of this substance were made and the yields varied ti 
from 80—90%. Hydrastinine (20-7 g.) was added to a boiling os 
solution of nitromeconine (23-9 g.) in 95% alcohol (700 c.c.): . 
orange crystals began to separate in 2 minutes and after 15 minutes h 
the mixture was filtered hot, giving nitrohydrastine (a and 6b?) . 
(30-0 g., m. p. 167°) and a mother-liquor from which, on concen- ‘ 
tration and cooling, two further crops could be obtained (2-0 g., . 
m. p. 164°; 5-5 g.,m. p. 155°). In a similar experiment a suspension b 
and solution of nitromeconine (24-0 g.) in boiling absolute alcohol t 
(500 c.c.) became clear on the addition of hydrastinine (20-0 g.); 9 


the mixture was boiled for 5 minutes, cooled, and filtered after 
2 hours (37-0 g., m. p. 159—165°). Analyses were made of a speci- ‘ 





men, m. p. 167—I68° (Found: C, 58:7; H, 4:7; N, 6-4%), and of ‘ 
one of m. p. 173° (decomp. a few degrees higher) which separated 

from trichloroethylene in orange-yellow prisms (Found: C, 58:8; P 
H, 4-7. C,,H.0,N, requires C, 58-9; H, 4:7; N, 65%). The 
base is relatively stable in solutions of strong acids, but is decom- P 
posed with formation of its generators by means of acetic acid, ( 
slowly in the cold and very rapidly on heating. The hydrochloride, y 
prepared from the crude base by trituration with 10° hydrochloric t 
acid, is sparingly soluble and crystallises in yellow prisms, m. p. ‘ 
137—138° (Found: Cl, 7-4. C,H 90,N.,HCl requires Cl, 7-6%); r 


when heated in aqueous solution, it also breaks down into nitro- : 
meconine and hydrastininium chloride (recognised as cyanohydro- I 
hydrastinine). Separation of the nitrohydrastines a and 6 by means , 
of the hydrochloride was attempted but without success. ‘ 

The orange base dissolved in concentrated hydrochloric acid to ‘ 
a yellow solution; on dilution the hydrochloride separated and on ‘ 
further dilution a clear colourless solution was obtained; addition 
of platinie chloride to this gave no precipitate, but auric chloride, 
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mercuric chloride, and picric acid gave rise, respectively, to amorph- 
ous, nearly colourless flocks, a colourless crystalline precipitate, and 
a yellow precipitate. 

The Aminohydrastines a and b (I; R = NH,).—The results 
obtained in numerous reductions of anhydrohydrastininenitro- 
meconine were much affected by slight variations of the conditions 
and afforded some evidence that one or other of the isomerides was 
produced in the process of reduction or alternatively was trans- 
formed in the working-up—in one series of reproducible experi- 
ments an almost homogeneous product (aminohydrastine-a) was 
obtained. 

Anhydrohydrastininenitromeconine (10 g.) was dissolved in cold 
acetic acid (40 c.c.), and a solution of hydrated stannous chloride 
(25 g.) in concentrated hydrochloric acid (40 ¢.c.) and granulated 
tin (5 g.) were added with cooling to below 7°. After 3 hours a 
salt of the aminohydrastine separated and after 6 hours the whole 
was dissolved in water (1500 c.c.), mixed with fresh 50% potassium 
hydroxide solution (250 c.c.), and at once extracted several times 
with chloroform. The combined chloroform solutions were dried 
with potassium carbonate and concentrated; when nearly all the 
solvent had been removed, crystallisation commenced from the 
boiling liquid; methyl alcohol was then added and after cooling 
the base was collected (17-0 g. from two operations, m. p. 212— 
213°). Practically nothing was obtained from the mother-liquor. 

In a long series of other experiments, however, mixtures were 
obtained (except in one instance and in that case the yield was 
inferior) and the following is typical. 

Anhydrohydrastininenitromeconine (20 g.) was stirred with cold 
acetic acid (90 c.c.) and, when solution occurred, granulated tin 
(10 g.), cut in small pieces, and a solution of hydrated stannous 
chloride (44 g.) in concentrated hydrochloric acid (80 c.c.) were 
quickly added. The mixture was cooled by means of running 
water, but the temperature rapidly rose to 25° and then fell slowly 
to 15°. After 20 minutes’ stirring, the flask was kept in running 
water for 4 hours; the temperature during this period was 12—15°. 
The sparingly soluble double tin salt was worked up separately 
in one experiment and then furnished only aminohydrastine-b. 
Usually; however, the whole was dissolved in water (1000 c.c.), 
mixed with aqueous potassium hydroxide (400 ¢c.c., 7 : 10), and the 
warm solution shaken with chloroform (2000 c.c.); the extract 
was dried and concentrated to 75—100 c.c., and alcohol (150 c.c. 
S.V.M.) added. Aminohydrastine (8-2 g., m. p. 208—209°) separated 
and successive concentrations to half the volume afforded further 
crops (6°35 g., m. p. 174—175° with softening from 170°, and 1:3 g., 
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m. p. 172—173° with softening from 166°; total yield, 16-35 g, 


oo 




































or 88%). ( 
Other experiments in which the quantities of the reagents used 
were varied gave similar but not identical results. The total yield t 
was reduced when the operations were conducted on a larger scale, I 
doubtless as the result of hydrolysis of the nitrohydrastine due to I 
the rise of temperature (to 30—40°) that could not be avoided even ( 
by cooling in running water. Again, when a weaker potash solu. é 
tion was employed, the product was not all obtained in the chloro. 
form extract. Addition of more potash and a second extraction I 
afforded a further quantity of the base and comparison of the ' 
results with those obtained in an experiment in which concentrated 
aqueous potash was used, but in which the conditions were other- 
wise identical, suggested that the more concentrated alkaline solu- 
tion actually transformed the a-base into b-base. 
Separation of the Aminohydrastines-a and -b.—The product melt- , 
ing above 200°, for example, that mentioned above, m. p. 208°, is ( 
nearly pure aminohydrastine-a; specimens of lower melting point 


were treated as follows. 

The mixture (41-4 g.) was finely ground and shaken with 5% ( 
hydrochloric acid (175 c.c.) at 95°. After several hours the liquor 
was separated from aminohydrastine-a dihydrochloride (19-2 g., 
m. p. 267—268°) and concentrated to half bulk; a further crop 
(0-8 g., m. p. 264°) of the same salt was then obtained (the total 
yield corresponded to 17-0 g. of the a-base). The mother-liquors : 
afforded a chalky precipitate on basification and this became crys- 
talline when triturated with a little hot alcohol and was then ! 
recrystallised from that solvent (yield, 20-6 g., m. p. 189°). 

The total yields obtained varied somewhat: in a typical early 
experiment they were, aminohydrastine-a, 40-4%, and amino- | 
hydrastine-b, 31-39%; in later experiments they were more of the : 
order, aminohydrastine-a, 61-2%%, and aminohydrastine-b, 27-3%. | 

Aminohydrastine-a crystallised from chloroform—methyl alcohol | 
in rosette-shaped aggregates of colourless needles, m. p. 216—217° 
(corr.) with decomposition a few degrees higher (Found: C, 63-0, 

63-2; H, 5-5, 5-7; N, 7-1. C,,H,.0,N, requires C, 63-3; H, 5-6: 

N, 7:0%). This base is sparingly soluble in alcohol and ether, in 
which it exhibits an intense blue fluorescence. It forms sparingly 
soluble crystalline salts such as the hydrochloride, m. p. 267—268", 

the hydrobromide, sulphate, nitrate, and phosphate. The neutral 
tartrate, m. p. 201—203° (corr.), crystallised from water in short 
prismatic needles without resolution. 

Acetamidohydrastine-a, prepared by the action of cold acetic 
anhydride on the amine, crystallised from hot alcohol in fern-like 
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groups of needles, m. p. 208—211° (Found: C, 62-6; H, 5-6. 
C',3H,,0,N, requires C, 62:7; H, 5-5%). 

Aminohydrastine-b was more readily soluble in most solvents 
than its isomeride and crystallised from alcohol in colourless plates, 
m. p. 196—197° (corr.) (Found: C, 63:1; H, 5-5. C,,;H..O,N. 
requires C, 63:3; H, 5-6%). Crystalline salts of this isomeride 
could not be obtained. A mixture of equal parts of the bases a 
and 6 had m. p. about 178—182°. 

Hydrazinohydrastine-a (I; R = NH*NH,).—A mixture of amino- 
hydrastine-a (5-0 g.) and concentrated hydrochloric acid (60 c.c.) 
was diazotised at — 5° with 6 c.c. of a solution of 56 g. of sodium 
nitrite in 100 c.c. of water, and after 14 hours a solution of hydrated 
stannous chloride (20 g.) in concentrated hydrochloric acid (30 c.c.) 
was added in one portion. The mixture was stirred and water 
(500 c.c.) and a solution of pure potassium hydroxide (120 g. in 
200 ¢.c. of water) were successively added. The amorphous pre- 
cipitate produced soon crystallised; on recrystallisation from 
alcohol (50 c.c.), the first crop of felted needles obtained weighed 
33 g., and concentration of the mother-liquor afforded a further 
0-4 g. Hot alcohol changed the needles to prisms, and the pure 
base separated from alcohol in well-shaped hexagonal prisms, m. p. 
175° (corr.) (Found : C, 60-9, 61-0; H, 5-6, 5-7; N, 9-7. C.,H.,0,N5 
requires C, 61-0; H, 5-6; N, 10-2%). The acid oxalate separated 
from water in microscopic crystals, m. p. 225° (decomp.), and is a 
very sparingly soluble salt. 

isoPropylidenehydrazinohydrastine-a separated in a crystalline 
form, m. p. 190°, when the base was warmed with acetone. 

Hydrazinohydrastine-b.—Aminohydrastine-b (15 g., m. p. 189°) 
was dissolved in concentrated hydrochloric acid (150 c.c.), cooled 
to 5°, and diazotised below 8° by the slow addition of sodium 
nitrite (2:7 g.) in water (27 c.c.); a crystalline powder, presumably 
hydrastinediazonium chloride, may separate from the solution at 
this stage. 

Reduction was effected by means of crystallised stannous chloride 
(45 g.) in concentrated hydrochloric acid (90 c.c.) and after 5 minutes 
the mixture was diluted with 1800 c.c. of water and made alkaline 
by the addition of saturated aqueous sodium carbonate (900 c.c.). 
The precipitate and the filtrate were extracted separately with 
chloroform. The combined extracts were dried with potassium 
carbonate and concentrated to about 30 c.c., and the remainder of 
the solvent was allowed to evaporate at room temperature. The 
residue, mixed with benzene, afforded crystals of hydrazinohydras- 
tine-b (8-1 g., m. p. 178°) and the filtrate, mixed with acetone and 
concentrated, gave 3-2 g. of isopropylidenehydrazinohydrastine-b, 
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m. p. 204°. This derivative was decomposed by boiling for 10 
minutes with 10% sulphuric acid (20 c.c.), a further 2-2 g. of hydr- 
azinohydrastine-b, m. p. 178°, thus being isolated (total yield, 
10-3 g. or 66%). 
Hydrazinohydrastine-b crystallised from chloroform in almost 
colourless, lozenge-shaped plates containing 1CHCI,. A partly 
effloresced sample lost 18-2% at 100° (calc., 22.4%). Dried at a 
low temperature and finally at 100°, the base had m. p. 183—184° 
(corr.) (Found: C, 60-7; H, 5-7. C,,H,,0,N, requires C, 61-0; 
H, 5-6%). 

The isopropylidene derivative was readily soluble in hot acetone 
and sparingly soluble in the cold; it crystallised from acetone in 
large prisms, m. p. 217—218° (corr.) (Found: C, 64:0; H, 6-1; 
N, 8-8. C,,H,,0,N, requires C, 63-5; H, 6-0; N, 9-3%). 

Hydrastine-a (1; R = H).—Hydrazinohydrastine-a (2-5 g.) was 
dissolved in acetic acid (5 c.c.) and water (50 c.c.) and oxidised by 
the slow addition of cold saturated aqueous cupric acetate (60 c.c.). 
The resulting hydrastine partly separated along with a little cuprous 
oxide, and this was isolated by means of ether. A further quantity 
was extracted from the solution after addition of ammonia (total 
yield, excellent). The base was crystallised from methyl alcohol 
(m. p. 134—135°), ethyl alcohol (rectangular prisms, m. p. 135°), 
and finally from ethyl acetate in more compact, colourless prisms, 
m. p. 137° (Found: C, 65-7; H, 5-5; N, 3-7. C,,H,,0,N requires 
C, 65-8; H, 5-5; N, 3-7%). Another specimen crystallised from 
alcohol in almost rectangular, quadrilateral plates, m. p. 137—138° 
(corr.) (Found: C, 65-6; H, 5-5; N,3-8%). This base is sparingly 
soluble in ether or cold alcohol but is freely soluble in chloroform. 
The hydrochloride crystallised from water in diamond-shaped 
plates (decomp. above 165°). The hydrogen oxalate is sparingly 
soluble in cold water. 

The picrate crystallised from methyl ethyl ketone in tiny, bright 
yellow prisms, m. p. 219° (decomp.) (Found: N, 8-3. C,,H,,0,3N, 
requires N, 8-1%). It is very sparingly soluble in hot alcohol and 
acetone and may be obtained conveniently by boiling a solution of 
the hydrazine in methyl alcohol with copper sulphate, filtering the 

liquid, and adding methyl-alcoholic picric acid. The derivative 
separated in good yield and afforded hydrastine-a, m. p. 137°, on 
decomposition with methyl alcohol and ammonia. 1-Hydrastine 
picrate, prepared for comparison, crystallised from methyl ethyl 
ketone in bright yellow needles, m. p. 184° (Found: N, 8-2%). 
It was sparingly soluble in boiling alcohol and on decomposition in 
methyl-alcoholic ammonia /-hydrastine, m. p. 132—133°, was 
regenerated. The hydrogen d-tartrate crystallised from water in 
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crystallised from alcohol in colourless matted needles, m. p. 183° 
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colourless silky needles, m. p. 108—110° (corr.) (decomp.) (Found 
in air-dried material: loss at 100°, 9:4. Found in material dried 
at 100°: OC, 54-9, 54:9; H, 5-2, 5-2. C,,H,,0,N,C,H,0,,3-5H,O 
requires H,O, 91%. C,,H,,0,N,C,H,0,,0-5H,O requires OC, 55:3; 
H, 52%). A specimen dried at 100° was dissolved in hot absolute 
alcohol ; on cooling, an amorphous solid, changing to warty crystals, 
separated. These had m. p. 160°, but on crystallisation from water 
they gave the characteristic silky needles, m. p. 104°, of the hydrated 
salt. Evidently resolution was not effected. 

A mixture of hydrastine-a (3-8 g., purified through the tartrate) 
and d-camphorsulphonic acid (2-3 g.) was dissolved in water (70 c.c.) 
and kept. After inoculation the d-camphorsulphonate (4-2 g.) separ- 
ated in plates and a further crop (1-3 g.) was obtained by concen- 
tration of the mother-liquor. Both specimens or the white prisms 
obtained by crystallisation from alcohol sintered at 135° and melted 
and decomposed at 145° (corr.) (Found in an air-dried specimen : 
loss at 100°, 1-6. Found in material dried at 100°: C, 60-2, 60-3; 
H, 6-1, 6-1. C,,H,,0,N,C,)H,,0,8,0-5H,O requires H,O, 14%. 
C,,;H,,0,N,C,)H,,0,8 requires C, 60-5; H, 6-1%). 

Hydrastine-b.—A solution of hydrazinohydrastine-b (9-5 g.) in 
50% aqueous acetic acid (50 c.c.) was diluted with water (100 c.c.) 
and shaken with 10% aqueous copper acetate (200 c.c.). When 
the copious effervescence ceased, 10% sulphuric acid (50 c.c.) was 
added and the copper eliminated as sulphide. The filtered solution 
was rendered alkaline by means of sodium carbonate and extracted 
with chloroform. The extract was concentrated to a syrup, which 
was gently warmed with alcohol (20 c.c.); on keeping, dedihydro- 
hydrastine (5-0 g., m. p. 178°) separated. The mother-liquor, which 
contained more of this base mixed with hydrastine-b, was evaporated 
to dryness and the residual gum (3-0 g.) was dissolved in a little 
dilute hydrochloric acid and shaken with chloroform. The chloro- 
form solution, treated with sodium carbonate, dried, and evaporated, 
gave 1-4 g. of a base which yielded crude hydrastine-b (0-6 g., 
m. p. 135°) on crystallisation from alcohol. Repetition of this 
process gave a further quantity (0-4 g., m. p. 138°). Fractional 
crystallisation from alcohol eventually gave pure hydrastine-b in 
splendid, colourless, quadrilateral prisms, m. p. 150—151° (corr.) 
(Found: C, 65-0, 65:1; H, 5-4, 5-8. C©,,H,,0O,N requires C, 65-7; 
H, 5-5%). 

A tartrate, m. p. about 65—70°, was obtained in a crystalline 
form, but the properties of this salt and of the base itself have not 


yet been adequately studied. 


Dedthydrohydrastine (I1).—This base, obtained as described above, 
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(corr.) (Found: C, 65-9, 65-9; H, 5-0, 5:2. C,,H,gQ,N requires 
C, 66-1; H, 50%). The salts with mineral acids were crystalline 
and sparingly soluble in water; the oxalate was rather readily 
soluble in water. A trace of the base dissolved in sulphuric acid 
to a colourless solution that became successively yellow, orange, 
reddish-brown, greenish-brown, slaty blue, and violet when heated. 
Under similar conditions, /-hydrastine gave a cherry-red solution 
changing to brown and both hydrastine-a and -b gave the same 
reaction as the natural base. 

Comparison of the Behaviour of 1-Hydrastine, Hydrastine-a, 
Hydrastine-b, and Dedihydrohydrastine on Oxidation—The base 
(0-05 g.) was dissolved in 15% sulphuric acid (2 c.c.), and the 
solution warmed with manganese dioxide (0-02 g.). J-Hydrastine 
and hydrastines -a and -b each gave a pale greenish- brown fluorescent 
solution, which was treated with sodium carbonate and filtered; 
addition of potassium cyanide then afforded cyanodihydrohydrastin- 
ine. Dedihydrohydrastine gave an intense cherry-red solution 
which became pale brown on the addition of sodium carbonate and 
yielded no cyanodihydrohydrastinine. Hydrastine-a and /-hydr- 
astine gave identical results in the following experiment. The base 
(1-0 g.) was dissolved in a mixture of nitric acid (2 c.c., d 1-42) and 
water (8 c.c.), and the solution maintained at 75° for 20 minutes. 
The cold solution was basified by means of potassium hydroxide; 
hydrastinine then separated in the crystalline condition (0-4 g.). 
The substance was identified by condensation with nitromethane 
(0-5 g.), yielding anhydrohydrastininenitromethane, which formed 
colourless needles, m. p. 122°, from ethyl alcohol (Hope and Robin- 
son, J., 1911, 99, 2136). The mother-liquor was acidified and 
extracted with ether and the residue after removal of the solvent 
was boiled for 3 hours with alcohol (10 c.c.) and hydroxylamine 
hydrochloride (0-5 g.). The precipitate obtained on the addition 
of water crystallised from alcohol in colourless slender needles, m. p. 
230° alone or mixed with authentic hemipinimide. 

Hydrastine-b was not obtained in sufficient quantity to enable 
us to repeat the experiment with that base, but qualitative tests 
showed that hydrastinine and opianic acid resulted in this case also. 
On the other hand, no indications of the formation of hydrastinine 
or opianic acid were obtained as the result of the action of hot 
dilute nitric acid on dedihydrohydrastine. 

Chlorohydrastine-a (I; R = Cl).—A solution of cupric chloride 
(5-0 g.) in hot water (30 c.c.) was added to one of hydrazinohydr- 
astine-a (1-0 g.) in 1% hydrochloric acid (30 c.c.). After the 
evolution of nitrogen ceased, the precipitate was collected and dis- 
solved in hot water, and copper eliminated by means of hydrogen 
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A SYNTHESIS OF HYDRASTINE. 








sulphide. The filtrate was concentrated and extracted with 
chloroform, and the extract shaken with aqueous sodium carbonate 
and dried with potassium carbonate. After removal of the solvent 
the residue crystallised from alcohol in colourless prisms, m. p. 
152° (Found: C, 60-1; H, 5-0; Cl, 8-4. C,H, 90,NCI requires 
(, 60-4; H, 48; Cl, 85%). The hydrochloride of this base 
erystallised from dilute hydrochloric acid in colourless prismatic 
needles. On prolonged treatment of a boiling alcoholic solution 
with amalgamated aluminium strips a rather poor yield of 
hydrastine-a, m. p. 136°, was obtained. It is better to employ the 
iodo-derivative. 

Todohydrastine-a (1; R = 1).—Aminohydrastine-a (3 g.) was 
diazotised as described above under hydrazinohydrastine-a and the 
solution was added to one of potassium iodide (30 g.) in water 
(500 c.c.). When effervescence ceased, iodine was destroyed by 
means of sulphur dioxide and the base was precipitated by ammonia, 
collected, and crystallised from methyl alcohol (yield, 2-0 g.). It 
separated from ethyl alcohol in colourless leaflets, m. p. 172°; 
recrystallisations from benzene and from ethyl acetate did not 
raise the melting point (Found: C, 49-4; H, 4:0. C,H» 0 gNI 
requires C, 49-5; H, 40%). 

Condensation of Hydrastinine and Iodomeconine.—The chief 
product of this reaction was iodohydrastine-a, but an isomeride, 
doubtless iodohydrastine-b, was also obtained. The use of con- 
densing agents, for example, potassium carbonate, was not found 
to improve the yield. 

A solution of iodomeconine (15 g.) and hydrastinine (10 g.) in 
methyl alcohol (40 c.c.) was boiled for 3 hours under reflux and, 
after removal of the solvent, the residue was extracted with 10% 
hydrochloric acid. The extract was filtered and shaken with 
benzene to remove neutral substances and then with chloroform. 
The latter extract, which contained iodohydrastine hydrochloride, 
was shaken with aqueous sodium carbonate to liberate the base, 
dried, and evaporated. The oily residue (19-2 g.) gave 6-2 g. of 
crystalline material on sludging with alcohol and a further quantity 
was recovered from the mother-liquor as the hydrobromide. The 
crystals were found to be a mixture of two iodohydrastines and 
these were separated by slow fractional crystallisation from alcohol. 
The first crop, m. p. about 158° but not clear till about 190°, con- 
sisted of diamond-shaped and hexagonal plates; the second crop 
contained two forms which could be separated by hand, namely, 
(1) fern-shaped, dull crystals, m. p. 194—195° (corr.), and (2) 
massive, clear amber blocks, m. p. 172—173° (corr.). A mixture of 
these had m. p. 140—150° and the subsequent crops were mixtures 
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having various melting points. The product, m. p. 193—195°, is 
regarded as iodohydrastine-b (Found : C, 49-7; H, 4:3. ©,,H4 0,NI 
requires C, 49-5; H, 4-0%). 

In another experiment iodomeconine (9-0 g.) and hydrastinine 
(5-0 g.) were condensed in boiling methyl alcohol (75 c.c.) during 
2 hours. A certain amount of the product crystallised from the 
hot solution and practically pure iodohydrastine (7-5 g.) was readily 
isolated by solution in dilute hydrochloric acid, filtration, basi- 
fication with ammonia, and crystallisation from methyl alcohol. 
This specimen had m. p. 155—160°, raised to 170° by repeated 
crystallisation from methyl alcohol and not depressed on admixture 
with iodohydrastine-a from aminohydrastine-a. 

The hydrochlorides of iodohydrastines-a and -b and of the 
mixture, m. p. 157°, or a mixture of any of them all melt and 
decompose at 222—223° (corr.). ‘They form microscopic, elongated, 
hexagonal plates and are sparingly soluble in water. The hydro- 
bromides behave similarly, forming colourless prisms, m. p. 205— 
206° (corr.) (decomp.), that are more sparingly soluble than the 
hydrochlorides. 

On reduction by means of 6% sodium amalgam in hot aqueous 
alcohol or by means of amalgamated aluminium in boiling alcohol, 
iodohydrastine-a gave hydrastine-a, m. p. 1837—138°. The product 
was purified in the latter series of experiments through the pierate 
and the yield was 80% from material of m. p. 172°, but much less 
from a base of m. p. 160° owing to the serious loss in the processes 
of crystallisation. 

A bromohydrastine, m. p. 170—171° (corr.), was prepared in 
small relative yield by the condensation of hydrastinine and bromo- 
meconine; it separated from alcohol in colourless diamond-shaped 
erystals and gave a hydrobromide that crystallised in prisms, m. p. 
287—288° (decomp.). 

4- Acetoxy-3-methoxyphthalide.—Normeconine methyl] ether (Math- 
iessen and Foster, J., 1867, 20, 519) was acetylated by means of 
boiling acetic anhydride in the presence of sodium acetate (yield, 
90%). The derivative crystallised from alcohol in colourless pris- 
matic needles, m. p. 127—128° (corr.) (Found: C, 59-0; H, 4:3. 
©,,H 90; requires C, 59-4; H, 46%). 

4-Benzoyloxy-3-methoxyphthalide, obtained by applying the pyrid- 
ine—benzoyl chloride method, crystallised in colourless prisms, m. p. 
135—136° (corr.) (Found: C, 65:3; H, 4:0. C,,H,,0O; requires 
C, 67-6; H, 43%). 

m-Nitrobenzoyloxy-3-methoxyphthalide crystallised from acetone in 
hexagonal plates, m. p. 192—193° (corr.) (Found: C, 58-7; H, 3-5. 
C,,H,,0,N requires C, 58-3; H, 3.4%). In this case the sodium 
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salt of normeconine methyl ether in aqueous solution was brought 
into reaction with m-nitrobenzoy] chloride at 100°. 

p-Nitrobenzoyloxy-3-methoxyphthalide was similarly obtained ; 
it crystallised from aqueous acetone in colourless prismatic needles, 
m. p. 202—203°. 

Hydrastininium Salt of Normeconine Methyl Ether (?).—The acyl 
derivatives of normeconine methyl ether did not condense with 
hydrastinine under any conditions which we tried and the phenol 
itself gave rise to a salt (2). A solution of hydrastinine (0-63 g.) 
and normeconine methyl ether (0-55 g.) in ethyl alcohol (1-5 c.c.) 
was boiled; separation of colourless crystals began after 5 minutes. 
After 15 minutes the solid was collected and crystallised from hot 
water, in which it was sparingly soluble. The colourless needles 
(0-28 g.), m. p. 334° (corr.) (Found: C, 65-0; H, 5-3. CH ,0,N 
requires C, 65-0; H, 5-2%), gave no coloration with ferric chloride 
in aqueous solution, but after warming with dilute acid or alkali 
the blue coloration characteristic of normeconine methyl ether 
could be obtained. If this substance were of the hydrastine type, 
it would be more stable than it is towards acids and alkalis, but, 
on the other hand, if it were merely a salt there seems to be no 
reason why the ferric chloride reaction should not be exhibited as 
the result of hydrolytic processes setting free the phenol in aqueous 
solution. Probably it is a phenoxide in which some unsuspected 
co-ordinate link is present and confers exceptional stability, although 
the possibility that it is a phenol-betaine of the following constitution 
is not excluded. 


O—CH, 
C OMe 
O 
CH -- 
CH, <9 \NHMe 
is /CH, 
CH, 
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XXXII.—Catalytic Influences in Three-carbon Tauto- 
merism. Part II. The Action of Acid Catalysts 
on Ketones. 


By Grorce ARMAND Rospert Kon. 


Tw Part I (J., 1929, 1269) a detailed study was made of the conversion 
of cyclohexylideneacetone and its $y-isomeride into an equilibrium 
mixture of the two under the influence of sodium alkyloxides, and it 
was shown that the change can be approximately represented as a 
unimolecular reversible reaction, although a side reaction, consisting 
in the addition of the elements of alcohol, could be detected. The 
order of activity of different sodium alkyloxides agrees with the 
prediction based on an ionic mechanism of the change, involving the 
separation of a proton under the influence of the catalyst (alkyloxide 
ions). 

Acid catalysts (nydrogen ions) also are capable of promoting 
prototropic change, although they are less effective than alkaline 
catalysts (Lowry and Richards, J., 1925, 127, 1371; Baker, J., 
1928, 1584), the difference in activity being generally attributed to the 
indirect action of hydrogen ions in bringing about the separation of 
the proton necessary for the change (compare Ingold and Shoppee, 
J., 1929, 1198). 

It is therefore to be expected that acids would promote, for 
example, the interconversion of cyclohexylidene- and cyclohexeny]- 
acetone. Moreover, if the equilibrium between these compounds is 
a true structural constant, the equilibrium mixture obtained with 
the aid of acid catalysts must have the same composition as that 
produced by alkaline reagents. It might also be expected that 
acids would be less active in promoting the change, their relative 
activity depending on their strength. 

Indications of the activity of acids in causing interconversion of 
ketones have frequently been noted; e.g., many ketones cannot be 
regenerated from their semicarbazones or oximes by the action of 
hot aqueous acids (Hugh, Kon, and Linstead, J., 1927, 2585), and 
some acids cannot be esterified without extensive isomerisation in 
boiling aleohol containing a mineral acid (unpublished observation). 

The action of sulphuric, hydrochloric, and oxalic acids on cyclo- 
hexylidene- and cyclohexenyl-acetone and on isopulegone has now 
been investigated. The acids are less rapid in their action than the 
catalysts previously employed ; e.g., N-aqueous-alcoholic sulphuric 
acid at 25° produces only 22% change in cyclohexylideneacetone in 
4 hours, which is equivalent to about 4 minutes’ treatment with 
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N-sodium ethoxide. Longer treatment gives rise to extensive side- 
reactions (addition); at 100°, however, isomerisation proceeds 
smoothly and side reactions are negligible in the time required to 
reach equilibrium. Heating for } hour is sufficient to produce the 
same equilibrium mixture from either ketone by means of N- 
aqueous-alcoholic sulphuric acid. With hydrochloric acid, the same 
equilibrium point is reached, but side reactions occur more readily 
and a chlorine-containing high-boiling fraction is obtained. 
Oxalic acid is much slower in its action. 

The earlier experiments were performed with a sample of cyclo- 
hexylideneacetone similar to that used in the previous investigation 
and the equilibrium mixture produced from it had all the properties 
and the composition, as ascertained by Linstead and May’s iodo- 
metric method (J., 1927, 2565), of the equilibrium mixtures obtained 
with the aid of alkaline catalysts (addition about 75%, corresponding 
to 30% af). The By-ketone consistently gave equilibrium mixtures 
richer in the @y-form, as indicated by a higher addition of iodine 
chloride (78—80%); a similar discrepancy was noticed during the 
previous research, but the significance of the two isolated experi- 
ments with sodium propoxide and isopropoxide was not then 
apparent and the results were thought to be accidental. It has now 
been found that when pure cyclohexylideneacetone, which has only 
lately become available (Kon, J., 1930, 1616), is employed, the 
equilibrium mixture obtained has the higher iodine addition (about 
78%) together with the other properties of the product obtained 
from the Sy-ketone with the aid of acid catalysts or sodium propoxide 
and isopropoxide. The slightly lower value observed with cyclo- 
hexylideneacetone purified by distillation only is due to the presence 
of esters which it is impossible to remove by fractionation. 

The new value for the point of equilibrium is 23% of «$-ketone. 
The experiments constitute strong evidence that the same point of 
equilibrium is reached both with acid and with alkaline catalysts 
and that this therefore represents a true structural constant. 

isoPulegone is rapidly isomerised to pulegone by hot alcoholic 
sulphuric acid (there appears to be no hydrolysis to acetone and 
3-methylcyclohexanone under the conditions employed), the point 
of equilibrium being coincident, within the limits of the experimental 
error, with pure pulegone. Although pulegone is readily isolated 
from the equilibrium mixture in the form of semicarbazone, its 
physical properties differ somewhat from those of pure pulegone, 
and it may be that the equilibration of isopulegone is a less simple 
process than hitherto supposed. 

The equilibration of isopulegone with sodium ethoxide under the 
standard conditions developed in Part I was complete at the end of 
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5 minutes and therefore no estimate of the mobility was possible, 
In view of this high mobility it is all the more surprising that iso. 
pulegone survives the process of preparation from isopulegol by 
oxidation with hot dichromate in the presence of sulphuric acid 
without appreciable conversion into pulegone. 


EXPERIMENTAL. 


Materials.—cycloHexylideneacetone was prepared as described 
by Dickins, Hugh, and Kon (J., 1928, 1630) and purified by repeated 
fractionation; in a few experiments, marked *, the pure ketone 
regenerated as described by Kon (loc. cit.) was employed. The 
cyclohexenylacetone, isopulegone, and pulegone were also pure 
specimens regenerated by that method. 

Procedure.—The acids used were normal, the sulphuric acid 
employed in the preliminary work (Experiments 2—6) being made 
by diluting 50% (by volume) aqueous acid with 96% alcohol; later, 
aqueous 2-195N-acid was diluted to normality with 96% alcohol 
just before use (Experiments 9—14). The hydrochloric acid was 
made by diluting pure hydrochloric acid (33°) with 96% aleohol. 
The oxalic acid was 1-983N in 90% alcohol. 

Except in the experiments at room temperature or at 25°, the 
mixture of ketone with the calculated amount of acid was sealed up 
in a glass tube and heated in boiling water for the requisite time; 
it was then rapidly cooled and poured into water to arrest the 
action. 

The method of isolation and analysis was that given in Part I. 
The physical properties of the product were determined as a check 
but are not recorded. The equilibrium mixtures obtained by the 
action of sulphuric acid on cyclohexylideneacetone and cyclo- 
hexenylacetone in 60 minutes were analysed (Found: from «f, C, 
77-6; H, 10-2; from Sy, C, 77-8; H, 10-2. Cale.: C, 78-1; H, 
102%), the results showing that little or no addition of alcohol or 
water had taken place. For the iodometric analysis of pulegone- 
isopulegone mixtures a new reference curve was constructed from 
the following values : 


20 Pulegone 90 75 50 25 10 0 
% Iodine addition 2-7 216 32:0 47-7 57-8 62:5 65-4 


Results —Expt. 1. cycloHexylideneacetone was mechanically 
shaken with a large excess of N-aqueous sulphuric acid for 3 days at 
room temperature. At first there was very little change; at the end 
of the period the refractive index of the ketone had dropped con- 
siderably but the iodine addition had only risen from 16-9 to 26-2% ; 
the change in properties was therefore due to a side reaction such as 
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addition of water to the double bond and not to the formation of the 
gy-ketone. Other experiments are summarised below : 


Time % Todine % aB- 

Expt. Reagent. Material. (mins.). addition. Ketone. 
2 N-H,SO, at 25° aB 480 38-1 78 
™ a 1080 53-4 61 
at 100° 75-1 29 
” 55-8 — 
9° o> 29 
2N-C,H,O, at 100° . 66 
N-HCI at 100° . 29 

N-H,SO, at 100° g 
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The products of Expts. 3 and 5 each boiled over a range and 
a considerable high fraction was present. The iodine additions 
recorded refer to a fraction covering the boiling points of both 
ketones in every case. 


The author’s thanks are due to the Government Grant Committee 
of the Royal Society for a grant which has defrayed the cost of this 
investigation. 
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XXXIII.—The Relative Directive Powers of Groups of 
the Forms RO and RR'N in Aromatic Substitution. 
Part IX. The Nitration of p-Cetyloxyanisole and 
p-Benzyloxyanisole. 


By JouN CHARLES SMITH. 


In continuation of Part III (Robinson and Smith, J., 1926, 392) 
and Part VIII (Clarke, Robinson, and Smith, J., 1927, 2647), the 
relative directive powers of the cetyloxy- and benzyloxy-groups 
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in the quinol series have been measured. It was thought that low 
melting points and slow crystallisation would preclude accurate 
measurements with alkyloxy-groups containing from 5 to 10 carbon 
atoms. An attempt to analyse the products of nitration of 
4-cetyloxyanisole by hydrolysis with alkali of the group ortho- to 
the nitro-group (compare the hydrolysis of nitroquinol dimethyl 
ether; Part III, loc. cit.) and isolation of 2-nitro-4-methoxyphenol 
failed owing to the stability of the nitro-ethers. The methods 
necessarily employed for the nitration of 4-cetyloxyanisole, and 
the flatness of the curve used for the thermal analysis of the pro- 
ducts, made it difficult to obtain accurate values, but the final 
result (67-9°% ortho to C,,H;,°O) probably contains an error of less 
than 0-6%. This result agrees with the requirements of the theory 
developed in Part IV (Allan, Oxford, Robinson, and Smith, J., 
1926, 401), the alkyloxy-groups in the quinol ethers becoming 
more powerful with increase in the number of methylene groups. 

The values of the relative directive powers obtained to date 
are : 


nee 100 GED. casquctasdconts 186 
TN §stagesiheses 164 A Bree 212 
BUD © mesdshiseess 180 8. | eeerreeen 107 


p-NO,'C,H,CH,O 38 


EXPERIMENTAL. 


Melting points, unless otherwise stated, were taken in the way 
described on p. 254, and are 0-5—1-5° lower than m. p.’s taken 
in capillary tubes. 

4-Cetyloxyanisole—Sodium (0-23 g.; 1 mol.) was dissolved in 
methyl alcohol (10 c.c.), pure cetyl iodide (m. p. 23-3°) (3-52 g.) 
and pure quinol monomethyl ether (1-24 g.) were added together 
with acetone (15 c.c.), and the mixture was boiled for 2 hours. 
After half the solvent had been distilled off, large colourless plates 
were deposited on cooling. Washed with a little cold methy! 
alcohol and dried at 30°, these had f. p. 67-7°, m. p. 67-85° (yield, 
2-55 g.; 80%). Recrystallisation from methyl] alcohol and removal 
of solvent in a vacuum at 100° gave material of constant f. p. 67-75", 
m. p. 67-85° (capillary tube, 68-5°) (Found: C, 79-2, 79-1; H, 
11-8, 11-4. C,3HyO, requires C, 79:3; H, 116%). Another 
specimen, prepared from twice the above quantities in ethyl alcohol- 
acetone as solvent (90% yield) and recrystallised from methyl 
alcohol-ligroin, had constant f. p. 67:77° and m. p. 67-90°. 
4-Cetyloxyanisole is easily soluble in hydrocarbon solvents and less 
easily in alcohols. In the crude reaction product and in the mother- 
liquors no trace of quinol dimethyl ether could be found. 
2-Nitro-4-cetyloxyanisole—A solution of potassium methoxide 
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(from 0-39 g. of potassium) in methyl alcohol (15 c.c.) was mixed 
with 3-nitro-4-methoxyphenol (Part ITT, loc. cit.) (1-69 g.) in acetone 
(15 c.c.). After addition of cetyl iodide (3-5 g.; 1 mol.) in acetone 
(15 c.c.), the dark red mixture was boiled for 11 hours; a test 
portion (then light red) deposited a yellow solid on cooling. The 
solvent was distilled off, finally in a vacuum at 100°, and the residue 





extracted with ether. The — after being washed twice with 
3% potassium hydroxide solution and with water and dried over 
anhydrous sodium sulphate, yielded 3-85 g. of a yellow oil which 
soon solidified. Recrystallisation from methyl aleohol (120 c.c.) 
gave 3-1 g. (80% yield) of light yellow prisms, m. p. 62-40° (capillary 
tube, 63°). Satisfactory f. p.’s were not obtained, as the substance 
began to crystallise in prisms with little evolution of heat, then, 
while the mass was being stirred, a needle form of crystal appeared 
and the temperature rose to an indefinite value (62-2—63-2°). 
These crystal forms had definite m. p.’s 62-4° (prisms) and 63-8° 
(needles), raised by recrystallisation of the substance from methyl 
alcohol to the final values 62-5° and 63-9° respectively (Found : 
(, 70-4; H, 10-0. C.,H3,0,N requires C, 70-2; H, 100%). In 
a second preparation from entirely different specimens of initial 
materials and solvents, the product was recrystallised by dissolving 
it in a little benzene, adding warm methyl alcohol, and cooling 
the solution; the m. p.’s were 62-5° and 63-9°, unaltered by 
recrystallisation. 

3-Nitro-4-cetyloxyanisole.—Solutions of potassium methoxide 
(1:17 g., 3 mols., of potassium in 70 c.c.) and 2-nitro-4-meth- 
oxyphenol (5-07 g., 3 mols., in 50 c.c.) in methyl alcohol were mixed 
and boiled together with cetyl iodide (3-52 g., 1 mol.) for 25 hours. 
The solid obtained on cooling was washed with methyl alcohol and 
with water and dried in the air. It was a greyish-yellow powder, 
not easily wetted by water, sparingly soluble in hot methyl or ethyl 
alcohol, and easily soluble in warm benzene. Recrystallisation 
from methyl alcohol (170 c.c.) gave 2-51 g. of very light yellow 
crystals, m. p. (capillary) 50-5° (yield, 63%). Evaporation of the 
nother-liquor to 40 c.c. did not give a second crop. After removal 
of solvent in a vacuum at 120°, the substance had f. p. 49-1° and 
m. p. 49-4°. Recrystallisation of 2-50 g. from methyl alcohol (65 
ec.) gave 2-37 g., f. p. 49-28°, m. p. 49-47°. A third recrystallisation 
(from benzene-methy] alcohol) changed these values only to 49-28° 
and 49-50° respectively (Found: C, 70-2; H, 9-8. C,3H3,0,N 
requires C, 70-2; H, 10-0%). From the reaction mixture, un- 
changed 2-nitro-4-methoxyphenol (3-8 g., 2-2 mols.) was recovered. 
In a second preparation, the same quantities being used, the yield 
obtained after 48 hours’ boiling was 2-90 g. (75%). Repeated 
EK 
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crystallisation raised the m. p. and f. p. to the constant values 
49-3° and 49-45° respectively, but this specimen continued to have 
a relatively slow rate of crystallisation. 

Action of alkalis. At 230° a mixture of 2- and 3-nitro-4-cetyl. 
oxyanisoles was unattacked by 10% aqueous potassium hydroxide 
after 4 hours. Addition of n-propyl alcohol and reheating at 14(° 
for 4 hours caused slow hydrolysis ¢ a trace of 2-nitro-4-methoxy. 
phenol (m. p. 79°) was isolated. 

Mixtures of 2- and 3-Nitro-4-cetyloxyanisoles—As the slope of 
the f. p. curve was very small near the composition of the nitration 
product, it was thought advisable to plot the mean of the f. p. and 
them. p. The f. p. and the m. p. themselves were each the average 
of 3—6 determinations. The same thermometer, apparatus, and 
procedure were used in working with the nitration product as with 
the synthetic mixtures. For the f. p.’s the temperature of the bath 
(apparatus of the Beckmann type) was 0-5° below that of the freez- 
ing liquid; for the m. p.’s, 2-0° above that of the melting solid. 
The curve was drawn from the following values. 


3-Nitro- Mean Mean Mean of 3-Nitro- Mean Mean Mean of 
cempd., %. f. p. (a). m. p. (6). aandb. cmpd., %. f. p. (a). m. p. (0). aand), 
69-85 41-7°*  42:15° 41-92° : 43-05° 43-3° 43-17° 
67-95 42°15 42-50 42-32 “6 43-20 43°37 43:28 
67-7 42-15 42-55 42-35 : 43°35 43-6 43-47 
65:4 42°35 42-7 42-52 , 43-25 43-45 43-35 
63-0 42-65 43-0 42-82 


* For thermometer corrections, see the footnote on p. 257. 


The binary system is a complex one and is being further investigated. 
Nitration of 4-Cetyloxyanisole-—The results are summarised in 
the following table : 


%, 3-Nitro- 
Nitra- Yield, F.p., M.p., isomeride Corrected 
tion. Temp. %. mean. mean. Mean. indicated. %. 
1 25° 97 42-25° 42-55° 42-40° 67-6 
2 25 98 — 42-44 — 68-0 
67-8 (mean) 
— 42:18 42-50 42-34 i7°5 67°5 
98-5 42-05 42-36 42-20 58-6 68-0 
98 42:18 42-45 42-32 37° 68-15 
67-9 (mean) 


(1) A solution and suspension of 4-cetyloxyanisole (0-87 g.) in 
acetic acid (f. p. 16-4°; 25 c.c.) at 25° was shaken in a thermostat, 
and a mixture of nitric acid (colourless 70%, 0-45 c.c., 3 mols.) and 
acetic acid (5 c.c.) at 25° was added in one lot. Gradually the colour 
became light yellow and after 5 minutes the plates of the ether 
were replaced by needles of the nitro-compounds. The reaction 
mixture was kept at 25° for 10 minutes longer, and then warmed 
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to 30° to obtain a clear solution. After 2 minutes the solution was 
cooled (crystals separated), and ice-water (100 c.c.) added. The 
solid, collected after some minutes, was washed with water, sodium 
carbonate solution, and again with water. After being dried over 
solid potassium hydroxide for 36 hours in a vacuum (finally at 
120°), it weighed 0-952 g. (yield, 97%), although a trace was lost 
in transference. As the sodium carbonate wash-liquor showed no 
sign of red colour, and the acetic-nitric acid filtrate remained yellow 
on basification, the nitration had not been accompanied by hydro- 
lysis. The product was clear yellow, its rate of crystallisation 
high, and the difference between f. p. and m. p. slightly less than 
normal, It was apparently a binary mixture, but in the absence 
of evidence from the eutectic temperature the purity was tested 
by adding to the mixture (0-9519 g.) pure 2-nitro-4-cetyloxyanisole 
(01033 g.). The new mixture had f. p. 42-92° and m. p. 43-05°; 
mean 42-98°, corresponding to 61:0% of the 3-nitro-isomeride. 
The nitration product therefore contained 67-6% of this isomeride. 
The difference (0-5°%) between this and the original value (67-1%) 
is smaller than the error due to the flatness of the curve. 

(2) The second nitration was carried out at 25° as in (1), except 
that a mixture of nitric acid (4 c.c., 21 mols.) and acetic acid (12 
¢.c.) at 25° was added in one lot, and the flask shaken for 30 minutes 
at 25°. Before the product was dissolved by warming, powdered 
anhydrous sodium acetate (6 g.) was added cautiously. Although 
the m. p. of the product was sharp, the crystallisation was sluggish 
and the f: p. indefinite (41-6—42-1°). The product, added to a 
synthetical mixture of identical m. p., caused no change in the 
melting point. The figures given in the table (columns 7 and 8) 
are the compositions indicated (a) by the m. p., (6) from the usual 
mean f. p.m. p. corresponding to the observed m. p. 

(3) For comparison with previous work on the quinol ethers it 
was desirable to nitrate 4-cetyloxyanisole at 0°. (The effect of 
temperature seems to be much greater than that of concentration 
of nitric acid, as is indicated by the results of the nitration of 
4-benzyloxyanisole; p. 257.) 

A mixture of nitric acid (d 1-42) (1 ¢.c.) and acetic acid (f. p. 16°) 
7 c.c.) freezes at about 2°. The following procedure was therefore 
adopted. 4-Cetyloxyanisole (0-87 g.) was dissolved in acetic acid 
(6 c.c.) in a stoppered flask and cooled for $ hour in ice-water. A 
mixture of acetic acid (6 c.c.) and nitric acid (2 c.c.) was cooled to 
1° and added to the soft solid in the flask (0Q—1°). After vigorous 
shaking in the ice-bath, the acetic acid melted and nitration began 
(finished in about 20 minutes). The mixture was kept for 2 hours 
at 0°, acetic acid (13 c.c.) and then anhydrous sodium acetate were 
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added, the temperature was raised to 30°, and the product isolated in 
the usual way. It had a light green colour, but crystallised rapidly, 

(4) The nitration was done as in (3). The purity of the product 
was tested by addition of a synthetic mixture (0-4 g., mean f. p,- 
m. p. 42-18°; 68-6% of 3-nitro-isomeride) to 0-5 g.: a rise of 0-04° 
in m. p. (to 42-23°) indicated a depression (0-07°) of the original 
m. p. by impurities. 

(5) Experiment (3) was repeated, but sodium acetate was not 
added and the reaction mixture was kept for 20 minutes at 27°, 
As the colour of the mixture was light brown owing to suspended 
matter, the solid was dissolved in pure ether, the solution filtered, 
and the solvent removed: the m. p. was unchanged. 2-Nitro-4 
cetyloxyanisole (0-0584 g.) was added to the nitration product (0-645] 
g.): the mean f. p.m. p. was then 42-84°, corresponding to 62-5%, 
of the 3-nitro-isomeride and indicating the presence of 68-2% of 
this isomeride in the nitration product. 

In the quinol series, therefore, the directive power of cetoxyl 
relative to methoxyl (100) is 212 at 0°. 

Benzyl Chloride.—A ‘‘ Kahlbaum ” specimen, after being washed 
with water, dried over anhydrous sodium sulphate, and distilled 
three times (b. p. 63°/11 mm.), only the middle fractions being 
retained, had dS. 1-1027 (Landolt—Bérnstein, ‘‘ Tabellen,” 5th edn., 
di. 1:10271). Found: Cl, by Stepanov’s method, 28-0, 28-0 (cale., 
28-0%), showing the absence of nuclear chlorine. 

4-Benzyloxyanisole.—Quinol monomethy] ether (6-2 g.) in acetone 
(25 c.c.) was added to sodium methoxide solution (1-15 g. of sodium 
in 25 c.c. of methyl alcohol). After addition of benzyl chloride 
(6 c.c.; 1-03 mols.) the mixture was heated at 90° (pressure bottle) 
for 1 hour. The product (9-4 g.; 95% yield) crystallised from 
alcohol in plates, m. p. 71° (capillary tube) (Found: C, 78-5; H, 
6-9. C,,H,,0, requires C, 78:5; H, 66%). The plates, f. p. 
69-65°, m. p. 69-70°, were unstable, changing to needles, f. p. 71:3", 
m. p. 715° (capillary tube, 73°). 

2-Nitro-4-benzyloxyanisole.—3-Nitro-4-methoxyphenol (4:25 g.; 
1 mol.) in acetone (30 c.c.) was added to a solution of potassium 
(0-95 g.; 0-97 mol.) in methyl alcohol (20 c.c.). After addition 
of benzyl chloride (5 ¢:c.; 1-7 mols.) the mixture was heated at 
90° (pressure bottle) for 1 hour, and yieided 5-3 g. (80%) of light 
yellow solid. Recrystallised from methyl alcohol (50 c.c.) and 
heated in a vacuum to 125°, this had f. p. 59-55° and m. p. 59-75". 
Again recrystallised, it had f. p. 59-65° and m. p. 59-80°, unchanged 
by further crystallisation. It was very soluble in benzene, ethy! 
acetate and acetic acid, and moderately easily soluble in ligrois. 
A second preparation, from sodium methoxide and a different 
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specimen of 3-nitro-4-methoxyphenol and recrystallised from ethyl 
alcohol until the values were constant, had f. p. 59-67° and m. p. 
59-8° (capillary tube, 60—61°) (Found : C, 64-7; H, 5-0. C,,H,,0,N 
requires C, 64-9; H, 5-0%). 

3-Nitro-4-benzyloxyanisole—A solution of 2-nitro-4-methoxy- 
phenol (6-33 g.; 1 mol.) in methyl alcohol (25 c.c.) was added to 
potassium methoxide solution (from 1-47 g. of potassium, 1 mol., 
in 30 c.c. of methyl alcohol). Benzyl chloride (10 ¢.c.; 2-3 mols.) 
was added, and the mixture heated at 90° for 8 hours, a further 
5 c.c. of benzyl chloride being added meanwhile. The brownish- 
rel reaction mixture yielded 5-6 g. of a brown solid, which, crystall- 
ised from methyl alcohol, gave 5-1 g. (50%) of yellow crystals, 
f. p. 61-0°, m. p. 61-2° and finally 61-2° and 61-3° respectively 
(capillary tube, 63°) (Found: C, 65-0; H, 5-0. C,,H,,0,N re- 
quires C, 64-9; H, 5-0%). A second preparation (heating for 10 
hours; 50% yield) was recrystallised from methyl alcohol until 
the f. p. and m. p. were constant at 61-15° and 61-3° respectively. 

Mixtures of 2-Nitro-4-benzyloxyanisole and 3-Nitro-4-benzyl- 
oxyanisole.—The mixtures were viscous and reproducible f. p.’s 
were not obtainable; the m. p.’s were normal. From the following 
values smooth curves were drawn (the first number of each pair 
gives the % of 3-nitro-isomeride) : 100%, 61-0°*; 81-:2%, 53-65°; 
69-0%, 48-35°; 59-2%, 42-95°; 548%, 40-25°; 50-0%, 37-25°; 
dnd. series, 51-79%, 38-4°; 47-9%, 36-0°; 41-15%, 39-9°; 34-45%, 
438°; 3rd. series, 0%, 59-5°; 11-1%, 54-8°; 25-2%, 48-45°; 37-6%, 
417°. Lower m. p.’s (eutectics, taken as temp. of viscous mass 
melting): 59:2%, 35-6°; 500%, 35-5°; 37-6%, 355°; 45:1%, 
35°55°. The curves intersect at 47-5%, 35-55°. Near the com- 
position of the nitration product, AT’ 0-2° corresponds to A% 0-3. 

Nitration of 4-Benzyloxyanisole.—The results are summarised in 
the following table : 


Nitra- Eutec- % 3-Nitro- - (MeO = 100) 
tion. Temp. Yield. _ tic. I. p. isomeride. Average. CH,Ph:‘O. 
28° 97%  35-4° | 


So 
oO 
oO 


Ok hODmS 


aa fy. 
28 98 35-5 51-0 104 


14 97 35-5 


14 —_ 35-4 51-4 105-5 


aoanrawaan 


See Oe 
° 


(a) A solution of 4-benzyloxyanisole (2-0 g.) in acetic acid (f. p. 
16-0°) (20 c.c.) was stirred at 28° and a mixture of nitric acid (colour- 
less, 69%) (1 c.c.; 1-66 mols.) and acetic acid (4 c.c.) at 28° was 
added in one portion. After 3 minutes, the yellow solution was 


* Uncorrected. The corrections are: at 35°, + 0-05°; 40°, + 0-08°; 46°, 
+0-11°; 50°, + 015°; 55°, + 023°; 60°, + 027°; 63°, + 0:31°. 
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cooled. The oil precipitated on addition of ice-water soon solid. 
ified. The solid was collected after 4 hours and dissolved in 
pure ether, the solution washed twice with sodium bicarbonate 
solution (the first extract was orange), and with water, and dried, 
and the solvent removed in a tared f. p.-tube, finally at 120° ina 
vacuum (yield, 2-34 g. of light yellow material). Purity test: the 
nitration product (0-8 g., m. p. 37-85°) was mixed with a synthetic 
mixture (0-6 g., m. p. 37-88°); the new mixture melted at 37-90°, a 
rise of 0-04°. This corresponds to a depression of 0-09° in the m. p. 
of the nitration product, and a corrected composition of 51-1%. 

(b) The nitration was done at 28° with the quantities given in 
(a), but the nitrating mixture (1-1 mols. of HNO,) was added 
gradually with efficient stirring. When 0-2140 g. of the 3-nitro. 
isomeride was added to 1-6315 g. of the nitration product the m. p. 
became 41-40° (56-7%), indicating the presence of 51-0% of the 
3-nitro-isomeride in the nitration product. 

(c) The ether (1-5 g.), suspended in acetic acid (10 c.c.), was 
nitrated at 14° gradually with 1 c.c. of a mixture of equal volumes 
of nitric and acetic acids (1-1 mols. HNO,), the crystals dissolving 
on shaking (3 minutes) to a clear yellow solution. A further 0-6 c.c. 
of nitration mixture was added, the solution cooled, and the product 
isolated. H 

(d) At 14°, exactly as (c). 1-3237 G. of the product, mixed with 
0-2044 g. of the 3-nitro-isomeride, melted at 42-07° (57-8%), indi- HO 
cating in (d) 51-3% of 3-nitro-4-benzyloxyanisole. 

From the values at 28° and 14° the directive power at 0° of the 
benzyloxy-group (methoxyl = 100) is estimated to be 107-5. 
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the Aldobionic Acid from Gum Arabic. “ 
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REcENT work in immunology has excited renewed interest in the 
compound uronic acids because of the specific properties associated 
with some representatives of these carbohydrate derivatives. The 
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soluble specific substances which are produced in cultures of types 
II and III antipneumococcus sera (and precipitate the anti-serum 
of that type) are known to give rise on partial hydrolysis to “ aldo- 
bionic acids.”” The latter have been shown to be glycuronosido- 
glucoses (Heidelberger and Goebel, J. Biol. Chem., 1927, 74, 613, 
619). A product of similar specific activity has recently been 








derived by partial hydrolysis from gum arabic and, on further 
hydrolysis, this yields an “ aldobionic acid’’ which contaims a 
galactose and a glycuronic residue and is therefore an oxidation 
derivative of a simple biose (Butler and Cretcher, J. Amer. Chem 
Soc., 1929, 54, 1519; compare C. O’Sullivan, J., 1884, 45, 41). A 
crystalline ‘‘ aldobionic acid ” which seems to be identical with the 
former has been recognised, and suggestions (Heidelberger and 
Kendall, J. Biol. Chem., 1929, 84, 639), which leave, however, some 
dubiety, have been made for its structure. 

It seemed to us probable that these hexose-hexo-uronic acids are 
structurally related to disaccharides such as maltose, cellobiose, and 
gentiobiose, the constitutions of which we have already determined. 
The oxidation products corresponding to “ aldobionic acids ’”’ may 
therefore be recognisable as belonging to one of the two types : 


CO,H OH HI. CH, ro 
H lo O-HC o | FH % 
in Oo |? uN! Hh 0 

uy Kan a: a as F ”, 
HO; |H H/Y| | OH 0 

H OH OHH "fk OH 

Gentiobiouronic acid. Maltobiouronic gg 


We submit the results of preliminary experiments which support 
the view that the aldobionic acid from gum arabic is structurally 
similar to the first of these possible types, having the biose linking 
through the side-chain. The reducing component is, however, 
valactopyranose. 

Methylation of this aldobioniec acid prepared from gum arabic 
(Kordofan) gave rise to a completely methylated specimen of the 
biose-uronic ester, of which the $-form was crystalline but the 
mixture of «- and §-modifications distilled as a colourless syrup. 
This specimen of the methyl heptamethyl aldobionate (methyl ester 
of hexamethyl glycuronosidomethylgalactoside) (I) hydrolysed with 
approximately the same velocity as a methylated biose, and yielded 
two cleavage fragments which were recognised as a trimethyl 
galactose (II) and a trimethyl glycuronic acid (III). The former 
of these products gave rise on further methylation to a high yield 
of 2:3:4:6-tetramethyl 6-methylgalactoside, which was identified 
by its m. p. and comparison with an authentic specimen. The 
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product (II) yielded on oxidation a lactone which underwent 
hydration at the same rate as 2:3:4: 6-tetramethyl] 3-galactono. 
lactone (Drew, Goodyear, and Haworth, J., 1927, 1237) and also 
gave a crystalline phenylhydrazide. On oxidation with nitric acid 
the trimethyl galactose yielded a trimethyl mucic acid (IV), of 
which the dimethyl ester was crystalline. The latter result afforded 
conclusive evidence of the presence of a free CH,-OH group in the 
trimethyl galactose. The orientation of three methyl groups in 
the sugar could only be represented by the 2:3:4- or 2:3:5. 
positions, and the latter possibility seems at present to be excluded 
by the evidence of the 8-lactone, although confirmation of this 
view will be sought by other means. 

What is abundantly clear at this stage is that the 6-position of 
the galactose residue is joined, in the biose type of linking, with the 
reducing group of the glycuronic acid residue. 

CO,Me 


| 
A 
(An 
OMe oot, 


MeO | |H 
H OMe 


| 
Y 
CO,H a 
H| 90H HOHC 5 | HF 
Ka we 1 : Komen 
eet  * H |-—/ OMe 
H OMe H H 
| | 
M y 
0,H 
H |_9 OMe ‘HO, oe” ~~ 


Ke) + Ken 
MeO | | OMe 


H ous H H 
The trimethyl glycuronic acid (III) was converted into a character. 
istic crystalline derivative, recognised as 2 : 3 : 4-trimethyl 8-methy]- 
glycuronide (V), which is a non-reducing methylglucosidic form of 
methylated glycuronic acid. For comparison, a specimen was also 
prepared direct from glycuronic acid and this was shown to be 
identical. Furthermore, the rate of hydrolysis, expressed as k x 
10° in minutes and decimal logarithms, was found to be 25, which 
is almost identical with that found for §-methylglucopyranoside 
under similar experimental conditions (Haworth and Hirst, J., 1930, 
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2625). ‘The ring structure of the trimethyl glycuronic acid is there- 
fore that of a pyranose form and the methyl groups can only be 
accommodated at positions 2 : 3 : 4. 

The structure of the aldobionic acid isolated from gum arabic 
appears to be that given below. We are not, however, in a position 
to decide whether «- or 6-glycuronic acid is involved in the biose 
linking, although preliminary evidence favours a 6-linking. 

CO,H ) OH 
Hol_o OC 9 PH 
Vad 


Ky H lo oH cana 
(3) id Dp (OH 


H H 


ln 


_ -) 








Glycuronic acid jalactose com- 
component. ponent. 


EXPERIMENTAL. 

The aldobionic acid was prepared from gum arabic (Kordofan) 
by the method of Butler and Cretcher (loc. cit.). The gum arabic 
used had [«]?/ —30° in water. The aldobionic acid was isolated 
as the calcium salt, the properties of which were in agreement with 
those recorded by the above authors; [«]j +-2-0°, constant value 
in water (c, 5-1). Before analysis the substance was dried at 100° 
ina vacuum (Found: Ca, 5-05. Cale. fof C,,H3,0.,Ca: Ca, 5-3%). 

Methylation of the Aldobionic Acid.—Acetone was added to a 
solution of calcium aldobionate (15 g.) in water (50 c.c.) until a slight 
permanent turbidity appeared. Methylation was effected by 
methyl sulphate (133 ¢.c.) and 30% aqueous sodium hydroxide 
(340 c.c.), one half of the reagents being added simultaneously at 
35° until the reducing action disappeared (7 hours), and the re- 
mainder at 70° in the usual manner. Sufficient dilute sulphuric 
acid was added to the ice-cold mixture to neutralise the excess of 
sodium hydroxide and to liberate the organic acid from its sodium 
salt. After removal of the solid material by filtration, extraction 
of the aqueous porticn with chloroform gave only 5 g. (A) of methyl- 
ated aldobionic acid. Accordingly the solid residue from the 
filtration was washed several times with warm methylated spirit, 
and the combined washings were made slightly alkaline with sodium 
hydroxide and evaporated to small bulk (B). The aqueous portion 
after extraction with chloroform was made slightly alkaline and 
concentrated under reduced pressure to small bulk (C). (A), (B) and 
(C) were then united and remethylated at 60—70° in the presence of 
acetone (40 c.c.) by methyl sulphate (133 c.c.) and 30% aqueous 
sodium : (340 c.c.). 

K 
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Dilute sulphuric acid was added to the cold mixture to liberate 
the organic acid. The greater part of the sodium sulphate was 
precipitated by methylated spirit. The solid was washed with 
methylated spirit and the combined washings were added to the 
aqueous portion. This was then made slightly alkaline, evaporated 
to small volume under diminished pressure, acidified, and extracted 
with chloroform (yield, 14:3 g.). It is important that no free 
sulphuric acid should be present during the extraction. 

Methylation was completed by silver oxide and methyl] iodide. 
After one such treatment the product was distilled, giving methyl 
heptamethyl] aldobionate as a colourless non-reducing viscid liquid 
(9-4 g.), which contained an excess of the $-form; b. p. about 
185°/0-02 mm., nz’ 1-4715, [a]! —3-5° in water (c, 1-55), [at 
— 24° in chloroform (c, 2-0). It was non-reducing (Found: C, 51:3; 
H, 7-8; OMe, 50-1. C,)H3,0,, requires C, 51-3; H, 7-8; OMe, 
53-0%). 

When kept at 45—50° the syrupy methyl heptamethyl aldo- 
bionate gradually deposited the crystalline 8-form. After 14 days 
the mixture of syrup and crystals was dissolved in boiling light 
petroleum (b. p. 40—60°). On cooling, a syrup separated, from 
which the supernatant liquid was decanted. The solution then 
deposited methyl heptamethyl aldobionate (or methyl ester of 
hexamethyl 6-glycuronosido-8-methylgalactoside) in rosettes of needles, 
which were recrystallised* from light petroleum; m. p. 86°, [a]? 
—21° in water (c, 0-67), [«]* —43° in chloroform (c, 0-65) (Found: 
C, 51-0; H, 7-8%). By repeated treatments, about 20% of the 
syrupy ester was obtained crystalline. 

Hydrolysis of Methyl Heptamethyl Aldobionate.—The ester (4-85 g.) 
used was a mixture containing both «- and $-forms. Hydrolysis 
was effected by heating for 34 hours at 100° in 7% aqueous hydro- 
chloric acid (100 c.c.). Polarimetric observations were made as 
follows: [a]? —1° (initial value); + 49° (1 hour); 58° (2 hrs.); 
63° (3 hrs.); 63-5° (33 hrs., constant value). Excess of barium 
carbonate was then added in order to neutralise the mineral acid and 
form the barium salt of trimethyl glycuronic acid. The neutral 
solution was evaporated to dryness under diminished pressure at 
40°, the last traces of water being removed by the addition of alcohol. 
Removal of the alcohol under diminished pressure left a white solid, 
which was exhaustively extracted with boiling dry ether. The 
ethereal extract gave 2:3: 4-trimethyl galactose as a pale yellow, 
viscid syrup which reduced boiling Fehling’s solution (yield, 87% 
of the theoretical). The following physical constants were observed 
for undistilled material, purification by distillation not being 
attempted owing to risk of decomposition: mj 1-4727, [a] + 
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83° in water (c, 0-6) (Found: OMe, 38-5. C,H,,0, requires 
OMe, 41-9%). 

The solid residue was heated at 60° until free from ether and was 
then dissolved in water (70 c.c.). Sufficient hydrochloric acid was 
added to liberate 90°% of the trimethyl glycuronic acid from its 
barium salt. The solution was concentrated to small volume at 
40°/12 mm., any trace of mineral acid still present was removed by 
the continuous addition and evaporation of water at 40°/12 mm. for 
6 hours, and the solution was evaporated to dryness at 45°/12 mm. 
The dry, cream-coloured powder was extracted 10 times with 
boiling dry ether. The combined ethereal extracts gave on evapor- 
ation 2 : 3 : 4-trimethyl glycuronic acid as a pale yellow, viscid syrup 
(1:93 g.) which could not be crystallised. Careful treatment of the 
solid residue with mineral acid gave a further 0-22 g. (total yield, 
88% of the theoretical). Owing to the risk of decomposition of 
trimethyl glycuronic acid in the presence of mineral acid it is 
advisable to carry out the isolation in two stages as described above. 

Methylation of 2:3:4-Trimethyl Galactose.—2 : 3 : 4-Trimethyl 
galactose (0-8 g.) was methylated by methyl sulphate (6-9 c.c.) 
and 30% aqueous sodium hydroxide (15-4 c.c.) in the presence of 
acetone, at 35° until the reducing action had disappeared and then 
at 55—60°. The product (0-77 g.) was re-methylated by methyl 
sulphate and alkali at 55—60°, giving a mobile syrup (0-72 g.) which 
immediately crystallised. The solid was spread on porous earthen- 
ware and recrystallised from light petroleum (b. p. 40—60°), giving 
2:3:4:6-tetramethyl §-methylgalactoside, m. p. 44—45° alone 
and in admixture with an authentic sample. [«], -+ 20° in water 
(c, 0-2; 1, 4). 

2:3:4-Trimethyl %8-Galactonolactone—A solution of 2:3: 4- 


| trimethyl galactose (1-16 g.) in water (15 c.c.) was heated with 


bromine (3-8 c.c.) at 35° for 24 hours and then kept at 15° for 30 
hours. The solution was then non-reducing. The excess of bromine 
was removed by aeration, the acids were neutralised by silver oxide, 
and thereafter the organic acid was liberated from its silver salt 
by titration with N/2-hydrochloric acid. Evaporation of the solution 
under diminished pressure left a viscid syrup, from which any 
inorganic impurities were removed by solution in chloroform. The 
solvent was evaporated under diminished pressure and the syrupy 
residue was heated for 2 hours at 100°/12 mm., giving 2:3: 4- 
trimethyl 8-galactonolactone (1 g.) as a viscid straw-coloured syrup 
(yield 86%) which could not be crystallised but was characterised 
as its crystalline phenylhydrazide. This substance was prepared by 
heating together at 100° equivalent quantities of the lactone and 
phenylhydrazine (yield, quantitative) : recrystallisation from ethyl 
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acetate containing some ether gave colourless needles, m. p. 165—167° 
(Found: C, 54:7; H, 7-7; OMe, 27-9. C,,H,,O,N,. requires (, 
54-9; H, 7-4; OMe, 28-4%). 

The rate of hydrolysis of 2:3: 4-trimethyl galactonolactone in 
aqueous solution was similar to that of tetramethyl 3-galactono. 
lactone. In view of the risk of decomposition during the distillation 
of partly methylated sugar lactones it was considered inadvisable 
to attempt purification of the trimethyl lactone by distillation or 
any method involving distillation. The following figures, therefore, 
whilst indicating correctly the rate of hydrolysis of the lactone, 
cannot be regarded as giving accurately the initial rotation of the 
pure substance in water. [«]j? + 80° (initial value in water; 
c, 0-7); 64° (30 mins.); 54° (1 hr.); 43° (2 hrs.); 35° (3 hrs.); 
30° (4 hrs.); 23° (6hrs.); 19° (8 hrs., constant value). 

Oxidation of 2:3:4-Trimethyl 8-Galactonolactone to 2:3:4- 
Trimethyl Mucic Acid.—A solution of 2 : 3 : 4-trimethyl 3-galactono- 
lactone (0-85 g.) in concentrated nitric acid (5 c.c., d 1-42) was heated 
at 50° until the somewhat vigorous evolution of nitrous fumes had 
ceased (1 hour). The temperature was then slowly raised and 
maintained at 90° for 4 hours. The solution, after dilution with 
twice its volume of water, was evaporated at 40°/12 mm. until the 
volume was 8c.c. The distillation was continued with simultaneous 
addition of water for 12 hours, until the whole of the nitric acid had 
been removed. The oxidation product was converted into the 
methyl ester in the usual way by boiling with methyl-alcoholic 
hydrogen chloride. The acid was removed by silver carbonate 
and on evaporation the esterified oxidation product was obtained as 
a pale yellow, rather viscid liquid (0-62 g.) which immediately began 
to crystallise. After 2 days the syrupy portion was separated from 
the solid by repeated washing with ether, in which the crystals were 
only sparingly soluble. In this manner the dimethyl ester of 2 : 3 : 4- 
trimethyl mucic acid was obtained as well-defined colourless plates 
which were neutral to litmus and had m. p. 98°, [«]# -+- 35° in water 
(c, 0-6) [Found : C, 47-3; H, 7-6; OMe, 54:7; CO,Me (by titration), 
41-0. C,,H 9.0, requires C, 47-1; H, 7-2; OMe, 55-3; CO,Me, 42-1%]. 

The syrupy portion was a complex mixture of products which gave 
crystalline methylamides when treated with methylamine in methy! 
alcohol. Attempts to separate the mixed methylamides by frac- 
tional crystallisation were unsuccessful and owing to the small 
amount of material available these products are held over for 
further investigation. 

2:3:4-Trimethyl Glycuronic Acid.—This acid, which was obtained 
by the method described above, reduced Fehling’s solution vigorously 
and was acidic in reaction towards Congo-red and litmus. It had 
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n* 1-4709 and [«]i* -++-58° (equilibrium value in water; c, 0-63). 
These values are given with reserve, since the product had not been 
distilled, owing to the risk of decomposition (Found: OMe, 36-6. 
(,H,,07 requires OMe, 39-4%). 

Methylation of 2 : 3 : 4-trimethyl glycuronic acid (1-02 g.) by methyl 
sulphate (8-2 c.c.) and 30% aqueous sodium hydroxide (18-5 c.c.) in 
the presence of acetone (10 c.c.) and water (5 c.c.) at 35° until re- 
ducing action ceased (2 hours) and then at 55—60° in the usual 
manner gave a mixture of the «- and @-forms of 2:3: 4-trimethyl 
nethylglycuronide (1 g.). The product was isolated by the method 
previously described for methylated aldobionic acid (see above). 
Recrystallisation from light petroleum (b. p. 40—60°) gave 2:3: 4- 
trimethyl B-methylglycuronide as sar needles having a strong 
acid reaction; m. p. 133°, [«]?? —38° in water (c, 0-4), [«]j —63° 
in chloroform (c, 0-6) (Found : . 48:05; H, 7-6; ‘OMe, 48-7. 
CipH,,0, requires C, 48-0; H, 7-2; OMe, 49-69%). 

Methylation of Glycuronic Acid.—Glycuronic acid was prepared 
from gum arabic (Kordofan) by Wienmann’s method (Ber., 1929, 62, 
1637). Crystallisation of the acid so obtained proceeded slowly 
and it was more convenient to work with the crystalline lactone 
(glycuron), [«]i? -+- 18°, which separated when the syrupy glycuronic 
acid was kept in a vacuum desiccator. The lactone (2-5 g.) was 
methylated by methyl sulphate (27 c.c.) and 30% aqueous sodium 
hydroxide (62 c.c.) in the presence of water (30 c.c.) and acetone 
(40 c.c.) at 35° until the reducing action disappeared and then at 
30°. The product (2-25 g.), which was isolated by the method given 
above, was remethylated by methyl sulphate and alkali. This 
gave an acidic non-reducing syrup (2 g.) which partly crystallised. 
sear yeteinee from ether-light petroleum (b. p. 40—60°) gave 

:3:4-trimethyl $-methylglycuronide, m. p. 133° alone or in ad- 
mixture with the material described in the preceding paragraph 
Found : C, 48-1; H, 7-4%). 

In N-hydrochloric acid at 100° the velocity of hydrolysis of 
’:3:4-trimethyl $-methylglycuronide was almost identical with 
that of 8-methylglucoside under similar conditions, the value of k, 
in terms of minutes and decimal logarithms, being 25 x 10-° (calc. 
for N/100-acid). [«]#? — 40° (initial value), -++ 6° (10 mins.), 
+ 33° (20 mins.), -+ 47° (30 mins.), +- 54° (40 mins.), + 59° (50 
mins.), +- 61-5° (60 mins., constant value). 

The authors express their thanks to Imperial Chemical Industries, 
Ltd., for a grant which has assisted this work. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, January 10th, 1931.] 








266 GIBSON AND JOHNSON : 


XXXV.—Syntheses with BB'-Dichlorodiethyl Ether, 
Part II. Heterocyclic Compounds containing Two 
Members of the Oxygen Group in the Ring. 1:4- 
Selenoxan and its Derivatives. 


By CHARLES STANLEY GrBson and JoHN DornnEY ANDREW 
JOHNSON. 


THE preparation and the properties of 88’-dichlorodiethyl selenide 
and its derivatives have been investigated by Gibson and co. 
workers (J., 1920, 117, 1453 ; 1925, 127, 1877). 1: 4-Selenoxan (I), 
produced by the action of sodium selenide on £8’ -dichloro-* or Be’. 
di-iodo-diethyl ether (compare J., 1930, 2526), affords another 
substance in which the chemical and physical properties of selenium 
in organic compounds can be conveniently investigated. It is a 
colourless liquid analogous in general properties to cycloselenobutane 
(r.) O<H CHS OCH CH>se yA NO,- (1) 
and cycloselenopentane (Morgan and Burstall, J., 1929, 1096, 2197). 
The fact that the observed mean value of its parachor, kindly 


determined by Dr. 8. Sugden, agrees closely with the calculated 
value is a further confirmation of the accuracy of the representative 
value of the atomic parachor of selenium being 62-5. The follow- 
ing table shows the variation in some physical constants among 
four related organic selenium compounds : 


[P] [P] 
obs. cale. B. p. M.p. [Rz]p.tT 
cycloSelenobutane 229-5 227-3 135—136°/770 mm. — 2911 
Selenophen 210-6 205-8 150° — 38° 28-04 (Briscoe 
and Peel, J., 
1928, 1741) 
cycloSelenopentane 264-2 263-6 158°/759 mm. — 33-79 
1 : 4-Selenoxan 245-2 244-6 168°/763 mm. —21-5° 30-60 
+ From the observed value of the molecular refraction, [R], of penta- 
methylene oxide, the atomic refraction of selenium is computed to be 10:5. 
The atomic refractions of selenium deduced from the above four compounds in 
order are 10-6, 10-5, 10-7, and 10-5 respectively, giving an average value 10-57. 
The atomic refractions of neighbouring elements in the Periodic Classification 
are in agreement with this value: germanium (9-29), arsenic (10-7, deduced 
from the chloride), and bromine (8-865). 


When 1 : 4-selenoxan is treated with nitric acid under conditions 
which lead to the production of a sulphoxide from a sulphide, no 
oxide is produced but a crystalline salt, the hydroxynitrate (II), is 


* The m. p. of £§’-dichlorodiethy] ether is — 44° and not — 24-5° as recorded 
in Part IT. B8’-Di-iododiethy] ether has m. p. —19°. 
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obtained. There is no tendency to form a dinitrate; even when the 
dihydroxide, which could not be obtained crystalline, was treated 
with an excess of nitric acid the same hydroxynitrate was obtained. 
Although soluble in moderately concentrated mineral acids, selen- 
oxan does not form salts by direct addition. It readily yields a 
methiodide, which behaves as a salt, a mercurichloride, a chloroaurate 
(V), and a chloroplatinate (VI), the last two compounds being formed 
from 1:4-selenoxan dichloride and auric and platinic chlorides 
respectively. The mercurichloride is not appreciably ionised in 
aqueous solution and its constitution may be represented either by 
(III), in which the mercury atom has acquired a complete octet by 
sharing the two lone pairs of electrons of the selenium atom, or by 
(IV), in which the mercury atom has a sextet, the selenium sharing 
only one of its lone pairs. 


ACH,*CH. A“ ‘ 
‘ OE CHO laucl, 
l (V.) 


He<p. 


Se 








OG CHS yon PtCl, 
(Vr) 


(IV.) 


| : 4-Selenoxan dichloride (colourless; m. p. 127—129°, decomp.), 
dibromide (yellow; m. p. 132°, decomp.), and di-iodide (deep violet ; 
m. p. 106—107°) are obtained from selenoxan and the appropriate 
halogen. They show the same sequence of colours as the corre- 
sponding dihalides of cycloseleno-butane and -pentane. The di-iodide 
has a normal molecular weight in nitrobenzene solution. It is very 
sparingly soluble in water, but the chloride and bromide are moder- 
ately easily soluble, the solutions containing ionised halogen. This 
may indicate ionisation, but the acidic nature of the solutions 
indicates that some hydrolysis, at any rate, has taken place. As 
salts, their constitution may be represented by (VII), the valency 
group of the selenium being an octet. If they are not represented 
as salts, as in (VIII), the valency group of the selenium atom is a 
an et aga 

, Se= 

Xx 4 \NH,| * 
III.) (TX.) 


\seG 


(V 


decet (or an octet if the selenium-—halogen linkages are singlets). 
Both halogen atoms attached to the selenium in these dihalides are 
easily replaceable by the hydroxyl group and this, together with 
the fact that, for example, the dibromide is soluble both in water 
and in benzene, indicates that the 1: 4-selenoxan dihalides are 
potential sources of both forms (VII) and (VIII) depending on the 
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solvent; the melting points of these compounds being in the order 
dichloride >dibromide>di-iodide is in favour of their being con. 
sidered as salts. 

The compound formed by passing dry ammonia into a benzene 
solution of 1 : 4-selenoxan dibromide is of special interest. It has 
the composition C,H,OCI,Se,2NHs, is colourless, insoluble in ordinary 
organic solvents, and is decomposed by water. To this compound 
different constitutional formule may be given and in any of them 
it is impossible for the selenium atom to preserve its octet unless 
singlet linkages are present. If it is a bromide of a univalent radical, 
the selenium atom has a duodecet in its valency group, as a bromide 
of a bivalent radical the selenium atom has a decet (IX), as a neutral 
substance the selenium atom has a quattuordecet. If the selenium 
atom and the ammonia groups are connected by singlet linkages, 
the selenium atom has correspondingly a decet, an octet, and a 
duodecet in the types of compound mentioned. 

Similar compounds are formed between | : 4-selenoxan dibromide 
and pyridine, piperidine and aniline respectively, and when ammonia 
is passed into a benzene solution of the dichloride, but none of these 
was found suitable for investigation. The co-ordination compound 
of the dibromide with ethylenediamine yielded ethylenediamine 


dihydrobromide on treatment with aqueous alcohol. 


EXPERIMENTAL. 

1:4-Selenoxan (1).—Hydrogen selenide prepared by slowly 
dropping water on to small lumps of aluminium selenide (60 g.) was 
passed, together with hydrogen, into alcoholic sodium hydroxide 
prepared from sodium (27-6 g.), water (24 c.c.), and ethyl alcohol 
(1 litre). Colourless sodium selenide separated from the deeply 
coloured solution. The alcohol was distilled off on the water-bath, 
the residue dissolved in water (440 c.c.), 68’-dichlorodiethyl ether 
(22-9 g.) or 88’-di-iododiethyl ether (52-2 g.) added, and the mixture 
boiled for 4$ hours while hydrogen was passed through it. The 
cold solution was extracted five times with carbon tetrachloride, 
and this solution, filtered as often as necessary from precipitated 
selenium, was dried with calcium chloride and evaporated to about 
450 c.c. (The distillate contained appreciable quantities of the 
required substance, which was recovered by converting it into the 
dibromide as described below.) After cooling, the orange-coloured 
solution was treated with a solution of bromine in carbon tetra- 
chloride (1 vol. bromine : 10 vols. CCl,—about 75 c.c. of this solution 
being required) until no further yellow precipitate was formed. 
After standing for one hour, the yellow solid was filtered off and 
recrystallised from either benzene or carbon tetrachloride, The 
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mother-liquor from the bromination gave, on further bromination, 
a tarry precipitate which was not investigated. Unless the original 
bromination is carried out carefully, this tarry material contaminates 
the main product and subsequent purification is difficult. The 
dibromide (see below) was reduced by shaking it at intervals during 
one hour with a solution of sodium metabisulphite or sodium 
hydrosulphite (80 g. in 150 c.c. of water for each 18 g. of the di- 
bromide), the selenoxan being precipitated as an oil. It was ex- 
tracted with carbon tetrachloride, and the solution dried with 
calcium chloride and evaporated on the water-bath. (The distillate 
was treated with bromine solution, and a little dibromide recovered. 
This is a convenient way of avoiding loss of selenoxan.) ‘The residue 
was distilled under reduced pressure and the following constants 
of the pure substance were determined : b. p. 66°/22 mm., 69-5°/26 
mm., 167-5—168-5°/763 mm.; m. p. — 215°; nj” 1-5480; dif 


(Found: C, 32:1; H, 5-5; Se, 52-3, 52-2, 51-5. C,H,OSe requires 
C, 31-7; H, 5:3; Se, 52-4%). The yield was variable, depending 
largely on the quality of the aluminium selenide, but 33—40% 
yields of the dibromide were readily obtained. From 164 g. of the 
dibromide, 60 g. of pure 1 : 4-selenoxan were obtained together with 
7 g. of the dibromide recovered in the manner indicated. 

1: 4-Selenoxan is a colourless liquid with a characteristic and 
penetrating but not unpleasant odour. It is soluble in the usual 
organic solvents and volatile in the vapour of carbon tetrachloride ; 
it is sparingly soluble in water. With stannic chloride it yields a 
white crystalline compound decomposed by atmospheric moisture. 
It showed no signs of compound formation with thionyl chloride, 
arsenious chloride, or ammonia. 

1: 4-Selenoxan Hydroxynitrate (11)—When nitric acid (d 1-42; 
8 c.c.) is added rapidly to the selenoxan (4-85 g.), a deep red solution 
is momentarily formed and almost immediately oxidation takes 
place with explosive violence, the liquid, on cooling, depositing the 
hydroxynitrate in colourless massive prisms. This is recrystallised 
twice from a little water and dried under reduced pressure over 
potassium hydroxide (Found: N, 6-2. C,H,O;NSe requires N, 
6-1%). It decomposes at 140—141° and detonates on being heated 
in a sealed tube over a small flame. Its aqueous solution gives an 
immediate precipitate of the dibromide (below) with a solution of 
hydrobromic acid in the cold, whereas selenoxan, dissolved in dilute 
nitric acid, gives no precipitate with hydrobromic acid unless the 


* Densities and surface tensions were kindly determined by Dr. S. Sugden 
in connexion with the evaluation of the parachor of 1 : 4-selenoxan (see above). 
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mixture is boiled. In the latter case bromine is produced which 
then reacts with the selenoxan. 

The hydroxynitrate is also prepared by adding cold nitric acid 
(d 1-42) and a little water to the dihydroxide (see below). Heat 
is evolved and from the mixture, on cooling, the hydroxynitrate is 
deposited in colourless massive prisms identical with the substance 
described above (Found : N, 6-6%). 

Selenoxan dichloride (VII), prepared by passing chlorine into the 
selenoxan (10 g.) dissolved in carbon tetrachloride (80 c.c.), erystal- 
lises from benzene in colourless needles, m. p. 127—129° (decomp. 
after slight softening and darkening from 122°) (Found, by titration : 
Cl, 31-4. C,H,OCI,Se requires Cl, 31-9%). 

The dibromide, prepared by adding a 10% solution of bromine in 
carbon tetrachloride to a solution of the selenoxan in the same 
solvent, crystallised from benzene or carbon tetrachloride in yellow 
prismatic needles, m. p. 132° (decomp.) (Found: C, 15-3, 15:7; 
H, 2-7, 2-8; Br, 51-4. C,H,OBr,Se requires C, 15-4; H, 2-6; Br, 
51-4%). It is somewhat soluble in cold benzene and very soluble in 
the hot solvent. It is sparingly soluble in the following hot and cold 
solvents : carbon tetrachloride, ethyl alcohol, cyclohexane, acetone. 
It is somewhat more soluble in chloroform and is insoluble in ether 
and in ligroin (b. p. 60—80°). It dissolves in water on warming, 
the solution being colourless and acid, and nothing separates from 
this on cooling; the original dibromide is, however, precipitated on 
addition of concentrated hydrobromic acid to the aqueous solution. 
An aqueous solution of the dichloride behaves similarly with con- 
centrated hydrochloric acid. An aqueous solution of the dibromide 
gave a precipitate of silver bromide with silver nitrate solution both 
in the presence and in the absence of nitric acid. Concordant, but 
low, results were obtained on titrating the ionised bromine. 
Aqueous solutions of the dichloride and of the dibromide gave 
precipitates of the di-iodide with an aqueous solution of potassium 
iodide. 

The di-iodide, prepared from the selenoxan (1-51 g.) in carbon 
tetrachloride (10 c.c.) and iodine (2-54 g.) in carbon tetrachloride 
(120 c.c.), crystallised in violet plates, m. p. 106—107°, from solution 
in benzene, in which it is most soluble. It is very sparingly soluble 
in water and in the ordinary organic solvents (Found: I, 62-1; 
M, in nitrobenzene, 415. C,H,OI,Se requires I, 62-6%; M, 405). 

1 : 4-Selenoxan methiodide was prepared (a) by mixing selenoxan 
(2-0 g.) and methyl iodide (3-0 g.) in absolute alcohol (6-0 c.c.) and 
filtering off the crystalline material after 5 hours, and, better (b) 
by keeping a mixture of selenoxan (1-45 g.) and methyl iodide 
(1-50 g.) for 2 hours and recrystallising the solid rapidly from alcohol. 





-_ pp -~ te 


i we — i a 


vhich 


acid 
Heat 
ite is 
ance 


» the 
stal- 
mp. 
ion: 


le in 
ame 


SYNTHESES WITH ($8’-DICHLORODIETHYL ETHER. PART I. 271 


It crystallises in colourless needles, m. p. 171° (Found: I, 43-15. 
C;H,,0ISe requires I, 433%). It is soluble in water and this 
solution shows the presence of ionised iodine, but attempts to titrate 
the iodine did not yield satisfactory results. 

The mercurichloride (III or IV) is precipitated on adding an 
aqueous solution of mercuric chloride (2-7%, 110 c.c.) to a solution 
of the selenoxan (1-5 g.) in alcohol (20 c.c.). Crystallised from a 
large volume of alcohol, it is obtained in colourless needles, m. p. 
179° (to a clear liquid). It is insoluble in all the ordinary solvents 
except alcohol and it does not appear to be appreciably ionised in 
aqueous solution (Found: Cl, 16:7. C,H,OCI,SeHg requires Cl, 
168%). 

When the dibromide (4 g.) in aqueous solution (110 c.c.) was 
shaken with moist silver oxide from silver nitrate (17-5 g.), silver 
bromide was formed. The residue on evaporation of the filtrate, 
first on the water-bath and finally over potassium hydroxide in a 
desiccator, was an oil which could not be induced to crystallise and 
was contaminated with a little silver. It was highly hygroscopic, 
and when treated with the appropriate halogen acid the selenoxan 
dihalides were obtained. The preparation of the hydroxynitrate 
from this dihydroxide has been described above. 

1 : 4-Selenoxan chloroaurate (V) was prepared by adding an excess 
of a concentrated aqueous solution of auric chloride to 1 : 4-selenoxan 
dichloride (0-37 g.) in water (2-5 c.c.). On recrystallisation from 
water it was obtained in golden-yellow needles, decomposing at 
142—144° (Found: Au, 38-3. C,H,OCI,;SeAu requires Au, 37-5%). 

1 : 4-Selenoxan chloroplatinate (V1) was prepared similarly, a cold 
solution of platinic chloride (0-6 g.) in water (3-0 c.c.) and 1: 4- 
selenoxan dichloride (0-4 g.) in water (4 c.c.) being used. It separ- 
ated in small orange-yellow prisms, m. p. 149° (decomp.) (Found : 
C, 12-8, 12-8; H, 3-1, 3-0; Se, 20-5; Pt, 25:1. C,H, 0,Cl,Se,Pt 
requires C, 12-3; H, 2-1; Se, 20-2; Pt, 25-0%). It is difficult to 
explain the high analytical figure for the hydrogen content. 

Ammino-derivative of 1:4-Selenoxan Dibromide (1X).—Dry am- 
monia was passed into a slightly warm solution of the dibromide (2 g.) 
in benzene (40 c.c.) until the colour of the solution was discharged, 
a white precipitate separating. This was washed thoroughly with 
dry benzene and dried in air on clean porous porcelain. It was 
insoluble in the ordinary organic solvents and highly soluble in cold 
water. It had no definite melting point, beginning to froth at 93° 
and turning brownish-yellow at 130° (Found: N, 7-85; Br, 44-25; 
atomic ratio N/Br, 1-013. C,H,,ON,Br,Se requires N, 8-1; Br, 
46-39%; atomic ratio N/Br, 1-000). 

A sulphilimine derivative of selenoxan could_not be prepared, 
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although some oxidation by means of chloramine-T took place. A 
hot solution of potassium permanganate was reduced by selenoxan, 
but no product of a definite character was isolated. 


Part of the expense of this investigation has been met out ofa 
grant from the Government Grant Committee of the Royal Society, 
for which we express our grateful thanks. 


Guy’s Hosprrat Mepicat Scuoot (University oF Lonpon), 
Lonpvon, 8.E.1. [ Received, December 15th, 1930.1 





XXX VI.—Syntheses of Antiseptic Derivatives of Indan- 
1:3-dione. Pari I. Interaction of Malonyl 
Chloride and of Alkylmalonyl Chlorides with the 
Methyl Ethers of Resorcinol and B-Naphthol. 


By RapHaEL Biack, HERBERT SHAw, and THomas KENNEDY 
WALKER. 


MorGan and Cooper (Biochem. J., 1921, 15, 587) first directed 
attention to the weak germicidal properties of aliphatic 1 : 3-diket- 
ones, and later they prepared and studied tellurium derivatives of 
a number of these substances, many of which were found to possess 
intense bactericidal potency (Morgan and Drew, J., 1920, 117, 1463; 
1922, 121, 922; Morgan, Cooper, and Burtt, Biochem J., 1923, 17, 
30; Morgan, Cooper, and:Corby, J. Soc. Chem. Ind., 1924, 43, 304’). 
The alkyl derivatives of 1 : 3-diketones, particularly those of cyclic 
structure, are also of interest in this connexion and, during a recent 
examination of the antiseptic properties of certain substances of this 
type, results were obtained which suggested to one of us that it might 
prove possible to synthesise compounds of high antiseptic potency 
by attachment of the system :CO*-CHR:CO: (R = alkyl) to the 
nuclei of phenols. 

The action of diethylmalonyl chloride on aromatic hydrocarbons 
in the presence of aluminium chloride has been studied in detail by 
Freund, Fleischer, and co-workers (Annalen, 1910, 373, 291; 1913, 
399, 182; 1913, 402, 51; 1916, 411, 14; 1918, 414, 1; 1921, 422, 
231; Ber., 1920, 53, 1255, 1847), who prepared by this means 
numerous derivatives of indan-1 : 3-dione, but they did not investi- 
gate the corresponding condensations with phenols or their 
derivatives, apart solely from observing (Annalen, 1915, 409, 268) 
that phenols of the indan-1 : 3-dione series may be obtained by the 
interaction of diethylmalony] chloride and the respective dimethyl 
ethers of pyrocatechol and quinol. 
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In order to test the above suggestion as to the probable antiseptic 
properties of such compounds the Friedel-Crafts reaction has now 
been extended to the coupling of malonyl chloride and various 
monoalkylmalonyl chlorides with the methyl ethers of resorcinol 
and $-naphthol, respectively, and examination of the biochemical 
properties of the products upholds this forecast. 

The work of Freund and Fleischer (loc. cit.) has shown that phenol 
ethers may also give rise to lactones in this type of condensation, 
and Auger (Ann. Chim. Phys., 1891, 22, 351) obtained dibenzoyl- 
methane derivatives from aromatic hydrocarbons and excess of the 
acid chloride. The compounds prepared by us from resorcinol 
dimethyl ether have the indandione structure (I), however, since 
they do not behave as lactones and their empirical formule and 
molecular weights are not in harmony with those required by 
dibenzoylmethane derivatives. 

CHR 


HO CO of Xo 


7 1 CHR 12 ‘OH 
6 9 
wh OB Ox? 


(I.) (R=H or alkyl) (II.) (R=H or alkyl) 


During the condensation with resorcinol dimethyl ether 
demethylation of one methoxy-group occurred readily, but the 
other methoxy-group was unaffected even when the temperature 
was raised or the time of heating with aluminium chloride prolonged. 
In view of the observation of Auwers and Rietz (Ber., 1907, 40, 
3514) that a methoxy-group can be demethylated with ease when in 
the o-position, but is strongly resistant to demethylation when in 
the p-position, to a substituent ketonic group, the methoxy-group 
is assigned position 5 in the nucleus of the new compounds. Similar 
behaviour was noted by Johnson and Hinegardner (J. Amer. Chem. 
Soc., 1929, 54, 1503), who found that in the molecule of resorcinol 
dimethyl ether the methoxy-group in the p-position to the entering 
chaulmoogryl group could not be demethylated without complete 
breakdown of the product. 

The compounds obtained by the interaction of various malonyl 
chlorides and $-naphthyl methyl ether each contain only one naph- 
thol residue and this has its hydroxyl group free. These facts, 
considered in conjunction with the observation of Fries and 
Schimmelschmidt (Ber., 1925, 58, 2835) that acetyl chloride in the 
presence of aluminium chloride attacks @-naphthyl methyl ether 
in the 1-position, indicate that the new compounds are 5-hydroxy- 
2-alkylperinaphthindandiones (II), and the stability of their 
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dione ring to boiling hydrochloric acid and to caustic alkali at 200° 
is in accord with this structure. 

Antiseptic Properties of Hydroxyindan-1 : 3-diones—The new 
substances exerted no action on B. coli communis when tested by the 
Rideal-Walker technique, and they were also without effect on the 
proliferation of organisms of the B. pyocyaneus group. In other 
cases, notably when tested against a strain of Staphylococcus pyogenes 
albus and against a number of Gram-positive bacilli, including 
B. subtilis, B. megatherium, and B. mycoides, very definite inhibition 
of growth was observed, the effect varying in intensity with the 
differences in the structures of the several compounds. Slow 
germicidal action was also noted in certain cases, and these will be 
examined in more detail. 

Compounds of these series are to be regarded, therefore, as possess- 
ing selective antiseptic properties distinct from the general 
disinfectant properties of the phenols from which they are derived. 

The behaviour of a number of different bacteria was examined 
with a view to the selection of an organism which could be most 
suitably employed to obtain a comparison of the antiseptic activities 
of the substances. Bacterium C (National Collection of Type Cul- 
tures, Lister Institute) was finally chosen, since a comparison of 
the antiseptic activities of phenol and p-cresol, obtained by tests 
against it, gave relative values similar to those found for these com- 
pounds by the Rideal-Walker method using B. coli communis. 
The resistance shown by Bacterium C to the action of the substances 
under examination was found, moreover, to be approximately 
equal to the respective resistances exhibited by the Gram-positive 
bacilli tested; hence determinations carried out with Bacterium C 
may be considered to be of a definitely representative nature. 
Bacterium C was isolated originally by Chaston Chapman, who 
employed it in estimating the antiseptic activity of certain con- 
stituents of hop-resin (J. Inst. Brewing, 1925, 31, 13; 1929, 35, 
363), and our best thanks are due to him for the gift of a culture. 

The tests were carried out by the turbidity method in ordinary 
Lemco-peptone broth of py 6-1, and the weights (in milligrams) 
of the different substances which were found to be necessary to 
inhibit growth in 10 c.c. of such broth for 48 hours at 37° were 
regarded as the inhibitory doses for purposes of comparison. Addition 
of the various doses to the broth tubes was made in solution in 0-2 c.c. 
of ethyl alcohol in every case, preliminary tests having shown that 
the presence of 2°, of alcohol in the medium was without noticeable 
effect upon the development of the bacterium. The use of this 
procedure gave definite results and it was found possible to determine 
the end-point with a high degree of accuracy. All tests were 
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repeated several times and, simultaneously, control experiments were 
performed in which pure phenol was used as a standard antiseptic. 

In the following table are shown (a) the inhibitory concentrations 
expressed as 1 g. per x c.c. and (b) the “ equimolecular phenol 
coefficients of bacteriostatic power.” The latter values express 
the activities of the molecules of the several substances in terms of 
that of the phenol molecule and, as Morgan, Cooper, and Burtt 
(loc. cit.) have pointed out, this is a more accurate mode of expression 
than that usually followed in stating phenol coefficients. 


OH R= H CH, C,H, n-C,H, n-C,H, 
Fis (a) lin lin lin lin lin 
COScHR 22,000 10,000 8,300 12,500 20,000 
CO 
P (b) 68 33 29 46 79 
CHR 
(a) lin 1 in lin 1 in 
co CO 16,600 66,400 166,000 277,000 


66. (b) 56 255 675 1187 


The doses of phenol, p-cresol, resorcinol, and $-naphthol required to 
inhibit Bacterium C under the same conditions were 1 in 660, 1 in 1580, 
1 in 1450,and 1 in 6250, respectively. The introduction of an alkyl 
substituent into the 2-position of the dione ring in the parent 
resorcinol derivative results in a lowering of the antiseptic power, 
but this depressing effect is counterbalanced to an increasing degree 
as the length of the substituent alkyl chain is increased. On the 
other hand, such a lowering effect is absent in the alkylated indan- 
diones derived from $-naphthol. Increase in antiseptic potency 
with increase in length of the chain of alkyl substituents has been 
observed in other classes of compounds, notably in the series of 
alkyl resorcinols studied by Johnson and Lane (J. Amer. Chem. Soc., 
1921, 43, 348) and Dohme, Cox, and Miller (cbid., 1926, 48, 1688), 
and in the alkyl derivatives of phenol and of the cresols described by 
Coulthard, Marshall, and Pyman (J., 1930, 280). 


ExPERIMENTAL. 


Preliminary experiments with carbon disulphide as the condensa- 
tion medium on the lines of Freund and Fleischer’s work gave poor 
results, and it was then found that higher yields could generally be 
obtained by the use of nitrobenzene. The latter has the advantage 
that it dissolves the whole reaction-complex, giving a homogeneous 
solution in which the reaction proceeds smoothly, without danger of 
local heating and undue tar formation. 
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7-Hydroxy-5-methoxyindan-1 : 3-dione (I ;R = H).—Attempts 
to prepare malony] chloride by the use of thiony] chloride (Staudinger 
and Bereza, Ber., 1908, 41, 4463) resulted only in tar formation, 
although rigid adherence to the details of these authors was main- 
tained. The following method was then tried with reasonably 
good results. Malonic acid (50 g.; 1 mol.) and phosphorus penta- 
chloride (200 g.; 2 mols.) were mixed, with exclusion of atmospheric 
moisture. When brisk evolution of hydrogen chloride ceased, the 
mixture was cautiously warmed at 55° for 30 minutes. The liquid 
was then thoroughly cooled, filtered from the excess of phosphorus 
pentachloride, and fractionated at low pressure, 24 g. of the acid 
chloride (b. p. 47°/15 mm., 57°/28 mm.) being obtained (yield, 36%). 
The product was brown and fluorescent owing to slight decom- 
position. 

Finely powdered, anhydrous aluminium chloride (13-5 g.) was 
added in small portions, during 20 minutes, to a mixture of resorcinol 
dimethyl ether (7 g.) and malony] chloride (7 g.) in dry nitrobenzene 
(60 c.c.). After each addition the mixture was shaken to prevent 
local heating. The temperature rose to about 40°, and the reaction 
was completed by gradually warming the mixture to 70° during | 
hour, moisture being excluded. The reaction mixture was then 
poured on ice and treated with sufficient hydrochloric acid to bring 
the aluminium into solution, and the nitrobenzene was expelled in 
steam. The residue was shaken with ether and the ethereal extract 
was washed with water and exhaustively extracted with a 5% 
aqueous solution of sodium hydroxide. The alkaline extract on 
acidification and extraction with ether yielded 2-8 g. of brown resin. 
The first ethereal solution was washed with water and dried, and the 
ether removed, leaving 0-1 g. of a neutral resin (undemethylated 
product). The alkali-soluble resin solidified in a desiccator; after 
several crystallisations from acetone and finally from methy] alcohol, 
it formed lemon-yellow prisms, m. p. 217° (yield 30%) ([Found, 
by micro-analysis: C, 62-2; H, 4:3. C,H,O,(OH)-OMe requires 
C, 62:5; H, 4-2. C,H,0,(OH), requires C, 60-7; H, 3-4%]. 

7-Hydroxy-5-methoxy-2-methylindan-1 : 3-dione-—(This _ prepat- 
ation was kindly carried out for us by Mr. F. A. Robinson.) «-Cyano- 
propionic acid was prepared by condensation of potassium cyanide 
with potassium «-bromopropionate and, on hydrolysis by boiling 
20% aqueous potassium hydroxide for 16 hours and subsequent 
acidification, afforded methylmalonic acid (9 g. from 175 g. of 
«-bromopropionic acid). 

Methylmalonic acid (9 g.; 1 mol.) was treated with phosphorus 
pentachloride (34 g.; 2-1 mols.) under conditions similar to those 
adopted for the preparation of malonyl chloride. When the 
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product was fractionated under reduced pressure, 7 g. of methyl- 
malonyl chloride (b. p. 45—50°/23 mm.) were obtained (yield, 
60%). 

Resoreinol dimethyl ether (2-6 g.; 1 mol.) and methylmalonyl 
chloride (3 g.; 1 mol.) in nitrobenzene (25 c.c.) were treated with 
powdered aluminium chloride (6 g.; 2-2 mols.) under the conditions 
employed when operating with malonyl chloride. The reaction 
mixture was poured on ice, treated with hydrochloric acid, and 
steam-distilled. The pitch-like residue, which was only partly 
soluble in ether, dissolved for the most part when triturated with 
acetone (100 c.c.). Addition of ether (500 c.c.) to the filtered solu- 
tion precipitated a grey amorphous powder, which was removed. 
The acetone-ether filtrate was shaken several times with water, 
whereby the required product was obtained in ethereal solution 
free from acetone and the amorphous by-product. Extraction of 
this ethereal solution with a 5% solution of sodium hydroxide, 
followed by acidification, gave a resin (0-5 g.) which quickly solidified ; 
a trace of undemethylated indandione derivative remained in the 
ether. The product separated from acetone in colourless needles, 
m. p. 225—226° [Found, by micro-analysis: C, 64:5; H, 5-1. 
C9H,0.(OH)-OMe requires C, 64-1; H, 4-85. C,)H,O,(OH), requires 
C, 62-5; H, 42%]. 

7-Hydroxy-5-methoxy-2-ethylindan-1 : 3-dione was prepared from 
resorcinol dimethyl] ether (11-5 g.) and ethylmalony] chloride (15 g.) 
in nitrobenzene (70 c.c.) by gradual addition of aluminium chloride 
(23-5 g.) and subsequent heating at 75° for 1 hour. The principal 
product (11 g., 62%), which was accompanied by 0-4 g. of unde- 
methylated condensation product and 3-5 g. of amorphous matter 
insoluble in ether, was separated by the means adopted for the 
isolation of 7-hydroxy-5-methoxy-2-methylindan-1 : 3-dione (above). 
Crystallised several times from acetone and finally from methyl 
alcohol, it formed pale fawn-coloured cubes, m. p. 192-5°, sparingly 
soluble in acetone and in methyl alcohol in the cold, but readily 
soluble in the hot solvents [Found: C, 65-35; H, 5-2; M, 215, 
223. C,,H,0,(OH)-OMe requires C, 65:5; H, 545%; M, 220. 
C,,H,0,(OH), requires C, 64-1; H, 485%; M, 206]. 

7-Hydroxy-5-methoxy-2-n-propylindan-1 : 3-dione was prepared by 
the same general reaction, 6 g. of resorcinol dimethyl ether and 8 g. 
of n-propylmalonyl chloride yielding 8 g. (84% yield) of mono- 
demethylated and 0-5 g. of undemethylated condensation product. 
The former, crystallised from methyl alcohol and then from acetone, 
formed minute, pale fawn leaves, m. p. 190-5°, moderately easily 
soluble in the cold in methyl alcohol, ethyl alcohol, and acetone 
[Found: C, 66:3; H, 5-95; M, 241, 253. C,,H,,0,(0H)-OMe 
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requires C, 66-7; H, 60%; M, 234. C,.H,,0,(OH), requires 
C, 65-5; H, 5:-45%; M, 220). 

The condensation of n-butylmalonyl chloride with resorcinol 
dimethyl ether was effected by the general method and afforded a 
62% yield of the required product. This could not be obtained 
crystalline, and for purposes of the biological tests it was purified 
by conversion into its acetyl compound, which was then deacety]- 
ated, washed, and dried, a clear viscous resin being obtained. 

5-Hydroxyperinaphthindan-1 : 3-dione (Il; R=H) was pre- 
pared by addition of aluminium chloride (10-5 g.) to a mixture of 
®-naphthyl methyl ether (6 g.) and malonyl chloride (5-5 g.) in 
nitrobenzene (50 c.c.). The yield was poor (2-5 g.; 31%), probably 
in consequence of the instability of the acid chloride. The substance 
was practically insoluble in benzene and in light petroleum, and was 
but sparingly soluble in acetone, methyl alcohol, and ethyl alcohol, 
even at the boiling point. It was purified by slow evaporation of its 
solutions in acetone and in ethyl alcohol; it then formed a dull 
yellow, micro-crystalline powder, m. p. 276—280° (Found, by micro- 
analysis: C, 73-2; H, 4:0. C,,;H,O, requires C, 73-6; H, 3-8%). 

5-Hydroxy-2-ethylperinaphthindan-1 : 3-dione was obtained by 
the general method as a yellowish-brown powder (yield, 50%), 
together with a black amorphous substance (yield, 20°) which was 
insoluble in organic solvents and in aqueous caustic soda and was 
not further examined. Crystallisation of the dione from methyl 
alcohol and then from acetone afforded clusters of long golden- 
brown needles, m. p. 215°, sparingly soluble in methyl alcohol and 
acetone in the cold, more readily in the hot solvents (Found : 
U, 74:7; H, 4:8. C,;H,.0, requires C, 75-0; H, 5-0%). 

5-Hydroxy -2-n-propylperinaphthindan -1 : 3-dione.— -Naphthy] 
methyl ether (6 g.) and -propylmalonyl chloride (7 g.) in nitro- 
benzene (50 c.c.) gave, on addition of aluminium chloride (10 g.) 
and subsequent heating at 80°, a 95% yield of a brown resin which 
solidified in a vacuum. On successive recrystallisations from hot 
acetone and methyl alcohol it formed a bright canary-yellow 
powder, m. p. 181°, difficultly soluble in methyl and ethyl alcohol 
and in acetone (Found: C, 75:5; H, 5:25. ©,,gH,,0, requires 
C, 75-6; H, 55%). Acetone solutions of the substance were 
brilliant yellow, and when the solid material was moistened with 
acetone and exposed to the air it darkened superficially until it was 
almost black; it regained its normal appearance on drying. Other 
compounds of this series exhibited this behaviour in lesser degree. 

5-Hydroxy-2-n-butylperinaphthindan-1 : 3-dione was obtained as 
a resin in 75% yield from 8-naphthyl methyl ether (12 g.) and n- 
butylmalonyl chloride (15 g.). It solidified after several days and 
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nires was crystallised from methyl alcohol and then from acetone, 


forming minute, rich yellow leaflets, m. p. 185° (Found: C, 75-65; 








inol § H, 5-65. C,,H,,0, requires C, 76:1; H, 60%). It is fairly 
ed a readily soluble in both of these solvents when cold and more 
ined readily when hot. 
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XXXVII.—N-Acyl Derivatives of Alanine. The Resol- 
ution of Externally Compensated m-Nitrobenzoylalanine. 





















x By Wrt1aM Morris Contes and CHARLES STANLEY GIBSON. 
by In addition to extending our knowledge of N-acyl derivatives of 
/o)s alanine so as to secure the most convenient method of identifying 
yas and isolating this important amino-acid, the nitroacyl derivatives 
Tas may serve as convenient starting materials for preparing arsinic 
ayl acids, of which the simplest is AsO(OH),°C,H,-CO-NH-CHMe:CO,H, 
m- Such compounds, and especially their carboxyamides, containing an 
nd asymmetric carbon atom, should on stereochemical investigation 
d : afford further information concerning the relative chemotherapeutic 
activities of externally compensated arsinic acids and their optically 
yl active components (compare Gibson, Johnson, and Levin, J., 1929, 
‘0- 479; Gibson and Levin, ibid., p. 2759). These compounds should be 
3.) capable of being prepared by means of the Bart reaction from the 
ch reduced nitro-derivatives. 
ot Since it and its derivatives should lead to the production of 
w p-arsinic acids, the most important compound, and the simplest, 
ol is dl-p-nitrobenzoylalanine, the optical resolution of which proved 
PS to be unusually difficult (Colles and Gibson, J., 1928, 99). The 
re corresponding externally compensated m-compound, on the other 






hand, is now shown to be easily resolved into its optically active 
components by the half molecule method. By means of quinine, 
the quinine salt of 1-m-nitrobenzoylalanine is precipitated; when 
the acid from the mother-liquor, after separation of this salt, is 
treated with the requisite quantity of brucine, the brucine salt of 
d-m-nitrobenzoylalanine is readily obtained; from these two salts 
the pure |- and d-m-nitrobenzoylalanines are easily isolated by the 










280 COLLES AND GIBSON: 


usual method. If one molecular proportion of dl-m-nitrobenzoyl. 
alanine is dissolved in water with half a molecular proportion of 
brucine and an equivalent quantity of sodium hydroxide, no resolu- 
tion is effected, the partially racemic brucine salt being obtained. 
Cinchonidine used in the same way is not satisfactory, the acid 
remaining in the mother-liquor after separation of the cinchonidine 
salt being only feebly deztro-rotatory. A feebly levo-rotatory acid 
is obtained from the mother-liquor after separation of the 
cinchonine salt obtained under similar conditions. 

As in the case of the optically active «-naphthalenesulphony|- 
alanines (Colles and Gibson, J., 1924, 125, 2505), the rotatory 
powers of the optically active m-nitrobenzoylalanines in ethy]- 
alcoholic solution are of opposite sign to those of the corresponding 
salts in aqueous solution. Also the rotatory powers of the optically 
active esters in ethyl-alcoholic solution are of opposite sign to those 
of the corresponding salts in aqueous or alcoholic solution. This 
was proved by observing the rotatory powers of the ethyl ester of 
l-m-nitrobenzoylalanine undergoing hydrolysis in ethyl-alcoholic 
solution containing a slight excess of potassium hydroxide, the sign 
of the rotatory power changing during the process (compare Colles 
and Gibson, loc. cit., p. 108). The optically active amide, on the 
other hand, has a rotatory power in ethyl alcohol of the opposite 
sign to that of the methyl ester and of the same sign as that of the 
acid from which it is derived. 

The following externally compensated compounds are also 
described in the present paper: o-nitrobenzoylalanine, p-toluoyl- 
alanine, m-nitrobenzenesulphonylalanine, cinnamoylalanine, 4-nitro- 
toluene-2-sulphonylalanine. Evidence has been obtained that 
dl-o-nitrobenzoylalanine can be resolved by means of strychnine 
by the half molecule method, whereas the partially racemic salt is 
precipitated when brucine is employed. Preliminary experiments 
indicating a suitable method of reduction of o- and m-nitro- 
benzoylalanines have been carried out. 

The relative rates of hydrolysis of the dl-N-acyl derivatives of 
alanine which have now been investigated have been approximately 
determined. The method consisted in (i) hydrolysing the N-acyl 
derivative with constant-boiling hydrochloric acid, (ii) neutralising 
the hydrolysis mixture to p, = 8 (approx.) (determined by the green 
tint of the ‘‘ B. D. H. Universal Indicator ’’), and (iii) titrating the 
liberated alanine by Sérensen’s method to py = 10 (approx.) 
(determined by the violet-purple change of the above indicator). 
The above procedure was adopted after careful experiments with all 
available indicators and an accuracy of only + 1% is generally 
claimed, this being adequate for the purpose in view (compare 
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Shonle and Mitchell, J. Amer. Chem. Soc., 1920, 42, 1265; Sérensen 
and Katschioni-Walther, Z. physiol. Chem., 1928, 174, 251). 

The hydrolysis was carried out under identical conditions in all 
cases by gently boiling the mixture for 3 hours (except where stated 
otherwise), and standard sodium hydroxide free from carbonate 
was employed. Except dl-phthalylalanine (Andreasch, Monatsh, 
1904, 25, 774), the alanine derivatives have been described by 
Gibson and co-workers (J., 1912, 104, 939; 1915, 107, 798; 1924, 
125, 2505; 1928, 99; 1929, 2754). The results are summarised 
below and attention is directed to the stability of the sulphonyl 
derivatives and especially of §-naphthalenesulphonylalanine, 
frequently isolated in the detection of alanine. 


% Hydro- 

dl-Compound. lysis. dl-Compound. % Hydrolysis. 
Benzoylalanine ......... 96 Benzenesulphonylalanine ... 14 
p-Toluoylalanine ...... 95 a-Naphthalenesulphonylalanine 66 
Cinnamoylalanine ...... 92 B-Naphthalenesulphonylalanine 18 (45% after 
Phthalylalanine ...... 76 9} hours) 
Nitrobenzoylalanines : p-Toluenesulphonylalanince...... 17 

NERO’. secccccesssccvcese 47 m-Nitrobenzenesulphony]l- 

WEED . scrcegogodoniogess oI DUTT: on.ckssbsienpsdehancensiones 21 

DONG © iscccapeesagreseen 07 4-Nitrotoluene-2-sulphonyl- 


WAGED i criedeiivecdidécloveese 2 (in 4 hours) 


EXPERIMENTAL. 
dil-m- and dl-o-N itrobenzoylalanines, 
NO,°C,H,-CO-NH-CHMe:CO,H. 

—dl-Alanine and m-nitrobenzoyl chloride and o-nitrobenzoyl 
chloride, respectively, being used, these compounds were prepared 
and purified in exactly the same way as dl-p-nitrobenzoylalanine 
(Colles and Gibson, loc. cit.), an 85—90% yield being obtained in 
each case. 

dl-m-Nitrobenzoylalanine crystallises from water in almost 
colourless needles, m. p. 163—164° (Found: C, 50:2; H, 4:3. 
CypHpO;N, requires C, 50-4; H, 4:2%). At 20°, 0-38 g. dissolves 
in 100 c.c. of water, 0-37 g. in 100 c.c. of ether, and 0-43 g. in 100 c.c. 
of chloroform. The silver salt crystallises in colourless needles 
(Found: Ag, 31-2, 31-2. C,,H,O;N,Ag requires Ag, 31:3%). 

dl-o-Nitrobenzoylalanine crystallises from water in almost colour- 
less needles, m. p. 165—166°. It is slightly less soluble in water and 
ether than the above m-compound (Found: C, 50-5; H, 43%). 

Possible conditions for the reduction of these nitro-compounds 
have been kindly investigated by Professor J. L. Simonsen. 

dl-m-Aminobenzoylalanine Hydrochloride, 

CO,H-CHMe-NH:CO-C,H,NH,,HCI. 

—To a solution of dl-m-nitrobenzoylalanine (11 g.) in barium 
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ferrous sulphate (FeSO,,7H,O, 85 g., in water, 150 c.c.) was 
added. After the reaction was complete, carbon dioxide wa; 
passed into the solution until the latter was neutral. The evapor. 
ated filtrate was treated with just sufficient sulphuric acid to precipi. 
tate all the barium and, after filtration, was evaporated to drynes 
on the water-bath. The reddish-brown residue was dissolved in 
dilute hydrochloric acid, from which it separated on cooling in 
colourless prismatic needles, m. p. 150—152° (decomp.) after sintering 
at 145° (Found : Cl, 14-4. C,9H,,0,N,Cl requires Cl, 14-5%). 

dl-o-Aminobenzoylalanine.—To a solution of dl-o-nitrobenzoy\- 
alanine (2 g.) in barium hydroxide [Ba(OH),,8H,O, 24 g., in water, 
300 c.c.], ferrous sulphate (FeSO,,7H,O, 17 g., in water, 30 c.c.) was 
added. After the reduction was complete, the product was worked 
up as before, the final residue, however, being recrystallised from 
water and not converted into the hydrochloride (yield, 1-1 g.). It 
crystallised in small plates which do not melt at 270° (Found: 
C, 57-1; H, 58. Cy9H,,0,N, requires C, 57-7; H, 5-8%). 

The ethyl ester of dl-m-nitrobenzoylalanine was prepared by 
saturating in the cold with hydrogen chloride a solution of the acid 
(2 g.) in ethyl alcohol (35 c.c.), heating the mixture for 1 hour on the 
water-bath, and pouring the product on ice (yield, 2 g.). It was 
recrystallised from aqueous alcohol and obtained in colourless 
needles, m. p. 89° (Found: C, 54:5; H, 5-5. C,.H,,0;N, requires 
C, 54-2; H, 53%). 

Methyl Ester of dl-m-Nitrobenzoylalanine.—After a mixture of 
the acid (2 g.) in methyl alcohol (20 c.c.) containing sulphuric acid 
(1 c.c.) had been heated on the water-bath for 2 hours, the product 
was poured on ice, and the ester (yield, quantitative) recrystallised 
from aqueous methyl alcohol. It was obtained in colourless 
needles, m. p. 110—111° (Found: C, 52-9, 52-6; H, 4:8, 5-0. 
C,,H,,0;N, requires C, 52-4; H, 48%). 

On treatment of this ester in the usual way with concentrated 
ammonia solution, the amide was obtained; recrystallised from 
aqueous alcohol, it formed colourless needles, m. p. 189—190° 
(Found : C, 50-5; H, 4-4. C,9H,,0,N, requires C, 50-6; H, 4-6%). 

dl-p-Toluoylalanine was prepared from dl-alanine and p-toluoy! 
chloride in a similar manner to that used for the preparation of 
dl-benzoylalanine (Fischer, Ber., 1899, 32, 2454; Pope and Gibson, 
J., 1912, 101, 940), a 95% yield being obtained. It crystallised 
from hot water in small colourless needles, m. p. 188—189° (Found : 
C, 63-5; H, 6-0. C,,H,,0,N requires C, 63:7; H, 6-3%). 

dl-m-Nitrobenzenesulphonylalanine, 
CO,H-CHMe-NH’SO,°C,H,'NO,. 
—dl-Alanine (5 g.) was dissolved in N-potassium hydroxide 
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solution (56 c.c.) and shaken during 3 hours at room temperature 
while m-nitrobenzenesulphonyl chloride (12-5 g.), dissolved in 
benzene (50 c.c.), and N-potassium hydroxide solution (56 c.c.) 
were added at regular intervals. The benzene layer was separated, 
and the turbid aqueous solution filtered and made strongly acid 
with concentrated hydrochloric acid. The crystalline precipitate 
(13-2 g., 89% yield) was recrystallised from boiling water (charcoal) 
and obtained in fine yellow needles, m. p. 158-5—159° (Found : 
(, 39:6; H, 3-6. C,H, 9O,N.S requires C, 39-4; H, 365%). 
dl-4-N itrotoluene-2-sulphonylalanine, 
NO,°C,H,Me’SO,-NH-CHMe-CO,H,H,O. 

—This substance was prepared exactly as described by 
Siegfried (Z. physiol. Chem., 1904, 43, 70). After recrys- 
tallisation from hot water and drying in air, it had m. p. 91— 
97° (Found: C, 38-7, 39-2; H, 4-75, 4:6; N, 8-8, 9-0, 9-4; H,O, 
59, 5°85. Cy9H,,0,N,8,H,O requires C, 39-2; H, 4:6; N, 9-15; 
H,O, 6-0%). When the fused substance was allowed to solidify, 
the melting point was higher. The air-dried substance lost 0-5% of 
moisture when left over sulphuric acid in an evacuated desiccator 
for 6 days, the melting point being slightly raised (108—109°). 
When the air-dried substance was heated to constant weight at 85° 
and 95°, an anhydrous product was obtained, m. p. 125-5—126-5°. 
This anhydrous material is not hygroscopic, its melting point 
remaining unchanged during 6 years. These observations are 
somewhat different from those described by Siegfried. 

dl-Cinnamoylalanine was prepared by shaking dl-alanine (2-5 g.), 
dissolved in the equivalent quantity of N-potassium hydroxide 
(28 c.c.), for 2 hours at the ordinary temperature during the gradual 
addition of cinnamoyl chloride (4-5 g. in benzene, 30 c.c.) and 
N-potassium hydroxide in small quantities. After separation of 
the benzene layer, the filtered aqueous solution was acidified with 
hydrochloric acid, and the somewhat pasty solid extracted twice with 
boiling ether. The residue was recrystallised from water and then 
from aqueous alcohol and obtained in colourless needles (yield, 30%), 
m. p. 196—197° (Found: C, 66-0; H, 6-05. C,,H,,0,N requires 
C, 65°8; H, 5-9%). 

The compound is very sparingly soluble in cold water and in boiling 
ether. In alkaline solution, it rapidly decolorises potassium 
permanganate and from the resulting solution, after treatment with 
hydrochloric acid, benzaldehyde is obtained. 

Resolution of dl-m-Nitrobenzoylalanine.—To a boiling solution 
containing the dl-acid (15 g.), sodium hydroxide (0-976N-solution, 
32-4 c.c.) and water (1000 c.c.), quinine (11-92 g.) was added gradually 
and finally alcohol (10 c.c.). The clear solution was separated 
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from a small quantity of insoluble gummy material and left to 
erystallise during 16 hours. The crystalline air-dried material 
(17 g.; theoretical wt., 19-5 g.), JAIB salt, was recrystallised 
three times from hot water (10 g. in 600 c.c.), but the rotatory 
power of the anhydrous salt in ethyl alcohol at 20° did not change 
after the first crystallisation: c, 1-829; 1, 4; as4¢, =—10-03°; 
[]sae1 = — 137-1”. 

The quinine salt of l-m-nitrobenzoylalanine crystallises from water 
in long soft needles containing 2H,O, which it loses in a vacuum over 
sulphuric acid in 5—6 days (Found in air-dried material: C, 60-6; 
H, 6-4; H,O, 5-9, 6-0, 6-0. C, 9H3;,0,N,,2H,O requires C, 60-2; 
H, 6-35; H,O, 60%). The anhydrous salt has no definite melting 
point, being converted into a glass-like mass at about 125°. 

The mother-liquor after separation of the above salt was treated 
with excess of concentrated ammonia solution, and the alkaloid 
extracted by means of chloroform. The acid obtained by acidifica- 
tion of the evaporated aqueous solution was recrystallised from the 
minimum quantity of water; it had (as ammonium salt in water) 
[a]s4e1 = + 36-6° and contained 90-4% of the d-acid. This crude 
d-acid (23-4 g.) with brucine (38-3 g.) and sodium hydroxide (0°38 g.) 
was boiled with water (250 c.c.), complete solution being effected. 
The dAIB salt (58-2 g.) crystallised and was separated after some 
16 hours. It was recrystallised three times from water (250 c.c.), 
its rotatory power being constant after the first crystallisation. 

The brucine salt of d-m-nitrobenzoylalanine crystallises from water 
in colourless plates which turn yellow on exposure to light. It is 
sparingly soluble in ethyl alcohol but more soluble in acetone. In 
ethyl alcohol at 20° it has [«];4g, = — 9-1° (c, 0-5511; 1, 4; e546) 
— 0-20°). The air-dried salt appears to contain 3}H,O, which is 
lost in 7 days in a vacuum over sulphuric acid (Found in air-dried 
salt: C, 56:5; H, 61; H,O, 8-95. C,,H,,0.N,,33H,O requires 
C, 56-9; H, 6-2; H,O,9-1%). When the air-dried salt is heated at 
110°, slight decomposition takes place, the loss in weight being 
92%. 

l-m-Nitrobenzoylalanine, obtained from the above quinine salt in 
the usual way, was recrystallised twice from water, in which it is more 
soluble than the dl-acid (Found: C, 50-8; H, 4:3. Cy H490;N, 
requires C, 50-4; H, 4:2%). d-m-Nitrobenzoylalanine, similarly 
isolated from the above brucine salt, was also recrystallised from 
water (Found: N, 11°65. C, 9H,,0,;N, requires N, 11-8%). These 
two acids both crystallise in long, almost colourless needles, m. p. 
158°. The melting point of either is depressed by admixture with 
a small quantity of the other and since the dl-acid has m. p. 163— 
164°, the latter must be a racemic compound. The following 
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to determinations of rotatory powers were made at 20° in 4 dm. 

rial Bf tubes. ; 
ised 4 
jOYy l-m-Nitrobenzoylalanine, d-m-Nitrobenzoylalanine, ; 
nge as ammonium salt in water. 


3°. ff 13425 asyer— 240°; [a]gaers— 44°79 ¢, 1-358; agger,t 243°; [a]escr + 44°7° 
in ethyl alcohol. 

ater ¢, 13615; a5463,-+ 0°32°5 [a]gggr,+ 5°87° cc, 1°33553 aggg1,— 0°30°5 [a]5461, — 562° 
ver The corresponding rotatory powers of the optically active p- 
0-6; Ff nitrobenzoylalanines are [~]sag1 = + 51-65° and +. 15-8° respectively 
0-2; Ff (Gibson and Colles, loc. cit.). 

ting The ethyl ester of l-m-nitrobenzoylalanine, prepared in a similar 
manner to that employed for the dl-compound, crystallised from 
ted aqueous ethyl] alcohol in colourless needles, m. p. 104—105° (Found : 
loid J N,10-8. C©,,H,,O;N, requires N, 106%). It had [«],44, = +6-91° 
ica- ff in ethyl alcohol at 20° (c, 1-465; 1,4; a4, +0-405°), whereas the 
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the ff cthyl ester of d-p-nitrobenzoylalanine has [aJsag, = + 1:32° under 
ter) J similar conditions. 
‘ude This ethyl ester (0-4103 g.) was made up to 50 c.c. with ethyl ; 


3g.) B alcohol containing 0-0882 g. of potassium hydroxide. The rotatory 
ted. J power of the solution after 5 minutes was o5,., = -+0-17°; this 
ome F changed to —0-31° after 26 minutes and attained a constant value 
-C.), fof — 1-05° after 17 hours at 20°. 
The methyl ester of d-m-nitrobenzoylalanine, prepared in 
ater [quantitative yield and recrystallised as in the case of the corres- , 
it is J ponding dl-compound, separated from aqueous methyl alcohol in } 
In Fcolourless needles, m. p. 126° (Found: N, 11-3. C,,H,,.0;N, i 





‘5461 requires N,11-1%). It had [«];,,, = — 12-7° in ethyl alcohol at 

h is 20° (c, 1-429; 1,4; c5461, — 072°). 
ried The amide of d-m-nitrobenzoylalanine, prepared from the above 
ires B methyl ester in the usual way, crystallised from ethyl alcohol in 


dat colourless leaflets, m. p. 193—194° (Found: N, 17-4. C,jH,,0,N, 
eing requires N, 17-7%). It had [«]4¢: == + 24-2° in ethyl alcohol at 
20° (c, 0-238; 1,4; agag;, + 0-23°). 
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XXXVIII.—The Essential Oil of Backhousia angusti- 
folia. Part III. The Constitutions of Angustione 
and Dehydroangustione. 


By Rospert Sypney Cann, CHARLES STANLEY Gipson, ARTHUR 
Ramon PENFOLD, and JoHN LioNEL SIMONSEN. 


Tux chief constituents of the essential oil of Backhousia angustifolia 
have been shown (J., 1930, 1184) to be two 8-diketones, angustione 
and dehydroangustione. It has now been found that these ketones 
occur together in the natural oil, one or the other predominating. 
The constitution of angustione (I) was based in the first place on its 
hydrolysis with sodium hydroxide to 1 : 1 : 3-trimethylcyclohexane- 
4 : 6-dione (II) and acetic acid, and the correctness of this view has 
been confirmed ah the work now described. 


CO 


| H oa xox Hy” \CHMe (1) 
rn 


aoe CMe, 
KOBr 
HO,C HO,C 
\ \q-COMe bj 
(III) (HMe “<Me  (Iv.) ar 
HO,C CH, HO... /CH, B. 
Me, CMe, S: 


Angustione is converted quantitatively by oxidation with J hy 
potassium hypobromite solution into l-««y-trimethylglutaric acid J al 
(III). The main product of oxidation with potassium perman- § ¢is 
ganate in acetone solution is a liquid acid, which, although it could J be 
not be characterised by any crystalline derivative, is probably the § gr 
ketonic acid (IV), since it is oxidised smoothly by sodium hypo- § is: 
bromite solution to l-a«)-trimethylglutaric acid. i 

It was tentatively suggested (loc. cit., p. 1189) that dehydroangust- § evi 
ione was represented by (V) and, in view of the somewhat unusual § ket 
oxide ring, a further study of its reactions was desirable. A pre-§ sat: 
liminary investigation of its oxidation with potassium hypobromite J aci 
had shown that ««y-trimethylglutaric acid (see below) and a neutral § sho 
substance, C,H,,0,, m. p. 88-5°, volatile in steam, were formed. § qua 
The latter substance has now been identified as the anhydride of 









cis-any-trimethylglutaconic acid (VII), which was described by Perkin V 
and Smith (J., 1904, 85, 157). Its constitution was established by § hyd 
it hydration to cis-««y-trimethylglutaconic acid, m. p. 125°.§ tion 
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According to Perkin and Smith this acid yields on bromination a 
dibromide, m. p. 168°, but we have been unable to isolate this; we 
found it to be unstable, passing into the lactone of 8-bromo-y-hydroxy- 
any-trimethylglutaric acid (VIII). 

The formation of cis-a«y-trimethylglutaconic acid by the oxidation 
of dehydroangustione is in agreement with the constitution originally 
assigned to the ketone, since it would result from the dehydration of 
hydroxy-a«y-trimethylglutaric acid (VI), the reaction proceeding 
in accordance with the scheme : 


CO ya CO HO,C 
Vmnff VOSY M Y 
Hye SG ete —-> H,; Y \o<CoMe —-> . \GHMe 
OK /CH-0 OC. _CH-OH HO,C\._/CH-OH 
Me, \s Me 
CMe 2 
(V.) Me, | (VI) 
Y 
HO,C HO,C 
-——CMe CMe 
(va) ob CHBr HO,C. CH (VIL) 


That this correctly represents the course of the reaction is proved 
by the isolation from the reaction mixture of a small quantity of 
an acid, C,H,,0;, m. p. 156°, which is identical with the trans- 
-hydroxy-a«y-trimethylglutaric acid (VI) described by Perkin and 
Smith (J., 1903, 83, 776). The acid is converted, on reduction with 
hydriodic acid and red phosphorus, followed by sodium and amyl 
alcohol, into axy-trimethylglutaric acid. The hydroxy-acid, like 
cis- and trans-caronic acids (compare Baeyer, Ber., 1896, 29, 2796), 
behaves on titration as a monobasic acid; the second carboxyl 
group can, however, be shown to be present, if an excess of alkali 
is added to a hot solution. 

These degradation products from dehydroangustione are strong 
evidence for the correctness of the constitution assigned to that 
ketone. In the previous work, we were, however, unable to explain 
satisfactorily the isolation, in addition, of ««y-trimethylglutaric 
acid. The catalytic hydrogenation of dehydroangustione has now 
shown that the ketone which was oxidised contained a small 
quantity of angustione and it is from the latter that ««y-trimethyl- 
glutaric acid was produced. 

When dehydroangustione in alcoholic solution is treated with 
hydrogen in the presence of a palladium-norite catalyst, the reduc- 
tion proceeds rapidly, but ceases when about 80% of the hydrogen 
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required for the presence of one ethylenic linkage has been absorbed. 
The product is dl-angustione and is homogeneous. Its identity is 
established by acid hydrolysis to 1 : 1 : 3-trimethyleyclohexane-4 : 6- 
dione. Whilst the racemisation of dehydroangustione on reduction 
hardly calls for comment, since a group directly attached to the 
centre of asymmetry is involved, it is not without interest that the 
angustione present as an impurity is also racemised. It is possible 
that the norite behaves here in a similar manner to the animal 
charcoal in the conversion of «-benziloxime into §-benziloxime 
(Taylor and Marks, Nature, 1930, 125, 636). 

The dl-angustione prepared by the reduction of dehydroangustione 
agreed closely in its physical properties with the natural ketone 
described previously, except for a marked discrepancy in the 
refractive index, ns" 1-5087 in place of 1-5137. This difference is 
due to the fact that the previous sample of the ketone was contamin- 
ated with dehydroangustione, and a new specimen of the natural 
ketone, which was purified through its amino-derivative, was 
found to have a similar value, nj 1-5092. Since the catalytic 
hydrogenation of dehydroangustione had shown it to be con- 
taminated with angustione, a considerable quantity of the ketone was 
very carefully purified by prolonged fractional crystallisation of 
its amino-derivative. The refractive index, nj) 1-5313, of the pure 
ketone regenerated from this was very much higher than that 
observed previously. A calculation shows that the ketone used for 
the catalytic hydrogenation, which had nj 1-5254, must have 
contained 26°, of angustione, in satisfactory agreement with that 
shown by the absorption of hydrogen (21%%).* 

Whilst the reduction of dehydroangustione to angustione provides 
strong confirmatory evidence of the correctness of the structure 
assigned to the unsaturated ketone, it seems somewhat remarkable 
that the oxide ring should be reduced preferentially to the ethylenic 
linkage. The formation of the saturated oxide (IX) might have 
been anticipated and not the enolic form of angustione (X). 


CO j= CO Me 
ie {aun 1/1 al “uC “ny 
(IX.) H.C C CHMe HC C~( (OH):CH, (X,) 
OC. /CH-O OC’. / ug 
CMe, CMe, 


The oxidation of 1:1: 3-trimethyl-A*-cyclohexene-4 : 6-dione 
with sodium hypobromite gives cis-awy-trimethylglutaconic acid as 
the main product. At the same time a small quantity of a substance, 

* These revised values for the refractive indices of angustione and dehydro- 
angustione alter slightly their molecular refractions, which now become 
[Ri]p 54-0 and 54-77 respectively. 
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(3H,,0,, which has phenolic properties is formed. This unstable 
substance passes on keeping into a red oil and is possibly the 1 : 2- 
diketone (XI) or the dienol (XII), since on treatment with bromine 
in chloroform solution it yields an ochreous bromide, which is 
decomposed by water with formation of the substituted glutaconic 
acid. The instability of the substance and the extremely small 
quantity available for investigation have rendered a further study 
of its reactions impossible. 


OC——CHMe HO-C-——CMe 
(XI.) OC. CH, HO-C_ CH (XIL) 
ra \Z 
CMe, CMe, 


Note on the Parachors of Angustione and Dehydroangustione. 
[By Owen Jonn Evans and FREDERICK GEORGE SoPER]. 


Since the dehydroangustione molecule differs from that of 
angustione by the loss of two hydrogen atoms and the gain of a four- 
membered ring, the parachors of the two ketones should differ by 
22-6 units. ‘It was thought that it might prove possible to obtain 
confirmation of the structure assigned to dehydroangustione by a 
comparison of the parachors. 

The angustione used was the dl-ketone, which had been prepared 
by the catalytic hydrogenation of dehydroangustione (p. 287), and 
two specimens of dehydroangustione were examined. Sample (A) 
had been regenerated from aminodehydroangustione recrystallised 
once from cyclohexane and, from its refractive index, contained 
18%, of angustione; sample (B) was prepared from very carefully 
purified aminodehydroangustione. This was crystallised three 
times from dilute alcohol, digested once with a small quantity of 
cyclohexane, and finally recrystallised from benzene ; it then melted 
at 151—152°. 

The surface tensions were measured by the method of maximum 
bubble pressure as modified by Sugden (J., 1924, 125, 27), pure 
henzene being used to standardise the apparatus. The values 
obtained at 20° for dl-angustione and dehydroangustione (sample B) 
were 34:9 and 36-7 dynes/cm. respectively, and dehydroangustione 
(sample A) gave the value 36-0 dynes/em. These values for the sur- 
face tension give for the parachor of angustione 442 ([P] calc., 
462-1) and for that of dehydroangustione 435 ([P] cale., 439-5), the 
densities at 20° being 1-083 and 1-103 respectively. 

The observed negative anomalies cannot be considered to question 
the accepted formule for these ketones, since negative anomalies 
of similar magnitude have been noticed in phorone and itsderivatives 
(Sugden, J., 1928, 410) and for other $-diketones (Sugden, J., 1929, 
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316). To explain such observations the formation of odd electron 
linkages, as in formula (XIII), and/or the replacement of double 
bonds by ring structures have been suggested. Such replacement 





CO 
CURVO ROE ’ /Y\ 
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| mA Uc ) 7 \ co-cH, "| eT 
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; H (i a“ <cH, 
bt tn O—CH CH, | 
H CH, 
a ily \ 2 EP ope 
CMe, CMe, 
[P] 445-0. [P] 447-4. [P] 445-1. 
(XIII.) (XIV.) (XV.) 


of the double bonds in two of the carbonyl groups to give the 
bridged structure (XIV) or (XV) has been suggested to us by Dr. 
Sugden for angustione and would account for a large proportion of 
the observed deficiency of 20 units. Although there is no chemical 
evidence for the peroxide structure in angustione, a peroxide formula 
is assigned to ascaridole. 

A determination of the Ramsay-Shields constant indicated that 
angustione is a normal liquid, so the negative anomaly cannot be 
attributed to association. (The temperature coefficient of the 
surface tension is — 0-072 dyne/cm. per degree ; d*” 1-074; Ramsay- 
Shields constant 2-05.) 

The anomaly for dehydroangustione (— 4-5 units) is much less 
serious and part of this may be due to the gem-dimethyl group, which 
would tend to reduce the ring strain and to lower the parachor by a 
few units (Sugden, J., 1928, 411). 


EXPERIMENTAL. 
Angustione. 

Action of Hydrogen Bromide on Angustione.—A mixture of the 
ketone (5 g.) and hydrobromic acid (d 1-5; 20 c.c.) was heated on 
the water-bath for 12 hours. The clear solution was cooled and 
after the addition of water (50 c.c.) a solid separated which 
crystallised from light petroleum in prismatic needles, m. p. 130— 
131°, and was identified as 1 : 1 : 3-trimethylcyclohexane-4 : 6-dione. 
It was optically inactive. 

Oxidation of Angustione.—(1) With potassium hypobromite. The 
ketone (6-5 g.) in potassium hydroxide solution (KOH, 2-5 g.; H,0, 
30 c.c.) was added all at once to a solution of potassium hypo- 
bromite (KOH, 11-2 g.; Br,, 16 g.; H,O, 60 c.c.); a considerable 
rise in temperature occurred and bromoform separated. After 
extraction with ether, and removal of the excess of hypobromite 
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with sulphur dioxide, the solution was acidified, saturated with 
ammonium sulphate, and extracted with ether. Evaporation of 
the extract left an oil, from which, by distillation in steam, a little 
unchanged ketone was removed: the remaining aqueous solution 
was evaporated, and the crystalline residue was extracted with hot 
light petroleum (b. p. 60—80°), which left a small quantity of a 
yellow oil undissolved. The light petroleum solution was evapor- 
ated, and the residue crystallised from hot water, from which it 
separated in leaflets, m. p. 91—92°. It was identified as J-««y- 
trimethylglutaric acid: in water it had [«];4,, — 12-0° (c = 1-546, 
| = 2, 54g, — 0-37°) (Found: C, 55:1; H, 7-8. Calc.: C, 55-1; 
H, 8-0%). 

(2) With potassium permanganate. The ketone (5 g.) in acetone 
(100 c.c.) was treated gradually with potassium permanganate 
(8 g.), the temperature being maintained at 0°. The acidic products 
were isolated in the usual manner; after distillation in steam to 
remove a small quantity of unchanged ketone, a yellow oil was 
obtained, which showed no tendency to crystallise. The acid was 
therefore dissolved in alkali and treated with an excess of sodium 
hypobromite solution, which caused a copious separation of bromo- 
form. The acid resulting from the oxidation crystallised from 
water in leaflets, m. p. 90—91°, and was identified as l-c«y-trimethyl- 
glutaric acid: c = 2-265, 1 = 2, a54g, — 045°, [a]sag, — 9-71°. 


Dehydroangustione. 


p-Toluidinodehydroangustione.—A mixture of the ketone (2 g.), 
p-toluidine (2-2 g.), and zinc chloride (0-5 g.) was heated at 140—150° 
for 2 hours. The oil obtained was dissolved in ether, and the 
solution filtered from an insoluble crystalline zinc salt, washed with 
dilute sulphuric acid and with sodium carbonate solution, dried, and 
evaporated; a viscid oil remained, which gradually crystallised. 
Recrystallised from dilute acetone, it formed needles, m. p. 63—65° 
(Found: N, 5-3. C,,H,,O,N requires N, 49%). p-T'olwidino- 
dehydroangustione is extremely difficult to purify, since it is very 
soluble in all the ordinary organic solvents and unless cooled to 0° 
tends to separate as an oil. 

Action of Hydrogen Bromide on Dehydroangustione—A mixture 
of the ketone (5 g.) and hydrobromic acid (d 1-5; 20 c.c.) was heated 
on the water-bath until a clear solution was obtained (4 hours) ; 
water (70 c.c.) was then added. The solid which separated melted 
at 156—157° after crystallisation from dilute alcohol and was 
identified as 1 : 1 : 3-trimethyl-A?-cyclohexene-4 : 6-dione. 

Reduction of  Dehydroangustione.  dl-Angustione.—Dehydro- 
angustione (nf 1-5254) (29-8 g.) in alcohol (200 c.c.) was, after the 
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addition of palladised norite (1 g.), shaken in an atmosphere of 
hydrogen : absorption (2724 c.c.; calc., 3440 c.c.) was complete in 
50 minutes. An excess of ammonia was added to the filtered liquid, 
and the alcohol removed on the water-bath; dl-aminoangustione 
(27-5 g.), m. p. 1838—139°, then separated as a crystalline solid. A 
further small quantity was obtained on evaporation of the filtrate. 
dl-Aminoangustione crystallised from cyclohexane in conglomerates 
of sharp prisms, which on exposure to the air became matte and 
then melted at 139—140°. It was optically inactive in alcoholic 
solution (Found: C, 67-9; H, 8-5. ©C,,H,,O,N requires C, 67-7; 
H, 8-7%). 

The amino-derivative was hydrolysed with alkali (loc. cit., 
p. 1191), dl-angustione being obtained, b. p. 127°/14 mm., dz: 1-083, 
ni 1-5087 (Found : C, 67-0; H, 8-1. C,,H,,0, requires C, 67:3; 
H, 8-1%). The ketone was characterised by the preparation of the 
copper derivative, which crystallises from benzene in fine blue 
needles, m. p. 203—204°. 

dl- Anhydroangustione-4(or 6)-oxime was obtained when the ketone 
was treated in alcoholic solution with hydroxylamine hydrochloride 
and sodium hydroxide. It crystallised from dilute methyl alcohol 
in fine needles, m. p. 57—58°, softening slightly, below this temper- 
ature (Found: N, 7-4. C,,H,;0,N requires N, 7-2%). 

When dl-angustione is hydrolysed with hydrogen bromide under 
the conditions described on p. 290, it yields 1 : 1 : 3-trimethylcyclo- 
hexane-4 : 6-dione, m. p. 130—131°, in a quantitative amount. 

Oxidation of Dehydroangustione with Sodium Hypobromite.— 
For the oxidation of the ketone the following method was found to 
be more convenient than that previously described (loc. cit., p. 1200). 
The ketone (9-8 g.) in sodium hydroxide solution (NaOH, 3 g.; H,0, 
40 c.c.) was added all at once to a solution of sodium hypobromite 
(NaOH, 18 g.; Br,, 36 g.; H,O, 150 c.c.); bromoform was imme- 
diately deposited and the temperature rose to 40°. After 1 hour 
the bromoform (11-5 g.) was separated, the excess of hypobromite 
removed with sulphur dioxide, the solution acidified, saturated with 
ammonium sulphate, and extracted ten times with ether, and the 
ether dried and evaporated. The residual oil was distilled in steam, 
until no further solid separated on saturation of the distillate with 
ammonium sulphate (about 3 litres). The steam distillate (A) was 
made alkaline, concentrated, acidified, and extracted with ether; 
on removal of the solvent a crystalline solid (2-5 g.) remained. This 
decomposed at 125° and was identified as cis-««y-trimethylglutaconic 
acid by conversion into the anhydride, m. p. 88-5° (see p. 294). 

The residue from the steam distillate was extracted with ether, 
and the extract dried and evaporated; a crystalline solid, mixed 
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with some oil, (5 g.) remained. This was repeatedly extracted with 
hot light petroleum (b. p. 60—80°); a yellow oil (2-5 g.) (B), left 
undissolved, gradually crystallised. The light petroleum extract 
on evaporation yielded a solid, identified as /-c«y-trimethylglutaric 
acid, which, as mentioned on p. 287, originates from angustione 
present in the dehydroangustione. 

The solid (B) melted somewhat indefinitely at 138° and was best 
purified by extraction with hot benzene and repeated crystallisation . 
from water, in which it was extremely readily soluble, and from 
which it separated in large prisms, m. p. 156—157° (Found : C, 50-3; 
H, 6-9; M,192. Cale. for CsH,,0;: C,50-5; H,7-4; M,190). It 
agreed in its properties with the trans-$-hydroxy-««y-trimethyl- 
glutaric acid described by Perkin and Smith (loc. cit., p. 776). It 
was sparingly soluble in ether, benzene, toluene, chloroform, and 
light petroleum and in alkaline solution it was stable to potassium 
permanganate. It differed from a«y-trimethylglutaric acid and 
cis-2xy-trimethylglutaconic acid in that it did not give a sparingly 
soluble copper salt when its aqueous solution was treated with 
copper acetate. On reduction with hydriodic acid (d, 1-7) and red 
phosphorus at 170—180°, followed by reduction with sodium in 
amyl-aleoholic solution, it gave awy-trimethylglutaric acid, m. p. 
97—98°, both alone and after admixture with an authentic specimen. 

Oxidation of 1:1: 3-Trimethyl-A?-cyclohexene-4 : 6-dione with 
Sodium Hypobromite.—To an ice-cold solution of the ketone (9-2 g.) 
in sodium hydroxide (NaOH, 4-5 g.; H,O, 50 c.c.) was added all at 
once a solution of sodium hypobromite (NaOH, 25 g.; Br, 27-6 g; 





H,O, 150 c.c.). The temperature rose to 40° and bromoform 
separated. After 1 hour, the bromoform was removed, the excess 
of hypobromite destroyed with sulphur dioxide, and the acidified 
solution, after saturation with ammonium sulphate, extracted with 
ether. After removal of the solvent the residue (8 g.) was shaken 
with sodium carbonate solution, the solution saturated with carbon 
dioxide, and the crystalline solid (A) (1-8 g.), which remained undis- 
solved, was collected. The filtrate was extracted with ether; on 
removal of the solvent, a solid (B) (0-4 g.) was obtained. The alka- 
line solution (C) was reserved. 

The fractions (A) and (B) were combined and purified by solution 
in sodium hydroxide solution and precipitation by carbon dioxide. 
The solid was then recrystallised from light petroleum, from which 
it separated in fine needles, m. p. 85—86° (Found in air-dried 
material: C, 68-7; H, 8-6. C,H,.0, requires C, 68-6; H, 8-6%). 
This substance, which gives with ferric chloride in alcoholic solution 
4 purple coloration, is somewhat unstable. If placed in a vacuum 
over sulphuric acid, it liquefies slowly, giving a red oil, and the same 

L2 
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change occurs when it is kept for some weeks in a sample tube. In 
chloroform solution it readily absorbs bromine and on evaporation 
of the solvent a red oil is obtained which, when triturated with light 
petroleum, is converted into a red solid. This dissolves in water to 
give a colourless solution, which on evaporation deposits fine needles, 
decomp. 125°. It was identified as cis-xxy-trimethylglutaconic 
acid (Found : C, 55-9; H, 7-4. Cale.: C, 55-8; H, 7-0%). 

The alkaline solution (C) was acidified and extracted with ether. 
On removal of the solvent a solid was obtained which, crystallised 
from light petroleum (b. p. 60—80°), gave a sparingly soluble frac- 
tion in leaflets, m. p. 88-5°, and a more readily soluble fraction in 
needles, decomp. 125°. The latter was identified as Cis-any- 
trimethylglutaconic acid (Found : C, 55:7; H,7-1. Cale. : C, 55-8; 
H, 7-0%); when heated above its melting point, it was converted 
into the anhydride, m. p. 88-5°, identical with the less soluble frac- 
tion referred to above, and on reduction with sodium in amyl- 
alcoholic solution it gave «xy-trimethylglutaric acid. The substance, 
m. p. 88-5°, was identical with that having this melting point, the 
preparation of which from dehydroangustione was described 
previously (loc. cit., p. 1200). 

When cis-axy-trimethylglutaconic acid was treated with bromine 
under the conditions used by Perkin and Smith (Joc. cit., p. 158), and 
the resulting solid recrystallised from benzene, evolution of hydrogen 
bromide occurred: on cooling, the lactone of $-bromo-y-hydroxy- 
axy-trimethylglutaric acid separated in well-formed prisms, m. p. 147— 
148° (Found: Br, 32:0; M, 253. C,H,,0,Br requires Br, 31-9% ; 
M, 251). 

University Cottece or North WALEs, BANGOR. 
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XX XIX.—10-Chloro-5 : 10-dihydrophenarsazine and its 
Derivatives. Part XIV. Chloro-derivatives. 


By Lxestiz ALDERMAN Exson and CHARLES STANLEY 
GIBSON. 


Previous work in this series has shown that condensation between 
arsenious chloride and substituted diphenylamines ordinarily pro- 
duces 5 : 10-dihydrophenarsazine derivatives, but that it does not 
take place (i) when at least one nitro-group is present, as in 0-nitro-, 
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m-nitro-, p-nitro-, 4: 4’-dinitro-, and 2 : 4-dinitro-diphenylamines, 
(ii) when an amino-group occupies one ortho-position, as in 0- 
aminodiphenylamine, (iii) when two amino-groups are present, 
e.g., the cases of 2: 4-diamino- and 4 : 4’-diamino-diphenylamines, 
(iv) when an alkyl or acyl group is substituted for the hydrogen in 
the NH group, e.g., N-methyl-, N-formyl-, N-acetyl-, and N-benzoy]- 
diphenylamines, (v) when the benzene nuclei are fully reduced, e.g., 
dicyclohexylamine, and (vi) in the unique case of NN’-diphenyl-o- 
phenylenediamine, the corresponding m-phenylene- and p-phenylene- 
compounds readily undergoing condensation. 

The last failure may be due to steric hindrance; (ii), (iii), and 
(v) may be explained by the stability of the addition compounds 
of arsenious chloride and highly basic diphenylamine derivatives, 
for the initial formation of which, in the reaction, evidence has 
been brought forward (J., 1926, 454; Rec. trav. chim., 1930, 49, 
1021), and (iv) may be due to the hydrogen of the NH group 


- playing an essential part in the changes leading to the final con- 


densation product. As regards (i), it may be that the nitro-group 
reduces the basicity of diphenylamine to such an extent that the 
initial compound formation mentioned above does not take place 
at all. 

To obtain more information regarding the reaction we have 
made a systematic study of the condensation of arsenious chloride 
and eleven chlorine-substituted diphenylamines : the condensations 
with m-chloro-, p-chloro-, and 4: 4’-dichloro-diphenylamines to 
give l(or 3) : 10-dichloro-, 2 : 10-dichloro-, and 2 : 8 : 10-trichloro- 
5 : 10-dihydrophenarsazines respectively have already been described 
(Burton and Gibson, J., 1926, 2243). 

The following new substituted diphenylamines have been pre- 
pared. (a) By Ullmann’s method (Annalen, 1907, 355, 312): 
o-chlorodiphenylamine,* 2: 5-dichlorodiphenylamine, 3 : 4-dichloro- 
diphenylamine (from 3 : 4-dichlorodiphenylamine-2’-carboxylic acid), 
3 : 5-dichlorodiphenylamine (from 3 : 5-dichlorodiphenylamine-2’-carb- 
oxylic acid), 3:4: 5-trichlorodiphenylamine (from 3 : 4 : 5-trichloro- 
diphenylamine-2’-carboxylic acid), and 5-chloro-2-methyldiphenyl- 
amine (from 5-chloro-2-methyldiphenylamine-2'-carboxylic acid); (b) 
by Chapman’s method (J., 1929, 569): 3 : 4’-dichlorodiphenylamine 
(from N-3+chlorophenylbenzimino-4-chlorophenyl ether), 3: 3'-di- 
chlorodiphenylamine, 3'-chloro-2-methyldiphenylamine (by hydrolysis 
of benzoyl-3'-chloro-2-methyldiphenylamine), 4'-chloro-2-methyldi- 
phenylamine (from N-4-chlorophenylbenzimino-2-methylphenyl ether), 


* Although described by several authors (compare Chapman, loc. cit.), this 
compound does not appear to have been analysed previously. 
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and 2’ : 4’-dichloro-2-methyldiphenylamine (from N-o-tolylbenzimino- 
2 : 4-dichlorophenyl ether).* 

- Condensation with arsenious chloride, producing derivatives of 
5 : 10-dihydrophenarsazine, proceeded in all but four cases, viz., 
o-chlorodiphenylamine, 2 : 4-dichlorodiphenylamine, 2 : 5-dichloro- 
diphenylamine, and 2’: 4’-dichloro-2-methyldiphenylamine. A 
chlorine atom, therefore, unlike a nitro-group, prevents condens- 
ation taking place only when it is in the ortho-position in a diphenyl. 
amine. This is strong evidence in favour of the view (Gibson, 
Johnson, and Vining, Rec. trav. chim., 1930, 49, 1011) that, if the 
mechanism of the condensation of a diphenylamine and arsenious 
chloride is as follows, the reaction in the case of an o-chlorodipheny!]- 
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C) nH }+ AsCls | Hs 
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AsCl, : HC 7 Paras As( a 
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amine does not proceed beyond the first stage because of the form- 
ation of the chelate compound (A) (compare Gibson and Johnson, 
J., 1929, 1229; Gibson, Hiscocks, Johnson, and Jones, J., 1930, 


— 
Sul : 
| 


1622; for ine. analogies in the anthracene series, see 
Barnett and Wiltshire, Ber., 1930, 63, 1114). 

The possibility of the production of two isomeric 5 : 10-dihydro- 
phenarsazines from substituted diphenylamines (by condensation 
with arsenious chloride) of type (I) or from diphenylamine-6’- 
arsinic acids (by ring closure, accompanied by reduction) of type 
(II) has been discussed (J., 1926, 2242; 1927, 1229, 2499; 1928 
2204; 1929, 757, 1473, 2743; 1930, 1124, 1622). Compounds of 
types (III) and (IV) can also each give rise theoretically to two 


* Benzoyl-2’-chloro-2-methyldiphenylamine (from N-o-tolylbenzimino-2-chloro- 
phenyl ether) could not be hydrolysed to 2’-chloro-2-methyldiphenylamine and 
therefore the condensation of this compound with arsenious chloride could not 
be investigated. From the results described in this paper, it may be predicted 
that the condensation will not proceed. 
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isomeric 5 : 10-dihydrophenarsazines, and from compounds of type 
) three such isomerides are possible if X and Y are identical,. 


6 da-O =. Orv ‘Qhua-Os | 
(IL.) 


(LII.) 


i 
> wn )x ‘or u's 


Y(Iv.) (V.) 
(X and Y may or may not be identical) 
and four if they are different. So far, in no case have two 
isomerides been obtained from a compound of type (I) or (II). 

The condensation of 3 : 4’-dichlorodiphenylamine (type ILI) with 
arsenious chloride gave a mixture of two isomeric compounds, 
which must be the 1:8:10 and 3:8: 10-trichloro-5 : 10-dihydro- 
phenarsazines (VIa and 6b). On the other hand, the product from 


Cl 
AsCl AsCl 
ee ety . a4 ee 
(Via.) | ] : q l | C] (VIb.) 
“\wH/, 4 \nwH’ \% 


3’-chloro-2-methyldiphenylamine (type 1V) was apparently homo- 
geneous, and must be l(or 3) : 10-dichloro-6-methyl-5 : 10-dihydro- 
phenarsazine (VIIa or 6). The condensation product of 3: 3’- 


AsCl 


ny 2 , 
(V 1a.) x e ¥ | te (VLIb.) 
JN s 7 
\NH/ 4 \NH’ 


Me 
soiplertiana oh bn (type V) with arsenious chloride was also 
apparently homogeneous and, as far as our information goes, it 
must be described as 1:7:10 (or 1:9:10 or 3:7: 10)-trichloro- 
5 : 10-dihydrophenarsazine (compare the production of a homogen- 
eous 5:10-dihydrophenarsazine from 3-nitro-3’-methyldiphenyl- 
amine-6’-arsinic acid, where two isomerides are theoretically pos- 
sible; Gibson and Johnson, J., 1929, 1236). 

The difficulties which may arise in attempting to orientate the 
homogeneous product from a reaction which theoretically should 
give rise to at least two isomeric compounds have been discussed 
at length in one particular case (J., 1929, 767, 1473). It has had 
to be concluded, however, that the homogeneous 5 : 10-dihydro- 
phenarsazine derivative produced from 3-nitrodiphenylamine-6’- 
arsinic acid (type II) is 10-chloro-1-nitro-5 : 10-dihydrophenarsazine 
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and not the 3-nitro-compound because of its colour and especially 
because of the nature of its absorption spectra (Gibson and Johnson, 
J., 1929, 1229; Gibson, Hiscocks, Johnson, and Jones, loc. cit.), 
and, further, that those heterocyclic arsenic compounds which 
have the nitro-group in the 1-position have, as salts, a constitution 
which, in the case of the compound referred to above, is represented 
as (VIITa). 


p~. - . 
H a | ag Cl 7+ 
| "4 Cl- 


(VIIIa.) As } |cor 
CX | oO | (eae (VILI0.) 
| “Nw 4/ 


From this it would appear that the possibility of chelation involv- 
ing a chlorine atom makes it probable that the isomeride most 
likely to be produced from the compounds now under discussion 
is that in which the chlorine atom is in the 1-position and, in the 
simplest example, the homogeneous product from the condensation 
of arsenious chloride and m-chlorodiphenylamine (Burton and 
Gibson, loc. cit.) is 1-chloro-5 : 10-dihydrophenarsazine having, as 
a salt, the constitution (VIII). 

On account of such chelation, the 1-chloro-compounds should 
have lower melting points than the isomeric 3-chloro-compounds 
and it is suggested that, of the two compounds (V1), the one having 
the lower melting point should be given the constitution (VIa). 
Further, if, as appears from the analogous nitro-compounds, there 
is a greater tendency to form that isomeride (when at least two 
are theoretically possible) which can yield a chelate substance, 
then the constitution (VIIa) should be assigned to compound (VII) 
and the trichlorodihydrophenarsazine mentioned above should be 
the 1:7:10- or the 1:9: 10-trichloro-compound. 

Prior to the isolation of the two compounds (VIa and 5b), in only 
one case had the simultaneous production of the two possible 
isomerides been realised, viz., the production of the two compounds 
(Xa and wi from ei (IX) (of a more complicated type than 


Ast AsCl 
Me, AsO,H, Me “a ~ Me 
|_NH 00 NO, 
NH 


Aa (IX.) (Xb.) 


the above compounds) by ring closure, accompanied by reduction, 
in the presence of hydrochloric acid. To the red, lower-melting 
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(with decomposition) isomeride Gibson and Johnson (loc. cit.) 
assigned the constitution (Xa) and to the yellow, higher-melting (with 
decomposition) isomeride the constitution (Xb), additional evidence 
in favour of these constitutions being obtained from the absorption 
spectra of the compounds (Gibson, Hiscocks, Johnson, and Jones, 
loc, cit.). This is another example of the production of two possible 
isomerides in one of which (Xa) chelation is possible. It is signi- 
ficant that the product of the same reaction with compound (X1) 
was apparently homogeneous and, whether its constitution is 
(XIIa@) or (XITIb), no chelation of the above kind is possible. 


Me 
AsCl AsCl 
‘\AsO,H, / NO, th \/\no, 7% YY YNO, 
C | NH Me 7 i, 1 | fj 
\4 \nHv \wH 


(XI.) (XIIa.) (XIIb.) 


‘The two possible isomerides are also produced in the condensation 
of arsenious chloride with 3 : 4-dichlorodiphenylamine. Their con- 
stitutions must be as shown (XIII), and to the isomeride of lower 
melting point and higher solubility is assigned the constitution of 

2: 10-trichloro-5 : 10-dihydrophenarsazine (XIIIa), in which 
chelation of the type mentioned above is possible. The same two 
isomerides have been isolated by ring closure, accompanied by 
reduction, in the presence of hydrochloric acid of 3 : 4-dichlorodi- 
phenylamine-6'-arsinic acid [belonging to the same type as compound 
(LX)). 





ry 
AsCl rime 
ote 1| Cle “CX cl 0G: 
Cl 
( se) b= y, ed HY 
Pan ) (XIIIb.) 


EXPERIMENTAL. 


o-Chlorodiphenylamine, obtained by heating 2-chlorodiphenyl- 
amine-2’-carboxylic acid (Ullmann, Annalen, 1907, 355, 312) at 
300—320° for 5 hours, distilled under reduced pressure as a colourless 
oil, b. p. 174—175°/12 mm., which solidified on cooling; m. p. 
15—16° (Found : Cl, 17-5. C,,H,,NCI requires Cl, 17-4%). 

2 : 5-Dichlorodiphenylamine, prepared similarly from 2 : 5-dichloro- 
diphenylamine-2’-carboxylic acid (Gomberg and Tabern, J. Amer. 
Chem. Soc., 1926, 48, 1356), had b. p. 195°/17 mm. (yield, 85%). It 
did not solidify when cooled to — 16° (Found : Cl, 29-2. C,,H NCI, 
requires Cl, 29-8%). 











300 ELSON AND GIBSON: 10-oHLORO-5 : 10-DIHYDRO- 


3 : 4-Dichlorodiphenylamine-2'-carboxylic Acid.—A mixture of 
3: 4-dichloroaniline (60 g.), potassium o-chlorobenzoate (40 g.), 
amyl alcohol (96 c.c.), and a trace of copper powder was boiled for 
6 hours. The mixture was made alkaline with sodium hydroxide, 
amyl alcohol and unchanged amine were removed by steam distill- 
ation, the residue was boiled with charcoal, and the filtrate acidified 
with hydrochloric acid. The precipitated acid was recrystallised 
from benzene and obtained in pale yellow, flat prisms, m. p. 178° 
(Found : Cl, 25-0. C,,H,O,NCl, requires Cl, 25-2%). 

3 : 4-Dichlorodiphenylamine.—The preceding compound was heated 
for 4 hours at 280—290°, and the product distilled under reduced 
pressure. It had b. p. 218—220°/20 mm. (yield, 75%). The 
solidified product crystallised from alcohol in colourless plates, m. p. 
69° (Found : Cl, 29-2. C,,H,NCl, requires Cl, 29-8%). 

3 : 5-Dichlorodiphenylamine-2'-carboxylic acid, prepared from 3 : 5- 
dichloroaniline by the method described for the analogous 3: 4- 
dichloro-compound, crystallised from alcohol in colourless soft 
needles, m. p. 245° (Found: Cl, 24:8. C,,H,O,NCI, requires Cl, 
252%). 

3 : 5-Dichlorodiphenylamine, obtained by heating the preceding 
compound at 280—290° for 4 hours, had b. p. 200°/12 mm.; it did 
not solidify when cooled to — 16° (yield, 74%) (Found: Cl, 29-5. 
C,,H,NCI, requires Cl, 29-8%). 

3:4: 5-Trichlorodiphenylamine-2'-carboxylic acid, prepared from 
3: 4:5-trichloroaniline in the usual manner,. crystallised from 
alcohol in colourless needles, m. p. 238° (Found: Cl, 33-1. 
C,,H,O,NCI, requires Cl, 33-6%). 

3:4: 5-Trichlorodiphenylamine, prepared by heating the preceding 
compound at 290—300° for 24 hours, distilled at 248°/20 mm. It 
crystallised from alcohol in colourless prisms, m. p. 83—85°, and 
when recrystallised from ligroin (b. p. 60—80°) it had m. p. 85 
(Found: Cl, 39-2. C,,H,gNCl, requires Cl, 40-0%). 

5-Chloro-2-methyldiphenylamine-2'-carboxylic acid was prepared 
from 4-chloro-o-toluidine and potassium o0-chlorobenzoate. It 
crystallised from acetic acid in pale yellow needles, m. p. 200° 
(Found: N, 5-6. C,,H,.0,NCl requires N, 5-4%). 

5-Chloro-2-methyldiphenylamine, obtained by heating the preceding 
acid at 290° for 4 hours, had b. p. 205—207°/23 mm.; it did not 
solidify when cooled to — 16° (Found: N, 6-6. C,,H,,NCl requires 
N, 6-4%). 

Benz-m-chloroanilideiminochloride (Chapman, J., 1927, 1746), 
b. p. 199—200°/10 mm., was obtained from benz-m-chloroanilide 
and phosphorus pentachloride in 92% yield. 
N-3-Chlorophenylbenzimino-4-chlorophenyl Ether.—p-Chlorophenol 
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(12 g.) was added to a solution of sodium (1-7 g.) in alcohol (26 c.c.) ; 
to this solution, after cooling, was added a solution of the preceding 
compound (18 g.) in ether (36 c.c.), and the mixture kept for 16 hours. 
After evaporation of most of the solvents, the residue was poured 
into water, the oil which separated was extracted with ether, and the 
extract washed with aqueous sodium hydroxide and with water and 
dried with calcium chloride. After evaporation of the ether, the 
product solidified on cooling. It was recrystallised from alcohol and 
obtained in colourless prisms, m. p. 77° (Found: Cl, 20-0. 
C,9H,,0NCI, requires Cl, 20-7%). 

3 : 4'-Dichlorodiphenylamine.—The preceding ether was isomerised 
by being heated for 2 hours at 290°. The benzoyl derivative of 
3:4’-dichlorodiphenylamine thus obtained, being resinous and 
difficult to crystallise, was not purified but was hydrolysed by boiling 
for 2 hours with alcoholic potassium hydroxide (alcohol, 200 c.c. ; 
potassium hydroxide, 50°, aqueous solution, 80 c.c.). The alcohol 
was evaporated, the residue treated with water and extracted with 
ether, and the extract washed with water and dried with calcium 
chloride. After evaporation of the ether, the diphenylamine was 
distilled under reduced pressure. It had b. p. 235°/25 mm. and 
solidified on cooling. When recrystallised from alcohol it was 
obtained in almost colourless prisms, m. p. 63—64° (Found: Cl, 
29°1. Cy ,HgNCl, requires Cl, 29-8%). 

3: 3’ - Dichlorodiphenylamine.— N - 3 - Chlorophenylbenzimino- 3- 
chlorophenyl ether, prepared from benz-m-chloroanilideimino- 
chloride and m-chlorophenol, did not solidify after standing for 
4months. It was isomerised by being heated at 290° for 2 hours and 
the benzoyl derivative thus obtained was hydrolysed by boiling with 
alcoholic potassium hydroxide. 3 : 3’-Dichlorodiphenylamine was 
obtained as a colourless oil rapidly darkening on exposure to air. 
It had b. p. 225—230°/18 mm. and did not solidify when cooled to 

16° (Found : Cl, 29-2.. C,,H,NCIl, requires Cl, 29-8%). 

N-o-Tolylbenzimino-2-chlorophenyl ether, prepared from benz-o- 
toluidideiminochloride and o-chlorophenol, solidified on being mixed 
with water. It crystallised in colourless well-formed prisms, m. p. 
64° (Found : N, 4:7. Cy gH,,ONCI requires N, 4-4%). 

Benzoyl-2'-chloro-2-methyldiphenylamine, obtained by heating the 
preceding compound at 290° for 2 hours, crystallised from alcohol in 
colourless prisms, m. p. 132° (Found: Cl, 10-9. C)H,,ONCI 
requires Cl, 11-0%). The compound could not be hydrolysed by the 
usual methods. 

Benzoyl-3' -chloro-2-methyldiphenylamine.—N -o-Tolylbenzimino-3- 
chlorophenyl ether, prepared from benz-o-toluidideiminochloride 
and m-chlorophenol, did not solidify after prolonged standing and 
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was isomerised by heating at 290° for 2 hours. ‘The benzoyl deriv- 
ative was obtained in colourless prisms, m. p. 106°, by recrystallis- 
ation from alcohol (Found : N, 4-8%). 

3’-Chloro-2-methyldiphenylamine was obtained by hydrolysis of 
the preceding compound with alcoholic potassium hydroxide. It 
had b. p. 203°/20 mm. and did not solidify in a freezing mixture 
(Found: N, 6-55. C,,;H,.NCl requires N, 6-4%). 

N-4-Chlorophenylbenzimino-o-tolyl ether, prepared from benz-4- 
chloroanilideiminochloride and o-cresol, solidified when mixed with 
water; it crystallised from alcohol in colourless prisms, m. p. 65° 
(Found: Cl, 10-6. C,9H,,ONCI requires Cl, 11-0%). 

4’-Chloro-2-methyldiphenylamine.—The benzoyl derivative ob- 
tained by the isomerisation of the preceding ether was not obtained 
crystalline and was hydrolysed in the usual way, 4’-chloro-2-methyl- 
diphenylamine being obtained as a colourless oil, b. p. 200—205°/ 
20mm. It rapidly darkened on exposure to air and did not solidify 
when cooled to — 16° (Found: Cl, 16-1. C,,;H,,NCl requires Cl, 
163%). 

N-o-T'olylbenzimino-2 : 4-dichlorophenyl ether, obtained from benz- 
o-toluidideiminochloride and 2: 4-dichlorophenol, solidified after 
standing for 10 days in a vacuum desiccator. When recrystallised 
from methyl alcohol, it was obtained in colourless prisms, m. p. 53° 
(Found: N, 4-0. C,)H,,ONCI, requires N, 3-9%). 

2’ : 4'-Dichloro-2-methyldiphenylamine.—Benzoyl-2’ : 4'-dichloro-2- 
methyldiphenylamine, the product of the isomerisation of the 
preceding compound, was not obtained crystalline and was hydro- 
lysed in the usual manner. 2’ : 4’-Dichloro-2-methyldiphenylamine 
had b: p. 205°/20 mm. and crystallised from alcohol in colourless 
prisms, m. p. 48° (Found: N, 5-5; Cl, 28-1. C,,H,,NCl, requires 
N, 5-6; Cl, 28-1%). 

Condensation of 3: 4-Dichlorodiphenylamine and Arsenious Chlor- 
ide.—The product obtained by boiling 3 : 4-dichlorodiphenylamine 
(28 g.) with arsenious chloride (24 g.) in o-dichlorobenzene (98 c.c.) 
for 8 hours consisted of yellow crystals (8-5 g.; 20%), and was a 
mixture. Part of it was very sparingly soluble in toluene and was 
thus separated. This portion was recrystallised from acetic acid and 
obtained in yellow prisms, m. p. 263—265° ; on further crystallisation 
from acetone it had m. p. 265—268°, which was constant (Found: 
Cl, 30-5. C,,.H,NCI,As requires Cl, 30-7%). 

The larger portion of the product crystallised from toluene i 
yellow prisms, m. p. 210—220°, and the melting point was not made 
more definite or raised by further crystallisation. During further 
recrystallisation from acetic acid products having m. p. 223—227° 
and 230—240° were obtained. This was, however, due to some 
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oxidation or acetylation taking place, for the crystalline substance 
obtained on reduction of the whole of the lower-melting product in 
alcohol-hydrochloric acid solution with sulphur dioxide in the pres- 
ence of a trace of iodine began to shrink at 205° and melted at 220° 
after two crystallisations from carbon tetrachloride (Found: Cl, 
30:1; As, 21-9. C,,H,NCI,As requires Cl, 30-7; As, 21-6%). 

Although it is probable that the lower-melting product has not 
been obtained free from the higher-melting isomeride, there is no 
doubt that the two compounds 1:2:10- (XIIIa) and 2:3: 10- 
trichloro-5 : 10-dihydrophenarsazines (XITIb) are formed in the above 
reaction. The same two compounds are formed by the reduction 
of 3 : 4-dichlorodiphenylamine-6’-arsinic acid described below. 

3 : 4-Dichlorodiphenylamine-6’-arsinic Acid.—A mixture of 3 : 4- 
dichloroaniline (12 g.), o-bromophenylarsinic acid (21 g.), potassium 
carbonate (16-3 g.), amyl alcohol (115 c.c.), and a trace of copper 
powder was boiled for 8 hours. The volatile organic substances were 
removed by steam distillation, the residue was boiled with charcoal, 
and the filtrate acidified with hydrochloric acid. The precipitated 
acid was converted into its ammonium salt, which crystallised from 
a concentrated solution of ammonia. This salt was dissolved in 
water and the acid precipitated by means of hydrochloric acid was 
recrystallised from dilute acetic acid and obtained in colourless 
needles, m. p. 150° (Found: As, 20-8. C,,H,),0,NCI,As requires 
As, 20-79%). 

Reduction of 3:4-Dichlorodiphenylamine-6’-arsinic Acid.—The 
acid, dissolved in a mixture of equal volumes of alcohol and con- 
centrated hydrochloric acid, was reduced with sulphur dioxide in 
the presence of a trace of iodine. The yellow crystalline product 
was washed with hydrochloric acid and, after drying, recrystallised 
from carbon tetrachloride. That portion which was less soluble was 
iltered off, recrystallised from acetone, and obtained in yellow 
prisms, m. p. 273—274° (Found: As, 22-3. C,,.H,NCI,As requires 
As, 216%). It was proved identical with the higher-melting and 
less soluble product from the condensation of 3 : 4-dichlorodiphenyl- 
amine and arsenious chloride by the method of mixed melting points. 

The more soluble portion crystallised from carbon tetrachloride 
in yellow prisms, m. p. 230—250°. From the mother-liquor, a 
fraction having m. p. 225—240° was obtained and this after recrystal- 
lisation from acetone had m. p. 230—235° (Found: As, 21-2. 
(;.H,NCI,As requires As, 21-6%). When it was mixed with the 
lower-melting and more soluble product from the condensation of 
3: 4-dichlorodiphenylamine and arsenious chloride there was no 
depression of melting point. A mixture containing a large excess 
of the product of lower melting point showed only a small depression 
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of the melting point, whereas a mixture containing a large excess of 
the higher-melting isomeride had a melting point markedly lower 
than that of the higher-melting isomeride. 

1 : 3: 10-Trichloro-5 : 10-dihydrophenarsazine (1-8 g.) was obtained 
by boiling 3 : 5-dichlorodiphenylamine (8 g.) with arsenious chloride 
(6-8 g.) in o-dichlorobenzene solution (28 c.c.) for 8 hours. From the 
mother-liquor, after addition of a further quantity of arsenious 
chloride and another 8 hours’ boiling, 1-9 g. were obtained and after 
the mother-liquor had been boiled again for another 8 hours a further 
1-6 g. was isolated. The product crystallised from acetone in yellow 
prisms, m. p. 251—252° (Found : Cl, 30-7. C,,H,NCI,As requires 
Cl, 30-7%). 

The trichloro-compound (1-3 g.) was boiled for 10 minutes with 
acetic acid (12 c.c.) and hydrogen peroxide (20 vols., 6 ¢.c.). 1: 3- 
Dichlorophenarsazinic acid, which separated on cooling, crystallised 
from dilute acetic acid in colourless needles which did not melt below 
280° (Found: As, 21-0. C,,H,O,NCI,As requires As, 21-8%). 

1: 2:3: 10-etrachloro-5 : 10-dihydrophenarsazine separated in 
small yield (0-8 g., 6°) when 3 : 4: 5-trichlorodiphenylamine (10-5 g.) 
was boiled with arsenious chloride (7-8 g.) in o-dichlorobenzene 
(32 c.c.) for 7 hours, but 5 g. were also obtained when the mother. 
liquor was boiled for 20 hours with a further quantity of arsenious 
chloride. When recrystallised from acetone, the compound was 
obtained in yellow needles, m. p. 260° (Found: Cl, 36-9. 
C,,H,NCI,As requires Cl, 37-2%). When boiled for 15 minutes with 
acetic acid and hydrogen peroxide, it was converted into 1 : 2 : 3-tr- 
chlorophenarsazinic acid. This was converted into its sodium salt, 
which crystallised from a solution in concentrated aqueous sodium 
hydroxide. This salt was separated, its aqueous solution treated 
with hydrochloric acid, and the precipitated acid recrystallised from 
acetic acid (90°) and obtained in colourless needles which did not 
melt below 290° (Found: As, 19-0. C,,H,O,NCIAs requires As, 
19-8%). 

1:9:10- or 1:7:10- or 3:7: 10-Trichloro-5 : 10-dihydrophen- 
arsazine was obtained in small yield (1-7 g., 15%) by boiling 3 : 3’. 
dichlorodiphenylamine (8 g.) with arsenious chloride (6-8 g.) in 
o-dichlorobenzene (28 c.c.) for 8 hours. The homogeneous product 
crystallised from acetic acid in soft yellow needles, m. p. 298 
(Found : Cl, 30-8. C,,H,NCl,As requires Cl, 30-7%). 

Condensation of 3: 4'-Dichlorodiphenylamine with Arsenious Chlor- 
ide.—3 : 4'-Dichlorodiphenylamine (5 g.) was boiled with arsenious 
chloride (4:5 g.) in o-dichlorobenzene (18 c.c.) for 8 hours. The 
yellow product—a mixture of 1:8: 10- (VIa) and 3:8: 10- (VIb) 
trichloro-5 : 10-dihydrophenarsazines—separated in small yield (l4 
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ss of 4 2° 20%). Reerystallised from acetone, it had m. p. 260—280° and 
we after further recrystallisation the product had a constant m. p. 292°. 

I For macro-analysis, this had to be mixed with the lower-melting 
ined isomeride, as only a small quantity was obtained (Found for the 

e . . : roO/ ml 
me" | mixture: Cl, 30-7. C,.H,NCl,As requires Cl, 30-:7%). The 
oride . - os yer . 

t] mother-liquors from the higher melting product yielded a substance 
n : which after recrystallisation had m. p. 240—242° (Found : Cl, 31:3. 
yr (';,H,NCI,As requires Cl, 30-7%). 
+43 ri 2 : 10-Dichloro-4-methyl-5 : 10-dihydrophenarsazine (4:7 g., 70%) 
reel I was obtained by boiling 4-chloro-2-methyldiphenylamine (5 g.) with 
ellow : sf Ne hile . 

; arsenious chloride (5 g.) in o-dichlorobenzene (20 c.c.) for 8 hours. It 
ae a : ‘ Misil: eine 

crystallised from acetone in bright yellow prisms, m. p. 245° (de- 
etal comp.) (Found: Cl, 21-9. C,H, )NCI,As requires Cl, 21-8%). 
ye ‘ l(or 3) : 10-Dichloro-6-methyl-5 : 10-dihydrophenarsazine (VII) 
iii. ‘d (3-6 g., 58%) was obtained as a homogeneous product by boiling 

Se , . . . ° . 

nm 3’-chloro-2-methyldiphenylamine (5 g.) with arsenious chloride (5 g.) 
VETO ° . . 

in o-dichlorobenzene (20 ¢.c.) for 8 hours. When recrystallised from 
1 in acetone, it was obtained in bright yellow plates, m. p. 262° (decomp.) 
- ,) 4 (Pound : Cl, 21-7. CysHyoNCl,As requires Cl, 21-8%). 
ser 2 : 10-Dichloro-6-methyl-5 : 10-dihydrophenarsazine (1-6 g., 25%) 
nzene . a. . , pute i 
ther. 4 28 produced on boiling 4’-chloro-2-methyldiphenylamine (5 g.) 

’ with arsenious chloride (5 g.) in o-dichlorobenzene (20 c.c.) for 8 
niow }, ; ? ‘Ri . innit ties on 
wag hours. It was obtained in deep yellow prisms, m. p. 199°, by re- 

36-9 crystallisation from acetone (Found: Cl, 22-2. C,H, )NCI.,As 
ov'd. ° - 

1, § requires Cl, 21-8%). 
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pa XL.—Esters of Orthophenylacetic Acid. 
dnot# By Perer P. T. San, SHao Yuan Ma, and Cuune Hst Kao. 
s As, , 
4 OnE of the authors (Sah, J. Amer. Chem. Soc., 1928, 50, 516) re- 
oe ported the synthesis of a number of esters of orthoacetic acid by 
: 3, the action of alcohols on acetimido-ether hydrochlorides. Phenyl- 
: 4 acetimidoethyl ether hydrochloride has been synthesised by Pinner 
ete (“ Die Imido-ather,” Robert Oppenhaim (Gustav Schmidt), Berlin, 


908 1892, pp. 27, 66] and by Hill and Rabinowitz (J. Amer. Chem. Soc., 
—"" *91926, 48, 734). 
The present authors have successfully repeated Pinner’s experi- 





Chlor- : oad “ay 
nious Bent and in addition have prepared phenylacetimidomethy] ether 
The hydrochloride. By allowing various alcohols (methyl, ethyl, n- 





propyl, tsopropyl, n-butyl, isobutyl, and isoamyl) to react with these 
imido-ether hydrochlorides, twelve new ortho-esters were isolated in 


(VIO) 
d (i-4 

















306 ESTERS OF ORTHOPHENYLACETIC AOID. 


a very pure state. The reactions are represented by the following 
scheme : 


ROH + ' ’ 2k’0OH 
CgH,-CH,CN—>C,H,CH,-C(OR):NH,HCI—> 
C,H,*CH,-C(OR)(OR’), -+ NH, 


EXPERIMENTAL 

Phenylacetimidomethyl Ether Hydrochloride. —While a solution of 
phenylacetonitrile and absolute methyl alcohol (1 mol. of each) in 
an equal volume of absolute ether was cooling in a freezing mixture, 
hydrogen chloride (1-25 mols.) was introduced. The reaction 
mixture, protected from moisture, was kept in the ice-box for about 
a week and the crystals were then filtered off and dried over soda- 
lime in a vacuum for 24 hours (yield, about 85%). 

By using absolute ethyl alcohol in place of methyl alcohol, phenyl- 
acetimidoethyl ether hydrochloride was obtained in similar yield, 
but a longer time was required for its complete precipitation. 

Formation of Orthophenylacetates (compare Sah, loc. cit.).—A 
mixture of the imido-ether hydrochloride (50 g.) and the absolute 
alcohol (500 c.c.) was kept in a closed bottle at room temperature 
for 2 weeks. The ammonium chloride was removed, and the 
filtrate fractionated (under about 40 mm.). The first fraction 
consisted mainly of unchanged alcohol together with some ortho- 
ester. The fraction boiling most constantly was refractionated at 
atmospheric pressure, kept for a week, during which more ammonium 
chloride separated, and distilled three times under reduced pressure 
(oil-pump) (yield, 40—45% of the theoretical). 

The following esters of orthophenylacetic acid, like the alkyl 
orthoacetates, are colourless liquids with a pleasant odour ; they are 
insoluble in water, soluble in acetic acid, carbon disulphide, chloro- 
form, carbon tetrachloride, and very soluble in benzene, ethyl 
alcohol, ether, acetone, ethyl acetate, and light petroleum. 


Orthophenylacetates, CH,Ph-C(OR)(OR’),. 


R. R’. B. p. a", ne, C, %.* H, %.* 
Me Me 216—218° 1-0651 1:5075 67-2 (67-3) 80 (82) 
Et Me 217—219 11-0640 1:5080 68-7 (68:5) 83 (8-6) 
Me Et 224226 11-0356 15000 70-2 (69:6) 8-4 (9-0) 
Et Et 225—227 —-:1-0308 1:4997 70:3 (705) 91 (9-3) 
Me Pra 239—242  1-0109 1:4950 71:4 (71:4) 97 (9-6) 
Me Pr8 227—229 11-0079 1-4913  70°75(71-4) 9-2 (9-6) 
Et Pra 238—241 11-0094 1-4967 72-0 (72-1) 9-5 (98) 
Et  Pré 228—230  1-0030 1-4908  72°65(72:1) 94 (9-8) 
Me n-Bu  264—257 00-9953 1-4911 72-6 (728) 9-5 (10-1) 
Me iso-Bu 245—248  0-9929 1-4898 72:3 (72-8) 9-5 (10-1) 
Et n-Bu 254257 0-9974 1:4916 73:3 (73-4) 10-2 (10-3) 
Et iso-Bu 248—251  0-9867 1-4883 73-2 (73-4) 9-8 (10-3) 
Me iso-Am 260—265  0:9880 14900 74:1 (74-0) 9-8 (10-5) 
Ft  iso-Am 260—265  0-9867 1-4887 73-9 (74:5) 10-8 (10-6) 





* The theoretical percentages are given in parentheses. 
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XLI.—The Salt-forming Characteristics of Doubly- 
and Singly-linked Elements of the Oxygen Group. 
Part I. The Carbonyl Group in Benzaldehyde and 
Acetophenone. 


By Jonn WILLIAM BAKER. 


EARLIER work (Baker and Ingold, J., 1930, 431) has shown that 
Schiff’s bases of the type CHPh:NAr, although readily hydrolysed 
by dilute acids, dissolve in concentrated or fuming sulphuric acid 
® 
to form true ammonium salts of the type Ph-CH:NHAr J HSO,, and 
the intense colour of the solutions so obtained is presumably due to 
the presence of the salt or its kation, since the free bases are almost 
colourless. The long-known fact that benzaldehyde dissolves in 
concentrated sulphuric acid to form a similar deep orange solution 
(Kauffmann and Beisswenger, Ber., 1903, 36, 561) immediately 
suggests that this colour is similarly due to the formation of an 
% 

oxonium salt Ph-OEOR}f80,. especially since the benzaldehyde 
can be recovered unchanged by dilution of the solution. It was 
considered of interest, therefore, to investigate the salt-forming 
characteristics of the carbonyl oxygen in derivatives of the type 
Ar-COR, and to extend the investigation to include singly-linked 
(ethereal or phenolic) oxygen, and similar groups containing sulphur 
and selenium. 

The problem is susceptible to attack along two distinct lines, both 
of which it is intended to develop in subsequent papers. The first 
involves investigations of the condition of such groups in sulphuric 
acid solution by the purely physical methods of partition, colori- 
metry, absorption spectra, etc. Secondly, the conversion of a pseudo- 
basic system, directly attached to a benzene nucleus, into the 
“onium ” salt will affect the directive action of the group causing 
enhanced tendency towards meta-substitution, and hence the 
problem may be investigated along lines similar to those employed 
in the case of benzylidene-m-nitroaniline (loc. cit.). 

The present communication describes some preliminary physical 
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investigations relating to benzaldehyde and acetophenone. The 
decrease in stability of the “onium” salts in passing along the 
series nitrogen > oxygen > fluorine suggests that, although actual 
isolation of a colourless (probably pseudo-) salt of benzylidene- 
m-nitroaniline was possible (loc. cit.), the corresponding oxonium 
salts derived from benzaldehyde and acetophenone might be in- 
capable of existence except in solution in concentrated sulphuric 
acid. ‘This has actually been found to be the case, all attempts to 
isolate such salts proving fruitless. Nevertheless, definite evidence 
of their existence in solution is adduced from the observations 
recorded below. 
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Pure benzaldehyde was distributed, under comparable conditions, 
between sulphuric acid (of various concentrations) and _ligroin, 
both with and without the addition of ammonium sulphate to the 
acid layer, and the proportion of benzaldehyde in the ligroin layer 
was determined gravimetrically as its p-nitrophenylhydrazone. 
The results are summarised in Table I, and expressed graphically in 
Fig. 1. 

In order to interpret these results, it is necessary to consider 
briefly the consecutive ionic equilibria which probably exist in such 
solutions of benzaldehyde (or acetophenone) in sulphuric acid. 
First, it may be supposed that the free carbonyl compound and 
sulphuric acid are in equilibrium with the pseudo-(covalent) salt 
CPhR(OH)(O-SO,H). The latter, in turn, will be in equilibrium 
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lhe 
the TABLE I. 
ual " H P 2 Bea td 
oo Partition of benzaldehyde between sulphuric acid and ligroin at the 
is ordinary temperature. 
. Proportion of Ph-CHO in ligroin 
iIn- J 
: layer (%). 
1ric _— y 
st ‘ , A. B. 
3 WO 100 [H,SO,] | 100[SQ;]_ ——- Without addition | With addition 
nce |H,SO,] + [H,O] [SO ,] + [H,SO,] of (NH,),SO,. of (NH,),SO,. 
ons (7-3% free SO,) 83 0-5 1-4 
100 81-6 0-81 1-03 
90 73°5 0-83 8-7 
80 65-3 1:77 30°8 


with the ions of the true oxonium salt, the whole system being 
represented by the scheme 


< - ~--~----=--~ Colourless -------------- -- -> Coloured 
@ 


‘ . CY N OH > 2 — 
PhUR‘0 +-HO-S0,H = Ph-CR<0.g9,H == 0°S0,H | Ph-CR:OH 


Soluble <-------- ----Insoluble in ligroin-------------------------—> 


The y-salt is assumed to be colourless because benzylidene esters 
are colourless, and to be insoluble in ligroin because it is a sulphuric 
acid. The ion, however, would be coloured because it is, in part, 
a carbonium ion (compare the colours of cotarnine salts and of the 
salts of Schiff’s bases in ionising media). 

The partition experiments provide information concerning the 
amount of free benzaldehyde (which is miscible in all proportions 
with ligroin) present in the solution, and show that, in the absence 
of ammonium sulphate, these equilibria are displaced largely towards 
the right, the benzaldehyde being retained almost completely in the 
acid layer, even in 80% sulphuric acid. Addition of ammonium 
sulphate, however, causes a repression of the ionic dissociation 
ons, § (common-ion effect) which is followed, in turn, by a further decom- 
oin, ff position of the pseudo-salt into free benzaldehyde and sulphuric 
the § acid with the result that, under these conditions, a larger proportion 





yet Bf of the benzaldehyde is found in the ligroin layer. The magnitude 
one. § of this effect is greater the more dilute is the acid solution employed.* 


yin § These results are similar to those obtained with benzylidene-m- 
nitroaniline, which has already been proved to exist almost entirely 

ider_§f as its salt in sulphuric acid solution. 

uch Evidence relating mainly to the second of the above equilibria 






cid. ff has been obtained from colorimetric investigations. ‘The colour of 
and , sia : acta ; 4 

It * In such dilute sulphuric acid solutions, further complications will obviously 
= be introduced owing to the hydrolysis of one or more of the entities present, 
jum 


but for simplicity such equilibria have been omitted from the scheme given 


above. 
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the sulphuric acid solutions is presumably due to the presence of 
the carbonium-oxonium ion, and indeed, may be regarded as a 
direct measure of the concentration of the latter in the solution. 

In this connexion two factors were considered, viz., (1) the effect 
of varying the concentration of the carbonyl compound in the 
solution in sulphuric acid of a constant concentration (100%), .¢., 
that of varying the molecular ratio CPhR:O0/H,SO,, and (2) the 
effect of varying the dilution of the sulphuric acid when the above 
molecular ratio is kept constant. The partition experiments already 
described indicate that in 100% sulphuric acid hardly any free EY 
benzaldehyde is present, and hence decreasing the concentration 
of the carbonyl compound in such a solution may be expected to 
result mainly in an increased ionisation of the (colourless) pseudo- 
salt form into the (coloured) oxonium ion, in accordance with 
ordinary dilution laws. Hence, solutions of benzaldehyde and 
acetophenone in 100% sulphuric acid should not obey Beer’s lav. 
The colour values of such solutions with decreasing concentration of 
the carbonyl compound are summarised in Table II. 
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Tase IT. the 

Colour values of CPhR:O in 100% sulphuric acid at the ordinary col 
temperature. - 

8 

Relative lengths Observed ** Molecular ul 

CPhR.O, of columns for ** specific ”’ equivalent ”” of 
equiv./l. equal colour colour value colour value Fur 

(c). intensity (I). (s). (1000 s/c). cl. 
R =H. rege 
0-1808 [1] [1] [5544] 0-1808 Beis 
0-0904 1-83 0-55 6053 0-1655 sho 
0-0452 3°33 0-30 6653 0-1505 

0-0226 6-15 0-16 7230 0-1390 the 
R = Me heir 

0-1582 [1] [1] [6320] 0-1582 Th 
0:0791 1-71 0-59 7440 0-1353 e 
0-0395 3:07 0-33 8350 0-1213 rati 
0-0198 5-58 0-18 9090 0-1105 acid 


In agreement with the theoretical deductions given above, the 
product cl is not constant as required by Beer’s law, the intensity 
of the colour decreasing with increasing dilution more slowly than § yy 
this law requires. In other words, the “ molecular equivalent § pur; 
colour value ” increases with increasing dilution in an analogous § oot, 
manner to the similar increase in the equivalent conductivity in §  p, 
solutions of electrolytes.* —_ 
indic 
18 INC 
of th 
too ¢ 
solute 


* The approximate nature of colorimetric measurements and the uncer- 
tainty of the colour value at infinite dilution, together with possible complic- 
ations arising from any disturbance of the first of the postulated consecutive 
equilibria, render valueless any attempt to apply Ostwald’s dilution law to 
the data obtained. Correlation between colour and ion-formation is clearly 
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The effect of the dilution of the sulphuric acid was investigated by 
determination of the relative colour intensities of solutions of 
benzaldehyde in 100, 90, 80, and 70% sulphuric acid, respectively, 
in which the molecular ratio (benzaldehyde) /(absolute sulphuric 
acid) was kept constant, suitable correction being made for the 
difference in total volume of the solutions. The results are 
summarised in Table IIT. 


TasxeE III. 
Effect of the dilution of the sulphuric acid on the colour intensity of 
solutions of benzaldehyde in sulphuric acid. 


Mol. ratio PheCHO/H,SO, = 1/89 (constant). 


100 [H,SO,] Relative colour values. 





[H,SO,] + [H,0]" (a) Obs. (b) Corr. for vol. of solution. 
100 [100] [100] 
90 75 85 
80 34 45 
70 13 21 


If, as has been assumed, the intensity of the colour is a measure of 
the amount of the salt form present, then the figures in the last 
column of the table show that, of the amount of oxonium salt 
present in 100% sulphuric acid, 15, 55, and 79%, respectively, 
suffers hydrolysis in the presence of the same molecular quantity 
of sulphuric acid, but in 90, 80, and 70% dilution, respectively. 
Further dilution subsequently causes complete hydrolysis with the 
regeneration of benzaldehyde as observed by Kauffmann and 
Beisswenger (loc. cit.). A similar experiment with acetophenone 
shows that hydrolysis of the oxonium salt occurs even more readily, 
the diminution in colour as the strength of the acid is diminished 
being too rapid to admit of accurate colorimetric comparison. 
The approximate (corrected) colour values for the same molecular 
ratio, Ph-COMe/H,SO, = 1/89, in 100, 90, and 80% sulphuric 
acid are, respectively, 100, < 10, and < 7. 


EXPERIMENTAL. 


Materials.—The benzaldehyde used was freshly prepared from the 
purified bisulphite compound and was free from benzoic acid. The 
acetophenone had b. p. 201°, m. p. 21°. 

Partition Experiments—A weighed amount (about 3 g.) of 


indicated by the observation that the conductivity of 100% sulphuric acid 
is increased by addition of benzaldehyde. The proportion (about 80—90%) 
of the total conductivity of such a solution due to the solvent is, however, 
too great to permit of accurate determination of the conductivity of the 
solute itself. 
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benzaldehyde was dissolved in ligroin, b. p. 100—120°, which had 
































been freed from benzenoid hydrocarbons as previously described | 
(Baker and Ingold, loc. cit.), and the solution made up to 50 c.¢, § © 
se 


Two equal portions (20 c.c.) of this solution were shaken for 1-2 
mins. at the ordinary temperature (25°) with 5 c.c. of the appropriate § @” 
sulphuric acid solution, in one case with the previous addition of | by 
2 g. of ammonium sulphate. After standing until separation of the | 
two layers was complete, 10 c.c. of each ligroin layer were pipetted § 10 
into 25 c.c. of 12% acetic acid in a flask from which air had been 
displaced by carbon dioxide, the mixture was diluted with 50 cc, 9! 
of water, and 30 c.c. of a filtered solution of p-nitrophenylhydrazine § °" 
(0-6—0-7 g.) in 30% acetic acid were added. After 5 hours the§ 
precipitated p-nitrophenylhydrazone was collected on a Gooch 
crucible, washed with 10% acetic acid, dried, and weighed in the 
usual manner. ‘The results are summarised in Table IV. ( 


TABLE IV. 
Partition of benzaldehyde between sulphuric acid and ligroin at 25°. | wei 


Data relating to ligroin layer. 








Wt. of p-nitro- Len; 
phenylhydrazone co 
Wt. of — in 10 c.c. (g.), Wet. of PheCHO % of S 

Ph:CHO (a) (b) in 20 c.c. (g.).  Ph-CHO. 
100 [H,SO,] taken without with ease. “—_— Rela 
[H,SO,] -+ [H,O] “(g.). Am,SO,.Am,SO,. (a). (0). (a).  (b). co 
(73% free SOs) 1:1745 00069 — 00030 — O05 — Fy. 
x 12004 — 0019 — 00172 — 14 Bf ben 

100 1:2432 00-0117 0-0145 0-0103 00-0128 0-81 1-03 

90 1:2051 00-0114 0-1190 0-0100 00-1047 0-83 87 

80 1:2596 0-0319 00-4406 0-0281 00-3878 1:77 30°8 
Colorimetric Mecasurements.—All colorimetric determinations were * 
carried out at the ordinary temperature with a Klett top-reading 1/8 


colorimeter, a daylight lamp reflecting from ground-glass mirrors 
being used as a source of illumination. ‘The colour intensities wer§ . 
matched against the deepest coloured solution as a standard by we. 
adjustment of the length of the column. All recorded readings ~ 
are the means of at least four independent, concordant adjustments ean 
approached from either side. The adjustment of the instrument = 


was checked for various lengths of column by comparison of the same 





solution placed in both tubes, the following readings being obtained :j *** 
R.-H. column (standard) ............ 50 45 40 30 mm. Mean 
L.-H. column, mean reading ...... 50-2 45-1 40-1 30 mm. aioe 
. . ‘ PF . ” val 

Effect of varying the Mol. Ratio Ph'COR/H,SO, on the Colour Value. Dens 
Deviation from Beer’s Law.—The results are given in Table V, from § ctu: 
*y 


which_the data summarised in Table Il are taken. 
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h had ffect of varying the Dilution of the Sulphuric Acid on the Colour 
cribed | Value when the Mol. Ratio Ph-COR/H,SO, is kept constant.—A 
50 ce, | constant weight of the carbonyl compound was weighed into a 
r 19 series of stoppered flasks. To each flask was added a weighed 
priate g amount of 100, 90, 80, and 70% sulphuric acid respectively (made 
ion of § by accurate dilution of an oleum solution of known concentration), 
of the | cach equivalent in actual sulphuric acid content to the weight of 
petted | 100% sulphuric acid taken in the first case. The colour values of r 
1 been § these solutions were compared in pairs, that of the solution in 100% 
50 ec, acid being taken as the standard. Since the concentration of the 
razine § Catbonyl compound was small, the densities of the solutions were 
rs the § assumed to be the same as that of the sulphuric acid employed, and 


Gooch } 
TABLE V. 














in the 
Colour values of solution of Ph:COR in 100°4%, sulphuric acid at 
the ordinary temperature. 
R= H. = Me. 
j 95° ne : - = 
a Weight of PheCOR in 100 1-9344 0-9672 0-4836 0-2418  1-8992 0-9496 0-4748 0-2374 
c.c. of soltn. (g.) 
27-3 50 — — 31-9 54 — -- 
24-6 45 — — 28-9 50 — — 
. — 5 -_—— Re -_ 5 --- 
lengths of columns for 16-9 o7.% 4 16-9 4 
colour matching heen =o 50 pic vais 30-8 65 i. 
aa 8 — %3 45 _ — 224 45 — 
of _— -—, 374 — 8 — — 655 
— — 28 65 a - sf 8 
HO. _ ~ 27-1 50 — — 28-1 60 
—_ Relative lengths of 1 183 3:25 6-14 1 1:73 3:26 5:35 
(d). columns 1-83 3-39 6:14 70 3-05 5-33 
fs 8:37. 6-17 2-91 5:47 
Mean 1 183 38383 6-15 1 171 3807 5-38 : 
1-4 Beer’s law requires 1 2 4 8 1 2 4 8 i 
1-03 
8-7 ; 
30:8 TasLe VI. 
wae Effect of the dilution of the acid on the colour values of solutions of i 
) . . . - . ; 
odiins Ph‘COR in sulphuric acid when the mol. ratio PhrCOR/H,SO, 1s 
. fm 1/89 (constant). 
ITTOTS R=H. R = Me.* 
| Were ; eee ~ 
Conc. of HySO, (%) 100 90 80 70 100 90 80 
‘d by Wt. of Ph-COR (g.) 0-300 0:300 0:300 0-300 0-340 0-340 0-340 
. i Wt. of H,SO,(g.) 24-700 27-444 30-866 35-286 24-700 27-444 30-866 
dings 36-9 50 — — <5 55 — 
84-1 45 ~ -_ _ 30 50 
nents MH Mean values of lengths of | 20-8 -- 55 — --- 25 40 
nt columns for equal col- ~§ — 24-9 55 _ _ _ — 
men our intensity — 22-4 50 _ ~ a 
¢ , _ _— 20-6 55 _— — a= 
same = —_ 19-4 50 — — — 
ined : Relativelengthsofcolumn 1 1-36 (2-64) 7-94 1 >11 >18-4 ij 
: 1-32 2-96 7-66 >17-6 fi 
2-99 
mm. Mean relative lengths of [1] 1-34 2-97 7-80 1 >11 >18 
mm. _ column ce 
Observed relative colour [100] 74:8 33-65 12-83 [100] <9 <5-6 
‘ values ; 
alue. @ Density of solution 1-859 1820 1-733 1-615 1-359 1820 1-733 
Total vol. ofsolution(c.c.) 13-45 15-25 18-0 22-0 13-45 15-25 18-0 i 
from § Actual colour values (corr.) [100] 84-8 45-0 21-0 (100) <10 <7 





* Matching in this case was only very approximate owing to the large differences in colour intensity. 
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hence the total volumes of the solutions were calculated in each * 
case. The observed colour values were corrected for these small / 
differences in total volume on the basis of Beer’s law. The results| © 
are given in Table VI. “4 

Benzylidene-m-nitroaniline—An attempt to repeat a similar lo 
comparison in the case of this Schiff’s base failed owing to the rapid J P 


diminution in colour intensity which occurs as the concentration of 
the sulphuric acid is diminished. In 100 and 90% sulphuric acid, in} ©! 
which the mol. ratio (base)/(actual sulphuric acid) had the constant § P 
value 1/20, the relative corrected colour values were approximately 
100 and 25 respectively. th 
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XLII.—T he Salt-forming Characteristics of Doubly-| % 
and Singly-linked Elements of the Oxygen Group. 


Part II. Nitration of Benzaldehyde and Aceto- 
phenone in Sulphuric Acid Solution. W 

By Jonn Wit1iiaAM Baker and Witi1amM GreorGE MorfFirr. R 
It has been clearly established (Baker and Ingold, J., 1930, 431; - 


compare Baker, J., 1928, 1281) that the conversion of an azo. 
methine system, -CR:NR’, attached to an aromatic nucleus into its T 
salt causes strong m-orientation resulting from the partial trans. of 
ference of the kationic charge to the «-carbon atom of the side chain. 
Moreover, on nitration of benzylidene-anils in sulphuric acid solution, 
the proportion of the m-isomeride formed is depressed by the addition 
of ammonium sulphate to the nitrating medium. This depression 
was ascribed to the well-known common-ion effect, the change 
ion —-> salt being succeeded in the case of such -basic systems by 
the further m-repressing influence due to the partial conversion of 
this salt into the )-salt or the neutral form (loc. cit., p. 434). Thus 
the conclusions concerning the existence of benzaldehyde and aceto- 
phenone as oxonium salts in sulphuric acid solution which have been 
reached on the basis of physical measurements (preceding paper) 
should be capable of verification by an investigation of the propor- 
tion of the m-isomeride formed when these substances are nitrated 
in the presence of a large excess of concentrated or fuming sulphuric 
acid, i.e., under conditions conducive to the stability of the oxonium 
salt. The results of such an investigation are now described. 

In its neutral condition, the m-directive influence of the carbonyl 
group has been ascribed to the presence of the fractional dipole 


8+ 8 
—C—O (Baker and Ingold, J., 1927, 832). In acid media, however, 
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a tendency for the oxygen to co-ordinate a proton and form a salt- 
like complex may be anticipated. This would increase the positive 
charge on the group and thus enhance its m-directive power. Such 
reaction with the acid medium may involve merely the formation of a 
loose salt-like complex, with the consequent augmentation of the 
positive field around the carbonyl group by a mechanism similar to 
that postulated for the attack of an acid catalyst in the mutarotation 
of sugar derivatives (Baker, J., 1928, 1586), or it may result, in the 
presence of large concentrations of sulphuric acid, for example, in 
® 
the actual formation of the oxonium salt uttele in which 
case the integral positive charge on the kation will cause a very high 
proportion of m-substitution. The increased m-substitution which 
occurs when acetophenone is nitrated in the presence of an excess of 
concentrated sulphuric acid below 0° has already been observed by 
Rupe, Braun, and Zembruski (Ber., 1901, 34, 3522), who isolated 
80—90% of pure m-nitroacetophenone under these conditions, 
whereas Camps (Arch. Pharm., 1901, 240, 1) found only 55% 
when the nitration was carried out in nitric acid (d 1-52) alone. 
Repetition of Camps’s nitration shows that his value is too low, the 
actual figure being 70%. The anticipated increase in m-substitution 
when nitration is effected in the presence of a large excess of sulphuric 
acid is, however, clearly established by the results summarised in 
Table I, details of which are to be found in the experimental portion 
of this paper. 
TaBLE I. 
Nitration of Ph-COR under various conditions. 


Mean proportion of m-isomeride 





Density formed (%), 
(d35°) of r -~ 
Nitration Conc. of nitric (a) without (b) with added 
No. sulphuric acid. acid. added Am,SQ,. Am,SQ,. 
R = H. 
—2 73% free SO, 1-53 90-8 85-9 
3—4 50%  » %» 89-0* 84-3 
5 ” ” ” 47% 85-0T 
6 se ” ” ae 86-1T 
7—8 27% - 89-8 86-1 
9—10 90% os 86-5 83-2 
11—12 80% ” 83-9 79 7 
13 0% ” 72-1 7 
R = Me. 
14—15 7:3% free SO, 1-53 90-0 83-6 
16—17 80% a 83-1 79-5 
18 0% ts 69-8 —_ 
19 a 1-505 68-1 _ 
20 * 1-485 66-9 —_ 


* Fliirscheim and Holmes (J., 1928, 2230) record only 78-65% obtained 


under similar, but not identical, nitration conditions. 


{ Rubidium sulphate used. 
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The proportion of the m-nitro-isomeride formed is greatest in 
sulphuric acid containing free sulphur trioxide, the presence of 
which will tend to preclude any hydrolysis of the oxonium salt. 
Such hydrolysis explains the decreasing proportion of m-nitration 
observed as the dilution of the sulphuric acid is increased. Even in 
nitric acid alone, a small but definite tendency towards the formation 








7" Sp os = 
































of the salt-like complex, postulated above, can be detected, since J h 
slight dilution of the nitric acid causes a corresponding small J y 
decrease in the proportion of the m-isomeride formed (Nos. 18—20). § fr 

In the experiments in concentrated sulphuric acid, evidence has § « 
been adduced that benzaldehyde and acetophenone exist largely in J w 
the form of oxonium salts in sulphuric acid solution. Proof that § sb 
they are nitrated mainly through the kation of the salt is afforded by J p 
the observation (Table I) that m-substitution is depressed by the J m 


addition of ammonium sulphate in a manner exactly similar to that § re 
which had already been shown to occur in the case of the pseudo- 
base, benzylidene-m-nitroaniline (Baker and Ingold, loc. cit.). Itis § T 
difficult, therefore, to escape the conclusion that the similar depression | m 
observed in the case of the carbonyl compounds is due to the same § we 
cause, viz., the depression of the ionic dissociation, We 

oh ae " Ea ee oe ert 
Ph-CR:OH + HSO, == Ph-CR:OH! HSO, => Ph-COR + H,S0,, fm 
and subsequent conversion of the undissociated salt either into the § cai 
pseudo-salt Ph*CR(OH)(HSO,) or into the free carbonyl compound f nu 
and sulphuric acid. 

In order to ensure that the results are not due to any interaction 
between the ammonium sulphate and benzaldehyde, e.g., Ph°CH:O ++ Nit 

on on ti 
(NH,)HSO, —-> Ph-CH:NH,/ HSO, + H,0, giving the salt of a 
Schiff’s base, the experiments were repeated (Nos. 5—6) with 
rubidium sulphate, with essentially the same results. 

These results, together with those previously recorded (Baker and 
Ingold, loc. cit.), show that the proportion of the m-nitro-isomeride | 
(72%) formed in the nitration of benzaldehyde in nitric acid alone | 
(No. 13) may be diminished to 41% by nitration with acetyl nitrate 
[where nitration occurs mainly through the diacetate, Ph-CH(OAc),] 
or increased to 90% by addition of fuming sulphuric acid to the nitric i 
acid (nitration through the oxonium salt), and thus indicate the lines Li 
along which the proportions of op- and m-substitution may be con- 
trolled at will by variation of the conditions of nitration. 









EXPERIMENTAL. 


Samples of benzaldehyde and acetophenone purified as described 
in Part I (preceding paper) were used. 
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Nitration of Benzaldehyde and Acetophenone in the Presence of Sul- 
phuric Acid.—In all cases the carbonyl compound was added slowly 
with mechanical stirring to the nitration mixture, the temperature 
being kept at 5° + 1° for about 2 hours. The solution was then 
allowed to attain the ordinary temperature, at which it was kept for a 
further 24 hours. It was then poured on an excess of potassium 
hydrogen carbonate and ice, and the neutral products were extracted 
with benzene or ether. The last traces of solvent were removed 
from the residue from the dried extract by desiccation in a vacuum to 
constant weight. In most cases the yield of mononitro-derivatives 
was about 90%, and in several representative experiments it was 
shown that the small loss of material was accounted for by the acid 
products formed by slight oxidation during the nitration. The 
numerical details, except analyses, relating to these nitrations are 
recorded in Table II. 

Nitration of Benzaldehyde and Acetophenone in Nitric Acid alone.— 
The carbonyl compound was added slowly at — 8° to — 10°, with 
mechanical stirring, to the nitric acid, the density (at 15°) of which 
was determined approximately with a hydrometer. The mixture 
was left at this temperature for about 1 hour, and then poured on 
crushed ice and potassium hydrogen carbonate, and worked up in a 
manner similar to that described above. Nitration No. 18 was 
carried out under the conditions used by Camps (loc. cit.). The 
numerical data are recorded in Table ITI. 


TaBLeE II. 
Wt. of HNO, Wt. of 
Nitra- PhvCOR (d#*° Wt. of Am,SO, Product (g.), 
tion taken 1-53), H,SO, Conc. of added ~———“—_——__ 
No. (g.). (g.). (g.). H,SO,. (g.). neutral. acid. 


Benzaldehyde (R = H). 


l 2-922 3 31 7:3% free SO, 0 3-576 0-276 
2 3-048 3 31 na 6 3-781 0-475 
3 2-998 3 45 5-0% free SO, 0 3858 0-227 
+ 3-014 3 45 - 9 3-839 0-352 
5 1-030 1-5 17 - 7* 0-995 — 
6 2-022 2 30 as 7-5 2579 _— 
7 2-968 3 60 2:7% free SO, 0 3-809 0-262 
8 2-964 3 60 99 15 3-868 0-384 
9 2-994 3 60 90% 0 3518 0-411 
10 2-981 3 60 - 12 3°686 0-327 
ll 2-959 ¢ 6 % 0 3°46 -- 
123-201 ; $0 whe 12 >ele 
13 3-520 25 0 — 0 4-801 — 
Acetophenone (R = Me). 

ls 3-406 3 31 = 7:3% free SO, 0 2-798 _ 
5 3410 3 31 a 6 632847 — 
16 3-215 3 60 80% 0 eell 
17 3-013 3 60 99 12 2-765 








* Rubidium sulphate used. + Some mechanical loss. 
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Holmes (J., 1928, 448) in the usual manner. 
in Table IV. 








TABLE III. 
















* Mechanical loss. 








in this investigation has been met. 
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Nitra- Ph-COMe Density 
tion taken HNO, of HNO, Time 
No. (g.). (g.). (d**°), Temp. (hrs.). 
18 2-485 25 1-53 — 8° 0-8 
19 3-062 25 1-505 —8 1-25 
20 2-305 25 1-485 —8 1-5 
TABLE IV. 
Recovered (g.). 
Pie = 
< Composition 
x os, of acids. 
bt = oe ° a aio, 
ar Al es R°CO,H (mols. %) 
Neutral Acids ° - ° R 
Nitra- product ob- Separ- a A, a op- m- 
tion oxidised tained ated pr! =| es NO,°C,H,. 
No. (g.). (g.). (g.). ‘o} od ro} C,H;. ——, 
0 1-055 0-610 0-183 2-016 1-3 9-2 89-5 
9. 9.9 
L- 2131 2-288 49.690 0-010 0-116 1:322 20 89 891 
‘ 9.0. 9.905 0-811 0-020 0-216 1-442 3-5 14-1 82-4 
2 «2049 2-206 10.733 0-013 0178 1-263 25 134 84-1 
2 1997 2-146 f0-468 0-007 0-101 0-897 2-1 11-1 86-8 
= 0-689 0-006 0-141 1-307 }-2 10-7 88-1 
4 2.002 2-121 0-654 0-011 0-201 1-168 1-7 16-2 82-1 
‘7 = oe 0-643 0-008 0-182 1-156 1-7 14-9 83-4 
5 0-995 1-037 0-427 0-023 0-112 0-721 7:7 13-9 78-4 
6 2-327 2-202 1-012 0-057 0-233 1-652 8-3 12-6 79-1 
; 9.956 832 1-034 0-012 0-200 1-944 1-7 10-3 88-0 
_— ——— 0-708 0-008 0-134 1-359 1-6 9-9 88-5 
.  94a7a 9.4n7 = (§0-928 0-029 «0-235 Ss: 1-681 4-3 13-1 82-5 
8 2473 3-407 {0-746 0-021 0-195 1-348 40 13:5 82-5 
enn 0-451 0-011 0-121 0-837 3-3 13-6 83-1 
9 =-2-002, 2-046 40.747 0-014. «0-188 )=—:1-385 0 26 13-0) 84-4 
P : 0-768 0-010 0-236 1-341 1-8 16-4 81-8 
sw oe {0.859 0-008 0-274 1504 13 169 81:8 
11 2-063 2-157 0-850 0-007 0-250 1-477 }-2 15-9 82-9 
12 2-487 2-565 0-907 0-024 0-340 1-514 3-7 19-6 76-7 
13 2-824 2-540 0-767 0-020 0-383 1-121 3-8 26-8 69-4 
14 1-936 1-057* 0-660 0-074 0-110 1-098 15-6 8-6 75-8 
15 2-100 1413 0-594 0-014 0-169 0-968 26 15-9 80-5 
16 1-988 1-733 0-870 0-054 0-238 1-338 9-3 15-2 75-5 
17 1-639 1-193 0-829 0-263 0-193 0-847 43-0 11-7 45-3 
“as ’ 0-991 0-024 0-475 1-263 3-9 8-6 67-5 
is Hu 38 10-884 0-028 0-465 1-192 4:7 29-1 66-2 
19 2-679 1-691 0-800 0-044 0-450 1-081 7-8 29-6 62-6 
20 1-934 1-750 0-886 0-431 0-241 0-553 61-5 12-7 25-8 


We wish to thank the Research Fund Committee of the Chemical 
Society for a grant by the aid of which some of the expense incurred 


PART II. 


Determination of the Proportion of Isomerides formed.—This was 
effected by oxidation of a weighed portion of the neutral product 
with boiling alkaline potassium permanganate, and analysis of the 
resulting mixed nitrobenzoic acids by the method of Fliirscheim and 
The results are recorded 


Neutral 
product 
(g-). 
3°431 
4-003 
2-401 


Percentage of 


nitro- 

isomerides, 
aT 
Op-. m-, 
9-3 90-7 
9-0 oro} 
14-5 85-5 
13-8 86.3} 
11-3 eat 
10-8 89-2 
16-3 83-7 
15-1 rt 
15-0 85-0 
13-9 86-1 
10-4 89-6 
10-0 S00F 
3-7 Seat 
14-1 85-9 
13-9 86-1 
13-2 86 3} 
16-7 83-3 
16-9 83.1} 
16-1 83-9 
20-3 79:7 
27-9 72-1 
10-0 90-0 
16-4 83-6 
16-9 83-1 
20-5 79-5 
29-9 ety 
30-5 69-5 
31-9 68-1 
33-1 66-9 


[Received, December 2nd, 1930.] 
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XLITI.—The Properties of Nicotine and its Derivatives. 
Part III. Chloronicotine and Methylnicotone. 
By THomas Martin Lowry and Hamip Kuan Gore. 


THROUGH the kindness of Professor Karrer in presenting us with 
authentic specimens of chloronicotine (Helv. Chim. Acta, 1926, 9, 
458) and of methylnicotone (ibid., 1925, 8, 364) we have been able 















































Fie. 1. 
Molecular extinction coefficients of nicotine and chloronicotine in alcohol. 
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to extend our measurements of absorption spectra and rotatory 
dispersion (Lowry and Lloyd, J., 1929, 1376, 1771) to these two 
compounds. 







H #H,C—CH, 
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HC. 001 \x/ \y7Z ie 
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Chloronicotine, Methylnicotone. 
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1, Absorption Spectra.—The molecular extinction coefficients of a 
solution of chloronicotine in alcohol at a concentration of 0-2228M/ 
1000 are plotted in Fig. 1, and show a maximum log <« = 3°55 at 
2700 A.U., without any minimum at shorter wave-lengths. The 
curve is therefore of similar type to that of nicotine itself in cyclo. 
hexane (J., 1929, 1378). For the purpose of comparison, the 
molecular extinction coefficients of a solution of nicotine in absolute 
Fia. 2. 
Molecular extinction coefficients of methylnicotone in cyclohexane and in water, 


pean 






































3100 2900 2700 
A. 

alcohol at a concentration of 0-3792M/1000 have also been plotted 
in Fig. 1, and show a maximum log e = 3-37 at 2600 A.U. 

The molecular extinction coefficients of methylnicotone in cyclo- 
hexane at a concentration of 1-072M/1000 and in water at a con- 
centration of 1-104M/1000 are plotted in Fig. 2 and show the 
following maxima : 

In cyclohexane : log « = 3-445 at 3100 A.U. 

In water : loge = 3-656 at 2950 A.U. 
The wave-length of the maximum is longer by about 400 A.U. than 
in the simple derivatives of nicotine, where the maximum is always 
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at or below 2700 A.U. The curves therefore clearly represent a 
ketonic band; but this is evidently reinforced by the conjugated 
double bonds of the pyridone ring, in the same way as in benzyl- 
idenecamphor (Lowry and French, J., 1924, 125, 1921), since the 
intensity of the maximum in camphor itself is only loge = 1-45 at 
2880 A.U. for a solution in cyclohexane. The right-hand arm of 
each curve shows a break on passing to a solution of higher con- 
centration. This is due in the first instance to deviations from 
Beer’s law; the widening of the curve on the side of shorter wave- 
lengths may, however, be regarded as evidence of the persistence of 
the nicotine band in a spectrum that is predominantly ketonic. 


TABLE I. 


Rotatory Dispersion of Chloronicotine in Alcohol. 


1:2226 G. per 100 g.; D2 = 0-80064; 1=2 dem.; [a]f? = — 120°; 
[aP%, = — 145°; ay.4/Q5,,, = 1-87; a = 0-66/(A2 — 0-065); Ay = 2550 A.U. 
\, A.U. aobs. acale. Diff. r, A.U. a obs. a cale. Diff. 
Li 6708 —1-71° —1-71° +0 Hg 5461 —2-83° —2-83° 0 
Cd 6438 —1-:90 —190 +0 Cu 5218 —3-20 —3:18 —0-02 
Li 6104 —2:15 -—-2-15 +0 Cu 5153 —3:29 —3-29 LO 
Na 5893 —2:35 —2-34 —0-01 Cd 5086 —3-40 —341 +0-01 
Cu 5782 —2:45 —2-45 +0 Cd 4800 —3:98 —3-99 +001 
Hg 5780 —2-44 —2-45 +0-01 Zn 4722 —4:20 —418 —0-02 
Cu 5700 —2:55 —2-54 —0-01 Hg 4358 —5-28 —528 +0 
TABLE IT. 
Rotatory Dispersion of Methylnicotone in Ethyl Acetate. 
13578 G. per 100 g.; D2” = 0-90613; 1 =2 dem.; [aye = — 90-2°; 
[a], = — 109°; a..,/asy5, = 1-91; a = 0-6065/(A2 — 0-0712); Ay = 2668 A.U. 
4,A.U. aobs. acale. Diff. 4, A.U. aobs. acale. Diff. 


Li 6708 —1-61° —1-60° —0-01 Cu 5218 —3:01° —3-02° +0-01 
Cd 6488 —1-77 —1-78 +0-01 Ag 5209 -—302 —303 +0-01 


Li 6104 —2-01 ~—201 +0 Cu 6153 -—312 —3-12 LO 
Na 5893 —2-22 —2-20 —0-02 Cd 5086 —3-:24 —3-24 +0 
Cu 5782 —2-30 —2-30 LO Cd 4800 —3-81 —3-8l 0 


Hg 5780 —2:30 —2-31 +001 Zn 4722 —400 -—400 +0 
Hg 5461 —268 —267 —001 Hg 4358 —512 —511 —0-01 


TaBLeE III. 
Rotatory Dispersion of Methylnicotone in Water. 

2-1209 G. per 100 g.; ri = 10012; 2 =2 dem.; [a]? : — 56-75°; 
[ap = — 70°; aysse/tgyg, = 1-91; @ = 0-6764/(A2 — 0-0704); Ay = 2654 A.U. 
A, A.U. aobs. acale. Diff. r, A.U. aobs. acale. Diff. 

Li 6708 —1-77° —1-78° +0-01 Cu 5218 —3-35° —3-35° 0 
Cd 6438 —1-98 —198 +0 Cu 5153 —345 —3-46 +0-01 


Li 6104 —2-25 —2-24 —001 Cd 5086 —360 —359 —0-01 
Na 5893 —2-41 —2-44 +003 Cd 4800 -—423 -—423 -+40 
Cu 5782 —256 —2-56 +0 Zn 4722 —444 —443 —0-01 
Hg 5780 —2-56 —2-57 +0-01 Hg 4358 —566 -—566 40 
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Chloronicotine Alcohol 
Methylnicotone EtOAc 
Methylnicotone Water 
Nicotine Acetone 
Nicotine Water 
ZnCl, compound Water 
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Substance. Solvent. 





AND ITS DERIVATIVES. 


TABLE IV. 


Conce., 


0/ 
/O° 


1-2226 

1-3578 

2-1209 
28-8 
25-5 


17 


preserved in these two derivatives. 
fall in the dispersion constant which are observed in the salts of 
nicotine and in its mono- and di-methiodide (but not in the iso- 
methiodide) are therefore not due to the interlocking of this hydrogen 
atom with the nitrogen of the pyrrolidine ring. 

It is also noteworthy that, although the absorption spectrum of 
methylnicotone is dominated by a ketonic band, the characteristic 
wave-length deduced from the measurements of rotatory dispersion 
still corresponds closely with that of nicotine. 
would be of great interest if measurements of optical rotatory power 
could be made within the region of absorption. 
however, both by calculation and by experiment, that this cannot 
be done in the case of nicotine, on account of the enormous value of 
the extinction coefficient at and near the maximum; 
limitation is even more severe in the case of derivatives, such as 
methylnicotone, which are of lower optical rotatory power, but 
show a still more intense selective absorption. 
further analysis of the curve appears to be impossible under the 
conditions of experiment now available. 


4358 

Lo) s61° F546) 
— 145° 1-87 
— 109 1-9] 
— 70 1-91 


— 209-0 1-817 


— 


97-64 1-876 
20:17 = 1-644 


Rotatory Powers and Dispersion Constants. 
y 


A,*. 
0-065 
0-0712 
0-0704 
0-0664 
0-0627 
0-0217 


PART III, 





2. Rotatory Dispersion.—Tables I—III show the rotatory dis. 
persion of solutions of chloronicotine in alcohol and of methyl- 
nicotone in ethyl acetate and in water. 
dispersion is simple within the limits of experimental error. The 
constants of the equations are set out in Table IV with those of 
nicotine and of one of its salts for comparison. 


In each case the rotatory 


Ay X 104, 
A.U. 
2550 
2668 
2654 
2400 
2575 


1480 


In spite of the elimination of a hydrogen atom by chlorine in one 
compound and by oxygen in the other, it is obvious that the levo- 
rotation and the characteristic high dispersion of the parent base are 


The reversal of sign and the 


Summary. 


For this reason, it 


It has been found, 


and this 


For this reason the 


(a) Chloronicotine in alcohol shows an absorption band with 
maximum log ¢ = 3-55 at 2700 A.U., as compared with log ¢ = 3:37 
at 2600 for nicotine. Methylnicotone gives a maximum log « = 3-44 
at 3100 A.U. in cyclohexane and 3-66 at 2950 in water. 
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(6) The rotatory dispersion of levorotatory nicotine can be 
expressed by one term of Drude’s equation with characteristic 
wave-length 4, = 2550 A.U. Methylnicotone gives ., = 2668 A.U. 
in cyclohexane and 2654 in water. Both compounds therefore 
behave like the parent base, and not like its salts, which are dextro- 
rotatory and of much lower dispersicn. 


LABORATORY OF PHySICAL CHEMISTRY, 
UNIVERSITY OF CAMBRIDGE. [ Received, December 19th, 1930.] 





XLIV.—The Properties of the Chlorides of Sulphur. 
Part V. Metastable States. 
By THomas Martin Lowry and GILBERT JESSOP. 


THE most striking evidence of metastable states in the chlorides of 
sulphur is to be found in the fact that Aten (Z. physikal. Chem., 
1905, 54, 55) was able to plot a complete freezing-point curve for 
uncombined mixtures of sulphur monochloride and chlorine, and 
that in a preceding paper (J., 1930, 1005) we were able to record 
similar measurements of the densities, surface tensions, and para- 
chors of yellow mixtures in which the red colour of the dichloride 
had not yet begun to appear. 

The interaction of sulphur monochloride with chlorine in these 
metastable systems can be accelerated by the use of catalysts, such 
as charcoal (Pope and Heycock, B.P. 142879; A., 1920, ii, 484), 
antimony pentachloride (Bothamley, Trans. Faraday Soc., 1928, 
24, 47), and iodine, all of which have been proposed for use in the 
preparation of sulphur dichloride; but these are not essential, 
since in practice the autocatalysis of the action by the products 
appears to be sufficient. Thus, in Aten’s dilatometric experiments 
it appeared that the period of induction in glass vessels, which could 
normally be prolonged to about 3 hours, was reduced to a few 
minutes when a little chlorine had been added in advance to the 
sulphur monochloride, and disappeared altogether when some of the 
sulphur monochloride was added in advance to the liquid chlorine. 

Aten attributed the milder catalysis to sulphur dichloride and the 
stronger catalysis to sulphur tetrachloride. The experiments 
described in the preceding papers of this series have disclosed, 
however, the presence of only one intermediate chloride in the liquid 
state, viz., sulphur dichloride. On this basis it would be difficult to 
account for the difference between the catalytic activities of the 
products formed in the presence of an excess of sulphur monochloride 
and of chlorine respectively. We are, however, by no means con- 
vinced that the liquid chlorides of sulphur may not contain traces 
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of all the compounds which can be frozen out from them in the 
solid state. If this be admitted, the observations on autocatalysis 
can be interpreted by supposing that the non-polar dichloro. 
compounds, Cl-Cl, Cl-S-Cl, Cl-S-S-Cl, are all inert (like ethylene and 
chlorine, Norrish, J., 1926, 55) except when placed in a polar environ. 
ment, and that this can be provided by the two tetrachlorides, SC), 
and §,Cl,, to both of which a polar structure may be assigned, viz., 


[Cl-‘SCL-CIJCl and [CIS-SCI-SCIICl. 
in striking contrast to the reluctant interaction of sulphur 
monochloride and chlorine is the instantaneous separation of solid 
sulphur tetrachloride when liquid sulphur dichloride and _ liquid 
chlorine are mixed even at temperatures as low as — 75°, as observed 
by Beckmann (Z. physikal. Chem., 1909, 65, 289) and confirmed by 
the experiments described below. This interaction (which does not 
involve the rupture of a bond between two sulphur atoms or between 
a sulphur and a chlorine atom) is perhaps adequately catalysed by 
traces of the two tetrachlorides, formed as minor products of 
dissociation of liquid sulphur dichloride, 48Cl, — = 8,Cl, + SC\,. 

Freezing Points of Metastable Systems.—In addition to Aten’s 
freezing-point curve for uncombined mixtures of sulphur mono- 
chloride and chlorine, attention may be directed to the curve for 
metastable mixtures of sulphur monochloride with an _ over- 
chlorinated sample of sulphur dichloride, as recorded in Part I of 
the present series (J., 1927, 751; Fig. 1,curvea). This curve was re- 
markable in showing an initial separation of sulphur dichloride over 
a wide range of compositions, including that of the dichloride itself, 
whereas the equilibrium mixture only deposited the dichloride over 
a narrow range from 59 to 65 atoms %, and actually deposited 
the tetrachloride when the mixture had the exact composition of 
the dichloride. 

During preparations for the repetition of these earlier observations, 
the more important discovery was made of a lag in the freezing and 
melting of an equilibrium mixture having the composition of 
sulphur dichloride. The curve, reproduced in Fig. 1, which shows 
the rate of melting and freezing at temperatures above and _ below 
the true melting or freezing point, is similar in form to the catalytic 
catenaries plotted by Dawson and his colleagues, but bears a more 
striking resemblance to the curve which shows the rate of reciprocal 
transformation of the two polymorphic forms of ammonium nitrate 
at temperatures above and below the transition point at 32° (Early 
and Lowry, J., 1919, 115, 1399). In each case there is a consider- 
able range of temperatures within which the transformation is 
either very slow or is entirely suspended. In the present instance 
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this extends from — 63° to — 69°. Beyond these limits the 
transformation proceeds with rapidly increasing velocity; but, in 
spite of the widely different character of the processes of freezing 
and melting (one of which requires, for instance, the presence of 
nuclei and the other not), the curve is symmetrical, like the curve 
for the interconversion of the two solid forms of ammonium nitrate, 
where nuclei are obviously needed for both transformations. The 
true melting and freezing point of the system can therefore be 
deduced, like the transition point of ammonium nitrate, by drawing 
a rectilinear diameter to the curve, which cuts the axis of zero 
velocity at — 66°. 
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The phase-rule diagram shows that the solid which separates is 
not the dichloride but the tetrachloride, although this is not present 
in substantial quantities in the liquid phase at atmospheric temper- 
atures. Since, however, it is precipitated instantly from a mixture 
of sulphur dichloride and chlorine at — 80°, it is unlikely that the 
chemical reaction involved in its formation can be responsible for the 
lag described above. 

Changes of Density in Metastable Systems.—In order to detect a 
possible displacement of equilibrium with change of temperature, 
a liquid having the composition of sulphur dichloride was sealed up 
with a silica float having a flotation temperature near 0°. The 
liquid was heated at 100° for a period of 1—3 hours, and quenched 
quickly to 0°. Its density was then determined by means of its 
M 2 
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flotation temperature and was found in three experiments to be less 
by 0-00140, 0-00143, 0-00142 than the equilibrium density at 0°. 
The density at 0° of a sample which had been heated to 56° and 
quenched was 0-00083 less than its equilibrium density at 0°; after 
storage at 15°, its density at 0° was 0-00015 less than the equilibrium 
density. It has, however, already been shown that the combination 
of sulphur monochloride and chlorine is accompanied by an increase 
of density from 1-64404 to 1-65662 (J., 1930, 1008), 7.e., of 0-01258 at 
0°. If the liquid were brought to equilibrium at room temperature 
(15°) this increase of density at 0° would (as shown above) be 
0-00015 less. Since the equilibrium concentration at room temper. 
ature is 84% SCl, (J., 1929, 1428), each 1% of combination must 
increase the density at 0° of the mixture by (0-01258 — 0-00015) ~ 
84 = 0-000148. From these results we can at once deduce the 
equilibrium proportions as 85°% of SCI, at 0° and 75% at 100°. 

Whilst no claim for precise accuracy can be made for these figures, 
they appear to be of real value as a first attempt at a numerical 
estimate of quantities that have hitherto been entirely unknown. 
The concordance of the three numbers deduced for the change of 
density at 0° after heating at 100° suggests, however, that the num- 
bers now put forward may approximate to the correct values. 


EXPERIMENTAL. 


Experiments on the Combination of Sulphur Monochloride with 
Chlorine.—The velocity of combination of sulphur monochloride and 
chlorine, with and without a catalyst, was studied with the help of 
a glass apparatus in which a known quantity of sulphur mono- 
chloride was shaken with the gas, and the volume of chlorine 
absorbed was shown by displacement from a graduated tube in 
which it was stored over concentrated sulphuric acid. It was 
found that, when the flask containing the monochloride was sur- 
rounded with a bath of iced water, saturation was reached when the 
mixture contained 53-3 atoms % of chlorine. No further absorption 
then took place during a “ period of induction ”’ of above 2 hours. 
The absorption then became rapid and the yellow liquid became red. 

When iodine was added to the sulphur monochloride at a concen- 
tration of 0-1 mg. per c.c., it eliminated the period of induction 
completely and caused an immediate rapid absorption of chlorine at 
0°. Antimony pentachloride at a concentration of 1-4 mg. per c.c. 
only reduced the period of induction to 10 minutes, but the subse- 
quent absorption of chlorine was similar to that observed with iodine 
at a concentration of 0-1 mg. per c.c. 

Qualitative observations were made of the length of the period of 
induction which elapsed before the red colour of the dichloride began 
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to appear at different temperatures in yellow mixtures of sulphur 
monochloride and chlorine, which had been enclosed in sealed tubes 
and kept in the dark. Observations were also made of the time 
then required for the red colour to develop to about one-half of its 
maximum intensity. The times thus observed were roughly as 
follows : 


MONE, scbcntnpesviensesiesescocascee 15° 50° 80° 
Period of induction ............ 150 mins. Few mins. None. 
Half-change period ............ 45 mins. 15 mins. 80 mins. 


These results can be explained if we suppose that temperature has 
a two-fold effect, viz., (i) to increase the velocity of interaction and 
(ii) to decrease the stability of the autocatalyst. 

Experiments on the Instantaneous Equilibrium between Sulphur 
Tetrachloride and its Products of Dissociation—Chlorine was 
condensed with the help of liquid air on to solid dull-yellow sulphur 
dichloride. A thin layer of whitish solid was formed immediately 
at the interface, and was identified as sulphur tetrachloride by the 
fact that it only melted completely at — 30° to — 40°. A white 
precipitate was also formed immediately when chlorine was passed 
into a solution of sulphur dichloride in hydrogen chloride at a 
temperature just below its boiling point at — 83°. The combination 
of sulphur dichloride and chlorine, SCl, + Cl, —-> SCI, (solid), is 
therefore instantaneous even at temperatures as low as — 80°. 

In order to obtain information as to the velocity of the reverse 
change, SCl, —-> SCI, + Cl,, the density of an equilibrium mixture, 
containing about 90 atoms °% of chlorine, was determined by the 
flotation method. The liquid was then frozen with liquid air, 
giving rise (as the freezing-point diagram shows) to a mixture 
of solid sulphur tetrachloride and solid chlorine. After freezing, 
the mixture was warmed to about — 20°, and its density again 
determined. The flotation temperature was the same, within less 
than the recognised experimental error at these low temperatures, 
ie., O-1°. The tetrachloride formed on freezing had therefore 
dissociated again to the same equilibrium mixture as before, although 
the temperature had not been allowed to rise above — 20°. 

Experiments on the Melting Points and Freezing Points of Metastable 
Systems.—The experiments were made with a liquid having the 
composition of sulphur dichloride. This was cooled to a temperature 
a little below its true freezing point, at — 66°, as deduced by the 
method described below. After inoculation with a little of the 
solid, the liquid was maintained at constant temperature and 
stirred vigorously. As a measure of the rate of freezing, the time 
was noted which elapsed before one of the thermocouple junctions 
in the liquid became invisible. Conversely, the rate of melting, at 
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temperatures above — 66°, was measured by the time which elapsed 
between the first visibility of this junction and the final clearing 
of the liquid. The results of a typical series of observations are 
set out in Fig. 1, in which the reciprocal of the time interval is plotted 
against the temperature of melting or freezing. 

The quantity of solid which separated or melted in these experi- 
ments was small. Since the liberation of latent heat is insufficient 
to develop an inflexion in a cooling curve, even when the quantity of 
solid which separates is large, the problem of heat transference was 
evidently unimportant in the well-stirred liquid; and the presence 
of finely divided solid was sufficient to guard against supersaturation. 


Flotation temperatures. 


Sample 1. Made with charcoal catalyst and filtered. 


Flotation Decrease 
Heat treatment. temp. Density. of density. 

Kept at 0° over-night ..............+04. + 0-950° 1-65749 0 
Heated at 100° for 3 hours and 

GOUONAE  escsivedcanisdddessssesicsess [+0-17]* 1-65609 0-00140 

SPU GEE TD icciccanshudaqsnqmeenar’ + 0-22 1-65618 

. ak | ekeehuutenehedighnenben + 0-27 1-65627 

ae RS es ee eee +0°36 1-65643 

ae ai. | Venckaattobaneanadoota + 0-405 1-65651 

ae: ak i” alle aninataeaaacmilamabie +0-905 1-65741 
Heated at 100° for 2 hours and 

GI a tan ig cescsscsccwsponscveenaes [+0-17]* 1-65609 0-00140 

ay UD OB Soon ccdaiiccacisesesiiens +0-18 1-65610 

05 ,, SAA AA RE RSS RAE OF REARS +021 1-65616 

bia az. |) lekeehbnddekesdeumabeneds +0-27 1-65627 

RE: ss ia. P eecnddeaaaeiceties +0°315 1-65635 
Heated at 56° for 5 hours and 

NII isdedsnscscedibedavscsiaedesss [ +-0-49] 1-65666 0-00083 

Pe UU BS © viccncpiccqavcsqecnacsas + 0-505 1-65669 

05 ,, ey SEAR Rh ees ae +0-515 1-65671 

o~ « bp ahalddntceddaanenutedees +0-55 1-65677 

Sample 2. Made without a catalyst. 

Kept at room temperature (15°) ... +0-°515 1-65671 0-00015 
Heated at 100° for 1 hour ............ {— 0-19]* 1-65544 0-00142 

Py NG BO OF cana scnacdescsssccdane — 0-16 1-65549 

oa ss! / sieunekbeeseeneconwiies — 0-125 1-65556 

lO ,, OE Pe A ee oer — 0-075 1-65564 

hr vir > Radaabiticanatieesae: — 0-030 1-65573 

YY = so) « hadelegepeiagapamiaeens — 0-015 1-65575 

SS + i neve egiranainnewenaae +-0-035 1-65584 

ae ist ab! |) (awasevetbacdndecadaodahs +0-055 1-65588 

ae bb» (Soekbendesesesessensates + 0-125 1-65600 
Kept at 0° for several days ......... + 0-600 1-65686 0 


* By extrapolation. 


Experiments on Changes of Density in Metastable Systems.—The 
experiments were made with two samples having the approximate 
composition of sulphur dichloride. The first was prepared with the 
help of charcoal as a catalyst and was filtered before use; and the 
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ypsed J second was prepared without the addition of a catalyst. The 
aring § densities, before and after heat-treatment in a sealed tube, were 
s are § determined at temperatures between — 0-2° and + 0-9° by means 
otted § of a silica float having a density of 1-65578. The change of density 
of the liquid at equilibrium had already been found (J., 1930, 1005) 
peri- {| to be 0-00180 per degree for temperatures near to 0°. 

cient The experimental results are set out in the table, which shows 
ty of § the observed flotation temperatures and the densities deduced from 
>was § them. It also shows the changes of density which were produced 
sence | by heat-treatment at 0°, 15°, 56°, and 100°, as deduced from densities 
tion, § extrapolated to zero time. By combining these data with the value 
already deduced for the equilibrium concentration at 15°, values can 
be deduced for the equilibrium concentrations at 0°, 56°, and 100°. 
By plotting the densities against the time, information could also 





ase be obtained as to the velocity with which equilibrium is restored at 
‘ity. — 0° after heating to some higher temperature; but the time during 

which observations were made was too short to justify any deductions 
40 as to the form of the curve or the velocity coefficient at 0°. 


Summary and Conclusions. 


(a) The period of induction in the combination of sulphur mono- 
chloride with chlorine can be eliminated or reduced by catalysts 
40 such as iodine and antimony pentachloride or by autocatalysis. 
The fact that mixtures rich in chlorine are better autocatalysts than 
mixtures rich in sulphur monochloride can be explained by attribu- 
ting the catalysis to traces of the two tetrachlorides SCl, and §,C\,. 
83 (6) The combination of sulphur dichloride and chlorine to form 
solid sulphur tetrachloride is instantaneous even at — 80°, and no 
lag can be detected in the restoration of equilibrium when the 
tetrachloride is melted at temperatures below — 20°. 

(c) The freezing and melting of sulphur tetrachloride in a well- 
stirred sample of sulphur dichloride is accompanied by a lag, which 
varies with the temperature in the same way as the lag in the 
reciprocal transformation of two forms of ammonium nitrate on 
either side of the transition temperature at 32°. 

(d) A displacement with temperature of the equilibrium concen- 
trations in samples of sulphur dichloride has been established by 
observations of density by the flotation method. From these data 
it has been deduced that the degree of dissociation increases from 
about 15% at 0° to about 25% at 100°. 


LABORATORY OF PHysICcCAL CHEMISTRY, 
CAMBRIDGE. [ Received, December 24th, 1930.] 
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XLV.—The Kinetics of the Reduction of Cuprous 
Oxide. Part I. The Reduction at Low Pressures : 
with an Appendix giving the Results of Further 
Experiments on the Oxidation of Copper at Low 
Pressures. 

By FREDERICK JAMES WILKINS. 


PREvious work on the reduction of the oxides of copper (Wright, 
Luff, and Rennie, J., 1879, 35, 475; Pease and Taylor, J. Amer. 
Chem. Soc., 1922, 43, 2179, etc.) has shown that the reaction is 
autocatalytic. It is, therefore, generally accepted that the reduction 
occurs at the oxide—metal interface. Pease and Taylor also showed 
(compare Palmer, Proc. Roy. Soc., 1923, A, 103, 444), in the case 
of the reduction by hydrogen, that the water formed inhibited 
further attack on the oxide. 

The work now to be described relates to the kinetics of the reduc- 
tion with respect to hydrogen, and the experiments have been 
carried out solely on systems possessing a cuprous oxide—copper 
interface constant in area. The conditions have been further 
simplified in that the complicating effect of the water formed has 
been eliminated by freezing it out in liquid air. The method of 
attack, both experimentally and theoretically, is essentially that 
employed in the earlier study of the kinetics of the oxidation of 
copper (Wilkins and Rideal, Proc. Roy. Soc., 1930, A, 128, 394; 
Wilkins, ibid., p. 407) and attention was first directed, therefore, to 
the reduction at low pressures. In the appendix a few experiments 
are described in which the oxidation was studied over a far lower 
pressure range than that used in the earlier work. 


EXPERIMENTAL. 


Copper was used in the form of electrolytic foil in pieces 1 sq. dm. 
in area. After being carefully cleaned according to the method 
described in the earlier papers (loc. cit.), the copper was alternately 
oxidised and reduced, first at 305° and then at 183°, until a steady 
state of activation had been reached. It was assumed that during 
the reduction of an oxidised specimen so prepared, the interfacial 
area copper-—cuprous oxide remained effectively constant. 

Oxygen was obtained by the action of heat on pure potassium 
permanganate ; and hydrogen by the electrolysis of baryta, traces of 
oxygen being removed by hot copper. 

Since the water formed in the reduction was removed, the rate of 
the reduction could be followed conveniently by measurement of the 
fall of pressure in a closed system containing the oxidised copper and 
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hydrogen. The apparatus used consists of a reaction chamber 
surrounded by a suitable vapour bath. To this is attached the 
liquid-air trap which serves the double purpose of removing the 
water from the system and protecting the cuprous oxide surface from 
poisoning by traces of mercury vapour. The experimental pressures, 
which were of the order of 10-2? mm., were measured on a McLeod 
gauge. The gas-generating systems and the pumps, which con- 
sisted of a Langmuir double-stage diffusion pump backed by a 
Hyvac, could be separated from the remainder of the apparatus by 
a mercury cut-off. 

Results.—It is found that the relation between pressure and time 
may be described accurately over the whole temperature range by 
the equation log p/p = kt, where py is the initial pressure of hydrogen 
in the system, and p the pressure at time ¢. This agreement is 
shown in Table I, in which ¢ is given in mins. and pin mm. x 10-°. 


TABLE I. 


Temp. of reduction 250°. Temp. of reduction 220°. Temp. of reduction 210°. 
t. pobs. pcale. t. pobs. pcale. t. pobs. p calc. 
0 15-71 15-96 0 14-21 14°39 0 15-15 15-07 
2 11-80 11-89 3 12-05 12-25 3 12-75 13-07 
4 8-90 8-81 6 10-50 10-52 6 11-35 11-30 
6 6-55 6-53 9 9-00 8-97 9 9-93 9-87 
S 4-81 4-84 12 7°60 7-62 12 8-68 8-65 

10 3°45 3°50 15 6-43 6-46 15 7-62 7-55 
18 5-30 5-46 18 6-52 6-61 
21 5-60 - 5-66 
24 4-82 4-96 
Temp. of reduction 183°. Temp. of reduction 144°. 
t. p obs. p cale. t. p obs. p cale. 
0 8-53 8-53 0 13°83 13-50 
3 7-26 7-41 3 13-11 13-09 
6 6-45 6-50 6 12-90 12-91 
9 5°83 5°73 13 12-49 12-50 
12 5-05 5-01 20 12-03 12-10 
15 4-48 4-50 25 11-83 11-80 
21 3°40 3°39 30 11-50 11-55 
24 3:00 2-95 35 11-27 11-28 
30 2°15 2-28 40 11-07 11-04 


Heat of activation. The relation between k and 7’ was measured 
by using a piece of copper which had been oxidised to such an extent 
that it was possible to carry out all the reduction experiments 
required on the same specimen. In this way it was hoped that the 
possibility of a change in the properties of the oxide surface during 
the series of the experiments would be reduced to a minimum. The 
values of the velocity coefficient & and of the absolute temperature 7’ 
are related by the equation 


dlog (k/VT)/dT =Q/RT? . . . .« (I) 
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This equation was tested by plotting the linear expression obtained 
by integration (see Fig. 1). 

As a mean of two independent measurements, the “heat of 
activation ’’ Q was found to be 18,000 cals., a value which is sur. 
prisingly large compared with the figure of 10,000 cals. for the 
corresponding ‘“ heat of activation ’’ for the oxidation. 
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Discussion. 


In the earlier study of the oxidation of copper (loc. cit.) it was 
suggested that the oxidation could be considered as the sum of the 
four consecutive processes : (a) the condensation of oxygen at the 
oxide—oxygen interface, (6) the evaporation of the oxygen from this 
interface into the body of the oxide, (c) the diffusion of oxygen 
through the oxide layer, and (d) the reaction between oxygen and 
copper. The experimental work confirms this analysis in con- 
siderable detail (Wilkins, Phil. Mag., 1931, 141,422). Ifthe cuprous 
oxide—hydrogen system is dissected in the same way, it would appear 
to consist of six consecutive reactions: (a) the condensation of 
hydrogen at the oxide—hydrogen interface, (b) the evaporation of 
hydrogen from this interface into the body of the oxide, (c) the 
diffusion of hydrogen through the cuprous oxide, (d) the reaction 
between hydrogen and cuprous oxide at the oxide—metal interface, 
(e) the diffusion of water from the reaction centre through the oxide 
layer, and (f) the desorption of water. It is the purpose of this work 
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to determine which of these reactions controls the rate of the reduc- 
tion under different experimental conditions. 

Continuing the analogy between the copper-oxygen and the 
cuprous oxide—hydrogen systems, we may expect, if the pressure of 
hydrogen is sufficiently low, that the rate of the reduction will be 
controlled by the rate of the process (a). As before, for the reduction 
in a closed system the rate of fall of hydrogen pressure is given by 


—Gpidtexip . . 2. ee (2) 
and therefore, 
logspip=H . . sw te le) 


which is the equation found experimentally. 

This hypothesis is, however, not entirely satisfactory when we 
attempt to explain why the heat of activation of the reduction is so 
much greater than that of the oxidation. Further, it fails to 
explain why the rate of the reduction is less than that of the oxid- 
ation. For example, the value of k93- for the reduction was in one 
case 0-0339, whereas an oxidation carried out on the same sample of 
oxidised copper gave ky ,- = 0-176. It seems evident, therefore, 
that the rate of reduction is not determined by the chance that a 
hydrogen molecule condenses on a “ locker-stelle ’’ in the cuprous 
oxide surface, for if this were true, owing to the fact that the 
diameter of the hydrogen molecule is less than that of the oxygen 
molecule, the rate of the reduction should be greater and its 
temperature coefficient less than the corresponding values for the 
oxidation. 

There is an alternative hypothesis which is more satisfactory. 
If the pressure of hydrogen is not low enough to satisfy the con- 
ditions of the hypothesis discussed above, it is clear that an adsorp- 
tion layer will be built up at the oxide surface. When this occurs 
the rate of reduction will be determined not by the rate of condens- 
ation at the oxide surface, but by the rate of evaporation of the 
adsorbed hydrogen into the body of the oxide. Since the pressure 
is low, we may expect the amount adsorbed to be proportional to the 
pressure, and therefore the rate of evaporation and consequently 
the rate of reduction will be proportional to the pressure. The 
hypothesis gives in this way the required relation (see equations 2 
and 3) between pressure and time. Further the heat of activation 
is to be identified with the heat of evaporation of hydrogen into 
cuprous oxide. 

We may conclude from the difference between the kinetics of the 
oxidation and reduction at low pressures that hydrogen is adsorbed 
on cuprous oxide much more strongly than oxygen. 
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Appendix. 

Further Experiments on'the Oxidation of Copper at Low Pressures.— 
The experiments on the low-pressure oxidation of copper which led 
to the development of the equation (3) were carried out over a 
pressure range of approximately 2—10 mm. In order to sub- 
stantiate the interpretation of the kinetics of this reaction advanced 
in the earlier paper, it was essential to show that it applied to the 
oxidation at still lower pressures. The apparatus built for the study 
of the reduction at low pressures provided a convenient opportunity 
for carrying out this work. The results obtained satisfy equation 
(3) accurately, as shown by Table II, in which the units employed 
are the same as in Table I. 


TABLE II. 


Temp. of oxidation 144°. Temp. of oxidation 183°. 
t. p obs. p cale. t. p obs. p cale. 
0-33 8-95 8-81 0 19-1 19-1 
3-00 8-31 8-32 3 16-5 16-3 
5°60 7-87 7-94 6 13-7 13-8 
8-62 7-48 7-52 9 11-8 11-8 
12 7-02 7-03 12 9-9 10-1 
15 6-65 6-65 15 8-5 8-6 
19-2 6-19 6-14 18 7-4 7-4 
2e 5°74 5-70 21 6-2 6-3 
27-5 5:25 §-22 24 5°5 5-4 
32-5 4-73 4-75 
Temp. of oxidation 206°. Temp. of oxidation 218°. 
t. p obs. p calc. $. p obs. p cale. 
0 14°25 14-75 0 5-80 5°75 
2 10-50 10-54 2-2 3-20 3°20 
+ 7-81 7-60 4-25 1-65 1-50 
6 5-40 5°35 6-20 0-89 0-89 
8 3°85 3°78 8-50 0-42 0-42 
10 2-45 2-51 10-70 0-24 0-21 


In order to complete the test of the identity of the kinetic pro- 
cesses at the low pressures of this work with those of the earlier 
work at 2—10 mm., it was necessary to investigate the effect of 
temperature. It is found that the results satisfy the equation (1), 
and moreover, the value of Q is calculated to be 9,600 cals., which 
agrees well with the value of 10,000 + 1,000 cals. previously obtained. 
We may therefore conclude that the results of these experiments 
substantiate completely those found earlier. 


Summary. 


The reduction of cuprous oxide has been studied at low pressures 
under such experimental conditions that the area of the copper- 
cuprous oxide interface is effectively constant, and the water formed 
during the reduction is removed instantly from the reaction vessel. 
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The rate of the reduction can be described by the equation 
loge Po/p = kt, where pa is the initial pressure of hydrogen, and p the 
pressure at time ¢; kis a constant. This result can be explained if 
it is assumed that the rate of the reduction is dependent upon the 
rate at which hydrogen can evaporate from the adsorbed layer at 
the cuprous oxide surface into the body of the oxide. 

The heat of activation of the reaction is 18,000 cals., which, on 
the above hypothesis, is to be identified with the heat of evaporation 
of adsorbed hydrogen into cuprous oxide. 

The earlier work on the oxidation of copper at low pressures has 
been extended to measurements at pressures of the order of 10-? mm. 


[t is a pleasure to express my thanks to Prof. E. K. Rideal for his 
interest and encouragement during the course of this work. 


LABORATORY OF PHySICAL CHEMISTRY, 
CAMBRIDGE. [ Received, December 15th, 1930.] 


XLVI.—Some Reactions of Phenyl Propenyl Ketone 
with Semicarbazides and Thiosemicarbazides. 


By ALEXANDER YouNG LIVINGSTONE and ForsyTH JAMES 
WILSON. 


SINCE circumstances have rendered improbable the continuation of 
some investigations we had undertaken on the reaction between 
unsaturated ketones and semicarbazides and thiosemicarbazides, 
we desire to place on record the results which have been obtained. 

It was shown by Rupe and his collaborators (Ber., 1903, 36, 
4377; 1907, 40, 4764; 1909, 42, 4503, 4715) that «-unsaturated 
aliphatic ketones such as mesityl oxide could react with semi- 
carbazide to produce either the semicarbazone (I) or the semi- 
carbazide-semicarbazone (IT) 


oo 7 CMe,:CH-CMe:N:NH-CO-NH, (-) 


4 wv 
Ce 


CMe,:CH-COMe 





CMe,(NH-NH-CO-NH,)*CH,"CMe:N-NH:-CO-NH, 
(IT.) 

The view of Rupe and Hinterlach (Ber., 1907, 40, 4764) that un- 

saturated aromatic ketones with semicarbazide produce semi- 

carbazones only was modified by the work of Auwers (Ber., 1921, 

54, 987), who found that aromatic unsaturated ketones of the type 
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Ar-CO-CH:CHR, reacted like mesityl oxide; e.g., phenyl propenyl 
ketone, Ph-CO-CH:CHMe, gave both the semicarbazone, 
PhC(-N-NH-CO-NH,)-CH:CHMe, 
and the semicarbazide-semicarbazone, 
PhC(-N-NH-CO-NH,)-CH,"CHMe-NH:-NH-CO-NH,. 
Unsaturated aromatic ketones of the type Ar-CH:CH°COR gave, 
however, semicarbazones only. 

We have found that phenyl propenyl ketone, reacting with 
5-phenylsemicarbazide or with 8-phenylthiosemicarbazide, gave 
the 8-phenylsemicarbazone or 58-phenylthiosemicarbazone only, 
PhC(‘(N-NH-CX-NHPh)-CH:CHMe (X =O or §8), the additive 
compounds not being formed. p-Methoxyphenyl propenyl ketone 
behaved in the same manner with 8-phenylthiosemicarbazide. 

The reaction between phenyl propenyl ketone and _ thiosemi- 
carbazide took an unexpected course, addition at the olefinic 
linkage occurring with formation of thiosemicarbazidopropyl phenyl 
ketone, Ph‘CO-CH(NH-NH-CS-NH,)-CH,Me or 

Ph-CO-CH,’CHMe-NH-NH-CS-NH,, 

which did not react further with thiosemicarbazide or with semi- 
carbazide but gave thiosemicarbazidopropyl phenyl ketoxime with 
hydroxylamine. A somewhat similar case is reported by Auwers 
(loc. cit.), who found that 4-hydroxy-m-tolyl isobutenyl ketone gave 
an additive compound with semicarbazide, formulated as 

C,H,Me(OH)-CO-CH,*CMe,-NH-NH-CO-NH,, 
which gave an oxime. 


EXPERIMENTAL. 


Phenyl propenyl ketone was prepared by Kohler’s method (Amer. 
Chem. J., 1909, 42, 395), the exposure to sunlight being 1 hour, not 
15 minutes as recommended by Kohler. 

3-Phenylsemicarbazide hydrochloride was prepared by Borsche’s 
method (Ber., 1905, 38, 83). In working up the solution obtained by 
the hydrolysis of acetone-8-phenylsemicarbazone with 5% hydro- 
chloric acid, better yields were obtained by fractionally concen- 
trating the solution under reduced pressure; each crop of crystals 
was washed with a little hydrochloric acid, the washings being 
added to the filtrate. The hydrochloride was crystallised from 
absolute alcohol; from these mother-liquors the remainder of the 
salt was precipitated by ether, diphenylearbamide and colouring 
matter remaining in solution. 

Phenyl Propenyl Ketone.—Reaction with 8-phenylsemicarbazide. 
The ketone (1 mol.) was added to the filtered solution prepared from 
§-phenylsemicarbazide hydrochloride and potassium acetate (2:5 
mols. of each) in the minimum quantity of alcohol. After a week 
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the deposited phenyl propenyl ketone 8-phenylsemicarbazone was 
collected. It crystallised from absolute alcohol in fine needles, 
m. p. 212°, soluble in alcohol, benzene and light petroleum, very 
soluble in chloroform (Found: N, 15-1, 15-0. C,,H,,ON, requires 
N, 15:1%). Excess of 8-phenylsemicarbazide gave the same result. 

W ith 8-phenylthiosemicarbazide. An alcoholic solution of the two 
reactants (equimolecular quantities) deposited a yellow crystalline 
mass which was collected after 5 days and dissolved in benzene. 
On addition of this solution to light petroleum, colourless crystals, 
m. p. 140°, of phenyl propenyl ketone 8-phenylthiosemicarbazone 
separated, soluble in alcohol, benzene and chloroform (Found : 
N, 14:4; 8S, 10-8. C,,H,,N,S requires N, 14:2; S, 10-8%). The 
substance became yellow in light without alteration in m.p. Excess 
of 8-phenylthiosemicarbazide gave the same result. 

With thiosemicarbazide. An aqueous-alcoholic solution of the 
two reactants (equimolecular quantities) was kept for over a week ; 
the resulting thiosemicarbazidopropyl phenyl ketone was then collected, 
further quantities being obtained from the solution by concen- 
tration under reduced pressure. Recrystallisation from alcohol or 
from chloroform-light petroleum gave small prisms, m. p. 140°, 
soluble in alcohol and chloroform, slightly soluble in light petroleum, 
almost insoluble in benzene (Found: N, 17-7; 8S, 13-0, 13-1; MM, 
eryoscopic in nitrobenzene, 282, 285. C,,H,,ON,S requires N, 
17-7; S, 13-5%; M, 237). Excess of thiosemicarbazide gave the 
same result. The oxime, a crystalline powder, m. p. 165°, prepared 
from the ketone, hydroxylamine hydrochloride, and potassium 
acetate in hot alcoholic solution, separated on cooling and was 
crystallised by addition of light petroleum to the absolute alcoholic 
solution. It was soluble in alcohol and slightly soluble in benzene, 
ether, and light petroleum (Found: C, 52-5; H, 6-9; 8S, 12-4. 
C,,H,,ON,S requires C, 52-4; H, 6-3; 8, 12-7%). 

p-Methoxyphenyl propenyl ketone 8-phenylsemicarbazone, prepared 
in the same way as the phenyl propenyl ketone derivative, was 
phototropic, and sparingly soluble in the usual organic solvents but 
very soluble in pyridine. It crystallised from alcohol—pyridine in 
needles, m. p. 249° (Found: N, 13-7, 13-5. C,,H,,O,N, requires 
N, 13-6%). 


We wish to express our thanks to the Carnegie Trust for the 
Universities of Scotland for a grant which has partly defrayed the 
cost of this work and also to Nobel’s Industries, Ltd., for a scholar- 
ship awarded to one of us (A. Y. L.). 


THe Roya TECHNICAL COLLEGE, GLASGOW. 
[ Received, January 1st, 1931.] 





FIFTY YEARS’ EXPERIMENTAL RESEARCH UPON THE 


Third Liversidge Lecture. 


DELIVERED BEFORE THE CHEMICAL SocrETY ON DECEMBER IITn, 
1930. 


By Wi.i1am Artuur Bong, Ph.D., D.Sc., F.R.S. 


Fifty Years’ Experimental Research upon the Influence of Steam on 
the Combustion of Carbonic Oxide. 


INTRODUCTION. 


WHEN the Council asked me to give the third Liversidge Lecture in 
the place of my revered master Professor Harold B. Dixon, whose 
sudden death on 18th September last removed a brilliant pioneer in 
combustion research, I decided to make it a review of the experi- 
mental work of the past fifty years arising out of his epoch-making 
discovery of the influence of moisture upon the combustion of 
carbonic oxide. For, as he was wont to say, “ it loosed a hare which, 
though since pursued by the hounds in full cry, is still uncaptured.” 

In presenting the story I shall deal chiefly with the principal 
experimental discoveries interwoven with the various theories which 
have been advanced to explain them only so far as they are necessary 
to historic completeness. For the occasion is not one for the 
advocacy of any particular view; and therefore I shall endeavour 
to set forth the facts without bias, and to show some experiments 
illustrating them, leaving my hearers to draw their own conclusions. 
I am sure that this would be most consonant with Dixon’s own wish; 
for, while impressing on all his pupils the paramount importance of 
the highest standard of experimental work, he attached little value 
to theories, save as working hypotheses. 

My review may be conveniently divided into two parts, the first 
dealing with the period 1877 to 1900, when purely chemical theories 
were mainly under discussion, and the second with the physico- 
chemical aspects of the case, with which later work has chiefly been 
concerned. 

Part I. 
H. B. Dixon’s Discovery (1877—1880). 

It was in 1873, at the instance of the late Dr. A. Vernon Harcourt, 
that H. B. Dixon, who had gone up to Christ Church, Oxford, with 
a classical scholarship from Westminster School two years previously, 
turned his attention to science. And three years later, also at 
Harcourt’s instigation, he began repeating R. W. Bunsen’s experi- 
ments (1853) upon explosions of mixtures of electrolytic gas with 
increasing amounts of carbonic oxide, the results of which were 
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regarded as inconsistent with the principle of mass action enunciated 
by Berthollet in 1805, and had led to the erroneous view that a 
continuous alteration in the composition of such a gaseous medium 
produces a discontinuous (“‘ per saltum ’’) alteration in the course and 
products of its explosion (Annalen, 1853, 85, 137; Bunsen, “ Gaso- 
metrische Methoden ’’). 

In the year 1877, while repeating Bunsen’s work, Dixon happened 
to pass a series of sparks through a 2CO + QO, mixture at 300 mm. 
pressure contained in a eudiometer over mercury, where it had been 
for some time in contact with pieces of solid caustic potash. To his 
surprise, however, no explosion resulted, even when the experiment 
was repeated. Thinking that possibly something might have been 
wrong with the carbonic oxide, which had been prepared from 
magnesium formate, he repeated the experiment once more, using 
carbonic oxide of a different origin, but with the same result. As 
it then occurred to him that the only unusual condition had been the 
dryness of the medium, he added a little water vapour to it, when, on 
again passing a spark, an explosion instantly resulted. 

On pursuing the matter further, using henceforth phosphoric 
anhydride as his drying agent, he made many experiments proving 
that a 2CO + O, mixture which had been dried by contact with it 
for several days can be subjected at atmospheric pressure to a series 
of sparks from a Ruhmkorff coil without exploding, although the 
addition of a minute trace of steam at once rendered it explosive. 

This momentous discovery was first announced by Dixon in a 
paper to Section B of the British Association Meeting at Swansea 
on 26th August, 1880 (B.A. Reports, 1880, p. 503), on which occasion 
he demonstrated it by three experiments, the first two of which will 
be repeated before you. 

In the first experiment, sparks were passed across a gap of about 
1 mm. between platinum wires, through an 8-days phosphoric 
anhydride-dried 2CO + O, medium sealed up at atmospheric 
pressure in a horizontal glass tube (Fig. la)* without any explosion 
resulting. In the second experiment, no explosion occurred when 
sparks were passed through a similarly dried medium at atmospheric 
pressure contained in a vertical glass tube (Fig. 1b) sealed at the 
lower but closed at the upper end by a stop-cock; but on admitting 
a drop of water through the stop-cock, and re-sparking a few minutes 
later, an explosion instantly resulted. In the third experiment, no 
explosion occurred on sparking a similarly dried medium sealed up 
at atmospheric pressure in a vertical glass tube (Fig. lc) having a 

* With the exception of Figs. 1, 2, and 3, the illustrations are reprinted by 


permission from the Philosophical Transactions and the Proceedings of the 
Royal Society. 
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small piece of solid caustic potash fused on to the upper part of its 
inner surface; but on gently heating the potash by means of a flame 
from without (whereby a minute amount of moisture would be 
liberated from it) and then re-sparking the medium, it exploded 
instantly. (The first and second experiments were successfully 
repeated on the lecture table.) 







































































Fig. 1. : 
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H. B. Dixon’s Further Experiments (1880—1893).* ri 
Dixon next endeavoured to find whether the steam had acted . 
chemically, or merely as a “ third body.” This he did by sparking 
a series of phosphoric anhydride-dried 2CO + O, mixtures to which 


about 1% of various foreign gases, similarly dried, had been added § 
beforehand. It was thus found that, whereas any and all hydrogen- § s; 
containing substances would render such a medium explosive, no 
other sort was effective. Thus he found that: 


Whereas { HCl \ were both effective, CCl, was not. 





ros C,N 

” \wH, f ’ ” ” 2+*2 ” It 

” f \ ” NO ” 
\H,0/ at 
2? \ ” ” ” so, ed fla 

S 

” ne \ ” ”° ° CS, 9 - 
\o,H,/ mé 
Hence, he concluded, the explosibility of a carbon monoxide—oxygen i 
is 





medium is conditioned by the presence of some hydrogen-containing 
* Phil. Trans., 1884, 175, 617; 1893, 184, 97. 
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gas or vapour capable of generating steam, whose function it is to act 
as a “carrier” of oxygen to the carbonic oxide (B.A. Reports, 
loc. cit.), thus : 
(i) CO + OH, = CO, + H,) 
(ii) 2H, + O, = 2H,O0 J 


In another series of experiments, made during 1880—1884, he 
compared the average rates of flame propagation between two 
points about a metre apart in a brass tube of 13 mm. internal 
diameter filled at atmospheric pressure with a 2CO + O, mixture 
in different hygroscopic states between “ well-dried ”’ and “‘ saturated 
with water vapour at 35°,” the speed measurements all being made 
at the last-named temperature. These showed that the mean 
flame-speed rapidly increased with the moisture-content of the 


medium, thus : 
Mean flame 
Moisture, speed, metres 


2CO + O, Medium. %. per sec. 
Dried by passage over fresh P,O;  .........+0.00 — 44 
a ot fis previously used P,O, . —- 69 
é through a BEG | isdicisse — 103 
S: aturate d with moisture at 6° C.  .......... eee 0-9 125 
mh aa a . sibdehicknatentabenetims 1-06 155 
a BE a Bae | ihbkatadedicepesas 1-34 200 
- - . Ms © px taaed eaten 5:5 226 


Subsequently, in his Bakerian Lecture to the Royal Society in 1893 
upon “ The Rate of Explosion in Gases,” he published the following 
rates of detonation for 2CO + O, mixtures in different hygroscopic 
states : 


Rate of 
Moisture, detonation, 
2CO + O, Medium. %. metres per sec. 

Well dried by cone. H,SO, + P.O; .........46. — 1264 
Dried by conc. H~SO, only ..........seeeeeeseeeees _— 1305 
Saturated with moisture at 10° ..............000s 1-2 1676 
mK i Bet” Votes aes 2-3 1703 

Pe F DD . idodesiedehtsebess 3°7 1713 

ay 2 ; OR cea ean 5-6 1738 

a - Me, | casvemupinsewaies 9-5 1693 

a ; GR it diteathidineds 24-9 1526 

a - = T« daidoisamnieeseus 38-4 1266, 


It was thus shown, what has since been confirmed by other investig- 
ators, that, both before and after detonation has been set up, the 
flame-speed in a 2CO +O, explosion increases with its moisture 
content up to a maximum with about 5-6% thereof, any more of it 
merely acting as a diluent; this important fact should always be 
remembered when theories about the function of steam are being 
discussed. 

The slowing down of the flame speed on removal of moisture from 
such a medium will now be illustrated by an experiment in which the 
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rapid flame speed set up on igniting a “ moist’ 20%CO/80%air 
medium in a long horizontal tube may be contrasted with the much 
slower speed similarly set up in the same medium after it has been 
dried by passage through 80% sulphuric acid, and with its non. 
ignitibility by a taper when it had been still further dried by means 
of 98°, sulphuric acid. 





H. B. Baker’s Discoveries (1883 


‘ 


1902).* 


Excepting those on “rates of detonation,” all the experiments 
so far mentioned had been made during the ten years (1877—1886) of 
Dixon’s Oxford research period, when for a while (1883—1884) 
H. B. Baker had collaborated with him ; and to complete this part 
of the review, reference must be made to Baker’s discoveries, and 
especially those concerning the oxidation of carbon. Working, first 
of all in Dixon’s laboratory at Balliol College, Oxford, and afterwards 
independently at Dulwich College, London, he found that, when 
heated to redness in carefully dried oxygen, highly purified charcoal 
burns very slowly without any visible flame principally to the 
monoxide, the proportion (always very small) of dioxide formed 
varying inversely with the dryness of the system. Thus, for example, 
whereas after one week’s phosphoric anhydride-drying, the products 
resulting from the slow passage of oxygen over the strongly heated 
charcoal contained CO,, 5-0; CO, 40-0; and O,, 55%, after two 
weeks’ drying they contained CO,, 1-7—2-0; CO, 27-8—39-5; and 
O,, 58-1—70-5%. 

Moreover when, in 1884, Baker showed that highly purified dry 
sulphur and phosphorus even can be repeatedly distilled backwards 
and forwards in a glass tube containing phosphoric anhydride-dried 
oxygen at atmospheric pressure without any combustion whatever 
occurring, although the admission of even a trace of moisture 
instantly causes a vivid burning, chemists realised that moisture 
functions generally, if not universally, in promoting combustion. 
Finally, in 1902, Baker crowned these remarkable achievements by 
showing that highly purified and carefully dried electrolytic gas is 
quite unreactive at temperatures (dull red heat) where the undried 
medium readily explodes—a result which G. W. Andrew and myself 
had no difficulty in confirming at a temperature of 525°, save that 
in our case the moist medium combined non-explosively. Baker 
also observed that, in one experiment out of twenty, an “‘ extremely 
small spark ’’ could be passed through phosphoric anhydride-dried 
electrolytic gas without causing an explosion. 

Some Essential Precautions.—Needless to say, such results aroused 
universal interest, and many attempts were made to repeat them, 
* J., 1885, 47, 349; 1902, 81, 400; Phil. Trans., 1888, 178, 571. 
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ait ff some of which failed owing to neglect of certain essential precautions, 
uch ff the importance of which cannot be over-rated. To describe them 
een ff fully would take up many pages, and as the more important of them 
10n- § were dealt with in papers recently communicated to the Society by 
ans § H. B. Baker and myself (J., 1929, 1601, 1604), it will suffice here to 
say that principally they comprise (i) extreme cleanliness, especially 
in regard to all the inner surfaces of containing vessels, (ii) extreme 
purification of each and all the various gases and materials used, 


wane (iii) total avoidance both of organic lubricants on stop-cocks and of 
5) of F rubber joints, in the apparatus, (iv) the use, as final drying agent, of 
384) | redistilled and purified phosphoric anhydride quite free from lower 
part f oxides, a requirement first shown by Shenstone about 1890—1893, 
and f and (v) the employment of explosion or reaction vessels made out of 
first ] some special quality of glass as non-retentive of moisture as possible. 
ards Personally, in experiments where the most intensive drying is 
rhen arrived at, I avoid altogether using either calcium chloride or sul- 
coal phurie acid as a “ pre-drier,’”’ and use only solid caustic potash (but 
the FP not purified by alcohol ”’) and spirals immersed in liquid air before 
med applying my final drier; this is always redistilled and purified 
sa phosphoric anhydride which should be as white and powdery as is 
ucts 


virgin snow below zero. 


The Drying Power of Ph on Anhydride. 
wo 





As to the drying 
power of the redistilled and purified phosphoric anhydride used in 





and Ff such experiments, as long ago as 1887 E. W. Morley made careful 
i measurements, extending over several months, of the moisture 
: rs content of air which had been passed at the rate of 3 litres per hour 
wee (i) over “* moistened calcium chloride,” and (ii) through a glass tube, 
ree] 8 cm. long and 2 em. internal diameter, filled with pure redistilled 
rs °F | phosphoric anhydride, finding it thereby reduced to as little as 1 
ture onae ‘ . i ; . onas 
oon milligram in 40,000 litres, or circa 1 in 32 million by volume. On 
ture : , 
ne repeating the experiment in 1904, he concluded that what he had 
on. i * 
formerly supposed to be residual water vapour was much more 
s by : . . . 
’ § probably phosphoric anhydride vapour, and that the drying of a gas 
aS is ; ; : 
ried by even such short contact with such phosphoric anhydride may be 
rie . . ; 
if considered as virtually absolute (Amer. J. Sci., 1887, 34, 199; 
se , 7 
ys J. Amer. Chem. Soc., 1904, 26, 1171). 
that ‘ ; , —T ; 
k Clearly then, the prolonged drying period required in experiments 
aker §. a os , wee , 
in which “ intensive drying ”’ is arrived at does not arise from any 
nely §.. : ; : “ite } 
ried difficulty in drying the gaseous medium itself by means of phosphoric 
riec : Er ce ' ‘ 
anhydride, but from that of getting rid of the last trace of moisture 
ed obstinately adhering to the walls of the containing vessel. To ensure 
us 





this, periodically during the drying period the walls should be heated 
to 150—200°, care being taken to keep cold the part of the vessel 
where the phosphoric anhydride is. When such means are adopted, 





1em, 
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limit a gaseous medium which is sealed up in contact with pure 
redistilled phosphoric anhydride in a hard-glass vessel of about 
100 c.c. capacity. 


M. Traube, Mendeléeff, and H. E. Armstrong (1885—1892). 


Among the first of many workers which Dixon’s discovery brought 
into the field was M. Traube, who in 1885 devised the familiar lecture 
experiment, which will now be repeated before you, showing the 
extinction of the flame of sulphuric acid-dried carbonic oxide by 
similarly dried air at atmospheric pressure. It may be recalled, 
however, that such a flame is not extinguished by sulphuric acid-dried 
oxygen. 

Traube also proved the formation of hydrogen peroxide when a 
flame of either hydrogen or carbonic oxide is projected on to a surface 
of cold water or ice. We will now catch the water formed when a 
carbon monoxide blowpipe-flame is played upon a block of ice, and 
then (by testing it with both acid titanic sulphate and starch plus 
potassium iodide solutions) prove that it contains peroxide. 

Traube (Ber., 1885, 18, 1890), however, went further and, claiming 
to have disproved the occurrence at high temperature of the CO + 
OH, = CO, + H, reaction postulated by Dixon, concluded that 
steam assists the combustion of carbonic oxide by conditioning the 
following reaction cycle—in which hydrogen peroxide functions 
essentially : 

{ (i) CO + O70 + OH, = CO, + H,0,\ 
\(ii) H,O, + CO = H,O + CO, J 

In 1886 Dixon dealt rather severely with this theory, refuting the 
error into which Traube had fallen in supposing the non-occurrence 
of the reduction of steam by carbonic oxide in flames (J., 1886, 49, 
106). In 1891, however, Mendeléeff, although rejecting Traube’s 
first equation, supported his contention as to the intervention of 
hydrogen peroxide, as well as that of Dixon in regard to the role of 
steam, maintaining that, “ since reactions of equal volumes precede 
all others,” the following cycle of bimolecular reactions is probably 
needed for the combustion of carbonic oxide (“ Principles of 
Chemistry,” 1891) : 

(i) CO + OH, = CO, + H, 
(ii) H, + O, = H,O, 
(iii) H,O, + CO = CO, + H,O 
In 1885—1886 H. E. Armstrong joined battle (Pres. Address, 
Chemical Section, Brit. Assoc., 1885; Proc. Roy. Soc., 1886, 4, 
287: J., 1886, 49, 112), challenging all concerned with the declar- 





a drying period of 250 days suffices to dry to the extreme possible 
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ation that two perfectly pure substances are quite incapable of 
reacting chemically, but require the presence of an electrolyte to 
form a closed conducting circuit. In the case under discussion 
“ conducting water ” (7.e., water associated with traces of impurity 
derived from the walls of the containing vessel) was supposed to be 
the requisite electrolyte, the oxygen playing the part of depolariser, 
thus : 


© | H,O | CO OH, | CO, 
—_—> | 
0 | H,0 | CO OH, | CO, 
Before. After. 


All these opposing views led to lively controversies during the 
“nineties,” and especially between Dixon and Armstrong, who 
never were able to compose their differences. Armstrong always 
insisted upon the fundamental necessity of his view, while Dixon 
always regarded as kinetically improbable a theory requiring the 
simultaneous collision of as many as five molecules. Their conten- 
tion, however, greatly stimulated interest on the subject, and has 
caused many important experiments to be made which otherwise 
might not have been undertaken. Notwithstanding all these, as 
recently as 1925 Armstrong still declared carbonic oxide to be “ per 
se an incombustible gas,’ putting forward a still more elaborate 
explanation of the essential function of steam (Proc. Roy. Soc., 1925, 
B, 98, 202). 

To Mendeléeff’s theory Dixon opposed the fact that, although 
there is no difficulty in exploding an undried equimolecular mixture 
of carbonic oxide and nitrous oxide, intensive drying renders it 
non-explosive when sparked. According to Mendeléeff, however, 
such an intensively dried mixture should have no difficulty in react- 
ing, since equal volumes of its two constituents are both concerned 
and present. And to this no reply was made. 


The Cyanogen Evidence and “‘ Nascent Oxygen”’ Theory (1886—1896). 


While the discussions referred to were proceeding, there arose in 
the “ nineties ” another body of evidence out of researches upon the 
combustion of cyanogen, the import of which must now be considered. 

Seeing that cyanogen is one of the most endothermic of gases— 
according to Berthelot, its molecular heat of formation is — 77 as 
compared with — 47 kg.-cals. for that of acetylene—and that the 
carbon which it contains burns in two well-defined stages, namely, 
frst to the nonoxide and then to the dioxide, the study of its com- 
bustion is bound up intimately with that of carbonic oxide. As far 
back as 1886 Dixon (J., 49, 384) had observed that in the explosion 


of cyanogen with an excess of oxygen the formation of carbonic acid 
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is complete and unaffected by the presence of moisture; but at that 
time the full significance of such an observation was hardly recognised, 
because it was not until 1892 that Dixon proved that in the explosion 
wave a cyanogen-oxygen detonating mixture burns in two stages, 
thus (Phil. Trans., 1893, 183, 116) : 
f{ (i) In the wave-front ......... CN, + O, + O, = 2CO + O, + Nz) 
\(ii) Behind it .i...ccccsceeeeeee 2CO + O, + N, = 2CO, + N, J 

When, in 1894, Smithells and Dent demonstrated the same two. 
stage combustion by analysing the interconal gases from an ordinary 
aérated cyanogen flame burning at atmospheric pressure in a 
Smithells flame separator, the proof that carbonic oxide is always 
the initial product was complete. And as the nascent carbonic oxide 
so produced is presumably at anextraordinarily high temperature, the 
possibility of its further combustion to the dioxide proceeding with- 
out the aid of steam became a live issue. 

In 1890 Beketoff (Bull. Acad. St. Petersburg, No. 5, 2, 175) had 
shown that a phosphoric anhydride-dried 2CO -+- O, mixture becomes 
explosive by adding to it about 10% of similarly dried cyanogen, and 
had concluded that the combustion of carbonic oxide is conditioned 
by a supply of atomic oxygen which becomes available at the higher 
flame temperature caused by the addition of cyanogen to the burning 
medium. Moreover, he argued, steam promotes the combustion of 
carbonic oxide because it yields the requisite oxygen atoms more 
readily (i.e., at a lower temperature) than does molecular oxygen 
which is stable (he said) at 2000°. 

Although at the time Dixon seems to have been more impressed 
by this view than by any other as an alternative to his own, he said 
that, even if true, it only put off the difficulty one stage; for, he 
asked, ‘‘ if carbonic oxide has not the power to break up oxygen, why 
should the liberated hydrogen do so ? ’’, adding that since the heat of 
formation of carbonic anhydride from carbonic oxide is greater than 
that of steam from hydrogen, “‘ M. Beketoff only leaves us with a 
greater difficulty to explain.” Nevertheless he made several experi- 
ments to test the “nascent oxygen” theory without finding any 
support for it. 

First of all, he blended 7-days phosphoric anhydride-dried 2CO + 
O, and C,N, + 20, mixtures in the ratios 4 : 1 and 2 : 1, respectively, 


so as to obtain the two following composite media : 
(1) (2) 
Per cent. Per cent. 
GD cccseccccoscecesssoveconseases 53:3 43°3 
Ws snplideiatcdlasnalaictbecials 6°7 11-7 
pe EEE PRINT OSS 40-0 45-0 
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On sparking them, explosion resulted in each case with complete 
combustion of all the cyanogen plus two-thirds of the carbonic oxide 
in (1) and 87% of it in (2). So far, then, Beketoff’s observation, 
though not necessarily his conclusion, was confirmed, the proportion 
of the carbonic oxide burnt increasing with the intensity of the 
exciting flame. Incidentally, also, these experiments vouch for the 
freedom of Dixon’s cyanogen from hydrogen cyanide; for otherwise 
the combustion of the carbonic oxide would certainly have been 
complete in each case.* 

Fia. 2. 


So cincueieatnmenmnameannst a. 
ROs 


He next made a mixture of carbonic oxide and ozonised oxygen 
containing 36CO + 80, + 560,, and after drying it over phosphoric 
anhydride for a week in the tube shown in Fig. 2, he sparked it 
between platinum wires 7 mm. apart without any explosion result- 
ing, although “ there was a considerable halo of blue light in the path 
of the spark.” Such result he regarded as unfavourable to the 
“nascent oxygen ”’ theory, though perhaps not conclusive against it. 

Much stronger rebutting evidence, however, was forthcoming 
from a singularly bold experiment made by Dixon in conjunction 
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Fie. 3. 
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with E. J. (now Sir John ) Russell in 1897 (J.,'71, 601). After sealing 
up over phosphoric anhydride a well-dried mixture of carbonic 
oxide, chlorine peroxide, and oxygen, in the volumetric ratio 
60:29:11, in the glass tube shown in Fig. 3, and then allowing a 
lj-days drying-period, they eventually sparked it between platinum 
wires, whereupon “‘a blue flame traversed the tube and lingered 
some time at the end of the tube,” so that there could be no doubt 
about the medium having been thoroughly inflamed. Yet sub- 
sequent analyses of the residual gas showed that, although there had 
teen more than sufficient chlorine peroxide present to consume the 











* He always prepared his cyanogen by heating recrystallised and carefully 
dried mercuric cyanide, and usually passed the gas evolved through tubes 
packed with solid caustic potash. 
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whole of the carbonic oxide, no less than 76°% of it remained unburnt, 
Dixon always regarded this result as well-nigh conclusive against 
Beketofi’s theory, because it did not show “that oxygen just 
liberated from a compound is more active than ordinary oxygen in 
attacking carbonic oxide at a high temperature.”’ 

To return, however, to the burning of cyanogen, we will now show 
an experiment which was first made by Smithells and Dent in 1894 
(J., 65, 603). Into the bottom of a silica glass “‘ flame separator,” 
kindly lent me for the occasion by Professor Smithells, slow streams 
of (a) cyanogen from a gas holder over mercury and (bd) air are being 
separately led, each through a long “ drying-tube”’ packed with 
phosphoric anhydride. The two streams, mingling as they ascend 
the apparatus, issue as a homogeneous mixture at the orifice of the 
outer tube where, on applying a light, the two-coned aérated 
cyanogen flame is obtained. You will observe the beautiful lilac 
colour of the inner cone, in which the cyanogen is burning to carbonic 
oxide and nitrogen, that of the outer cone being the more familiar 
blue-green characteristic of burning carbonic oxide. Separation of 
the two cones first occurs when the C,N, : air ratio is about 1 : 3-3. 
By suitable manipulation we will now detach the inner from the 
outer cone and draw it down until the two are separated by a 
vertical distance of about 4 or 5 inches. On our gently lowering a 
jar of sulphuric acid-dried air over the outer cone, it will be observed 
that its blue flame is immediately extinguished. When, however, 
by another manipulation we about halve the distance between the 
two cones and repeat the trial, it will be observed that the outer cone 
is no longer extinguished by, but continues to burn quite easily in, 
the sulphuric acid-dried air. 

Such a result, which merely repeats what Smithells and Dent first 
observed in 1894, suggests that carbonic oxide, when freshly liberated 
from a cyanogen flame, has, and retains for a very short while, the 
power of combining directly with oxygen. 

Two years later, this inference was reinforced by some comparative 
measurements by Dixon in conjunction with E. H. Strange and 
E. Graham of the duration of flame in detonations of ‘‘ wet ” and 
“dry” CN, + 20, mixtures, respectively (J., 1896, 69, 773). 
Two similar ‘‘ detonation tubes,” furnished at the same appropriate 
distances from the firing piece with glass windows of like dimensions, 
were fixed vertically side by side. After one of them had been 
thoroughly dried out, it was filled at atmospheric pressure with 4 
C,N, + 20, mixture which had been dried for some days over 
phosphoric anhydride. The other tube was then similarly filled with 
the same mixture which had been saturated with steam at about 13° 
(H,O = 15%). The two mixtures were then fired simultaneously, 
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and on reaching the windows the explosion flames were photographed 
on the same vertically moving film. To Dixon’s surprise, with both 
slow and high film velocities, the two images were drawn out equally, 
which (he said) could only mean that “in a mixture of freshly 
formed carbonic oxide and oxygen, the gases unite as the mass cools 
down without the intervention of steam; and where steam is 
present, it does not appreciably alter the time during which the 
change continues.” 

The conclusiveness of such an experiment depends (as he was 
fully aware) upon the freedom of the cyanogen used from hydrogen 
cyanide; but the care which Dixon always bestowed on the 
purity of his gases, and particularly the results of his CO-C,N,—O, 
experiments already referred to, leave little or no room for doubt 
thereon, and certainly he himself had none. 

Taken as a whole, and in conjunction with Dixon’s other cognate 
experiments on this aspect of the case, the cyanogen evidence, so far 
from supporting Beketofi’s “‘ atomic oxygen ”’ theory, favoured the 
view that the direct oxidation of carbonic oxide can be conditioned 
by a prior “‘ excitation ”’ of its molecules, in which state presumably 
they are born in a cyanogen flame. And such conclusion does not 
seem to be affected by the observation recently made in W. E. 
Garner’s laboratory of there being a “‘ distinct difference ” between 
the total radiation emitted during the explosion of a “ wet” and 
“dry ’ CN, + 20, mixture (Nature, 1930, 125, 705). 


Part II. 
Physico-chemical Experiments. 


Although up to the end of last century interest had been chiefly 
centred round chemical aspects of the phenomenon, there were 
always people more inclined towards a physical explanation of it, 
especially when it became known that moisture promotes, not only 
other cases of combustion, but also many reactions where oxidation 
isnot involved. 


Lothar Meyer on Possible Influence of Temperature (1886). 


As far back as 1886 Lothar Meyer (Ber., 19, 1099), in repeating 
sme of Dixon’s experiments, had found that a 6-days phosphoric 
anhydride-dried 2CO + O, mixture, which did not explode when 
sparked in a eudiometer at 156 mm., could be made to combine non- 
explosively at the same pressure merely by passing a series of 
powerful sparks through it continually for about two minutes, 
combustion being complete. From this, he argued, the combustion 
of “dry ’ carbonic oxide appeared to be a matter of temperature 

N 
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only, a higher degree being required to initiate the direct than the 
indirect (i.e., by steam) oxidation. To which Dixon replied by 
showing that the pre-heating of sulphuric acid-dried carbonic oxide 
did not enable its flame to continue burning in similarly-dried 
air, though such an experiment hardly seems conclusive on the 
point. 


Experiments on the Effects of Ionisation (1893—1904). 


In 1893 J. J. Thomson made the highly significant discovery that 
the intensive drying of a gas renders it electrically non-conductive 
even under considerable potential differences; and he pointed out 
that, since the forces holding the atoms together in a molecule are 
electrical, the presence in a gaseous medium of drops of liquid of 
high specific inductive capacity, such as water, would probably 
cause a sufficient loosening of the bonds between the atoms to render 
its molecules more reactive. Moreover, in a discussion upon the 
subject at the British Association (Sheffield) Meeting in 1910 (B.A. 
Reports, p. 501) he reminded chemists “ that combustion was con- 
cerned not only with atoms and molecules but also with electrons, 
i.e., bodies of smaller dimensions and moving with very high veloci- 
ties. These may precede the explosion-wave and prepare the way 
for it by ionising the gas.’’ As early as 1894, Braun (Z. physikal. 
Chem., 13, 155) had shown that there is “ionisation” in the 
explosion wave, doubtless due to the combined influence of very 
high temperature and chemical interactions. Also G. 8. Turpin, 
working in Dixon’s laboratory, had shown that the flame of an 
explosion wave in electrolytic gas remains conducting for about 
0-001 sec. or almost as long asthe duration of its luminosity (“Studies 
from the Physical and Chemical Laboratories, Owens College, I,” 
1893, p. 294). 

Dixon, while urging the difficulty of supposing the presence of 
drops of liquid water in explosion flames—e.g., in the detonation 
flame of a 2CO + O, mixture containing an amount of moisture far 
below saturation at ordinary temperatures, the temperature of 
which has never been estimated below 3000°—always maintained 
an open mind to such explanation. Albeit, in 1896, both he and 
independently H. B. Baker (J., 69, 789, 1308) had tried subjecting 
a well-dried 2CO + O, medium to Réntgen rays while passing 
electric sparks through it, but without any inflammation resulting. 
Moreover, in 1914, in conjunction with C. Campbell and W. E. 
Slater, Dixon (Proc. Roy. Soc., A, 90, 506) failed to obtain any 
evidence of the detonation of either “ moist ” or “ dry ” 2CO + 0, 
mixtures being affected by strong magnetic fields (up to 10,000 
gauss). Such negative results, however, can scarcely be regarded 
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as decisive; and it is highly desirable that the experiments should 
be repeated with the much stronger “ ionising ”” means and magnetic 
fields now available. 

In his Wilde Lecture to the Manchester Literary and Philosophical 
Society upon *‘ The Influence of Moisture in Chemical Changes in 
Gases ’’ in 1909, H. B. Baker described experiments which had led 
him to the view that “ionisation without water is ineffective in 
producing chemical action,” the co-operation of both “ions ”’ and 
water vapour being necessary (Mem. Manchester Phil. Soc., 1909, 
53, No. 16, 7). 


The Ignitibilities of Dried 2CO +- O, Media. 

Apparently not until 1903 was any attempt made to correlate 
“degrees of dryness ”’ and “ ignitibilities ”’ of a 2CO +- O, medium 
in different hygroscopic states. In that year, however, A. F. Girvan 
communicated a paper to this Society (P., 19, 230) reporting that 
whereas a series of “‘ powerful sparks ” from an induction coil had 
failed to ignite such a medium after it had been dried by reducing its 
temperature below — 80°, ignition always resulted when the “ dry- 
ing temperature ” had been between — 50° and — 35° only, while a 
single spark always caused an explosion if it had been — 15° only. 
He also observed that the resulting explosions with the medium 
dried at — 35° to — 50°, were always much slower and milder than 
with the moist gases. 

When, in 1914—1916, W. M. Thornton’s remarkable experiments 
on the electrical ignition of explosive gaseous media (Proc. Roy. Soc., 
A, 90, 272; 91,17; 92, 9, 381) had definitely proved that, for given 
sparking conditions (e.g., electrodes, type of discharge, voltage, etc.), 
a certain “‘ minimum igniting current ” is always required to ignite 
a particular mixture under given conditions of temperature and 
pressure—for example, a minimum capacity of circa 2 microfarads 
for a condenser discharge at 100 volts to ignite a “‘ moist ” theoretical 
carbon monoxide-air mixture at room temperature and pressure— 
the question naturally arose whether the non-ignitibilities of rigidly 
dried carbon monoxide-oxygen mixtures might after all be only a 
matter of powerful enough sparks, especially as in Dixon’s earlier 
experiments induction-coil sparks of quite moderate intensities only 
had been employed, Although I had often discussed this possibility 
with him, the opportunity of properly testing it experimentally did 
not come until after the War, when means were found in my labor- 
atories at South Kensington. I will now describe some of the more 
outstanding results of our experiments, with which Dixon kept 
dlosely in touch right up to his death, being actually present when 
the more critical of them were made or repeated. 
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The Imperial College Experiments (1920—1930). 

(1) Effects of Progressive and Intensive Drying wpon the Electrical 
Ignition of 2CO + O, Mizxtures.—(a) In conjunction with Dr. F. R. 
Weston (Proc. Roy. Soc., 1926, A, 110, 614), determinations were 
made of the effects of progressive drying of a 2CO +- O, medium 
from “ saturation at room temperature ”’ down to “ calcium chloride 
dryness ” upon the minimum capacity required for its ignition by a 
discharge across platinum poles from a condenser charged up to f |} 
110 volts. The results, which lay on the hyperbolic curve repro. | ‘ 
duced in Fig. 4, showed a rapid increase on such minimum capacity § | 
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as the drying progressed, until with calcium chloride dryness (H,0 = § §), 
circa 0-03%) it became nearly thirty-fold that required with par 
“ saturation at 17-4°” (H,O = 2-:0%). bein 

In considering such experimeuts, it should be remembered that 4 § }), 
condenser discharge is oscillatory and characterised by extreme § jo, 
rapidity, the frequency being something like a million per second; § yoy 
it starts with collision-ionisation of the gas between the poles, which goo, 
is at a maximum in the first oscillation; it also has a high tem-§ 1, 
perature, and causes high local gas pressure, as is evident from the 






prov 
crackly sound emitted. Its incendivity depends on the charactet fig} 
of the first oscillation, which is determined by the frequency and § |g, 





damping associated. with the circuit employed. 
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(6) The next step was to determine whether a 2CO -+ O, mixture 
which had been dried to the extreme limit possible by phosphoric 
anhydride could still be exploded if a sufficiently powerful condenser 
discharge-spark were used for ignition. Accordingly, highly 
purified 2CO +- O, media, after being subjected to a thorough pre- 
liminary drying en route, were sealed up under all due precautions 
at’ atmospheric pressure over pure 
redistilled phosphoric anhydride in 
cylindrical glass bulbs of about 
100 c.c. capacity fitted with 
“balled ” platinum electrodes, as 
shown in Fig.5. The inner surfaces 
of the bulbs had been previously Pak 
thoroughly cleaned, and the plati- 7” 
num electrodes glowed out for 
2) hours, both in vacuo and in 
oxygen at 2—3 mm. pressure, so 4 
as to ensure elimination of organic +--~ 
matter and hydrogen from the : 
system. 

Altogether ten such bulbs (in : 
three series) were so prepared and jo., - 
filled (ibid., p. 615; 1929, A, 123, | 
285), the subsequent “ drying- 
periods ’’ varying from 150 to 1000 
days, during the whole of which 
the gaseous medium was in contact 
with the phosphoric anhydride; 
also, once a fortnight the body of 
each bulb was heated externally 
to about 200°, to ensure the dis- 
persion of any adsorbed. moisture 
film on its inner surface, the lower 
part containing the drying agent 
hing specially cooled throughout 
the operation. There could be no 
doubt whatever about the extreme desiccation so effected, which 
would reach its utmost limit certainly after 250 days, and probably 
sooner. 

In the subsequent firing trials already eight of the bulbs have been 
proved, the other two being kept untried in reserve. In each of the 
eight bulbs so far tried, a condenser of variable capacity charged at 
1000 volts was discharged through the medium, which, while always 
withstanding a discharge of anything up to 0-5 microfarad capacity 
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(total discharge energy = 0-25 Joule), was invariably exploded by 
one of 1 microfarad capacity, the minimum capacity required for 
ignition being circa 0-75 microfarad. In each case flame filled the 
vessel more rapidly than the eye could follow, the resulting per. 
centage combustion varying between about 74 and 89 in different 
experiments. 

On 11th November 1927 Dixon witnessed the explosion of one of 
these bulbs (No. 5) for which the drying period had been 555 days, 
and which on the previous day had withstood a discharge of 05 
microfarad at 1000 volts without any sign of ignition. It wag 
eventually exploded by a charge of double that capacity at the same 
voltage, the resulting combustion being 87-8°, complete—a most 
convincing result, as Dixon freely acknowledged. 

The visible features of these highly significant experiments may 
best be conveyed to readers by the three photographs (Plate ]) 
obtained in the case of bulb No. 6, for which the drying period had 
been 758 days. No. 1 shows the bulb in position for the firing 
trials, the white phosphoric anhydride in its lower part being plainly 
visible; No. 2, taken in a darkened room, shows the non-effect of a 
discharge passed through the medium from a condenser of 05 
microfarad capacity charged up to 1000 volts (the spark is the 
white dot in the centre, and it should be particularly observed that 
there is not even the faintest indication of any “halo” of com. 
bustion round it); No. 3 shows the resulting explosion flame when 
ignition had been finally effected by a discharge of 1 microfarad at 
1000 volts (it should be noted how completely the flame filled the 
vessel), the resulting combustion being 89-25%, complete. 

As the ninth such bulb (as yet untried) is before you on the table, 
we can give you the opportunity of witnessing here and now its 
behaviour. It was filled on 15th July 1929 with a well-dried 
2CO + O, mixture, and therefore its subsequent “‘ drying period” 
over phosphoric anhydride has extended over 514 days. Its 
electrodes are now connected with a condenser of 0-25 microfarad 
charged up to 650 volts. When now it is discharged across the 
medium in the bulb, you observe that, although the spark is visible 
to all, no explosion results, because the spark-energy is well below 
the minimum required for ignition. On increasing the condenser 
capacity up to 4 microfarads, and again charging it up to 650 volts 
as before, we shall have stored up about twice the minimum energy 
required; and on again discharging it through the medium, as you 
see, an explosion instantly results, the flame rapidly filling the 
vessel. (On opening the bulb a few days later, it was found that the 
products contained CO,, 66-4; CO, 22-0; O,, 11-1; and Ng, 0-5%, 
the percentage combustion having been 76 only,) The tenth 
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bulb still remains, as yet untried, in reservation for some future 
occasion. 

The conclusion which these experiments enforce is that a highly 
purified 2CO + O, mixture, dried to the utmost limit possible by 
means of phosphoric anhydride, can still be inflamed provided that 
a powerful enough igniting discharge be employed. 

(2) Spectrographic Evidence.—The fact that the colour and 
general appearance of a carbonic oxide flame is so different from that 
of hydrogen, as can be seen from the two exhibited here side by side 
on the table, has always seemed to me difficult to reconcile with 
Dixon’s original view of the oxidation of carbonic oxide being wholly 
“caused by the alternate reduction and oxidation of water mole- 
cules,”’ although it cannot be denied that in presence of steam some 
of it is so burnt. 

To elucidate the matter, Dr. Weston (Proc. Roy. Soc., 1925, A, 109, 
177, 523) carried out a systematic investigation of the flame spectra 
of hydrogen and carbonic oxide, as well as of mixtures of the two in 
different proportions. We were fortunate in having the collabor- 
ation of Prof. A. Fowler, one of the foremost living spectroscopists, 
and three typical spectrograms shown in Plate II (extending from 
500 A.U. in the visible to 2200 A.U. in the ultra-violet) of flames 
maintained in an oxygen-rich atmosphere will suffice to show the 
general character of the results. 

No. 1, which is of a flame of pure (undried) carbonic oxide, shows 
a very strong and apparently continuous spectrum extending over 
the whole range, with groups of so-called “steam lines ”’ faintly 
imposed upon it mainly in the region 3200—3060 A.U. A moderate 
drying of the gases, or an increase in the pressure up to about ten 
atmospheres, suffices to suppress these “steam lines ’’ altogether, 
leaving the continuous spectrum unaffected. Under reduced 
pressure, the latter is seen to overlie an equally characterised carbon 
monoxide-banded spectrum, which (as Prof. Fowler said) “ is quite 
distinct from the more familiar oxy-carbon bands which have been 
observed in vacuum tubes.”’ 

No. 2, which is of a flame of pure hydrogen, shows practically 
nothing except several characteristic groups of “‘ steam lines ” in the 
near ultra-violet, the most prominent being in the 3200—3060 A.U. 
region. 

The vast difference between these two spectrograms is highly 
significant. When, however, hydrogen is gradually added to 
burning carbonic oxide the characteristic continuous flame spectrum 
of the latter rapidly disappears, and the “‘ steam lines *’ become more 
prominent, until when a 50%CO/50%H, (“water gas”) com- 
position is reached, the last-named only are visible, as shown in 
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No. 3. Also, when instead of burning the two gases separately, as 
is now being done on the table, the two streams are blended and 
burnt at one orifice as a 50/50 mixture, it will be seen that the flame 
is hardly distinguishable by the eye from the one in which hydrogen 
alone is being burnt. 

In view of such evidence, it is difficult to resist the conclusion that 
when undried carbonic oxide burns in undried air or oxygen at 
ordinary pressure, two sets of reactions occur simultaneously, 
namely, (a) direct interactions between “ excited ’’ carbonic oxide 
and oxygen giving rise to the radiations shown in the continuous 
and banded parts of the flame spectra, and to the characteristic 
blue-green colour of the flame, and (6) interactions between carbon 
monoxide and water molecules originating the “‘ steam lines ”’ in the 
spectrum. On hydrogen being gradually added to the burning gas, 
the relative proportion of (a) to (6), which at first is high, rapidly 
diminishes, until with a 50/50 mixture, (6) predominates to the 
practical exclusion of (a). Dixon was greatly impressed by these 
spectrograms which (he said) constituted “ the first clear evidence 
that in an ordinary carbon monoxide flame both direct and indirect 
actions are going on at once.” 

That “excited,” though not necessarily “ionised,’’ carbon 
monoxide is required for (a) is indicated by much cumulative 
evidence, notably that derived from the study of carbonic oxide-air 
explosions at high initial pressures, as well as from recent determin- 
ations (Proc. Roy. Soc., 1931, A, 130, 542) of flame speeds over the 
whole explosion range of moist carbon monoxide—oxygen mixtures 
which show, both in the initial slow “ uniform ”’ period and in deton- 
ation, a marked maximum at about the 3-8CO + O, composition, 
which point is but little altered by dilution with nitrogen, argon, or 
helium. 

In this connexion it should be mentioned that there is now a 
considerable body of evidence that hydrogen is more effective than 
its equivalent of steam in promoting the combustion of carbonic 
oxide; also that their influence is at least two-fold, 7.e., physical in 
very small and chemical in fairly large concentrations, and, as 
regards the latter, it seems probable that more than one mechanism 
may be at work. Moreover, the direct oxidation of carbonic oxide 
is so greatly favoured by pressure that at fairly high pressures it 
occurs almost exclusively, though even so it may be physically 
promoted by minute proportions of steam. From private corre- 
spondence, as well as from a published letter of his (Nature, 1928, 
122, 805), I believe that Dixon was substantially in agreement with 
such view. 

(3) Combustion in Electric Discharges—Reference must also be 
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made to the independent work of my colleague Professor G. I. Finch 
and his collaborators upon the “‘ cathodic combustion ” of carbonic 
oxide (Proc. Roy. Soc., 1929, 124, 303; 125, 352; 1930, 129, 314, 
656), because it has thrown much-needed light upon the possible 
ways in which the gas might be burnt in ordinary flames. While 
agreeing with us that unexcited carbonic oxide and oxygen molecules 
are mutually inert, they conclude that for the direct oxidation both 
“ excited ” (but not ‘ ionised ’’) carbonic oxide and atomic oxygen 
are required. Also they suppose an “ auto-oxidation ” of carbonic 
oxide—2CO = C -+- CO,—as possible, the carbon then combining 
with oxygen, forming monoxide directly. As regards the rdles of 
steam and hydrogen, they consider that the latter burns to peroxide 
and “excited” steam, both of which can oxidise carbonic oxide 
more readily than does oxygen, although “ unexcited” steam is 
relatively inert. All these, and perhaps other, possibilities will have 
to be considered in future discussions, the issues being more com- 
plicated than were formerly supposed. Perhaps a solution may be 
found in supposing that increasing degrees of ‘‘ excitation ” of the 
carbon monoxide molecule are needed for its oxidation by hydrogen 
peroxide, steam, and oxygen, respectively, in somewhat the order 
named, and that possibly some ‘‘ excitation ”’ of one or more of these 
may also be required. 

(4) Photographic Evidence.—The analysis of explosion flames by 
the photographic method originated by Mallard and Le Chatelier 
fifty years ago—afterwards further developed and improved by 
H. B. Dixon and his collaborators in the “ nineties,” and recently 
brought to a still greater precision by Mr. R. P. Fraser, with his new 
high-speed cameras, in our laboratories—is now so powerful a 
research weapon that its revelations concerning the effects of pro- 
gressive drying upon flame propagation through 2CO -+- O, mixtures 
will fittingly conclude this review. 

It may be recalled that in principle the method consists in photo- 
graphing the flame moving with velocity x along a horizontal glass 
tube upon a sensitive film moving in a vertical plane with known 
velocity y, the graph representing the resultant of the two velocities. 

(a) The influence of progressive drying upon flame speeds, etc. Of 
the numerous beautiful photographs: taken by Mr. Fraser (Phil. 
T'rans., 1929, A, 228, 202), there are four reproduced in Plate IIT of 
particular interest, in which the movements of an explosion flame 
through a 2CO-+-0O, medium at atmospheric pressure along a 
horizontal tube (Fig. 6) (35 cm. long x 2 cm. internal diameter) were 
analysed on a film moving vertically at a constant velocity of 148 cm. 
per second in the first three, and at 94 cm. per sec. in the fourth. In 
each case ignition was by means of a condenser discharge across 
N2 
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explosion flames traversed the mixture in opposite directions towards of | 
each end. 
In No. 1—with a “ moist” 2CO + 0, medium (H,O = 1-7%) 

the two flames started off immediately from the igniting spark, their 
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initial movements being accelerated up to “ shoulders ” about 5 cm. 
along the tube, but afterwards proceeded much more slowly, with 
almost uniform speeds of about 1200 cm. per sec. towards each end 
of the tube, the flame fronts being serrated all the way and com- 
bustion 100% complete. 

In No. 2—with a 7-days CaCl,-dried 2CO +- O, medium (H,O = 
()-03°%)—there was, as compared with No. 1, a marked retardation 
of combustion, the almost uniform flame speeds after the first 
“ shoulder ’’ being reduced to 420 cm. per sec. with combustion only 
97-2% complete, and a total duration of luminosity almost double 
that in No. 1. 

No. 3—with an 80-days P,O;-dried 2CO + O, medium—shows how 
enormously combustion was further retarded by the removal of the 
last 0-03% of moisture from the medium, for the total duration of 
luminosity was now about 14 times longer than in No. 1, and nearly 
8 times longer than in No. 2, and the percentage combustion 89 only. 

In No. 4—with a 223-days P,O;-dried 2CO + O, medium—the 
extreme limit of phosphoric anhydride-drying had been reached, with 
further slight retardation of combustion ; notwithstanding this, the 
flames ultimately reached the ends of the tube, the percentage com- 
bustion being 92, and the total duration of combustion about 15 times 
longer than in No. 1, and more than 8 times longer than in No. 2. 

The following data have been deduced from the photographs : 


No. l. No. 2. No. 3. No. 4. 
Time (in millisecs.) for flames 
to reach ends of tube......... 16-9 23-6 287 308 
Total duration of luminosity 
(REO scidetacsevesevisesses 27°5 50-0 388 416 
Percentage combustion ......... 100 97-2 89 92 


(b) The influence of a strong electric field upon flame propagation 
through an intensively-dried 2CO +- QO, medium. (i) On repeating 
the experiment (No. 4) with a 245-days phosphoric anhydride-dried 
2CO + O, medium, but in a longer (60 cm.) tube, the slow initial 
flame movements could be followed by the eye, until (as shown in 
Plate IV, No. 5) they were arrested and remained almost stationary 
for about 53 millisecs. Then followed further very slow advances 
in each case up to a point about mid-way between that of ignition 
and the end of the tube, after which the flames retreated slightly 
into the partly burnt medium behind them, where they were 
extinguished. The mean flame speeds were only 72 cm. per sec., and 
although combustion lasted 554 millisecs. in each case, only 26-5% 
of the total mixture in the tube was burnt. 

(ii) It next occurred to us that, supposing the first accelerating 
influence of moisture upon the direct oxidation of carbonic oxide to 
be electrical rather than chemical, a repetition of No. 5 experiment 
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with the super-imposition of a strong electric field upon the inten- 
sively-dried 2CO -+- O, medium at and after the moment of ignition 
should reveal some difference in the behaviour and propagation of 
the resulting flames. Accordingly, an exactly similar explosion 
tube filled with the dry 2CO -+- O, medium was prepared, but with 
two supplementary wires sealed in 30 cm. apart with the central 
firing point exactly mid-way between them, as shown in Fig. 7. 
After allowing a 240-days ‘‘ drying-period ”’ over the phosphoric 
anhydride situated at each enlarged end of the tube, the medium 
was fired centrally, precisely as before, the pair of supplementary 
wires being connected with the two poles, respectively, of a Wims- 
hurst machine which was operated throughout the ignition and 
subsequent burning. From photograph No. 6 (Plate IV) it will be 
seen that the two flames started off in opposite directions from the 
igniting-spark with, during the first 100 millisecs. or so, extremely 
slow and almosi uniform velocities of 43-5 and 50 cm. per sec., 
respectively ; this initial phase was then succeeded by another of 
such marked progressive accelerations in the two oppositely-moving 
flame fronts as they approached and traversed the electrodic regions 
of the field that they quickly reached the end of the tube; where- 
upon their luminosities increased and extended backwards until 
nearly the whole tube was filled with flame. The total duration of 
luminosity, from beginning to end, was 375 millisecs., and the 
percentage combustion was 89-6. Another significant feature was 
that initially the flame travelled more quickly towards the negative 
than towards the positive pole of the field. 

Commenting upon these last two photographs, Dixon, who had 
followed the experiments with the closest interest, said that “ it was 
evident that the resistance to combination offered by the dryness 
of the gases could be overcome by the electrostatic field, and appar- 
ently this relief was more easily given by one pole than the other 
. . . (so) that the problem presented by the burning of this gas has 
become one of the most interesting in physical chemistry ” (Nature, 
1929, 124, 582). And with these, his last published words upon it, 
my story is ended. 

Yet one word more is due to his memory. Dixon was not only 
himself a great exponent of the experimental method, but also a 
master-trainer of those who were privileged to be his pupils in 
research; and his chief fame will be that he established in this 
country a school of combustion research embodying the traditions 
of Robert Boyle and Humphry Davy, with whom he ranks in an 
apostolic succession. In a letter which he wrote me on 26th August, 
1927, about the publication of ‘ Flame and Combustion in Gases,” 
which had been dedicated to him, he said: ‘ I think you know that 
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I regard the chief reward of my work to lie in the fact that, when I 
started fifty years ago to repeat Bunsen’s experiments, no one in 
Kngland seemed to care about the burning of gases, and now there 
is an active English school, largely made up of old students .. . 
really keen on the fundamental study of gas reactions.” —VALE 
MAGISTER PRAECLARE ! 


NLVIT.—Co-ordinated Compounds of the Alkali Metals. 
Part ITI. 


By FreprErick Mason Brewer. 


IN a previous paper (Sidgwick and Brewer, J., 1925, 127, 2379) the 
existence of several co-ordinated compounds of the alkali metals 
was established and their formulation discussed. For two reasons 
it was considered desirable to extend those researches to cover 
compounds of all the alkali metals. First, these elements show 
much less variation in chemical character than those of any other 
group. Any variation in properties can therefore be attributed 
almost entirely to physical characteristics of the atom, such as size 
or distribution of charge, rather than to any definite variation in 
the distribution of the valency electrons. Secondly, the co-ordin- 
ation compounds of this series offer practically the only opportunity 
of studying the properties of these elements in compounds in which 
ionisation is precluded, as the alkali metals have far too strong a 
tendency towards ionisation (where this is possible) to form co- 
valencies. Since the chemistry of these elements, as it is known 
at present, is almost entirely that of their ions, any further inform- 
ation as to the behaviour of the un-ionised atom is to be welcomed. 

The immediate points of interest are (i) the number of covalent 
links which can be established for any member of the series, and 
(ii) the relative stability of compounds of different co-ordination 
number. In addition, some points have been observed in the 
preparation and analysis of these compounds, particularly those of 
rubidium and cesium, which are noteworthy in view of the scanty 
information on these subjects. 

The series chosen for investigation was that of the salicylaldehyde 
derivatives. Although these have not the great solubility in non- 
polar solvents which characterises, for instance, many of the hydrates 
of organic sodium derivatives, they have the advantage that the 
co-ordinated molecule is formed by the addition of molecules of the 
parent substance to the simple alkali derivative. This avoids com- 
plications due to the presence of two or more types of organic 
molecule in the complex, each of which might influence the co- 











362 BREWER : 


ordinating power of the alkali metal in itsown way. Also, in previous 
experiments, salicylaldehyde had been found to be the most generally 
efficient molecule for chelate co-ordination. 


EXPERIMENTAL. 


Materials.—The salicylaldehyde was always purified shortly 
before use by conversion into the bisulphite compound. The regener. 
ated aldehyde was then fractionally distilled under reduced pressure, 
and the main fraction submitted to fractional crystallisation. 

Rubidium carbonate. This was prepared from a sample of rubid- 
ium alum kindly given by Mr. K. M. Chance of the British Cyanides 
Company. The preparation was substantially that outlined by 
Sidgwick and Gentle (J., 1922, 121, 1837). To prevent the pro- 
gressive precipitation of aluminium hydroxide which their method 
involves, the aluminium was first precipitated by the addition of 
concentrated ammonium hydroxide. All crystallisations and pre- 
cipitations were followed spectroscopically. In this way it was 
found that the repeated washing of alumina and barium sulphate 
precipitates is not sufficient to remove rubidium carried down with 
them, but once the precipitates have been ignited, the rubidium salts 
are easily removed by a single treatment with hot water. In con- 
verting rubidium hydrogen tartrate to carbonate, the yellow colour, 
which usually persists after ignition and even after recrystallisation 
of a large quantity of material, was avoided by gentle ignition for 
several hours in an open quartz dish over a ring burner. The 
product was quite colourless and needed only one recrystallisation. 

Casium carbonate. Finely powdered pollucite was repeatedly 
extracted with concentrated hydrochloric acid, and the cesium 
precipitated as cesium antimony chloride, Cs,Sb,Cl, by the addition 
of a concentrated solution of antimony chloride in hydrochloric acid. 
The antimony was precipitated by stirring the double salt into con- 
centrated ammonium hydroxide and washing the precipitate with 
ammonium hydroxide until all the cesium had been extracted. The 
mixed cesium and ammonium chlorides were evaporated with the 
requisite quantity of sulphuric acid, converted to carbonate by treat- 
ment with baryta and carbon dioxide, and the cesium freed from 
sodium and potassium by precipitation as hydrogen oxalate. [gni- 
tion and recrystallisation gave pure cesium carbonate. 

Analysis.—The main analytical work consisted in determining 
the alkali metals as sulphate. This is possible with lithium, sodium, 
and potassium by evaporation of the compound with a few drops of 
concentrated sulphuric acid. With rubidium and cesium, however, 
this method gives a product with an acid reaction, and further 
ignition over a blowpipe gives inconsistent results due to volatilis- 
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ation and decomposition. In order to avoid this, a small quantity 
of “ redistilled ” ammonium hydroxide was added to the acid 
sulphate, and the ammonium sulphate so formed dissociated at a 
comparatively low temperature and left pure alkali sulphate. 

In all cases the following precautions are noteworthy. Rapid 
heating to a high temperature should be avoided, for this causes 
carbon to separate in a graphitic form which is very resistant to 
oxidation. Initial evaporation in an air-bath with a little dilute 
acid prevents separation of carbon. The presence of carbon is 
invariably accompanied by the production of alkali sulphides which 
are comparatively volatile, and furnish an additional reason for 
ignition at the lowest possible temperature. 

Compounds of Lithium.—in Part II of this series the dihydrate of 
the lithium derivative of salicylaldehyde was described. This had 
all the properties of a substance formed exclusively by covalent and 
co-ordinate links, and was the only hydrate among the salicyl- 
aldehyde derivatives. In order to produce a molecule in which 
co-ordination was effected by salicylaldehyde instead of water, dry 
lithium hydroxide was added to the aldehyde, and the mixture 
warmed gently. The yellow solid then separating was recrystal- 
lised from pure salicylaldehyde, and washed with ether. The 
product was the ‘“‘ double molecule ” containing 4-covalent lithium 
(Found: Li, 2-68. C,H,;0,Li,C;H,O, requires Li, 2-78%). This 
compound gives a yellow solution in toluene, in contrast to that of 
the dihydrate, which is colourless. The solid is pale yellow, and on 
heating gives off salicylaldehyde vapour. If any appreciable amount 
of water is present in the reaction mixture, the dihydrate is formed 
at the expense of the co-ordinated aldehyde. This behaviour is 
peculiar to lithium in this group. 

Compounds of Sodium.—Hantzsch (Ber., 1906, 39, 3089) pre- 
pared the compound C,H,0,Na,C,H,O, by the action of sodium 
ethoxide upon the aldehyde. This “ acid salt,’ as he called it, was 
stable even in the presence of excess of sodium ethoxide. 

Many experiments were carried out in the present research to make 
() hydrates of the simple sodium derivative and (6) compounds 
containing two co-ordinated molecules of salicylaldehyde, .e., 
with 6-covalent sodium. In all cases these gave negative 
results. Ettling (Annalen, 1840, 35, 252) describes a compound 
C,H,O,Na,C,H,O,,4H,O, but its precise formulation is not clear. 

Compounds of Potassium.—A similar result was obtained by 
Hantzsch with potassium, with the exception that excess of potass- 
ium ethoxide reacted with the co-ordinated aldehyde and so 
destroyed the complex molecule. 

As in the case of sodium, attempts to prepare hydrates of the 
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simple potassium derivative failed (see, however, Ettling, loc. cit.). 
On the other hand, the compound containing 6-covalent potassium 
was prepared in the following way. Concentrated potassium 
hydroxide solution was added to salicylaldehyde, and the resulting 
solid, which was a mixture of the simple potassium derivative and 
the 4-covalent compound mentioned above, was dissolved in a 
mixture of alcohol and salicylaldehyde. The alcohol was necessary 
to prevent the temperature from rising above about 80°, for at 
higher temperatures there is considerable condensation between the 
excess aldehyde and the alkali derivatives. After crystallisation, the 
product was washed with alcohol (Found : K, 9-48. C,H;0,K,2C,H,0, 
requires K, 9-68%). The crystals are very pale yellow and feathery. 
They dissolve to some extent in toluene in the cold, but are readily 
decomposed on warming the solution. If allowed to remain in the 
air, they rapidly become green and ultimately black, presumably 
owing to hydrolysis by moisture in the air and subsequent oxidation 
or condensation of the aldehyde. (This behaviour was noticed by 
Cajar, Ber., 1898, 31, 2804, with the sodium derivative.) In a dry 
atmosphere dissociation proceeds slowly, the vapour of the aldehyde 
being given off, indicating that the 6-covalent state is not particu- 
larly stable for this element. 

Compounds of Rubidium.—When powdered rubidium carbonate 
was dropped into warm salicylaldehyde there was considerable 
evolution of carbon dioxide, and a clear yellow solution was obtained. 
From this was deposited a mass of almost colourless crystals, which 
later experiments showed to be a mixture of the compounds con- 
taining 4- and 6-covalent rubidium. On being heated under reduced 
pressure, this product gave off salicylaldehyde, and left a residue of a 
typically saline character (Found: Rb, 40-3. C,H;O,Rb requires 
Rb, 41-4%), which hydrolysed to give the aldehyde and an alkaline 
solution. The same result was obtained by repeatedly treating the 
product with boiling toluene and finally washing it with ether 
(Found: Rb, 40-95%). It is therefore evident that the residue 
was essentially the simple rubidium salicylaldehyde, which has not 
hitherto been prepared, and that the excess of aldehyde was co- 
ordinated as in the case of the other alkali elements. 

Repeated attempts to prepare co-ordinated derivatives of definite 
composition indicated clearly that there were two distinct substances 
to be isolated. Recrystallisation from alcohol in the presence of a 
large quantity of aldehyde gave a voluminous crop of pale yellow 
feathery crystals like those containing 6-covalent potassium. Re- 
crystallisation from alcobol alone gave principally starred clusters 
of yellow needles. The separation of the individual compounds was 
finally effected as follows. 
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4-Covalent rubidium. To rubidium carbonate, dissolved in the 
minimum of hot water, salicylaldehyde containing a small quantity 
of aleohol was added, and the whole warmed until there was no 
further evolution of carbon dioxide. (The alcohol prevented the 
temperature from rising, the only product at high temperatures being 
a red resinous mass.) The crystals which separated on cooling were 
recrystallised from pure alcohol and washed with a little ether. 
They darkened rapidly in air, were readily hydrolysed by water, 
and melted indefinitely with decomposition. They dissolved slightly 
in toluene to give a yellow solution (Found: Rb, 25-93. 
C,H,0,Rb,C,H,O, requires Rb, 26-02%). 

6-Covalent rubidium. After recrystallisation from alcohol as 
above, the rubidium derivative was (a) allowed to stand in salicyl- 
aldehyde for several hours in the cold, and (6) recrystallised from 
the aldehyde containing the minimum of alcohol necessary to effect 
solution below 100°. The result in both cases was a crop of almost 
colourless feathery crystals, which were washed with a little alcohol 
[Found: (a) Rb, 19-17; (6) Rb, 19-05. C,H;0,Rb,2C,H,0, 
requires Rb, 18-99%]. The same product was obtained by recrys- 
tallising the simple derivative described above from excess of the 
aldehyde (Found: Rb, 18-99%). Although these crystals even- 
tually darkened in moist air, they showed much greater stability 
and permanence than the corresponding compound containing 
4-covalent rubidium, and were also rather more soluble in toluene, 
but like the 4-covalent compound they were decomposed by hot 
toluene. 

Compounds of Cesium.—The preparation of these compounds was 
parallel to that of the rubidium compounds, but it was found 
advisable to carry out the initial reaction without alcohol, for this 
dissolves czsium carbonate (but not rubidium carbonate). Re- 
crystallisation from this solvent did not therefore completely remove 
any unused ceesium carbonate from the product. Sufficient water 
was used to keep any excess of carbonate in solution, and the product 
filtered and washed with water. After this substance had been 
kept for several hours in the aldehyde, filtered, and washed with 
alcohol, the 6-covalent compound was obtained (Found : Cs, 26-40. 
C,H;0,Cs,2C,H,O, requires Cs, 26-68%). 

If the initial product was (a) washed with ether until it began to 
show signs of discoloration, or (6) precipitated from an alcoholic 
solution by ether, the 4-covalent compound was obtained [Found : 
(a) Cs, 35-35; (6) Cs, 35-20, 35:35. C,H;0,Cs,C,H,O, requires 
Cs, 35-34%]. The compounds described are both pale yellow crystal- 
line solids, similar in behaviour to the corresponding rubidium 
compounds. On heating, the 6-covalent compound gives off 
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salicylaldehyde vapour; the 4-covalent compound melts with 
decomposition in the neighbourhood of 165°. 






































I 
Conclusions. 

In the series of compounds studied, lithium alone appears to be d 
able to form a true co-ordinated hydrate. It is of interest in this e 
connexion that hydration is common with lithium and sodium ions ° 
but not with the ions of potassium, rubidium, or cesium. The case (: 
of the ions is covered by Fajans’ rule (see Sidgwick, ‘‘ Electronic © 
Theory of Valency,”’ Oxford, 1927, p. 104). It would also appear a 
that an increase in size of the co-ordinating molecule corresponds t 
in effect to an increase in anion size, enabling the higher alkalis to t 
co-ordinate with a comparatively large organic molecule when they ~ 
fail to do so with water. The definite preference of lithium for . 
co-ordinated water molecules must then be explained by consider- o 
ations of atomic volume. tl 

To test this, an attempt was made to prepare the benzoylacetone t 
derivative C,>H,O,Rb,C,,)H,,0,. In this series of compounds, t 


hydration takes place in the case of lithium and sodium (Sidgwick ” 
and Brewer, loc. cit.; Weygand and Forkel, J. pr. Chem., 1927, 


116, 293) and also with potassium, but in this case it is doubtful a 
from the description of its properties recorded by Weygand and Ce 


Forkel whether the hydrate is a true co-ordination compound. 
With none of these elements could a ‘“‘ double molecule ”’ be pre- 
pared. If the benzoylacetone derivatives resembled the salicyl- 
aldehyde compounds, there was a possibility that with the higher 
elements in the group the double molecule might be stable. Rubid- 
ium carbonate was therefore dissolved in excess of molten benzoyl- 
acetone, with liberation of carbon dioxide, and the product recrystal- 
lised from hot toluene. It proved to be essentially the hitherto 
unprepared simple rubidium benzoylacetone (Found: Rb, 35:2. 
C,9H,O,Rb requires Rb, 34:7%), which formed bright yellow plates 
melting to a red liquid at 131°. The solubility of this compound in 
toluene containing the parent substance (compare the behaviour of 
the sodium derivative of ethyl acetoacetate ; Sidgwick and Brewer, 
loc. cit.) indicates the formation of the required complex molecule 
in solution. 

All the alkali metals will co-ordinate with salicylaldehyde, the 
following covalency numbers having been established : lithium, 4; 
sodium, 4; potassium, 4 and 6; rubidium, 4 and 6; cesium, 4 and 6. 
Only in the case of rubidium does the 6-covalent compound appear 
to be definitely the more stable. With potassium, the 6-covalent 
compound is formed only with difficulty ; with cesium there is littie 
difference in stability between the 4- and the 6-covalent compound. 
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The 4-covalent compounds of sodium and potassium are much the 
most stable of all the compounds investigated, the sodium compound 
being stable even in the presence of excess of sodium ethoxide. 

It is quite clear that there must be three influences at work in 
determining the stability of these compounds. (1) Increasing 
atomic number carries with it increasing electropositiveness and 
ease Of ionisation: this diminishes the tendency to co-ordinate. 
(2) The increasing distance of the nucleus from the co-ordinating 
electrons with increasing atomic volume makes it less likely that 
additional electrons will be held with ease. (3) On the other hand, 
there is an increase in the maximum co-ordination number with 
the elements of higher atomic number. These factors are in keeping 
with a maximum of stability for the 4-covalent compounds occur- 
ring with the element sodium, and in the case of the 6-covalent 
compounds with rubidium. The change in chemical character 
through the group is not sufficient to affect the general result, and 
the formation of co-ordinated compounds with these elements may 
therefore be considered as a useful standard for measuring the 
co-ordinating power of chelate groups. 

The following table of those co-ordinated compounds of the 
alkali metals whose formule have been established summarises the 
co-ordinating power of the metals themselves. 

HB = Benzoylacetone, HA = acetylacetone, HE = ethyl acetoacetate, 
HQ = 3 quinizarin, HM = methyl salicylate, HS = salicylaldehyde, HNp = 
o-nitrophenol, HNe = o-nitrocresol, HIn = y-indoxylspirocyclopentane. 

Metal, 4-Covalent. 6-Covalent. 

Lithium LiB,2H,0 1 None, 
LiM,2H,0 ? 
LiS,2H,0 ! 
LiS,HS 2 
LiQ,HS ! 
LilIn,HIn 3 

Sodium NaB,2H,0 ! NaB,4H,0 5 
NaF,2H,0 ! NaQ.2HS ! 
NaA,2H,0 ! 
NaS,HS 4 
NaNp,HS ! 


NaNc,HS ! 
NaIn,HIn ? 


Potassium KA,2H,0 #4 KQ,2HS ! 
KS,HS 4 KS,2HS 2 
KNp,HS ? 
KIn,HIn 2 
Rubidium RbS,HS 2 RbS,2HS 2 
Cxesium CsS,HS 2 Cs8,2HS 2 
1 Sidgwick and Brewer, loc. cit. 2 This paper. 
’ Sidgwick and Plant, J., 1925, 127, 209. 4 Hantzsch, loc. cit. 


5 Weygand and Forkel, loc. cit. These authors also describe a trihydrate 
of sodium benzoylacetone, and a monohydrate of potassium benzoylacetone. 
They are not responsible for the formulation of the tetrahydrate put forward 
above. 
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In conclusion, I should like to express my thanks to Dr. N. V. 
Sidgwick, F.R.S., for the interest he has taken and the suggestions 
he has made during the course of this research, 


University Musreum, OxForp. [Received, December 30th, 1930.] 


XLVIII.—The Analysis of Mixtures of Hydrogen, 
Methane, and Kthane. 


By OswaLp JAMES WALKER and Soorya NARAYAN SHUKLA. 


THe principle of analysing gaseous mixtures by fractional distil- 
lation at low temperatures was applied by Burrell and Seibert (J. 
Amer. Chem. Soc., 1914, 36, 1537) for separating samples of natural 
gas into the individual hydrocarbons, and by Lebeau and Damiens 
(Ann. Chim., 1917, 8, 221) for the analysis of mixtures of hydrogen 
with the saturated hydrocarbons. Quite recently, Mulders and 
Scheffer (Rec. trav. chim., 1930, 49, 1057) have described a method 
of analysing mixtures of hydrogen, methane, and ethane, in which 
the mixture is separated into two portions by cooling with liquid 
air, each portion being then burnt separately over copper oxide. A 
similar method has been used by the present authors to determine 
methane and ethane in mixtures of these two gases (Trans. Faraday 
Soc., 1931, 27, 35), and the combination of this method with the 
palladium-absorption method for hydrogen is now described, since this 
affords a very simple means of analysing a mixture of the three gases. 
The method has the advantage that the two hydrocarbons can, if 
necessary, be exploded separately free from hydrogen. Their 
identity can therefore be established from the resulting C/A ratios 
(C’ = contraction after explosion, A = contraction after absorption 
by caustic potash), a point of special importance when unknown 
mixtures which may contain one or both of these hydrocarbons are 
being analysed. Moreover, the analyses to be described have been 
carried out on fairly small amounts of the mixture—about 5—10 c.c. 
in most cases—and are as accurate as those of Mulders and Scheffer, 
who used a total volume of some 30—40 c.c. for each analysis. The 
actual measurements of the quantities of gas before and after the 
various operations were made in a Bone and Wheeler apparatus of 
the usual type, in which the pressure of the gas at constant volume 
is observed, and the gas sample was transferred to and from the 
separation apparatus by means of small tubes inverted over mercury 
in a crucible. : 

Apparatus.—The form of separation apparatus is shown in Fig. 1. 
It consists of a Tépler pump connected by means of the three-way 
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stopcock A to (1) the U-tube B, which can be cooled by immersion 
in a vacuum vessel containing liquid air, for removal of the ethane, 
and (2) the palladium bulbs C, containing 2—3 g. of “ oxidised ”’ 
palladium sponge for removal of the hydrogen. The tubes B and 
( are connected respectively to the mercury traps D and D’, the 
transferring pipettes G and G’, and the bent capillary tubes F and I’ 
dipping into mercury troughs. The hydrogen-absorption apparatus 
is similar to that described by Grice and Payman (Fuel, 1924, 3, 
236), but improved by the introduction of the mercury trap and by 
the use of the steam-jacket for heating to 100°. The activity of the 
palladium is renewed from time to time by heating in a crucible in 
contact with air. A ground-glass joint was originally used in place 


Cc 
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of the rubber connexion between C and D’, but the latter, if well 
waxed, is just as satisfactory and renders the apparatus less sus- 
ceptible to strain. The rubber tubing between the mercury traps 
and their reservoirs should, of course, be long enough to allow of 
the mercury level in the trap being adjusted when the apparatus is 
evacuated. 

Analysis of a Mixture containing Hydrogen, Methane, and Ethane.— 
After being measured in the Bone and Wheeler burette, the gas 
sample is transferred (via the small inverted tube) through F to the 
transferring pipette G. The apparatus is evacuated by means of 
the pump through A as far as the stop-cock of G, and the U-tube 
then immersed in liquid air by raising the Dewar vessel. A is then 
closed, and the sample transferred to B. After 5 mins., connexion 
is made to the pump again, and the uncondensed portion, consisting 
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of the hydrogen and the methane, pumped off and measured. The 
contraction gives the amount of ethane in the sample. Mulders and 
Scheffer (loc. cit.) noted that the condensed portions contained small 
amounts of dissolved methane, and found it necessary for exact 
work to carry out a second fractionation. We find, however, that 
quite accurate results can be obtained with one fractionation, 
probably owing to the use of smaller amounts of the gaseous mixture, 
and the increase in accuracy does not justify the extra time required 
for a second fractionation. 

The palladium tube is then evacuated as far as G’, and steam 
passed through the jacket of the tube C. The sample is introduced 
into C through F’ and G’, as in the former case, and allowed to remain 
in contact with the palladium at 100° for 15—20 mins. The steam 
is then replaced by cold water, and when the tube C is cold, the 
residual methane can be pumped off and measured. The difference 
between this reading and the previous one gives the amount of 
hydrogen. The amounts of the three constituents in the mixture 
can thus be determined by means of two simple operations : a com- 
plete analysis can be carried through after a little practice in 1} hours. 
The following table shows the type of result obtainable. The 
mixtures were made up from the pure constituents. As a check, 








C,H, %. H,, %,. CH, %, 
a . —~ - rc ns ~ II, 
l'aken. Found. Taken. Found. Taken. Found. 
14-2 14-2 53-9 52-6 31-9 33-2 


45-6 45-7, 46-1, 44-9 31-4 30-5, 31-3, 31-5 22:9 23-8, 22-6, 23:6 
17-3) =——-:17°3, 17-1, 17-4 64:0 63-0, 63-6, 63-1 18-7 19-7, 19-3, 19-5 


10-6 10-5 39-0 38-9 50-4 50-6 
41-3 41-2, 41-8 40-0 40-4, 40-1 18-7 18-4, 18-1 
40-4 39-7 42-2 42-6 17-4 17-7 
29-2 29-5 54-4 53-6 16-4 16-9 


the residual methane can be exploded, and the ethane condensed 
in the first stage can also be pumped off and exploded separately, 
but the results show that for ordinary accuracy and rapid working 
this is not necessary. In presence of nitrogen, however, explosion 
of the residual gas after the removal of ethane and hydrogen would 
be essential. Since the methane is determined by difference, it is 
subject to the largest error, the mean errors in the determination 
of the three constituents being : Ethane -- 0-8%, hydrogen +- 1-1", 
and methane + 2.6%. The percentage by volume of any con- 
stituent seldom differs from the calculated percentage by more than 
1°% of the total mixture, which is satisfactory in view of the small 
amounts of the gas used. 
THe Sir WittiaAM RAMSAY LABORATORIES OF 


[INORGANIC AND PuHysIcAL CHEMISTRY, 
University CoLLEGE, Lonpon. [Received, December 20th, 1930.] 
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XLIX.—A Study of the Aliphatic Ethers. 
By HERBERT HENSTOCK. 


Many aromatic and tertiary aliphatic ethers are attacked by 
soditm—potassium alloy at the ordinary temperature, the course of 


ROR’ + 2K = ROK + R’K or RK + R’OK. 


the reaction depending on the nature of the radicals R and R’. The 
alcohol formed in each case was identified, and information was thus 
obtained concerning the relative strengths of the bonds between the 
radicals and the oxygen atom of the ether (Ziegler and Thielmann, 
Ber., 1923, 56, 1740; Schorigin, ibid., p. 176). 

The lower members of the saturated aliphatic ethers are not 
attacked by the alkali metals singly at the ordinary temperature, 
and it has now been found that even the liquid alloy has no action 
on them under pressure at higher temperatures. It thus appears 
that in ethers the bonds between the simple alkyl radicals and the 
oxygen atom are stronger than the corresponding bonds holding 
heavier radicals containing more highly branched chains. 


EXPERIMENTAL. 
Ethers were prepared containing the radicals n-propy! and iso- 
butyl, n-butyl, tsopropyl, ethyl, or methyl; n-butyl and isobutyl, 
isopropyl, ethyl or methyl; isopropyl and ethyl or methyl; and 
isobutyl and ethyl or methyl. As the method of Senderens (Compt. 
rend., 1924, 179, 1015) gave in each case a mixture of three ethers, 
which could not be separated, the mixed ethers were prepared by the 
method described below, which, however, failed to produce isopropyl 
isobutyl ether. The iso-aleohol was always used with the n-iodide, 
since ¢so-iodides readily decompose in these reactions. 
n-Propyl isoButyl Ether.—To a solution of sodium (12-5 g.) in 
isobutyl alcohol (137 g.) at 10°, n-propyl iodide (85 g.) was added 
in small portions during 1 hour with occasional shaking. After 
12 hours, the liquid was heated at 100° for an hour, cooled, filtered 
lrom sodium iodide, distilled, and dissolved in an equal volume of 
dilute sulphuric acid (1:6). Any alkyl iodide separating was 
removed and water was added until no more ether separated. [This 
nethod of separation was used for all the ethers, which are insoluble 
in sulphuric acid of this dilution (see Senderens, loc. cit.), but dissolve 
n it in the presence of a large quantity of the alcohol and are 
jrecipitated on addition of water.] The ether was washed with half 
its volume of water, dried, kept for 24 hours over sodium—potassium 
illoy, and distilled, the fraction, b. p. 106°/720 mm., being collected 
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(yield, 67-2%). Sodium or potassium alone is not a trustworthy 


agent for removing the last traces of alcohol and alkyl iodide unless 
the ether is kept over it for several weeks; the alloy, however, 
completely removes them in 24 hours (Found: C, 71-9; H, 13-9; 
M, from vapour density, 115. C;H,,0 requires C, 72-4; H, 13-8%; 
M, 116). n-Propyl isobutyl ether has d'” 0-°7549, and njix 1-3852. 
(Through the kind offices of Prof. Lapworth the refractive indices of 
this and the following ether were taken in the Manchester University 
Chemical Laboratories by Dr. F. Fairbrother, to whom I wish to 
express my gratitude.) When boiled with concentrated hydriodic 
acid it yields n-propyl iodide, b. p. 99—100°/748 mm., and isobutyl 
iodide, b. p. 117—118°/765 mm., in small quantity. 

isoPropyl n-Butyl Ether.—In a similar way, from 12-5 g. of sodium 
in 150 g. of isopropyl alcohol and the equivalent amount of n-butyl 
iodide, a product was obtained, most of which boiled below 112° but 
about one-sixth above this temperature. The fraction collected 
(yield, 724%) had b. p. 108°/738 mm., d'”’ 0-7594, and nziy 1-3889 
(Found : C, 71-9; H, 14:1; M, from vapour density, 118. C,H,,0 
requires C, 72:4; H, 13-89%; M, 116). Boiled with concentrated 
hydriodic acid, it gave n-butyl iodide, b. p. 130°/756 mm., and a very 
small quantity of isopropyl iodide, b. p. 883—86°/756 mm. 

Behaviour of the Ethers with Sodium—Potassium Alloy.—Kach of the 
above thirteen ethers (3 g.) was heated with 12—15 g. of the liquid 
alloy, in a sealed tube filled with nitrogen, at 190—200° for 24—100 
hours; at higher temperatures charring occurred. An extremely 
small quantity of solid was formed in four cases. The ethereal 
liquid was decanted from the alloy, shaken with dilute acetic acid, 
and extracted three times with 25 c.c. of water to dissolve any 
alcohol present. The aqueous solution, after being acidified, 
responded to none of the usual tests for alcohols or their esters, this 








indicating that the ethers had not reacted with the alloy in the 
manner described by Ziegler and Thielmann. 


The author wishes to thank the Research Fund Committee of the 
Chemical Society for a grant in aid of the work. 


UNIVERSITY COLLEGE, EXETER. [ Received, November 15th, 1930.) 
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unless J 1..—Studies in the Naphthalene Series. Part III. The 

gr Preparation of 3-Amino-2-naphthyl Methyl Ether. 
3°9; 

3-89) . By Grev BAMANSHAW JAMBUSERWALA, SIDNEY Hort, and 


QQR%9 FREDERICK ALFRED MASON. 
3852. 





ices of | THe importance of the 3-substituted derivatives of 6-naphthol, ¢.g., 
ersity | 2-hydroxy-3-naphthoic acid and its arylamides, makes it of interest 
ish to J to examine the hitherto unknown or little known compounds, such 
riodic J as the 3-halogeno-derivatives and the 3-sulphonic acid. _ 
butyl The most convenient intermediate for the latter is 3-amino- 
2-naphthol or its methyl ether. This compound was first pre- 
odium | pared by Friedlander and Zakrewski (Ber., 1894, 27, 763) by the 
-butyl | following route: $-naphthol —-> @-naphthol-3 : 6-disulphonic acid 
2° but |} —-> 2: 3-dihydroxynaphthalene-6-sulphonic acid —-> 2: 3-di- 
lected | hydroxynaphthalene —-> 3-amino-2-naphthol. The process is, 
1-388 | however, long and the yields are unsatisfactory, and the substitution 
7H, | of ammonium sulphite for ammonia in the last step (D.R.-P. 117471) 
trated | does not greatly improve the over-all yield. 
a vely It seemed, therefore, desirable to work out an alternative method, 
starting from the readily accessible 2-hydroxy-3-naphthoic acid. 
of the (1) The Hofmann method: 2-Hydroxy-3-naphthoic acid —> 
liquid] methyl ether —-> acid chloride —> amide —-+> 3-amino-2-naphthyl 
L—100} methyl ether —-> 3-amino-2-naphthol. 
remely The first three stages were carried out by means of methyl 
hereal | sulphate, thionyl chloride, and dry ammonium carbonate re- 
c acid, | spectively. 2-Methoxy-3-naphthoic acid coupled readily with 
re aly§ various diazotised aromatic amines in aqueous solution to form 
idified, | azo-dyes, in most cases with total or partial demethylation (see 
rs, this J. Soc. Dyers and Colourists, 1930, 46, 339). 
in the For the conversion of the amide into 3-amino-2-naphthyl methyl 
ether the Hofmann reaction was tried in many ways (with hypo- 
chlorite ; hypobromite ; and bromine in alkaline aqueous, alcoholic, 
of thei and aqueous-alcoholic solutions), but with uniformly unsatisfactory 
results, the yield under the best conditions varying from 5% to 20%, 
1930.) @ Of the theoretical. The methoxy-base was converted into 3-chloro- 
2-naphthyl methyl ether by the Sandmeyer-—Gattermann method, 
and was hydrolysed by hydriodic acid to 3-chloro-2-naphthol, which 
coupled in the usual manner with amines to give ice colours of 
rather brighter shades than those obtained from @-naphthol itself.* 





* After this investigation was completed the preparation of 3-amino- 
2-naphthyl methyl ether (2-methoxy-3-naphthylamine) by the Hofmann 
method was described by Clemo and Spence (J., 1928, 2818), but as few 
experimental details were given it has been thought desirable to publish the 
results of the present extended investigation, 
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(2) The Curtius method ; 2-Hydroxy-3-naphthoic acid —> metly] 
ether —-> ethyl ester —-> hydrazide —-> azide ——> carbamate 
—-> 3-amino-2-naphthyl methyl ether —-> 3-amino-2-naphthol. 

2 - Methoxy - 3 - naphthhydrazide, obtained from 2 - hydroxy -3. 
naphthoic acid through the stages indicated above, formed character. 
istic hydrazides on condensation with aldehydes; di-(2-methoxy. 
3-naphth)hydrazide was also obtained. 

The hydrazide was converted into ethyl 2-methoxy-3-naphthy]- 
carbamate by means of ethyl nitrite by the method of Jackson and 
Kenner (J., 1928, 1657). 

In the conversion of the carbamate into the amine the normal 
method of heating with slaked lime was at first employed, but later 
it was found that more than 90% of the theoretical yield could be 
obtained by heating the carbamate with concentrated aqueous 
sodium hydroxide. This modification does not appear to have been 
employed before and may be useful in other cases. 

3-Amino-2-naphthol was obtained in very good yield by method 
(2). 

EXPERIMENTAL. 

(1) The Hofmann Method [With G. W. B. JAMBUSERWALA].— 
2-Methoxy-3-naphthoic acid. 2-Hydroxy-3-naphthoic acid (48 g.), 
dissolved in 20° sodium hydroxide solution (100 c.c.), was gradually 
treated at 15° with methyl sulphate (64 g.), a little more sodium 
hydroxide being added if necessary to ensure alkalinity. The 
solution was acidified with hydrochloric acid and the precipitated 
methoxy-acid was dried and recrystallised from glacial acetic acid 
or alcohol, forming slightly yellow crystals (49-6 g.), m. p. 133— 
135° (yield, 96%) (Found: C, 71-1; H, 5-2. Cale. for C,,.H,,0;: 
©, 71-3; H, 49%). Thejuse of too great an excess of alkali diminishes 
the yield of the desired product, and if a larger amount of methy! 
sulphate is used the product is contaminated with the methyl ester. 

This method avoids the circuitous procedure of Lesser, Kranepuhl, 
and Sad (Ber., 1925, 58, 2116; compare also von Auwers and 
Friihling, Annalen, 1921, 422, 197). 

2-Methoxy-3-naphthoyl chloride. A mixture of the well-dried 
acid (19-2 g.) and ether (50 c.c.) was treated with thionyl chloride 
(38 g.; 18 ¢.c.) and heated on the water-bath until evolution of 
hydrogen chloride ceased. The ether and the excess of thionyl 
chloride were then removed under diminished pressure, the chloride 
being left as a transparent yellow gum, which fumed strongly in 
moist air; m. p. about 59° (decomp.). It could be distilled with 
difficulty under reduced pressure, readily decomposing (compare 
Fries and Schimmelschmidt, Ber., 1925, 58, 2839). 

2. Methoxy-3-naphthoamide. The acid chloride (22 g.), dissolved 
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in dry benzene (25 c.c.), was treated gradually with dried ammonium 
carbonate (20 g.) with good stirring; the mixture was finally heated 
on the water-bath to remove benzene and the excess of ammonium 
carbonate. (The use of ammonia in a neutral solvent gave much 
resinous product which could be removed only with difficulty.) 
After being washed with water, the amide crystallised from benzene 
as a yellowish-white granular substance (15-5 g.), m. p. 172—173° 
(yield, 77%) (Found: C, 71-6; H, 55; N, 69. Cale. for 
C)gH,,0,N : C, 71-6; H, 5-5; N, 7-0%). 

3-Amino-2-naphthyl methyl ether. A solution of the amide 
(15 g.) in warm alcohol (500 c.c.) was cooled, and treated with a 
hypobromite solution (prepared from 16 g. of bromine and 220 c.c. 
of 10% potassium hydroxide solution), the colour becoming brownish- 
red. After removal of the alcohol the semi-solid tarry residue was 
boiled with dilute hydrochloric acid, and from the acid extract 
the base was precipitated by dilute aqueous ammonia. After re- 
crystallisation from benzene it melted at 109—110° (yield, not 
exceeding 3-0 g.) (Found: C, 76:2; H, 6-5; N, 8-0. Calc. for 
C,,H,,ON : C, 76:3; H, 6-4; N, 81%). 

3-Chloro-2-naphthyl methyl ether. The amino-base (2-5 g.) was 
dissolved in 20% hydrochloric acid (25 c.c.) and diazotised with a 
concentrated solution of sodium nitrite (2 g.). The product was 
added gradually to a solution of cuprous chloride (2-6 g.) in con- 
centrated hydrochloric acid (100 c.c.), and the temperature raised 
slowly to 50°. 3-Chloro-2-naphthyl methyl ether, which separated 
as a gum, crystallised, after steam-distillation, from methyl alcohol 
in leaflets, m. p. 78-5° (yield, 82%) (Found: C, 68-7; H, 4-6; Cl, 
18-1. C,,H,OCI requires C, 68-7; H, 4:7; Cl, 18-2%). 

3-Chloro-2-naphthol. A portion of the methyl ether was re- 
fluxed with “‘ Zeisel ’’ hydriodic acid for ? hour, and the residual 
3-chloro-2-naphthol steam-distilled and crystallised from alcohol ; 
m. p. 63—64-5° (Found: C, 67-6; H, 3-7; Cl, 19-0. Cale. for 
CyH,OCL: C, 67-7; H, 3-9; Cl, 199%). It had a peculiar 
characteristic odour, more pungent than that of @-naphthol, was 
easily soluble in benzene, ether, and alcohol, and gave a green 
coloration with ferric chloride (compare Marschall, Bull. Soc. chim., 
1928, 43, 1363; D.R.-P. 431165). 

(2) The Curtius Method [With S. Howt].—Hthyl 2-methoxy- 
3-naphthoate. A solution of 2-methoxy-3-naphthoic acid (72 g.) in 
absolute alcohol (540 c.c.) was saturated with dry hydrogen chloride, 
boiled under reflux for 2 hours, and poured on ice. The resulting 
ester, isolated, washed, and dried in benzene, had b. p. 198°/18 mm. 
(yield, 60 g.; 732%). Von Auwers and Friihling (Annalen, 1921, 


422. 197) give b. p. 208°/18 mm. 
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2-Methoxry-3-naphthhydrazide. The above ester (72 g.) was added 
dropwise during 45 minutes to hydrazine hydrate (38 g.) refluxing 
under an air condenser the top of which was maintained at about 
90° in order that the alcohol should distil off as formed. After 
the mixture had boiled for a further hour, the hydrazide crystallised, 
on cooling, in colourless plates (63-5 g.; 94%, of the theoretical 
yield), m. p. 121—124° after recrystallisation from benzene (Found : 
C, 66-7; H, 5-4; N, 13-2. C,,H,,0,N, requires C, 66-7; H, 5-6; 
N, 13-0%). The hydrazide was soluble in the common organic 
solvents except petrol. It melted slowly when heated on the water. 
bath and then resolidified; thereafter the m. p. was 137—138° 
(corr.). The same melting point was shown by a recrystallised 
specimen which had been kept for a year. 

An attempt to replace hydrazine hydrate by a mixture of hydr- 
azine sulphate and magnesium oxide was unsuccessful. 

Di-(2-methoaxy-3-naphth)hydrazide. The monohydrazide (2-2 g.) 
was dissolved in dry benzene (100 c.c.), 2-methoxy-3-naphthoy] 
chloride (from 2-3 g. of the acid and 1-2 g. of thionyl chloride) in 
50 c.c. of benzene was added dropwise with stirring, and the mixture 
heated to ebullition and cooled. The residue, after being washed 
with aqueous sodium carbonate, crystallised from alcohol in needles 
(3-2 g.; 80%), m. p. 248—250° (corr.), sparingly soluble in most 
organic solvents, but readily soluble in acetone (Found: N, 7:1. 
Cy4H 90,N, requires N, 7-0%). 

Benzylidene-2-methoxy-3-naphthhydrazide (from benzaldehyde and 
the hydrazide in absolute alcohol) formed microscopic needles, m. p. 
222-5° (corr.), from acetone, sparingly soluble in alcohol and benzene 
(Found: N, 9-4. Cy 9H,,0,N, requires N, 9-2%). The m-nitro- 
benzylidene derivative formed canary-yellow platelets from benzene, 
m. p. 223—224° (corr.), soluble in most organic solvents (Found : 
N, 12:2. CygH,,;0,N, requires N, 12-0%), and the o-nitrobenzylidene 
derivative canary-yellow crystals from acetone, m. p. 185—186° 
(corr.), soluble in most organic solvents except ether and _ petrol 
(Found: N, 12-1%). 

4'-Hydroxy - 2 : 2’ - dimethoxybenzylidene - 3 - naphthhydrazide (from 
vanillin and the hydrazide) crystallised from acetone in colourless 
prismatic needles, m. p. 211—212° (corr.), soluble in most organic 
solvents (Found: N, 7-7. OC. 9H,,0,N., requires N, 8-2%). 

Ethyl 2-methoxy-3-naphthylcarbamate. 2-Methoxy-3-naphthhydr- 
azide (86-4 g.; 2/5 g.-mol.) was dissolved in warm absolute alcohol 
(1200 c.c.), and dry hydrogen chloride (22 g.; 3/5 g.-mol.) in 150 c.c. 
of absolute alcohol added. To the well-cooled, vigorously agitated 
suspension, freshly prepared ethyl nitrite (58g. ; } g.-mol.) was added, 
and after 12 hours the clear solution was refluxed until nitrogen 
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evolution ceased and then reduced in volume to about 200 c.c. by 
distillation. The carbamate, which crystallised on cooling (70-5 g.; 
72%), was obtained by recrystallisation from alcohol in colourless 
plates, m. p. 104—105° (corr.) (Found: C, 68-5; H, 6-5; N, 5-9. 
C,,H,;0,N requires C, 68-9; H, 6-1; N, 5-7%). 

Hydrolysis. (i) With hydrochloric acid. The carbamate (2-5 g.) 
was heated in a sealed tube for 3 hours at 120° with concentrated 
hydrochloric acid (10 ¢.c.) and the cooled diluted product was 
basified with ammonia. A practically quantitative yield of 
3-amino-2-naphthol (1-6 g.) was obtained, demethylation having 
occurred simultaneously. 

When 10% sulphuric acid was used in place of the hydrochloric 
acid, the product obtained consisted chiefly of the demethylated 
base, accompanied by some 3-amino-2-naphthyl methyl ether and 
a trace of B-naphthol. 

(ii) With lime. An intimate mixture of the carbamate (25 g.) 
and slaked lime (125 g.) was heated for 3 hours at 200°. After 
cooling, the product was extracted with benzene and purified 
(yield, 14-5 g. or 85%). 

(iii) With sodium hydroxide. A mixture of the carbamate 
(24-5 g.), 40% aqueous sodium hydroxide (100 c.c.), and alcohol 
(10 c.c.) was refluxed for 1 hour with vigorous stirring and, after 
cooling, treated with ice and excess of dilute hydrochloric acid. 
The filtered liquid, basified with ammonia or 40% sodium hydroxide 
solution, gave 16-0 g. of 3-amino-2-naphthyl methyl ether, m. p. 
109—110° (corr.). The yield was 92-5% of the theoretical; in 
general it varied from 78% to 92%. 


‘The authors’ thanks are due to the British Alizarine Co., Ltd., the 
British Dyestuffs Corporation, Ltd., and Messrs. J. W. Leitch and 
C'o., Ltd., for gifts of chemicals. 
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LI.—Studies in the Naphthalene Series. Part IV. 
The Preparation and Properties of 2-Naphthol- 
3-sulphonic Acid. 

By Stpney Hott and FREDERICK ALFRED Mason, 

[x continuation of the investigation upon the 3-substituted deriv- 

atives of 6-naphthol the preparation of 2-naphthol-3-sulphonic acid 

has been effected, so all the possible isomeric monosulphonic acids 
of 8-naphthol are now known. 
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For the production of the hitherto unknown 2: 3-isomeride, 


direct sulphonation cannot be employed and the only practicable 


method available is indicated by the scheme : 


OMe, OMe OMe 
CiHeyy, —> Cec, —> Citle<go,4 —> 


. ae 
CioH, HW “ > CwHe<0.H 





The yields are good, the only difficulty eal the preparation in 
quantity of 3-amino-2-naphthyl methyl ether (preceding paper). 

The introduction of the sulphinic acid radical was effected by 
a modification of the Gattermann method. Oxidation of the 
2-methoxy-3-sulphinic acid yielded the 2-methoxy-3-sulphonic acid, 
which was demethylated with surprising ease by dilute hydrochloric 
acid; with the more usual reagent, hydriodic acid, the sulpho- 
group was also removed, notable quantities of $-naphthol being 
produced (compare Meyer, Ber., 1895, 28, 1254). 

2-Naphthol-3-sulphonic acid combined with diazotised bases to 
form azo-dyes of redder shade than the corresponding dyes from 
8-naphthol-6-sulphonic acid (compare J. Soc. Dyers and Colourists, 
1930, 46, 270). 

From the new acid were obtained also 2-naphthol-3-sulphonamide 
and -3-sulphonanilide, but not in a pure state. The latter is of 
considerable interest from its close analogy with the important 
Naphthol AS (2-naphthol-3-carboxyanilide), and it combined with 
diazotised aniline to give a red insoluble colouring matter. 

1-Nitroso-2-naphthol-3-sulphonic acid was also prepared and 
examined. 

EXPERIMENTAL. 


2-Methoxynaphthalene-3-sulphinic Acid.—Several methods for the 
replacement of the amino-group by the sulphinic acid radical have 
been described (compare G.P. 130119, Soc. of Chemical Industry in 
Bale; Gattermann, Ber., 1899, 32, 1136), and numerous modific- 
ations were tested. The so-called “simplified”? method, for instance, 
which consists in allowing a diazonium solution to flow into a sus- 
pension of copper powder in sulphurous acid, gave only 10% of the 
theoretical yield of the desired sulphinic acid. Satisfactory results 
were obtained, however, by the following method. 

3-Amino-2-naphthyl methyl ether (14 g.) was dissolved in con- 
centrated sulphuric acid (48 c.c.) and water (160 c.c.) and diazotised 
at 0° by the drop-wise addition of 2N-sodium nitrite solution (about 
40 c.c.). Sulphur dioxide was passed into the diazo-solution until 
frothing became noticeable and 10 c.c. of liquid sulphur dioxide 
were then run in. To the clear orange diazo-solution, well cooled 
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and stirred, was added chemically prepared copper powder (30 g.) 
in small quantities during 1 hour, a slow stream of sulphur dioxide 
being maintained, and the stirring continued until a test portion no 
longer gave a red coloration with alkaline $-naphthol solution. The 
mixture was filtered by suction, without delay, and the filter-cake 
extracted at once with 30° aqueous potassium carbonate (200— 
250 c.c.), the extract shaken with animal charcoal, filtered, and 
acidified with concentrated hydrochloric acid. The precipitated 
2-methoxynaphthalene-3-sulphinic acid was filtered off, washed with 
a very little ice-water, and dried on a porous plate (yield, 16-0— 
16-5 g.; theoretical, 16-5 g.). After recrystallisation from ether, 
in which it was easily soluble, it formed colourless rosettes, m. p. 
133—134° (Found : 8, 14-2. C,,H,90,8 requires 8, 14-4%). 

The method gave uniformly good results, but when the precipit- 
ated copper was replaced by ether-washed “ Ullmann ” copper 
powder very poor yields were obtained. 

2-Methoxynaphthalene-3-sulphonic Acid.—Finely powdered potass- 
ium permanganate (1-7 g.) was dusted into a well-stirred suspension 
of 2-methoxynaphthalene-3-sulphinic acid (2-2 g.) in acetone (150 
c.c.) during $ hour. The mixture was heated to ebullition for a 
few minutes and cooled, the liquid filtered, and the solid cake 
extracted with hot water. The extract, evaporated to dryness, 
left the pure potassium salt (2-5 g.; theoretical yield, 2-6 g.), which 
crystallised from boiling alcohol in colourless plates (Found: K, 
l4-1; 8S, 12-3. C,,H,O,SK requires K, 14-1; 8, 11-6%). 

Oxidation was also effected in aqueous solution, but the yield was 
lower (75%) and the product was contaminated by coloured im- 
purities, which remain in solution in the acetone method. 

The salt in alkaline solution gave no coloration with diazotised 
2: 4-dinitroaniline, unlike the analogously constituted 2-methoxy- 
3-naphthoic acid, which couples readily with diazotised amines to 
form red azo-dyes from which the methyl group has been partly or 
completely removed (Jambuserwala, Holt, and Mason, J. Soc. Dyers 
and Colourists, 1930, 46, 339). The presence of the 3-sulpho- 
group, therefore, inhibits all coupling with the methylated acid 
(compare Meyer, Irschik, and Schlosser, Ber., 1914, 47, 1741). 

2-Methoxynaphthalene-3-sulphonyl chloride was prepared both by 
Thomas’s method (J., 1909, 95, 342) by treatment of the sulphonic 
acid with sodium hypochlorite in sodium carbonate solution, and by 
warming the potassium salt with phosphorus pentachloride or 
thionyl chloride. The colourless product had m. p. 137—-138° 
after crystallisation from ether (Found: S, 12-4; Cl, 13-4. 
U,,H,O,CIS requires 8, 12-5; Cl, 13-8%). 

2-Methoxynaphthalene-3-sulphonamide was prepared by Thomas’s 
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method (loc. cit.) from the sulphinic acid and also by the action of 
ammonium carbonate upon the sulphonyl chloride. It formed 
colourless plates, m. p. 113°, from alcohol. 

2-Methoxynaphthalene-3-sulphonanilide, made by treating the a 
chloride with excess of aniline in boiling ethereal solution, forme: 
colourless crystals, m. p. 173—174°, from ether (Found: §, lv: 
C,7H,,O,NS requires 8, 10-2%). 

2 : 4-Dinitrophenyl-2-methoxy-3-naphthylsulphone, 

OMe'C,,,H,*SO,°C.H,(NO,)o, 
prepared by condensing 2-methoxynaphthalene-3-sulphinic aci 
with 2 : 4-dinitrochlorobenzene in warm alcoholic solution in presence 
of sodium acetate (Saunders and British Dyestuffs Corporation, 
Ltd., E.P. 245865), formed colourless plates, m. p. 213—214°, from 
alcohol (Found: 8, 8-2. C,,H,,0,N,S requires 8S, 8-2%). 
2-Naphthol-3-sulphonic Acid.—Potassium 2-methoxynaphthalene- 
3-sulphonate (2-0 g.) was refluxed with hydrochloric acid (1:1; 
20 c.c.) for 1 hour (yield, 1-3 g.; 93% of the theoretical). No 
8-naphthol could be detected in the product. The sodium salt 
crystallised from dilute alcohol in colourless plates containing 
1H,O (Found : C, 45-4; H, 3-5; 8, 12-3; Na, 8-7. C,)H,0,SNa,H,0 
requires C, 45-5; H, 3-4; S, 12-1; Na, 8-7%). 

A solution of the substance in aqueous ammonia or sodium carbon- 
ate shows a blue fluorescence similar to that shown by @-naphthol- 
3 : 6-disulphonic acid, and both the acid and its salts afford a deep 
blue coloration with ferric chloride. 

The free acid was crystallised from concentrated hydrochloric 
acid (Found: C, 49-7; H, 4:3; 8S, 13-3. C,,H,0,8,H,O requires 
C, 49-2; H, 4-1; 8, 132%). The aniline and the «a-naphthylamine 
salt have m. p. 241—242° and 247—248° respectively. 

The sulphony] chloride was prepared by refluxing the dry sulphonic 
acid (3-3 g.) for 2 hours with phosphoryl chloride (10 c.c.) and 
phosphorus pentachloride (3 g.), and remained, after removal of the 
volatile liquids, as an amorphous product which could not be 
crystallised. 

The sulphonamide was obtained as a yellow powder, m. p. 110’, 
on treatment of a benzene solution of the acid chloride with aqueous 
ammonia (d 0-880). 

2-Naphthol-3-sulphonanilide was prepared by warming the acid. 
chloride and aniline in benzene and evaporating the solution. The 
tarry product after three crystallisations from amyl alcohol formed a 
buff-coloured powder, m. p. 112° (decomp.), which became tarry on 
exposure to air. It was not obtained pure enough for analysis. 
It was soluble in cold dilute sodium hydroxide solution and was 
reprecipitated by dilute acetic acid. 
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1-Nitroso-2-naphthol-3-sulphonic acid was prepared by the action 
of nitrous acid upon 2-naphthol-3-sulphonic acid in the normal 
manner and formed a yellow crystalline powder which, after re- 
ypyStallisation from water, decomposed sharply at 268° without 
melting (Found: 8, 10-0. C,,H,0;NS,4H,O requires S,_9-9%). 
it-formed a yellow aqueous solution ane gave a deep brown colour 
- th ferric chloride solution. On iron-mordanted cotton it afforded 

tobacco-brown dyeing. 

Azo-dyes from 2-Naphthol-3-sulphonic Acid.—Azo-dyes were pre- 
mared from the acid by combining it with diazotised amines in 
presence of sodium carbonate in the usual manner: from aniline, 
red needles with blue reflex (Found: 8, 9:2; Na, 6-6. 

C,,H,,0,N,SNa 
— es 8, 9-2; Na, 6-6%); from p-nitroaniline, red needles (Found : 

Na, 5-9. C,gH gO¢NgSNa requires Na, 5-6%); from m-xylidine, 
red microcrystalline powder (Found: Na, 6-7. C,,H,,0,N,SNa 
requires Na, 6:7%); from «-naphthylamine (Found: Na, 6-2 
Cy9H,,0,N,SNa requires Na, 6-2%); from dianisidine (Found : Na, 
7:5. Cg4H_,0,9N,8,Na, requires Na, 7-2%). 

Dyeings with the above dyes on wool were deeper in all cases 
than the corresponding shades obtained from Schaeffer acid. 
Aqueous solutions of the dyes were also examined with a Hilger— 
Nutting spectrophotometer, and the positions of the absorption 
bands measured : 


Diazo component. Peak of absorption curves (yp). 
Schaeffer (2: 6) acid. New (2:3) acid. 
BONERS cisicerecriscctsscissioesdicersessences 515 (497) 520 (505) 
CRED. epeseesscccorccnescnssssoesvensss 490 (510) 500 (517) 
@- Nat GIAMUINE . ....6.c0sccccccseceesscsses 505 (530) 520 (545) 
MII, | Suctticatacebicoseomienneksas 525 (485) 535 (500) 


In general, the dyeing properties of the new dyes are similar to 
those of the corresponding Schaeffer acid dyes, but the relatively 
small amount of products obtained did not permit fuller tests being 
carried out as to fastness, etc. 


The authors’ thanks are due to the British Dyestutis Corporation, 
Ltd., and the British Alizarine Company for gifts of chemicals, and 
to Professor J. Kenner, F.R.S., for valuable suggestions, 


COLLEGE oF TECHNOLOGY, MANCHESTER. 
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LII.—The Halogenation of Optically Active Phenyl- 
methylearbinol in the Presence and in the Absence 
of Pyridine, by Thionyl Chloride and the Chlorides 
and Oxychloride of Phosphorus. 


By Josrrn Kenyon, Henry PHILLiIPs, and Frank Martin 
Hussty TAyLor. 


In the presence and also in the absence of pyridine, the action of 
thionyl chloride on optically active aliphatic hydroxy-compounds 
(e.g., ethyl d-lactate, Frankland and Garner, J., 1914, 105, 1101; 
l-8-octanol, Levene and Mikeska, J. Biol. Chem., 1924, 59, 45; 
McKenzie and Tudhope, ibid., 1924, 62, 551) is accompanied by a 
change in the sign of rotation. 
SOO; POl, 
ne ee 500, 10, Saale Niginas 


The action of phosphorus pentachloride on ethyl d-lactate (Purdie 
and Williamson, J., 1896, 69, 820) also leads to a change of sign of 
rotation. Towards compounds containing a phenyl group directly 
attached to the asymmetric carbon atom, the behaviour of 
phosphorus trichloride and phosphorus pentachloride is similar to 
their behaviour towards the purely aliphatic compounds. On the 
other hand, the behaviour of thionyl chloride towards the semi- 
aromatic compounds differs from that of the chlorides of phosphorus 
and also from its own behaviour towards aliphatic compounds, 
since with the semi-aromatic compounds (e.g., ethyl /-mandelate, 
McKenzie and Clough, J., 1910, 97, 2564; McKenzie and Barrow, 
J., 1911, 99, 1910) it yields products with the same sign of rotation. 


Ph_,, -H 
Et0,0>"<c1 

= 0h > I. 

Ph... -H 
Kt0,C>°SOH eth 

1. S00), q Ph Cl 
“ay — Bt0,0 °C 

d- 


It has been shown, however, that in the presence of pyridine and 
other tertiary bases, the action of thionyl] chloride on ethyl /-mandel- 
ate leads to a result similar to that obtained when phosphorus 
pentachloride is used (Kenyon, Lipscomb, and Phillips, J., 1930, 
415). 

Since the substantiation and extension of these results is obviously 
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desirable, the halogenation of /-phenylmethylearbinol by thionyl 
chloride, the chlorides and oxychloride of phosphorus in the presence 
and in the absence of pyridine has now been studied. The results 
of the investigation are summarised in Table I. For purposes of 
comparison the sign and magnitude of rotation of the «-chloroethy]- 
benzene obtained by the action of hydrogen chloride (Pickard and 
Kenyon, J., 1911, 99, 45) and of thionyl chloride and phosphorus 
trichloride (McKenzie and Clough, loc. cit.) on /-phenylmethyl- 
carbinol have been incorporated in this table, the specific rotatory 
powers ([«];4¢;) of the products obtained by these authors having 
been calculated from the recorded values ([%];593) by aid of the dis- 
persion ratio, %5993/%54g, = 0-810, which has been determined for this 
purpose. 
TABLE I. 


The Specific Rotaiory Powers of «-Chloroethylbenzene obtained by 
the Halogenation of 1-Phenylmethylcarbinol.* 








Specific 
Specific rotatory 
rotatory power of 
power of _ a-chloro- 
Halogenating l-alecohol, ethylbenzene, 
agent. Tertiary base. [aleces- [a]saca- Observer. 
SOCI,, 2-5 mols. None — §1-7° —63°3° McK andC. 
SOCI,, 2-0 mols. Pyridine, 1 mol. 49-8 +173 K, Pand T. 
SOCL,, 2-0 mols. Pyridine, 2 mols. 49-8 +36-3 K, PandT. 
SOCI,, 2-0 mols. Quinoline, 2 mols. 43-7 -+-16+1 K, PandT. 
HCl None 51-0 + 69 P and K. 
PCl,, 3-5 mols. None 51-7 -+-10°1 McKand C. 
PCl,, 2-0 mols. K,CO, 51-7 +-10-0 K, PandT. 
PCl,, 2°0 mols. Pyridine, 1 mol. 49-8 +641 K, PandT. 
POCI,, 2-5 mols. None 28-0 + 05 K,Pand'. 
POCI,;, 2-0 mols. Pyridine, 1 mol. 52-1 --126  K,PandT. 
PCl;, 2-0 mols. None 43-7 + 45 K,PandT. 
PCl;, 2-0 mols. Pyridine, 1 mol. 49°8 |- 10-4 K, PandT. 


* Throughout the theoretical portion of this paper it is assumed that only 
l-phenylmethylcarbinol was used. Actually, some of these experiments were 
performed with the d-alcohol. 


lt can be seen from Table I that, as in the previous experiments 
with ethyl /-mandelate, the presence of either pyridine or quinoline 
causes a reversal in the sign of rotation of the «-chloroethylbenzene 
obtained when thionyl chloride is used. When, however, the 
chlorides or oxychloride of phosphorus are used in the presence of 
pyridine, the signs of rotation of the «-chloroethylbenzenes obtained 
are the same as in its absence but the magnitudes of the rotations 
are greater. In other words, pyridine facilitates the occurrence of 
the reactions which lead to change of sign of rotation, which, accord- 
ing to Kenyon, Lipscomb, and Phillips (loc. cit.), is indicative of a 
change of configuration. 
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The explanation advanced to account for the influence of pyridine 
on the mode of interaction of ethyl /-mandelate and thionyl chloride 
(loc. cit.) is applicable to the present results obtained with pheny]l- 
methylearbinol and can be extended to account for the influence of 
pyridine on the mode of interaction of this alcohol with the chlorides 
and oxychloride of phosphorus. 


Ph Oi Ph oH Ph so 
—_ st, as 
x’ C C | 
yr \ yf Ne Cl of “eee 
Me “OPC Me’ O-RK Me _ ‘o-PCCt 
Cl NC;H; Cl \Cl 
(L.) (II.) (III.) 
Ph H Ph H Ph H 
*, ye ~. Fd % Y és 
C C _ Cc = 
YN. +fUl ie a ; a ae 
Me’. ‘o-BCCI Me OPO Me’ _ O-P<Na 
Gl,  \NC,H, +~C q+ SNCSH, 
(IV.) (V.) (VI.) 


As depicted above, the intermediate phases in these reactions, 
(Il), (IV), and (VI), have two features in common with the inter- 
mediate phases which arise in other Walden inversion reactions 
which have been studied (Houssa, Kenyon, and Phillips, J., 1929, 
1700). These two important features are that the group about to 
leave the molecule has been rendered predominantly positive in 
character, whilst the entering group (the chlorine atom) exists as 
an anion and can therefore take up a favourable position in the 
complex to ensure inversion (Kenyon and Phillips, Trans. Faraday 
Soc., 1930, 26, 451). The tertiary base facilitates the occurrence 
of an inversion for two reasons. It displaces as a chlorine ion, a 
chlorine atom covalently‘ linked to the phosphorus atom and by 
reason of the linkage which it thus forms with the phosphorus atom 
creates an additional positive centre in the group about to leave the 
molecule. The creation of this additional positive centre weakens 
the linkage between the asymmetric carbon atom and the group, 
and also enables this group, when it departs, to abstract the bonding 
electrons from the octet of the asymmetric carbon atom. This 
carbon atom is thus left positively charged and in a condition in 
which it can combine with a negative ion in a manner likely to lead 
to an inversion. 

When used in conjunction with pyridine, the chlorides and oxy- 
chloride of phosphorus give a greater yield of the desired chloride. 
This result is in agreement with the greater yield of methyl d/- 
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phenylchloroacetate obtained by the combined action of phosphorus 
oxychloride and pyridine on methyl dl-mandelate (Wagner-Jauregg, 
Helv. Chim. Acta, 1928, 12, 61) and with the observation of Boyd 
and Ladhams (J., 1928, 215) that the diaryloxyisopropyl chlorides 
are not formed from the corresponding alcohols in the presence of 
phosphorus oxychloride alone, but only when pyridine is present. 

The presence of potassium carbonate was without influence on 
the magnitude of the rotatory power of the «-chloroethylbenzene 
obtained by the interaction of the J-aleohol with phosphorus tri- 
chloride. It is probable, therefore, that the hydrogen chloride 
produced in the initial stage of this interaction plays no further part 
in the reaction, and that the «-chloroethylbenzene produced arises 
through the decomposition of the intermediate compound (I). 
According to Kenyon and Phillips (loc. cit.), it is necessary that a 
chlorine anion should be the first product of the decomposition of 
such intermediate compounds in order that an optically active 
chloride may result with inversion of configuration. If, however, 
the phenylmethylcarbiny] radical separates as a kation before this 
chlorine anion becomes free, racemisation will occur as in the 
transformation of d-phenylmethylcarbinyl p-toluenesulphinate into 
dl-p-tolyl-«-phenylethylsulphone (Kenyon and Phillips, J., 1930, 
1676). Alternatively, the phenylmethylcarbinyl radical may 
initiate the decomposition by separating as an anion, in which case 
an optically active chloride of the same configuration as the alcohol 
will be produced. In the absence of pyridine, which causes the 
inversion reaction to predominate, the decomposition of the inter- 
mediate compound of the interaction of phosphorus trichloride and 
the alcohol (I) appears to follow an indefinite course in which all 
the methods of decomposition enumerated above may occur, since 
d-z-chloroethylbenzene with [«];,,, + 10-1° is obtained in place 
of the probably optically pure chloride with [«];4,, -+- 64-1° which 
is obtained when the decomposition occurs in the presence of 
pyridine. 

[t would appear that, in the absence of pyridine, the decomposition 
of the intermediate compound of the interaction of the oxychloride 
and the alcohol (V) is initiated by the separation of a phenylmethyl- 
carbonium kation without the simultaneous production of a chlorine 
anion. On this assumption, it is possible to account for the observed 
formation of styrene and its polymerides, optically active a««-di- 
phenyldiethyl ether, and an almost optically inactive «-chloro- 
ethylbenzene. 

The result of the combined action of pyridine and phosphorus 
trichloride on /-phenylmethylearbinol is noteworthy. McKenzie 
and Clough (loc. cit.) found that, when the reaction between the 
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l-aleohol and thionyl chloride was carefully controlled, the J-«-chloro- 
ethylbenzene obtained always possessed a specific rotatory power 
of about [«];93 — 51° ([«]54¢, — 63°). This constancy in the magni- 
tude of the rotatory power of the product was advanced as a 
reason for concluding that the reaction occurred without any 
appreciable racemisation. It is therefore significant that, in the 
presence of pyridine, phosphorus trichloride gave d-«-chloroethyl- 
henzene with [«];,,., -+ 64°. 


Ph H Ph H Ph H 

~~ Pa +0,H,N — socl, a \y Sg 
Me” No Me ‘on Me’ Na 

[a]sac1+64-1° l- [a}sae1— 63°3° 

Kenyon, Lipscomb, and Phillips (Joc. cit.) have suggested that the 
interaction of thionyl chloride with hydroxyl compounds containing 
a phenyl group directly attached to the asymmetric carbon atom 
is not attended with inversion. If the reaction between thiony| 
chloride and /-phenylmethy!carbinol is also unattended by racemis- 
ation, it follows that the interaction of phosphorus trichloride 
and the l-alcohol, in the presence of pyridine, occurs with complete 
inversion of configuration. 








EXPERIMENTAL. 


The optically active phenylmethylcarbinol required was prepared 
by the procedure of Houssa and Kenyon (J., 1930, 2260). 

dl-«-Chloroethylbenzene was prepared by the action of thionyl 
chloride on the dl-alcohol (McKenzie and Clough, Joc. cit.) (Found : 
Cl, 25-2. Cale.: Cl, 25-2%). dl-«-Chloroethylbenzene has nj" 1-5280, 
ni; 1-5269, nF* 1-5264, n* 1-5253, and nf” 1-5230. The purity of 
the products obtained in the experiments described below was 
judged by comparison of their refractive indices with these values. 

Interaction of Optically Active Phenylmethylcarbinol with Halogen- 
aling Agents——(i) With thionyl chloride. (a) Using one molecular 
proportion of pyridine. Thionyl chloride (4:76 g.; 2 mols.) was 
added slowly to an agitated solution of the J-alcohol [2-44 g.; 1 mol.; 
%s1g1 -— 12-6° (1 = 0-25)] in pyridine (1-58 g.; 1 mol.), cooled in ice 
and salt. The resulting mixture was warmed at 50° for about 
30 minutes and then poured into water, from which the «-chloro- 
ethylbenzene was extracted with methylene chloride. The methyl- 
ene chloride extract was washed successively with dilute hydro- 
chloric acid, dilute aqueous sodium carbonate, and water, and 
dried over potassium carbonate. The d-«-chloroethylbenzene 
(2:3 g.), b. p. 78°/18 mm., obtained after evaporation of the solvent, 
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was repeatedly fractionally distilled until it had n%° 1-5252. It 
then had «44, + 47° (J = 0-25). 

(b) Using two molecular proportions of pyridine. The reaction 
was carried out as described above except that 3-16 g. of pyridine 
were used. The d-«-chloroethylbenzene (1:3 g.) obtained had 
nz 1-5272 and a54, + 9-68° (J = 0-25). 

(c) Using three molecular proportions of pyridine. Very small 
yields of «-chloroethylbenzene were obtained, probably owing to the 
combination of the «-chloroethylbenzene produced with the excess 
of pyridine. 

(d) Using two molecular proportions of quinoline. The d-alcohol 
[2-44 9.5; a54¢, + 44-28° (/ = 1-0)], thionyl chloride (4-76 g.; 2 mols.), 
and quinoline (5-16 g.; 2 mols.) were employed and the reaction 
was carried out as described in (a) above. The /-«-chloroethyl- 
benzene (2-0 g.), b. p. 81°/21 mm., had a54,, — 4:3° (J = 0-25). 

(ii) With phosphorus trichloride. (a) In the presence of pyridine. 
A solution of the l-alcohol [2-44 g.; 1 mol.; a4, — 12-6° (1 = 0-25)] 
in pyridine (1-58 g.; 1 mol.) was added slowly to phosphorus tri- 
chloride (5-5 g.; 2 mols.) cooled in an ice-salt mixture. The re- 
actants were well shaken between each addition of the alcohol, and 
after warming at 50° for about 30 minutes the «-chloroethylbenzene 
was extracted and purified as described above. The final product 
(2-0 g.), b. p. 81°/21 mm., had n§* 1-5280 and «544, + 17-3° (J = 0-25). 

(b) In the presence of potassium carbonate. The l-alcohol [2-44 g.; 
%51g1 — 13-1° (l = 0-25)] in ether (10 c.c.) was added slowly and with 
constant shaking to an ice-cold mixture of phosphorus trichloride 
(5-5 g.; 2 mols.) and anhydrous potassium carbonate (5-5 g.; 
2 mols.) in ether (10 c.c.). The excess of phosphorus trichloride 
and the ether were removed under diminished pressure and the 
product was extracted by means of ether from the dry residue 
obtained. From this ethereal extract d-«-chloroethylbenzene 
(0-5 g.), b. p. 86°/25 mm., with «;4,., + 2-5° (J = 0-25) was obtained 
together with a high-boiling residue which was optically inactive. 

(iii) With phosphorus oxychloride. (a) In the presence of pyridine. 
The d-aleohol [2-44 g.; 1 mol.; a4. -+- 6-52° (1 = 0-25)], dissolved 
in pyridine (1-58 g.; 1 mol.), was added with constant agitation to 
phosphorus oxychloride (6-2 g.; 2 mols.). After extraction in the 
usual manner, «-chloroethylbenzene (1-9 g.), b. p. 86°/25 mm., nj" 
15312, %54¢,—2-58° (7 = 0-25), was obtained. In a further experi- 
ment using the l-alcohol [2-44 g.; as54,, -- 13-23° (J = 0-25)] 
«-chloroethylbenzene (2-0 g.), b. p. 86°/25 mm., nj” 1-5259, asa¢, 
+ 3-21° (1 = 0-25), was obtained. 

(b) In the absence of pyridine. («) At 40—50° in ether or carbon 
tetrachloride, phosphorus oxychloride (2 mols.) being used. In these 
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experiments the phenylmethylcarbinol (9-6 c.c.; 1 mol.) was added 
to the phosphorus oxychloride in 100 c.c. of solvent. It was found 
that if, after 30 minutes, the solvent was removed a tarry un- 
distillable mass was obtained. If, after 30—45 minutes, the reaction 
mixture was washed with water, dried, and distilled, only traces of 
the alcohol and «-chloroethylbenzene were obtained, the main 
product being styrene and a polymeride of styrene, b. p. 160°/1 mm. 
(Found : C, 92-0; H, 7-6. Cale.: C, 92-3; H, 7-7%). 

(8) At 20° in ether, phosphorus oxychloride (2—3 mols.) being used. 
In these experiments the phenylmethylearbinol (9-6 c.c.; 1 mol.) 
was added to the phosphorus oxychloride (2—3 mols.) in ether 
(100 c.c.). After periods of time ranging from 24—48 hours, the 
reaction mixtures were washed with water, dried, and distilled. 
The products were practically free from styrene and its polymerides 
and consisted of «a-chloroethylbenzene and «a«-diphenyldiethy] 
ether, b. p. 159—160°/18 mm., njj 1-5454 (Found: C, 84-6; H, 
7:8. Calce.: C, 85-0; H, 7-9%). 

When d-phenylmethylearbinol [«,;,., + 7-10° (2 = 0-25)] was used, 
the «-chloroethylbenzene isolated had nj 1-5295 and a,4,, — 015° 
(1 = 0-25), whilst the ««-diphenyldiethyl ether had nj 1-5454, and 
54g, + 20-30° (7 = 0-25). 

(iv) With phosphorus pentachloride. (a) In the absence of 
pyridine. McKenzie and Clough (loc. cit.) were unable to isolate 
any definite product from the direct action of phosphorus penta- 
chloride on phenylmethylearbinol. The methods outlined below 
gave «-chloroethylbenzene in 70% yield. («) The d-alcohol 
[2-44 g.; 546, + 44-28° (1 = 1-0)] was added to ice-cold phosphorus 
pentachloride (8-5 g.; 2 mols.). At the end of the initial vigorous 
reaction, the mixture was warmed on a steam-bath and then kept 
at the ordinary temperature for 30 minutes. The product was 
dissolved in methylene chloride and the solution obtained was 
washed with water and dried. From this solution /-«-chloroethy]- 
benzene (1-5 g.) was obtained, b. p. 81°/21 mm. nj’ 1-5293, and 
54g, — 1-21° (d = 0-25). 

(8) The dl-aleohol (4-88 g.; 1 mol.), dissolved in dry ether (15 c.c.), 
was added to a solution of phosphorus pentachloride (2 mols.) in 
boiling ether (50 c.c.). The ethereal solution was heated under 
reflux for 15 minutes, washed successively with water and dilute 
sodium carbonate solution, and dried with potassium carbonate, 
After evaporation of the ether, «-chloroethylbenzene (4:9 g.) was 
obtained, b. p. 86°/27 mm., n#* 1-5284. 

(b) In the presence of pyridine. A solution of the J/-alcohol 
[2-44 g.; 1 mol.; a54,, — 12-6° (J = 0-25)] in pyridine (1-58 g.; 
1 mol.) was added to the phosphorus pentachloride (8-5 g.; 2 mols.) 
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cooled in an ice-salt mixture. After warming at 50° for 30 minutes, 
the «-chloroethylbenzene (2-0 g.) was extracted in the usual manner : 
b. p. 78°/19 mm., ne* 1-5258, «544, + 2°78° (1 = 0-25). 


The authors wish to thank the Royal Society and Imperial 
Chemical Industries, Ltd., for grants which have defrayed much of 
the cost of this investigation. 
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LITI.—Studies in Electro-endosmosis. Part IV. The 
Electro-endosmosis of Some Organic Liquids 
against a Glass Surface. 


By Frep FarRBROTHER and Mark BALkIN. 


THE majority of investigations on electro-kinetic phenomena have 
been concerned with aqueous solutions of electrolytes. A displace- 
ment of liquid along a solid surface under the influence of a tangential 
electric field takes place, however, in many liquids which contain 
no ions in the ordinary sense. The study of electro-endosmosis in 
such liquids is necessary for the complete understanding of the 
mechanism underlying such phenomena. 

The first contribution to the study of electro-endosmosis in 
organic liquids was that of Quincke (Pogg. Ann., 1861, 113, 513), 
who showed experimentally that a number of different solids, such 
as quartz, shellac, silk, clay, asbestos, animal membranes, etc., were 
negatively charged in water but acquired a positive charge in 
turpentine. Sulphur proved to be an exception, being negatively 
charged in both water and turpentine—weakly negative in the latter 
solvent, and the most strongly negative of all the solids examined 
in water. 

Coehn (Wied. Ann., 1898, 64, 217) extended Quincke’s work to 
a wider range of organic liquids, and formulated an empirical rule 
which bears his name and states that ‘‘ substances of higher dielectric 
constant become positively charged by contact with substances 
of lower dielectric constant.’’ Later, Coehn and Raydt (Drude’s 
Ann., [4], 1909, 30, 777) carried out an investigation on the magni- 
tude of the electrification at a glass—organic liquid interface, using a 
“ capillary-rise ’’ method, and extended Coehn’s qualitative rule to 
include the quantitative statement that the electrical charge 
acquired is proportional to the difference between the dielectric 
constants of the phases in contact. 

Strickler and Matthews (J. Amer. Chem. Soc., 1922, 44, 1647) 
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have carried out electro-endosmosis experiments with a number of 
non-aqueous liquids and solutions, using a diaphragm composed of 
layers of filter paper. They used nine pure organic liquids and 
concluded that the magnitude but not the direction of electro- 
endosmosis was dependent on the dielectric-constant ratio. 

Martin and Gortner (J. Physical Chem., 1930, 34, 1509) have 
recently investigated the electro-kinetic potential at a cellulose- 
organic liquid interface by means of a “ streaming-potential ” 
method, and have correlated their results with the structure of the 
molecules oriented at the interface. 

The present work deals with the electro-endosmosis through a 
diaphragm of sintered glass powder, of fourteen carefully purified 
and dried organic liquids. Pure water has also been included for 
comparison. Considerable attention has been paid to purity of 
materials. Coehn (loc. cit.) observed that traces of impurities gave 
erroneous results, and during the present work this has been con- 
firmed even in solvents of low ionising power. 


EXPERIMENTAL. 


Purification of Materials.—In some cases the starting material was 
a good commercial product which only required careful fractionation 
and drying. In other cases a more rigorous chemical method of 
purification was necessary. Distillations, except of the more 
volatile liquids, were carried out under reduced pressure, usually 
(and particularly when oxidation was likely) in an atmosphere of 
dry nitrogen. 

Formamide. Formamide, obtained from Messrs. British Drug 
Houses Ltd., was stored over anhydrous sodium sulphate for 12 
months and purified by a series of careful fractionations at very low 
pressure as described by Davis and Putnam (Jones, Carnegie Inst. 
Pub., 1915, 230, 16). The course of the purification was followed by 
measurements of the electrical conductivity. The liquid distilled 
at 80—85°/1 mm. The original material on the first distillation 
yielded a distillate with a specific conductivity of 1-19 x 10 mho, 
but after four further fractionations the product had « = 1-2 x 10° 
mho. Formamide is very hygroscopic and is easily hydrolysed to 
ammonium formate, which is the chief impurity. This is ionised in 
the formamide, which is a solvent of high dielectric constant and 
high ionising power. For these experiments, therefore, it was 
necessary to remove both this salt and the water completely. The 
formamide actually used had « = 1-2 x 10° mho: liquid of lower 
conductivity could only be obtained in sufficient quantity at a 
prohibitive cost. Davis and Putnam (loc. cit.) obtained small 
quantities of formamide having « = 2-8—4:7 x 10-* mho, but their 
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experiments were actually carried out with a liquid whose specific 
conductivity was above 1-37 x 10° mho. 

Furfuraldehyde. This was fractionated at 10 mm. pressure, 
purified through the sodium bisulphite compound (Mains, Chem. 
Met. Eng., 1922, 26,779), and dried over calcium chloride in the dark. 

Nitrobenzene. A good commercial product, fractionated several 
(imes at atmospheric pressure, dried with phosphoric oxide, and 
fractionated five times at ca. 10 mm. 

0-Nitrotoluene. A commercially pure product, dried over anhydr- 
ous sodium sulphate, and fractionated three times at ca. 10 mm. 

Ether, chloroform, and acetone. Commercially pure materials, 
fractionated several times at atmospheric pressure and left over 
drying agents for several months—ether over sodium, chloroform 
and acetone over phosphoric oxide—and distilled. The chloroform 
was tested for absence of hydrogen chloride by silver nitrate solution. 

n-Propyl alcohol and n-butyl alcohol. Commercially pure materials 
dried over barium oxide and fractionated twice. 

Benzaldehyde. The commercially pure product was washed with 
sodium carbonate solution and with water, dried over fused calcium 
chloride, and fractionated at 10 mm., the constant-boiling fraction 
being retained for use. This purification was carried out immediately 
before the benzaldehyde was used, owing to its rapid oxidation in 
the air. 

Aniline. A commercially pure sample was dried with solid 
caustic potash over which it was distilled three times, and then 
distilled twice from zinc dust. All distillations were carried out at 
reduced pressure in an atmosphere of dry nitrogen, the receiver 
being protected from the light. The final distillate was practically 
colourless and had a faint fluorescence. 

Propionic acid. Kahlbaum’s pure material was stored over 
anhydrous sodium sulphate for 4 months and fractionated twice at 
ca. 5 mm, 

Benzene. Kahlbaum’s “ Cryst. thiophene free” was dried over 
phosphoric oxide and distilied twice. The absence of thiophen was 
confirmed by the isatin test. 

Carbon tetrachloride. Kahlbaum’s pure material was dried over 
anhydrous sodium sulphate and distilled twice. 

Water. This was purified by a Bourdillon still (J., 1913, 103, 
791), no precautions being taken to avoid solution of carbon dioxide. 
It was then transferred to a large Jena-glass flask, boiled until free 
from carbon dioxide, and allowed to cool without admission of air. 
By means of a syphon tube previously fitted through the stopper of 
the flask, the water was transferred to the electro-endosmosis 
apparatus without exposure to the atmosphere. During this 
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operation the open ends of the apparatus were protected by soda 
lime tubes. 

The organic liquids were well dried, but no attempt was made to 
attain that degree of dryness achieved by Baker. They were 
unavoidably exposed to the atmosphere during assembly and filling 
of the apparatus. These manipulations were therefore performed as 
rapidly as possible so that the exposure was of only a few seconds’ 
duration. The electrical conductivity of the unexposed organic 
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liquid showed no detectable change after it had been exposed to the 
atmosphere of the laboratory for several minutes. 

The phosphoric oxide used for drying the liquids was purified by 
distillation in a stream of oxygen as described by Finch and Fraser 
(J., 1926, 117). 

Apparatus. The electro-endosmosis apparatus is shown in Fig. 1. 
The glass portion consists essentially of three parts : the centre tube 
carrying the diaphragm D, and the two outer portions carrying the 
filling and connecting tubes, joined to the centre tube by ground 
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joints. The centre tube was of Jena Gerite glass like the diaphragm, 
which was fused in position, whilst the outer portions were of 
soda-glass. 

The actual electro-endosmosis was measured by the movement of 
a bubble in the graduated capillary tube 7’, a method originally 
used by Briggs, Bennett, and Pierson (J. Physical Chem., 1918, 22, 
256). For accurate measurements by this method, it is essential 
that the hydrodynamic resistance of the “bubble tube” and 
associated connecting tubes should be negligible compared with that 
of the diaphragm, otherwise the return flow of the liquid will take 
place in part through the diaphragm along the centres of the capillary 
spaces contained in it. This point does not seem to have received 
much attention hitherto. Strickler and Matthews (loc. cit.) recog- 
nised this possibility and made measurements of electro-endosmosis 
with diaphragms of different porosity, but they appear to have con- 
fused two issues: the effect of porosity of the diaphragm on the 
relative hydrodynamic resistances of the diaphragm and “ bubble- 
tube,” affecting the measurement, and its effect on the electrical 
resistance and consequent potential gradient across the diaphragm, 
which determines the actual electro-endosmosis. Wiedemann’s 
conclusion (Pogg. Ann., 1852, 87, 321; 1856, 99, 177) that the flow 
was independent of the area or thickness of the porous wall, is mis- 
applied by these authors, for it refers only to conditions of constant 
current. 

It would seem that any measurement of electro-endosmosis by 
the present method is subject to some error, however slight, for the 
foregoing reason. Nevertheless, the method is exceedingly con- 
venient and sensitive, and by suitable design of the apparatus, the 
error due to hydrodynamic resistance of the ‘‘ bubble-tube ” can be 
reduced to negligible proportions. In any case, with a given 
apparatus, in which the porosity of the diaphragm was constant as 
in the present one, the results would still be comparative, except 
perhaps with a very porous diaphragm and/or very high speeds of 
electro-endosmosis. 

The actual bubble tube, of 2 mm. internal diameter, was therefore 
kept as short as was practicable—about 8 cm.—and the associated 
connecting tubes were of wide-bore tubing. No taps were included 
in the liquid circuit as in the original apparatus of Briggs, but the 
bubble was introduced through the tap on the bend B. The bubble 
itself was from 1-5 to 2 cm. long in all the experiments. 

[t was desirable, since organic liquids were to be used, to construct 
an apparatus having no rubber joints. By means of the ground 
glass butt-joint C and the clamp £ (Fig. 1), the apparatus could be 
made into a completely closed glass system. This joint gave con- 
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siderable trouble; it was necessary that its faces should meet in 
perfect alinement, since no lubricant or tap grease was used. This 
could be secured at the time of construction, with the rest of the 
apparatus assembled, but after dismantling and reassembling, it was 
difficult to attain alinement without unduly stressing the glass. 
This result was probably due to lack of symmetry of the main ground 
joints on the diaphragm tube. The U-bend B allowed a certain 
flexibility, but after a time the capillary fractured at F, and the use 
of an all-glass apparatus was abandoned for the present series of 
experiments. The measurements were continued with a short piece 
of rubber connecting tube at /; this was renewed for each liquid, 
and so arranged that the glass tubes within it were in close contact. 
The rubber tube was sufficiently remote from the diaphragm for the 
liquid in immediate contact with the latter to be unaffected by it. 
The measurements which had been made with the original all-glass 
apparatus were repeated with this arrangement and the results 
found to be quite reproducible. 

The potential gradient across the diaphragm was applied by s 
means of electrodes of disc form, consisting of a double layer of fine- i 
mesh, bright platinum gauze, stretched across a ring of platinum f 


wire; they almost completely covered the diaphragm faces and were 8 
kept in close contact with them by means of the stout platinum d 
connecting wires, which were coiled for several turns, forming a 


helical springs. 
The experiments were carried out as follows. The two arms of n 





the apparatus carrying the electrodes, taps, and capillary tube were u 
thoroughly cleaned with chromic acid, washed with distilled water, W 
and dried in an electrically heated oven ; the diaphragm was specially ti 
cleaned and then impregnated with the organic liquid as described el 
later. The apparatus was now quickly assembled, and the large I( 
ground joints on the central diaphragm tube were bound on the pl 
outside with pure strip rubber under tension, to prevent ingress of di 
moisture on immersion in the thermostat. The apparatus was filled ny 
as quickly as possible with some 100 c.c. of the freshly distilled liquid to 
under examination, which was poured down a funnel through either in 
of the large vertical taps. The bubble was introduced into the ro 
horizontal capillary tube, and the whole apparatus immersed up to 7 
the level LL in a water thermostat at 20° -+- 0-01°, where it was left liq 
for about 4 hour to attain a constant temperature, ele 
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The electrical circuit was connected as shown, and the #.M.F. 
applied first in one direction and then in the other. The source of 
potential was, in part, the 200-volt direct-current supply mains, 
applied through a potentiometer for the lower voltages, and for the 
high-voltage measurements, small accumulators (510 volts) in series 
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with the 400-volt mains. The mains voltage varied from time to 
time, but was sufficiently steady during the actual measurements. 
Immediately before application of the Z.M.F., the apparatus was 
adjusted so that the capillary tube was horizontal and no detectable 
gravitational movement of the bubble took place. 

The movement of the bubble was observed at a distance by means 
of a telescope through a window in the side of the thermostat. 
About 20 runs in each direction were observed and timed by a stop- 
watch. The order of reproducibility was 1—2%. The bubble was 
allowed to move a short distance along the capillary tube to ensure 
the attainment of a steady velocity before an observation was made. 
it was necessary thoroughly to insulate the various portions of the 
electrical measuring apparatus by means of hard paraffin-wax 
blocks. 

The particular diaphragm was made of Jena Geriite glass and was 
supplied fused in position by Messrs. Schott & Co. It was about 
0-5 cm. thick and of 2 cm. diameter over-all; the porous area was 
slightly less than the over-all area: the region of the porous plate 
in immediate contact with the surrounding tube apparently becomes 
fused into a non-porous form during the fixing of the disc in the tube, 
since this region is more translucent than the rest of the disc. The 
diaphragm was first cleaned with alcohol and concentrated nitric 
acid. Between each series of observations the apparatus was dis- 
mantled, and the diaphragm cleaned and allowed to stand over- 
night in a bath of concentrated nitric acid. Chromic acid was not 
used in connexion with the diaphragm but only organic solvents, 
water, and nitric acid. The diaphragm was then rinsed with dis- 
tiled water, steamed out for an hour, and dried at about 100° in an 
electrically heated oven. Final drying was effected in a vacuum at 
100° in an electrically heated tube as shown in Fig. 2. This was 
provided with a two-way tap whereby the diaphragm could, after 
drying and cooling in.a vacuum, be impregnated with the liquid 
under examination by distillation from the flask immediately prior 
to assembly of the apparatus. Preliminary experiments on drying 
in a vacuum at higher temperatures resulted in fracture of the tube 
round the porous disc. 

Estimations were made of the ordinary bulk conductivity of the 
liquids as a means of detecting “surface conductivity ” during 
electro-endosmosis, and, particularly in the case of water and 
formamide, as a control over their purity. With the last two liquids 
this was carried out in the usual manner with an alternating-current 
bridge at 1000 cycles, and in the other cases by direct current, using 
a small known #£.M.F. of about 2 volts and a calibrated pointer 
galvanometer. Estimations of the conductivity after use in the 
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electro-endosmosis apparatus showed in most cases a small increase, 
which is probably to be attributed to slight electrolytic decomposition. 

Determinations of the conductivities of the liquids in the dia- 
phragm during electro-endosmosis showed, in every case where 
electro-endosmosis occurred, the presence also of “surface con- 
ductivity.’’ For this purpose and for the calculation of the “ electro- 
kinetic potential,’ the cell-constant, 7.e., the ratio of the effective 
length to the effective cross-section of the diaphragm, was ascer- 
tained by a slight modification of the method of Fairbrother and 
Mastin (J., 1924, 125, 2319), by measuring the resistance of N/10- 
potassium chloride in the diaphragm; in this case the same gauze 
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electrodes were used and the resistance was measured in an alternat- 
ing-current bridge. The electrodes: were not blackened, but the 
precision of the bridge setting was sufficient for the present purpose. 
Although surface conductivity may not be absent in V/10-potassium 
chloride, it is negligible compared with that in most of the liquids 
examined. 

The specific conductivities (x) of the liquids used are given in the 
fifth column of Table I. A value of <1 x 10° indicates that the 
conductivity of the liquid in question was too small to be measured 
with the apparatus in use at the time. 

For the first eleven liquids in the table, measurements of electro- 
endosmosis were made with various 2#.M.F.’s, from about 30 to 
200 volts, applied across the diaphragm. Up to about 150 volts, 
the relation between the voltage and the velocity of electro-endos- 
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mosis was linear within the accuracy of the determinations but at 
higher voltages, the velocity increased somewhat more rapidly than 
the voltage. The velocities and #.M.F.’s used for the calculations 
in Table I are taken from this linear region. In the case of ether, 
chloroform, benzene, and carbon tetrachloride, a voltage of 910 was 
applied across the diaphragm. Chloroform gave very irregular 
results which cannot be included in the quantitative discussion. It 
appears to be much more difficult to obtain reproducible results 
with liquids of low than with those of high dielectric constant. 

Although some doubt (compare McBain, J. Physical Chem., 1924, 
28, 706; J. Amer. Chem. Soc., 1929, 54, 3294) has been thrown on 
the meaning or reality of the electro-kinetic potential ¢ as calculated 
from the Helmholtz—Smoluchowski formula ¢ = 4xvln/qHs=—where 
1 and q are respectively the effective length and cross-section of the 
diaphragm, F# is the applied H.M.F., < the dielectric constant, 7 the 
viscosity, and v the velocity of electro-endosmosis—yet such 
calculations permit of a ready comparison between liquids and be- 
tween the results of other workers. The values of v, in c.c./sec./volt, 
and those of ¢ calculated in this way are given in Table I, in which 
u represents the permanent dipole moment and f is defined later 
(p. 401). 

The viscosities and the densities used in the later calculations were 
for the most part taken from Landolt—Bérnstein and the Inter- 
national Critical Tables, and from the original publications. In the 
few cases where viscosity measurements at 20° were not available, 
these were measured in the usual manner in a viscometer of the 
Ostwald pattern. 





TABLE I. 

Liquid. € v x 105. ‘ K. wx 10. fx 10", 
Formamide...... 84 5-68 —0-0591 12x10 — 
ee 81:1 16-16 — 00554 1:7x10-° ~~ 1-7* 24-3 
Furfuraldehyde 42 6-54 —0:0710 18x10" — = 
Nitrobenzene ... 36-4 5-53 —0-0834 114x108 3-89* 8-85 
o-Nitrotoluene 27-7 4°41 —0:1018 <1x10°°% 3-75* 6-68 
Acetone ......... 21°5 14-76 — 00620 2-0x10-7 2-70* 46-6 
n-Propyl alcohol 22-2 1-95 —0-0535 42x10-% = 1-75} 4-42 
n-Butyl alcohol 19-2 1-10 —0:0469 28x10 1-74 2-86 
Benzaldehyde 18-1 3°58 — 0-0837 1-8 x 10-7 2-75* 8-18 
MD scateenas 7-2 0-15 —0-0261 14x10 1-51§ 1:67 
Propionic acid 5-5 0-28 —0-0189 <1x10° -~ —_ 
Chloroform 5-2 0-63 —0-0250 <1x10°5 — — 
ae 4:36 0-96 +-0:0136 <1x10-°  1-22* 1:48 
Benzene ......... 2-26 0 0-0 <1x10° 06-0 0-0 
Carbon tetra- 

chloride ...... 2-23 0 0-0 <1x10% 0-0 0-0 


* Williams, Collected values, Chem. Rev., 1929, 6, 589. 

+ Stranathan, Physical Rev., 1928, 31, 653. 

+t Smyth and Stoops, J. Amer. Chem. Soc., 1929, 51, 3312. 
§ Hojendahl, Diss., Copenhagen. 
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Discussion. 


The following qualitative deductions may be made from these 
results. Carbon tetrachloride and benzene show no electro. 
endosmosis even when an £.M.F. of 910 volts is applied across the 
diaphragm. Coehn (loc. cit.) observed that it was extraordinarily 
difficult to obtain an unambiguous movement with pure benzene; 
he attributed this fact to lack of conduction in the liquid, and 
obviated the difficulty by dissolving a trace of hydrochloric acid 
therein. The sign, and later the magnitude, of the charge of such a 
solution against glass happened to coincide with that to be expected 
from the dielectric constants of benzene and glass: hence the 
surface charge was attributed to the benzene alone, the moisture and 
hydrogen chloride merely conferring conductivity on the system. 

Strickler and Matthews (loc. cit.) state that pure benzene gives a 
small electro-endosmosis against a filter-paper diaphragm. 

It was found in the present work that an artificially impure 
benzene, made by adding 0-5% of thiophen to the pure solvent, 
gave a very slight movement, which was too small to be measured 
with any precision, the glass being negatively charged. 

Formamide gave very satisfactorily reproducible results. Strickler 
and Matthews were apparently unable to obtain quantitative 
measurements on account of the considerable electrolysis, which 
must be ascribed to lack of purity of the liquid. As has already 
been pointed out, formamide is very hygroscopic and easily hydro- 
lysed to ammonium formate. 

In every other case, excepting that of ether, the glass was neg- 
atively charged towards the liquid. Propionic acid, which Coehn 
found to confer a positive charge on the glass, did not show this 
anomaly in the present work. It should be added, however, that 
(oehn’s statement refers to soft glass; he was unable to detect the 
sign of the charge on hard glass, which probably approximated in 
composition more nearly to the glass used here. 

We may now consider certain quantitative deductions from tlie 
present work. The values of ¢ are all of the same order of magnitude 
and a similar result follows, as Smoluchowski has shown (Graetz, 
Handb. d. Elek. u. Mag., 2, 403), from the results of Coehn and 
Raydt if one uses for the calculation the modified Helmholtz formula, 
which takes account of the dielectric constant of the liquid medium. 

The value of ¢ = — 0-0554 volt for water here given is in satis- 
factory agreement with the value of ¢ = — 0-0557 volt found by 
Fairbrother and Varley (J., 1927, 1584) for a different diaphragm 
of the same kind of glass. The present determinations were carried 
out during too short a period for any change of electro-endosmosis 











atc 
the 
of 1 





1ese 
tro- 
the 
ily 
ne ; 
and 
acid 
ch a 
cted 
the 
and 
Le 
es a 


pure 
rent, 
ured 


skler 
itive 
hich 
2ady 
‘dro- 


neg- 
oehn 

this 
that 
t the 
od in 


» the 
itude 
aetzZ, 
and 
nula, 
lium. 
satis- 


d by 


ragm 
ried 


mosis 











STUDIES IN ELECTRO-ENDOSMOSIS. PART IV. 399 


in water with time to be detected, as described by Fairbrother and 
Varley. 

The quantitative relationship between the electro-endosmosis and 
the dielectric constants of the phases was first investigated by 
Coehn and Raydt (loc. cit.), who measured in effect, by a methyl 
alcohol manometer, the electro-endosmotic pressure developed when 
an L.M.F. was applied between the ends of a short glass capillary 
tube filled with the organic liquid under examination. They thus 
found an approximately constant ratio between the pressure devel- 
oped and the difference between the dielectric constant of the 
liquid and of the glass. Their assumption that the potential 
between the phases was directly proportional to this pressure has 
been shown by Smoluchowski (loc. cit.) to be erroneous, in that it 
does not take into account the dielectric constant of the liquid. 

The product of the velocity of electro-endosmosis (as found in 
the present work) and the viscosity of the liquid increases with the 
dielectric constant, but the relationship is not linear. Moreover, 
carbon tetrachloride and benzene, with very low dielectric constants, 
give no movement at all, whilst ether, with a higher dielectric 
constant, is charged negatively against the glass. 

Consideration of the constitutive character of the dielectric 
constant, as pointed out by Debye (Marx, Handb. d. Radiologie, 6; 
‘ Polar Molecules,” 1929), suggests that a connexion may be found 
between the electro-endosmosis and the dipole moment of the 
individual molecules of the liquid. 

Guyot (Ann. Physique, 1924, 2, 501) and Frumkin (Z. physikal. 
Chem., 1925, 116, 485) have carried out experiments on the inter- 
facial potential at an air—liquid interface in the presence of certain 
capillary-active organic compounds. From his results, Guyot has 
calculated the value of the effective dipole moment of the molecules 
in the interface, and Rideal (‘‘ Surface Chemistry,” 1930, p. 335) 
has made further calculations from the data of Frumkin. 

Frumkin and Williams (Proc. Nat. Acad. Sci., 1929, 15, 400) have 
pointed out that a close parallelism exists between the dipole 
moments of a number of capillary-active organic substances and the 
interfacial potential in air of solutions of such substances, but they 
regard this relationship as qualitative only. 

According to the theory of Debye, the total electrical polaris- 
ability of a medium, of which the dielectric constant is a measure, 
is made up of three terms, viz., the electron polarisability P., the 
atom polarisability P,, and the orientation polarisability P,. In 
the case of substances with high dielectric constants, the molecules 
of which are always found to possess a comparatively large permanent 
dipole moment, the orientation polarisability may contribute by 
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far the largest proportion towards the dielectric constant. The 
dielectric constant of the medium as a whole is a function of the 
mean polarisability (P,, P,, and P,) of the individual molecules and 
of the number of molecules in unit volume, i.e., of the molecular 
volume. 

The magnitude of the electrokinetic potential is probably a 
function of the mean polarisability of the individual molecules 
present in the interface, and of the number present per unit area of 
the interface. 

It seems unlikely that the electron polarisation plays much part 
in the phenomenon, but rather that the electro-endosmosis is 
determined by the permanent dipole moment of the interfacial 
molecules and, to a much less degree, by the atom polarisability of 
the molecules. 

Little is known, except in a few cases, as to the magnitude of the 
atom polarisability of a molecule, but it appears that ordinarily, 
in the kind of case we are considering, it is very small compared with 
the orientation polarisability, and by some authors it is regarded as 
negligible for the purpose of calculating the dipole moment from the 
total polarisability. 

The space taken up by a molecule in the area of the interface will 
be intermediate between the cross-sectional area of the molecule 
(if the molecules are completely oriented normal to the interface, 
and close-packed) and an area proportional to the two-thirds power 
of the molecular volume (if the molecules are distributed at random). 
On account of thermal agitation and movement of the adsorbed 
molecules, the actual value, in the plane of slip, will more probably 
approximate to the latter figure. 

Rideal (loc. cit.), in discussing the value of the “ vertical com- 
ponent of the integrated electric moment ”’ of fatty acids adsorbed 
at a gas-liquid interface, as in the experiments of Frumkin, has 
pointed out that this will be less than the true moment on account 
of incomplete orientation and inclination of the dipole axis to the 
surface. 

During electro-endosmosis, moreover, the tangential electrical 
field along the surface of the solid will cause an additional partial 
orientation of the molecules, in the direction of the field, and a small 
increase in effective moment due to the distortion of the molecule 
or ‘‘ atom polarisation.”” This, and not electrolytic decomposition, 
may be the explanation of increased electro-endosmosis at higher 
voltages, observed by Strickler and Matthews (loc. cit.) and in the 
present work. 

It must be remembered also that measurements of the true dipole 
moment are made essentially, either in dilute solution or in the 
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gaseous state, under conditions such that the molecules are separated 
and uninfluenced by fields of force from other molecules. The 
interfacial molecules, on the other hand, are subjected to fields of 
force from one another, from the solid, and, in electro-endosmosis, 
from the applied #.M.F. also. 

In the present experiments the same diaphragm was used through- 
out, 80 the hydrodynamic resistance offered to the various liquids 
by the diaphragm is simply proportional to their viscosities. 
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lf, now, we take the reciprocal of the two-thirds power of the 
molecular volume as a measure of the number of molecules per unit 
area Of the interface, and multiply this by the permanent dipole 
moment, and divide by the viscosity, we obtain f = (D/M)?.u./ where 
Dis the density and M the molecular weight of the liquid, and » 
and » have the same significance as before. 

This expression has been calculated where dipole moment data 
we available and is given in the last column of Table I. These 
values are plotted in Fig. 3 against the velocities of electro-endos- 
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mosis in c.c./sec./volt. The relationship is a linear one within the 
accuracy of the available data, which suggests a very close connexion 
between the true dipole moments and the electro-endosmosis. 
Unfortunately, our knowledge of the dipole moments of the sub- 
stances in question is far from complete. 

Acetone lies away from the curve, which may be due in part to 
experimental error and in part to the assumption of a too large 
dipole moment. 

There are no measurements of the dipole moment of propionic 
acid : a value of 1-54 x 10-18 has been deduced by Smyth (J. Amer. 
Chem. Soc., 1925, 47, 1894) on theoretical grounds. This acid, 
however, is very strongly associated, and from the smallness of the 
electro-endosmosis it seems probable that the propionic acid mole- 
cules are oriented in the interface, at least in part, in the form of 
double molecules of very small moment. Smyth has concluded that 
acetic and butyric acids exist as single and double molecules, the 
latter of little or no electric moment (J. Amer. Chem. Soc., 1930, 52, 
1824). 

Benzene and carbon tetrachloride, which possess practically no 
moment, exhibit no electro-endosmosis, as would be expected. 

The actual mechanism whereby a dipole oriented on a surface 
can bring about a relative displacement of the phases in a tangential 
electrical field, is another question. There are some molecules, 
like those of the fatty acids, which can be imagined as ionising in the 
interface, with adsorption of one ion on the solid. There are many 
liquids, however, which exhibit electro-endosmosis, any ionisation 
of which in the ordinary sense is difficult to conceive. In such cases 
it is possible that a limited mobility of electrons exists between the 
molecules in contact, and that the distribution of electrons in the 
interface, under influence of the oriented dipoles themselves and 
the field of force from the solid, is such as to produce a relative 
displacement of positive and negative charges under the potential 
gradient. This would also account for the surface conductivity 
shown by organic liquids, and for the conduction of the current in 
the very small distance between the electrodes and the ends of the 
capillaries. 

It is perhaps unwise to deduce a general theory of electro-endos- 
mosis on the basis of the information at present available—further 
experiments with other liquids and more accurate information as to 
the individual dipole moments are desirable. The present results, 
however, suggest that a very close connexion exists between the true 
dipole moment of a molecule and its electro-endosmotic behaviour. 
Further investigations along these lines are projected. 
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Summary. 

1. Measurements have been made of the electro-endosmosis of 
fourteen pure organic liquids and water through a diaphragm of 
sintered Jena Geriite glass powder. 

2. Pure benzene and carbon tetrachloride exhibit no measurable 
electro-endosmosis, ether is negatively charged towards the glass, 
and the rest of the organic liquids and water are positively charged. 

3. The connexion between the dipole moment of the molecules 
and the electro-endosmosis is discussed. 


In conclusion, we wish to acknowledge our indebtedness to a 
grant to this Department from Imperial Chemical Industries, Ltd., 
and to the Department of Scientific and Industrial Research for a 
maintersnce grant to one of us (M. B.). 


Tue Universiry, MANCHESTER. [Received, January 5th, 1931.] 





LLV.—The Viscosity and Density of Rubidium 
Nitrate Solutions. 


By Haroutp GREViLLE Smrra, JoHN HULTON WOLFENDEN, 
and Sir Harotp Harvey. 

‘TuE following measurements, carried out in 1922, were undertaken 
to complete our knowledge of the viscosity and density of aqueous 
solutions of the alkaline nitrates. Griineisen (Wiss. Abh. Phys. 
Tech. Reichsanstalt, 1904, 4, 239) has made measurements on the 
nitrates of sodium and potassium, and lithium and cesium nitrates 
have been studied in this laboratory by Applebey (J., 1910, 97, 2000) 
and Merton (ibid., p. 2454) respectively. 


EXPERIMENTAL. 

Materials —The rubidium nitrate used was Merck’s pure salt; 
spectroscopic examination showed it to be free from all but negligible 
amounts of the other alkali metals. The salt was dried to constant 
weight at 210° immediately before use in every case. The conduc- 
tivity of the water used in making up solutions and in washing out 
pyknometers and viscometers ranged from 0-5 to 2 gemmhos. 

Temperature Control.—All the measurements were carried out in 
two electrically controlled thermostats. The temperatures of the 
baths were determined by a thermometer which had been standard- 
ised by the Reichsanstalt and whose ice-point was confirmed in the 
course of the present work. The corrected temperatures of the two 
baths were 18-00° +- 0-005° and 25-01° + 0-005° and the fluctuations 
from the mean did not exceed 0-003°. 
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Viscosity Measurement.—The method of measurement and the 
viscometers and holders used were similar to those described by 
Applebey and by Merton. Every solution was measured in two 
viscometers, both of which the late Mr. G. A. Hutchinson had shown 
by the constancy of the pressure-time product to obey Poiseuille’s 
law. The time intervals, ranging from 600 to 950 seconds, were 
measured on a stop-watch, graduated in fifths of a second and fitted 
with an electromagnetic release. The results are given in Table I, 
in which NV, and N, are respectively the weight normality (mols. 
per 1000 g. of solution) and the volume normality (mols. per litre), 
t, and t» are respectively the times of flow of solution and of water, 
and R.V. is the mean relative viscosity (see below). 

Density Measurement.—The density of every solution was 
measured in two pyknometers of about 25 c.c. capacity, the 
technique of Hartley and Barrett (J., 1911, 99, 1072) being followed. 
The results are shown in Table II. 


Discussion of Results. 


Viscosity.—The relative viscosity of the solutions was calculated 
from the formula 
, ts ea Asolation nest Aair 
_—— tw “ Avater — Aair 
Following the practice of Applebey and of Merton, no kinetic- 
energy correction was introduced. No correction was made for 
surface tension, but the error involved is probably within the error 
of time measurement for solutions less concentrated than N’/4. 

The agreement between independent determinations of the same 
solution in both viscometers suggests an average error of about one 
part in 10,000 parts in the measurements of relative viscosity. This 
compares favourably with the concordance recorded by other ob- 
servers who have used more than one viscometer. 

The form of the viscosity—concentration curves at both temper- 
atures is similar to that of Griineisen’s curves for potassium nitrate 
and of Merton’s curves for cesium nitrate. When the viscosity 
increment, defined as (R.V.— 1)/Nw, is plotted against the cube root 
of the weight normality the curve shows the minimum which 
Griineisen obtained with a number of salts. In Fig. 1 the viscosity 
increments for the completed series of alkaline nitrates and for 
nitric acid at 18° are plotted against the cube root of the weight 
normality ; it will be seen that the value of the increment decreases 
regularly with increase of atomic number. 

The inadequacy of most of the attempts to represent the relative 
viscosity-concentration curve of an electrolyte solution by an 
equation is well known. Thus the equations of Einstein (Ann. 


wt a 
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Physik, 1906, 19, 289) and of Herz (Z. anorg. Chem., 1917, 99, 132) 
do not admit of the possibility of “ negative viscosity’; that of 
Arrhenius (Z. physikal. Chem., 1888, 1, 285) predicts no minimum 
in either relative viscosity or viscosity increment; that of Applebey 
(loc. cit.) predicts a viscosity increment minimum but, when applied 
to our results for rubidium nitrate, postulates an average hydration 
number for the two ions of about —3; the semi-empirical equation of 
Griineisen (loc. cit.) is equally unsatisfactory when applied to our 


results since, in spite of its three arbitrarily fixed constants, it fails 
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to reproduce with anything approaching the experimental accuracy 
the form of the viscosity increment—concentration curve. 

A much more promising form of equation correlating the viscosity 
and concentration of an electrolyte solution has recently been put 
forward by Jones and Dole (J. Amer. Chem. Soc., 1929, 54, 2950), 
whose experimental data for the fluidity of barium chloride solutions 
were adequately represented over a concentration range 0-005— 
100M by the equation d= 1-+ Avc + Be, where c is expressed 
in mols. per litre. They further showed that their equation is equally 
applicable to all the other published data on salts which increase the 
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viscosity of water. In the case of cesium nitrate, which diminishes 
the viscosity of water, they found that the equation was obeyed over 
a more limited concentration range up to 0-2N. Moreover, qualita- 
tive arguments based on the Debye—Hiickel theory were advanced 
for believing that the coefficient A must always be negative, i.e., 
that the relative viscosity of all electrolytes must be greater than 
unity at sufficiently high dilution. Dole and Falkenhagen (Physikal. 
Z., 1929, 30, 611) have developed this point of view mathematically 
and evaluated the constant A for the special case of a binary electro- 
lyte whose ions have equal mobilities. Experimental confirmation 
has recently been obtained by Joy and Wolfenden (Nature, 1930, 
126, 994) in the case of dilute aqueous solutions of potassium 


chloride. 
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In view of these considerations, it is of interest to compare the 
present experimental results with the Jones—Dole equation. As 
these authors point out, the most convenient way of testing the 
validity of the equation is to plot (¢ — 1)/Vc against Vc and to see 
if a straight line is obtained with a negative intercept on the axis 
of zero concentration. The data recalculated in this way are shown 
in Table IIT and plotted in Fig. 2. 

It is clear from the figure that the intercept (which is numerically 
equal to A) is negative at 18°, diminishes with rising temperature, 
and is probably still negative at 25°. The curves show convergence 
to linearity as the dilution increases but, as in the case of cesium 
nitrate, the Jones—Dole equation is valid only at concentrations less 
than about 0-21. 

Density.—The concordance between the densities determined in 
the different pyknometers is in all cases well within the probable 
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error of the viscosity measurement to which they are auxiliary. 
With the exception of solutions A, E, and J, the concordance is, 
however, less satisfactory than might be expected in accurate 
pyknometry. This is attributable to the fact that the limited 
amount of rubidium nitrate available compelled us, with all except 
the above-mentioned solutions, to transfer the same quantity of 
solution from the first to the second pyknometer instead of making 
simultaneous determinations in two pyknometers. The evapor- 
ation incidental to this transfer and the second filling invariably 
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TaBieE ITI. 
18-00°. 25-01°, 

Solin. Ve. ¢. (¢— 1)/Ve. Ve. ¢. (— I/v 
A 0-3053 1-00755 0-0247 0-3050 100581 0-01905 
B 0-3826 1-01244 0-0325 0-3823 1-:00908  0-02375 
C 0-4344 1-01640 0-0378 0-4340 101163  0-0268 
D 0-5075 1-02201 0-0434 0-5071 1-01533 0-0302 
F 0:7057 1-03866 0-0548 0-7050 1-02687 0-0381 
G 0-7070 1-03923 0-0555 0-7063 1-02747 0-0389 
H 0-8774 1-05456 0-0622 0-8764 1-03833  0-0437 
] 0-9902 1-06270 0-0633 0-9890 1-04300 0-0435 
J 1-:0473 1-06678 0-0637 1-0459 1-04571 0-0437 
K 1-2069 1-07379 0-0611 1-2052 1:04799 0-0398 
L 1-3560 1-07457 0-0550 1-3542 1:04477 0-033! 
M 1-4765 1:07080 0-0425 1-4741 1:03741  0-0254 
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caused an increase in the density as measured in the second pykno- 
meter. We have therefore adopted the lower (and earlier) density 
value whenever the density of the solution was not measured on 
independent portions of the solution in the two pyknometers. 

We have calculated from the density results the contraction on 
solution of 1 mol. of rubidium nitrate at various concentrations. 
More significant results are obtained by calculating the ‘“‘ molecular 
solution volume ”’ of the salt at various concentrations, since the 
latter method has the substantial advantage that the density of the 
solid salt and the anomalies introduced by polymorphism, etc., are 
not involved in the calculation. Table IV shows the molecular 
solution volume of rubidium nitrate at 18° and 25-01° over the 
concentration range measured, and in Fig. 3 this function for the 
completed series of alkaline nitrates at 18° is plotted against weight 





TABLE IV. 
Molecular solution Molecular solution 
vol. (c.c.). vol. (c.c.). 
TE, P a, 
At At At At 

Soltn. ; = 18-00°. 25-01°. Soltn. ) 18-00°. 25-01°. 
A 0-09244 42-91 44-09 H 0-71402 44-18 45-08 
B 0-14440 43-08 44-22 I 0-89168 44-54 45-40 
C 0-18531 42-98 43-98 J 0-98708 44-98 45-82 
D 0-25122 43-26 44-34 K 1-26927 45-65 46-06 
E 0-36593 43-57 44-61 L 1-5505 45-54 46-27 
F 0-47418 43°87 44-81 M 1-78637 46-27 46-76 


G 047581 43-83 44-82 
(The molecular volume of solid rubidium nitrate is 47-64 c.c.) 


normality. The values for lithium nitrate are calculated from the 
data of Applebey, those for sodium and potassium nitrates from the 
data of Griineisen, and those of cesium nitrate from the data of 
Merton. . 
Summary. 

(1) The relative viscosity and the relative density of aqueous 
solutions of rubidium nitrate have been measured at 18° and 25° 
over the concentration range 0-092—1-786N. 

(2) The relative viscosity of rubidium nitrate solutions can be 
represented by the Jones—Dole equation at concentrations below 
\2N, and the coefficient A of those authors is shown to have the 
negative value and negative temperature coefficient which they 
postulate. 

(3) The molecular solution volume of rubidium nitrate is shown 
to fall in the normal periodic sequence of the alkaline nitrates. 


BALLIOL AND TriniTy CoLLEGE LABORATORY, 
OXFORD. [Received, December 23rd, 1930.] 

















410 HUTCHISON : EQUILIBRIUM CONSTANTS FOR 


LV.—Equilibrium Constants for the Decomposition 
of Ammonium Bicarbonate. 


By Witt1AM KENNETH HUTCHISON. 


DuRING a general investigation of the separation of ammonia from 
gases cotitaining also carbon dioxide and water vapour, it became 
necessary to determine the conditions under which solid ammonium 
bicarbonate might be formed according to equation NH, -+ CO, + 
H,O == (NH,)HCO,. 

There appeared to be no accepted values for the equilibrium 
constant of this reaction, viz., 


K = poo, X Pu, X Px, e oe tee Deyn 


Berthelot and André (Compt. rend., 1886, 103, 665) found the pure 
dry salt to be abnormally stable, exerting a total pressure of not 
more than 1 mm., although on addition of a few drops of water at 
18° the pressure rose rapidly to 60 mm., attaining 135 mm. with more 
water. Bonnier (Ann. Chim., 1926, 5, 37) measured the decompos- 
ition pressure at temperatures between 25-4° and 60°; at the lower 
temperature a period of 4—6 days was required for equilibrium to 
be established, and at temperatures above 33° the results were 
complicated by the condensation of water vapour upon the crystals. 
It is thermodynamically necessary that a vapour in equilibrium 
with the saturated solution should be in equilibrium also with the 
solid, and the same equilibrium constant, K, must be satisfied 
whether, as in the hypothetical case of the pure dry salt, the partial 
pressures of the three components are equal, or, as in the more 
general case of the presence of the saturated solution, they are 
unequal. The extremely low vapour pressure found in the experi- 
ments of Berthelot and André was probably due to the slow rate of 
decomposition of the dry salt, which made it impossible to attain 
equilibrium. Results obtained on addition of a little liquid water 
showed that the decomposition could proceed more readily by way 
of the saturated solution. The method now used has been to 
determine the partial pressures of ammonia, carbon dioxide, and 
water in equilibrium with saturated solutions of ammonium bicarbon- 
ate, and so to calculate an equilibrium constant, which is also the 
constant for the dissociation of the solid. Further, since the 
saturated solution is always present, the partial pressure of water 
vapour is practically constant at constant temperature, and a 
simplified form of equilibrium constant becomes applicable, viz., 


kK, = Poo, y 4 PN, . . . . . (2) 















mp 


tl 
an 
ca 


sal 
in 
dic 
ow 
of | 
tay 
by 
sul 
tov 
to 
liqn 
7 
fille 
car’ 
dio: 
unit 
lo ¢ 
trai 
A 
suly 
Was 
pote 
lodi 
C; 






















































THE DECOMPOSITION OF AMMONIUM BICARBONATE. 4l1 


This form was particularly suited to the purposes of the present 
investigation, and experiments described below show that it is 





7” 
(100 | satisfied over a wide range of concentrations of carbon dioxide and 
ammonia. The partial pressure of water vapour was determined 
in a few experiments and enables a result to be obtained also for 
the more general constant, K. ; 
from ‘The mean values of K and K, at 20° and 10° are : ; 
came 
nium K = poo, X Pru, X Puyo- Ky, = poo, X Pruy 
‘eR eee 3000 180 
2T ps BO vothdasdhecsscas ‘ 253 29-5 
rium Lhe general equation for the constant K is given by 


log;)K = 33-88 — 40,600/2:303RT 


(1) ‘the value of 40,600 cals. for the heat of formation of solid 
pure J ammonium bicarbonate is in good agreement with that of 40,000 
f£ not } cals. from the International Critical Tables. 


ter at 
more EXPERIMENTAL. 
npos- The apparatus consisted of a temperature-equalising coil, three 


lower } saturators each of 100 c.c. capacity, and a spray trap, all immersed 
im to J in a thermostatically controlled water-bath. Streams of carbon 
were | dioxide from a cylinder and of pure dry air, each measured by its 
tals. | own flow gauge, were mixed and passed through the coil, the train 
brium | of saturators, and the spray trap to a T-piece tap. One limb of the 
h the | tap was vented to air by way of a seal, and the other was connected, 
tistied | by way of a T-piece, to a pair of Drechsel bottles containing standard 
artial | sulphuric acid, from which the gas would pass through a soda-lime 
more § tower toa 1/40th c. ft. gas meter. The T-piece provided a connexion 
y ate f to a constant-rate gas sampler having mercury as the confining 
xperi- § liquid (Pexton and Hutchison, J. Soc. Chem. Ind., 1929, 48, 2421). 
ate of | The method of operation was as follows. Each saturator was 
attain fi filled with 50 c.c. of a saturated solution of A.R. ammonium bi- 
water f carbonate containing excess of the solid crystals. The carbon 
y Way 9 dioxide-air mixture of predetermined composition was passed at a 
en to J wiform rate through the saturators, of which the outlet was vented 
>, and Fioair. To carry out a test, the gas was passed into the analysis 
urbon- I train, the gas sampler being started simultaneously. 
so the # Ammonia in the gas was absorbed in a known volume of N /5v- 
e the ff sulphuric acid and the excess of acid remaining at the end of a test 
water Fwas freed from carbon dioxide and determined by addition of 
and @ § potassium iodide-iodate mixture, and titration of the liberated 
viz, ff iodine with N /60-thiosulphate. ° 

(2) Carbon dioxide was determined in the sample by means of a 
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laboratory-type Haldane apparatus. The sides of the sampling 
vessel were kept moist with 10% sulphuric acid to absorb ammonia. 

The passage of gas of a given composition was continued until the 
carbon dioxide and ammonia in the issuing gas became constant, 
showing that the liquor was now in equilibrium with the gas. The 
rate of gas passage was usually 60—70 c.c. per minute. Confirm. 
atory tests at different rates showed that equilibrium was being 
reached. 

The partial pressure of water vapour was not normally determined, 
since it differed by only a small amount from that of pure water at 
the same temperature, as the following figures show : 


Vapour press. of Partial press. of water in equilibrium 


pure water. with satd. (NH,)HCO, so 
OT -exinssdeovecuns 17-5 mm. 16-7 mm. 
Dr | pbadsidepsneads 92 ,, 86 ,, 


‘The results of experiments at 20° and 10° are given in the tables. 


Temperature, 20°. 
Rate of gas pas- 


sage, ¢.c./min. Pco, mm. PNHy mm. K,. Mean. 

66 89-5 1-98 177 

66 94-5 2-08 196 187 
67 100 1-89 189 | 
104 160 1-12 179) 

78 172 1-065 183 | 175 
39 176 1-00 176 . 
78 175 0:97 170) 

67 191 0-89 170 170 
50 294 0-64 188 188 


K = Pvo, X PNusg X Pao = K; X Pu,o = 3000. 


Temperature, 10°. 
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64 46-9 0-59 27°6\ ’ 
64 56-5 0-49 27-65 57-6 
10 81-1 0-365 29-6 
40 78-5 0°345 27-1 30-9 
56 78°5 0-46 36-1 
105 101 0-31 31-3 
150 99-4 0-30 29-8 30-4 
60 111 0-27 30-0 
80 159 0-185 29-4 29-4 
45 242 0-12 29-0 \ 29- l 
60 265 0-11 29-2 f 
Mean K,=29-5 
K= Poco: Xx PNHs X Pr.0 = K, X Pu, = 253. 
Tuer Gas Licut AND CoKE Co., 
LonpDon. . [Received, December 23rd, 1930.] 
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nia. LVI.—The Polysulphides of the Alkali Metals. 
tne Part II. Lithiwm. 
The By Tuomas Gipson Pearson and Percy Lucock Rosrnson. 


irm. A survey of the literature of the sulphides of lithium (see Thomas 
emg f and Jones, J., 1924, 125, 2207) makes it evident that only one 
polysulphide had been previously identified, viz., Li,S,,Aq (Berze- 
ined, F lius, Pogg. Ann., 1826, 6, 439). These workers, by evaporating an 
erat # alcoholic solution of the hydrosulphide containing excess of sulphur, 
also obtained but one compound, viz., Li,S,,C,H;-OH, and that in 
tium § impure condition. Since it seemed probable that higher sulphides 
should be obtainable, the present work was undertaken, and it 
demonstrates, inter alia, the existence of a somewhat unstable 
tetrasulphide. 

es. EXPERIMENTAL. 


Preparation of Materials.—The lithium (in large sticks preserved 
under dry paraffin, from Messrs. Harrington Bros.) was evidently 
purer in parts than that used by Jones and Thomas (J., 1923, 123, 
3288), for it yielded with alcohol a pure, white ethoxide. Other 
portions, however, particularly those which appeared to come from 
the end of the electrolytic sticks, contained much carbide and some 
free carbon, and were rejected. The preparation of the other 
materials and the analytical processes employed were on the lines 
previously described (Pearson and Robinson, J., 1930, 1474). 


Preparation of Polysulphides from Solution. 


1. The Action of Sulphur on Lithium Monosulphide in Alcoholic, 
Aqueous-alcoholic, and Aqueous Solutions.—The procedure was sub- 
stantially that employed by us with sodium (loc. cit.), except that, 
owing to its low solubility, the ethoxide suspension was not divided 
into two parts. Two-gram portions of lithium were cleaned by 
scraping with a knife under paraffin, washed in toluene, dried, 
weighed, and rapidly transferred to a measured quantity of alcohol, 
aqueous alcohol, or water. The resulting suspension of ethoxide 
was converted to hydrosulphide by saturation with hydrogen 
sulphide, excess of which was removed by boiling in a stream of 
nitrogen. To this colourless solution was added a suspension of 
ethoxide from a further 2 g. of lithium, and in the monosulphide 
solution so obtained various amounts of sulphur were dissolved. 
These solutions were evaporated in a vacuum or cooled in freezing 
mixtures. Evaporation was very slow and hard glassy crusts 
formed on the surface of the liquids. Analysis showed these to be 
mixtures of ethoxide, polysulphide, and possibly thiosulphate, with 
P 
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much alcohol [Found: (I) Li, 13-38, 13-96; (S)*, 1-01, 1-22; S, 
3-74, 3-09; (II) Li, 5-04, 5-02; (S), 2-03, 2-01; S, 5-39, 5-74 mols.]. 
Although the whole mass occasionally set in either a glassy or a 
semi-crystalline form, definitely crystalline products could not be 
separated. 

The Action of Sulphur on Anhydrous Alcoholic Solutions of Lithium 
Hydrosulphide—Contrary to the experience of previous workers 
(see above), we have now shown, by (a) measuring the hydrogen 
sulphide evolved during the dissolution of the sulphur, and (6) 
crystallising the polysulphide solutions so produced, that the chief 
and primary product of this reaction is tetrasulphide. The striking 
similarity between the form of the lithium curve (Fig. 1) and the 
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G. of H,S evolved per g.-mol. of LiHS. 
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corresponding sodium curve (Rule and Thomas, J., 1914, 105, 179) 
is consistent with the close relationships existing between these 
metals. 

The high viscosity of the sulphide solutions at the crystallising 
point rendered difficult the separation and accurate identification of 
solid products. Nevertheless, the deductions from Fig. 1 are 
corroborated by the facts that (1) samples of centrifuged crystals 
obtained by evaporation at room temperature of solutions with a 
tetrasulphide ratio gave analyses close to the tetrasulphide di- 
alcoholate, and (2) unchanged hydrosulphide could be separated 
from solutions treated with sulphur in quantities sufficient only to 
form disulphide (i.e., 2LiHS + S —~> Li,S, + H,§). 

* (S) = Polysulphide sulphur. 
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a The formation of disulphide by evaporation at the boiling point 
mt ZA is consistent with the lower thermal stability of the higher lithium 


be | Suiphides than that of the corresponding sodium compounds : 
indeed, the argument put forward by Rule and Thomas (ibid., 
pp. 185, 186) applies equally well to lithium, except that in this 


um 
cers fy case the disulphide, not the tetrasulphide, is stable under the 
gen experimental conditions. 


(b) (a) Measurement of hydrogen sulphide evolved. 0-9 G. of metallic 
hief lithium, when treated with 100 c.c. of absolute alcohol under nitro- 
cing | 8": gave lithium ethoxide, which was converted into a hydrosulphide 
the | Solution of which the lithium content was immediately determined 
by titration with standard acid. 

This solution (50 ¢.c.) was placed in a 250-c.c. round-bottomed 
flask and through an attached reflux condenser a weighed quantity 
of sulphur in a small bottle was added. The hydrogen sulphide 
produced was removed by an hour’s gentle boiling in a current of 
nitrogen delivered below the surface, and was trapped in a series 
of absorption vessels containing 0-2N-iodine solution. Titration of 
the residual iodine with 0-2N-thiosulphate solution gave a measure 
of the hydrogen sulphide thus evolved. 

As it was noted that the hydrosulphide of lithium underwent 
alcoholysis to a much greater extent than those of the other alkali 
metals, the magnitude of this effect was estimated by measuring the 
hydrogen sulphide evolved when an aliquot portion of the solution 
was boiled in nitrogen under the standardised conditions. Evidently 
the correction is applicable only when small quantities of sulphur 
have been added, for otherwise the residual hydrosulphide is small. 

The results (Table I) are plotted in Fig. 1, the point at the com- 
—— position corresponding to disulphide being corrected for the hydroly- 
sis of the unchanged hydrosulphide known to be present. 





, 179) 
these ‘ TasBxe I, 
Atoms §S G. of H,S evolved per g.-mol. of LiHS. 

llising added per 
% f 2LiHS. Expt. 1. Expt. 2. Expt. 3. Mean. 
10n 0 0 2-02 1-90 1-82 1-91 
1 are l 7-43 6-90 6-46 6-93 
watels 2 9-81 9-46 9-38 9-55 
ysta 3 12-95 12-98 12-70 12-88 
vith a 4 15-47 15-20 14-90 15-19 
je di- 5 wae ea 16-28 16-28 

4 6 — 16-46 16-66 16-56 
arate 7 oe 16-61 om 16-61 
nly to 10 16-98 — oe 16-98 





(b) Crystallisation of solutions prepared from hydrosulphide. 
-G. portions of lithium dissolved in 75 c.c. of absolute alcohol 
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were converted into the hydrosulphide, and the required weights of 
sulphur dissolved in the gently boiling solutions. 

When sulphur was used in the proportion required for disulphide, 
a yellow solution, brownish-red when hot, was formed; on evapor- 
ation at room temperature in a vacuum desiccator over phosphoric 
oxide, this became filled with a mass of colourless, nacreous plates, 
So viscous had the solution become, and so sensitive were the crystals 
to moisture and oxidation, that only a part of the liquor could be 
removed by filtration. Furthermore, their great solubility prevented 
efficient washing. A specimen of centrifuged crystals appeared 
under the microscope as a suspension of rectangular, colourless plates 
with straight extinction in all positions and a typical biaxial optical 
figure. Such crystals, optically identical with those of the alcohol- 
ated hydrosulphide prepared by the crystallisation of pure hydro- 
sulphide solutions, gave Li: (S) : S = 1 : 0-05 : 1-15, the polysulphide 
sulphur being undoubtedly due to adhering mother-liquor. 

With sulphide in the tetrasulphide proportion, evaporation at 
the room temperature gave a mass of yellow, bi-prismatic, embryo 
crystals, showing straight extinction in two positions. It was 
impossible to grow crystals large enough to give an optical figure 
but the symmetry of the small crystals suggested the monoclinic 
system. Their crystalline form, together with their complete solu- 
bility in both alcohol and water to give clear light yellow solutions, 
showed that the crystals were not sulphur. A suspension of crys- 
tals in mother-liquor was centrifuged on a cotton-wool filter pad 
for 15 mins. at 4000 r.p.m., the mother-liquor poured off from the 
felted mass, the crystals centrifuged again, and then washed on the 
centrifuge with several small quantities of absolute alcohol [Found : 
(I) Li, 6-46; (S), 38-42; 8, 55-58; (II) Li, 6-08; (S), 37-67; $, 
55-70. Li,S,,2C,H,-OH requires Li, 5-98; (S), 41-07; S, 54-70%}. 

With sufficient sulphur for the pentasulphide, a deep red viscous 
solution was obtained, which, when evaporated at room temperature 
to the consistency of thick treacle, deposited minute crystals that 
consisted almost entirely of sulphur (Found: Li:S = 1: 76). 
The remaining liquor was, without further concentration, cooled 
in a freezing mixture of ice and salt, whereupon a mass of tiny, 
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transparent crystals, typical of the tetrasulphide, was deposited. 
These were separated as completely as possible from mother-liquor, 
and the lithium and polysulphide sulphur determined in a sample 
without weighing [Found: Li: (S) = 2: 2-78, 2: 2-65]. The low 
value for polysulphide sulphur is probably due to loss of the very 
volatile hydrogen persulphide formed in quantity on addition of 
the mineral acid. The evidence as a whole left no doubt that the 
material so produced is lithium tetrasulphide dialcoholate. 
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A saturated solution of sulphur in hydrosulphide was prepared 
by digesting excess of sulphur with a solution of the hydrosulphide, 
and by following the manipulation described by Thomas and Jones 
(loc. cit., p. 2212) results were obtained which confirmed theirs in 
every detail, the only polysulphide separating being one approxi- 
mating to the formula Li,S,,C,H,;-OH. This material was invariably 
contaminated by varying amounts of hydrolysis products. 


Preparation of Polysulphides by Dry Methods. 


(1) Reaction between Sulphur and Lithium Carbonate or Hydroxide. 
—These reactions have not previously been examined. The pro- 
ducts corresponded with those obtained from the analogous sodium 
compounds. 

4-8 G. of sulphur and 7-4 g. of anhydrous lithium carbonate were 
heated under nitrogen. Very slow reaction commenced at about 
200°, giving thiosulphate and polysulphide; at 400°, the product 
contained some sulphate in addition to thiosulphate, whilst at 700° 
much sulphate and small quantities of thiosulphate and sulphite 
were produced. The reaction, as judged from the weight of carbon 
dioxide evolved, was completed at 700° after about 30 mins. 

Analogous reactions were observed with the hydroxide, but 
similar experiments in aqueous solution led to the formation of 
only thiosulphate and polysulphide. 

(2) Action of Lithium on Sulphur.—The reaction between these 
elements (compare Troost, Ann. Chim. Phys., 1857, 54, 107), 
either being molten, is very violent (compare J., 1930, 1485); even 
under an organic liquid, serious decomposition of the liquids occurs, 
and the product is contaminated with carbon and metallic carbide. 
However, a material of very low sulphur content, less than that 
required by disulphide, was obtained and a small amount of un- 
changed metal detected. 

Lithium (1 g.) was melted under 150 c.c. of boiling naphthalene, 
and sulphur added in 0-5-g. lots through a reflux condenser. No 
reaction occurred until 0-5 g.-atom had been added per atom of 
lithium, whereupon one started with explosive violence. Further 
quantities of sulphur did not appear to react. The material 
was filtered off from the liquid naphthalene, thoroughly washed with 
boiling toluene, and strongly heated in a vacuum to expel the 
residual solvent (see J., 1930, 1486). 

The product on treatment with water evolved a mixture of 
hydrogen and hydrocarbons, from free metal and carbides in quanti- 
ties too small to alter the S : 2Li ratio, and deposited free carbon. 
On acidification, the filtrate gave a small amount of polysulphide 
sulphur, which was estimated as follows. The material was treated 
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with dilute hydrochloric acid and boiled until the sulphur had 
coagulated. The mass of carbon and sulphur was filtered off, dried, 
and weighed, and then extracted with carbon disulphide, the sulphur 
being determined by difference. It is clear from the results (Table 
IT) that the polysulphide is only present in minute amount, the chief 
product being monosulphide. 


TaB_eE IT. 
Products, %. 

Reactants : 8S: 2Li, 
See C. 8. (S). Li. mols. 
95-2 11-7 65-1 —- 23-2 1-23 
92-1 18-4 54:8 6-0 26:8 0-90 
90-4 18-9 58-2 7-0 22-9 1-11 


The System Lithium Monosulphide—Sulphur. 

Lithium polysulphides are so unstable that only a small portion 
of the diagram, viz., that between mono- and di-sulphide, could be 
investigated : with greater sulphur content, the melting of the 
mixtures caused severe decomposition into disulphide with rapid 
loss of free sulphur. Nevertheless, the limited results accorded well 
with those obtained by working with solutions. 

The large quantities of polysulphide required were prepared by 
sintering anhydrous monosulphide with the appropriate quantity 
of sulphur at as low a temperature as possible. 14-G. portions of 
metallic lithium were dissolved in 500 c.c. of absolute alcohol in a 
stream of nitrogen on a water-bath, and the solution was saturated 
by a rapid stream of pure dry hydrogen sulphide. About 400 c.c. 
of alcohol were then distilled off in hydrogen sulphide, and the 
remainder was removed in a vacuum. When quite dry, the mass 
was broken up to a fine powder and exposed to hydrogen sulphide 
for 3 hours. The flask was then evacuated and placed in a furnace 
at 450°. After 4 hours, the buff powder was re-gassed for several 
hours, and again heated at 450° for 2 hours (Found: Li, 29-92, 
29-98, 30-13. Calc. for Li,S : Li, 30-44%). 

To prepare polysulphides from this material, it was mixed with 
the appropriate quantity of finely powdered sulphur, and cautiously 
heated until it sintered, and then melted. In all cases in which the 
sulphur was added in excess of that required for disulphide, large 
quantities of the element were lost by distillation : even at disulphide 
composition, this occurred unless special precautions were taken. 
The material which gave the arrest was analysed immediately after 
solidification. In the region of the disulphide, much free sulphur 
was always liberated ; this was removed by extraction with ice-cold 
carbon disulphide, and the residual solid dried in a vacuum and 
analysed. 
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The arrangements employed for the thermal measurements have 
already been described (J., 1930, 1490). Supercooling occurred 
very readily, and all the precautions there described were taken to 
ensure correct arrest temperatures, but even these were of little 
avail, especially in the vicinity of monosulphide. The measurements 
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were further vitiated by the extremely rapid reaction of the melts 
with both glass and porcelain. Most of the higher temperatures, 
however, have an error less than -+- 10°, whilst those relating to the 
disulphide region are probably correct to within + 1°. The results 
recorded in Table III and Fig. 2 show that monosulphide is stable 
at its melting point. 


TABLE III. 


Arrests. 
S, %- Upper. Lower, Solid. Fracture. 
69-5 900—975° -— Li,S Light chocolate 
74-6 774 — 
75-0 765 — 
77-9 618 355° 
79-6 520 353 Dark yellow 
81-2 444 369-5 
82-0 369-5 — Li,8, Brownish-yellow 
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Summary. 

A critical investigation of the formation and properties of the 
lithium polysulphides has yielded the following results. 

1. The action of sulphur on aqueous, aqueous-alcoholic, and 
anhydrous alcoholic solutions of lithium monosulphide gave poly- 
sulphide solutions from which crystalline products could not be 
isolated. 

2. By the dissolution of various proportions of sulphur in alcoholic 
solutions of lithium hydrosulphide, only one compound, viz., Li,S,, 
was formed (2NaHS + 3S —~+> Na,S, + H,S); on crystallisation 
at room temperature this separated as Li,S,,2C,H,-OH. With less 
sulphur, the products were mixtures of tetrasulphide and unchanged 
hydrosulphide. Higher polysulphides may also have been formed, 
but could not be separated by crystallisation. At the boiling point 
of the solutions, only an alcoholated disulphide, Li,S,,C,H,*OH, was 
separable. 

3. Sulphur reacted with lithium carbonate or hydroxide at low 
temperatures orin solution to produce polysulphides and thiosulphate, 
and at higher temperatures to give polysulphides, sulphate, and a 
little sulphite. 

4. Sulphur reacted with molten lithium under naphthalene to 
give monosulphide mixed with a little polysulphide. 

5. A phase-rule study of the system Li,S-S indicated that only 
two sulphides of lithium are stable at atmospheric pressure, viz., 
the monosulphide, stable at its melting point, 900—975°, and the 
disulphide, slightly decomposed at its melting point, 369-5°. 

6. Only two polysulphides of lithium could be formed, the tetra- 
and the di-sulphide, of which the latter is by far the more stable. 


The authors warmly thank Mr. J. H. Smith for his valuable 
assistance. Acknowledgment is made to the Research Committee 
of Armstrong College for grants for the purchase of the potentiometer 
and special centrifuge used in this work. 
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LVII.—The Inhibition of Chemical Reactions. Part 
IV. The Site of Anti-oxygenic Action. The 
Oxidation of Sodium Sulphite and Benzaldehyde. 


By KENNETH CLAUDE Battey and VioLET HILDA FFRENCH. 


In Part III of this series (J., 1930, 115) it was suggested that the 
spontaneous oxidation of benzaldehyde is initiated to a considerable 
extent (about 70%) at the liquid—gas interface, from which reaction 
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chains are propagated into the liquid, the large inhibiting effect 
of very small amounts of sulphur and other substances being attri- 
buted to their preferential concentration at the interface. It was 
admitted that the data given in that paper afforded no means of 
discriminating with certainty between this mechanism and one by 
which the inhibitor acted by interrupting the reaction chain in the 
body of the liquid, although the shape of the inhibition curve was 
deemed to favour the former hypothesis. 

To establish this hypothesis, it was desirable to investigate the 
actual concentration of an anti-oxygen at the surface of the liquid 
concerned, and show a connexion between the surface concentration 
and the magnitude of anti-oxygenic action. 

The method adopted for investigating the surface concentration 
of the inhibitor was that used by McBain and Davies (J. Amer. Chem. 
Soc., 1927, 49, 2230), Laing, McBain, and Harrison (Colloid Sym- 
posium Monographs, 1928, 6, 63), and McBain and Du Bois (J. Amer. 
Chem. Soc., 1929, 51, 3534), in which the films from a large number 
of bubbles, formed by passing an inert gas through the solution in 
question, are collected and analysed. 

The practical difficulty of performing such experiments with a 
solution of sulphur in benzaldehyde was too great, owing to the 
ease with which this liquid oxidises, and to the analytical complica- 
tions which would arise from its contamination with an uncertain 
amount of oxidation products. It was decided, therefore, to examine 
the inhibition by isopropyl and sec.-butyl alcohols of the oxidation 
of sodium sulphite, investigated by Backstrém (ibid., 1927, 49, 
1460), Alyea and Backstrém (2bid., 1929, 51, 90), and others. 


EXPERIMENTAL. 


Measurements of Adsorption at the Air—Liquid Interface.—The 
apparatus and experimental procedure were similar to those of 
McBain and his collaborators (loc. cit.). A stream of bubbles of air, 
previously saturated with the vapours of the solution to be employed, 
was passed up an inclined tube (A), 134 cm. long, containing an 
aqueous solution of the required alcohol, with which the bubbles 
remained in contact long enough for an equilibrium surface to be 
established. (Equilibrium is complete after 4 secs., according to 
McBain: the time of contact in these experiments was about 9 
secs.) The bubbles passed thence into a vertical tube of smaller 
diameter which was bent twice at right angles into a swan-neck at 
a height of 8 cm.: while the bubbles passed up this tube, most of 
the adherent solution drained away. The bubble films in continu- 
ous procession passed over the bend at the top of the vertical tube 
and collapsed into a receiver. Each experiment lasted for 60—80 
P2 
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mins. The collected solution was then ready for analysis. A 
bubble-former (as described by McBain) was made, and the rest of 
the apparatus was adjusted so as to give a stream of bubbles moving 
with suitable velocity and forming a continuous series of films in the 
vertical tube. The apparatus was cleaned before each series of 
experiments with hot chromic acid, and washed with distilled water 
and the solution to be used. The slightest trace of grease causes 
premature breaking of the bubbles. 

If the surface layer surrounding each bubble has a concentration 
of alcohol different from the original solution, this should be revealed 
by analysis. As, however, the film carried over by each bubble is 
not one or two molecules thick but many, the increase of concen- 
tration (if any) of the surface layer is diluted by admixture with 
many molecular layers of the original solution, and the percentage 
change is likely to be very small. 

An examination of the analytical possibilities showed that the 
interferometer method used by McBain was the only one likely to 
be satisfactory. 

As no Rayleigh interference refractometer was available, one was 
constructed locally by one of us (V. H. ff.), using as source of light 
a motor headlight run off a 200-volt circuit reduced by a suitable 
resistance to about 12 volts. The light was focused by a lens on an 
adjustabie slit from which it passed through the two halves of a glass 
cell with accurately planed parallel ends, and divided down the 
centre by a glass slide. From each cell the light passed through 
one of two parallel slits and a long-focus lens. The bands produced 
were viewed with a microscope fitted with an internal scale and an 
external micrometer screw. The block bearing the cell, slit, and 
lens was fixed inside the innermost of a series of three boxes, the 
spaces between which were filled with cotton wool and wood shavings. 
The solutions to be examined were left for several hours in the box 
before analysis to attain temperature equilibrium, and transferred 
to the cells (without the boxes being opened) by delivery tubes 
with rubber tubing attached. Precautions were taken against 
evaporation. 


Dimensions of the Refractometer :— 


Distance from light to lens ...............ccseccssesesseseceers 88 cm. 
SEIPOIN GUUUER BIE WN RUND Sic csionsasdsccscussnssitbedesentencs 24 cm. 
Distance from slit to parallel slits ..................eeeeeeee 184 cm. 
. Distance from parallel slits to objective of telescope .... 72 cm. 
PEEL, vienna desomiabuccianseneesstaphatsvimeririennieees 368 cm. 
Height of beam above bench ...............ssccccscscscceceese 28 cm. 
EE BE EE | icin cvecincndcatinsdnccsensyevtevncbioosesscdvecess 8-675 cm. 
ERUGRINSR GNSS OF MENG 22cccscccarccecesssscccécccesseccnsns ro 0-65 cm. 


The original solution was placed in the right-hand half of the cell, 
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- A | and the film solution or the solution remaining in the long tube (A) 
st of J in the left-hand half. 





7 The instrument was calibrated by measuring the shift produced 

.the 9 in the interference bands by the introduction into the left-hand 

S of half of solutions differing in concentration by a known amount from 

ater J . standard solution in the right-hand half. It was possible to read 

uses | the shift to approximately 0-001 S.D. (scale division). The following 
; is an example of the figures obtained with isopropyl alcohol : 

tion Left-hand side Right-hand side Reading 

aled (g. per litre). (g. per litre). (S.D.). Diff. 

le is 4:35 4:35 23-166 \ ; 

te 4-2925 4-35 23-152 J om 

eg 4-35 4-35 23-164 \ 0-012 

with 4-2925 4:35 23-152 J ” 

tage A change of 0-0575 g./litre in concentration therefore causes a 


mean difference of 0-013 scale division. Calibration curves were 
the ] drawn for both alcohols. 

y to The highest change in concentration obtained during the experi- 

ments only gave a shift of about 0-1 8.D., and a very high degree of 

was [| accuracy cannot be claimed for the individual results, of which the 


ight § general trend is nevertheless quite clear. The symbols used are : 
able 
n an 


V = volume of collapsed film collected. 
A = total surface area of bubbles collected (calculated on the 
lass assumption that each bubble has a cylindrical body with 


the spherical ends). 
~ Cf, Co, Cr = concentration of film, original, and remaining solution 
ice 


respectively (in g. per litre). 
1 an I = increased concentration of solute in the surface layer 


(in g. per sq. cm.). 
the : ‘ : 
As an example of the method of calculation, the following experi- 
ngs. . ° ° 
= ment with sec.-butyl alcohol is given : 
Ox ; = 
nad Volume of film solution, ml. .........s.sceeeeeeeeeeeees 125 
rTeC Duration of experiment, Mins. ............06eeeeeeeees 77 
ibes RUD DOU De I, SOD. cance cncsicccccsccsceseecesses 7-74 
inst Ramgtle OE BERBER, GER. .200..00ccscsccsssevescssessecseeess 0-617 
sie Readings of interferometer (mean of 3) ......-..++- 0-0170 \ vrean 0-0166 


Mi A eed Ae 0-0163 J 


ing the experiment [so as to give directly a value 
BOE Ci FOR Be: cavcssevedsccdassavcenccvassutncuses 0-0156 


(A reading of 0-005 S.D. corresponds to 7-12 x 10-¢ g./ml.) 





125 x 7-74 _, 7712 x 10% x 0-0156 
~ 30x 60x 77x 16037 ° ~ ~000 «~~ 
(where 1-6537 sq. cm. is the calculated area of one bubble) 

= 9-4 x 10% g. per sq. cm. 





cell, 
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The following results were obtained : 


isoPropyl] alcohol 
(Fig. 1, Curve I). 





sec.-Butyl alcohol 
(Fig. 1, Curve IT). 








Original soln. fr x 108 Original soln. r x 108 
(g./litre). (g./sq. em.). Mean. (g./litre). (g./sq. em.). Mean, 
5-7 8- 8-7 4-0 9-4 | 
4-9 7-3 | 10-4 > 9-9 
6-7 | 9-3 10-0 | 
14-0] 2-0 9-8 
4-6 7-3 7:3 12-6 11-3 
3-9 10-5 10-5 11-4] 
2-0 7:7\ 7.0 1:9 8-0 
6-8 J ia 10-3 | 9-8 
1-7 3-4) on 11-0] 
Hw x 5 5:7 5-7 
1-24 2-5 2-5 1-0 Shift not detectable. 
0-6 Shift not detectable. 
0-5 ”” ’” ’° 
Fia. 1. 
Na,SO, oxidised (g. per litre per hour) (C). 
0-07 O11 O15 O19 0-23 
6+ 
+ © 
LQ 
g 
& *] pp 
& I 
8 
3 3 \7 
3 
> 
9a oO 
3 2 
= ° 
S ~~ _O 
© 7 oO 
1+ 
“so 
0 + + + + ~— + + + ‘ 
12 8 4 0 0:02 0-03 0-04 005 0:06 0-07 
r x 108 (g. per sq. cm.) Na,SO, oxidised (g. per litre per hour) 
(I and II). (A and B). 


The rather wide variation between individual results is certainly 


due to the limitation 


of the home-made refractometer. The 


general results are nevertheless clear, that for concentrations higher 
than 2 g. per litre, T has a mean value of about 8-6 x 10° g. per sq. 
em. for isopropyl and about 10-3 x 10° g. per sq. em. for sec.- 
butyl alcohol and varies very little with change in concentration. 


This agrees substantially with the results obtained by McBain for 
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isoamyl alcohol, for which T = 16 x 10% g. per sq. cm. for con- 
centrations higher than 2 g. per litre. 

If 22 x 10-16 sq. em. be taken as the area of an alcohol molecule 
(J. Amer. Chem. Soc., 1927, 49, 2251) the figures quoted above 
suggest that, for concentrations higher than 2 g. per litre, a surface 
layer of solute molecules two or more deep is formed. 

The values of ' required for a unimolecular layer are : 


isoPropyl aleohol 4-5 x 10% g. per sq. cm. 
sec.-Butyl alcohol 5-5 x 10° _,, ee 


Although the exact concentration at which these values are 
attained is left in doubt, the results quoted make it clear that there 
is an abrupt change in I’ between 2 and | g. per litre, and the uni- 
molecular layer is probably formed in each case at a concentration 
of about 1-5 g. per litre. 

It has been suggested (Harkins, Colloid Symposium Monographs, 
1928, 6, 37) that, owing to oscillation, the true area of a bubble is 
greater than that determined by measurement. If adsorption 
becomes complete when the area is a maximum, then when the 
surface diminishes, the concentration of dissolved substance at the 
bubble surface will be abnormally high. It seems unlikely 
that the concentration could thus be affected to any great extent, 
but, even if we suppose the maximum area to be twice as great as 
that calculated in this paper, a unimolecular layer of solute will have 
been formed in all solutions whose concentrations is 2 g. per litre and 
upwards. 

It was observed that, although with solutions of concentration 
exceeding about 1-5 g. per litre, the bubbles, in favourable circum- 
stances, ascended the vertical tube with ease, yet when the con- 
centration fell below 1-5 g. per litre it became increasingly difficult 
to secure the passing of the bubbles over the bend without collapse. 
This marked decrease in the stability of the bubbles thus appeared 
to coincide with the point at which a complete unimolecular layer 
ceased to be formed. 

The presence of sodium sulphite as well as alcohol in the aqueous 
solution is not likely to interfere very greatly with the establishment 
of a surface layer of alcohol, for the concentration of sodium sulphite 
in the surface layer is, no doubt, lower than in the bulk of the 
solution, as is the case with inorganic salts in general. 

Measurements of the Velocity of Oxidation.—The velocity of oxid- 
ation was now measured of solutions of sodium sulphite containing 
various amounts of isopropyl or of sec.-butyl alcohol. 50 Ml. of a 
solution containing 20 g. of sodium sulphite per litre and a suitable 
amount of alcohol were placed in an unshaken cylindrical bottle, 
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with free access to the air (area of exposed liquid surface = 22 sq. 
cm.). Four bottles were used for each dilution, and one was taken 
for titration at intervals. The rate of oxidation was at first fairly 
constant, and the value given is the average rate for the first 7 
hours. 

The concentration of the sulphite solution was determined by 
titration with 0-05N-sulphuric acid to py, 4:3, methyl-orange 
being used as indicator, and the standard being the colour obtained 
with an equal volume of a buffer solution made by diluting 50 ml. of 
N/5-potassium hydrogen phthalate solution and 5-53 ml. of N/5- 
sodium hydroxide solution (free from carbonate) to 200 ml. (Dodge 
et al., J. Amer. Chem. Soc., 1920, 42, 724, 1655). . 

The following results are typical of numerous experiments : 


Inhibitor, g./l. Na,SO, oxidised, g./l./hr. 


sec.-Buty] alcohol. 0-5 0-064 
Temp., 12-8°. 0-75 0-054 
(Curve A) 1-25 00445 

1-75 0-040 
3-0 0-031 
6-0 0-024 

isoPropyl alcohol, 0:75 0-068 
Temp., 13-1°. 1-25 0-057 
(Curve B) 1-75 0-049 

3-0 0-0355 
6-0 0-0255 

sec.-Butyl alcohol. 0-5 0-227 
Temp., 25°. 1-0 0-192 
(Curve C) 1-5 0-118 

2-0 0-113 
4-0 0-078 
6-0 0-071 


Discussion. 

To make it probable that anti-oxygenic activity in a given case is 
due to the concentration of the inhibitor at the air—liquid interface, 
where it interferes with a reaction initiated at or near that interface, 
at least three conditions should be fulfilled : (1) the rate of the un- 
inhibited reaction should be proportional to the area of the interface, 
(2) the inhibitor should be preferentially adsorbed at the interface, 
(3) when reaction velocity is plotted against inhibitor concentration, 
the curve should show a discontinuity, which might be expected to 
occur at the inhibitor concentration corresponding with the form- 
ation of a unimolecular layer of inhibitor at the interface. 

It was shown by Bailey in Part ITI of this series that, for benzalde- 
hyde autoxidation, conditions (1) and (3) hold. Curve E (Fig. 2), 
constructed from data given in that paper (loc. cit., p. 113), shows 
the relationship between inhibitor (sulphur) concentration and 
velocity of benzaldehyde oxidation, and exhibits a marked dis- 
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continuity at an inhibitor concentration of about 10 g. per million. 
To test condition (2) for this particular case has not been possible. 
Ordinary analytical methods are not sufficiently delicate to measure 
the very small concentration changes involved, and, in the inter- 
ferometer method employed in the present paper, the errors due to 
accidental oxidation would almost certainly render worthless any 
results that might be obtained. 

It is now shown that condition (2) holds for aqueous solutions of 
alcohols which inhibit the oxidation of aqueous sodium sulphite 
solutions, but condition (3) no longer obtains. 
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Velocity of oxidation of Na,SO,;. Velocity of oxidation of benzaldehyde. 


Curve D (Fig. 2) is constructed from Backstrém’s data for the 
inhibition by mannitol of the oxidation of sodium sulphite, the 
solution being shaken throughout the experiment. The curve is 
smooth, and similar in appearance to Curves A, B, and C obtained 
from experiments performed without shaking. The mechanism 
in both cases appears to be the same, and no explanation has yet 
been offered more probable than that proposed by Backstrém (loc. 
cit.), viz., that reaction chains are interrupted by inhibitor molecules. 

The extent of this interruption in homogeneous solution must be 
a function of the concentration of inhibitor, and of the number of 
reaction chains commenced per unit time. The curve obtained by 
plotting velocity against concentration of an inhibitor acting in this 
way should be free from discontinuity. If this is so, reaction- 
chain interruption in homogeneous solution cannot furnish a com- 
plete explanation of Curve E (autoxidation of benzaldehyde.). 

It has been demonstrated by one of us (Joc. cit.) that the inhibition 
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of benzaldehyde autoxidation cannot be attributed to the arrest 
of a solid-surface reaction, and the comparison of Curve E with 
Curves A, B, C, and D makes it unlikely that chain interruption in 
homogeneous solution can be responsible. It remains possible that, 
in the case of benzaldehyde, accumulation of inhibitor at the gas- 
liquid interface may be the deciding factor, even although the present 
research has failed to demonstrate its importance in the case of 
sodium sulphite oxidation. The effectiveness of an inhibitor 
concentrated at the surface may be due to inactivation of a reaction 
complex which, if not interfered with, might initiate a lengthy chain, 
or, as has been suggested to us, its action may be due to a dimirution 
in the velocity with which oxygen diffuses into the liquid. This 
effect, if it exists, would probably be due to the lower solubility of 
oxygen in the inhibitor layer, and it might be expected to increase 
in intensity until a complete layer of inhibitor had been adsorbed 
at the gas-liquid interface, and to change abruptly when that point 
has been reached. 

The suggestion that, in certain cases, the reaction between oxygen 
and a liquid may take place, or be initiated, largely in the surface 
layer, is strengthened by the work of Davis and Schuler (J. Amer. 
Chem. Soc., 1930, 52, 721) and of Davis and Crandall (<bid., pp. 3757, 
3769) on the absorption of gaseous olefins by sulphuric acid, in which 
they show that the bulk of this reaction between a gas and a liquid 
takes place in a thin film on the surface of the liquid. 


Summary. 

(1) When isopropyl or sec.-butyl alcohol is dissolved in water, a 
layer of solute 1—2 molecules deep is formed at the surface of the 
solution when the concentration of solute reaches about 1-5—2 g. 
per litre. 

(2) When oxidation velocity of sodium sulphite solution is plotted 
against concentration of alcohol (inhibitor), the curve obtained shows 
no discontinuity at this concentration of inhibitor. 

(3) The inhibitor—velocity curves suggest that the mechanism of 
the autoxidation of benzaldehyde cannot be identical with that of 
sodium sulphite in aqueous solution. Possible explanations are 
discussed. 


The authors desire to thank Professor R. W. Ditchburn, Ph.D., 
F.T.C.D., and Mr. H. J. J. Braddick, B.A., for assistance in the 
preparation of the interferometer employed, and the J. M. Purser 
Fund, Trinity College, Dublin, for a grant for the purchase of 
materials. 
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PART It. 


rest 

with LVIII.—The Lupin Alkaloids. Part III. 

m in 

hat, By Grorce Roger Ciemo, RicuarRD RaPsER, and CHARLES 
yas~ RoBERT SYDNEY TENNISWOOD. 

sent — A.rHovuaH it has generally been assumed that lupanine and sparteine 


" of | are structurally related, no evidence in favour of this view has 
itor hitherto been advanced. Since, however, dil-lupanine can be 
tion | reduced to an inactive base (,;H,,N, (Clemo and Leitch, J., 1928, 


ain, 1811), which is probably dl-sparteine, we were induced to repeat 
tion the experiment with the active lupanines. 
Chis No supplies of the active alkaloids being available, experiments 


y of on the resolution of the dl-base were carried out. Davies (Arch. 
7 Pharm., 1897, 235, 211) gives a method for accomplishing this by 
‘bed mechanically separating the crystals of the thiocyanate of the base, 


oint but we were unable to repeat his work, and his statement that the 

thiocyanate of the d-base is yellow while that of the /-base is colour- 
‘gen | less suggests that the presence of a coloured active impurity may 
face have facilitated the spontaneous resolution. We find, however, 
ner. | that the active forms of the alkaloid are readily obtained by crystal- 


~~ 


‘O/, | lising the camphorsulphonates from acetone, in which the d-salt of 
uich the d-base and the /-salt of the /-base are less soluble than the 
uid | alternative pair of compounds. From these, d- and /-lupanine have 
been obtained, showing respectively [a]) -+ 61-4° and -~ 61-0°. 
So far the /-base has not been induced to crystallise, but the d-base 
solidifies on standing and then melts at 40° (Davies, loc. cit., gives 





os 44°). By mixing equal quantities of the active forms, dl-lupanine, 
aa m. p. 98°, is regenerated. The thiocyanates of the active bases 
~ © § soften at about 145° with loss of crystal water, and melt at 184° 
ted (Soldaini, Gazzetta, 1893, 23, i, 145; 1895, 25, i, 364, gives 183— 
std 184° for the d-thiocyanate and 123—124° for the dl, and Davies 
sie gives 188—189° for the active and 124° for the inactive salt). 

- By reducing d-lupanine with hydriodic acid and red phosphorus 
fof § YO have obtained a base which we believe to be l-sparteine. The 
oil picrate melts at 205—206°, alone or mixed with a specimen prepared 


from sparteine sulphate purchased from Messrs. Smith of Edinburgh, 
and the monohydriodide melts at 231°, alone or mixed with an 
)P., 9 authentic specimen prepared from the same source. ‘The latter is 
the § especially suitable for the mixed melting-point test, as its decom- 
“ser position point is much higher than the melting point. So far, 
however, the naturally occurring base and that obtained from 
lupanine show a difference of some 6° in their specific rotations. 
Similarly, J-lupanine is reduced to d-sparteine, whose picrate melts 
at 205—206°, but at 200° when mixed with that of /-sparteine. 


of 













430 CLEMO, RAPER, AND TENNISWOOD : 


Further evidence of the labile nature of the lupinine molecule has 
been obtained (compare Part II, J., 1929, 1928) by the action of 
alkalis on w-bromolupinane. When this compound is heated at 
170—180° with an aqueous solution of sodium acetate, lupinine 
is formed, but with 20% methyl-alcoholic potash on the water-bath 
it gives a mixture of lupinine methyl ether and /-4-anhydrolupinine. 
This facile formation of the levorotatory ¥-anhydrolupinine might 
be explained by its having structure (I), hitherto given to anhydro- 


>CH >C ~CH-CH, "NH, 
SC:CH, <— Se-cH; C.H,,N! 

>C >c” |-CH, 
(I.) (II.) (IIT.) 


lupinine, while the inactive anhydrolupinine prepared by the more 
drastic method of Willstatter and Fourneau (Ber., 1902, 35, 1922; 
compare also Schopf and Thoma, Annalen, 1928, 465, 97) might be 
represented by structure (II). This does not accord well, however, 
with the formation of %-anhydrolupinine by the Hofmann degrada- 
tion of chlorolupinane methiodide, or the fact that the y-base forms 
two stereoisomeric methiodides, and it appears necessary to envisage 
the possibility of radical structural changes occurring in the lupinine 
molecule such as, for instance, the change of bornyl chloride into 
camphene. 

Against formula (II) for anhydrolupinine, Karrer and Vogt 
(Helv. Chim. Acta, 1930, 13, 1073) report that they have prepared 
the /-anhydro-base in 36°% yield by treating chlorolupinane with 
trimethylamine and submitting the resulting ammonium salt to the 
Hofmann degradation. It is claimed that the properties of the 
l-base agree in all respects * with those already described for dl-an- 
hydrolupinine. In view of the above results, which had been 
obtained before the appearance of Karrer’s paper, it seemed to us 
possible that the activity of the so-called /-anhydrolupinine might 
be due to the presence of /-y-anhydrolupinine. On repeating the 
experiment we found that the resulting anhydro-base, which, as 
shown in the experimental part, contained some o-dimethylamino- 
lupinane even when the fractionation was carried out at 0-5 mm., 
had the properties of the ¥- rather than of the dl-anhydro-base : 
it was much more stable to air, had the characteristic odour of the 
¢-base, and gave a picrate (difficult to separate from a small amount 
of «-dimethylaminolupinane picrate) of [«], — 53-0°, and m. p. 
152°, not depressed by admixture with ¥-anhydrolupinine picrate 


* “ Die Verbindung besass alle schon von friiheren Autoren beobachteten 
Eigenschaften und Eigentiimlichkeiten. Insbesondere erwies sie sich auch 
wenig haltbar, indem sie sich schon nach mehrstiindigem Stehen braéunte und 
dunkle, viscose, dlige Anteile ausschied.’’ 
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of m. p. 154° and [a], — 548°. As, however, the two picrates do 
not always appear identical under the microscope, identity is not 
claimed at present. Further, catalytic reduction of Karrer and 
Vogt’s l-anhydro-base gave a dihydro-compound with [«])p — 0-64°. 
In Part IT (loc. cit.) we described y-anhydrodihydrolupinine with 
[x]» -+-21-7° in acetone, and it seems possible, therefore, that 
Karrer’s claim to have prepared active anhydrolupinine, as called 
for by his lupinine formula, may be explained by his base being a 
mixture of y-anhydrolupinine with a small amount of o-dimethy]l- 
aminolupinane, which, we find, has [«]) — 37-7° in acetone. It is 
noteworthy that, although anhydrolupinine is so unstable to air, it is 
largely recovered after 24 hours’ boiling with nitric acid (20%). 
When o-chlorolupinane (J., 1929, 1934) is heated with ete 
phthalimide, and the resulting compound hydrolysed by the method 
of Ing and Manske (J., 1926, 2348), w-aminolupinane (IIT) is formed. 
This reacts somewhat violently with succinic anhydride, giving a 
solid insoluble in alcohol which has not been examined further, but 
with methyl succinate it yields N(11)-lupinylsuccinimide (IV) and 
dilupinylsuccinamide (V). With methyl glutarate, on the other 


RN CO-CH, 
ou Nn {-CH-CH,N< 2 (c; (-CH-CH,-NH 
( - : ~ Tar a) Cc 
HisN \_loat COCH, 7HisN | Cay #*O-CH,: i 
(IV.) } (v.) 
H-CH,-NH 
C.H..N!-Y Tt 
HHysN 1. CH, **00-(CH |,,CO,Me 


‘ f ‘CH-CH,"1 ‘NH: (: 
(« 7Hy3N CH,» : Cs, H,]; (VII) 


(VI.) 


hand, the main products are methyl N(11)-lupinylglutaramate (V1) 
and dilupinylglutaramide (VII), and up to the present it has not been 
possible to convert (VI) into N(11)-lupinylglutarimide, to effect ring 
closure between the carbonyl and the methylene group marked *, 
and to eliminate methyl alcohol from the imino- and the carbo- 
methoxy-group (+) of (VI), so as to obtain compounds isomeric, 
or identical, with lupanine. The two carbonyl groups in both 
N(11)-lupinylphthalimide and (IV) are converted into methylene 
groups by electrolytic reduction. 

When «a-methyloxysparteine { is treated with two atomic pro- 
portions of bromine in benzene or carbon disulphide solution, 
bromo-«-methyloxysparteine hydrobromide is formed, from which 
potassium carbonate liberates the base. The bromine atom in this 
compound is very firmly held, as the substance is not attacked by 


{ We wish to acknowledge valuable assistance in this work from Mr. H. R. 
Wilson, B.A. 
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alcoholic potash, hydrobromic acid, potassium hydroxide at 180°, or 
boiling pyridine. 
EXPERIMENTAL. 

d-Lupanine d-Camphorsulphonate—dl-Lupanine (50 g.) and 
d-camphorsulphonic acid (46 g.) were dissolved in boiling acetone 
(100 c.c.). On cooling, 37 g. of salt separated in colourless prisms, 
m. p. 112—115°, [«], -+ 42-5° in 5-106% aqueous solution (Found : 
C, 58-2; H, 83%). This was recrystallised three times from 
acetone ([a]p 45-0°, 45-5°, 45-5°). The last crop (24-2 g.), m. p. 108— 
110°, gave C, 58-2; H, 8-6; N, 5-2 (C.;H,jO;N,S,2H,O requires 
C, 58-1; H, 85; N, 5-4%). 

d-Iwpanine.—When the above salt (23 g.) in water (30 c.c.) was 
treated with a saturated solution of potassium iodide (25 g.), d-lup- 
anine hydriodide (14 g., colourless prisms, m. p. 189°, [«]» +- 45-5° in 
water) was deposited (Found : C, 43-95; H, 7-0. C,;H,,ON,,HI,2H,0 
requires C, 43-7; H, 7-0%), 13 g. of which, decomposed with potass- 
ium hydroxide and extracted five times with chloroform, gave 
d-lupanine (6-5 g., b. p. 185—186°/0-08 mm.) as an almost colourless, 
very viscous oil, [«], -++ 61-4° in 3-495% acetone solution (Found : 
C, 72-6; H, 9-7. Cale. for C,;H,,ON,: C, 72-6; H, 97%). On 
standing, the oil crystallised completely, and then melted at 40°. 
It was hygroscopic, and gradually turned brown in the air. 

d-Lupanine thiocyanate is formed, when the base is treated in 
water with ammonium thiocyanate (1 mol.) (Davies, loc. cit.), as 
colourless prisms, softening at 143° with loss of water of crystal- 
lisation, and finally melting at 184°; [«], -+- 55-6° in 1-062% aqueous 
solution. Davies gives 47-1°, no solvent or concentration being 
mentioned. 

1-Lupanine |-Camphorsulphonate.—The mother-liquors from the 
first crop of d-lupanine d-camphorsulphonate were evaporated as 
far as possible, treated with potassium iodide (25 g.) in water (30 c.c.), 
and boiled till free from acetone. On cooling, lupanine hydriodide 
(33-6 g.) crystallised, from which lupanine (18 g., b. p. 185—188°/ 
0-08 mm.) was obtained. When this was combined with !-camphor- 
sulphonic acid (16-5 g.) in acetone (35 c.c.), l-lwpanine 1-camphor- 
sulphonate (20 g.), [«]» — 41-5°, separated. Recrystallisation from 
acetone gave 16-1 g., m. p. 110—113°, [«], — 45-3° (Found: ©, 
58-0; H, 8-5; N, 5-5. C,;H,O;N,S8,2H,O requires C, 58-1; H, 
8-5; N, 54%). 

1-Lwpanine.—The camphorsulphonate (15 g.) in water (15 c.c.) 
was treated with potassium iodide (15 g.) in water (15 c.c.); 1-lwpan- 
ine hydriodide (10 g.) then crystallised in colourless prisms, m. p. 
190°, [a]p — 43-6° (Found: C, 43-9; H, 6-8. C,;H,,ON,,HI,2H,0 
requires C, 43-7; H, 7-0%), from 9-5 g. of which /-lupanine (4:7 g., 
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b. p. 186—188°/1 mm., [«], — 61-0° in 3-146% acetone solution) 
was obtained as a very viscous oil (Found: C, 72-75; H, 10-0. 
Cale. for C,;H,,ON,: C, 72-6; H, 9-7%). J-Lupanine thiocyanate, 
prepared from the above, melted at 183—185° after softening at 
142°, and showed [«]) — 55-3° in 1-25% aqueous solution. 

Equal weights of the d- and the /-lupanine, mixed together, gave 
dl-lupanine, m. p. 97°, raised to 98° by recrystallisation from acetone 
and not depressed by admixture with dl-lupanine (m. p. 98°) from 
Lupinus termis seeds. 

1-Sparteine.—Four sealed tubes, each containing d-lupanine 
(1-25 g.), red phosphorus (1-25 g.), and hydriodic acid (5 c.c., d 1-94), 
were heated for 36 hours at 220—230°. The excess of hydriodic 
acid was then removed at 150° under reduced pressure and the 
residue was treated with potassium hydroxide and extracted with 
chloroform. On fractionation, 0-65 g. passed over up to 150°/1 mm., 
and 1-25 g. above this temperature. The latter solidified on stand- 
ing and was unchanged lupanine. When the first fraction was 
redistilled, /-sparteine (0-45 g., b. p. 130—135°/1 mm.) passed over 
(Found: C, 76-6; H, 11-2. Cale. for C,,;H,,.N,: C, 76-9; H, 
11-1%); [e«]o in 2-732% absolute alcoholic solution, — 11-3°. 
Another similar experiment gave 0-55 g. of base, b. p. 130—135°/ 
| mm., [a], — 10-5°. The recorded specific rotation of sparteine is 

16-4° (Willstatter and Marx, Ber., 1904, 37, 2356). 

The /-sparteine prepared from lupanine gives the sulphur—hydrogen 
sulphide colour reaction of sparteine. The picrate, prepared from 
the base and picric acid (2 mols.), melts at 205—206°, alone or 
mixed with authentic /-sparteine picrate (Found: C, 46-5; H, 4-5. 
Cale. for C,;H,,.N.,2C,H,0,N,: C, 46-8; H, 46%). The mono- 
hydriodide (colourless prisms from water) has m. p. 231°, alone or 
mixed with authentic l-sparteine hydriodide (Found: C, 49-5; H, 
7-7. Cale. for C,;H,,.N,,HI: C, 49-7; H, 7-5%). 

d-Sparteine (0-6 g.) was similarly obtained from J-lupanine 
(3-75 g.) and is a colourless oil, b. p. 133—135°/1 mm., [«]p + 15-9° 
(Found : C, 76-9; H, 11-2. C,;H,,N, requires C, 76-9; H, 11-1%). 
The picrate melts at 205—206° (Found: C, 47-0; H, 4:3. 
C,;HagN2,.2C,H,0,N, requires C, 46-8; H, 46%), and the mono- 
hydriodide at 229° alone, but, mixed with /-sparteine hydriodide, at 
194—198° (Found: C, 49-5; H, 7-6. C,;H,,N,,HI requires 
C, 49-7; H, 7-5%). 

Bromolupinane.—A mixture of phosphorus pentabromide (4:3 g.) 
and lupinine (1-65 g.) in dry benzene (10 c.c.) was heated for an hour 
on the water-bath and cooled and a little ice and then potassium 
hydroxide (25 c.c., d 1-25) were added. The benzene layer was 
separated, the alkaline solution again extracted with benzene, and 
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the combined benzene extracts dried and fractionated, giving 
bromolupinane as a colourless oil (1-8 g.), b. p. 103°/1 mm., which 
formed a methiodide, colourless prisms, m. p. 226—228° (decomp.), 
from ethyl alcohol (Found: C, 35-7; H, 5-8. C, H,gNBr,Mel 
requires C, 35-3; H, 5-6%). 

The action of methyl-alcoholic potash on bromolupinane. Bromo- 
lupinane (5 g.) and methyl-alcoholic potash (10 c.c. of 20%) were 
refluxed on the water-bath for 16 hours, the alcohol was removed, 
and the residue extracted twice with ether and fractionated, giving 
“A” (1-6 g.) up to 75°/1 mm. and “ B ” (1-6 g.) from 80—85°/1 mm. 
The “ A ” fraction, when redistilled, almost all passed over at 61— 
63°/0-5 mm.; it gave a picrate, yellow plates from alcohol, m. p. 
154°, not depressed by admixture with y¥-anhydrolupinine picrate 
(Found: C, 50-9; H, 5-6. Cale. for C,gH,,N,C,H,0,N,: C, 50-5; 
H, 53%). The “B” fraction redistilled almost wholly at 
84—85°/l1 mm., giving lupinine methyl ether; this formed a 
methiodide, colourless plates, m. p. 177—178°, from acetone (Found : 
C, 44-7; H, 7-4. C,.H,,ONI requires C, 44-3; H, 7-4%), and a 
picrate, bright yellow prisms, m. p. 81—82°, from ethyl alcohol 
(Found: C, 49-7; H, 6-0. C,,H,,ON,C,H,0,N, requires C, 49-5; 
H, 58%). 

The Action of Heat on w-Lupinyltrimethylammonium Chloride.— 
This compound (3-5 g.) was prepared and treated with silver oxide 
as described by Karrer and Vogt (loc. cit.), giving 1-2 g. of a damp 
oil which, after being dried in ether and fractionated, gave 0-8 g., 
b. p. 63—65°/0-5 mm., and 0-2 g. up to 90°/0-5 mm. (approx.). 
A portion (0-2 g.) of the main fraction, when treated in alcohol- 
ether with picric acid (0-3 g.), gave 0-45 g. of crystalline picrate, 
m. p. 150—153°; this was freed from most of the admixed «-di- 
methylaminolupinane picrate (for methiodide, see below) by re- 
crystallisation from ethyl alcohol—ethyl acetate; it then melted at 
152—153°, alone or mixed with y-anhydrolupinine picrate of m. p. 
154°. The 152° picrate gave [a], — 53° in ethyl acetate, and 
y-anhydrolupinine picrate [«], — 54-8° in the same solvent. 

The same basic fraction (0-1 g.) in acetone gave, with methyl 
iodide, a crystalline solid which on extraction with acetone left a 
residue, m. p. 290—295°. This crystallised from aqueous ethyl 
alcohol (1 : 9) in long colourless prisms, m. p. 308°, not depressed by 
admixture with the dimethiodide of «-dimethylaminolupinane (see 
below). On concentration of the acetone extract a crystalline 
deposit was obtained which melted at 198—210°, a behaviour 
characteristic of the mixture of «- and §-/-anhydrolupinine 
methiodides. 

«-Dimethylaminolupinane was prepared from w-chlorolupinane and 
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dimethylamine and obtained as a colourless oil, b. p. 95°/0-5 mm.., 
[«]> —37-7° in acetone (Found: C, 73-6; H, 12-2. C,,H,,N, re- 
quires C, 73-4; H, 12-2%). The dimethiodide formed long colourless 
prisms, m. p. 308°, from dilute alcohol (90%) (Found: C, 35-1; 
H, 6-4. C,,Hs)N,I, requires C, 35-0; H, 63%). 

11-Aminolupinane.—Chlorolupinane (25-3 g.), potassium phthal- 
imide (28 g.), and a trace of copper powder were heated for 72 hours 
at 210—220°. The reaction mixture was ground with dilute sodium 
hydroxide solution, washed with water, and dried. The product 
(32—33 g., m. p. 160—162°) was vacuum-distilled in portions, 
giving 31 g. of m. p. 164—165°, and then crystallised from light 
petroleum (b. p. 80—100°), giving N(11)-lupinylphthalimide as long 
colourless prisms, m. p. 165° (Found : N, 9-3. C,,H,.0,N, requires 
N, 9-4°%). The compound was unchanged in concentrated sulphuric 
acid after 24 hours. 

The electrolytic reduction of the above phthalimide (2 g.) in 
20% sulphuric acid gave N-lupinyldihydroisoindole, which formed 
long colourless prisms, m. p. 88°, from ligroin (b. p. 40—60°) (Found : 
C, 80-1; H, 9-8; N, 9-9. C,.H,,N, requires C, 80-0; H, 9-6; N, 
10-4%). 

The hydrolysis of lupinylphthalimide was effected by dissolving 
the crude material (9 g.) in ethyl alcohol (90 c.c.), adding hydrazine 
hydrate (3 c.c. of 90—95%), and refluxing the mixture for 45 minutes. 
Hydrochloric acid (15 ¢.c.; 1 : 3) was then added and after some time 
the phthalylhydrazide was filtered off, the filtrate evaporated to 
dryness on the water-bath under reduced pressure, potassium 
hydroxide solution (75 c.c., d 1-25) added, and the liberated base 
extracted with ether. After it had been dried over potassium carbon- 
ate, fractionation gave 1l-aminolupinane (4-4 g.), b. p. 98°/1 mm. 
The compound rapidly absorbed carbon dioxide from the air and it 
formed a benzoyl derivative, which crystallised from light petroleum 
(b. p. 80—100°) in thin colourless prisms, m. p. 131—132° (Found : 
U, 74:5; H, 8-7. Cj ,H,,ON, requires C, 75-0; H, 8-8%). 

N(11)-Lupinylsuccinimide (IV) and Dilupinylsuccinamide (V).— 
Aminolupinane (4-4 g.) and methyl succinate (4-5 g.) were heated to 
160° in 5 minutes and then slowly to 190° during an hour. The 
product was cooled somewhat, benzene (12 c.c.) added, and the 
mixture kept for a time and then warmed on the water-bath. The 
colourless crystals (1-55 g.) of dilupinylsuccinamide obtained formed 
thin rectangular prisms, m. p. 225—226°, on recrystallisation from 
alcohol or benzene (Found: C, 69-0; H, 9-9. C,H  O,N, requires 
C, 68-9; H, 10-05%). 

The original filtrate was fractionated, and after recovery of some 
methyl succinate 4-4 g. of oil passed over at 210—220°/1 mm. and 
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at once solidified. By crystallisation from light petroleum (b. p. 
80—100°), Lwpinylsuccinimide (IV) was obtained in long colourless 
prisms (4 g.), m. p. 137° [Found: C, 67-3; H, 8-7; N, 11-2; M 
(Rast), 244, 250, 245. C,,H,.O,N, requires C, 67-2; H, 8-8; N, 
11-2%; M, 250]. It is readily soluble in most organic solvents, in 
cold water, giving a strongly alkaline solution, and in dilute acids, 
and forms a methiodide which separates from 90% alcohol in thin 
colourless plates, m. p. 290; on standing in contact with the solvent, 
these change to stout prisms, m. p. 293—294° (Found: C, 46-0; 
H, 6-5. C,,H,,0,N,I requires C, 45-9; H, 637%). 

N(11)-Lupinylpyrrolidine.—Through a solution of the above base 
(LV) (2-2 g.) in 20% sulphuric acid (30 c.c.), a current of 3 amps. was 
passed for 12 hours (compare J., 1918, 113, 764). From the reaction 
mixture, made strongly alkaline with sodium hydroxide, ether 
extracted a colourless oil (1 g.), b. p. 155°/1 mm.; this gave a di- 
methiodide which crystallised from 90% ethyl alcohol as thin colour- 
less prisms, changing to stout prisms, m. p. 302° (decomp.) (Found : 
©, 37-9; H, 6-3. C,,H,,N.,2Mel requires C, 37-9; H, 6-3%). 

The compound (V) is not reduced under the above conditions. 

Methyl N(11)-Lupinylglutaramate (V1) and Dilupinylglutaramide 
(VII).—A mixture of aminolupinane (3-2 g.) and methyl glutarate 
(3-2 g.) was heated at 180° for 75 minutes and cooled somewhat and 
benzene (5 c.c.) and then light petroleum (15 c.c., b. p. 80—100°) were 
added. The resulting gelatinous mixture was heated for a time on 
the water-bath and 1-6 g. of (VII) were then separated by filtration. 
The filtrate on fractionation gave methyl glutarate (1-9 g.) and (V1) 
(2-65 g.), b. p. 210-—225°/1 mm., which solidified and then crystallised 
from benzene-—light petroleum (1 : 9) in colourless plates, m. p. 75— 
76° (Found: C, 64:7; H, 9-6; M, 302, 286. C,,H,,0,N, requires 
C, 64:8; H, 9-5%; M, 296); the mother-liquor gave thin colourless 
prisms, m. p. 103°, in amount insufficient for a full examination. 
Methyl N(11)-lupinylglutaramate distils unchanged after being heated 
for 2 hours at 180—190°/1 mm. 

Dilupinylglutaramide (1-6 g.) crystallised slowly from ethyl alcohol 
in irregular prisms, m. p. 193—195° (Found: C, 69-4; H, 10-5. 
C.5;H,,0,N, requires C, 69-5; H, 10-2%). 

Bromo-«-methyloxysparteine.—Bromine (5-9 g.) in benzene (100 c.c.) 
was slowly added to «-methyloxysparteine (10g.) in benzene (100 c.c.) 
with shaking and cooling in running water. A bulky, pale yellow 
precipitate (13-6 g.), m. p. 185°, was formed, which, on crystallisation 
from absolute ethyl alcohol (4:5 c.c. per g.) gave bromo-«-methyloxy- 
sparteine hydrobromide (6-5 g.), m. p. 214° (Found: Br, 37°%9. 
C,,H,;ON,Br,HBr requires Br, 38-05%). This salt (3-6 g.) was 
heated for 5 hours with anhydrous potassium carbonate (3-6 g.) in 
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alcohol (10 ¢c.c.), and hot water was added to the filtered solution 
until a faint permanent turbidity appeared. On cooling, bromo- 
a-methyloxysparteine separated in colourless prisms, m. p. 142° 
(yield, almost theoretical) (Found: C, 56:3; H, 7:3; Br, 23-65. 
C,,;H,;ON.Br requires C, 56-4; H, 7-4; Br, 23-4%). 


Qur thanks are due to the Royal Society and the Chemical 
Society for grants used for the purchase of lupanine and lupinine, 
and sparteine respectively. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. [Received, January 3rd, 1931.] 


LIX.—The Lupin Alkaloids. Part IV. The 
Synthesis of Octahydropyridocoline. 


By Gzorce Roger CLEMO and Georcr RownTREE RAMAGE. 


THE development of the work in these laboratories on the lupin 
alkaloids (compare J., 1928, 1811; 1929, 1927; preceding paper), 
combined with the fact that Karrer and co-workers (Helv. Chim. 
Acta, 1928, 11, 1062) advanced structure (I) in preference to (IT) for 
lupinine on the evidence furnished by degradation, made it necessary 
to synthesise octahydropyridocoline (III) and certain of its derivatives. 
The first part of this work was accomplished some time ago and it 
eae CH,-CH-CH,-CH-CH,-OH 

H/ \« \H, CH, | CH, nde Ha 
HL N, Ha CH,-N—CH,-CH, He ‘AN %, Hy 
H, Hy, (II.) 

(I.) » nw 





had been intended to compare (III) with degradation products 
obtained from lupinine and also to synthesise structure (I) itself, 
but in view of the statement by Winterfeld and Holschneider (Ber., 
1931, 64, 137) that they intend to synthesise (III) it is desirable to 
record the results so far obtained, even though the work in connexion 
with the latter objective is still incomplete. If lupinine is represented 
by (I), the elimination of carbon dioxide from lupininic acid (Will- 
statter and Fourneau, Ber., 1902, 35, 1917) should give octahydro- 
pyridocoline. Schépf and co-workers (Annalen, 1928, 465, 121) 
attempted to decide whether lupinine was the quinuclidine derivative 
(IV) by the soda-lime distillation of lupininic acid, but failed thus 
to obtain 3-ethylquinuclidine (Koenigs and Bernhart, Ber., 1905, 








438 CLEMO AND RAMAGE: 


38, 3049) or any other recognisable product. It has now been found 
that in addition to non-basic compounds—not fully investigated 
as yet—this reaction produces a basic mixture from which, after 
reduction with palladium and hydrogen, an inactive base, A, having 
the composition C,H,,N can be readily isolated. This base has an 
intense odour resembling that of oil of fennel, but the pure base 
regenerated from the picrate has a strong non-terpene-like basic 
odour. The picrate, methiodide, and chloroaurate of A are all highly 
crystalline and different from the corresponding derivatives of 
octahydropyridocoline. Further, the derivatives of A show that 
it is not 3-ethylquinuclidine. It appears, therefore, that either 
lupinine is not represented by (I) or structural changes have occurred 
in the production of A. Such possible changes were mentioned in 
Part II (loc. cit.), and Winterfeld and Holschneider have now 
repeated the same idea. The statement by Bruchhausen and Bersch 
(Ber., 1930, 63, 2520) that chelidonine may be derived from the 
berberine alkaloids by the change represented by the partial 
formule (V) and (VI) may have its counterpart in the lupinine 
molecule, whereby a structure such as (I), by fission at } and sub- 
sequent ring closure, would give one of reduced quinoline ‘ype 
(VII). Such a change would account for the isolation of 2:3- 
disubstituted pyridines from lupinine by Winterfeld and Holschneider 
(loc. cit.). 


ACH 
( Hy CH. CH-C,H; AY 
wy ogee AG AY 
HO-H,C-CH CH, CH, Y oe \N/ 
\ I , La / YY 
N (V.) (VI.) 


The synthesis of octahydropyridocoline has been effected by con- 
densing ethyl piperidine-2-carboxylate (Willstatter, Ber., 1896, 
29, 390) with y-bromobutyronitrile (Gabriel, Ber., 1889, 22, 3336). 
Although ring closure of the product, y-2-carbethoxypiperidino- 
butyronitrile, could not be effected by treatment with sodium in 
toluene, the dicarboxylic ester (VIII), prepared from the nitrile 
with ethyl-alcoholic hydrogen chloride, underwent the Dieckmann 
reaction quite smoothly, giving ethyl 1-keto-octahydropyridocoline- 
2-carboxylate. Hydrolysis with dilute sulphuric acid readily gave 
1-keto-octahydropyridocoline, which, when reduced by the Clemmen- 
sen method and by sodium amalgam in ethyl alcohol gave ocia- 
hydropyridocoline and 1-hydroxyoctahydropyridocoline respectively. 
The yields throughout the foregoing operations are very satisfactory, 
10 g. of commercial «-picoline—an improved and more convenient 
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method for the oxidation of which is described—giving, after the 
seven stages involved, 2-2 g. of 1-keto-octahydropyridocoline. 


CH, 


le 
| A CH, CH, 
(VIL.) | CH, CH-CO,Et 
\N (VILL.) 


'  6H,-OH N 
CH, CH,°CO,Et 
Fd 
CH, 

Degradative and synthetic work, particularly with lupininic acid, 
the compound A, and 1-keto-octahydropyridocoline, is being actively 
pursued, as well as an examination of the Hofmann degradation 
products of octahydropyridocoline and its derivatives. 


EXPERIMENTAL. 

Methyl Lupininate and the Base A, C,H,,N.—Lupinine (25 g.) 
was oxidised to lupininic acid and isolated as methyl lupininate 
(17-25 g.; b. p. 105—110°/1 mm. Found: N, 7-05. Cale. for 
C,,;H,gO.N: N, 7-1%) by the Willstatter and Fourneau method 
(loc. cit.) as modified by Schépf and co-workers (loc. cit.). This ester 
(16-4 g.) was refluxed for 4 hours with concentrated hydrochloric 
acid (16 ¢.c.), the mixture evaporated to dryness under reduced 
pressure, and the resulting crystalline hydrochloride well mixed 
with soda-lime (45 g.) and carefully heated in three hard-glass tubes, 
a trap containing dilute hydrochloric acid being attached to the 
receiver. The distillate was made strongly acid with hydrochloric 
acid and steam-distilled; 0-4 g. of a colourless oil rapidly passed 
over. On fractionation, 0-2 g. distilled at 55—60°/15 mm. (Found : 
', 74-5; H, 10-8%) and the remainder at 105—110°/25 mm. (Found : 
U, 80:3, 79°8; H, 10-4, 10-1%). The contents of the steam-distil- 
lation flask were made alkaline and again steam-distilled, and the 
colourless oil which quickly passed over was separated (2-5 g.approx.). 
As analysis subsequent to fractionation had shown some measure of 
unsaturation (Found for a fraction, b. p. 55—60°/0-5 mm. : C, 78:3, 
78-0; H, 11-2, 11-0. C,H,.N requires C, 78-8; H, 11-1%) and as a 
crystalline picrate could not be obtained, the basic material (2-5 g.) 













was dissolved in glacial acetic acid (25 c.c.), palladised charcoal 
(0:25 g., prepared as described in Houben—Weyl’s ‘‘ Chemischen 
Methoden,” 3rd. edn., vol. 2, p. 324) added, and the mixture stirred 
for 4 hours in an atmosphere of hydrogen. After 12 hours, a further 
quantity of catalyst (0-2 g.) was added, and the stirring continued 
for 8 hours. The reaction mixture was then filtered, a small piece 
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of granulated zinc added, and the bulk of the acetic acid distilled 
off. The residue was made strongly alkaline and steam-distilled 
and the volatile oil was extracted with ether, dried, and fractionated, 
giving the compound A (1 g.), b. p. 43—45°/0-5 mm., with an intense 
fennel oil odour, and a fraction B (0-35 g.), b. p. up to 60°/0-5 mm. 
(Found for A: C, 76:1; H, 118%). The base A and sulphur in 
ethereal solution give a light orange precipitate on treatment with 
hydrogen sulphide. The picrate of A (m. p. 186—188°), formed in 
alcohol and recrystallised from that solvent, formed bright yellow 
prisms with straight extinction and a basal cleavage and having 
dome-shaped ends; m. p. 193—194° (Found: C, 48-75, 49-15; 
H, 5-2, 5-4. C,H,,N,C,H,0,N, requires C, 48-9; H, 5-4%) (Found 
for the pure base regenerated from the picrate: C, 77-5, 77-5; H, 
11-8, 12-2. CjH,,N requires C, 77-7; H, 12-2%). The methiodide, 
formed in acetone, in which it was practically insoluble, crystallised 
from a 5% ethyl alcohol—-acetone mixture in square plates, m. p. 
333—335° (decomp.) (Found: C, 42-9; H, 7-1. C,H,,N,Mel 
requires C, 42:7; H, 7-1%). The chloroaurate crystallised from 
alcohol, containing a little hydrogen chloride, in light yellow, 
acicular prisms, m. p. 166—-167° [Found: C, 23-0; H, 3-6; Au, 
41-9; M (for base), 131. C,H,,N,HAuCl, requires C, 22-5; H, 3°8; 
Au, 41-2%; M, 139]. 

When fraction B was redistilled, almost the whole passed over at 
55—60°/0-5 mm. : it has not yet been possible to prepare a crystal- 
line picrate. 

Pyridine-2-carboxylic Acid.—Commercial «-picoline (20 g.) and 
potassium permanganate (36 g.) in water (900 c.c.) were heated in a 
water-bath and more permanganate (36 g.) in water (400 c.c.) was 
added as the colour was destroyed. The oxide was filtered off and 
well washed, and 200 c.c. were distilled from the filtrate and used 
in the next oxidation. The remainder was almost neutralised with 
dilute sulphuric acid, evaporated until crystals appeared, cooled, 
filtered from potassium sulphate (which was washed with a little 
aqueous alcohol), and made slightly acid. Excess of hot saturated 
copper sulphate solution was added and the precipitate was collected, 
washed, suspended in boiling water (150 c.c.), and decomposed with 
hydrogen sulphide. The filtered solution was evaporated to dryness, 
whereby pyridine-2-carboxylic acid (22 g. or 80%), m. p. 130— 
132°, was obtained : the distillate was used in the decomposition of 
the next batch of copper picolinate. 

Ethyl Piperidine-2-carboxylate.—Pyridine-2-carboxylic acid (10 g.) 
was refluxed in dry amy] alcohol (400 c.c.), and sodium (32 g.) added. 
The resulting solution was poured into water (400 c.c.), the alcohol 
was separated and extracted twice with water, and the combined 














‘illed 
‘illed 
ated, 
nse 
mm. 
ir in 
with 
id in 
low 
ving 
15; 
yund 

H, 
lide, 
lised 
l. p. 
Mel 
rom 
low, 
Au, 
38; 


rat 
stal- 


and 
in a 
was 
and 
ised 
vith 
led, 
ittle 
ited 
ted, 
vith 
eSS, 
Q— 
n of 


) g.) 
led. 
hol 


ned 














THE LUPIN ALKALOIDS. PART IV. 441] 


aqueous solutions were acidified with hydrochloric acid and evapor- 
ated under reduced pressure. The residue was extracted three 
times with absolute alcohol (200 c.c. in all), the alcohol removed, 
and the residue refluxed with absolute alcohol (50 c.c.) and concen- 
trated sulphuric acid (10 c.c.) for 10 hours. The alcohol was removed, 
the acid nearly neutralised with sodium hydroxide (15%), and the 
solution saturated with potassium carbonate and extracted with ether. 
The extract on fractionation gave ethyl piperidine-2-carboxylate 
(6-1 g. or 50%), b. p. 92°/12 mm. (Found: N, 8-8. Calc.: N, 8-9%). 

y-2-Carbethoxypiperidinobutyronitrile.—Ethyl _ piperidine-2-carb- 
oxylate (4:71 g.), y-bromobutyronitrile (4-44 g.), and powdered 
anhydrous potassium carbonate (4-5 g.) were heated for 45 minutes 
on the water-bath with occasional stirring. Water was added, and 
the resulting oil extracted with ether and fractionated, giving 
y-2-carbethoxy piperidinobutyronitrile (5-5 g.; almost 90%), b. p. 170°/ 
12mm. (Found: N,12-6. C©,,H,.0,N, requires N, 12-5%). 

When excess of y-bromobutyronitrile was used, a quaternary salt 
(colourless plates, m. p. 184°, from acetone) was formed. 

Ethyl y-2-Carbethoxypiperidinobutyrate (VIII).—A solution of 
the above nitrile (7 g.) in absolute alcohol (30 c.c.) was cooled in ice, 
saturated with dry hydrogen chloride, warmed slightly for 2 hours, 
and refluxed gently for a further 2 hours. The ammonium chloride 
(1-6 g.) was filtered off, the filtrate evaporated underreduced pressure, 
and the residue dissolved in water (10 c.c.), made alkaline with 
sodium hydroxide (15%), and extracted immediately with ether. The 
extract on fractionation gave ethyl y-2-carbethoxypiperidinobutyrate 
(6-4 g.; 75%), b. p. 169°/14 mm. (Found: N, 5:3. C,,H,,0O,N 
requires N, 5-2%). 

Ethyl 1-Keto-octahydropyridocoline-2-carboxylate.—Sodium (0-9 g.) 
was finely powdered under toluene (8 c.c.), and heated on the water- 
bath while the above dicarboxylic ester (5-4 g.) was gradually added. 
The mixture turned dark brown and after 2 hours alcohol was added 
to dissolve any remaining sodium. Water (3 c.c.) was then added 
and the solution (C) was acidified with dilute hydrochloric acid, 
made alkaline with sodium bicarbonate, and extracted with ether. 
The extract on distillation gave ethyl 1-keto-octahydropyridocoline- 
2-carboxrylate, an orange-coloured oil (2-3 g.; 50%), b. p. 155°/15 mm. 
(Found : N, 6:25. C,.H,,0,N requires N, 6-2%). 

1-Keto-octahydropyridocoline.—The above solution (C) was neutral- 
ised, made up to 20% with sulphuric acid, heated for 3 hours on the 
water-bath, cooled, made alkaline with sodium hydroxide (30%), and 
extracted with ether. On fractionation of the extract, 1-keto-octa- 
hydropyridocoline (2-1 g.; 70% calc. on the ester VIII) distilled as a 
yellowish oil, b. p. 107°/14 mm. (Found: C, 70-4; H, 9-7; N, 
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9-3. C,H,,ON requires C, 70-6; H, 9-8; N, 9-2%). The semi. 
carbazone crystallised from alcohol in colourless plates, m. p. 215° 
(Found: C, 57-3; H, 8-6. OC, H,,ON, requires C, 57-1; H, 8-6%). 
The methiodide formed colourless plates, m. p. 210°, from glacial 
acetic acid (Found: C,40-5; H, 63. C,)H,,ONI requires C, 40-7; 
H, 6-1%), 

Octahydropyridocoline (III).—A mixture of 1-keto-octahydro. 
pyridocoline (1 g.), amalgamated zinc (5 g.), and concentrated 
hydrochloric acid (7 c.c.) was kept for 2 hours and then refluxed for 
24 hours. The decanted solution was made strongly alkaline and 
steam-distilled, and the distillate extracted with ether. The 
extract on fractionation gave octahydropyridocoline (0-55 g.; 60%), 
b. p. 43°/0-5 mm., 75°/14 mm. (Found : C,77-5; H, 12-1. C,H,,N 
requires C, 77-7; H, 12-2%). The compound is slightly soluble in 
water, giving a solution alkaline to litmus, and has a paralysing 
action on the throat. It gives, together with sulphur in ethereal 
solution, an orange precipitate when it is treated with hydrogen 
sulphide. The picrate crystallised from alcohol in yellow prisms 
with flat rectangular ends; m. p. 213° (decomp.) alone and 
195—200° when mixed with the picrate of A (Found: C, 49-0; 
H, 5-3. C,H,,N,C,H,0O,N, requires C, 48-9; H, 54%). The 
methiodide crystallised from acetone in large prisms with pointed 
ends; m. p. 283° (Found: C, 43-0; H, 7-5. C,H NI requires C, 
42-7; H, 7-1%). The chloroaurate formed old-gold plates, m. p. 
170°, depressed to 155—160° by admixture with the chloroaurate 
of A [Found: C, 23-0; H, 3-5; Au, 41-5; M (for base), 135. 
C,H,,N,HAuCl, requires C, 22-5; H, 3-8; Au, 41-2%; M, 139]. 

1-Hydroxyoctahydropyridocoline.—A mixture of 1-keto-octahydro- 
pyridocoline (0-5 g.), sodium amalgam (12 g., 4%), and absolute 
alcohol (5 c.c.) was refluxed over-night. The alcoholic solution was 
decanted and, after addition of water (6 c.c.), extracted with ether. 
The extract on fractionation gave 1-hydroxyoctahydropyridocoline 
(0-4 g.; 75%), b. p. 120°/13 mm., which solidified to a white solid, 
m. p. 65—68° (Found : N, 9-0. C,H,,ON requires N, 9-0%). 


Our thanks are due to the Royal Society for a grant which has 
defrayed the cost of the lupinine and certain of the research materials 
used above, to Dr. R. Raper and Mr. C. R. 8. Tenniswood, B.Sc., for 
micro-analytical assistance, and one of us (G. R. R.) is indebted to the 
Council of Armstrong College for a Research Studentship which has 
enabled him to take part in the investigation. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. [ Received, January 29th, 1931.] 
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The Mechanism of the Oxidation of Laudanosine. By VINAYAK KESHAV 
BuaGwatT, Dovetas KintEy Moors, and Frank Lee Pyman. 
THE oxidation of laudanosine by manganese dioxide in sulphuric 
acid gave, in addition to the main products laudaline and veratr- 
aldehyde, a small quantity of a saturated substance, C,,H,(OMe),, 
which crystallised from acetone in colourless plates, m. p. 231° 
(corr.) (Pyman, J., 1909, 95, 1266). The constitution of this 
substance was not determined, but it was presumed to result from 
the decomposition of veratryl alcohol. It has now been identified 
as 2:3:6:7-tetramethoxy-9 : 10-dihydroanthracene, which is 
described by Mrs. G. M. Robinson (J., 1915, 107, 267) as colourless 
needles (from benzene), m. p. 227°. The compound from either 
source was found to crystallise from moist acetone in plates, contain- 
ing $H,O, and from benzene in needles, containing }C,H, [Found : 

loss at 105°, 11-4. Cale. for C,,H,(OMe),,3C,H,: CgHg, 11-5%]. 

Preparations from the two sources and a mixture all melted at 
227° after being dried at 100°. Gadamer (Arch. Pharm., 1915, 
253, 274) isolated the same compound from the products of the 
oxidation of laudanosine with mercuric acetate. He assumed that 
it was tetramethoxydibenzyl—in spite of the analytical results— 
and deduced from this faulty assumption that free dimethoxybenzyl 
groups, which subsequently unite in pairs, are formed in the oxid- 
ation of laudanosine. The identification of the substance, recorded 
above, counteracts his view of the mechanism of this oxidation.— 
MunIcIPaL COLLEGE OF TECHNOLOGY, UNIVERSITY OF MANCHESTER. 
[Received, December 4th, 1930.] .% 





The Preparation of Aromatic Acid Amides. By C. H. Kao and 
SHAO-YUAN Ma. 

THE method for the preparation of benzamide (J., 1930, 2788) has been 

applied to a number of substituted benzoic acids, with in most cases 

very satisfactory results. The quantities of aromatic acid and 95% 

acetic acid taken in each case were 100 g. and 150 c.c. respectively. 


Acid Crude 
(NH,).CO;, recovered, amide, M. p. after 
Acid. g. g. g. purification. 
p-Nitrobenzoic ......... 90 30 60 200° 
m-Nitrobenzoic ......... 90 30. 58 143 
p-Chlorobenzoic ...... 60 14 79 180 
| ge Se 90 0 77-5 153 
(from CHCI,) 
wi. 4 seated 60 18 71 
Phthalic (anhydride) 60 0 90(imide) 232 


o-Nitrobenzoic acid gave only about 15 g. of amide, and salicylic 
acid gave none. Phenylacetic and $-phenylpropionic acids were 
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completely converted into the amides, which were partly dehydrated 
to the nitriles. 


(NH,),COs, Crude Nitrile, M. p. of 
Acid. g. amide, g. g- purified amide. 
Phenylacetic ............+0. 90 83 0 156° 
iit’ 4° > sieceueacdcoann 60 73 14 
B-Phenylpropionic ...... 90 65 25 103 
60 54 32 


Cinnamic acid (100 g.) gave only 20 g. of the amide (average yield 
of § trials). 

Succinimide can be prepared by this process. After the removal 
of acetic acid, the residue is distilled. The portion, b. p. 280—288°, 
is collected as the imide (yield, 71 g. from 100 g. of the acid). After 
recrystallisation from acetone, it melts at 124°.—NatTionaL TsIne 
Hva Untversity, Perernc, Curna. [Received, December 29th, 1930.] 





The Nitration of 6-Methoxy-m-toluic Acid. A Correction. By 
Joun LIONEL SIMONSEN. 

Ir was stated (J., 1918, 113, 781) that 6-methoxy-m-toluic acid on 
nitration gave, in addition to 5-nitro-6-methoxy-m-toluic acid, 
6-nitro-o-tolyl methyl ether. A repetition of the experiment has 
shown this to be incorrect, the neutral product being 5-nitro-o- 
tolyl methyl ether, m. p. 69—70°. Reference to the original notes 
shows that the melting point, 63°, previously recorded (J., 1915, 107, 
834) for this substance was wrongly transcribed and should have 
been 68°. The constitution of the methyl ether was proved by its 
hydrolysis to the nitro-cresol, m. p. 95—96°, and by its oxidation to 
the corresponding methoxy-acid, m. p. 161°. 


I desire to thank Mr. E. A. Jones for his assistance in these experi- 
ments.—UNIVERSITY COLLEGE OF NortTH WALES, Bancor. [Re- 
ceived, January 13th, 1931.] 


4-Nitro-4'-methoxystilbene. A Correction. By J. T. Hewitt and 
Witi1am LEwoock. 

PRoFEssoR F’, RicuTER has drawn our attention to the melting point 
of 162° ascribed to 4-nitro-4’-methoxystilbene by Hewitt, Pope, and 
Lewcock (J., 1912, 101, 608). The same compound has been 
described by von Walther and Wetzlich (J. pr. Chem., 1900, 61, 184) 
and Pfeiffer (Ber., 1915, 48, 1778), these authors giving the melting 
point as 133° and 132—134° respectively. 

On repeating the preparation, we find that a twice recrystallised 
specimen melts at 132° (uncorr.). The melting point recorded in our 
paper appears to be due to an error in transcription (the earlier 
specimen and notes are no longer available).—[Received, January 
23rd, 1931.] 
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PARTIAL ESTERIFICATION OF POLYHYDRIC ALCOHOLS. PART XI. 





LX.—The Partial Esterification of Polyhydric Alcohols. | 
Part XI. The Five Methyl Ethers of Glycerol and ) 
Related Compounds. 


—we 


By ARTHUR FAIRBOURNE, GEORGE Pap Gisson, and Davip 
WILLIAM STEPHENS. 


THE «- and 8-mono-, «8- and «y-di-, and «®y-tri-methyl ethers of 
glycerol have been separated by fractional distillation of the product 
from the reaction of sodium glyceroxide and methyl sulphate in 
abie. § glycerol. It is believed that this is the first occasion on which an 
bat indubitable «8-dimethyl ether of glycerol has been obtained. 

If the one secondary and both primary hydroxylic radicals in the 
glycerol molecule were methylated with equal facility, two parts of 
the «-monomethy] ether should be produced together with one of the 
A. g-isomeride, but, on further methylation, these proportions should 
S. be reversed, with the production of only one part of the oy-isomeride 
and two of the «f. 


’. Le 


15, 


2 Mols. a-monomethyl ether > 1 Mol. ay-dimethyl ether 


3. \ 
Me- 3 Mols. glycerol 4 ne » = 


1 Mol. B-monomethyl ether —> 1 Mol. af- a i 


Yields actually obtained show that the ratio of «- to $-isomeride 
was roughly 85:15 instead of 2:1 after the production of mono- 
methyl ethers, and roughly 60 : 40 instead of 1 : 2 after that of the 
_de § dimethyl ethers, thus indicating that the «-hydroxyls were methy]l- 


rne, | ated at about three times the speed of the S-hydroxyls in each case. 


an. Glycerol @-monomethy] ether, separately methylated, yielded the 
ne «3-dimethyl ether only, the structures of all these compounds thus 
’ being proved without recourse to conversions from and into deriv- 
- atives of allyl alcohol (compare Irvine, Macdonald, and Soutar, J., 


LL. 1915, 107, 337). 

Additional evidence on the identification of the dimethyl ethers 
has resulted from the independent synthesis of the previously 
unknown «$-ether by a method mentioned in Part IX (J., 1929, 
2232; Ann. Reports, 1929, 26, 79), consisting in the methylation of 
z-monochlorohydrin and subsequent hydrolysis : 

CH,Cl CH,Cl CH,-OH 

CH-OH —> CH:OMe —> CH:-OMe 

CH,°OH CH,*OMe CH,*OMe 
Migratory changes of the kind frequently observed in syntheses 
involving chlorohydrins (see Part VII; J., 1929, 129) have here 
Q 















446 FAIRBOURNE, GIBSON, AND STEPHENS: THE PARTIAL 


been avoided, for, in addition to the reasons recorded in Part LX for 
believing that hydrolyses of this particular type are immune from 
such complications, the product is isomeric, and not identical, with 
the glycerol dimethyl ether described in Part VIII (ibid., p. 1151), 
although the p-nitrobenzoates of both ethers melt at the same 
temperature. It is also identical with the dimethyl ether obtained 
by the methylation of the 8-monomethyl ether mentioned above. 
This new ether, therefore, must have the «$-structure, and the 
“ay ’’-dimethyl ether of Zunino (Atti R. Accad. Lincet, 1897, 6, 348), 
called the “‘ «8 ’’-dimethyl ether by Gilchrist and Purves (J., 1925, 
127, 2735), must have the «y-structure. 

The five standards of reference proposed by Irvine, Macdonald, 
and Soutar, and recently again urged as very desirable by Hibbert, 
Whelen, and Carter (J. Amer. Chem. Soc., 1929, 51, 302), are thus 
rendered available for the first time. 


M. p. of 
Boiling _ _»  _p-nitro 
point. dy. np. benzoate. 


Glycerol a-monomethyl ether 136°/40mm. 1-111 1-442 108° 
220/760 mm. 
Glycerol B-monomethyl ether 148/40 mm. 1-124 1-446 155 
232/760 mm. 
Glycerol aB-dimethyl ether ... 100/40 mm. 1-016 1-421 44) fuse when 


180/760 mm. mixed 
Glycerol ay-dimethyl ether ... 88/40 mm. 1-004 1-417 43) at 26° 
169/760 mm. 
Glycerol trimethyl ether ...... 148/760 mm. 0-937 1-401 =. 


A conclusive diagnosis of the structure of any specimen of a methy] 
ether of glycerol can now easily be made; in the case of an 
unidentified dimethyl ether, for example, it is merely necessary to 
test whether its p-nitrobenzoate depresses the melting point of the 
readily obtainable dimethoxy-p-nitrobenzoyloxypropane previously 
described (Part VIII), and now proved to have the «y-dimethoxy- 
constitution. 

The fully methylated chlorohydrins have incidentally been 
isolated ; their properties afford only slight evidence of the differences 
between the isomeric ethers of glycerol. 


B.p. d;. nj 
Monomethy] ether of a8-dichlorohydrin ............ 158° 1-19 1-44 
Monomethy! ether of ay-dichlorohydrin ............ 160 1-21 1-45 
Dimethyl ether of a-monochlorohydrin ............ 156 1-08 1-43 
Dimethyl] ether of B-monochlorohydrin ............ 154 1-06 1-42 


Each has been hydrolysed to produce the particular ether 
expected, without migration of radicals (compare Part IX, loc. cit. ; 
Hibbert and Whelen, J. Amer. Chem. Soc., 1929, 51, 1943). 

The fully methylated ethers of the acetins have also been iso- 
lated and each has been successfully hydrolysed. 














= «of ahi & 


oO, - me 


X for 
from 
with 
151), 
same 
1ined 
bove. 
L the 
348), 
1925, 


nald, 
bert, 
thus 


when 
xed 
96° 


ethyl 
f an 
ry to 
f the 
ously 
LOXy- 


been 
neces 


_ jso- 














ESTERIFICATION OF POLYHYDRIC ALCOHOLS. PART x1. 447 


B.p. de. on. 

Monomethy] ether of af-diacetin ...... 139—140°/40 mm. 1-097 1-422 
228/760 mm. 

Monomethy] ether of ay-diacetin ...... 144—145/40 mm. 1-100 1-424 
232/760 mm. 

Dimethyl ether of a-monoacetin ...... 108—109/40 mm. 1-027 1-414 
195/760 mm. 

Dimethyl ether of B-monoacetin ...... 105—106/40 mm. 1-025 1-413 


191/760 mm. 


There would seem to be no doubt that the formation of an «y-di- 
ether from «$-dibromohydrin (Part VII) is due to the intermediate 
production of a glycidic ring. It is in accordance with this view 
that the ethyl and isopropyl! ethers of glycide have now been found 
to occur as separable materials during the reactions of «y-dichloro- 
hydrin with the appropriate sodium alkyloxides. 

The yields of glycerol dialkyl ethers in these reactions decrease 
with increasing molecular weight, and are higher from primary than 
from the corresponding secondary alcohols. There is evidence that 
these differences are largely due to the production of derivatives of 
diglycerol as by-products, at speeds which become relatively 
important under conditions which are adverse to the simple 
etherifications. 


EXPERIMENTAL. 


ilycerol B-Monomethyl Ether, CH,(OH)-CH(OMe)-CH,*OH.—Con- 
trary to the opinion originally held as a result of the experiments 
described in Parts I and III (J., 1921, 119, 1035; 1925, 127, 2759), 
it is clear from the simultaneous work of Gilchrist and Purves (ibid., 
p. 2735) that the secondary alcoholic radical of glycerol is capable of 
etherification when monosodium glyceroxide is employed (compare 
Parts IX and X). Advantage has therefore now been taken of this 
possibility to isolate glycerol 8-monomethyl ether as a by-product 
during the preparation of the «-monomethy! ether. 

460 G. of 47% sodium hydroxide solution were added to 1,500 g. 
of glycerol, and water was removed at 40 mm. pressure by 
immersion in an oil-bath which was raised gradually to 150°; 338 g. 
of methyl sulphate were added during 1 hour at 120°, which tem- 
derature was maintained for a further hour, the product then being 
distilled up to 140°/2 mm. Repeated fractionations of this distillate 
(A) through a long column yielded two main fractions, the «-mono- 
methyl ether (about 85% of the total monomethy] ethers produced), 
b. p. 185-5—136°/40 mm., 220°/760 mm. (Darke and Lewis, J. Soc. 
Chem. Ind., 1928, 47, 1073, give b. p. 196°), d?” 1-114, d? 1-111, 
ni, 1-442, and the 8-monomethyl ether (about 15%), b. p. 147— 
148°/40 mm., 232°/760 mm., d%” 1-124, nz 1-4456 (Found: OH, 
31:8. Cale. for CyH,,0,: OH, 32-1%). The @-structure of the 
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latter is shown by the production of only one dimethyl ether on 
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further methylation, as described below. 


lractionation 
Temp. range 
at 40 mm. 
135—135-5° 
135—136 
135-5—136 
136—136-5 
136—137 
136-5—13 
137—138 
138—139 
138—140 
139—141 


140—142 
140—143 
141—143 
142—144 
143—145 
144—146 
146—147 
146—148 
147—148 
148—148-5 
148—149 


lractionation 
Temp. range 
at 40 mm. 
135—135-5° 
135—136 
135-5—136 
156—136-5 
136—137 
136-5—137 
157—138 
138—139 
138—140 
139—141 


140—142 
140—143 
141—143 
142—144 
143—146 
144—146 
146—147 
146—148 
147—148 
148—148-5 
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In this difficult separation, the main bulk was fractionated ten J , 
times from a large flask up to 140°, the residues being transferred at 
this point to a smaller apparatus, and distilled as represented by § + 
(a), (b), (c), ete., in which percentage weights distilled per degree J , 
are recorded; a maximum occurred near 148°/40 mm. in fraction. J, 
ation IV, and the quantity collected at this temperature steadily 
increased during the remaining distillations. Fractions below 135° J 4 
and above 149°, and also those obtained below 140° in the smaller f 
distillations, are not indicated in the following table. . 
. d 
Separation of Glycerol «- and B-Monomethyl Ethers. 
0 
Percentages distilled per degree. 
Ill IV Vv vi D 
b 
_ - - _ 9 
- 12-51 11-52 6-52 
ne ns oe = n 
— ~, — nae ‘ 
17-59 19-38 24-50 34-50 ( 
26-19 20-65 20-54 15-17 
11-07 wate as “ies 
sho 4-32 5-89 2-88 as 
2-46 —_ _ _ ai 
tt 2 "get —_ = 
(a) (0) (¢) (a) (6) (¢) (2) (0) (©) e 
— 145 — — = 199 092 1:73 1:03 08 
oo —- 8 68 —_— = — = = = 
ae on ei snl 1-34 aad =_— aii = 
—- 27 — — = MS O88 10 O68 00 
- — 8 ore — — — — —_ — 
050 — — — 098 097 0-91 099 097 0-74 
— 064 — = — 114 O77 095 065 1-14 F 
0-50 a 138 1°96 1-38 — _ _ _ — 
— oo —- — — ME SH 293 906 88 
—- — Ws me —- —- —- = 
ae ost a. an pa ae a nt 
Percentages distilled per degree. 
VII Vill IX x 
— 10-72 14-18 3-04 
5-94 save at a 
_ 25-92 32-56 65-721 » 
- 27-98 38-22 24-20 
34-29 -- — — 
— 26-18 13-20 14-36 
14-70 8-66 6-17 1-25 
3-00 3-44 1-24 0-65 
@ ®» © @ © @ ® © @ 6 © @ © 
1-92 1-26 0-90 1-66 0-45 0-73 — 0-50 — 0-83 0-73 0-82 0-59 0:59 
0-86 0-39 0-81 1-05 0-65 0-85 0-72 0-58 — 0-74 0-57 0-45 0-39 0-40 
0-96 1-05 0-73 1-39 0-42 0-51 0-56 0-53 — 0-55 0-54 0-58 0-52 O-44 
1-41 0-87 0-65 1-04 0-74 0-40 0-66 0:37 — 1-10 0-62 0-89 0-58 0-54 al 
3-35 3-37 4-53 4-49 5-34 5-35 6-05 661 — 6-66 7-10 7-50 7-65 78 I (E 


148—149 


* g-Methyl ether. 


+ 8-Methyl ether. 
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glycerol 8-monomethy] ether at 120° with vigorous stirring; 126 g. 


ESTERIFICATION OF POLYHYDRIC ALCOHOLS. PART xI. 449 


Both methyl radicals of the methyl sulphate were effective in 
the methylation, the yields of glycerol monomethyl and dimethyl 
ethers being 86% and 9% respectively. 

The p-nitrobenzoates of this 8-ether and of a specimen prepared 
from wy-benzylideneglycerol 8-methyl ether (Hibbert, Hill, Whelen, 
and Carter, J. Amer. Chem. Soc., 1928, 50, 2235; 1929, 54, 302) 
melted, separately or mixed, at 154—155°. 

Glycerol «8-Dimethyl Ether, CH,(OMe)-CH(OMe)-CH,-OH.—(i) 
This compound was isolated from the mixture of isomerides resulting 
from a further methylation of the crude monomethy] ethers (A) 
mentioned above (p. 447), the procedure differing from that already 
described in that distillation was carried up to 110°/10 mm. instead 
of 140°/2 mm. Repeated fractionations yielded glycerol «y-di- 
methyl ether (about 60% of the total dimethyl ethers produced), 
b. p. 88—89°/40 mm., and the «8-dimethyl ether (about 40%), b. p. 
99—100°/40 mm., 180°/760 mm., d? 1-016, d}? 1-028, nz 1-421, 
ni’ 1-4249 (Found for the latter: C, 49-8; H, 10-3; OH, 14-2. 
C;H,,0, requires C, 50-0; H, 10:0; OH, 14-:2%). 

The course of their separation is shown in the following table: a 
minimum is noticeable in fractionation V, and continues to fraction- 
ation X, where it occurs at 92—94°/40 mm., the maxima being 
exhibited at 89—90°/40 mm. and 99—100°/40 mm. - 


Separation of Glycerol «B- and wy-Dimethyl Ethers. 


Percentage weight distilled per degree. 
Fractionation II III IV V Vi Vil Vil= ix. xX 
Temp. range 


at 40 mm. 
88—89° — — _— — — — — — 6-00* 
89—90 — — — — — — _— 5:79 6-79* 
89—91 2-29 1:96 2-24 3-20 3:77 440 665° — 
90—91 — — — — — — — 626 4-81 
91—-92 —_ — — — — — — 449 2-96 
91—93 4:10 3°89 557 565 5:09 5:76 2:77 — — 
92—94 — — _ — — — — 2:24 2-20 
93—-95 5-98 7:32 5-82 5-27 3:87 3:07 3:44 —_ — 
94—96 -— — — — —_ — — 2:12 2-63 
95—97 4:79 5:52 540 443 445 3-55 2-79 -— — 
96—98 — — — — — — — 419 3-13 
97—99 4:20 2-93 453 485 5-56 491 5-45 — —- 
98—99 — _— — — — — — 487 4-51 
99—100 -— — — — — — — 8-22 10-20+ 
99—101 — 173 209 3:17 345 411 448 — — 

* Glycerol ay-dimethy] ether. { Glycerol af-dimethy] ether. 


p-Nitrobenzoylation of the wy-fraction yielded crystals melting, 
alone or mixed with «y-di-p-nitrobenzoyloxy-$-methoxypropane 
(Part VIII), at 43°. 

(ii) 46 G. of sodium were gradually dissolved in 424 g. of pure 
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of methyl sulphate were added during 1 hour at the same temper. 
ature, which was maintained for a further hour. The product was 
distilled to dryness at 2 mm. from a bath at 150°, and the distillate 
fractionated as before. It consisted of a mixture of glycerol tri- 
methyl ether with the «8-dimethyl ether, none of the lower-boiling 
ay-dimethyl isomeride being present. This result constitutes an 
independent proof of the structures of all four partly methylated 
glycerols, as explained in the theoretical portion. 

(iii) «-Chloro-By-dimethoxypropane (see p. 452) was hydrolysed 
by boiling with N-sodium hydroxide for 15 hours; titration then 
indicated that more than half of the chlorine had reacted. - The 
product was extracted with chloroform and converted into the 
p-nitrobenzoate; this melted at 41°, alone or mixed with y-p-nitro- 
benzoyloxy-«8-dimethoxypropane (see p. 454), but at about 24° in 
admixture with the «y-dimethoxy-isomeride (see Ann. Reports, 
1929, 26, 79). 

It would seem possible (compare Carter, Ber., 1930, 63, 1684) that 
Gilchrist and Purves (loc. cit.) may have obtained a specimen of this 
true «8-dimethyl ether on hydrolysing their glycerol glucoside, but, 
if they did, they were clearly mistaken in stating that it had the 
properties of what they then believed to be the «$-dimethyl ether 
and is now shown to be the «y-isomeride. 

Glycerol «y-Dimethyl Ether, CH,(OMe)-CH(OH)-CH,-OMe.—A 
comparative direct hydrolysis of a sample of 8-chloro-«y-dimethoxy- 
propane (p. 452) yielded a small quantity of this ether, the con- 
stitution of which was proved by its conversion into §-p-nitro- 
benzoyloxy-«y-dimethoxypropane (see Part VIII), identified by a 
mixed melting-point determination. 

In confirmation of the opinion expressed in Part VIII that various 
processes for the production of glycerol dimethyl ethers produce this 
isomeride preferentially, the following properties of specimens 
obtained by repeating these processes are recorded : 


B.p./ B.p./ B.p./ 


Samples. 40mm. 60mm. 760 mm. d-. - dy. at. nies 
Ravosthdete 95—99° 167—168° 1-012 1-4183* 
ee 167—169 1-007 1-4182* 

| re 168—170 1-015 1-421* 
EU usavdenns 168—169 1-005 1-4183f 
, ae 97—98 1-004 1015 11-4175} 

WT cséiaduns 168—170 1-015 1-421f 

ij) ree 168—170 1-016 1-422t 

Wisinsanes 88—s9° 168—169 1-004 1015 1:4172 1-42138 


* Prepared from epichlorohydrin (Zunino, Atti R. Accad. Lincei, 1897, 6, 348). 

t+ Prepared from ay-dichlorohydrin (Gilchrist and Purves, J., 1925, 127, 
2735). 

t Prepared from af-dibromohydrin (Gilchrist and Purves, loc. cit.). 

§ Prepared by fractionation of the product obtained from monosodium 
glyceroxide, as described in this paper. 











er- 
vas 
ate 
tri- 
ing 

an 


ted 


sed 
hen 
The 
the 
tro- 
in 
rts, 


hat 
this 
ut, 
the 
her 


—A 
xy- 
on- 


y a 


ous 
this 
ens 


21f 


135 
48). 


jum 











ESTERIFICATION OF POLYHYDRIC ALCOHOLS. PART xr. 451 


The values of di? and nj} agree with those, 1-016 and 1-4219 respec- 
tively, obtained by Gilchrist and Purves for the supposed isomeride, 
but differ considerably from the values given by what is now 
believed to be the true «$-dimethyl ether. 

Glycerol Trimethyl Ether—Glycerol dimethyl ether was further 
methylated by means of metallic sodium and methyl sulphate to 
yield the trimethyl ether, b. p. 146—148°/760 mm., di" 0-937, di* 
0-946, n° 1-4013, nj}? 1-4055 (Found: C, 53-3; H, 10- 4; OH, 0-18. 
Cale. for C,H,,0,: C, 53-7; H, 10-5; OH, 0-0%). The properties 
of the latter differed slightly from those recorded by Gilchrist and 
Purves (loc. cit.), who give d}* 0-9401 and nj}" 1-4069, and the ether 
was miscible with water in all proportions, contrary to the state- 
ment of Darke and Lewis (J. Soc. Chem. Ind., 1928, 47, 1091). 

a-Monochlorohydrin, CH,Cl-CH(OH)-CH,-OH.—Rider and Hill 
(J. Amer. Chem. Soc., 1930, 52, 1521, 1525) prepared monochloro- 
hydrin from allyl alcohol and hypochlorous acid, and demonstrated 
the presence of the «- and £-isomerides in the product by fraction- 
ation of the solid phenylurethanes. They appear to have over- 
looked the similar proof in Part V of this series (J., 1926, 3150) by 
means of the di-p-nitrobenzoates of the «- and @-monochlorohydrins, 
which differ in melting point by 15°. 

p-Nitrobenzoylation has similarly been utilised in the examination 
of a specimen of monochlorohydrin (15 g.) prepared by the passage of 
hydrogen chloride through glycerol containing a small quantity of 
acetic acid at 120° (compare Hill and Fischer, J. Amer. Chem. Soc., 
1922, 44, 2582); 14 g. of pure «-monochlorohydrin di-p-nitro- 
benzoate, m. p. 108°, and 17 g. of the mixed «- and $-monochloro- 
hydrin di-p-nitrobenzoates, m. p. 98—104°, were obtained. Mixed 
melting-point determinations with the -nitrobenzoates de- 
scribed in Part V_ established identity (108° and 98—104° 
respectively). 

This specimen (A), therefore, must have contained the 6-isomeride ; 
its density differed from that (B) recorded by Smith (Z. physikal. 
Chem., 1918, 92, 717) for a preparation made from epichlorohydrin 
and water—a method which may have avoided any introduction of 
chlorine into the 8-position (compare Fourneau and Marqués, Bull. 
Soc. chim., 1926, 39, 699). His process was therefore repeated 
(C), except that refluxation was substituted for treatment under 
pressure, a variation which would seem desirable since the mono- 
chlorohydrin decomposed slightly at 140—142°, with the formation 
of hydrogen chloride, chlorinated diglycerol, dichlorohydrin, and 
water. This decomposition was not observed during distillation 
at 98—99°/1 mm. (Found: Cl, 32-1. Cale. for C,H,O,Cl: Cl, 32-1%). 
The slight difference between specimens prepared by the two 
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methods may be explained by the presence (which was proved) of 
monochlorohydrin acetate in (A). 

In order to obtain a specimen of monochlorohydrin by the direct 
esterification of glycerol without the possibility of formation of an 
acetate, the process of Niviére (Compt. rend., 1913, 156, 1628) was 
repeated (D) (Found: Cl, 32-0%). 


dy. ax, np . np - 
De siitinennsnennsagnnnns 1-309 1-313 14773 1-4758 (contains the 
acetate) 
Be cintinckabidsvudenite _ 1-3215 a —_— 
OF sunetadeucntaddincene 1-317 1-322 1-4794 1-4778 \ free from 
Bt iiwvigianesisinerebas 1:317 1-321 1-4800 1-4782 J the acetate 


Rider and Hill (loc. cit.) record d®” 1-:3217 and nj 1-4811, for 
purified «-monochlorohydrin. 

Allyl methyl ether was readily obtained by the action of methyl] 
sulphate on sodium allyloxide in excess of allyl alcohol ; its proper- 
ties agreed with descriptions of specimens prepared by other 
methods (Henry, Ber., 1872, 5, 449; Irvine, Macdonald, and Soutar, 
loc. cit.). 

The density (1-192) of «8-dichloro-y-methoxypropane, which may 
conveniently be prepared by chlorinating allyl methyl ether in 
chloroform, was erroneously recorded in Part IX (loc. cit.) as 1-162. 

a-Chloro-By-dimethoxypropane.—This was prepared by the direct 
methylation of «-monochlorohydrin (50 g.) with methyl iodide 
(350 g.) and silver oxide (300 g.). Its properties agreed satis- 
factorily with those recorded by Blanchard (Bull. Soc. chim., 1927, 
41, 824) for a specimen prepared in another way ; b. p. 156°, d?" 1-08, 
ni, 1-43 (Found : C, 43-0; H, 8-1; Cl, 25-8. C;H,,0,Cl requires C, 
43-3; H, 7-9; Cl, 25-6%). Its constitution may now be established 
by arguments identical with those used in Part IX to decide the 
positions of the chlorine atoms in «y-dichloro-8-methoxypropane ; 
it is also independently proved by the synthesis of glycerol «-di- 
methyl ether described above (p. 450). 

8-Chloro-«y-dimethoxypropane.—(a) 24 G. of the glycerol dimethyl 
ether described in Part VIII (loc. cit.) were gradually treated with 
42 g. of phosphorus pentachloride, and the product was cautiously 
introduced into excess of water. The chlorohydrin ether was extracted 
in ether, washed with water, dilute sodium bicarbonate solution, and 
again with water, dried with calcium chloride, concentrated, and 
distilled; b. p. 155—160°, d 1-05, n° 1-42 (Found: C, 43-4; H, 
7:8; Cl, 258%). This compound differs only slightly from 
the isomeride described above. Both compounds are moderately 
easily soluble in water, differing in this respect from the dichloro- 
methoxypropanes (Part [X), which are very sparingly soluble. 
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As appears to be usual in the case of chloropropanes not containing 
a hydroxyl group (Part X; J., 1930, 382), the chlorine atoms are 
firmly bound, although hydrolysis is less difficult than that of the 
methyl and trityl ethers of wy-dichlorohydrin (Parts 1X and VII). 

(6) Better yields were obtained when thionyl chloride was 
employed instead of phosphorus pentachloride. This result is of 
special interest as showing that it is incorrect to assume that the 
secondary alcoholic radical of an «y-disubstituted glycerol must be 
incapable of chlorination by the former reagent (compare Griin and 
Corelli, Z. angew. Chem., 1912, 25, 665, 947; Heiduschka and 
Schuster, J. pr. Chem., 1928, 120, 145). 

180 G. of thionyl chloride were gradually added to 90 g. of glycerol 
xy-dimethyl ether. After the vigorous reaction had ceased, the 
mixture was kept over-night, heated on a water-bath for 8 hours, 
poured into water, and extracted with ether; the extract was 
washed, and dried with calcium chloride. The crude product, b. p. 
145—160°, was redistilled: b. p. 154°, d2" 1-06, nf 1-42 (Found : 
C, 43-1; H, 8-0; Cl, 25-89%). The structure of this compound was 
proved by its conversion into glycerol wy-dimethyl ether, identified 
by means of the p-nitrobenzoate. 

By-Diacetoxy-a-methoxypropane.—50 G. of glycerol «-methyl ether 
were treated with 200 g. of acetic anhydride containing 0-5% of 
pyridine, and the whole was gently refluxed for 1} hours. The 
product was fractionated, neutralised with cold sodium hydroxide 
solution, and again fractionated to yield a colourless liquid, b. p. 
139—140°/40 mm., 228°/760 mm., d}* 1-097, nf 1-422, soluble in 
water (Found: C, 50-3; H, 7-2. C,H,,0, requires C, 50-5; H, 
74%). Its constitution was proved by hydrolysis, extraction of 
the glycerol methyl ether in chloroform, and preparation of the 
p-nitrobenzoate, m. p., alone or mixed with an authentic specimen, 
about 108° (see Part IX). 

ay-Diacetoxy-B-methoxypropane was prepared from pure glycerol 
-methyl ether in a similar manner to that described above for the 
isomeride; b. p. 144—145°/40 mm., 232°/760 mm., d= 1-100, nj 
1-424 (Found: C, 50:2; H, 7-2%). Hydrolysis, followed by 
p-nitrobenzoylation, established that no migration of the methoxy- 
group had occurred: the product melted at about 155°, alone or 
mixed with the p-nitrobenzoate of glycerol 8-methyl ether prepared 
directly (see Part LX), but at 103—107° when mixed with that of 
the «-isomeride. 

y-Acetoxy-«8-dimethoxypropane was obtained by acetylating 
glycerol «8-dimethyl ether in a similar manner to that used for the 
monomethyl ether, but with half the quantity of acetic anhydride. 
The ar a was soluble in water and had b. p. 108—109°/40 mm., 
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195°/760 mm., d2” 1-027, n# 1-414 (Found: C, 51:8; H, 8:3. 
O,H,,0, requires C, 51-9; H, 86%). Hydrolysis, and p-nitro- 
benzoylation of the product, yielded crystals melting at 43° either 
alone or mixed with y-p-nitrobenzoyloxy-«$-dimethoxypropane and 
fusing at room temperature when mixed with the «y-dimethoxy- 
isomeride. 

8-Acetoxy-xy-dimethoxypropane was prepared by acetylating the 
glycerol dimethyl ether investigated in Part VIII. It had b. p. 
105—106°/40 mm., 191°/760 mm., d2" 1-025, n# 1-413 (Found: C, 
51-6; H, 84%). The product of its hydrolysis yielded a p-nitro- 
benzoate which melted at 43° either alone or mixed with @-p-nitro- 
benzoyloxy-«y-dimethoxypropane but fused at room temperature 
with the «$-dimethoxy-isomeride. 

y-p-Nitrobenzoyloxy-«8-dimethoxypropane.—5 G. of glycerol «-di- 
methyl ether were warmed with 4 g. of pyridine and 28 c.c. of a 
solution of p-nitrobenzoyl chloride in chloroform containing 27:5 g. 
in 100 c.c. After 48 hours, ether and water were added, and the 
ethereal extract was washed with water, dilute sulphuric acid, dilute 
sodium bicarbonate solution, and again with water, dried with 
calcium chloride, concentrated, and heated in a steam-oven for 1 
hour. The product crystallised from light petroleum in tablets 
and melted at 44° (Found: C, 53-7; H, 5-6; N, 5-3. C,,H,;0,N 
requires C, 53-5; H, 5-6; N,5-2%). Mixed with 6-p-nitrobenzoyloxy- 
wy-dimethoxypropane (Part VII; loc. cit.), it fused at room tem- 
perature (26°). 

By-Diacetoxy-«-ethoxypropane.—120 G. of a sample of glycerol 
monoethyl ether, b. p. 114—116°/10 mm., 222°/760 mm. (compare 
Darke and Lewis, loc. cit., who record 230°), d% 1-058, n2" 1-440 
(Found : OH, 28-3. Calc. for C;H,,0,: OH, 28-3%), isolated as a 
by-product during a preparation of glycerol diethyl ether from 
dichlorohydrin, and agreeing in properties with the description of 
Reboul (Annalen, Suppl., 1861, 1, 239), were acetylated with 408 g. 
of acetic anhydride containing 2 g. of pyridine. The product was 
fractionated at 115—119°/10 mm., neutralised with 27% sodium 
hydroxide solution, and again fractionated at 117—119°/10 mm.; 
di 1-062, nj 1-422 (Found: CH,°CO, 41-5. C,H,,0; requires 
CH,°CO, 422%). The ethoxy-group presumably occupies the 
«-position. 

B-Acetoxy-xy-diethoxypropane.—Glycerol diethyl ether, prepared 
from sodium ethoxide and either dichlorohydrin or epichlorohydrin, 
had b. p. 108—109°/60 mm., 191°/760 mm., d%” 0-952, n° 1-419 
(Found: OH, 11-7. Cale. for C;H,,0,: OH, 115%). Unlike 
the ether described by Berthelot (Annalen, 1854, 92, 303), it was 
completely miscible with water; it also differed from that of 
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compound, but boiling at 112—113° instead of 198—199°, was 
described by Zunino (Aiti R. Accad. Lincei, 1900, 9, 309. Compare 
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Zunino (Atti R. Accad. Lincei, 1897, 6, 348) in density. 500 G. 
were acetylated with 1000 g. of acetic anhydride containing 7-5 g. 
of pyridine. The product on fractionation gave an ester, b. p. 
127—129°/60 mm., d? 0-980, n° 1-415 (Found: CH,°CO, 23-1. 
CyH,,0, requires CH,°CO, 22-6%), in which the ethoxy-groups 
presumably occupy the «y-positions. 


O 

Glycidyl Ethyl Ether, CH,—CH-CH,-0°C,H,.—This compound 
is recorded by several investigators as having been prepared from 
«-monochlorohydrin y-ethyl ether (Reboul, Ann. Chim., 1860, 60, 
5; Henry, Ber., 1872, 5, 449; Lespieau, Compt. rend., 1905, 140, 
436; Nef, Annalen, 1904, 335, 191), and its structure appears to be 
well established by its synthesis from propargyl ethyl ether, 
CH:C-CH,OEt, by Peratoner (Gazzetta, 1894, 24, 36), but its occur- 
rence as an intermediate compound in the preparation of glycerol 
diethyl ether from dichlorohydrin and sodium ethoxide, as the 
probable mechanism of the reaction would require (Part X), 
has apparently hitherto not been detected. During fractional dis- 
tillation of accumulations of lower-boiling materials produced in 
the reaction, a small quantity of this ether was obtained, b. p. 
124—125°, d2" 0-939, n° 1-406, [R,], 26-7 (cale., 26-4) (Found: C, 
58-4; H, 9-3; M, cryoscopic in benzene, 95-8. Calc. for C;H,,0, : C, 
58-8; H, 98%; M, 102). 

Glycerol «y-Dipropyl Ether.—129 G. of dichlorohydrin in 50 c.c. of 
n-propyl alcohol were added with mechanical stirring during 1 hour 
to a mixture of 85 g. of powdered sodium hydroxide in 950 c.c. of 
the alcohol, and the whole was refluxed for 1 hour, cooled, and 
neutralised with concentrated hydrochloric acid. The liquid was 
filtered from sodium chloride, which was washed with n-propyl 
alcohol, and the filtrate and washings were concentrated at atmo- 
spheric pressure and fractionated under diminished pressure. 
The dipropyl ether obtained (yield, 44%) had b. p. 135—137°/60 
mm., 216-218°/760 mm., d3" 0-927, ni" 1-424, [R;]p 48-4 (calc., 48-6), 
and agreed in boiling point with the ether described by Zunino (Ati 
R. Accad. Lincet, 1897, 6, 348), who prepared it from epichloro- 
hydrin. 

Glycerol «y-diisopropyl ether, prepared (in isopropyl alcohol) in the 
same way as its isomeride, had b. p. 123—124°/60 mm., 198— 
199°/760 mm., d2 0-914, n#” 1-418, [R,]p 48-5 (calc., 48-6) (Found: 
C, 61-2; H, 11-2. C,H, 0, requires C, 61-4; H, 114%). The yield 
was about 17%. 

A material obtained from epichlorohydrin and believed to be this 
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Darke and Lewis, J. Soc. Chem. Ind., 1928, 47, 1091). That the 
substance now obtained has the true «y-diisopropyloxy-constitution 
is probable from analogy with the «y-dimethyl ether already 
described. 


Glycidyl isopropyl ether, CH;—CH-CH,-0-CHMe,, was isolated 
in small quantity by fractionation of the crude glycerol diisopropyl 
ether mentioned above; b. p. 137—138°, d? 0-924, nF 1-408, [R;], 
31-0 (cale., 31-0) (Found: C, 61-8; H, 10-1; M, eryoscopic in 
benzene, 106. C,H,,0, requires C, 62-1; H, 10-3%; M, 116). 

Glycerol «-Monobenzyl Ether.—80 G. of powdered sodium hydroxide 
were stirred with 1500 c.c. of benzyl alcohol at 140° for 1 hour, and 
cooled to 90—100°; 221 g. of monochlorohydrin were added during 
1 hour and the whole was kept at 140° for a third hour, washed with 
water, and fractionated. The ether obtained had b. p. 164—166°/2 
mm., d? 1-130, n° 1-530 (Found: C, 66-0; H, 7-5. C, H,,0, 
requires C, 65-9; H, 7-7%). 

Cross and Jacobs (J. Soc. Chem. Ind., 1926, 45, 3207) described a 
material under this name, b. p. 124—126°/2—3 mm., di3: 1-196, pre- 
pared from sodium glyceroxide. Although the method is likely to 
cause the formation of a §-isomeride, the difference in properties 
could not be explained in that way : a sample of the actual product 
prepared by Cross and Jacobs was therefore examined and found to 
contain glycerol which is exceedingly difficult to separate by dis- 
tillation. 

Glycerol «y-Dibenzyl Ether.—A material believed to be this com- 
pound was described by Zunino (Atti R. Accad. Lincei, 1900, 9, 309) 
as boiling at 157—158° and having d* 0-918. 

70 G. of dichlorohydrin were slowly added with shaking to a 
solution, which had been cooled to room temperature, of 23 g. of 
sodium in 250 g. of benzyl alcohol (or, in later experiments, to a 
solution of sodium hydroxide in a large excess of benzyl alcohol at 
100°). After the mixture had been kept at 140—150° for 1 hour, the 
product was cooled, washed with water, extracted in ether (or merely 
filtered when sodium hydroxide was used), concentrated, and 
fractionated; the ether obtained had b. p. 198—204°/2—3 mm., 
d= 1-100, n¥ 1-547 (Found: C, 74:7; H, 7-3. C,,H,)0, requires 
C, 75-0; H, 7-4%). This compound probably has the structure now 
assigned to it, although its properties are different from those 
recorded in the literature. 

ay-Diphenoxy-B-acetoxypropane.—(a) 61 G. of glycerol diphenyl 
ether, prepared from dichlorohydrin and agreeing in melting point 
with the ether described by Boyd and Marle (P., 1908, 24, 92; J., 
1908, 93, 838), were refluxed for 1 hour with 102 g. of acetic anhydride 
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containing 0-8 g. of pyridine. The product was boiled with water, 
extracted in chloroform, washed, dried with potassium carbonate, 
and concentrated ; white needles gradually formed, m. p. 33° after 
recrystallisation from alcohol (Found : CH,°CO, 150%). Repeated 
recrystallisation from alcohol did not raise the melting point (com- 
pare Réssing, Ber., 1886, 19, 65, whose specimen melted at 70—71°). 

(b) The above preparation was repeated with double the quantity 
of acetic anhydride and without pyridine, 3 hours being allowed for 
the acetylation. Again the product melted at 33° (Found: C, 
71:1; H, 6-1; CH,°CO, 15-1. Cale. for C,-H,,0,: C, 71:3; H, 
6-3; CH,°CO, 15-0%). 

(c) Réssing used acetyl chloride instead of acetic anhydride. 
His process was therefore repeated, but the acetate obtained 
melted, alone or mixed with (b), at 32-33° (Found : CH,-CO, 15-1%). 

wy-Di-o-tolyloxy-f-acetoxypropane.—162 G. of glycerol «y-di-o-tolyl 
ether, b. p. 196°/2—3 mm., obtained by treating «y-dichlorohydrin 
with sodium o-tolyloxide (compare Boyd, J., 1903, 83, 1135; Zunino, 
Atti R. Accad. Lincei, 1909, 18, 254), were refluxed with 120 g. of 
acetic anhydride and 1-5 g. of pyridine for 2 hours. The product, 
concentrated at 40 mm. and fractionated, yielded a viscous, 
slightly yellow liquid which has not yet crystallised, b. p. 204- 
206°/2-3 mm., dj? 1-103, n>’ 1-536 (Found: C, 72-4; H, 7-1; 
CH,°CO, 13-7. CygH,90, requires C, 72-6; H, 7-0; CH,°CO, 
13-7%). 

No proof of the constitution of the parent di-o-tolyl ether appears 
to have been obtained, but if the syntheses of dialkyl and diaryl 
ethers of glycerol are sufficiently analogous, the tolyl radicals 
probably occupy the positions which have previously been assigned 
to them. 

ay-Di-m-tolyloxy-B-acetoxypropane.—Glycerol di-m-toly] ether, pre- 
pared from dichlorohydrin and therefore probably having the 
xy-structure, boiled at 205°/2—3 mm.., its difference in boiling point 
from the di-o-isomeride mentioned above being thus in the same 
direction as that noted by Boyd (loc. cit.) and differing from that 
noted by Zunino (loc. cit.). It was acetylated in the manner just 
described, and the acetate obtained as an almost colourless, very 
viscous liquid, b. p. 215—217°/2—3 mm., d? 1-103, nj 1-536 
(Found: C, 72:3; H, 6-9; CH,°CO, 13-6%). 

xy-Di-p-tolyloxy-8-acetoxypropane.—Glycerol di-p-toly] ether, pre- 
pared from «y-dichlorohydrin, melted at 88°, in accordance with the 
description of Lindeman (Ber., 1891, 24, 2145). The acetate was 
obtained after recrystallisation from alcohol, as white needles, m. p. 
49° (Found : C, 72:1; H, 7-2; CH,°CO, 13-6%). 
p-Tolyl n-Octoate.—54 G. of p-cresol were gradually added, after 
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the vigour of the first reaction had subsided, to a mixture of 52 g. of 
phosphorus pentachloride and 72 g. of -octoic acid; the whole was 
kept at 100° for 3 hours, cooled, and washed with water, dilute 
sodium hydroxide solution, and again with water, ether being added 
to assist separation. Concentration and fractionation yielded a 
colourless liquid, b. p. 163—165°/10 mm., d? 0-957, n#" 1-483, [R;], 
69-9 (calce., 69°5) (Found: C, 77-5; H, 9-5; C,H,,:CO, 54-0. 
C,;H,.0, requires C, 76-9; H, 9-4; C,H,,°CO, 54-3%). 

The general method of Newman, Trikojus, and Harker (Proc. 
Roy. Soc., New South Wales, 1925, 59, 293; Ann. Reports, 1927, 90) 
for the preparation of glycerides and of esters in general by heating 
together an alcohol, the sodium salt of a fatty acid, and phosphorus 
pentachloride, presumably supposes the intermediate formation 
from the alcohol of a chloride which then reacts with the sodium salt 
of the acid. The present preparation of an ester by this method, but 
without the use of a sodium salt, indicates alternatively that the 
acid chloride produced under such conditions is capable of effecting 
esterification in good yield. 


The authors desire to thank Messrs. Lever Brothers Limited for 
permission to publish this work. 
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LXI.—The Use of the Antimony—Antimonous Oxide 
Electrode in the Determination of the Concentration 
of Hydrogen Ions and in Potentiometric Titrations. 
The Prideaux-Ward Universal Buffer Mixture. 


By Husert Tuomas STANLEY Brirron and Ropert ANTHONY 
RoBINsoN. 


ALTHOUGH the hydrogen electrode is the ultimate standard to which 
all measurements of hydrogen-ion concentration are referred, other 
electrodes are frequently employed, either because of ease of mani- 
pulation or owing to the inapplicability of the hydrogen electrode 
in certain solutions. A familiar example is thequinhydrone electrode, 
which, however, is useless in alkaline solutions and also for certain 
acids (¢.g., sulphurous). In the former case, no satisfactory electro- 
metric method exists, with the exception of the hydrogen electrode 
and possibly the glass electrode, the use of which is best restricted 
to solutions of py<10. Several workers have shown that the 
antimony—antimonous oxide electrode may often be used for the 
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detection of end-points in titrations, and the work of Kolthoff and 
Hartong (Rec. trav. chim., 1925, 44, 113), Roberts and Fenwick 
(J. Amer. Chem. Soc., 1928, 50, 3125), and Shukov and Awsejewitch 
(Z. Elektrochem., 1929, 35, 349) suggests that it might, under proper 
conditions, be used to determine pq values accurately; in fact, 
Roberts and Fenwick state that the pq may be measured to within 
0-1 unit from the voltages set up after } hour’s standing, or to within 
0-01 unit after 24 hours. Consideration of the H.M.F.’s of the cell 
Sb,Sb,0,|solution|H,, extrapolated from the data corresponding 
to solutions of various »q values obtained by the different workers, 
reveals that Roberts and Fenwick obtained values for the antimony 
electrode which were 0-1 volt less positive than those of Kolthoff 
and Hartong, who, incidentally, demonstrated that their measure- 
ments could also be used to determine py, values. The former 
workers used antimony crystals that had been electro-deposited at 
high C.D. from a hydrofluoric acid solution of antimony trioxide, 
together with antimony oxide obtained by the slow hydrolysis of 
the trichloride, and they consider that the results of ‘‘ former authors 
who used massive antimony are so uncertain and irregular” that 
they bear no comparison with those obtained by them. In the 
presence of air they state that the variations of the electrode are 
erratic during the first hour, and, moreover, emphasise that if 
maximum accuracy is desired any dissolved air must be removed 
from the solution. On the contrary, Francke and Willaman, using 
massive electrodes (Ind. Eng. Chem., 1928, 20, 87), conclude that 
“if partially closed electrode vessels are used, if the stirring is accom- 
plished without unnecessary agitation, and if readings are taken 
within two minutes, the results will be entirely satisfactory.” 

Even if accurate results could be obtained by the method of 
Roberts and Fenwick, the long time required before reproducible 
results could be obtained would preclude the electrode from being 
of use in measuring p, values throughout the course of a potentio- 
metric titration. The work now described has therefore been done 
with the dual object of ascertaining the scope of the antimony 
electrode as a titrimetric indicator and the extent to which the 
E.M.F.’s may be accurately converted into pq values. For this 
purpose, the published p, values of the Prideaux-Ward universal 
buffer mixture (J., 1924, 125, 426) have been confirmed and meas- 
ured at a larger number of stages in the neutralisation, and then 
used to calibrate the antimony electrode. A series of titrations of 
acids and salts, some of which could not be titrated in the presence 
of the hydrogen or quinhydrone electrode, has been carried out 
with the antimony—antimonous oxide electrode, and the calibration 
curve employed to ascertain the py values at different stages of the 
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neutralisation and to determine the dissociation constants of the 
acids involved. Comparison of the values so obtained with those 
derived by the standard methods shows that the electrode possesses 
a wide range of applicability and is capable of rapidly indicating 
prevailing py values with a moderately high degree of accuracy. 


EXPERIMENTAL. 
The Modified Universal Buffer Mixture. 


In most of the previous attempts to calibrate the potentials of 
the antimony—antimony oxide electrode in terms of py values, the 
E..M.F of the cell 

Sb,Sb,0,|Buffer solution of known p,|Standard half element 
was plotted against the p, value. Erratic results were obtained by 
Kolthoff and Hartong with the electrode in solutions of py 5—7. 
Instead of using a series of separate buffer solutions, it was considered 
better to adopt a slightly modified form of the Prideaux—Ward 
universal buffer mixture, which, on gradual neutralisation with 
sodium hydroxide, would subject the electrode to continuous 
changes of hydrogen-ion concentration ranging from py 2 to 12. 
Moreover, the behaviour of the electrode could also be tested when 
it was immersed in the buffer mixture solution that had been 
previously neutralised to some desired stage. In this way it would 
be possible to ascertain whether the potential of the electrode could 
be considered as an indication of the true py values, not only during 
a titration, but also in the case of any single measurement. 

Unfortunately, the p, values, determined experimentally by 
Prideaux and Ward, corresponding to the successive stages of 
neutralisation, increase as a rule by amounts somewhat greater 
than 0-5 pq unit, and in three instances by more than one pg unit. 
As shown by one of the authors (Britton, ““ Hydrogen Ions,’ 1929, 
p. 188), the relationship between the p, values and the degree of 
neutralisation is not strictly rectilinear, so that calculation by means 
of the interpolation formula advanced by Prideaux and Ward can 
only be expected to yield approximate results. In order, therefore, 
to use the universal buffer mixture as a suitable basis for the cali- 
bration of the antimony electrode, a considerable number of py 
values have been accurately measured over the whole range of 
neutralisation. 

The universal buffer solution is composed of a mixture of phos- 
phoric, phenylacetic, and boric acids, each 0-04.M, neutralised with 
0-2N-sodium hydroxide. Prideaux and Ward made a series of 

solutions by neutralising 100 c.c. of the mixture with the appropriate 
volume of alkali and diluting the solution to 200 c.c. In our experi- 
ments, we departed from this procedure in one respect, in that, 
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instead of preparing a series of buffer mixtures, we titrated 100 c.c. 
of the acid solution with 0-2N-sodium hydroxide solution; the same 
solution, therefore, passed continuously through the whole range of 
px Values from 2 to 12. This renders our data for the first 15% of 
the neutralisation hardly comparable with those of Prideaux and 
Ward, but as the small differences in concentration introduced have 
negligible effect on the acids involved in the remaining part, the data 
obtained by us should be in accord with the original values. The 
second col. of Table I gives the py values measured at 14° with the 
hydrogen electrode for every 2-5°% neutralisation. These values 
were confirmed up to 70% neutralisation by using the quinhydrone 


Fra. 1. 
Percentage neutralisation (NaOH). 
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electrode, the pq value (9-1) then attained representing the limit to 
which this electrode could be used. In general, good agreement 
was obtained with the data of Prideaux and Ward, the onlyimportant 
divergence being at 35°, neutralisation, where a difference of 0-15 pq 
was observed. 

The curve plotted in the upper part of Fig. 1, showing the relation- 
ship between the pq, values and the percentage neutralisation, 
emphasises the composite nature of the buffer solution, and on 
examination reveals that, if the linear equation of Prideaux and 
Ward be assumed to represent the entire curve, errors of as much 
as 0-2 pg unit may occur at stages corresponding to the end of the 
neutralisation of one of the constituent acids and the beginning of 
the neutralisation of the next. 
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Preparation and Calibration of the Antimony Electrode. 


Kolthoff and Hartong, and also Francke and Willaman, found 
that the change in #.M.F. of the cell Sb,Sb,O0,|Solution|Calomel per 
unit change in the pg value of thesolution was less than the theoretical, 
the latter workers finding that the equation Z = 0-050 +- 0-054 p, 
holds at 25°. The data of the former investigators, however, would 
indicate that one linear equation is not sufficient to reproduce the 
change in Z.M.F. between py 2 and 12, there being a discontinuity 
about pg 6. In the first series of experiments, therefore, a number 
of different types of antimony and antimonous oxide preparations 
were used in the potentiometric titration of the buffer mixture with 
sodium hydroxide. In all cases, 100 c.c. of the solution were titrated 
with 0-2N-sodium hydroxide, the #.M.F. against the normal calomel 
electrode being measured after every addition of 2-5 c.c. of alkali. 
Saturated potassium chloride solution was used as the junction liquid. 
It was soon found that fairly vigorous stirring of the solution with a 
mechanically driven stirrer is essential ; without this, it is impossible 
to obtain a steady reading on the potentiometer, the slightest current 
passing through the unstirred solution apparently setting up polaris- 
ation effects; indeed, an accidental stoppage of the stirrer was 
immediately reflected in a drifting of the potentiometer reading. 

The first few titrations were made with two rods of pure cast 
antimony, supplied by Messrs. British Drug Houses Ltd., 4’ long, 
1” diameter, dipping to about half their length in the solution. The 
rods had been previously oxidised on the surface by treatment with 
warm 50% nitric acid to form a layer of oxide (usually supposed 
to be the trioxide, but it was probably contaminated with 
appreciable quantities of the pentoxide, since the higher oxide is 
formed by repeated evaporation to dryness of the trioxide with 
nitric acid). Although on immersion in the solution the electrodes 
exhibited large changes in #.M.F., this drift rapidly diminished 
and after 5 minutes, when the titration was begun, they gave 
reasonably steady values. Readings were then taken at every 2:5 c.c. 
about 3 minutes after the alkali addition. During this period no 
variation greater than 1 mv. was noticed. The two electrodes gave 
E.M.F.’s within 1 mv. of one another, and the results recorded in this 
titration were in remarkably good agreement with the 2.M.F.’s which 
were finally considered correct. Oxidation of the metal surface with 
nitric acid, however, was abandoned, for it was found that (a) 
electrodes after standing over-night in distilled water did not give 
reproducible #.M.F.’s in the buffer mixture, and (6) subsequent 
oxide films produced by re-oxidation, after cleaning with emery 
paper, led to erratic results. 
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In the next series of experiments the same electrodes were used, 
but they were cleaned with emery paper at the beginning of each 
titration, giving a smooth bright surface, apparently free from oxide. 
Purified antimonous oxide was added to the buffer mixture. This 
oxide was prepared by the method described by Schuhmann 
(J. Amer. Chem. Soc., 1924, 46, 52), by precipitating basic anti- 
monous chloride from a hydrochloric acid solution, redissolving it 
in acid, and reprecipitating the oxide by stirring the solution into a 
boiling sodium carbonate solution. The results of this titration 
were very satisfactory, steady H#.M.F.’s being recorded which 
never deviated by more than 2 mv. from those registered in the first 
titration. 

After 100 c.c. of 0-2N-alkali had been added to 100 c.c. of the buffer 
mixture, it was titrated back again with 0-2N-hydrochloric acid, 
potential readings being taken after each addition of 2-5 c.c. of acid. 
These readings corresponded exactly with those recorded in the 
previous alkali titration, except, of course, in the region where the 
first dissociation of phosphoric acid comes into play, i.e., during the 
addition of the first 15 c.c. of alkali andthe last 15 c.c. of acid, where 
dilution effects are noticeable. This agreement on reverse titration 
is of importance in that it shows that the 7.M.F.’s are reproducible 
whether the equilibrium is approached from the acid or from the 
alkaline side. 

By using similar electrodes but without the addition of oxide to 
the solution, excellent agreement with the previous data was 
obtained over nearly the whole range of p, values, although deviations 
of about 4 mv. were observed at one portion of the titration over 
about 20 c.c. of alkali. This observation is in agreement with the 
work of Uhl and Kestranek (Monatsh., 1923, 44, 29), who found that 
good “* breaks ” could be obtained in the titration of acids against 
the antimony electrode without the addition of oxide, but it is, 
nevertheless, surprising that the metal contains sufficient oxide to 
give stable #.M.F.’s identical with those registered on the addition 
of oxide to the solution. Although in further titrations small 
quantities of oxide were added to the solution, it is apparent that 
in titrimetric work, where only the end-point of a reaction is to be 
measured, this addition is not necessary. 

We have repeated this titration of the buffer mixture more than 
twelve times, using clean antimony bars and purified antimony 
oxide, and generally the #.M.F.’s have been concordant to within 
2 mv. These titrations have been made several times with the 
original pair of electrodes, which had in the meanwhile been used in 
the titration of such acids as chromic and telluric. A new pair of 
pure antimony electrodes gave the same results and a specimen of 
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“technical”? antimony gave equally good agreement. Through 
the courtesy of Messrs. Locke, Lancaster and W. W. and R. Johnson 
and Sons, Ltd., of Millwall, we have been provided with specimens 
of cast antimony containing 5% of bismuth, lead, and tinrespectively. 
Titrations of the buffer mixture were carried out with these alloys, 
and considerable differences were found between the #.M.F.’s of 
the cells containing alloy and those containing pure antimony.’ On 
an average taken over the py range 2—12, the 5% bismuth alloy 
gave #.M.F.’s 13 mv. lower than those of the pure antimony 
electrode, the deviation varying from 2 to 30 mv. On the other 
hand, the lead and tin alloys gave higher potentials than the pure 
antimony, the average deviations being 6 and 7 mv. respectively, 
and their ranges being 1—13 mv. and 1—15 mv. respectively. 

A few experiments were performed in which electro-deposited 
antimony was used as electrode. Shukov and Awsejewitch de- 
posited antimony from a 25% acetone solution of its trichloride on 
mercury-coated platinum wire 1 cm. long with a current of 0-6— 
2-2 milliamp. for 30 mins. They state that against the normal 
calomel electrode this electrode gives potentials related to the py 
of the solution by Z = 0-009 +- 0-053 py between py 2-78 and 9-19 
at 14°. In the titration of the buffer mixture, we obtained steady 
E.M.F.’s that were in good agreement with those recorded by 
Shukov and Awsejewitch, the #.M.F. of the cell Sb,Sb,0,|Solution| 
Calomel being raised by about 10 mv. by the substitution of electro- 
deposited antimony for bar antimony. Further preparations of 
these electrodes, however, failed to give results in such good agree- 
ment, for the difference between the cells containing the two types of 
antimony was in some cases as much as 30 mv. On continued use, 
the Shukov and Awsejewitch electrode deviates from their equation. 

We have also prepared electrodes of the type described by Roberts 
and Fenwick, due originally to Cohen, Collins, and Strengers (Z. 
physikal. Chem., 1905, 50, 307); these consist of antimony deposited 
from hydrofluoric acid solution at a high C.D. at a platinum cathode 
and detached by gentle tapping of the cathode. A titration of the 
buffer mixture was carried out with this electrode, and also the 
variation of the potential of the electrode was measured during 24 
hours while it was immersed in solutions of py 1-81 and 11-94. 
Admittedly we have taken no precautions to exclude air from our 
solutions, but we found it extremely difficult, and even impossible, 
to obtain trustworthy results. For example, in a titration of the 
buffer mixture we observed that the cell Sb(electrolytic),Sb,0,| 
Solution|Calomel gave a voltage higher than the corresponding cell 
with a bar electrode by 64 mv. at the commencement of the titration. 
During the titration the difference became smaller, the two types 
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of electrode being in approximate agreement at 35% neutralisation, 
after which the electrolytic antimony electrode gave lower L.M.F.’s, 
its behaviour being most erratic. When the two types of electrode 
were then immersed in a solution of py 1-81, the initial H.M.F. of the 
bar antimony sank from 0-127 to 0-121 after 12 hours, and to 0-115 
after 24 hours, the corresponding H.M.F.’s of the electrolytic anti- 
mony being 0-284, 0-221, and 0-209. 

The two electrodes were then immersed in a solution of p, 11-94, 
the cell containing the bar antimony varying from 0-665 to 0-656 in 
24 hours. In this case the electrolytic antimony gave an initial 
potential of 0-232, rising slowly to 0-353 after an hour and to 0-684 
after 24 hours. In these two solutions, the Z.M.F.’s observed by 

Roberts and Fenwick become, after correction for the difference in 
potential between the silver-silver chloride half-element which 
they used and the normal calomel, 0-239 and 0-835 volt respec- 
tively. This type of electrode is therefore quite unsuitable for use 
either in titrimetric work or for the rapid determination of py values. 

We followed the drift in E.M.F. to which the bar electrode is 
liable for several hours in solutions of different pg value. The 
variation was appreciable during the first few minutes after the 
introduction of the electrode, but after 5 minutes the #.M.F. 
usually became steady for several minutes; nevertheless during an 
hour, it showed an average drift of 4 mv. per hour taken over the 
17 solutions of pg value between 2 and 12 which have been studied. 
In all cases, however, the #.M.F. read 5 minutes after immersion 
of the electrode is reproducible and agrees with that recorded in a 
solution of the same py value obtained by direct titration of the 
buffer from either the acid or the alkaline side. 

As a result of these experiments, we concluded that in cases where 
the antimony electrode can be used in the determination of pg values 
with a moderate degree of rapidity, a bar of cast antimony is pre- 
ferable to the electro-deposited form, and is trustworthy and simple 
in use. A calibration curve was therefore constructed by taking 
the mean of all the concordant, reproducible #.M.F.’s which had 
been obtained in the titration of the buffer mixture against a clean 
antimony bar in a solution containing suspended antimonous oxide. 
The means of these Z.M.F.’s, Eg,, are given in Table I, the voltages 
referring to the cell Sb,Sb,0,|Solution| V-Calomel, while in the 
fourth column are given the calculated H.M.F.’s, Ey, of the cell 
H,|Solution|N-Calomel. The difference between these two L.M.F.’s, 
given in the last column, is that of the cell H,|Solution|Sb,0,,Sb at 
different pq values of the solution. 

The px, of the solution is plotted against the #.M.F. of the anti- 
mony electrode in the lower part of Fig. 1. (The py co-ordinates 
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TaBLeE I. 
Titration of 100 c.c. of the buffer mixture with 0-2N-NaOH at 14° 
by means of the antimony electrode. 


Pu- Es: ° Ex. Diff. C.e. Pu- Esp. Ey. Diff. 
1-81 0-124 0-387 0-263 52-5 699 0-393 0-682 0-289 
5 1:91 0-127 0-393 0-266 55 7:24 0-404 0-697 0-293 

1:98 0-131 0-397 0-266 57-5 7-51 0-418 0-712 0-294 
5 2-10 0-135 0-404 0-269 60 7:95 0-435 0-737 0-302 
2:21 0-141 0-410 0-269 6255 835 0-456 0-760 0-304 
5 238 0-147 0-420 0-273 65 8-68 0°473 0-779 0-306 
2-55 0-156 0-429 0-273 67-5 890 0-487 0-791 0-304 
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17-5 2-84 0-167 0-446 0-279 70 9-10 0-497 0-803 0-306 
20 3°05 0-184 0-458 0-274 72 9-36 0-510 0-818 0-308 
22-5 3:38 0-203 0-477 0-274 75 9-58 0-524 0-830 0-306 
25 3-75 0-221 0-498 0-277 775 993 0-539 0-850 0-311 
27-5 3:92 0-233 0-507 0-274 80 10-33 0-559 0-873 0-310 
30 4:22 0-244 0-525 0-281 82-5 10-81 0-589 0-900 0-311 
32-5 433 0-255 0-531 0-276 85 11-12 0-610 0-918 0-308 
35 4-65 0-268 0-549 0-281 87-5 11:35 0-624 0-930 0-306 
37-5 4:92 0-286 0-564 0-278 90 11-47 0-634 0-938 0-304 
40 5-43 0-316 0-594 0-278 92-5 11-64 0-643 0-947 0-304 
42-5 602 0-343 0-627 0-284 95 11-75 0-650 0-954 0-304 
45 6-33 0-359 0-645 0-286 97-5 11-84 0-656 0-959 0-303 
47-5 6-59 0-371 0-660 0-289 100 11-94 0-663 0-965 0-302 
50 6:79 0-382 0-671 0-289 


referring to this curve are given on the right-hand side.) The 
curve is continuous but only approximately linear. Francke and 
Willaman’s data (loc. cit.) when plotted givea straight line of approxi- 
mately the same slope as our curve but about 0-6—0-7 p, unit below 
it. The data of Kolthoff and Hartong are irregular but give points 
in agreement with our curve, and those of Shukov and Awsejewitch 
give points lying above our curve by about 0:-3—0-4 p, unit. The 
values of these investigators are also indicated on the graph. 

It will be observed that, with the exception of the data of Roberts 
and Fenwick, which alone refer to Z.M.F.’s measured after the lapse 
of 24 hours, the calibration data obtained after the initial steady 
E.M.F.’s had been indicated by the several investigators with 
massive antimony, and in the case of Shukov and Awsejewitch with 
electro-deposited antimony, lie close together in Fig. 1. We have 
shown that the probable impurities in the metal have some effect 
on the initial #.M.F.’s, and also that these voltages may vary 
somewhat, depending on the treatment of the solution, e.g., the 
efficiency of stirring. As it is probable that the conditions adopted 
in the present work would be difficult to reproduce in every respect 
by another worker, a calibration curve of each fresh electrode should 
be made under the precise conditions in which it is to be used. 





Potentiometric Titrations. 


In order to investigate the use to which the antimony electrode 
may be put in titrimetric work and in the determination of pa 
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values, titrations of solutions of acids and salts of widely different 
nature were made. The solutions employed are given in the first 
two columns of Table II. The normal calomel electrode was used 
in each titration as the standard half-element, the junction with 
the titration cell being made with a saturated solution of potassium 
chloride. The titration curves are given in Figs. 2—5, in which the 
Pa Values, read from the calibration curve from the observed volt- 
ages, have been plotted against the number of equivalents of the 
titrant. For the purpose of comparison, the titration curve of the 
sulphite solution with hydrochloric acid is reversed, the titration 
actually having been made from the alkaline to the acid zone. 
To ascertain whether the observed #.M.F.’s throughout the titration 
would lead to px values in agreement with those found by the 
accepted methods, calculations were made from the p, values 
indicated at the addition of each one-eighth equivalent of titrant. 
The third column of Table IT gives the limits of the px values so 
calculated, whilst in the next two columns are given the mean values. 





TABLE II. 
Mean. Previous determinations. 
100 C.c. solution 4 
titrated. Titrant. PR Range. PR PRe PR: Method. Ref. 
0-051¥f-Acetic acid 0-1945N- 4-52—4-65 4-58 4:73 ons 
NaOH 
9. = * 9. ant 9.7 y , 1 
0025 M-Malonic acid 0-1945N- [ 7°77—3-14 2-99 le aa : 
NaOH | 5-35—5-45 5-38 6360, 1 
5-39 ’ : 
0-025M-Maleic acid 0-1945N- £1-94—2-09 2-05 1-34 i " 
NaOH 16-00—6-12 6-06 6-94 - 2 
6-29 ‘i 3 
(9.27 Bs e A 4 
0-0167M-Fumaric 0-1945N- [787-803 298 — Bur ; 
acid (150¢.c.used) NaOH | 4.39 4.53 “a. 2 
= ” 
4-49 5 
0-04.M-NaBO, + 0-23LN- 9-05—9-20 9-13 _ = = 
0-02V-NaOH HOl 
0-04M-KON + 0-231N- 9-55—9-65 9-60 — 9-41 Special 5 
0-02N-NaOH HOl 
0-045 M-K,SO, + 0-231N- 2-64—2-81 2-70 — — 
0-045N-NaOH HO! 7-65—7-82 7-74 7-0 Indicators 7 
0-025.M-Selenious 0-208.V- 8-25——8-43 _ 8-34 8-05 E.M.F. 8 
acid Na0H 8-05 Indicators ® 
7-29 Cond. 10 
0-025M-Telluric acid 0-208N- 7-75—7-97 7-84 _— _ 
NaOH = ca. 12°5 oa wey 
0-0322M-K,OrO, +  0-231LN- 6-95—7-16 7:07 64 E.M.F. ie 
0-:0322NV-NaOH HOl 
00462 M-Sodium 0-240N- 4-90—5-00 4:97 4:74 Cond. 12 
azide HOl catalysis 
4-59 ass a8 
electrode 
5-10 Cond. 14 
1-94—2-09 2-01 203 £.M.F. . 
0-04M-HyPO, 0-200N- 6-88—6-95 6-92 68 RAP. 1 
NaOH 6-71 Cond. 16 
11-79—11-93 11-85 11-57  2.M.F. 16 
(PKs) 12-44 Cond. ae 
11-55 £.M.F. 17 


! Britton, 1925. * Mizutani, 1925. * Larsson, 1924, * Reyer, 1923. 5 Larsson, 1922, 
1926, * Harman & Worley, 1924. 7 Kolthoff, 1920. * German, this paper, p. 470. 
* Willcox & Prideaux, 1925. 1@ Blanc, 1920. 11 Britton, 1924. 12 West, 1900. 13 Hughes, 
1928. 4 Oliveri-Mandala, 1916. 15 Britton, 1927. 16 Abbott & Bray, 1909. 17 Prideaus 
& Ward, 1924, 
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The curves in Fig. 2 for acetic and malonic acids compare very 
satisfactorily with those obtained with the hydrogen electrode, and 
the p, values (Table IT) reveal that the electrode behaves well in the 
presence of these acids. Maleic and fumaric acids, being unsaturated, 
cannot be titrated against the hydrogen electrode, but the curves in 
Fig. 2 and the fair agreement with the published, but discrepant, 
Px values illustrate the appreciable difference between the two 
isomerides. 
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Equivalents of NaOH. 


The data and curve for boric acid, Fig. 3, show that the electrode 
yields good results in feebly alkaline solutions. 

No electrode has yet been found to be of use in the investigation 
of solutions of hydrocyanic acid. The antimony electrode gave 
steady #.M.F. readings, and the curve in Fig. 3 is throughout 
characteristic of that of a very weak monobasic acid. 

The titration of the cyanide solution was carried out with Mr. E. N. 
Dodd, B.Sc., in connexion with work on complex cyanides, and this 
led to px = 9°60, a value higher than those previously obtained. 
These, however, vary over such wide limits that comparison is not 
possibie. The most recent value, pg = 9-41, obtained by Harman 
and Worley (7'rans. Faraday Soc., 1924, 20, 502), is also higher than 
the earlier ones, and in the light of the work here described it is 
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probably the most accurate. It has been confirmed by measuring 
the pq values during the titration of potassium cyanide solution with 
hydrochloric acid by means of the usual comparator colorimetric 
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method, and by the method of Michaelis and Gyemant (Biochem. Z., 
1920, 109, 165) : 


Determination of Dzgcy colorimetrically. 


Fraction of KCN de- 


composed ......00. 0-125 0-25 0-375 0-50 0:625 0-75 0-875 
PH cvccvecccccccccccseces 10-34 9-98 9-55 9-30 9-00 8-80 8-50 
PR veccccccccvccvccceces 9-49 9-50 9-33 9-30 9-22 9-28 9-35 
Indicators used: Salicyl-yellow, Phenolphthalein, Thymol-blue, m-Cresol- 

purple. 


Mean pg = 9-35. 


The remaining curve in Fig. 3 shows that the antimony electrode 
gives a sharp end-point in the titration of a solution of sodium hydr- 
oxide with hydrochloric acid, and, moreover, that the py, values 
corresponding to the #.M.F.’s set up after the electrode had 
undergone a very large change were correct. 

Fig. 4 corresponds to titrations of phosphoric acid and of the 
following acids which do not appear to have been investigated 
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potentiometrically: sulphurous, selenious, selenic, and telluric. 
Neither the hydrogen, oxygen, nor quinhydrone electrode can be 
used in sulphurcus acid solutions and, as Rosenheim and Krause 
(Z. anorg. Chem., 1921, 118, 178) have shown, the first is useless in 
selenious acid solutions owing to the deposition of metallic selenium 
upon the platinum black. Mr. W. L. German, M.Sc., in this labor. 
atory has, however, titrated this acid in the presence of the quin- 
hydrone electrode. His results are given in Table III. 


TaBxE IIT. 


Quinhydrone titration of 50 c.c. of 0-049M-H,SeO, with 
0-1N-NaOH at 17°. 


Fraction Mean 
neutralised 0-125 0-25 0-375 0-50 0-625 0-75 0-875 PR: 


lst Stage of neutralisation. 


DE cccccceccces 2-10 2-25 2-40 2-60 2-80 3-05 3°35 

PR, csecccees 2-47 2-48 2-68 2-49 2-50 2-50 2-45 2-51 
2nd Stage of neutralisation. 

eee 7-30 7-70 7-90 8-05 8-25 8-45 8-74 

i. siuanntes 8-15 8-18 8-12 8-05 8-03 7:97 7-89 8-05 


These figures compare well with px, = 2-40 and px, = 8-05 obtained 
by Willcox and Prideaux (J., 1925, 127, 1543) by the indicator 
method and with pz, = 2:31 and 2-46 obtained by Rosenheim and 
Krause (loc. cit.) by the indicator and conductometric methods. 
Blane (J. Chim. physique, 1920, 18, 28), however, gives px, = 2:57 
and px,= 7:29. The figure determined by means of the antimony 
electrode is px, = 8-34. It proved impossible to determine the pz, 
value, for the H.M.F.’s registered during the first stage of neutral- 
isation corresponded to pq values below unity, indicating that in 
this region the antimony electrode was being involved in a reaction 
with the acid, thereby rendering the calibration inapplicable. 
These #.M.F.’s were quite steady, and the use of the electrode at 
this stage of the titration did not affect the 2.M.F.’s later set up on 
further titration, since the px values determined for the second stage 
of dissociation were the same whether the free acid were titrated 
with alkali, or sodium selenite with hydrochloric acid. The titration 
curve for selenic acid shows a similar behaviour throughout the 
titration, for the #.M.F.’s recorded up to the end-point do not 
correspond to possible py values of the solution. Nevertheless, the 
antimony electrode can be used as an indicator of the end-point in 
the titration of this acid. The absence of any break at the point 
corresponding to the end of the first stage of dissociation indicates 
that selenic acid is a strong acid in agreement with the conducto- 
metric titration curve of this acid, which Miolati and Mascetti 
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(Gazzetta, 1901, 31, i, 93) showed to have only one discontinuity 
at the point corresponding to complete neutralisation. Moreover, 
Ostwald (“ Allgemeine Chemie,” Leipzig, 1893) found that selenic 
and sulphuric acids have almost the same equivalent conductivities 
at all dilutions. 

The py values prevailing throughout the first stage of neutralisation 
of telluric acid with sodium hydroxide led to a fairly constant value 
of px, viz., 7°84. The values corresponding to the second stage, 
which are probably not very accurate, indicate that this stage of 
ionisation is that of an extremely weak acid, px, being about 12-5. 
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These values cannot be considered as entirely satisfactory, for 
although the shape of the titration curve is reproducible, the actual 
voltages are not; e.g., back-titration gave 7-38 for px,. Neverthe- 
less, both the curve and the approximate px values are of importance 
in that they establish the dibasicity of telluric acid, as opposed to its 
hexabasicity as required by the formula H,TeO, suggested by Rosen- 
heim and Weinheber (Z. anorg. Chem., 1911, 69, 261) and Gutbier 
(ibid., 1901, 29, 29). The conductivity data of the former workers 
can be brought into harmony with this view by taking 427 as a rough 
estimate of wu. of H,TeOQ, at 25°. In so doing, we have considered 
the ionisation, H,TeO, —= H’+ HTeO,’, and have assumed that 
the mobility of HTeO,’ is equal to that of Cl’. Calculating from 
the conductivity data for the various dilutions, we obtain values 
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of px, of the order of 6. Though this value indicates that the 
constant, K,, calculated from the titration curve is probably too 
small, it suffices to show, when coupled with the break obtained on 
neutralisation with 1 equiv. of alkali, that telluric acid is a dibasic 
acid whose first stage of ionisation is very weak. The extreme 
weakness of the ionisation of HTeO,’, viz., px, = ca. 12-5, shows that 
the tellurates of the alkali metals must be considerably hydrolysed, 
to extents of about 60%, thus: K,TeO, + H,O = KHTeO, +KOH. 

The presence of free potassium hydroxide would explain the 
somewhat high values of the conductivity of potassium tellurate 
obtained by Gutbier. Moreover, this author stated that his cryo- 
scopic data for telluric acid solutions supported the existence of 
H,TeO, molecules in solution. The actual values of the molecular 
weights ranged from 201-4 to 228-7 (Cale. for H,TeO,: 229-6) and 
compare almost as well with H,TeO, (Calc. : 193-6), the ionisation 
being too small to have any appreciable effect on the freezing 
point. 

The titration of potassium tellurite with hydrochloric acid was 
attempted, but a black deposit, probably of tellurium, was formed 
on the electrode and no steady Z.M.F. readings could be obtained. 

Although the antimony electrode can be used in the electrometric 
titration of sulphite solutions, yet the Z.M.F.’s established during 
the second stage of the neutralisation of sulphurous acid show a 
definite drift. 

The phosphoric acid curve, Fig. 4, again demonstrates that 
the antimony electrode readily responds to considerable changes 
in Pu. 

Fig. 5 illustrates the titration with hydrochloric acid of alkaline 
solutions of sodium chromate, tungstate, and molybdate. The first 
salt gave a steady H.M.F. during titration, but the px, value cal- 
culated, viz., 7-07, does not agree well with that previously measured 
(Britton, J., 1924, 125, 1572). The titration of chromic acid with 
alkalis gave rise to the same type of result as was obtained with 
selenious and selenic acids in the acid region, the #.M.F.’s being 
much too small to correspond to the pq, of the solution, even if it 
were assumed that the acid were completely dissociated. Unlike 
those with the selenium acids, however, the Z.M.F.’s registered in 
the case of chromic acid were by no means reproducible; indeed, in 
some cases the polarity of the cell was reversed. This erratic be- 
haviour was reflected throughout the titration of this acid, the 
7.M.F.’s recorded in the second stage of neutralisation not being 
reproducible, and p, values selected at stages in the course of any 
one titration did not give a constant value for px,. 

The results obtained in the acid titrations of sodium tungstate 
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and sodium molybdate are of interest in that moderately good 
agreement was obtained with the results recorded by Britton and 
German (J., 1930, 1249, 2154), until a stage was reached in the 
acidification where the py was about 3. Thisis the point at which 
a “ complex ”’ has been shown to be formed, and after this stage 
very erratic results were obtained with the antimony electrodes. 

Attempts to follow the titration:of sodium orthovanadate with 
hydrochloric and acetic acids proved fruitless. 


Fig. 5. 
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The antimony electrode has also been found applicable in the 
titration of sodium azide solutions with hydrochloric acid, and, as 
shown in Table II, indicates pg values that are correct as far as can 
be judged from previous data. 
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LXII.—The Period of Induction of the Reaction between 
Ammonium Sulphide and Formaldehyde Solutions. 


By Raymonp James Woop LE FEvRE and (Miss) Morna Mactzop. 


WHEN an aqueous solution of formaldehyde is added to ordinary 
yellow ammonium sulphide solution, the mixture first becomes 
colourless, then evolves heat, and finally, after a definite induction 
period, deposits a white and frequently slightly gummy precipitate. 
A colourless solution of ammonium hydrogen sulphide shows the 
last two effects. The new substance, after isolation and purification 
by thorough washing with hot water and air-drying, is usually a 
faintly yellow, amorphous powder, m. p. (vague) 150—200°, having 
a characteristic odour (especially on volatilisation), and is not 
soluble without decomposition in any common solvent or in dilute 
acid. 

Constitution —As a test for individuality, four samples were 
prepared for analysis, the conditions being as follows: (1) from 
concentrated yellow ammonium sulphide solution and an excess 
of 40% aqueous formaldehyde, (2) from 40% aqueous formaldehyde 
and an excess of concentrated yellow ammonium sulphide solution, 
(3) from more dilute solutions with neither in excess, and (4) as (3) 
except that freshly prepared ammonium hydrogen sulphide was 
employed. The analyses of these specimens are given in Cols.1—4, 
and Col. 5 contains those of miscellaneous specimens; they corres- 


) (3). (4). (5). 
32-5 35°8 36-5 one 
eae 


> 
 , ee 6-09 5-72 6-11 6-2 
NN, Yo ccovsvece 14-0 13-7 16-6 15-7 f 16-1, 15-8, 16-4 
a ae its in i J 31-9, 36-9, 35-9, 
a ae ae 37-0 — 37°6 40-5 L 33:5, 31-8 


pond roughly to the formula (CH,),NHS, which requires C, 40-9; 
H, 6-8; N, 15-9; 8, 35-6%, although the predominating compound 
formed, whatever it may be, is clearly accompanied by varying 
amounts of other products. 

The possibility that the development of heat is due to the form- 
ation of hexamethylenetetramine from formaldehyde and ammonia, 
and therefore that the above substance is identical with “ thiometa- 
formaldehyde,” (CH,S),, isolated by Wohl (Ber., 1886, 19, 2345) by 
passing hydrogen sulphide through boiling ammoniacal hexamine 
solution, is manifestly untenable in view of the nitrogen content. 
Incidentally, however, we thought it desirable to repeat Wohl’s 
preparation, and we always obtained products containing nitrogen— 
in two experiments, as much as 4%. Wohl’s product, therefore, 
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cannot be a chemical individual, but probably contains chiefly 
ren, | trithioformaldehyde along with other substances, ¢.g., of the nitro- 
genous type now described by us. 

The results obtained when aqueous formaldehyde was mixed with 
OD. aqueous solutions of either methylamine, dimethylamine, ethylamine, 
ary | 7 diethylamine, saturated with hydrogen sulphide, were similar 
mes to those obtained with ammonia, in that ill-defined white substances 
ion | Were produced after a preliminary development of heat and a period 
ate, | ofinduction. Only from the first-named amine was a solid derivative 
the produced; it had m. p. 43—50° and was evidently a mixture. 
ion | Treatment of its ethereal solution with methyl iodide gave, after 
va | 2 few days’ standing, a crystalline methiodide, m. p. 161—162°, 
ion identical (m. p., analysis, and mixed m. p.) with the corresponding 
at derivative (m. p. 161—163° decomp.) which Wohl prepared from 
lute | 2 Substance, “ methylthioformaldin,” (CH,),S,NCH, (I), m. p. 65°, 
obtained by shaking 30% methylamine solution with dilute aqueous 
vere | formaldehyde which had been previously saturated with hydrogen 


‘om sulphide. 

— The products from the other three amines were apparently impure 
vde mixtures giving variable analyses and not yielding crystalline 
ion, | methiodides. They were not further investigated. 

(3) The Period of Induction —This was examined fully only in the 
was | case of ammonium sulphide-formaldehyde, and, except with very 
_4, | dilute solutions, was quite well defined and amenable to measure- 
res- ment. 


Method. Two stock solutions of ammonium sulphide and 
formaldehyde were made up immediately before use by appropriate 
dilution of the commercial 16% and 40% solutions respectively. 
4 The formaldehyde was standardised by the method of Blank and 
"9, Finkenberger (Ber., 1898, 31, 2979; Analyst, 1899, 24, 92), whilst 
the ammonium sulphide, considerably diluted, was satisfactorily 
)-9; estimated by addition to acidified ferric sulphate solution as 
und described by Mohr (“ Titrirmethode,” 1896, 257) for hydrogen 
ring sulphide solutions. From these parent solutions, by accurately 
diluting various volumes to a standard volume, solutions of known 


rm- concentrations were obtained. These were preserved in vessels 
nia, immersed in a thermostat. 

ota- Three sets of experiments were made: (1) formalin concentration 
) by constant, ammonium sulphide variable; (2) ammonium sulphide 





line concentration constant, formalin variable; (3) concentrations of 
ent. both reagents constant, temperature variable. 

hl’s In the first and second sets, observations were conducted by 
: placing 5 c.c. of each solution in one of a pair of dry boiling tubes 
and then as rapidly as possible pouring the ammonium sulphide 
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into the formaldehyde solution. In the third case, both the stock 
solutions and the boiling tubes were sunk in the same large, mechanic. 
ally stirred water-bath; 15 minutes before each experiment, 10 c.c, 
of formalin and 20 c.c. of ammonium sulphide were placed in their 
respective boiling tubes and allowed to attain the temperature of the 
bath, and the ammonium sulphide was added to the formalin as 
before. 

A stop-watch was started at the moment when addition was 











completed; a small helical glass mechanical stirrer was used in the 
Fig. 1. Fie. 2. 
Con,o (see curve A). 
14 13 12 11 
10 
70 
” 300 
60 
30 
= rae 
z of 7 
= 40 & 2 180 
= ~ L ) 
BS Oe § 
S S & 
30 
20 
70 60 
10 
0-2 0-3 0-4 0-5 0° 10° 20° 30° 40° 50 add 
Cams (see curve B). Temperature. ae 
formalin tube, although results reproducible to 1—1-5 secs. were | at 
obtainable without it. A black background and a good side-light | that 
assisted determination of the moment when a bluish-white cloudiness ¢ tem 
first appeared. This was always taken as the end-point. 20°) 
The results are summarised in Tables I, II, and IIL; Cox,o and f read 


Cams Tepresent concentrations of formaldehyde and ammonium § acid 
sulphide respectively in g.-mols./I., and ¢ is the period of induction § occa 
in seconds. Fig. 1 represents the data in Tables I and II, and 
Fig. 2 (Curve I) those in Table III, Curves II and IIT being derived 
from other pairs of solutions. 








“ock 
nic- 


heir 
‘the 
n as 


was 
the 

















a 


eo 50° 


were 
light 
iness 


_ and 
nium 
ction 

and 


rived 








OF THE REACTION BETWEEN AMMONIUM SULPHIDE, ETC. 








477 


TABLE I, TaB_e II. 

Con,o = 13:3; temp. = 18°. Cams = 04918; temp. = 18°. 
Cam,8- t. Cam,3 X t. Cou,0- t. Cecn,o X t. 
0-4918 10-1 4:97 13°26 9-2 122-0 
04426 10-5 4°65 12-47 10-0 124-7 
0-3934 10-9 4-25 12-20 11-6 141-6 
03434 1l- 4-05 11-93 12+4 147-9 
0:3197 14-0 4°48 11-67 15-2 177-4 
0-2950 20-2 5°96 11-40 15-1 173°3 
0-2705 34-0 9-20 11-14 18-6 207-1 
0-2459 69-2 17-02 10-61 116-0 1229-0 
01967 ca. 900 177-0 . 

TABLE IIT. 
Cams = approx. 0-2; Ccon,o = approx. 1-0 
i reer a 16? 33° 2S ae ae ORT ae 51° 62° 
i cosscakaotns 312 192 91 83 60 48 43 20 7 ca.O 
Discussion. 


From the third columns of Tables I and II it will be seen that the 
period of induction is not even approximately inversely proportional 


to the concentration of the solutions 
(compare the case of the interaction 
of sulphurous and iodic acids; Lan- 
dolt, Ber., 1886, 19, 1317), for were 
it so, then Fig. 3, Curves A and B 
(the product of concentration and 
time plotted against time from 
Tables I and II respectively) would 
be horizontal straight lines. 

As this irregularity in Curve A 
might have been due to the increas- 
ing predominance of a different re- 
action as the concentration of the 
added liquid diminished, we roughly 
examined the natures of the products 
at the various stages. We found 
that as the solutions were diluted (the 
temperature being kept below, say, 
20°) the products became more 
readily soluble in cold hydrochloric 


acid, clearly indicating a change in chemical nature. 
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On two 


occasions from very dilute solutions the precipitate was even 
obtained as white needles, m. p. 125—129° (Found: C, 31-9; H, 
929; N, 10-1; S, 50-0; residue, 149%). 


low under investigation. 
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This type of product is 
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Table III and Fig. 2 also suggest that effects of more than one set 
of reactions are being observed. If the same chain of intermediate 
reactions leading to precipitation persisted along the whole tem- 
perature range studied, then, whatever their velocity accelerations 
with temperature may be, the curves in this figure should be linear. 
Actually they display a linearity up to ca. 18°, after which they 
flatten out and join the temperature axis at 60°. 











THe RatrpH Forster LABORATORIES OF ORGANIC CHEMISTRY, 
University CoLLtEGE, Lonpon. [Received, May 15th, 1930.] 
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LXIII.—The Action of Substituted Aromatic Amines 
on Camphoric Anhydride. The Rotatory Powers 
of some Disubstituted Camphoranilic Acids. r 


By Manan Srincu and Dara SINGH. 


In support of Rule’s statement (J., 1924, 125, 1127) that “ groups 
of like polarity reinforce each other in the ortho-position, whilst the 4 
introduction of a positive and a negative group, both of marked di 
polarity, leaves the rotation of the unsubstituted ester com- 
paratively unaltered,” the case of the menthyl esters of o-disub- 
stituted benzoic acid prepared by Cohen (J., 1914, 105, 1892) may 
be cited. Very little work, however, has been done in this direction J» 
and the present investigation was undertaken to test the validity | 4’ 
of the statement. 5’. 

The condensation products of camphoric anhydride and the 
following disubstituted anilines are described: o0-, m-, and 
p-xylidine, 4- and 5-nitro-o-anisidine, 4- and 5-nitro-o-toluidine, 
and 2- and 3-nitro-p-toluidine. The mononitro-derivatives of 
4'-methyl-, 4’-chloro-, and 4’-bromo-camphoranilic acid and the § po 
dinitro-derivatives of 4’-methoxy- and 4’-ethoxy-camphoranilic J po 
acid have also been prepared. as 

The nitro-derivative of 4’-bromocamphoranilic acid prepared by | tat 
Wootton (J., 1910, 97, 405) and displaying levorotation in alcoholic | W! 
solution is described by him as 4’-bromo-3’-nitrocamphoranilic acid. } fee 
It may be 4’-bromo-2’-nitrocamphoranilic acid for the following § of 
reasons : (1) 2’-Nitro-4’-methyleamphoranilic acid, the condensation J ati 
product of 3-nitro-p-toluidine and camphoric anhydride, is identical § wit 
with the nitration product of 4’-methyleamphoranilic acid: the § the 









nitro-group therefore enters the ortho-position with respect to the § rev 
substituted amino-group during nitration. (2) 3’-Nitrocamphor- T 
anilic acid (Wootton, loc. cit.) and derivatives of camphoranilic acid § can 






with the nitro-group in the 3’-position all show positive rotations, 








e set 
liate 
tem- 
tions 
near, 
they 


0.) 


nes 
vers 


‘oups 
t the 
irked 
com- 
isub- 
may 
ction 


lidity 


L the 

and 
idine, 
sof 
1 the 
anilic 


od by 
yholic 
acid. 
wing 
sation 
ntical 
: the 
‘o the 
phor- 
¢ acid 


tions, 











AROMATIC AMINES ON CAMPHORIC ANHYDRIDE. 479 





whereas the nitro-derivatives of the 4'-substituted acid give negative 
rotations in all solvents. 

Effect of Substituents on the Rotatory Power.—Table I records the 
molecular rotatory powers, [M]p, of 2’-methylcamphoranilic acid 
and some dimethyleamphoranilic acids in various solvents. The 
introduction of the second methyl group increases the rotation in 


TABLE I, 

Substituent. MeOH. EtOH. Me,CO. MeEtCO. 
IE icantntshnteneecesen +-151° +144° * + 98° + 91° 
2’: 3’-Dimethyl ............ 168 148 120 109 
2’: 6’-Dimethyl _............ 203 165 147 127 
2’: 6’-Dimethyl ............ 174 168 109 102 


* Singh and Puri, J., 1926, 504. 


every case, and most when the two methyl groups are in the para- 
position with respect to each other. The increase due to two 
methyls in the ortho-positions with respect to the optically active 
group is much less than was expected. 

In Table II are the molecular rotatory powers, [M]p, of 2’- and 
4’-methoxy- and 4’-ethoxy-camphoranilic acids and their nitro- 
derivatives. The nitro- and the methoxy-group have marked 


TaBLeE II. 

Substituent. MeOH. EtOH. Me,CO. MeEtCO. 
STOUR — ccocecsccscesseoes + 30° + 28° — 16° — 10° 
CAT ceccicccesesencess +163 +153 +-123 +100 
GC -BARORY secveccecosceccocccce +179 +154 +116 +104 
5’-Nitro-2’-methoxy ......... +144 +128 +109 +104 

(150) (131) (101) Pmt 
4’.Nitro-2’-methoxy ......... Feeble rotation 
2’ : 6’-Dinitro-4’-methoxy — 306 —412 — 270 — 255 
2’: 5’-Dinitro-4’-ethoxy ... —263 — 353 —211 —192 


polarities and stand at the ends of the polar series. The rotatory 
power of 5’-nitro-2’-methoxycamphoranilic acid is almost the same 
as that of the unsubstituted compound. (The values of the ro- 
tatory power of the latter are shown in parentheses in Table II.) 
When the nitro-group is in the 4’-position the compound shows a 
feeble rotation, [«]» = + 5°0° in methyl ethyl ketone. On nitration 
of 4’-methoxy- and 4’-ethoxy-camphoranilic acids, dinitro-deriv- 
atives are produced. Both nitro-groups enter the ortho-positions 
with respect to the optically active group and, as was expected, 
there is a considerable rise in the rotatory power, accompanied by a 
reversal of sign. 

Table III records the rotatory powers, [M]p, of 2’- and 4’-methyl- 
camphoranilic acids and their nitro-derivatives. The nitro- and 
the methyl group (both of similar polarity) enhance the rotation 
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TABLE ITI. 


Substituent. MeOH. EtOH. Me,CO. MeEtCo, 
SMUG ceccccccccoccecsss ose = 146° +144° + 98° + 90° 
PBR | oscicvcccccsccresccess +170 +146 +122 — 
5’-Nitro-2’-methyl ......... +214 +219 -+- 154 +144 
4’-Nitro-2’-methyl ......... + 96 + 80 +. 77 — 
5’-Nitro-4’-methyl ......... +141 +123 +111 +101 
2’-Nitro-4’-methyl ......... -- 167 — 202 —161 —138 


considerably when they are in the para-position with respect to each 
other, but there is a fall when they are in the meta-position. Again, 
there is a slight fall in the rotation of 4’-methyleamphoranilic acid 
when a nitro-group is introduced in the 5’-position. But there is a 
considerable rise when the nitro-group is in the 2’-position and in 
every solvent the sign of the rotation is changed. 


EXPERIMENTAL. 


Condensation of Camphoric Anhydride with Substituted Amines.— 
Camphoric anhydride and the amine (equai mols.) were heated 
together with fused sodium acetate at 145—150° for 3—4 hours. 
The product was dissolved in 90% alcohol, precipitated, extracted 
with a dilute solution of alkali, and crystallised from alcohol. In 
no case was there any residue of imide. 

The following acids were prepared. 2’ : 3’-Dimethylcamphor- 
anilic acid, light prisms, m. p. 190—192° (Found: N, 5-0; equiv., 
298. C,gH,,O,N requires N, 4.6%; equiv., 303). 2’ : 6’-Dimethy/- 
camphoranilic acid, silky needles, m. p. 236—238° (Found : N, 5-1%; 
equiv., 306). 2’: 5’-Dimethylcamphoranilic acid, needles, m. p. 
203—204° (Found: N, 5:2%; equiv., 301). 5’-Nitro-2’-methoxy- 
camphoranilic acid, needles, m. p. 162—163° (Found: N, 8:35. 


C,,H,.0,N, requires N, 80%). 4’-Nitro-2’-methoxycamphoranilic 


acid, light brown, powdery mass, m. p. 185—186° (Found: N, 
84%).  5'-Nitro-2’-methylcamphoranilic acid, straw-coloured 
needles, m. p. 220—221° (Found: N, 8-6. C,,H,,0;N, requires 
N, 84%). 3'-Nttro-4’-methylcamphoranilic acid, light brown, pris- 
matic crystals, m. p. 204—205° (Found: N, 85%). 2’-Nitro-4’- 
methyleamphoranilic acid, deep yellow plates, m. p. 187° (Found: 
N, 86%). 4'-Nitro-2’-methylcamphoranilic acid, needles, m. p. 
229—230° (Found : N, 8-7%). 

Nitration of 4'-Chloro, 4'-Bromo-, 4'-Methoxy-, 4'-Ethouy-, and 
4'.Methyl-camphoranilic Acids.—To a mixture of 10 c.c. of fuming 
nitric acid and 8 c.c. of glacial acetic acid, 3 g. of the acid were 
gradually added. The clear solution obtained after 5—10 minutes 
was kept for 30—45 minutes and then poured on ice. The deep 
yellow or orange precipitate produced was crystallised from alcohol. 
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The following acids were prepared. 4'-Chloro-2'-nitrocamphoranilic 
acid, deep yellow needles, m. p. 204—205° (Found: N, 8-25. 


C,g,HygO;N,Cl requires N, 7-9%). 


4’-Bromo-2’-nitrocamphor- 


anilic acid, deep yellow needles, m. p. 212° (Wootton, loc. cit., 204— 


206°) (Found: N, 7:3. 


TABLE IV. 


Cale.: N, 


70%). 2’ : 6’-Dinitro-4’- 


Rotatory Powers of Disubstituted Camphoranilic Acids. 


Conc., Conce., 
Solvent. g./25 c.c. ap. [a]p. g./25 c.c. ap. [a]p. 
2’ : 3’-Dimethylcamphor- 2’ ; 6’-Dimethyleamphor- 
anilic acid. anilic acid. 
MeO . crccnsssa 0-1842 0-82° 55-6° 0-1850 0-85° 57-4° 
rrr 0-1998 0-78 48-8 0-1986 0-88 55-4 
jt eee 0-1961 0-62 39-5 0-2006 0-58 36-1 
MeEtCO ......... 01982 057 35:9 01994 0:54 33-8 
2’ : 6’-Dimethylcamphor- 5’-Nitro-2’-methoxy- 
anilic acid. camphoranilic acid. 
MeOH ......... 02016 108 67-0 01859 0-61 41-0 
hanes ials 01978 0-86 54-4 0:1907 0-56 36-7 
pe 02014 0-78 48-4 02166 0-54 31-1 
MeEtCO ......... 0:2000 0-65 40-6 01893 0-45 29-7 
4’-Nitro-2’-methoxy- 5’-Nitro-2’-methyl- 
camphoranilic acid. camphoranilic acid. 
Serres \ Shows very feeble rotatory 0-1894 0-96 64-0 
_ eee J power. 0-1985 1-04 65-5 
i ee 0-1278 0-09 8-8 0-2000 0:74 46-2 
MeEtCo ......... 0-1991 0-08 5-0 0-2064 0-71 43-0 
5’-Nitro-4’-methyl- 2’-Nitro-4’-methyl- 
camphoranilic acid. camphoranilic acid. 
MeOH ......... 01897 064 42-2 01900 —0-76 —50-0 
RE i sciniaons 0:1975 058 36-7 02004 —0-97 —60-5 
MeCO  ...0000. 0:2000 053 331 01195 046 —48-1 
MeEtCO ......... 0-1986 0-48 30-2 0-1668 —0:55 —41-2 
4’-Nitro-2’-methyl 4’-Chloro-2’-nitro- 
camphoranilic acid. camphoranilic acid. 
, 0-1886 ~ 0-44 29-1 0-1840 --0:60 —40-76 
MENU dineswisvece 0-1868 0-36 24-0 0-1979 —0:82 —51°‘8 
re ~— — -- 01933 —0-73 —47-2 
MeEtCoO ......... 0-1947 0-36 23-1 0-1990 —0-56 —35-2 
4’-Bromo-2’-nitro- 2’ : 6’-Dinitro-4’-methoxy- 
camphoranilic acid. camphoranilic acid. 
> 0-1880 —0:59 —39-2 0-1813 —1:22 — 84-1 
on Ee 0-1958 —0-71 —45-3 0-1811 —1-64 —113-2 
Me,CO _......... 01950 —0-56 —35-9 01955 —1:16 — 742 
MeEtCoO ......... 01985  —050 —31-5 01950 —109 — 70-0 
2’ : 6’-Dinitro-4’-ethoxycamphoranilic acid. 
MeOH _..nccccccccccccscccee 0-1523 —0-85° —69°7 
EEtOM ....cccccccccccscccccces 0-1579 —1-18 — 93-4 
MegCO ...ccccccccccescceeces 0-1966 —0-88 — 55-9 
MeEtCO ....ccccccseecccccees 0-1566 —0:73 — 50-8 
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methoxycamphoranilic acid, light orange needles, m. p. 228—229° 
(Found: N, 10-6. C,,H,,O,N, requires N, 10-6%). 2’: 6’-Di- 
nitro-4'-ethoxycamphoranilic acid, orange plates, m. p. 189—190° 
(Found: N, 10-2. C,.H,,O0,N, requires N, 10-3%). 2’-Nitro- 
4’-methyleamphoranilic acid, deep yellow plates, m. p. 187°, alone 
or mixed with the same acid prepared as described on p. 480. 


Summary. 


The rotatory powers of some disubstituted camphoranilic acids 
have been determined. Two groups of the same polarity reinforce 
each other when they are in the para-position with respect to each 
other; for instance, 2’ : 5’-dimethyleamphoranilic acid and 5’-nitro- 
2’-methyleamphoranilic acid exceed any of their respective iso- 
merides in rotatory power. Groups of opposite polarity neutralise 
each other’s effect. The rotatory power of 5’-nitro-2’-methoxy- 
camphoranilic acid is practically the same as that of the unsub- 
stituted compound. The nitro-group in the 4’-position has a 
depressing effect on the rotatory power of the original compound; 
e.g., 4'-nitro-2’-methoxycamphoranilic acid has a lower rotatory 
power than 2’-methoxycamphoranilic acid. Similarly, 4’-nitro- 
2’-methyleamphoranilic acid has a lower rotatory power than 
2’-methylcamphoranilic acid. 


GOVERNMENT COLLEGE, PunJAB UNIVERSITY, 
LAHORE, INDIA. [Received, November 17th, 1930.] 





LXIV.—The Use of Tetramethylene Dibromide in the 
Synthetical Formation of Closed Carbon Chains. 


By LEonARD JAMES GOLDSWORTHY. 


TETRAMETHYLENE dibromide, formerly obtainable with difficulty, 
is now accessible in quantity either from cyclohexanol (von Braun 
and Lemke, Ber., 1922, 55, 3526) or from ethyl succinate (Miiller, 
Monatsh., 1928, 49, 27). 

The present communication is concerned with its action on the 
sodium compounds of ethyl malonate, ethyl ethanetetracarboxylate 
and ethyl propanetetracarboxylate. 

Haworth and Perkin (J., 1894, 65, 96), when investigating the 
action of pentamethylene dibromide, prepared from pentamethylene- 
diamine, on the sodium compound of ethyl malonate, isolated from 
the products of the reaction ethyl cyclopentane-1 : 1-dicarboxylate. 
They concluded from this that their pentamethylene dibromide 
was a mixture of tetramethylene and pentamethylene dibromides 
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and showed how the tetramethylene compound might have been 
formed during the preparation of the pentamethylenediamine. 
The authors commented on the remarkable difference in behaviour 
of pentamethylene and tetramethylene dibromides towards the 
sodium compound of ethyl malonate : whereas the former dibromide 
yielded ethyl cyclohexane-1 : 1-dicarboxylate and ethyl heptane- 
xaww-tetracarboxylate, the latter under precisely similar conditions 
gave only ethyl cyclopentane-1 : 1-dicarboxylate, no ethyl hexane- 
aacw-tetracarboxylate being formed. The author has investigated 
the action of ethyl sodiomalonate on pure tetramethylene 
dibromide, and his results are in complete accord with those 
obtained in the experiments with the mixed dibromides. 

From the product of the action of tetramethylene dibromide on 
ethyl sodioethanetetracarboxylate, a reaction analogous to those by 
which hexahydroterephthalic and hexahydroisophthalic acids have 
been synthesised by Perkin and his collaborators, the author has 
obtained cis- and trans-hexahydrophthalic acids, identical with 
the acids obtained by Baeyer (Annalen, 1890, 258, 213) by the reduc- 
tion of tetrahydrophthalic acid. 

According to Kétz (J. pr. Chem., 1903, 68, 148) the compound 

CH,-C( ch” 
C,H ho H, has been synthesised by Speiss by the action 

CH,-C( <0 gt), 
of o- aylylene dibromide on ethyl sodiopropanetetracarboxylate. 
By the analogous reaction of tetramethylene dibromide with this 
sodium compound the author has attempted to synthesise ethyl 
cycloheptane-1 : 1 : 3: 3-tetracarboxylate, with totally unexpected 
results. The products of the reaction were ethyl cyclopentane-1 : 1- 
dicarboxylate and the polymeride of ethyl methylenemalonate, 
prepared first by Zelinsky (Ber., 1889, 22, 3296) by the action of 
methylene iodide on ethyl sodiomalonate and later by Perkin (J., 
1898, 73, 340), who gave to it the name “ para-ethylic methylene 
malonate.” From the former compound a dicarboxylic acid, identi- 
cal with that synthesised by the action of ethyl sodiomalonate on 
tetramethylene dibromide, was obtained. It would appear, there- 
fore, that the reaction which takes place is that represented by the 
equation 


CH,Br NaQ(CO,Et), (H,-CH 


2 
[(CHylp + CH, = O(COsE), + CH,-:C(CO,Et), 
CH,Br NaC(CO,Et), CH ,-CH, 4. NaBr 


Another striking example is thus afforded of the ease of formation 
of 5-carbon ring structures. 
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EXPERIMENTAL. 


Preparation of Tetramethylene Dibromide.—Tetramethylene glycol 
was converted into the dibromide in better yield (85°) by the follow. 
ing method than by that employed by Miiller (loc. cit.). Toa 
mixture of 48% hydrobromic acid (155 c.c.) and concentrated 
sulphuric acid (36 c.c.), the glycol (48 g.) was added and then 
gradually, with cooling, concentrated sulphuric acid (58 c.c.). The 
mixture was refluxed for one hour and then distilled until no more 
drops of the dibromide appeared in the distillate. The crude 
dibromide was washed successively with water, cold concentrated 
sulphuric acid, a 10%, solution of sodium carbonate and water, 
dried over calcium chloride, and distilled, practically wholly at 
97° /30 mm. 

Action of Tetramethylene Dibromide on Hthyl Sodiomalonate.— 
Tetramethylene dibromide (21-8 g.) and ethyl malonate (32 g.) were | 
added to a solution of sodium (4-6 g.) in dry alcohol (80 c.c.). When | 
the mixture was warmed slightly, a vigorous reaction set in, which 
was completed by 4 hours’ heating on the water-bath. The alcohol 
was then distilled off, the residue mixed with water and extracted 
with ether, the ethereal solution washed and dried, the ether re- 
moved, and the residual oil distilled under diminished pressure. 
Two fractions were collected, of which the first distilled below 135°/30 
mm. and consisted mainly of ethyl malonate, and the second passed 
over at 135—190°/30 mm. (mostly at 160—180°). The latter on 
redistillation at the ordinary pressure gave a small fraction below 
210°, consisting mainly of ethyl malonate, and a fraction 210—227°. 
This was hydrolysed with methyl-alcoholic potash in the usual way, 
and after removal of the methyl alcohol was acidified, and the 
residue evaporated to dryness at the ordinary temperature over 
solid potash in a vacuum desiccator. The cyclopentane-] : 1- 
dicarboxylic acid was extracted from the nearly colourless, dry 
residue with ether and twice crystallised from water; m. p. 185° i 
(Haworth and Perkin, loc. cit., give 184—185°) [0-1664 neutralised : 
0-1800 Ba(OH),; calc., 0-1801]. When it was heated just above the q 

¢ 
0 














































m. p., the acid was converted into an oil with an unpleasant rancid 
odour, which was clearly identical with cyclopentanemonocarboxylic 
acid (Wislicenus, Annalen, 1898, 275, 337). 

Action of Tetramethylene Dibromide on Ethyl Sodiomethane- 
tetracarboxylate.—Dry alcoholic solutions of ethyl ethanetetra- 
carboxylate (38-2 g. in 60 c.c.) and of sodium (5-5 g. in 70 c.c.) were 
mixed and well shaken, tetramethylene dibromide (26-2 g.) was rs 
added, and the mixture refluxed for 4 hours and, as it still had an 7 
alkaline reaction, heated for 2 hours in a sealed bo'‘tle at 100°. The 
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bulk of the alcohol was then distilled off, water added, and the 
residual oil extracted with ether. From the washed and dried 
ethereal solution, an oil was obtained which on distillation gave 
a small fraction below 100°/30 mm., two small fractions at 100—210° 
and 210—220°, and a large fraction (27-3 g.) at 220—240°. A further 
small quantity of oil distilling at 220—240°/30 mm. was obtained by 
redistillation of the fractions 100—210° and 210—220°. One more 
fractionation yielded 26-5 g. of an oil, b. p. 225—235°/30 mm., which 
was hydrolysed by refluxing with methyl-alcoholic potash. After 
removal of the methyl alcohol, acidification with hydrochloric acid, 
and evaporation to dryness, the product was extracted with ether 
in a Soxhlet apparatus. The ether was then distilled off and the 
brown viscous residue of cyclohexane-1 : 1 : 2 : 2-tetracarboxylic acid 
was converted into the dicarboxylic acid by 4 hour’s heating at 200°. 
During the heating, impure crystals of the cis-acid, m. p. 170—183°, 
formed by the reunion of the cis-anhydride and water encrusted 
the cool parts of the apparatus (0-0780 neutralised 0-0500 KOH; 
calc., 0-0508). 

The crude acid in the flask was dissolved in water, and the solution 
decolorised with animal charcoal. On evaporation, colourless crys- 
tals were obtained, which even after several recrystallisations melted 
indefinitely at 175—180° and were apparently a mixture of the 
cis- and trans-acids. As these are not easily separated by fractional 
crystallisation (compare Baeyer, loc. cit.), the mixture of acids was 
distilled and so converted into the cis-anhydride, which was obtained 
as a colourless oil mixed with water, a small amount of a brown 
impurity remaining behind in the distilling flask. When the 
anhydride was dissolved in hot water, and the solution evaporated, 
crystals of the cis-acid were formed, m. p. 192° after softening and 
sintering at 182° in the manner described by Baeyer (0-1133 neutral- 
ised 0-1121 KOH; calc., 0-1127). 

For the preparation of the trans-acid the mother-liquors from the 
crystallisation of the mixture of cis- and trans-acids were evaporated 
and the residue, a yellow viscous mass, was distilled. From the 
distillate of crude cis-anhydride, by solution in water and evaporation, 
crystals of the cis-acid were obtained, which were nearly pure after 
one recrystallisation. These were heated with concentrated hydro- 
chloric acid in a sealed tube for 4 hours at 180° and so converted 
into the trans-acid, of which crystals mixed with specks of carbon 
separated on cooling. The acid after purification with animal 
charcoal and one recrystallisation from water was pure, m. p. 215— 
221° [0-0984 neutralised 0-0976 Ba(OH),; calc., 0-0978]. 

Action of Tetramethylene Dibromide on Ethyl Sodiopropanetetra- 
carboxylate.—Sodium (5-5 g.) was dissolved in dry alcohol (68 c.c.) 
R2 
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in a pressure bottle provided with a reflux condenser, by heating at 
130°. The solution was cooled to about 40°, and the semi-solid mass 
obtained was well shaken with ethyl propanetetracarboxylate (39-8 g.) 
until it became entirely fluid. When tetramethylene dibromide 
(26-2 g.) was added to the cold solution, a reaction set in with con- 
siderable evolution of heat. This was completed on the next day by 
closing the pressure bottle and heating for 3 hours at 130°. From 
the reaction mixture, after distillation of the alcohol and addition 
of water, ether extracted an oil (43 g.), which was distilled under 
reduced pressure, the following fractions being collected: below 
140°/30 mm., 6-4 g.; 140—150°, 7-0 g.; 150—180°, 3-8 g.; 180— 
210°, 16-2 g.; 210—240°, 6-3 g. During the collection of the last 
fraction decomposition set in and the pressure rose to 80 mm., several 
grams of a tarry substance remaining in the distilling flask. On 
standing for 24 hours, the fraction 180—210°/30 mm. almost com- 
pletely solidified, forming a colourless wax-like mass, the appearance 
of which suggested that it might be the polymeride of ethyl methylene- 
malonate. After being washed with light petroleum and dried on a 
porous plate, the substance melted at 155—160° (Zelinsky, loc. cit., 
found 155—156°), and when heated above the m. p. slowly decom- 
posed with evolution of a gas, the decomposition taking place 
rapidly above 200° (Found: C, 55:3; H, 63. Calc. for CgH,,0,: 
C, 55:8; H, 7:0%). These figures and the properties of the 
substance, viz., its behaviour when heated, its sparing solubility 
in alcohol, ether, light petroleum, and benzene, and its reducing 
action on potassium permanganate, left no doubt as to its identity 
with the polymeride of ethyl methylenemalonate. 

The other product of the reaction, viz., ethyl cyclopentane-1 : 1- 
dicarboxylate (see equation on p. 483), was found in the fractions 
which distilled at 140—150° and 150—180°. From these, by re- 
fractionation first under reduced pressure (30 mm.) and finally at 
the ordinary pressure, 7-6 g. of an oil, b. p. 223—225°/761 mm., 
were obtained. This ester was converted in the usual way into the 
corresponding acid, m. p. 183—184° after four recrystallisations 
from water [0-1900 neutralised 0-2037 Ba(OH),; calc., 0-2056). 
The identity of the acid was further established by heating it above 
its m. p. and distilling the monocarboxylic acid formed. The 
distillate was an oil having the characteristic rancid odour of 
cyclopentanemonocarboxylic acid. 


UNIVERSITY COLLEGE, RANGOON. [Received, January 12th, 1931.] 
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on} LXV.—Polycyclic Aromatic Hydrocarbons. Part II. 
Wt The Non-existence of 1:2:7:8-Dibenzanthracene. 


con- By JAMES WILFRED CooK. 
be By pyrolysis of 2-methyl-1 : 1’-dinaphthyl ketone (I) and 2-methyl- 


] : 2’-dinaphthyl ketone (II), Clar (Ber., 1929, 62, 350) and Fieser 





aaa and Dietz (bid., p. 1827) obtained compounds which they believed 
sein to be respectively 1 : 2 : 7 : 8-dibenzanthracene (III) and 1 : 2: 5: 6- 
30— dibenzanthracene (IV) : 
last 
BO mO 0.0 
On i) \ Y YY consi ff" (III.) 
we cH? Ox ; 
ance \% CHy 
ene- wr”, 
on a CO. 
cit., ww rh 
a (II.) a — ) — ‘ (IV.) 
lial ( \/ CHs’\ J \4 
0: \ ) 
the 
ility The two products had practically the same m. p., alone or mixed, 
cing as was also the case with their respective picrates and quinones, 
tity and they were indistinguishable in their physical properties (solu- 
; bility, absorption spectra, and the oxidation-reduction potentials 
: 1. of the quinones). The only apparent difference was one of colour, 
ions but whereas Clar observed that the hydrocarbon from (I) was more 
re- highly coloured than that from (II), Fieser and Dietz found the 
> at reverse. This difference is of no significance, as it has been found 
m., that in both cases the colour is due to an impurity which can be 
the removed by suitable treatment with sulphuric acid. The above 
ions authors commented on the great resemblance between the pyrolysis 
56]. products of (I) and (II), but do not appear to have considered the 
ove possibility that they are identical; nevertheless, it is evident from 
The the experiments described in the following paper that this isso. It 
. of was found that the two substances have the same fluorescence 
spectrum (Hieger, Biochem. J., 1930, 24, 505) and both produce 


cancer in mice (Kennaway and Hieger, Brit. Med. J., 1930, I, 1044), 
and the following derivatives of the supposed 1 : 2: 7 : 8-dibenz- 
anthracene were found to be identical in all respects with the corre- 
sponding derivatives of the supposed 1 : 2 : 5 : 6-dibenzanthracene : 
2’-methyl- (m. p. 256—257-5°), 3’-methyl- (m. p. 245°), 9: 10- 
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dimethyl- (m. p. 205-5—206-5°), 9: 10-di-n-butyl- (m. p. 143-5— 
144-5°), and octahydro- (m. p. 188—190°). 

In no case has there been any suggestion of difference in properties 
or reactivity between corresponding compounds in the two series 
and there can be no doubt that these are all derivatives of the same 
parent hydrocarbon. Whether this is represented by structure 
(III) or by structure (IV) can be answered at once, since the substance 
is identical with the 1 : 2: 5: 6-dibenzanthracene (IV) of Weitzen- 
béck and Klinger (Monatsh., 1918, 39, 315), who synthesised it by a 
method which establishes its constitution. 

Transformation of the ketone (I) into the hydrocarbon (IV) 
probably proceeds through the intermediate formation of ketone 
(II). It was found that neither ««’-dinaphthyl ketone nor «§’-di- 
naphthyl ketone was isomerised by the conditions used for the 
pyrolysis (heating at 440—450° for 1—2 hours) and it may be that 
the conversion of the «-naphthyl ketone (I) into the isomeric 
8-ketone (II) is associated with a tautomerism dependent on the 
presence of the ortho-methyl group, since 1-phenylacetylnaphthalene, 


a = C) OB) ce 


aan 


which has the properties of a tautomeric substance, is readily con- 
verted into the isomeric 8-ketone by simple pyrolysis (future com- 
munication). The observation of Fieser and Dietz (loc. cit.) that 
complete conversion of (I) into the hydrocarbon requires 10 times 
as long as when (II) is used is consistent with the view here expressed 
as to the mechanism of the production of (IV) from (I). 

Since the pyrolysis product of (I) is not 1 : 2: 7 : 8-dibenzanthra- 
cene, it became necessary to examine the claim of Homer (J., 
1910, 97, 1148) that this hydrocarbon is formed by the action of 
aluminium chloride on naphthalene in the presence of tetrachloro- 
ethane. Repetition of Homer’s experiment showed that her product 
is, in fact, perylene,* which was first described by Scholl, Seer, and 
Weitzenbéck in the same year in which Homer’s paper appeared 
(Ber., 1910, 43, 2202). The tetrachloroethane is thus merely a 
solvent and takes no part in the reaction. 

It appears, therefore, that 1 : 2: 7: 8-dibenzanthracene has not 
yet been prepared. It should be obtainable from 1 : 1’-dinaphthyl 
ketone-2-carboxylic acid. Attempts are being made to prepare this 


* Identified by direct comparison with an authentic sample kindly supplied 
by Imperial Chemical Industries, Limited. 
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acid by oxidation of the ketone (I) or by condensation of naph- 
thalene-1 : 2-dicarboxylic anhydride with naphthalene (compare 
Waldmann, J. pr. Chem., 1930, 127, 195), although so far the results 
have not been promising. 


Tue CAaNcER Hosprrat RESEARCH INSTITUTE, 
Lonpon, S8.W.3. [Received, January 6th, 1931.] 


LXVI.—Polycyclic Aromatic Hydrocarbons. Part 
III. Derivatives of 1:2: 5: 6-Dibenzanthracene. 
By JAMES WILFRED Cook. 


HiecEer (Biochem. J., 1930, 24, 505) has shown that many cancer- 
producing mixtures, such as the products of the action of aluminium 
chloride on tetralin, show a characteristic banded fluorescence 
spectrum which is very similar to that of 1 : 2-benzanthracene except 
that the bands in the former lie nearer the visible region, and several 
hydrocarbons derived from benzanthracene were prepared (J., 1930, 
1087) with the object of obtaining a pure compound which would 
reproduce the spectrum associated with cancer-producing mixtures. 
It was found that the introduction of alkyl groups into the benz- 
anthracene molecule produced a shift of the spectrum in the desired 
direction, but in none of the cases examined was the shift sufficiently 
large. Hieger further showed that the more highly condensed 
1:2:5:6-dibenzanthracene (compare preceding paper) gives a 
very similar spectrum which lies midway between those of 1 : 2-benz- 
anthracene and of aluminium chloride-treated tetralin. It thus 
seemed possible that a compound having the desired spectrum 
would be found among the homologues of this dibenzanthracene and 
to this end several of its derivatives have been prepared, which are 
now described. The additional observation of Kennaway and 
Hieger (Brit. Med. J., 1930, I, 1044) that 1:2: 5: 6-dibenz- 
anthracene has carcinogenic properties has given further stimulus 
to the examination of its derivatives from the standpoint of constitu- 
tional influences on the carcinogenic activity. 

Fieser and Dietz (Ber., 1929, 62, 1827) obtained 3’-methy]- 
1:2:5:6-dibenzanthracene (I) by pyrolysis of the monoketone 
obtained from 2 : 6-dimethylnaphthalene and 8-naphthoyl chioride 
by the Friedel-Crafts reaction, and the same hydrocarbon has now 
been formed by isomerisation and dehydration of 2 : 6-dimethyl- 
| : 1'-dinaphthyl ketone (from 2 : 6-dimethylnaphthalene and «-naph- 
thoyl chloride). In an analogous way 2 : 7-dimethylnaphthalene 
has been condensed with «- and #-naphthoyl chlorides to yield 
2: 7-dimethyl-1 :1'-dinaphthyl ketone and 2: 7-dimethyl-1 : 2'-di- 















490 COOK: POLYCYCLIC AROMATIC HYDROCARBONS. PART II, 


naphthyl ketone respectively. Both ketones were converted by 
pyrolysis into 2’-methyl-1 : 2 : 5 : 6-dibenzanthracene (II) : 


ooad foo 


: 4’ ails 1: 1’-dinaphthyl ketone (IIl), from 2-methyl- 
numa and 4-methyl-l-naphthoyl chloride, lost one of its 
methyl groups when it was heated for a short time at 450°, since the 
product was 1:2:5:6-dibenzanthracene and not its 3-methyl 
derivative. Similar loss of a methyl group occurred in the ketones 
prepared from 2 : 6-dimethylnaphthalene and 4-methyl-1-naphthoyl 
chloride (IV), 2 : 7-dimethylnaphthalene and 4-methyl-1-naphthoy] 
chloride (V), and ns 6-dimethylnaphthalene and 2-methyl-1-naph- 


thoyl chloride (V1) 
OC). Te 
(IIT.) fe * DN (IV.) 
Mel, x m( 
A. “fs 


tia ce Oe 
ene 7 ‘Ae ty 
Me \ Me \ Me 


The methyl group which was eliminated was always the one 
which was in the «-position to a condensed ring (compare Part I, 
J., 1930, 1088); moreover, dehydration was in each case preceded 
by isomerisation to the corresponding trimethyl derivative of 

2’-dinaphthyl ketone, since (IV) gave 3’-methyl-1:2:5:6- 
ee and (V) and (VI) both yielded 2’-methyl- 
1:2:5:6- se 9 re emare The preparation of 3-alkyl deriv- 
atives ol 1: 2:5: 6-dibenzanthracene by non-pyrogenic methods is 
being toca 

The structures assigned to the aforementioned ketones have not 
been rigidly established, but a consideration of all the facts leaves 
little doubt as to their correctness. For instance, «-naphthoyl 
chloride must condense with 2 : 6-dimethylnaphthalene in position 
1 or 3, since a methyl group ortho to carbonyl] is required for the 
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formation of the new ring; on general grounds, condensation at 
position 3 is unlikely. Furthermore, migration of methyl groups 
under the influence of aluminium chloride is rendered improbable 
by the fact that different products are formed when 2 : 7-dimethyl- 
naphthalene is used. In the case of 1 : 6-dimethylnaphthalene, in 
which positions 4 and 5 might be reactive, it is apparent that con- 
densation actually occurs in position 4, since no appreciable amounts 
of anthracene hydrocarbons were formed by the pyrolysis of the 
ketones resulting from the action of benzoyl! chloride or «-naphthoy] 
chloride, whereas when 2-methyl-l-naphthoyl chloride was used 
a oe ketone (VI) readily yielded —_ a hydrocarbon. 

: 10-Dialkyl derivatives (VIII) of 1:2:5:6- are Ae ene 
were formed by reduction of the diols (VII) shi from 1:2:5: 6- 
dibenzanthraquinone by treatment with Grignard solutions ad in 
two cases (R = Me and Bus) the experiment was performed both 
with the quinone obtained by oxidation of the hydrocarbon formed 
by pyrolysis of 2-methyl-1 : 2'-dinaphthyl ketone and also with the 
quinone obtained from the pyrolysis product of 2-methyl-1 : 1’- 
dinaphthyl ketone and erroneously described by Clar as 1: 2:7: 8- 
dibenzanthraquinone (preceding paper). The fact that both 
quinones yielded the same products is regarded as final proof of their 


identity. 
Ade v0 ry 
(VII.) see clit | (VIII.) 
a 2 \ g 


ZN 


‘HO R Y 
(R = Me, Buz, or CH,Ph) 

The fluorescence spectra of these hydrocarbons (VIII) are some- 
what anomalous, but it may be stated that the spectrum of the 
benzyl compound (R. = CH,Ph) is almost indistinguishable from that 
of the cancer-producing mixtures to which reference has been made. 
When the diol (VII; R = Me) obtained with magnesium methyl 
iodide was reduced with hydriodic acid and phosphorus in boiling 
glacial acetic acid solution, it was converted into a mixture of two 
compounds which, from their composition and properties, appeared 
to be geometrically isomeric 9 : 10-dimethyl-9 : 10-dihydro-1 : 2 : 5 : 6- 
dibenzanthracenes (IX and X) : 


H-C-Me H-C-Me ; 
(IX.) Cro ZC rots Cro es Bp lls (X.) 
H-C-) Me-C:H 


: 6-Dibenzanthracene is not reduced by hydriodic acid 


oe 
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under the same conditions, but is reduced to an oclahydro-compound 
by sodium and boiling amy] alcohol. 

The spectroscopic examination of these new hydrocarbons and 
their use in anima] experiments will be reported elsewhere in due 
course. 

EXPERIMENTAL. 
Condensation of Methylnaphthalenes with Acid Chlorides. 

The general conditions were as follows : A solution (or suspension) 
of the hydrocarbon (1 part) and the acid chloride (1 part) in carbon 
disulphide (3 parts) was cooled in ice and treated slowly, with 
agitation, with finely powdered anhydrous aluminium chloride 
(1 part). After being kept in ice for 3—6 hours with occasional 
shaking, the product was decomposed with ice and hydrochloric acid 
and the solvent and excess of hydrocarbon were removed with 
steam. The residue was again submitted to steam distillation in 
the presence of sodium hydroxide, and the residual ketone purified 
by recrystallisation. 

2 : 6-Dimethyl-1:1'-dinaphthyl Ketone (from 2: 6-dimethyl- 
naphthalene and «-naphthoyl chloride).—The crude ketone was 
recrystallised from glacial acetic acid (yield, 50%), methyl ethyl 
ketone, and finally alcohol (Found: C, 88-7; H, 5-8. C,,H,,0 
requires C, 89-0; H, 5-8%). This ketone formed a yellowish 
crystalline powder, m. p. 162—163°. 

2: 7-Dimethyl-1 : 1'-dinaphthyl Ketone (from 2 : 7-dimethylnaph- 
thalene and «-naphthoyl chloride)—The crude ketone was twice 
recrystallised from acetic acid (yield, 70%), a sample for analysis 
being further recrystallised from toluene (Found: C, 88-8; H, 5:8. 
C3H,,0 requires C, 89-0; H, 5-8%). This ketone formed tufts of 
colourless needles, m. p. 161—162°, depressed by admixture with 
the 2 : 6-dimethyl compound. 

2 : 7-Dimethyl-1 : 2'-dinaphthyl Ketone (from 2 : 7-dimethylnaph- 
thalene and f{-naphthoyl chloride)—The crude product was 
recrystallised from acetic acid (yield, 40°), then from alcohol, and, 
for analysis, twice from cyclohexane. Almost colourless needles 
were obtained, m. p. 113-5—114:5° (Found: C, 88-8; H, 5:7. 
C.3H,,O0 requires C, 89-0; H, 5-8%). 

4-Benzoyl-1 : 6-dimethylnaphthalene—The crude product from 
1 : 6-dimethylnaphthalene (15-6 g.), benzoyl chloride (14 g.), and 
anhydrous aluminium chloride (15 g.) in carbon disulphide (50 c.c.) 
was distilled in a vacuum, the chief fraction being collected at 
220—230°/5 mm. It formed a viscous oil which solidified after 
several weeks (yield, 21 g.) and was then triturated with light 
petroleum and recrystallised from methyl alcohol. This ketone 
formed colourless rhombs, m. p. 77—78°, and was scarcely attacked 
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when its suspension in alkaline potassium permanganate was boiled 
for 10 hours (Found: C, 87-4; H, 5-85. C, ,H,,0 requires C, 87-7; 
H, 6-15%). 

x-Naphthoyl chloride reacted readily with 1 : 6-dimethylnaph- 
thalene under the usual conditions, but the resulting ketone could 
not be freed from resinous impurities. 

2:4'-Dimethyl-1:1'-dinaphthyl Ketone (III; from 2-methy]l- 
naphthalene and 4-methyl-l-naphthoyl chloride)—The 2-methy]- 
and 4-methyl-naphthoyl chlorides used in this and subsequent 
experiments were obtained by the action of thionyl chloride on 
the corresponding acids, prepared from 2-methylnaphthalene and 
l|-methylnaphthalene respectively by the method of Mayer and 
Sieglitz (Ber., 1922, 55, 1839). 

A solution of the crude ketone in glacial acetic acid deposited 
crystals after several days. These were recrystallised from acetic 
acid, methyl alcohol, and then from cyclohexane and formed almost 
colourless needles, m. p. 120—121°. ‘This figure was only obtained 
after drying in a vacuum desiccator over paraffin wax and phosphoric 
oxide. The yield was poor (Found: C, 88:7; H, 6-0. C,3H,,0 
requires C, 89-0; H, 5-8%). 

2:7:4'-Trimethyl-1 :1'-dinaphthyl Ketone (V; from 2: 7-di- 
methylnaphthalene and 4-methyl-1-naphthoyl chloride).—The crude 
product was recrystallised twice from acetic acid (yield, 45°%) and 
then, for analysis, from alcohol and cyclohexane. The pure ketone 
was an almost colourless, crystalline powder, m. p. 140° (Found : 
C, 88-9; H, 6-0. C,H, 90 requires C, 88-9; H, 6-2%). 





Pyrolysis of the Ketones. 

The appropriate ketone was heated in a small Pyrex glass retort 
in a metal-bath at 440—450° until water was no longer liberated 
(about $3—14 hours); the residue was rapidly distilled over a free 
flame, the crystalline distillate being purified by recrystallisation. 

1:2:5:6-Dibenzanthracene.—The crude distillate from 2: 4’- 
dimethyl-1 : 1’-dinaphthyl ketone (III) was recrystallised twice 
from xylene and then from benzene. The resulting yellow leaflets 
were shown by the method of mixed melting points to consist of 
1:2:5:6-dibenzanthracene, the methyl group in position 4’ being 
eliminated from the ketone. In order to show that this elimination 
was not due entirely to the high temperature required for distillation 
of the hydrocarbon, a little of the crude residue in the retort, obtained 
by heating the ketone at 450°, was sublimed at 230°/5—6 mm. 
1:2:5:6-Dibenzanthracene was isolated from the sublimate; the 
elimination of methyl was, however, probably less complete, as the 
hydrocarbon was only obtained pure after repeated recrystallisation. 
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3’-Methyl-1 : 2:5: 6-dibenzanthracene (I).—(i) The crude dis. 
tillate from 2: 6-dimethyl-1:1’'-dinaphthyl ketone (11 g.) was 
recrystallised from xylene, the product (2-6 g.) dissolved in toluene 
(350 c.c.), and the cold solution shaken 5 or 6 times with concentrated 
sulphuric acid (portions of 10 c.c.).* This treatment removed most 
of the colour, and the purified hydrocarbon, obtained by con. 
centration of the washed and dried solution, was recrystallised three 
times from benzene and then formed almost colourless leaflets, 
m. p. 245°, alone or mixed with the 3’-methyl-1 : 2 : 5 : 6-dibenz- 
anthracene obtained by the method of Fieser and Dietz (loc. cit.) 
from 2 : 6-dimethyl-1 : 2’-dinaphthyl ketone (Found: C, 94:2; H, 
5-4. Cale.: C, 94:5; H, 55%). The m. p. was depressed by 
admixture with 1:2:5:6-dibenzanthracene, or its 2’-methyl 
derivative. 

(ii) The crude ketone from 2:6-dimethylnaphthalene and 
4-methyl-1-naphthoyl chloride (IV) could not be obtained crystalline 
and was therefore pyrolysed in the usual manner. The product, 
after purification, was identified as 3’-methyl-1 : 2 : 5 : 6-dibenz- 
anthracene. 

2’-Methyl-1 : 2: 5: 6-dibenzanthracene (I1).—(i) The crude dis. 
tillate from 2: 7-dimethyl-1 :2’-dinaphthyl ketone (10 g.) was 
recrystallised from xylene, the deep yellow crystals (3-15 g.) shaken 
in toluene solution with sulphuric acid, and the purified hydro- 
carbon again recrystallised from xylene. 2'-Methyl-1:2:5:6- 
dibenzanthracene formed almost colourless nodules, m. p. 256— 
257-5°, depressed by admixture with 1 : 2 : 5 : 6-dibenzanthracene 
(Found : C, 94-1; H, 5-6. C,,H,. requires C, 94-5; H, 5-5%). 

(ii) The crude distillate from 2: 7-dimethyl-1 : 1’-dinaphthyl 
ketone (10 g.) was recrystallised from benzene (yield, 2 g.), and the 
product further purified as described under (i). It was found to be 
identical with the above 2’-methyl-1 : 2 : 5 : 6-dibenzanthracene. 

(iii) The crude ketone (VI) prepared from 1 : 6-dimethylnaph- 
thalene and 2-methyl-l-naphthoyl chloride could not be obtained 
crystalline and was therefore submitted to pyrolysis. The distillate 
was purified as described under (i) and yielded 2’-methyl-1 : 2 : 5: 6- 
dibenzanthracene. 

(iv) 2:7: 4’-Trimethyl-1 : 1’-dinaphthyl ketone (V) also yielded 


* 1:2:5:6-Dibenzanthracene is always contaminated with a yellow 
impurity which cannot be removed by recrystallisation or sublimation, but is 
removed by this treatment with sulphuric acid. The purified hydrocarbon 
forms colourless plates which have a violet luminescence in the ultra-violet 
light of a mercury vapour lamp (compare Clar, Ber., 1929, 62, 352). The 
yellow 1 : 2-benzanthracene of Barnett and Matthews (Chem. News, 1925, 130, 
339) was also rendered colourless by sulphuric acid treatment. The melting 
points were unaltered. 
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2'-methyl-1 : 2: 5: 6-dibenzanthracene by purification of the pre- 
ducts of its pyrolysis. 


Dialkyl Derivatives of 1 : 2 : 5 : 6-Dibenzanthracene. 

9 : 10-Dihydroxy-9 : 10-dimethyl-9 : 10-dihydro-1 : 2 : 5 : 6-dibenz- 
anthracene (VII; R = Me).—A Grignard solution was prepared 
from methyl iodide (10-5 c.c.) and magnesium turnings (4 g.), the 
ether removed on the water-bath, and the residue dissolved in dry 
benzene (50 c.c.). The resulting solution, cooled in ice, was treated 
slowly, with agitation, with a suspension of 1 : 2 : 5 : 6-dibenzanthra- 
quinone (Clar, Ber., 1929, 62, 357) (10-5 g.) in benzene (50 c.c.). 
The whole was boiled for 3 hours, and the resulting gelatinous mass 
decomposed with ice and ammonium chloride. The solid in suspen- 
sion (8-3 g.) was collected and dried, a further crop of crystals (1-9 g.) 
being obtained from the benzene liquor by concentration. The 
substance was recrystallised from xylene and from toluene as a 
colourless crystalline powder, m. p. 245—250° (Found: C, 84-9; 
H, 5-9. C,,H,,0, requires C, 84-7; H, 5-9%). This diol gave an 
intense cornflower-blue solution in concentrated sulphuric acid. 

Reduction experiments. (i) Reduction with zinc dust and acetic 
acid yielded resinous substances from which no crystalline material 
could be isolated. 

(ii) 9 : 10-Dimethyl-1 : 2 : 5 : 6-dibenzanthracene (VIII; R = Me). 
Hydriodic acid (d 1-9; 2 c.c.) was added to a boiling solution of the 
diol (2 g.) in glacial acetic acid (50 c.c.). After boiling for 5 minutes, 
the solution was rapidly cooled, and the crystals which separated 
were collected, washed, and recrystallised from xylene and then 
twice from benzene. This hydrocarbon formed yellowish needles, 
m. p. 205-5—206-5°, and gave an intense violet solution in con- 
centrated sulphuric acid (Found: C, 94:0; H, 5-9. C,,H,, requires 
C, 94-1; H, 5-9%). 

The same dimethyl compound was obtained when the above 
experiments were repeated with the quinone prepared by oxidation 
of the hydrocarbon formed by pyrolysis of 2-methyl-1 : 1’-dinaphthyl 
ketone (Clar, Joc. cit.) and regarded by him as 1 : 2:7: 8-dibenz- 
anthraquinone (see preceding paper). 

(iii) cis- and trans -9 : 10 - Dimethyl -9 : 10 - dihydro-1:2:5:6- 
dibenzanthracenes (IX and X). Red phosphorus (1-5 g.) and hydr- 
iodic acid (d 1-9; 5 c.c.) were added to a boiling solution of the diol 
(3 g.) from magnesium methyl] iodide and 1 : 2 : 5 : 6-dibenzanthra- 
quinone in glacial acetic acid (100 c.c.). The whole was boiled for 
1} hours and poured into water, and the precipitate collected and 
dried. The solid was extracted with benzene, and the filtered 
solution concentrated and treated with cyclohexane. The crystals 
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which separated were recrystallised from benzene and then frac. 
tionally crystallised from xylene. The less soluble fraction was 
recrystallised from ethyl acetate and formed a colourless crystalline 
powder, m. p. 277—278° (Found : C, 93-4; H, 6-6. C,,Ho9 requires 
C, 93-5; H, 65%). This dihydro-compound (X) probably had the 
trans-configuration, since it was less soluble than its isomeride and 
had a higher m. p. (compare Barnett, Cook, and Matthews, Ree, 
trav. chim., 1925, 44, 728). Its solutions were non-fluorescent. 

The xylene liquors, on standing, yielded a substance which, 
recrystallised twice from cyclohexane, formed a colourless micro. 
crystalline powder, m. p. 207—209°, the m. p. being depressed by 
admixture with 9:10-dimethyl-1:2: 5:6 -dibenzanthracene 
(Found: C, 93-4; H, 6-55. C.,Ho9 requires C, 93-5; H, 6-5%). 
This dihydro-compound (IX), probably the cis-isomeride, gave 
solutions which had a feeble fluorescence in ultra-violet light. 

Neither dihydro-compound gave a colour with concentrated 
sulphuric acid. 

9 : 10- Dihydroxy-9 : 10 - di -n- butyl -9 : 10 - dihydro-1:2:5:6- 
dibenzanthracene (VII; R= Bust).—A_ Grignard solution was 
prepared from n-butyl bromide (24 g.) and magnesium turnings 
(3-5 g.), the ether removed, and the residue dissolved in dry benzene 
(50 c.c.). The resulting solution was treated gradually with a 
suspension of 1:2:5:6-dibenzanthraquinone (10°5 g.) in dry 
benzene (50 c.c.), kept at room temperature for an hour, and then 
boiled for 14 hours. The product was decomposed with ice and 
ammonium chloride, the benzene layer separated (more benzene was 
necessary to give a clear solution) and washed, and the ‘solvent 
removed under diminished pressure. The residue was treated with 
light petroleum and the crystalline product was collected, extracted 
several times with boiling alkaline sodium hydrosulphite to remove 
unchanged quinone, and then recrystallised twice from benzene. 
This diol formed colourless needles, m. p. 214—215° (yield, 5-9 g.), 
and gave an intense cornflower-blue solution in concentrated 
sulphuric acid (Found: C, 84:9; H, 7:5. Cg 9H3.0, requires (, 
84:9; H, 7-55%). 

In another preparation hydrochloric acid was used instead of 
ammonium chloride for decomposition of the magnesium compound. 
The product, after purification in the manner described, formed 
colourless needles, m. p. 225—226°, and depressed the m. p. of the 
above diol, m. p. 214—215°. The high figure obtained for hydrogen 
suggested that a third n-butyl group had entered the molecule, so 
the higher-melting substance is probably a mono-n-butyl ether of the 
diol (Found : C, 85-0; H, 8-3. C,,H4, 0, requires C, 85-0; H, 8-3%%). 
It was not further examined. 
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9 : 10-Di-n-butyl-1 : 2 : 5 : 6-dibenzanthracene (VIII; R = Bus).— 
A solution of the diol (3 g.) in glacial acetic acid (75 c.c.) was boiled 
for 2 hours with zine filings (7-5 g.). The hot solution was decanted 
into a large volume of cold water and the precipitate was collected, 
dried in a vacuum desiccator, and recrystallised from alcohol. 
The product (1-1 g.) formed small yellowish crystals, m. p. 143-5— 
144:5°, and the m. p. was not changed by recrystallisation from 
benzene-light petroleum (Found: C, 92-7; H, 7-4. Cgp9H39 requires 
C, 92-3; H, 7-7%). This hydrocarbon dissolved in warm con- 
centrated sulphuric acid, yielding a purple solution with a dark red 
fluorescence. 

The same di-n-butyl compound was obtained when the above 
experiments were repeated with the alleged 1 : 2 : 7 : 8-dibenzanthra- 
quinone of Clar. 

9 : 10-Dihydroxy-9 : 10-dibenzyl-9 : 10-dihydro-1 : 2 : 5 : 6-dibenz- 
anthracene (VIL; R = CH,Ph).—A Grignard solution was prepared 
from benzyl chloride (23 c.c.), magnesium turnings (5 g.), and dry 
benzene (65 c.c.) in the same way as the methyl compound, cooled 
in ice, and slowly treated with a suspension of 1 : 2 : 5 : 6-dibenz- 
anthraquinone (15-4 g.) in dry benzene (65 c.c.). After addition of 
the quinone, the suspension was boiled for 14 hours, kept at room 
temperature over-night, and decomposed with ice and ammonium 
chloride. The filtered benzene solution was evaporated on the 
water-bath, and the residual oil treated with alcohol (100 c.c.). 
The resulting crystals were collected, extracted several times with 
boiling alkaline sodium hydrosulphite, and recrystallised from 
benzene (yield, 2-9 g.). For analysis, the diol was crystallised from 
ethyl acetate—alcohol, forming colourless needles, m. p. 249—251° 
(Found: C, 87-6; H, 5-6; M, cryoscopic in benzene, 472. C,,H,,0, 
requires C, 87-8; H, 5-794; M, 492). The solution in concentrated 
sulphuric acid was orange-red. 

9 : 10-Dibenzyl-1 : 2 : 5 : 6-dibenzanthracene (VIII; R = CH,Ph). 
—A solution of the above diol (2 g.) in glacial acetic acid (50 c.c.) was 
boiled for 2 hours with zinc dust (5 g.). The solution was poured 
into water, and the precipitate collected and dried. ‘The resinous 
product could not be obtained crystalline from any of the usual 
media, but was purified by addition of picric acid (2 g.) to its solution 
in acetone (20 c.c.). The red crystalline picrate was collected, 
washed, and decomposed with ammonium hydroxide, and the 
hydrocarbon recrystallised from benzene-light petroleum (Found : 
C, 941; H, 5-6. C,,H,, requires C, 94:3; H, 5-7%). 9: 10- 
Dibenzyl-1 : 2:5: 6-dibenzanthracene formed almost colourless 
needles, m. p. 195—201° (decomp.). 
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Reduction of 1 : 2 : 5 : 6-Dibenzanthracene. 


Sodium (2 g.) was added gradually to a boiling suspension of 
1 : 2:5: 6-dibenzanthracene (2 g.) in amyl alcohol (50 c.c.). The 
resulting clear solution was poured into water while hot, the amy] 
alcohol removed with steam, and the residual solid collected and 
dried. The crude product had m. p. 167—170° and this was only 
raised to the highest figure obtained by repeated recrystallisation 
from ethyl acetate. Analysis of three different samples gave 
figures indicating the formation of an octahydro-compound, although 
on theoretical grounds a decahydro-compound is more probable 
(Found: C, 92-2; H, 7-8. C,H. requires C, 92-3; H, 7-7%). 
Octahydro-1 : 2 : 5 : 6-dibenzanthracene forms colourless plates, m. p. 
188—190°. The same compound was formed by reduction of the 
hydrocarbon which Clar supposed was 1 : 2 : 7 : 8-dibenzanthracene 
(preceding paper). 

The author wishes to record his indebtedness to Mr. F. Goulden 
for the preparation of the whole of the methylnaphthoyl] chlorides 
and 1 : 2: 5: 6-dibenzanthracene used in this investigation. 


Appendix on the High-boiling Constituents of Coal Tar. 


Concurrently with the synthetic work described in this series of 
papers, an attempt is being made to isolate the carcinogenic con- 
stituent of coal tar. The tar used in these preliminary experiments 
was formed by carbonising coal in horizontal retorts, the fraction 
boiling above 400° was diluted with acetic acid, and the solid was 
filtered off and washed free from tar oils with acetic acid and alcohol. 
The resulting yellow crystals yielded almost pure chrysene after two 
recrystallisations from xylene. The solid obtained from the xylene 
liquors was submitted to a long series of fractional crystallisations, 
both alone and also in conjunction with picric acid. One of the 
fractions, m. p. 153—156°, appeared to consist chiefly of one sub- 
stance; this substance was not pyrene. Its solutions had a very 
intense violet fluorescence and the fluorescence spectrum had bands 
which coincided with those in the spectrum of the complex car- 
cinogenic mixture obtained from tetralin by the action of aluminium 
chloride (Kennaway and Hieger, loc. cit.). The properties of this 
fraction do not agree with those of any constituent of coal tar so 
far described. Oxidation with chromic acid yielded a mixture of 
quinones from which o-quinones, such as chrysenequinone, were 
completely removed by treatment with sodium bisulphite and 
alcohol. The residual quinones were extracted with boiling alkaline 
sodium hydrosulphite, and the quinones regenerated from the deep 
red filtered solution by atmospheric oxidation. No constituent of 
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constant m. p. has yet been isolated from these quinones, which 
form orange-brown needles, and appear to be more highly condensed 
derivatives of anthraquinone. Further chemical examination is 
postponed pending the results of animal experiments with the hydro- 
carbons. 

This preliminary examination has been made possible by the 
courtesy and co-operation of Mr. E. V. Evans and Mr. W. Kirby of 
the South Metropolitan Gas Company, who kindly provided the coal 
tar fraction boiling above 400°, and also a supply of the solid matter 
free from tar oils. 


THE CANCER HospitTaL RESEARCH INSTITUTE, 
Lonpvon, S.W. 3. [Received, January 6th, 1931.] 





LX VII.—Polycyclic Aromatic Hydrocarbons. Part IV. 
Condensed Derivatives of 1:2-Benzanthracene. 


By James WILFRED CooK. 


Ir was shown in Part ITI that, by suitable substitution, a derivative 
of 1: 2: 5: 6-dibenzanthracene could be obtained having a fluores- 
cence spectrum very similar to that of powerful cancer-producing 


mixtures of unknown composition. The present investigation was 
undertaken with the hope of preparing an unsubstituted hydro- 
carbon having the same fluorescence spectrum, and this hope has 
been largely realised in the phenanthra-acenaphthene (VII) and 
phenanthrafluorene (VIII or [X) described below. 

In all cases the new hydrocarbons have been obtained by suitable 
modification of the Elbs dehydration of an o-methylbenzophenone to 
an anthracene derivative. 

Condensation of 2-methyl-l-naphthoyl chloride (2 mols.) with 
diphenyl (1 mol.) led only to the monoketone previously obtained 
from p-phenylbenzoyl chloride and 2-methylnaphthalene (J., 1930, 
1088). By using 1l-naphthoyl chloride and di-m-tolyl, however, 
4: 4'-di-x-naphthoyl-3 : 3'-dimethyldiphenyl (1) was formed, and this 
was converted by pyrolysis into 1 : 2: 1’ : 2’-dibenz-6 : 6’ (or 7 : 7’)- 
dianthryl (II). 


> 
— | | 
: JZ LK V4 2 

In view of the probability of isomeric change of the type discussed 


in Part IL of this series taking place, it is not possible to say whether 
the two benzanthracene residues are linked in position 6 or 
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position 7. The product had a very indefinite m. p. and may bea 
mixture of both isomerides. 

Five-ring Compounds.—The only pure hydrocarbons which have 
been recognised as definitely carcinogenic are 1 : 2: 5 : 6-dibenz. 
anthracene and its simple derivatives. Preliminary experiments 
(Kennaway, private communication) suggest that 6-isopropyl- 
1 : 2-benzanthracene also is a weak carcinogenic agent. Consider. 
able interest therefore attaches to cyclopenteno-1 : 2-benzanthracene 
(probably IV), which occupies an intermediate position between 
these two types and was obtained by pyrolysis of the crude ketone 
(IIT) resulting from hydrindene and 2-methy]-!-naphthoyl chloride : 


0 
~~ = ly Me ‘H,- org 
H,—CH H, 


It is et n that the carcinogenic dies obtained from tetralin 
by the action of aluminium chloride contains partly reduced, con- 
densed aromatic hydrocarbons (Schroeter, Ber., 1924, 57, 1990), 


and with the object of obtaining a tetrahydro-derivative of the 
carcinogenic | : 2:5: 6-dibenzanthracene, tetralin was condensed 
with 2-methyl-l-naphthoyl chloride, and the resulting 2-methyl- 
5’: 6’: 7’ : 8’-tetrahydro-1 : 2’-dinaphthyl ketone pyrolysed. The high 
temperature necessary for ring closure resulted in dehydrogenation 
to — an extent that the only pure hydrocarbon isolated was 
1 : 2:5: 6-dibenzanthracene. 
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Six-ring Compounds.—The reactive positions in acenaphthene and 
fluorene are 3 and 2 respectively: the products obtained by con- 
densation of these hydrocarbons with 2-methyl-1-naphthoy1 chloride 
are therefore undoubtedly represented by structures (V) and (VI). 
By analogy with 2-methyl-1 : 1’-dinaphthyl ketone (see Part If), 
dehydration of (V) is probably accompanied by isomerisation so that 
the resulting phenanthra-acenaphthene has formula (VII). 

In the case of the ketone (VI) ring closure may have occurred 
either at position 3 or at position 1 in the fluorene nucleus with the 
formation of a phenanthrafluorene (VIII or IX). 

Treatment of 3-phenanthroyl chloride with magnesium 2-methyl-1- 
naphthyl bromide led to the ketone (X), which was converted by 
pyrolysis into 2’ : 3’-phenanthra-2 : 3-phenanthrene (XI), the con- 
stitution of which follows from the fact that when 3-phenanthroyl 
chloride and magnesium o0-tolyl bromide were used, the hydrocarbon 
obtained was identical with the 2’ : 3’-naphtha-2 : 3-phenanthrene 
(XII) described by Clar (Ber., 1929, 62, 1580) : 


e's oP ie on 
+35; Mel as 1: 


0. JN (XID) 


1-Anthroyl chloride also reacted with magnesium 2-methyl-1- 
naphthyl bromide. The crude ketone (XIII), which could not be 
obtained crystalline, was converted by pyrolysis into a hydrocarbon, 
presumably 2’ : 3’-phenanthra-1 : 2-anthracene (XIV; isomerisation 


and dehydration) : 


(X TIT.) 
rr ™% 


\4 
Seven-ring Compounds.—1-Benzoyl-5-(1'-naphthoyl)-2 : 6-dimethyl- 
naphthalene and 1-benzoyl-5-(2'-naphthoyl)-2 : 6-dimethylnaphthalene 
(XV) were readily obtained by the action of benzoyl chloride on 
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2 : 6-dimethyl-1 : 1’-dinaphthyl ketone (Cook, this vol., p. 492) and 
2 : 6-dimethyl-1 : 2’-dinaphthyl ketone (Fieser and Dietz, Ber,, 
1929, 62, 1831) respectively. Both ketones were converted by 
pyrolysis into hydrocarbons which seemed to be identical. The 
dehydration of the 1’-naphthoyl compound was evidently preceded 
by isomerisation into (XV), so the product is 4: 5-benz-10: 11. 
(1’ : 2’-naphtha)chrysene (XVI) : 


a, a Ko ) 


(XV.) (XVI.) 


The hydrocarbons (VII), (XIV), and (XVI) all contain the same 
ring system as the carcinogenic | : 2 : 5 : 6-dibenzanthracene. 


EXPERIMENTAL. 


The condensation between 2-methyl-l-naphthoyl chloride and 
hydrocarbons was effected, except where otherwise stated, by 
gradual addition of anhydrous aluminium chloride (1 part) to an ice- 


cold mixture of acid chloride (1 part), hydrocarbon (1 part), and 
carbon disulphide (3 parts). After being kept ice-cold for 5-6 
hours with occasional shaking, the dark red product was decomposed 
with ice and hydrochloric acid, and the whole then steam-distilled, 
first in presence of dilute hydrochloric acid, and then in presence of 
dilute sodium hydroxide solution. After cooling, the crude ketone 
was usually obtained as a straw-coloured, brittle, amorphous mass. 
For pyrolysis to the hydrocarbons, the ketones were heated in 
small Pyrex glass retorts at 430—450° until water was no longer 
liberated (}—2 hours). Treatment of the residue varied according 
to its nature (see individual compounds). 
1-p-Phenylbenzoyl-2-methylnaphthalene, and not the corresponding 
diketone, was obtainec when diphenyl (7-7 g.), 2-methyl-1-naphthoy! 
chloride (21 g.), carbon disulphide (30 c.c.), and anhydrous alu- 
minium chloride (15 g.) were boiled for 3 hours. The product 
was worked up in the usual way, and the crude ketone recrystallised 
from acetone—alcohol, then from alcohol alone, and finally from 
cyclohexane. The resulting colourless needles were shown to consist 
of the monoketone by direct comparison with an authentic sample. 
4:4'- Di -«-naphthoyl -3 : 3’-dimethyldiphenyl (I).—Anhydrous 
aluminium chloride (20 g.) was added to a mixture of di-m-tolyl 
(9 g.), «-naphthoyl] chloride (20 g.), and carbon disulphide (35 c.c.). 
After being kept for ? hour at room temperature, the mass was 
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heated on the water-bath for 3 hours and then worked up in the usual 
way. The solution of the crude ketone in boiling glacial acetic 
acid was filtered from amorphous material and set aside for several 
days. The resulting crystals were recrystallised from glacial acetic 
acid (yield, 10 g.) and then from methyl ethyl ketone and from 
benzene (Found: C, 88-1; H, 5-3. C3,H,,0, requires C, 88-2; 
H, 5-3%). This diketone formed a cream-coloured crystalline powder, 
m. p. 159-5—160-5°. 

1: 2:1’: 2’-Dibenz-6 : 6’(or 7:17')-dianthryl (II)—The residue 
from the pyrolysis of the diketone (I; 7-5 g.) was cooled, powdered, 
and extracted with a little boiling xylene, and the insoluble residue 
sublimed at about 375°/2 mm. The yellow sublimate (1-9 g.) was 
very sparingly soluble in all the usual media. For analysis, 0-5 g. 
was recrystallised from 75 c.c. of boiling tetralin and the resulting 
yellowish needles were washed with xylene and cyclohexane (Found : 
C, 94:95; H, 5-0. C,H. requires C, 95:2; H, 4:8%). This 
hydrocarbon melted and decomposed above 310°. 

cycloPenteno-1 : 2-benzanthracene (IV).—Acid chlorides condense 
with hydrindene chiefly in position 5 (von Braun, Kirschbaum, and 
Schuhmann, Ber., 1920, 53, 1155; Borsche and Pommer, Ber., 
1921, 54, 102), so the ketone obtained from 2-methyl-1-naphthoyl 
chloride probably has structure (III). It could not be induced to 
crystallise and the crude ketone was submitted to pyrolysis, and the 
residue in the retort distilled in a vacuum. The distillate was 
recrystallised from cyclohexane, benzene, and then twice from ethyl 
acetate (with animal charcoal). The resulting hydrocarbon formed 
colourless leaflets, m. p. 199—200°, and gave a carmine solution in 
concentrated sulphuric acid (Found: C, 94:0; H, 6-0. C,,Hy, 
requires C, 94-0; H, 6-0%). The substance probably has structure 
(IV), although the 5-membered ring may be condensed with the 
benzanthracene system in the 6 : 7-position. 

The same hydrocarbon was obtained by pyrolysis of the crude 
ketone formed from magnesium 2-methyl-l-naphthyl bromide and 
hydrindene-5-carboxy chioride. 

2-Methyl-5’ : 6’ :'7’ : 8'-tetrahydro-1 : 2'-dinaphthyl Ketone-—The 
crude ketone from tetralin and 2-methyl-l-naphthoyl chloride was 
obtained crystalline from light petroleum (yield, 70°) and purified 
by recrystallisation from cyclohexane and then acetone (Found : 
CU, 87-8; H, 6-7. Cy gH. 0 requires C, 88-0; H, 6-7%). This ketone 
formed a colourless crystalline powder, m. p. 122-5—123-5°._ Dehy- 
drogenation with sulphur at 210—220° gave a resin, from which 
2-methyl-1 : 2’-dinaphthyl ketone was isolated by repeated 
crystallisation. 

The product of pyrolysis of the above ketone was dissolved in 
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cyclohexane, and the solution cooled. The crystalline product was 
sublimed at 290°/3—4 mm. and fractionally crystallised. The only 
pure substance which could be isolated was 1 : 2:5: 6-dibenz. 
anthracene. 

3-(2’-Methyl-1'-naphthoyl)acenaphthene (V).—The crude ketone 
from acenaphthene and 2-methyl-1-naphthoy] chloride was recrystall. 
ised from acetic acid (yield, 65%) and obtained pure by recrystallis. 
ation from methyl ethyl ketone and then benzene (Found : C, 89-5; 
H, 5-4. C,,H,,0 requires C, 89-4; H, 56%). This ketone formed 
a colourless crystalline powder, m. p. 184—185°. 

Phenanthra-acenaphthene (V11).—The black residue formed by 
pyrolysis of (_V) was powdered, oily substances were removed by 
cyclohexane, and the residue was sublimed at 330°/3—4 mm. The 
yellow sublimate (4 g. from 15 g. of ketone) was twice recrystallised 
from benzene. The crystals (0-9 g.) were recrystallised from 
benzene with picric acid (2 g.), and the chocolate-brown needles 
recrystallised from benzene. The picrate, which depressed the m. p. 
of the picrate of 1 : 2 : 5 : 6-dibenzanthracene, was decomposed with 
ammonia, and the hydrocarbon recrystallised from ethyl acetate 
and then benzene. Phenanthra-acenaphthene formed golden-yellow 
leaflets, m. p. 231—232°, depressed by 1 : 2 : 5 : 6-dibenzanthracene. 
It gave a fugitive bluish-violet colour in concentrated sulphuric acid 
(Found: C, 94-6; H, 5-3. C,,H,, requires C, 94:7; H, 5-3%). 

The benzene liquors from the above preparation contained other 
substances, which could not be isolated. When the crude product 
of pyrolysis was distilled, the five-membered ring was partly 
eliminated and | : 2 : 5: 6-dibenzanthracene formed. 

2-(2’-Methyl-1'-naphthoyl) fluorene (V1).—The ketone from fluorene 
and 2-methyl-1-naphthoyl chloride was recrystallised from glacial 
acetic acid (yield, 85%) and then from methyl ethyl ketone and 
from benzene. It formed colourless needles, m. p. 169—170° 
(Found: C, 89-8; H, 5-3. C,;H,,0 requires C, 89-8; H, 5-4%). 

2 : 3-Phenanthra-3’ : 2'-fluorene (VIII) or 2 : 3-Phenanthra-1' : 2’- 
Jluorene ({X).—The product of pyrolysis of the ketone (VI) was 
rapidly distilled, and the distillate recrystallised from xylene (yield, 
15%). After two further recrystallisations from xylene, the hydro- 
carbon melted constantly at 302—304° and formed pale yellow 
leaflets, sparingly soluble in the usual media. It gave a pale blue 
solution with a pinkish-red fluorescence in concentrated sulphuric 
acid, the colour becoming emerald-green on standing or gentle 
warming (Found: C, 95-1; H, 4:8. C,;H,, requires C, 94-9; H, 
51%). 

3-Phenanthroyl Chloride.—A suspension of 20 g. of 3-phenanthroic 
acid (Werner, Annalen, 1902, 321, 323) in thionyl chloride (100 c.c.) 
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was boiled for 2 hours, and the thionyl chloride removed on the 
water-bath under diminished pressure. The residue was dissolved 
in carbon disulphide, and the solution diluted with light petroleum. 
The acid chloride crystallised in colourless silky needles (19-5 g.) and 
was obtained analytically pure by recrystallisation from benzene— 
ether. The substance was dried in a vacuum desiccator over 
phosphoric oxide and potassium hydroxide (Found: C, 74-7; H, 
38. C,;H,OCI requires C, 74:85; H, 3-7%). The m. p. was 116°. 

2’ : 3’-Naphtha-2 : 3-phenanthrene (XII)—A Grignard soluticn 
from o-bromotoluene (8 c.c.), magnesium turnings (1-6 g.), and ether 
(30 c.c.) was added, with agitation, to a suspension of 3-phenanthroyl 
chloride (16 g.) in dry ether (100 c.c.), kept at —10°. After warming 
to room temperature during an hour, the whole was boiled for 1} 
hours and then decomposed with dilute hydrochloric acid. The 
ethereal solution was steam-distilled in presence of alkali, and the 
resinous product, which could not be obtained crystalline, dried 
and pyrolysed in the usual manner. The residue in the retort was 
sublimed at 275°/2—4 mm., and the sublimate twice recrystallised 
from xylene; it then formed golden-yellow leaflets, m. p. 263— 
264°. This substance was shown by direct comparison with an 
authentic sample, kindly supplied by Dr. E. Clar, to consist of 
2’ : 3’-naphtha-2 : 3-phenanthrene. 

3-(2'-Methyl-1'-naphthoyl)phenanthrene (X).—A Grignard solution 
from ]-bromo-2-methylnaphthalene (16-5 g.), magnesium turnings 
(2-1 g.), and anhydrous ether (120 c.c.) was added gradually to a cold 
suspension of 3-phenanthroyl chloride (16-5 g.) in dry ether (50 c.c.). 
The whole was boiled for an hour and worked up in the same manner 
as the o-tolyl ketone. The crude ketone formed a resinous mass, 
an acetone solution of which deposited crystals during several days. 
These were collected and recrystallised from methyl ethyl ketone— 
alcohol and from acetone (Found : C, 89-9; H, 5-0. C,,H,,0 requires 
(, 90-2; H, 52%). This ketone formed an almost colourless, 
crystalline powder, m. p. 145—146°. 

2’ : 3’-Phenanthra-2 : 3-phenanthrene (X1).—The crude pyrolysis 
product of (X) was sublimed at 300°/3—4 mm., and the sublimate 
(yield, 15%) twice recrystallised from xylene. The resulting 
hydrocarbon (XI) formed canary-yellow leaflets, m. p. 341—343°, 
and gave, with concentrated sulphuric acid, an indigo-blue solution 
which became emerald-green on gentle warming (Found: C, 94:8; 
H, 5-0. C,,H,, requires C, 95-1; H, 4-9%). 

A small amount of another hydrocarbon, probably isomeric with 
(XI), was obtained from the xylene liquors of the above prepar- 
ation. It formed an orange crystalline powder, m. p. 245—248° 
(Found ; C, 95-0; H, 4:7%). 
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The above phenanthraphenanthrene (XI) was also formed when 
the crude ketone from 3-phenanthroyl chloride, 2-methylnaph-. 
thalene, and anhydrous aluminium chloride was submitted to 
pyrolysis. 

1-Anthroyl Chloride (compare Scholl and Donat, Ber., 1929, 62, 
1297).—A mixture of l-anthroic acid (15 g.) and thionyl chloride 
(75 c.c.) was heated under reflux for an hour and the thiony] chloride 
removed on the water-bath under diminished pressure. The 
residual oil was dissolved in cyclohexane, and the solution well 
cooled. ‘The acid chloride separated in orange crystals, m. p. 95— 
97° (yield, 13-7 g.). 

2’ : 3'-Phenanthra-1:2-anthracene (XI1V).—Finely powdered 
l-anthroyl chloride (12 g.) was added gradually to an ice-cold 
Grignard solution prepared from 1-bromo-2-methylnaphthalene 
(11 g.), magnesium turnings (1-4 g.), and anhydrous ether (75 c.c.), 
The whole was boiled for 2 hours, the product decomposed with 
dilute hydrochloric acid, and the ethereal solution steam-distilled 
in presence of alkali. The residual viscous oil, from which no 
crystalline product could be obtained, was dried in benzene solution, 
the benzene removed, and the residue pyrolysed. 

After cooling, the residue in the retort was powdered, and sublimed 
at 300—320°/2—3 mm., and the sublimate recrystallised twice from 
xylene. The hydrocarbon (XIV) thus obtained formed canary- 
yellow needles, m. p. 281—282° (decomp.). It gave no character- 
istic colour with concentrated sulphuric acid (Found: C, 95-0; 
H, 5-05. C,,H,, requires C, 95-1; H, 4-9%). 

1-Benzoyl-5-(1'-naphthoyl)-2 :6-dimethylnaphthalene.—This was pre- 
pared from 2 : 6-dimethyl-1 : 1’-dinaphthyl ketone (10 g.), benzoyl 
chloride (5 ¢.c.), and anhydrous aluminium chloride (15 g.) in carbon 
disulphide (50 c.c.) by heating on the water-bath for 12 hours. 
After decomposition of the product with ice and hydrochloric acid, 
steam-volatile substances and excess of benzoyl chloride were 
removed in the usual manner and the residual solid was recrystallised 
from xylene (yield, 8-9 g.). The diketone was obtained analytically 
pure from ethyl acetate as a colourless microcrystalline powder, 
m. p. 206—208° (Found: C, 86:7; H, 5:3. Cs9H 0, requires ©, 
86-9; H, 5-3%). 

1 - Benzoyl -5 - (2'- naphthoyl) -2 : 6 -dimethylnaphthalene (XV).—This 
was obtained in the same way as the preceding compound, from 
2 : 6-dimethyl-1 : 2’-dinaphthyl ketone (12 g.), benzoyl chloride 
(5 ¢.c.), and anhydrous aluminium chloride (20 g.) in carbon disul- 
phide (50 c.c.). The diketone (XV) was recrystallised from xylene 
(yield, 11 g.) and then from methyl ethyl ketone-alcohol. It formed 
a colourless crystalline powder, m. p. 222—223°, and depressed the 
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m. p. of its isomeride (Found : C, 86-6; H, 5-2. Cz 9H,.0, requires 
C, 86-9; H, 5:3%). 

4: 5-Benz-10 : 11-(1’ : 2’-naphtha)chrysene (XVI).—The aforesaid 
diketone (XV) was pyrolysed in the usual manner, and the crude 
product sublimed at 375°/2 mm. The canary-yellow sublimate 
(yield, 40%) was almost insoluble in all the usual media. An 
analytical sample was obtained by recrystallisation from much 
tetralin and then formed golden-yellow leaflets, m. p. 435—440° 
(decomp.) (Found: C, 95-1; H, 4-8. Cy gH,, requires C, 95-2; H, 
48%). 

A hydrocarbon which seemed in every way identical with this 
benznaphthachrysene was formed by the pyrolysis of 1-benzoyl- 
5-(1’-naphthoy]l)-2 : 6-dimethylnaphthalene. 

Attempts to prepare diketones by condensing 2 : 7-dimethy]- 
1: 1’-dinaphthyl ketone and 2 : 7-dimethyl-1 : 2’-dinaphthyl ketone 
with benzoyl chloride were fruitless. 


‘the author has pleasure in making acknowledgment to Mr. F. 
Goulden for much assistance in the preparation of material. 


THe Cancer Hosprrat RESEARCH INSTITUTE, 
Lonvon, 8.W.3. [Received, January 6th, 1931.] 


LXVIUI.—The Action of Amines on 2-Substituted 


Semicarbazones. 


By James CuapMAN and ForsytH JAMES WILSON. 


THE action of primary amines and amino-esters on semicarbazones 
has been very fully investigated (Borsche and his collaborators, 
Ber., 1901, 34, 4297; 1904, 37, 3177; 1905, 38, 831; Heilbron and 
Wilson, J., 1913, 103, 1504; Wilson, Hopper, and Crawford, J., 
1922, 121, 866; Wilson and Crawford, J., 1925, 127, 103; Hopper 
and Wilson, J., 1928, 2483), the normal reaction being 


CRR’-N-NH-CO-NH, + R’’NH, = CRR’-N-NH:CO-NHR” + NH. 


It became of interest to investigate the behaviour of 2(or 8)-sub- 
stituted semicarbazones in this connexion to see if the reaction 
CRR’-N-NR”-CO-NH, + R’’ NH, = CRR’-N-NR”-CO-NHR” + 
NH, occurred. We have found that the reaction is in general not so 
simple as this. 

Acetone-2-phenylsemicarbazone appeared to react equally readily 
with benzylamine, aniline, p-toluidine, 6-phenylethylamine, and 
n-heptylamine, giving ammonia, acetonephenylhydrazone, and a 
symmetrical disubstituted urea: in no case was the expected 2: 4- 
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disubstituted semicarbazone produced, CMe,-N-NPh-CO-NH, + 
2RNH, = CMe,:N-NHPh + (NHR),CO + NH;. In the case of 
benzylamine a small quantity of monobenzylurea was formed; 
this can be provisionally represented thus, CMe,-N-NPh:CO-NH, + 
CH,Ph:-NH, = CMe,:N-NHPh + CH,Ph*-NH°CO-NH,. The inter- 
mediate stages in these reactions have been elucidated. 

The reaction between semicarbazones and amines with formation 
of substituted ureas had been observed by Borsche (Ber., 1901, 34, 
4297; 1904, 37, 3177), who found that certain semicarbazones 
reacted primarily in the normal way but that the 4-substituted 
semicarbazone produced might react with another molecule of amine 
to give a disubstituted urea: thus with salicylaldehydesemicarb- 
azone and aniline, C,H,(OH)-CH:N-NH-CO-NH, + PhNH, = 


+PhNH, 


NH,+C,H,(OH)-CH:N-NH-CO-NHPh ——~+> C,H,(OH)-CH:N-NH 

+ (PhNH),CO. Borsche employed a large excess of amine, in the 
case quoted 10 mols., and in most cases the 4-substituted semi- 
carbazone was the main product. In the reactions carried out by 
us the quantity of amine was never more than 20% over one mole- 
cular proportion and in no case was the intermediate stage 
CMe,:N-NPh-CO-NHR observed. 

If Borsche’s explanation is applicable to the present case, the 
stages would be, CMe,.N-NPh-CO-NH, + RNH, = NH; + 
CMe,:N-NPh-CO-NHR ———*> CMe,:N-NHPh + (NHR),CO, and 
under the conditions employed by us considerable quantities of the 
2 : 4-disubstituted semicarbazone would have been expected. 

The explanation was afforded by an investigation of the thermal 
decomposition of acetone-2-phenylsemicarbazone. It is well known 
that semicarbazones in general undergo the thermal decomposition, 
2CRR’-N-NH:CO-NH, = (CRR’),N, + NH,°CO-NH-NH-CO-NH,, 
giving azine and hydrazodicarbonamide, and presumably acetone-2- 
phenylsemicarbazone would undergo a similar decomposition. It 
was found, however, that this substance at 140—145° decomposed 
into acetonephenylhydrazone and cyanic acid (isolated as cyanuric 
acid), CMe,-N-NPh-CO-NH, = CMe,:N-NHPh + HNCO, a reversal 
of its method of formation. 

Since the reactions between this semicarbazone and the amines 
employed usually required a temperature of about 160° (the lowest 
being 145—150° in the case of p-toluidine), the course of the reaction 
was obviously CMe,:N-NPh-CO-NH, = CMe,:N-NHPh + HNCO 


esas > (RNH),CO + NH, (also, in the case of benzylamine, 


+o CH,Ph-NH-CO-NH, to some extent). Hence none 
of the 2 : 4-disubstituted semicarbazone would be produced. 
Such a thermal decomposition of a semicarbazone does not seem 
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to have been recorded. A closely analogous case is tetrahydroind- 
azole-2-carboxyamide, which at about 200° decomposes thus : 


CH CHy 
N-CO-NH, = NH + HNCO 
\w \w 


(Auwers, Buschmann, and Heidenreich, Annalen, 1924, 435, 300). 
Acetophenone-2-phenylsemicarbazone has a comparatively low 
melting point (126°) and would presumably have a low thermal 
decomposition temperature. It should therefore react with amines 
in the same manner as the acetone derivative : this was found to be 
the case, with aniline, the products being acetophenonepheny]- 
hydrazone and s-diphenylurea. 
Benzaldehyde-2-benzylsemicarbazone is far more stable to heat 
than acetone-2-phenylsemicarbazone : even after 14 hours’ heating 
at 200° most of the substance was recovered unchanged. If, then, 
it reacted with amines below this temperature, a 2 : 4-disubstituted 
semicarbazone might be expected. With aniline and p-toluidine 
the reaction occurred at 165—170°, CHPh:N-N(CH,Ph)-CO-NH, + 
RNH, = CHPh:N-N(CH,Ph)-CO-NHR + NH,(R = Ph or C,H,Me), 
giving benzaldehyde-2-benzyl-4-phenyl(or p-toly])semicarbazone. 
With benzylamine (minimum reaction temperature 175°) 
benzaldehyde-2 : 4-dibenzylsemicarbazone was produced but in 
addition some s-dibenzylurea. The formation of the latter 
substance was somewhat surprising in view of the thermal stability 
of benzaldehyde-2-benzylsemicarbazone : it probably originated in 
a reaction between benzaldehyde-2 : 4-dibenzylsemicarbazone and 
benzylamine, (A) CHPh:N-N(CH,Ph)-CO-NH-CH,Ph + CH,Ph:NH, 
= CHPh:N-NH-CH,Ph + (CH,Ph-NH),CO (compare Borsche, loc. 
cit., first two references). No benzaldehyde-2-benzylhydrazone 
was obtained, and this was only to be expected in view of its 
instability even at the ordinary temperature. 
Benzaldehyde-2-methylsemicarbazone gave with aniline at 180° 
benzaldehyde-4-phenyl-2-methylsemicarbazone, (B) 
CHPh:N-NMe:CO-NH, -+- PhNH, = NH, +-CHPh:N-NMe-CO-NHPh, 
no s-diphenylurea being formed: apparently the decomposition 
temperature of the 2-methylsemicarbazone was above 180°. With 
benzylamine, however, at 170° the main product was s-dibenzyl- 
urea, only a small quantity of benzaldehyde-4-benzyl-2-methylsemi- 
carbazone being produced. Since the production of s-dibenzylurea 
from cyanic acid would imply a thermal pre-decomposition of the 
2-methylsemicarbazone, the obvious explanation is that benz- 
aldehyde-4-benzyl-2-methylsemicarbazone had reacted for the 
s 
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most part with benzylamine, (A) CHPh:N-NMe*CO-NH-CH,Ph + 
CH,Ph:NH, = CHPh:N-NHMe + (CH,Ph-NH),CO. Benzaldehyde- 
methylhydrazone was not isolated, however. In addition to 
the products mentioned, two substances were isolated, one, m. p. 
63°, having the empirical formula C,,H,,0,N,, and the other, m. p. 
207°, C,,H,,0,N, ; the amounts were too small to permit of investig- 
ation. The only other products were oily or resinous. 

As these two substances might possibly be decomposition products 
of benzaldehydemethylhydrazone, the preparation of this was 
attempted. Information regarding this substance is very meagre. 
It is described by Harries and Haga (Ber., 1898, 31, 62) as a crystal- 
line solid of m. p. 179° obtained, with tribenzalmethylhydrazone, 
from equimolecular quantities of benzaldehyde and methylhydrazine. 
Attempts to prepare it by this method or by variations of the method 
gave tribenzalmethylhydrazone only. 

The explanations expressed in equations (A) and (B) were con- 
firmed by investigating the action of amines on 2 : 4-disubstituted 
semicarbazones. Benzaldehyde-4- phenyl -2-methylsemicarbazone 
did not react with aniline in 4 hours at 180°, this being in agreement 
with the fact that benzaldehyde-2-methylsemicarbazone with aniline 
at 180° gave benzaldehyde-4-phenyl-2-methylsemicarbazone and no 
s-diphenylurea, the action proceeding as far as the first stage only. 
Benzaldehyde - 4 - benzyl - 2 - methylsemicarbazone, reacting with 
benzylamine at 170° for 14 hours, gave s-dibenzylurea, a small 
quantity of unaltered substance being recovered. This conforms 
with the observation that benzaldehyde-2-methylsemicarbazone and 
benzylamine at 170° gave mainly s-dibenzylurea and a small amount 
of benzaldehyde-4-benzyl-2-methylsemicarbazone, the second stage 
being nearly complete: (1) CHPh:N-NMe-CO-NH, + RNH, 
NH, -+ CHPh!N-NMe-CO-NHR; (2) ———> CHPh!N-NHMe + 
(RNH),CO. 

It is evident that the introduction of a substituent in the 2-position 
in a semicarbazone effects a considerable change in its behaviour, as 
is seen, for example, in the thermal decomposition of acetone-2- 
phenylsemicarbazone. Further, the reactions of a 2-substituted 
semicarbazone with amines depend on the decomposition temper- 
ature: if this is low, the reaction is one between the amine and cyanic 
acid. If the 2-substituted semicarbazone is thermally stable, a 
2: 4-disubstituted semicarbazone may result, although this may 
react further with the amine. Apparently, 2 : 4-disubstituted semi- 
carbazones react more readily than 4-substituted semicarbazones 
with amines. 

















at 
an 


aft 


ur 
me 


of 


th 
an 
ev. 
for 


wa 
etl 
suc 


Th 


hey 
Ey 


~~ 


14: 
liqn 
hy 
wit 


h r 
yde- 
1 to 
a. p. 
n. p. 
stig- 


lucts 

was 
AgTE, 
stal- 
rone, 
zine, 
thod 


con- 
uted 
zone 
nent 
iline 
d no 
only. 
with 
mall 
orms 
- and 
ount 
tage 
i, 

le 


ition 
ir, as 
ne-2- 
uted 
\per- 
ranic 
le, a 
may 
emi- 
ones 





eae 

















ON 2-SUBSTITUTED SEMICARBAZONES. 


EXPERIMENTAL. 


Acetone-2-phenylsemicarbazone (Goodwin and Bailey, J. Amer. 
Chem. Soc., 1924, 46, 2829).—In the reactions with amines this 
substance was heated with the amine (1—11 mols.) until the evolu- 
tion of ammonia had abated. The acetonephenylhydrazone was 
isolated by distillation under reduced pressure and identified in 
various ways. ‘The residue was recrystallised, usually from alcohol. 

With benzylamine (160°, 1 hour). The residue was recrystallised 
several times from alcohol and from chloroform, colourless needles of 
s-dibenzylurea, m. p. 171°, being obtained (Found: N, 11-6, 
11-7. Cale.: N, 11-7%). The mother-liquors were evaporated ; 
the residue after several recrystallisations from ethyl acetate yielded 
colourless needles, m. p. 149°, shown to be monobenzylurea by com- 
parison with a known specimen (Found: C, 63-8; H, 7-1; N, 18-5. 
Cale.: C, 64-0; H, 6-7; N, 18-7%). No other product except tar 
was obtained. 

The melting point of s-dibenzylurea is variously given in the liter- 
ature as 167° or 169°: a specimen prepared by the method of Davis 
and Blanchard (J. Amer. Chem. Soc., 1923, 45, 1819) melted at 171° 
after several recrystallisations and was identical with ours. 

With aniline (155—160°, 40 minutes). Theresidue gave s-diphenyl- 
urea, identified as such by comparison with a stock sample. The 
mother-liquors on evaporation gave tar, from which a small quantity 
of a solid, m. p. 133°, was obtained by recrystallisation from benzene. 

With p-toluidine (145°, 150° towards the end, 40 minutes). From 
the residue, di-p-tolylurea, m. p. 260°, identified by comparison with 
an authentic specimen, was obtained. The mother-liquors on 
evaporation gave tar, from which, by recrystallisation from chloro- 
form, a small quantity of a solid, m. p. 162° (not sharp), was obtained. 

With 8-phenylethylamine (150—-160°). The dark-coloured residue 
was recrystallised first from alcohol-light petroleum and then from 
ethyl acetate, from which s-di-(8-phenylethyl)urea, identified as 
such, separated in clusters of colourless needles, m. p. 136—137°. 
The only other product was tar. 

With n-heptylamine (160°, } hour). The residue yielded s-di-n- 
heptylurea, m. p. 91° (Found: N, 11-0. Cale.: N, 10-9%). 
Evaporation of the mother-liquors gave tar. 

Thermal decomposition. The semicarbazone was heated at 140— 
145° for 1 hour: nogas wasevolved. The somewhat dark-coloured 
liquid on distillation under reduced pressure yielded acetonepheny]- 
hydrazone, which was identified. The pasty residue was extracted 
with hot alcohol, then with benzene, and again with alcohol to re- 
move colouring matter, and finally recrystallised from water. This 
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gave a colourless substance which did not melt at 350° and was 
identified as cyanuric acid by the characteristic reaction with 
ammonia and copper sulphate (Found in anhydrous substance : 
N, 32-5, 32-5. Calc. : N,32-5%). 

Acetophenone-2-phenylsemicarbazone (Rolla, Gazzetta, 1908, 38, 
i, 327).—The melting point was found to be 126°, not 122° as stated 
in the literature (Found: N, 16-7. Cale.: N, 16-6%). 

With aniline (145—155°, 14 hours). Except for the distillation 
the usual procedure was followed. The product was recrystallised 
from alcohol, and the crystalline deposit extracted with ether. The 
residue after several recrystallisations from alcohol proved to be 
s-diphenylurea, m. p. 238°. The ethereal extract on evaporation 
left a solid which after several recrystallisations from alcohol was 
shown to be acetophenonephenylhydrazone, m. p. 104°, by com- 
parison with a known specimen. No other products were obtained. 

Benzaldehyde-2-benzylsemicarbazone (Bougault and Leboucg, 
Compt. rend., 1928, 186, 957).—The usual procedure was adopted. 

With aniline (165—170°, 65 minutes). A few drops of aniline 
distilled over under reduced pressure. Repeated recrystallisation 
from alcohol gave benzaldehyde-4-phenyl-2-benzylsemicarbazone, 
m. p. 152° (Busch, Opfermann, and Walther, Ber., 1904, 37, 2327) 
(Found: N, 12-8. Cale.: N, 12-8%). The only other product was 
tar. 

With p-toluidine (165—170°, 2 hours). A little p-toluidine dis- 
tilled over under reduced pressure. After several recrystallisations 
from alcohol the residue gave benzaldehyde-4-p-tolyl-2-benzylsemicarb- 
azone (Found: N, 12-0, 12-1. C,,H,,ON, requires N, 12-2%), 
which formed colourless felted prisms, m. p. 172°, soluble in hot 
alcohol and benzene, slightly soluble in hot ether, insoluble in light 
petroleum. 

With benzylamine (175°, 1} hours). There was no volatile product. 
The residue was repeatedly crystallised from alcohol, from which 
s-dibenzylurea separated (Found: N, 11-6. Cale.: N, 11-7%). 
From the mother-liquors, on concentration, a mixture of s-dibenzyl- 
urea and another substance was deposited. Separation was effected 
by means of chloroform and then benzene, in both of which the second 
substance was the more soluble. Several recrystallisations from 
alcohol gave felted prisms, m. p. 124°, of benzaldehyde-2 : 4-dibenzyl- 
semicarbazone (Found: N, 12-2. C,,H,,ON, requires N, 12-2%), 
soluble in chloroform, ether and acetone in the cold and in hot 
alcohol and benzene. The only other product was tar smelling 
strongly of benzaldehyde. 

Benzaldehyde-2-methylsemicarbazone (Young and Oates, J., 1901, 
79, 662).—The usual procedure was followed. 
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With aniline (180°, 3 hours). Some aniline distilled. The residue 
was recrystallised several times from alcohol and then from benzene- 
light petroleum, which deposited benzaldehyde-4-phenyl-2-methyl- 
semicarbazone (Busch, Opfermann, and Walther, loc. cit., p. 2324) in 
clusters of small needles, m. p. 108° (Found: N, 16-7, 16-8. Cale. : 
N, 16-6%). 

With benzylamine (165—170°, 3 hours). There was no distillate. 
Recrystallisation of the residue from alcohol gave s-dibenzylurea. 
The mother-liquors on evaporation under reduced pressure left a red 
oil which, after removal of more of the urea deposited on standing, 
was distilled at a pressure of less than 1 mm. (bath temperature up 
to 185°). The distillate soon solidified and after being pressed 
on tile the solid was recrystallised several times by solution in ether 
and precipitation with light petroleum. Long colourless needles, 
m. p. 63°, were obtained, easily soluble in alcohol, ether, benzene 
and chloroform in the cold, insoluble in light petroleum (Found : 
C, 71:9; H, 7-1; N, 96%). The quantity was too small for 
investigation; the empirical formula corresponded to C,,H,.0,N, 
(requires C, 71-8; H, 7-0; N, 9-8%). The residue left from the 
distillation could not be worked up. 

The experiment was repeated (170° for 1 hour). On distillation a 
liquid, b. p. 90°/6 mm., which soon solidified, was obtained. It was 
hygroscopic and its aqueous solution was alkaline to litmus. After 
being pressed on tile and kept in a vacuum over sulphuric acid for 
several days, it melted at 88—89°. Recrystallisation of this from 
benzene gave a minute amount of a solid, m. p. 207° (Found: C, 
59-7; H, 5-4; N, 12-7%), of the empirical formula C,,H,,0,N, 
(requires C, 60-0; H, 5-5; N, 12-7%). The benzene mother-liquors 
on evaporation left a thick oil smelling of benzaldehyde. The 
residue from which the liquid of b. p. 90°/6 mm. had distilled, on 
recrystallisation from alcohol, yielded s-dibenzylurea. On con- 
centration the mother-liquors deposited a solid, which was extracted 
with boiling ether, from which plates, m. p. 106° after recrystallis- 
ation from ether or alcohol, were obtained. The residue insoluble 
in ether was recrystallised from alcohol, which deposited needles of 
s-dibenzylurea and large plates, m. p. 106°; these could easily be 

separated mechanically. This substance, m. p. 106°, was benzalde- 
hyde-4-benzyl-2-methylsemicarbazone (Found: C, 71-9; H, 6-1; N, 
16-0. C,gH,,ON; requires C, 71:9; H, 6-4; N, 15:7%). The only 
other product was a thick brown oil which would not solidify and 
decomposed on distillation under highly reduced pressure. 

Evidently the benzaldehyde-4-benzyl-2-methylsemicarbazone 
formed by the second experiment had been destroyed by the 
prolonged reaction of the first. 
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Benzaldehyde-4-phenyl-2-methylsemicarbazone and Aniline (180°, 
4 hours).—Aniline collected on distillation. The resinous mass on 
recrystallisation from alcohol gave unaltered semicarbazone; the 
mother-liquors on evaporation in a vacuum over sulphuric acid left 
a semi-solid mass which after pressure on tile and recrystallisation 
proved to be also unaltered substance. 
Benzaldehyde-4-benzyl-2-methylsemicarbazone and Benzylamine 
(170°, 14 hours).—There was no distillate. Recrystallisation from 
alcohol gave s-dibenzylurea. The mother-liquors on concentration 
yielded a trace of unaltered semicarbazone and oil. 


We desire to convey our thanks to Imperial Chemical Industries, 
Ltd., for grants which have been of great assistance in this work. 
We wish also to thank the Department of Scientific and Industrial 
Research for a maintenance grant to one of us (J. C.). 
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LXIX.—Syntheses of Antiseptic Derivatives of Indan- 
1:3-dione. Part II. Interaction of Alkylmalonyl 
Chlorides with p-Tolyl Methyl Ether. 


By THomas KENNEDY WALKER, ARTHUR JAMES SUTHERS, LESLIE 
LAUGHTON Rog, and HERBERT SHAW. 


In Part I (this vol., p. 272) it was shown that the action of an 
alkylmalonyl chloride on the dimethyl ether of resorcinol and on the 
methyl ether of 8-naphthol, under prescribed conditions, results in the 
formation of hydroxy-derivatives of indan-1 : 3-dione which possess 
antiseptic activity. 

This general reaction has now been applied to the dimethyl ether 
of quinol and to the methyl ethers of thymol and p-cresol. The 
products from the first-named were obtained in low yields and proved 
to be so sparingly soluble in the ordinary organic media that their 
further examination was abandoned; the thymol ether derivatives 
were uncrystallisable resins. p-Tolyl methyl ether, however, 
afforded high yields of crystalline derivatives, and a series of these 
has been studied in detail. 

During the course of the preparation of the latter the general 
reaction was found to be amenable to considerable variations in 
procedure, some of which simplify the preparation of these indan- 
diones. For instance, it is possible to conduct the condensations in 
such diverse media as n-hexane, decahydronaphthalene, carbon 
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tetrachloride, anhydrous ether, and, in certain cases, in the absence 
of a solvent, and the substitution of ferric chloride for aluminium 
chloride gives equally high yields. Moreover, p-tolyl acetate may 
be used in place of the methyl ether and, when operating in nitro- 
benzene, the free phenol may be employed. Preparation of the 
alkylmalonyl chloride in situ constitutes a final simplification which 
has proved successful in the cases tried. On the other hand, con- 
densations of alkylmalonyl chlorides with resorcinol yielded only 
uncrystallisable resins, and resorcinol diacetate gave rise to crystal- 
line products which have not yet been identified. 

Antiseptic Properties of Hydroxyindan-1 : 3-diones.—The behaviour 
of the new compounds was found to be similar to that of the indan- 
1: 3-diones obtained from the methyl ethers of resorcinol and 
8-naphthol (loc. cit.). For instance, although they were without 
effect on the proliferation of several strains of B. coli communis and 
B. pyocyaneus in bacteriological broth or under the conditions of the 
Rideal-Walker method, they inhibited the development of Staphy- 
lococcus pyogenes albus and of a number of Gram-positive bacilli, 
including B. subtilis, B. megatherium, and B. mycoides. The com- 
pounds were also found to exert pronounced inhibitory action on the 
proliferation of two strains of B. phlei which were employed as 
representatives of the acid-fast group. Moreover, the inhibitory 
effects may be followed by germicidal action, since S. pyogenes albus, 
B. mycoides, and B. phlei were killed in less than 48 hours when 
exposed in broth at 37° to the influence of 4-hydroxy-7-methyl-2-n- 
heptylindan-| : 3-dione (VIII) at concentrations only slightly greater 
than those which had been found necessary to prevent growth in the 
respective cases. A more detailed study of this germicidal activity 
is now in progress. 

The series of new indandiones was graded in order of antiseptic 
power on the results of determinations carried out with an organism 
designated Bacterium C (National Collection of Type Cultures, 
Lister Institute). This‘}has been found to be highly suitable for such 
a purpose, since it develops very rapidly and maintains a remarkably 
uniform standard of virility over long periods of time; moreover, 
the respective concentrations of the various new substances necessary 
to prevent its proliferation were found to be of much the same order 
as those required to inhibit S. pyogenes albus, B. subtilis, B. mega- 
therium, and B. mycoides. The bacteriostatic concentrations as 
determined by employment of Bacterium C in broth (pq 6-1) for 48 
hours at 37° are shown in the second column of Table I. In the 
third column the ‘equimolecular phenol coefficients of bacterio- 
static power ’ are given. The latter figures indicate the respective 
values of the molecules of the various substances as inhibitors of 
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growth, expressed in terms of that of the phenol molecule. The 
concentrations of phenol and p-cresol required to inhibit Bacterium 
C, under the same experimental conditions as those adopted in 
testing the indandiones, were 1 in 660 and 1 in 1580, respectively. 





TaBLE I. 
CH, 
VN ‘ 
P Tt et 
| 3 2X H—A 
PF cae le Bacteriostatic con- 
centration, expressed Equimolecular phenol 
OH as 1 g. of substance in coefficient of 
Group substituted for A. x e.c. of medium. bacteriostatic power. 
RENEE Sdetdaderndécecetasde lin 22,700 64 
ia GRID lin 10,000 30 
SRRER IMA Wscseisocincivieee lin 11,300 37 
GR FUMES. danonesdaciases lin 18,200 64 
VEL See Lin 45,400 170 
Ely 2’ ror 1 in 111,000 440 
(l) C®  eer 1 in 333,000 1395 
(VILE) 0-O Bice siecccisccescess. lL in 333,000 1470 
bg aS 3%: Seperrrererres lin 30,300 106 
Ce) COO adie vecesstscesenee Lin 35,700 133 
CREP SODA Eias  secavivenscee lin 90,900 360 
(XII) C,H, substituted ‘for 
both H* and A ... Lin 23,800 89. 


The concentrations of compound (V) required to inhibit S. 
pyogenes albus, B. subtilis, and B. phlei for 48 hours at 37° were 1 in 
25,000, 1 in 25,000, and 1 in 33,000, respectively, and the same 
organisms were inhibited under the same conditions by compound 
(VIII) in respective concentrations of 1 in 500,000, 1 in 333,000, and 
1 in 500,000. 

Reference to the table shows that attachment of one of the lower 
alkyl groups, in place of a hydrogen atom, to the carbon atom in the 
medial position with respect to the two carbonyl! groups results in a 
diminution of antiseptic potency [compare compound (I) with 
compounds (II), (III), and (IV)]. As the length of the alkyl chain 
is increased, this effect becomes neutralised, groups higher than 
n-propyl giving rise to considerably enhanced activities, the pro- 
gressive increase of which appears to have reached its limit with 
the introduction of the n-heptyl radical. Similar differences in 
antiseptic values were noted in a homologous series of indan-] : 3- 
diones derived from resorcinol dimethyl ether (loc. cit.), and in a series 
of 4-alkyl derivatives of 1-phenylcyclohexane-3 : 5-dione prepared 
by Mr. I. H. 8S. Matar in these laboratories. On comparing com- 
pounds (IV) and (IX) it is of interest to note the superiority of 
isopropyl to n-propyl in enhancing antiseptic activity in this single 
case examined, whereas in the next two pairs of higher homologues 
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the respective influences of the isobutyl and isoamyl radicals are 
somewhat less than those of the corresponding normal alkyl groups 
{compare (V) and (VI) with (X) and (XI)]. Hence, from the point 
of view of the present investigations the further employment of 
isoalkylmalony! chlorides would not appear to be of interest; nor 
would that of dialkylmalonyl chlorides, judging from the relative 
values of (V) and (XI). 

In continuation of this work hydroxylated indandiones substituted 
in the aromatic nucleus by n-alkyl chains of varying length have been 
prepared, and examination of their antiseptic properties is in 
progress. 

EXPERIMENTAL. 

In all the following preparations molecular quantities of the two 
components were employed; the reactions were promoted by 
addition of anhydrous aluminium chloride (approx. 2 mols.), and 
completed at temperatures varying from 60° to 100° according to 
the particular case. 

4-Hydroxy-7-methylindan-1 : 3-dione (1).—p-Tolyl methyl ether 
(5 g.) and malonyl chloride (5-8 g.) in nitrobenzene (50 g.) were treated 
with aluminium chloride (11-5 g.), added gradually, with shaking, 
during 30 minutes. The reaction was completed by warming at 
60° for 45 minutes. The mass was stirred with ice, sufficient hydro- 
chloric acid was added to bring the aluminium into solution, and the 
nitrobenzene and unchanged p-tolyl methyl ether were removed 
in steam. The tarry residue was shaken with ether, a small amount 
of amorphous material remaining undissolved. The ethereal extract 
was washed with water and extracted thoroughly with 5% sodium 
hydroxide solution. This left in the ether 0-2 g. of undemethylated 
condensation product, which was isolated as a crystalline solid but 
was not further examined. Acidification of the alkaline extract 
yielded the required phenolic product, which was taken up in ether 
and dried over sodium sulphate (4 g., 50% yield). On repeated 
crystallisation from acetone and then from ethyl alcohol the sub- 

stance formed lemon-yellow needles, m. p. 258° (Found, by micro- 
analysis: C, 68-7; H, 4:8; M, 180,187. C,,H,O, requires C, 68-2; 
H,4:5%; M, 176). 

4-Hydroxy-2 : 7-dimethylindan-1 : 3-dione (I1).—p-Cresol (2-4 g.) 
and methylmalonyl chloride (3-4 g.) in nitrobenzene (20 g.) were 
treated with aluminium chloride (6-0 g.) and the mixture was 
warmed at 60—65° for 30 minutes. Subsequent treatment as in the 
case of the preparation of compound (I) gave an alkaline extract 
from which the product was isolated in the usual manner. It 
solidified (3-0 g.) in a vacuum and proved to be a mixture of methyl- 
malonic acid (0-8 g.) and 4-hydroay-2 : 7-dimethylindan-1 : 3-dione. 
$2 
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The latter was very sparingly soluble in hot acetone and in cold 
methyl alcohol, separating in small compact prisms (0°8 g.) and 
leaflets respectively. After three recrystallisations the m. p. was 
253° (sintering at 243°) (Found, by micro-analysis: C, 69:8; 
H, 56. C,,H, 0, requires C, 69-5; H, 5-3%). 
4-Hydroxy-7-methyl-2-ethylindan-1 : 3-dione (III) was prepared by 
gradual addition of aluminium chloride (23 g.) to a solution of 
p-tolyl methyl ether (10 g.) and ethylmalony] chloride (13-7 g.) in 
carbon disulphide (50 c.c.) and subsequent heating at 80° for 1 hour. 
The reaction mixture was stirred with ice, treated with hydrochloric 
acid, shaken with ether, and extracted with a 5°, solution of sodium 
hydroxide, thus giving a neutral residue (A), which consisted largely 
of undemethylated condensation product, and an acidic portion (B). 
Traces of unchanged p-tolyl methyl ether were expelled from (A) 
by steam. The residual 4-methoxy-7-methyl-2-ethylindan-1 : 3- 
dione was a light brown resin which did not crystallise. The 
alkaline extract of (B) on acidification gave a 20% yield of the re- 
quired hydroxylated indandione, which was considerably augmented 
by demethylation of its methoxy-derivative (A) by means of 
aluminium chloride in nitrobenzene at 100°. Crystallisation from 
boiling ethyl alcohol afforded colourless prisms, m. p. 197° (Found : 
C, 70-4; H, 5-8. C,,.H,.0, requires C, 70-6; H, 59%). 
4-Hydroxy-7-methyl-2 : 2-diethylindan-1 : 3-dione (XII).—p-Tolyl 
methyl ether (10-4 g.) and diethylmalony] chloride (16-7 g.) in nitro- 
benzene (100 g.) were treated with aluminium chloride (23 g.) and 
heated at 70° for 45 minutes. The resulting demethylated dione 
was isolated in the usual manner, dried, freed from resin by cautious 
washing with light petroleum (b. p. 35—40°), and crystallised from 
methyl alcohol, forming colourless prisms (0-8 g.), m. p. 199—200° 
(Found : C, 72-35; H, 6-6. C,,H,,0, requires C, 72-4; H, 6-9%). 
When this preparation was carried out in carbon disulphide 
solution the main product was 4-methoxry-7-methyl-2 : 2-diethylindan- 
1 : 3-dione, which was obtained in good yield as an oil. An attempt 
to convert this substance into (XII) by heating it with aluminium 
chloride (3 mols.) in toluene at 100° during 3 hours resulted in 
replacement of one of the two ethyl groups by hydrogen and 
demethylation at position 4, whereby a high yield of (III) (m. p. 
and mixed m. p. 197°) was obtained. 
4-Hydroxy-7-methyl-2-n-propylindan-| : 3-dione (IV) was obtained 
by treating a mixture of p-tolyl methyl ether (5 g.) and n-propyl- 
malonyl chloride (7-5 g.) in nitrobenzene (50 g.) with aluminium 
chloride (11-5 g.) and subsequent heating at 80° for 45 minutes. 
The yield (9 g.) was quantitative. On crystallisation from methyl 
alcohol and then from acetone the dione formed colourless needles, 
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m. p. 187°, fairly readily soluble in methyl alcohol, ethyl alcohol 
and acetone in the cold, very readily in the hot solvents (Found : 
C, 715; H, 62. C,,H,,0, requires C, 71-6; H, 64%). The same 
substance was also obtained in quantitative yield when p-tolyl 
acetate (6 g.) and n-propylmalonyl chloride (7-5 g.) were condensed 
under similar conditions. 

4-Hydroxy-7-methyl-2-n-butylindan-1 : 3-dione (V).—(a) p-Tolyl 
methyl ether (6 g.) and n-butylmalonyl chloride (10 g.) in n-hexane 
(60 c.c.) were treated with aluminium chloride (13-5 g.) and subse- 
quently raised to and maintained at 70°, under reflux, for 1 hour. 
The hexane was then distilled off and the residue was treated with 
hydrochloric acid and shaken with ether. From this extract the 
product was obtained in theoretical yield. It crystallised well from 
methyl alcohol, benzene, ethyl alcohol and acetone. On slow 
evaporation of solutions in the latter solvent it separated in very 
large, transparent prisms, m. p. 165° (Found: C, 72-4; H, 7:0. 
C,4H,,0, requires C, 72-4; H, 6-9%). 

The following details are given as examples of further modifications 
which may be adopted in a number of these condensations. 

(b) p-Tolyl methyl ether and finely powdered aluminium chloride 
were stirred together and butylmalonyl chloride was then added in 
small portions and with thorough mixing. The whole was heated 
at 95° for 1 hour and the clear resinous mass was then cooled and 
treated with hydrochloric acid. The separated product was 
extracted with ether and obtained in quantitative yield. 

(c) p-Cresol (5 g.) and butylmalonyl chloride (10 g.) in nitro- 
benzene (50 g.) were treated with aluminium chloride (13-5 g.) and 
heated at 95° for 45 minutes (yield, 85%). Use of anhydrous ferric 
chloride (16-5 g.) gave an equal yield, but the product was 
discoloured by traces of iron compounds, difficult to remove. 

(d) Phosphorus trichloride (5 g.), p-tolyl acetate (10 g.), and 
n-butylmalonic acid (10-6 g.) in nitrobenzene (75 g.) were heated at 
100° for 30 minutes. The mixture was cooled, treated with alumin- 
ium chloride (17-6 g.), and again heated at 100° for 30 minutes. The 
product was isolated in the usual manner and the yield was 
quantitative. 

In the present series of preparations the highest yields of indan- 
diones were those obtained from condensations in which n-propyl- 
malonyl chloride and n-butylmalonyl chloride were employed. 
With further increase in length of the alkyl chain there appeared to 
be more tendency to resin formation, especially when the con- 
densations were completed at temperatures above 80°. On the other 
hand, when the reactants were heated at temperatures below 70° 
the condensations in some cases were incomplete, as shown by the 
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amounts of alkylmalonic acids recovered. Compounds VI, VII, VIII, 
IX, X, and XI were all prepared by the condensation of p-cresol 
with the appropriate alkylmalonyl chloride according to method 
(c) as described above for the preparation of (V), with the sole 
difference that the reactions were completed at temperatures 
between 70° and 80°. 

4-Hydroxy-7-methyl-2-n-amylindan-1| : 3-dione (V1), small colour- 
less plates, m. p. 146°, from acetone (yield, 29%) (Found, by 
micro-analysis: C, 73-0; H, 7:0; M, 253. C,;H,,0, requires C, 
73-2; H,7:3%; M, 246). 

4-Hydroxy-7-methyl-2-n-hexylindan-1 : 3-dione (VII), colourless 
leaflets, m. p. 136°, from ethyl alcohol (yield, 31°) (Found, by micro- 
analysis : C, 74-2; H, 7-8. C,gH 0, requires C, 73-8; H, 7°7%). 

4-Hydroxy-7-methyl-2-n-heptylindan-1 : 3-dione (VIII), colourless 
prisms, m. p. 124°, from methyl alcohol and from acetone (yield, 
50%) (Found: C, 74:2; H, 82. C,,H,.0, requires C, 74-45; 
H, 8-0%). 

4. Hydroxy-7-methyl-2-isopropylindan-1 : 3-dione (1X), colourless 
needles, m. p. 224°, from acetone (yield, 16%) (Found, by micro- 
analysis: C,71-1; H,6-5. C,3H,,0, requires C, 71-6; H, 64%). 

4-Hydroxy-7-methyl-2-isobutylindan-1 : 3-dione (X), large colourless 
lamine, m. p. 152-5°, from acetone (yield, 47%) (Found, by micro- 
analysis : C, 72:2; H, 7-0. C,,H,,0, requires C, 72-4; H, 6-9%). 

4-Hydroxy-7-methyl-2-isoamylindan-1 : 3-dione (XI), colourless 
needles, m. p. 142°, from acetone (yield, 44%) (Found: C, 72:7; 
H, 7-5. C,;H,,0, requires C, 73-2; H, 7:3%). 


Part of the cost of this investigation has been defrayed by a 
grant from the Research Fund Committee of the Chemical Society, 
to which body the authors desire to express their thanks. 
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LX X.—Derivatives of 1 : 2-Dihydroxythioxanthone. 
By Atrrep A. Levi and SAMUEL SMILEs. 


PREVIOUS communications (J., 1029, 863, 1322) dealt with the 
basic character of methoxythioxanthones; it was shown that salts 
derived from l-methoxythioxanthones have a peculiar character 
and enhanced stability and reasons were adduced for assigning to 
the kations of these a chelate structure (III) containing hydrogen. 
Four dimethoxy-derivatives were included in the material studied, 
but of these the 1 : 2-derivative was isolated only in small amount 
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from the condensation of 2-thiolbenzoic acid with veratrole and was 
probably obtained in a somewhat impure condition. Further 
experiments have now been made with derivatives of 1 : 2-di- 
methoxythioxanthone and the study of 1-methoxy-derivatives has 
been extended. 

4-Bromoveratrole and 2-thiolbenzoic acid in sulphuric acid yield 
a bromodimethoxythioxanthone to which structure (I) or (II) must 
be assigned. The sulphony] chloride obtained from 4-bromoveratrole 
and chlorosulphonic acid evidently has the structure (IV), since 
after reduction and suitable treatment of the sulphonic group it 
yielded the amide of veratrole-4-sulphonic acid or diveratryl 4-di- 
sulphide. The thiol derived from this 4-bromoveratrole-5-sulphonyl 
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chloride (IV), heated with sodium 2-bromobenzoate in presence of 
copper, gave the acid (V), which was easily converted by dehydr- 
ation into a bromodimethoxythioxanthone (I), and this was 
identical with the product in question obtained from bromoveratrole 
and 2-thiolbenzoic acid. 4-Bromoguaiacol and 5-bromoguaiacol, 
after condensation with 2-thiolbenzoic acid, gave the monomethyl 
ethers of 4-bromo-1 : 2-dihydroxythioxanthone. The former gave 
the ether to which the structure (VI) must be ascribed, since it 
furnished a stable acetoborate and could be obtained by suitable 
demethylation of the dimethyl ether (I). 5-Bromoguaiacol yielded 
the isomeric monomethyl ether (VII); this did not give a diaceto- 
borate and was easily methylated to give (I). Creosol by a similar 
method was converted into a hydrorymethoxy-thioxanthone to which 
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the structure (VIII; R = H) is ascribed, since it yielded a stable 
diacetoborate and resembled (V1) in its resistance to methylation by 
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the usual methods and in its insolubility in aqueous alkali hydr. 
oxide. Methylation by the method of Baker and Robinsen (J., 1928, 
3115) gave 1 : 2-dimethoxy-4-methylthioxanthone (VIII; R = Me). 
Finally, 4-bromo-1 : 2-dihydroxythioxanthone was obtained by de- 
methylation of (VII). 

The study of the basic strength of these six derivatives has 
entirely confirmed the conclusions previously attained from other 
material. Derivatives containing the l-hydroxy-group gave no 
evidence of basic character either with dry hydrogen chloride or with 
the aqueous reagent. 

The 1-methoxy-derivatives yielded soluble red salts of differing 
stability and by using the method of hydrolysis previously described 
(Roberts and Smiles, loc. cit.) to determine the approximate relative 
basic strengths it was found that 1 : 2-dimethoxy-4-methylthio-. 
xanthone gave the most stable salts of the series, their stability 
being of the same order as that of 1-methoxy-4-methyl- and 1 : 4-di- 
methoxy-thioxanthone salts. The salts formed by the 4-bromo- 
derivatives of 1:2-dimethoxy- and 2-hydroxy-1l-methoxy-thio- 
xanthones were closely similar to one another in stability, but were 
considerably less stable than the salts of 1 : 2-dimethoxy-4-methy]- 
thioxanthone. The last-named substance was the only one of the 
series yielding a salt of definite composition, B,2HCl, with dry 
hydrogen chloride. Further evidence confirming the chelate 
structure assigned to the kations of the salts formed by these 
1-methoxy-derivatives may be adduced from the relative stabili- 
ties of the diacetoborates of the 1-hydroxythioxanthones, which are 
known to contain a similar chelate structure. The relative stabili- 
ties of these substances in benzene solutions of comparable molar 
strength were studied by decomposition with alcohol under standard 
conditions. The characteristic colour of the diacetoborate was 
discharged as decomposition proceeded, and the completion of the 
process was determined by comparison with solutions of the 1-hydr- 
oxythioxanthones of the same molar strength. In column 2 of the 
appended table the 1-hydroxythioxanthones are arranged in order 
of increasing stability of their diacetoborates as observed by this 
method. The stabilities of the diacetoborates formed by the two 
last-named are similar to one another but considerably greater than 
those of the 4-bromo-derivatives. The similar behaviour of the 
salts of 1-methoxythioxanthones is evident from column 1, which 
contains these substances arranged in increasing order of stability. 

Diacetoborates. 
4-Bromo-1-hydroxy-2-acetoxy- \ 
4-Bromo-l-hydroxy-2-methoxy- J 


1-Hydroxy-4-methy]- 
1-Hydroxy-2-methoxy-4-methyl- J 


Salts. 
4-Bromo-1 :; 2-dimethoxy- \ 
4-Bromo-2-hydroxy-1-methoxy- J 
1 : 2-Dimethoxy-4-methyl- | 
1-Methoxy-4-methyl- J 
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When the negative character of the carbonyl oxygen concerned in 
these chelate rings is lessened by conversion of the thio- into the 
sulphone group (McClelland, J., 1929, 1590; Cohen and Smiles, J., 
1930, 408), the stabilities of the salts and of the corresponding 
diacetoborates are remarkably diminished. For instance, none of 
the 1-methoxy-sulphones examined showed basic character and the 
diacetoborate of 1-hydroxy-2-methoxy-4-methylthioxanthone di- 
oxide was the only one of this series sufficiently stable to be isolated 
in a pure condition. 

In conclusion, attention is directed to the results of demethylation. 
In examining the combination of the 4-bromo-derivatives (e.g., I and 
VIT) with dry hydrogen chloride it was found that partial demethy]- 
ation took place at 15—-20°. Further experiments have shown that 
in the hot aqueous reagent demethylation may be effected with all 
|-methoxy-derivatives; moreover, the process is selective in 
presence of other methoxyl groups. The materials examined 
(column 1) and the products obtained (column 2) were as follows : 


1-Methoxy-4-methyl- 1-Hydroxy-4-methy]- 

1 : 4-Dimeithoxy- 1-Hydroxy-4-methoxy- 
4-Bromo-1 : 2-dimethoxy- 4-Bromo-1-hydroxy-2-methoxy- 
4-Bromo-2-hydroxy-1-methoxy- 4-Bromo-1 : 2-dihydroxy- 

| ; 2-Dimethoxy-4-methyl- 1-Hydroxy-2-methoxy-4-methyl- 


It is evident without further comment that this selective attack 
of the 1-methoxyl is adequately explained by the structure assigned 
(III) to the kation of the salts. This interpretation suggests that 
the 1-hydroxy-compounds formed contain a similar chelate structure, 
which is also indicated by the insolubility of all the 1-hydroxythio- 
xanthones examined in aqueous sodium hydroxide. 


EXPERIMENTAL. 

Derivatives of Veratrole-—4-Bromoveratrole-5-sulphonyl chloride 
(IV). 4-Bromoveratrole (20 g.) was slowly added to well-cooled 
chlorosulphonic acid (40 ¢.c.); the solution was then poured over 
ice, the mixture being thoroughly stirred during the decomposition. 
The semi-solid mass of the sulphonyl chloride solidified after being 
washed with cold water; it was not further purified but was 
analysed in the form of the amide, which separated from acetic acid 
in needles, m. p. 236° (Found: C, 32-4; H, 3-6; Br, 27-2; 8, 10-8. 
C.H,,O,NBrS requires C, 32-2; H, 3-4; Br, 27-0; 8, 108%). 
The substance was further identified by conversion into the di- 
sulphide and the sulphinic acid as subsequently described. 

Elimination of bromine from this sulphony] chloride was effected as 
follows. (a) A solution of the purified potassium salt (5 g.) obtained 
by hydrolysis of the sulphonyl chloride, in aqueous potassium 
hydroxide (100 c.c., 2%), was treated with hydrogen in presence of 
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palladium on a calcium carbonate support (Busch and Stove, Ber., 
1916, 49, 106). The clear liquid, which contained bromine ions, 
was neutralised and evaporated and the dried residue was con- 
verted into the sulphony] chloride and thence into the amide. This, 
after purification, had m. p. 137° and was identical with a sample 
of veratrole-4-sulphonamide (Hindmarsh, Knight, and Robinson, 
J., 1917, 444, 953). (b) The sulphonyl chloride was submitted to 
vigorous reduction with tin and hot hydrochloric acid. The thiol, 
which was removed from the reacting mixture by a current of steam, 
yielded diveratryl 4-disulphide on oxidation. This separated from 
benzene and light petroleum in needles, m. p. 94° (Found: C, 56-4; 
H, 5-3. C,gH,,0,S, requires C, 56-8; H, 5-3%,), which were identical 
with a sample of the disulphide prepared by usual methods from 
veratrole-4-sulphonyl! chloride. 

4-Bromoveratrole-5-sulphinic acid. Since reduction of the sul- 
phonyl chloride by the usual method removed nuclear halogen, the 
required disulphide was obtained from the sulphinic acid. The crude 
bromoveratrolesulphonyl chloride was shaken with a warm con- 
centrated solution of sodium sulphite (5 mols.) until it dissolved, 
sodium carbonate being added at intervals to maintain alkalinity. 
The required sulphinic acid was liberated from the clear and cooled 
solution by addition of 60° sulphuric acid. It separated from 
benzene in prisms, m. p. 122° (Found : C, 34-0; H, 3-2. C,H,O,BrS 
requires C, 34-1; H, 3-2%). 

Di-4-bromoveratryl 5-disulphide. A hot solution of the sulphinic 
acid (140 g.) in alcohol (500 c.c.) was treated with concentrated 
hydriodic acid (10 ¢c.c., d 1-9), sulphur dioxide being led into the 
solution at intervals to remove iodine as it appeared. The required 
disulphide, which separated during the process and was collected 
from the cold mixture, crystallised from alcohol in fibrous needles, 
m. p. 118—119° [Found: C, 38:5; H, 3:2; Br, 31-8; 8S, 12:8. 
(CgH,O,Br),S, requires C, 38-7; H, 3-2; Br, 32-2; 8, 12-9%]. 

Derivatives of Thioxanthone.—4-Hydroxy-1-methylthioxanthone. A 
cooled mixture of sulphuric acid (100 c.c.) and 2-thiolbenzoic acid 
(5 g.), to which p-cresol (10 g.) had been gradually added, was stirred 
(} hr.) and then poured over ice. The insoluble product was 
purified by conversion into the sparingly soluble potassium salt; 
the required material after sublimation in a vacuum was obtained 
in yellow needles, m. p. 245° (Found : C, 68-9; H, 4:2. C,,H,,0,8 
requires C, 69-4; H,4-:1%). Methylation in aqueous alkali yielded 
4-methoxy-1l-methylthioxanthone (Roberts and Smiles, loc. cit.). 
The substance did not yield a diacetoborate. 

1-Hydroxy-4-methylthioxanthone. (a) When a solution of 1-meth- 
oxy-4-methylthioxanthone in concentrated hydrochloric acid was 
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boiled (4 hr.), the colour gradually faded and the required product 
separated in almost theoretical yield. Purified from light petroleum, 
it formed deep yellow needles, m. p. 160°; these were insoluble in 
aqueous alkali hydroxide (Found: C, 69-1; H, 4:4. C©,,H,,0,8 
requires C, 69-4; H,4-1%). The red diacetoborate was purified from 
acetic anhydride and formed needles, m. p. 236°; these were decom- 
posed by hot water, liberating the thioxanthone [Found : C,,H,,0,5, 
65:7. C,4H,O,S*B(O-CO-CH,), requires C,,H, 90,8, 65-4%]. 

(b) The same material was obtained by diazotising 1l-amino- 
4-methylthioxanthone (Ullmann and von Glenck, Ber., 1916, 49, 2491) 
with amyl nitrite in acetic acid. The red product which separated 
after decomposition of the diazo-compound in presence of sulphuric 
acid was extracted with hot alcohol. The solution deposited the 
required material, which was purified and identified in the usual 
manner. 

(c) A small quantity of this 1-hydroxythioxanthone is formed in 
the condensation of p-tolyl carbonate with 2-thioilbenzoic acid. 
After hydrolysis of the crude product the required substance was 
separated from the 4-hydroxy-1-methyl derivative by its insolubility 
in aqueous sodium hydroxide. After sublimation in a vacuum it 
had m.p. 160° and was identified in the usual manner. 

4-Bromo-1 : 2-dimethoxythioxanthone (1). (a) 4-Bromoveratrole 
(20 g.) was slowly added to a cooled and stirred mixture of 2-thiol- 
benzoic acid (14 g.) and sulphuric acid (300 c.c.). After } hour, the 
product was isolated as usual and treated with aqueous alkali to 
remove acids present (yield, 40%). The required substance 
separated from acetic acid in yellow needles, m. p. 159°, which gave 
a bright red solution with cold concentrated hydrochloric acid 
(Found : C,51-3; H,3-1. C,;H,,0,BrS requires C, 51-2; H,3-1%). 
Attempts to isolate a hydrochloride by treatment with the dry 
reagent failed owing to partial demethylation during the process. 

(b) 4-Bromo-5-thiolveratrole (20 g.) (prepared from the corre- 
sponding disulphide by reduction with glucose in presence of alkali 
and not completely purified), amyl alcohol (70 c.c.), 2-bromobenzoic 
acid (20 g.), and potassium carbonate were boiled together (14 hours). 
After the alcohol had been removed by a current of steam, the 
residue was triturated with warm aqueous alkali. The solution 
when acidified yielded the impure 2-bromo-4 : 5-dimethoxy-2'-carb- 
oxydiphenyl sulphide (V). This separated from hot alcohol (char- 
coal) in needles, m. p. 211—212° (Found: C, 48-7; H, 3-7. 
C,;H,,0,BrS requires C, 48-7; H, 3-5%). The crimson solution of 
this substance in sulphuric acid was kept at 15° (2 hours). The 
product, isolated by addition of the solution to ice and purified from 
light petroleum or by sublimation, had m. p. 160° and was identified 
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in the usual manner with the product obtained from (a) and by its 
behaviour on hydrolysis with hydrochloric acid. 
4-Bromo-2-hydroxy-1-methoxythioxanthone (VII). 5-Bromo. 
guaiacol (20 g.) was gradually added to a cooled and stirred mixture 
of 2-thiolbenzoic acid (15 g.) in sulphuric acid (300 c.c.). The 
product, isolated as usual, was completely soluble in aqueous alkali 
hydroxide; carbonic acid liberated the required thioxanthone (25%, 
yield) from this solution. It was purified from acetic acid and 
formed yellow needles, m. p. 208° (Found: C, 494; H, 2:8. 
C,,H,O,Br8 requires C, 49-8; H,2-6%). The substance was readily 
methylated by methyl sulphate in aqueous alkali, yielding the 
1 : 2-dimethoxy-derivative (I). It did not yield a diacetoborate. 
4-Bromo-1 : 2-dihydroxythioxanthone was precipitated in almost 
theoretical yield when a solution of (VII) in concentrated hydro- 
chloric acid was boiled. It separated from benzene in orange 
needles, m. p. 212° (Found: C, 48-2; H, 2-4. C,,H,O,BrS requires 
C, 48-2; H, 2-1%), and yielded a red crystalline diacetoborate of the 
acetyl derivative. The purple sodium salt was sparingly soluble in 
water; other metallic derivatives such as those of iron and chromium 
were insoluble and highly coloured. 
4-Bromo-1-hydroxy-2-methoxythioxanthone (VI) was (a) obtained 
by hydrolysis of (I) with boiling hydrochloric acid and when 
purified from acetic acid formed orange needles, m. p. 191°, which 
were insoluble in aqueous alkali hydroxide (Found: C, 49-5; H, 2-9; 
Br, 23-2; 8, 9-4. C,,H,O,BrS requires C, 49-8; H, 2-6; Br, 23-7; 
S,9-5%). The red crystalline diacetoborate was obtained in the usual 
manner ; it was hydrolysed by hot water [Found : C,,H,O,BrS, 72:3. 
C,,H,0,Br8-B(O-CO-CH,), requires C,,H,O,BrS, 72-4% ]. 

(b) Condensation of 4-bromoguaiacol (20 g.) with 2-thiolbenzoic 
acid (15 g.) in sulphuric acid (300 c.c.) was effected as usual. The 
solid product was added to hot aqueous alkali hydroxide (2). 
The insoluble material consisted chiefly of the required 1-hydroxy- 
derivative (20% yield); this was purified from acetic acid and by 
subsequent conversion into the diacetoborate. Hydrolysis of this 
derivative yielded a material which had m. p. 191° and was identical 
with the product obtained by hydrolysis of (I). 

1-Hydroxy-2-methoxy-4-methylthioxanthone (VIIL; R =H) was 
obtained by condensation of creosol with 2-thiolbenzoic acid under 
the usual conditions. The product was treated with aqueous alkali; 
the residue consisted of the desired substance (20% yield). Purified 
from alcohol, this formed red needles, m. p. 173—174°, which were 
insoluble in alkali hydroxide or hydrochloric acid (Found : C, 65:9; 
H, 4-6. C,;H,,0,8 requires C, 66-1; H, 4.4%). The substance 
formed a purple diacetoborate which was hydrolysed with difficulty 
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yits § (Found: C,;H,,0,8, 68-0. C,;H,,0,8:B(O-CO-CH,), requires 
C,5H.0,8, 68-0%]. 

mo- | : 2-Dimethoxy-4-methylthioxanthone (VIII; R = Me), obtained 
ture § in almost theoretical yield from (VIII, R = H) by the method of 
The § Baker and Robinson (loc. cit.), separated from alcohol in yellow 
kali ff needles, m. p. 125°, which were readily soluble in cold hydrochloric 
25%, Bacid (Found: C, 67:1; H, 5-2. C,,H,,0,8 requires C, 67-1; 
and § H,4-9%). With the boiling reagent, (VIII) was obtained in almost 
2:8. ff theoretical yield and identified in the usual manner. When the 
dily § dimethoxy-compound was treated with dry hydrogen chloride 
the 9 (15°; 1 atm.) until constant weight was attained, a deep red dihydro- 


p. chloride was formed (Found: HCl, 20-1. C,,H,,0,8,2HCI requires 
nost HCl, 20-3%). 
dro- 4-Bromo-1-hydroxy-2-methoxythioxanthone dioxide. Hydrogen 


unge § peroxide (2-5 c.c.; 30%) was added to a solution of the thioxanthone 
lires § (VI) (2 g.) in acetic acid (20 ¢.c.). The mixture was gradually 
‘the J warmed to 100° and maintained at that temperature until the 
le in disappearance of the red colour indicated that oxidation was com- 
ium § plete. The required dioxide separated from the cooled solution and 
after purification from acetic acid formed yellow prisms, m. p. 243° 
ined § (Found: C, 45-2; H, 2-8. C,,H,O;BrS requires C, 45-5; H, 2-4%). 
fhen § The substance gave an unstable diacetoborate. 





hich 1-H ydroxy-2-methoxy-4-methylthioxanthone dioxide was obtained 
2-9; ff in the same way by oxidation of (VIII; R=H). It separated from 
3°7; PB acetic acid in yellow needles, m. p. 190° (Found: C, 59-2; H, 3-7. 


sual 9 (,,H,,0,S requires C, 59-2; H, 3-9%). The red diacetoborate had 
2:3. § m.p.222° and was sufficiently stable for isolation [Found: C,;H,,0;S, 
70-9. C,;H,,0;S:B(O-CO-CH,), requires C,;H,,0,S, 70-4%]. 

ZOIC 1 : 2-Dimethoxy-4-methylthioxanthone dioxide, prepared in the 
The § same manner, formed yellow needles, m. p. 154° (Found: C, 60-5; 
2N). $H, 4-9. C,gH,,0,S requires C, 60-3; H, 4-4%). 

DxY- 4-Bromo-1 : 2-dimethoxythioxanthone dioxide was obtained by the 
1 by J intensive methylation of the potassium salt of the corresponding 
this 9 |-hydroxy-derivative. It separated from alcohol in yellow needles, 
tical Fm. p. 165° (Found: C, 46-9; H, 3-2. ©,;H,,0;BrS requires 
C,47-0; H, 28%). Attempts to obtain this substance by oxidation 
was § of (I) with hydrogen peroxide led to the unexpected elimination of 
nder § halogen as oxyhalogen acid and the formation of a product which 
sali; | from analytical data was evidently 1 : 2-dimethoxythioxanthone 
ified § dioxide. This formed pale yellow plates, m. p. 246°, from acetic 
were § acid (Found : C, 59-0; H, 3-6; 8, 10-3; M, 311, 304. C,;H,,0,8 
5°95; requires C, 59-2; H, 3-9; S, 10-59%; M, 304). 


ance : 
uliy Kina’s CoLLeGE, LONDON. [Received, January 13th, 1931.] 
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LX XI.—Potassium Permanganate as a Reagent for 
the Detection of Lower Oxides in Phosphoric Acid. 


By Jonn WILLIAM SMITH. 


DuRING the course of other investigations, it became necessary to 
test samples of phosphoric oxide for traces of lower oxides. The 
usual tests recommended for this purpose are (a) boiling with a 
solution of mercuric chloride or (6) heating a neutralised solution of 
the phosphoric acid with silver nitrate, the production respectively 
of mercurous chloride or of a brown colour in the precipitate indicat- 
ing the presence of lower oxides. Of these, the former seems to be 
the more sensitive, but is incapable of detecting less than about 
0-05 mg. of phosphorous acid in 10 c.c. 

The author has found the reduction of very dilute potassium 
permanganate solution to be a satisfactory test; this, however, is 
by no means an instantaneous reaction at the ordinary temperature, 
but occurs quite rapidly on gentle warming. In view of the extreme 
dilution of the potassium permanganate solution employed, it is 
essential to carry out an exactly parallel blank experiment and to 
compare the colour intensities of the two solutions. Where large 
quantities of phosphite are suspected, the test is much hastened by 
gentle heating, but for very small quantities it is preferable to allow 
the reduction to occur slowly at room temperature ; in the latter case 
both the solution to be tested and the comparison solution should 
be made up with water from which all oxidisable material has been 
removed by distillation from potassium permanganate. Quite 
satisfactory results can be obtained, however, by using good ordinary 
distilled water and adding the potassium permanganate solution in 
slight excess. 

The procedure adopted is as follows. About 1 g. of the phosphoric 
oxide is dissolved in 10 c.c. of water in a glass-stoppered test tube, 
and the solution is allowed to cool. An equal volume of a solution 
of phosphoric acid of about equal concentration is introduced into 
another similar tube. One c.c. of potassium permanganate solution 
of known concentration (NV /5000—N/1000) is added to each. The 
solutions are mixed and kept for 2 hours. If there is any detectable 
colour difference between the two specimens, lower oxides are 
present. Certain specimens of distilled water cause a decrease in 
colour, but this is the same in each tube, so the test is not vitiated. 
In this manner it has been found possible to detect quite definitely 
(002 mg. of phosphorous oxide in 10 c.c. of solution. 

For quantities of the order of 0-01 mg. per c.c. and upwards, for 
which 1 c.c. of N/1000-potassium permanganate solution can be 
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used, a quicker method is to immerse the two tubes in a water-bath 
at about 60° for 2 minutes, remove them, and let them stand for 
10 minutes ; if there is no perceptible colour difference, the phosphite 
content is below about 0-005 mg. per 10 c.c. The quantity of 
phosphite can be estimated approximately by adding measured 
quantities of the standard N/1000-permanganate solution from a 
1 c.c. pipette so as to restore the colour to the intensity of the 
“blank” sample. In this quantitative measurement, however, 
heating has to be continued for about 15 minutes, the colour intens- 
ities being matched, say, every 3 minutes. This gives a very good 
measure of the order of magnitude of the phosphite concentration 
when it is far too small to be estimated by the ordinary methods. 

This method is obviously inapplicable in cases where other 
reducing agents are present, but has proved invaluable for con- 
firming the absence of phosphorous oxide in resublimed phosphoric 
oxide. 


In conclusion, the author desires to express his indebtedness to 
the Department of Scientific and Industrial Research for a Senior 
Grant, during the tenure of which this work has been carried out, 
and also to Professor F. G. Donnan, F.R.S., for his kind interest and 
criticism. 

THe Sir Witiram RAMSAy LABORATORIES OF 


INORGANIC AND PHysiIcaL CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, February 4th, 1931.] 


LXXII.—Some Substitution Products of 2-Nitro- and 
2-Acetamido-diphenyl Ethers and the Corresponding 
Diphenylene Oxides. 


By Hamiiton McComsBre, WILLIAM GEORGE MACMILLAN, and 
HAROLD ARCHIBALD SCARBOROUGH. 


THE investigation of the products of bromination of 2-nitro- and of 
2-acetamido-diphenyl ethers has been extended to include the 
products of chlorination, iodination, and nitration of these com- 
pounds; and further, the conversion of the substituted amino- 
compounds into the corresponding diphenylene oxides. 

The chlorination of 2-nitrodiphenyl ether proceeded smoothly, 
yielding 4-chloro-2’-nitrodiphenyl ether; further chlorination by 
passage of dry chlorine into the molten chloronitro-compound 
yielded a thick red gum. Similarly, on iodination with iodine 
monochloride, 2-nitrodiphenyl ether yielded 4-iodo-2’-nitrodiphenyl 
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ether. The bromination of 4-chloro-2-nitrodiphenyl ether yielded 
4-chloro-4’-bromo-2-nitrodiphenyl ether. 

The structures of 2-chloro-, 4-chloro-, 4’-chloro-, 4: 4’-dichloro., 
and 4-chloro-4’-bromo-2-nitrodiphenyl ethers follow from their 
syntheses from the corresponding o-halogenonitrobenzene and the 
sodium or potassium halogenophenoxide. Attempts were made to 
determine the structure of 4-iodo-2’-nitrodiphenyl ether by reduction 
and deamination, but a pure specimen of 4-iododiphenyl ether was 
not obtained. 

The chlorination of 2-acetamidodiphenyl ether was attempted by 
direct treatment with chlorine, by the use of a chlorate and hydro- 
chloric acid, and by the preparation of the N-chloro-derivative and 
the conversion of this compound into a ring-substituted product; 
all three methods failed to yield a product which could be obtained 
in a state of purity. Similarly, iodination of 2-acetamidodipheny| 
ether with iodine monochloride yielded a semi-solid black oil. 

The nitration of 2-acetamidodiphenyl ether was found to depend 
largely on the experimental conditions : in acetic acid or in a mixture 
of acetic anhydride and acetic acid at various temperatures, the 
ether either remained unchanged or was converted into a mixture of 
nitration products which were separable only with great loss. Nitra- 
tion in ice-cold fuming nitric acid solution was too violent, and, in 
addition to the formation of a mixed nitration product, hydrolysis 
to the amine occurred. Nitration of both the substituted and the 
unsubstituted acetamido-compounds was, however, effected quite 
smoothly by suspending the compound in 7 or 8 times its weight of 
nitric acid (d 1-42) and cautiously adding fuming nitric acid until 
solution was completed. 2-Acetamidodiphenyl ether, 2’-chloro., 
4’.chloro-, 4: 4'-dichloro-, and 4’-bromo-2-acetamidodiphenyl ethers 
were thus converted into mononitro-derivatives. In the presence 
of an excess of fuming nitric acid certain of the mononitro-derivatives 
were converted into dinitro-derivatives. . 

The structures of the mononitro-substituted 2-acetamidodipheny! 
ethers were based on the following observations : 2-acetamidodi- 
phenyl ether yielded 5-nitro-2-acetamidodiphenyl ether (1), which on 
deacetylation, deamination, and ring closure with elimination of 
nitrogen yielded 2-nitrodiphenylene oxide * (II). Again 4’-bromo- 
5-nitro-2-acetamidodiphenyl ether on deacetylation and deamination 

* Borsche and Bothe (Ber., 1908, 41, 1940) ascribed to this compound the 
structure of 3-nitrodiphenylene oxide. Mayer and Krieger (Ber., 1922, 56, 
1659) showed that this view was incorrect, but it remained for Cullinane (J., 
1930, 2267) to prove conclusively that the main product of nitration of 
diphenylene oxide was 2-nitrodiphenylene oxide by conversion into the 
corresponding 2-chlorodiphenylene oxide and synthesis from 5-chloro-?- 

aminodipheny] ether. 
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yielded 4-bromo-3’-nitrodiphenyl ether; and finally 4’-bromo-5- 
nitro-2-acetamidodiphenyl ether was obtained either by the bromin- 
ation of 5-nitro-2-acetamidodiphenyl ether or by the nitration of 
yas P00 pe aint te ether. 


(I.) foarte Yuan OLY (II.) 


The inal taken by the second entering nitro-group has not been 
established and the formulz assigned are based on the general effects 
of the directive influences observed in this series of compounds. 

The conversion of the substituted 2-aminodipheny] ethers into the 
corresponding ppenyaee oxides by treating the diazotised amine 
with boiling 50% sulphuric acid was successful in the cases of 2-nitro-, 
3-chloro-, 3- fr mei 7-nitro-, 3:6-dichloro-, 2-bromo-, 3-bromo-, 
2: 6-dibromo-, and 3: 6-dibromo-diphenylene oxides; but an 
attempt to prepare 1-chlorodiphenylene oxide from the appropriate 
amine was not successful. The structures of these compounds follow 
from their method of synthesis. 

The results show that chlorination and iodination of 2-nitrodi- 
phenyl ether follow the same path as bromination but that in these 
cases the introduction of more than one substituent atom is not 
attained. The most striking result is the behaviour of 2-acetamido- 
diphenyl ether on nitration: this compound yielded a nitro-deriv- 
ative in which the nitro-group is in the same ring as the acetamido- 
group when the reaction was carried out in mineral acid solution. 
In other series, particularly the diphenyl series (compare J., 1927, 
1133 et seq.), nitration could be effected in the ring containing the 
acetamido-group only when the reaction was carried out in acetic 
acid solution, and the use of a mineral acid as solvent invariably 
effected nitration in the other ring. The work is being extended to 
the preparation of certain di- and tri-nitrodiphenyl ethers in order 
to establish the structure of the dinitro-2-acetamidodiphenyl ethers 
and also to an examination of the substitution products of diphenyl- 
ene oxide. 

EXPERIMENTAL. 

5-Nitro-2-acetamidodiphenyl ether was prepared by keeping a 
solution of 2-acetamidodiphenyl ether in nitric acid (d 1-42) at 
room temperature for 15 minutes. The product, precipitated when 
the mixture was poured on ice, crystallised from methyl alcohol in 
yellow rhombs, m. p. 180° (Found: N, 10-35. ©,,H,.0,N, requires 
N, 10-3%). The nitro-derivative was refluxed for 6 hours with 
ethyl-aleoholic hydrogen chloride and poured on ice, and the base 
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liberated with dilute aqueous ammonia. 5-Nitro-2-aminodiphenyl 
ether, thus obtained, separated from dilute methyl alcohol in yellow 
plates, m. p. 116° (Found : N, 12-1. C,,H,,)0,N, requires N, 12-2%). 
The base was dissolved in dilute hydrochloric acid and diazotised, 
and the diazo-solution allowed to drop slowly into hot 50% sulphuric 
acid. The sulphuric acid solution was refluxed for 3 hours and 
distilled with superheated steam; 2-nitrodiphenylene oxide, thus 
obtained, separated from acetic acid in faintly yellow needles, m. p. 
186°, and was identical with the product obtained by direct nitration 
of diphenylene oxide (Borsche and Bothe, loc. cit.). 

5 : 4’( ?)-Dinitro-2-acetamidodiphenyl ether was obtained when 2.- 
acetamido- or 5-nitro-2-acetamido-diphenyl ether was dissolved in 
a mixture of 2 parts of nitric acid (d 1-42) and 1 part of nitric acid 
(d 1-5). It separated from ethyl alcohol in faintly yellow needles, 
m. p. 190° (Found: N, 13-15. C,,H,,O,N, requires N, 13-25%). 
The base, 5 : 4’-dinitro-2-aminodiphenyl ether, prepared by the hydro- 
lysis of the acetyl derivative with ethyl-alcoholic hydrogen chloride, 
crystallised from ethyl alcohol in yellow plates, m. p. 192° (Found : 
N, 15-2. C,,.H,O;N, requires N, 15-25%). 

2-Chloro-2’-nitrodipheny! ether was obtained in almost theoretical 
yield when potassium o-chlorophenoxide was condensed with 
o-chloronitrobenzene for 18 hours at 170°. The melt was distilled in 
steam, the residue taken up in ether, the ethereal solution dried, and 
the ether removed. The product crystallised from methyl alcohol in 
yellow rhombs, m. p. 49° (Found : Cl, 14-25. Calc. for C,,H,O,NCI: 
Cl, 14:2%). The nitro-compound was reduced with stannous 
chloride in ethereal hydrogen chloride solution, and the base 
liberated with 30° sodium hydroxide solution. 2-Chloro-2’-amino- 
diphenyl ether was obtained as a pale yellow oil, b. p. 203°/15 mm., 
which slowly solidified and then crystallised from light petroleum 
(b. p. 40—60°) in prisms, m. p. 45° (Found: Cl, 16-1. Calc. for 
C,,H,,ONCI: Cl, 16-15%). 

2-Chloro-2’-acetamidodiphenyl ether was obtained by refluxing the 
base with a mixture of 1 part of acetic anhydride and 5 parts of acetic 
acid for 24 hours. The acetyl derivative separated from light 
petroleum (b. p. 60—80°) in heavy clustered needles, m. p. 104° 
(Found : Cl, 13-55. C,,H,,O,NCl requires Cl, 13-6%). An attempt 
to prepare the corresponding diphenylene oxide was not successful. 

2-Chloro-5’-nitro-2’-acetamidodiphenyl Ether.—2-Chloro-2’-acet- 
amidodipheny] ether was suspended in 9 parts of nitric acid (d 1-42) 
and brought into solution by the addition of 1-5 parts of nitric acid 
(d 1-5), and the solution kept for 15 minutes. The product crystal- 
lised from methyl alcohol in yellow needles, m. p. 142° (Found : 
Cl, 11-6; N, 9-2. C,,H,,0,N,Cl requires C, 11-6; N, 9-15%). 
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The base, 2-chloro-5’-nitro-2’-aminodiphenyl ether, was obtained when 
the acetyl derivative was hydrolysed in the usual manner; it 
separated from dilute methyl alcohol in yellow needles, m. p. 125° 
(Found: Cl, 13-4. C,,H,O,N,Cl requires Cl, 13-45%). 

2-Chloro-4( ?) : 5’-dinitro-2’-acetamidodiphenyl ether was obtained 
when 2-chloro-2’-acetamido- or 2-chloro-5’-nitro-2’-acetamido-di- 
phenyl ether was dissolved in a mixture of equal parts of nitric and 
fuming nitric acids. The product separated from ethyl alcohol in 
small orange prisms, m. p. 176° (Found: Cl, 10-0; N, 11-9. 
Cis4HypO,N,Cl requires Cl, 10-1; N, 11-95%). The hydrolysis of 
the acetyl derivative yielded 2-chloro-4( ?) : 5’-dinitro-2’-amino- 
diphenyl ether, which separated from ethyl alcohol in yellow needles, 
m. p. 202° (Found: Cl, 11-45. C,,H,O;N,Cl requires Cl, 11-45%). 

4-Chloro-2-nitrodiphenyl ether was obtained when 2 : 5-dichloro- 
nitrobenzene was condensed with sodium phenoxide, for 5 hours, 
at 170—180°. It was a pale yellow oil, b. p. 211°/20 mm. (Found : 
Cl, 14-3. C,,H,O,NCI] requires Cl, 14-2%). On reduction with 
stannous chloride in ethereal hydrogen chloride solution in the usual 
manner it gave 4-chloro-2-aminodiphenyl ether, a light yellow oil, 
b. p. 215°/20 mm., which slowly solidified and then separated from 
light petroleum (b. p. 60—80°) in prisms, m. p. 44° (Found: Cl 
16-05. C,,H,,ONCI requires Cl, 16-15%). The hydrochloride of the 
hase separated from a dilute hydrochloric acid solution in needles, 
m. p. 192° (Found: HCl, 14-1. ©C,,H,,ONCI,HCl requires HCl, 
14-25%). The acetyl derivative of the base was obtained as a 
semi-solid mass which could not be further purified. 3-Chloro- 
diphenylene oxide was prepared from the base by diazotisation in the 
usual manner; it crystallised from light petroleum (b. p. 60—80°) 
in leaves, m. p. 106° (Found: Cl, 17-65. C,,H,OCI requires Cl, 
17-5%). 

4-Chloro-2’-nitrodiphenyl ether was prepared (a) by treating an 
acetic acid solution of 2-nitrodiphenyl ether with a slight excess of 
chlorine, also in acetic acid solution, and keeping the mixture for 
24 hours; or (b) by condensing potassium p-chlorophenoxide with 
o-chloronitrobenzene. It crystallised from methyl! alcohol in faintly 
yellow needles, m. p. 46° (Found : Cl, 14:25. Cale. for C,,HgO,NCI : 
Cl, 14-2%). The reduction of the nitro-compound in the usual 
manner yielded 4-chloro-2’-aminodiphenyl ether as a yellow oil, 
b. p. 215°/20 mm. The hydrochloride of the base separated from a 
dilute hydrochloric acid solution in long needles, m. p. 181° (Found : 
HCl, 14:2. C,,.H,,ONCI,HCI requires HCI, 14-25%). The base was 
converted into 3-chlorodiphenylene oxide in the usual manner. 

4-Chloro-2’-acetamidodiphenyl ether was prepared by refluxing 
the hase with a mixture of acetic anhydride (1 part) and acetic acid 
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(5 parts) for 24 hours. The product, a mixture of the mono- and the 
di-acetyl derivative, was purified by alternate crystallisations from 
light petroleum (b. p. 60—80°) and methyl alcohol and separated 
from the former solvent in needles, m. p. 99° (Found: Cl, 13-5, 
C,4H,,0,NCl requires Cl, 13-6%). The base, on being refluxed 
with a mixture of acetic anhydride (1 part) and acetic acid (3 parts) 
for 36 hours, yielded 4-chloro-2’-diacetamidodiphenyl ether, which 
separated from light petroleum (b. p. 60—80°) in needles, m. p. 
106° (Found: Cl, 11-75. C,gH,4O,NCl requires Cl, 11-7%). 4- 
Chloro-5’-nitro-2’-acetamidodiphenyl ether was prepared by dissolving 
4-chloro-2’-acetamidodiphenyl! ether in a mixture of | part of nitric 
acid (d 1-5) and 6 parts of nitric acid (d 1-42) and keeping the solution 
at room temperature for 15 minutes; the nitration product then 
separated. It crystallised from ethyl alcohol in yellow prisms, 
m. p. 203° (Found: Cl, 12-65; N, 9-1. C,,H,,O,N,Cl requires Cl, 
11-6; N, 9:15%). Hydrolysis of the acetyl derivative in ethyl- 
alcoholic solution yielded 4-chloro-5’-nitro-2’-aminodiphenyl ether, 
which crystallised from methyl alcohol in yellow needles, m. p. 123° 
(Found: Cl, 13-35. C,,H,O,N,Cl requires Cl, 13-45%). - The base 
was converted into 3-chloro-7-nitrodiphenylene oxide in the manner 
previously described. This oxide separated from light petroleum 
(b. p. 60—80°) in pale yellow needles, m. p. 226° (Found : Cl, 14-45, 
C,oH,O,NCl requires Cl, 14-35%). 4-Chloro-2(*) : 5’-dinitro-2’. 
acetamidodiphenyl ether was formed in small quantity, compared 
with the mononitro-derivative, when 4-chloro-2’-acetamidodipheny| 
ether was suspended in 3 parts of nitric acid (d 1-42) and brought into 
solution with 1 part of nitric acid (d 1-5) and the solution kept for 
15 minutes at room temperature. It separated from acetone—methyl 
alcohol in needles, m. p. 198° (Found: Cl, 10-1. C,4H,,0,N,Cl 
requires Cl, 10-1%). 

4 : 4’-Dichloro-2-nitrodiphenyl ether was obtained when potassium 
p-chlorophenoxide was condensed with 2 : 5-dichloronitrobenzene, 
for 2 hours, at 170°. It separated from methyl alcohol in yellow 
prisms, m. p. 78° (Found: Cl, 24-95. Cale. for C,,H;0,NCl, : Cl, 
250%). Reduction of the nitro-compound, in the usual manner, 
yielded 4 : 4’-dichloro-2-aminodiphenyl ether. The base was obtained 
as a pale yellow oil, b. p. 235°/25 mm., which solidified and then 
crystallised from light petroleum (b. p. 60—80°) in needles, m. p. 
66° (Found: Cl, 27-8. Cale. for C,,H,ONCI,: Cl, 27-95%). The 
hydrochloride of the base separated from dilute hydrochloric acid 
solution in needles, m. p. 145° (Found : HCl, 12-5. C,,H,ONCI,,HCI 
requires HCl, 12-4%). Acetylation of the base with a mixture of 
1 part of acetic anhydride and 5 parts of acetic acid, for 24 hours, 
yielded 4: 4’-dichloro-2-acetamidodiphenyl ether. This derivative 
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crystallised from light petroleum (b. p. 60—80°) in needles, m. p. 
109° (Found : Cl, 23-9. C,,H,,0O,NCl, requires Cl, 240%). 3: 6- 
Dichlorodiphenylene oxide, obtained in the usual manner from the 
base, crystallised from light petroleum (b. p. 60—80°) in needles, 
m. p. 190° (Found : Cl, 29-95. C,,H,OCI, requires Cl, 30-05%). 

4 : 4’-Dichloro-5-nitro-2-acetamidodiphenyl Ether.—4 : 4’-Dichloro- 
2-acetamidodiphenyl ether was dissolved in a mixture of 1 part of 
nitrie acid (d 1-5) and 3 parts of nitric acid (d 1-42) and the product 
commenced to separate immediately. It crystallised from methyl 
alcohol in feathery needle clusters, m. p. 150° (Found: Cl, 20:8; 
N, 81. ©,,H,,0,N,Cl, requires Cl, 20-8; N, 82%). A small 
quantity of 4 : 4’-dichloro-2’( ?) : 5-dinitro-2-acetamidodiphenyl ether 
was also isolated in this reaction. It separated from acetone—methyl 
alcohol in fine needles, m. p. 212° (Found: Cl, 18-3. C,,H,0O,N,Cl, 
requires Cl, 18-4%). 

4’- Bromo-5-nitro-2-acetamidodiphenyl ether was obtained when 
(a) 4’-bromo-2-acetamidodipheny! ether was dissolved in a mixture 
of 1 part of nitric acid (d 1-5) and 6 parts of nitric acid (d 1-42) and 
the solution kept for 15 minutes; and (b) 5-nitro-2-acetamidodi- 
phenyl ether was treated, in acetic acid solution, with an excess of 
bromine, also in acetic acid solution. The nitro-compound separated 
from ethyl alcohol in yellow rhombs, m. p. 208° (Found: N, 8-1; 
Br, 22-8. C,,H,,0O,N,Br requires N, 8-0; Br, 22-8%). The base, 
4’-bromo-5-nitro-2-aminodiphenyl ether, obtained from the acetyl 
derivative by hydrolysis in ethyl-alcoholic hydrogen chloride solu- 
tion, separated from methyl alcohol in yellow needles, m. p. 133° 
(Found: Br, 25-8. C,,H,O,N,Br requires Br, 25-9%). The base 
was deaminated in the usual manner; the product, crystallised 
from light petroleum (b. p. 60—80°) and finally from methyl alcohol, 
formed yellow rhombs, m. p. 63°. This product did not lower the 
m. p. of a specimen of 4’-bromo-3-nitrodiphenyl ether obtained by 
the deamination of 4’-bromo-3-nitro-4-aminodiphenyl ether (Scar- 
borough, J., 1929, 2366). 

2-Bromodiphenylene oxide was obtained when 5-bromo-2-amino- 
diphenyl ether was diazotised in hydrochloric acid solution, the 
diazo-solution decomposed with boiling 50° sulphuric acid, and the 
product distilled in superheated steam; it separated from methyl 
alcohol in plates, m. p. 120° (Found: Br, 32-3. C,,.H,OBr requires 
Br, 32-4%). 

3-Bromodiphenylene oxide was prepared from 4-bromo- or 4’- 
bromo-2-aminodiphenyl ether in the usual manner. The product 
distilled in superheated steam and crystallised from methyl alcohol 
or light petroleum (b. p. 60—80°) in plates, m. p. 110° (Found : 
Br, 32-25. Cale. for C,,H,OBr: Br, 32-4%). The same product 
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was obtained by bromination of diphenylene oxide in ¢arbon 
disulphide solution (Mayer and Kriege, Ber., 1922, 55, 1659). 2 : 6- 
Dibromodiphenylene oxide was prepared from 4’ : 5-dibromo-2-amino-. 
diphenyl ether. The product distilled in superheated steam and 
crystallised from light petroleum (b. p. 60—80°) in needles, m. p. 
176° (Found : Br, 49-2. C,,H,OBr, requires Br, 49-1%). 

3 : 6-Dibromodiphenylene oxide was prepared from 4 : 4’-dibromo. 
2-aminodipheny] ether in the usual manner. The product, separated 
by means of superheated steam, crystallised from light petroleum 
(b. p. 60—80°) in plates, m. p. 195° (Found: Br, 49-25. C,,H,OBr, 
requires Br, 49-1%). The same product was obtained by the bromin. 
ation of diphenylene oxide in carbon disulphide solution (compare 
Hoffmeister, Annalen, 1871, 149, 191). 

4-Chloro-4’-bromo-2-nitrodiphenyl ether was obtained when (a) 
4-chloro-2-nitrodiphenyl ether was treated with an excess of bromine 
in acetic acid solution, and the solution kept for 12 hours; (b) 
potassium p-bromophenoxide was condensed with 2 : 5-dichloronitro- 
benzene. The product crystallised from ethyl alcohol in pale 
yellow needles, m. p. 96° (Found: 0-1516 g. gave 0-1510 g. Ag 
halides. Cale. for C,,H,O0,NCIBr : 0-1529 g.). 

4-lodo-2’-nitrodiphenyl ether resulted when 2-nitrodipheny! ether, 
in acetic acid solution, was treated with a slight excess of iodine 
monochloride, and the solution kept for 12 hours. The product 
separated from methyl alcohol in faintly yellow needles, m. p. 86 
(Found : I, 37-25. C,,H,O,NI requires I, 37-25%). 

4-lodo-2’-nitrodiphenyl ether dichloride was prepared by treating 
an ice-cold carbon tetrachloride solution of the nitro-compound with 
an excess of chlorine in carbon tetrachloride solution. The product 
separated from the reaction mixture in matted needles, m. p. 96° 
(decomp.) (Found: Cl, 16-95. C,,H,O,NCI,I requires Cl, 17-2%%). 
The dichloride was stable. 

4-Iodo-2’-aminodiphenyl ether was prepared from the nitro- 
compound by reduction with stannous chloride in ethereal hydrogen 
chloride solution. The base, liberated and extracted in the usual 
manner, was a viscid oil, b. p. 240°/20 mm. The hydrochloride of 
the base separated from dilute hydrochloric acid solution in needles, 
m. p. 219° (Found: HCl, 10-45. C,,.H,j,ONI,HCI requires HC, 
105%). The base was acetylated by refluxing it, for 18 hours, 
with a mixture of 1 part of acetic anhydride and 5 parts of acetic 
acid ; 4-iodo-2’-acetamidodiphenyl ether resulted as the main product. 
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The monoacetyl derivative was separated from the diacetyl de- 
rivative by alternate crystallisations from methyl alcohol and light 
petroleum (b. p. 60—80°):; it separated from the latter solvent in 
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needles, m. p. 115° (Found : I, 35-8. C,,H,.0O,NI requires I, 35-9°%). 
4-lodo-2’-diacetamidodiphenyl ether was obtained when the base was 
refluxed, for 24 hours, with a mixture of 1 part of acetic anhydride 
and 3 parts of acetic acid. It crystallised from light petroleum 
in needles, m. p. 94° (Found: I, 32-25. C,,H,,0,NI requires I, 
32-15%). 
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LXXIII.—The Configuration of the Doubly-linked 
Tervalent Nitrogen Atom. Part IV. The 
Resolution of B-Methyltrimethylene Dithiolcarbonate 
Carboxy phenylhydrazone. 


By Witt1am Hopson Mitts and Bernarp CHARLES SAUNDERS. 


THE oxime of cyclohexanone-4-carboxylic acid (I) was shown by 
Mills and Bain (J., 1910, 97, 1866; 1914, 105, 64) to be capable of 
existing in optically active forms, and the molecular dissymmetry 
of this compound, thus demonstrated, was referred to the non-planar 
disposition of the valencies of the doubly-bound tervalent nitrogen 
atom in the oximino-group, which had been postulated by Hantzsch 
and Werner to account for the isomerism of the oximes. 


H  CO,H H  CO,H 
KK wet 
(I.) CH, | HH, CH, \CH, (I1.) 
CH, cH, CH,. ‘CH 
\CZ ; : \oF 
14 
v NH-OH 


Mills and Bain discussed the possibility of the existence of the 
oxime in the form (II), which contains an ordinary asymmetric 
carbon atom, and gave reasons to show that it could not have this 
formula. It seemed nevertheless desirable to obtain an optically 
active compound in which the molecular dissymmetry should be 
similarly dependent on the non-planar distribution of the valencies 
of a doubly-bound tervalent nitrogen atom, but in which anv 
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uncertainty of constitution arising from a conceivably migratory 
hydrogen atom should be excluded. 

With this object Mills and Schindler (J., 1923, 123, 312) pre- 
pared and investigated the pyridylhydrazone of cyclohexylene 
dithiolcarbonate (ITI). 


CH, 8 
{ \n J ~ 
om ¥ \OIN-NH-C,H,N 
a, mat, 


CH, 8 (III.) 


They showed that this substance could be resolved into optically 
active antimerides and concluded that its molecular dissymmetry 
was to be referred to the non-planar distribution of the valencies of 
the doubly-linked tervalent nitrogen atom. 

This conclusion was based on the assumption that in a dicyclic 
compound in which a six-ring was fused with a five-ring the cis- 
form would be so much more stable than the trans-form that, if one 
form only was isolable, this would necessarily be the cis-form. 

Whilst this assumption was in accordance with previous observ- 
ations, such as those of Baeyer (Annalen, 1890, 258, 216), on the 
relative stability of the cis- and trans-hexahydrophthalic anhydrides, 
the knowledge which has been gained in the last few years respecting 
the stability and readiness of formation of the trans-forms of five-six 
dicyclic systems makes it questionable whether it can still be 
regarded as reliable. 

Thus Hiickel and Friedrich (Annalen, 1926, 454, 132) found 
that the trans-modification of hexahydro-B-hydrindone is not only 
capable of existence but actually has a smaller heat of combustion 
than the cis-form, and Perkin and Plant showed (J., 1928, 639) 
that, by reduction of dihydroquinindene, cis- and trans-modifications 
of the hexahydride were obtained in not very disproportionate 
quantities. 

In the absence of definite proof, some doubt must therefore arise 
as to whether the dicyclic system contained in the pyridylhydrazone 
investigated by Mills and Schindler has the cis- or the trans-con- 
figuration, and if it has the latter configuration, then the dicyclic 
system would itself be dissymmetric. 

The substance was thus not well suited for the purpose which we 
had in view. We have therefore undertaken the preparation of a 
doubly-linked tervalent nitrogen compound which would be better 
fitted to provide definite evidence of the non-planar distribution of 
the valencies of the nitrogen atom in this state of combination. 
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The compound chosen was the o-carboryphenylhydrazone of 
3-methyltrimethylene dithiolearbonate (VI). 





CH, H CH, H 
(IV.) So Noe” 
BrCH,“ ? \CH,Br CH, CH, CH 
Tr —_> s\ Ss Ss 
NaS, Na 
eid S N-NH-C,H,-CO,H 
S 
(V.) (VI.) 


The starting point in its preparation was methyltrimethylene 
dibromide (IV), described by Faworsky (Annalen, 1907, 354, 364). 
This was converted by interaction with sodium trithiocarbonate 
into the bright yellow {-methyltrimethylene trithiocarbonate (V). 
When this cyclic thiocarbonate was heated with methyl phenyl- 
hydrazine-o-carboxylate, condensation took place with the elimination 
of the sulphur of the >C°S group as hydrogen sulphide and the 
formation of the colourless methyl ester of the acid (VI), from which 
the acid itself was obtained by alkaline hydrolysis. 

It was found that this acid could be resolved into two antimeric 
forms with quinine, the resolution being effected with this alkaloid 
with exceptional ease: when equivalent quantities of the inactive 
acid and quinine are mixed in alcoholic solution the quinine d-acid 
salt is deposited almost free from its diastereoisomeride. The 
specific rotation [«]!j;, of the d-acid in chloroform was + 12-4°: as 
sodium salt in dilute sodium hydroxide solution it was + 10-6°. 

The acid recovered from the alcoholic mother-liquors of the 
quinine d-acid salt gave, on recrystallisation, the pure J-acid. It 
showed in chloroform the specific rotation [«]j,, — 12-8°. 

The optical activity of this thiocarbonate carboxyphenylhydrazone 
possesses very considerable stability. Solutions in chloroform 
usually retained their optical activity undiminished, so far as could 
be observed, for several days, but after a longer or shorter induction 
period the rotatory power began to disappear. In one case, however 
(a chloroform solution of the /-acid), no induction period was noticed ; 
the activity began to disappear at once, falling off in accordance 
with the unimolecular law with a time of half-change of 3-1 days. 

The persistence of the optical activity was also examined in alkaline 
and in acid media. A solution of the sodium salt in N/10-sodium 
hydroxide, after boiling for } hour, showed no perceptible loss of 
activity, but after 8 hours’ boiling the activity had almost entirely 
vanished. A solution in glacial acetic acid retained its activity 
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unchanged for several hours at 17°, but lost it completely after the J b 
solution had been boiled for } hour. We assured ourselves, by § ca 
recovering the inactive acid from these solutions, that the loss of J tr 
activity observed was actually due to racemisation and not to more § di 
deep-seated changes. ac 

The compound thus clearly possesses molecular dissymmetry, § hy 
It is desirable, then, to consider its constitution more closely in 
order to see what conclusions we are justified in drawing from this J m 
fact. In view of its method of preparation there might be some § th 
doubt as to the structure of the cyclic trithiocarbonate (V). The § br 
methyltrimethylene bromide from which it was prepared was J br 
obtained by Faworsky’s method from isobutylene bromide. This } (V 
method consists in heating the bromide to 205—220°; an equili- 


brium mixture is then formed, ph 
(CH,),CBr-CH,Br —> CH,Br-CH(CH,)-CH,Br sul 
cei 


from which the methyltrimethylene bromide is isolated, as the It 
higher fraction, by distillation. Its constitution was established po 
by Faworsky by conversion, through the corresponding glycol, into 0: 
methylmalonic acid, but the yield obtained of the latter substance § 4, 
was not good. Th 
The only alternative to the formula (V) for the cyclic thiocarbonate hyc 


(which, from its method of preparation, must be a derivative of § ™° 
isobutane) would therefore be (VII) * and it could only have this of 





Me H jor 
CMe,-CH, / " 

' | le, | H, SK lie i 
(VL) £ & “ ce (VIIL.) T 
a N o yell 
CS af thet 

H N:N-C,H,"CO,Me 
formula if the higher fraction were a constant-boiling mixture of the i 


two dibromides and the isobutylene bromide were the more readily em 
convertible of the two isomerides into a crystalline trithiocarbonate. 


Apart from the improbability of two isomeric dibromides forming a = 
constant-boiling mixture, we found that whereas this higher di- ia 

* The possibility of the substance being the third cyclic trithiocarbonate § dete 
derivable from isobutane, (CH,),CH-CHC® Cs, may safely be neglected, tT 
since (i) Faworsky (loc. cit.) could get no definite evidence of the presence of § tapi 
the corresponding dibromide in the equilibrated mixture and (ii) there is no § pher 





evidence that such four-ring trithiocarbonates can be prepared; experiments 
which we made to obtain a compound of this type from ethylidene chloride 
and sodium trithiocarbonate gave negative results. 
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bromide fraction gives almost as good a yield (50%) of cyclic trithio- 
carbonate as pure trimethylene bromide does of trimethylene 
trithiocarbonate (60%), isobutylene bromide under the same con- 
ditions gives no corresponding crystalline product, doubtless on 
account of the tendency of the tertiary bromine to be eliminated as 
hydrogen bromide instead of being replaced. 

The cyclic trithiocarbonate must therefore be derived from 
methyltrimethylene bromide and must have the structure (V), and 
the constantly distilling higher fraction obtainable from the equili- 
brated dibromides can contain very little, if any, isobutylene 
bromide. It is further to be noted that a hydrazone derived from 
(VII) would not be dissymmetric. 

The condensation product of this trithiocarbonate with methyl 
phenylhydrazine-o-carboxylate, formed with elimination of hydrogen 
sulphide, has a potentially mobile hydrogen atom and might con- 
ceivably be, not the hydrazone (VI), but the azo-compound (VIII). 
It cannot, however, in fact have the latter structure,-:since com- 
pounds of this type must be coloured, and certainly could not 
possess persistent molecular dissymmetry. Yet both the ester, and 
the optically active salts of the corresponding acid are colourless. 
There would therefore appear to be no escape from the conclusion 
that these optically active salts are salts of the o-carboxyphenyl- 
hydrazone of 8-methyltrimethylene dithiolcarbonate, and that their 
molecular dissymmetry is dependent on the non-planar disposition 
of the valencies of the doubly-linked tervalent nitrogen atom. 
Their optical activity therefore constitutes a proof that the three 
valencies of the nitrogen atom in this state of combination do not 
lie in one plane. 

The acid, however, differs from its salts and esters in being bright 
yellow. It therefore presumably does not correspond exactly with 
them in constitution. The “ acid ” is doubtless an internal ammon- 


ium salt, CHMe<(CH,°S),>C°N-NH,°C,H,°CO,, but whether 
further differences of constitution exist between the acid and its 
salts and esters, it is difficult to say. The molecular rotations of the 
coloured acid and the colourless salts are so similar that it would 
appear that any differences that there may be between them in 
constitution must be such as do not closely concern the main factors 
determining the dissymmetry of the molecule. 

The optical stability of the compound is remarkable in view of the 
rapidity with which the oxime, the semicarbazone, and the methyl- 
phenylhydrazone of cyclohexanone-4-carboxylic acid undergo 
tacemisation. This stability therefore gives some reason for think- 
ing that the hydrogen atom of the NH group may be co-ordinated 

T 











542 MILLS AND SAUNDERS: THE CONFIGURATION OF THE 


with one of the sulphur atoms, as indicated in formula (LX), in a 
manner similar to that in which, as has been shown by Sidgwick and 


Me H 


CH CH, 
. (IX.) 


. 
(,H,:CO,H 


his co-workers (J., 1924, 125, 532; 1930, 2027), the hydroxylic 
hydrogen in certain phenols becomes co-ordinated with the oxygen 
in an ortho-situated nitro-, aldehydo-, or carbomethoxy-group. 

The non-planar disposition of the valencies of the doubly-linked 
nitrogen atom would bring this hydrogen atom into a position which 
would conduce to such co-ordination, and a link of this kind, in 
spite of its relative weakness, would evidently lead to increased 
optical stability. 

The sulphur atom in becoming thus 3-co-ordinate would acquire 
asymmetry, but the associated optical activity, dependent in this 
way on co-ordinated hydrogen, would evidently be excessively 
unstable. Since, however, the two equilibrium positions of the 
hydrogen would be unequally favoured on account of their different 
relations to the methyl group, such an unstable centre of asymmetry 
might nevertheless permanently contribute a given fraction of the 
observed rotation. It must, however, be emphasised that, if such 
a co-ordinate link exists, it must necessarily be extremely weak and 
its existence would be determined by, but could not determine, the 
displacement of this group -NH-C,H,°CO,H from the median plane 
of the cyclic residue CHMe(CH,S),C:N- on which the dissymmetry 
of the molecule must depend. 

This displacement, which is to be inferred from the optical activity 
of the compound, must be primarily due to the non-planar dis- 
position of the valencies of the doubly linked tervalent nitrogen atom. 


EXPERIMENTAL. 

8-Methylirimethylene Trithiocarbonate (V).—Sodium (2-3 g.) was 
dissolved in absolute alcohol (50 c.c.), and dry hydrogen sulphide 
passed through the solution until this was saturated. Carbon 
disulphide (5 g.) was added and the solution was then boiled for 
} hour and cooled after dilution with absolute alcohol (50 c.c.); 
8-methyltrimethylene dibromide (10-8 g.) (Faworsky, loc. cit.) was 





















ina 
and 


xylic 
ygen 


nked 
hich 
d, in 
ased 


juire 
this 
ively 
the 
erent 
1etry 
f the 
such 
: and 
, the 
olane 
netry 


ivity 
- dis- 
tom. 


was 
yhide 
rbon 
1 for 


C.C.); 


was 














DOUBLY-LINKED TERVALENT NITROGEN ATOM. PART IV. 543 


then added, and the mixture left for 24 hours. The bright yellow 
solution was poured into’a large volume of water and extracted with 
ether, and the extract dried with calcium chloride. The yellow oil 
left on evaporation of the ether was dissolved in hot alcohol. On 
cooling, fine yellow silky needles of the cyclic ester were deposited, 
m. p. after further recrystallisation 74°. Yield, 50% (Found : 
C, 36-8; H, 5-1; S, 58-6. C;H,S, requires C, 36-6; H, 4-9; S, 
585%). 
8-Methyltrimethylene Dithiolcarbonate Phenylhydrazone.—The tvri- 
thiocarbonate (1-64 g.) was boiled with an alcoholic solution of 
phenylhydrazine (3-8 g.) for 3 hours, during which time hydrogen 
sulphide was copiously evolved. On cooling, crystals of the phenyl- 
hydrazone were deposited as glistening plates (1 g.), m. p. 89° after 
recrystallisation from alcohol (Found: C, 55-7; H, 6-1; N, 12-0; 
8, 27-1. C,,H,,N.S, requires C, 55-5; H, 5-9; N, 11-8; S, 26-9%). 
Methyl Phenylhydrazine-o-carboxylate—This compound, which 

has not been previously described, was prepared by a method 
worked out by one of us and A. Belchetz. Methyl anthranilate 
(25 g.) was diazotised by addition of water (100 c.c.), concentrated 
hydrochloric acid (39 c.c.), and then sodium nitrite (11 g.) in water 
(20 c.c.). The resulting solution was added to sodium sulphite 
heptahydrate (80 g.) and hydrated sodium carbonate (112 g.) in 
water (100 c.c.) at 0° and stirred at room temperature for 3 hours. 
The temperature of the red solution was raised to 30°, sulphur 
dioxide was led in for 30 minutes, the temperature was raised to 70°, 
and the solution was filtered, cooled, and treated with concentrated 
hydrochloric acid (120 ¢.c.); the ester hydrochloride then gradually 
crystallised together with a certain amount of the hydrochloride of 
the hydrazino-acid. This mixture was collected, chloroform (250 
c.c.) and water (10 c.c.) were added and then sodium bicarbonate 
introduced gradually, with vigorous shaking, till no more effer- 
vescence occurred. The residue obtained by evaporation of the 
chloroform, recrystallised from light petroleum (b. p. 40—60°), 
gave the pure ester, m. p. 48° (Found: C, 57-9; H, 6-2; N, 17-0. 
C,H, »O.N, requires C, 57-8; H, 6-0; N, 169%). 

o-Carbomethoxyphenylhydrazone of (-Methyltrimethylene Dithiol- 
carbonate.—The trithiocarbonate (3-4 g.) and methyl phenylhydr- 
azine-o-carboxylate (2-7 g.; 1 mol.) were boiled together in methy]- 
alcoholic solution for 3 hours, during which time hydrogen sulphide 
was copiously evolved. On cooling, the hydrazone crystallised in 
short, almost colourless needles (3-9 g.). Recrystallised from 
alcohol, it was obtained in short well-formed needles, m. p. 91-5— 
93° (Found: C, 52-6; H, 5-3; N, 9-7; S, 21-8. C,,H,,O,N,8, 
requires C, 52-7; H, 5-4; N, 9-5; S, 21-6%). 
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o-Carboxyphenylhydrazone of $-Methyltrimethylene Dithvolcarbon- 
ate.—Sodium (0-20 g.) was dissolved in rectified spirit (20 c.c.), and 
the carbomethoxyphenylhydrazone (1-2 g.) added. The mixture 
was boiled for 20 minutes and cooled slightly (if cooled too much 
the sodium salt crystallises). 50% Hydrochloric acid was added 
drop by drop until the solution was just acid. On cooling, the acid 
crystallised and on recrystallisation from alcohol gave elongated 
canary-yellow prisms of the oblique system; m. p. 202°. Yield, 
quantitative (Found: C, 50-9; H, 50; N, 10-1; 8S, 228. 
C,2H,,0,N.S, requires C, 51-1; H, 5-0; N, 9-9; S, 22-7%). 

Resolution of the o-Carboxyphenylhydrazone of 8-Methyltrimethylene 
Dithiolcarbonate—The dl-carboxyphenylhydrazone (5-64 g.) and 
quinine hydrate (7-56 g.) were dissolved in hot 90% alcohol (200 c.c.) 
and the filtered solution was kept; the quinine salt separated 
gradually in fine colourless needles. The weight of dried salt 
obtained was 6-2—6-7 g., a yield of 52—55%. It melted at 184— 
185°, and was very soluble in chloroform, slightly in cold alcohol, 
and practically insoluble in water (Found: C, 63-3; H, 6-4; N, 9-5. 
Cy9H,,0,N,S8, requires C, 63-4; H, 6-3; N, 92%). 

After recrystallisation from 90°% alcohol the salt showed a constant 
specific rotation. The following readings were made on a chloroform 
solution (J = 2; c= 1-064 g./100 c.c.) at 17°: a4, = — 544°; 
[]sag1 = — 255°; aseg9 = — 4°60°; [a]57¢9 = — 216°. 

In chloroform solutions of similar concentration the quinine salt 
of the di-compound, made by dissolving equivalent quantities of 
quinine and dl-hydrazone, had [«]!},, — 300° and [«]}7,, — 242°. 

The d-acid. The quinine salt (1-546 g.) was dissolved in chloro- 
form (50 c.c.) and the quinine was removed by repeated extraction 
with dilute sulphuric acid. The greenish-yellow chloroform solution 
of the acid was examined polarimetrically after adjustment of the 
volume to 50 c.c. (lJ = 4; ¢ = 1-439; t= 17°): a54g) = + 0-72"; 
[*]54¢1 = + 12-5°. 

The acid was recovered from the chloroform solution by addition 
of light petroleum at 0° and crystallised in fine greenish-yellow 
needles, m. p. 199°. It was divided into two portions. The first 
was analysed (Found: C, 50:7; H,5-0. Cale.: C, 51-1; H, 5-0%). 
The second was examined polarimetrically (/=4; c= 1-42; 
= 17°): e546, = + 070°; [o]5a¢, = + 12-3°. 

The sodium salt in aqueous solution has a somewhat smaller 
molecular rotation than the free acid. Quinine salt (0-6825 g.) was 
dissolved in chloroform (20 c.c.). After removal of the quinine and 
readjustment of the volume of the chloroform solution to 20 c.c., the 
solution gave «j;, + 0-41° (l= 2), whence [a]4,, = -+- 12-9°. 
The chloroform was then extracted with N/5-sodium bydroxide 
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solution, and the volume of the latter adjusted to 20 c.c. This 
colourless alkaline solution of the sodium salt had «,5,,, + 0-34°, 
giving [«]54g, + 10-7° calculated as for the acid. The acid recovered 
from the solution by acidification with dilute sulphuric gave, when 
dried and dissolved in chloroform, the following data (1 = 2; c= 
1-406; ¢ = 17°): egy, = + 0-35°; [o]5a¢, = + 12-4°. 

A similar experiment in which the quinine salt was decomposed 
with N/5-sodium hydroxide and chloroform gave for the acid in 
alkaline solution [«];4g, + 10-5°. 

On the other hand the piperidine salt has, in chloroform, a con- 
siderably higher molecular rotation than the free acid. In an 
experiment, made to look for possible mutarotation induced by 
piperidine in chloroform solution, a greenish-yellow solution of the 
acid (c = 1-44) showing «,4,, -}+ 0-74° (1 = 4), corresponding with 
(a]s4g, -+ 12-8°, gave on addition of a few drops of piperidine a 
colourless solution showing «4, -+- 1-30° (J = 4), from which the 
d-acid was recovered unchanged after removal of the piperidine with 
dilute sulphuric acid. 

The \-acid. The alcoholic mother-liquors obtained in the prepar- 
ation of the quinine salt were mixed with chloroform and the quinine 
was completely removed by repeated extraction with dilute sul- 
phuric acid. On the addition of light petroleum to the dried 
greenish-yellow solution the /-acid crystallised, m. p. 199° (Found : 
C, 50-6; H, 5-1. Cale.: C, 51-1; H,5-0%). <A solution in chloro- 
form was examined polarimetrically with the following results 
(I= 4; c= 1-463; ¢= 17°): 54g, = —0-75°, whence [«],4,, 
= — 12-8°. 

Racemisation. (i) In chloroform solution. In this solvent both 
the d- and the /-acid usually retained their optical activity unchanged 
over several days. In one case a solution (50 c.c.) of the d-acid 
(0-5708 g.), after being kept under observation for 3} hours, was 
boiled for $ hour (*), observed, boiled for 1} hours (**), observed, 
and then left over-night. The readings were as follows. 


Time (hours). al Time (hours). al 
0 4+. 0-60° 4} 0-58° 
24 0-59 +s 
3] 0-60 6} 0-59 
. 74 0-59 
24 0-01 


A chloroform solution of the J-acid containing 0-439 g. of acid in 
30 c.c., on the other hand, began to racemise at once at 17°. The 
following table shows the rate at which the activity disappeared. 
It followed very nearly the unimolecular law. 
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Time ; 1/t . logy ap/ ax. Time - 
(hours). a (¢ in days) (hours). aa 1/t . logy ao/a:. 
0 — 0-75° — 72 — 0-39° 0-095 
24 — 0-60 0-097 96 — 0-31 0-096 
48 — 0-48 0-092 144 — 0-19 0-099 


(ii) In glacial acetic acid. A solution (20 c.c.) of the d-acid 
(0-1815 g.) in glacial acetic acid showed «}3,, + 0-18° (1 = 2). This 
rotation remained unchanged for several hours. The solution was 
then boiled for } hour, re-examined, and found to be optically 
inactive. The substance recovered from the solution proved to be 
the pure inactive acid, m. p. 201—202°. 

(iii) Jn dilute alkali. A solution (25 c.c.) of d-acid (0-381 g.) in 
N/5-sodium hydroxide solution showed «!j,, +- 0-23° and retained 
this value for several days. After } hour’s boiling the rotation was 
the same. After being boiled for 8 hours, the solution had lost most 
of its activity («54,, + 0-02°). On acidification with dilute sulphuric 
acid the pure inactive acid, m. p. 201—202°, was precipitated. 

Trimethylene Dithiolcarbonate o-Carbomethoxyphenylhydrazone.— 
This and the following compound were prepared in order to gain 
experience in the methods to be followed in obtaining the corre- 
sponding $-methyltrimethylene derivatives. 

Trimethylene trithiocarbonate, m. p. 80° (Found : 8, 64-4. C,H,§8, 
requires S, 64:0%), was prepared in a yield of over 60% by the 
method described for the 8-methyltrimethylene compound. When 
this substance (0-38 g.) and methyl phenylhydrazine-o-carboxylate 
(0-34 g.) were boiled together in methyl-alcoholic solution for 3 
hours, hydrogen sulphide was evolved. The hydrazone, which 
crystallised on cooling, formed almost colourless needles, m. p. 
139—140°, from methyl alcohol (Found: C, 50-8; H, 5-0; S, 22°8. 
CoH ,,40.N.S, requires C, 51-1; H, 5-0; S, 22-7%). 

Trimethylene dithiolcarbonate o-carboxyphenylhydrazone. The ester 
(1-5 g.) was boiled for 4 hour with a solution of sodium (0-3 g.) in 
rectified spirit (20 c.c.). The mixture, acidified with dilute hydro- 
chlorie acid, deposited the carboxy-hydrazone, which formed long 
canary-yellow needles, m. p. 212°, from alcohol (Found: C, 49-2; 
H, 4-6; 8, 24-0. C,,H,,0,N,S, requires C, 49-3; H, 4-5; S, 23-9%). 
The acid dissolves, rather slowly, in aqueous sodium bicarbonate, 
giving a colourless solution of the sodium salt. 


The authors desire to express their thanks to the Department of 
Scientific and Industrial Research for a maintenance grant to one 
of them (B. C. 8.). 
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LXXIV.—The Chemistry of the Glutaconic Acids. Part 
XXII. Optically Active ay-Dimethylglutaconic Acid. 


By TERENCE HenpDERSON McCompss, JOHN PackER, and 
JOCELYN Fre_p THORPE. 


In the glutaconic acids geometrical isomerism co-exists with three- 
carbon tautomeric mobility, and in Part XIX (Packer and Thorpe, 
J., 1926, 1199) a theoretical discussion of the consequences of this 
mobility is given. It is there pointed out that a number of the 
“ peculiarities ’’ of the glutaconic system which were formerly 
explained by assuming a “ normal ” structure for the stable forms 
of the acids can equally well be explained as a consequence of 
mobility and the resultant interconversion of the unsaturated cis- 
and trans-isomerides. 

Since then there has gradually accumulated in these laboratories 
evidence that the “‘ normal ” structure formerly postulated has no 
independent existence as such, although it may possibly represent 
an intermediate (but non-isolable) phase in the interconversion of 
the isolable forms, which are thus regarded as possessing the ordinary 
unsaturated cis- and trans-structures. 

Glutaconic acid and the symmetrically substituted glutaconic 
acids thus appear to be capable of existing in two (inactive) forms 
only, the labile form having the cis- and the stable (‘‘ normal ’’) 
form the trans-configuration. In such cases as «y-dimethylglut- 
aconic acid (I) and «$y-trimethylglutaconic acid (II), both cis- and 
trans-forms should be capable of resolution into optically active 


(l.) CO,H*CHMe-CH:CMe’CO,H. CO,H*CHMe-CMe:CMe:CO,H (I1.) 


forms, since they each contain an asymmetric carbon atom, whereas 
the formerly postulated “normal” forms should be non-resolv- 
able, since they were represented essentially by the symmetrical 
(“ normal ’’) structures (III) and (IV). 





Me H Me Me Me Me 
1.) CO,H«C—C—C-CO,H CO,H«\—C—C-C0,H (IV.) 
(HY “(HY 


An experimental investigation of these acids with the object of 
determining molecular asymmetry by optical resolution was there- 
fore undertaken. The following attempts to resolve open-chain 
glutaconic acids have previously been made, with negative results :— 
Glutaconic acid (Thorpe and Wood, J., 1913, 103, 277), “‘ normal ” 
(trans-) and labile (cis-) 8-methylglutaconic acids (Howard, Imperial 
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College laboratories, work unpublished), “‘ normal ”’ (trans-) 8-methy]- 
a-ethylglutaconic acid and trans- (m. p. 155°) and cis- (m. p. 151°) 
8-phenyl-«-methylglutaconic acids (Feist, Annalen, 1922, 428, 34) 
by the fractional crystallisation of the alkaloid salts. Feist (ibid., 
p- 70) also commenced experiments on the resolution of «$-dimethy]- 
glutaconic acid, but abandoned them on account of the unworkable 
nature of the alkaloid salts obtained. The cyclic “ glutaconic ” 
¢-CO,H 
CH:CO,H 
has, however, been resolved by Feist (Annalen, 1924, 436, 135) and 
the asymmetry of its molecule therefore established. 

trans- (“normal”) wy-Dimethylglutaconic acid (m. p. 147°) has 
now been very readily resolved by means of the acid strychnine 
salt, the fact being utilised that the salt of the d-acid is freely 
soluble in acetone or alcohol whereas that of the l-acid is only 
sparingly soluble in these solvents. By the addition of one equiv- 
alent of strychnine in chloroform solution to a cold solution of 
four equivalents of the inactive acid in acetone, impure strychnine 
hydrogen 1-trans-«y-dimethylglutaconate is precipitated in small 
crystals, the d-acid remaining in solution. The /-acid salt thus 
precipitated carries out of solution with it some d-acid salt, from 
which it cannot be freed by recrystallisation owing to the occurrence 
of racemisation under the conditions of recrystallisation ; by isolat- 
ing the impure /-acid by decomposition of the strychnine salt with 
cold dilute aqueous ammonia and repeating the process of cold 
precipitation as the strychnine salt, however, the /-acid is readily 
obtained pure. Pure 1-trans-«y-dimethylglutaconic acid melts at 
132-5—133° and gives [MJ] ** = — 100° (c = 1 g. per 100 c.c.), 

On account of racemisation in hot solutions of the strychnine 
salt, the dextro-form of the acid could not be obtained free from 
the racemic form and attempts to isolate the d-acid by means of 
other alkaloids and d-«-phenylethylamine failed owing to the 
nature of the salts they yielded, but a preparation of the d-acid, 
giving [M]i’ = + 75° and therefore containing about 25% of the 
racemic form, was readily obtained. 

That these are the active forms of the trans- (“ normal’’) and 
not of the cis- (labile) acid is proved by the fact that when mixed, 
either dry or in ethereal solution, in the theoretical quantities for 
optical neutralisation, they yielded the pure inactive trans- (‘ nor- 
mal ’’) acid, m. p. 147°, as the sole product. 

These active forms do not show mutarotation at 25° in water or 
dilute aqueous ammonia, sodium hydroxide, and hydrochloric acid 
solutions. Racemisation, however, occurs in these solutions at 
their boiling points and also very slowly in boiling acetone. Strych- 


acid, 3-methylcyclopropene-1 : 2-dicarboxylic acid, MeC< 
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nine also causes racemisation of the acid in hot solvents and since 
its action is of special interest it is dealt with separately below. 

The rate at which racemisation of the lJ-acid takes place in 
water and in aqueous hydrochloric acid and sodium hydroxide 
solutions at or near their boiling points has been measured by 
following the change polarimetrically and it has been found to be 
unimolecular (see experimental part). Table I summarises the 
results. The unimolecular velocity coefficient k is calculated from 
the equation k = 1/t . log. a/(a — x), where a = initial rotation and 
x = change in rotation in time ¢ (expressed in hours). No correc- 
tion has been made for the fact that the rotation is not exactly 
proportional to the concentration of the acid, but the error so 
introduced is within the limits of accuracy of the method. In 4 
the volume of sodium hydroxide solution taken was approximately 
four times that required to neutralise the acid. 


TABLE I. 
Racemisation of /-trans-«y-dimethylglutaconic acid. 
Half-change 


Solvent. Temp. k (hbr.-*). period. 
By WM: . ccnsmacsasccaccssebetees 100° 0-0388 17-8 hrs. 
2S aa 101-5 0-0325 21-3 hrs. * 
PEPE adssecetussssceassews 101 0-128 5-4 hrs. 
OC: DESO | dccdacicdascdisaetinns 101-5 1-70 24-5 mins. 
1D AI cis sccnscnesncadecnnes 56°5 ca. 0-0088 ca. 80 hrs. 








It is immediately seen that racemisation is slightly slower in 
N-hydrochloric acid than in water, but from three to four times as 
fast in 5N-hydrochloric acid. There thus appears to be a minimum 
in the velocity of racemisation of [-trans-wy-dimethylglutaconic 
acid corresponding to a certain concentration of mineral acid, so 
the influence of the latter on the change is apparently not a simple 
one. It is intended to investigate this action further. Table I 
also shows that racemisation is very much faster in the presence of 
N-alkali than of water or of an equivalent concentration of mineral 
acid. Since this is also the usual order of the catalytic effect of 
these reagents on the three-carbon tautomeric change, these results 
are in agreement with the views put forward in Part XIX, vwiz., 
that the tautomeric mobility will result in an equilibrium between 
the active forms thus : 

l-trans == d-trans 
I } 
lcs == d-cis 


and that, owing to the tendency of like groups to take up positions 


as far apart as possible in the molecule, the active trans-forms 
T2 
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will tend to pass into one another (?.e., undergo racemisation) 
rather than pass into the active cis-forms. That the equilibrium 
between the cis- and trans-forms is much in favour of the trang. 
form is also shown by the fact that no isolable quantity of the cis. 
acid can be obtained by the action of acids and alkalis (even hot 
60% potassium hydroxide solution) on the trans-form. It appears 
likely, therefore, that the values of k recorded in Table I are actually 
measures of the mobility of the three-carbon system in trans. 
ay-dimethylglutaconic acid under the conditions of these experi- 
ments. 
Mutarotation or racemisation of active «y-dimethylglutaconic acid 
also takes place more rapidly in hot solvents in the presence of 
strychnine than in its absence and even occurs very slowly in its 
presence in the cold. Owing to the much greater solubility of the 
strychnine d-acid salt than of the l-acid salt, this action of strych- 
nine can be demonstrated in an interesting and unusual manner. 
If a solution of the racemic acid (two equivalents) in acetone is 
digested with strychnine (one equivalent) for several hours and the 
solvent allowed to escape gradually, and if then the whole of the 
residual strychnine salts is decomposed in the cold so as to yield 
the free acid, the acid so recovered (in almost the original quantity) 
is found to show a strong levorotation and in one such experiment 
gave [iM]? = — 86°. This conversion of racemic and therefore of 
d-acid into l-acid, which was utilised as the first step in the pre- 
paration of the pure l-acid when the d-form was not required, is 
due (a) chiefly to the racemisation (under the catalytic influence of 
the strychnine) of the d-form of the acid, present in the solution 
as the readily soluble strychnine hydrogen salt, followed by pre- 
cipitation of the sparingly soluble /-acid salt so formed, and (6) to 
a much smaller extent to the asymmetric influence of strychnine in 
organic solvents in displacing the equilibrium /-acid == d-acid, 
which normally is established when equimolecular quantities of the 
two forms are present, in favour of the l-acid. This asymmetric 
influence was readily demonstrated by heating strychnine (one 
equivalent) and the dl-acid (two equivalents) in sufficient acetone 
to keep the whole of the salt in solution and then recovering the 
whole of the acid: the recovered acid gave [M]}° = — 0-9. 
Brucine in acetone causes a similar but somewhat greater dis- 
placement of the equilibrium; in this case the recovered acid gave 
[M}e = — 2-0°. When water is used as the solvent, no such 
displacement of the equilibrium is found, the recovered acid being 
quite inactive. Similar observations on the influence of an asym- 
metric agent have been recorded by Read and McMath (J., 1925, 
127, 1572) for chlorobromomethanesulphonic acid, by Mills and 
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Bain (J., 1910, 97, 1866) for 4-oximinocyclohexanecarboxylic acid, 
and by Pope and Peachey (P., 1900, 16, 42, 116) for methylethyl- 
propyltin compounds. In every case the asymmetric agent caused 
a displacement of the equilibrium in favour of the active form 
having the same sign of rotation as the asymmetric agent, and in 
asymmetric syntheses generally the production of an excess of the 
antimeride with the same sign of rotation as the directing influence 
is the general rule. The influence of the asymmetric agent in 
displacing the equilibrium between the active forms is readily 
understood when the equilibrium is formulated as one between the 
salts and not between the free acids, thus, 


l-base-l-acid salt —= l-base-d-acid salt, 


for these salts are not optical enantiomorphs and the velocities of 
the forward and the back reaction are not necessarily equal. 

The rate at which strychnine hydrogen l-«y-dimethylglutaconate 
passes into the equilibrium mixture has been measured in water 
and acetone solutions at the respective boiling points and com- 
pared directly with the rate of racemisation of sodium hydrogen 
l-xy-dimethylglutaconate in boiling water. The results are in 
Table II. 


TaBLe II. 
Half-change 
& (hr.-*). period (mins.). 
Strychnine hydrogen salt in water ...... escees 0-58 72 
Sodium hydrogen salt in water .........se+00. 0-18 225 
Strychnine hydrogen salt in acetone ......... 0-45 92 


Although these figures can be regarded as approximate only, 
especially in the case of the acetone solution, on account of the 
experimental difficulties encountered, they show that the strychnine 
acid salt “‘ racemises ”” more rapidly than the sodium acid salt in 
water and further, when account is taken of the difference in boiling 
points of acetone (56-5°) and water (100°), that the strychnine acid 
salt “‘racemises ’ more rapidly in acetone than in water. It is also 
evident that the strychnine and sodium salts ‘‘ racemise ”’ much 
more rapidly than the free acid. 

It was originally intended to prepare the cis-form of «y-dimethyl- 
glutaconic acid by hydration of the hydroxy-anhydride in the 
presence of concentrated caustic potash as described in Part VII 
(Thorpe and Wood, J., 1913, 103, 279) and to resolve it into active 
forms in order further to test the views set out above, but all the 
methods tried for the preparation of the hydroxy-anhydride failed 
to give a sufficient yield to be of practical value for the preparation 
of the desired quantity of the cis-acid, which also could not be 
obtained by the action of concentrated potash on the trans-acid, 











552 MCCOMBS, PACKER, AND THORPE : 


its ester or the sodio-derivative of its ester, so that this part of the 
programme could not be carried out. In one experiment on the 
preparation of the hydroxy-anhydride, in which «y-dimethylglut- 
aconic acid was heated with acetyl chloride in a sealed tube at 100° 
for some time, the complex anhydride, C,,H,,0,;, formed by con- 
densation of two molecules of the acid and first described by Feist 
(Annalen, 1909, 3'70, 82), was obtained as the main product, together 
with a small yield (7% of the theoretical only) of the desired 
hydroxy-anhydride. This is of interest because in the earlier experi- 
ments of Thole and Thorpe none of this complex product was 
obtained, whereas Feist (loc. cit.) states that he was unable to 
obtain any hydroxy-anhydride in his experiments and got only the 
complex anhydride. 

Ordinary trans-glutaconic acid (the labile cis-form has recently 
been described by Malachowski, Ber., 1929, 62, 1323) yields a 
strychnine hydrogen glutaconate which in appearance and solubility 
is very similar to strychnine hydrogen /-«y-dimethylglutaconate. 
As is to be expected, however, the glutaconic acid regenerated 
from this salt is quite inactive and no resolution of glutaconic acid 
could be obtained by those methods which proved effective in the 
case of «y-dimethylglutaconic acid. 


EXPERIMENTAL. 


trans- (normal) «y-Dimethylglutaconic Acid.—This acid was pre- 
pared by the method of Thole and Thorpe (J., 1911, 99, 2187) by 
the following series of reactions: Malonic ester and chloroform —> 
ethyl sodio-«y-dicarbethoxyglutaconate —-> ethyl «-methyldicarb- 
ethoxyglutaconate —->ethyl «y-dimethylcarbethoxyglutaconate —> 
ethyl «y-dimethylglutaconate —-> trans-«y-dimethylglutaconic acid. 
The acid was recrystallised twice from dilute hydrochloric acid; it 
then melted sharply at 147° (uncorr.). It was identical with a 
specimen of awy-dimethylglutaconic acid prepared by Thole and 
Thorpe and yielded the hydroxy-anhydride, m. p. 75°. The total 
yield of recrystallised acid was 16° of the theoretical, calculated 
on the malonic ester taken. 

Resolution of trans-«y-Dimethylglutaconic Acid.—The pure levo- 
form of the acid was readily obtained by the following procedure, 
but the dextro-form so isolated always contained some of the 
parent racemic acid. 

Strychnine (1 equiv.), in just sufficient chloroform to dissolve it, 
was added to a well-stirred cold solution of the inactive acid (4 
equivs.) in acetone or a mixture of acetone (3 parts) and ether 
(1 part). Strychnine hydrogen /-trans-xy-dimethylglutaconate (see 
below) rapidly crystallised and was removed by filtration after the 
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solution had been cooled in ice for } hour. This crystalline solid 
was washed with acetone and ether, dried in the air, and used for 
the preparation of the pure /-acid : the filtrate was utilised for the 
preparation of the d-acid. 

l-trans-«y-Dimethylglutaconic Acid.—The strychnine l-acid salt 
was decomposed by shaking with a slight excess of dilute ammonium 
hydroxide solution, and the liquid extracted four times with chloro- 
form to remove the strychnine. The solution was then acidified 
with a slight excess of dilute hydrochloric acid, and extracted four 
times with ether. The ethereal extract was washed twice with a 
little water and dried over calcium chloride, and the ether removed 
under reduced pressure at the ordinary temperature. The solid 
active acid obtained (m. p. 125—130°), which contained dl-acid, 
was dissolved in acetone and again precipitated as the strychnine 
hydrogen salt by the addition of somewhat less than the theoretical 
quantity (90%) of strychnine in chloroform, and the above pro- 
cedure repeated. After three such precipitations the melting point 
and molecular rotation of the acid remained constant. Pure 1- 
trans-wy-dimethylglutaconic acid so obtained melted at 132-5—133° 


(uncorr.) and gave [M]j" * * = — 100° + 1° in water (c = 1-0 g./ 
100 c.c.), [M}R = — 106° in water (c= 4-0 g./100 c.c.), and 
(M}e" = — 136° in ethyl alcohol (c = 0-46 g./100 c.c.) (Found : 


H, 6-4; C,52-95. C,H,,0, requires H, 6-3; C,53-2%). Admixture 
with small quantities of the dl-acid depressed the melting point 
considerably. The yield of this /-acid can be greatly increased at 
the expense of the d-acid (when this is not required) by carrying 
out the first precipitation of the acid strychnine salt from boiling 
acetone under the conditions described later, 1 equivalent of strych- 
nine being used to 2 equivalents of acid. 

Solutions of the l-acid in water and dilute (normal) hydrochloric 
acid, ammonium hydroxide and sodium hydroxide underwent no 
change in rotation when kept at 25° for 3 days, so racemisation 
did not occur under these conditions. 

d-trans-wy-Dimethylglutaconic Acid.—The filtrate from the first 
precipitation of the strychnine /-acid’ salt was kept at 0° for 12 
hours, and the further small precipitate filtered off. It was then 
evaporated to dryness under reduced pressure at atmospheric tem- 
perature, and the residue of impure d-acid dissolved in a slight 
excess of cold dilute ammonium hydroxide solution and extracted 
four times with chloroform to remove traces of strychnine. The 
solution was then acidified with a slight excess of dilute hydro- 
chloric acid and extracted four times with ether, and the ethereal 
extract was washed with water, dried, and evaporated to dryness 
with the aid of a pump at the ordinary temperature. The solid 
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d-wy-dimethylglutaconic acid obtained melted at 117—128° and 
gave [MM]? =+ 75° in water (c= 0-44 g./100 c.c.). This 
preparation of the d-acid therefore contained approximately 25% 
of the dl-acid, from which it could not be separated by fractional 
crystallisation from an ether-light petroleum mixture. Systematic 
fractional crystallisation of the strychnine salts failed to yield the 
d-acid on account of racemisation in hot solvents in the presence 
of strychnine, the only crystalline salt separating being the more or 
less impure strychnine /-acid salt. Brucine, quinine, quinidine, 
cinchonine, and d-«-phenylethylamine gave salts which either would 
not crystallise or were otherwise unsuitable for the resolution of 
the acid. 

Recombination of the Active Forms to give dl-trans-xy- Dimethyl. 


glutaconic Acid.—0-0312 G. of the pure /-acid ({M] = — 100°) and 
0-0420 g. (theoretical quantity for optical neutralisation) of the 
d-acid ({M| = -}- 75°) were mixed together in dry ethereal solution, 


and the ether removed under reduced pressure. The residual acid 
melted at 146-5—147° and was identical with inactive trans-xy-di- 
methylglutaconic acid. 

Strychnine hydrogen |-trans-xy-dimethylglutaconate, prepared as 
described under the resolution of «y-dimethylglutaconic acid above, 
was almost insoluble in ether, chloroform, and benzene, very spar- 
ingly soluble in cold water, acetone, and ethyl alcohol, and sparingly 
to moderately easily soluble in boiling water, acetone, and ethyl 
alcohol, from which it separated in well-defined colourless crystals 
on cooling. It melted at 208—209° with immediate rapid evolu- 
tion of gas, passing into a solid which melted at 260—263° to a 
brown liquid which gradually evolved gas at a higher temperature 
[Found : C, 67-7; H, 6-5; N, 5-75. C,,H,.0,N,,C;H,,0, requires 
C, 68-25; H, 6-55; N,5-7%. 0-1290 G. required 9-90 c.c. of 0-0522 
N-NaOH, phenolphthalein being used as indicator (strychnine has 
no action on this indicator): M,499. C, .H,.0,N,,C;H,,)0, requires 
M, 492). 

The Action of Strychnine on dl-trans-«xy-Dimethylglutaconic Acid 
in Insufficient Boiling Acetone to dissolve the Salts formed.—One 
equivalent of strychnine (20-74 g.) in just sufficient chloroform to 
dissolve it was added to a solution of 2 equivalents of the inactive 
acid (10 g.) in sufficient acetone to dissolve the acid readily. Strych- 
nine J-acid salt separated, but was not removed. The whole was 
gently refluxed for 2 hours. Part of the solvent was then allowed 
to escape by removing the condenser for a time, and the refluxing 
continued. After each 4 hour this procedure was repeated until 
the whole of the solvent had gone. The solid residue was decom- 
posed with cold dilute ammonium hydroxide solution, and the acid 
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separated from the strychnine as described under the resolution of 
the acid above. The acid obtained (85% recovered) gave a rotation 
[Mj> = — 86° in water. 

The Action of Strychnine on dl-trans-«y-Dimethylglutaconic Acid 
in Sufficient Boiling Acetone to dissolve the Salts formed.—One 
equivalent of powdered strychnine (1-2725 g.) was added to a 
solution of 2 equivalents of the dl-acid (0-6020 g.) in sufficient 
acetone (1800 c.c.) to keep the salts formed completely in solution, 
and the solution boiled under reflux for 2 hours. It was then 
cooled in running water, and a slight excess of concentrated ammonia 
solution added. The solution was filtered from the precipitated 
strychnine, a small excess of concentrated hydrochloric acid added, 
and the acetone removed by distillation under reduced pressure, 
the temperature being kept below 25°. The residue was made 
alkaline with cold dilute aqueous ammonia, and the filtered solution 
extracted with chloroform to remove traces of strychnine. A slight 
excess of hydrochloric acid was then added, and the solution 
extracted four times with ether. After drying, the ether was 
removed. The recovered «y-dimethylglutaconic acid (95° recovery) 
gave in one experiment [| = — 0-87° and in another [M]>° = 
— 0-94° in water. 

The Action of Strychnine on dl-trans-xy-Dimethylglutaconic Acid 
in a Cold Acetone-Chloroform Mixture.—One equivalent of strych- 
nine (1-2725 g.) in cold chloroform (15 c.c.) was added to 2 equiva- 
lents of the dil-acid (0-6020 g.) in cold acetone (10 c.c.), and the 
mixture stirred until crystallisation took place and then left for 
2% hours. The mixture was extracted three times with dilute 
ammonia solution, the ammonia extracts were mixed, extracted 
three times with chloroform, and acidified with hydrochloric acid, 
and the «y-dimethylglutaconic acid was extracted with ether and 
isolated in the manner already described. The acid (95% recovery) 
gave [M]5 = — 2-7° in water. 

The Action of §trychnine on dl-trans-xy-Dimethylglutaconic Acid 
in Sufficient Boiling Water to dissolve the Salts formed.—One equiva- 
lent of finely powdered strychnine (1-2725 g.) was added to a solu- 
tion of 2 equivalents of the dl-acid (0-6020 g.) in 150 c.c. of water, 
and the solution boiled till the whole dissolved. The boiling solu- 
tion was placed in a steam-jacketed polarimeter tube and no change 
in rotation could be detected in 2 hours. The solution was then 
cooled, decomposed with cold dilute ammonia solution, and the 
acid recovered by the method already described. The recovered 
acid showed no detectable rotation. 

The Action of Brucine on dl-trans-xy-Dimethylglutaconic Acid 
in Sufficient Boiling Acetone to dissolve the Salts formed.—One 
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equivalent of brucine (1-4 g.) was added to a solution of 2 equiva. 
lents of the di-acid (0-5 g.) in sufficient boiling acetone to keep the 
whole in solution. The amount of acetone required was much less 
than when strychnine was used on account of the greater solubility 
of the brucine salt. The solution was boiled under reflux for 2 
hours and cooled, a slight excess of concentrated hydrochloric acid 
added, the acetone distilled off under reduced pressure at as lowa 
temperature as possible, the residue dissolved in water, excess of 
dilute aqueous ammonia added, and the solution extracted several 
times with chloroform. The solution was then acidified, and the 
wy-dimethylglutaconic acid isolated. It gave [M]i = — 2-0° in 
water. 

A similar experiment with quinine could not be carried out on 
account of the small solubility of the quinine salts in suitable 
solvents. 

Racemisation of 1-trans-xy-Dimethylglutaconic Acid in Boiling 
Water.—The rotation of a solution of l-«y-dimethylglutaconic acid 
(0-5 g.) in water (25 c.c.) was measured and the solution was then 
boiled under reflux for a known time, cooled in running water, and 
its rotation observed. The boiling was then continued for a further 
period and the rotation again observed, and this process repeated. 
The results are in Table III. The unimolecular velocity coefficient 
is calculated from the equation k = 1/t.log.a/(a — x), where a = 
initial molecular rotation and 2 = change in molecular rotation in 
time ¢t, so that a — x = molecular rotation at time ft. 


TaB.eE III. 
t(mins.). [M]p. k(min.-!)x10%. ¢(mins.). [M]p. &(min.“) x10. 
0 — 88-4° — 810 — §1-7° 0-662 
180 — 83-4 0-323 1440 — 343 0-657 
360 — 71-4 0-593 1800 — 25-4 0-693 
450 — 66-7 0-625 2100 — 20-4 0-698 
540 — 65-4 0-557 2500 — 15:7 0-692 
Mean value of k (omitting the value at ¢ = 180) = 0-000647 min.* = 
0-0388 hr.-'. Half-change period = 17-8 hrs. ° 


The py of the solution = 2-6, determined with the quinhydrone 
electrode. The lJ-acid used in this and most of the following 
experiments contained some inactive acid, hence the low initial 
molecular rotation recorded. 

Racemisation of 1-trans-«y-Dimethylglutaconic Acid in Boiling 
Acetone.—The course of the change was not followed as in the 
experiment with water, but a solution of 0-5 g. of l-trans-wy-di- 
methylglutaconic acid ([M], = — 100°) in 40 c.c. of dry acetone 
was refluxed (b. p. 56:5°) for 7 hours, and the acetone removed 
under reduced pressure. The residual acid gave [M], = — 94° in 
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water. This corresponds to a unimolecular velocity coefficient 
k = 0-0088 (hr.-1) and a half-change period of about 80 hours. 

Racemisation of |-trans-«y-Dimethylglutaconic Acid in Hot Hydro- 
chloric Acid.—Normal acid. A solution of the l-acid (0-5 g.) in 
N-hydrochloric acid (25 c.c.) was used, and the rate of racemisation 
measured as in the experiment with water as solvent. The solution 
boiled at 101-5°. The results are in Table IV. 


TABLE IV. 
¢ (mins.). [M]p. k(min.)x10%.  ¢ (mins.). [M]p. k(min.)x 108, 
0 — 91-1° — 360 — 74-9° 0-544 
90 — 87-4 0-461 450 — 69-5 0-602 
180 — §3-9 0-458 540 — 67-0 0-569 
270 — 78] 0-570 810 — 56-4 0-592 


Mean & = 0-000542 min.~? = 0-0325 hr. 
Half-change period = 21-3 hrs. 


5N-Hydrochloric acid. A solution of 0-5 g. of the l-acid in 25 c.c. 
of 5N-hydrochloric acid was used, and the change followed as for 
the N-acid except that the solution was heated in a boiling calcium 
chloride solution (temperature inside the flask, 101°) instead of 
boiled. In order to bring the solution rapidly to this temperature 
after each reading, it was heated directly over a flame until the 
temperature reached 100° and then immersed in the boiling calcium 
chloride solution. The results are in Table V. 


TABLE V. 


CEI vonisatssvnsmanscscssssons 0 20 90 330 
EEDA ‘sisbidsucsrsereasestecnensesus — 107-4° — 102-7° — 88-5° — 55:3° 
ya ee 2 ee are a= 0-226 0-216 0-201 


Mean k = 0-00214 (min.-!) = 0-128 (hr.-). 
Half-change period = 5-4 hrs. 


Racemisation of 1|-trans-«y-Dimethylglutaconic Acid in Boiling 
N-Sodium Hydroxide Solution.—A solution of the l-acid (0-5 g.) in 
N-sodium hydroxide (25 c.c.) was used, and the change followed at 
the b. p. (101-5°) as in the experiments with water and N-hydro- 
chloric acid. This quantity of sodium hydroxide is about four times 
that required to convert the acid into its disodium salt, which has 
a molecular rotation of only a quarter of that of the free acid. The 
results are in Table VI. 

TABLE VI. 


¢ (mins.). [M]p. k (min.-). t (mins.). [M)p. k (min.~). 
0 — 22-6° — 40 — 7:8° 00266 
10 — 17-9 0-0233 50 — 51 0-0298 
20 — 11-8 0-0325 60 — 3-7 0-0302 
30 — 10-0 0-0272 


Mean k = 0-0283 min. = 1-70 hr.-. 
Half-change period = 24-5 mins. 
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Racemisation of Sodium Hydrogen |-trans-xy-Dimethylglutaconate 
in Boiling Water.—0-5 G. of l-«y-dimethylglutaconic acid was dis- 
solved in water, slightly less than the theoretical quantity of 
N /2-sodium hydroxide required to form the acid salt added, and 
the solution made up to 25 c.c. with water. The experiment was 
then carried out as in the previous case. The results are in 


Table VII. 
TABLE VII. 


¢ (mins.). [M]p. k(min.-!)x10%.  ¢ (mins.). [M]p. k(min.-) x 10%, 
0 — 69-3° _ 60 — 56-4° 0-343 
10 — 67-7 0-234 75 — 54-4 0-323 
30 -— 63-4 0-297 95 — 49-7 0-350 
45 60:7 0-294 
Mean /& = 0-00307 min.-? — 0-184 hr, 
Half-change period — 225 mins. 
The py of the solution — 4-4, determined by the quinhydrone 


electrode. 

Mutarotation of Strychnine Hydrogen |-trans-«y-Dimethylglutacon- 
ate in Boiling Water.—On account of the small solubility of the 
strychnine salt in water, the mutarotation could not be followed 
directly, so the following procedure was adopted. The theoretical 
quantity of strychnine (2-545 g.) to form the acid salt was added to 
a boiling solution of the /-acid (1-204 g.) in water (350 c.c.). As 
soon as the strychnine had dissolved, 50 c.c. of the solution were 
removed, immediately cooled, and decomposed with dilute aqueous 
ammonia, and the «y-dimethylglutaconic acid was recovered in the 
usual way and its molecular rotation in water determined. The 
rest of the solution was boiled under reflux and 50 c.c. were removed 
at measured time intervals. These samples were treated like the 
first, and the molecular rotations of the recovered acid measured in 
water. These are in Table VIII under [M]p. 


TaBLeE VIII. 


CORD  wicsccctesiscsieqiass 0 10 20 45 75 
Rp Resriemnenuimtensae: — 783° — 79-4° — 730° — 59-1° — 43-7' 
DOS BO ccccvcsccccs ~-- 1-063 0-952 0-892 0-938 


Mean k = 0-00961 min. = 0-577 hr... 
Half-change period = 72 mins. 


The py of the solution at 50° = 4-7 (quinhydrone electrode). 

Mutarotation of Strychnine Hydrogen |-trans-«y-Dimethylglutacon- 
ate in Boiling Acetone.—Direct observation was again impossible 
on account of low solubility and the same method was adopted as 
in the previous experiment. The acid was recovered from the 
samples removed as described under the action of strychnine on 
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the inactive acid in boiling acetone. The rotations recorded in 
Table IX are thus those of the isolated acid in water. 

No account has been taken of the fact that at equilibrium the 
isolated acid has a small levorotation ({M], = — 0-9°), as the 
error introduced is negligible. 


TABLE IX. 
SUID ..cisiciessedianiideniess 0 20 30 75 
Si ct tastnainathinlcbiinestinieenniaiden — 89-9° — 77:3° — 71-7° —*5§1-4° 
ye Le rare — 0-755 0-754 0-746 


Mean k = 0-00752 min.-! = 0-451 hr.-. 
Half-change period = 92 mins. 


The Action of Acetyl Chloride on trans-xy-Dimethylglutaconic Acid 
at 100°.—5 G. of the acid were heated with 4-5 c.c. (2 mols.) of 
acetyl chloride in a sealed glass tube at 100° for 6 hours. On 
cooling, the complex anhydride of Feist (Annalen, 1909, 370, 80) 
immediately separated as a colourless crystalline solid. The excess 
of acetyl chloride was removed by heating in an open dish at 100°, 
and the product taken up with ether. The crystalline complex 
anhydride remained insoluble in ether and was separated (yield, 
about 30%). The ethereal solution on standing deposited very 
small quantities of two crystalline solids, m. p. 192° and 243° 
respectively, which could not be further investigated. The ether 
was removed by evaporation, and a viscous oil, which would not 
erystallise, remained. When this was distilled, the first half passed 
over at 178°/20 mm. and solidified to an oily colourless crystalline 
solid, which was the desired hydroxy-anhydride, was readily soluble 
in benzene, and after recrystallisation from benzene—petrol melted 
at 73—75°. Yield, 0-3 g. (7% of the theoretical). The rest of the 
distillate passed over at a higher temperature and would not 
crystallise. 

The complex anhydride after recrystallisation from glacial acetic 
acid melted sharply at 210° (Found: C, 63-9; H, 5-4. Cale. for 
C,4H,,0;: C, 64-1; H, 54%). It dissolved slowly in hot dilute 
aqueous sodium hydroxide and this solution on acidification de- 
posited the hydrated parent acid of this anhydride as long fine 
needles, m. p. 196—197°, readily soluble in alcohol (Found: C, 
36-05; H, 6-0. Cale. for C,,H,,0,: C, 56-4; H, 6-1%). 

Strychnine Hydrogen Glutaconate. The Non-resolution of Glut- 
aconic Acid.—The glutaconic acid used was prepared by the hydro- 
lysis of ethyl sodio-«y-dicarbethoxyglutaconate ; after three crys- 
tallisations from benzene-ether it melted at 135—135-5°. Strychnine 
(l equiv.), dissolved in chloroform, was added to a well-stirred cold 
solution of glutaconic acid (4 equivs.) in acetone. Strychnine hydro- 
gen glutaconate rapidly separated from the solution as fine crystals 
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and was filtered off, washed with acetone, and air-dried. The 
acetone solution was evaporated to dryness. Both the strychnine 
salt and the residue from the acetone solution were treated with 
cold ammonium hydroxide solution, extracted with chloroform, 
ete., as described under the resolution of «y-dimethylglutaconic 
acid. The glutaconic acid recovered from both parts showed no 
rotation in aqueous solution. Digestion of glutaconic acid with 
strychnine in boiling acetone similarly yielded negative results. 

Strychnine hydrogen glutaconate, prepared as just described, 
was very similar in appearance to strychnine hydrogen l-trans- 
«y-dimethylglutaconate but was more soluble in most solvents, 
being readily soluble in cold chloroform and water. It melted at 
195° with decomposition and resolidification (Found: C, 66-6; H, 
6-1; N, 6-15. C,,H,.0,N,,C;H,O, requires C, 67-2; H, 6-1; N, 
6-0%. 00159 G. required 10:3 c.c. of 0-0522N-NaOH for 
neutralisation, with phenolphthalein as indicator: M, 469. 
C,,H,.0,N,,C;H,O, requires M, 464). 


The cost of this investigation was in part defrayed by a grant 
from the Chemical Society’s Research Fund, for which one of the 
authors (J. P.) wishes to express his indebtedness. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

Lonpon, 8.W. 7. 


CANTERBURY UNIVERSITY COLLEGE, 
NEw ZEALAND. [Received, January 6th, 1931.) 


LXXV.—The Structure of the Glutaconic Acids and 
Esters. Part I. Cyanoglutaconic Esters. 


By Gzorce ARMAND Ropert Kon and Homr Ruttronsi NANdJI. 


In the recent general investigation of three-carbon tautomerism, 
which has been shown to occur in a variety of unsaturated com- 
pounds with an activating group at one end of the chain, no attempt 
was made to deal with the notoriously difficult problem presented 
by the glutaconic acids and their esters. The generalisations arising 
out of the study of three-carbon tautomerism are, however, neces; 
sarily incomplete if they do not account for the many peculiarities 0; 
the chemistry of glutaconic acid derivatives. It is proposed, there: 
fore, to attempt, in the present series of papers, a general revision 
of our knowledge of these compounds in the light of the facts ascer- 
tained in the study of the simpler cases. 
The cyanoglutaconic esters constitute, in virtue of their markedi, 

unsymmetrical structure, a link between the two types. 
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The parent substance of the series, ethyl «-cyanoglutaconate (I), 
has been repeatedly obtained (Guthzeit and Eyssen, J. pr. Chem., 
1908, 80, 41; Verkade, Proc. K. Akad. Wetensch. Amsterdam, 1919, 
27, 1132; Ingold and Perren, J., 1921, 119, 1582), but its unstable 
character makes it unsuitable for investigation, although some 
additional observations have now been made (p. 565). Its 8-methyl 
derivative, however, is stable and readily obtained. Rogerson and 
Thorpe (J., 1905, 87, 1669) gave it the formula (II) and showed that 
it could be readily alkylated through its crystalline potassio- 
derivative, to which the formula (ITI) * 


CO,Et-CH(CN)CH:CH:CO,Et  CO,Et:CH(CN)-CMe:CH-CO,Et 


(I.) (II.) 

CO,Et-C(CN):CMe-CHK-CO,Et  CO,Et-C(CN):CMe-CHMe-CO,Et 
(III.) (IV.) 

CO,Et-CH(CN)-CMe:CMe-CO,Et CO,Et-C(CN)-CMe[H]-CMe-CO,Et 
(V.) (VI.) 


was subsequently assigned by Thorpe (P., 1912, 28, 51). The 
methylation product was formulated as (IV), and the isomeric ester 
obtained from ethyl cyanoacetate and ethyl methylacetoacetate 
had the structure (V). Bland and Thorpe (J., 1912, 101, 871) 
assigned to the ester (IV) the ‘‘ normal ”’ structure (VI). On treat- 
ment of the “ normal ” ester with sodium ethoxide a sodio-derivative 
is formed, from which water liberates a part of the ester, and this 
was stated to be the unchanged “ normal ”’ ester, whereas the ester 
still remaining in solution, which can be recovered by saturating the 
solution with carbon dioxide, was termed the “labile ” ester (V). 
This is in part contrary to the observation of Hope (J., 1922, 121, 
2216), who found that the ester IV (or VI) was converted into the 
ester (V) on treatment with ammonia or sodium ethoxide. 

Of the related esters with a y- but not a 8-substituent, little was 
known except that the methyl, ethyl, and phenyl compounds had 
been prepared by Ingold, Perren, and Thorpe (J., 1922, 121, 1765) 
and formulated as CO,Et*CH(CN)-CH°CR:CO,Et, although no 
strict proof of their structure was given. 

Consideration of the formula of the cyanoglutaconic esters 
suggests that these substances should exhibit tautomerism similar 
0 that studied in cyanomonocarboxylic esters (Birch, Kon, and 
Norris, J., 1923, 423, 1361; Hugh and Kon, J., 1930, 775), and 
react in the forms CO,Et*C(CN):;CR°CHR’-CO,Et («8) and 
CO,Et*CH(CN)-CR:CR”-CO,Et(By), although the point of equil- 
ibrium is somewhat difficult to predict. 


'* The formulation representing the metal as attached to carbon has been 
ised throughout the paper for the sake of simplicity. 
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The presence of another activating group provides a second path 
for enolisation, and two modes of alkylation will therefore be 
possible: this is actually found in practice, although the rules 
governing the process are less simple than hitherto believed. 

Our attention was principally devoted to the study of ethyl 
a-cyano-8-methylglutaconate and its methyl derivatives. The 
compounds were carefully purified, their physical properties 
examined, and their structures determined by ozonolysis. A 
partly successful attempt was also made to apply Linstead and 
May’s iodometric method (J., 1927, 2565) to these compounds. 

Ethyl «-cyano-$-methylglutaconate, the preparation of which has 
been considerably improved, appeared at first to have the By-struc- 
ture (II); the molecular refraction has only a moderate exaltation 
and the compound has a considerable affinity for iodine chloride, 
especially under the modified conditions employed in the present 
work (up to 72% addition). Ozonolysis proved, however, that 
although the By-form preponderates, an appreciable amount of the 
isomeric «$-form is also present (see Table I). 

Such a result is quite understandable, because the ester (II) is 
obtained by the acidification of its sodio- or potassio-derivative 
under conditions which lead to equilibrium mixtures (Hugh and 
Kon, loc. cit.). Now it has been shown by Hugh and Kon (loc. cit.) 
that when the liberation of an ester from its sodio-derivative is 
carried out in the absence of water and polar catalysts, it is some- 
times possible to arrest the production of an equilibrium mixture. 
The enolic form of the ®y-ester, which is first produced, passes into 
its own keto-form, without conversion into the keto-form of the 
a@-ester, and in this manner the fy-isomeride of ethyl cyclopenty)- 
idenemalonate was isolated. 


TABLE I. 


NaOEt 
CO,Et-CH(CN)-CMe:CH-CO,Et <——— CO,Et-C(ON):CMe-CH,'CO,Et 
(II.) a” (VII.) 


lo, 










O; Ss 
~O% 
CO,Et-CH(CN)-COMe + = CO,Et-CO-CN + COMe-CH,:CO,Et 
CHO-CO,Et 





ba Mel 
CO,Et-C(CN):CMe-CHK-CO,Et ———-> CO,Et-C(CN):CMe-CHMe-CO,Et 
(III). yt (IV.) 


lo, 






e\ 
8 CO,Et-CO-CN + COMe‘CHMe:CO,Ei 


Os 
CO,Et-CH(CN)-CMe:CMe-CO,Et ——-> CO,Et-CH(CN)COMe + COMe’CO,Et 
(V.) 
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It is clear that, if it were possible to introduce hydrogen in the 
place of potassium in the potassio-derivative (III), only the keto- 
enol, but not the three-carbon change, being allcowed to proceed to 
completion, an ester of the formula CO,Et-C(CN):CMe-CH,°CO,Et 
(VII) should result, and it was found that on treating the compound 
(III) with benzoic acid or dry hydrogen chloride in the absence of 
catalysts a new ester was obtained. This ester has an appreciably 
higher molecular refraction than the parent ester (II), and hardly 
any affinity for iodine chloride; ozonolysis proves that it is the pure 
«f-ester (VII) (see Table I). 

On treatment with sodium ethoxide the new ester reverts to the 
original equilibrium mixture with its lower molecular refraction and 
high iodine addition. 

The iodine addition enables us to recognise the equilibrium 
mixture, but, as the addition value of the pure Sy-form is not known, 
the composition of the equilibrium mixture cannot be ascertained. 
Since, however, the «$-ester has no affinity for iodine chloride and 
the maximum addition of the equilibrium mixture is 72%, the 
amount of material in it other than By-ester cannot be greater than 
28%; even this figure is doubtless too high. The «$-ester gives, on 
oxidation with ozone, ethyl acetoacetate which can be isolated in the 
form of the insoluble phenylmethylpyrazolone; the yield of this 
material is actually only 33°, as some of the cyano-ester escapes 
ozonisation. Under precisely comparable conditions the equilibrium 
ester gives a 7-6% yield of ethyl acetoacetate; assuming that the 
losses due to various causes are of the same order in the two experi- 
ments, the equilibrium mixture would contain about 23% of the 
a8-ester. It is impossible to check this figure by the isolation of the 
oxidation products of the By-ester, because these form very soluble 
derivatives and the quantities of pure material isolated are always 
small, 

Many efforts were made to prepare the pure By-ester. It is clear 
that this is impossible so long as the ester is produced in the form of 
its sodio- or potassio-compound, which is actually derived from the 
a8-ester. Attempts to condense ethyl acetoacetate with ethyl 
cyanoacetate in the presence of organic bases (piperidine, triethanol- 
amine) gave a very poor yield of an ester identical with the equil- 
ibrium mixture. The condensation of ethyl sodiocyanoacetate with 
ethyl @-chlorocrotonate (compare Fichter and Schwab, Annalen, 
1906, 348, 251) appeared to be more promising, but the yield of 
glutaconic derivative was much poorer than in the corresponding 
reaction with ethyl sodiomalonate. The product, 


CO,Et-CHNa-CN + CMeCl:CH-CO,Et —> 
CO,Et-CH(CN)-CMe:CH-CO,Et 
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moreover, again consisted of the equilibrium mixture. As the 
reaction was carried out in the absence of alcohol, it may be that the 
production of the equilibrium mixture is not due to the equilibration 
of the ester formed but to a different mode of reaction, for it is 
possible for the two components to undergo a Michael reaction with 
the subsequent elimination of hydrogen chloride, which can proceed 
in two directions : 


CO,Et-CHNa‘CN -+ CMeCI:CH-CO,Et —> 
CO,Et*CNa(CN)-CMeCl-CH,-CO,Et — -> (II) and (VII). 


The examination of the ®y-dimethyl esters (IV) and (V) showed 
that they were related in the same way as the lower homologues just 
described. The molecular refraction of the methylation product of 
the potassium compound (III) has a considerable exaltation over 
those of the parent compound (II) and the isomeric ester (V), 
suggesting a difference of structure. An endeavour was made to 
compare their additive power towards iodine chloride, but under 
the conditions successfully used for the parent ester both methyl 
compounds were practically inert and could not be distinguished. 

By oxidation with ozone, however, it was found that the ester 
(IV) was the pure «$-compound, giving ethyl cyanoglyoxylate, 
CN-CO-CO,Et, and ethyl methylacetoacetate as sole products. The 
isomeric ester, on the other hand, proved to be mainly the By-ester 
(V) but contained small amounts of the «8-form (IV). Such a result 
is quite understandable, for, whereas the ester (IV) is prepared from 
the pure solid potassium compound (III) in the absence of equilibr- 
ating reagents, the ester (V) (like the parent ester II) is liberated 
from solutions of its sodio-derivative by means of hydrochloric acid 
and is therefore an equilibrium mixture (compare Hugh and Kon, 
loc. cit.). This view was confirmed by treating the ester (IV) with 
sodium ethoxide; the ester liberated from the solution by addition 
of water and hydrochloric acid had the lower molecular refraction 
and all the other properties of the ester (V) (compare Hope, loc. cit.). 
Similarly, Bland and Thorpe’s “normal” and “labile” esters 
proved to be the same equilibrium mixture, consisting mainly of the 
ester (IV) and not identical with the ester from which they were 
derived; this was proved by ozonolysis of the two esters and it is 
plain that the amount of “ normal ” ester precipitated on addition 
of water to the alcoholic solution of the sodio-derivative is entirely 
dependent on the degree of dissociation of the latter in water. Thus, 
the amount of “normal” ester obtained from the more acid or 
enolisable y-benzyl ester is less, and the amount of the “ labile” 
ester liberated by carbon dioxide greater than in the preceding case, 
but these two esters again appear to be identical. 
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The sodio-derivative of the ester (V) has the structure 
CO,Et*CNa(CN)-CMe:CMe-CO,Et, 

as it yields ethyl «-cyano-afy-trimethylglutaconate on treatment with 
methyl iodide (Rogerson and Thorpe, loc. cit.) ; it should therefore be 
possible to obtain the pure ®y-ester from it by treatment with benzoic 
acid. The ester so obtained proved to be similar to the equilibrium 
mixture in properties except for a somewhat lower molecular refrac- 
tion, but the products obtained on oxidation with ozone indicated 
that it consisted of the pure By-ester (V), as no trace of the easily 
recognisable ethyl methylacetoacetate was found in addition to the 
expected products, ethyl pyruvate and ethyl «-cyanoacetoacetate. 

Kthy! «-cyano-y-methylglutaconate was found to have physical 
properties similar to those of its ®-methyl isomeride (the slightly 
lower molecular refraction is due to “ crossed’ conjugation) and a 
fairly high iodine addition, in agreement with the Sy structure. 


CO,Et-CH(CN)-CH°CMe:CO,Et (VIII.) 


On oxidation with ozone, however, it gave products indicating the 
presence of the «f-form as well, so it also is an equilibrium mixture, 
as would be expected from the method used in its preparation. 

The ester readily forms a solid potassium derivative like the ester 
(li) but having the potassium attached to the cyanoacetic residue. 
This is proved by the ready formation of a methylation product 
consisting of ethyl «-cyano-ay-dimethylglutaconate, 

CO,Et-CMe(CN)-CH:CMe-CO, Et, 

and not the yy-compound CO,Et-C(CN):CH:CMe,°CO,Et; its struc- 
ture was proved by ozonolysis and by the characteristic reaction 
with sodium ethoxide, which leads to the rapid elimination of a 
carbethoxyl group. It was clearly impossible to prepare the 
«f-isomeride of the ester (VIII) by the method successfully employed 
with the 6-methyl esters; actually the potassium compound gives 
on treatment with benzoic acid in dry ether an ester which has an 
even higher affinity for iodine chloride than the original ester. The 
point of equilibrium is approximately the same as in the isomeric 
8-methyl esters. 

Finally, the alkylation of ethyl «-cyanoglutaconate was invest- 
igated. As neither the «- nor the y-position in this ester is substituted, 
it can be alkylated in two ways; should the methyl group enter the 
y-position, as in the ester (II), Ingold, Perren, and Thorpe’s y-methyl 
ester should result. The ester obtained is, however, an isomeric 
compound, the methyl group entering the «-position as shown by 
ozonolysis; a similarly constituted ethyl compound, 

CO,Et-CEt(CN)-CH:CH:-CO,Et, 
is also readily produced. 
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It is certainly remarkable that ethyl «-cyanoglutaconate is 
alkylated in the «-position, whereas esters with a positive substituent 
in the $-position, such as the @-methyl compound discussed above 
and the $-amino-ester investigated by Baron, Remfry, and Thorpe 
(J., 1904, 85, 1737; compare J., 1910, 97, 1299), give y-alkyl deriv. 
atives (the «-alkylation of the y-methyl ester is to be expected). 
It is clear that alkylation follows the entrance of the alkali metal 
into the molecule, forming an enolate, and that the positive -sub. 
stituent in some way favours the enolisation of the y- rather than 
the «-carbethoxyl group, although the reason for this is not apparent. 
Further experiments are being undertaken with the object of 
shedding light on this problem. 

A survey of the above facts leads to several important conclusions. 

The cyanoglutaconic esters display tautomerism of the same type 
as that of many other unsaturated cyano-esters. They can in 
some cases be isolated in two distinct forms; the reactions of these 
isomerides are fully accounted for by the «$- and Sy-unsaturated 
formulz, and the “ normal ” formulation suggested for some of them 
is no longer necessary. These isomerides are interconvertible in the 
presence of suitable catalysts, forming equilibrium mixtures, notably 
when they are liberated from their sodio-derivatives, and for this 
reason the method of distinguishing between ‘ normal” and 
“labile ” isomerides used by Thorpe and Bland (loc. cit.) is not 
effective. This statement applies only to «-cyano- and «-carbethoxy- 
glutaconic esters (an account of the latter will shortly be published), 
because the terms “ normal” and “labile ’’ have also been used 
to denote the esters of the glutaconic acids themselves. These are 
no doubt distinct and their isomerism presents a separate problem 
in which stereoisomerism unquestionably plays an important part. 

Finally, it is shown that in the equilibrium mixtures the #y-ester 
predominates. 

EXPERIMENTAL. 

Ethyl «-Cyano-8-methylglutaconate (equilibrium ester, II and VII). 
—Several modifications, enumerated below, of Rogerson and 
Thorpe’s method (loc. cit.) were tried for the preparation of this 
ester: following Hope’s suggestion (loc. cit.), the alcohol used was 
carefully dehydrated with calcium before use. 

1. Rogerson and Thorpe’s method. Yield, 33%. 

2. Excess of alcohol removed in a vacuum at 60°. Yield, 35%. 

3. Sodium ethoxide prepared from “molecular ’’ sodium suspended 
in dry ether with the theoretical quantity of alcohol. Mixture kept 
cold for 2 days. Yield, 35%. 

4. As (3) but potassium used in place of sodium. Yield, 56%. 
5. A solution of potassium (20 g.) in alcohol (150 c.c.) was cooled, 
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ethyl cyanoacetate (56 g.) added with shaking, then ethyl aceto- 
acetate (65 g.), and the flask kept in a freezing mixture for some hours 
and at room temperature for 2 days. There was very little darken- 
ing under these conditions. Yield, 80%. 

6. Equimolecular quantities of the two esters were kept at room 
temperature with a few drops of triethanolamine or piperidine. The 
yield in both cases was very poor (10% and 3% respectively); the 
product was in every way identical with that obtained with potass- 
ium ethoxide (Found for a specimen prepared with triethanolamine : 
(, 58-4; H, 6-7. Calc.: C, 58-6; H, 6-6%) in physical properties 
and iodine addition (see below). 

The ester, purified by redistillation, boiled at 170°/25 mm. and 
had dS 1-0897, n° 1-46917, [R;]p 57-55. , 

Oxidation. 10 G. of the ester, dissolved in 100 c.c. of pure ethyl 
acetate, were treated with a rapid stream of ozonised oxygen until 
no more absorption took place (48 hours). The solvent was removed 
in a vacuum at room temperature, and the ozonide decomposed by 
shaking with water for several hours. The products were taken up 
in ether, the extract shaken with sodium carbonate, dried, and 
evaporated, and the residue distilled under 14 mm. pressure. 
Fractions were obtained: (1) up to 70°, (2) 70—90°, (3) 90—120°, 
(4) 120—150°, (5) a smali amount above 150° consisting of unchanged 
ester. 

Fraction (1) gave a red colour with ferric chloride and yielded with 
phenylhydrazine acetate a mixture of two compounds which were 
separated by extraction with methyl alcohol. The soluble com- 
ponent was the phenylhydrazone of glyoxylic ester, m. p. 157° * 
(Found: C, 62-6; H, 6-2. Cale.: C, 62-5; H, 63%), and the 
sparingly soluble compound was 1-phenyl-3-methylpyrazolone ; 
both were identified by comparison with genuine specimens. 

Fraction (2) developed a deep red colour with ferric chloride and 
readily gave phenylmethylpyrazolone unaccompanied by any other 
compound. 

Fraction (3) gave a faint colour with ferric chloride, yielded a 
trace of phenylmethylpyrazolone, and gave with semicarbazide the 
semicarbazone of ethyl «-cyanoacetoacetate (m. p. 189°; mixed 
m. p. 189—190°) (Michael, Ber., 1905, 38, 51). 

Fraction (4) gave no colour with ferric chloride and yielded the 
phenylhydrazone of ethyl cyanoglyoxylate, which crystallised from 
alcohol in yellow plates, m. p. 127° (Found: C, 60-8; H, 5-1. 
C,,H,,0,N, requires C, 60-8; H, 5-1%); it also gave the character- 
istic reduction of ammoniacal silver nitrate observed by Scheiber 


* This phenylhydrazone has been repeatedly obtained in these laboratories 
in the course of ozonisations and found to have the above melting point. 
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and Meisel (Ber., 1915, 48, 255), who were the first to obtain the 
ester but did not characterise it. The ester was repeatedly obtained 
by us in the course of ozonisation experiments, although invariably 
in small quantities; it appears to boil at 130—135°/15 mm. 

The oxidation products are therefore ethyl glyoxylate, ethyl 
acetoacetate, ethyl «-cyanoacetoacetate, and ethyl cyanoglyoxylate. 

Iodine Additions.—Preliminary experiments were made with 
ethyl «-cyano-8-methylglutaconate and its two methyl derivatives 
(IV) and (V). Under Linstead and May’s standard conditions 
(loc. cit.) an M/300-chloroform solution of the parent ester had some 
30°, addition in 1 hour, the ester (IV) had no addition, and the 
ester (V) one of 5-79%; the last was due to the presence in (V) of 
some of the parent ester, as it had been prepared from a specimen 
of ethyl methylacetoacetate which had not been specially purified. 
The pure @y-ester has no measurable addition. In carbon tetra- 
chloride solution, the addition of the parent ester was somewhat 
higher (29% in 30 minutes, 42% in 1 hour). The strength of the 
ester solution was then trebled, and that of the iodine chloride 
doubled (5-1 g. of mercuric chloride and 3-38 g. of iodine per 100 c.c.). 
The addition observed with the parent ester in chloroform was 
57-5% in 1 hour, and these conditions were adopted as standard 
throughout this investigation. In carbon tetrachloride, somewhat 
higher additions (40%, 59%, and 72% in 4, 1, and 1} hours) were 
observed. Bromine in chloroform (N/10) gave only 8% addition 
in 1 hour, and iodine chloride in acetic acid about 4%. The di- 
methyl esters showed no addition under any of the conditions tried. 

Attempts to prepare the Pure By-Ester—{1) Ethyl cyanoacetate 
(56 g.) was added to “ molecular” sodium (11-5 g.) in benzene 
(300 c.c.), and the sodio-derivative boiled under reflux with ethyl 
6-chlorocrotonate (80 g.) (prepared by the method of Mamert, Bull. 
Soc. chim., 1895, 13,71) for 6 hours. Water was then added and the 
benzene layer was separated, washed, dried, and distilled under 
reduced pressure. Yield of fraction b. p. 160—162°/18 mm., 4 g. 

(2) Ethyl cyanoacetate (56 g.) was added to sodium (11-5 g,) 
dissolved in absolute alcohol (150 c.c.) and the mixture was kept 
at 0° while ethyl 6-chlorocrotonate (80 g.) was gradually added with 
shaking. After 2 days, the product was worked up as before and gave 
the same yield of condensation product, b. p. 166°/13 mm., with an 
iodine addition of 57% in 1 hour (Found: C, 58-3; H, 6-4. Cale.: 
C, 58-6; H, 6-6%). 

Finally an attempt was made to see whether the «$-ester present 
in the equilibrium ester could be eliminated in the form of a bi- 
molecular reduction product by treatment with aluminium amalgam 
in ether (Harries and Eschenbach, Ber., 1896, 29, 389). The whole 
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of the product, however, boiled at 175°/14 mm., and was fully 
saturated, consisting of ethyl «-cyano-$-methylglutarate (Darbishire 
and Thorpe, J., 1905, 87, 1716) (Found: C, 58-2; H, 7:5. Calc. : 
C, 58:1; H, 75%), as it gave $-methylglutaric acid, m. p. and 
mixed m. p. 87°, on hydrolysis with sulphuric acid. 

Ethyl «-Cyano-B-methyl-Ac-propene-wy-dicarboxylate (VII).—(1) 
Ethyl «-cyano-8-methylglutaconate was converted into the potass- 
ium compound (III) as described by Rogerson and Thorpe (loc. cit.) 
and the salt was washed with alcohol and ether and dried in a 
desiccator. 100 G. of the salt were suspended in dry ether, a little 
less than the theoretical quantity of benzoic acid (48 g.), dissolved 
in dry ether, was added, and the mixture mechanically shaken for 
2 days. The potassium benzoate was filtered off and washed with 
ether, the ethereal solution, which gave a distinct colour with ferric 
chloride, was evaporated, and the residue distilled under reduced 
pressure. About 50 g. of the new «®-ester, b. p. 178—180°/22 mm.., 
were collected; it had di?* 1-0918, ni?* 1-47409, [R,], 57-89, and 
an iodine addition of 3% in one hour (Found: C, 58-7; H, 6-5. 
(',,H,;0,N requires C, 58-6; H, 66%). The distilled ester no 
longer gave a colour with ferric chloride. 

(2) The pure dry potassium salt was suspended in dry petroleum 
(b. p. 40—60°), cooled in a freezing mixture, and dry hydrogen 
chloride bubbled in, the process being interrupted when rather less 
than the theoretical amount of acid had been introduced; the ester 
formed was isolated as before and had b. p. 174°/20 mm., d* 
10920, n° 1-47429, [R,], 57-88, and an iodine addition of 2% in 
one hour (Found: C, 58-3; H, 6-6%). 

It was subsequently found that the best method of preparing the 
potassium compound (III) is by the action of alecholic potassium 
ethoxide on the equilibrium ester (II), the ester being taken in slight 
excess. The precipitation of the potassium compound is completed 
by adding dry ether; the precipitate is filtered off, washed with dry 
ether, and is then ready for use, and the process of drying the solid 
is unnecessary. The above method was used in all the regener- 
ations of esters described below. The use of potassium in place of 
the sodium originally employed by Hugh and Kon (loc. cit.) is 
advantageous because potassium benzoate is much more easily 
filtered off than the gelatinous sodium salt. 

The proportion of «$-ester obtained by the above methods varies 
within wide limits owing to causes which are still under investig- 
ation. The experiments described above gave the best yield. 

Oxidation. The «$-ester was ozonised, and the product worked 
up exactly as described on p. 567. The fractions obtained at 15 mm. 
were: (1) 70—90°, (2) 90—180°, (3) 130—150°, (4) above 150°, 
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unchanged ester. Fractions (1) and (2) gave an intense red colour 
with ferric chloride and contained ethyl acetoacetate, identified in 
the form of phenylmethylpyrazolone; no ethyl glyoxylate could be 
found. Fraction (3) did not give a colour with ferric chloride and 
consisted of ethyl cyanoglyoxylate, which was identified by means 
of the phenylhydrazone, m. p. 127°. The oxidation products are 
therefore those which would be expected from the pure ester (VII). 

Action of sodium ethoxide on the «B-ester. The «8-ester was added 
to a cold solution of sodium in absolute alcohol in slight excess, 
After a few minutes, water and dilute hydrochloric acid were added, 
the ester was taken up in ether, and the extract washed with sodium 
carbonate solution and with water, dried, and evaporated. The 
equilibrium ester boiled at 163°/19 mm. and had d? 1-0894, nj” 
1-46917, [Rz]p 57-56, iodine addition 56-4% in 1 hour (Found: 
C, 58-6; H, 6-5. Cale.: C, 58-6; H, 6-6%). 

Determination of the point of equilibrium. 10-0 G. of the equil- 
ibrium ester were ozonised in ethyl acetate and the ozonide was 
worked up as described above, but the products were not distilled 
after removal of the ether. The residue (8 g.) was treated with an 
equal volume of phenylhydrazine, a few c.c. of water were added 
and enough acetic acid to give a clear solution, which was then kept 
at 100° for 3 hours and at room temperature for 2 days. The solid 
was collected (2-87 g. after drying) and extracted with methyl 
alcohol, and the insoluble residue of phenylmethylpyrazolone dried 
(0-468 g.). The experiment was repeated to ensure that the result 
was not accidental and an ozonisation of the pure «$-ester was 
carried out at the same time; 3-1 g. of “‘ total phenylhydrazones ” 
and 2-0135 g. of pyrazolone were obtained. From the amount of 
pyrazolone recovered, the minimum % of «$-form present in the 
equilibrium ester would be 7-6 and in the «$-ester 32-8, or, in other 
words, about 1/3 of the total «$-ester is recovered in the form of 
pyrazolone; allowing for this, the «$-content of the equilibrium 
ester becomes about 23%, whereas the maximum deduced from the 
iodine addition in 14 hours is 28%. 

Ethyl «-Cyano-By-dimethyl-Ac-propene-xy-dicarboxylate (IV).—This 
ester was prepared by treating the potassium compound (III) with 
methyl iodide as described by Rogerson and Thorpe (loc. cit.); a 
better yield is, however, obtained if alcoholic potassium ethoxide 
is used in the preparation of the potassium compound. The ester 
has b. p. 162°/14 mm., di?" 1-0456, nif’ 1-46619, [Rz]p 63°37; 
iodine addition nil. 

Oxidation. The ester was ozonised and the product worked up 
exactly as described on p. 567, and the following fractions were 
obtained at 10 mm.: (1) 70—80°, (2) 80—130°, (3) 130—15U’, 
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(4) above 150°, unchanged ester. Fraction (1) gave a fine violet 
colour with ferric chloride, and yielded the phenylhydrazone of 
ethyl methylacetoacetate, orange needles, m. p. 153°, identified by 
direct comparison with a genuine specimen. Fraction (2) gave a 
faint colour with ferric chloride and a little of the same pheny!- 
hydrazone was isolated from it. Fraction (3) did not give a colour 
with ferric chloride and yielded the phenylhydrazone of ethyl cyano- 
glyoxylate, m. p. 127°; the ester was also recognised by the reducing 
action on ammoniacal silver nitrate. No trace of ethyl pyruvate 
or ethyl «-cyanoacetoacetate could be detected and the ester was 
thus the pure «8-form (IV). 

Ethyl «-Cyano-By-dimethylglutaconate (equilibrium ester IV and 
V).—This ester was prepared in 25% yield by the modification of 
Rogerson and Thorpe’s method described on p. 567. It is essential 
to purify the ethyl methylacetoacetate by repeated shaking with 
dilute aqueous ammonia (Michael, Ber., 1905, 38, 2091), otherwise 
the product is liable to contain some of the parent ester (II); this 
can be detected by the fact that the ester then has an appreciable 
affinity for iodine chloride (6—8% addition in 1 hour). The pure 
equilibrium ester boils at 160°/13 mm. and has di3* 1-0708, ni=* 
1-46996, [R,]p 62-26, iodine addition 1% in 1 hour. 

Oxidation. The ester was ozonised and the product worked up 
exactly as described on p. 567, the following fractions being obtained 
at 15 mm.: (1) up to 70°, (2) 70—110°. Fraction (1) gave a deep 
violet colour with ferric chloride and a reddish-violet with sodium 
nitroprusside, changing to deep violet with ammonia, red with 
potassium hydroxide and blue with acetic acid (test for ethyl 
pyruvate). It gave the phenylhydrazone of ethy! methylaceto- 
wetate, m. p. 153°, and that of ethyl pyruvate, m. p. 119° (Found : 
(, 63-6; H, 6-8. Cale. : C, 64-1; H, 6-8%), which were separated by 
fractional crystallisation from alcohol. Fraction (2) gave a faint 
reddish-violet colour with ferric chloride, and a phenylhydrazone 
could not be obtained from it, but the semicarbazone of ethyl 
x-cvanoacetoacetate, m. p. 189°, was isolated. No high fraction, 
corresponding to ethyl cyanoglyoxylate, was found in this experi- 
ment, but the isolation of ethyl methylacetoacetate proves the 
presence of the ester (IV) beyond all doubt. 

Ethyl — «-Cyano-By-dimethyl-A®-propene-xy-dicarboxylate (V).— 
This ester was prepared by treating the equilibrium ester with 
potassium ethoxide and shaking the potassium derivative with 
benzoic acid exactly as described on p. 569. The ester obtained 
boiled at 154°/9 mm. and had d?” 1-0729, n}”* 1-46916, [Rz]p 62-05. 

Oxidation. The ester was ozonised and the product worked up 
exactly as described before. The same fractions were obtained as in 
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the preceding case, but fraction (1) did not give the characteristic 
violet colour with ferric chloride, due to ethyl methylacetoacetate, 
nor could its phenylhydrazone be isolated, although ethyl pyruvate 
was readily identified. Similarly, no trace of ethyl cyanoglyoxylate 
could be found ; the ester thus appeared to be the pure By-compound 
(V). 

Action of Sodium Ethoaide on the Ester (1V).—The pure «-ester 
was treated with sodium ethoxide and separated into the “ normal ” 
and the “ labile ” ester exactly as described by Thorpe and Bland 
(loc. cit.). The “‘ normal” ester had d}i* 1-0731, nj* 1-46818, 
[R,]> 62-17. It was ozonised, giving the same products as the 
equilibrium ester (see above) except that ethyl cyanoglyoxylate was 
also identified by means of its phenylhydrazone, m. p. 127°. The 
“labile” ester had di” 1-0733, ni?” 1-46996, [R,], 62-09, and gave 
precisely the same result on oxidation with ozone, all four oxidation 
products being isolated. Both the “normal” and the “ labile” 
ester thus consist of the equilibrium ester (compare Hope, loc. cit.). 
Neither “normal” nor “ labile” ester gave a colour with ferric 
chloride. 

The formation of small quantities of ethyl carbonate and ethy! 
y-cyano-Sy-dimethylcrotonate in the action of omen ethoxide on 
the ester (IV) was also observed. 

Ethyl «-Cyano-y-benzyl-B-methyl-Ae-propene-xy-dicarboxylate.—This 
ester was prepared as described by Rogerson and Thorpe by the 
benzylation of the potassium compound (III). It boiled at 213°/15 
mm. and had d!?* 1-0997, ni?* 1-51800, [R,]p 87-29, iodine addition 
nil. 

Ethyl «-Cyano-y-benzyl-8-methylglutaconate (equilibrium ester).— 
This was prepared in 33% yield from ethyl cyanoacetate and ethyl 
benzylacetoacetate in the presence of potassium ethoxide in exactly 
the same way as the ®y-dimethyl ester. The ester boiled at 216°/14 
mm. and had di?” 1-1082, ni®* 1-52005, [R;]p 86-46, iodine addition 
nil (Found : C, 68-4; H,6-5. C,,H,,0,N requires C, 68-7 ; H, 6-6%). 

Action of sodium ethoxide on the y-benzyl ester. The ester was 
treated with one equivalent of sodium ethoxide and separated into 
“normal” and “labile” portions as described by Thorpe and 
Bland (loc. cit.). The esters isolated had the erro properties : 
“normal,” b. p. 215°/11 mm., di?“ 1-1043, ni" 1-51989, [Rz} 
86-42; “labile,” b. p. 214°/11 mm., di* 1-1042, nj* 1-51999, 
[R,]p 86-47; they were thus identical with the equilibrium ester 


described above, the latter being characterised by a somewhat higher J. 


density and refractive index than the pure «@-ester. Neither the 
“labile ” nor the “ normal ” ester gave a colour with ferric chloride. 
Ethyl «-cyanoglutaconate was prepared by the method of Verkade 









not 
este 


este 


The 


carl 


















ristic 
state, 
vate 
‘ylate 
ound 


-ester 
mal ” 
3land 
6818, 
3 the 
e was 

The 
gave 
lation 
bile ” 
 cit.), 
ferric 


ethyl 
de on 


—This 
y the 
3°/15 
dition 


er).— 
ethyl 
cactly 
16° /14 
dition 
6%) 
r was 
1 into 
> and 
rties : 
[Rrhs 
91999, 
ester 
higher 
or the 
oride. 


rkade 

















THE GLUTACONIC ACIDS AND ESTERS. PART I. 573 


(loc. cit.) and purified as far as possible as recommended by Ingold 
and Perren (loc. cit.). 

Ethyl «-Cyano-«-methyl-A®-propene-wy-dicarboxylate—Ethyl  «- 
cyanoglutaconate was converted into the sodio-derivative by means 
of sodium ethoxide and treated with an excess of methyl iodide, the 
reaction being completed by warming. The methylated ester was 
obtained in 30% yield as a colourless oil, b. p. 160—161°/16 mm., 
d?” 1-0662, n=” 1-45543, [R;]p 57-31 (Found: C, 58-9; H, 6-8. 
C,,H,;0,N requires C, 58-6; H, 6-6%); it did not react with iodine 
chloride. 

Oxidation. The ester was ozonised and the product worked 
up as described on p. 567. The following fractions were obtained 
at 16 mm.: (1) up to 75°, (2) 75—120°, (3) 120—150°. Fraction 
(1) gave no colour with ferric chloride, and the phenylhydrazone of 
ethyl glyoxylate, m. p. 157°, was prepared from it and identified. 
Neither of the other fractions gave a colour with ferric chloride, 
showing the absence of ethyl formylpropionate. Fraction (2) gave 
a phenylhydrazone, melting indefinitely above 200°, which has 
not yet been identified. The isolation of ethyl glyoxylate definitely 
establishes the By-position of the double bond. 

Action of sodium ethoxide. A small amount of the methylated 
ester was treated with an equivalent quantity of sodium ethoxide. 
The mixture soon developed the characteristic odour of ethyl 
carbonate, indicating that a carbethoxyl group had been eliminated. 

Ethyl «-Cyano-«-ethyl-A’-propene-xy-dicarboxylate.-— The ethy]- 
ation of ethyl cyanoglutaconate was carried out in the same way as 
the methylation. The ester was obtained in 25% yield; b. p. 158— 
160°/11 mm., d?* 1-0503, n=” 1-5323, [R;]p 61-54, iodine addition 
ul; it did not solidify in a freezing mixture (Found: C, 60-0; 
H, 7-3. C,.H,,0,N requires C, 60-2; H, 7-1%). 

A small amount of the ester was mixed with piperidine and kept 
it room temperature. Long needles began to form at the end of 
2 hours and the separation was complete at the end of aday. The 
‘lid melted at 77—79° and evidently consisted of Guthzeit and 
Eyssen’s ethylation product; the quantity obtained was insufficient 
for identification. 

Ethyl «-Cyano-y-methylglutaconate (VIII1).—This ester was prepared 
by the method of Ingold and Perren (loc. cit.), but the yield was 
increased to 65% by the use of potassium ethoxide in the cold. The 
ester had b. p. 156°/13 mm., di?” 1-0743, np®* 1-45933, [Rz]p 57-28, 
iodine addition 59% in 1 hour. The end point in the titration was 
lot very satisfactory, as the purple colour of the starch indicator re- 
appeared after a short time; this was no doubt due to the splitting 
off of the halogen which had formed a substitution product with the 
U 
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unsaturated ester, a difficulty already met with in ketones, especially 
those which have a very high iodine addition. 

The ester shows a characteristic behaviour when aqueous ferric 
chloride is added to its solution in alcohol. The colour of the 
reagent quickly fades and further quantities of it can be added, 
producing the same effect; the purple colour mentioned by Ingold 
and Perren (loc. cit.) was not observed. The fading of the ferric 
chloride is due to reduction of the reagent, because on addition of 
a drop of aqueous ammonia to the solution a green precipitate of 
ferrous hydroxide is produced. 

Oxidation. The ester was ozonised and the product worked up 
as described on p. 567, the following fractions being obtained at 20 
mm.: (1) up to 90°, (2) 90—125°, (3) 125—150°, (4) above 150°, 
consisting of unchanged ester. Fraction (1) gave a deep violet 
colour with ferric chloride and formed a mixture of derivatives, 
from which the phenylhydrazone of ethyl pyruvate, m. p. 119°, was 
isolated, together with long needles; m. p. 125°, consisting of 
1-phenyl-2-methylpyrazolone (Michael, Ber., 1905, 38, 2108), 
identical with a specimen prepared from ethyl formylpropionate. 
Fraction (2) gave a slight colour with ferric chloride; no solid 
derivatives were isolated from it. Fraction (3) gave the phenyl- 
hydrazone of ethyl cyanoglyoxylate, m. p. 127°. The oxidation 
products thus point to the presence of both the «f$- and the By-ester. 

Ethyl «-Cyano-wy-dimethyl-A’-propene-xy-dicarboxylate.—Ethy] «- 
cyano-y-methylglutaconate, alcoholic potassium ethoxide (1 equiv.), 
and an excess of methyl iodide were warmed together until the 
mixture was neutral in reaction. The methylated ester was obtained 
in 70% yield, b. p. 176—177°/22 mm., d?* 1-0729, nz=* 1-46818, 
[Rz]> 61-89; it had no affinity for iodine chloride (Found : C, 60-2; 
H, 7-2. C,,H,,0,N requires C, 60-2; H, 7-2%). 

Oxidation. The ester was ozonised and the product worked up 
as described on p. 567, the following fractions being obtained at 
16 mm.: (1) up to 70°, (2) 70—86°, mostly at 85—86°; no high 
fraction was formed. Fraction (1) gave no colour with ferric 
chloride, a positive test with sodium nitroprusside, and an abundant 
precipitate of ethyl pyruvate phenylhydrazone, m. p. 119%. 
Fraction (2) gave no colour with ferric chloride, and formed 4 
phenylhydrazone crystallising in buff plates, m. p. 237—238°, doubt- 
less derived from the ester CHO-CMe(CN)-CO,Et (Found : C, 63:7; 
H, 5-8. C,,;H,;O,N, requires C, 63-7; H, 6-1%). 











Action of sodium ethoxide. The methylated ester (16 g.), dissolved 
in 5 c.c. of alcohol, was mixed with a cold solution of 1-6 g. of sodium 
in 25 c.c. of alcohol. After an hour, the mixture was poured into 
water and extracted with ether, the extract repeatedly washed, 
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dried, and evaporated, and the residue distilled, at atmospheric 
pressure until the temperature was 130°, then at 12 mm.; an oil 
distilled at 110—115°. The first fraction on redistillation boiled at 
127° and consisted of ethyl carbonate; the second boiled at 103°/12 
mm. and was evidently ethyl «-cyano-xy-dimethylcrotonate (Found : 
C, 64-0; H, 7-9. C,H,,0,N requires C, 64-1; H, 7-8%). 


The authors’ thanks are due to the Chemical Society for a grant 
which has defrayed the cost of this investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, January 15th, 1931.] 





LXXVI.—Tertiary Arylalkyl Phosphines. Part II. 
By Ivor KennetTH Jackson and WILLIAM J. Jonas. 


Ix the present communication, p-xylyldialkylphosphines (2 : 5-di- 
methylphenyldialkylphosphines) and some of their derivatives are 
described. 

The p-xylene was prepared from recrystallised p-xylidine hydro- 
chloride by the method of Clemo, Haworth, and Walton (J., 1929, 
2375), and was subjected to purification by the repeated operation 
of freezing and drawing off the mother-liquor, whereby crystals, 
m. p. 13°, were finally obtained. 

In the preparation of p-xylyldichlorophosphine (compare Weller, 
Ber., 1887, 20, 1720; 1888, 21, 1494), 150 g. of p-xylene, 125 c.c. of 
phosphorus trichloride, and 30 g. of aluminium trichloride were 
vigorously refluxed for 36 hours. The product was distilled under 
20 mm. pressure until all liquid had passed over, and the distillate 
was fractionally redistilled, whereby 60 c.c. of the dichlorophosphine, 
b. p. 129°/12 mm., 140°/23 mm., were obtained. 

The phosphines were prepared in the way already described (J., 
1930, 2298); the precautions, there referred to, for the exclusion of 
air were found to be necessary in the present preparations, the 
nethylphosphine in particular being quickly oxidised. 

p-Xylyldimethylphosphine (Found: C, 72-0; H, 94. C,H ,PMe, 
requires C, 72:2; H, 9-1°%) is prepared by introducing a solution of 
20 c.c. of p-xylyldichlorophosphine in 50 c.c. of ether into a Grignard 
reagent made from 21 c.c. of methyl iodide, 8 g. of magnesium, and 
240 c.c. of ether (yield of purified phosphine, 14 c.c.); b. p. 106°/ 
12 mm., d%° 0-9541. When the phosphine is boiled in a current of 
ar, p-xylyldimethylphosphine oxide (Found: C, 65:1; H, 84. 
(,H,-PMe,O requires C, 65-9; H, 8-3%) separates as colourless 
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radiating needles, m. p. 94—95°, which may be distilled without 
decomposition. 

p-Xylyldimethylphosphine combines directly with carbon di- 
sulphide to give the inner anhydride of p-xylyldimethylhydroxy- 
phosphinocarbithionic acid (compare Meyer—Jacobson, “ Lehrbuch 
der organischen Chemie,”’ 1 Aufl., Bd. 1, 263; Hantzsch and Hibbert, 
Ber., 1907, 40, 1510; Staudinger and Meyer, Helv. Chim. Acta, 
1919, 2,612). This compound, after recrystallisation from alcohol, 
forms deep red plates, m. p. 76° (Found: C, 549; H, 6-5, 


Ree an ; 
(,H,*PMe,:CS'S requires C, 54:5; H,6-2%). Although colorations 
were given by carbon disulphide with all the p-xylylphosphines, no 
solid compound could be isolated except in the above case. This is 
in agreement with the observation of Czimatis (Ber., 1882, 15, 2014) 
that arylmethylphosphines combine very easily with carbon di- 
sulphide, but arylethylphosphines only with difficulty. 

p-Xylyldimethylphosphine mercurichloride (Found: Cl, 168. 
CgH,*PMe,,HgCl, requires Cl, 16-2%) is prepared by mixing alcoholic 
solutions of its components; the white precipitate is extracted with 
boiling glacial acetic acid, from which the double compound crystal- 
lises as needles, m. p. 225° after recrystallisation from alcohol. 

In ethereal solution, methyl iodide combines with the phosphine 
to give p-xylyltrimethylphosphonium iodide (Found: I, 41-1. 
CgH,*PMe,I requires I, 41-2°%), which crystallises from alcohol as 
long white prisms, m. p. 204°. 

p-Xylyltrimethylphosphonium mercuri-iodide (Found: I, 50:3; 
Hg, 26-1. C,H,*-PMe,I,Hgl, requires I, 49-9; Hg, 26-3%), m. p. 
152°, is obtained as prismatic plates when the precipitate resulting 
from the treatment of excess of the phosphonium iodide with mer- 
curic iodide in alcohol is recrystallised from the same solvent. The 
chloroplatinate (Found: Pt, 25-1. [(CgH,)P(CHg)3],PtCl, requires 
Pt, 25°3%), on recrystallisation from alcohol, forms orange needles, 
m. p. 236°. 

Hot alcoholic solutions of iodine and the phosphonium iodide 
were mixed; on cooling, metallic-lustred, dark red plates of the 
tri-iodide, CsHy*PMe,I, (Found: I, 67-9. C,,H,,I,P requires I, 
67-8%), m. p. 91°, separated, which were recrystallised from 
alcohol. 

p-Xylyldiethylphosphine (Found: C, 74:0; H, 99; P, 164. 
C,H,:PEt, requires C, 74-2; H, 9-9; P, 16-0%) is obtained by adding 
10 c.c. of the dichlorophosphine in 50 c.c. of ether to magnesium 
ethyl bromide prepared from 25 c.c. of ethyl bromide, 8 g. of magnes- 
ium, and 240 c.c. of ether (yield, 9 g.);_b. p. 157°/52 mm., d?" 0-9392. 
Like all the p-xylyldialkylphosphines, this phosphine possesses 4 
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penetrating, persistent, agreeable smell, somewhat reminiscent of 
hyacinths. 

The following derivatives were obtained by the methods described 
in the case of the methyl compounds. 

p-Xylyldiethylphosphine mercurichloride (Found: Cl, 15-7. 
C,H,PEt,,HgCl, requires Cl, 15-2%), white needles, m. p. 184°; 
p-vylylmethyldiethylphosphonium iodide (Found : I, 37-4. 

C,H,:PMeEt,I 

requires I, 37-8%), colourless rhombic prisms, m. p. 137°; the 
chloroplatinate (Found : Pt, 23-3. [(CgH,)P(C,H;).(CHs)],PtCl, re- 
quires Pt, 23-6%), orange needles, m. p. 217°; the phosphonium 
mercuri-iodide (Found: Hg, 25-4; I, 48-4. C,H,-PMeEt,I,Hgl, 
requires Hg, 25-4; I, 482%), long, pale yellow needles, m. p. 105° ; 
the tri-iodide (Found : I, 64-3. C,H,*PMeEt,I, requires I, 64-6%), 
glistening, chocolate-coloured needles, m. p. 85°. 

p-X ylyldi-n-propylphosphine (Found : C, 75-8; H, 9-9; P, 13-7. 
C.Hg*PPr, requires C, 75-6; H, 10-4; P, 13-99%) has b. p. 161°/ 
25 mm. and d? 0-9281. It is prepared (9 g.) by the addition of 
10 c.c. of p-xylyldichlorophosphine to the Grignard reagent obtained 
by using 30 c.c. of n-propyl bromide and 8 g. of magnerium. 

p-Xylyldi-n-propylphosphine mercurichloride (Found: Cl, 14-2. 
CyHy’PPr,,HgCl, requires Cl, 14-4%), needles, m. p. 188°; p-aylyl- 
methyldi-n-propylphosphonium iodide (Found: I, 34-6. C,H,*PMePr,I 
requires I, 34-8), needles, m. p. 105°; the chloroplatinate (Found : 
Pt, 21-6. [(C,H,)P(C,H,).(CH3)],PtCl, requires Pt, 22-1%), orange 
needles, m. p. 141°; the phosphonium mercuri-iodide (Found: I, 
46°38; Hg, 24-1. C,H,*PMePr,I,Hgl, requires I, 46-5; Hg, 24-5%), 
flaky yellow needles, m. p. 90°: the ¢tri-iodide (Found: I, 61-8. 
C,H,*PMePr,I, requires I, 61-6°%), needles, m. p. 76°. 

The preparation of p-aylyldi n-butylphosphine [Found : C, 76-8; 
H, 11-1; P, 12-3. C.H,°P(C,H,). requires C, 76-7; H, 10-9; P, 
12:4%] is effected by adding 10 c.c. of p-xylyldichlorophosphine in 
50 e.c. of ether to the Grignard solution obtained from 36 c.c. of 
n-butyl bromide, 8 g. of magnesium, and 240 c.c. of ether (yield, 
10 g.); b. p. 171°/16 mm., d? 0-9124. p-Xylyldi-n-butylphosphine 
mercurichloride [Found: Cl, 13-9. CgH,*P(C,H,).,HgCl, requires 
Cl, 13-6°%], needles, m. p. 179°; p-aylylmethyldi-n-butylphosphonium 
iodide [Found: I, 32-1. CgH,*PMe(C,H,).I requires I, 32-3%], 
recrystallised from water, forms needles, m. p. 93°; the chloro- 
platinate (Found: Pt, 20-4. [C,H *PMe(C,H,).],PtCl, requires Pt, 
20-8), orange needles, m. p. 215°; the tri-todide [Found : I, 59-0. 
CgH,*PMe(C,H,),I, requires I, 59-0°%], m. p. 70°. All the phosphon- 
ium tri-iodides herein described decompose at their melting points, 
liberating iodine, 
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p-Xylyldiisobutylphosphine (Found: C, 75-9; H, 10-2; P, 12-0%) 
was obtained by the action of 10 ¢.c. of the dichlorophosphine in 
50 c.c. of ether on magnesium isobutyl bromide prepared from 36 c.c. 
of freshly distilled isobutyl bromide and 8 g. of magnesium in 240 c.c. 
of ether. B. p. 184°/20 mm. The mercurichloride (Found: (1, 
137%), after recrystallisation, first from glacial acetic acid, and then 
from alcohol, was obtained as fern-like aggregated crystals, m. p. 
227°. The methiodide (Found: I, 312%), m. p. 120°, was re. 
crystallised from alcohol. 

The preparation of p-xylyldi-n-amylphosphine [Found : C, 76:8: 
H, 11-4; P, 10-7. C,H,*P(C;H,,). requires C, 77-6; H, 11-2; P, 
11-1%] is effected by adding 10 c.c. of the dichlorophosphine in 
ether to a Grignard reagent made from 40 c.c. of n-amyl bromide 
and 8 g. of magnesium. It has b. p. 214°/23 mm. Its mercuri- 
chloride [Found: Cl, 13-4. C,H,*P(C;H,,).,HgCl, requires Cl, 
12-9%] forms minute cubes, m. p. 117°. p-Xylylmethyldi-n-amy/l- 
phosphonium chloroplatinate (Found: Pt, 19-5. 

[C,H,-PMe(C,H,,).},PtCl, 
requires Pt, 19-6%) forms orange crystals, m. p. 151°. 


The authors are indebted to the Chemical Society for a grant which 
has partly defrayed the expenses of this work. 


THe TaTeEM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, February 2nd, 1931.] 


LXXVIT.—The Melting-point Curves of the Mono- 
basic Fatty Acids. 


By ANNIE Minticent Kine and Wiiu1AM EDWARD GARNER. 


THE melting points of the monobasic fatty acids lie on two curves, 
one for the even and the other for the odd acids. Both curves show 
a minimum in the neighbourhood of 4 or 5 carbon atoms. The law 
governing the shape of these curves has not yet been completely 
elucidated, and this is very largely due to the fact that the melting 
point is a property which concerns both the liquid and the solid state. 
X-Ray measurements by Miiller, Piper, and others have made clear 
the nature of the structure of long-chain compounds in the solid 
state, but very little is known about the molecular structure in the 
liquid state. Until the properties of liquids are better understood, 
it is donbtful if any comprehensive theory can be advanced to 
explain the melting-point curves. 

It is, however, possible from a study of the heats of crystallisation 
of long-chain compounds to make a step forward in the study of 
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their melting points. For the monobasic fatty acids, the heats of 
crystallisation are known up to the acid with 26 carbon atoms in the 
chain (Garner and King, J., 1929, 1849). The curve of the heat of 
crystallisation plotted against the number of carbon atoms gives a 
minimum at about the same point as that on the melting-point 
eurves (Garner, Madden, and Rushbrooke, J., 1926, 2491). There 
is thus some relationship between the heat of crystallisation and the 
melting points. 

In an earlier paper (tbid.), a theory of the melting points was put 
forward which was based on the view that the melting point was 
that temperature at which the probability of the attachment.of a 
molecule to the crystal surface was equal to the probability of its 
detachment. These probabilities depend on the critical increments 
of attachment and detachment of the various groups in the molecule, 
and also on the length of the molecule. If, as is reasonably certain, 
the attachment is by means of the methylene and terminal groups, 
then the number of methylene groups in the molecule is obviously 
an important factor. This is particularly the case for the probability 
of attachment of the molecule in its right place on the surface. 
Consider a molecule of a monobasic acid which is attached by four 
methylene groups to the surface. Number these 1, 2, 3, and 4 from 
the carboxyl group upwards. Any one of these methylene groups 
on collision with the surface can be held by a group already forming 
part of the solid. There are four types of methylene groups with 
which it can combine, and only one of these types of combination 









can result in the building up of a crystal lattice. The chance of a 
molecule being attached in the correct place is therefore 1/4, or for 
an acid with n carbon atoms, 1/$(n—2). Thus, the probability of 
attachment to the surface in the correct configuration increases as 
the carbon chain shortens. This factor accounts for the minimum 
in the melting-point curves for the monobasic fatty acids. It enters 
into the equation for the relationship between the heat of crystallis- 
ation and temperature in the following fashion (see previous paper 
for details) : 
Qn 2/4577 n +2 — Qn/4:57T,, = log, ok’ ,/k’’, + logion/(m—2), . (1) 
where Q,,, 2 and Q, are the molar heats of crystallisation for the 
acids with n +2 and m carbon atoms, 7',,2 and 7’, are the 
respective melting points, k’, is a constant depending on the rate 
of activation of a methylene group on the surface, and k’’, is a 
similar factor for the process occurring on crystallisation. 
It follows from (1) that 

A(Q/4:57T) — logy, m/(n — 2) = logyy h’y/k"y  ~ (2) 


Log,, ”/(n — 2) becomes negligibly small as compared with 
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A(Q/4-577') when the carbon chain is 24—30 atoms long; therefore, 
on integrating the above equation, we obtain 


AQ/T — 0-00475x3, log,, /(n — 2) = 
constant x » + aconstant. (3) 


The term on the left when plotted against » should give a straight 
line. This is found to be the case from n = 4 ton = 24 for the even 
members of the homologous series. The term on the left in equation 
(3) is found to be equal to 0-002698n — 0-0061. The degree of 
correspondence between the values for Q/7' from this equation and 
the. observed values of Q/7' can be seen from the table, in cols. 3 
and 4. The magnitude of the correction factor is seen from col. 2. 
Col. 5 contains values of Q given by the product of Q/7' (calc.) and 
T (obs.), and col. 6 gives the observed values of Y. The agreement 
is such as might be expected from the experimental error in the 
determination of Q. The figures for acetic acid cannot be given 
because it contains no methylene groups. 


No. of XY}, logyn/n—2 Q/7, Q/T, @ (cale.). @ (obs.). 
Catoms. x0-00475. cale. obs. (Cals. /g.-mol.). 
24 0-000000 0-05866 0-05927 20-88 21-10 
22 0-000173 0-05343 0-05325 18-81 18°75 
20 0-000382 0-04824 0-04882 16-75 16-95 
18 0-000661 0-04313 
16 0-000880 0-03795 0-03873 12-73 12:98 
14 0-001185 0-03287 0-03289 10-74 10-74 
12 0-001547 0-02783 0-02762 8-82 8:75 
10 0-001990 0-02287 0-02199 6-96 6-69 
8 0-002561 0-01805 0-01766 §-22 5-11 
6 0-003366 0-01346 0-01336 3°63 3°60 
0-004732 0-00942 0-009872 2-52 2-64 


It will be seen that the entropy change on crystallisation can there- 
fore be accurately represented by the equation 


Q/T = 0-002698n — 0-0061 + 0-00475z3, log,, n/(n — 2). 


In order to make a calculation of the temperature of melting of an 
unknown acid, it is necessary to be able to derive a value for Q. 
The manner in which the heat of crystallisation varies with the 
number of atoms in the carbon chain has not been interpreted 
theoretically, so that it is only possible to employ an empirical 
relationship similar to that given previously. For acids having 
more than 12 carbon atoms, Q increases at the rate of 2-060 Cals./ 
g.-mol. for every two methylene groups added to the chain. 


THE UNIVERSITY, BRISTOL. [ Received, February 3rd, 1931.] 
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LXXVIII.—Ozonitin. 
By THomas ANDERSON HENRY and THomas MARVEL SHARP. 


OXONITIN was first obtained by Carr (J., 1912, 101, 2241) by the 
raight J decomposition of aconitine permanganate with sulphuric acid. It 
> even § was subsequently examined by Brady (J., 1913, 103, 1821), Barger 
lation § and Field (J., 1915, 107, 231), Majima and Suginome (Ber., 1925, 58, 
ree of § 2047), and Spath and Galinovsky (Ber.,.1930, 63, 2994). The earlier 
n and § workers suggested formule containing 23 to 25 atoms of carbon. 
ols. 3 f The work of Spath and Galinovsky, however, indicates that the 
ol. 2. f compound is much more complex and they have suggested the 
) and § formula C,,H,,0,,N as being in better agreement with their analytical 
ment J results. We had occasion to examine this substance about 6 years 
n the § ago in connexion with our work on pseudaconitine, which is probably 
given §f closely related to aconitine. As we had no direct interest in oxonitin, 
the results then obtained were not published, but in view of Spath 
and Galinovsky’s results we offer the information we have in the 
hope that it may be useful to other workers in this field. These 
0 results support the view of Spiaith and Galinovsky to some extent in 
*~ that we also find oxonitin to be more complex than was originally 


(3) 


s.). 





. thought. The formula C,,H,,0,.N suggested by Spith and Galinov- 
“ sky implies the loss of only two atoms of carbon from aconitine 
5 ((5,H,,0,,N). Carr has shown that acetaldehyde is produced along 
9 with oxonitin and our analyses indicate that the methyl group 
attached to nitrogen in aconitine has been lost in oxonitin, a fact 
4 which has also been pointed out by Majima and Suginome (loc. cit.) ; 
here. 4°” unless the group attached to nitrogen is not indeed a methyl but 

an ethyl group, oxonitin cannot contain more than 31 atoms of 

carbon. So far as we are aware, ethyl groups attached to nitrogen 

have not been found in naturally occurring substances. It is of 
of an § Course impossible definitely to fix the formula of such a complex 
or Q, | Substance by analysis alone without the confirmation afforded by a 
» the number of derivatives, which in the case of oxonitin are not available. 
reted § Our earlier analyses agree with the formula C,H,,0,.N, but later 
‘rical | {2alyses performed by Pregl’s micro-method are higher in carbon 
ving and lower in hydrogen and agree better with the formula C3,H 390 2. 
‘als.) § Ve prefer the former, as it is occasionally found in micro-analysis 

that some water escapes absorption in the collecting apparatus and 
“3 so tends to give high carbon and low hydrogen figures. This formula 


differs from that of aconitine in having three carbon atoms and six 
hydrogen atoms less; these are accounted for by the loss of acetalde- 
hyde and the methyl group attached to nitrogen, and it contains 
oe additional atom of oxygen, the function of which is not yet 
u2 
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known. The numbers found for methoxy] are not in good agree. 
ment with this formula, although they agree, e.g., with the numbers 
found by Barger and Field, by Brady, and by Majima and Suginome. 
Our nitrogen figures are in agreement with those of Spath and 
Galinovsky, but much lower than those of the earlier workers, 
This is probably accounted for by the fact that methane may be 
evolved from aconitine derivatives (Dunstan and Carr, P., 1896, 12, 
48), and so give high results. This is obviated by using the newer 
method devised by Pregl (compare Henry and Sharp, J., 1928, 1109). 
Our oxonitin was prepared by Barger and Field’s method (loc. cit.), 
had m. p. 277° (decomp.), [«]—48-18° (c=0-4048 in chloroform), 
and gave the following analytical figures : Found (by macro-analysis) : 
C, 60-13, 60-13; H, 6-7, 6-7; OMe, 18-2; NMe, nil. Found (by 
micro-analysis): C, 60-57, 60-33: H, 6-32, 6-14; N, 2-34, 2-28, 
2-27, 2-26; OMe, 19-2, 18-6, 18-67, 18-75, 18-73; NMe, nil. 
C3;H,,;0,.N requires C, 60-04; H, 6-67; N, 2-26; 40Me, 20-05. 
C3,;H3,0,.N requires ©, 60-25; H, 6-37; N, 2-27; 40Me, 20-1%. 


We are indebted to Messrs. A. Bennett and H. C. Clarke for the 
micro-analyses. 


THE WELLCOME RESEARCH LABORATORIES, 
Lonpon, E.C. 1. [Received, February 7th, 1931.} 


LXXIX.—Dyes derived from Acenaphthenequinone. 
Part II. Azine and Azonium Derivatives. 


By Sismr Kumar Gua. 


In continuation of the work of Sircar and Guha (J., 1924, 125, 335) 
the following azine and azonium derivatives have been prepared by 
the condensation of 3-chloroacenaphthenequinone (Dziewonski and 
Zahrzewska-Baranowska, Bull. Acad. Polonaise, 1927, 3, A, 65) and 
3-bromoacenaphthenequinone (Graebe and Guinsbourg, Annalen, 
1903, 327, 87: Dziewonski, Schoenovna, and Glaznerovna, Bull. 
Acad. Polonaise, 1929, A, 636) with various o-diamines : 3-chloro- 
and 3-bromo-acenaphthaphenazine, 3-chloro- and 3-bromo-ace- 
naphthatolazine, 3-chloro- and 3-bromo-acenaphthanaphthazine, 
3-chloro- and 3-bromo-acenaphthaphenazinazine, 3-chloro- and 
3-bromo-acenaphthanaphthazine-5’-sulphonic acid, and _ phenyjl- 
3-chloroacenaphthanaphthazonium nitrate. 

These compounds have been obtained in well-defined crystalline 
forms. Except the last three, they are all insoluble in water but 
dissolve in concentrated sulphuric acid, giving solutions with 
characteristic colours from which they are precipitated by water as 
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PART II. AZINE AND AZONIUM DERIVATIVES. 583 
light flocculent masses suitable for dyeing wool from an acid bath. 
The dyed shades range from lemon-yellow to light chocolate and 
are quite even. The colours in the case of azines obtained from 
3-bromoacenaphthenequinone are decidedly deeper than those of 
the corresponding chloro-derivatives. 

The tinctorial properties of some of these compounds are not less 
developed than those of the available, most nearly corresponding 
phenanthraquinone derivatives (Sircar and Dutt, J., 1922, 121, 
1944; J. Indian Chem. Soc., 1924-25, 1, 201; Dutt, J., 1922, 121, 


952) - 
1952) : 


Compound. Dyeing shade on wool. 
3-Bromoacenaphthanaphthazine  ..........seceeeeeeeeeeeees Lemon-yellow 
2; 7-Dibromophenanthranaphthazine ................0000 Light yellow 
3-Bromoacenaphthaphenazinazine .............¢eseeseeeeeees Light chocolate 
?.Bromophenanthraphenazinazine .............0.ceeceeeeeees Reddish-brown 
Phenyl-3-chloroacenaphthanaphthazonium nitrate...... Yellowish-orange 
3-Bromonaphthaflavinduline (nitrate) .........cccceeeeeeee Orange 


EXPERIMENTAL. 
3-Bromoacenaphthenequinone.—The yield obtained in the following 
process is three times as large as that obtained by Graebe and 
Guinsbourg’s method (loc. cit.). 

3-Bromoacenaphthene (Crompton and Walker, J., 1912, 101, 
958) (5 g.) in 45 c.c. of glacial acetic acid at 100—118° is rapidly 
oxidised with 10 g. of well-fused, very finely powdered sodium di- 
chromate. The brick-red precipitate produced on addition of hot 
water is collected and well stirred for 90 minutes with 35 c.c. of 
10°, sodium carbonate solution at 75—-85°, and is then repeatedly 
extracted with small quantities of boiling dilute sodium bisulphite 
solution. The combined extracts are stirred at 65° and the liquid 
is filtered. This treatment eliminates 4-bromonaphthalic anhydride, 
the last trace of which is not removed by the alkali. The crystal- 
line bisulphite compound is washed with water and decomposed by 
boiling dilute sulphuric acid. The 3-bromoacenaphthenequinone 
crystallises from glacial acetic acid in yellow needles (1-1—1-2 g.), 
m. p. 238° (G. and G. record m. p. 194°; D.,8., and G., loc. cit., give 
m. p. 235—236°) (Found: Br, 30-7. Cale.: Br, 30-65%). 

The monophenylhydrazone, obtained from the quinone and 
phenylhydrazine in boiling alcohol, crystallised from glacial acetic 
acid in vermilion needles, m. p. 180° (D., 8., and G., give m. p. 179— 
180°) (Found : N, 8-2. Calc. : N, 8-0%). 

3-Chloroacenaphthaphenazine, C,H CI<N>C,H,, separated 


immediately in light cream-coloured, silky, rectangular plates 
when 3-chloroacenaphthenequinone (0:43 g.) and o-phenylenedi- 
amine (0-22 g.) were heated in 35 c.c. of boiling glacial acetic acid. 
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It was boiled with alcohol, in which it was only sparingly soluble, 
and recrystallised from glacial acetic acid; m. p. 278°. It is a light, 
fibre-like substance, soluble in benzene and pyridine, sparingly 
soluble in acetone, and gives a reddish-brown solution in concen. 
trated sulphuric acid (Found: N, 10-0. C,,H,N,Cl requires N, 
9-7%). 

3-Bromoacenaphthaphenazine, similarly prepared and _ purified, 
crystallised in light cream-coloured, silky needles, m. p. 272° (D.,%., 
and G., loc. cit., record m. p. 261—263°) (Found: N, 8-55. Cale.: 
N, 8-4%). 

3-Chloroacenaphthatolazine, C,gH,CI<N>C,H,Me.—The dark 
brown solution produced by boiling 3-chloroacenaphthenequinone 
(0-433 g.) and 3: 4-tolylenediamine (0-244 g.) in 40 c.c. of glacial § 2 
acetic acid for 10 minutes deposited, on standing, pale yellow § ° 
crystals. The azine was purified by precipitation with water from | 
glacial acetic acid solution, and repeated boiling with alcohol; it J | 
then crystallised from amyl alcohol in cream-coloured needles, § - 
m. p. 256°, soluble in benzene, pyridine, and acetic acid, sparingly 
soluble in alcohol, acetone, and methyl alcohol. The solution in 
concentrated sulphuric acid is brownish-red (Found: N, 9-6. 
C,,H,,N,Cl requires N, 9-25%). 

3-Bromoacenaphthatolazine, similarly prepared from 3-bromo- 
acenaphthenequinone (0-78 g.) and the diamine (0-366 g.) in 52 c.c. 
of boiling glacial acetic acid, crystallised in cream-coloured needles, 
m. p. 270° (Found : N, 8-3. C,,H,,N,Br requires N, 8-1%). 

3-Chloroacenaphthaphenazinazine, C,gH,CIKN>0,H,<N>CH, 
—A solution of 3-chloroacenaphthenequinone (0-65 g.) and 2 : 3-di- 
aminophenazine (0-63 g.) in glacial acetic acid (40 c.c.) was boiled 
for 20 minutes and kept over-night. The crystalline deposit was 
heated successively with a dilute solution of sodium bisulphite and 
with dilute acetic acid and washed with hot water. The azine does 
not melt. It gives a greenish-black solution in concentrated 
sulphuric acid and dyes wool in light chocolate shades from an acid 
bath. It is soluble in glacial acetic acid, aniline, pyridine and amy! 
alcohol, and sparingly soluble in benzene and alcohol (Found: N, 
14-1. C,,H,,N,Cl requires N, 143%). 

3--Bromoacenaphthaphenazinazine, similarly prepared from § de 
3-bromoacenaphthenequinone (0-78 g.) and 2 : 3-diaminophenazine 
(0-63 g.) in 55 c.c. of boiling glacial acetic acid, separated from 
pyridine, on cautious addition of hot water, in rectangular crystalline 
aggregates. It dyes wool in light chocolate shades and resembles 
the preceding compound in properties (Found: Br, 18-4. 
C.,H,,N,Br requires Br, 18-4%). 
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3-Chloroazenaphthanaphthazine, CygH,CI<N>C,oH,, crystallised 


when 3-chloroacenaphthenequinone (0-65 g.) and 1 : 2-naphthylene- 
diamine (0-47 g.) were heated together in 26 c.c. of boiling glacial 
acetic acid. After being boiled with alcohol, it crystallised from 
pyridine in silky. lemon-yellow rectangles, m. p. 274°, and from amyl 
aleohol in fine needles. It is soluble in chloroform, benzene, acetic 
acid, aniline, and pyridine, sparingly soluble in alcohol and acetone, 
forms a purple solution in concentrated sulphuric acid, and dyes 
wool in lemon-yellow shades from an acid bath (Found: N, 8-3. 
(',9H,,N,Cl requires N, 8-3%). 

3-Bromoacenaphthanaphthazine, similarly prepared from 3-bromo- 
acenaphthenequinone (0-52 g.) and the diamine (0-32 g.) in 35 c.c. 
of boiling glacial acetic acid, separated from pyridine in fine 
lemon-yellow needles, m. p. 266°. It dyes wool in pleasant 
lemon-yellow shades (Found: Br, 20-7. C,.H,,N.Br requires Br, 
20-9%). 

3-Chloroacenaphthanaphthazine-5’-sulphonic Acid, 


CygH,CI<N>C,oH,-SO,H. 


—3-Chloroacenaphthenequinone (0-43 g.) and 1 : 2-naphthylenedi- 
amine-5-sulphonic acid hydrochloride (0-62 g.) were boiled together 
with 40 c.c. of dilute acetic acid (2N approx.) for 30 minutes : fine, 
silky, fibre-like, canary-yellow needles of the condensation product 
separated. Glacial acetic acid (8—10 c.c.) was added, the heating 
continued for 2 hours, and the liquid filtered hot. The crystals 
were washed with dilute acetic acid and a little water and dissolved 
in very dilute warm caustic soda solution, and the filtered solution 
was concentrated to a small volume and acidified with dilute hydro- 
chloric acid; brownish-yellow flocks, not melting below 300°, were 
deposited. The acid is soluble in water, slightly soluble in glacial 
acetic acid and alcohol, and insoluble in benzene. Solutions in 
caustic alkalis or acetic acid solidify to a jelly on cooling. In con- 
centrated sulphuric acid, the acid forms a blood-red solution. It 
dyes wool in light yellow shades (Found: N, 7-0. C,,H,,0,N,CIS 
requires N, 6-7%). 

3-Bromoacenaphthanaphthazine-5’-sulphonic Acid.—Finely pow- 
dered 3-bromoacenaphthenequinone (0-52 g.) was added to 70 c.c. 
of boiling dilute acetic acid (2N approx.), containing the diamine- 
sulphonic acid hydrochloride (0-7 g.), and heated for 3 hours : silky, 
fibre-like, canary-yellow needles were produced. Glacial acetic acid 
(15 ¢.c.) was added, and the heating continued for 1 hour. The 
substance was purified through the sodium salt as in the preceding 
case (Found: Br, 17-4. C,,H,,0,N,BrS requires Br, 17-3%). 
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Phenyl-3-chloroacenaphthanaphthazonium Nitrate, el 
N—~p 
C,2H,Cl<y py, (NO,) > C10 6° : 


—3-Chloroacenaphthenequinone (0-43 g.) and phenyl-l-amino-f. § ,, 
naphthylamine (0-47 g.), dissolved in hot glacial acetic acid, were 5] 
treated with 2 c.c. of concentrated nitric acid and again heated for § j, 
2—3 minutes. The deep red solution, after treatment with ether, § 
slowly deposited small yellow-orange needles of the condensation § )< 
product. This was washed with ether and a little water and boiled 
with small quantities of dilute sodium bisulphite solution and J 4; 
alcohol. The xitrate melts and decomposes above 300°. It is § ¢, 
somewhat soluble in boiling water, soluble in acetic acid, acetone, J » 
alcohol, and pyridine, and insoluble in benzene and ether. It J}, 
gives a violet coloration with concentrated sulphuric acid and dyes J (7 
wool in yellow-orange shades from an acid bath (Found: Cl, 7-2. J p, 
C,H, ,0,N,Cl requires Cl, 7-4%). W 


I wish to thank the authorities of the Science College, Patna, for 


. ? ; : im 
taking an interest in this work, and Dr. A. C. Sircar, M.A., at whose W 
instance it was undertaken. | 
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ScreNcE COLLEGE, 
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LX XX.—Studies in the Composition of Coal. Methods 
for the Rational Analysis of Coal. 


By Witrrip FRANcIs and RicHARD VERNON WHEELER. 





In a previous paper (J., 1928, 2967), the results of rational analyses § ap: 
of coals, as applied to several series of American coals, were given. § did 
Each analysis involved the determination of the quantities of free J pit 
hydrocarbons and resinous compounds (estimated together), organ- r 
ised plant entities, and ulmin compounds of which the coal is § ths 
composed, together with a measure of the reactivity of its ulmin § ¢h; 
compounds (loc. cit., p. 2968). We now place on record similar § the 
analyses of British bituminous coals and describe in detail the § eo, 
methods of analysis, which are modifications of, and improvements § pat 
on, those used for the American coals. of 

The examination of the bright portions, the vitrains and clarains, § the 
of British bituminous coals by these methods has presented no 
difficulty, but the dull portions, the durains, have proved obdurate. 

When a durain is treated with an oxidising agent, such as 
Schultze’s solution, to remove the ulmin compounds (by rendering 
them soluble in alkalis), thus setting free the embedded plant 
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STUDIES IN THE COMPOSITION OF COAL. 587 
entities, it is found that more energetic oxidation is required than 
with the clarain from the same seam of coal. With an oxidising 
solution of such strength that the plant entities of a clarain remain 
as transparent reddish-yellow flakes, the residue from the corre- 
sponding durain contains many black and opaque particles appear- 
ing, under the microscope, to be unaltered coal, save that their 
edges are ravelled. (In this connexion, see Stopes, Proc. Roy. Soc., 
1919, B, 90, 470.) 

Durains, therefore, contain material, more resistant towards oxid- 
ation than the ulmins and less resistant than the plant entities, 
that is absent from clarains. The existence of a distinctive resistant 
material in a durain is emphasised in the original description of it 
by Stopes (loc. cit.) and is deduced, on several grounds, by Kellett 
(Trans. Inst. Min. Eng., 1928, '75, 400), Thiessen and Francis (U.S. 
Bureau of Mines, Tech. Paper No. 446, 1929), and Holroyd and 
Wheeler (J., 1928, 3197). Its origin is as yet uncertain. There 
are some reasons for believing that it, or some portion of it, approx- 
imates in character to fusain. On the other hand, Holroyd and 
Wheeler have found that a durain usually exhibits two “ active 
decomposition points,” the one identical with that of the corre- 
sponding vitrain and the other several degrees higher, both yielding 
distillation products of the same type; whilst our earlier work (J., 
1925, 127, 2236) showed that the regenerated ulmins from the 
durain and the vitrain from the same seam are identical in character. 
We therefore consider that the distinctive material in a durain 
(termed by Kellett ‘“‘ residuum,” and by Thiessen and Francis 
“opaque matter ’’) is for the most part a modified form of ulmin. 
It may here be remarked, as explaining why in our earlier rational 
analyses of American coals the difficulty of dealing with durains 
did not arise, that durain is rarely, if ever, encountered in American 
bituminous coals (see Thiessen and Francis, loc. cit., pp. 11 and 24). 

The general principle underlying the rational analysis of coals is 
that, as the “ coalification”’ process has proceeded, progressive 
changes in the molecular arrangement of the ulmins have increased 
their resistance to oxidation. Oxidation gradually changes the 
coal ulmins from a form insoluble in alkalis to a soluble form, the 
rate of formation of soluble ulmins being proportional to the rate 
of oxidation. The amount of ulmins present in any coal can 
therefore be deduced from its solubility in alkalis after oxidation, 
and the degree of “‘ coalification ”’ of the ulmins can be deduced 
from their reactivity. To complete the rational analysis, it is 
necessary to determine the amounts of mineral matter, hydro- 
carbons and resins (soluble in organic solvents), and what we have 
previously termed “‘ organised plant entities,” A better term, per- 
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‘ 


‘resistant residue,” 
it being, by comparison with the ulmins, resistant towards oxidising 
agents. For the most part this resistant residue consists of spore 
exines and cuticular tissues, substances of similar chemical char. 
acter, but there are also present, in varying proportion in different 
coals, black fusainised cellular tissues, such as wood tracheids, 
which modify its character. 


haps, for this mixture of many substances is 


Methods of Rational Analysis of Coal. 

Preparation of the Sample for Analysis ——The sample of coal is 
ground, dried, and sieved through a 60-mesh and on a 120-mesh 
sieve (I.M.M. standard). A weighed quantity, about 15 g., is boiled 
over a glycerol-bath during 8 hours with pyridine (15 c.c. per g. of 
coal) in a round-bottomed flask fitted with a ground-in reflux 
condenser. After cooling, the mixture is filtered and the residue, 
the amount of which must be determined, washed with a little 
pyridine, the filtrate being preserved for later treatment (the deter- 
mination of the hydrocarbons and resins). Fritted glass filter-discs 
(type 17 G.3, as supplied by the Jena Glass Works of Messrs. 
Schott and Gen.) should be used for the filtration. 

The extracted coal is transferred to a beaker, boiled for a short 
time with dilute hydrochloric acid, filtered, washed, and dried in 
an air-oven at 105°. It is then carefully ground, with frequent 
and thorough sieving, so as just to pass through a 120-mesh sieve. 
Any dust passing through a 150-mesh, the formation of which 
must be avoided, is discarded. 

The object of this preliminary treatment of the coals is to remove 
soluble hydrocarbons and resins, the amounts of which vary from 
coal to coal, and to obtain the same physical condition, as regards 
the texture as well as the size of the particles, for all the samples. 
Pyridine resolves the colloidal aggregates and eliminates any differ- 
ences in texture that there are between one coal and another 
(markedly between dull and bright coals). 

The Determination of the Resistant Residue.—A 0-5-g. sample of 
the treated coal is boiled during 7 hours under reflux with the 
oxidising solution appropriate to its carbon content, as set forth in 
Table I. 

After being cooled, the contents of the flask are filtered through 
a weighed crucible with fritted glass disc (type 2 G.3). The oxidised 
coal is washed from the filter into a beaker, the volume made up 
to 100 c.c., 20 c.c. of N-sodium hydroxide added, and the mixture 
gently boiled on a hot plate during 1} hrs. 

Before proceeding further, a small sample of the resistant residue 
at the bottom of the beaker should be removed for examination 
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STUDIES IN THE COMPOSITION OF COAL. 


TaBLeE I. 
Oxidising Solutions. 
Oxidising solution. 
Carbon content of a ; =~ 
coal (on “‘ pure HNQs, ¢.c. 





coal ’’ basis *). N-Acid. 2N-Acid. Water, c.c. KCIO,, g. 
78 37°5 —— 12-5 Nil 
79 40 — 10 Nil 
8U 42-5 - 7:5 Nil 
81 45 - 5 Nil 
82 47-5 — 2-5 Nil 
83 50 . Nil Nil 
84 46 and 4 Nil Nil 
85 — 28 22 0-2 
86 — 29) 21 O35 
87 —- 30 ?0 O-d5 
SS — 32-5 L7-5 0-625 
8o — 35 1d 0-75 
90 — 40 LO 1-0 
91 — 5O Nil 1-5 


* The estimation of the carbon content of a coal on the “‘ pure coal ** basis 
involves making an allowance for the fact that the “‘ ash” of a coal is not of 
the same composition or quantity as the original mineral matter (see Tideswell 
and Wheeler, Amer. Inst. Min. Met. Tech. Paper, No. 104, 1928). 


under the microscope. If the coal has been correctly oxidised, the 
particles, other than of fusainised wood tracheids, should be trans- 
parent and of a yellow, orange, or red colour. The larger particles 
will usually be portions of macro-spore exines and may not be 
quite transparent. The smaller particles will mostly be readily 
recognisable as micro-spore exines and fragments of epidermal and 
parenchymatous tissues. If the oxidising solution used has been 
too weak, the resistant residue will be opaque, whilst too strong an 
oxidising solution will yield bleached and macerated fragments. 

If this examination shows that the oxidising solution has been 
correctly chosen, the solution is filtered through the crucible pre- 
viously used, slow suction being applied if necessary. The residue, 
after having been washed successively with hot water, dilute hydro- 
chloric acid, and hot water (three or four times), is dried and 
weighed. The weight (P) represents the resistant plant entities 
together with insoluble ash. 

With a durain, because of the presence in it of material inter- 
mediate in oxidisability between the ulmins of the corresponding 
bright coal and the resistant residue, it is necessary to make a 
series of determinations with oxidising solutions of different 
strengths. The amounts of residue obtained are then plotted 
against the volumes of 2N-nitric acid in the different solutions. 
When all but the resistant residue has been rendered soluble (as 
can be confirmed by microscopical examination), a sharp break 
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occurs on the graph. ‘The value for the amount of resistant residue 
from a durain at this “end-point” is, however, too low in com. 
parison with the amount from the corresponding clarain, because 


Fra. 1. 


PARKGATE DURAIN. 


Weight of residue, g. 
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Volume of 2N-nitric acid in oxidising solution, c.c. 


the stronger oxidising solution used destroys some of the residue. 
A correction can be applied by producing backwards the flat portion 
of the graph (see Figs. 1 and 2) to cut the value for the correct 
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Volume of 2N-nitric acid in owidising solution, c.c. 


oxidising solution for the corresponding clarain, which must be 


previously determined. 
The validity of this correction has been checked in many deter- 





CO 















ssidue 
com- 
cause 


‘idue. 
rtion 
rrect 


t be 


eter- 








STUDIES IN THE COMPOSITION OF COAL. 591 


minations. Microscopical examination of the residues obtained on 
treating durains with a series of oxidising solutions shows that, at 
any point on the steeply sloping portion of a graph such as those 
in Figs. 1 and 2, they are for the most part black and opaque. 
When the break in the graph is nearly reached, most of the particles 
are translucent, and when the break has been passed they are all 
transparent and bleached. The weight of residue obtained when 
the larger particles begin to lose their opacity corresponds closely 
with the “‘ corrected ” weight obtained from the graph. Exampies 
are given in Table II of the examination of two durains, Parkgate 
and Barnsley “ hards,”’ in this manner. 


TABLE II. 
The Determination of the Resistant Residue in Durains. 


Weights of residues, g. 
Volume of 2N-nitric . A 





acid in oxidising Parkgate Barnsley 
solution, c.c. hards. hards. 
25 * 0-333 0:227 
28 0-162 0-154 
30 0-090 0-109 

32-5 0-074 fT 0-083 + 
37°5 — 0-062 
40 0-064 0-063 


* Correct oxidising solution for corresponding clarain. 
t All residue transparent or translucent. 


These figures are used for the construction of the graphs in Figs. 
1 and 2, from which the “corrected’”’ weights of the resistant 
residues are taken to be 0-085 and 0-10 g. respectively. 

The Determination of the Hydrocarbons and Resins.—The pyridine 
extract originally obtained from about 15 g. of the coal is distilled 
to remove as much of the pyridine as possible, and excess of dilute 
hydrochloric acid is added to the residue. The mixture is boiled 
during about } hour and filtered through coarse filter-paper when 
cool. The residue is washed copiously with water, dried, and 
completely extracted with ethyl ether in a Soxhlet apparatus. 
From the weight of extract a sufficiently accurate estimation of 
the amount of hydrocarbons and resins (together) in the coal is 
made. 

The Determination of the Reactivity of the Ulmins.—A sample of 
the prepared coal is heated under pressure with an oxidising agent 
under standard conditions, and the quantity of alkali-soluble ulmins 
thus formed is determined. The determination is conveniently 





carried out on 0-5 g. of the coal which, with 0-9 g. of potassium 
chlorate and 50 c.c. of N-hydrochloric acid, is placed in a 300-c.c. 
pressure-bottle. The bottle is weighted and immersed in a water- 
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bath which is quickly brought to its b. p. Boiling is continued 
during 7 hrs., the bottle allowed to cool over-night, and its contents 
filtered through a crucible with fritted glass disc (type 1 G.3). 
The residue is washed and rinsed with water into a beaker, the 
volume made up to 100 c.c., and 20 c.c. of N-potassium hydroxide 
solution, accurately measured, are added. A clock-glass is placed 
over the beaker, and its contents are boiled gently on a hot plate 
during 1} hrs. The solution is then filtered through the crucible 
previously used, the residue washed successively with hot water, 
dilute hydrochloric acid and, several times, with hot water, slight 
suction being applied only if unavoidable. The filtration and wash. 
ing should occupy about } hr. The weight (R) of the residue is 
obtained after drying it in an air-oven at 105°, and its ash content 
(A,) determined. 

The ash content of the original sample having been determined, 
the reactivity index of the ulmins can now be calculated from the 
following data : 


A = Weight of ash in 0-5 g. of the coal after extraction with 
pyridine. 
A, = Weight of insoluble ash, 2.e., ash in residue R. 
P = Weight of resistant plant entities together with insoluble 
ash. 
R = Weight of residue after pressure oxidation and extraction 


with potassium hydroxide solution. 
Reactivity index = (0-5 — A) — (BR — Ay) x 100 
: (0-5 — A) — (P — A,) 

When carrying out this determination, special care should be 
taken that the samples of extracted coal used are well mixed, 
sieved, and dried. Leakage of oxidising agent from the pressure- 
bottles must be prevented. For routine work, screw-stoppered or 
spring-controlled pressure bottles, or reaction-bottles closed with 
ground-glass discs, can be used, but for research purposes it is 
better to employ flasks the necks of which are sealed with the blow- 
pipe. When opening such flasks, care must be taken to avoid an 
explosion of the chlorine dioxide within. The crucibles with fritted 
glass discs used should be tested beforehand as regards their speed 
of filtration, by recording the times taken for them to become 
empty of water, no suction being applied. The most suitable 
crucibles drain almost completely in from 4 to 10 minutes. 

It should be noted that the reactivity index as thus determined 
has a different value from that obtained by the method described 
in J., 1928, 2967, because an oxidising solution of greater strength 
is used. Parallei determinations made by the two methods on the 
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American coals previously used, show that the relationship, New 
Value = 0-8 Old Value + 18, holds sufficiently closely to enable 
comparison to be made between the results recorded for the American 
coals and those for the British coals here given. 

These methods of analysis are used for the routine examination 
of coals, in connexion with various researches, in the Fuel Tech- 
nology Laboratories of Sheffield University. The least satisfactory 
determination is that of the “resistant residue.” The results 
obtained are always too low by an indeterminate amount, for the 
plant entities in coal are not wholly resistant to oxidation and all 
are not equally resistant. Typical rational analyses of British coals 
are recorded in Table III. 


TaBe III. 
Rational Analyses of British Coals. 


Rational analysis, %. 





c 


Hydro- Reac- Carbon, 
carbons. Resis- tivity % on 
and tant index of ash-free 
Description of coal. resins. residue. Ulmins. ulmins. dry coal. 
Seven Foot (Warwickshire) ... 2-9 2°8 94:3 81 78-2 
Hamstead, durain (Stafford- 

WEED. - saticatanneneviesaann Sescces 3°5 21-4 75:1 77 80-9 
Yard (Lancashire) ............+++ 3°7 6-9 89-9 76 81-4 
Waterloo (Derbyshire) ......... 3-2 4:7 92-1 68 82:1 
Barnsley, brights (Yorkshire) 3:4 10-8 85-8 62 85-5 
Deep Hard (Derbyshire) ...... 2-7 4:8 92-5 61 83:3 
Barnsley, hards (Yorkshire) ... 2-9 18-2 78-9 58 84:5 
Silkstone (Yorkshire) ............ 4-0 3-4 92-4 58 83-6 
Wigan Six Foot (Lancashire) ... 3-0 4-] 92-9 57 82-5 
Parkgate, brights (Yorkshire) 3-4 11-3 85-3 56 85-6 
Swallowood, brights (Yorkshire) 3-4 10-8 85-8 56 84-6 
Swailowood, hards (Yorkshire) 3-1 15-7 81-1 55 84°2 
Hutton (Durham) ............... 2-6 23-8 72-6 54 86-3 
Parkgate, hards (Yorkshire) ... 3-0 13-2 83-8 52 84-7 
Busty (Durham) ....<..6000520000- 2-6 18-4 79-0 47 85-6 
ener 4-8 13-8 81-4 44 88-6 


‘“Hards”’ and “ brights”’ are terms used locally to describe 
parts of the seams mined separately, the ‘‘ hards” being mainly 
durains with vitrain bands and the “ brights ”’ mainly clarains. 


During the later stages of this work, we had the assistance of 
Dr. Heathcoat, in receipt of a grant from the Fuel Research Board, 
to whom we wish to express our thanks. 


DEPARTMENT OF FUEL TECHNOLOGY, 
SHEFFIELD UNIVERSITY. [Received, January 10th, 1931.] 
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LXXXI.—The EHaxistence of Solid Polyiodides of 


Potassium at 25°. 
By Norman SINGERS GRACE. 


SoLip polyiodides of cesium, rubidium, and ammonium have been 
shown definitely to exist at ordinary temperatures by the work of 
Johnson{(J., 1878, 33, 397), Wells and Penfield (Z. anorg. Chem., 
1892, 1, 86), Wells and Wheeler (ibid., p. 442), and Briggs, Greena- 
waid, and Leonard (J. Physical Chem., 1930, 34, 1951). On the 
other hand, no solid polyiodides of sodium or lithium are reported. 
The intermediate case of the existence of solid polyiodides of 
potassium has been the subject of several researches which have 
led to conflicting conclusions. 

Johnson (J., 1877, 31, 249), by slow evaporation of a concentrated 
aqueous solution of iodine in potassium iodide, obtained prismatic 
crystals which had the empirical formula KI, and melted at about 
45°. Wells and Wheeler (loc. cit.) repeated this preparation and 
obtained monoclinic crystals which they considered to be tri-iodide 
(no analysis was given) and which melted at about 38°. 

Foote and Chalker (Amer. Chem. J., 1908, 39, 561) carried out a 
phase-rule study of the problem: in a condensed ternary system, 
the presence of three phases reduces the system to isothermal 
invariance. In the system iodine—potassium iodide—water at 25”, 
they reported three invariant solutions which they considered to be 
in equilibrium with (1) KI and KI,, (2) KI, and KI,, and (3) KI, 
and I,, respectively. Parsons and Corliss (J. Amer. Chem. NSoc., 
1910, 32, 1367) criticised this work on the grounds that (1) the 
analytical results do not agree sufficiently well amongst themselves, 
(2) the wet solid was dried between filter papers and only one 
component determined, and (3) equilibrium may not have been 
established. The latter authors then studied the system iodine- 
potassium iodide—aqueous alcohol, using two different concentra- 
tions of alcohol (40% and 60%); in each case only one invariant 
point was found, from which they conclude that no solid poly- 
iodides of potassium exist under the conditions of their experiments. 

Parsons and Whittemore (ibid., 1911, 33, 1933) studied the system 
iodine—potassium iodide—water at 25° and found only one invariant 
point, which they stated was in equilibrium with both solid iodine 
and potassium iodide. Assuming that water cannot enter into the 
composition of the solid phase, they conclude that no solid poly- 
iodide of potassium exists at 25°. 

The binary system iodine—potassium iodide has been studied by 
Abegg and Hamburger (Z. anorg. Chem., 1906, 50, 403), by Kre- 
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mann and Schoulz (Monatsh., 1912, 33, 1087), and quite recently 
by Briggs and Geigle (J. Physical Chem., 1930, 34, 2250). Although 
the earlier workers obtained rather conflicting results, the last showed 
from the temperature-concentration diagram (from 70° to 191°) 
that iodine and potassium iodide are the only stable solids in contact 
with the melt, and they obtained no evidence for the existence 
of solid polyiodides in this binary system. The eutectic between 
iodine and potassium iodide occurs at about 80°, which is 40° higher 
than the melting point reported by Johnson and by Wells and 
Wheeler for the tri-iodide. 

Abegg and Hamburger (/oc. cit.), from a study of the equilibrium 
of iodine between a benzene solution and solid potassium iodide at 
25°, considered the compound KI, to be the only stable polyiodide 
of potassium existing at 25°. 

Clark and Duane (J. Opt. Soc. Amer., 1923, 7, 472) prepared 
monoclinic crystals by Johnson’s method (no analysis is given) and 
studied the structure of these crystals by a new X-ray method. 
Their results indicated that the material was a definite compound 
and not merely a mixture of iodine and potassium iodide. 

Ephraim (Ber., 1917, 50, 1069) prepared the tri-iodide by John- 
son’s method (no analysis is given) and determined its dissociation 
pressure over the temperature range 91—169°. He found pressures 
higher than the vapour pressures of iodine at corresponding 
temperatures. 

Up to the present, four investigators have considered that they 
have prepared the tri-iodide, although only one reports analyses 
supporting his results, whilst two have obtained evidence for the 
existence of the tri-iodide. On the other hand, at least four 
investigations have failed to show evidence in favour of the tri- 
iodide or have yielded evidence against its existence. ‘Two inves- 
tigators have reported the heptaiodide, while four others have 
obtained no evidence for it. 

Possibly the most significant fact emerging from these con- 
flicting results is that when an equimolecular mixture of dry iodine 
and potassium iodide is heated, the first melt does not appear till 
a temperature of 80° is reached, whereas potassium tri-iodide pre- 
pared from aqueous solution is reported to begin to melt at as low 
a temperature as 38°. Abegg and Hamburger (loc. cit.) have sug- 
gested that this difference in melting temperature is due to moisture 
in the material crystallised from solution, but do not appear to 
have tested this hypothesis experimentally. 

In the present work the cause of the difference in melting points 
of the dry and the crystallised material was first studied, and led to 
the idea that potassium tri-iodide crystallises from aqueous solution 
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as a monohydrate. This suggestion, which explains Ephraim’s 
results, is not in disagreement with the published phase-rule work 
and is strongly supported by additional data now advanced. 


EXPERIMENTAL. 


Relation between Melting Point and Moisture Content.—Potassium 
tri-iodide was prepared according to Johnson’s method from 
resublimed iodine and B.P. potassium iodide once recrystallised 
and free from iodate. After being dried for 3 weeks over phosphoric 
oxide in an attempt to remove all mechanically held moisture, the 
crystals were analysed (Found, mean of two analyses: KI, 37-74; 
free [, 61-07. Calc. for KI, : KI, 39-55; free I, 60-45%). The free 
(polyiodide) iodine was determined by titration with N/10-sodium 
thiosulphate, and potassium iodide was determined on a separate 
portion by gentle ignition at about 250°. 

This material did not melt at all sharply, liquid first appearing 
at 40°; it was opaque, making it difficult to follow the progress of 
melting or crystallisation. For this reason, phase changes were 
followed by means of cooling curves, which were taken in a 
sealed glass apparatus because of the very hygroscopic nature of 
the material. Temperatures were measured by a sensitive thermo- 
couple protected by a thin-walled glass sheath and embedded in 
the midst of the sample. The curves for this specimen showed 
only one temperature arrest, viz., at about 35°. A dry mixture of 
iodine and potassium iodide in equimolecular proportion showed an 
arrest at 78° and none at a lower temperature (compare Briggs and 
Geigle, loc. cit.). 

Two samples of this tri-iodide were sealed up so that the vapour 
was in contact with phosphoric oxide. The first sample, after 
drying thus for one week at 95°, gave a cooling curve in which the 
temperature arrest occurred at 78° instead of 35°. After 2 more 
weeks’ drying at 95°, the arrest was at 79°: further drying produced 
no change. The second sample, after drying for 4 months at room 
temperature, was sealed off from the phosphoric oxide, and cooling 
curves-were obtained which showed no temperature arrest below 
72°. Thus, by removal of moisture, the m. p. of the tri-iodide is 
changed from about 35° to 79°, which is the temperature at which 
dry iodine and potassium iodide first begin to melt. 

These results also indicate how difficult it is to remove all the 
moisture from the tri-iodide, since even after 4 months’ drying over 
phosphoric oxide the cooling curve gives a slightly lower temperature 
arrest than in the case of the dry mixture. 

When the tri-iodide is dried over phosphoric oxide at atmospheric 
pressure, the crystals lose their shiny blue-black appearance and 
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seem to decompose; and when drying is effected in a high vacuum 
in a sealed glass apparatus at room temperature, crystals of iodine 
sublime on to the walls of the vessel. After 6 weeks in the latter 
conditions, the decomposition of the crystals appeared complete, 
all the iodine having sublimed away from the original sample, 
leaving a white residue of potassium iodide. After a further 3 
months, the appearance of the potassium iodide was unchanged, 
indicating that no recombination was occurring. Moreover, when 
the tube was opened, the sample was found to contain only 0-5%% 
of free iodine. A duplicate experiment gave similar results. These 
experiments suggest, not only that the tri-iodide prepared from 
aqueous solution contains moisture, but that the moisture is com- 
bined, and essential for the existence of solid potassium tri-iodide. 
It is significant that tri-iodide remains bright and crystalline for 
months either at atmospheric pressure or in high vacuum when 
sealed up without a drying agent being present. 

The Estimation of Water in Potassium T'ri-iodide.—In previous 
work on this subject, no direct estimation of the water present in 
the material has been made. Johnson is the only worker reporting 
analyses of the tri-iodide. In his first series of analyses he assumed 
that his material was free from moisture, and determined either 
iodine or potassium iodide, finding the other by difference. If his 
results are recalculated without this assumption, we obtain: 
KI, 37-70; free I, 59-02; total, 96-73%; KI: 1, = 1: 1-023; his 
second series, in which he determined total iodine as silver iodide 
and potassium as sulphate (on separate samples), gave K, 9-25; 
I, 90-21; total, 99-46%. 

The totals of iodine and potassium iodide found by analysis for 
two different preparations of potassium tri-iodide in the present work 
are 98-81 and 98-69%. Each of these samples had been dried in a 
desiccator over phosphoric oxide for 3 weeks. The fact that all these 
analyses, carried out by different methods and on different samples, 
give totals which fall considerably below 100% is further evidence 
that the tri-iodide prepared from aqueous solution contains moisture, 
and made it necessary to determine this moisture by a direct method. 

A method was devised which possessed the advantage of enabling 
the three constituents to be determined simultaneously on one 
sample. The apparatus employed is illustrated in Fig. 1; A is a 
glass tube, equipped at one end with a ground-glass stopper, and 
fitted at the other by a ground joint to the tube D, which is packed 
with fine strips of silver foil and heated to about 325° by an electric 
furnace E. D is connected to two tubes of phosphoric oxide, F 
and G, by short pieces of pressure tubing. In carrying out an 
amalysis, a sample is weighed into a boat contained in a well- 
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stoppered weighing bottle. The boat is then rapidly transferred 
to A, and a stream of nitrogen, dried by passage over phosphoric ff w 
oxide, is passed via H through the apparatus. The boat is gently § in 
heated to drive off the volatile constituents, leaving the potassium J so 
iodide, which is weighed as such. The iodine is weighed as silver § a 
iodide in D and the moisture in F. The method gave quantitative J pe 
results on known mixtures. The potassium iodide, even after being § th 
strongly heated, always retained a little iodine: this was deter- J sl 
mined by titration with thiosulphate, and a correction (generally less | an 
than 0-05%) applied for it. 
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Potassium Tri-iodide.—Since, as already shown, drying with 
phosphoric oxide decomposes the tri-iodide, it is very difficult to J + 
free the crystals entirely from mother-liquor, and therefore they 
were dried by the method devised by Baker and Adlam (J., 1911, §. It 
99, 507), in which excess moisture is absorbed by some of the same § iodi 
material previously partially dehydrated. In this way it was pos. § wat 
sible to prepare material of reproducible moisture content which § weig 
corresponded closely with the composition KI,,H,O (see Table I). § H,0 
A part of sample No. 7, dried as above, melted fairly sharply at § Simi 
31°. These crystals contained slightly more than 1H,O, and as fof th 
this system is very sensitive to small changes in moisture content, J ‘om 
this melting point is probably low. The differences in melting J rang 
temperatures recorded by Johnson and others for potassium tri- § Or 
iodide are therefore probably due to variations in the water content fi zlass 
of the material used. plete 
TABLE I. resid 
Analyses of potassium tri-iodide prepared by Johnson’s method. §* *™ 
Percentages. Molar ratios (KI=1]). 30¢ 
Sample  Treat- —_—__-- Se Bin th 
No. ment. KI. I,. H,0. I,. H,0. Ph 
7 Not dried 37-01 57-95 5-05 1-02 1-26 iodide 
5 - 36-77 58-48 4-90 1-04 1-23 | 
7 - 37-48 58-24 4-41 1-02 1-09 a880C] 
7 . 37-10 58°37 4-50 1-03 1-12 the e: 
8 be 37-02 58-53 4-50 1-03 1-12 : 
Mean of last three 1-03 1-11 and J} 
* These samples were dried till constant in weight over partially dehydrated oe ’ 
or Ne 


KI,,H,O (period of drying, about one month). 
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Potassium Heptaiodide.—During certain crystallisations, a solid 
was obtained in which the ratio KI : I, was nearly 1 : 3, whilst that 
in the solution was only 1: 1:54. This seemed to indicate that the 
solid separating was a compound and not a mixture. By saturating 
a solution with both potassium iodide and iodine at room tem- 
perature (16°), care being taken to have a large excess of iodine in 
the solid phase, decanting the solution, and then evaporating it 
slowly over phosphoric oxide, crystals were obtained which gave 
analyses close to the composition KI,,H,O, as shown in Table IT. 


TABLE II. 
Analyses of potassium heptaiodide. 








Percentages. Molar ratios (KI= 1). 
Sample Treat- PP ? ; 
No. ment. KI. I,. H,0. I,. H,0. 
J Not dried 17-75 79-59 2-80 2-93 1-45 
2 a 17-38 79-70 2-98 3-00 1-58 
3 s 17-29 80-06 2-76 3-03 1-47 
l * 17-75 79-93 2-36 2-94 1-23 
3 * 17-51 80-20 2-30 2-99 1-21 
Mean of last two 2-97 1-22 


* Crystals dried to constant weight over partially dehydrated KI,,H,O. 


It is of interest that potassium heptaiodide, as well as the tri- 
iodide, appears to exist in a hydrated form. Since one molecule of 
water of crystallisation constitutes only 1-90% of the molecular 
weight, and since the material is very hygroscopic, the molar ratio 
H,O : KI, = 1-22:1 is as close to unity as could be expected. 
Similar difficulties occurred in determining the degree of hydration 
of the tri-iodide. Samples of the hepta-iodide, dried as above, began 
to melt at about 38°, but melting extended over a large temperature 
range. 

On being dried over phosphoric oxide in a high vacuum in a sealed 
glass vessel, the heptaiodide, like the tri-iodide, decomposes com- 
pletely, iodine subliming on to the glass walls and leaving a white 
residue of potassium iodide. After 5 months’ drying in a vacuum, 
i sample contained only 0-7% of iodine (initial iodine content 
90%). These results indicate that the heptaiodide exists only 
in the hydrated form. 

Phase-rule Studies.—It is necessary to reconcile the two poly- 
iodides KI,,H,O and KI,,H,O with the results of Parsons and his 
associates, whose work (locc. cit.) has been interpreted to disprove 
the existence of solid polyiodides of potassium at 25°. Parsons 
and Whittemore base their conclusion largely upon three sets of 
observations, serial Nos. 8, 9, and 18 (see their Table I); the data 
for No. 18 show that, although an invariant point was established, 
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the potassium iodide content of the wet solid was varied only 
between 11-3 and 16-1%, and therefore the whole range was not P 
covered. These scanty data of No. 18 do not justify those authors 
in stating that this was the only invariant point which occurred in 7 
the system, for Foote and Chalker, from seven sets of analyses, 
found three invariant points. Nos. 8 and 9 are stated to be in 
equilibrium with excess potassium iodide, and yet the wet solid 
in each case contained over 56% of iodine, whilst the solutions 
contained 63 and 66% of iodine respectively. This would imply 
for No. 8 that the wet solid contained 89° of mother-liquor. [f, 
however, Schreinemakers’s method is employed for No. 8, the com. 
position of the solid phase is very definitely not potassium iodide 
alone, but a mixture of iodide and either iodine or a polyiodide. If 
this were a mixture of potassium iodide and iodine, then the solution 
in equilibrium in No. 8 should be the invariant solution of No. 18; 
since, however, this is not the case, No. 8 must have been in equi- 
librium with potassium iodide and a polyiodide, 7.e., two solid 
phases, and this makes No. 8 another invariant point. Schreine- 
makers’s construction for point No. 9, while indicating the solid phase 
as potassium iodide, intersects the line for No. 8 at such an angle 
that the experimental data for these points appear incompatible. 

These results of Parsons and Whittemore, being incomplete and 
rather contradictory, certainly do not disprove the existence off‘ ; 
solid polyiodides, and made it necessary to work out the phase- 
rule system in greater detail. 

Only the more concentrated solutions in the system iodine- 
potassium iodide—-water were therefore now studied. Reagents of 
the same purity as those described earlier were employed. Mixtures}? 
of the desired compositions were made up in glass bottles, the 
stoppers of which were carefully ground to ensure absence of leakage. 
After the bottles had been filled, the stoppers were pushed well 
home and waxed over, and the bottles rotated in a thermostat at 25°. 
Samples of solution for analysis were removed by suction through 
an asbestos filter supported on a glass sieve, and wet solid was taken 
out on a glass spoon. During sampling, each bottle was placed 
in a beaker of water at 25°, and the sampling apparatus was pre- 
viously warmed to this temperature. The attainment of equl- 
librium was followed by titration of the iodine in weighed portion: 
of solution with N/10-thiosulphate. By initially heating the 
mixtures to about 50°, it was found that equilibrium was generally 
reached within one month, a time considerably shorter than that 
given by Parsons and Whittemore. At least one week was allowed 
to elapse after equilibrium had been attained, and then both solution 
and wet solid were analysed by the complete method described on 
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p. 0997. The two methods employed for determination of the 
iodine present in the solution gave concordant values. The 
results obtained are given in Table III and appear graphically in 
Figs. 2 and 3. In Fig. 2 only that portion of the field which was 
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present and earlier phase-rule data. 
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TABLE ITI. 


The three-component system iodine—potassium iodide—water at 25°, 


Composition of moist solid 


Composition of liquid phase. phase. 

No. KI, %. I, % H,O, %. KI, %.- I,,% H,O, % 
l 32-18 57-83 9-96 71-27 24-59 4-16 
2 30°25 61-93 7: Sal 54-70 40-49 4-82 
3 30-20 61-91 7-82 I tA 47-32 47-96 4-83 
4 — 30-30 61-99 7-77; invariant A. 44.97 50-21 5-42 
5 30-26 61-98 7-80) 38-02 56-58 5:36 
6 29-09 63-40 7-45 34-20 60-01 5:76 
7 28-92 63-88 7°16 34-54 59-92 5°49 
Ss 28-36 64:85 6-87 34-28 60-55 5-20 
9 27-28 66-15 6-57 32-12 63-60 4-39 
10 27-30 66-13 6-59 } Invariant B. 24-01 72-63 3°45 
ll 27°23 66-05 6: 69] 21-78 74-60 3°70 
12 27-04 66-65 6-358 22-06 73-58 4-4] 
13 26-52 67-34 6:20 21-65 74-42 4-02 
14 26-01 68-02 6-02 | 19-70 76-54 3°71 
15 26-09 67-90 5-98 ; Invariant C. 20-30 75-31 4-4] 
“16 «25-92 68130 | 11-32 86-56 met 
17 25-82 67-30 6-79 1l-1i 85-90 3°05 
18 25-47 67-01 7-62 13-02 83-00 3-92 
*19 25-08 65-98 — 4-00 94-39 —- 


* These values were determined by Parsons and Whittemore, loc. cit. 


(The points in Fig. 2 are numbered as in the above table, and the lettering 


of the invariants corresponds with Fig. 3.) 


Three invariant solutions were obtained in this system at 25°, 
involving four solid phases: iodine, potassium iodide, and two 
polyiodides. The phase rule furnishes evidence that KI,,H,0 
represents the composition of one polyiodide, and does not disagree 
with the empirical formula of the other. The heptaiodide, however, 
exists in equilibrium with such a limited range of solutions that 
Schreinemakers’s method hardly furnishes a critical test of the 
composition of this solid. 

Further information regarding the composition of the hepta- 
iodide was obtained from the following experiment. Samples of 
potassium iodide, tri-iodide, and heptaiodide, the last two being 
somewhat moist with mother-liquor, were placed in three com- 
municating limbs of a glass apparatus which was evacuated and 
sealed. After 3 months, the apparatus was opened and the samples 
were analysed. The heptaiodide wre a composition lying on the 
line joining KI,,H,O to I, (Fig. 2, Point 20) very close to the 
point which corresponds with the composition KI,,H,0, but slightly 
nearer the tri-iodide; the tie lines joining solutions with wet solids 
on the heptaiodide range intersect with this line almost exactly 
at the point KI,,H,O, which establishes with some certainty that 
the heptaiodide is a monohydrate. 

Phase-rule Studies with Aqueous Alcohol.—When Parsons and 
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Corliss used 60% alcohol as the solvent, they showed one invariant 
solution of the system to be in equilibrium with iodine, potassium 
iodide, and mixtures of the two; with 40% alcohol, they also found 
only one invariant point. This invariant solution was shown to be 
in equilibrium with two different mixtures of iodine and potassium 
iodide, but it was not shown to be in equilibrium with pure iodine. 


Fria. 3. 
H,O 


/\ 
/\ | \ 
/ \ \. 


f / 





: Mol. % 
Invariant soln. assesses, 
at 25°. KT, Il. HO. 
A 21-2 284 50-4 
B 20:7 32:9 46-4 
C 20-7 35:3 44-0 


The result is therefore inconclusive. The invariant solutions in 
these cases contained 7-5 and 6-7% of solvent respectively, or 3 
and 4% of water. It is quite probable that the pressure of water 
vapour over these solutions is so low that hydrated polyiodides 
could not exist in equilibrium with them; but if anhydrous poly- 
iodides exist, the first of these studies should have detected them. 
Phase-rule studies in which a mixed solvent is employed are unsatis- 
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factory if one or both of the components of the solvent can enter 
the solid phase, as the complexity of the system is thereby increased. 

Equilibria involving Non-aqueous Solvents—The evidence pre- 
sented in the preceding pages is not consistent with the existence 
of anhydrous potassium polyiodides at 25°, yet Abegg and Ham. 
burger (loc. cit.) reported what they considered to be anhydrous 
heptaiodide. In their study, solid dry potassium iodide was shaken 
with a solution of iodine in benzene in sealed bulbs in a bath at 25°, 


and the potassium iodide, though not entering the liquid phase, : 


removed iodine from it and formed a polyiodide in the solid phase. 
Convincing evidence is presented, almost entirely from synthesis, 
that the ratio iodide : iodine in this compound is 1 : 3. 

Since these results do not appear to be in harmony with the 
deductions from the work on equilibria with aqueous solvents, the 
method was further investigated. Instead of benzene, tetrachloro- 
ethane (westron) was used as solvent; it was dried with calcium 
chloride, then with quicklime, filtered, and distilled, the fraction 
of b. p. 145—146° being retained. A solution of iodine in this 
solvent did not change in concentration when kept for a month at 
25°. A saturated solution of iodine therein at 25° was found to be 
0-328N, and the solubility of potassium iodide in such a solution 
did not exceed 0-007%. 

Iodine dissolved in tetrachloroethane, together with dry finely 
powdered potassium iodide, was shaken in a thermostat at 25° in 
bottles similar to those described earlier. The results obtained 
(Table IV) by using 100 c.c. of solvent and titrating 10 c.c. portions 
show that potassium iodide does not remove iodine from dry tetra- 
chloroethane solution. In the table, the column headed “ titre” 
refers to the number of c.c. of N/10-sodium thiosulphate required 
per c.c. of solution. 


TaBue IV. 
The influence of solid potassium iodide on the concentration of iodine 
in tetrachloroethane at 25°. 


Time, Time, Time, ' 
days. KI,g. Titre. days. KI, g. Titre. days. KI,g. Titre. 





0 — 327 0 564 3-10 0 8:00 2:58 

1/0 0-72 3-27 7, - $6 7 abe 2:57 
| 7 —_— 3-28 2211 — 3-09 7 0-03 c.c. of 

200 — 3-28 — =) aoe 3 H,O added — 

SS. — 2a 8 in 2-46 

12 sa 2-47 

18 hens 2-46 


The fact that the titre fell only when a drop of water was added 
(Expt. 3) is very strong evidence that unsolvated polyiodides of 
potassium do not exist. 
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SOLID POLYIODIDES OF POTASSIUM AT 25°. 


iter The negative result obtained with tetrachloroethane made it 
ed. | desirable to do similar experiments with benzene as the solvent. 
ore. | A.R. Benzene, which gave a negative test for thiophen by the isatin 
nee § reaction, was dried with pure calcium chloride, filtered, and distilled 
um. § (b. p. 80-2°). A nearly saturated solution of iodine in this liquid 
ous § did not change in concentration during one week at 25°. A satur- 
ken § ated solution of iodine in benzene, according to Abegg and Ham- 
25°. | burger and here confirmed, is 1-:09N. The solubility of potassium 
ase, [iodide in this solution was less than 0-005%. Experiments were 
ase, | carried out similar to those employing tetrachloroethane, with the 
sis, § exception that titrations were made with N/10-thiosulphate on 1 c.c. 

- | portions of the benzene solution. The results are in Table V. (In 
the § Expt. No. 1, if all the iodine had been dissolved the titre would 
the | have been 12-0 c.c.) 





oro- TABLE V. 
UF Lhe influence of solid potassium iodide on the concentration of iodine 
Hon in benzene at 25°. 
this ; 
sa Days. Titre. Days. Titre. 
Expt. No. 1. C,H,,50 c.c. ; Expt. No. 3. CgH,, 50 c.c.; 

) be KI, 4-37 g.; I,, 7-48 g. KI, 1-67 g.; I,, 12-61 g. 
tion 0-2 9-70 3 10-8 

1 7-00 10 10-6 

2 6-66 14 9-34 
ely 4 6-70 1.6.68 17 8-92 
° in 6 6-68 22 8-10 

24 7°87 
ned 27 7:83 
‘ons Expt. No. 2. C,H,, 100 c.c.; 31 7-81 
‘ KI, 3-41 g.; I,, 9-89 g. 
tra- 0 7-85 
re” 2 6-63 | pane 
4 6-67 f 65 
ired ed , 
* Equilibrium titre. 

Expts. 1 and 2 confirm the results of Abegg and Hamburger, and 
tial the concentration of the invariant liquid, viz., 0-666N, agrees well 
| with their values, which fell between 0-660 and 0-670N. 

The removal of iodine by solid potassium iodide indicates very 
itre. @tOngly the formation of a polyiodide. The method of Expt. 3, 


.58 2 which the proportions were so chosen that the final titre of the 
‘57 ~Gsolution lay between saturation (10-9) and the invariant (6-66), 
may be used for preparing this compound. The final titre in Expt. 
‘46 3, viz., 7-81, is very close to the value calculated on the assumption 
46 tat heptaiodide is formed, and agrees with the experiments of 
Abegg and Hamburger in which they show the ratio KI : I, in the 
polyiodide is 1: 3. 

Considering the accumulated evidence against the existence of 
usolvated polyiodides of potassium, and bearing in mind the 

x 
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negative results obtained with tetrachloroethane, the formation of § 1] 
a polyiodide when benzene is used suggests that benzene might § in 
enter into its constitution; this suggestion is supported by the ff af 
following analyses, which indicate KI,,2C,H, as the empirical § th 
formula of this polyiodide. TI 

Material prepared in Expt. 3 was removed from the solution, § co: 
dried rapidly on a porous plate, and stored in a well-stoppered § in 
weighing bottle. This product was a dark green crystalline powder, § of 
quite opaque under the microscope, and commencing to melt at 
about 55°. Analysis of these crystals by the usual method gave 
(mean of two): KI, 14-85; polyiodide I, 68-72; C,H, (by diff), 
16-43%; KI: 1,: C,H, = 1: 3-02: 2-35. The benzene present was 
also determined directly by combustion (Found, mean of two: 
C, 13-85; H, 1-21; whence C,H, = 15-06%; KI, : CgH, = 1 : 2-16), 
On account of the high halogen content of the material only small 
samples were used, and the combustion tube was packed with silver 
foil for several inches immediately following the sample. 

On attempting to remove uncombined solvent by exposing the 
material over finely divided potassium iodide—iodine mixture and 
weighing it at intervals, the decrease in weight was quite large and 
independent of the interval, being due almost entirely to the loss 
of benzene vapour on opening the vessel. Since this did not afford 
a solid of reproducible benzene content, the composition of this 
polyiodide was studied by a vapour-pressure method, using an 
isoteniscope after the pattern of Smith and Menzies (J. Amer. Chem. 
Soc., 1910, 32, 1420). 

In one experiment, a sample of material wet with equilibrium 
solution was sealed up in an isoteniscope using concentrated sul- 
phuric acid as the confining liquid. A pressure of 93 mm. of 
mercury was maintained at 25° as long as visible liquid remained 
on the sample, and then, with the removal of further benzene vapour 
the presssure fell rapidly to 49 mm., at which value it remained 
constant while a considerable quantity of vapour (about 700 bubbles) 
was withdrawn. Then the removal of a further 18 bubbles reduced 
the pressure within the isoteniscope to 5 mm. The sample had no, 
become reddish-brown and gave on analysis a total potassium and § that 
iodine content of 99-73% (and 0-25% of water), showing that all com) 
the benzene had been pumped off. The vapour pressures of iodine rep), 
and benzene at 25° are 0:3 and 95 mm. respectively; the constant™ 
pressure of 49 mm. maintained above the heptaiodide is therefore § .),, 












good evidence that benzene is combined with it, since neither .pio¢ 
iodine nor potassium iodide holds any benzene of crystallisation by § ang , 
itself at this‘temperature. do n 






In another experiment, partly decomposed material, containing 
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on of § 11-58% of benzene (1-6 mols.), was placed in an isoteniscope. The 
night instrument was evacuated with the sample cooled in liquid air, and 
y the § after warming to 25°, twenty bubbles (representing less than 2%, of 
irical § the total benzene) were withdrawn to sweep out any remaining air. 
The pressure within the isoteniscope due to this material of known 
ition, § composition was 50 mm., or within 1 mm. of the constant pressure 
pered § inthe first experiment. This indicates that the number of molecules 
wder, f of benzene combined with the heptaiodide is greater than that 
pede Fie. 4, 

gave CH. 

diff.), Sy 
t was 
two: 
2-16). 
small 
silver 





g the 
e and 
e and 
e loss 
afford 
f this 
1g all 
hem. 


orium 
1 sul- 
m. of 
ained 
apour 
ained 
bbles) 
duced § & I, 
> had § present in this sample, viz., 1-6. Other similar experiments show 
n and # that this number is below 2-35: it is therefore probable that the 
ab al compound is represented by the formula KI,,2C,H,. Fig. 4 
iodine f represents its equilibrium conditions. 

stat} §=That Abegg and Hamburger did not find the heptaiodide to be 
refore solvated with benzene is probably due to the fact that they were 
either chiefly concerned with establishing the existence of a compound 
on by # and determining the ratio of iodine to potassium iodide in it. They 
do not report any complete analyses, and give only two deter- 
ninations on known quantities of material, both of which are 








rining 
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unsatisfactory ; in the first case, the iodine content was considerably 
below the value required for the heptaiodide, and in the second case 
the iodine was determined as loss on heating, involving the assump. 
tion that no other volatile material was present—in any case, the 
heating was only to 60—80°, which was probably insufficient to 
ensure complete removal of the iodine. The extreme rapidity with 
which this compound loses its benzene and reverts to a mixture of 
potassium iodide and iodine on exposure to the air makes accurate 
analysis impossible unless special care is taken, and without any 
clue as to its presence, the benzene might easily be overlooked. 

Several instances of inorganic compounds containing benzene 
of crystallisation afforded precedents for the present case, ¢.g., 
2S5Cl,,C,H, and 2SbBr,,C,H, (Menschutkin, [sweistja Petersburger 
Polytech., 1910, 13, 263); AlBr,,3CgH, (Gustavson, J. Russ. Phys. 
Chem. Soc., 1882, 14, 354); AICl,,HgCl,C,H, (Gulewitsch, Ber., 
1904, 37, 1560); and Ni(CN),,NH,,C,H, (Hofmann and Héchtlen, 
Ber., 1903, 36, 1149). 

Abegg and Hamburger also report solid hepta- and ennea-iodides 
of rubidium and cesium from benzene equilibria, for which Foote 
and Chalker and, more recently, Briggs, Greenawald, and Leonard 
have failed to disclose any evidence from studies of aqueous equi- 
libria. In view of the results outlined above in the case of potassium 
heptaiodide, it is quite possible that some of the rubidium ani 
cesium compounds may also contain benzene of crystallisation, 
which would explain the apparent contradictions of these workers. 


Summary. 


1. A study of the effect of moisture upon the melting point of 
iodine—potassium iodide mixtures has been made, and a method 
evolved for the quantitative determination of water in such material. 

2. The more concentrated solutions of the three-component 
system iodine—potassium iodide—-water have been investigated, and 
the results of other workers critically re-interpreted. 

3. Three invariant solutions were found, and two hydrated poly- 
iodides stable at 25°, viz., KI,,H,O and KI,,H,O, were isolated. 

4. The work of Abegg and Hamburger, which had been inter- 
preted as indicating unsolvated potassium heptaiodide, is shown 
to be substantially accurate, but their polyiodide was found to 
contain two molecules of combined benzene (KI,,2C,H,). 

5. Evidence is produced that no unsolvated polyiodides of 
potassium exist at 25°. 


The author wishes to express his sincere gratitude to Prof. H. B. 
Baker, C.B.E., D.Sc., F.R.S., for his kindly interest during the work, 
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LXXXII.—The Interaction of Sulphonates and Sulphon- 
amides with Piperidine. 
By FRANK BELL. 


TuRNER and his co-workers (J., 1929, 512; 1930, 932, 1853) have 
shown that aryl sulphonates can be very neatly severed by piper- 
idine according to the general equation (I), the oxygen—sul phonoxy- 
hond being broken in every case. It is now found that, although 


R-O-SO,R’ + H-NC,H,, = ROH + C;H,,N-SO,R’ (1.) 


this type of reaction occurs with the mononitropheny! sulphonates, 
eg., 2-nitrophenyl p-toluenesulphonate, with 2: 4-dinitrophenyl 
p-toluenesulphonate the reaction may follow a second course. In 
this case the nuclear link is severed and 2’: 4’-dinitro-1-phenyl- 
piperidine results. The possibility that 2: 4-dinitrophenol is an 
intermediate product is ruled out by the fact that this phenol forms 
a stable piperidine salt which shows no tendency to undergo change 
under the conditions of the experiment. Ullmann (Ber., 1908, 41, 
1870, 3932; D.R.-P. 194951) has described other reactions in which 
dinitrophenyl p- eee undergo severance at the nuclear 
bond. ‘To give only one example, 2 : 4-dinitro-«-naphthyl p-toluene- 
sulphonate (IT) is easily converted into 2 : 4-dinitro-«-naphthyl- 
phenylamine (III) when heated with aniline. The sulphonate 


O-S0.°C-H- NH-O,H, O 
A\/\xe at 79 
( y NO, Or ArN<N-C5H, 
NO, NO, 
(I1.) (IIT.) (IV.) 


group can hardly separate as other than a negative ion, leaving the 
nucleus with a positive charge, and yet this type of reaction occurs 
only when the nucleus is already overburdened with positively 
charged groups. A line of escape would be provided if it could be 
shown that the nitro-group is so combined with the base that its 
normal electrical character is lost, as is that of the amino-group on 
solution in sulphuric acid. Bennett and Willis (J., 1929, 256) have 
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suggested that bases can add on to the nitro-group by the con. 
version of the nitrogen—oxygen double bond into a semipolar double 
bond : the additive compounds involving pyridine might therefore 
be written as (IV). Although it is difficult to conceive of such a 
complex acting as an electron source, the electron-absorbing charac. 
ter of the nitro-group is clearly destroyed. It would therefore be 
of interest to isolate such additive compounds, but it has been 
found that isolable pyridine compounds can be obtained only when 
the mode of linkage is clearly not through the nitro-group. 
Thus 4’-nitro-4-p-toluenesulphonoxydipheny] and 3 : 4’-dinitro-4-p. 
toluenesulphonoxydiphenyl can be crystallised unchanged from 
pyridine, and the compound formed by 2 : 4-dinitrophenyl p-toluene. 
sulphonate is a pyridinium salt (V) (Freudenberg and Hess, Annalen, 
1926, 448, 121), in the formation of which again the sulphonate 
group has been separated from the nucleus. It is possible that 
additive compounds are formed only when the nitro-group tends to 
be specially positive owing to the presence of many other electron- 
absorbing groups in the same molecule, and that when formed lead 
to immediate reaction. With tertiary bases the primary result 
may be slight ionisation of the sulphonate group, followed by 
immediate introduction of a further molecule of the tertiary base 
to give the salt, and with secondary bases the mechanism may be 
the same or may involve a migration of the secondary radical as 
suggested by Brewin and Turner (J., 1928, 335). 





Be alee t=. Ons NO, _ On 
ONC > nn ot ONC NCH att 
ae Y - 5°" 5 Y v) 

O Q (Y: 


In previous papers it has been shown that, whereas the sulphon- 
amido-group is comparable with the hydroxyl group (J., 1928, 
2772), the disulphonamido-group, —N(SQ,)., is comparable with 
the sulphonoxy-group (J., 1929, 2788). It was therefore anticipated 
that most disulphonamides would react with piperidine according 
to equation (VI), and dinitrodisulphonamides might react as in 
(VII). Actually, all the disulphonamides investigated passed 
smoothly into monosulphonamides. This reaction is of interest 
when the two sulphonamide residues are not identical. Thus 


R:N(SO,R’), + H-NC;H,) = R-NH-SO,R’ + C;H,,N-SO,R’ (V1) 
R-N(SO,R’), -+- H-NC;H,) = R-NC;H,,) + H-N(SO,R’), (VIL) 
m-nitrobenzenesulphon-p-toluenesulphon-m’-nitroanilide (VIII) gave 


rather unexpectedly m-nitrobenzenesulphon-m’-nitroanilide. This 
result suggests that the change is initiated by the hydrogen atom of 
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the piperidine becoming attached to the nitrogen lone pair of elec- 
trons. The nitrogen atom tends to regain neutrality by displacing 





oN ‘ aN H 
0. 22 ‘C,H, H-NO a. , aN ry 10 N° S( SO 
e4 Oe 1 9°C, 7 
att) 80sCsHyNO, KX) SOs HNO, 


bonding electrons towards it, those most readily available being in 
the p-toluenesulphonoxy-group. Consequently, when rearrange- 
ment takes place with separation of the piperidine residue in a neg- 
atively charged state, it is the p-toluenesulphony] residue which can 
most readily be severed as a positive ion and give rise to 
p-toluenesulphonylpiperidine. 

In conclusion, attention is again directed to the curious fact that, 
although nitroamines may react sluggishly, if at all, with p-toluene- 
sulphonyl chloride, the corresponding nitrosulphonamides (obtained 
pS are easily converted into disulphonamides. Thus 
5: 4’. ae and 3: 5-dinitro-2-aminodiphenyls and 3 : 4’-dinitro- 
aa 3:5: 4’-trinitro-4-aminodiphenyls and 2: 4-dinitroaniline do 
not ees with p-toluenesulphonyl chloride under the usual con- 
ditions, whereas 3: 5-dinitro-2-p-toluenesulphonamidodipheny], 
3 : 5-dinitro-4-p-toluenesulphonamidodiphenyl, and  p-toluene- 
sulphon-2 : 4-dinitroanilide are converted into disulphonamides with 
the utmost ease. Since phenols are more allied to sulphonamides 
than amines, nitrophenols would be expected to react easily with 
p-toluenesulphonyl chloride. Polynitrophenols are usually con- 
verted into the corresponding chloro-compounds by the action of 
p-toluenesulphonyl] chloride (Ullmann, loc. cit.; Sané and Joshi, 
J., 1924, 125, 2481), but it can scarcely be doubted that sulphonates 
are intermediate products. Thus Ullmann has shown that many 
nitrophenols may be made to give their sulphonyl derivatives by 
working at a low temperature, whereas from the hot reactants the 
chloro-compounds are obtained, and Borsche and Feske (Ber., 1926, 
59, 685) have obtained from dinitro-o-cresol a mixture of the 
sulphonate and dinitro-o-chlorotoluene. The only compound which 
had been obtained by the interaction of picric acid and p-toluene- 
sulphonyl chloride was picryl chloride. This reaction has been 
re-examined to see if the nitro-groups do inhibit sulphonate form- 
ation in the cold. No difficulty was experienced in isolating picryl- 
pyridinium p-toluenesulphonate (X) in almost quantitative yield, 
and therefore it appears that all nitrophenols do react easily with 
p-toluenesulphonyl chloride. Picrylpyridinium p-toluenesulphon- 
ate was a rather unstable compound which readily gave rise to the 
already known picrylpyridinium picrate (XII) (Busch and Kogel, 
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J. pr. Chem., 1911, 84, 507; Hodges, J., 1926, 2417) either by 
repeated crystallisation or by solution in cold acetic acid. With 
alcoholic hydrogen chloride it gave an easily separable mixture of 


+ HCl + 
[C.H.(NO,),-NC;H, SO,'-C;H,] —> [C,H,(NO,),-NC;H, Cl] 
(X.) 


| x,0 (XIII.) 
‘ T , M “a ‘ ——— y a 
[C,H,(NO,),°O’ H-NC;H;] + HSO,C,H, C,H,(NO,),Cl (XL) + 
\ [H-NC,H, S0,'C-H,] 
[C,H,(NO,),°0’ C,H,(NO,)s:NC;H;] (XII.) 


picryl chloride (XI) and picrylpyridinium chloride (XIII), and the 
latter was easily decomposed by warm water to give picrylpyridin- 
ium picrate. 


EXPERIMENTAL. 


2:4-Dinitrophenyl p-toluenesulphonate (6 g.) (Ulimann and 
Nadai, Ber., 1908, 41, 1870) reacted vigorously with piperidine 
(6 c.c.). The portion of the gummy product insoluble in water 
crystallised from alcohol, containing hydrogen chloride, in yellow 
needles (2-2 g.), m. p. 95° (alone or mixed with 2 : 4-dinitrophenyl- 
piperidine) ; the mother-liquor from these deposited distinguishable 
crystals of 2:4-dinitrophenol and p-toluenesulphonylpiperidine. 
The aqueous filtrate, neutralised with hydrochloric acid, deposited 
2 : 4-dinitrophenol (0-4 g.). 

2:4-Dinitrophenol and piperidine were heated together for 
} hour. After cooling, the liquid was diluted with water; the pure 
piperidine salt thus precipitated formed bright yellow needles, 
m. p. 171° (Found: N, 15-2. C,,H,,;0;N, requires N, 15-6%). It 
was alternatively prepared by addition of piperidine to a boiling 
benzene solution of 2 : 4-dinitrophenol. 

On crystallisation of 2: 4-dinitrophenol from pyridine or by 
addition of pyridine to a solution of the phenol in benzene there was 
obtained the pyridine salt in long golden-yellow needles, m. p. ca. 85° 
(Found: loss on drying at 90°, 30-6. C,H,O;N,,C;H;N requires 
loss, 30:0%). This salt very readily regenerated the phenol on 
standing in the atmosphere. 

2’ : 4’-Dinitro-1-phenylpyridinium p-toluenesulphonate was recov- 
ered unchanged after solution in acetic acid, but reacted vigorously 
with piperidine. The dark plum-coloured solution obtained was 
treated with water; the precipitate formed, after crystallisation 
from alcohol, gave 2 : 4-dinitroaniline in stout needles, m. p. 178° 
(Found: C, 39-6; H, 2-8; N, 22-5. Cale.: C, 39-3; H, 2-7; N, 
23-0%). 2-Nitrophenyl p-toluenesulphonate has no tendency to 
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yield 2-nitrophenylpyridinium p-toluenesulphonate even when 
boiled with pyridine for several hours. 

It was not found possible to prepare 2: 4: 6-trinitrophenyl 
p-toluenesulphonate by the application of the above method to 
picric acid. 

A solution of picric acid in piperidine was boiled under reflux for 
lhour. On cooling, there separated orange needles, m. p. ca. 135°, 
of a piperidine compound of piperidine picrate (Found: loss on 
drying at 90°, 23-0. C,,H,,0,N,,C;H,,N requires loss, 21:3%), 
which readily decomposed when warmed to give piperidine picrate, 
m. p. 150° (Found: N, 17-8. C,,H,,0,N, requires N, 17-8%). 
Piperidine picrate could be prepared alternatively by addition of 
piperidine to a solution of picric acid in benzene or acetic acid and 
formed pale yellow needles. It was recovered unchanged after 
being boiled with p-toluenesulphonyl chloride (1 mol.) in benzene 
solution for 2 hours. 

A solution of molecular amounts of picric acid and p-toluene- 
sulphonyl chloride was after 12 hours poured into water. The 
yellow precipitate, m. p. ca. 190°, was dried and boiled with acetone, 
and the solution filtered hot. The pale yellow residue after one 
crystallisation from alcohol gave pure picrylpyridinium p-toluene- 
sulphonate as lustrous plates, m. p. 197° (decomp.) (Found : C, 46-6; 
H, 3-0; N, 11-9; S, 6-8. C,.H,,0,N,S8 requires C, 46-7; H, 3-0; 
N, 12-1; S, 69%); the acetone deposited golden-yellow prisms, 
m. p. 218°, of picrylpyridinium picrate. Picrylpyridinium p-toluene- 
sulphonate dissolved easily in cold acetic acid, but on addition of 
water there was precipitated picrylpyridinium picrate; it dissolved 
also in water, but when the solution was warmed picrylpyridinium 
picrate, m. p. 222°, crystallised. When it was added to an alcoholic 
solution of hydrogen chloride, a clear solution was obtained which 
soon deposited crystals of picrylpyridinium chloride, m. p. 128° 
after crystallisation from absolute alcohol. The mother-liquor on 
dilution with water gave crystals of picryl chloride, m. p. 85°. 

Picrylpyridinium p-toluenesulphonate underwent vigorous reac- 
tion with piperidine, but no definite product was isolated. The 
conditions of formation and the reactions of pyridinium aryl- 
sulphonates will be made the subject of further study. 

Picrylpyridinium picrate evolved pyridine on treatment with 
warm sodium hydroxide, and, when boiled with acetic acid, gave 
pyridine picrate in needles, m. p. 167°. Amorphous pyridine picrate 
prepared by addition of pyridine to a benzene solution of picric acid 
undergoes transformation to the needle variety in contact with 
acetic acid. 

The following substances were recovered in a pure condition after 
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solution in boiling pyridine: 4’-nitro-4-p-toluenesulphonoxydi- 
phenyl, 3 : 4’-dinitro-4-p-toluenesulphonoxydiphenyl, di-p-toluene. 
sulphon-p’-nitroanilide, p-toluenesulphon-p’-nitroanilide, and di-p. 
toluenesulphon-o’-nitroanilide. 3-Bromo-5 : 4’-dinitro-4-hydroxy. 
diphenyl gave only an unstable red pyridine salt, which soon decom. 
posed in the air and immediately in contact with acetic acid. 
3:5: 4'-Trinitro-4-hydroxydipheny]l gave a pyridine salt, red needles, 
m. p. 198° (Found: N, 14:2. C,,H,.0;N, requires N, 14-6%), 
which could be recrystallised from acetic acid with only slight 
decomposition. 

With piperidine, p-toluenesulphon-p’-nitroanilide gave a bright 
yellow piperidine salt, m. p. 138° (Found: N, 10-8. C,,H,,0,N,8 
requires N, 11-1%), and di-p-toluenesulphon-p’-nitroanilide under. 
went vigorous reaction to give a thick liquid. This liquid was 
poured into water and filtered after solidification of the precipitated 
oil. On neutralisation of the filtrate with hydrochloric acid 
p-toluenesulphon-p’-nitroanilide was precipitated ; the residue after 
crystallisation from alcohol gave p-toluenesulphonylpiperidine, 
m. p. 103°. 

m-Nitrobenzenesulphon -p- toluenesulphon -m’-nitroanilide (VIII) 
was dissolved in piperidine by slight warming, and the solution 
diluted with water. The precipitate after crystallisation from 
alcohol had m. p. 98—102° (mixed with p-toluenesulphonylpiper- 
idine, m. p. 101—103°). The filtrate was treated with excess of 
hydrochloric acid, and the resulting precipitate crystallised from 
acetic acid. It gave a 70% yield of m-nitrobenzenesulphon-m’- 
nitroanilide, m. p. 144—147° alone or 145—149° when mixed with 
an authentic specimen. 

Although 2 : 4-dinitroaniline did not react with p-toluenesulphony] 
chloride under the ordinary conditions, di-p-toluenesulphon-2 : 4-di- 
nitroanilide was readily obtained by interaction of p-toluenesulphon- 
2 : 4-dinitroanilide (J., 1929, 2789) with p-toluenesulphony] chloride 
in pyridine solution. It crystallised from acetic acid in lustrous 
prisms, m. p. 217° (Found: C, 49-4, 49-1; H, 3-6, 3-5. C,,5H,,0,N,§, 
requires ©, 48-9; H, 35%). This compound was dissolved in 
piperidine by gentle warming, and the solution diluted with water. 
The precipitated solid proved to be p-toluenesulphonylpiperidine, 
and the filtrate after neutralisation with hydrochloric acid furnished 
p-toluenesulphon-2 : 4-dinitroanilide. 

3:5-Dinitro-4-di-p-toluenesulphonamidodiphenyl, prepared by inter- 
action of 3: 5-dinitro-4-p-toluenesulphonamidodiphenyl (J., 1928, 
2775) with p-toluenesulphony] chloride in pyridine solution, crystal- 
lised from acetic acid in needles, m. p. 249° (Found: C, 55:1; H, 
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38. CygH,,0,N,S, requires C, 55-0; H, 3-7%). This compound 
was dissolved in warm piperidine, and the solution poured into 
dilute hydrochloric acid. The precipitate on fractional crystal- 
lisation from acetic acid readily gave 3: 5-dinitro-4-p-toluene- 
sulphonamidodiphenyl (less soluble) and p-toluenesulphonyl- 
piperidine (more soluble). 

3: 4'- Dibromo-4-di-p-toluenesulphonamidodiphenyl (J., 1930, 
1076) was dissolved in piperidine by warming on a steam-bath 
(about 1 hour). The solution was poured into dilute hydrochloric 
acid; the resulting precipitate after crystallisation from acetic acid 
gave pure 3 : 4’-dibromo-4-p-toluenesulphonamidodiphenyl. 

The above experiment was repeated with 3 : 5-dibromo-4-di-p- 
toluenesulphonamidodiphenyl, and 3 : 5-dibromo-4-p-toluenesulphon- 
amidodiphenyl was obtained. It formed needles, m. p. 196°, after 
recrystallisation from acetic acid (Found: C, 46-8; H, 3-2. 
C;9H,,0.NBr,8 requires C, 47-4; H, 3-1%). 


The author is indebted to Imperial Chemical Industries Ltd. for 
a grant which defrayed the cost of this investigation. 


BATTERSEA POLYTECHNIC, S.W. 11. [Received, January 29th, 1931.] 


LXXXIII.—New Derivatives of p-Arsanilic Acid. 
Part I. p-Arsonosuccinanilic Acid* and Related 
Compounds. 

By Gipert T. Morcan and Eric WALTON. 


A COMPARISON of the published data concerning the pharmaco- 
logical properties of p-arsanilic acid and its simple derivatives 
reveals the fact that, in general, N-acylation of p-arsanilic acid 





decreases the toxicity of the resulting compound, whereas N-alkyl- 
ation enhances the toxic properties. 

Nevertheless, tryparsamide (I) (Jacobs and Heidelberger, J. Amer. 
Chem. Soc., 1919, 41, 1587), the molecule of which contains an 
alkylated nitrogen atom, is extremely efficacious in the treatment 
of certain forms of trypanosomiasis, and accordingly compounds of 
the general type (II), from which the apparently toxic NH-’CH, 
group is absent, have been examined. In the present communic- 


* The group AsO,H,, hitherto named “ arsinic acid,” will in future be named 
“arsonic acid ”’ (suffix) or “ arsono’”’ (prefix).—EDIToR. 
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ation a number of succinyl derivatives (II; « = 2) of p-arsanilic 


acid are described. . 
AsO,H, AsO,H, AsO,H, : 
(I.) (II.) (III.) 
H-CH,°CO-NH, NH-CO-(CH,],;CO-NR,R, NH-CO-CH,°CH,°C0,H 
An 


Monosodium p-arsanilate (atoxyl) and excess of succinic anhydride 
condensed at 180° to give p-arsonosuccinanilic acid (II1), whereas § pip 
substitution of succinic acid in smaller proportions for the an- J Du 
hydride led to the formation of succinanilide-pp’-diarsonic acid | \,, 
(V). The diarsonic acid was also obtained by heating atoxyl § Tr 
and -arsonosuccinanilic acid in equimolecular proportion. N 
p-Arsonosuccinanilic acid, refluxed with excess of aniline, 
yielded the-anilide (Il; «= 2, R, = H, R, = Ph) and, treated 
with monomethylamine and monoethylamine, the same acid (III) 
yielded the monomethylamide (Rj = H; R, = Me) and mono- 
ethylamide (R, = H; R, = Et), respectively. I 

Since neither the amide nor the dimethylamide could be pre- 
pared directly from p-arsonosuccinanilic acid, the latter was reduced 
by means of sulphur dioxide to p-dichloroarsinosuccinanilic acid 90- 
(IV), but attempts to convert this into the corresponding acid 
chloride with either phosphorus pentachloride or thionyl chloride § ?-@ 





were unsuccessful. prs 
The required derivatives were eventually prepared as follows: § ' Fo 
By heating p-arsonosuccinanilic acid at 240°, the anil (VI) was . 
(6-4 


obtained, and the latter, on treatment with alcoholic ammonia, 
dimethylamine and piperidine, yielded respectively the correspond- § * ” 
ing amide (IL; « = 2, R, = H, R, = H), dimethylamide (R, = Me; | ™"* 








R, = Me), and piperidide (R,R, = Pip.). aci 
yie 

AsCl, AsO,H, AsO,H, AsO,H, anil 
also 

(IV.) (V.) (VL) og 
NH-CO-CH,-CH,CO,H YH-CO-CH,CH,.CONH  N<CO et inw 
requ 

Preliminary pharmacological reports on the monosodium salts of qT 
compounds of type (II) and of succinanilide-pp’-diarsonic acid (V) § 1" 
indicate very low toxicities combined with therapeutic activity alco 
against trypanosomes in all cases except that of the diarsonic acid, the 
as will be seen from the following tabulated summary of figures va 





obtained by Prof. Warrington Yorke, at The Liverpool School of 
Tropical Medicine. The corresponding figures obtained by Pearce 
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and Brown (J. Exp. Med., 1919, 30, 437; 1921, 33, 193) for tryp- 
arsamide are included for purposes of comparison. 


Chemo- Chemo- 

Tr.equip, ther. Tr.rhod. ther. 

M.L.D., M.C.D., index, M.C.D., index, 
mg. per mg.per M.L.D. mg. per M.L.D. 


Sodium Salts. g. mouse. g. mouse. M.C.D. g.mouse. M.C.D. 
V >5 inactive a inactive a 
Anilide (II; 2=2) 0-5 0-2—0-4 1-2—2-5 0-5 1 
probably 
Piperidide LE >5 about 2 >2-5 not tried -- 
Dimethylamide ye >5 not tried -- 1-25—2:5 >2—>4 
Monomethylamide ” >5 0-75—1-:25 >4—>6-5 nottried — 
Amide a >5 not tried — 2-5 >s 
Tryparsamide és 2—2-75 0:35—0-6 3-—8 0-75—1:5 1-:2—3-6 
M.L.D. = Minimum lethal dose. M.C.D. = Minimum curative dose. 


In view of these promising results, more extended trials are in 
progress. 
EXPERIMENTAL. 


p-Arsonosuccinanilic Acid (III).—An intimate mixture of atoxyl 
(12-8 g.) and succinic anhydride (12 g.) was heated at 170— 
180° for 1 hour, and the cooled mass lixiviated with water at 
90—100°; the warm solution was digested with charcoal, and the 
filtrate acidified with hydrochloric acid and cooled to 0°. The 
p-arsonosuccinanilic acid, which separated (10 g.), crystallised 
from hot water in silky prisms, insoluble in absolute alcohol * 
(Found: As, 23-2, 23-7. C,,>H,,.0O,NAs requires As, 23-6%). 

Succinanilide-pp’-diarsonic Acid (V).—(a) A mixture of atoxyl 
(6-4 g.) and succinic anhydride (2-4 g.) was heated at 170—180° for 
| hour, and the resulting mass boiled with water slightly acidified 
with hydrochloric acid. The insoluble succinanilide-pp’-diarsonic 
acid was digested with water at 100° to remove soluble products 
(yield, 1 g.). (b) A mixture of atoxyl (5 g.) and p-arsonosuccin- 
anilic acid (5 g.), treated in a similar manner to experiment (a), 
also yielded the diarsonic acid (1-7 g.). 

Succinanilide-pp’-diarsonic acid was an ill-defined solid, insoluble 
in water and organic solvents (Found : As, 28-8, 29-0. C,gH,s0sN.As, 
requires As, 29-1%). 

The disodium salt, obtained by dissolving the acid in the calculated 
quantity of 2N-caustic soda, was precipitated by adding absolute 
alcohol to the filtered solution, and further purified by repetition of 
the alcoholic treatment. It was an amorphous solid, readily dis- 
solving in water to give a solution of py 7-5 approx. (Found: As, 
26-2. C,,H,,0,N,As,Na,,H,O requires As, 26-0%). 

* Except where indicated, the p-arsonosuccinanilic acid derivatives 
lescribed in this communication are without definite melting points. 
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Succinanilide-p-arsonic Acid (II; «= 2, R, = H, R, = Ph).— 
Powdered p-arsonosuccinanilic acid (3-2 g.) and aniline (7-4 g.) 
were heated together for 2 minutes in an open flask. The resulting 
solid was washed successively with ether and with water containing 
2 or 3 drops of aniline, added to dissolve p-arsonosuccinanilic acid. 
The anilide was purified either by lixiviation with hot water 
containing a little hydrochloric acid or through its sodium salt 
(yield, 2-3 g.). It crystallised from hot water, in which it was only 
slightly soluble, in small leaflets, insoluble in alcohol (Found: 
As, 19-5. C,gH,,0,N,As requires As, 19-1%). 

The monosodium salt was obtained on adding alcohol to a solution 
of the acid in the calculated quantity of 2N-caustic soda. It separated 
after some hours at 0°, and was recrystallised from dilute alcohol, 
forming needles readily soluble in water, giving a solution of p, 8.* 

Succinanilomethylamide-p-arsonic Acid (Il; x=2, R, =H, 
R, = Me).—p-Arsonosuccinanilic acid (5 g.) was dissolved in 
aqueous 33° methylamine (10 c.c.), the solution warmed at 75 
for 2 minutes, diluted with water (15—20 c.c.), and digested with 
charcoal (higher temperatures caused hydrolysis to p-arsanilic acid). 
The filtrate was acidified with dilute hydrochloric acid and cooled; 
the monomethylamide then separated as a white crystalline solid 
(4:5 g.). It crystallised from hot water in glistening prisms, 
insoluble in alcohol (Found: As, 22-4; hydrolysable N, 3-8, 3:8. 
C,,H,,0;N,As requires As, 22-7; hydrolysable N, 4:2%). 

The monosodium salt crystallised with 2 molecules of water (Found: 
H,O, 9-7; As, 18-9; hydrolysable N, 3-4. C,,H,,O0;N,AsNa,2H,0 
requires H,O, 9-3; As, 19-3; hydrolysable N, 3-6%). 

Succinanilethylamide-p-arsonic acid (Il; R,=H: R, = Et) 
was prepared by substituting monoethylamine for monomethyl- 
amine in the above experiment. It crystallised from hot water in 
silky prisms, insoluble in alcohol (Found: hydrolysable N, 4:1, 
4:0. C,,H,,0;N,As requires hydrolysable N, 4-1%). 

The monosodium salt crystallised from concentrated aqueous solu- 
tion in needles, and from dilute alcohol in leaflets (Found : hydro- 
lysable N, 3-8, 3-8. C,.H,s0;N,AsNa requires hydrolysable N, 3-8%). 

p-Dichloroarsinosuccinanilic Acid (IV).—A solution of p-arsono- 
succinanilic acid (3 g.) in a mixture of concentrated hydro- 
chloric acid (15 c.c.), water (5 ¢.c.), and a trace of iodine was 
saturated with sulphur dioxide. After 12 hours in the cold, the 
dichloroarsine (3 g.) separated. It crystallised in pale buff- 
coloured needles (1st crop) and prisms (2nd crop) from anhydrous 

* The subsequently described sodium salts, all prepared in this way, 
are extremely soluble in water, their dilute solutions showing a px of 
approximately 6. 
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xylene, both varieties melting at 210—211° (Found: Cl, 21-0, 21-2. 
Cy9Hj9O3NCI,As requires Cl, 21-0%). 

Succinanil-p-arsonic acid (VI) was obtained, by heating powdered 
p-arsonosuccinanilic acid (3-2 g.) at 240° for 14—2 hours, as an 
amorphous powder (2-9 g.), insoluble in alcohol and regenerating 
p-arsonosuccinanilic acid on addition of water. 

Succinanilamide-p-arsonic Acid (IL; x = 2, R, = H, R, = H).— 
The crude anil (2 g.) and a large excess of 15°/ anhydrous alcoholic 
ammonia (about 8 c.c.) were heated in a sealed tube at 75—80° for 
3—4 hours. The resulting solution was treated with 1 or 2 drops of 
water, whereupon the monoammonium salt of the amide rapidly 
appeared as a crystalline solid (Found for ammonium salt : hydro- 
lysable N, 8-0. C,)H,,0;N,As,H,O requires hydrolysable N, 8-0°%). 

The ammonium salt was washed with alcohol, and its filtered 
solution in water (10 c¢.c.) acidified with hydrochloric acid and 
cooled. The amide (1-5 g.) thus obtained crystallised from hot 
water in jagged leaflets, insoluble in alcohol (Found: As, 23-8; 
hydrolysable N, 4:4; total N, 8-5. C, )H,,0;N,As requires As, 
23-8; hydrolysable N, 4-4; total N, 8-9%). 

The sodium salt crystallised in platelets (Found: H,O, 7:6; 
As, 20-8; hydrolysable N, 3-8, 3-9. C,)H,,0;N,AsNa,H,O requires 
H,O, 5-1; As, 21-0; hydrolysable N, 3-9%%). 

Succinanilodimethylamide-p-arsonic Acid (Il; x = 2, R, = Me, 
R. — Me).—The anil (3 g.) and excess of 33° alcoholic dimethyl- 
amine (8 c.c.) were heated in a sealed tube at 75—80° for 2—3 hours, 
and the filtered solution evaporated on the steam-bath. Water 
(10 c.c.) was added to the residue, and the resulting solution acidi- 
fied with hydrochloric acid and cooled. The dimethylamide (2-6 g.) 
thus obtained crystallised from hot water in microcrystalline leaflets, 
slightly soluble in alcohol (Found: As, 22-0; hydrolysable N, 3-9. 
C,9H,,0;N,As requires As, 21-8; hydrolysable N, 4:1%). The 
sodium salt crystallised in minute prisms (Found: H,0, 5-0; As, 












19-6; hydrolysable N, 3-5, 3-7, 3-5. C,,.H,,0;N,AsNa,H,O requires 
H,O, 4:7; As, 19-5; hydrolysable N, 3-6°%). 

Succinanilopiperidide-p-arsonic Acid (Il; x = 2, R,R, = Pip.).— 
The anil (4 g.), excess of piperidine (6 g.), and absolute alcohol 
(7 c.c.) were heated in a sealed tube at 75—80° for 3—4 hours and 
the filtrate was acidified with dilute hydrochloric acid and cooled 
to 0°. The piperidide (3-5 g.) thus obtained crystallised from hot 
water in well-defined needles, easily soluble in alcohol (Found : 
As, 19-6. C,;H,,0;N.As requires As, 19-5%). 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, January 21st, 1931.] 
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LXXXIV.—Arsonic Acids of the Fluorene Series, 


By Guspert T. Morean and Jesste STEWART. 


THE work described below was undertaken with the object of prepar- 
ing derivatives of fluorene and fluorenone which might prove to be of 
value in the treatment of trypanosomiasis. As outlined in earlier 
publications (Chem. and Ind., 1930, 49, 800; British Association 
Report, 1930, 48), we have hitherto undertaken the two following 
series of researches : (1) preparation of symmetrical ureas of Bayer 
205 or Fourneau 309 type, with fluorene and fluorenone groups 
replacing the naphthalene residues of these drugs; (2) an examin. 
ation of the therapeutic effect of introducing arsenic into the 
fluorene and fluorenone molecules. 

The former series having failed to yield trypanocidally active 
compounds of the symmetrical urea type, we decided to concentrate 
on the second series, in which we were able to show that trypanocidal 
potency is manifested when an arsonic acid radical is introduced into 
the fluorenone molecule in conjunction with an amino-group. In 
the discussion on Chemotherapy (Chem. and Ind., loc. cit.), reference 
was made to fluorene-2-arsonic acid and to fluorenone-2-arsonic acid 
(I), which had already served as starting materials in the production 
of fluorene and fluorenone derivatives of pharmacological interest. 

We had intended to defer publication until a more complete series 
of such compounds had been prepared and tested, but the recent 
appearance of a paper by F’. E. Cislak and C. 8. Hamilton (J. Amer. 
Chem. Soc., 1931, 53, 746) on ‘‘ Some Arsonic Acids of Fluorene and 
its Derivatives,’”’ suggesting the use of the same starting materials, 
leads us to record our experiments, which have carried the chemo- 
therapeutic aspect of the matter further than is described by the 
American authors. 

Since our first preliminary note (v. swpra) we have prepared the 
acetyl, glycine, and glycinamide derivatives of aminofluorenone-2- 
arsonic acid. These compounds, which have been tested for trypan- 
ocidal activity by Professor Warrington Yorke, show a distinct 
improvement in this respect on aminofluorenone-2-arsonic acid 
itself. 

Sodium 7-acetamidofluorenone-2-arsonate (II) has so far proved to 
be the most. efficacious member of this series. 
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ARSONIC ACIDS OF THE FLUCRENE SERIES. 


EXPERIMENTAL. 


2-Nitrofluorene and 2-nitrofluorenone were prepared by Diels’s 
method (Ber., 1901, 34, 1758), but the necessity for obtaining larger 
quantities of the corresponding amines for conversion into arsonic 
acids led us to abandon the reduction methods of this author in favour 
of the catalytic reduction process employed by Bennett and Noyes 
(J. Amer. Chem. Soc., 1930, 52, 3438; compare Voorhees and Adams, 
ibid., 1922, 44, 1397). 

A development of this reduction under pressure has enabled us to 
prepare not only 2-aminofluorenone and 2-aminofluorene but also 
2-aminofluorenol, the intermediate reduction product of 2-nitro- 
fluorenone. We propose to use this amino-alcohol as a starting 
point in the production of substances likely to be of interest in 
chemotherapy. 

Fluorene-2-arsonic Acid.—2-Aminofluorene was diazotised in the 
manner described by Diels (Ber., 1901, 34, 1758) and by Cislak and 
Hamilton (loc. cit.); the resulting diazonium chloride was converted 
into the corresponding arsonic acid by the Bart reaction as applied 
by Burton and Gibson (J., 1927, 2386) in the preparation of 9- 
methylearbazole-3-arsonic acid. The acid crystallised from hot 
alcohol in sparingly soluble, white needles (Found: As, 25-8. 
(,3H,,0,As requires As, 25-9%). It formed only a monosodium 
salt, erystallising from hot water in colourless plates containing 
\1H,O0 (Found after dehydration: As, 24:0. C,,H,O,NaAs 
requires As, 240%). M.L.D. approximately 0-25 mg. Therapeutic 
action nil. 

2-Dichloroarsinofluorene separated in colourless needles, m. p. 
109°, from petroleum (b. p. 60—80°) (Found: As, 23-6. C,,H,Cl,As 
requires As, 24-1°%). Dissolved in acetone, this chloroarsine is 
converted by ammonia into the corresponding oxide. 

Fluorenone-2-arsonic acid (1) separated in yellow needles from 
alcohol (Found: As, 24-4. C,,H,O,As requires As, 24-67%). 
It yielded a monosodium salt which crystallised in pale yeliow needles 
readily soluble in water (Found: As, 22-8. C,,H,0,AsNa requires 
As, 23-0%). 

M.L.D. approximately 1 mg.* Therapeutic action practically nil. 
The disodium salt formed deeper yellow crystals containing water 
6H,O) (Found after dehydration: As, 21-4. C,,H,O,Na,As 
requires As, 21-6%). 

2-Dichloroarsinofluorenone crystallised from benzene in bright 
yellow plates, m. p. 142° (Found: As, 22-4. C,,H,OCI,As re- 
quires As, 23-0%). It was readily converted by ammonia into the 


* Mg. per 20 g. of mouse weight. 
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a 


corresponding bright yellow oxide. The semicarbazone of fluorenone. 
2-arsonic acid, an orange-yellow substance, was purified by recrystal. 
lisation from absolute alcohol, in which it was very sparingly soluble 
(Found: As, 21-25; N, 11-6. C,,H,,0,N,As requires As, 20:8; 
N, 11-63%). 

7-Nitrofluorenone-2-arsonic Acid.—Fluorenone-2-arsonic acid (12 
g.) was added gradually, with thorough shaking, to a mixture of 
concentrated sulphuric acid (26 c.c.) and fuming nitric acid (26 c.c.), 
initially at 20° and not allowed to exceed 30° after any one addition 
of the arsinic acid. After the whole had been left for $ hour at 
room temperature, the clear solution was poured into ice-cooled 
water and the resulting cream-coloured nitro-derivative was 
crystallised from absolute alcohol (Found: As, 21-4; N, 4-2. 
C,3H,O,NAs requires As, 21-5: N, 4-0%). 

Sodium 7-nitrofluorenone-2-arsonate, a bright yellow, crystalline 
derivative (1H,O), was readily soluble in water (Found after de. 
hydration: As, 19-7. C,,H,O,NAsNa requires As, 20-2%%). 

7-Aminofluorenone-2-arsonic Acid.—-A boiling solution of nitro. 
fluorenone-2-arsonic acid (7 g.) in 2N-sodium hydroxide (10 c.c.), 
diluted with water (90 c.c.), was added to a well-stirred suspension 
of ferrous hydroxide, prepared by addition of 6N-sodium hydroxide 
(60 c.c.) to a rapidly stirred solution of ferrous chloride (28 g.) in cold 
water (90 c.c.). The mixture was gradually warmed in a water. 
bath; reduction was rapid but to ensure its completion stirring was 
continued for 1 hour. The cold, deep red filtrate was treated with 
charcoal and made just acid to Congo-red. The pale buff amino- 
arsonic acid was purified through its sodium salt (Found: As, 23-35; 
N, 4:4. C,,;H,)90,NAs requires As, 23-5; N, 4-4%). 

Sodium 7-aminofluorenone-2-arsonate, glistening reddish-gold plates 
(3H,O), dissolved readily in water to a deep red solution (Found after 
dehydration: As, 21:9; N, 4:4. C,,H,O,NAsNa requires As, 
22-0; N, 4:1%). 

M.L.D. approximately 25 mg. Therapeutic activity is shown 
only in maximum doses. 

7-Acetamidofluorenone-2-arsonic Acid.—Finely powdered amino- 
fluorenone-2-arsonic acid (5 g.) was boiled under reflux with acetic 
anhydride (25 ¢c.c.). There was marked change in colour after about 
10 minutes, the suspended solid appearing bright yellow. To ensure 
complete acetylation, heating was continued for 4} hour; the 
reaction mixture was then poured into ice-cooled water and the deep 
yellow acetyl derivative was collected (5-2 g.) (Found: As, 20-4: 
N, 3:95. C,;H,.0;NAs requires As, 20-8; N, 3-9%). 

The sodium salt was precipitated in bright yellow needles 
from its yellow aqueous solution by addition of alcohol (Found : 
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As, 18-5; N, 3-6. C,;H,,O;NAsNa,H,O requires As, 18-7; N, 
349%). 

M.L.D. 15 mg. Therapeutic activity: 10 mg., curative; 5 mg., 
some action. ‘ 

Fluorenone-7-glycine-2-arsonic Acid.—Aminofluorenone-2-arsonic 
acid (3-19 g.) was ground into a paste with 2N-sodium hydroxide 
(5 c.c.; 1 equiv.) and diluted with water (70 c.c.) to give a clear red 
solution on gentle warming. The addition of an aqueous solution 
of chloroacetic acid (1-6 g.) caused reprecipitation of part of the 
amino-arsonic acid. 2N-Sodium hydroxide (8-4 c.c.) was added to 
restore neutrality and on gentle boiling under reflux a clear red 
solution was obtained. After an hour, some unchanged amino- 
arsonic acid separated and was removed by filtration. Heating 
was continued for 3 hours and the reaction mixture was then 
filtered from a trace of the original arsonic acid and acidified with 
2N-hydrochloric acid. A bright red, crystalline solid (1-7 g.) 
separated, which was purified through its sodium salt. The free 
acid appeared to be somewhat unstable; it was therefore kept and 
analysed as its monosodium salt (2H,O) (Found after dehydration : 
As, 18-5. C,;H,,O,NAsNa requires As, 18-8%). M.L.D. 50 mg. 
Therapeutic activity, some in maximum doses. 

Fluorenone-7-glycinamide-2-arsonic |Acid.—Aminofluorenone-2- 
arsonic acid (4-5 g.) was ground into a thin paste with N-sodium 
hydroxide (14-2 ¢.c.; 1 equiv.) and diluted with water (10 c.c.) to 
aclear red solution. Chloroacetamide (2-7 g.; 2 equivs.) was added, 
and the whole boiled under reflux for 14 hours. A deep purple, 
crystalline solid was suddenly precipitated, whereupon the reaction 
mixture was cooled and the product collected (5 g.). It was 
purified by conversion into its sodium salt and reprecipitation with 
2N-acetic acid (Found: As, 19-9; total N, 7-25; hydrolysable 
N, 3-6. C,;H,,0;N,As requires As, 19-95; total N, 7-45; hydrolys- 
able N, 3-7%). 

The sodium salt dissolved readily in water to a deep red solution 
(Found: As, 16-5; hydrolysable N, 2-9. C,;H,,O;N,AsNa,3H,O 
requires As, 16-6; hydrolysable N,3-1%. Found after dehydration : 
total N, 6-6. C,;H,.0;N,AsNa requires total N, 7-0%). M.L.D. 
about 30 mg. Some therapeutic action in maximum doses. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, February 28th, 1931.] 
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LXXXV.—The Reactions of Nitrosulphonyl Chlorides 
Part II. The Separation of Nitrosulphonyl Chlorides 
by Means of Hydrazine Hydrate. 


By Wriii1am Davies, FREDERICK ROBERT STORRIE, and STANLEY 
Horwoop TUCKER. 


Danw and Davtss (J., 1929, 1050) have found that the difference 
in reactivity of the nitrosulphonyl chlorides towards hydrazine 
hydrate at different temperatures (R-SO,Cl + NH,*-NH,,H,O —> 
R-SO,*NH-NH, —-> R-SO,H) is sufficient to enable a separation of 
isomeric nitrosulphonyl chlorides to be effected. Thus from a 
mixture of 2-chloro-5-nitro-p-toluenesulphonyl chloride and _ its 
6-nitro-isomeride, by the action of hydrazine hydrate at 60°, were 
obtained 2-chloro-5-nitro-p-toluenesulphinic acid (74% yield) and 
2-chloro-6-nitro-p-toluenesulphonhydrazide (55%). This method 
of separation has been successfully applied in the case of the three 
nitrobenzenesulphonyl chlorides; each pair of chlorides, and a 
mixture of the three isomerides, being separable into compounds 
which can be converted into the component chlorides. Thus 
hydrazine hydrate reacted at 35° with a mixture of o- and p-nitro- 
benzenesulphonyl chlorides to give o-nitrobenzenesulphinic acid 
(soluble in sodium acetate solution and converted by chlorine into 
the sulphonyl chloride) and p-nitrobenzenesulphonhydrazide (in- 
soluble), which can be chlorinated in alcohol-chloroform to give 
p-nitrobenzenesulphonyl chloride. The o- and m-nitrobenzene- 
sulphonyl chlorides are separated at 50°, and the m- and p-chlorides 
at 55°. In the case of a mixture of the three nitrobenzenesulphony! 
chlorides, the temperature was kept at 30-—-35°; the o-isomeride 
was then removed as sulphinic acid, and the resulting mixture of 
m- and p-nitrobenzenesulphonhydrazides treated as in the separation 
of the m- and p-chlorides outlined above. 

In the Annual Reports (1929, 140) Dr. Bennett refers to the work 
done by Dann and Davies on “ dinitrobenzenesulphonyl chloride.” 
This compound was not mentioned in Part I of this work (loc. cit.), 
although the statement that it is an example of the “ positive” 
reactivity of the halogen, i.e., of the chlorine atom in the SO,(I 
group, is correct. 2 : 4-Dinitrobenzenesulphonhydrazide is described 
below. It is also worth noting that the order of stability of the 
nitrobenzenesulphonhydrazides is shown by the method of separation 
to be m>p>o, illustrating the influence of the nitro-group on the 
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stability of the sulphonhydrazide group. 
The nitrobenzenesulphonhydrazides, and especially m-nitro- 
benzenesulphonhydrazide, form easily crystallised, high-melting 
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hydrazones with aldehydes and ketones, and can be utilised in the 
isolation and identification cf such compounds. 

2: 4-Dinitrobenzenesulphonhydrazide decomposes in boiling water 
to give m-dinitrobenzene, and illustrates a possible method of 
removing the sulphonic acid group from a benzene nucleus suitably 
activated. 

Sprung (J. Amer. Chem. Soc., 1930, 52, 1653) has found that the 
order of reactivity of the isomeric chloronitrobenzenes towards 
sodium sulphite is m>o>yp. In the preparations of o- and p-nitro- 
benzenesulphonyl chlorides from o- and p-chloronitrobenzenes, the 
latter compounds were condensed in alcoholic solution with sodium 
disulphide (and the resulting dinitrodiphenyl disulphides oxidised 
with fuming nitric acid to the sulphonic acids). Under the same 
reaction conditions, m-chloronitrobenzene did not react with sodium 
disulphide, and consequently the reactivities of the isomeric chloro- 
nitrobenzenes towards sodium disulphide are o>m, and p>™m, 
these observations being in agreement with those of the Dutch 
school mentioned by Sprung. 


ExPERIMENTAL. 


o-Nitrobenzenesulphonhydrazide (Dann and Davies, loc. cit.) 
yields acetone-o-nitrobenzenesulphonhydrazone, small white prisms, 
m. p. 147—148° (decomp.) (Found: §S, 12-6. C,H,,0,N,8 requires 
8, 12:5%), and piperonal-o-nitrobenzenesulphonhydrazone, bright 
yellow fiakes, m. p. 177—-179° (decomp.) (Found: N, 11-9. 
C,,H,,0,N.S requires N, 12-0°%). 

Since o-nitrobenzenesulphonhydrazide is unstable at the ordinary 
temperature, the following method had to be adopted for the 
preparation of these o-nitrobenzenesulphonhydrazones, The o- 
nitrobenzenesulphonhydrazide was prepared in ice-cold solution 
and washed with ice-water (approximate dry yield, 80%), the cold 
solid added to the aldehyde or ketone (1 mol.) in alcohol, and the 
whole boiled for a minute and cooled; the hydrazone then crystal- 
lised. For the p- and m-nitrobenzenesulphonhydrazones the solid 
hydrazide and the aldehyde or ketone were simply heated together, 
alone or in alcoholic solution. 

p-Nitrobenzenesulphonyl chloride was prepared after Blanksma 
(Rec. trav. chim., 1900, 19, 111), Wohlfahrt (/. pr. Chem., 1902, 66, 
553), and Bell (J., 1928, 2776). Alternatively, the sulphonic acid 
may be isolated (m. p. 109—111°; compare Blanksma, Rec. trav. 
chim., 1901,20, 121, who gives m. p. 95°) and converted by phosphorus 
pentachloride into the sulphonyl chloride, or the ammonium salt 
treated with chlorosulphonic acid. 

p - Nitrobenzenesulphonhydrazide. — p - Nitrobenzenesulphonyl| 
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chloride (4-43 g.; 1 mol.) in benzene (12 c.c.) was gradually added 
with stirring to hydrazine hydrate (1-95 c.c.; 2 mols.) in absolute 
alcohol (15 c.c.). The temperature was kept below 40°; no 
nitrogen was evolved. The product was mixed with N/2-sodium 
acetate solution (20 c.c.), the benzene removed in a stream of air, 
and the precipitate ground with water containing a trace of sodium 
acetate until free from chloride (3-7 g.); m. p. 150—152° (decomp.). 
It is almost insoluble in cold water, and sparingly soluble in cold 
alcohol. It is unchanged by rapidly effected crystallisation from 
alcohol, but is decomposed by boiling alcohol to give the sulphinic 
acid. It forms faintly yellow, compact prisms which seem colourless 
when powdered (Found: C, 33-2; H, 3-2. C,H,0,N,S requires C, 
33-2; H, 3-2%). 

Acetone-p-nitrobenzenesulphonhydrazone forms small white needles, 
m. p. 169—171° (decomp.) (Found: N, 16-5. C,H,,0,N,8 re- 
quires N, 16-3), benzaldehyde-p-nitrobenzenesulphonhydrazone, small 
glistening plates, m. p. 142—144° (decomp.) (Found: N, 13:6. 
C,,H,,0,N,8 requires N, 13-8%), and piperonal-p-nitrobenzene 
sulphonhydrazone, golden flakes, m. p. 189—190° (decomp.) (Found : 
N, 12-3. C,,H,,0,N,S requires N, 12-0%). 

m-Nitrobenzenesulphonhydrazide was similarly prepared in more 
than 90% yield, and consisted of colourless prisms, m. p. 130° 
(decomp.). It is stable in boiling alcohol (Found: C, 33-1; H, 
32%). 

m-Nitrobenzenesulphonhydrazones of (a) acetone, small rectangular 
prisms, m. p. 148—150° (decomp.) (Found: S, 12-6; N, 16-7%), 
(b) methyl ethyl ketone, small white flakes, m. p. 124—125° (decomp.) 
(Found: N, 15-7. C,9H,,0,N,S requires N, 15-5%), (c) benzalde- 
hyde, white needles, m. p. 150—151° (decomp.) (Found: N, 13-9%), 
(d) piperonal, bright yellow microcrystals, m. p. 173—175° (decomp.) 
(Found: N, 11-8; 8S, 9-3. C,,H,,O,N,S requires N, 12-0; §, 
9-2%), were prepared. 

2:4- Dinitrobenzenesulphonyl Chloride.—2: 4 - Dinitrobenzene- 
sulphonic acid was prepared after Willgerodt and Mohr (J. pr. 
Chem., 1886, 34, 116) and Blanksma (Rec. trav. chim., 1905, 24, 322), 
and converted by phosphorus pentachloride into 2 : 4-dinitrobenzene- 
sulphony! chloride, m. p. 102° (compare Willgerodt and Mohr, 
loc. cit., p. 123). 

2 : 4-Dinitrobenzenesulphonhydrazide was prepared as above at 
—10°. It forms light yellow plates, m. p. 110° (decomp.); yield, 
1-2 g. (Found: S, 12-4; M, 263-5. C,H,O,N,S requires S, 12-2%: 
M, 262). It is practically insoluble in cold water and in cold alcohol, 
but is solublein ether. Itis very unstable to heat, evolving nitrogen. 
2:4-Dinitrobenzenesulphinic <Acid.—If 2: 4-dinitrobenzene- 
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sulphonhydrazide is heated with aqueous hydrazine or with dilute 
hydrochloric acid, a brisk evolution of nitrogen occurs, and 2: 4- 
dinitrobenzenesulphinic acid is precipitated from the solution by the 
addition of concentrated hydrochloric acid. It forms white tufts, 
m. p. 196° (Found: 8, 13-2; M, 243. Cale. for C,H,0,N,S:S, 
13:8%; M, 232. Calc. for C,H,O,N,S,3H,O : 8, 13-3%; M, 241). 

By boiling either 2: 4-dinitrobenzenesulphonhydrazide or the 
sulphinic acid in aqueous solution, a quantitative yield of m-dinitro- 
benzene was obtained. 

The hydrazides, purified as above by washing with sodium 
acetate solution, may more conveniently be freed from hydrazine 
hydrochloride by simple washing with water, but the above detailed 
conditions approximate to those employed in separating a hydrazide 
from a sulphinic acid (vide infra). The preparation of the hydrazides 
is equally well effected by adding the hydrazine hydrate to the 
sulphonyl] chloride solution (instead of vice versa), but very efficient 
stirring is necessary, and in separating the isomerides the former 
method is preferable. 

Conversion of Sulphonhydrazides into Sulphonyl Chlorides.—p(or 
m)-Nitrobenzenesulphonhydrazide was suspended in rectified spirits 
and chloroform, ice added, and chlorine passed through the mixture. 
After a short time, the chloroform solution was separated, washed 
with water, dried, and allowed to evaporate. The p(or m)-nitro- 
benzenesulphonyl chloride crystallised in good yield. Thus 0:8 g. 
of the p-hydrazide gave 0-67 g. of the p-chloride, m. p. 75—77°; 
and 0-5 g. of the m-hydrazide gave 0-45 g. of the m-chloride, m. p. 
59—60°. 

Separation of o- and p-Nitrobenzenesulphonyl Chlorides.—A 
mixture of o- and p-nitrobenzenesulphonyl chlorides (3 g. of each) 
in benzene (12 c.c.) was slowly added with mechanical stirring to 
hydrazine hydrate (3 c.c.) in absolute alcohol (12 c.c.) cooled in ice. 
After a short time, the temperature of the water-bath was raised to 
and maintained at 35° till effervescence ceased. The reaction mix- 
ture was cooled, N/2-sodium acetate solution (35 c.c.) added, the 
mixture stirred, the liquid filtered, and the precipitate washed with 
ice-water till free from chloride. The dry p-nitrobenzenesulphon- 
hydrazide (2-4 g.) had m. p. 145—147°. Chlorinated as above, it 
gave p-nitrobenzenesulphonyl chloride (1-8 g.), m. p. 75—77°. 
Recrystallised from benzene-light petroleum (b. p. 40—60°), this 
had m. p. 77—79°, mixed m. p. with pure chloride, 78—79°; the 
sulphonamide obtained from it had m. p. 177°. 

The sodium acetate solution containing the o-nitrobenzene- 
sulphinic acid was separated from the benzene, dilute hydrochloric 
acid, rectified spirits, and chloroform were added, and chlorine was 
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passed through the liquid. The chloroform solution was separated, 
washed with water, and dried, and the o-nitrobenzenesulphony] 
chloride (2-2 g.) crystallised; m. p. 683—65°. Recrystallised, it had 
m. p. 66—68° and mixed m. p. 67—68°; the sulphonamide had 
m. p. 189—190°. 

Separation of o- and m-Nitrobenzenesulphonyl Chlorides.—o- and 
m-Nitrobenzenesulphony] chlorides (3 g. of each) in benzene (12 c.c.) 
were added to hydrazine hydrate (3 c.c.) in absolute alcohol as above, 
The temperature of the bath was kept below 50° till effervescence 
ceased; the reaction mixture was then treated as above. The 
resulting m-nitrobenzenesulphonhydrazide (2-4 g.) had m. p. 124— 
126°. Chlorination gave m-nitrobenzenesulphonyl] chloride (1-6 g.), 
m. p. 59—62°, rising to 60—62° on crystallisation. The acetate 
extract was treated as in the above separation; the o-nitrobenzene- 
sulphonyl chloride (1-7 g.), m. p. 65—66°, resulted (purified, it had 
m. p. 66—67°). 

Separation of m- and p-Nitrobenzenesulphonyl Chlorides.—Vhe 
sulphonyl chlorides (3 g. of each) in benzene (12 c.c.) were added 
as above to hydrazine hydrate (3 c.c.) in absolute alcohol (10 c.c.), 
and in this case the temperature of the bath was kept at 55° till 
decomposition ceased. The cooled mixture was treated with acetate 
solution as before, and the washed m-nitrobenzenesulphonhydrazide 
(m. p. 125—127°, decomp. ; 2-5 g.) chlorinated as above, giving m- 
nitrobenzenesulphony] chloride, m. p. 58—60°. Chlorination of the 
acidified acetate extract gave p-nitrobenzenesulphonyl chloride, 
m. p. 78—79° (1-6 g.). 

Separation of o-, m-, and p-Nitrobenzenesulphonyl Chlorides.—A 
mixture of o-, m-, and p-nitrobenzenesulphonyl chlorides (3 g. of 
each) in benzene (15 c.c.) was added slowly with stirring to hydrazine 
hydrate (4:5 c.c.) in absolute alcohol (12 c.c.), well cooled. After 
30 minutes, the temperature of the bath was raised and maintained 
at 30—35° till effervescence ceased. The reaction mixture was 
cooled and N/2-sodium acetate solution (35 c.c.) added, the whole 
stirred, the liquid filtered, and the precipitate washed with ice- 
water. The acidified filtrate was chlorinated, giving o-nitrobenzene- 
sulphonyl chloride (2-1 g.), m. p. 64—67°. The mixture of p- and 
m-nitrobenzenesulphonhydrazides was left over-night to dry in a 
gentle heat, and then stirred with benzene (10 c.c.), absolute alcohol 
(10 c.c.), and hydrazine hydrate (1 c.c.) at 40-——45° till effervescence 
ceased. From this reaction mixture were obtained in the usual 
manner, p-nitrobenzenesulphonyl chloride (i-2 g.), m. p. 78—79, 
and m-nitrobenzenesulphony| chloride (1-4 g.), m. p. 57—59°. 

In the above separations the sulphinic acids formed may be 
separated and identified, but this is not necessary, and the direct 
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conversion into the sulphonyl chlorides prevents loss of some of the 
product. The use of aqueous solutions of hydrazine hydrate alters 
the temperature conditions required for the above separations, and 
it is advisable to use 100% hydrazine hydrate. 

Separation of 2-Chloro-5-nitro-p-toluenesulphinic Acid from a 
Mixture of 2-Chloro-5-nitro-p-toluenesulphonyl Chloride and 2-Chloro- 
6 - nitro - p - toluenesulphonyl Chloride.—2-Chloro-5-nitro-p-toluene- 
sulphonyl chloride (6-8 g.) and the 6-nitro-isomeride (5-0 g.) were 
mixed (11-8 g.; 1 mol.) in benzene (16 c.c.), and the solution gradually 
added to hydrazine hydrate (5-3 c.c.) in absolute alcohol (25 c.c.). 
The temperature was maintained at 40—55° during the reaction, and 
then raised to 60°. After cooling, 2N-sodium acetate (20 c.c.) was 
added, and the benzene and some of the alcohol were removed in a 
stream of air. ‘The precipitate was ground and washed with water 
containing a little sodium acetate. The 2-chloro-6-nitro-p-toluene- 
stlphonhydrazide produced had m. p. 121—124°, mixed m. p. with 
pure hydrazide, 123—125° (yield, 2-7 g. = 55%). 

The filtrate was strongly acidified with hydrochloric acid, and the 
2-chloro-5-nitro-p-toluenesulphinic acid collected next day; m. p. 
126—129°. Purification by solution in alkali and precipitation with 
acid gave the pure sulphinic acid, m. p. 130—131° (yield, 4-4 g. = 
74°). ° 

Note.—Since the completion of this paper, there has appeared the 
pamphlet ‘ Nitro-benzolsulfonhydraziden”’ by A. A. M. Witte. 
This thesis contains a description of some o-, m-, and p-nitrobenzene- 
sulphonhydrazones of aldehydes and ketones. In general there is 
agreement (to + 4°) between Witte and us on the melting points of 
these derivatives, but in some cases his analyses are not quite 
satisfactory. For example, benzaldehyde-p-nitrobenzenesulphon- 
hydrazone, m. p. (Witte) 142°, (D., S. and T.) 142—144° (decomp.) ; 
N estimation, (Witte) 13-11, (D., 8. and T.) 13-55. Theory requires 
13-77%. Again, for acetone-m-nitrobenzenesulphonhydrazone, 
Witte gives m. p. 153° (decomp.) and N, 16-86. We give m. p. 
148—150° (decomp.) and N, 16-69; S, 12-57. Theory requires N, 
16:34; S, 12-45%. 


The authors desire to thank Mr. James D. Buchanan, B.Sc., for 
performing the work here described on 2 : 4-dinitrobenzenesulphon- 
hydrazide, and Mr. Wm. Gillespie and Mr. James Cameron for 
carrying out some of the estimations reported. 
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LXXXVI.—Cannabis Indica Resin. Part II. 


By Ropert SrmpNey Caugn. 


INVESTIGATIONS of Cannabis Indica resin (hashish, etc.), though 
numerous, are to a large extent contradictory. It is agreed that 
the active principle is contained in a high-boiling resin and that 
it is not alkaloidal (T. and H. Smith, J. Pharm., 1857, 21, 47), 
but it has never been isolated. From this high-boiling oil four 
substances, namely, cannabinol, trinitrocannabinol, a hydrocarbon, 
and nitrocannabinolactone, have been prepared by the use either 
of solvents or of reagents. The present communication records a 
preliminary investigation of the first three, concerning which the 
evidence hitherto available is highly conflicting. The fourth 
formed the subject of Part I of this series (J., 1930, 986). 

Wood, Spivey, and Easterfield (J., 1896, 69, 539) obtained from 
five different samples of Cannabis Indica resin a fraction boiling 
apparently constantly at 265°/20 mm. and in four cases giving on 
analysis results required for the formula C,,H,,0,; it was not 
unnaturally assumed to be homogeneous and given the name 
cannabinol. Later, however, they (J., 1899, 75, 20) and inde. 
pendently Dunstan and Henry (P., 1898, 44) prepared from this 
fraction a crystalline acetyl derivative, m. p. 75°. The former 
authors, who only succeeded in obtaining the crystalline derivative 
in small yield (20—25%. Dunstan and Henry give no details), 
concluded correctly that their resin, b. p. 265°/20 mm., was a 
mixture and transferred the name cannabinol to the resin obtained 
on hydrolysis of the crystalline acetyl derivative. Later investig- 
ators have, however, consistently failed to repeat this work; they 
have obtained apparently constant-boiling resins and, although 
these yielded only oily derivatives, have claimed homogeneity for 
each product, appropriated the name cannabinol, and variously 
assigned to it the formulze C,,H,,0, (Casparis, Pharm. Helv. Acta, 
1926,1, 210; Bergel, Annalen, 1930, 482, 55) and C,,H,0, (Frankel, 
Arch. exp. Path. Pharm., 1903, 49, 266; Czerkis, Annalen, 190i, 
351, 467; also considered possible by Bergel, loc. cit.). 

The work described below was carried out with several different 
samples of hashish of uncertain origin, all of which gave similar 
results, which were confirmed with a Cannabis Indica resin of 
known Indian origin. Attention was directed in the first place to 
the portion of the ether-soluble material boiling at ca. 260—270°/2) 
mm., which on redistillation very readily gave as main fraction 4 
viscous red oil boiling mostly within 4° and corresponding closely 
to the supposedly homogeneous resins. Boiling with acetic anhydr- 
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ide or acetyl chloride, the method of acetylation used by Wood, 
Spivey, and Easterfield and later investigators, gave oily products 
even after several fractionations; but treatment of a pyridine 
solution of the once fractionated distillate with acetyl chloride 





ough gave a 28%, yield of crystalline acetyl cannabinol. After crystals 
that | became available for seeding, a 3% yield could be obtained by 
that means of acetic anhydride, although pure cannabinol obtained by 
47), hydrolysis of the crystalline acetyl derivative was quantitatively 
four reacetylated by this reagent alone. 
rbon, It is thus conclusively proved by Wood, Spivey, and Easter- 
ither field’s investigation and the present one that apparent constancy 
rds a of boiling point cannot be held to prove the homogeneity of these 
‘ io resins, and it must, by analogy, be concluded that the resins of 
ourth Frinkel, Czerkis, Casparis and Bergel were mixtures. The name 
cannabinol will, therefore, in this and succeeding papers be applied 
from | only to the substance obtained from the acetyl derivative, m. p. 
oiling 75°, and the apparently constant-boiling resin will be termed 
18 °F “crude cannabinol.” 
devs Crystalline acetyl cannabinol has been given the formule 
rer ig C,gH,30,Ac (Dunstan and Henry) and C,,H,,0,Ac (Wood, Spivey, 
inde- and Easterfield), the latter of which was confirmed in the present 
this work. 
ae It appears probable that the 25% yield of acetyl cannabinol 
ve obtained by Wood, Spivey, and Easterfield did not represent the 
tails), total cannabinol content of their resin, and there is no evidence 
vas @ 0 that the pyridine—acetyl chloride method effects a quantitative 
ined separation. In view of this doubt regarding the complete removal 
sits of cannabinol, great caution is necessary in drawing conclusions 
they Fa to the nature of the residual resin. It is also unjustifiable to 
rough draw any conclusions as to the constitution of cannabinol from 
'y - substances prepared from the crude resin only (vide infra). 
iously By treating a cold acetic acid solution of “ crude cannabinol ”’ 
Acs, with fuming nitric acid, Wood, Spivey, and Easterfield prepared 
inkel, a number of amorphous nitro-derivatives, which were probably 
100i, mixtures, and a bright yellow, crystalline substance having the 
formula of a trinitrocannabinol, C,,H,,0,(NO,),. No great difficulty 
—" was experienced by the present author in preparing this substance 
rey (see p. 636), and since other workers (Frankel, Bergel) have failed 
in to prepare either this characteristic derivative * or acetyl cannabinol 
8 . in a crystalline state, it would appear possible that the composition 
aha of Cannabis resin may vary considerably, a view in harmony with 





its variable pharmacological activity. It is important to note 





slosely 
yhydr- 





* Compare Czerkis (Chem. Zentr., 1909, ii, 1880), who describes vaguely 
various products but almost certainly never obtained true trinitrocannabinol. 
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that the preparation of trinitrocannabinol from pure cannabinol, 
reported without details by Wood, Spivey, and Easterfield (P., 
1898, 153), and consequently the correlation of these two substances, 
have been confirmed. 

Some light is shed upon the nature of trinitrocannabinol by a 
consideration of its oxidation product, nitrocannabinolactone. This 
lactone, which was assigned formula (I) in Part I of this series, 
is obtained on treatment of trinitrocannabinol, ‘‘ crude ”’ or pure 
cannabinol (see p. 636) with hot nitric acid. Bergel has objected to 
this formula on the ground that he obtained an acid melting above 


Me 


CMe, 
(I.) NO SO 
CO 


300° by reactions (including fusion with alkali) which might have 
been expected from formula (I) to lead to 6-nitroisophthalic acid 
(m. p. 245°). However, Bergel’s acid was not analysed and Bauer 
(Ber., 1908, 41, 503) has shown that nitrophthalides are decom- 
posed by fusion with alkali. On the other hand, the 6-hydroxy- 
toluic acid obtained from hydroxycannabinolactone (loc. cit., p. 990) 
has now been found to be identical (mixed m. p.) with a synthetic 
specimen, and the position of the nitro-group is thus definitely 
proved. 

Nitrocannabinolactone contains only one nitro-group, leaving 
two more to be accommodated in the remaining portion of tri- 
nitrocannabinol. The latter substance possesses strong acidic 
properties but no carboxyl group, and Wood, Spivey, and Easter- 
field (P., 1898, 66) suggested that it was a polynitrophenol. This 
view is in harmony with the method of preparation of trinitro- 
cannabinol and with the properties now found for its benzene- 
sulphonyl compound and methyl ether. These are both much paler 
yellow than the parent nitro-compound. The former is rapidly 
hydrolysed by alkali and by warm pyridine containing a little 
water. The methyl ether, which is best prepared in absence of a 
solvent, is stable to acids and resinified by alcoholic sodium hydr- 
oxide solution, but is hydrolysed to trinitrocannabinol by heating 
with pyridine containing a little water * or with piperidine; methyl- 
ation is thus proved to have occurred at the hydroxyl group and 
not at a carbon atom. It was not, however, a priori impossible 
that the acidity was due to (a) a secondary or (in view of its mode 
of formation, less probably) a primary aliphatic nitro-group, or 
(b) an enolic hydroxyl group, the acidity of which was enhanced 


* The generality of this reaction is under investigation. 
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inol, — by a neighbouring nitro-group or groups. The alternative (a) was 
(P., — eliminated when it was found that trinitrocannabinol reacts neither 
nees, § with alkaline hypobromite solution, either cold or at 40°, nor with 


nitrous acid. According to (6) trinitrocannabinol methyl ether 
by a § should contain two tertiary nitro-groups and the unsaturated group 
This | -C(OMe):C<. On treatment with potassium permanganate in 
ries, § acetone solution, however, there was no reaction in the cold, and 
pure } only an exceedingly slow but then total degradation on boiling ; 
2d to § whereas trinitrocannabinol itself in acetone solution is rapidly 
bove § oxidised in the cold. This contrasting behaviour is not consistent 
with the substances being related as an enol to its O-methyl ether. 

All the known facts concerning these compounds are, however, 
in harmony with the assumption that trinitrocannabinol contains 
two benzene nuclei, one in the nitrocannabinolactone residue, the 
other carrying two nitro-groups and a phenolic hydroxyl group. 
On this view the hydroxyl group in cannabinol itself must be 
phenolic, although this substance does not give a coloration with 





have 
acid 


auer B fe-,i¢ chloride and is insoluble in alkali. The former property is, 
oo however, not unusual and some phenols are insoluble in alkali 
OXY Fl ieg., dib ydrodeoxytetrahydro-a-methylmorphimethine; Cahn, J., 


990) F 1996, 2567). 


hetic | (Cannabinol appears to contain neither a second hydroxyl group 


itely J nor a carbonyl group, and no volatile halide is obtained by the 

} action of hydriodic acid under the conditions used for the micro- 
Wil fj determination of the methylimino-group. Further, trinitrocanna- 
: he binol is unaffected by heating with piperidine, which hydrolyses 
cidic 


polynitrodiphenyl ethers (Le Févre, Saunders, and Turner, J., 
ster: 9 1927, 1168). The second oxygen atom is thus presumably in the 





7 form of an internal ether linkage. Further consideration of the 
utro- I structure of cannabinol is, however, deferred until more experi- 
zené- 4 mental evidence is available, but it may be noted that the formule 
on proposed by Bergel (a) are not in accord with the correct molecular 
p dly J formula for cannabinol, (b) do not allow of ready formation of a 
es trinitro-derivative, and (c) are based on products isolated in small 


yield from ‘‘ crude cannabinol.”’ 
ay’ dr- Personne (J. Pharm., 1857, 34, 47) first isolated from Cannabis 
atiN§ Indica resin a hydrocarbon, for which the following data were 
thy!- subsequently recorded: m. p. 63—64°, b. p. 285—286°/15 mm., 
} and probably -CygH,, (Wood, Spivey, and Easterfield); m. p. 70°, 
sible (,,H,, (Frankel); m. p. 65° (Bergel). The author is indebted to 
mode Professor A. C. Chibnall for a comparison of a specimen of the 
p> OF § hydrocarbon obtained in this investigation (m. p. 63°) with synthetic 
nced n-nonacosane (m. p. 63-6°) and to Dr. 8. H. Piper for X-ray analysis. 
lt appears highly probable that the main constituent is n-non- 
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acosane, but some other substance is also present, and the material 
is being further investigated by Professor Chibnall. 


EXPERIMENTAL. 


Hashish.—The material used in this investigation was un- 
adulterated hashish of good quality, seized from smugglers in 
Egvpt and, therefore, probably of Eastern Mediterranean origin. 
The dark brown ethereal extract (400 g.; ca. 33%), on distillation 
substantially according to the directions of Wood, Spivey, and 
Easterfield, gave the following fractions, the yields recorded being 
representative of several batches :—({A) atmospheric distillate, 
90-110 g.; the portion volatile in steam will form the subject of 
«a future communication; the non-volatile portion gave ca. 0-2 g. 
of hydrocarbon (vide infra) and then boiled at 150—270°/25 mm.; 
(B) vacuum distillate, 147—156 g.; (C) undistillable pitch, 90— 
130 g. B gave 1-4—2-0 g. of hydrocarbon and on fractionation :— 
(D) 35—42 g., b. p. 190—250°/25 mm., (E) 95—110 g., b. p. 250— 
285°/25 mm., and residue, 5—15 g. Fraction E simulated a pure 
substance in that already three-quarters of it boiled at 263— 
268°/25 mm., but it was impossible by repeated distillation either 
to eliminate the small but definite head and tail fractions or further 
to separate the mixture. 

Distillation in a high vacuum gave substantially similar results. 

Indian Resin.—The green resin (supplied by The British 
Drug Houses Ltd.) obtained by evaporation of an alcoholic extract 
of Cannabis Indica of Indian origin gave similar results on dis- 
tillation, except that (a) low-boiling fractions had been partially 
lost (probably during removal of the alcohol) and (6) the hydro- 
carbon, being sparingly soluble in alcohol, was present only in 
traces. Prolonged refractionation had the same negative results 
as with hashish. 

Polymerisation.—As the above distillations involve high tem- 
peratures for about 1-5 hours, and Wood, Spivey, and Easter- 
field’s hydrocarbon C,,H,, polymerised very readily, portions of 
all fractions except that volatile in steam were separately heated 
at 200° for 4-5 hours in an atmosphere of carbon dioxide and then 
distilled. No evidence of polymerisation was obtained. 

Extraction with Alkali.—It has been reported (Hofmann-La 
Roche & Co., G.P. 285,829, 1913; Casparis, loc. cit.) that shaking 
a solution of the crude extract with alkali removes 50% of 
pharmacologically inactive material. The hashish-resin used in 
this investigation yielded only about 5% to alkali, and the B.D.H. 
resin even less. The proportion of undistillable pitch obtained 
after the treatment was somewhat smaller, but the distillates were 
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similar in quantity and properties to those obtained without alkali 
treatment. The difficulty of separating the dark brown ethereal 
and the aqueous layer destroyed the utility of this modification. 

Acetyl Cannabinol.—Acetyl chloride (150 ¢.c.) was run during 
90 minutes into a solution of the resin E (185 g.) in dry pyridine 
(500 c.c.), mechanically stirred and cooled in ice, crystals separ- 
ating during the addition. After standing for 2 hours at room 
temperature, the mixture was poured on ice and dilute acid, the 
oil taken up in ether, shaken successively with dilute acid, sodium 
carbonate solution, and water, and dried over calcium chloride. 
The residue after removal of the solvent boiled almost entirely at 
240—270°/20 mm. On solution in alcohol (500 c.c.) and standing 
for 4 days at 4°, colourless crystals of acetyl cannabinol, m. p. 70°, 
gradually separated. The residue remaining on evaporation of 
the mother-liquors gave on fractionation (i) 93 g., b. p. 230— 
255°/20 mm., and (ii) 58 g., b. p. 255—270°/20 mm. The latter 
on solution in alcohol deposited a further small quantity (varying 
in different experiments) of acetyl cannabinol (total yield, 27— 
28-4%). Acetyl cannabinol [Found: C, 78-2, 78-1; H, 8-0, 8-0; 
CH,*CO,* 12-1; M (in camphor; mean of 4 results), 312. Cale. 
for C,,H,,0,°CO-CH, : C, 78-4; H, 8-0; CH,°CO, 122%; M, 352] 
crystallised in irregular plates, m. p. 75°, from alcohol, in which it 
was considerably more soluble at room temperature than at 4°. 

A similar yield (26%) of the same substance (mixed m. p.) was 
obtained from the corresponding fraction of the B.D.H. resin. 

Substitution of quinoline for pyridine greatly reduced the yield 
of acetyl cannabinol. By refluxing the resin E (3 g.) with acetic 
anhydride (10 c.c.) and fused sodium acetate (3 g.) for 1 hour, 
1 g. of crystalline acetyl cannabinol was obtained after, but not 
before, crystals for seeding became available. 

Acetyl cannabinol was unchanged by refluxing with acetic 
anhydride; addition of fused zinc chloride caused decomposition. 
Bromination and nitration took place readily, but crystalline 
derivatives have not been isolated. 

The oily residues left after separation of the crystalline acetyl 
cannabinol were much more mobile than the resin E. Their colour, 
pale yellow when freshly distilled, darkened rapidly on standing, 
and they were rapidly transformed into coloured products by 
alcoholic potassium hydroxide solution. Reacetylation with acetyl 
chloride and pyridine gave no further yield of crystalline material. 
On oxidation of the higher-boiling fraction with nitric acid accord- 
ing to Wood, Spivey, and Easterfield’s directions (loc. cit.) nitro- 


* The author is indebted to Naguib Abdulla El Azizi Eff. for this 
determination. 
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cannabinolactone (6-2 g., m. p. 176—177°, from 110 g. of residues) 
was obtained. Similar treatment of pure cannabinol (2 g.) yielded 
the same substance (0-45 g., m. p. 172°). Oxidation under these 
conditions of lower-boiling fractions of the crude resin was very 
violent and nitrocannabinolactone could not be isolated. 

Cannabinol.—By heating acetyl cannabinol (20 g.) with a solution 
of potassium hydroxide (6-4 g.) in 90% alcohol (120 ¢.c.) under 
reflux for 2 hours and isolating the product in the usual manner, 
cannabinol (yield, 90% of the theoretical) was obtained as a very 
pale yellow oil, setting to a transparent varnish when cold, which 
very slowly became reddish on standing. It boiled at 263— 
264°/20 mm. and could not be crystallised. On heating under 
reflux for 15 minutes with 2 parts of acetic anhydride it was quantit- 
atively converted into crystalline acetyl cannabinol. Cannabinol 
rapidly decolorises potassium permanganate in hot acetone solution, 
but no crystalline derivatives have yet been obtained. 

Trinitrocannabinol.—Nitration according to Wood, Spivey, and 
Easterfield’s directions of the resin E (177 g.) and of pure cannabinol 
(5 g.) gave trinitrocannabinol (19-5 g. and 3-3 g. respectively) which, 
once recrystallised, never melted above 150°. Although the purity 
and yield of the product thus obtained leave much to be desired, 
they could not be improved by modification of the method. Much 
material is lost in complete purification, which is best effected by 
two recrystallisations from acetic acid, transformation into the 
sodium or ammonium salt, and two further crystallisations of the 
liberated phenol from acetic acid. Thus purified, it had all the 
properties described by Wood, Spivey, and Easterfield (Found : 
C, 56-5; H, 5-2; N, 9-0. Calc. for C,,H,,0,N,: C, 56:6; H, 5:2; 
N,9-4%. Found in silver salt: Ag, 19-4. Cale. for C,,;Hj,0,N,Ag : 
Ag, 195%), except that (a) the silver salt was slowly decomposed 
by alcohol, and (6) the sodium salt appeared to exist in a bright 
orange and a paler yellow form, the former passing into the latter 
in contact with water slowly in the cold, rapidly on heating. ‘This 
difference, which may be due to water of crystallisation or be 
similar to other not entirely explained differences in colour of 
salts of nitrophenols, was not investigated owing to lack of material. 
A specimen of trinitrocannabinol melting at 158° (m. p., when 
pure, 160°) still contained an appreciable amount of lower nitration 
products or other impurities (Found: C, 57-0; H, 5-2; N, 86%), 
a factor of considerable importance which will be dealt with in 4 
later communication. 

Trinitrocannabinol Methyl Ether.—Methylation, which Wood, 
Spivey, and Easterfield were unable to effect, was eventually 
carried out by the following methods, of which the first is the most 
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convenient. (i) On addition of dry methyl iodide (7-5 e.c.) to tri- 
nitrocannabinol (5-0 g.) and dry silver oxide (freshly precipitated 
from 3 g. of silver nitrate) cooled in ice, a bright red colour (con- 
siderably deeper than that of a solution of trinitrocannabinol in 
methyl iodide and probably due to transient formation of the aci- 
methyl ether) developed, which changed to a pale yellow in 15 
minutes, the whole then having set to a stiff crystalline paste. 
Methyl iodide (2-5 c.c.) was added, and the whole kept at room 
temperature for 2 hours. After addition of ether, filtration and 
evaporation of the solvent, the residue was warmed with very 
dilute sodium hydroxide solution (sodium ions greatly reduce the 
solubility of trinitrocannabinol sodium salt in water). The residual 
trinitrocannabinol methyl ether (5 g.), crystallised from methyl or 
ethyl alcohol, in which it was sparingly soluble, in very pale 
greenish-yellow needles m. p. 150° [Found: C, 57-4; H, 5:3; 
N, 9:2; MeO (determined as for NMe), 8-6. C,,H,.0,N,(OMe) 
requires C, 57-5; H, 5-5; N, 9-2; MeO, 7-25%]. 

(ii) The dry silver salt (1-4 g.) of trinitrocannabinol was kept for 
24 hours at 4° with an excess of dry methyl iodide. Worked up as 
in (i), the product gave 1-04 g. (95-5%) of methyl ether, m. p. 150°. 

(iii) When the silver salt of trinitrocannabinol in partial solution 
in methyl alcohol and excess of methyl iodide was kept for 24 hours, 
35°% of methyl ether, m. p. 147°, and 60% of trinitrocannabinol 
were obtained. 

No depression of the melting point was observed on mixing the 
products obtained by the three methods. 

Trinitrocannabinol methyl ether was unchanged after being 
refluxed with a mixture of alcohol and concentrated hydrochloric 
acid, and boiled for 2 minutes with concentrated nitric acid (in 
which it dissolved); it was unaffected by hydriodic acid under 
macro- or micro-Zeisel conditions (being insoluble), but was hydro- 
lysed under the conditions for the estimation of NMe (vide supra). 
It was unaffected by ketonic reagents and by refluxing with acetic 
anhydride and a drop of pyridine. It was not hydrolysed by 
aqueous alkali, presumably because of its insolubility, and was 
rapidly resinified by alcoholic sodium hydroxide solution. When 
its solution in (a) pyridine to which a few drops of water had been 
added or (6) piperidine was heated on the water-bath, it rapidly 
assumed the reddish-orange colour of solutions of trinitrocannabinol 
salts; after 30 minutes the solution, worked up in the usual manner, 
gave quantitatively trinitrocannabinol, which, after recrystallisation 
from acetic acid, melted, alone or mixed with an authentic speci- 
men, in both experiments at 160°. Addition of water to the piper- 
idine solution precipitated the piperidine salt of trinitrocannabinol, 

Y 
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which crystallised from water in bright yellow needles, m. p. 207° 
(decomp.); it was very sparingly soluble in water, readily soluble 
in alcohol, and crystallised readily from aqueous alcohol but then 
had an indefinite melting point. 

Benzenesulphonyltrinitrocannabinol_—On addition of benzene. 
sulphony] chloride (1 c.c.) to a cooled solution of trinitrocannabinol 
(0-8 g.) in dry pyridine (4 c.c.), the red colour of the solution changed 
instantaneously to pale yellow with slight evolution of heat, and 
crystals separated on scratching. After 1 minute the whole was 
poured into ice-water and the precipitated oil, which rapidly solidi- 
fied, was filtered off, dried, and recrystallised from benzene-alcohol. 
Benzenesulphonyltrinitrocannabinol formed rhombic needles, m. p. 
196—197° (Found: C, 55:9; H, 4:7; 8S, 55. C,,H,,0,,)N,8 
requires C, 55-35; H, 46; S, 55%), easily soluble in benzene, 
acetone and acetic acid, sparingly soluble in alcohol. It was stable 
to short heating with hydrochloric acid in acetone or acetic acid 
solution, but was very readily hydrolysed in the cold by addition 
of a drop of aqueous sodium hydroxide to the acetone solution; 
on addition of a few drops of water to the pyridine solution hydrolysis 
occurred fairly slowly in the cold, but instantaneously in the hot 
solution and trinitrocannabinol was obtained. 

Hydrocarbon.—The hydrocarbon obtained from distillates A and 
B was purified for analysis by two crystallisations from ethyl 
acetate, in which it was readily soluble when hot but sparingly 
soluble when cold, and one from ethyl alcohol (Found: C, 85:3, 
85-4; H, 14-7, 14:55; M, in camphor, 395, 387. Calc. for C,,H,,: 
C, 85:3; H, 14:7%; M, 408). Addition of alcohol, in which the 
higher paraffins and their derived ketones and alcohols are spar- 
ingly soluble, to the ethyl acetate mother-liquors precipitated a 
mixture melting indefinitely at.ca. 52°. The small quantity of this 
material (ca. 5%) together with the above analyses indicates that 
ketones or alcohols, if present at all, formed only a minor con- 
stituent (contrast Channon and Chibnall, Biochem. J., 1929, 23, 168). 


The author is greatly indebted to Dr. Sidney Smith, late Director 
of the Medico-Legal Section of the Ministry of Justice, Cairo, for a 
supply of hashish which enabled this investigation to be under- 
taken, to Professors R. W. West and J. L. Simonsen for valuable 
suggestions in connexion with the work, and to the Chemical 
Society for a grant which defrayed a portion of the cost of the 
later part of the investigation. 

EGYPTIAN UNIVERSITY, ABBASSIA, CAIRO, AND 


UNIVERSITY COLLEGE OF N. WALES, BANGOR. 
[Received, February 3rd, 1931.] 
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LXXXVII.—The Condensation of Aromatic Aldehydes 
with Phenylacetonitrile. 
By (Miss) THEopora pE Krewret and Henry STEPHEN. 


Frost (Annalen, 1889, 250, 157) showed that benzaldehyde con- 
denses with phenylacetonitrile in presence of sodium ethoxide, 
giving an excellent yield of «-phenylcinnamonitrile. The reaction 
has now been extended to a series of phenolic aldehydes and their 
methylethers, and it has been found that (i) 2 : 4-dimethoxybenzalde- 
hyde, veratraldehyde, and anisaldehyde give almost quantitative 
yields of 2:4-dimethory-, 3:4-dimethory-, and 4-methoxy-«- 
phenyleinnamonitrile (for the last-mentioned, compare Frost, 
loc. cit.) respectively ; (ii) hydroxybenzaldehydes give poor yields of 
the condensation products, which, however, are much improved in 
presence of potassium hydroxide in alcohol. The nature of the 
condensation product depends essentially on the position of the 
hydroxyl group in the aldehyde, the presence of o-hydroxyl favouring 
the formation of coumarins (compare Borsche and Streitberger, Ber., 
1904, 37, 3165); for instance, 2-hydroxy-4-methoxybenzaldehyde 
and o-vanillin yield respectively 7-methoxy-3-phenylcoumarin and 
8-methoxy-3-phenylcoumarin. The latter are formed almost quantit- 
atively in presence of 6N-alcoholic potash. 

4-Hydroxy-2-methoxybenzaldehyde and vanillin condense with 
phenylacetonitrile in presence of sodium ethoxide to give 4-hydroxy- 
2-methoxy- and 4-hydroxy-3-methoxy-«-phenylcinnamonitrile respect- 
ively. The yield of the latter nitrile was 40%, (Bistrzycki and 
Stelling, Ber., 1901, 34, 3081, state that vanillin does not condense 
with phenylacetonitrile in presence of sodium ethoxide), and the 
yields of both nitriles were increased to 90°, when 6N-alcoholic 
potash was used. The poor yields of condensation products obtained 
when sodium ethoxide was employed were due to the fact that the 
sodium salts of the hydroxybenzaldehydes mentioned above are all 
sparingly soluble in alcohol. 

As all attempts to hydrolyse the nitriles formed in the con- 
densations were unsuccessful, it would appear that they are cis- 
forms, in view of the observations of Pfeiffer (Annalen, 1928, 467, 
162) that cis-forms of certain olefinic nitriles resist hydrolysis where- 
as the trans-modifications are hydrolysed with comparative ease. 


EXPERIMENTAL. 

The general procedure for the condensations in which sodium 
ethoxide was employed consisted in dissolving the aldehyde (1 mol.) 
and phenylacetonitrile (1 mol.) in the minimum amount of alcohol 
and adding sodium ethoxide (1 mol.) in alcohol. Methoxybenzalde- 
x2 
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hydes condensed readily under these conditions, heat being evolved, 
and the product crystallised withina few minutes. Hydroxybenzalde- 
hydes required to be left for 2 days before condensation was com. 
plete; the product was then precipitated by addition of dilute 
hydrochloric acid. Condensations in which alcoholic potassium 
hydroxide was employed required heating on the water-bath for 
8 hours. An excess of phenylacetonitrile (3 mols.) and potassium 
hydroxide (4 mols.) was employed, the excess of the former being 
afterwards removed in steam. The product separated, on acidific- 
ation of the cold alkaline solution, as an oil which slowly solidified. 

2 : 4-Dimethoxy-a-phenylcinnamonitrile crystallises from alcohol 
in long, pale yellow needles, m. p. 95°, readily soluble in the usual 
solvents (Found: C, 77-1; H, 5-7. C,,H,;0,N requires C, 77-0; 
H, 5-7%). Unlike 2:4-dimethoxy-«-phenylcinnamic acid, the 
nitrile could not be demethylated. 

3: 4-Dimethoxy-«-phenylcinnamonitrile forms long, pale cream 
needles, m. p. 88°, from alcohol. Kaufmann (Ber., 1919, 52, 1434) 
predicted the colour of this compound as white. It is insoluble in 
water, but readily soluble in the usual organic solvents (Found: 
C, 77-0; H, 5-6; OMe, 24-25. C,,H,,0,N requires C, 77-0; H, 
5-7; OMe, 24-15%). 

8-Methoxy-3-phenylcoumarin forms straw-coloured needles, m. p. 
155-5°, insoluble in water, but readily soluble in hot methyl or ethyl 
alcohol (Found: C, 76-2; H, 4:8; OMe, 12-2. C,.H,,0, requires 
C, 76-2; H,4-8; OMe, 12-3%). 

4-Hydroxy-2-methoxy-«-phenylcinnamonitrile crystallises from 
acetic acid in pale yellow needles, m. p. 195° (Found : C, 76-5; H, 5-2; 
OMe, 12-1. C,,H,,0,N requires C, 76-5; H, 5-15; OMe, 12-2%). 

2-Methoxy-4-aceloxy-«-phenylcinnamonitrile, obtained by boiling 
the above nitrile with acetic anhydride for 4 hours, formed white 
rhombic plates, m. p. 158°, from acetic acid (Found: C, 73-4; 
H,4-9. C,,H,,0,N requires C, 73-7; H,5-1%). It was also isolated 
in an attempted demethylation of the above nitrile with hydriodic 
acid dissolved in acetic anhydride, but on demethylation by Zeisel’s 
method 7-hydroxy-3-phenylcoumarin, m. p. 208°, was obtained. 

4-Hydroxy-3-methoxy-x-phenylcinnamonitrile forms pale cream- 
coloured needies, m. p. 99°, from dilute alcohol. It gives a bright 
yellow solution in hot water. The solutions in methyl and ethyl 
alcohols have a pale yellow colour, and the solutions in benzene and 
chloroform are almost colourless (Found: C, 76-4; H, 4-9; OMe, 
12-0%). 
THe UNIVERSITY OF THE WITWATERSRAND, 

JOHANNESBURG, SOUTH AFRICA. [ Received, January 27th, 1931.] 
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LX XXVIII.—The Catalytic Action of Hydrogen on the 
Carbon Monoxide Flame. 
By W. E. Garner, D. A. HAL, and F. E. Harvey. 


THE total radiation emitted from a dried carbon monoxide flame in 
narrow cylindrical bombs, 2-5 cm. in diameter, amounts to 24% of 
the total energy of combustion (Tawada and Hall, T'rans. Faraday 
Soc., 1930, 26, 605). On the addition of 2% of water to the flame, 
this radiant energy is reduced to 2-3% of the total energy of com- 
bustion (Johnson, Phil. Mag., 1928, 5, 301). This marked reduction 
in the radiation emitted is due, in part, to a gradual fall in the 
emission as the percentage of hydrogen is increased, and in part to 
an abrupt fall which occurs at a critical percentage of hydrogen 
(Garner and Roffey, J., 1929, 1123; Garner and Hall, J., 1930, 
2037). This abrupt fall occurs as a step on the curves showing 
the relation between radiation and the percentage of hydrogen, the 
amount of the latter corresponding with the step varying with the 
pressure of the flame. The relationship, py,Pgas = const., was 
found to indicate sufficiently accurately the connexion between these 
variables. 

Tentative explanations of these phenomena have been advanced 
in the preceding papers, and with the view of testing these hypo- 
theses, the effects of the dimensions of the explosion vessels, the 
addition of inert gases, etc., have been investigated. 


EXPERIMENTAL. 


Effect of Dimensions of Explosion Vessels on the Radiation—Pressure 
Curves.—By using the technique previously described (Garner and 
Hall, loc. cit.), the radiation emitted through a fused silica window 
1 em. thick has been measured for bombs of different dimensions. 
Four bombs have been used: (1) 1-5 cm. diameter, 32 cm. long; 
(2) 2-5 em. diameter, 32 cm. long; (3) 2-5 cm. diameter, 80 cm. long ; 
(4) 6-5 cm. diameter, 67 cm. long. The thermopile was so placed 
that it could not “‘ see ” the walls of the vessels. 

Attention was mainly directed to the step which is found on the 
radiation—pressure curves, with the object of determining whether 
its position and magnitude would undergo modifications with change 
in the experimental conditions. 

The nature of the step can best be seen by reference to Fig. 1 and 
Fig. 3, V (J., 1930, 2037). Reference to the latter curve shows that, 
above the step, there is a region where very variable results are 
obtained. This region, which is connected by a curve to the step, 
needs a very large number of experiments to determine its area, and 
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this has not been attempted in the present work. There are three 
distinct groups of results on any pressure-radiation curve, (A) those 
below the step, (B) those immediately above the step, and (C) those 
in the variable region. The results A and B lie on two different 
curves. The regions A, B, and C are indicated on the curves given 
in this paper. Under certain conditions, B occurs over a small 
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pressure range (Fig. 3). Below and above the step, the results are | 


always reproducible, but in the neighbourhood of the step, values 
lying on neither of the two curves are frequently obtained. This is 
most marked with the long explosion vessel (see Fig. 6, and also 
curves in the paper by Garner and Roffey, loc. cit.). 

In the earlier work, it was suggested that the chemiluminescence 
for pressures in the neighbourhood of 1 atm. bears a higher ratio to 
the total emission the more rapid the cooling of the gases after 
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explosion. The phenomena of luminescence should, therefore, be 
more marked in narrow than in wide explosion vessels. In the 
latter, on account of slow cooling, it would be expected that the 
luminescence phenomena would be masked by thermal emission 
from the hot gases. On the other hand, the effect of changing the 
length of the bomb, which cannot materially affect the rate of cool- 
ing, should be without appreciable effect on the radiation—pressure 
curves. These views have been confirmed (Table I). 


Fia. 2. Fig. 3. 
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It was always possible that some of the effects observed might be 
due to wave phenomena set up by the flame, and not to the reactions 
occurring in the gases themselves. Since wave formation is very 
markedly influenced by the dimensions of the containing vessels, the 
position of the step, if due to such processes, should vary in these 
experiments. This is not found to be the case; hence, the view 
that the step is entirely due to changes in chemical mechanism of the 
reaction has been considerably strengthened. The step is therefore 
very probably due to the occurrence of two quite distinct and inde- 
pendent chain mechanisms in the flame. Two possible independent 
mechanisms are 















































Radiation. 


(1) CO+ 0 + 0, —~ CO, + O,* 
0,* + CO —~ CO, + O, ete. 

(2) CO + OH —~ CO, + H 
CO + H + 0, —~> CO, + HO, ete. 


The rate of the latter depends on the hydrogen concentration. 
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lt is suggested that the replacement of mechanism (1) by (2) could 
be the cause of the step. This replacement of one mechanism by 
another will occur discontinuously on account of the autocatalytic 
character of explosive reactions. The two reactions will occur 
simultaneously, but in the flame front one or other will predominate, 
That reaction will carry on the flame which reaches its maximum 
rate in the shortest time. 

In Table I are given results for the radiation through fused silica 
windows from two explosive mixtures containing carbon monoxide 
and oxygen in equivalent proportion and 0-03% and 0-2%H, 
respectively. Experiments 4 and 5 show that increase in the length 
of the bomb does not materially change the position or magnitude 
of the step. Experiments 1, 2, and 3 show that an increase in 
diameter from 1-5 to 6-5 cm. does not change the position of the step, 
although there is a reduction in its magnitude from 46% to 10%. 


TABLE [. 

Expt. Diameter of Length of Pressure at Size of 
No. bomb, cm. bomb, cm. H., %. step, cm. step, %. 
l 6-5* 67 0-198 34 10 
2 2-5 32 0-200 36 38 
3 1-5 32 0-197 37 46 
4 2-5 32 0-03 75-5 38 
5 2-5 80 0-03 75-5 41 


* A rustless steel bomb; the others were made of phosphor-bronze. 


The radiation—pressure curves are given in Figs. 1, 2, and 3. 
Those of Fig. 1 were obtained with the 6-5-cm. bomb for two different 
positions of the thermopile. As was expected, the position of the 
step is not very clearly defined in Fig. 1. The thermopile receives 
the radiation from a cone of gas in the centre of the bomb which 
cools comparatively slowly. In these experiments, therefore, the 
radiation is mainly thermal and there is little evidence of the 
phenomena due to chemiluminescence. The cone of gas was wider 
in the case of 1A, and here the step is more clearly defined than in 
1B. In Figs. 2 and 3 are given the results with the 2-5- and the 
1-5-em. bomb respectively. Here the step is clearly present, and 
occurs at the same pressure for the two bombs. The variable region 
C, however, occurs at different pressures in the two cases. 

The position of the intercept is interesting. In the 1-5-cm. bomb, 
the intercept occurs at 13 cm. on the pressure axis, and in the 
2-5-cm. bomb at 5 cm. on the same axis, but in the 6-5-cm. bomb, 
it lies on the radiation axis. This shift in the position of the inter- 
cept was anticipated, since the intercept on the pressure axis was 
considered to be one of the phenomena due to the occurrence of 
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luminescence, and this must tend to disappear as the relative 
amount of purely thermal radiation increases. 


Transparency of the Flame to its own Radiation. 

The optical phenomena of flames have not been investigated very 
completely. The experiments of Callendar (British Assoc. Rep., 
1910), however, show that flames are remarkably transparent to 
their own radiation, and thus, whether the radiation be measured 
from the front or the back of the flame, should not affect the nature 
of the results obtained. It was, however, necessary to check this 
deduction, if any confidence was to be placed in the result obtained 
for the radiation measurements of Tawada and Hall (loc. cit.). 
For this purpose, the 32-cm. bomb, 2-5 cm. diameter, was used, and 
this was filled with the 2CO + O, mixture containing 0-12% of 
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hydrogen. Measurements were made of the radiation emitted 
through fused silica, both when the flame was travelling away from 
the thermopile and also when it moved in the contrary direction. 
In the first case, the radiation travels through a column of carbon 
dioxide and in the second through carbon monoxide. Since the 
extinction coefficients of these two gases are small in the near infra- 








red (2-8), the radiation emitted would not be expected to be 
markedly affected by the change in the direction of measurement. 
Fig. 4 shows that this is the case : the luminescence phenomena are 
independent of the direction in which the radiation is emitted. 


Effect of the Addition of Oxygen, Carbon Monoxide, and Inert Gases 
to the Equimolecular Mixture. 


Hydrogen-free Gases.—The value of experiments on diluted flames 


lies in the information gained on the question as to whether the 
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emission from the flame is luminescence or thermal emission. Three 
important properties of the flame are modified by the addition of 
inert gases, viz., (1) the maximum flame temperature, (2) the thermal 
conductivity of the products, and (3) the speed and duration of 
flame. The relationship between these properties and the radiation 
emitted is very complex, so the interpretation of any experimental 
results is likely to be a matter of difficulty. By a suitable choice of 
diluent, however, some useful information can be gained. 
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The flame temperatures will be lowered by the addition of inert 
gas, and since the radiation emitted varies as 74, there must in all 
cases be a reduction in the thermal radiation on dilution. The 
thermal conductivity of the products of the flame will also be an 
important factor in determining the magnitude of the emission; any 
diluent which decreases the thermal conductivity will decrease the 
rate of cooling and hence increase the thermal emission. The effect 
of speed of flame on the radiation emitted is difficult to determine on 
account of the possibility of the production of turbulent motion. 
It would be expected, however, for slow-moving flames with veloci- 
ties less than 100 cm. per second, such as those studied, that more 
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‘hree | energy would be lost to the walls by collision the slower the rate of 
on of f flame; hence, less energy would be available for emission of radiation. 
Tmal Oxygen, nitrogen, and argon, when added to the dry flame of 
nm of § carbon monoxide and oxygen, lower the flame temperature and the 
ation § thermal conductivity of the product (carbon dioxide), and either 
ental § reduce or have very little effect on the average speed of flame, as 
ce of | measured by the duration of the radiation emitted (see Table II). 
They should, therefore, on all counts, reduce the thermal emission 
from the flame. Actually (see Fig. 5), these gases increase the 
radiation emitted over a pressure range of 20—80 cm., which, 
therefore, cannot be entirely thermal in character. This apparent 
anomaly can, however, be explained if a large part of the energy 
emitted is luminescence from the newly-formed molecules of carbon 
dioxide. 

Of the diluents added to the dry carbon monoxide flame, helium 
alone lowers the radiation emitted. This gas has a very high 
thermal conductivity, and the rate of cooling of the gases is very 
much enhanced when it is present. This result is readily under- 
standable if the radiation is partly thermal and partly luminescence, 
for any gas with a high thermal conductivity will reduce the thermal 








emission. 
7 TABLE II, 
Average Speed of Flame, cm.|sec. 
_ Gas mixture. 
Pressure, 2CO + 2CO-4 2C0O+ 2CO+ 
mm. 2CQ+Q,. 20,. O.+He. O,+Nsg. O,+A. 3C0+0,. 
600 74-0 80-2 29-6 44-0 54-4 64-0 
300 32-0 33-6 21-6 20-8 28°8 33°6 


The results in Table II are the average speeds of flame in a bomb 
80 cm. long. These values have been taken from smoothed curves. 

The radiation—pressure curves showing the effect of the diluents 
in the 80-cm. bomb are collected in Fig. 5. In order to make the 
nert § results for each series directly comparable, the radiation is plotted 
} all § against the pressure of the combustible gas for the mixtures (1) 
The § 2CO + O,, (2) 2CO + 20,, (3) 2CO + O, + He, (4) 2CO + O, +Ng, 
pan § (5) 2CO + 0, + A, and (6) 3CO-+0O,. The values have been 
any § corrected for the radiation absorbed by the gases through which the 
the § flame passes and also for the amount of gas unburnt. The correc- 
fect § tions are of the order of 10°, and were made as described in previous 
>on § papers. The corrections for the radiation absorbed are very small 
ion. § and practically the same for each mixture. The magnitude of the 
oci- §} correction for percentage combustion can be gathered from Table III. 


ore § The form of these curves is different from those obtained for any 
Y 2* 
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other type of explosive mixture yet examined. ‘The main difference 
between these curves and those of (1) hydrogen and oxygen, (2) 
cyanogen and oxygen, and (3) hydrogen-containing carbon monoxide 
flames lies in the fact that the radiation—pressure curves for the dry 
gases give an intercept on the pressure axis, i.e., they are probably 
hyperbolic. The radiation emitted by the dry gases becomes 
practically zero at finite low pressures. This, we believe, is due to 
the fact that a very large part of the radiation in these flames is 
luminescence, and that, in consequence, energy is lost from the flame 
in an unusual manner. 

A Luminescent Flame.—It is advantageous now to consider what 
would be the properties of a flame for which the rate of conversion 
of internal energy of the products into kinetic energy was negligibly 
small. The activated products would then lose their energy either 
as radiation, (1) CO,* —~ CO, + hv, or (2) by collision with the wall 
of the containing vessel. The molecules must move to the walls by 
Brownian movement, and since the rate of Brownian movement is 
inversely proportional to the pressure, the rate of loss of energy at 
low pressures will be proportionately higher than at high pressures. 
The probability of the occurrence of process (1) will therefore be 
diminished at low pressures. 

Loss of energy by Brownian movement of activated molecules to 
the walls in bombs of several centimetres diameter will only be 
appreciable if the activated molecules can travel several centimetres 
before losing their energy. This implies a marked stability towards 
collisions and an average duration of life of the order of 1 sec. (see 
previous paper, loc. cit.). Activated molecules which possess a high 
stability towards collisions and an average duration of life of this 
order are not uncommon, as, ¢.g., those of active nitrogen. Also, 
resonance between activated and unactivated molecules of carbon 
dioxide according to (3) CO,* + CO, —~ CO, + CO,* is likely to 
occur over distances of the order of 1000 times their actual diameter 
(Beutler and Rabinowitsch, Z. physikal. Chem., 1930, B, 8, 231, 403). 
These authors call such a process “ energy diffusion.”’ If this pro- 
cess has a very high probability, then the rate of deactivation by (1) 
will be reduced, and so give an apparently high duration of life. 

In bombs of the dimensions used in this research, the production 
of activated molecules with a long life would lead to radiation curves 
of the type obtained for the dry carbon monoxide flame. In these 
curves, the radiation will tend to approach zero at finite low pres- 
sures. Calculations of the form of the ideal curves are difficult on 
account of a lack of quantitative knowledge with regard to the above 
processes. There is, however, available a method of testing the 
hypothesis of loss of energy by Brownian movement. The presence 
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of diluents like argon will diminish the rate of Brownian movement 
and so diminish the energy lost by this process. As a consequence, 
the emission of radiation by (1) will increase in magnitude. This is 
actually what does occur on the addition of inert gases to the dry 
carbon monoxide flame (see Fig. 5). 

In flames for which the duration of life is of an intermediate order 
of magnitude, due to the conversion of the internal energy into 
kinetic energy, there will be loss of total energy both by conduction 
and by Brownian movement, because in any exothermic chemical 
change there must be some increase in kinetic energy of the products, 
so in any actual luminescent flame there must be some loss by 
conduction. 
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Addition of Diluenis to Gases containing Hydrogen.—It was found 
in an earlier paper that py,"pg,, = constant defines the position of the 
step on the radiation curves. In explanation of this, it was con 
sidered that the velocity of the dry reaction between carbon mon- 
oxide and oxygen was given by 


a oe i ee | 
and the hydrogen reaction by 
dx/dt = k,[O,*)[H,J[CO]. . . . . (5) 
If the velocity of the two reactions be equal at the step, then 
k,{O,*] = k,[O,*[H,[CO] . . . . (6) 


Thus, Py."Pco = constant. 
lf this were the case, the addition of excess oxygen should be 
without effect on the position of the step, since this substance appears 
+ The assumption of activation of oxygen is made because there is an 
oxygen level which is 37 kg.-cals. higher than that of the molecule in the 


normal state. This level is much lower than that for carbon monoxide, viz., 
138 kg.-cals. 
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on both sides of equation (6). Increase in the concentration of 
carbon monoxide should, however, cause a shift in position. Experi- 
ment shows, however, that neither diluent has any effect (Fig. 6). 
An equimolecular mixture containing 0-5°% of hydrogen was used, 
These results were obtained with the 80-cm. bomb, and the step is 
less clearly defined than in the earlier series where the 32-cm. bomb 
was used.* The results are, however, quite definite. 

The “ step” is thus independent of the dimensions of the bomb, 
and the pressure of the oxygen and carbon monoxide. It is, how- 
ever, determined by u,"Pgas = const. A possible explanation, 
therefore, is that it is the pressure of the products which enters into 
the equation defining the step, thus : 

PuPoo, = comst.. . « .. « « () 
in which case, the velocity of the hydrogen reaction is proportional 
to the amount of carbon dioxide formed. It is proposed to examine 
this possibility by further experimental work. 

Although excess carbon monoxide and oxygen have no effect on 
the position of the step, yet they increase its magnitude. ‘The 
curves above the step are superposable, but this is not the case for 
those below it. Excess oxygen or carbon monoxide causes a shift 
of the lower curve to the right, just as was found for the hydrogen- 
free mixtures. The increase in magnitude of the step is thus 
understandable in terms of the hypotheses put forward in the 
previous section. 

Rate of Emission of Radiation from Dry Flames.—The method of 
Hartree and Hill (Proc. Roy. Soc., 1921, A, 99, 172) was employed 
in the analysis of some of the photographs of the galvanometer 
deflexions, as described previously (Garner and Johnson, J., 1928, 
280). Typical analyses are given in Fig. 7. It will be observed that 
there are two minima in the curves for 2CO + O, + He, indicating 
partial arrests of the flame in the middle of the tube, which are 
similar to the visual effects found by Bone and his co-workers (Bone 
and Townend, “‘ Flame and Combustion in Gases,” 1927, p. 350). 
For the argon mixtures, in which the duration of flame is less, 
analysis shows that these arrests have practically disappeared. 
There are considerable variations in the rate of emission of radiation 
(compare 7 IIT and 7 IV). 

Percentage Combustion in the Flame. 

In the course of the above work, data on the manner in which the 

percentage combustion varies with the pressure and the nature of 


* This is due to the occurrence of points lying on neither curve. These are 
probably due to the flame passing from one mechanism into another as 1t 
moves down the explosion vessel. 
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the diluent have been accumulated. The curves of percentage 
combustion against pressure are similar to those published previ- 
ously, so that the values for only a few pressures are given 
(Table III). It will be noticed that carbon monoxide is more 
effective in increasing the percentage combustion of the gases than 
is excess of oxygen, a fact which may have a considerable bearing on 
the mechanism of the flame (compare Garner and Cosslett, Trans. 
Faraday Soc., in the press). 


° Fia. 7. 
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TABLE ITI. 


% Combustion. 


Dry gases. 0-5 Atm. 0-75 Atm. 1 Atm. 
2CO + O, 91 93-5 94 
2CO + O, + O, 89-5 92-5 — 
o » + He 83-5 88 93-0 
» +N, 83-0 88-5 93-5 
” » tA 88-6 92-5 96-0 
os » + CO 92 95:5 98-0 
Dry gases + 0-5% Hg. 
2CO + QO, 92-0 93-5 95-5 
‘a » +O, 92-0 96-0 99-0 


6 
+ CO 96°5 99-5 102-2 
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Conclusions. 

It has been shown that the position of the “ step ”’ on the radiation- 
pressure curves for the carbon monoxide—oxygen flame is not 
affected by the length or diameter of the bomb or by the direction 
in which the radiation is measured. Its magnitude, however, 
decreases as the diameter of the bombs increases, which would be 
expected if the radiation from the dried flame was partly thermal 
and partly luminescence. 

The effect of addition of inert gases to the hydrogen-free and 
hydrogen-containing flames has been studied. Helium, which 
possesses a high conductivity, increases the loss of heat from the 
flame by conduction, and reduces the radiation emitted. Carbon 
monoxide, oxygen, nitrogen, and argon increase the radiation 
emitted, and this fact can be interpreted if we assume that energy 
can be given up from the flame by the Brownian movement of 
activated molecules to the walls. 

The addition of excess carbon monoxide or oxygen does not 
affect the position of the step. Thus, the hypothesis put forward 
previously, viz., that the step is determined by the relationship 
k = Pu,*Pco, must be withdrawn. It is suggested that the equation 
be replaced by k = pu,*Peo,, Which fits the facts obtained up to the 
present. 

The main conclusions of the earlier work still hold good, but it is 
possible now to present a more detailed picture of the action of 
hydrogen-containing substances on the dry carbon monoxide flame. 
During the combustion of the dry hydrogen-free gases, the product, 
carbon dioxide molecules, contains a large fraction of the energy 
of combustion. This forms at least 24% of the total energy set free. 
These molecules are very stable towards collisions, but can lose their 
energy either by the emission of radiation or by resonance to other 
molecules of carbon dioxide. As a result of resonance, the activated 
molecules possess an apparently long duration of life. Since their 
internal energy is only slowly converted into kinetic energy, the loss 
of energy to the walls occurs very largely by Brownian movement of 
activated molecules. 

On the introduction of small percentages of hydrogen, the average 
duration of life of the activated molecules decreases, and the rate of 
conversion of internal into kinetic energy increases. Thus, the 
temperature and the speed of flame are augmented, and at the same 
time, there is an increase in the loss of energy from the flame by 
thermal conductivity. 

When higher percentages of hydrogen are added, discontinuities 
appear on the radiation—pressure curves, which can only be explained 
as due to changes in the mechanisms of the reaction. The nature of 
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these changes has not yet been determined, although some facts 
bearing on their mechanisms have been elucidated. 


The authors wish to express their indebtedness to Imperial 
Chemical Industries, Ltd., for a grant towards the cost of this 
investigation, and Mr. D. A. Hall records his thanks to the Depart- 
ment of Scientific and Industrial Research for a maintenance grant. 


THE UNIVERSITY, BRISTOL. [Received, January 12th, 1931.] 





LXXXIX.—The Reactions of Malonic Esters with 
Formaldehyde. Part II. 


By KennetH NorRMAN WELCH. 


In Part I (J., 1930, 257) it was shown that the action of formaldehyde 
on malonic ester in the presence of dilute alkali led first to the form- 
ation of mono- and di-(hydroxymethyl)malonic ester, and that these 
could be further condensed with malonic ester to give ethyl pentane- 
axyyee-hexacarboxylate and ethyl methylenedimalonate, also in the 
presence of inorganic alkalis (see also this vol., p. 673). This seemed 
to support the original theory . Lapworth and his collaborators 
(J., 1904, 85, 46; 1922, 121, 2741, 2824) * that the secondary bases 
in Knoevenagel’s reaction might be functioning simply as bases 
(see, e.g., Kohler and Corson, J. Amer. Chem. Soc., 1923, 45, 1975). 
However, other authors have obtained evidence for a specific action 
of the organic base (see Knoevenagel Ber., 1898, 31, 730; Mannich 
and Ganz, Ber., 1922, 55, 3486; Dilthey, Ber., 1929, 62, 1609; 
Rodionow and Postovskaja, J. Amer. Chem. Soc., 1929, 54, 841). 

Few, if any, measurements of reaction velocity have been carried 
out on this and similar reactions, doubtless owing to the difficulty 
in analysis of the reaction products. Formaldehyde, however, is 
readily estimated, and a series of kinetic studies of the reaction 
CH,(CO,Et), + CH,O0 —-+>CH,(OH)-CH(CO,Et), under various 
conditions has been undertaken. 

Previous work had shown (loc. cit.) that a further combination of 
the product with formaldehyde took place, and, moreover, both 
reactions are probably reversible, thus : 

CH,O CHD 


CH, (CO, Et), —-> CH, (OH)-CH(CO, Et), <> (HO-CH,),C(CO, Et),. 


This would make any mathematical analysis of the total reaction 
curve difficult or impossible, but the method of integration of frac- 





* Lapworth seems to have seen reason later to ascribe a more complex 
function to secondary bases (compare J., 1911, 99, 2117). 
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tional parts may be applied to the early stages of the reaction to 
obtain its order, n, from the equation 
n = 1 + (log t, — log #,)/(log c, — log ¢,) 

(Noyes, Z. physikal. Chem., 1896, 19, 599 ; see also Mellor, “‘ Chemical 
Statics and Dynamics,” p. 63). The time, f)., taken for one-fifth 
of the formaldehyde to react was obtained by interpolation from the 
graph of the first part of the reaction, a slight initial period of 
disturbance being neglected. The following are the results obtained, 
the concentrations being expressed as normalities. 


Temp. 21°; pu = 49. 


Expt. [CH,O]. [Ester]. ty.q (hours). nN. 
1 1-11 1-15 59 2-07 
2 0-555 0-575 124 — 
3 0-277 0-287 244 1-92 


The reaction is obviously of the second order; moreover, the follow- 
ing results show that the initial speed of reaction, v, is approximately 
proportional to the first power of the concentration of each reactant 
separately. 

Temp. = 21°; pu = 49. 


[CH,O}. [Ester]. v = A[CH,O]/At.* 
1-11 1-15 0-0034 
1-11 0-575 0-00185 
0-555 1-15 0-001577 


* A[CH,O] = 0-1N; At is expressed in hours. 
+ This reaction showed a greater period of initial disturbance than the 
others. 


The effect of varying hydrogen-ion concentration on the reaction 
velocity was next measured. Since it is impossible to obtain an 
accurate value of the velocity coefficient by integration, the following 
method was adopted. The equation for a reaction of any order may 
be written kt = f(a, x), where f(a, x) is some function of the initial 
concentrations and of those after time ¢. Experiments were there- 
fore made in which a and z had identical values, but & varied; if it 
be assumed that consecutive reactions are negligible in the first 
stages of the reaction, it is clear that kocl/t),. The following are 
the results : 


[CH,O] = 1-11N; [Ester] = 1-15N; Temp. = 21°. 


pu- [H"] x 10°. ty.2 (hours). 
4-9 1260 59 

6-0 100 4-2 

71 8 0-32 


It will be seen that within the limits that could be conveniently 
investigated, k is inversely proportional to the hydrogen-ion 
concentration. 





Titre (c.c.). 
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In order to see whether organic bases owed their activity to the 
repression of hydrogen-ion concentration that they produce, a small 
quantity of the appropriate base was added to the reaction mixture, 
the px being then readjusted to 4-9 in each case. 

The results are illustrated by the accompanying figure, from 
which it will be seen that piperidine has a profound effect on the 
reaction velocity, whilst triethylamine and ammonia are without 
action within the limits of experimental error. The action of 
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IV. 0-003N-Methylamine. V. 0-0011N-Piperidine. 
pu 49; Temp. = 21°. Concentrations as in Expt. 1, p. 654. 


methylamine appears to be temporary (possibly due to destruction 
of the catalyst).* 

These results receive a simple explanation by the theories of Lap- 
worth and others (see Cocker, Walton, and Lapworth, J., 1930, 440, 
for the historical development of these ideas), viz., that the reaction 
takes place between the ion of the malonic ester and the formalde- 
hyde, although less simple explanations ‘cannot, of course, be 
excluded. It is obvious, however, that the reaction takes a different 
course in the presence of piperidine, and under the normal conditions 


* The lack of permanent effect of ammonia and methylamine may be due 
to their almost complete removal as hexamine and its analogue. 
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of Knoevenagel’s reaction both reactions must proceed simultane. 
ously. This investigation is being continued. 


ExPERIMENTAL. 


Materials ——Malonic ester. A good commercial sample was 
fractionated by distillation in a vacuum, the fraction boiling within 
0-5° being taken. 

Formaldehyde. Commercial formalin was distilled, the first half 
and last sixth being rejected. 

Piperidine. Merck’s purest. 

Methylamine. All available specimens were contaminated with 
secondary base, and a pure specimen was prepared from acetamide. 

Triethylamine. A commercially pure product found to be 
practically free from secondary base. 

Buffer. An M/300-phosphate buffer or a very dilute universal 
buffer mixture was used, experience having shown that variations 
in the very weak buffer had in general no detectable effect on the 
reaction velocity. 

Method. The required quantities of ester, formaldehyde solution, 
buffer, and an appropriate indicator were diluted to 100 or 200 c.c. 
with 66% alcohol, any catalyst being added and the py adjusted 
before final adjustment of the volume. The rate of disappearance of 
formaldehyde was measured, the analytical method of Brochet and 
Cambier (Compt. rend., 1895, 120, 449) being used, since this had 
the advantage that the acid produced stopped the reaction. It was 
necessary to standardise the conditions very exactly to obtain 
reproducible results (addition of a measured excess of hydroxylamine 
hydrochloride, and the allowance of 10 mins. before titration). 
Also the use of bromophenol-blue with a comparison flask was found 
to be more satisfactory than the methyl-orange recommended by 
those authors. 

The chief difficulty encountered was in keeping the py constant 
during the reaction, as slight hydrolysis of the ester took place; 
to compensate for this, concentrated sodium hydroxide solution was 
introduced on a platinum wire from time to time into the reaction 
mixture containing a suitable indicator which was matched against 
a 66% alcoholic colorimetric standard, and this in turn was checked 
by electrometric pg measurements. In this way, no appreciable 
change in volume took place and the py could be maintained constant 
within 0-1 unit. This method of control is not ideal but was adopted 
for lack of a better. However, it is thought that no serious error 
exists, for the results were reproducible within a limit of about 10% 
in the value of k&, an error which would not invalidate the con- 
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clusions drawn as to the order of reaction or to the relationship of 
k to the first power of the hydrogen-ion concentration. 


In conclusion, the author desires to express his thanks to Mr. G. 
W. Leeper, M.Sc., for carrying out many of the pq determinations. 


UNIVERSITY OF MELBOURNE. [ Received, January 24th, 1931.] 





XC.—Studies on Hydrogen Cyanide. Part III. The 
Freezing Points of Hydrogen Cyanide—Water 
Mixtures. 


By JosePH Epwarp Coates and Norman Hort HARTSHORNE. 


GAUTIER (Ann. Chim. Phys., 1869, 17, 103) determined the 
“melting points ”’ of a series of frozen mixtures of hydrogen cyanide 
and water. His curve, drawn through ten points only, exhibited a 
minimum at —22-5° and a break (concave to the composition axis) at 
—16-2°, at the compositions HCN,H,O and HCN,2H,0* respectively, 
from which it was erroneously inferred that compounds having these 
formule existed. Lespieau (Compt. rend., 1905, 140, 855) deter- 
mined the freezing points of solutions of water in hydrogen cyanide 
up to a concentration of 6-8 g. of water in 100 g. of hydrogen cyanide. 

In view of the scanty data available, we have therefore studied 
the solid—liquid equilibria of the system. 


EXPERIMENTAL. 


The hydrogen cyanide was prepared by the method used by 
Coates, Hinkel, and Angel (J., 1928, 540), and was distilled from 
phosphoric oxide, this operation being repeated once or twice with 
a fractionating column in the case of those samples used for the 
determination of the f. p. of pure hydrogen cyanide. Conductivity 
water from a Hartley still was employed. Fig. 1 shows the apparatus 
used to investigate the stable equilibria of the system. The freezing- 
point vessel A, 14 cm. long and 3 cm. wide, was fitted with a mercury 
thermometer B reading from 30° to —30° in 0-1°, the lowest mark 
being just above the level of the cork C. Stirring was provided by 
the magnetic stirrer D (behind the thermometer in the figure), 
operated by the coil E and a motor-driven make-and-break. The 
cork C, firmly wired down and sealed with paraffin wax, which is 
inert to and insoluble in hydrogen cyanide, was extended by a wax 
cylinder F which served to reduce the vapour space. To prepare a 

* All Gautier’s mixtures contained the components in simple molecular 
proportions. 
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mixture, the taps J, K, L, and M were set so as to allow water to 
run from the reservoir G, and hydrogen cyanide to be forced from H 
by the rubber bulb N into A, the relative amounts being roughly 
estimated by graduations on the latter. The total volume of the 
mixture was usually 20—30 c.c. In order to be sure that any liquid 
left in the tube leading from the reservoirs had the same composition 
as the mixture to be frozen, the latter was passed to and fro along 
the tube by operating the bulbs O and P after suitably setting the 
taps K and M. Any overflow from this operation was caught in 
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the trap Q. The taps L and M were then turned off and the mixture 
was ready to be frozen. The cooling bath R contained liquid § °P 
sulphur dioxide which could be evaporated at any desired rate by J ™ 
means of a filter pump. There was a narrow air-space between A § /b 
and the inner wall of R. By means of the pentane thermometer §, § ‘i! 
the temperature head could be observed and was regulated by the § !e 
filter pump so as to give a rate of cooling of 0-25—0-5° per minute § ©! 
in the neighbourhood of the f. p. col 

The f. p.’s of the mixtures were determined by the back extra- § Ve 
polation of time-temperature curves over the supercooling region. sol 
This method is not free from objection, especially if the degree of § °° 
supercooling is large and, as is the case with mixtures near the § 







































STUDIES ON HYDROGEN OYANIDE. PART III. 659 


ter to § eutectic point, the rate of temperature drop is rapid. However, 
om H & for mixtures not too near the eutectic point, the temperature fell 
ughly f 8° slowly after crystallisation had started that extrapolation gave 
of the § results generally trustworthy to 0-1°. In many cases the f. p. was 
liquid confirmed by heating-curve experiments. With mixtures near the 
sition | eutectic, however, the temperature drop was so rapid that even with 
along § 2 moderate degree of supercooling, extrapolation gave extremely 
ig the uncertain results. We were able to remedy this completely by 
ht in § reducing the degree of supercooling to the order of 0-5° or less by 
means of the device lettered T in Fig. 1. This consisted of a tube 
drawn to a very fine jet and bent so that, by opening the taps U 
and M and operating the ‘bulb V, a stream of air could be directed 
at the stem of the stirrer a short distance above the level of the 
liquid. The rapid evaporation and consequent cooling of the liquid 
” the stem on its upward stroke caused crystals to form which 

inoculated the mixture on the downward stroke. Immediately 
crystallisation had started, the taps U and M were closed, and since 
1G the jet of T was extremely fine, the loss of vapour during the whole 
re operation was negligible. 

A portion of the mixture was then removed for analysis by putting 
W and A into communication and, by means of bulb P, first washing 
|’ ff out tube W, and then filling the pyknometer X which was attached 
| to W by the cork Z. The pyknometer with graduated limbs served 
to measure the densities, which, however, are not reported here, 
except in the case of pure hydrogen cyanide, as they have now been 
determined in a more accurate form of pyknometer (Coates and 
Collins, unpublished work). The two sets of determinations agree 
within the limits of accuracy imposed by the apparatus. The present 
determinations served a useful purpose by fixing the compositions 
of a few mixtures the analyses of which were uncertain. 

After the pyknometer had been weighed, the end Y was dipped 
into a solution containing an excess of sodium hydroxide, and the 
xture § other end was attached to a reservoir of distilled water, all these 
liquid J operations being carried out as expeditiously as possible. The 
te by § mixture was thus washed out into the sodium hydroxide solution. 
sen A § The sodium cyanide in the resulting solution was then titrated with 
ter §, § silver nitrate solution (Liebig’s method). This titration gives excel- 
yy the § lent results with silver nitrate not stronger than N/10. The more 
‘inute | concentrated silver nitrate necessary to titrate the whole of the 
contents of the pyknometer in the case of all mixtures but those 
xtra. § Weak in hydrogen cyanide gave a curdy precipitate not readily 
soluble in the excess of sodium cyanide. This difficulty was over- 
come in two ways: (1) The titration was commenced with concen- 
trated silver nitrate, the cyanide solution being in a bottle which 
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could be stoppered and vigorously shaken, thus dissolving the pre- 

cipitate fairly easily; when the end-point was nearly reached, the 

titration was completed with N/10-silver nitrate. (2) The cyanide 
solution was made up to standard volume and an aliquot portion 
removed by a pipette which passed through a rubber stopper carrying 
also a rubber pressure bulb and fixed in the neck of the standard 
flask. The pipette could thus be filled by operating the bulb, and 
all danger avoided. Of these two ways, the latter, although perhaps 
not so accurate, proved to be the more convenient, and also had 
the advantages that several titrations of the same mixture could be 
made, and that much less silver nitrate was required. 

All those parts of the apparatus in contact with the mixtures or 
their vapour, with the exception of the thermometer, were made 
of Pyrex glass well steamed before use. The thermometer was 
treated by standing it in distilled water for a week. A tap lubricant 
consisting of equal parts of paraffin wax and medicinal paraffin was 
found to be suitable. By the exercise of these precautions, poly- 
merisation of the hydrogen cyanide was of very infrequent occur- 
rence, though it could not be entirely prevented. The freezing 
points here recorded refer to mixtures which were entirely colourless. 

The results in the metastable region were obtained by means of 
the apparatus shown in Fig. 2, in the design of which the following 
points had to be considered : (1) stirring was inadmissible, since it 
would probably have led to early crystallisation of the stable phase; 
(2) a fairly rapid rate of cooling was desirable, since the longer a 
solution remains supersaturated the more likely is it to crystallise ; 
(3) the temperature gradient between the cooling bath and the 
solution had to be small, and the temperature of the latter as uniform 
as possible, if the temperature of any event occurring in it were to 
be recorded with any approach to accuracy. The apparatus in 
Fig. 2 represents a compromise between these somewhat conflicting 
requirements. The narrow thin-walled vessel A (made from an 
ordinary test-tube sealed to a wider tube at the top), containing 
5—10 c.c. of the mixture, was provided with a waxed cork carrying 
a thermometer B * graduated from 30° to —30° in 0-1°, and a tube 
C through which a sample of the mixture could be collected in the 
pyknometer previously described by operating a bulb attached to 
tube D, after opening the taps G and H. A was placed in the 
inner compartment of a sulphur dioxide bath, as shown in the 
figure, this compartment being filled with alcohol to a level of 
0-5—1 cm. below that of the mixture in A. The object of this was 
to prevent freezing at the surface of the mixture, since it had fre- 

* Owing to breakage of the thermometer used for the stable region, a new 
one was used (see paragraph at end of this section). 
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quently been observed that a film of solid readily forms on the walls 
above the liquid and so is likely to inoculate it. The alcohol was 
stirred by means of the hand stirrer E, and its temperature was 
observed by the thermometer F which was of the same quality and 
was graduated similarly to B. To carry out an experiment, the rate 
of cooling was regulated so that with fairly rapid manipulation of 
E, the temperature difference between the two thermometers was 
not more than 1°. The mean of these two temperatures was taken 
as that of any event in A, except in the few cases where the meta- 
stable crystals persisted so long that the thermometer B started to 
rise, in which case the temperature taken was that recorded by 
this one alone. A very large number of experiments had to be 
made to obtain even the few results now recorded, since a large 
proportion of them failed to reach the required degree of super- 
cooling. It was found that, in general, the supercooling could be 
increased by coating the inside of A and its contents with a thin 
film of paraffin wax. This was done by filling the apparatus with 
a solution of wax in pure benzene, which was then poured out, and 
the benzene in the solution left on the walls allowed to evaporate. 
The resulting film was so thin that it did not interfere with visibility 
in the slightest. 

The thermometers used in this work were of “ standard ”’ grade, 
specially made by Messrs. Calderara. Thermometer B (Fig. 1) was 
in agreement with thermometer B (Fig. 2) at 0° and —23° to within 
005°, and the latter and thermometer F (Fig. 2) were in agreement 
with a standard at 0° and at —18° to within 0-05°. Since f. p.’s 
determined by this method are not precision data, a more complete 
standardisation was not considered necessary. 


Results. 


The results are given in Tables I (stable region) and II (metastable 
region), and are plotted in Fig. 3. The temperatures recorded in 
these tables have been corrected for the emergence of the ther- 
mometer stem, the correction being near —0-2° in all cases. The 
f.p. found for pure hydrogen cyanide was —13-3°, and its density 
(Dis, uncorrected for buoyancy) was 0-6906, which is identical with 
the value found under the same conditions by Coates and Collins 
(vide supra). 

The system is of the simple eutectic type, the co-ordinates of the 
eutectic point being —23-4° (mean value of all accurately observed 
wrest temperatures) and 74-5 mols.% of hydrogen cyanide. On 
the water side of the diagram (Fig. 3) the f. p. curve is linear up to 
1 mols.% of hydrogen cyanide and corresponds to a normal 
molecular weight for the latter within 2%. On the hydrogen 
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cyanide side a normal molecular weight for water within 2% is given 
by the f. p. of a solution containing 99 mols.°%, of hydrogen cyanide 
(the value 1942 cals./mol. being used for the latent heat of fusion 
of hydrogen cyanide, as found by Sinozaki, Hara, and Mitsukuri, 
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trations of water the solutions rapidly diverge from ideality. These J fin 
results agree well with those of Lespieau (loc. cit.). que 
The water branch of the freezing-point curve shows a marked Jena 
inflexion at about 35 mols.% of hydrogen cyanide and —16-0'. of. 
This inflexion suggested the proximity of a metastable region of J oc 
two liquid phases, which was actually found on supercooling in the § cas 
apparatus already described. The results are given in Table IL figr 





and are plotted as the continuous curve AB in Fig. 3. This curve 





viven 
anide 
usion 
ikuri, 


yncen- 
These 


arked 
16-0". 
ion of 
in the 
ble Il 


curve 











STUDIES ON HYDROGEN CYANIDE. PART III. 663 


TABLE I. 
Stable equilibria. 
Mix- HCN, Mix- HCN, 
ture Eutectic mols. ture Eutectic mols. 
No. F. p. arrest. %.. No. Fp arrest. %. 
l 0-9° — 0-81 17 — 15-9 — 23-40° 31-76 
| 1-4 — 1-27 18 — 16-0 — 23-43 36-82 
} 3-5 —23:31° 3-09 19 —16-4 — 23-34 50-96 
4 3°8 “= 3-53 20 — 17-3 — 23-34 59-24 
5 7-7 — 7-76 21 — 19-3 — 23-36 66-96 
6 - 9-4 — 23-43 9-03 22 —2)1-1 — 23-44 70-4 
7 - 9-9 — 9-89 23 —22-6 — 23-36 73-0 
8 — 12-4 —- 13-87 24 — 22-9 — 23-39 73-7 
i) 12-8 —23-41 14-25 25 —22-5 — 23°45 79-7 
10 14-45 — 19-36 26 — 19-4 — 23-4 88-9 
1] 15:3 — 23-40 23-87 27 — 158 between — 23-5 95-9 
12 15:3 — 24-11 and — 25-0 
13 ~ 15-4 —23-41 24-61 28 — 14-4 between — 24:5 98-5 
14 15:5 23-43 26-29 and — 26-0 
15 -15°7 23-41 28-03 Pure 
16 — 15-7 —-- 28-99 HCN —13°3 


iN 4 








Mean value — 23-4° 
TABLE II. 
Metastable equilibria. 


Mean temperature 
Mixture at which two liquid HCN, 


No. phases appeared. mols. %. 
29 — 24-7° 24-8 
30 — 24-0 34-4 
31 — 24-1 39-2 
32 — 24-5 47-9 
33 — 25-6 54-7 
34 — 27-1 56-7 
35 — 27-5 58-7 


shows the critical solution temperature to be near —24-0°, the 
critical composition corresponding almost exactly with that of the 
inflexion on the f. p. curve, viz., 35 mols.%. 

In addition to the separation into two liquid phases, the super- 
cooled solutions frequently deposited metastable crystals which 
we were usually able to classify as being either (a) dendritic and 
rapid-growing, or (6) compact and slow-growing. The temperatures 
at which they appeared corresponded, of course, to different and 
fortuitous degrees of supercooling and were therefore of no use for 
finding the metastable f. p.’s. Only in a few cases did a sufficient 
quantity of the crystals form for the inner thermometer to rise and 
enable an estimate of the f. p. to be made; usually the crystallisation 
of ice and the consequent disappearance of all metastable phases 
ocurred too soon. The following evidence obtained from these few 
tases, however, indicated the existence of two metastable solids, in 
agreement with the above classification of the crystals into two kinds 
wcording to their appearance and rate of growth. Mixture 34, 
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soon after separating into two liquid phases (point 34, line AB, 
Fig. 3), deposited the rapid-growing dendritic crystals, whereupon 
the inner thermometer rose to —25-2°, remained there for about a 
minute, and then rose slowly to —25-0°, after which crystallisation 
of ice supervened. The arrest at —25-2° is assumed to have been 
due to the presence of two liquid phases as well as the solid, the 
subsequent rise to —25-0° signalising the disappearance of one of 
the liquid phases. These observations agree with the solid being 
metastable hydrogen cyanide, for, as Fig. 3 shows, extrapolation of 
the hydrogen cyanide branch of the f. p. curve can be carried out 
quite smoothly to cut AB at —25-2° (point C). The highest point 
reached by the mixture, viz., —25-0°, also lies on the extrapolated 
curve, although it is not, of course, certain that the temperature 
would not have risen further if the ice had crystallised later. The 
slowness of the rise, however, indicated that it was near, if not 
actually at, its maximum when this happened. 

Mixtures 36 and 37 (Fig. 3, not included in Table II), containing 
22-2 and 20-4 mols.% of hydrogen cyanide respectively, did not 
separate into two liquids but deposited crystals which in the case 
of No. 36 were of the compact slow-growing variety. (Our experi- 
mental notes do not record the appearance of the crystals of Mixture 
37, because it had not then been realised that there were two solids 
in question, but judging from the similarity in the behaviour of the 
two mixtures it seems justifiable to conclude that the same solid 
was concerned in both cases.) The crystals in both mixtures grew 
for a considerable period and the inner thermometer rose to —23-7 
on both occasions before ice separated. The temperature had 
become almost stationary before this happened, so that —23-7 
was probably very near, if not actually the value of the f. p.’s of the 
mixtures. If the solid separating from these mixtures had been 
metastable hydrogen cyanide, the f. p.’s would have been lower, 
not higher, than the temperature of the triple point line CD. We 
therefore assume that it was a different substance, and if we exclude 
a metastable form of ice, the only possibility is that it was a meta- 
stable compound of hydrogen cyanide and water, probably richer 
in water than Mixture 36. A possible relationship of the f. p. curve 
of this solid with the other metastable phases is suggested by the 
lines EF and FG, although the curve may pass above the critical 
solution temperature instead of below it. In either case the sub- 
stance seems to form a eutectic with metastable hydrogen cyanide 
at a point not far removed from G, because Mixture 35, after separ- 
ating into two liquids (point 35, line AB, Fig. 3), deposited first the 
compact crystals and then the dendritic crystals, apparently with 
decomposition of the former kind, indicating that they were unstable. 
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The whole process was accompanied by a rise of temperature which 
included a short arrest at —25-2° and a slow finish at —24-7°, which 
lies very close to the extrapolated hydrogen cyanide curve at this 
composition. 

In view of the extreme difficulty of obtaining an adequate number 
of reasonably precise data for f. p.’s in the metastable region, the 
above observations regarding the metastable solid—liquid system 
must be considered as tentative only. 

The limited miscibility of hydrogen cyanide and water at low 
temperatures may be correlated with the large positive deviation of 
this system from ideality as shown by the partial vapour-pressure 
measurements of Shirado (Bull. Chem. Soc. Japan, 1927, 2, 85). 
Further, whilst propionitrile and water exhibit partial miscibility 
with a critical solution temperature of 113-1° (Rothmund, Z. 
physikal. Chem., 1898, 26, 433), acetonitrile and water have a critical 
solution temperature in the region of 0° (private communication ; 
the system is under investigation in this laboratory). Thus the 
system hydrogen cyanide and water fits into the nitrile series as 
regards this property. 

Summary. 

1. The solid—liquid equilibria in the system hydrogen cyanide 
and water have been studied. The stable f. p. curve is of the simple 
eutectic type, the co-ordinates of the eutectic point being —23-4° 
and 74:5 mols.% of hydrogen cyanide. The water branch is ideal 
up to 9-1 mols.% of hydrogen cyanide, and the other branch up to 
1 mol.% of water. 

2. The water branch has a marked inflexion at about 35 mols.%, 
of hydrogen cyanide and —16-0°. The metastable two-liquid phase 
region to be expected from this inflexion has been found, the critical 
solution temperature being near —24-0°. 

3. Two types of metastable solid phase have been recognised, one 
of which is thought to be hydrogen cyanide, and the other a com- 
pound of hydrogen cyanide and water. 

4. The limited miscibility of hydrogen cyanide and water agrees 
with the large positive deviation from ideality shown by partial 
vapour-pressure measurements. The critical solution temperature 
is lower than that of acetonitrile and water, which in turn is lower 
than that of propionitrile and water. 


The authors desire to express their gratitude to Imperial Chemical 
Industries Ltd. for a grant which covered part of the cost of this 
research, and for a gift of sodium cyanide. 


University CoLLEGE or SwANSEA, 
UNIVERSITY OF WALES, [ Received, January 23rd, 1931,] 
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XCI.—The Reduction of Potassium Per-rhenate. 


By Henry Vincent Arrp Briscor, Percy Lucock RosBrnson, and 
Ertc Maurice STODDART. 


Noppack (Z. anorg. Chem., 1929, 181, 1) found that the yellow 
oxide of rhenium, Re,O,;, when heated in sulphur dioxide, was 
reduced to a blue oxide of indefinite composition, and this, when 
heated in hydrogen, gave a black oxide to which was ascribed the 
formula ReO,. Further, on evaporating to dryness a per-rhenate 
solution containing hydrazine hydrochloride, he obtained a black 
oxide which he believed to be identical with that already men. 
tioned. Noddack does not appear to have obtained this black 
substance when employing milder reducing agents; these yielded 
a yellow solution which when made alkaline with barium 
hydroxide gave a yellow precipitate believed to be barium rhenate. 
He concluded that the yellow solution was rhenic acid and con- 
sidered this the main product of the reduction, stating that “ in 
acid aqueous solutions this reduction,” i.e., to black ReQ,, “ does 
not take place.’”’ Krauss and Steinfeld (ibid., 1930, 193, 385), 
however, who reduced per-rhenate in aqueous solution with various 
reagents, obtained this black material with several of them. They 
state that a yellow colour is first produced, which changes through 
“ gelb, gelbgriin, blauviolett,’’ the final result being the separation 
of a black precipitate; but they were uncertain whether this 
precipitate was the metal itself or an oxide. 

The present communication deals with a reinvestigation of this 
reduction, showing that the first and light-coloured product is a 
colloidal suspension of the black material which it subsequently 
yields. This proves to be ReO,,2H,O and can be obtained quan- 
titatively from the per-rhenate, a reaction reminiscent of that by 
which OsOQ,,2H,O is produced. 

No evidence of the formation of rhenic acid or the precipitation 
of barium rhenate has been obtained. 


EXPERIMENTAL. 


Reduction of the Per-rhenate—Qualitative experiments. Several 
reducing agents were tried, all of which gave yellow solutions. 

Zine. A solution of per-rhenate in N-hydrochloric acid, on treat- 
ment with fine zinc filings, quickly turned yellow and then threw 
down a black precipitate. With 0-5N-acid, precipitation was much 
slower, and after filtration, a yellow solution was obtained which 
when centrifuged (2500 r.p.m.) deposited the black material and 
became almost colourless. A little aqueous sodium phosphate 











ad 
ati 
WI 


in’ 


rhe 


col 


the 
wa 


no 


rea 
thr 
sep 
of 


bla 
no 

Po: 
soh 


soli 
bel 


ate 


in 1 
onl 
cer 
obs 


dis: 


wa 


abe 
acl 
zin 
cip. 
the 
ligt 





é. 


, and 


ellow 

was 
when 
1 the 
nate 
lack 
men- 
slack 
2Ided 
rium 
nate. 
con- 

** in 
does 
385), 
rious 
They 
ough 
ution 
this 


this 
is a 
ntly 
uan- 
t by 


ition 


veral 


reat- 
1rew 
huch 
hich 

and 
hate 





THE REDUCTION OF POTASSIUM PER-RHENATE. 667 





added to the nearly neutralised yellow solution accelerated floccul- 
ation, and centrifuging rendered a solution so treated colourless. 
When 0-25 -acid was used, very little black material was deposited 
in the first instance, but after standing over-night the yellow colour 
was much reduced and a black deposit had formed. 

Calcium. No reduction effects were observed in neutral per- 
rhenate with calcium, but acidification caused a slight yellow 
coloration. 

Magnesium. This metal had no effect, even on boiling, until 
the solution was acidified, whereupon, even with acetic acid, there 
was an immediate blackening of the solution. 

Devarda’s alloy. In warm 5N-caustic soda solution there was 
no reduction, but with 0-5N-hydrochloric acid darkening occurred. 

Hydrazine hydrate. Aqueous per-rhenate treated with this 
reagent went yellow after a period, the colour gradually deepened 
through brown to black, and subsequently a precipitate slowly 
separated. The phenomena were compatible with the formation 
of a colloidal suspension followed by its flocculation. 

Contrary to the findings of Krauss and Steinfeld, who observed 
blackening under such conditions, faintly acid per-rhenate gave 
no evidence of reduction with hydrazine even after 24 hours. 
Possibly they either added sufficient of the reagent to render the 
solution alkaline, or they boiled the mixture, which causes reduction 
as already reported by Noddack (doc. cit.). 

By using a large excess of hydrazine hydrate, reddish-brown 
solutions stable enough for the cataphoresis experiments described 
below were obtained. 

Stannous chloride. The black material was deposited immedi- 
ately from acid solutions by this reagent. 

The concentration of potassium per-rhenate normally employed 
in these experiments was 0-5°%. Difference in concentration affects 
only the time taken by the reactions, and from none of the con- 
centrations used have we been able to obtain the “ blauviolett ” 
observed by Krauss and Steinfeld (loc. cit.). 

Quantitative experiments. 0-25 G. of potassium per-rhenate was 
dissolved by warming in 10 ¢c.c. of water, and about 0-3 g. of zinc 
| was added, followed by 5N-hydrochloric acid sufficient to dissolve 
it. The contents of the flask were kept warm and reduction took 
about 45 mins., all the zinc being then dissolved, and the solution 
acid. The acidity was reduced by the careful addition of more 
zinc, as faintly acid conditions wer mpi for quantitative pre- 
cipitation. The solution was diluted to 25 c.c. and allowed to cool; 
the black precipitate then settled, leaving a clear supernatant 
liquor from which it was quantitatively separated by filtration on 
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an asbestos mat in a tared Gooch crucible. The prepared crucible 
had been dried over phosphoric oxide in a vacuum desiccator, and 
the product was similarly dried and subsequently weighed (Table I), 
The mean ratio of the weight of the product to the potassium per. 
rhenate was 0-8740; whereas the calculated value for the ratio 
ReO,,2H,0O/KReQ, is 0-8786 if one uses Re = 186-3 (H6nigschmid, 
Z. anorg. Chem., 1930, 191, 309). Thus the black material was 
ReO,,2H,0. 

This hydrate, on being heated at 250° for 12 hours in an evacuated 
tube connected to a drying train containing phosphoric oxide, gave 
the anhydrous oxide (Table 1). 


TABLE I. 

Cale. for Anhydrous Cale. for 

KReO,, Product, ReOQ,,2H,0, product, ReO,, 

Expt. g- g. g- g. g- 

l 0-2946 0-2553 0-2589 0-2192 0-2191 
2 0-2603 0-2280 0-2288 0-1962 0-1957 
3 0-3335 0-2901 0-2931 0-2494 0-2490 
+ 0-2040 0-1785 0-1793 0-1539 0-1532 
5 0-2295 0-2011 0-2017 0-1730 0-1726 
6 0-2705 0-2375 0-2377 0-2047 0-2039 
7 0-2345 0-2058 0:2061 0-1771 0-1766 


The Alleged Rhenic Acid and Rhenates.—Noddack (loc. cit.) states 
that dissolution of the metal, of rhenium disulphide, or of a lower 
oxide in nitric acid yields rhenic acid, which is precipitated as the 
yellow barium salt when the solution is made alkaline with barium 
hydroxide. This procedure was repeated with both the metal and 
the disulphide, but in neither case was any yellow colour observed, 
and, further, when neutralised by caustic potash the solutions 
behaved exactly as though a per-rhenate were present. Noddack 
also obtained a yellow solution, believed to contain rhenic acid, by 
the reduction of a per-rhenate. On repeating this, using zinc in 
hydrochloric acid solution as the reducing agent, we obtained on 
addition of baryta water a white precipitate which proved to be 











entirely zinc hydroxide. Other reducing agents gave solutions 
from which no rhenate could be precipitated. 

Colloidal Rhenium Dioxide.—It has been shown that the first 
products of reduction of a per-rhenate with zine or hydrazine 
hydrate are colloidal, and that from these solutions the black 
hydrated dioxide may be separated by centrifuging, especially in 
the presence of an electrolyte. The yellowish-brown solution 
thus obtained was stabilised by means of gelatin and used for 4 
cataphoresis experiment. In this way, although the colloid moved 
very slowly under a P.D. of 240 volts, its charge was shown to be 
positive. 
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if per-rhenate be reduced with zinc in fairly concentrated (5N) 
hydrochloric acid, a dark yellow solution is obtained, which, when 
well diluted, deposits some dioxide and leaves a brownish colloidal 
solution. The complete removal of acid by the addition of 
alkali, however, results in the deposition of dioxide. This hydrated 
dioxide is soluble in concentrated hydrochloric acid to a dark yellow 
solution, which on dilution yields a dark colloidal solution : probably 
the tetrachloride is first formed and is hydrolysed by water, giving 
the hydrated dioxide stable as a colloid only in the presence of 
some acid and completely precipitated from nearly neutral solution. 


Summary. 


The reduction of a per-rhenate yields first a yellow colloidal solu- 
tion, most probably of hydrated dioxide, followed by the precipit- 
ation of ReOQ,,2H,0. This material can be quantitatively pre- 
cipitated and may be dehydrated without decomposition. 

No evidence of the formation of intermediate products has been 
observed. 


Grateful acknowledgment is made to the Research Committee of 
this College for a grant for the purchase of rhenium. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, February 13th, 1931.] 





XCII.—Optical Activity and the Polarity of 
Substituent Groups. Part XVII.  1-Menthyl 
Hydrogen Naphthalate, its Alkali Salts, and 
Methyl Ester. 


By H.Gorpon RvuLE and ANDREW McLEan. 


Di-ESTERS derived from naphthalic acid are described in the liter- 
ature as being somewhat unstable, and no example of an acid ester 
of this type is recorded in Beilstein’s ‘‘ Organische Chemie.” It 
has been found, however, that l-menthyl hydrogen naphthalate and its 
alkali salts are readily prepared in a comparatively pure state, and 
that although the free substance slowly reverts to naphthalic an- 
hydride and menthol it is quite stable in the form of the methyl ester. 
The optical activity of these derivatives has been examined for 
comparison with that of other menthyl peri-substituted naphthoic 
esters and the corresponding ortho-substituted benzoates. 

As may be seen from the figures tabulated below, the influence of 
the carbomethoxy-substituent raises the rotatory power of the peri- 
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naphthoate, as well as of the ortho-benzoate, when the rotations are 
measured for the esters in alcoholic solution. On the other hand, 






























the free acid ester in alcohol has a lower rotation than the unsubsti- § ! 
tuted compound, and in this respect differs from /-menthy] and the 95 
8-octyl hydrogen phthalates, which have high rotations. Ag 
remarkable fall in rotatory power occurs when the carboxy] group in ant 
menthyl hydrogen naphthalate is modified by salt formation. The §"™ 
lithium, sodium, and potassium salts all gave positive rotations under J" 
the conditions of experiment, the values not differing greatly from §™! 
one another and being in the order K<Na<Li<H.* This change §& 
on ionisation is in the same sense as that previously observed for “4° 
l-menthyl hydrogen phthalate and J-menthyl hydrogen malonate sol 
(J., 1929, 401; 1930, 1887), but is of much greater magnitude, in the 
agreement with the enhanced influence of other substituents in the J" 
peri- as compared with the ortho-position. “n 

oxic 
Rotations of |-menthyl 8-substituted 1-naphthoates (in CH,*OH ; c = 4). har 
I accede CO,.Me (H) CO,H CO,Li CO,Na  CO,K I 
J re — 383° (— 302°) — 218° + 0-67° + 4:25° + 11-9° FRalec 

ext 


If these observed rotations are combined with those recorded § yas 
elsewhere, the substituent effects in the peri-position may be § The 


expressed by at I 
NO,>CO,Me>H>CO,H>CIl>OMe>CO0’, oi 
mer 


where all compounds are examined under similar conditions in J of t 
alcoholic solution. Among /-menthyl o-substituted benzoates the § well 
changes are given by Fins 


NO,>CO,H>CO,Me>H>CO0’>Cl>OMe. = 
The two series differ in a displacement of the carboxyl group and of J E 
its ionised form. odo 


When the rotatory powers are tested by plotting 1/« against 3, §{ heat 
the di-ester gives a straight line graph over a range 4358—6708 A.U. § and 
when examined in benzene. The di-ester in nitromethane and the § 271‘ 
acid ester in benzene or acetonitrile solution exhibit slightly complex §  T 
dispersion, whereas the salts, which have very low molecular J 6-1] 
rotations, have definitely complex dispersion. spar 

A feature of unusual interest is the variation in the rotatory power f solu 
of the esters with change of solvent. This is described in detail in Jclust 
another paper (in the press). prop 
meti 

* It is proposed to discuss the specific influence of the metals in a later solu’ 
communication in connexion with the corresponding salts of B-octyl hydrogen 
phthalate. 
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EXPERIMENTAL. 


|-Menthyl Hydrogen Naphthalate—Metallic sodium (0-94 g.) was 
jissolved in a hot solution of menthol (25—30 g.) in toluene 
50 c.c.), and the product added to a hot solution of naphthalic 
anhydride (8 g.) in toluene (1000 c.c.). The mixture was heated 
under reflux on a steam-bath for 2 hours; the reddish colour 
changed to green and a pale yellow precipitate of sodium menthyl 
naphthalate was then deposited. After being cooled, the liquid was 
extracted twice with a considerable volume of water, and the 
aqueous extract washed with alcohol-free ether. (Ordinary ether dis- 
wlves the sodium salt to an appreciable extent.) On acidification of 
the aqueous liquid, crude menthy] hydrogen naphthalate was thrown 
out of solution and was then taken up in ether, from which it can be 
recovered in a crystalline condition. The use of potassium menth- 
oxide in this preparation gave a syrupy product which eventually 
hardened to a glass. 

The crude acid ester was most profitably purified by solution in 
cohol and titration with alcoholic sodium ethoxide, using an 
external indicator. The greater part of the naphthalic acid present 
was thus precipitated as the disodium salt, which was filtered off. 
The neutral filtrate was then evaporated to dryness in a vacuum 
at room temperature, and the sodium menthyl naphthalate (11 g.) 
recrystallised three times from methyl alcohol. Subsequent treat- 
ment with acid and extraction with ether gave an ethereal solution 
of the acid ester, which on slow evaporation of the solvent deposited 
well-shaped rhombic crystals of l-menthyl hydrogen naphthalate. 
Final purification was effected by crystallisation in the cold from 
ether-hexane until the rotatory power underwent no further change 
(Found : C, 74:3; H, 7-6. C,.H,,O, requires C, 74-6; H, 7-3%). 

Even at room temperature the ester decomposes slowly, a faint 
odour of menthol becoming perceptible in 7—8 days. In a pre- 
heated bath it melts at 141° (decomp.) without complete liquefaction, 
and the product then solidifies to melt again in the neighbourhood of 





271°, the m. p. of naphthalic anhydride. 

The sodium salt (Found: Na, 6-07. C,,H,,;0,Na requires Na, 
611%) also decomposes slowly at room temperature. It is very 
sparingly soluble in water. On evaporation in a desiccator, a 
solution in a mixture of methyl and ethyl alcohols deposited feathery 
clusters of crystals. The salt so obtained contained a minute 
proportion of insoluble anhydride, which interfered with polari- 
metric readings. The rotatory power was therefore determined from 
solutions prepared from the parent compound by adding the cal- 
culated amount of sodium methoxide in methyl alcohol. 
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Potassium |-menthyl naphthalate (Found: K, 10-2. C,,H,;0,K 
requires K, 10-0%) was prepared directly from the anhydride. 
It crystallises from acetone in rhombic crystals and is less stable than 
the sodium salt. 

The lithium salt (Found: Li, 1-8. C,,H,;0,Li requires Li 
1-9%) was obtained by titrating the acid with a concentrated methy] 





alcoholic solution of lithium hydroxide, and purified from methyl] X' 


alcohol. Like the other salts, it acquires a smell of menthol aft« 
2—3 days’ standing. 

1-Menthyl methyl naphthalate was readily prepared from the silver 
salt, which is apparently quite stable at the ordinary temperature, 
by shaking it for 2—3 days with excess of methyl iodide. The 
methyl! ester was isolated in well-formed rhombic crystals (Found: 
C, 75-1; H, 7-87. C,,H,,O, requires C, 75-0; H, 7-61%). It/ 
very soluble in ether, moderately soluble in benzene, and dissolves oni 
very sparingly in cold methylalcohol. It was therefore recrystallised 
from a mixture of methyl alcohol and ether, the solvents being 
partially removed in a vacuum. After three crystallisations it was 
optically pure and melted at 96-5—97° (slight decomp.). The 
di-ester is quite stable at moderate temperatures. 


Rotatory Powers. 
1-Menthyl methyl naphthalate. 


Solvent. l. ts c. [a}eros- [a]; s9s- La}saer- La}asss- 
Benzene 2 18° 4004 — 89-4° — 120-1° — 147-7° — 268-2 
Nitromethane 2 18 3-996 — 35:3 — 48-3 — 59-4 — 133-8 

1-Menthyl hydrogen naphthalate. 
Benzene 2 20 4014 + 117-1 + 165-9 + 203-3 397-9 
Acetonitrile 2 20 4008 — 352 - 47-4 55:8 — 82:3 


(The acid ester is practically insoluble in nitromethane.) 


The authors desire to thank the Moray Fund for a grant whic) 
has covered most of the expenses incurred in this investigation, and 
the Department of Scientific and Industrial Research for a scholar- 
ship to A. McLean which has enabled him to take part in this work. 
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NOTES. 


Preparation of Bisacetamide Hydrochloride and its Use as an Acetyl-}- 


ating Agent. By Henry STEPHEN. 


WHEN a suspension of acetamide in dry ether is treated with thionyl 
chloride, a vigorous reaction ensues with simultaneous deposition 
of bisacetamide hydrochloride as a white crystalline solid (Found : 
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Cl, 23-4; N, 18-0. Cale. for C,H,,0,N,Cl: Cl, 23-6; N, 18-4%). 
The reactions appear to be as follows : 
CH,°CO-NH, + SOCI, = CH,°CN + SO, + 2HCl 
2CH,°CO-NH, + HCl = (CH,°CO-NH,),,HCl 
Hence only one-third of a given weight of acetamide is converted 
into nitrile, and this has been confirmed by weighing the bisacet- 
amide hydrochloride produced. The hydrochloride, which has 
previously been obtained by treatment of acetamide with hydrogen 
chloride (Strecker, Annalen, 1857, 103, 325), is stable and may be 
preserved indefinitely without decomposition. 

When bisacetamide hydrochloride is fused with an equimolecular 
proportion of the hydrochloride of a primary aromatic amine, the 
acetyl derivative of the latter is formed together with a trace of an 
amidine. Brunner, Matzler, and Méssmer (Monatsh., 1927, 48, 125) 
and Brunner and Haslwanter (ibid., p. 133), using diacylamines and 
the hydrochlorides of primary bases, have obtained mainly amidine 
together with some of the acylated base. Their observations, 
coupled with the fact that bisacetamide hydrochloride decomposes 
o heating, to give, together with other products, diacetamide 
(Strecker, Joc. cit.) and acetyl chloride, afford a definite clue to the 
mechanism of the present method of acetylation. 

The reagent has been applied with success to the preparation of 
acetanilide, aceto-o-, -m-, and -p-toluidides, and aceto-«- and 
-6-naphthalides. 


The author’s thanks are due to Miss T. de Kiewiet and Mr. William 
Bleloch for assistance with the experimental work.—TxHE UNIVERSITY 
oF THE WITWATERSRAND, JOHANNESBURG, SoutH Arrica ([Re- 
ceived, February 9th, 1931.] 








The Preparation of Ethyl Methylenedimalonate. By KENNETH 
NorMAN WELCH. 


luz variable yields of ethyl methylenedimalonate obtained by 
Knoevenagel’s method (compare Welch, J., 1930, 257) are due to 
(l) the occurrence of side reactions, as pointed out by Gault (Bull. 
Soc. chim., 1912, 11, 381), and (2) the presence of an alkaline catalyst 
luring the distillation: decomposition occurs according to the 
balanced Michael reaction 
CH,[CH(CO,Et),], — (EtO,C),C:CH, + CH,(CO,Et),, 

the products being removed by distillation as formed. 


Otterbacher (‘‘ Organic Syntheses,” Vol. X) reported a yield of 
nly 61%, obtained by a modification of Knoevenagel’s method. 


Z, 











674 RULE AND MCLEAN : 


The following process gives more than 90% of the theoretical yield, 
allowing for recovered malonic ester. The use of paraformaldehyde 
avoids the separation from water, which is troublesome in large. 
scale preparations. 

Ethyl malonate (36 g.) and paraformaldehyde (3 g.) were heated 
together on the water-bath and 10% alcoholic potassium hydroxide 
was added drop by drop until reaction commenced : the paraform. 
aldehyde then quickly went into solution. Heating was continued 
for 6 hours, with the occasional addition of a drop of alcoholic 
potassium hydroxide, a few c.c. of alcoholic hydrogen chloride were 
added to destroy the catalyst, and the product was distilled. After 
removal of the water, ethyl malonate (8 g.), b. p. 80—100°/20 mm., 
and ethyl methylenedimalonate (28 g.), b. p. 194—198°/20 mm., 
were obtained, there being hardly any residue.—UNIVERSITY oF 
MELBOURNE. [Received, February 2nd, 1931.] 


XCIIT.—Studies in Solvent Action. PartI. Influence 
of Polar Solvents on the Rotatory Power of \-Menthyl 
Methyl Naphthalate. 


By H. Gorpon Rutz and ANDREW McLzEan. 


In earlier communications of these series, evidence has been brought 
forward indicating that the optical rotation of a dissymmetric 
compound is dependent upon the magnitude and disposition of the 
dipoles within the molecule.* Optical activity is thus one of the 
many properties which may be treated according to the theory of 
dipoles. In discussing the disturbing influence of electrical forces 
on the behaviour of a molecule, Debye refers among other causes to 
that exerted by the fields of neighbouring molecules. Such fields 
may arise from adjacent molecules of the optically active substance 
or from those of an added solvent. So far, little or no definite 
progress has been made in elucidating the connexion between the 
molecular structure of a solvent and its effect upon the rotatory 
power of an optically active substance dissolved in it. The problem 
is obviously one of an intricate nature, but the success already 
achieved in tracing the polar influence of substituents forming a part 


* It has been assumed that the optical activity is not so much a function 
of the polarisation of the molecule as a whole (i.e., with respect to a uniform 
external field) as of the arrangement of the individual dipoles around the 
asymmetric atom. This represents a fundamentally different standpoint 
from that more recently suggested by Betti (Trans. Faraday Soc., 1930, 26, 
345), who correlates the rotatory power directly with the molecular polarisation, 
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of the asymmetric molecule has encouraged the hope that similar 
methods would reveal the existence of a polar factor in solvent effect. 

A first step in this direction was made during the investigation of 
the rotatory powers of 8-octyl esters of various monosubstituted 
acetic acids when dissolved in liquid media (Rule and Mitchell, J., 
1926, 3202), as the result of which it was suggested that “ polar 
groups, whether present in the asymmetric compound or in the 
solvent, also exert an influence on neighbouring molecules, leading 
to corresponding changes in rotatory power” (J., 1927, 58). Although 
no general regularities were detected for the solvents as a whole, 
it was observed that among several closely related liquids, viz., the 
monosubstituted benzenes, C,H; X, the rotatory powers for variations 
of X were given by CH;,>H>OEt>Cl>Br>I. This is a polar 
series, the arrangement of which is almost the exact reverse of that 
representing the influence of the same substituents when present in 
the optically active molecule, viz., I>Br>Cl>OMe>CH,>H. In 
the latter case, the more highly polar the substituent the higher is the 
rotation of the ester, whereas in the solvent molecule the direction 
of the change is reversed, highly polar solvents giving a low value. 

Further confirmation of a polar influence exerted by the solvent 
molecule was indicated in the properties of /-menthyl esters of peri- 
substituted naphthoic acids, among which the nitro-group greatly 
raises the rotation of /-menthyl l-naphthoate, whilst chlorine and 
the methoxyl group lower the activity (Rule, Spence, and Bretscher, 
J., 1929, 2516). It was noted that, whether the substituent 
increased or decreased the rotatory power, its characteristic influence 
tended to be exhibited to the maximum degree in hydrocarbon 
solvents. Highly polar solvents, on the other hand, appeared to 
diminish the effect of the peri-substituent. 

The discovery of an ester, /-menthyl methyl naphthalate (sec 
this vol., p. 669), with a rotatory power extremely sensitive to 
solvent structure has now led to a detailed investigation of this 
phenomenon. As regularities in solvent influence among the (-octy! 
acetates were only observed with liquids of similar molecular 
constitution, the solvents selected in the present case are restricted 
to four main types, viz., simple derivatives of the four hydrocarbons 
methane, ethane, benzene, and naphthalene. In the first instance 
the rotatory power of the /-menthyl methyl naphthalate was deter- 
mined in each solvent at a concentration of approximately c = 4. 
The observed data together with the dipole moments of the solvents 
are given in Tables I and II, the arrangement being in order of 
increasing rotatory powers. Solvents in parentheses strictly belong 
to another series, but are included to show the influence of an 
additional alkyl group. 
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TABLE I. 


Rotatory Powers of \|-Menthyl Methyl Naphthalate in Solvents derived 
from Methane and Benzene. 


Solvent. [Mpe. Be xX 10%, Solvent. [Mp xX 108, 
CH,:NO, — 219° 3°78 C,H,'CN — 372° 3°85 
CH,-CN 239 3-05 C.H,'NO, 423 3-89 
CH,Cl, 267 1-61 C,H,-CHO 432 2-75 
CH,Br, 277 1-89 [CH COME] [454] [2-97] 
CH,-CHO 316 2-7) o-C,H,Cl, 433 2-24 
CH,I 336 1-66 C,H,'NH, 443 1-60 
CHCl, 362 1-10 C.H,Cl 463 1-52 
CH,°OH 383 1-64 C,H,I 465 1-50 
CH,°CO,H 423 0-75 C,H,bBr 466 1-50 
CHBr, 429 1-3 C,H,;"OMe 466 1-26 
CS, 437 0 He 543 0 
CCl, 563 0 C,H,°CH, 546 0 
C(NO.), 651 0 s-C,H,Me, 583 0 
CoHis 653 0 


(Rotatory powers in a number of other solvents will be found in the text.) 


Influence of Dipoles.—l-Menthyl methyl naphthalate, it will be 
seen, undergoes exceptionally large variations in rotatory power 


20° 


with change of solvent, the molecular rotations [/ ];j,, ranging from 


TaBLe II. 


Rotatory Powers of |-Menthyl Methyl Naphthalate in Solvents derived 
from Ethane and Naphthalene. 


(In 
Solvent. [MP*. » x 10%. Solvent. [Mpe. CyH,).* » x 10". 


C,H,°-NO, — 282° 4-03 C,,H,NO, — a 442° 3°62 
COMe, 365 2-72 C,H,CN — 449 7 
[Et-COMe] [392] [2:70]  CyHOMe —497° 508 = 
©,H,Br 360 1-78 C,,H,C! 552 512 «1-59 
C,H,I 383 170 ©,H,Br 553 510 «1-58 
C.H,-OH 439 1-70 C,,H,CHs 586 545 iA 
Kt,0 495 115 CyHis 788 625 0 


* See p. 677. 


— 219° in nitromethane to — 788° in decalin. One of the most 
striking points which emerge from the above tables is the close 
relationship existing between the dipole moment of the solvent and 
the rotatory power of the dissolved ester. In all four series the 
rotation is lowest in strongly polar solvents and highest in those of 
zero dipole moment. Solvents of intermediate polarity fall, on the 
whole, into the order of their dipole values, but with this class some 
displacements * are observed. A particularly interesting com- 

* In addition to the varying degree of association of the solvent, some 
irregularity is probably caused by the modification (deformation) of the 
solvent dipoles in the field of the solute. 
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parison is furnished by the nitro-derivatives of the methane series. 
Nitromethane (u = 3-78 < 10-18) is one of the most polar solvents 
examined and has the greatest effect in depressing the activity of 
the ester; on the other hand, tetranitromethane, although contain- 
ing four nitro-groups, yields a highly active solution in agreement 
with its non-polar properties (u = 0). Similarly, a high rotation 
is recorded in carbon tetrachloride (u = 0), whereas chloroform 
(u = 1-10) and methylene chloride (u = 1-61) give progressively 
lower values. 
Fic. 1. 
Rotatory powers of |-menthyl methyl naphthalate in solvents of the methane type. 
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—220° —280° —340° —400° —460° —520° —580° —640° —'700° 
[Myon 
1. cycloHexane. 7. Carbon disulphide. 13. Acetaldehyde. 
2. Heptane. 8. Bromoform. 14. Methylene bromide. 
3. Hexane. 9. Acetic acid. 15. Methylene chloride, 
4, Pentane. 10. Methyl alcohol. 16. Acetonitrile. 
5. Tetranitromethane. 11. Chloroform. 17. Nitromethane. 


i. Carbon tetrachloride. 12. Methyl iodide. 


As several of the naphthalene derivatives under examination were 
solids, a more complete comparison was effected by employing them 
in the form of a mixture containing a 0-6 mol. fraction of benzene. 
It may be noted that among the homogeneous solvents the halogen 
compounds are displaced above the ether, but that dilution with 
benzene tends to bring them into a lower position, presumably owing 
to a breakdown of the association complexes. Naphthalene proved 
to be too sparingly soluble in benzene for inclusion in this series. 

When the rotatory powers of the ester in a given series of solvents 
are plotted against the dipole moments of the solvents, the points 
approximate to a smooth curve (Figs. 1 and 2). A closer agreement 
than that found is scarcely to be expected. If, as seems probable, 
the influence of a solvent is chiefly related to its power of influencing 
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the internal fields of the asymmetric compound by deformation or 
dipole association, the change in rotation must depend to some 
extent upon the volume and form of the solvent molecule as well as 
upon its constituent dipoles. In addition, polar liquids are them- 
selves normally more or less associated. Dipole moments are there- 
fore evaluated by examining the compound in question dissolved in 
a non-polar medium and extrapolating the experimental figures to 
extreme dilution, in which state the polar compound usually exists 
in the form of single molecules. Rotatory powers, on the other hand, 
are usually determined by using the homogeneous polar solvents in 
the associated state. The operation of these two factors is discussed 











Fic. 2. 
Rotatory powers of 1-menthyl methyl naphthalate in benzene derivatives. 
47 O14 * a) 
3 Ff on 
“0 
eg i 
S 2 
— o~% 49 
”, & Neer 
2 OX. 
0} ‘oo oe a 
—360° —400° —440° —480° —520° —560° —600° —640° —680° 
1. cycloHezane, 6. Chlorobenzene. 11. o-Dichlorobenzene. 
2. Mesitylene. 7. Iodobenzene. 12. Benzaldehyde. 
3. Toluene. 8. Bromobenzene. 13. Benzonitrile. 
4. Benzene. 9. o-Chlorotoluene. 14. Nitrobenzene. 
5. Anisole. 10. Aniline. 


separately in the following pages, and gives valuable information 
regarding the manner in which the intermolecular forces are modified 
by the structure of the solvent molecules. 

Influence of Molecular Volume and Structure—Homologous and 
isomeric solvents. The influence of the size of the solvent molecule 
is revealed by a comparison of the rotatory powers of the ester in 
corresponding derivatives of the four series under investigation, ¢.7., 
the halides, methyl iodide (— 336°), ethyl iodidé (— 383°), iodo- 
benzene (— 465°), and bromonaphthalene (— 553°). All these 
solvents have an electric moment approximating to 1-6 x 10-18 and 
the observed variations in rotatory power are presumably due to the 
fact that the larger the organic radical attached to a given dipole, 
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the less frequently is the latter likely to come into the proximity of 
the polar groups in the optically active molecule. 

A more direct screening of the dipole occurs in certain cases where 
a hydrogen atom in the vicinity of a polar group is replaced by a 
more bulky hydrocarbon radical. For example, acetaldehyde, 
acetone, and methyl ethyl ketone each have the same dipole moment, 
w= 2°7 X 10-18, but as the polar ketonic group becomes more and 
more screened, the rotation of the ester in these solvents rises pro- 
gressively from — 316° to — 365° and finally to — 392°. Benz- 
aldehyde (— 432°) and acetophenone (— 454°) illustrate the same 
change. The small effect due to an additional alkyl group in a 
non-polar molecule may be seen in the similar values obtained for 
pentane, hexane, and heptane on the one hand, and benzene and 
toluene on the other. 

In order to establish this point more definitely, the rotatory powers 
were also determined in the three isomeric butyl chlorides (c = 4). 
In this case there is no alteration in the molecular weight of the 
solvent molecules; the only change is that the polar C—Cl group 
becomes increasingly screened as we pass from the normal, through 
the iso-, to the tertiary chloride : 


Solvent. [M}x.° B. p. 
CH,°CH,°CH,°CH,Cl _............00- — 450-1° 717° 
i As ie > er errs — 464-0 68 
(CH,),CCl PTUTETITI TIT - 511-2 61 


In agreement with the above conclusions the rotatory power was 
found to be lowest in the normal and highest in the tertiary iso- 
meride, the behaviour of the latter being almost that of a non-polar 
liquid. As was to be expected from its molecular structure, isobutyl 
chloride allies itself much more closely to the normal chloride than 
to the tertiary compound, a relationship which may also be observed 
in the boiling points of the three liquids. 

In the three isomeric chlorotoluenes the rotatory powers of the 
ester arrange themselves in order of the dipole moments of the 
solvents : 


[MP ph xX 1038, 
o-Chlorotoluene ........0.sseccess — 502° 1-39 
m-Chlorotoluene...............06+ — 497 1-60 
p-Chlorotoluene ...............006 — 433 1-74 


Chlorobenzene, as was to be expected, gives an intermediate value 
(— 463°) in agreement with its moment (1-52). The displacement 
in the relative positions of chlorobenzene and m-chlorotoluene may 
be ascribed to the increased bulk of the hydrocarbon radical in the 
latter. 


Non-polar solvents. Surprisingly large variations occur in the 
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rotatory powers determined in non-polar solvents. It is improbable 
that changes of this magnitude are to be explained by the varying 
degree of association of the optically active ester in solution (see 
also p. 686), but among solvents, the non-polarity of which is due to a 
symmetrical arrangement of substituent dipoles, other factors may 
come into operation. Although such molecules are non-polar with 
reference to a uniform external field, they may exert a definite force 
on a point charge or dipole in their immediate neighbourhood. 
Carbon disulphide and p-dichlorobenzene, for example, would appear 
to be so constituted as to permit some degree of dipole association. 
In the case of the former, however, the two oppositely oriented 
dipoles are so close to one another that the field exerted by the one 
at a near-by point is almost completely annulled by that due to the 
other. The polar properties of a solvent of this type, if they exist 


—— d= >+ 0 


0=C< >c=0 ~ ol< 
- + - + 
at all, will be extremely weak. On the other hand, in p-dichloro- 
benzene the CCl-dipoles are separated by two carbon atoms and may 
to a large extent be expected to function individually. On this 
assumption p-dichlorobenzene will provide approximately twice the 
dipole concentration of the monosubstituted compound, chloro- 
benzene. The disubstituted molecule will thus behave as a strongly 
polar substance towards other molecules in its immediate neigh- 
bourhood. 

These conclusions are supported by an examination of the rotatory 
powers in the solvents under consideration. In aliphatic hydro- 
carbons and tetranitromethane the rotatory power of the ester is 
— 653°, carbon tetrachloride giving a somewhat lower value 
(— 563°). Carbon disulphide (— 437°) falls into line with the feebly 
polar liquids bromoform (— 429°) and acetic acid (— 423°) in its 
influence on the rotation. On the other hand, p-dichloro- and 
p-dinitro-benzene group themselves with the strongly polar solvents, 
as may be seen from the following table. As some of these deriv- 
atives are solids, a comparison was effected by using them mixed 
with benzene. 


Rotatery Powers of Ester (c = 4) in Mixtures containing Benzene. 
(f, = 0-4). (Mfim. a. px 10%. (fy = 0-015). [MB a. pw x 10%, 


C,H,Cl — 601° 42° 1-52 C,H;-NO, — 527° 16° 3-84 
o-C,H,Cl,h — 470 73 2-25 m-C,H,(NO,), —510 33 3-80 
p-C,H,Cl, — 463 80 0 p-C,H,(NO,), —508 35 0 


Jt, = Mol. fraction of polar solvent in benzene mixture. 
4 = Depression as compared with pure benzene. 
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Among the chloro-compounds, the depression in rotatory power 
produced by the o-compound, in which the two CCl-dipoles are 
oriented in the same direction and thus reinforce one another’s field, 











is almost as great as that given by the p-compound, where the 
increased effect is due to the doubled frequency with which the 
individual dipoles come into play. In each of the dichloro-deriv- 
atives the depression approximates to twice that observed for 
chlorobenzene under the same conditions. Similarly the depressions 
recorded for m- and p-dinitrobenzene are approximately twice that 
found for nitrobenzene. It therefore appears that in the m- and 
p-compounds the dipoles are capable of acting independently 
towards neighbouring molecules. Further confirmation of this 
explanation is furnished by the rise in the melting points of the 
isomeric dichloro- and dinitro-derivatives as the substituent groups 
are moved away from each other, a change which has been attributed 
to the increasing degree of molecular association. 

Degree of Association of the Solvent.—It has already been suggested 
that one of the main factors governing the influence of a solvent on 
the rotatory power is its polarity as measured by the electric moment, 
but that modifications may be introduced owing to its characteristic 
molecular structure and degree of association. 

In the majority of cases the association of a polar compound leads 
to the formation of more or less unstable complexes of lower dipole 
moment, which may be progressively dissociated to single molecules 
of higher moment by dilution with a non-polar medium such as 
benzene or carbon disulphide. It should therefore be possible to 
trace this process polarimetrically in the present instance, as the 
depression in rotatory power (after correction for the proportion of 
non-polar solvent present) should become more pronounced with 
increasing dilution. 

l-Menthyl methyl naphthalate has approximately the same 
rotatory power in nitrobenzene as in carbon disulphide solution, 
and in mixtures of these two solvents the dissociation of the nitro- 
benzene complexes is evident without applying any correction for 
the molarity of the polar liquid in the mixture. The molecular 
rotations found for the ester (c = 4) in such mixtures are shown 
diagrammatically in Fig. 3, Curve I. It will be seen that as nitro- 
benzene is replaced by carbon disulphide the rotations fall steadily 
to a minimum about 60° lower than the value for the pure liquids, 
and finally rise steeply to the figure for homogeneous carbon di- 
sulphide. Similar aithough less pronounced changes of this kind 
have been observed for mixtures of benzene with various polar 
solvents. Mixtures of benzene with carbon tetrachloride or carbon 
disulphide on the other hand give practically straight-line graphs. 
z2 
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In his monograph “ Polare Molekeln,” Debye has divided polar 
compounds into three main categories according to the type of 
polarisation-dissociation diagrams they give after elimination of 


the contribution due to the non-polar solvent. These three groups 
are illustrated by reference to nitrobenzene, ether, and alcohol, 
which are represented respectively by a steeply rising curve, a 
straight line, and a rising curve leading to a maximum and followed 








Fia. 3. 
1-Menthyl methyl naphthalate in mixtures of carbon disulphide and nitrobenzene, 
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I, Experimental rotation curve. 
II. Rotation curve deduced for nitrobenzene alone. 
Ili. Polarisation of nitrobenzene alone. 


by a fall (see Curve III in Figs. 3, 4,5). It was therefore considered 
of interest to investigate the form of curves obtained for the rotatory 
power of /-menthyl methyl naphthalate in such mixtures, using a 
similar means of eliminating the rotation contributed by the benzene 
or carbon disulphide solution. 

The procedure may be explained by reference to the benzene- 
ether diagram in Fig. 4.' Negative rotations are plotted vertically 
and mol.-fractions of polar solvent in the mixture horizontally. In 
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each case the left-hand vertical axis represents a solution in the pure 
non-polar solvent, and the right-hand axis a solution in the pure 
polar liquid. 

It will be seen that a straight line has been drawn from the point 
representing the rotation in pure benzene to the right-hand end of 
the horizontal axis, at which the concentration of benzene is zero. 
if now a perpendicular is dropped from any point a on the experi- 
mental rotation curve (I) to the horizontal axis, the intercept M,f, 




















Fa, 4. 
1-Menthyl methyl naphthalate in mixtures of benzene and ether. 
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I. Experimental rotation curve for mixed solvents. 
II. Rotation curve deduced for ether alone. 
III. Polarisation of ether alore. 


between the above line and the axis will represent the contribution 
to the total rotatory power made by the benzene component of the 
mixture. By difference, M,f, gives the rotation contributed by the 
polar (ether) component. On dividing M,f, by the corresponding 
mol.-fraction, we obtain a molecular rotation corresponding to the 
particular degree of association in which the polar liquid is present 
in the mixture. By plotting a number of these calculated values 
against the mol.-fractions (Curve I1),* we can thus follow the effect 


* In the following pages this type of diagram is referred to as a rotation— 
dissociation diagram. 
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of increasing dissociation of the polar liquid upon the rotatory power. 
The resulting curves are based on the assumption that the polar 
solvent is at all times distributed evenly throughout the mixture. 
Probably at very low concentrations the calculation will be inaccurate 
owing to the increasing tendency of the polar solvent molecules to 
cluster around the polar solute molecules. Such a tendency would 
lead to a greater depression in rotatory power and displace the 








left-hand end of Curve II downwards towards a positive value. 














Fia. 5. 
1-Menthyl methyl naphthalate in mixtures of benzene and ethyl alcohol. 
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[. Kxperimental rotation curve for mixtures. 
Il. Deduced curve for alcohol alone. 
III. Polarisation curve for alcohol alone. 


An examination of the diagrams for different solvents deduced in 
this manner leads to interesting comparisons. In the first place the 
general resemblance to Debye’s polarisation—dissociation figures is 
clearly shown, an increase in the polarisation being accompanied 
by a fall in the rotatory power, in agreement with the relationship 
established in the preceding pages. For both properties the changes 
in ether are indicated by straight lines, in nitrobenzene by steep 
smooth curves, and in alcohol by curves leading to inflexions at low 
concentrations. Down to an alcohol concentration of 0-3 mol.- 
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fraction a rising polarisation corresponds to a falling rotation. The 
maximum in the polarisation, however, does not coincide with a 
minimum in rotatory power. Probably a minimum rotation exists 
at concentrations below 0-1, but this is difficult to decide as con- 
siderable errors are involved in the calculation of Curve II at very 
low concentrations. Uniform scales for rotation and polarisation 
respectively have been adopted in all three figures, from which it will 
be seen that the resemblance between the deduced rotation and 
polarisation diagrams is not limited to similarity of form but extends 
also to the magnitude of the change represented. The results afford 
strong additional confirmation of the important part played by the 
solvent dipoles in modifying the rotatory power of a dissolved 
substance. 

A number of similar mixtures were investigated, the data for 
which are recorded in the experimental section. It is found that 
the rotation—dissociation diagrams for carbon disulphide and carbon 
tetrachloride (on dilution in benzene) are represented by straight 
lines with a very slight trend towards the positive region at concen- 
trations below 0-1. Nitromethane and acetonitrile in benzene give 
diagrams which are replicas of that calculated for nitrobenzene in 
carbon disulphide (Fig. 3). Acetophenone and acetone yield 
diagrams which fall comparatively steeply, but for methyl iodide 
(Table ITI, vi) the values rise to a maximum followed by a moderate 
fall. The authors do not attach any special significance to the actual 
figures deduced in this manner for extreme dilution, although it may 
be mentioned that nitrobenzene and nitromethane (Tables III, ix 
and i), which give solutions of strongly differing rotatory power 
when employed in the homogeneous state, extrapolate to approxim- 
ately the same value (-}- 250°) at infinite dilution. The acetone 
and acetophenone curves similarly cut the vertical axis in the same 
neighbourhood (— 80°). 


Discussion of Results. 


Previous investigations of menthyl 8-substituted 1-naphthoates 
have shown that very considerable alterations in rotatory power are 
caused by changes in the nature of the peri-substituent. The 
solvent influences under discussion are also on an unusually large 
scale and may therefore be intimately connected with disturbances 
of the mutual relationship existing between the two peri-groups. 
But if the solvent effects in the case of the di-ester are caused by 
deformation or dipole association, it is to be expected that changes 
in the same sense will be undergone by the unsubstituted /-menthyl 
1-naphthoate, although probably in smaller degree. An examin- 
ation of the ester gave the following data : 
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Rotatory Power of 1-Menthyl 1-Naphthoate in Homogeneous Solvents 


(c = 4). 
[Mss pe X 1038, [Mie pb X 10%, 

C,H, = 325° 0 CCl, — 280° 0 

CS, 313 0 CHCl, 280 1-1 
CH,°CO,H 310 0-7 CH,I 280 1-6 
CH,-OH 302 1-6 CH,'NO, 267 3:8 
CH,-CHO 300 2-71 CH,'CN 249 3-9 
C.His 299 0 


As in the case of the di-ester there is here a tendency for the non- 
polar solvents to give high rotatory powers and for strongly polar 
ones to give low values. The effect is, however, much less pro- 
nounced, and the arrangement of solvents is subject to a number 
of exceptions. Chief among the latter may be noted the high posi- 
tions oceupied by the three strongly associated solvents acetic acid, 
methyl alcohol, and acetaldehyde. The relatively low rotation in 
hexane is all the more curious in view of the still lower figure 
(— 274°) found in decalin. Further information on this point 
might be gained from an extended investigation of J-menthyl 
naphthoate. ' 

Peri-substituted derivatives of naphthalene, in which the groups 
attached to the 1- and 8-positions are of the same electrical type, will 
probably have a high dipole moment * and thus tend to exist in an 
associated state. It is, however, unlikely that the observed optical 
changes in the di-ester are due to variations in the degree of associ- 
ation. Rotatory powers [M]?, in benzene measured over the 
maximum possible range (c = 4 to c = 25) only suffered an in- 
appreciable change in value (— 543° to — 530°). At the former 
concentration there are present about 100 molecules of benzene to 
each molecule of ester. A rise in temperature was found to diminish 
the abnormally high rotatory power given in decalin solution, the 
value falling from — 788° at 20° to — 660° at 98°. An alteration 
in this sense is to be expected, as the increasing molecular vibration 
will lead to an increase in the mean distance between the peri-groups 
(compare Ebert, ‘‘ Dipolmomente und chemische Struktur,” p. 60: 
Leipziger Vortriige, Debye). 

For the present, therefore, the authors adopt the opinion advanced 
in the earlier part of this paper, that the observed effects are due 
to the influence of the solvent dipoles upon the internal field of the 
solute, acting either through deformation or dipole association. 
There is the further possibility that association may also lead to 
changes through the temporary formation of newasymmetric centres. 

The simpler suggestion that the optical changes are caused by 


* 1: 8-Dinitronaphthalene, » = 7 x 10-*, is the most polar substance 
listed in Debye’s “* Polare Melekeln.”’ 
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variations in the electrostatic forces operating between the peri- 
groups, resulting from the variable dielectric constant of the medium, 
is apparently untenable in view of the powerful effect exerted by 





p-substituted-benzene solvents, which have low dielectric values. 

Recent researches have tended more and more to bring the study 
of optical activity into fundamental relationship with that of absorp- 
tion spectra. Reference need only be made to the investigations of 
Lowry and others on the Drude equation, and to the successful 
asymmetric decomposition of racemic compounds effected by W. 
Kuhn (Z. physikal. Chem., 1930, B, '7, 292) and Mitchell (J., 1930, 
1892) by use of circularly polarised light following an examination 
of the absorption data. It is therefore a matter of interest that the 
screening of the carbonyl dipole by alkyl groups and the polar 
influence of solvents on ketones have already been demonstrated in 
the field of absorption spectra. 

Scheibe (Ber., 1926, 59, 2617) finds that the characteristic absorp- 
tion band of a ketone is displaced progressively towards the far 
ultra-violet when the compound is dissolved in liquids of increasing 
polarity. The arrangement of solvents for acetone is as follows : 


CCl, C.Hy Et,0, EtOAc, CHCl, CH,Cl, EtOH, MeOH, CH,-CO,H, H,0. 


= ee 
Shift to shorter wave-length. 





The magnitude of the observed displacement also diminishes pro- 
gressively as the carbonyl group becomes more and more screened 
by substitution in the adjacent methyl groups, although the order 
of the solvents remains unchanged. Thus the shift is less for methyl 
tert.-butyl ketone than for acetone, and still smaller for hexamethyl- 
acetone. These examples present a complete parallel to the changes 
in rotatory power discussed on p. 679. If we assume the validity of 
Drude’s equation in the case of an optically active keto-compound, 
such a displacement of the absorption band corresponds to a fall of 
rotatory power with increasing polarity of solvent. 

With the object of further examining the theoretical points raised 








in this communication, a number of investigations are now in pro- 
gress dealing with simpler optically active compounds, many of 
which contain only a single polar substituent. 


EXPERIMENTAL. 


Determinations of Rotatory Power.—The molecular rotations were 
determined at 20° in a 2-dem. tube. Those in Tables I and II refer 
to the ester in a concentration of approximately c = 4, except that, 
owing to low solubility, smaller values of c were adopted in the case 
of nitromethane (2:3); methyl and ethyl alcohols (2-0); pentane, 
hexane, and heptane (1-95); mesitylene (2-4); cyclohexane (2-0) ; 
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a-methylnaphthalene (2-0); «-chloronaphthalene (2-0); and decalin 
(2-0). 

In the following tables relating to mixed solvents, f, denotes the 
mol.-fraction of the second solvent (a polar liquid in the majority 
of cases) which is being diluted with benzene or carbon disulphide 
(f,;); and the observed molecular rotation is given under [1 ,,9]54¢). 
The final column contains the molecular rotations [M,];4., repre- 
senting the rotatory power in the second solvent after eliminating 
the component contributed by the non-polar diluent. These values 
are calculated from the graph as explained on p. 683. 


TABLE III. 
(i) Benzene—Nitromethane. (ii) Benzene—Acetonitrile. 
4 ce asm (M,,) [M.) fe c. asi (My, >]. (M,]. 
1:000 2:350 — 280° — —219° 1-000 3:992 — 519° -— —239° 
0-541 4-004 — 7-81 —359° —198 0-641 4-042 — 7-58 — 345° — 233 
0-414 3-996 — 845 —389 —163 0-373 4:042 — 9-17 —417 —189 
0-348 4:012 — 8-80 —404 —140 0-300 4:010 — 9-18 —421 —160 
0-272 4016 — 919 —421 — 90 0-254 4042 — 9-25 —435 —130 
0-211 4:012 — 973 —446 — 62 0-210 3-994 — 983 —453 — 91 


0-144 4:028 —10-12 — 462 0 0-162 4-046 10-20 —464 — 38 
0-132 4.010 —10-26 —471 + 15 0-132 4-004 —10-:34 — 475 0 
0-119 4004 —10-34 —475 + 25 0-088 3-962 —10-54 —489 + 56 
0-091 4018 —10-70 —490 + 55-5 0-062 4010 —11-:02 —506 +133 
0-063 3-992 —10-90 —502 +125 0-036 4-058 —11:37 — 516 225 
0-027 3-996 —11-:33 —522 +185 0-000 4:004 —11:83 — 543 -- 
0-000 4:004 —11:83 —543 — 


(iii) Benzene—Acetone. (iv) Benzene—Methyl alcohol. 
1-000 5-096 — 10-12 — —365 1-000 1968 — 409 — — 383 
0-562 4.020 — 9-53 —436 — 350 0-685 2:036 — 493 —446 — 399 
0-296 4.002 —10-41 —479 — 327 0-430 4008 — 10-49 —481 —388 
0-237 4-020 —10-65 —488 —312 0-286 4010 — 10-63 —488 — 339 
0-186 4-016 —10-85 —497 —289 0-200 4.000 — 10-82 — 497-5 — 305 
0-126 3-992 —10-92 —502 — 238 0-149 4:012 —11-:00 —504-5 — 267 
0-064 3-996 —11:37 —523 — 167 0-109 4018 —11-:16 —5ll1 —227 
0-030 4:006 —11:60 —533 —133 0-092 3988 —1113 —513 —200 


0-000 4.004 —11:83 —543 — 0-051 4014 —11-48 —526 —160 
0-000 4004 — 11-83 —543 -- 
(v) Benzene—Ether. (vi) Benzene—Methyl iodide. 


1:000 4.475 —12:04 — — 503 1:000 4464 — 815 — — 336 
0-843 4000 —1116 —513 — 6500 0-592 4018 — 966 —442 — 37] 
0-663 4.008 —11-22 —515 —500 0-456 4.008 —10:12 —464 —370 
0-475 4012 —1145 —524 —498 0-358 4.012 —10-51 —482 — 372 
0-214 4.000 —11:58 —533 — 495 0-250 4036 — 10-97 —500 —372 
0-098 4.000 —11-61 —534 —490 0-150 4000 —11-:18 —514 —370 


0-000 4.004 —11-:83 — 543 —_ 0-055 4-000 —11-54 —531 — 355 
0-000 4.004 —11:83 —5438 — 
(vii) Benzene—Carbon tetrachloride. (viii) Benzene—Carbon disulphide. 
1:000 4.452 —1363 — —563 1-000 4-400 —10-44 — -—4837 


0-499 4.000 —12-:07 —556 — 566 0-470 3:990 — 10-63 — 490-5 — 438 
0-245 4004 —11:90 —547 —548 0-253 3-980 —11-1l1 —514 — 436 
0-193 4018 —11-84 —542 —545 0-158 3-998 —11-:39 -—-525 —438 
0-144 3-980 —11-69 —541 — 540 0-106 3-992 —11:52 —531 — 436 
0-096 3-988 —11-72 —541 —533 0-055 4.002 — 11-67 — 536-5 — 433 
0-000 40094 —11-83 — 543 — 0-000 4-004 —11-83 — 543 — 
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TaBueE III (contd.). 


(ix) Carbon disulphide—Nitrobenzene, (x) Benzene—Ethyl alcohol. 
‘ c. asm. [M,,s]. [Mi]. fe © asi [M,, 5]. [M,}. 
1-000 4034 — 937° —  —427° 1-000 2:000 -—477° — -—439° 
0-734 4-004 — 8-69 —399° —385 0-870 2022 —5-01 —456° — 445 
0-511 4000 — 833 —383 —330 0-702 2008 —5-21 —477 —449 
0-386 3-990 — 820 —378 —285 0-509 2-008 —529 —485 —448 
0-224 4-004 — 8-31 —382 —182 0-345 2-000 -—547 —503 — 425 
0-105 4012 — 8-60 —3945 — 55 0-326 2:004 —5-45 — 500-5 — 418 
0-065 4006 — 8-79 —404, + 29 0-281 2:000 —549 —505 — 409 
0:000 4-400 — 10-44 — 437 — 0-217 2:008 —556 —509 —383 
: 0-149 2-006 —563 —516 — 359 
(xi) Benzene—Acetophenone. 0-104 2-008 —5-72 —524 —361 
1-000 4444 —10-96 — ~—454 0-076 2008 —5-79 —531 —349 
0-776 4-000 — 10-05 —462 — 441 (oe) — —- — f—360) 
0-655 4:004 —10-:18 —468 —428 \0-030) — _ — \—380/ 


0-550 4-004 — 10-23 —470 —409 0-000 4:004 — 11-83 — 543 — 
0-424 4-008 —10-37 —476 —384 

0-343 4-000 — 10-43 —480 —354 

0-252 4:004 —10-67 —490 —323 

0-165 4-012 — 10-93 —501 —279 

0-081 4-000 —11-23 —517 —212 

0-043 4-008 —1152 —529 —174 

0-000 4004 —11-:83 — 543 —_ 

Materials.—The purest available solvents were used as starting 
materials and were then treated as follows : 

Washed, dried over calcium chloride, and fractionated : nitro- 
methane, nitroethane, methyl iodide, ethyl bromide, ethyl iodide, 
methylene chloride, methylene bromide, bromoform, carbon tetra- 
chloride, benzaldehyde, anisole (gave no phenol reaction), chloro- 
benzene, bromobenzene, iodobenzene, «-methylnaphthalene, 
«-chloronaphthalene, «-bromonaphthalene, «-naphthyl methyl ether 
(gave no colour with diazotised aniline or with copper powder and 
carbon tetrachloride), decalin, o-dichlorobenzene (previously cooled 
to — 20° to freeze out traces of p-dichlorobenzene). 

Dried and fractionated: acetonitrile, acetaldehyde, acetone 
(‘‘ purified by bisulphite ”’), aniline (‘‘from sulphate’), toluene, 
mesitylene, methyl ethyl ketone. 

Purified by repeated partial freezing, followed (except in the case 
of tetranitromethane) by drying and fractionation: acetic acid, 
m. p. 16°; benzonitrile, m. p. — 12°; nitrobenzene, m. p. 5-6— 
57°; acetophenone, m. p. 20°; benzene, m. p. 5:5°; cyclohexane, 
m. p. 41°; tetranitromethane (Berger, Compt. rend., 1910, 151, 
814); o-chlorotoluene, m. p. — 34:5°, b. p. 41°/11 mm.; m-chloro- 
toluene, m. p. — 48°, b. p. 45-5°/12 mm.; p-chlorotoluene, m. p. 
7:5°, b. p. 45°5°/12 mm. 

Hexane (“free from aromatic hydrocarbons’) was dried and 
fractionated ; pentane (b. p. 35—37°) and heptane (b. p. 98—98-5°) 
were first shaken with concentrated sulphuric acid. 

The n- and tert.-butyl chlorides were washed, dried, and fraction- 
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ated (n-compound, b. p. 77:2—77-4°; tert.-, b. p. 50-8—51-1°), 
isoButyl chloride (b. p. 69—69-2°) was prepared and purified by 
the method of Michael and Zeidler (Annalen, 1912, 393, 110). 

Alcohol was dried over lime; ether was treated with sodium wire 
and fractionated. 

The following were purified by repeated crystallisation until of 
constant melting point: m-dinitrobenzene (from alcohol, m. p. 
89-9°); p-dinitrobenzene (from alcohol, m. p. 172-5°), «-naphtho- 
nitrile (from ligroin, m. p. 36—37°), «-nitronaphthalene (from 
alcohol, m. p. 56—57°), p-dichlorobenzene (from alcohol, m. p. 54°). 


Summary. 


The influence of solvents on the rotatory power of /-menthyl 
methyl naphthalate has been investigated with the following results. 

1. The values of [M]3;, (c = 4) range from — 219° in nitromethane 
to — 788° in decalin. 

2. In the majority of cases the fall in rotation varies with the 
polarity of the solvent, as determined by its dipole moment, and for 
a given polar substituent the influence becomes less pronounced as 
the molecular volume of the hydrocarbon radical increases. Hence 
the polar effects are best studied by comparing solvents of the same 
type, i.e., those derived from the same parent hydrocarbon. 

3. For solvents of the same type a rough approximation to a 
smooth curve is obtained when rotatory powers are plotted against 
dipole moments. 

4. The depression caused by associated solvents such as nitro- 
benzene or acetone is greatly increased when the associated com- 
plexes are dissociated by dilution with a non-polar medium. By 
correcting the values found in such mixtures for the contribution 
due to the non-polar diluent, it is possible to follow polarimetrically 
the process of dissociation. The diagrams obtained in this way for 
nitrobenzene, ether, and alcohol (on dilution in benzene) agree in 
form and magnitude with the corresponding diagrams deduced by 
Debye for the change in polarisation undergone by the polar liquid. 

5. Special effects are observed among homologous and isomeric 
solvents; e.g., alkyl groups may exert a screening action on adjacent 
polar groups. Among the butyl chlorides, the depression in rotatory 
power becomes progressively smaller on passing from the normal 
through the iso- to the tert.-compound. On the other hand, p-di- 
chloro- and p-dinitro-benzene (although of zero dipole moment) 
produce as large a depression as the o-compounds, apparently owing 

to the dipoles being so far.removed in the former isomerides as to be 
capable of functioning individually towards neighbouring molecules. 
6. It is assumed that the sensitivity of the di-ester towards 
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solvents is intimately connected with disturbances in the mutual 
relationship of the peri-groups, probably caused by electrical 
deformation or dipole association. 


The authors wish to record their gratitude to the Department of 
Scientific and Industrial Research for a scholarship to A. McLean, 
which has enabled him to take part in this work, and to the Moray 
Fund for a grant covering most of the expenses incurred. 


UNIVERSITY OF EDINBURGH. [ Received, February 23rd, 1931.] 


XCIV.—The System Water—Chloroform. 


By Cuirron Wii11AM Gipsy and Joun HAL. 


In the course of an investigation of the system acetone—chloroform- 
water, it became necessary to know the mutual solubilities of the 
last two solvents. The data for the solubility of chloroform in 
water are summarised in the International Critical Tables, but for 
the solubility of water in chloroform the only available datum appears 
to be that of Herz (Ber., 1898, 31, 2669), who states that at 22° 
1000 ¢c.c. of chloroform and 1-52 c.c. of water give 996-2 c.c. of 
solution. 

Dry chloroform was prepared as follows. ‘Chloroform Pure, 
B.P.” was shaken twice with concentrated sulphuric acid, and then 
successively with dilute aqueous sodium hydroxide and with water ; 
after being separated, it gave no iodoform reaction. It was dried by 
standing over anhydrous sodium carbonate, and finally by refluxing 
for 4 hour with magnesium nitride (prepared in the laboratory), 
being distilled off after standing over-night. Chloroform so dried 
was without action on bright metallic calcium; it reacted slightly 
with sodium, but the quantity of gas liberated was too small to be 
measured, . 

Mixtures of known weights of chloroform and water were then 
prepared. A small quantity of water was weighed in a glass tube, 
sealed at one end and constricted at the other, in which was first 
placed a thermometer of the Anschiitz type; chloroform was 
introduced, and the tube sealed at the constriction and weighed 
again. For measurements at low temperatures, the thermometer 
used was of such a length that the tube could not be weighed on the 
accurate balance available; in such cases water was weighed out (to 
00001 g.) from a pyknometer, by difference, and the chloroform in 
the tube weighed on a larger balance sensitive to 0-01 g. 

The tube was heated until all the water had dissolved, and, while 
cooling, was observed from the side in a beam of light from a 
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projection lantern. The first appearance of turbidity could easily 
be detected, and the temperature noted. Stirring was ensured by 
gentle rocking of the tube. When the clearing temperature of the 
solution was below that of the room, the liquid was cooled until 
distinctly opalescent, and then allowed to become warm, with 
constant stirring, until clear. To reduce the rate of heating at the 
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lowest temperatures, the tube was surrounded by a glass jacket 
containing alcohol. 

By this method, the solubility of water in chloroform was de- 
termined between —25° and 54°. The clearing temperatures could 
be observed more easily by this method than by heating and cooling 
in a large bath of water, and noting the temperature of the latter. 
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The results are given in the following table. On account of the 
steepness of the curve it was not considered justifiable to record 
temperatures to less than 1°, 





Temperatures. 
Water, g. CHCl, g. Water, %. Observed. Mean.~ 
0-0825 50-00 0-165 54, 53, 54, 53, 54° 54° 
0-0704 48-86 0-144 43, 44, 42, 43 43 
0-0564 47-79 0-118 43, 44, 46, 46, 47, 46 45 
0-0583 58-37 0-100 30, 32, 31, 31 31 
0-0338 47-19 0-072 23, 23 23 
0-0388 59-91 0-065 21, 22, 22, 22 22 
0-0370 60-84 0-061 16, 16, 18, 18 17 
0-0208 48-88 0-043 12, 11, 11 11 
0-0216 110-89 0-019 3, 3, 3, 4, 3 3 
0-0067 48-61 0-014 —1,-1 —1 
0:0074 86-99 0-009 — 15,— 15 — 15 
0-0097 136-09 0-006 — 25, — 25 — 26 


The results are represented in the accompanying graph by two 
lines drawn to intersect at 0°, this temperature corresponding to the 
change from the solubility of ice to that of water. 

Chancel and Parmentier (Compt. rend., 1885, 100, 25) describe a 
hydrate of chloroform, prepared by keeping it with water in melting 
ice for an unspecified time. We have made 36 unsuccessful attempts 
to repeat this preparation, with chloroform freed from alcohol as 
described above, and also with a sample prepared from chloral 
hydrate and potassium hydroxide. 


UNIVERSITY SCLENCE LABORATORIES, 
DvuRHAM. [Received, January 29th, 1931.] 


XCV.—The Polysulphides of Barium and Calcium. 
By Percy Lucock RoBInson and WILLIAM ERRINGTON Scorr. 


Tue polysulphides of the alkaline-earth metals have already been 
partially investigated. Schéne (Annalen, 1861, 112, 194) examined 
the products obtained from an aqueous solution of barium tri- 
sulphide prepared in the dry way, and also those from solutions 
of calcium and strontium polysulphide obtained by adding sulphur 
to the monosulphide in water, whilst Divers and Schimidzu (J., 
1884, 45, 271) and also Veley (J., 1886, 49, 378) described the 
formation of calcium and barium hydrosulphides and related 
compounds. 

The present paper deals with a reinvestigation of these com- 
pounds by other methods, viz., (i) the thermal investigation of a 
portion of the system barium-sulphur, (ii) the examination of 
material crystallised from a solution of sulphur in barium hydro- 
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sulphide, and (iii) the preparation of calcium polysulphides in 
alcoholic media. 
EXPERIMENTAL. 

Materials.—Calcium turnings were kept in a desiccator through- 
out the work (Found : Ca, 97-80; Fe, 0-55; total 98-35%). 

The alcohols were dried by refluxing over freshly burnt quick. 
lime for at least 6 hours, followed by distillation from fresh quick- 
lime. Further distillation from metallic calcium had no retarding 
effect on the action of such alcohol on calcium. 

The sulphur was finely ground roll; when required anhydrous, 
it was dried for several hours at 80° immediately before use. 


Barium Polysulphides. 


Schéne (loc. cit.) melted barium monosulphide with half its weight 
of sulphur, distilled off excess of the latter below 360°, and obtained 
a yellowish-green substance, described as barium trisulphide, melt- 
ing at 400° with loss of sulphur. An aqueous solution of this, 
when evaporated in a vacuum, gave crystals to which the following 
formulz were ascribed, BaS,6H,O, Ba,S,,25H,O, and BaS,,H,0 
(or 2H,O). The formation of the tetrasulphide from aqueous 
solutions of monosulphide and sulphur was also reported. By 
treating aqueous hydrosulphide with sulphur and cooling the hot 
saturated solution, Veley (loc. cit.) obtained crystals which analysed 
as 4BaS,,7H,O but were believed to be BaS,,2H,O. Schéne’s 
attempts to prepare a trisulphide were fruitless; neither disulphide 
nor pentasulphide has been isolated, and the system barium- 
sulphur has not hitherto been studied. 

The System Barium-Sulphur (in part)—The system in question 
can only be investigated over a limited range at the atmospheric 
pressure, since rapid dissociation occurs with material of sulphur 
content below 32% or above 44% at temperatures lower than the 
respective melting points. This practically restricts the inquiry 
to the trisulphide region, although attempts were made by rapid 
heating and cooling to extend the investigation beyond these 
compositions. 

Preparation of Materials——The price of metallic barium pro- 
hibited its use, and consequently the monosulphide was employed 
as the source of the element. Veley’s method for one-gram portions 
was adapted to the preparation of batches of 150 g. Barium 
hydroxide, recrystallised out of contact with carbon dioxide, was 
dehydrated by passing a current of air over the material in the 
flask A, Fig. 1, fusion being avoided. This vessel fitted into a 
closed, electrically heated air-bath, and was provided with a tube 
through which could be led, at will, dry carbon dioxide-free air, or 
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nitrogen, or hydrogen sulphide. When a flaky, loose mass of 
monohydrate had been obtained, hydrogen sulphide was substituted 
for air, and the temperature gradually raised in stages of roughly 
50° per day, to 350°; the product was then washed with nitrogen, 
and contained 2%, of free sulphur (from dissociated hydrogen sulph- 
ide), but no oxygen. The conditions specified were necessary to 
ensure the decomposition of the last traces of hydrosulphide. 

The monosulphide was intimately mixed with the required amount 
of sulphur, and the whole ground to a fine powder. For melts 
below 600°, Pyrex-glass test-tubes were used, provided with a side- 
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limb to prevent sulphur evaporating from the melt returning 
thereto. After the observation of the upper arrests, but whilst 
the temperature was still above the boiling point of sulphur, the 
furnace was tilted in order that the sulphur condensed on the sides 
of the tube should not contaminate the product. The quantity of 
polysulphide used (40 g.) allowed a 6-cm. immersion for the 
thermocouple. 

The instrument and couples used were similar to those employed 
by Pearson and Robinson (J., 1930, 1490), but as higher tempera- 
tures were involved, additional lagging was added to the furnace, 
giving cooling rates at 950° of approximately 1° in 6 secs., and at 
800° of 1° in 8 secs. 

The results are in Table I. The periods of arrests in cols. 5, 6, 
and 7 were obtained by plotting cooling curves in the manner 
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described by Tammann (Z. anorg. Chem., 1905, 47, 289), but the 
values are only approximate since their smallness makes them 
difficult of estimation. Rapid loss of sulphur made it impossible 
to prepare melts of given sulphur content other than trisulphide. 
Analyses of various parts of the melt were made after solidification, 
and the divergence between the top and bottom of the material 
amounted in extreme cases to 5% of sulphur. This variation pro- 
duced an untoward result in the region between mono- and di- 
sulphide, since one part would be reduced to monosulphide, solidify, 
and thus prevent stirring. The analyses used in the diagram are 
invariably those on material from the bottom of the tube and 
adjacent to the thermocouple junction. 


TaBLeE I. 

l. 2. 3. 4, 5. 6. a 

Time, Time, Time, 

Upper Lower Third upper lower third 

No. S, %. arrest. arrest. arrest. (secs.). (secs.). (secs.). 
1 45-60 543° 508° — 380 120 — 
2 44-40 551-°5 513 -— 460 107 — 
3 44:39 549 501 — 434 198 — 
4 43-87 548 515 os 447 146 —- 
5 43-61 551 501 a 385 146 — 
6 41-81 553-5 — — 424 — _- 
7 41-53 553 508 --- oo -- — 
8 41-27 555 —_— — 405 — a 
9 39-69 553 — _— 242 — — 
LU 38-00 775 670 561° — 15 441 
Ll 36°84 * - 551 — — 163 
2 34:93 904 664 544 - 153 158 
13 33°43 . 665 520 — 192 130 

14 33-08 7924 é - “ a : 

L5 29-17 974 922 660 - 140 159 
16 27°53 —— 927 664 —— 125 165 
17 24-69 —_ 930 663 — 45 55 
is 24°35 . 930 663 - 50 82 
19 22-51 - — 663 . — 142 
20 19-36 — 928 658 a 10 5 
21 19-00 — — — _— — — 


* Cooled from below the liquidus point. 
{¢ From heating curve. 


From these data the temperature-composition diagram of the 
system barium sulphide-sulphur is plotted (Fig. 2). The highest 
temperature attainable with the furnace, viz., 1150°, was below 
the m. p. of the monosulphide. Many attempts have been made 
to establish the liquidus between mono- and di-sulphide, but only 
one point has been obtained. The curve probably descends to 
the disulphide, a compound dissociated at its m. p. (925°). From 
this point its fall is extremely rapid, dropping 350° for 4% alter- 
ation in composition, to the trisulphide (554°), a region where the 
flattened maximum typical of a compound dissociated at its m. p. 
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isfound. The small arrest at 664° is apparently due to a transition 
of the disulphide, the halt periods reaching a maximum in material 
of this composition. The inflexion in the cooling curve at about 
505° is so small and irregular that it is not further discussed. 
Micro-examination.—Though hydrolysed by atmospheric moisture 
sufficiently to give a perceptible odour of hydrogen sulphide, these 
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materials are more stable than the alkali-metal polysulphides, and 
the difficulty experienced in preparing specimens for examination 
was due to the friable character shown at some compositions. A 
few sections suitable for examination were obtained by mounting 
on glass slides with hot Canada balsam in xylene and rubbing down 
on various grades of emery cloth. These were thin enough to be 
examined by transmitted light. With S, 44-40%, m. p. 551-5", 
an almost pure yellowish-brown compound was found with a small 





698 ROBINSON AND SCOTT: 


quantity of bright yellow material, which could not, owing to its 
thickness, be sufficiently resolved to reveal a definitely eutectic 
structure. In fact, no trustworthy evidence of such a structure 
was obtained from any of the sections. Material with a sulphur 
content of 41-27%, m. p. 555°, had obviously all the characteristics 
of a pure compound, the crystals of which had straight extinction. 
Nearer the disulphide region, a section from material with com. 
position 8, 38-00%, m. p. 775°, showed a definitely crystalline 
constituent with straight extinction, of a light yellow colour in a 
matrix of paler material, consisting of interfering crystals which 
are obviously different from the first constituent. With S, 29-17%, 
m. p. 974°, a section typical of this region was obtained and had a 
finer structure, believed to be due to disulphide. This material 
was so friable that sections were extremely difficult to prepare, 
and the dark lines which appeared between crystals were caused by 
emery powder embedded in the softer ground mass. Limitations 
imposed by the thickness of the sections prevented a rigorous 
optical examination of the molecular species present, but the results 
of the observations possible accord well with the conclusions reached 
from a consideration of the thermal diagram. 

Preparation of Barium Polysulphides from Solution.—(1) The 
action of sulphur on aqueous barium monosulphide. The slight 
solubility of the monosulphide, its ready hydrolysis, and the slow 
dissolution of sulphur in dilute solutions rendered working with 
mixed solids necessary. Known quantities of intimately mixed 
monosulphide and sulphur were added to carbon dioxide-free water 
and the mixture was boiled (15 mins.) under oxygen-free nitrogen, 
and filtered from undissolved sulphur and products of hydrolysis. 
The solution was analysed, evaporated in a vacuum over calcium 
chloride until crystals separated, and the atomic ratio S/Ba deter- 
mined in the mother-liquor and in the crystals, the latter giving 
Ba, 48-03; (S)*, 33-00; S, 45-60 [Calc. for BaS,,H,O: Ba, 48-49; 
(S), 33-88; S, 45-16%]. It was soon seen that this method was 
unsatisfactory for obtaining lower sulphides owing to the small 
quantity of the monosulphide reacting, whilst solutions con- 
taining sulphur in excess of that required for pentasulphide pre- 
cipitated this extra sulphur on cooling (compare Schéne, Joc. cit.). 

(2) The action of sulphur on aqueous barium hydrosulphide. 
Aqueous hydrosulphide solutions were prepared by passing hydrogen 
sulphide into roughly dried recrystallised barium hydroxide, com- 
plete solution being obtained in about 4 days. Three such prepar- 
ations gave on analysis S/Ba = 2-006, 2-083, 1-977. During the 
passage of the gas a hard crystalline material (Found: Ba, 47-27; 
* (S) = Polysulphide sulphur. 
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§, 11-35, Cale. for BaO,H,§8,5H,O: Ba, 49-53; 5, 11-54%) was 
readily formed, but its transformation into soluble hydrosulphide 
was a much longer process. Veley did not record this phenomenon, 
possibly owing to his having made periodic additions of oxide in the 
preparation. Crystallisation of hydrosulphide solutions by evapor- 
ation over calcium chloride in a vacuum yielded colcurless plates 
(Found: Ba, 52-68; 8S, 24:57; S/Ba = 2-003. Cale. for 
Ba(SH),,3H,O: Ba, 53-40; 8S, 24-86%]. Veley’s analysis (Ba, 
49-42; S, 22-78) led him to conclude that the material was the 
tetrahydrate (Cale.: Ba, 49-90; 8, 23-27%). In view of the 
difficulty of drying the material, our analyses would indicate rather 
the trihydrate. 

The hydrogen sulphide evolved when concentrated standardised 
barium hydrosulphide solutions were treated with finely powdered 
sulphur, was estimated by washing the gas with a stream of nitrogen 
into iodine solution and titrating the latter (compare Rule and 
Thomas, J., 1914, 105, 177). The reaction was considered tobe 
complete after an hour, because the slow rate of evolution suggested 
that it was then due solely to hydrolysis. There is an uncertainty 
of +. 5% in the figures on account of this hydrolysis (which fell 
with increased sulphur concentrations), but two sets of results 
(Table II) from independent preparations obviously lie on the 








TaBLeE IT. 
Preparation I (Pig. 3, x). Preparation II (Fig. 3, ©). 
GIRD cccoccccessssesess 3-79 3-15 2-23 206 1-06 0-00 “3-75 300 1:00 0-00 
H,S evolved, % of 
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same curve (Fig. 3). In all cases the atomic ratio (S8)/Ba was 
determined after dissolution was complete. The broken lines from 
the origin to points A, B, C, and D show the theoretical evolution of 
hydrogen sulphide if di-, tri-, tetra-, or penta-sulphide respectively 
were the only sulphide formed. The curve indicates that with 
sulphur below tetrasulphide proportion a small quantity of a sulphide 
lower than this is formed, and, furthermore, since the theoretical 
yield of hydrogen sulphide is not reached with this proportion, 
some penta- or higher polysulphide is probably produced : clearly, 
however, the main product is tetrasulpkide. 

Preparations of polysulphides were made by boiling together in 
a stream of nitrogen appropriate quantities of hydrosulphide solution 
and sulphur for 10 minutes after the latter had dissolved. The 
solution was cooled, filtered, and, after analysis, partially crystal- 
lised in a vacuum over calcium chloride at laboratory temperature. 
Crystallisation usually took a few days, and the crystals were of 
considerable size and characteristic appearance. The mother- 
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liquor was filtered and analysed. The results obtained are given 
in Table III, and the plot of the atomic ratio (S)/Ba of the crystals 


against that of the mother-liquor is shown in Fig. 4. 
Consideration of these results leads to the following conclusions, 


(1) Crystallisation of solutions of higher proportions of sulphur 
than tetrasulphide yields a mixture of this sulphide and free sulphur, 
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(2) Monohydrated barium tetrasulphide separates from solutions 
with ratios (S)/Ba from 4-0 to about 0-6. Freshly crystallised 
tetrasulphide is deep orange-red, becoming paler on exposure to 
air, although the decomposition is less than with the other sulphides. 
Crystals well dried between filter paper gave Ba, 48-50; (S), 33-43; 
S, 45-71 [Cale. for BaS,,H,O: Ba, 48-49; (S), 33-88; S, 45-16%]. 

(3) Between (S)/Ba = 0-2 and 0-6, pale yellow acicular crystals 
separate [Found (mean of four preparations, dried between filter 
paper): Ba, 48-43; (S), 21-33; S, 36-99; (S)/Ba — 1-891; S/Ba = 
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Composition of crystals, 
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3271. Cale. for BaS;,3H,O: Ba, 47-81; (S), 22-27; 8, 33-41%), 
The crystals from another preparation were centrifuged [Found: 
Ba, 48-35; (S), 18-06; 8, 34-28%; (S)/Ba = 1-605; S/Ba = 3-045, 
(From the nature of the analytical method, (S) is always low.)]. 
These crystals lose their lustre more rapidly in air than the tetra. 
sulphide, and this, together with their distinctive colour and analysis, 
leaves little doubt that they are BaS,,3H,O. This trihydrate is 
always formed in smali yield compared with that of crystals from 
solutions of higher sulphur content. In the isolated experiment 
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Composition of mother-liquor, (S8)/Ba. 


4b (Table III), tetrasulphide was obtained from solutions lying 
within this region of composition. 

(4) Concentration of solutions still weaker in polysulphide sulphur 
yields the hydrosulphide. 

In certain preparations, colourless, positive, uniaxial, probably 
hexagonal crystals appeared (Found: Ba, 49-51; S, 11-65. Cale. 
for BaO,H,S,5H,O: Ba, 49-53; S, 11-54%). Schéne described a 
compound of this composition as the first fraction obtained from 
solutions of barium trisulphide, but actually we have found that it 
may occur throughout the range indicated in Fig. 4, and its appear- 
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ance is apparently independent of the (S)/Ba ratio of the solution. 
Its ubiquitous occurrence would seem to account for crystals of 
the type Ba,S,,25H,O reported by Schéne, which must have been 
mixtures of this compound and the tetrasulphide. That this com- 
pound is formed by hydrolysis of the unchanged hydrosulphide in 
polysulphide solutions was shown by allowing a dilute solution of 
the hydrosulphide to evaporate over calcium chloride in an evacuated 
desiccator at 35°, whereupon crystals of this compound were 
obtained after 4 days; from analysis, it may be either BaS,6H,O 
or Ba(SH)(OH),5H,O, but both its methods of formation (p. 698) 
would suggest the latter constitution. 

Further experiments with various concentrations of polysulphide 
showed that this compound is formed from solutions in which the 
concentration of barium and sulphur is originally low, and a con- 
sideration of relative concentrations in Table III affords an explan- 
ation of its apparently abnormal occurrence. Solutions of density 
up to 1-32 g./ce.c. yielded hydroxyhydrosulphide first or in large 
bulk; those giving both this compound and the tetrasulphide in 
about equal amount had a mean density of 1-36, whilst above this 
concentration tetrasulphide was the only product. Incidentally, 
the average concentration used throughout this work, viz., 1-35 
g./c.c., was that from which it was just possible for hydroxyhydro- 
sulphide to be formed. 

Analytical Methods.—The total sulphur was determined by adding 
a weighed amount of the polysulphide to 40 c.c. of 10% sodium 
hydroxide, to which were added 10 c.c. of bromine. The solution 
was gently heated until almost colourless, 30 c.c. of concentrated 
hydrochloric acid were then added, and the whole was boiled until 
colourless ; the sulphate was then estimated gravimetrically. Poly- 
sulphide sulphur and barium were determined together on the same 
weighed sample: (1) a slight excess of dilute hydrochloric acid was 
added, and the solution boiled to coagulate the precipitated sulphur, 
which was filtered off, thoroughly washed, and dried in an electric 
oven at 70—80°; (2) to the filtrate was added a slight excess of 
dilute sulphuric acid, and the barium estimated as sulphate. For 
solutions, 2-5 c.c. were weighed and then analysed as above. 


Calecum Polysulphides. 


All previous attempts to prepare these compounds have been 
made in an aqueous medium, and have produced oxysulphides, 
such as 4CaO,CaS,,18H,O (Schéne, Annalen, 1862, 117, 58, 224), 
and other products of hydrolysis. This has been avoided in the 
present investigation by using alcoholic media for solution (compare 
Rule and Thomas, J., 1911, 99, 558; 1914, 105, 177). 
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Calcium Kthoxide and Methoxide.—Perkin and Pratt (J., 1909, 
95, 159) investigated the interaction of calcium with the alcohols, 
Contrary to their statement, we find an immediate reaction at the 
Jaboratory temperature with methyl alcohol: after removal of the 
alcohol at 160—170° in dry hydrogen, we found Ca, 39-31, 39-25 
[Cale. for Ca(CH,O),: Ca, 39-22%]; hence the reaction was com. 
plete. The ethoxide is much the more soluble at the boiling point 
of the parent alcohol, and yields crystals of Ca(C,H;O),,2C,H,;*OH 
on cooling, whilst the amorphous methoxide remains suspended in 
the boiling liquid. 

Calcium Hydrosulphide.—The alkoxides were formed from a 
weighed quantity of calcium in a measured volume of alcohol, the 
reaction vessel being fitted with condenser and drying tube. After 
the vigour of the reaction had ceased, the flask was heated at 100° 
for a further 15 mins. in the case of the methoxide and 60 mins. 
in that of the ethoxide. Dry hydrogen sulphide was passed through 
the suspended alkoxide at laboratory temperature for about 6 hours, 
whereupon dissolution was complete, the reaction vessel being 
protected meanwhile with a calcium chloride tube; the liquid was 
then filtered from traces of impurities. As with barium, the solu- 
tions are pale yellow from traces of polysulphide. Analysis of a 
solution, after removal of excess hydrogen sulphide with nitrogen, 
gave 8/Ca = 2-018. Using a method analogous to that employed 
by Divers and Schimidzu (loc. cit.) for aqueous solutions, and by 
repeatedly adding alkoxide and maintaining a stream of hydrogen 
sulphide to saturate the solution, we obtained crystals from a 
concentration of 0-12 g. of calcium per c.c. After being washed 
with alcohol, these gave hydrogen sulphide copiously with hydro- 
chloric acid, and a clear solution after boiling, whereas when warmed 
with water they yielded hydrogen sulphide and a calcium hydroxide 
suspension. When heated dry, they gave monosulphide, hydrogen 
sulphide, and alcohol, and they could be preserved at 0° in hydrogen 
sulphide but were readily decomposed at the ordinary temperature 
on exposure to air. 

Separation of the crystals for analysis was difficult, but cold 
weather enabled washing with alcohol, drying on a porous plate, 
and weighing to be carried out below 0°. Owing to rapid loss of 
hydrogen sulphide, the initial weighing may be in error by +- 0-004 g. 
A typical analysis gave Ca, 12-34; S, 19-14; S/Ca = 1-944 [Cale. 
for Ca(HS),,7CH,°OH : Ca, 12-12; S, 19-40%]. 

Calcium Monosulphide.—This has been previously prepared pyro- 
phorically and by heating Ca(HS),,6H,O in hydrogen sulphide 
(Divers and Schimidzu, loc. cit.). Sample 1 (Table IV) was obtained 
by passage of hydrogen sulphide over the ethoxide suspended in 
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boiling alcohol, washing the product with alcohol and ether, and 
drying it in a vacuum desiccator. Sample 2 was prepared by 
passing the gas during the formation of the ethoxide and drying 
the product at 100° in hydrogen. 


TABLE IV. 

No. Ca, %. (S), %. S, %. Total, %. S/Ca. 
l 49-80 Trace 37:23 87-03 0-935 
2 48-11 Trace 37:06 85°17 0-963 
3 — None -- -- 0-986 
4 —- None — — 0-985 
5 49-88 1-49 38-70 88-58 0-933 
6 50-80 Trace 37°72 88-52 0-928 


Monosulphide was prepared from solutions of the hydrosulphide 
in ethyl alcohol by boiling the solution in a current of dried hydro- 
gen: the white precipitate was formed within 2 mins. Moist 
material gave Sample 3, from which hydrochloric acid did not 
precipitate sulphur. The substitution of hydrogen sulphide for 
hydrogen gave the same moist product (Sample 4). Sample 5 
was material dried over calcium chloride in a vacuum for 48 hours, 
and Sample 6 was dried at 130° (30 hours) and at 360° (36 hours) 
in nitrogen. These results show that the action of hydrogen 
sulphide on the ethoxide in boiling alcohol is Ca(OC,H;), -+- H,S——> 
CaS + 2C,H,°OH, and is quite distinct from the reaction leading 
to the formation of the hydrosulphide, which occurs at the laboratory 
temperature. In drying the material by distilling off the alcohol, 
some alcoholysis takes place [Ca(HS), +- 2C,H,-OH —-> Ca(C,H,0), 
+ 2H,S], whereby one-tenth of the calcium in the final product occurs 
as ethoxide. Thus, in Sample 6, (C,H;O), = 11-48% (by difference 
from 100%), and is equivalent to 5-10% of calcium. The S/Ca 
ratio becomes 1-032 when allowance is made for this fact. 

Preparation of Calcium Polysulphides from Alcoholic Hydro- 
sulphide Solutions.—Schéne (Annalen, 1862, 117, 58) and Berzelius 
prepared tetra- and penta-sulphide solutions by prolonged boiling 
of an aqueous suspension of monosulphide and sulphur, whilst 
Divers and Schimidzu (loc. cit.) obtained a solution of the penta- 
sulphide by dissolving sulphur in aqueous hydrosulphide. No true 
polysulphide has, however, been crystallised. Work in aqueous- 
alcoholic solutions has confirmed that oxysulphides only are found 
when water is present: analysis of six different preparations, 
though varying considerably, gave as a mean : Ca, 29:33 ; (S), 11-24; 
S, 20-99 [Cale. for CaS,,3Ca(OH),,10H,O (Biichner’s crystals): Ca, 
29:74; (S), 11-90; S, 17-84%]. 

Attempts to prepare polysulphide solutions in ethyl alcohol were 
very unsatisfactory, owing to the rapid precipitation of the mono- 
AA 
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sulphide by the boiling necessary for completing the dissolution 
of the sulphur. Although some polysulphide is formed, precipit. 
ation of the monosulphide takes place in less than 2 mins. and long 
before the sulphur has dissolved; furthermore, there is apparently 
no reaction between the monosulphide and sulphur suspended in 
alcohol. On the other hand, monosulphide separates more slowly 
from methyl-alcoholic solution, and a perfectly clear liquid is 
obtainable provided special precautions be taken with polysulphides 
of lower S/Ca ratios. 

Estimation of the hydrogen sulphide evolved on the addition of 
sulphur to the hydrosulphide in methyl alcohol (compare p. 699) 
gave very indefinite results owing to the formation of monosulphide 
[compare points ® in Fig. 3]. 

For the preparation, weighed quantities of calcium were con. 
verted to hydrosulphide, sulphur was added in amount appropriate 
for the polysulphide required, and the mixture was heated at 100 
under reflux until the sulphur was completely dissolved (about 
10 mins. were required with a concentration of 5 g. of calcium in 
80 c.c. of alcohol). Sulphur up to about that required for CaS,.. 
can be dissolved in the hydrosulphide, the excess beyond penta- 
sulphide proportion being precipitated on cooling, as with the 
barium compounds in aqueous solution. 

Dark red solutions were thus obtained with S/Ca ratios from 2 
to 5, but disulphide proportions never gave clear solutions at 100°, 
whilst in the case of the trisulphide the clear solution first formed 
rapidly became clouded. This precipitate was increased by boiling 
or by dilution, and analyses, though divergent, indicated that the 
material consisted essentially of calcium methoxide formed by 
alcoholysis [CaS, + 2CH,-OH—->Ca(OCH;), + H,S + 8] and of 
monosulphide formed by the reaction Ca(SH),——->CaS + H,§, 
already described. The mean analysis was: Ca, 41-82; (S), 1-71; 
S, 3-08; loss on ignition, 35-88 [Cale. for a mixture of 4 parts of 
methoxide to 1 part of sulphide: Ca, 41-67; (S), nil; S, 6-67; 
loss, 38-33%]. Schéne obtained a similar material from aqueous- 
alcoholic solutions of barium polysulphides, but did not identify it. 

Solutions of di- and tri-sulphide ratios, free from this precipitate, 
could be obtained by heating the mixture at a temperature not 
exceeding 70° until solution of the sulphur was complete. 

Crystals were obtained from the polysulphide solutions with great 
difficulty and only from critical concentrations. For instance, a 
solution of pentasulphide ratio gave no crystals on cooling to — 10° 
until a concentration of 1 g. of calcium in 9 c.c. of solution was 
reached. The best method of obtaining such concentrations, and 
at the same time avoiding decomposition, was by evaporation in 
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a vacuum over calcium chloride at the laboratory temperature. 
The solutions were then transferred to a tightly stoppered glass 
tube, and cooled in an ice-salt mixture. 

The treacle-like nature of the solutions rendered separation of 
any crystals formed almost impossible. Attempts to filter them 
off under reduced pressure were fruitless, as was also washing by 
decantation owing to the immiscibility of the viscous solution with 
alcohol. Even a centrifuge at 4,000 r.p.m. surrounded with an 
ice-salt mixture proved ineffective. In all cases, therefore, the 
crystals were contaminated with mother-liquor to the extent of at 
least 50%. The analyses of crystals and mother-liquors obtained 
from solutions of various ratios of (S)/Ca are given in Table V. 
From comparison of atomic ratios (S)/Ca of crystals and mother- 
liquor, it is evident that there is no perceptible difference between 
their compositions, and it has not been shown whether a number of 
polysulphides exist or whether the materials are solid solutions of 
sulphur in one sulphide. 

TABLE V. 





Original Mother- 
solution. Crystals. MeOH, liquor. 
No. (S)/Ca. Ca, %. (S), %. 8, %. (8)/Ca. 8S/Ca. %.  (8)/Ca. 
l (4)* 9-71 32-79 41-86 4-232 5°402 48-43 — 
2 (4) 8-66 29-36 36-52 4-249 5-285 54°82 _ 
3 4-105 8-41 28-28 35-88 4-213 5-347 55-71 4-010 
t (a) (3-5) 9-69 30-92 38-40 3-999 4-966 51-91 3-954 
(b) 3-954 9-40 30°26 38-34 4-035 5-112 52-26 4-006 
5 (3) 9-67 24-04 31-96 3116 4-142 58-37 — 
7 (25) 10-90 26-55 3-052 oe — 2-943 
8 (3) 10-92 25°39 34°31 2-914 3°937 54:77 — 
9 (2) 19-48 32°45 — 2-087 — — — 
10 (2+) 12-73 23-20 34-30 2-283 3°377 52-97 — 
lI (2) 13°51 24-82 35°86 2-302 3°327 50-63 — 
12 (15+) 11-40 17-12 30-00 1-882 3:297 58-60 ‘755 
13 (2+) 11-93 22-06 33°43 2-318 3-512 54:64 2-397 
14 2-316 11-30 20-78 32-10 2-305 3-560 56-60 2-278 
15 (1) 11-82 10-98 18-96 1-164 2-010 69-22 1-159 
16 (1) 13-22 10-89 27-84 1-017 2-638 58-94 — 
17 (1) 12-31 11-27 25-45 1-147 2-591 62-24 1-183 
18 0-996 12-93 10-24 24-62 0-992 2-386 64:45 0-981 


19 1-145 — — — 1-066 — — 1-126 
* Figures in parentheses indicate deductions from quantities used in 
preparations, and not analytical estimations. 


The analytical data, however, give positive evidence of true poly- 
sulphides, and not the oxysulphides found previously. In the case 
of the lower sulphides their preparation involves the retention of 
hydrogen sulphide, hence the high total sulphur contents (Table V, 
Nos. 12, 16, 17, 18). 

Analytical Methods—The method was analogous to that used 
for the barium compounds except in the estimation of the metal, 
where oxalate was substituted for sulphate. 
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Two properties of solutions of pentasulphide ratio are note. 
worthy. The reversibility of the reaction Ca(HS), + 48—>5 
CaS, + H,S, observed by Divers and Schimidzu (loc. cit.), occurs 
in alcoholic solution; thus, after passage of dry hydrogen sulphide 
into a clear solution of the pentasulphide, a crystalline precipitate of 
sulphur began to form round the jet. The precipitation is more 
rapid when water is present. Divers and Schimidzu found that a 











colourless solution of the hydrosulphide is eventually formed; but § «1 
in the anhydrous condition, after passage of the gas for 6 hours at § a 
0° to assist the reaction in this direction, the solution was still dark § is 
red. pl 

Whilst solutions and crystals of lower sulphur content gave clear § fo 





solutions in water, those containing sulphur above tetrasulphide 
ratio precipitated this extra sulphur on the addition of water, and 
on being filtered, yielded a clear solution of tetrasulphide ratio, 
The amount of water required to precipitate the sulphur depends 
on the concentration of alcohol, and the precipitate redissolves on 
the addition of alcohol. 

This fact seems inimical to the view of Divers and Schimidzu 
that the reaction takes the course CaOH(HS,;) -+- H,O—->Ca(OH), + 
H,S;(= 48 + H,S), since the amount of polysulphide sulphur J _ 
should be much larger; rather does it indicate that the fifth atom X 
is in solution in the tetrasulphide and is precipitated with water, 
and as with barium pentasulphide, tetrasulphide and free sulphur 
are formed on crystallisation. 

Attempts to prepare the polysulphides thermally by the vigorous 
reaction between calcium metal and sulphur at a temperature fT 
near the boiling point of the latter resulted in the formation of J 2° 
the monosulphide only [Found (after distillation of excess sulphur J th 











in a vacuum): Ca, 54:30; S, 44-63; (8S), 100%]. re: 
co 
Summary. ch 


(1) A thermal study of the system barium sulphide-sulphur J 2 
indicates that the disulphide is extremely unstable at its m. p., 
925°, as is also the trisulphide, m. p. 554°. Higher sulphur com. J & 
pounds could not be obtained at atmospheric pressure. In 

(2) On dissolution of various proportions of sulphur exceeding § | 
(S)/Ba = 0-6 in aqueous solutions of barium hydrosulphide, the J “ 
product is BaS,,H,O; with less sulphur, BaS,,3H,O and hydro. § °° 
sulphide are produced. From dilute solutions the compound J 
Ba(SH)(OH),5H,0 crystallises. Solutions with pentasulphide pro- § ° 





portion yield a mixture of tetrasulphide and sulphur. be 
(3) The stability of the polysulphides of the alkaline-earth metals § W° 
col 





is greatest, as would be expected, in the case of barium. Calcium 
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polysulphides are so hydrolysed by water that they could not be 
prepared in this medium. Moreover, they could not be prepared 
thermally from the elements. 

(4) Crystalline polysulphides of calcium have been prepared for 
the first time by using anhydrous alcohol as a solvent. The nature 
of these compounds and of the solutions from which they are 
crystallised makes it impossible to obtain material suitable for 
analysis; consequently, individual polysulphides have not been 
isolated. From the peculiar stability of barium tetrasulphide, it is 
probably justifiable to infer that at least the tetrasulphide is 
formed. 


Acknowledgment is made to the Research Committee of this 
College for a grant towards the cost of the centrifuge employed in 
this and other researches. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, November 4th, 1930.] 





XCVI.—Physicochemical Studies of Complex Acids 
Part V. The Precipitation of Tungstates. 


By Husert THomas Stanuey Britton and 
Wii11amM LESLIE GERMAN. 


TunastATEs of the alkali metals have been reported containing I, 
2-33—2-40, and 4 molecules of WO, to each molecule of Na,O and 
these are called tungstates, paratungstates, and metatungstates 
respectively. The existence of such salts is usually attributed to 
combination with the corresponding acids, as if they were separate 
chemical individuals. From this assumption the erroneous idea 
has arisen that similar salts of the heavy metals may be precipitated 
as the result of metathesis (see, e.g., Abegg’s ‘‘ Handbuch der anorg. 
Chem.,” 1921, IV, (1), (ii), pp. 797, 826; and Friend’s “ Text-book of 
Inorganic Chemistry,” 1926, VII, 3, pp. 209, 237). 

The authors have shown (Britton, J., 1927, 147; Britton and 
German, J., 1930, 1249) that the formation of the various tungstates 
corresponds to different stages in the anomalous neutralisation of 
tungstic acid as indicated by the changes in hydrogen-ion con- 
centrations. It was considered, therefore, that any interaction 
between an alkali tungstate and a heavy-metal salt in solution 
would be largely governed by the hydrogen-ion concentrations that 
could be set up by the reactants, and these in turn would have a 
pronounced influence on the composition of the precipitate formed. 
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A series of reactions between solutions of salts of bases that are 
precipitated at different p, values and each of the three tungstates 
has therefore been studied with regard to the changes occurring in 
hydrogen-ion concentration and (when possible) to the composition 
of the precipitates obtained. 


EXPERIMENTAL. 


The solutions of sodium para- and meta-tungstates were prepared 
by decomposing a known weight of the normal tungstate dissolved 
in boiling water with the required amount of hydrochloric acid. 
The solutions used were respectively 0-045M-Na,WO,, 0-045M. 
Na,O,(WO,),.,,, and 0-045M-Na,O,(WO,),. The changes in hydro. 
gen-ion concentrations were followed by means of the quinhydrone 
electrode and, in those cases where the precipitation range lay above 
Yu 7, with the hydrogen electrode. Details of the metallic salts 
investigated are given in the first column of Table I. In this table 
are also recorded the pg.values at which precipitation with the 
various sodium tungstate solutions began; these are compared with 
the py values (col. 5) at which these solutions begin to be precipitated 
with sodium hydroxide (see Britton, J., 1925, 127, 2110, et seq.). 

The precipitates were dried at 100° and decomposed by heating 
for some time with concentrated hydrochloric acid. After most of 
the acid had been boiled off, the solutions were diluted and the 
tungstic oxide precipitated by means of cinchonine hydrochloride. 
The precipitates were filtered off, and ignited to constant weight. 
Other metals present were estimated in the usual ways. 





TABLE I. 
pu at which precipitation began with 
Soln. used. Na,WO,. 3Na,0,7W0,. Na,0,4WO,. NaOH. 

100 C.c. 0-00788M-ThCl, \ 3-02 — — 3°51 
100 C.c. 0-0095M-ThCl, J -— 3-00 31 3°51 
100 C.c. 0-011M-ZrCl, ... 1-77 1-77 1-76 1-86 
200 C.c. 0-1M-BeSO, ...... 5-73 5-68 — 5-69 
100 C.c. 0-00667M-Al,(SO,), 4:16 4-23 4-25 4-14 
100 C.c. 0-00667M-K,SO,, 

I ie ine ancnss 3-55 3-25 _ 5-34 
200 C.c. 0-01M-CuSO, ... 5:09 5-04 5:2 5:2 
100 C.c. 0-02M-MgSO, ... No precipitation -— 10-49 
200 C.c. 0-01M-NiSO, ... ei i. wt 6-66 


The compositions of typical tungstate precipitates are given in 
Table Il: the precipitates were gelatinous and consequently 
difficult to obtain free from adsorbed substances. 

The titration curves are plotted in the figures, the scales for the 
thorium and zirconium curves being adjusted so that the theoretical 
end-point for double decomposition coincided in all cases with the 
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TABLE II. 


Na,WO, 3Na,0,7WO, Na,0,4WO, 
Soln. used. ppt. ppt. ppt. 
BMAD, «..... Al,Os, 1:74 WO,, —Al,O, 281 WO,, _ 
12-5 H,O 7:30 H,O 
TRY | skeaseccs (a) ThO,, 2-05 WO,, ThO,, 3-57 WO;,  ThOs,, 3-62 WO), 
15-60 H,O 4:31 H,O 4-76 H,O 
(b) ThO,, 2-02 WOg, 
6-73 H,O 
re CuO, 0-84 WOs, CuO, 1-23 WO, — 
3-03 H,O 2-36 H,O -- 
Cr,(SO4)3 .--+-- Cr,03, 2:94 WO;, Cr,0, 4:70 WO,, nee 
11-03 H,O 9:46 H,O 
DA Ng cccnsnvasces ? ? ZrO,, 1-56 WO;, 
4-27 H,O 
Beg vesescess BeO, 0:54 WO,, — — 


3-17 H,O 


value 44-4 c.c. of reagent added, marked by the vertical line in the 
diagram. Incidence of precipitation is indicated by an arrow. 

It was shown in Part I (J., 1930, 1249) that with a strong base, 
eg., sodium hydroxide, tungstic oxide is only able to enter into 
complete combination as a dibasic acid when the py value of the 
solution has been raised to 8. This condition must apply to the 
formation of all soluble normal tungstates, though sparingly soluble 
normal tungstates may conceivably be formed whilst the solution is 
still acid by virtue of the low concentration of WO,” ions that 
may be present being sufficient to satisfy the requirements of 
their respective solubility products. Should the solubility of 
such a tungstate be greater than that of its hydroxide, then it will 
be possible to bring about its precipitation only when the hydrogen- 
ion concentration of the solution has not been reduced to the extent 
necessary for the precipitation of the hydroxide. In other words, 
these insoluble tungstates can be obtained only from solutions of py 
values smaller than the corresponding hydroxide precipitation py. 
On subjecting them, however, to higher py values, it is likely, as 
shown by Britton (J., 1926, 125) in the case of normal phosphates, 
that they will suffer some decomposition, ¢.e., become basic. If 
the tungstates should happen to be less soluble than their hydroxides, 
then it will be possible to effect their precipitation at py values 
irrespective of that required by the hydroxides. Similar consider- 
ations apply to the formation of para- and meta-tungstates. Thus, 
soluble paratungstates can only be formed at py 6—6-5 and soluble 
metatungstates at py 4—5. 

(1) Sodium Tungstate Titrations.—Of the metallic salt solutions 
that were treated with normal sodium tungstate, those whose 
hydroxides are precipitated in the acid zone yielded precipitates, 
whilst magnesium sulphate solution gave no precipitate, and 
incidentally it was only in this titration that the precipitant was 
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unable to set up the py value requisite for the precipitation of 
magnesium hydroxide, i.¢., pq 10-5. 

On comparing the py values given in cols. 2 and 5 (Table 1), it 
will be seen that the precipitation of tungstates from the aluminium, 
beryllium, zirconium, and copper salt solutions began at approxi- 
mately the py values at which their respective hydroxides also separ- 
ate from solution. Table II shows that these precipitates contained 
considerable amounts of tungstic oxide, though not sufficient to give 
the ratio corresponding to the normal tungstates. 

No precipitation in the beryllium titrations occurred until a 
relatively large quantity of the titrant had been added and the py value 
of the solutions had attained that at which the hydroxide separates, 
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A similar behaviour has been noted by Britton (loc. cit.) in the case of 
the hydroxides, carbonates, borates,and chromates. Fig. 1 shows that 
in each of these titrations, the py values attained after the addition 
of an excess of alkali tungstate solution were below 7. As shown by 
the composition of the precipitates, some tungstic oxide escaped 
precipitation and subsequently combined with the excess sodium 
tungstate solution as a polytungstate Na,[O(WO,),]. 

Chromium tungstate was precipitated at a py much lower than that 
required for the precipitation of chromium hydroxide, viz., 5-34. 
Fig. 1 shows that pg 7-5 was reached on adding an excess of sodium 
tungstate, a value which is only slightly lower than that attained 
when the molecular ratio of Na,O: WO, in the solution is 1:1 
(compare Fig. 1, Part I). Hence it might be inferred that the 
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chromium tungstate precipitate was that of a definite normal salt, 
which appears to be confirmed by the composition given in Table 
II. 

Thorium chloride gave a heavy white gelatinous precipitate at 
pu 3 and there was little change in p, until the stoicheiometric quan- 
tity of tungstate had been added. Since basic compounds of 
thorium are precipitated at px 3-5, it would appear that the gelatin- 
ous precipitate is a normal tungstate, especially as the final pr 
values of the solution after addition of an excess of the precipitant 
were very near that of sodium tungstate itself. The compositions 
given in Table II support this, though it is not possible to state 
the exact extent of the hydration. Unlike the other precipitates 
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referred to in Table II, these precipitates were dried at room tem- 
perature. The compositions of the precipitates refer to two distinct 
precipitations. 

(2) Sodium Paratungstate Titrations.—Fig. 2 shows the changes 
in hydrion concentration which occurred when solutions of metallic 
salts were treated with sodium paratungstate solution. Inthecopper, 
aluminium, and zirconium reactions, precipitation did not take 
place until the py values of the solutions were very near those at 
which the respective hydroxides are precipitated. Table II shows 
that the precipitates contained less tungstic oxide than that required 
to form the respective paratungstates. The px values prevailing 
during the precipitation of the aluminium and copper tungstates 
were just those at which the respective hydroxides undergo precipit- 
ation. This points to the basic nature of the tungstate precipitates, 
though it is, of course, possible that they are composed of a mixture 
AA2 
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of the normal and basic tungstates. The zirconium solution pro. 
duced a heavy opalescence on addition of sodium paratungstate 
solution, but insufficient material separated (at these dilutions) for 
analysis. Precipitation of the beryllium solution was again delayed 
until the py value had been attained at which basic beryllium 
compounds are precipitated, 7. e., 5-69, whereat the solution just 
became opalescent. That this opalescence was caused by the form- 
ation of a basic substance was evident from the fact that the p, 
value of the solution after excess of the paratungstate had been 
added was about 1 py unit lower than the value which would have 
been expected had the solution contained nothing but sodium 
paratungstate, 7.e., pa 6-4. Tungstic oxide was therefore liberated 
in the reaction, and this formed a polytungstate with the excess 
paratungstate solution. The depressions of the final py values noted 
in the above cases of aluminium, zirconium, and copper are due to 
the same cause. 

Nickel hydroxide is precipitated at py 6-66, and as sodium 
paratungstate solution can only set up a py value of 6-4 no pre- 
cipitate would be expected on adding it to nickel sulphate solution 
unless an insoluble nickel paratungstate were formed. Actually 
no precipitation took place. 

The reactions between sodium paratungstate and the solutions 
of salts of chromium and thorium differ from the other reactions in 
two respects: (1) precipitates containing large proportions of 
tungstic oxide were formed in solutions whose py values were con- 
siderably lower than those at which their respective hydroxides 
become precipitable; (2) simultaneously with the separation of 
these precipitates there occurred a remarkable increase in hydrogen- 
ion concentration. In neither reaction was the heavy metal com- 
pletely precipitated on adding the stoicheiometric amount of the 
sodium salt. Both contained less tungstic oxide than required by 
the paratungstates of the two metals. This oxide remained in 
solution in combination with some undecomposed sodium para- 
tungstate as a soluble polytungstate, Na,O,(WO,),, in which x tended 
to become increasingly great. As the precipitation reactions 
continued, some of this polytungstate probably became converted 
into free tungstic acid. 

Although tungstic acid does not dissolve in water, it is highly 
probable that it can exist in solution as a comparatively strong acid, 
thus: H,[0,(WO,),]==2H’* + [0,(WO,),]", in which # = or>4. 
Such an acid might be formed by decomposing a polytungstate with 
a strong acid. This view is substantiated by cryoscopic and 
conductometric measurements of solutions obtained by decomposing 
barium metatungstate with sulphuric acid (Soboleff, Z. anorg- 
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Chem., 1896, 42, 16; see also Rosenheim and Kohn, ibid., 1911, 69, 
251). On addition of either an excess of a strong acid or a neutral 
salt, e.g., alkali chloride, these solutions readily decompose and 
deposit tungstic oxide. Thus it would appear, from the composition 
of the precipitates obtained and the py at which they were precipi- 
tated, that they were mixtures of the normal tungstate, Cr,(WO,), or 
Th(WO,)., with varying amounts of tungstic oxide. 

(3) Sodiwm Metatungstate T itrations —The changes in hydrogen-ion 
concentration that occurred during the reactions of various salt 
solutions with sodium metatungstate are represented in Fig. 3. 
The pa of the sodium metatungstate solution prepared by boiling 
the normal tungstate with the correct amount of acid was 5, but, as 
will be understood from Fig. 1 in Part I (loc. cit.), the introduction 
of the slightest amount of acid will cause a rapid decrease to just 


Fig. 3. 
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Sodium metatungstate, c.c. 


helow pu 4. It would be expected, therefore, that this reagent 
would be unable to precipitate any basic substances which depended 
on the attainment of pa values higher than about py 4. No pre- 
cipitates could be obtained from salt solutions of nickel, copper, 
beryllium, and chromium. In the aluminium titration, the pa at 
which aluminium hydroxide normally separates was only very slowly 
exceeded on adding an increasing excess of sodium metatungstate. 
The precipitation then became incipient, as indicated by a slight 
turbidity. The inability of sodium metatungstate to form a pre- 
cipitate from copper sulphate solution is thus seen to be directly 
connected with the non-attainment of the hydroxide precipitation 
Py of 5-2. Incidentally, it emphasises why precipitation occurred 
in the previous copper titrations, though it does not offer an adequate 
explanation why the copper precipitates there obtained contained 
relatively large proportions of tungstic acid. It may be that the 
precipitates contained some normal copper tungstate besides an 
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indefinite basic salt. If this was the case, then non-precipitation 
in the present titration must have been caused by an insufficiency 
of WO,” ions. 

In the chromium titration with sodium metatungstate, an appreci- 
able increase (similar to the changes previously observed) in hydrogen- 
ion concentration occurred. No precipitate was formed, however, 
which apparently was due to the lack of WO,’ ions in the 
metatungstate solution. The action of sodium metatungstate on 
thorium chloride also caused a lowering of the py value, but unlike 
the chromium titration, precipitation of a thorium tungstate, 
ThO,,3-6WO,, took place. This precipitate separated much below 
pu 3°5, the hydroxide precipitation value, and can only be assumed 
to be a mixture of Th(WO,), and some entrained tungstic oxide. 

When sodium metatungstate reacted with zirconium chloride, the 
solution became opalescent after the addition of 5 c.c. of meta- 
tungstate solution, the py then being near that at which the hydr-. 
oxide is precipitated. Even with excess of reagent, the py value 
never rose much above 2, indicating the presence of a polytungstate 
in solution. Precipitation was partial. The acid reaction of the 
solution even after an excess of sodium metatungstate had been 
added was, as may be seen from Fig. 1 in Part I, due to hydrolysed 
acid from the zirconium chloride solution reacting with the sodium 
metatungstate to form a polytungstate and at the same time to 
maintain a low pu. 

Discussion. 

It will be apparent from these experiments that the para- and 
meta-tungstates of the various metals are not formed by double 
decomposition. Except where definite normal tungstates were 
formed, as in the case of thorium and chromium, the pg values 
established when precipitation began were those necessary for the 
beginning of precipitation of the respective hydroxides. The 
composition of the tungstate precipitates was indefinite, and their 
precipitation appears to be directly connected with that of their 
respective bases. 

The precipitation of basic substances involves the use of salts of 
weak acids, or of acids which are weak in their final stage of ionis- 
ation. On referring to Part I (loc. cit.), it is seen that if tungstic 
acid be expressed as H,[0,(WO,)-], it reacts as a weak acid when 
x lies between 1 and 2:33; when x = 2-3—4 it still behaves as a 
weak acid, although the extent is somewhat dependent on the 
treatment accorded to its salts, boiling and ageing tending to make 
it weaker; and when 2 = or>4 it assumes the character of a strong 
acid. Alkali tungstates, Na,.[0,(WO,),], in which « = 1—4, are, 
in effect, salts of a weak acid and possess the characteristics necessary 
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to set up the pq conditions requisite for the precipitation of basic 
tungstates. On the other hand, solutions of sodium metatungstate, 
Na,[O(WO,),], contain the salt of a strong acid and may scarcely 
be expected to cause the precipitation of basic tungstates; in fact, 
they were unable to precipitate either nickel, copper, beryllium, or 
chromium salt solutions and only just able to render the aluminium 
sulphate solution faintly turbid. 

The aluminium tungstates obtained in this work contained 1-73 
and 2-81 mols. of WO, to 1 mol. of Al,O,, which amounts are very 
much lower than those, viz., 3—7 mols., recorded by Lefort (Compt. 
rend., 1878, 87, 748; Ann. Chim. Phys., 1878, 15, 321) and Bernoulli 
(Pogg. Ann., 1860, 111, 576). In regard to beryllium tungstates, 
Tanatar and Kurovski (J. Russ. Phys. Chem. Soc., 1909, 41, 813) 
prepared substances that were indefinite and basic. Copper 
tungstates are described containing 1, 2, 2-33, and 4 mols. of WO, 
per mol. of CuO, and Anthon (J. pr. Chem., 1836, 9, 341) stated that 
the normal tungstate was prepared by adding a cupric salt solution 
to one of normal sodium tungstate. The above work, however, 
discloses that these conditions were more conducive to the produc- 
tion of a basic tungstate. Lefort (Compt. rend., 1879, 88, 798) 
claimed to have prepared normal chromium tungstate from sodium 
ditungstate, Na,[O(WOg),], and chromealum solutions, but Kantshew 
(J. Russ. Phys. Chem. Soc., 1914, 46, 729) maintained that it was 
the paratungstate, Cr,0,,7WO,,9H,O. No precipitates have been 
obtained in this work having such high tungsten contents, and it 
is likely that those found by Kantschew were the result of using 
higher concentrations and the consequent entrainment by the 
precipitate of large amounts of tungstic oxide. 

In regard to the inability of sodium tungstate solution to form a 
basic magnesium tungstate, as indicated in Fig. 1, and also to the 
fact that the px conditions obtain for the formation of a soluble 
normal magnesium tungstate, it is of interest to note that Lefort 
(loc. cit.) has prepared a soluble crystalline magnesium tungstate, 


MgW0,,3H,0. 


In conclusion, the authors wish to acknowledge a grant from the 
Research Fund of the Chemical Society, and also grants from the 
Department of Scientific and Industrial Research and the Devon 
County Education Committee, to the junior author. 
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XCVII.—Syntheses of Thioxins. 
By Hersert A. STEVENSON and SAMUEL SMILES. 


Dvurina an investigation of the structure of isonaphthathioxin 
progress was hindered by lack of information concerning systematic 
methods of synthesis in this group. The experiments now described 
were carried out during the necessary exploration of this field and 
were made with special reference to mono- and di-naphthathioxins, 
Two types of method previously known are due to Mauthner (Ber., 
1905, 38, 1411; 1906, 39, 1340); one of these depends on the 
reaction of an o-hydroxy-mercaptan with picryl chloride in presence 
of alkali. This process is of limited application, since it is necessarily 
confined to the production of dinitro-derivatives, and it has the 
further disadvantage that the structure of the product is in- 
determinate. Thus 2-hydroxy-l-naphthyl mercaptan and _picryl 
chloride yield a dinitrothioxin which may be represented as either 
(I) or (II) according as elimination of nitrous acid concerns the 
hydroxy] (I) or the thiol (II) group. It is now shown that the former 
is the course taken by the reaction, since the product (I) is identical 
with that obtained by the action of alkali on the S-picryl derivative 
of 2-acetoxy-1l-naphthyl mercaptan. 

Mauthner also showed (loc. cit.) that dehydration of 2-naphthol 
l-sulphide yields «$«’8’-dinaphthathioxin. The method may be 
extended to derivatives of this sulphide: syntheses of mono- 
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and di-bromo-«f«’8’-dinaphthathioxins are now recorded as further 
examples. It cannot, however, be successfully applied to derivatives 
of «-naphthol; for instance, 4-chloro-1-naphthol 2-sulphide did not 
give the desired dichloro-£«8’«’-thioxin, and the «8-sulphide (III) 
yielded only a small quantity of the «$«’8’-thioxin (IV), which was 
evidently produced by fission of the sulphide during the process. 
Moreover, the dehydration of o-hydroxy-sulphoxides, which may be 
used in the synthesis of dibenzthioxins (Hilditch and Smiles, J., 
1911, 99, 408), is not successful in the naphthalene series. 

The method used in the synthesis (J., 1929, 209) of «88’«’-di- 
naphthathioxin may be far more widely applied than either of the 
foregoing processes. This method involves the removal of alkali 
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halide from a 2’-halogeno-2-hydroxy-sulphide; further examples 
are now recorded of syntheses of dibenz- and benznaphtha-thioxins, 
the sulphides of the required type being obtained from the naphthol 
or phenol by reaction with a chloro-thiol or a suitable disulphoxide 


OW Wo We 


Ne / / 

(IV.) (V.) 
(J., 1926, 1723). Thus the sulphide (V) derived iis eiilaia 
gave excellent yields of benznaphthathioxin (VI). 

The formation of «$’«’-dinaphthathioxin (VII; R = H) in high 
yield from dehydro-2-naphthol 1-sulphide (VIII; R =H) and 
acetyl iodide has already been recorded (J., 1914, 105, 1741). It 
appears that the method may be generally applied to dehydro-o- 
hydroxy-sulphides which contain a sufficiently active quinolic 
system; the further examples now adduced concern the dehydro- 
6: 6’-dibromo-sulphide (VIII; R=Br): and a _ dehydro- 
sulphide (IX) obtained by cae from 1 : 6-dibromo-2-naphthol 
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(VII.) \4 Jr (VIII.) (IX.) 

and 1-bromothiol-2-naphthol in presence of pyridine (compare J., 
1930, 1740). The process may at present be conveniently regarded 
as involving the reduction of the dehydro-sulphide and subsequent 
dehydration of the iso-sulphide then formed, and it may be noticed 
that both operations may be separately effected by hydrogén iodide 
(Hinsberg, J. pr. Chem., 1914, 90, 345) and acetic anhydride (Nolan 
and Smiles, J., 1913, 103, 340) respectively. These bromo-deriva- 
tives are therefore regarded as the 3: 10- (VII; R = Br) and the 
10-substitution products. It has been already recorded (J., 1926, 
957) that the action of sulphur on dinaphthyl oxides in presence of 
iodine or aluminium chloride does not give the satisfactory results 
obtained in the benzene series. 


EXPERIMENTAL, 
Hydroxy-sulphides and Derivatives.—(1). 2-Iodophenyl 2-methoxy- 
l-naphthyl sulphide (as V). Di-2 ~todophenyt disulphoxide, “er 
from the sulphinic acid, had m. p. 147° (Found: C, 28-7; H, 1-6 
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C,.H,0,I,8, requires C, 28-7; H, 16%). This (10 g.) was added 
to boiling alcohol (300 ¢c.c.) which contained sodium naphthoxide 
(2°9 g. of 2-naphthol), When reaction was complete (3 hours) the 
solvent was removed and water was added to the residue, the 
mixture being rendered alkaline if necessary. The phenolic con- 
stituents were liberated by carbonic acid and removed in ether, 
The residue from this solvent was an oil which was reluctant to 
crystallise. The required sulphide was therefore brought to analysis 
as the methyl ether, which was obtained from the crude material by 
methylation (methyl sulphate) in presence of warm aqueous alkali 
and purified from aqueous acetone; m. p. 162° (Found: C, 51-9; 
H, 3°3. C,,H,,01S requires C, 52-0; H, 3-3%). 

(2). 2: 5-Dibromophenyl 2-hydroxy-1-naphthyl sulphide. (a) This 
was prepared as in the case of (1) from di-2 : 5-dibromophenyl 
disulphoxide (1 mol.) and sodium 2-naphthoxide (1 mol.) in alcohol. 
The residue from the ethereal solution solidified and then crystallised 
from alcohol in needles, m. p. 148° (Found: C, 46:4; H, 2:8. 
C,gH,,OBr,S requires C, 46-8; H, 2-4%). 

(b) It was more conveniently obtained by the following method. 
A suspension of di-2 ; 5-dibromopheny] disulphide (10 g.) in carbon 
tetrachloride was treated with chlorine until a clear orange solution 
of the chlorothiol was obtained. The slight excess of halogen was 
removed with a current of dry nitrogen, and a suspension of 2- 
naphthol in the same solvent was added. When reaction was 
complete the solvent and unchanged naphthol were removed by 
steam and the required substance was extracted from the residue 
with alkali and, after liberation, purified from alcohol. The product 
had m. p. 148° and was identical with that obtained from (a). 

(3). 2:5: 5’-Tribromo-2’-hydroxydiphenyl sulphide was obtained 
as in the case of 2(b) by reaction of 4-bromophenol with 2: 5- 
dibromo-1l-chlorothiolbenzene; the formation of the sulphide was 
slower (2 days) than with 2-naphthol. The crude product was a 
viscous oil; it was characterised by conversion into the methyl 
ether. This separated from alcohol (charcoal) in needles, m. p. 142° 
(Found: C, 34-6; H,2-1. C,,H,OBr,S requires C, 34:4; H, 2-0%). 

Benznaphthathioxins.—The sodium salts of these hydroxy-sulphides 
were sparingly soluble in aqueous alkali hydroxide and separated 
from the warm medium in a liquid phase. They were prepared for 
conversion into the thioxins by evaporating an alcoholic solution of 
sodium ethoxide (1 mol.) and the sulphide (1 mol.). The residue, 
which solidified when kept in a vacuum, was intimately mixed with 
a little copper sulphate (ca. 1:20) and heated (1 mm.) to a tem- 
perature suited to the particular case; this was lowest (150°) for the 
iodo-sulphide (1). 
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The thioxins sublimed in good yield and were purified from suitable 
solvents. vl 

Benz-a8-naphthathioxin (V1), from (1), formed bright yellow 
needles, m. p. 63°, from alcohol (Found: C, 76-5; H,4-0. C,gH,08 
requires C, 76-8; H, 4-0%). 


10- Bromobenz-«8-naphthathioxin, CoH «<5 >C,HBr, from (2), 


1 


formed pale yellow prisms, m. p. 142°, from alcohol (Found: C, 
58-0; H, 2-6. C,gH,OBrS requires C, 58-3; H, 2-7%). 


2: 8-Dibromodibenzthioxin, C,H,Br<5>C,H,Br, from (3), formed 


needles, m. p. 92°, from alcohol (Found: C, 39-9; 4H, 1°8. 
C,.HgOBr,S requires C, 40-2; H, 1-7%). 

9 : 11-Dinitrobenz-«8-naphthathioxin (1). N-Sodium hydroxide 
(2 mols.) was added to alcohol (25 c.c.) which contained picryl 
chloride (1-5 g.) and 2-hydroxy-1l-naphthyl mercaptan (1 g.). The 
deep colour at first produced faded as the dinitro-thioxin separated 
in almost theoretical yield. This formed red needles, m. p. 300°, 
from acetic acid (Found: C, 56-3; H, 2:3; 8, 9-5. C,.H,O,N,S 
requires C, 56-5; H, 2-4; 8S, 9-4%). 

The preparation of this substance from the 1-S-picryl derivative 
of 2-acetoxynaphthalene will be described in a subsequent com- 
munication. It is most conveniently obtained from 2-naphthol 
|-disulphide by reaction with picryl chloride as described. 

Dinaphthathioxins.—The dehydration of 2-naphthol 1-sulphide in 
tetrachloroethane with phosphorus oxychloride, yielding «$«’j’- 
dinaphthathioxin, has been already described (J., 1912, 101, 714). 
The yield obtained by this method may be considerably improved 
(60-70%) by addition of zine chloride (POCI,: ZnCl, = 1:1) to 
the reacting mixture. This process yielded 3 : 11-dibromo-«8«’®’- 
dinaphthathioxin (compare IV) from 6: 6’-dibromo-2-naphthol 1- 
sulphide, which formed pale yellow needles, m. p. 275°, from tetra- 
chloroethane (Found: ©, 52-0; H, 2:2; Br, 34-8. C, 9H, ,OBr,S 
requires C, 52-4; H, 2-2; Br, 34:9%). 

Bromination of the parent thioxin gave (J., 1913, 103, 907) a 
dibromo-derivative, m. p. 280°, but this is not identical with the 
3: 1l-derivative, a mixture having m. p. 215—250°. 

3-Bromo-a8«’’-dinaphthathioxin, from 6-bromo-2-naphthol 1- 
sulphide (J., 1930, 1744), formed yellow needles, m. p. 119°, from 
benzene (Found: C, 63-3; H, 3-1. OC, 9H,,OBrS requires C, 3-3; 
H, 2-9%). 

The dehydration of (Iil) (J., 1926, 957; 1930, 1744) has been 
more fully investigated. The product insoluble in alkali (10% 
yield) had m, p. 154—155° after purification from acetic acid and 
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from its properties was evidently a thioxin; but it contained les 
than 1% of chlorine (Found: Cl, 0-8. C,9H,,OCIS requires (I, 
10-6%). It was further purified by means of the picrate (J., 1914, 
105, 1741). The latter had m. p. 177—178° and was identical 
with the picrate of ««’@’-dinaphthathioxin (IV). The thioxin 
liberated from this had m. p. 163—164° and was identified with 
(IV). 

3: 10-Dibromo-«6f’a’-dinaphthathioxin (VII). The dehydro. 
derivative of 6-bromo-2-naphthol 1-sulphide (VIII) was more readily 
obtained from the sulphide by alkaline ferricyanide than by hypo. 
bromite (Lesser and Gad, Ber., 1923, 56, 970). The crude product 
was thoroughly washed and dried by immersion in alcohol. This 
material was submitted to reaction with acetyl iodide in acetic 
anhydride as already described (J., 1914, 105, 1741) (yield, ca. 90%). 
The required product formed bright yellow needles, m. p. 273°, 
from tetrachloroethane (Found: C, 52-3; H, 2-3; Br, 35-0. 
Cy9H,,OBr,S requires C, 52-4; H, 2-2; Br, 34-9%). It was not 
identical with the product (m. p. 245°) formed by bromination of 
isodinaphthathioxin or with the 3: 11-dibromo-«8«’8’-thioxin (m. p. 
of mixture 230—245°). 

10-Bromo-«88'«’-dinaphthathioxin (compare VII). The dehydro. 
derivative of 6-bromo-2-naphthol 1-sulphide (IX) required was 
synthesised as follows. Carbon tetrachloride (300 c.c.) which con- 
tained 1 : 6-dibromo-2-naphthol (18 g.) was added to a suspension 
of 1-bromothiol-2-naphthol in the same solvent (25 ¢.c.). The treat- 
ment of this mixture with pyridine and aqueous sodium hydroxide 
and the isolation of the product from the solution were conducted 
as described in the case of dehydro-2-naphthol }-sulphide (J., 1930, 
1744), The crude dehydro-sulphide (ca. 30%) was very soluble in 
the usual solvents and was not obtained in the crystalline state. It 
was converted into the bromo-thioxin in the usual manner. ‘The 
desired product (80—85%) was purified by sublimation (2 mm.) 
and from acetic acid; it formed yellow needles, m. p. 173° (Found: 
C, 63-0; H, 2-9. CO, 9H,,OBrS requires C, 63-3; H, 2-9%). 

In order to obtain further evidence of the character of this syn- 
thetical dehydro-sulphide, the oxidation product, obtained as usual 
from 6-bromo-2-naphthol 1-sulphide (J., 1930, 1744) with ferri- 
cyanide, was examined. It is evident that this may be a mixture of 
two dehydro-sulphides according as the quinolic structure is found 
in the brominated (IX) or unbrominated nucleus; but in the former 
case the substance would be identical with the product of synthesis 
and should furnish an identical bromo-thioxin. The oxidation 


product, owing to its solubility and reluctance to crystallise, could | 


not be satisfactorily resolved into components; it was therefore 
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converted into the bromo-thioxin by acetyl iodide. The product, 
in accordance with theory, proved to be a mixture, from which, 
after sublimation and fractionation from acetic acid, a thioxin 
identical with that obtained from the synthetic dehydro-derivative 
(IX) was isolated. It had m. p. 172—173°, whether alone or mixed 
with it (Found: C, 62-8; H, 2:9; Br, 20-7. Cale.: C, 63-3; 
H, 2-9; Br, 21-1%). 








In conclusion we wish to thank Dr. L. A. Warren for information 
concerning the synthesis of dinitrobenznaphthathioxin. 


Krn@’s CoLLEGE, LONDON. [ Received, January 30th, 1931.] 





XCVIII.—The Quantitative Estimation of Mixtures of 
Isomeric Unsaturated Compounds. Part III. A 
Review of the Iodometric Methods and a New 
Bromometric Method. 


By ReetnaLp Patrick LinstEaD and Jason THomMas WILLIAM 
MANN. 


THE methods for the analysis of mixtures of three-carbon tauto- 
merides given in the earlier papers of this series (J., 1927, 355, 2565) 
have now been in use for some four years, during which time in- 
formation has accumulated on their relative values and on their 
modification to suit abnormal cases. 

The original iodometric method for acids (Linstead and May, J., 
1927, 2565) has been very successful for the monobasic series. In 
using it, the most accurate results are obtained by acidification of 
the reaction mixture before back-titration. The extrapolation 
method given in the same paper, which was originally intended for 
use when the #y-isomerides were not obtainable in a state of purity, 
has been but little used owing to the development of the partial 
esterification process, which enables these substances to be purified 
without much difficulty. The high reactivity of the Py-acids to- 
wards iodine diminishes with the entry of negative groups into the 
acid molecule to such an extent that iodometric methods lose much of 
their value for dibasic and aromatic unsaturated acids. In such 
eases halogen in a more active form has to be supplied and the 
present paper gives an example of the use of bromine for dibasic 
acids. When the second negative group is not directly attached to 
the three-carbor system, however, the original method is applicable. 

All «8-acids so far examined have iodine additions of 0—1% by 
the standard method. This provides a most valuable test for the 
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purity of «8-acids, particularly those liquid at room temperature, 
Additions greater than 1 % indicate the presence of isomeric impurity, 
which is readily removable by esterification. Additions to By-mono. 
basic acids vary from 50—100% according to structure, the highest 
being given by yy-dialkyl acids, and the purity of these acids if 
liquid can best be checked by the constancy of the iodine addition 
of the acid prepared or purified by different methods. 

In a few series the iodine addition of the By-isomeride has been 
found to vary with temperature: with A*-n-hexenoic acid this 
variation amounts to as much as 1-5% per degree (Boxer and 
Linstead, following paper). For these acids it is necessary to carry 
out the iodometric analyses in a room maintained at a constant 
temperature. 

The original iodometric method for the analysis of mixtures of 
neutral substances has needed variation only in regard to the time 
of reaction for all the unsaturated esters and ketones so far investig- 
ated. Working with nitriles and substances of the glutaconic 
series containing two or more negative groups, it has been found 
necessary to increase the usual concentration of the reagents in 
order to obtain sufficient addition to the #y-isomeride in a con- 
venient time. With neutral substances, the temperature variation 
is generally inappreciable. 

Estimation of Mixtures of Itaconic and Mesaconic Acids.—The 
addition of iodine to both these acids under the standard conditions 
was negligible, whereas that of bromine in most solvents was too 
rapid for convenient measurement. Piutti and Caleagni (Gazzetta, 
1910, 40, 577) and Biilmann (Rec. trav. chim., 1916, 36, 313) have 
shown that the addition of bromine in N/100-aqueous solution is 
more rapid to itaconic than to mesaconic acid, but direct application 
of this method was found to be difficult on account of the speed of 
hoth reactions and the ready loss of bromine vapour. 

These difficulties were overcome by the use of an N /20-solution of 
bromine in concentrated aqueous potassium bromide (400 g. KBr 
to 1 litre), in which the salt both stabilised the solution and reduced 
the rate of addition just as potassium iodide reduces that of iodine 
addition (Linstead and May, loc. cit.). Analyses were carried out 
as follows : 

The bromine solution was contained in a vessel fitted with a 
svphon tube to enable transference to the burette without loss of 
bromine. This solution was standardised before use, and from time 
to time during every set of analyses. For this purpose 25 c.. 
quantities were run from the burette into 10 c.c. of distilled water in 
stoppered bottles. After being kept for 10 minutes in the dark, the 
solutions were treated with 10 c.c. of 10° aqueous potassium iodide 
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and the liberated iodine was titrated with N/20-thiosulphate. 
10 C.c. of exactly M/15-solutions of the pure acids or their mixtures 
were then pipetted into stoppered bottles and treated with an 
exactly equivalent amount of the bromine solution [calculated from 
J (amount required in ¢.c.) = 100/3t,;N’, where t,; is the thiosulphate 
titration of 25 c.c. of the bromine and WN is the normality of the 
thiosulphate]. The procedure for the reaction and the back titra- 
tion followed that for the blank reactions already given. No 
further addition occurred after the introduction of the potassium 
iodide and the solution could be left at this stage for some time 
without change in titre. The amount of addition to the pure acids 
varied with temperature : 


TOUDOUINEEE aide sissccccs<eccesss 16-8° 17-1° 20-0° 21-0° 23-2° 
%, Addition to mesaconic acid 37-3 37°5 41:8 42-7 45:9 
% Addition to itaconic acid... 67:3 67-7 71-7 72-5 75:7 


The temperature coefficient in each reaction is obviously the same 
and it was only necessary, therefore, to obtain a full reference curve 
for the addition to mixtures of known composition for one temper- 
ature and to apply a simple correction to additions taken at other 
temperatures. In practice the reference curve was taken at 16-8° : 


%, Mesaconic acid ... 100 80 60 40 20 0 
%, AGGRO, vvceseccoses 37°3 43-3 49-5 55-9 62-2 67-3 


To ensure the accuracy of the temperature correction, when un- 
known mixtures were subsequently analysed at other temperatures, 
experiments were also carried out on the two pure acids and mixtures 
of known composition. 

No variation in the temperature of the room was allowed to occur 
during a set of analyses and titrations carried out on the same day 
showed perfect agreement. Further, analyses of the same mixture 
at different temperatures gave figures which after correction agreed 
to within 0-3% addition. 

The end-points are extremely clear and the rate of addition 
appears to be independent of the lighting. The figures obtained 
for the compositions of mixtures are accurate to + 1% and agree 
with those determined by actual isolation of the itaconic acid (see 
following paper, Table V). 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

Lonpon, 8.W. 7. [Received, February ith, 1931.] 
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XCIX.—Investigations of the Olefinic Acids. Part IV. 
The Two Types of Tautomerism of Itaconic Acids 
and the Connexion between Configurational and 
Tautomeric Changes in Alkali. 


By Reermatp Patrick LinsTEAD and Jason THOMAS WILLIAM 
MANN. 


In extending the quantitative study of isomeric changes in un- 
saturated acids to the dibasic acid series we first selected the 
a8-dicarboxypropenes (Type I)—the itaconic acids—for two 
reasons. First, of the other classes of simple dibasic acids, the 
ax type—the unsaturated malonic acids—are comparatively un- 
stable, and the glutaconic acids («y type) present a problem of 
greater complexity which is now receiving separate study in these 
laboratories. Secondly, in the itaconic series the «$-unsaturated 
forms (Type II) and a few of the itaconic acids themselves exist 
in well-defined geometrical modifications about the double bond, 
thus making investigation possible on the connexion between the 
three-carbon changes and the geometrical inversion. 

The possibilities of tautomeric change in the itaconic acids do 
not end with interconversions of the type I= II, for it has been 
shown by Fittig and his co-workers that y-alkyl itaconic acids 
(III) can be converted reversibly by boiling alkali into the corre- 
sponding aticonic acids (IV). 

(I.) CH,:C(CO,H)-CH,°CO,H CH,°C(CO,H):CH’CO,H (1) 
CH,R’CH:C(CO,H)-CH,-CO,H CHR:CH:CH(CO,H)-CH,°CO,H 
(III.) (IV.) 

The present work describes quantitative investigations of both 
types of tautomerism and also of the configurational change and 
by correlating the results with those of previous workers we have 
been enabled to advance generalisations as to the factors governing 
these changes. 

Type I.—The system itaconic acid (I)-citraconic acid (II, cis)- 
mesaconic acid (II, trans-) was selected owing to the availability 
of the materials. Previous work on the interconversion of these 
acids in alkali is to some extent contradictory. Delisle (Annalen, 
1892, 269, 74) examined the action of alkali under various con- 
ditions of temperature and concentration on the two forms of the 
af-acid. His results indicate the existence of an equilibrium 
between the three acids, the system then containing 57° of mesa- 
conic, 17% of itaconic, and 26% of citraconic acid (by difference). 
The only other determinations are a few by Fittig and Lang- 
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worthy (Annalen, 1899, 304, 145) which may be summarised by 
the statement that all three acids on treatment with boiling alkali 
yielded a mixture containing some 7 parts of mesaconic acid to 
2 of itaconic. No citraconic acid was formed from its isomerides, 
although even after 24 hours’ equilibration some of this acid could 
be recovered unchanged. 

The discrepancy between these results is to be attributed mainly 
to analytical errors. Delisle gives no figures for the citraconic 
acid content of his equilibrated samples and the loss involved in 
his experiments is therefore unknown. His method for the elimin- 
ation of citraconic acid must have led to loss of the other com- 
ponents, and the melting point of the material returned as itaconic 
acid indicates the presence in it of mesaconic acid. The analytical 
methods of Fittig and Langworthy appear to have been more 
accurate, although their loss averages 12%. The facts that 
Delisle definitely isolated citraconic acid by equilibration of mesa- 
conic acid and Fichter (footnote to Fittig’s paper, loc. cit.) also 
isolated it from itaconic acid, taken together with the results 
described below, make it very probable that the bulk of the loss 
in Fittig’s experiments represents citraconic acid. 

In the present work all three isomerides were equilibrated 
under conditions similar to those standardised for monobasic 
olefinic acids (Linstead, J., 1927, 2579). Methods were developed 
for the extraction and isolation of the equilibrated material, the 
accuracy of which was established by control experiments. The 
loss in the reaction and extraction averaged 3%, and that during 
separation about 5%. This gain in accuracy involved the use of 
an extremely tedious series of operations, each complete estimation 
requiring about a fortnight’s work. 

The analytical procedure is described in the experimental section. 
Comment is only necessary on the use of steam distillation for the 
separation of the citraconic acid, since the published evidence as 
to the volatilities of the three acids in steam is contradictory. 
Franz (Monatsh., 1894, 15, 209) reports that citraconic acid is 
largely but not completely volatile in steam, whereas both mesa- 
conic and itaconic acid are slightly volatile. Fittig (loc. cit.), 
however, states that citraconic acid can be separated completely 
from mixtures of the three acids by steam distillation without the 
removal of any of the isomerides. Preliminary experiments con- 
firmed Fittig’s results, but it was found that the volatility in steam 
of citraconic acid (or, rather, its anhydride) falls with its con- 
centration in the solution under distillation to such an extent that 
large amounts of water are necessary for complete separation 
(e.g., 6 litres for 5 g.). Under these conditions itaconic acid is 
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non-volatile and mesaconic acid very slightly volatile in steam. 
A feature of interest is that when pure citraconic acid or mixtures 
containing it are so distilled, extraction of the distillate yields the 
acid always contaminated by traces of an oily impurity, possibly 
methacrylic acid. 

The results of the equilibrations, expressed in round figures as 
percentage compositions, are in Table I, and the full data on 
p. 736. 

TABLE I. 
Equilibration of Citraconic, Mesaconic, and Itaconic Acids. 


% Composition of Product. 





Volatile in Non-volatile 
Time of steam. in steam. 
Expt. Acid treatment (Citraconic Mesaconic  Itaconic % 
No. used. (mins.). acid). acid. acid. Loss. 
1  Citraconic 5 78 5 ll 6 
2 me 7 72 10 13 5 
3 oa 14 57 19 16 8 
4 . 30 45 37 18 0 
5 65 21 58 15 6 
6 a 120 14 65 16 5 
7 = 360 ll 69 16 4 
8 as 1440 1l 70 14 5 
9  Mesaconic 7 2 87 8 3 
10 ‘a 40 10 74 13 3 
ll ~ 120 12 68 14 6 
12 = Itaconic 7 1l 35 47 7 
13 9 20 13 64 18 5 
14 i 31 17 66 15 2 
15* Citraconic 540 43 35 16 6 


* This experiment was carried out at 75°. 


These results show with certainty that a true equilibrium is 
reached from all three acids. Contrary to Fittig’s statement, the 
equilibrium mixture contains citraconic acid and its true com- 
position is considered to be: citraconic acid, 159%; mesaconic 
acid, 69%; itaconic acid, 16%. The proportion of citraconic 
acid has here been raised slightly from that actually found, as 
experiments on the pure acids indicate that the analytical loss 
occurs mainly at the expense of this component. The equilibrium 
value of 84% «B= = 16% By is attained very rapidly, the system, 
regarded as a simple three-carbon system, being the fastest yet 
measured among unsaturated acids. The mobility is not a true 
one, as the «8—-Sy change is not simple, but its order is indicated 
by the approximate figures from the By-side: time of half-change, 
6 minutes; mobility, 69. The change from mesaconic acid is 
approximately equal in speed, that from citraconic acid considerably 
faster (mobility, ca. 140). 

The internal configurational equilibrium of the «$-acid is reached 
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more slowly at a value of 18% cis- acid== 82% trans-. Itaconic 
acid gives this value much more rapidly than does either form of 
the «8-acid. The mechanism of the stereochemical change of the 
“g-acid may be discussed now in order to simplify the subsequent 
review of the purely tautomeric side. The figures show clearly 
that both forms of the «f-acid are capable of direct conversion into 
the By-acid, and it only remains to decide whether the configur- 
ational change takes place entirely through the intervention of 
this form or whether “ triangular ’’ equilibration can take place : 


By 
GN 
cis-«8 ——trans-aB. 


Although the possibility of the operation of the second process 
cannot be entirely excluded, the available evidence strongly sup- 
ports the view that under the experimental conditions configur- 
ational change in the «®-acid proceeds entirely through the inter- 
mediate formation and decomposition of the By-isomeride ; a study 
of changes in related compounds gives no indication that direct 
geometrical inversion occurs in alkali when the tautomeric mechan- 
ism is available. Further, when no tautomerism is possible, the 
velocity of the stereochemical change is greatly reduced. With 
“direct ’ inversions must be included such possible modes of 
change as that involving reversible addition of catalysts. 

The internal evidence in support of these contentions is : (a) con- 
figurational equilibrium is reached more rapidly from the fy- 
than from either form of the «$-acid. (6) The initial formation of 
citraconic acid from mesaconic acid is slow and that of mesaconic 
acid from citraconic acid is both slow and irregular, as much 
being produced between 5 and 7 minutes as in the first 5 minutes. 
As soon as the concentration of the itaconic acid formed from the 
citraconic acid reaches the equilibrium value, however, the form- 
ation of mesaconic acid proceeds regularly with respect to time. 
(c) There is an indication of a “‘ peak” in the production of itaconic 
acid from citraconic acid, and it may be inferred that, but for the 
intervention of the “‘ drain ”’ to mesaconic acid, the real value for 
the equilibrium cis-«8 == By-acid would be further on the ®y-side 
than that found for the complete system. Additional support for 
this view comes from Delisle’s observation (loc. cit.) that aqueous 
sodium citraconate, heated for 6 hours at 170°, gave an 8% con- 
version into the itaconic salt without perceptible formation of 
mesaconate. 

No collateral evidence is available from the chemistry of mono- 
basic unsaturated acids, although several of these are now under 
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investigation from this point of view, but among dibasic acids a 
suggestive comparison may be drawn between the geometrical 
inversion of citraconic acid in alkali and that of its higher and 
lower homologues. Fittig and Kettner (Annalen, 1898, 304, 156) 
showed that the three-carbon equilibrium 
CH,-C(CO,H)-CHMe-CO,H — CH,°C(CO,H):CMe-CO,H 

is rapidly reached from the cis-«f-acid (or, actually, its anhydride) 
under conditions when as little as 2% of the fumaroid form is 
produced and, further, that a ‘“‘ peak” amount of @y-acid can 
thus be obtained. The configurational change is here consider. 
ably slower than for citraconic acid, but 34%, of the trans-«-acid 
is formed from the cis-anhydride by 10 hours’ boiling with 30°, 
alkali solution. With maleic acid itself, however, the change is § * 
not only slow but difficult to observe. For instance, Loydl (Anna- 
len, 1878, 192, 80) and van ’t Hoff (Ber., 1885, 18, 2713) obtained 
the hydroxy-acid, dl-malic, from fumaric and maleic acids respect- 
ively without observing any geometrical inversion, although 
Skraup (Monatsh., 1891, 12, 115) states that maleic acid gives rise 
to the formation of ‘a not insignificant ’’ amount of fumaric acid 
under Loydl’s conditions. Delisle (Annalen, 1892, 269, 76) showed 
that, although no fumaric acid was formed by the action of 
alkali on maleic acid at 100°, a slow change of this type occurred 
at 106° leading to the production, in 12 hours with 30% alkali 
solution, of 33% of the trans-acid. He further showed that under | | 
the same conditions malic acid itself decomposed at about the 
same rate into fumaric acid. 

There is, therefore, clear indication that, when the tautomeric 
mechanism is not available, the comparatively slow and inefficient 
process of reversible addition of water has to be utilised to effect 
the stereochemical change. It is well known that changes of cis- 
to trans-acids, proceeding through some form of additive mechan- 
ism, are usually irreversible, and it may well be a criterion of 
changes involving a tautomeric mechanism that they enable the 
trans- —-> cis-change to proceed. The comparative ease of stereo- 
chemical changes in mobile tautomeric systems should account 
for the difficulty of isolation of many of the unstable forms of the 
glutaconic acids (compare Packer and Thorpe, J., 1926, 1199) and 
in this connexion it is of interest that the allied phenomenon of 
optical inversion in the glutaconic series is attributed to tautomeric 
change by McCombs, Packer, and Thorpe (this vol., p. 547), who 
correlate the rapid racemisation of J-«y-dimethylglutaconic acid 
with the high tautomeric mobility of the system. 

Type I1.—Whereas the principal features of the tautomerism ( 
of itaconic acids without a y-substituent can be summarised as 
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INVESTIGATIONS OF THE 








high mobility and occurrence of stereoisomeric changes, those of 
y-alkyl itaconic acids are exactly the reverse: the change is 
extremely slow and stereoisomerides are not encountered. The 
system of this type studied was that of the y-methyl-y-ethyl- 


itaconic and -aticonic acids (V and V1), 


(CH,Me-CMe:C(CO,H)-CH,°CO,H == 

CHMe:CMe-CH(CO,H)-CH,°CO,H, 
which were selected in the hope that the aticonic acid might prove 
more stable to boiling alkali solution than the acids of its type 
examined by Fittig. This hope was realised, and the acid (VI) 
is, in fact, the first acid of its class found to be more stable to 
alkali than its itaconic isomeride. 

Equilibration of these acids was carried out at first under the 
standard conditions, but little or no change occurred. Boiling 
60°, potash solution, on the other hand, produced considerable 
secondary change (formation of lactonic acid), but boiling 33% or 
25% alkali solution effected a slow interconversion without side 
reaction. The recovery of equilibrated material was excellent 
(97—99°%) and its analysis, which was readily carried out by the 
iodometric method, gave the following results : 


TaBLeE II. 
Interconversion of the Acids (V) and (VI) with Boiling Aqueous 
Potash. 
Concen- Equiv. Time of 

Expt. Initial tration of of alkali treatment % 
No. acid. alkali, %. used. (hours). Change. 
16 Itaconic 33 11 66 19 
17 “ 25 22 357 27 
18 Aticonic 33 11 65 4 
19 - 25 22 370 13 
20 re 25 22 626 21 


A special search was made for the corresponding citraconic acid, 
but the only material volatile in steam was a trace of the itaconic 
acid. This is therefore volatile in steam at 100° as well as in 
superheated steam, as reported by Stobbe (Annalen, 1902, 321, 
106). The only evidence of the presence of a third acid in the 
equilibrated material was obtained in one experiment, where a 
trace of a crystalline compound, m. p. 156°, apparently isomeric 
with the other acids, was isolated: from its low melting point, 
this is regarded as the cis-form of the itaconic rather than as the 
mesaconic acid. 

The results in Table II showed that the mobility was so low 
(less than 0-02 in boiling 25° potash solution) that direct determin- 
ation of the equilibrium by experiments on the pure isomerides 
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wowd be impracticable. 


boiling 25% potash solution, yielded a product containing 28-4% 


/0 


of itaconic acid, which is accordingly taken to represent the 


equilibrium in the series. 

The results obtained by iodometric analysis were confirmed 
qualitatively by isolation of aticonic acid from the equilibrated 
itaconic acid, and the reverse. 


Discussion. 

The study of the tautomerism of the itaconic acids by Fittig 
(Annalen, 1898, 304, 117, etc.) and in the present work leads to 
the following general conclusions: I. Systems in which no aticonic 
form is possible undergo the changes : 


quick, large slow 
cis-o8 == Py = trans-af 
quick, small slow 


The equilibrium between the By- and the trans-«$-form is generally 
on the «f-side, but it is not certain that the forward and the reverse 
reaction occur under the same conditions. II. When an alkyl 
group is substituted for hydrogen attached to the y-carbon atom, 
the observed changes are : 


cis-aB = 


trans-«B slow 


A complete comparison between these acids and those of the 
monobasic acid series is not yet possible owing to the absence of 
quantitative data on such fundamental systems as the n-butenoic 
acids, and a full discussion on this topic must therefore be post- 
poned. Attention may, however, be directed to a few salient 
points: (i) the extraordinary instability of the «$-double bond 
in all citraconic and mesaconic acids in which the itaconic isomeride 
is stabilised by a y-substituent, which is difficult of explanation 
on any theory of prototropic change; (ii) the enormous depression 
of mobility by the «-(CH,°CO,~) group in the methylethylitaconic 
acid series. This is comparable with, but apparently greater 
than, the low mobilities of various «-alkylated systems studied in 
these laboratories. It is important to recognise, however, that 
this effect is not brought about by the (CH,°CO,~) group alone, 
for Fittig and Petkow (Annalen, 1899, 304, 208) have shown that 
equilibration of dimethylitaconic acid is moderately fast (compare 





The comparable experiments 17 and 
19 indicated, however, that at equilibrium there would be an 
approximate itaconic-aticonic ratio of 3:7. A synthetic mixture 
containing 29% of itaconic acid, equilibrated for 280 hours with 
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approach of the catalyst and the return of the proton. 





INVESTIGATIONS OF THE OLEFINIC ACIDS. PART IV. 733 


Fichter and Probst, Annalen, 1910, 372, 77). Considerable depres- 
sion of mobility seems to be brought about only when the molecule 
is already fairly heavily substituted and hence is probably due 
largely to steric inhibition (Linstead, J., 1929, 2498).* (iii) The 
equilibria in itaconic—aticonic tautomerism appear to obey the 
general rules for monobasic acids. For instance, that observed 
for the y-methyl-y-ethyl acids resembles that found for the corre- 
sponding acrylic acid without the «-(CH,*CO,-) group. Straight 
chain itaconic acids are stable in the itaconic phase, and the 
abnormality of isopropylitaconic acid, which is apparently stable 
to boiling alkali solution (Fittig and Burwell, Annalen, 1899, 304, 
259), is probably due to the low mobility of the doubly substituted 
system. The corresponding aticonic acid (which has not yet been 
examined) should also be stable. (iv) A $-methyl group in a 
n-butenoic acid system is not sufficient to confer appreciable 
stability on the unstable vinylacetic (By-) phase (Found: 100% 
«8; Kon and Linstead, J., 1925, 616). On the other hand, the 
present work shows that the 8-carboxylate ion of itaconic acid 
gives the By-phase a definite measure of stability (16%). This 
can be interpreted on the basis of the increasing inductive electron- 
repelling effect of the groups (H)<CH,<CO,~ (Ingold, Shoppee, 
and Thorpe, J., 1926, 1477). From a study of the addition re- 
actions of the related esters, Ingold, Shoppee, and Thorpe (loc. 
cit.; compare Hope, J., 1912, 101, 892) have concluded that the 
8-carbethoxyl group also has a stabilising effect on the Py-phase. 
In this case, however, the tautomeric change, uninfluenced by 
secondary reactions, has not been studied, and it is not yet possible 
to accept Shoppee’s statement that the itaconic is the “‘ favoured 
phase ” of the system (loc. cit., p. 972). 





EXPERIMENTAL. 

Molecular weights (7) were determined by titration with N/10- 
barium hydroxide; iodine additions (J) were those for 5-minute 
reactions under the conditions of Linstead and May (J., 1927, 
2565). 

Citraconic, Mesaconic, and Itaconic Acids.—The acids were pre- 
pared and purified by the classical methods (Fittig and Landolt, 
Annalen, 1877, 188, 72; Fittig and Langworthy, Joc. cit.) with 
the following modifications to enable reasonable quantities to be 
prepared quickly. 

* In a recent paper (J., 1930, 968) Shoppee justly observes that the removal 
of the mobile hydrogen in prototropic change will be facilitated by the approach 


of the “ catalytic ’’ ion and it is clear that the original suggestion made by 
one of us is incorrect and that there will be steric impedance of both the 
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For the preparation of mesaconic acid, citraconic acid (30 g,) 
was dissolved in dry ether (120 c.c.) in a quartz flask fitted with 
a reflux condenser, and 20 c.c. of chloroform and a few drops of a 
chloroform solution of bromine were added. The mixture was 
irradiated by a mercury vapour lamp for 24 hours with occasional 
addition of more of the bromine solution. The separated solid, 
after being washed with a little ether (yield, 67%), melted at 
201—202°, and at 204° after one recrystallisation from water. 

For the preparation of itaconic acid, citraconic acid (70 g.) and 
water (175 c.c.) were introduced into the porcelain “liner ”’ of a 
small autoclave, the “liner” being surrounded by a further 
500 c.c. of water. The autoclave was heated to an internal tem- 
perature of 160° for 8 hours; the porcelain container then held 
about 500 c.c. of solution, Evaporation of this yielded 32 g. of 
itaconic acid, m. p. 165° (partial decomp.) after one recrystallis- 
ation from water. 

Volatilities in Steam.—Citraconic acid (5 g.) in 100 c.c. of water 
was distilled in steam, the volume of the solution in the distillation 
flask being kept constant. The distillate (2 litres) was treated 
with 10 g. of calcium carbonate, evaporated almost to dryness, 
acidified with 20%, sulphuric acid, and extracted for 24 hours in 
a continuous ether extractor. On removal of the solvent from 
the dried extract, 3-5 g. of acid were obtained, m. p. 85°. An 
additional 2} litres of water carried over 0-9 g. more acid, m. p. 
84°, and extraction of the residual solution removed 0-4 g. of acid, 
m. p. 84°; no itaconic acid was formed. The citraconic acid 
obtained in these extractions appeared from its consistency and 
m. p. to be contaminated with a liquid impurity which could not 
be separated by extraction with sodium bicarbonate solution. 

In another experiment 3 g. of pure citraconic acid (m. p. 94°; 
M, 130; calc., 130) were distilled in 5 litres of water and extracted 
as before; 2-9 g. of material were obtained, m. p. 81° with previous 
softening (M, 152). Trituration of this with light petroleum and 
draining on a porous tile left almost pure citraconic acid (m. p. 
94°; M, 134). Too little of the liquid impurity (? methacrylic 
acid) was obtained for examination. 

Itaconic acid (2 g.), distilled in 2} litres of water, gave on direct 
extraction of the distillate a trace of oil, and 1-95 g. of unchanged 
material, m. p. 163°, were extracted from the residue. Distillation 
of mesaconic acid (2 g.) in 2 litres of water carried over a trace 
(less than 0-1 g.) of solid acid, melting at 195° after being washed 
with ether and light petroleum. Extraction of the residue yielded 
1-9 g. of mesaconic acid, m. p. 200°. 

Equilibrations and Analytical Methods.—10-0 G. of material and 
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experiments 4—7, 10, and 14—15, the mixture of mesaconic and 
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exactly 11 equivalents of 25% aqueous caustic potash, contained 
in a copper flask under a reflux condenser, were plunged into a 
bath of boiling brine, maintained at 105° by adjustment of the 
concentration. In the short-time experiments the duration of 
heating was taken from the time -at which the contents of the 
flask had reached 100°. Equilibration was stopped by cooling the 
flask in water, and the alkaline solution was at once acidified in 
the cold with a slight excess of 50% sulphuric acid and extracted 
continuously with ether for 24 hours. The extract was dried 
with calcium chloride, and the ether removed, the last trace in an 
evacuated desiccator. The weight of the product at this stage 
was never less than 9-7 g., and the equivalent was usually some 
2—3%, high. The product was then distilled in steam, sufficient 
water being used to remove the (estimated) quantity of citraconic 
acid present (2—9 litres). 

The non-volatile portion was exhaustively extracted, and the 
extract was dried and freed from solvent as before. The mixture 
of mesaconic and itaconic acids obtained was weighed and its 
equivalent determined, this giving results 1—2% high. The 
amount of impurity being therefore very small, the mixture was 
analysed by the bromometric method (preceding paper). The 
fraction volatile in steam was extracted exactly as in the experi- 
ments with pure citraconic acid. The weight of the isolated pro- 
duct was taken as a measure of the citraconic acid present; its 
purity will be referred to later. The loss in this series of experiments 
was some 5%. 

In addition to the experiments on the pure acids already given, 
the accuracy of these methods was checked by analysis of two 
mixtures of known composition, the results being shown below 
(Table III). The only appreciable error is in the figure for citra- 
conic acid in the mixture rich in that acid. This is due to the 
secondary decomposition in the steam distillation to which reference 
has already been made. 


TABLE III. 


(Figures in parentheses represent amounts actually present.) 


Mixture. Citraconic. Mesaconic. [taconic. Loss. 
1 14 (15) 70 (71) 13 (14) 3 
2 72 (77) 13 (12) 10 (11) 5 


The detailed results of the analysis of the equilibrated products 
are in Tables IV and V, which provide the data for the general 
figures already given (Table I). 

Isolation of the Pure Acids from Equilibrated Material.—In 





Expt. Acid 
No. used 
1 C 
2 99 
3 - 

4 sa 
5 = 
6 in 
7 99 
8 - 

9 M 
10 “ 
11 - 
12 r 
13 a 
14 - 
15* Cc 


Time of 
treatment 
(mins.). 


5 

7 

14 
30 
65 
120 
360 
1440 
7 
40 
120 
7 
20 
31 
540 
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TaBLe IV. 
Separation of the Volatile Material. 


Material 
distilled 
in steam 
(g-). 

9-53 (135) 
9-97 

9-60 

9-37 (132) 
9-54 (134) 
(132) 
(134) 
(141) 
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material 
isolated 
_{8:)- 
2 (137) 
(133) 
(133) 
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(131) 
(132) 
(131) 
(132) 
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Numbers in parentheses are the values obtained for the molecular weights 
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of the products, the theoretical value for the pure acids being 130. 


Iixpt. 
No. 
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» 


3 
4 
5 
6 
7 
8 
9) 
10 
1] 


» 
» 
»” 


1 
14 
15 


itaconic acids was separated into its constituents. 
obtained strikingly confirm the bromometric figures. 


TABLE V. 


* This experiment was carried out at 75°. 


} = citraconic, M = mesaconic, I = itaconic. 


Composition of the Material Non-volatile in Steam. 


o-/ 
oO 
Addition 
of 
bromine, 
58-8 
55°3 
51:8 
47-2 
43-7 
43°38 
43-0 
42-2 


39 


~- 


‘7 
t1- 
42-6 
54:8 
43-9 
42-8 
46-7 


72) 


Composition by the 
bromine addition 


method. 

°% Mesa- % Ita- 

conic. conic. 
31 69 
42 58 
53 47 
68 32 
79 21 
SO 20 
SI 19 
S4 16 
92 8 
85 15 
83 17 
43 57 
78 22 
82 18 
69 31 


Composition by actual 


isolation of the 


components. 
f o/ ¢ 
% Mesa- % Ita- 
conic, conic, 
61 32 
75 19 
77 19 
73 20 
81 16 
76 18 
62 32 





Loss 
(g.). 

0-60 
0-51 
0-79 


0-57 
0-48 
0-38 
0-4 

0°35 
0-23 
0-60 
0-73 
0-53 
0-20 
0-56 


o/ 
oO 
Loss. 


6 
6 


The results 
The pro- 


cedure adopted, which was based on that of Fittig and Langworthy 
(loc. cit.), is outlined below. 


The material (ca. 5 
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) was dissolved in some 20 c.c. of boiling 
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water and allowed to cool, pure mesaconic acid (m. p. 203°) crystal- 
lising from all the mixtures in nodules. The mother-liquor was 
concentrated and further crops of mesaconic acid were removed 
until separation of the large hard prisms of itaconic acid com- 
menced. Concentration was then allowed to proceed slowly by 
evaporation at room temperature; the two acids crystallised side 
by side and could be separated by hand-picking. The two sub- 
stances were finally dried and weighed and their purity shown by 
their m. p.’s. The two acids only came out without conglomeration 
if this very slow crystallisation was carried out. In such separ- 
ations it was frequently possible to obtain alternate crops of the 
two acids. For instance, a solution was allowed to deposit itaconic 
acid until the first crystals of mesaconic acid appeared; it was 
then filtered, seeded with mesaconic acid, and the process reversed. 
The isolation of the itaconic acid was almost quantitative, as bold 
crystals continued to form until the last trace of solvent had 
evaporated; whereas the last trace of mesaconic acid did not 
erystallise well. Hence the figures for mesaconic acid obtained 
by isolation are lower than those obtained by titration (Table V). 
No trace of any other substance—such as hydroxy-acid—was 
isolated in these separations of the non-volatile fraction. 

The citraconic acid was isolated from the products volatile in 
steam either by trituration with light petroleum or by dissolution 
in a little water, followed by extraction with ether, first in small 
amount to remove the impurity and then exhaustively to recover 
the citraconic acid. Two examples are given to illustrate the 
conversion of both itaconic and mesaconic acids into citraconic 
acid. In Expt. 11 (from mesaconic acid), 1-17 g. of volatile pro- 
duct had m. p. 87° and M 149. Trituration with petroleum gave 
citraconic acid, m. p. and mixed m. p. 93°; M 132. In Expt. 12 
(from itaconic acid), 1-0 g. of volatile product (m. p. 87°, M 159), 
similarly treated, gave citraconic acid, m. p. and mixed m. p. 93°; 
M, 132. 

y-Methyl-y-ethyl-itaconic and -aticonic Acids (V and VI).—The 
two acids were prepared by the methods already described (Linstead 
and Mann, J., 1930, 2064). 

1:79 G. of the pure itaconic acid (m. p. 186°: M, found 172; 
cale., 172) were distilled in steam, and the residue and distillate 
worked up by the methods used for citraconic acid. 2 Litres of 
water carried over 0-12 g. of the acid, which had m. p. (crude) 
176°, raised to 185° after successive washing with light petroleum 
and ether (mixed m. p. 185°). The residue yielded 1-49 g. of the 
unchanged acid, m. p. 178°. Similarly treated, the aticonic acid 
was recovered quantitatively from the non-volatile residue. 

BB 
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Mixtures of the pure acids reacted with iodine as follows : 


% Itaconic acid ......... 100 ~=—- 80 60 40 20 0 
% Addition ...........0++ 64 238 418 60-4 80:3 982 


Equilibrations.—(1) Neither acid was appreciably affected on 
being heated with 11 equivalents of 25% caustic potash solution 
for 8 hours at 100° or for 24 hours at the boiling point. 

(2) The aticonic acid was boiled for several hours with 60% 
caustic potash solution: the recovered acid had M 183. 

(3) In the final series of experiments equilibrations were carried 
out at the boiling point under reflux in a copper flask. At the end 
of the desired time the solution was acidified in the cold with a 
slight excess of 50% sulphuric acid and kept in ice for 1 hour. 
The separated solid, mainly sodium sulphate, was extracted with 
ether for 24 hours in a Soxhlet apparatus, and the solution, after 
being dried and freed from the solvent, yielded a solid acid (A). 
The filtrate from the original solid was extracted continuously for 
24 hours; the extract, treated in the same way, yielded a solid 
(B). The combined weight of A and B was equal to about 98% 
of the initial material. To facilitate the subsequent separation 
of the acids, the products A and B were kept apart, and the equival- 
ent and iodine addition of each taken. The total composition 
was then calculated from the proportions and compositions of the 
two fractions. The results are given in detail in Table VI and in 
summary in Table III. The acids used in the equilibrations were 
not always completely free from isomeride owing to the waste 
involved in such complete purification. The absence of extraneous 
impurity in the initial material was, however, checked in all cases 
by determination of the equivalent, and its exact composition 
found iodometrically. Percentage conversions relate to actual 
changes throughout. 

A mixture of the two acids (J, 71-1% ; itaconic acid 29-0°) was 
boiled for 280 hours with 22 equivalents of 25% caustic potash 
solution. The equilibrated material was isolated as before, pro- 
ducts A and B being bulked: 99% was recovered in this way 
with M, 172; J, 72-39%; whence itaconic acid present = 28-4%. 

Conversion of (V) into (VI).—Of all the products from the equi- 
librated itaconic acid, product B, expt. 17, had the highest iodine 
addition. 3-62 G. of this were treated with anhydrous ether 
(10 ¢.c.), which left the crude itaconic acid undissolved. The 
soluble portion (1-78 g., m. p. 105—110°) was dissolved in boiling 
water (10 c.c.). The cold solution left 0-56 g. of material, m. p. 
129°, which on recrystallisation from water yielded crystals of 
perfect aticonic form but melting 10° low (131°). Repetition of 
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TaBLE VI. 
Action of Boiling Aqueous Caustic Potash on the Acids (V and VI). 
Experiment NO.  ..c.ccscseseescreeeceees 16. 17. 18. 19. 20. 
Initial f % Iodine addition ...... 5:8 84 954 983 98-1 
= ran %, Itaconic acid (V) ...... 100 98 4 0 0 
materia! | Weight taken (g.) ......... 4:00 10:00 5-00 10-00 10-00 
Micali f Concentration % KOH 33 25 33 25 25 
axe \ No. of equivalents......... 11 22 1l 22 22 
q 
Time of treatment (hours) ............ 66 357 65 370 626 
RK. 2.) ee 2-52 4-78 3°47 1-50 9-95* 
Product | Equivalent ............0. 174 173 173 175 173 
A | % Iodine addition ...... 9-4 8-0 95-8 90-2 79-8 
% Itaconic acid............ 96 98 3 10 21 
( Weight (g.) ........0e00005 131 6510 1:48 834 —* 
Product Equivalent ...............00- 178 181 175 175 -- 
B | % Iodine addition ...... 50:1 546 798 86:3 -= 
\ % Itaconic acid............ 51 46 21 14 — 
Total % itacomic acid .............0000 81 71 8 13 21 
SY CONVEEMEOM seccseccesccscccccsesscoses 19 27 4 13 21 


* In experiment 20 products A and B were bulked. 


90° 


this process raised the m. p. to 133° and a mixture of equal amounts 
of this substance and the pure aticonic acid (m. p. 141°) melted at 
135°. Further separation was not attempted owing to the small 
amount of material remaining, which had iodine addition 96-6% 
(whence percentage of aticonic acid = 98). 

Conversion of (V1) into (V).—Separation was effected by two 
methods, the product of experiment 20 being used. A sample of 
this (4:89 g.) was distilled in steam and the first 2 litres were 
treated in the manner already given for the examination of the 
pure itaconic acid. An impure sample of this acid was isolated 
(0-29 g., m. p. 150—165°), which after being washed with ether 
and crystallised from water had m. p. and mixed m. p. 183°. Con- 
tinuation of the steam distillation led to a further 0-54 g. of the 
acid being isolated from 7 litres of water; m. p. 178° after one 
crystallisation from water {(M, 173). 

In a confirmatory experiment, the same material (3-97 g.) was 
washed four times with anhydrous ether in diminishing quantities 
(about 40 c.c. in all). The residue melted at 182°, and at 185° 
after one crystallisation from water (mixed m. p. 185°; M, 172). 
The presence of aticonic acid in a mixture considerably increases 
the solubility of the isomeric acid in ether (compare Fittig, Annalen, 
1899, 304, 131). This not only prevents the quantitative applic- 
ation of this method but actually makes it impossible for the 
itaconic acid to be so isolated from mixtures containing less than 
about 15% of this acid. 

A Third Isomeride (? cis-Form of V).—Product B, expt. 19, 
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was extracted with 25 c.c. of dry ether and the soluble portion 
was crystallised from water. Characteristic nodules of the aticonic 
acid separated for some time and when almost all had come out a 
second compound began to crystallise in sheaves of small needles, 
which grew side by side with the aticonic nodules. In all, less 
than 0:1 g. of this was obtained. It was sparingly soluble in water 
and melted at 156°, with previous softening, but its m. p. was not 
raised after washing with ether, in contrast to the itaconic acid. 
A mixture with this acid melted at 152° (M, 169). 


The authors’ thanks are due to the Government Grant Com- 
mittee of the Royal Society and to the Chemical Society for grants 
which have largely defrayed the cost of this work. 
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C.—Investigations of the Olefinic Acids. Part VJ. 
The Influence of Bases on the Condensation of 
Aldehydes and Malonic Acid, and a Note on the 
Knoevenagel Reaction. 

By Stantey Epwarp Boxer and Reernatp Patrick LinstEap. 


THE reaction of aldehydes with malonic acid in the presence of 
organic bases is of considerable value for the preparation of un- 
saturated acids and it is a matter for surprise that neither the 
course of the reaction under various conditions nor its mechanism 
is known with certainty. The fairly extensive literature on this 
reaction relates in the main to its application for preparative pur- 
poses by two general methods. That originally due to Knoevenagel 
(G.P. 97735, 1896), in which primary and secondary bases are used 
as catalysts, was at first limited to aromatic aldehydes but was 
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extended to the aliphatic series in 1902 (G.P. 156560). Priority 
for the introduction of the second method, involving the use of 
pyridine as catalyst, must be assigned to Verley (Bull. Soc. chim., 
1899, 21, 143) and not, as is commonly done, to Doebner, who 
subsequently extended its use (Ber., 1900, 33, 2140; 1901, 34, 53: 
1902, 35, 1136, 2137). Later workers have generally preferred this 
modification for synthetic purposes (compare, ¢.g., Harding and 
Weizmann, J., 1910, 97, 299), although the introduction of a small 
quantity of a secondary base into the pyridine reaction mixture 
is often considered advantageous (Haworth, Perkin, and Rankin, 
J., 1924, 125, 1693). 
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The conditions necessary for the formation of three only of the 
possible types of reaction product are known with certainty. 
(i) The pyridine method gives good yields of acrylic acids (type I) 
in a high state of purity and free from stereoisomerides (von Auwers, 
Annalen, 1923, 432, 46). (ii) Under Knoevenagel’s conditions, the 
use of an excess of malonic acid leads to the formation of glutaric 
acids (II) (Ber., 1898, 31, 2585; 1902, loc. cit.). (iii) Substances 
of the type of benzylidenemalonic acid (III; R = Ph) can readily 
be prepared from aromatic aldehydes if precautions are taken to 
avoid the loss of carbon dioxide (Knoevenagel, Ber., 1898, 31, 
2596; G.P. 164296, 1904). 

(I.) CH,R:CH°:CH-CO,H CH,R-CH(CH,°CO,H), (IT-) 
(IIT.) CHR-C(CO,H), CHR-CH-CH,°CO,H  (IV.) 


In the aliphatic series, unsaturated malonic acids (III) have been 
isolated in the pure state only from complex or unsaturated alde- 
hydes (e.g., citral; Verley, loc. cit. : crotonaldehyde ; Riedel, Annalen, 
1908, 361, 89).* The formation of By-olefinic acids (IV) has also 
occasionally been noted; for instance, von Auwers (loc. cit.), from 
physical measurements, deduced their presence in the products 
obtained in pyridine condensations at 100°. Phenylacetaldehyde 
appears to be unique in yielding almost pure By-acid (IV; R = Ph) 
under all conditions of condensation (Vorlinder, Annalen, 1906, 
345, 244; Linstead and Williams, J., 1926, 2735). The general 
conditions necessary for the production of Sy-acids were still uncer- 
tain when the present work was begun, but during its progress 
Zaar published an account (Ber. Schimmel, 1929, 299) of the pre- 
paration of A®-n-octenoic acid from heptaldehyde, piperidine or 
diphenylamine being used as catalyst, and stated that reactions 
catalysed by secondary and by tertiary bases yield By- and «-acids 
respectively. 

The lack of agreement in the results of earlier workers suggested 
the need for further experimental study of this reaction, particularly 
in the aliphatic series. The present paper gives the results obtained 
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by the condensation of one aldehyde (n-butaldehyde) with malonic 
acid, bases of every possible type, strong or weak, primary, second- 
ary, or tertiary, being used as catalysts. Two series of experiments 


* Vogel (J., 1927, 1985) describes the production of “ ethylidenemalonic 
acid ’’ (m. p. 82°) from acetaldehyde and malonic acid in presence of pyridine— 
piperidine, and refers to a paper (Kommenos, Annalen, 1883, 218, 165) which 
gives the preparation of an acid of similar m. p. from the same reagents by 
means of acetic anhydride as condensing agent. The reference is, however, 
erroneous : Kommenos showed his acid to be B-methylglutaric (‘‘ ethylidene- 
diacetic ’’) acid and it is reasonably certain that Vogel’s compound was the 
same, particularly in view of the low density of his ethyl ester. 
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were carried out, in one a small quantity of the base being used, 
and in the other a molecular quantity or an excess. These corre. 
spond broadly with the two general methods used in the past for 
condensations of this type. Reaction was allowed to take place 
first at room temperature and then at 100°, the only difference in 
procedure being that in the experiments with a trace of catalyst 
the products were distilled in steam before isolation. 

As a result of the heating at 100° decarboxylation accompanied 
condensation and the acid products were mixtures of the monobasic 
unsaturated acids; in this case, the At- and the A®-n-hexenoic acid 
(I and IV; R= Et). Separate reference is made later to experi- 
ments on the isolation of glutaric acids and unsaturated malonic 
acids. The compositions of the mixtures of hexenoic acids were 
found by determinations of the equivalent and of the iodine addi- 
tion, by their melting points, alone and in admixture with the pure 
«8- and By-acids, by optical measurements, and in some cases by 
the preparation of derivatives. The more important results 
obtained are summarised in Table I. 


TABLE I. 
Condensation of n-Butaldehyde and Malonic Acid. 
Todine 
Yield + addition % By- 
Base. %. M. p. at 20°. Acid. 
(A) Base in small amount. 
MD. sitar icncimissocsisanssesss 21 0° 46-9 79 
BEEEEE. waisccnvnesesversecesees 21 5 50-2 86 
Triethanolamine (pure) ......... 10 9—10 54-0 97 
Dimethylaniline .................. 14 7—8 52-5 92 
Diphenylamine * _............+.. 12 7 51-0 88 
IND sacancnbssk prediecesecassse 10 3 42-4 68 
Ammonium chloride ............ 14 4—5 43-2 70 
Aniline hydrochloride * ......... 14 7 53-2 94 
(B) Base in molecular amount or in excess. 
PYTBGEME  .nccccccsccvcccccccesescsss ca. 75—82 } — — ca. 2—5 } 
EE ic bcckakncucuvonsiaasces 10 3—4 44-5 73 
Triethanolamine .................. 37 12 56-1 100 
Dimethylaniline .................. 23 10 56-1 100 
GNU kctucécucecnsvennsesearsers 19 6—7 48-2 80 


* Aniline itself gave poor results by both methods, as did diphenylamine 
by the second. 


{ Yield of mixed hexenoic acids of correct boiling range and equivalent. 
{ The highest yields are obtained by prolonging the time of heating, but 
this increases the proportion of By-acid. 


These results show many features of interest. In the first place, 
with the exception of pyridine, all the bases tried yield mainly 
By-acid and the amount of the base has little influence on the 
nature of the product. The generalisation of Zaar (loc. cit.), which 
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attempts to correlate the nature of the product with the order of 
the base, is obviously incorrect. The well-established use of 
pyridine for the preparation of af-acids represents an abnormal 
reaction with respect to the general action of bases; but the use of 
traces of pyridine gives a poorer yield of a product which is mainly 
y-acid. The determining influence of an excess of pyridine on the 
nature of the product is clearly shown by the fact that a mixture 
of a large amount of this base and a trace of piperidine yields 
nearly pure «$-acids (e.g., Goldberg and Linstead, J., 1928, 2343). 
This extraordinary abnormality of pyridine appears to be specific ; 
it is not shared by other tertiary bases (e.g., triethanolamine), nor 
by those of approximately the same strength (e.g., dimethylaniline), 
nor even by quinoline, which has the same general chemical 
characteristics. 

The formation of #y-acid in all the other condensations cannot 
be attributed to the equilibrating action of bases on the «8-acid, as 
this would be expected to be slow and would in any case give an 
equilibrium on the «®-side. Neither is it possible that the steam 
distillation used in the experiments with small amounts of bases 
could be of major importance in determining the position of the 
double bond, as such distillation was started only when all the 
carbon dioxide had been evolved and hence when all the monobasic 
acid had been formed. 

The condensations using small amounts of dimethylaniline and 
triethanolamine ($’8”-trihydroxytriethylamine) give reasonable 
yields of ®y-acid remarkably free from its isomeride, and the avail- 
ability and low cost of the second of these bases led us to develop 
its use for the preparation of A®-n-hexenoic acid in quantity. This 
process is much more rapid and economical than any of those pre- 
viously used and this acid is now the most readily obtainable 
8y-olefinic acid. The properties of the acid so prepared and those 
of samples of A®-n-hexenoic acid isolated from the equilibrated 
x8-acid (Eccott and Linstead, J., 1929, 2159) are compared in 
Table II, and suggest that the original “ solid” By-acid contained 
some 5% of the «f-isomeride. 


TaBLe II. 
Properties of A’-n-Hexenoic Acids. 
Iodine M. p. 
B. p. addition “ oo of p- 
Acid sample. /mm, M.p. at?’ dye Ny: {Rzlp.  toluidide. 
From equilibrium 
mixture : 
Original sample 
(Woe, C58.) seceee 105°/13 4—5° 46-7 0-9626/14° 1-4897/14° 31-23 95° 
New preparation 111/19 5 62:0/20 0:9621/19 1:4391/19 31:23 -- 
Triethanolamine 
ee 109/15 12 56-1/20 0-9600/17 1-4402/17 31-24 95 
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The triethanolamine method has not yet been fully tested with 
other aldehydes, but under the optimum conditions for n-but. 
aldehyde both propaldehyde and isovaleraldehyde gave fair yields 
of mixtures of the corresponding unsaturated acids rich in the 
8y-isomeride. Cinnamaldehyde yielded cinnamylidenemalonic acid, 
and benzaldehyde either benzylidenemalonic or cinnamic acid, 
according to the experimental conditions. On the other hand, poor 
results were obtained with tsobutaldehyde and heptaldehyde. 

It is generally considered that the formation of olefinic acids in 
this reaction proceeds by way of a primary condensation, followed 
by the decomposition of an intermediate substituted malonic acid.* 
The function of the base in the primary condensation has been the 
subject of controversy. Knoevenagel applied his general hypo. 
thesis of the intermediate formation of alkylidene or arylidene 
bases, which could then react with the malonic acid. Hann and 
Lapworth (J., 1904, 85, 46), however, showed that tertiary bases 
could induce condensations between aldehydes and neutral sub- 
stances containing a reactive methylene group and contended that 
it was incorrect to assume a general preliminary condensation 
between aldehyde and base. They held that the primary function 
of the base was to facilitate dissociation by lowering the acidity of 
the medium, and hence that the efficiency of a base should depend 
mainly on its strength (compare, however, J., 1911, 99, 2117). 
Knoevenagel himself had been forced to advance a somewhat 
similar explanation (G.P. 161171, 1903) to account for the action 
of tertiary bases, which made it necessary for him to draw a dis- 
tinction between the modes of action of the two types of base. 
The more recent suggestions of Rosenmund and Boehm (Annalen, 
1924, 437, 125) and of Clemo and Graham (J., 1930, 215) provide 
no explanation of the activity of tertiary bases. 

There seemed to be a possibility that the catalytic action of 
these tertiary bases in the malonic acid condensation and in the 
Knoevenagel reaction generally might be due to the presence of 
traces of secondary base. Hann and Lapworth do not state if 
their tertiary bases were purified in any way, and the importance 
of the point led us to repeat the experiments with triethanolamine, 
using material carefully purified through the crystalline hydro- 
chloride (Knorr, Ber., 1897, 30, 919), and with pyridine purified 
through the double zine chloride (Heap, J. Amer. Chem. Soc., 1921, 
43, 1936). These regenerated bases showed no difference in cata- 


* It is by no means proved that the postulated intermediates can decom- 
pose with the necessary ease under the conditions of reaction; and Verley 
(loc. cit.) has even suggested that unsaturated mono- and di-basic acids are 
formed by independent processes, 
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lytic activity from those purified only by distillation. Further, the 
regenerated triethanolamine effected condensation of the usual 
Knoevenagel type between cyclopentanone and cyanoacetic acid, 
although, as in Hann and Lapworth’s experiments, the reaction 
was markedly slower and less complete than that obtained by 
using, for example, piperidine. It must be concluded, therefore, 
that tertiary bases as such have a definite catalytic activity. 

Hann and Lapworth did not discuss the malonic acid condensation 


' and an extension of their hypothesis to cover this particular reaction 


would appear to be unjustified. It has been shown that small 
quantities of weak bases can effect condensation in the presence of 
a large excess of malonic acid, although the effect of the base in 
lowering the acidity of the medium must here be negligible. It is 
noc therefore possible to explain the action of bases in these con- 
densations in terms either of the formation of covalent intermediate 
compounds or of dissociation. In these condensations it is clear 
that the base will be present mainly as salt and at present it is only 
possible to draw an analogy between this type of catalytic action 
and that effected by the salts of bases with mineral acids in the 
malonic acid condensation and the Knoevenagel reaction generally. 

The ease of formation of the By-monobasic acids described in 
this paper suggests the need of further study of the second stage of 
the reaction. It seems possible that the abnormality of pyridine 
in excess may be due to a definite difference in the preliminary 
mode of reaction, whereas the production of fy-acids by other 
bases is due to the formation and subsequent decomposition of 
substituted malonic acids. The present investigation is therefore 
being extended to a study of the mode of decomposition of the 
possible intermediates by bases. 

The hydrolysis of n-butylidenemalonic ester yields an impure acid 
which on decarboxylation gives almost pure A®-n-hexenoic acid 
(p. 750). 

EXPERIMENTAL. 

Materials.—n-Butaldehyde was redistilled, the fraction of b. p. 
73—75° being used. The malonic acid was dried over potash in a 
desiccator. The bases were not specially purified except where 
mentioned. 

Iodometric Analyses.—Ten-minute reactions under the conditions 
of Linstead and May were used (J., 1927, 2565). The addition 
varied considerably with the temperature, typical samples of Sy-acid 
reacting as follows: (1) Iodine addition (J) at 20°, 56-1; at 28°, 
69%. (2) J, 54-4; J245, 615%. (3) J, 57-0; J, 63-2%. 
The mean variation of addition was + 1-5% per degree rise. The 
data for the reference curve given below for the additions to the 
BB2 
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pure acids and mixtures at 20° + 0-25° were determined by Mr, 
E. G. Noble : 


UE iii iieninnlt 106 90 80 60 40 20 0 (By-) 
% Iodine addition ...... 0 75 15 27 38 48 55-5 
The compositions of the various acid mixtures have been deter- 
mined by correction of the observed additions to 20° and comparison 
with the reference curve in the usual way. 

Condensations of n-Butaldehyde with Malonic Acid—The quan. 
tities of reagent used and the procedure followed are described 
below ; deviations from these being given special reference. 

(A) A small amount of catalyst being used, 23 C.c. of n-but- 
aldehyde were slowly added with shaking to a mixture of malonic 
acid (26 g.) and the base (1 c.c.) cooled in ice. The semi-solid mass 
was left first in ice or at room temperature and then on the water. 
bath until the evolution of gas had subsided, and was then sub- 
mitted to steam distillation. The distillate (3 1.) was made alkaline 
with sodium bicarbonate and the neutral and the basic portion 
were removed with ether. The alkaline solution was acidified and 
extracted thoroughly with ether; the extract was dried and the 
solvent removed. 

(B) A large amount of catalyst being used. The ice-cooled base 
was treated slowly and with shaking, first with malonic acid (23 g.) 
and then with n-butaldehyde (20 c.c.). Reaction was allowed to 
proceed at room temperature and on the water-bath. When the 
evolution of gas was at an end the product was cooled and poured 
into an excess of 50% sulphuric acid. The liberated acid was then 
isolated in the same way as from the steam distillate in (A). 

Pyridine. (A) The period of reaction was 1 hour at 0° and 9 
hours at 100°. The acid product was a mixture of n-hexenoic 
acids, b. p. 110—112°/11 mm., di 0-9625, nj" 1-4432, which 
remained liquid in a freezing mixture. The process was repeated, 
pyridine purified through the double zinc chloride (Heap, loc. cit.) 
being used. This was crystallised from absolute alcohol, washed 
with ether, and decomposed with aqueous caustic soda ; the liberated 
pyridine, after being dried over alkali, had b. p. 114—115°/753 mm. 
With this pyridine as catalyst, 6 g. of hexenoic acid were obtained 
with b. p. 103—106°/15 mm., M (by titration with baryta) 1140 
(cale., 114-1), J®” 42-5%, corresponding to 68% of By-acid. This 
mixture did not solidify in a freezing mixture. 

In another experiment with the pure pyridine, after 16 hours at 
100°, 27 g. of the aldehyde gave an acid product (9-5 g.), b. p. 
115—118°/21 mm., m. p. 0°. After refractionation this had b. p. 
113—116°/20 mm., m.’p. 0°, di! 0-9604, nif 14415; J™* 519, 
whence J®” 46-9%, and fy-content = 79%. 
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| Mr. (B) The condensation in presence of excess of pyridine has been 
previously used for the preparation of Ae-n-hexenoic acid by von 
By-) Auwers and by Goldberg and Linstead (occ. cit.). Repeated use 
of this reaction for preparative purposes has shown that on a 
eter- | 1—2 g.-molecular scale yields of about 80% of hexenoic acid 
rison § can be obtained by allowing the reaction to proceed for a week 
at room temperature and for 12 hours or over-night on the 
uan- § water-bath. About a seventh part of this is liquid at room 
‘ibed § temperature (ca. 10% By-acid) and the rest is the solid «$-acid, 
m. p. 32—33°. 

‘but- Piperidine. (A) Reaction period : 2 hours at room temperature, 
lonic § 2 days at 100°. Carbon dioxide was evolved only on heating. 
mass § 60 G. of aldehyde, 88 g. of malonic acid, and 1 c.c. of piperidine 
uter- | yielded 23 g. of n-hexenoic acid, b. p. 104—107°/11 mm., M 114-1, 
sub- 9 di? 0-9631, nij" 1-4407, [R,]p 31-25, J” 50-2%. On being cooled 
line | in ice, the acid solidified to a mass of leaflets melting at 5° alone or 
‘tion | when mixed with a sample of A*-n-hexenoic acid prepared by 
and § equilibration of the «$-acid by the method of Eccott and Linstead 
the } (loc. cit.). This acid was further characterised by the preparation 
of the anilide (m. p. 76°) and p-toluidide (m. p. 95°). These m. p.’s 
base ff were not depressed when the derivatives were mixed with the 


3g.) | original samples of Eccott and Linstead. 

1 to In a similar experiment the mixture was kept for 3 days after 
the | refluxing and was not distilled in steam. Crystals then slowly 
red separated, which after two crystallisations from ether-light petrol- 


hen § eum and one from hydrochloric acid had m. p. 51°. This substance 
was identified as @-propylglutaric acid by analysis (Found: C, 
d 9 55:1; H, 7-8. Cale.: C, 55:2; H, 8-0%), by a mixed m. p. deter- 
10i¢ § mination, and by the preparation of the anhydride, b. p. 160°/ 12mm., 
lich — and semianilide, m. p. and mixed m. p. 127°. Day and Thorpe 
ted, — give m. p. 52°, b. p. 180°/20 mm., and m. p. 128°, respectively, for 
cit.) | these compounds (J., 1920, 147, 1471). 2 G. of this acid were 





hed § obtained from 18 g. of aldehyde, but the preparation appeared to 
ted } be fortuitous and could not be repeated. 
im. (B) 16 C.c. of piperidine were used. No gas was evolved during 


ned 2 days’ standing at room temperature (distinction from pyridine), 
40 § but carbon dioxide came off freely at 100° (12 hours). On frac- 
‘his  tionation of the product, 3 g. of acid were obtained, b. p. 121— 

123°/25 mm., M 114-9; J'* 41-5%, whence proportion of Py-acid = 
at § 73%. The acid had m. p. 3—4°, and 4° in admixture with the 
P. §| $y-acid prepared from the «f-acid. 
Pp: In another experiment the product was worked up after 3 days’ 
‘9, | standing at room temperature. The acid fraction was a thick 
yellow syrup which would not crystallise. 
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Triethanolamine. Commercial triethanolamine (B.D.H.) was frac. 
tionated, the fraction of b. p. 210—220°/12 mm. being used. 

(A) The reaction mixture containing 0-5 c.c. of this was refluxed 
for 24 hours at 100°. The product yielded 6 g. of acid, b. p. 104— 
109°/12 mm., m. p. 5°, M 114-2; J*” 54-4%, whence By-acid = 98%. 

(B) Preparation of pure A®-n-hexenoic acid. 60 G. of triethanol. 
amine were used with 26 g. of malonic acid and 23c.c. of butaldehyde. 
Successive fractionations of the product gave 13 g., b. p. 104— 
113°/20 mm., yielding 10-5 g., b. p. 110°/16 mm., M 114-0; nj 
1-4402, di? 0-9599, whence [R,]p 31:24; J” 56:1%. This acid 
solidified in ice to masses of white leaflets melting sharply at 

+ 12°; mixtures with the #y-acid (from equilibration) and with 
the «$-acid melted at + 9° and — 13° respectively. The p-toluidide 
melted at 95—96°. This was the purest By-acid isolated and was 
used as the reference substance in subsequent mixed melting-point 
determinations. 

In the preparation of larger quantities of the #y-acid it was 
unnecessary to use the full amount of triethanolamine given above. 
For instance, in one experiment, a mixture of 72 g. of aldehyde, 
104 g. of malonic acid, and 120 g. of triethanolamine was left at 
room temperature for 3 hours and heated on the water-bath over- 
night. Distillation of the product gave 44 g. of crude By-acid and 
25 g. of a viscous residue which is still under examination. The 
crude acid on redistillation boiled almost completely at 96°/9 mm. 
and melted at 8—12°. For a final purification the solid acid was 
kept at 10° and small amounts of liquid were poured off from time 
to time. The solid acid finally melted at 12° and had J” 55-4%. 

[In an attempt to isolate intermediate substances the condensation 
was carried out with an excess of triethanolamine as before but 
without heating. The acid product was a yellow syrup which 
changed to an indefinite solid on long standing in a vacuum desic- 
cator. This is being further examined. 

Use of purified triethanolamine. The technical material was frac- 
tionated, and the fraction boiling above 180° (100 g.) converted 
into the hydrochloride by Knorr’s method (loc. cit.). On crystal- 
lisation from dilute alcohol, 85 g. of material were obtained, m. p. 
177° (Knorr gives 177°). The base isolated from this by Knorr’s 

method was distilled under reduced pressure in a stream of dry 
hydrogen. Yield: 50 g., b. p. 203—205°/7 mm. With this in 
small quantity as catalyst, 18 g. of aldehyde yielded 3 g. of acid, 
b. p. 120°/26 mm., m. p. 9—10°, M 114-4, nF 1-4383, dz 0-9596, 
J® 615% (97% By-acid). With an excess of the base as catalyst, 
the same quantity of aldehyde yielded 10 g. of acid, b. p. 113°/ 
19 mm., m. p. 12°, 
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Dimethylaniline (A.R.). (A) By the usual procedure 4 g. of acid 
were obtained, b. p. 113—119°/20 mm., m. p. 7—8°, M 114-4; J® 
60-0%, whence By-acid = 92%. 

(B) When 60 g. of the base were used, gas was not evolved at 
room temperature (2 days) but rapidly at 100° (3 hours). 6-5 G. 
of acid were obtained, b. p. 113—119°/20 mm., m. p. 10°, M 114-6, 
ns’ 1-4398, d2" 0-9615, J™ 62-1% (100% By-acid). 

Diphenylamine. (A) 0-5 C.c. of the recrystallised base, dissolved 
in 10 c.c. of ether, was used. On distillation of the acid product a 
fraction (3 g.) was obtained, b. p. 117—121°/23 mm., m. p. 7°, 
M 115-0, ni” 1-4410, d? 0-9628, J” 57% (By-acid = 88%). 

The use of an excess of this base led to resinification. 

Quinoline. (A) 1 C.c. of the freshly distilled base was used, the 
mixture being left at room temperature for 1 hour and on the 
water-bath for 20 hours. The acid product (3 g.) had b. p. 112— 
117°/17 mm., m. p. 3°, M 112-0, J* 49-9% (equivalent to 68% of 
By-acid). 

(B) 50 G. of the freshly distilled base being used, no gas was 
evolved from the reaction mixture in 2 days at room temperature 
(contrast pyridine), but evolution was complete after 4 hours’ heat- 
ing on the water-bath. Redistillation of the acid product yielded 
material, b. p. 112—115°/18 mm., m. p. 6—7°, M 113-6, ni}’ 1-4377, 
ad 0-9651, J” 557% (By-acid = 80%). 

Aniline. (A) 24 Hours’ refluxing on the steam-bath yielded an 
impure acid (3 g.), b. p. 110—118°/12 mm., m. p. 1—2°, M 120, 
the quality of which was not improved by refractionation. 

(B) No hexenoic acid could be isolated. 

Ammonium chloride. (A) 1 G. of the salt was used, and the 
mixture heated at 100° for 20 hours. The acid product boiled 
indefinitely, but on redistillation of the fraction of b. p. 115—130°/ 
22 mm. (m. p. 3—4°), 4 g. of acid were obtained having b. p. 114d— 
118°/15 mm., M 113-4, ni 1-4419, d? 0-0706, J” 43-2%% (70% of 
dy-acid). The acid melted at 4—5°, and at 7—8° in admixture 
with an equal quantity of the pure By-acid (m. p. 12°). 

Aniline hydrochloride. (A) 1 G. of the salt was used, and heating 
on the water-bath continued for 5 hours. The acid boiled indefin- 
itely, but a fraction (4 g.) was ultimately obtained, b. p. 109—118°/ 
15 mm., M 113-5, n$ 1-4378, d% 0-9614, J™ 59:2% (94% of 
Sy-acid). The m. p., 7°, was raised to 9° on admixture with an 
equal part of the pure By-acid. 

Attempted Preparation of Butylidenemalonic Acid.—Ethyl n-butyl- 
idenemalonate, CH,Et*CH:C(CO,Et),, was prepared by a method 


similar to that used by Schryver (J., 1893, 63, 1344) for the corre- 
sponding isobutylidene compound. A mixture of freshly distilled 
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n-butaldehyde (72 g.), ethyl malonate (80 g.), and acetic anhydride 
(76 g.) was heated in pressure bottles at 100° for 24 hours. The 
liquid was distilled up to 150° under atmospheric pressure and then 
under reduced pressure; 80 g. of the crude ester were then obtained, 
b. p. 128—160°/23 mm. On exhaustive fractionation this yielded 
44 g. boiling from 143—146°/25 mm. (b. p., 144°/25 mm.) with 
nj” 1-4434, d?* 1-0029, whence [R,]p = 56-64 (Found: C, 61-5; 
H, 8-4. C,,H,,0, requires C, 61-7; H, 8:4%). 

The ester (50 g.) was treated with a solution of 27 g. of caustic 
potash in 240 c.c. of water and 200 c.c. of alcohol. The acid, 
isolated in the usual way on completion of the hydrolysis, was left 
over paraffin wax in a vacuum desiccator. The viscous yellow liquid 
obtained (30 g.) failed to solidify during several months. It was 
completely soluble in aqueous sodium bicarbonate and the solu- 
tion immediately decolorised permanganate. The high equivalent 
(Found: 143) indicated the presence of monobasic or polymeric 
impurities. 

When heated at 160° for 2 hours, the acid evolved carbon dioxide 
vigorously. On distillation of the residue, a fraction, b. p. 110— 
130°/15 mm., was obtained in poor yield. This was freed from 
Jactone in the usual way, 1 g. of acid being obtained, b. p. 108— 
111°/14 mm., nf 1-4374, d?° 0-9594, whence [R,]p 31-12. The 
acid solidified to the characteristic white leaflets of the By-acid and 
melted at 5°. A mixture with the «$-acid failed to solidify in a 
freezing mixture. The acid was further identified by the prepar- 
ation of the By-p-toluidide, m. p. and mixed m. p. 95—96°. 

Other Condensations using Triethanolamine.—(1) Propaldehyde 
(18 c.c.), malonic acid (26 g.), and triethanolamine (0-5 c.c.), con- 
densed under conditions (A), yielded an acid fraction, b. p. 100— 
110°/27 mm., which on redistillation gave 2 g. of n-pentenoic acid, 
mainly the By-acid, b. p. 104—105°/27 mm., M 101 (cale., 100), 
J'* 33-1%. 

(2) Under conditions (B), 28 c.c. of propaldehyde, 39 g. of malonic 
acid, and 50 g. of the base yielded 7 g. of n-pentenoic acid, b. p. 
103—104°/24 mm., M 101, J 34-8%. 

(3) With isobutaldehyde and with heptaldehyde both sets of 
conditions gave very incomplete condensation and the acid product 
was of poor quality. 

(4) isoValeraldehyde also gave poor material under conditions (4), 
but when an excess of the base was used, 26 c.c. of the aldehyde 
yielded 6 g. of (mainly A®-) isoheptenoic acid, b. p. 119—122°/19 mm., 
M 127 (calc., 128), J 41-5%. 

(5) Cinnamaldehy de (35 g.), malonic acid (26 g.), and triethanol- 
amine (0-5 c.c.) were heated together on the water-bath for 7 hours, 
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the mixture solidifying after 2 hours. The yellow mass was ex- 
tracted with bicarbonate solution and from this extract cinnamyl- 
idenemalonic acid was obtained as a yellow crystalline solid (6 g.), 
m. p. 208° after two crystallisations from dilute alcohol (compare 
Riiber, Ber., 1904, 37, 3123). 

(6) Benzaldehyde (5-1 g.), malonic acid (5-2 g.), and triethanol- 
amine (0-7 g.) were heated together at 100° for 18 hours. The acid 
product insoluble in water was cinnamic acid (1-3 g., m. p. 133°). 
In another experiment, in which the mixture was not heated, 
benzylidenemalonic acid (1-0 g.) was formed, m. p. 196° [Found : 
M (dibasic), 96-4. Calc., 97-0]. 

(7) A mixture of cyclopentanone (4-2 g.), cyanoacetic ester (5-6 g.), 
and triethanolamine (1-5 g., purified through the hydrochloride) 
was left at room temperature for 10 days. Water had then separated 
and the mixture was semi-solid. The mixture was cooled in ice 
and submitted te rapid filtration. The solid (2-1 g. after being 
drained on a porous tile) was almost pure cyclopentylidenecyano- 
acetic ester, m. p. (without crystallisation) and mixed m. p. 54° 
(compare Harding and Haworth, J., 1910, 97, 486). The mother- 
liquor slowly deposited crystals of the same substance (3-4 g.; 40% 
yield in all). In another experiment, in which an equimolecular 
amount of the pure base was used, the same yield (40%) of the 
solid cyano-ester was obtained. 


The authors are indebted to the Government Grant Committee 
of the Royal Society and to the Chemical Society for grants which 
have defrayed much of the cost of this work. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, February 11th, 1931.] 





Cl.—The Condensation of Butyl Chloral Hydrate with 
Aryl Hydrazines. 
By Freperick Dante, Cuatraway and Harry IRvInNG. 


Ir has recently been shown (Chattaway and Irving, J., 1930, 89) 
that when the 2: 4-dihalogen-substituted phenylhydrazines react 
with butyl chloral in alcohol, the two «-chlorine atoms in the 
aldehyde nucleus of the initially formed hydrazone (I) are replaced 
by an atom of oxygen and the corresponding hydrazones of 8-chloro- 
a-ketobutaldehyde (II) are produced. 

The condensations of butyl chloral hydrate in alcohol with the 
monohalogen-substituted phenylhydrazines, with the three tolyl- 
hydrazines, and with phenylhydrazine itself have now been 
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examined and found to follow a similar course, the corresponding 
arylhydrazones of §-chloro-«-ketobutaldehyde (II) being formed. 


Ar-NH-NH, + EtOH | Ar-NH-N-CH ] tdi Ar-NH-N:CH 
CH,*CHCI-CCl,,CHO ~~” |CH,°CHCI-CCi, CH,°CHClI-CO 
(I.) (II.) 


These condensations do not proceed so smoothly as with the 
2: 4-dihalogen-substituted phenylhydrazines and may become 
violent unless carefully controlled : indeed, if carried out in water 
or acetic acid, only viscid black products result from which nothing 
crystalline or definite has been isolated. 

The £-chloro-«-ketobutaldehyde arylhydrazones are all well- 
crystallised yellow substances which are insoluble in water but 
readily soluble in most organic solvents: they yield the corre. 
sponding anilines upon reduction. 


EXPERIMENTAL. 


The Interaction of Phenylhydrazine with Butyl Chloral Hydrate in 
Alcohol : Formation of 8-Chloro-«-ketobutaldehydephenylhydrazone.— 
20 G. of butyl chloral hydrate (1 mol.), dissolved in 100 c.c. of ethyl 
alcohol, were cooled and added to a cooled solution of 11 g. of 
phenylhydrazine (1 mol.) in 50 c.c. of alcohol, the temperature 
being kept below 10°. The colour of the solution, originally very 
pale yellow, became orange, then red, and finally almost black. 
After 6—8 hours the liquid was poured into 1000 c.c. of water; a 
viscid black mass then separated. This was dissolved in a little 
chloroform and, after drying over calcium chloride, the solvent was 
allowed to evaporate slowly. 8-Chloro-«-ketobutaldehydephenyl- 
hydrazone, which separated, was washed free from viscous material 
with light petroleum and cold alcohol, and recrystallised repeatedly 
from boiling alcohol (animal charcoal). Yield, 3—4 g. It crystal- 
lised from boiling acetic acid, or methyl or ethyl alcohol, in which 
it was readily soluble, in pale yellow, flattened prisms, m. p. 144° 
(Found: C, 57-2; H, 5-2; N, 13-2; Cl, 16-75. C,)H,,ON,CI 
requires C, 57-4; H, 5-3; N, 13-3; Cl, 16-8%%). 

The same compound was produced when the reaction was carried 
out in methy] alcohol. 

If the reaction between phenylhydrazine and butyl chloral 
hydrate is carried out in solutions more concentrated than those 
above, or if the reaction is not at first retarded by cooling, or if at 
the beginning a little concentrated hydrochloric acid (which appears 
to act catalytically) is added, the ensuing reaction may become 
almost explosively violent, and nothing crystalline or definite can 
then be isolated from the black tar-like product. 
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The condensation of butyl chloral with o- or m-tolylhydrazine 
is almost as violent as, and closely resembles, the reaction with 
phenylhydrazine itself. The following compounds were prepared : 

8-Chloro-«-ketobutaldehyde-o-tolylhydrazone separates from boiling 
alcohol, in which it is moderately easily soluble, in golden-yellow 
prisms, m. p. 118—120° (Found: Cl, 16-0. C,,H,,0N,Cl requires 
the Cl, 158%). 
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d. 
CH 
CO 





me 8-Chloro-«-ketobutaldehyde-m-tolylhydrazone crystallises from 
ter boiling alcohol, in which it is readily soluble, in long, hair-like, 
ing yellow prisms, m. p. 157-5° (Found: Cl, 15-85%). 

The condensation between butyl chloral and p-chloro-(or bromo-)- 
ell. phenylhydrazine or p-tolylhydrazine proceeds more smoothly than 
but those described above, and it was found necessary to boil the 
Te- alcoholic solution of the reactants for 5 minutes to complete the 


condensation. The arylhydrazones of $-chloro-«-ketobutaldehyde 
which slowly separated on cooling were crystallised from boiling 
alcohol (animal charcoal), in which they were readily soluble. 


in 8-Chloro-«-ketobutaldehyde-p-tolylhydrazone, greenish-yellow, hair- 
_ like prisms, m. p. 145—146° (Found: Cl, 16-05%). 
hyl 8-Chloro - «- ketobutaldehyde - p - chlorophenylhydrazone, six-sided, 


of golden-yellow prisms, m. p. 156—157° (Found: -Cl, 28-7. 
ure Ci9H,pON,Cl, requires Cl, 29-0%). 





ry 8-Chloro-«-ketobutaldehyde-p-bromophenylhydrazone, deep golden- 

ck. yellow, flattened prisms with a greenish tinge, m. p. 153° (Found : 
a Cl + Br, 39-9. Cy )H,,ON,CIBr requires Cl + Br, 39-9%). 

tle THE QUEEN’s COLLEGE, OXFORD. [Received, February 9th, 1931.] 
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al- their Interaction with Benzene in the Presence of 
ich Aluminium Chloride. Production of 9:10-Di- 
4° methylanthracene. 

Cl 

By CHaRLEs STanLey Gipson and JoHN DoBNEY ANDREW 

ail JOHNSON. 

In a recent note (J., 1930, 2785) it was shown that a hydrocarbon 
ral of the probable formula C,,H,, is produced by the interaction of 
se 88’-dichlorodivinylchloroarsine and benzene in the presence of 
at aluminium chloride. No attempt was made to determine the con- 


Ts stitution of the hydrocarbon, but Cook (Chem. and Ind., 1931, 50, 
ne 28) and E. Bergmann (private communication) suggested that it is 
an 9: 10-dimethylanthracene, which was synthesised by Barnett and 
Matthews (Ber., 1926, 59, 1432). The analytical figures of the 
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hydrocarbon isolated in the above reaction showed definitely that 
it could not be C,gH,,, i.e., the so-called 9 : 10-dimethyl-9 : 10-di. 
hydroanthracene (Davidson and Lowy, J. Amer. Chem. Soc., 1929, 
51, 2978), and we had unfortunately overlooked the prior work of 
Barnett and Matthews (loc. cit.), who, in addition to synthesising 
9 : 10-dimethylanthracene, gave conclusive evidence that what had 
up to 1926 been described as 9 : 10-dimethyl-9 : 10-dihydroanthra. 
cene was actually 9 : 10-dimethylanthracene. 

Dr. E. de Barry Barnett kindly sent us a pure specimen of 
9: 10-dimethylanthracene so that it might be directly compared 
with the hydrocarbon isolated by us. Before this could be done, a 
further quantity of 88’-dichlorodivinylchloroarsine had to be pre- 
pared, and it seemed to be of interest to determine the nature of 
the product of the interaction of @-chlorovinyldichloroarsine and 
88’8’’-trichlorotrivinylarsine respectively and benzene under the 
same conditions. 

88’-Dichlorodivinylchloroarsine was prepared by reducing a hot 
solution of pure §8’-dichlorodivinylarsonic acid (31-9 g.) in concen- 
trated hydrochloric acid (100 c.c.), containing a little hydriodic 
acid, with sulphur dioxide. The precipitated oil was extracted 
with benzene, the extract dried with calcium chloride and evapor- 
ated, and the residue distilled twice under reduced pressure. 23-5 G, 
of the pure compound were obtained in addition to 5-3 g. which 
had a boiling point 1—2° lower than that of the main product. 
8-Chlorovinyldichloroarsine was prepared by reducing in a similar 
manner @-chlorovinylarsonic acid which had been recrystallised 
from acetone (compare Mann and Pope, J., 1922, 121, 1755). The 
product was isolated in the usual way and repeatedly distilled 
under reduced pressure. (§$'8’’-Trichlorotrivinylarsine was purified 
by repeated fractional distillation under reduced pressure. The 
following physical properties of these three substances in a high 
state of purity supplement the data given by previous workers 
(Green and Price, J., 1921, 149, 448; Mann and Pope, loc. cit.; 
Burton and Gibson, J., 1926, 464) : 

M. p. B. p. 


d‘. 
(a) CHCI:CH-AsCl, +0-1° 76-1°/10 mm. 1-8754 (26-1° 
(6) (CHCI:CH),AsCl — 115—6/13 mm.  1-6926 (24:1 
(c) (CHCIICH),As +18-0 136-5—7-5/12 mm. 1-5685 (22-0 


“, (vac.). 

); 1-8648 (30-0°) 
; 16884 (27/1) 
; 15631 (263) 


)3 
)s 
Each of these three substances as isolated may be a mixture of 
cis- and trans-isomerides, although the addition of arsenious chloride 
to acetylene might ordinarily lead to the formation chiefly of the 
cis-modification ; compound (a) may exist in two, compound (5) in 
three, and compound (c) in four isomeric forms. The existence of 
mixtures of the isomerides, particularly of compound (c), may well 
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account for the different melting points recorded for the substance 
(Green and Price, 3—4°; Mann and Pope, 23°). The three com- 
pounds show a strong tendency to remain supercooled in an ordinary 
freezing mixture but, with the exception of compound (4), which 
solidifies to a glass-like mass, crystallise readily when cooled in 
solid carbon dioxide—acetone. 

The condensation of 8@’-dichlorodivinylarsine with benzene in 
the presence of aluminium chloride was carried out exactly as 
previously described (Gibson and Johnson, loc. cit.). The hydro- 
carbon obtained in small amount was recrystallised three times 
from alcohol and had m. p. 180—181°, alone or mixed with 9 : 10- 
dimethylanthracene. Further proof of the identity of the two 
substances was obtained by preparing the picrate, of the hydro- 
carbon now isolated, in benzene solution. After crystallisation, it 
was obtained in deep brown, soft needles, m. p. 176—177° (decomp.) 
(compare Barnett and Matthews, loc. cit.). This compound was 
also prepared by Anschiitz (Annalen, 1886, 235, 305), who con- 
sidered it to be the picrate of 9 : 10-dimethyl-9 : 10-dihydroanthra- 
cene, C,,H,,; no analysis of the compound is recorded by Barnett 
and Matthews (Found: ©, 60-9; H, 4:1. C,,H,,0,N, requires C, 
60-7; H, 39%). 

8-Chlorovinyldichloroarsine (1 mol.) and $$’8’’-trichlorotriviny]l- 
arsine (1 mol.) were allowed respectively to react with benzene in 
the presence of aluminium chloride (1-1 mols.) in a similar manner 
and the product was worked up in the usual way. In the case of 
the trichlorotrivinylarsine, the product remaining after evaporation 
of the benzene was distilled under reduced pressure, and the hydro- 
carbon separated from much higher-boiling material. This hydro- 
carbon was obtained in much smaller yield than in the above case, 
and, after three crystallisations from alcohol, it had m. p. 180—181° 
and was identical with 9 : 10-dimethylanthracene (Found: C, 92:8, 
92-9; H, 7-1, 7-0. Calc. for C,,H,,: C, 93-2; H, 6-8%). 

After evaporation of the benzene solution obtained in the case of 
8-chlorovinyldichloroarsine, the hydrocarbon solidified without dis- 
tillation and the amount obtained was much greater proportionally 
than in either of the other two cases. It was recrystallised from 
alcohol and finally from benzene. It had m. p. 180—181° and was 
identical with 9 : 10-dimethylanthracene. 

Although 9 : 10-dimethylanthracene is apparently the chief pro- 
duct of the interaction of 8-chlorovinyldichloroarsine with benzene 
in the presence of aluminium chloride, it is accompanied by con- 
siderable quantities of higher-boiling material (probably hydro- 
carbon or hydrocarbons) in the other two cases. In no case was 
the formation of any heterocyclic organic arsenical observed. 
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Whatever may be the complete mechanism of the formation of 
9 : 10-dimethylanthracene in the reactions now described, it is not 
unlikely that a co-ordinate compound of the chlorovinylarsine and 


aluminium chloride, such as, ¢.g., ClAI=AsCC grey may be 


the reactive substance in the first place, since the chlorovinylarsines 
readily dissolve aluminium chloride; also, it is probable that vinyl 
chloride may be present at some stage (compare Burton and Gibson, 
loc. cit.). 

This work is strong confirmatory evidence that the so-called 
9 : 10-dimethyl-9 : 10-dihydroanthracene, whether produced from 
ethylene bromide, ethylidene chloride, ethylidene bromide (Anschiitz, 
loc. cit.), vinyl bromide (Angelbis and Anschiitz, Ber., 1884, 17, 
165), or vinyl chloride (Béeseken and Bastet, Rec. trav. chim., 1913, 
32, 184; Davidson and Lowy, loc. cit.) and, in each case, benzene 
and aluminium chloride, is actually 9 : 10-dimethylanthracene (com- 
pare Barnett and Matthews, loc. cit.). 


Guy’s Hosprtat Mepicat Scnoor (UNIvERsIty oF LonpDoN), 
Lonpon, S.E. 1. [Received, February 18th, 1931.) 





CIII.—The Use of 2:4-Dinitrophenylhydrazine as a 
Reagent for Carbonyl Compounds. 
By Oscar L. Brapy. 


SOME years ago Elsmie and the author (Analyst, 1926, 54, 77) 
directed attention to the advantages of 2 : 4-dinitrophenylhydrazine 
as a reagent for aldehydes and ketones. Two methods were recom- 
mended: (1) boiling the aldehyde or ketone with dinitrophenyl- 
hydrazine in alcohol; (2) addition of the carbonyl compound to a 
solution of dinitrophenylhydrazine hydrochloride in 2N-hydrochlorie 
acid. There are, however, objections to both methods. In (I), 
the sparing solubility of dinitrophenylhydrazine in alcohol, often 
less than that of the product of the reaction, causes difficulty in 
purification of the hydrazone unless a considerable excess of car- 
bonyl compound is employed. Further, when the dinitrophenyl- 
hydrazone is very sparingly soluble in alcohol, as is the case with 
certain aromatic derivatives, it forms a protective coating over the 
dinitrophenylhydrazine and even prolonged boiling does not com- 
plete the reaction. The objections to the second method are: 
(a) the sparing solubility of the hydrochloride (1—2 g. per litre); 
(b) carbonyl compounds ‘sparingly soluble in water do not react 
satisfactorily. 





n of 
not 
and 


y be 


ines 
inyl 
son, 


lled 
rom 


AS A REAGENT FOR CARBONYL COMPOUNDS. 957 


Allen (J. Amer. Chem. Soc., 1930, 52, 2955) has prepared the 
dinitrophenylhydrazones of a considerable number of aliphatic and 
aromatic aldehydes and ketones by boiling these compounds in 
alcohol with dinitrophenylhydrazine in the absence or presence of 
hydrochloric acid and has fully endorsed our opinion of the value 
of the reagent. For the last 5 years a solution of dinitrophenyl- 
hydrazine hydrochloride in 2N-hydrochloric acid has been used by 
undergraduates in this laboratory as a qualitative test for aldehydes 
and ketones. Since very little is required, the cost is negligible, 
and the test has proved quite trustworthy. As pointed out by 
Allen, it is not very satisfactory for «-hydroxy-aldehydes and 
ketones and it gives no precipitates with sugars. Ethyl acetoacetate 
readily gives a dinitrophenylhydrazone (Curtius and Dedichen, J. 
pr. Chem., 1894, 50, 267; Purgotti, Gazzetta, 1894, 24, i, 569) but 
not a pyrazolone, and £-diketones readily yield pyrazoles. 

A new method of using this reagent is now described which gives 
satisfactory results and enables dinitrophenylhydrazones to be pre- 
pared in a few minutes. Further, such compounds as piperonal 
and camphor give at once pure dinitrophenylhydrazones, whereas 
by the older method it was found impossible to free the product 
from unchanged dinitrophenylhydrazine. Also, solid dinitropheny]- 


hydrazones have been obtained in certain cases where Allen was 
unsuccessful, namely, from fenchone, pulegone and commercial 
ionone. 


EXPERIMENTAL. 

Preparation and Use of the Reagent.—Dinitrophenylhydrazine may 
he prepared by the method of Allen (loc. cit.) or by dissolving 
2: 4-dinitrochlorobenzene (100 g.) in hot alcohol (250 c.c.) and 
adding slowly a mixture of 50% hydrazine hydrate (50 c.c.), 
concentrated aqueous ammonia (25 c.c.), and alcohol (100 c.c.). 
The dinitrophenylhydrazine crystallises almost at once and after 
being washed with alcohol and with water is pure. The yield is 
almost quantitative and the compound may be kept indefinitely. 

The dinitrophenylhydrazine (1 g.) is dissolved in concentrated 
sulphuric acid (2 ¢.c.), and alcohol (15 c.c.) added. The carbonyl 
compound (1/200 g.-mol.) is added in alcoholic solution to the 
freshly prepared reagent. In some cases (aromatic aldehydes and 
ketones) the dinitrophenylhydrazone crystallises at once and may 
be collected and washed with cold alcohol; in others (higher ali- 
phatic aldehydes and aliphatic ketones) it may be necessary to 
dilute the reaction mixture somewhat with 2N-sulphuric acid. 
With fenchone, camphor, acetylacetone, and benzoylacetone it is 
advantageous to keep the mixture over-night. 
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Compounds prepared. Besides some of those described by Allen, 
the following compounds have been prepared by the above 
method, 

cycloHeptanonedinitrophenylhydrazone, shining orange-yellow 
plates from alcohol; m. p. 148° (Found: C, 53-2; H, 58. 
C,3H,,0,N, requires C, 53-4; H, 55%); cyclooctanonedinitrophenyl- 
hydrazone, orange-yellow needles from alcohol; m. p. 163° (Found : 
N, 18:3. C,,H,,0,N, requires N, 18:3%); cyclopentadecanonedi- 
nitrophenylhydrazone, yellow plates from alcohol; m. p. 105° 
(Found: N, 14-0. C.,H3.0,N, requires N, 13-8%). Crotonalde- 
hydedinitrophenylhydrazone, rosettes of crimson needles from benzene- 
light petroleum; m. p. 190° (Found: C, 48-3; H, 4:1. Cy 9H, 0,N, 
requires C, 48-0; H, 40%); glyoxylic acid dinitrophenylhydrazone, 
yellow needles from dilute alcohol; m. p. 190° (decomp.) (Found : 
C, 37°8; H, 2-4. C,H,O,N, requires C, 37-8; H, 2.4%). Anis- 
aldehydedinitrophenylhydrazone, bright red, shining leaflets from 
xylene; m. p. 260° (Found: N, 17-3. C,,H,.0;N, requires N, 
17:‘7%);  m -hydroxybenzaldehydedinitrophenylhydrazone, scarlet 
microscopic prisms from xylene, in which it is sparingly soluble; 
m. p. 259° (Found: N, 18-4. ©,,H,,0;N, requires N, 18-5%); 
cuminaldehydedinitrophenylhydrazone, microscopic red _ needles 
from benzene; m. p. 241° (Found: C, 58-6; H, 4:9. C,gH,0,N, 
requires C, 58-5; H, 49%); piperonaldinitrophenylhydrazone, small 
red octahedra from xylene; m. p. 265° (decomp.) (Found : N, 16-6. 
C,,4H,,0O,N, requires N, 17-0%); p-nitrobenzaldehydedinitrophenyl- 
hydrazone, microscopic orange needles from xylene or quinoline; 
m. p. 320° (Found: N, 20-8. C,,H,O,N; requires N, 21-2%); 

phenylacetaldehydedinitrophenylhydrazone, golden leaflets from alco- 
hol; m. p. 110° (Found: N, 18-4. C,,H,.0,N, requires N, 18-7%). 
Cinnamaldehydedinitrophenylhydrazone melts at 248°; no value is 
given by Purgotti (loc. cit., p. 564) (Found: N, 17-5. Calc.: N, 
17-9%). Camphordinitrophenylhydrazone, orange needles from alco- 
hol; m. p. 175° (Found: C, 57:7; H, 6-0. C,,H..0,N, requires 
C, 57-8; H, 60%). Fenchonedinitrophenylhydrazone, orange-yellow 
needles from alcohol which sinter at 125° and melt at 140°; repeated 
crystallisation did not alter these temperatures (Found: N, 16:8. 
CigHa0,N, requires N, 16-99%). Pulegonedinitrophenylhydrazone 
separated as a red oil, but a solution of this in light petroleum 
deposited large crimson plates, m. p. 142° (Found: C, 57-8; H, 
6-0. C,gH»0,N, requires C, 57-8; H,6-0%). Iononedinitrophenyl- 
hydrazone prepared from the commercial product separated as an 
oil which solidified after 2 days and crystallised from light petroleum 
in scarlet needles, m. p. 125—128° (Found: C, 61-4; H, 64. 
C,,H,0,N, requires C, 61-3; H, 6-5%). 1-(2’ : 4’-Dinitropheny))- 
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3: 5-dimethylpyrazole, from acetylacetone and dinitrophenylhydr- 
azine, separated from alcohol in pale lemon leaflets, m. p. 122° 
(Found : C, 50-5; H, 3-7. C,,H,)0,N, requires C, 50-4; H, 38%); 
]-(2’ : 4’-dinitrophenyl)-3(or 5)-phenyl-5(or 3)-methylpyrazole, from 
benzoylacetone, gave very pale yellow leaflets from alcohol; m. p. 
151° (Found: C, 59:0; H, 3-7. C,,H,,0,N, requires C, 59-3; 
H, 3-7%). 

Other dinitrophenylhydrazones are described by Allen, Brady 
and Elsmie, Purgotti, and Curtius and Dedichen (locc. cit.). 


THe Rateo Forster LABORATORIES OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, February 27th, 1931.] 





CIV.—Mobile Anion Tautomerism. Part VI. 
The Activation of the Three-carbon Anionotropic 
System by Polynuclear Aryl Groups. 


By Harotp Burton. 


In Parts II and III (J., 1928, 1650; 1929, 455) it was shown that 
the activation of the three-carbon anionotropic system 
(I) Ph-CHX-CH:CHR—->Ph:-CH:CH-CHRX (II) 

by the phenyl group causes a complete conversion of (I) into (II) 
in a solvent such as acetic anhydride, when R is a hydrogen atom 
or a methyl group, and X is the acetoxy- or p-nitrobenzoyloxy- 
group. It has been emphasised that the completeness of the 
change shows the facile activating power of the aryl group. Since 
aryl groups are also able to promote activation in prototropic 
systems [(I) = =(II) when X = H] (Ingold and Shoppee, J., 1929, 
447), it is at once apparent that the aryl group is able to absorb 
an electric charge of either sign produced on the adjacent carbon 
atom by the ionisation of an attached atom or group. This property, 
which is undoubtedly due to the fact that aryl groups contain an 
available mechanism (tautomeric electron-displacement) for the 
distribution of an ionic charge of either sign, has been shown by 
Burton and Ingold (Proc. Leeds Phil. Soc., 1929, 1, 421) to afford 
a satisfactory hypothesis for the explanation of the existence and 
stability of free radicals. One consequence of this hypothesis is 
that polynuclear aromatic systems should act more powerfully 
than phenyl in promoting the dissociation of hexa-arylethanes, 
because the rings of a polynuclear group which are more distant 
from the ethane carbon atom will act as an additional charge- 
absorbing mechanism, that is, they will facilitate the distribution 
of the charge. Reference to the literature shows that naphthyl 
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groups do promote the dissociation of hexa-arylethanes to a greater 
extent than phenyl; the actual order is «-naphthyl>f$-naphthyl> 
phenyl. 

The investigation now described was undertaken to see if the 
simple three-carbon anionotropic * system is activated to a greater 
extent by a polynuclear aryl group than by the phenyl group, as 
would be expected from the above consideration. Experimental 
difficulties have limited the cases studied to two, namely, the «- 
and §-naphthylvinylcarbinols, which were prepared, not in a state 
of absolute purity, from acraldehyde and the requisite magnesium 
naphthyl bromide. Acetylation of these alcohols with boiling 
acetic anhydride gives, as expected, the acetates of the isomeric 
y-l- and y-2-naphthylallyl alcohols. The results obtained from a 
study of the p-nitrobenzoylation of the naphthylvinylearbinols in 
pyridine solution show definitely that the «- and the 8-naphthyl 
group have a greater activating power than the phenyl group. 

All the «-arylallyl alcohols (arylvinylcarbinols) examined prev- 
iously (Parts I and II) have given, by p-nitrobenzoylation in 
pyridine, the corresponding p-nitrobenzoates. This can be ascribed 
to the relatively low temperature (water-bath) at which the reaction 
is carried out and also to the relatively low dielectric constant of 
pyridine. It has been shown (Part II) that the ease of rearrange- 
ment of an «-arylallyl p-nitrobenzoate into the y-arylallyl p-nitro- 
benzoate depends on the temperature, the medium in which the 
reaction is carried out, and the time of heating. Treatment of 
x-naphthylvinylearbinol with p-nitrobenzoyl chloride in pyridine 
during a short period at the water-bath temperature gives a small 
amount of the corresponding p-nitrobenzoate, but when the time 
of reaction is increased, this ester is no longer isolated; a small 
amount of the isomeric y-l-naphthylallyl p-nitrobenzoate can, how- 
ever, be isolated from the reaction mixture. The §-naphthylvinyl- 
carbinol is undoubtedly similar in its behaviour, but, in this case, 
it was not possible to show the intermediate formation of the 
naphthylvinylearbinyl p-nitrobenzoate (slow rate of reaction), but 
y-2-naphthylallyl p-nitrobenzoate was isolated from reaction mixtures 
which had been heated for a relativ’y long time. Repeated 
preparation of «-phenylallyl p-nitrobenzvate under the same experi- 
mental conditions as those used in the formation of the y-naphthyl- 
allyl ester has never given any cinnamy]l p-nitrobenzoate. Further- 
more, cinnamyl p-nitrobenzoate cannot be isolated, even in small 
amount, when a solution of «-phenylallyl p-nitrobenzoate in pyridine 
is heated on the water-bath for 24 hours, whereas, under the same 


* Analogous experiments in the case of prototropic systems are being 
undertaken by Dr. C. W. Shoppee. 
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conditions, «-naphthylvinylearbinyl p-nitrobenzoate is readily 
converted into its isomeride. 


EXPERIMENTAL. 


«-Naphthylvinylcearbinol («-1-Naphthylallyl Alcohol), 
C,)>H,-CH(OH)-CH:CHg. 

—The Grignard reagent, prepared by the method of Gilman and 
McCracken (J. Amer. Chem. Soc., 1923, 45, 2463) from magnesium 
(12 g.), «-bromonaphthalene (104 g.), ether (200 c.c.), and a trace 
of iodine, was cooled below 0°, and a solution of acraldehyde (33 
cc.) in ether (100 c.c.) added during 2 hours. The mixture was 
stirred for a further 4 hours and then decomposed with ice and 
saturated ammonium chloride solution. Distillation of the residue 
from the dried ethereal extract gave naphthalene, and then 49 g. 
of a viscous oil, b. p. 184—188°/19 mm. Further distillation gave 
the nearly pure alcohol, b. p. 186—187°/19 mm. (Found: C, 83-7; 
H, 6-4. C,3;H,.0 requires C, 84:8; H, 6-5%). The impurity is a 
small amount of bromonaphthalene. The alcohol was character- 
ised further by means of its phenylurethane, which crystallised from 
light petroleum in clusters of fine needles, m. p. 108—109° (Found : 
C,79-0; H, 5-8. C,)H,,O,N requires C, 79:2; H, 5-6%). 

When the alcohol (9-2 g.) was heated with p-nitrobenzoyl chloride 
(10-2 g.) and pyridine (60 c.c.) on the water-bath for 3 hours, and 
the mixture poured into water, an oil was precipitated. This was 
separated from the supernatant liquid by decantation, washed with 
water, and dissolved in warm alcohol. The alcoholic solution was 
kept at about 0° for 2 days, crystalline material (2-5 g.) separating. 
Recrystallisation of this from alcohol gave «-naphthylvinylcarbinyl 
p-nitrobenzoate in flat prisms, m. p. 79—80° (Found: C, 71-95; 
H, 4-65. C. 9H,;0,N requires C, 72:1; H, 45%). The ester has 
a great tendency to separate as an oil from solvents in which it is 
moderately easily soluble. 

When a similar mixture of the alcohol, p-nitrobenzoyl chloride, 
and pyridine was heated on the water-bath for 16 hours, and the 
resultant dark-coloured solution poured on ice, a semi-solid product 
was obtained. This was separated, washed with water (decant- 
ation), and dissolved in alcohol (charcoal). The alcoholic solution, 
when kept at about 0°, gradually deposited crystals of y-1-naphthyl- 
allyl p-nitrobenzoate (see below), m. p. 138—139° after crystallisation 
from acetic acid. 

y-1-Naphthylallyl Alcohol, C,,H,*CH:CH-CH,-OH.—A mixture of 
-naphthylvinylearbinol (15 g.) and acetic anhydride (20 c.c.) was 
boiled for 6 hours and then fractionated. The y-1-naphthylallyl 
acetate, b. p. 210—211°/9 mm., obtained was hydrolysed with an 
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excess of 5% alcoholic potassium hydroxide solution, giving y-]. 
naphthylallyl alcohol, b. p. 209—210°/18 mm., which gradually 
solidified to a crystalline mass, m. p. 39—40° (Found: C, 84.0: 
H, 6-5. C,,H,.0 requires C, 84:8; H, 65%). The alcohol could 
not be recrystallised satisfactorily owing to its great tendency to 
separate as an oil from various solvents. The phenylurethane 
crystallised from benzene-light petroleum in needles, m. p. 120° 
(Found: C, 79-3; H, 5-6. C,9H,,0,N requires C, 79-2; H, 5-6%). 

The alcohol was readily p-nitrobenzoylated in pyridine ; y-1-naph- 
thylallyl p-nitrobenzoate crystallised from acetic acid in needles, 
m. p. 1388—139° (Found: C, 71:7; H, 4:5. Cj 9H;;0,N requires 
C, 72:1; H, 45%). The ester is also obtained when a solution of 
a-naphthylvinylearbinyl p-nitrobenzoate in acetic anhydride is 
boiled for 6 hours, the solution poured into water, and the precipit- 
ated solid crystallised from acetic acid. 

8-Naphthylvinylcarbinol («-2-Naphthylallyl Alcohol), 

C,)H,-CH(OH)-CH:CH,. 

—The Grignard reagent from magnesium (12 g.), 8-bromonaphthal- 
ene (100 g.), ether (400 c.c.), and a trace of iodine was treated with 
acraldehyde (33 c.c.) in ether (200 c.c.) in a similar manner to its 
isomeride. The alcohol was obtained as a viscous oil, b. p. 195— 
198°/21 mm., contaminated with a little bromonaphthalene (Found : 
C, 84:0; H, 6-5. C,,;H,,0 requires C, 84:8; H, 65%). The yield 
was 25% of the theoretical. The phenylurethane separated from 
benzene-light petroleum in colourless prisms, m. p. 134—135° 
(Found: C, 79-1; H, 5-7. C,5H,,0O,N requires C, 79-2; H, 5-6%). 

No solid derivative was obtained when the alcohol was heated 
with p-nitrobenzoyl chloride (1-1 mols.) in pyridine solution for 
3 hours. When the mixture was heated for 16 hours and then 
worked up as described for the analogous «-derivative, a small 
amount of y-2-naphthylallyl p-nitrobenzoate (see below) (Found: 
C, 72:1; H, 45%) was obtained. This melted at 148° after two 
crystallisations from alcohol. 

y-2-Naphthylallyl Alcohol, C,y,H,*CH:CH-CH,-OH.—A mixture of 
8-naphthylvinylearbinol (10 g.) and acetic anhydride (15 c.c.) was 
boiled for 6 hours, and the solution poured into water. The solid 
acetate (yield, almost quantitative) was hydrolysed, without further 
purification, with an excess of 10% alcoholic potassium hydroxide. 
Dilution of the alkaline mixture with water precipitated the alcohol, 
which crystallised from benzene in needles, m. p. 116° after slight 
previous sintering (Found: C, 84-6; H, 6-6. C,,H,,0 requires 
C, 84-8; H, 65%). 

p-Nitrobenzoylation .was accomplished readily by the pyridine 
method. The p-nitrobenzoate crystallised from alcohol, in which it 
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was only sparingly soluble, in thin plates, m. p. 148°. It is identical 
(mixed m. p.) with that formed from §-naphthylvinylcarbinol 
(Found: C, 72-0; H, 4-6. C,9H,,0,N requires C, 72-1; H, 4:5%). 


The cost of this investigation has been largely defrayed with a 
grant from the Government Grant Committee of the Royal Society, 
to whom the author’s thanks are due. 


THE UNIvVERsSItTy, LEEDs. [Received, February 25th, 1931.] 


CV.—Co-ordination Compounds of the Chloroplatinates 
of Choline and its Esters. 


By Harotp Warp DUDLEY. 


ACETYLCHOLINE, a substance possessing intense physiological 
activity, until recently detected in nature only as a rare product 
of the vegetable kingdom, has lately been observed for the first 
time in mammalian tissue by Dale and Dudley (J. Physiol., 1929, 
68, 97), who isolated it from extracts of horse’s spleen. 

The chemical study underlying its isolation revealed the interest- 
ing fact that when mixtures of the chloroplatinates of choline and 
acetylcholine are crystallised from water a mixed salt, containing 
one molecule of each base, separates from the solution (Dudley, 
Biochem. J., 1929, 23, 1064). 

The preparation of this substance, choline-acetylcholine chloro- 
platinate, from mixtures of the two salts in various proportions, 
and its constancy on recrystallisation from water, proved it to be a 
true compound. 

In comparison with its component chloroplatinates, not only 
is the mixed salt considerably less soluble in water but its melting 
point is higher, and its crystalline form is strikingly different. From 
water, choline chloroplatinate crystallises in orange-red prismatic 
(anisotropic) needles, acetylcholine chloroplatinate in fine, yellow, 
anisotropic needles, and choline-acetylcholine chloroplatinate in 
isotropic octahedra. 

The formation of this mixed salt was ascribed to co-ordination 
between the hydrogen atom of the hydroxyl group of the choline 
moiety and the oxygen atom of the acetyl group of the acetylcholine 
component, thus : 

“NMe,CI-CH,°CH,°0-CO-R 
_ NMe,Cl ‘CH,’ ‘CH, OH 


The work here reported was undertaken primarily to ascertain the 
effect of lengthening the acyl chain (CO-R) on the capability of the 


[pecl, where R = Me. 
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esters of choline to co-ordinate with choline in the manner indicated. 
To this end the following acylcholine chloroplatinates were pre. 
pared: (1) propionyl, (2) »-butyryl, (3) -valeryl, (4) n-hexoyl, 
(5) decoyl (dibutylacety]). 

(1) was the only member of the series which gave a mixed chloro- 
platinate with properties completely analogous to those of choline. 
acetylcholine chloroplatinate. It formed isotropic octahedra which 
withstood recrystallisation from water without change of com- 
position. 

(2) also gave a mixed chloroplatinate, which, however, showed 
signs of instability. It separated, when a hot aqueous solution was 
cooled, in isotropic crystals, which on standing changed into aniso. 
tropic needles. Repeated crystallisation from water caused a slow 
breakdown of the co-ordination compound, a small proportion of 
choline chloroplatinate being removed from it at each operation. 

(3), (4) and (5) yielded no co-ordination compounds. 

An important factor in determining whether or no a co-ordination 
compound can be isolated from aqueous solutions of mixtures of 
the chloroplatinates under consideration is, undoubtedly, the 
relative solubilities of the two salts concerned. Choline chloro. 
platinate is very soluble in water, and acetylcholine chloroplatinate 
is less soluble, though the difference is not great. As the acyl chain 
is lengthened, the solubility of the corresponding chloroplatinate 
decreases, until eventually an acylcholine (n-valerylcholine) is 
reached whose chloroplatinate is so much less soluble than the 
choline salt that it crystallises from aqueous mixed solutions in the 
simple un-co-ordinated state. 

An interesting phenomenon, due to the capacity of choline and 
acetylcholine chloroplatinate to co-ordinate, had been observed in 
connexion with mixed melting-point determinations on the two 
salts (Dudley, loc. cit.). It was found that, instead of the usual 
depression, a mixture of the two salts melted and decomposed at a 
temperature higher than did either of its constituents. The same 
behaviour was displayed in the case of both of the other acylcholines 
which yielded co-ordination compounds with choline, whilst the 
remainder, which did not co-ordinate, behaved normally in mixed 
melting-point determinations (see Table I, p. 768). 

Evidently, during the process of heating the mixture of the 
chloroplatinate of choline with that of acetyl-, propionyl- or butyryl- 
choline partial co-ordination occurred, with the result that it melted 
and decomposed at a temperature higher than the melting point of 
either constituent, but below that of the pure co-ordination 
compound. 

Recognition of the type of co-ordination here described made it 
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ated. 
pre- possible to prepare a pure salt of pyruvylcholine,* which had been 
xoyl, unsuccessfully attempted by Le Heux (Pfliiger’s Archiv, 1921, 190, 
284) on account of its physiological interest. It was isolated as a 





loro- co-ordinated chloroplatinate containing one molecule of pyruvyl- 
line. choline and one of choline; the introduction of a second CO group 
vhich had not affected the type of co-ordination. Glycollylcholine also 
com- formed an analogous co-ordinated chloroplatinate (R = CH,°OH), 
but acetylglycollylcholine (R = CH,°O°-COMe) did not form a 
owed co-ordination compound. 
‘was It is apparent, therefore, that the power of choline to co-ordinate 
niso- with its esters, forming mixed chloroplatinates, is limited. 
slow No co-ordination compounds were obtained with any of the 
m of following mixtures of the respective chloroplatinates: (#-hydroxy- 
on. ethylamine and acetylcholine ; 8-hydroxyethylamine and $-acetoxy- 
ethylamine; choline and neurine. In the last case, only a very 
ation small amount of neurine chloroplatinate was available and, as 
es of Gulewitsch suggests (Z. physiol. Chem., 1899, 27, 63) that choline 
the and neurine chloroplatinates form a “loose molecular compound,” 
loro- it would be worth while to re-examine the possibility of this co- 
nate ordination with larger quantities of material. 
hain 


EXPERIMENTAL. 





inate 
) is The acylcholines were prepared by heating dry choline chloride 
the with 6—10 times its weight of the various acid chlorides in sealed 
. the tubes at 100° for 5—6 hours. Vacuum distillation on a water-bath 
and treatment of the residue with a small quantity of absolute 
and alcohol for about 30 minutes removed the unchanged acid chloride, 
d in and, after the alcohol had been distilled off, the residue was con- 
two verted into the chloroplatinate either directly or by way of the 
sual chloroaurate, as was the more appropriate. 
at a Propionylcholine chloroaurate. The reaction residue from 1-4 g. of 
ame choline chloride was dissolved in 20 c.c. of water and a slight excess 
lines of 10% aqueous gold chloride was added. The precipitated chloro- 
the aurate was recrystallised from 360 c.c. of water, forming irregular, 
ixed anisotropic, yellow needles (2-4 g.), m. p. 131—-133° (Found: Au, 
39-4. C,H,,O,NCl,Au requires Au, 39-5%). 
the Propionylcholine chloroplatinate. The chloroaurate being more 
ryl- soluble in mixtures of water and alcohol than in either solvent alone, 
Ited a solution of 1 g. of it in 30 c.c. of alcohol and 10 c.c. of water was 


it of shaken with 2 g. of metallic silver (Dudley, Biochem. J., 1929, 23, 


tion * Matthes (J. Physiol., 1930, '70, 343) tested the physiological action of this 
substance and found that pyruvylcholine is about 230 times more powerful 
than choline in stimulating the isolated intestine of the rabbit. Acetylcholine 
is about 1000 times more potent than choline in this respect. 


le it 
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1071). The solution of propionylcholine chloride obtained, after 
filtration, was treated with 20% alcoholic chloroplatinic acid. The 
chloroplatinate produced (0-75 g.) was recrystallised from 7-5 c.c. of 
water, forming prismatic, reddish-orange, anisotropic needles 
(0-65 g.), m. p. 244° (decomp.) (Found: Pt, 26-8. C,,H,,0,N,Cl,Pt 
requires Pt, 26-8%). 

Choline-propionylcholine chloroplatinate. Hot aqueous solutions 
of 0-35 g. of choline chloroplatinate (1-5 c.c.) and 0-25 g. of propiony]- 
choline chloroplatinate (2-5 c.c.) were mixed. On cooling, the co- 
ordination compound crystallised in orange-yellow isotropic octa- 
hedra (0-415 g.). After recrystallisation from 4 c.c. of water, it 
had m. p. 262° (decomp.); yield, 0-327 g. (Found: Pt, 29-05. 
C,3H3,0,N,Cl,Pt requires Pt, 29-0%). 

n-Butyrylcholine chloroplatinate. The reaction residue from 1 g. 
of choline chloride was dissolved in 15 c.c. of water and treated with 
2 g. of chloroplatinic acid in 5 c.c. of water. After recrystallisation 
from 20 c.c. of water the salt was obtained in anisotropic, orange- 
yellow needles (1-7 g.), m. p. 244° (decomp.) (Found: Pt, 25-9. 
C, 3H 0,N,C],Pt requires Pt, 25-8%). 

Choline-n-butyrylcholine chloroplatinate. To a hot solution of 
0-5 g. (1 mol.) of n-butyrylcholine chloroplatinate in 5 c.c. of water 
was added 0-41 g. (1 mol.) of choline chloroplatinate. On cooling, 
there was an immediate separation of isotropic crystals, resembling 
in form ammonium chloride, followed by anisotropic needles. The 
material was redissolved by heating and 0-41 g. of choline chloro 
platinate in 5 c.c. of hot water was added. ‘The salt crystallised as 
before, orange-yellow isotropic crystals and then anisotropic needles 
separating from the solution. After standing over-night, the 
isotropic material had disappeared, the liquid being full of aniso- 
tropic needles, which were filtered off and washed with water; m. p. 
254° (decomp.) (yield, 0-768 g.) (Found: Pt, 28-45. C,,H,,0,N,Cl,Pt 
requires Pt, 28-4%). The substance was twice recrystallised from 10 
vols. of water; it separated each time as a mixture of isotropic and 
anisotropic crystals, the former rapidly changing into the stable 
anisotropic form in contact with the mother-liquor. After the 
first recrystallisation the platinum content was 28-:1% and after 
the second 27-:9%. 

n-Valerylcholine chloroplatinate. The reaction residue from 1 g. 
of choline chloride, dissolved in 10 c.c. of water, gave, on addition 
of 2 g. of chloroplatinic acid in 10 c.c. of water, a precipitate, which 
was recrystallised from 30 c.c. of water, fine needles (2-1 g.), m. p. 
237° (decomp.), being obtained (Found : Pt, 24:8. C,,H,,0,N,Cl,Pt 
requires Pt, 24-8%). 

Attempt to make a co-ordination compound. 0-8 G. (2 mols.) of 
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choline chloroplatinate and 0:5 g. (1 mol.) of n-valerylcholine 
chloroplatinate were dissolved in 10 c.c. of hot water. Unchanged 
valerylcholine chloroplatinate (0-44 g.) (Pt, 24.9%) was recovered 
from the cooled solution. 

n-Hexoylcholine chloroplatinate. The reaction residue from 1-15 g. 
of choline chloride was dissolved in alcohol. The precipitate 
obtained by addition of a slight excess of an alcoholic solution of 
chloroplatinic acid crystallised from 80 c.c. of water in long 
needles (2-5 g.), m. p. 236—238° (decomp.) (Found: Pt, 24-0. 
CogH,gO,N,C1,Pt requires Pt, 24:0%). 

Attempt to make a co-ordination compound. 0-4 G. (1 mol.) of 
hexoylcholine chloroplatinate and 0-3 g. (1 mol.) of choline chloro- 
platinate were dissolved in 10 c.c. of hot water. On cooling, 0-4 g. 
of unchanged hexoylcholine chloroplatinate (Pt, 24-0%) separated : 
no co-ordination had occurred. 

Decoylcholine chloroplatinate. The reaction residue from 1 g. of 
choline chloride was precipitated from alcoholic solution with 
chloroplatinic acid. The salt was washed with water and recrystal 
lised from 25 vols. of 75% alcohol. After two recrystallisations, 
golden platelets (2 g.) were obtained, m. p. 236° (decomp.) (Found : 
Pt, 21-1. Cy9H,,O,N,C],Pt requires Pt, 21:1%). From water, in 
which it is very sparingly soluble, the salt crystallises in pale yellow 
needles. 

Hunt and Taveau (Hyg. Lab. Bull. No. 73, Washington, 1911) 
and Le Heux (Pfliiger’s Archiv, 1921, 190, 280) have prepared the 
chloroplatinate of propionyl- and of butyryl-choline; they present, 
however, no adequate characterisation of the salts. Fourneau and 
Page (Bull. Soc. chim., 1914, 15, 550) give the m. p. of n-butyryl- 
choline chloroplatinate as 209°; their compound was probably 
somewhat impure. 

Choline-pyruvylcholine chloroplatinate. 0-5 G. of choline chloride 
and 4 ¢.c. of freshly prepared pyruvic acid were heated in a sealed 
tube at 100° for 5 hours. Some decomposition occurred: the 
contents of the tube were dark brown and considerable pressure was 
observed on opening the cooled tube. After evaporation in a 
vacuum at 50° the residual syrup was dissolved in alcohol and an 
alcoholic solution of chloroplatinic acid was added. The material 
on crystallisation from 2-5 c.c. of hot water yielded 0-574 g. of iso- 
tropic crystals, m. p. 248° (decomp.) (Found: Pt, 28-6. 
UigHs,0,N,Cl,Pt requires Pt, 28-4%). The chloroplatinate is 
apparently dimorphous; on recrystallisation from a small volume 
of hot water, isotropic crystals are obtained, but slow evaporation 
of a dilute cold solution results in the deposition of mainly anisotropic 
needles. 















768 CO-ORDINATION COMPOUNDS OF THE CHLOROPLATINATES, ETC, 


Choline-glycollylcholine chloroplatinate. A mixture of 4 g. of 
desiccator-dried glycollic acid and 1 g. of choline chloride became 
pasty in the cold, and after being heated at 100° in a vacuum for 
4 hours formed a thick clear liquid which did not solidify on cooling, 
This was dissolved in alcohol and an alcoholic solution of 2 g. of 
chloroplatinic acid was added. The material (2-6 g.) obtained was 
recrystallised from 2 c.c. of water, yielding 1-15 g. of isotropic octa- 
hedra, m. p. 244° (decomp.) (Found: Pt, 28-6. Cy ,H390,N,CI,Pt 
requires Pt, 28-9%). 

Acetylglycollylcholine chloroaurate. 1 G. of choline chloride was 
heated in a sealed tube for 5 hours at 100° with 8 c.c. of acetyl- 
glycollyl chloride. After removal of the excess of acid chloride in 
a vacuum at 100°, the syrupy residue was dissolved in water and 
10% aqueous gold chloride was added. The chloroaurate, after two 
recrystallisations from 25 vols. of water, formed golden-yellow, 
irregular plates (2-5 g.), m. p. 158—160° (Found: Au, 363. 
C,H,,0,NC1,Au requires Au, 36-3%). 

Acetylglycollylcholine chloroplatinate. 1-5 G. of the chloroaurate 
were suspended in 50 c.c. of 50% alcohol. Although the whole 
of the salt did not dissolve, decomposition was rapid and complete 
when it was shaken with 2 g. of metallic silver. After filtration, 
the solution of the chloride was evaporated in a vacuum, and to 
the syrupy residue, dissolved in alcohol, was added an alcoholic 
solution of chloroplatinic acid. The chloroplatinate obtained 
(1-13 g.), recrystallised from 10 c.c. of water, formed rhombic plates 
(0-88 g.), m. p. 232° (decomp.) (Found : Pt, 24:0. C,.H;,0,N,Cl,Pt 
requires Pt, 23-9%). 


TABLE I. 
Melting-point determinations of choline chloroplatinate, choline- 


ester chloroplatinates, and mixtures of the choline salt with 
each of the choline-ester salts. 


Choline-ester Choline chloro- 
chloroplatinate. Mixture. platinate. 
i 244° 248° 242° 
RUNS bssécseusdocses 244 250 242 
Te-Buabyeyl — occcccrecees 244 250 242 
i , re eae 236 241 242 
eo TO oe 236 230 242 
BOGE saisicsisscsiccess 236 234 242 
Acetylglycollyl......... 232 230 242 


* Esters whose chloroplatinates form co-ordination compounds: the 
melting point of the mixture is higher than that of either component. 


In order to ascertain whether co-ordination occurred between the 
chloroplatinates of choline and acetylglycollylcholine, 0-7 g. (3 mols.) 
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of the former and 0-3 g. (1 mol.) of the latter salt were dissolved in 
7c.c. of hot water. 0-26 G. of acetylglycollylcholine chloroplatinate 
crystallised from the solution on cooling: co-ordination had not 
occurred, 
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CVI.—A Synthesis of Unsymmetrical Diphenyl 
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THE systematic extension of the researches on the chemistry of 
diphenyl, with which one of us has been concerned, would clearly be 
| facilitated by a method which would render unsymmetrical deriv- 
jatives as accessible as symmetrical derivatives have been since 
Ullmann worked out his copper powder method (Annalen, 1904, 332, 
38). Although this method has recently been applied with success 
to the preparation of 2: 4-dinitro- and 2: 4: 6-trinitro-diphenyl, 
2: 4-dinitrodiphenyl-6-carboxylic acid and its 2’-methyl derivative 
(Gull and Turner, J., 1929, 491; Lesslie and Turner, J., 1930, 1758), 
limitations to its general use for the synthesis of unsymmetrical 
derivatives are to be expected, and these were encountered by Spath 
and Gibian in their recent synthesis of 2 : 4 : 3’ : 4’-tetramethoxy- 
diphenyl (Monatsh., 1930, 55, 342 ; compare Mayer and Freitag, Ber., 
1921, 54, 356). 

An alternatively possible mode of approach would consist in the 
oxidation of the numerous derivatives of 5-phenylcyclohexene-1-one, 
prepared by Knoevenagel and his collaborators (Annalen, 1898, 303, 
223). Since, however, these workers had previously recorded the 
oxidation by bromine of the corresponding methylcyclohexenones to 
derivatives of m-cresol (Annalen, 1894, 2841, 25), it can hardly be 
re | doubted that they also attempted to apply their method to the 
phenyl derivatives, but without success. A similar failure has 
latterly been recorded by Petrow (Ber., 1929, 62, 642) in the case 
of 3 ; 5-diphenyl-A*-cyclohexen-1-one. 

We have, however, found that the carbethoxy-derivatives, from 
which these cyclohexenones were obtained, are susceptible of oxid- 
ation. For instance, ethyl 5-phenyl-3-methyl-A?-cyclohexen- 
the | ]-one-4 : 6-dicarboxylate (I) yields a dibromide (II), which has such 
a tendency to suffer loss of hydrogen bromide that even after 
repeated crystallisation from mixed solvents at the ordinary tem- 
perature we were unable to obtain a specimen containing quite as 
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much bromine as the formula demands. It is, therefore, not sur- 
prising that the dibromide is smoothly convertible by treatment 


(Me-CH-CO,Et CMeBr-CH-CO,Et MeC0.Et 
HC¢ ->CHPh --> CHBr >CHPh -> » Ph 
( O—( H-( O, Et ( O- “| H-( O,Et HO ( 10, Kt 
([.) (I1.) (LIT.) 
with quinoline into ethyl 3-hydroxy-5-methyldiphenyl-2 : 6-dicarb- 
oxylate (111), which has been further characterised by its methyl ether 
and hydrolysis of the latter to the corresponding dicarborylic 


acid, and to its monoethyl ester. 


Ph Ph 


LCPh—CH, —~ 
CHK SéHPh — < Ph vi < ph 
(IV.) (V.) 


The diphenyleyclohexenone studied by Petrow was obtained by 
K noevenagel from the ester of its 6-carboxylic acid, and we find that 
in the case of the latter compound the tendency of the dibromide to 
pass into the aromatic condition is so pronounced that it is con- 
venient to carry out the formation of the dibromide at a low tem- 


perature in glacial acetic acid solution, and then, by raising the 
temperature, to proceed at once to the formation of ethyl 4 : 6-di- 
phenylsalicylate (IV). The free acid is formed in certain amount 
under these conditions, and it has also been obtained in the usual 
manner by hydrolysis. It furnishes the usual blue salicylic acid 
coloration with ferric chloride, and 3 : 5-diphenylphenol (V) has been 
obtained from it in satisfactory yield by distillation with lime. 
This compound resembles m-5-xylenol in that it gives no coloration 
with ferric chloride. 

Thealkaloid salts of 3-methoxy-5-methyldiphenyl-2 :6-dicarboxylic 
acid are in general not easy to obtain in the crystalline condition, 
but we isolated a well-defined acid quinine salt and also a codeine 
salt, which is, however, less easy to manipulate. Neither of these 
afforded any evidence that the acid could exist in enantiomorphous 
forms, and this evidence, so far as it goes, confirms the conclusion 
reached by Turner and Lesslie (loc. cit.). The alkaloid salts derived 
from the ethyl hydrogen ester were also not amenable to crystallis- 
ation. Further evidence in this connexion will, however, become 
available by extensions of the synthesis which will be described later. 

This is, however, by no means the only interest attaching to these 
experiments, for it is evident from the results now communicated 
that illuminating gradations in the readiness of transition to the 
aromatic condition may be expected. It is clear that the «-ketonie 
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ester group is an essential factor in this, and that its influence is due 
to its providing a centre of unsaturation in the ring structure itself, 
for both of the dibromides from which the aromatic compounds are 
prepared impart a strong reddish-purple colour to ferric chloride 
solution. 


EXPERIMENTAL. 

Dibromide of Ethyl 5-Phenyl-3-methyl-A?-cyclohexen-1-one-4 : 6-di- 
carboxylate—A solution of bromine (9-7 g.) in carbon disulphide 
(20 c.c.) was added to a solution of the unsaturated ester (20 g.) in 
carbon disulphide (25 ¢.c.) previously cooled in ice. Decolorisation 
was immediate, all crystalline material passed into solution, and 
some evolution of hydrogen bromide always occurred. The solvent 
was removed by aspirating a current of air through the solution, 
and warming it on the water-bath. When stirred with alcohol, 
the residue at once formed prismatic crystals (17 g.), m. p. about 93°. 
It was sufficiently pure for the subsequent treatment with quinoline, 
and imparted to ferric chloride solution a strong reddish-purple 
colour quite distinct from that produced by the phenol devolved 
from it. For analysis, it was purified by addition of alcohol to its 
solution in acetone prepared at the ordinary temperature. How- 
ever, even when heat was avoided throughout the above preparation, 
and the product was crystallised three times until it melted con- 
stantly at 983—94°, the content of bromine could not be raised above 
306% (Cy9H,.0;Br, requires Br, 32-65), and hydrogen bromide was 
evolved when the product was kept in a stoppered bottle. The 
formation of the dibromide occurred much less slowly in glacial acetic 
acid. 

Ethyl 3-Hydroxy-5-methyldiphenyl-2 : 6-dicarboxylate.—A mixture 
of the above dibromide (20 g.) with freshly distilled quinoline (20 c.c.) 
was heated in an oil-bath. Reaction set in when the temperature 
of the mixture was about 90°, this rose rapidly to about 110°, and 
was only overtaken by that of the surrounding medium after further 
heating. Evolution of gas commenced at 143°, and was the signal 
to discontinue the operation and isolate the product. This was 
achieved by treatment with dilute sulphuric acid at 90°, followed by 
extraction of the cooled mixture with ether. The washed ethereal 
extract was treated with dilute sodium hydroxide solution, and the 
latter acidified. The ester (15 g.) at once crystallised and, after 
purification by crystallisation from alcohol, was obtained in stout 
prisms, m. p. 94° (Found: C, 69-3; H, 6-1. C, gH, 90, requires C, 
195; H, 61%). It imparted a dull wine-red colour to ferric 
chloride solution, but this gradually faded to light brown. 

An attempt to combine the above two operations by the use of 
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quinoline perhydrobromide (Rosenmund and Kuhnhenn, Ber., 1923, 
56, 1264) met with no success. 

The methyl ether, prepared in the usual manner by the aid of 
methyl sulphate, separated from alcohol or ligroin in leaflets, m. p, 
98° (Found: C, 69-9; H, 6-4. OC, 9H,.0; requires C, 70-2; H, 
6-4%). It underwent hydrolysis in two stages. 

The corresponding dicarboxylic acid was obtained when this 
methyl ether (4 g.) was boiled with a solution (30 c.c.) of potassium 
hydroxide (6 g.) in methyl alcohol for 18 hours. It crystallised from 
hot water, containing alcohol (5%), in small leaflets, m. p. 297° 
(decomp.) (Found: C, 67:2; H, 5-0. C,,H,,0; requires C, 67-1; 
H, 49%). The acid quinine salt was prepared by mixing equi- 
valent quantities of the acid and the base in methyl-alcoholic solution. 
It crystallised from alcohol in fine needles, m. p. 186° (decomp.) 
(Found: N, 4:6. C3gHs,0,N, requires N, 46%). For a 0-15% 
solution in chloroform, [«}}* = — 48°, and a solution of the 
ammonium salt of the regenerated acid was quite inactive towards 
polarised light. The acid codeine salt (minute leaflets), similarly 
prepared, melted somewhat indefinitely at 161—165° (Found: 
N, 2-45. C,,H3;0,N requires N, 2-4%). For a 0-6% solution in 
water, [«]i? = — 99-1°, and the solution of the ammonium salt 
prepared from it was quite inactive. An ethyl hydrogen ester could 
be isolated when the above process of hydrolysis was interrupted 
after 4 hours. The mixture of acid products was extracted with hot 
benzene, in which the dicarboxylic acid is very sparingly soluble. 
The acid ester crystallised from the solution, and after further 
purification by crystallisation from dilute formic acid, prisms, m. p. 
153°, were obtained (Found: C, 68-6; H, 5-5. C,,H,,0; requires 
C', 68-8; H, 5-7%). We were unable to discover an alkaloid salt of 
the acid ester amenable to crystallisation. 

Ethyl 4 : 6-Diphenylsalicylate—When an ice-cold suspension of 
ethyl 3% : 5-diphenyl-A*-cyclohexen-1-one-6-carboxylate (5-8 g.) in 
carbon disulphide (20 c.c.) was treated with a solution of bromine 
(2-9 g.) in carbon disulphide (10 c.c.), hydrogen bromide was at once 
evolved, and further quantities of the gas were generated when aii 
ethereal solution of the crude product was washed with dilute 
sodium carbonate solution, dried, and evaporated on the steam- 
bath. In subsequent operations, therefore, a solution of the ester 
(60 g.) in glacial acetic acid (100 c.c.), cooled in ice, was carefully 
treated with a solution of bromine (30 g.) in glacial acetic acid 
(30 c.c.). After 10 minutes the evolution of hydrogen bromide had 
slackened sufficiently to allow water to suck back from a wash- bottle 
connected to the apparatus. The mixture was then gently boiled 
until similar evidence was obtained that the further evolution was 
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complete. The mixture was then poured into twice its volume of 
water, and the precipitate dissolved in hot ligroin. A quantity of 
diphenylsalicylic acid having been removed by washing the solution 
with dilute sodium carbonate solution, the ester was obtained in 
magnificent prisms, m. p. 89° (Found : C, 79-15; H, 5:8. C,,H,,05 
requires C, 79-2; H, 5-79). The material imparted a dark reddish- 
purple colour to ferric chloride solution, but this gradually lightened 
toa brown colour. 

The methyl ether separated from ligroin in prisms, m. p. 115° 
(Found : C, 79-4; H, 6-2. C,H 0, requires C, 79-5; H, 6-0%). 

4: 6-Diphenylsalicylic acid was obtained in the manner already 
indicated, or by boiling a solution of the ester (10-5 g.) and of 
potassium hydroxide (20 g.) in methyl alcohol (50 c.c.) for 12 hours. 
It crystallised from alcohol in soft masses of needles, m. p. 204° 
(decomp.) (Found: C, 78:5; H, 5-0; equiv., 289. Cy, 9H,,0, 
requires C, 78-6; H,4-8%; M, 290). 

4: 6-Diphenyl-o-anisic acid, similarly prepared from its methyl 
ester, crystallised from alcohol in triangular plates, m. p. 218° 
(Found : C, 78-7; H, 5-4. C  9H,,0; requires C, 78-9; H, 5-3%). 

3: 5-Diphenylphenol was produced when an intimate mixture of 
diphenylsalicylic acid (1 g.) with lime (5 g.) was distilled. It 
separated from ligroin in masses of minute prisms, m. p. 95° (Found : 
C, 87-6; H, 5-8. C,,H,,0 requires C, 87-8; H,5-7%). The phenol 
was not soluble in sodium carbonate solution. Its benzoyl derivative 
crystallised from dilute alcohol in a felted mass of soft needles, 
m. p. 124° (Found: C, 85-9; H, 5-4. C,,H,,0, requires C, 85-7; 
H, 5-1%). 

THE COLLEGE OF TECHNOLOGY, 

MANCHESTER. [Received, February 27th, 1931.] 


CVII.—Strychnine and Brucine. Part XII. The 
Constitution of Dinitrostrycholcarboxylic Acid. 
By KortrazatH NARAYANA MENON and ROBERT ROBINSON. 


Tue application of a Curtius transformation to dinitrostrychol- 
carboxylic acid (Tafel, Annalen, 1898, 301, 285) was described in 
Part X (J., 1930, 830) and the degradation of the resulting urethane 
to picric acid and to dinitroisatin clearly excluded all formule for 
Tafel’s acid based on isoquinoline. 

The conclusion was drawn that the substance must be a derivative 
of quinoline and as the possibility of its being a 2 : 4-dihydroxy- 
quinoline had already been eliminated (Ashley, Perkin, and Robin- 
son, J., 1930, 382), synthetical experiments in the 2:3- and the 
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3: 4-dihydroxyquinoline series were instituted. An account of 
these will, it is hoped, be submitted in a short time, but it may be 
stated at once that they afforded no confirmation of our views and 
we accordingly had to modify our previous conclusion. 

At a much earlier stage of this investigation the possibility that 
dinitrostrycholcarboxylic acid is a dicarboxylic acid was contem- 
plated, but in view of the great stability of dinitrostrychol the 
idea was set aside; it seemed incompatible with experience that 
any indolecarboxylic acid should remain undecomposed as does 
dinitrostrychol in contact with water at 210° in a sealed tube or 
when boiled with quinoline, glycerol, or diphenylmethane. In 
returning to the examination of this aspect of our problem we again 
made use of the Curtius transformation, which is one of the very 
few diagnostic reactions for carboxylic acids capable of distinguish- 
ing these from isomeric phenols the acidity of which is enhanced 
by nitroxyl substituents. 

Dinitrohydrazinodeoxystrychol (Part X, loc. cit.) readily yields 
an azide which can be crystallised unchanged from boiling alcohol 
but is slowly converted under these conditions into a urethane : 
the change of composition is that involved in the normal transform- 
ation, RCON,—->RNH-CO,Et. 

Trinitrostrychol also yields a methyl ester, hydrazide, azide, and 
urethane, and the last can be obtained by nitration of the urethane 
from dinitrostrychol. In this case the decomposition of the azide 
was facile, a matter of a few seconds. Therefore dinitrostrychol 
and trinitrostrychol are carboxylic acids and, taking into consider- 
ation the degradation to dinitroisatin and the composition of the 
substances, it is now certain that dinitrostrycholcarboxylic acid is 
5 : 7-dinitroindole-2 : 3-dicarboxylic acid (1). 

Dinitrostrychol is very probably 5 : 7-dinitroindole-2-carboxylic 
acid (II), because (a) indole-3-carboxylic acid suffers decarboxy]- 
ation very much more readily than indole-2-carboxylic acid, (b) nitr- 
ation of the indole nucleus is known to occur in position 3 and 
trinitrostrychol is thus accommodated, (c) the barium salt can be 
formulated as (ITT). 


NO,/ \COH NO,“ \— 
_ JCO%H ie & eo,H 


NO, N No, NH No ny 

(I.) (II.) (IIL) 

Leuchs (Ber., 1930, 63, 3184) has made it very probable that 
strychnine contains the group ‘N(a)°CH,°, and if this is confirmed 
it will be apparent that (I) must be produced by ring closure at 
some stage in a complex series of reactions, 
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The formule which we have proposed (Part X, loc. cit.) are, 
therefore, not excluded by the present development but, if there 
is a methylene group at C-2 (compare formula VIII on p. 833, loc. 
cit.), then C-12 should be joined to C-3 or C-4, and in both cases 
the formule can be completed in one way only if rings of fewer 
than five members are not admitted. 

Very recently, Professor Leuchs, in an appendix to a memoir 
(Ber., 1931, 64, 462), has expressed the view that strychnine is 
a dihydroindole derivative and consequently dinitrostrycholcar- 
boxylic acid is either not a derivative of quinoline or is pro- 
duced by ring enlargement. 

We can illustrate our general views of the chemistry of strychnine 
in formule based on dihydroindole (and hexahydrocarbazole), but 
we cannot reconcile our views on this basis with the occurrence of 
the group -N(a)-CH,° in tetrahydrostrychnine. 

Apart from such speculations it is now established that strychnine 
contains the group (IV), and, taking benzylidenestrychnine into 
account, this may be developed to (V), or, much less probably, 
to (VI). 


Synthetical work in the dinitroindole group is in progress. 


O 
¢ C L 
(Yooc (io / cu, 
\/N N-CO-CH,: \y? 
(IV.) (V.) (VI.) 


EXPERIMENTAL. 

Dinitrohydrazinodeoxystrychol (5 : 7-Dinitroindole-2-carboxyhydr- 
azide)—The yellow by-product previously obtained (loc. cit.) is the 
result of contamination of the dinitrostrychol employed with 
dinitrostrycholearboxylic acid; it was probably 5: 7-dinitro-3- 
carbomethoxyindole-2-carboxyhydrazide (Found: C, 41-1; H, 2-7; 
N, 21:3; MeO, 9-5. C,,H,O,N; requires C, 40-8; H, 2-8; N, 21-7; 
IMeO, 9:7%). 

0-Methyldinitrostrychol (1-5 g.) was suspended in boiling methyl 
alcohol (75 c.c.), and hydrazine hydrate (8 c.c. of 90—95%) added. 
The boiling was continued for one minute after a clear solution was 
obtained and, on cooling, the pure hydrazide (1-2 g.) separated in 
orange-yellow needles. 

0-Methyldinitrostrychol was recovered unchanged after being 
heated with an excess of methyl-alcoholic ammonia in a sealed tube 
at 100° for 7 hours, and also after being boiled with p-toluidine. 
5 : 7-Dinitroindole-2-carboxyazide, (NO,)oC ,H,:C,N Hy*CON,.—The 
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finely powdered hydrazide (2-3 g.) was stirred with acetic acid (60 
c.c.), a colourless acetate separating; the addition of aqueous 
sodium nitrite (1-5 g. in 150 c.c.) then produced a caseous precipitate 
of the azide, which was collected after the addition of 5% hydro. 
chloric acid and stirring (yield, theoretical). The substance crystal. 
lised from ethyl alcohol, in which it was sparingly soluble, in long 
colourless needles which melted with sudden decomposition at 160° 
(Found: N, 30-2. C,H,O;N, requires N, 305%). This azide is 
much more stable than its mononitro-derivative. 

5 : 7-Dinitro-«-indolylurethane, (NO,).Cg,H,:C,NH,*NH°CO,Et.— 
The crude azide (from 2-3 g. of the hydrazide) was refluxed with 
alcohol (1000 c.c.) for 5 hours, giving an orange solution. Most of 
the solvent was then removed by distillation; golden-orange 
spangles (1-5 g.) separated on cooling and a further quantity (0-1 g.) 
was obtained from the mother-liquor. The substance is rather 
readily soluble in alcohol, but it crystallises very well from benzene, 
in which it is sparingly soluble to a yellow solution, in deep orange, 
prismatic needles (or on quick cooling in kite-shaped and dagger- 
shaped plates and needles), m. p. 194° (Found: C, 45-0; H, 3-5; 
N, 18-9; EtO, 15-1. C,,H,,O,N, requires C, 44-9; H, 3-4; N, 
19-1; LEtO, 15-3%). 

The passage of hydrogen chloride into a benzene solution of this 
urethane mixed with p-dimethylaminobenzaldehyde gives a carmine 
coloration, not destroyed on the addition of water. This typical 
Ehrlich reaction is difficult to observe in aqueous or alcoholic 
solutions. 

Methyl 3:5: 7-Trinitroindole-2-carboxylate (O-Methyltrinitrostry- 
chol).—A solution of trinitrostrychol (0-5 g.) in methyl alcohol (50 
c.c.) and sulphuric acid (5 c.c.) was refluxed for 7 hours; the ester 
then crystallised from the solution, the yield being almost quantit- 
ative. Recrystallised from acetic acid, it formed colourless needles, 
m. p. 212° (Found : C, 38-8; H, 2-0; N, 17-9; MeO, 10-1. C,,>H,O,N, 
requires C, 38:7; H, 1-9; N, 18-1; 1MeO, 10-0%). 

The related hydrazide was readily obtained in the usual manner 
in methyl-alcoholic solution (the amount of hydrazine used must 
not greatly exceed the theoretical quantity). It crystallised from 
ethyl alcohol in bunches of short, yellow, microscopic needles, 
m. p. 209—210° (decomp.) (Found: C, 36-9; H, 3-4; N, 23:3. 
C,H,O,N,,C,H,O requires C, 37-1; H, 3-4; N, 23-6%). The 
alcohol of crystallisation was detected by the iodoform reaction 
after distillation of a sample with dilute sulphuric acid. 

3:5: '7-Trinitro-«-indolylurethane—The conversion of 3:5:7- 
trinitroindole-2-carboxyhydrazide into the azide was carried out 
in the usual manner. The colourless chalky precipitate could not 
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in this instance be recrystallised. When it was boiled with alcohol 
there was a rapid evolution of nitrogen and a new crystalline sub- 
stance separated. More alcohol was added in order to dissolve 
this in the boiling liquid: the filtered solution deposited slender, 
pale yellow needles, m. p. 218—219° (decomp.) (Found: C, 39-0; 
H, 2:7; N, 20-5; EtO, 13-3. C,,H,O,N, requires C, 38-9; H, 2:6; 
N, 20-6; 1EtO, 133%). The same substance was obtained by 
nitration of the urethane from dinitrostrychol by means of an 
excess of cold nitric acid (d 1-48); after a few hours the substance 
separated in prismatic needles, and after recrystallisation from much 
alcohol was obtained in pale yellow needles, m. p. 218—219°, alone 
or mixed. with the specimen from trinitrostrychol. When it was 
heated with concentrated sulphuric acid, carbon dioxide was 
evolved, and on dilution and addition of ammonia a trinitroamino- 
indole was precipitated, but this substance has not yet been further 
examined. The urethane does not develop a coloration with 
p-dimethylaminobenzaldehyde under any conditions. 


The authors express their thanks to Imperial Chemical Industries 
Limited for grants which have assisted this work. 


Dyson PrerRRINS LABORATORY, 
THE UNIVERSITY OF OXFORD. [Received, March 5th, 1931.] 





CVIII.—s-Cyanine Dyes containing Pyridine or 
B-Naphthaquinoline Nuclei. 


By Frances Mary HAMER and Miriam Ivy. KELLY. 


TuE ¥-cyanines, or 2 : 2’-cyanines (I), are prepared by the action of 
alkali on a solution containing the alkyliodides of 2-iodoquinoline 
and quinaldine. The formation of a dye in this way was first 
observed by Kaufmann (Ber., 1912, 45, 1417), but Fischer and 
Scheibe were the first to isolate a ¥-cyanine and to assign the 
constitution (I) (J. pr. Chem., 1919, 100, 86). Several new ¥-cyan- 
ines were subsequently prepared by a modification of the method, 
and, by employing an alkyliodide of lepidine, 1-methylbenzthiazole, 
or 2: 3: 3-trimethylindolenine in place of quinaldine alkyliodide, 
other types of dyes were prepared, and the generality of the method 
was demonstrated (Hamer, J., 1928, 206). Just as the quinaldine 
ikyliodide, which is employed in the y-cyanine condensation, may 
be replaced by other salts, so also should the 2-iodoquinoline alkyl- 
iodide be replaceable, e.g., by the alkyliodides of 2-iodopyridine or 
of §-naphthaquinoline, respectively. 

Attempts to apply the general method to the preparation of 

cc2 
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y-cyanines (II) containing two pyridine nuclei, by treating an 
absolute-alcoholic solution containing «-picoline methiodide, or 


Wecmowonneres 
xX NR 


\ A 
NR NRX NR NR NRX 
(I.) (II.) (IIL.) 
ethiodide, and 2-iodopyridine methiodide, or ethiodide, with alco. 
holic potassium hydroxide were unsuccessful. This is not altogether 
surprising, because it has already been recognised that the simplest 
cyanines are especially difficult to prepare : for instance, the general 
method for preparing carbocyanines, consisting in the use of pyridine 
and ethyl orthoformate, failed completely in the case of those 
derived from «-picoline alkyliodides (Hamer, J., 1927, 2796) and 
gave a remarkably poor yield in the case of those derived from 
2: 4-dimethylthiazole alkyliodides (Fisher and Hamer, J., 1930, 
2502). 

y-Cyanines containing one pyridine nucleus and one quinoline 
nucleus (III) have not previously been prepared. Theoretically, 
they are obtainable by two methods. One of these, consisting in 
condensing «-picoline alkyliodide with 2-iodoquinoline alkyliodide, 
was fruitless. The other—the condensation of 2-iodopyridine alkyl- 
iodide with quinaldine alkyliodide—yielded dyes of the new type, 
but isocyanine was produced simultaneously and fractional crystal- 
lisation was necessary in order to isolate the new, more soluble, 
dyes. Three of them were obtained in a state of analytical purity. 

Mr. O. F. Bloch has examined the absorption of spirit solutions 
of all the dyes described in this paper and has tested the sensitivity 
of gelatino-bromide plates bathed in their solutions. The absorp- 
tion of the new dyes (IIT) is 270—500 A. nearer to the blue than 
with y¥-cyanines containing two quinoline nuclei (I). They extend 
the sensitivity of the plate, but the extra-sensitivity is less strong 
than its normal sensitivity. The extreme delicacy of these optical 
and photographic tests is illustrated by the fact that, in two 
instances, a faint unexpected band revealed the presence of a trace 
of impurity, undetectable by analysis. 

Three y-cyanines containing two 6-naphthaquinoline nuclei (IV) 
were prepared by condensing an alkyliodide of 2-iodo-8-naphtha- 
quinoline with 8-naphthaquinaldine alkyliodide : the condensations 
proceeded normally. As compared with the ¥-cyanines containing 
two quinoline nuclei (I), the absorption bands of their spirit solutions 
are usually somewhat shifted towards the red end of the spectrum. 
These three dyes are powerful photographic sensitisers. 

y¥-Cyanines containing one quinoline nucleus and one §-naphtha- 
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s an quinoline nucleus (V) are obtainable (a) by the condensation of 
OF 2-iodoquinoline alkyliodide with $-naphthaquinaldine alkyliodide, 


x av.) ) re: den yy Chea 
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ether and two members of this series have already been thus prepared 
plest (Hamer, J., 1928, 206), (b) by condensing quinaldine alkyliodide 
neral with 2-iodo-8-naphthaquinoline alkyliodide, which method is applied 
idine now for the first time. The dye prepared from quinaldine meth- 
those iodide and 2-iodo-8-naphthaquinoline methiodide proves, as would 
and be expected from what is known of the virtual tautomerism of the 


from cyanine dyes (Mills and Braunholtz, J., 1922, 121, 1489; Hamer, 
1930, Bf loc. cit.; Kuhn, Winterstein, and Balser, Ber., 1930, 63, 3176), to 

be identical with that previously prepared from 2-iodoquinoline 
line § methiodide and §-naphthaquinaldine methiodide. The second 


cally, method was also applied to the preparation of two new ¥-cyanines 
ng in of the same type, which are powerful photographic sensitisers. 

dide, Two new thio-/-cyanines were prepared by condensing 2-iodo- 
Ukyl- $-naphthaquinoline alkyliodide with 1l-methylbenzthiazole alkyl- 
type, iodide. They also have photosensitising properties. 

ystal- 

uble, EXPERIMENTAL, 

arity. |-Methyl-2-pyridone.—On trying the method of Fargher and 
tions Furness (J., 1915, 107, 688) it was found that (1) much of the 
‘ivity potassium ferricyanide separated when its solution in the given 
SOrp- amount of water cooled, (2) the ferrocyanide crystallised as a fine 
than powder not easily filterable, (3) the quantity of potassium hydroxide 
‘tend @ required for true saturation was very large. The success of the 
trong present method depends upon the use of the minimum quantity of 
ptical water as solvent; instead of potassium ferricyanide solution, the 
| two § powdered solid is employed. 

trace Pyridine (80 c.c.; 1 mol.) and methyl p-toluenesulphonate (182 g. ; 


ps | mol.) were heated together on the water-bath for an hour. The 
(IV) ff pyridine metho-p-toluenesulphonate, dissolved in water (300 c.c.), 


ahtha- was gradually added to a well-cooled solution of potassium hydroxide 
t1ons (192 g.) in water (600 c.c.), and finely powdered potassium ferri- 


‘ining cyanide (848 g.; 2 mols. + 30% excess) was gradually stirred in, 
tions § with continued cooling. The mixture was then kept below 35° 
trum. § while powdered potassium hydroxide (1800 g.) was gradually stirred 
in. Hot extraction was effected with successive quantities of 
benzene (2 1., 21., 1 1., 1 1.), the filtered extracts being dried with 





htha- 















780 HAMER AND KELLY: -OYANINE DYES 





potassium hydroxide. The pyridone was obtained in 69% yield 
(74-5 g.) as an almost colourless liquid, b. p. 249°/767 mm., which 
darkens in the light. 

1-Ethyl-2-pyridone.—To prepare pyridine etho-p-toluenesulphon- 
ate, pyridine (80 c.c.; 1 mol.) and ethyl p-toluenesulphonate (198 g. ; 
1 mol.) were heated together on the water-bath for 2} hours. A 
solution of the salt in water (200 ¢.c.) was added as before to a 
solution of potassium hydroxide (192 g.) in water (500 c.c.). The 
mixture was covered with benzene (2 1.) before the addition of 
powdered potassium ferricyanide (1300 g.; 2 mols. +- 100% excess), 
and then of powdered potassium hydroxide (1550 g.). During the 
addition of the various reagents the mixture was cooled with ice, 
and subsequently the pyridone was extracted with hot benzene. 
It was obtained in 81% yield, b. p. 247°/767 mm. Both air and 
light cause it to darken. 

Pyridine Benzochloride.—Pyridine (10 ¢.c.; 1 mol.) and benzyl 
chloride (15 c.c.; 1-1 mols.) were heated together at 140—150° for 
6 hours, and the product was treated with water and benzene. 
Evaporation of the aqueous extract to dryness left pyridine benzo- 
chloride as a deliquescent, sometimes crystalline, product. The 
compound is merely mentioned by Fischer (Ber., 1899, 32, 1297). 

Pyridine benzoferricyanide, (C;H;N-C,H,),Fe(CN),, was prepared 
by adding pyridine benzochloride (prepared from 3 c.c. of pyridine; 
1 mol.), dissolved in water (10 c.c.), to a solution of potassium 
ferricyanide (12 g.; 1 mol.) in water (31 ¢.c.). The solid product 
(7-8 g.) was twice recrystallised from spirit and dried in a vacuum 
at 60—80°; m. p. 102—103° (Found : N, 17-4. Cy ,H3gN,Fe requires 
N, 17-5%). 

1-Benzyl-2-pyridone.—Pyridine benzochloride (from 10 c.c. of 
pyridine) was dissolved in water and added to a thoroughly cooled 
solution of potassium hydroxide (24 g.) in water (50 ¢.c.); sufficient 
water was added to redissolve the oil which separated. With con- 
tinued cooling, powdered potassium ferricyanide (10-6 g.) was stirred 
in, and then potassium hydroxide (twice the weight of water present), 
and the pyridone was extracted with hot benzene. The product 
was recrystallised from petrol (yield, 10 g.; 38%). The pale yellow 
plates obtained on a second recrystallisation were dried in a vacuum 
desiccator ; m. p. 72° (Fischer, loc. cit., gives m. p..75—76°) (Found: 
N, 7-6. Cale. for C,,H,,ON : N, 7-6%). 

2-Chloropyridine.—1-Methy]-2-pyridone (104 g.) was treated by 
the method of Fargher and Furness (loc. cit.), but heating for 14 
hours was necessary. The 2-chloropyridine obtained (yield, 73— 
76%) had b. p. 171—172° [Found: Cl, 32-4 (which corresponds 
with 7% of dichloropyridine). Cale. for C;H,NCl: Cl, 31:2%. 
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i) 


Cale. for C;H,NCl,: Cl, 47-9%]. The analysis shows the presence 
of the by-product which Steinhauser and Diepolder (J. pr. Chem., 
1916, 93, 387) observed to be formed at higher temperatures. In 
one case, the base was treated with concentrated hydrochloric acid 
until nearly all had dissolved; on cooling and stirring, a white 
solid crystallised; the filtrate was made alkaline with sodium 
hydroxide, and the base extracted with ether and distilled (Found : 
(1, 30-9%). In other instances, however, either the solid would 
not separate, or it melted before it could be removed by filtration. 

2-Chloropyridine is similarly prepared from 1-ethyl-2-pyridone as 
starting point. 

2-lodopyridine Methiodide—Pure 2-chloropyridine (1 ¢.c.) and 
methyl iodide (2-8 c.c.) were heated in a sealed tube at 100° for 
24 hours. The product was extracted with ether, and the undis- 
solved residue (3-0 g.; 82% yield) recrystallised from dry spirit 
(40 c.c. per g.). It was dried in a vacuum at 60—80° and analysed 
by the method of Carius, which method was employed throughout 
this work (Found : I, 73-25. Cale. for C,H,NI, : I, 73-2%). M. p. 
203—211° (decomp.); Fischer gives m. p. 207° (decomp.). <A 
similar preparation carried out with less pure 2-chloropyridine 
(Found : Cl, 32-4%) gave a satisfactory specimen of 2-iodopyridine 
methiodide (Found, after recrystallisation : I, 73-6%). 

2-lodopyridine ethiodide was similarly prepared. The residue © 
insoluble in ether (85% yield) was dried in a vacuum at 80— 
100° (Found : I, 70-3. C,H,NI, requires I, 70-3°%) and recrystal- 
lised from water (1 c.c. per g.) (Found: I, 70-5%). 

By heating 2-chloropyridine (1 ¢.c.) with ethyl iodide (4 c.c.) 
under reflux for 5 days, and washing the product with ether, the 
yield obtained was 91% (Found: I, 70-4%). After recrystallis- 
ation, the almost colourless product melted at 156—157° with 
previous softening (Found : I, 70-1%). 

u-Cyanine from 2-Iodopyridine Methiodide and Quinaldine Meth- 
iodide.—2-Iodopyridine methiodide (6-0 g.; 1 mol.) and quinaldine 
methiodide (5-0 g.; 1 mol.), dissolved in hot absolute alcohol 
(64 c.c.), were treated with a hot solution of potassium hydroxide 
(2-4 g.) in absolute alcohol (48 c.c.), and the mixture was boiled for 
40 minutes. The product was washed with water and extracted 
with ether. The undissolved residue (3-7 g.) was fractionally re- 
crystallised, five lots of methyl alcohol (5 c.c., 10 c.c. x 3, 15 ¢.c.) 
being used, after which there remained a small purplish residue, 
presumably of isocyanine. The crystals from fractions (1)—(4) 
gave golden-brown spirit solutions (1 part in 2000), but that from 
(5) was of the isocyanine colour. For analysis, the specimens were 
dried in a vacuum at 115—125°, and fractions (3) and (4) (1-08 g. 
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in all; 17% yield) proved analytically pure (Found: I, 33:5, 
C,,H,,N,I requires I, 33-75%) ; m. p. 238—241° (decomp.). The dye 
forms brown crystals with a steely lustre. There is a feeble ex. 
tension of the sensitivity of a gelatino-bromide plate to A 5600 
A. for moderate exposures, with an ill-defined maximum at 4 5200 A. 

u-Cyanine from 2-Iodopyridine Kthiodide and Quinaldine Meth. 
iodide.—2-lodopyridine ethiodide (2-92 g.) and quinaldine meth. 
iodide were similarly condensed. The product was ground with 
water, and the residue extracted with ether. The yield of undis. 
solved solid (0-86 g.) amounted to 27%. By using a 70% excess 
of quinaldine methiodide the yield (1-53 g.) was 49%. Fractional 
crystallisation from methyl alcohol (7 c.c., 10 c.c. x 2, 20 ©.) 
gave three fractions (0-19 g., 0-28 g., and 0-21 g.; solutions in 
spirit, golden-brown), a fourth fraction (0-05 g.; purple solution), 
and a residue (0-10 g.). The dye (0-49 g.) from fractions (2) and 
(3) was recrystallised from methyl] alcohol (12 c.c.), and the product 
(0-35 g.) dried as was the preceding ¥-cyanine ; m. p. 249° (decomp.) 
(Found : I, 32-3. C,H, N.I requires I, 32-5%). The crystals are 
terra-cotta, with a steely lustre. There is a broad absorption band 
with its maximum at 4 4800 A. The extra-sensitivity extends to 
2 6000 A. and there is one maximum at i 5200 A. and a much 
feebler one at 4 5700 A. 

u-Cyanine from 2-lodopyridine Ethiodide and Quinaldine Ethiodide. 
—Equimolecular amounts of 2-iodopyridine ethiodide (3-0 g.) and 
quinaldine ethiodide (2-5 g.) in boiling absolute ethy! alcohol (60 c.c.) 
were condensed by means of potassium hydroxide. The colourless 
crystals were filtered off, the filtrate concentrated, and the product 
washed with water, extracted with ether, and (0-75 g.; 22%, yield) 
recrystallised from methyl] alcohol (3 ¢.c.), leaving a small residue. 
The resultant crystals (0-35 g.; 10% yield) were dried in a vacuum 
at 100—120° (Found : I, 31-3. C, 9H,,N.I requires I, 31-4%). The 
chief absorption band has its crest at 2 4950 A.; but there is a 
weaker one at 2 5500 A., indicating that the dye is not pure, a 
conclusion which was confirmed by its sensitising curve. 

1- Methyl-8-naphtha-2-quinolone.—8-Naphthaquinoline (50 g.; |! 
mol.) and methyl p-toluenesulphonate (51-7 g.; 1 mol.) were heated 
together for 3 hours at 140—150°. The $-naphthaquinoline metho- 
p-toluenesulphonate was fairly readily soluble in hot water but 
separated as an oil on cooling. Hence its solution in warm water 
(220 c.c.) was gradually added to an ice-cold solution of potassium 
hydroxide (63 g.) in water (125 c.c.), to which powdered potassium 
ferricyanide (240 g.) had just been added, and which had been 
covered with benzene’ (3 1.). The mixture was well cooled and 
stirred during the addition of the quaternary salt, and during the 











, 335, 
‘he dye 
le ex. 
K 5600 
200 A. 
Meth. 
meth- 
l with 
undis- 
excess 
‘tional 
) ©@.c.) 
ns in 
ition), 
») and 
‘oduct 

omp.) 

ls are 

band 

ids to 

much 


odide. 
) and 
) ¢.¢.) 
unless 
duet 
yield) 
idue. 
suum 

The 


ated 
tho- 

but 
rater 
sium 
jum 
been 








and 
the 









CONTAINING PYRIDINE OR B-NAPHTHAQUINOLINE NUCLEI. 783 


subsequent addition of powdered potassium hydroxide (700 g.). 
The mixture was finally heated, the hot benzene extract filtered 
with the aid of a pump, and further extractions with hot benzene 
(3 1., 23 L., 1} 1.) effected. The extract, after drying over potassium 
hydroxide, gave a 79% yield (46-2 g.) of the quinolone. This was 
twice recrystallised from spirit, being obtained almost colourless, 
and was dried in a vacuum desiccator (Found : N, 6°65. C,,H,,ON 
requires N, 6-7%). M. p. 174° with previous shrinking and darken- 
ing. This quinolone is mentioned by Fischer (loc. cit.), but there 
is no account of its preparation or properties. 
| - Ethyl - 8 - naphtha - 2 - quinolone.—$-Naphthaquinoline (50 g. ; 1 
mol.) and ethyl p-toluenesulphonate (55-9 g.; 1 mol.) were heated 
together at 140—150° for 5 hours. The $-naphthaquinoline etho- 
p-toluenesulphonate was oxidised as in the case of the correspond- 
ing methyl compound, and the quinolone (50-4 g.) recrystallised from 
spirit (100 ¢.c.) and dried in a vacuum desiccator (yield, 68%); 
m. p. 138° (Found: N, 6-3. C,;H,,ON requires N, 6-3%). 
2-Chloro-8-naphthaquinoline.—A mixture of 1-methyl-$-naphtha- 
2-quinolone (60 g.), phosphorus pentachloride (72 g.), and phos- 
phorus oxychloride (100 ¢.c.) was heated for 11 hours at 150—160° 
with frequent shaking. The oxychloride was distilled off, and the 
residue was broken up, treated with ice and excess of sodium 
hydroxide, and ground repeatedly with benzene. The extract was 
washed with water, treated with concentrated hydrochloric acid, 
and left for 2 days in order that the hydrochloride of 2-chloro- 
3-naphthaquinoline might crystallise. The crystals and the aqueous 
solution were treated hot with excess of aqueous ammonia. The 
liberated base was washed with water (51-5 g. obtained; 84%, 
yield), recrystallised (yield, 69°) from spirit (20 c.c. per g.), and 
dried in a vacuum at 60—80°; m. p. 114° (Fischer, loc. cit., gives 
m. p. 118°) (Found: Cl, 16-5. Cale. for Cy;H,NCl: Cl, 166%). 
2-lodo-8-naphthaquinoline Methiodide.—2-Chloro-$-naphthaquin- 
oline (6 g.) and methyl iodide (5-3 ¢.c.) were heated in a sealed 
tube at 100° for 48 hours. The product was washed with ether 
(yield 11-4 g.; 90%) and dried in a vacuum at 60—80° (Found : 
I, 56°8. C,,H,,NI, requires I, 56-8%). The bright yellow sub- 
stance is very sparingly soluble in hot spirit (1 g. per |.). M. p. 
202—211° (decomp.), according to the rate of heating. 
2-lodo-8-naphthaquinoline Ethiodide.—2-Chloro-$-naphthaquinol- 
ine (1-9 g.) and ethyl iodide (1-6 c.c.) were heated in a sealed tube 
at 100° for 24 hours; after ether-extraction, the yield was 34%. 
The product was recrystallised from spirit (300 c.c. per g.) and dried 
in a vacuum at 60—80° (Found: I, 55-1. C,;H,,NI, requires I, 
551%). It is yellow, and melts at 202—210° (decomp.), the exact 
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point depending upon the rate of heating. In another case the 
base (15 g.) and ethyl iodide (23 c.c.) were heated under reflux for 
6 days and the product was extracted with ether: the undissolved 
2-iodoquinoline ethiodide (13-4 g.) amounted to a 41% yield, and 
35% of 2-chloro-8-naphthaquinoline (5-25 g.) was recovered from 
the ethereal extract. 

1 : 1’-Dimethyl-5 : 6 : 5’ : 6’-dibenz-p-cyanine Iodide.—8-Naphtha- 
quinaldine methiodide (2-5 g.; 1 mol.) and 2-iodo-8-naphthaquin- 
oline methiodide (3-35 g.; 1 mol.) were stirred in boiling absolute 
alcohol (80 c.c.), treated with potassium hydroxide (1-03 g.) in 
absolute-alcoholic solution (30 c.c.), and boiled for an hour. The 
product was washed with water and extracted with ether. The 
residue (3-01 g.) was taken up in hot methyl alcohol (4 1.), and the 
solution concentrated to 1/3 volume; the dull green powder obtained 
(yield, 0-82 g.; 21°) was dried in a vacuum at 120—130° (Found : 
I, 24-1. CygH,,N,I requires I, 24-1%). M. p. 286° (decomp. from 
240°). 

The absorption spectrum has two bands at 2 5150 A. and 2 5300 A., 
of which the latter is the stronger. The band of extra-sensitivity 
extends to 2 6300 A. for moderate exposures. It is almost uniform, 
but shows one maximum at 4 5900 A. and a weaker one at 2 5200 A. 

1 (or 1’)-Methyl-1' (or 1)-ethyl-5 : 6 : 5’ : 6’-dibenz-4-cyanine Iodide. 
—This was prepared from 8-naphthaquinaldine ethiodide (2-6 g.) 
and 2-iodo-$-naphthaquinoline methiodide, and the product (2-09 g.) 
undissolved by water and ether was dissolved in hot methyl] alcohol 
(24 1.); from this solution, on concentration to 1/3 volume, a 
purplish powder was obtained in 28% yield (1-11 g.), which was 
dried in a vacuum at 120—130° (Found: I, 23-7. C,,H,;NI 
requires I, 23-5%). M. p. 300° (decomp.). 

The absorption maxima lie at 4 5100 A. and 2 5450 A., the latter 
being the principal one. The dye is a powerful sensitiser, with 
maxima at 2 5900 A., and 25200 A., its action extending to 2 6400 A., 
but a trace of impurity is revealed by a very feeble extension of 
the sensitisation, the maximum effect being at 2 6750 A. 

1 : 1’-Diethyl-5 : 6 : 5’ : 6'-dibenz-y-cyanine Iodide.—This was simi- 
larly prepared from §-naphthaquinaldine ethiodide (2-6 g.) and 
2-iodo-8-naphthaquinoline ethiodide. The washed product (1-90 g.) 
was dissolved in methyl alcohol (3 1.), and the solution concentrated 
to 1/3 volume, giving a 25% yield (1-03 g.) of green and gold crystals, 
which were dried in a vacuum at 120—130° (Found: I, 22-7. 
Cs,H,,N,I requires I, 22-99%). M. p. 310° (decomp.). — 

The absorption bands lie at 4 5100 A. and 2 5500 A., the latter 
being the stronger. The’extra-sensitivity extends to » 6300 A. for 
moderate exposures, and there is a well-marked maximum at 
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, 5700 A. Extremely feeble sensitisation at 4 6700 A. doubtless 
indicates the presence of a trace of impurity. 

1: 1'-Dimethyl-5 :6 (or 5’ : 6')-benz-4-cyanine Iodide.—This dye 
was prepared from quinaldine methiodide (3-5 g.) and 2-iodo-8- 
naphthaquinoline methiodide (5-54 g.). The washed product (2-05 
g.) was fractionally crystallised from five lots of methyl alcohol 
(15 c.c., 25 ¢.c., 40 c.c., 100 ¢.c., 125 ¢.c.). The crystals (0-44 g. ; 
8%, yield) from fraction (4) gave a crimson solution, those from (1) 
(0-06 g.) a pink solution, and those from (2) and (3) (total, 0-40 g.) 
were intermediate in colour. The product (0-22 g.) obtained from (5) 
on concentration gave a bluer solution than did (4). The dye 
from (4) was dried in a vacuum at 115—125° [Found: I, 26-4. 
Cale. for C,;H,,N,I : I, 26-65%. Found for fraction (3) : I, 26-6%]. 

The sensitising action was identical with that of the dye pre- 
pared by condensing $-naphthaquinaldine methiodide with 2-iodo- 
quinoline methiodide in aqueous solution (Hamer, J., 1928, 206), 
and their melting points, and mixed melting point, were also 
identical. 

| (or 1’)-Methyl-1' (or 1)-ethyl-5 : 6 (or 5’ : 6’)-benz--cyanine iodide 
was similarly prepared from 2-iodo-8-naphthaquinoline methiodide 
(6 g.) and quinaldine ethiodide. After being washed with water 
and with ether, the product (0-84 g.) was boiled out with three 
successive quantities of methyl alcohol (10 c.c., 50 c.c. X 2); the 
extracts all gave identical brownish crystals (0: 30 g.; 5% yield), 
which were dried in a vacuum at 115—125° Made I, 25-85. 
(,,H,,NoI requires I, 25-9%). M. p. 275—276° (decomp.). The 
chief absorption band lies at 2 5300 A. and a wales one at 25000 A. 
The substance is a powerful sensitiser, the action extending to 
6150 A., with a well-marked maximum at 2 5700 A. 

1 (or 1’)-Methyl-1' (or 1)-ethyl-5’ : 6’ (or 5 : 6)-benz-s-cyanine iodide 
was prepared from 2-iodo-8-naphthaquinoline ethiodide (6-5 g.) and 
quinaldine methiodide. The product was washed with water and 
ether, and the residue (2:27 g.) boiled out with four successive lots 
of methyl alcohol (25 c.c., 50 ¢.c. x 2, 75 ¢.c.). The products from 
the last three fractions (total 1-15 g.; 17% yield) all gave cherry- 
red solutions; after being crystallised (75 c.c. of methyl alcohol 
for 0-9 g.; 0-5 g. obtained), the brownish crystals were dried in a 
vacuum at 1S 135" (Found: I, 25-8. C,,H,,N,1 requires I, 
259%). M. p. 277—278° (decomp.). The chief absorption maxi- 
mum lies at 2 5300 A., and a weaker one at 15000 A. The dye is 
a powerful sensitiser, the action extending to 2 6200 A., with a 
well-marked maximum at 2 5750 A. 

2-Methyl-1'-ethyl-5' : 6’-benzthio-4-cyanine Iodide.—1-Methylbenz- 
thiazole methiodide (2 g.; 1 mol.) and 2-iodo-8-naphthaquinoline 
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absolute alcohol (15 ¢.c.), and the mixture was boiled for an hour, 
with mechanical stirring. The product (0-85 g.) was extracted 
with ether and the residue (0-82 g.) was recrystallised from methy| 
alcohol (400 ¢.c.), which gave an 18%, yield (0-61 g.). It was dried 
in a vacuum at 100—120° (Found: I, 25-4. ©,,H,,NoIS requires 
I, 25-6%). The minute scarlet crystals soften at 279°: m. p. 282 
(decomp.). The broad absorption band has its maximum at 
2 4850 A. The extra-sensitivity extends to 4 6000 A. and has its 
maximum at 2 5350 A. 

1’ : 2-Dimethyl-5’ : 6’-benzthio--cyanine iodide was similarly pre- 
pared from 1l-methylbenzthiazole methiodide (2 g.) and 2-iodo-8. 
naphthaquinoline methiodide. The washed product (0-87 g.), after 
recrystallisation from methyl alcohol (400 ¢.c.), obtained in 20% 
yield (0-67 g.) as small red crystals, was dried in a vacuum at 100— 
110° (Found: I, 26-1. C,,H,,N,IS requires I, 26-3%). M. p. 275° 
(decomp.). The absorption maximum is at 4 4900 A. The extra- 
sensitivity extends to 2 6000 A. and the maximum effect is at 
2 5300 A, 
British PHorocraPrnic PLATES AND Papers, LIMITED, 
IurorpD, E. [ Received, January 10th, 1931.] 





CIX.—The 4-Hydroxy-1-aryl-5-methylpyrazoles. 
By FREDERICK DANIEL CHATTAWAY and HaARRy IRVING. 


AMoncG derivatives of the three possible hydroxypyrazoles or 

] , YP 
pyrazolones, those belonging to the 3- and the 5-series have been 
most studied. 


C(OH):N CH=—-=N CH——I 
N >NH | >NH 
CH==-CH ((OH):CH CH==C-OH 
3-Hydroxypyrazole 4-Hydroxypyrazole 5-Hydroxypyrazole 


The reaction between primary arylhydrazines and $-ketonic esters, 
discovered by Knorr (Annalen, 1888, 238, 147), gives a general 
method for the synthesis of members of the 5-series : 


CH,CO + H,N CH,C—N 
“NH-C,H,; —> |  >N-C,H; 
CH,-CO-OEt CH,-GO 


The method of Michaelis (Annalen, 1907, 358, 130; Ber., 1907, 40, 
1020), in which phosphorus trichloride brings about the condens- 


ethiodide (3-17 g.; 1 mol.), in hot absolute alcohol (200 c.c.), were 
treated with potassium hydroxide (2-2 mols., 90%), dissolved in 
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ation of as-acylarylhydrazines and $-ketonic esters, has been used 
to prepare various members of the corresponding 3-series : 





CO-OEt ++ Aec-NH | QO-aE 
~NH-C,H, ——~> DN-C,H; 
CH,—-C0-CH, CH—C-CH, 


No such general method has hitherto been available for the 
preparation of 4-hydroxypyrazoles and only a few such compounds 
are known (compare Bertho and Niissel, Annalen, 1927, 457, 278). 

The ease with which the §-chloro-«-ketobutaldehyde arylhydr- 
azones (I) can be obtained (Chattaway and Irving, J., 1930, 87; 
this vol., p. 751) by the interaction of butyl chloral hydrate and 

CHO + H,N-NHAr yon OH-N-NHAr (L.) 
CCl,-CHCI-CH, > (€O-CHCICH, 
aryl hydrazines in alcohol, now makes possible the synthesis by a 
general method of a series of derivatives of 4-hydroxypyrazole. 

When these ketonic hydrazones (I) are brought into contact with 
alcoholic sodium ethoxide, a molecule of hydrogen chloride is 
eliminated and ring closure ensues with the formation of the corre- 
sponding 4-hydroxy-1l-aryl-5-methylpyrazole (ITI). 








— CH:N CH—=N 
(I.) > || >Narli — | >NaAr 
CO-CH-CH, C(OH):G-CH, 

(IT.) (I1T.) 


Although the mode of synthesis suggests that the tautomeric keto- 
form (II) must be first formed, the compounds exhibit only the 
reactions of the enolic form (III), resembling in this respect 
4-hydroxypyrazole itself and 1-pheny] (or methyl)-4-hydroxypyrazole 
(Wolff, Annalen, 1900, 313, 18). 

The 4-hydroxy-1-aryl-5-methylpyrazoles are all colourless, stable, 
well-crystallised substances, very sparingly soluble in cold water, 
but readily soluble in most organic solvents. Like the 3- and the 
)-hydroxypyrazoles, they possess both basic and acidic properties, 
dissolving in aqueous ammonia, or dilute aqueous alkalis, or acids 
and separating unchanged on neutralisation. They can be boiled 
with concentrated hydrochloric acid or concentrated aqueous alkalis 
without decomposition, and are unaffected by reducing agents such 
as sodium amalgam, sodium and boiling alcohol, tin and boiling 
hydrochloric acid, or hydriodic acid. 

They reduce Fehling’s solution and ammoniacal silver oxide in 
the cold and are rapidly oxidised and broken down by cold alkaline 
potassium permanganate. They do not react with hydroxylamine 
or with phenylhydrazine. 

As hydroxy-compounds, the 4-hydroxy-1-aryl-5-methylpyrazoles 
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yield the corresponding 4-benzoates and 4-p-chlorobenzenesulphon. 





































ates when benzoyl chloride or p-chlorobenzenesulphony! chloride is § *” 
added to their solution in alkali. he 

They behave as tertiary bases and combine directly with picric § 
acid, platinic chloride, and methyl iodide. - 

When the aryl group is substituted by halogens, the basic pro. st 
perties of the corresponding 4-hydroxypyrazoles are diminished and § © 
the acidic increased. - 

The parent substance of the group, 4-hydroxy-1-phenyl-5-methyl. § °° 
pyrazole, is of special interest, since it is isomeric with Knorr’s § ‘ 
5-hydroxy-1-phenyl-3-methylpyrazole (‘‘pyrazolone’’), the first 

known member of the pyrazole group. It forms a well-charac. ch 
terised picrate, a chloroplatinate, and a methiodide. The last on It 
treatment with moist silver oxide yields the corresponding quaternary It 
ammonium base, from which the hydrochloride and chloroplatinate § ?" 
may be prepared. H 
EXPERIMENTAL. W 
4-Hydroxy-1-phenyl-5-methylpyrazole (III; Ar = C,H;).—6 G. of - 
8-chloro-«-ketobutaldehydephenylhydrazone (1 mol.) were added to 1" 
a solution of 3 g. of sodium (2 mols. + excess) in 100 ¢.c. of ethyl § * 
uleohol. The deep orange solution produced was kept at room 
temperature for 2 hours, during which sodium chloride separated, . 
and was then very slowly heated to the boiling point of the alcohol ~ 
and poured into 1000 c.c. of boiling water. The rather turbid \ 
brown solution obtained was boiled with animal charcoal, filtered ; 
hot, concentrated to 250 ¢c.c., cooled, and neutralised with hydro. : 
chloric acid ; 4-hydroxy-1-phenyl-5-methylpyrazole then separated as pt 
a sand-coloured crystalline precipitate. This was dissolved in es 
100 ¢.c. of hot 10% caustic potash solution, boiled with animal 
charcoal, and reprecipitated from the cooled filtrate by neutralis- 
ation with hydrochloric acid. After repetition of this process it 
was crystallised from boiling alcohol and finally from acetone-—light 
petroleum. Yield, 4 g. 

To obtain the 4-hydroxypyrazole it is not, however, necessary to 
isolate the 8-chloro-«-ketobutaldehydephenylhydrazone, as butyl 
chloral and phenylhydrazine themselves may be used as starting 
materials. 

A solution of 30 g. of butyl chloral hydrate (1 mol.) and 17 g. of 
phenylhydrazine (1 mol.) in 150 ¢.c. of ethyl aleohol was maintained 
at 10° for 12 hours and poured into 1500 c.c. of cold water. A 
viscid black mass then separated which, in the course of a few 
hours, on repeated trituration, became comparatively solid and - 
granular. It was dissolved in 150 c.c. of alcohol and 20 g. (2 mols. + ” 









excess) of powdered potassium hydroxide were slowly added in 
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= m4 small portions ($ hour). As the potassium hydroxide dissolved, 
heat was evolved and potassium chloride separated. When all had 

pieric bee? added, the mixture was warmed gradually on a water-bath, 
until the aleohol was boiling vigorously, and poured in a thin 

» pro. stream into 1500 c.c. of boiling water. <A tarry by-product which 

d and separated in considerable amount was filtered off, the alkaline 
solution of 4-hydroxy-1-phenyl-5-methylpyrazole thus obtained was 

ethyl. concentrated, and the pyrazole isolated as described above. Yield, 

norr’s § 78 8: J oalaggel 

first 4-Hydroxy-1-phenyl-5-methylpyrazole dissolves readily in cold 

ane. chloroform, and in hot benzene, alcohol, acetone and acetic acid : J 

t on & it is sparingly soluble in boiling water, ether, and light petroleum. 

nary It separates from acetone or acetone-—light petroleum in colourless 

‘inate @ Prisms with domed ends, m. p. 136-5—137-5° (Found: C, 68-9; 
H, 5-75; N, 16-0. C,H, ON, requires C, 68-9; H, 5-8; N, 16-0%). 
With ferric chloride it gives a 

A. of transient blue coloration, which 

sd to quickly fades and is replaced by a 

thy] fg Detmanent bright yellow. 

aaah The crystals belong to the mono- 

mr clinic system (type—digonal equa- 

ated torial) and are of prismatic habit. 

rbid The axial elements are a:6:¢ = 

onl 1:3383 : 1: 0-780385; B=95° 57’. 


en, The forms observed were a{lO00}, 
{210}, m{110}, c{001}, r{201}, q{011}, 





d as 
1 in @ and less frequently p{111}. 
=r The interfacial angles are given in the accompanying table :— 
alis- Angle. No. Limits. Mean observed. Cale. 
s it 110: 100 19 52° 58’—53° 16’ 53° 5’ 
ight 001: 011 15 37° 41’—38° 8’ 37° 49’ . 
001 : 100 6 95° 54’—96° 3’ 95° 57’ . 
201 : 001 6 45° 57’—46° 2’ 46° 0’ 45° 59)’ 
7 to 210: 110 6 19° 18’—19° 39’ 19° 30’ 19° 26° 
; 001 : 210 3 84° 58’—85° 4’ 84° 59’ 85° 1’ 
ity! 001 : 110 . 86° 11’—86° 38’ 86° 27’ 86° 26” 
‘ing 110: 111 6 47° 30’—47° 59’ 47° 51’ 47° 57’ 
100 : 111 7 69° 11’—69° 57’ 69° 30’ 69° 42’ 
111: 011 7 24° 50’—25° 55’ 25° 10’ 25° 0’ 
. of 201: 110 6 61° 12’—61° 53’ 61° 43’ 61° 45’ 
ned 110; 011 2 57° 19’—57° 23’ 57° 21’ 57° 22’ 
201: 210 2 48° 34’—49° 2’ 48° 48’ 48° 51’ 
A 210: 011 2 74° 14’—74° 35’ 74° 24’ 74° 24’ 
ew : bs 
ad There is a perfect cleavage parallel to a{100}. The double 
1 refraction is weak and negative: the axial angle is very wide. 





The hydrochloride separated as a colourless crystalline powder 
when dry hydrogen chloride was passed into a solution of the 
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hydroxy-pyrazole in benzene. After being dried over sulphuric 
acid in a desiccator filled with hydrogen chloride, it melted at 83° 
(decomp.) (Found: Cl, 16-9. C, 9H, ,ON,,HCl requires Cl, 17-3%). 
When exposed to the air it loses hydrogen chloride and it is very 
soluble in, and hydrolysed by, water. 

On the addition of chloroplatinic acid to a solution of 4-hydroxy- 
1-phenyl-5-methylpyrazole in concentrated hydrochloric acid, the 
chloroplatinate separated. It crystallised from concentrated hydro- 
chloric acid in slender, pale orange prisms which, dried to constant 
weight over quicklime in a vacuum desiccator, melted at 205° 
(decomp.) (Found : Pt, 25-8. C  9H,.0,N,Cl,Pt requires Pt, 25-75%). 

When warmed with an equivalent amount of picric acid in 
alcoholic solution, 4-hydroxy-1-phenyl-5-methylpyrazole formed a 
well-characterised picrate. This separated from boiling alcohol, in 
which it was moderately easily soluble, in deep golden-yellow 
prisms with domed ends, m. p. 154—154-5° (Found: N, 173. 
Ci 9H,,ON,,C,H,0,N requires N, 17-4%). 

1-Phenyl-5-methylpyrazolyl 4-benzoate gradually separated as a 
white solid when 1-5 g. of benzoyl chloride (1 mol. -+ excess) was 
added to a vigorously shaken solution of 0-5 g. of 4-hydroxy-l- 
phenyl-5-methylpyrazole in 10 c.c. of 10% aqueous potassium 
hydroxide. It is easily soluble in boiling alcohol, from which it 
separates in colourless compact prisms, m. p. 91-5° (Found: N, 
10-1. C,,H,,0O,N, requires N, 10-1%). 

|-Phenyl-5-methylpyrazolyl 4-p-chlorobenzenesulphonate, prepared 
similarly from the 4-hydroxy-pyrazole and p-chlorobenzenesulphony! 
chloride, crystallised from boiling alcohol, in which it was readily 
soluble, in very slender, colourless prisms, m. p. 87° (Found: N, 
8-2; Cl, 10-15. C,,H,,0,N,CIS requires N, 8-0; Cl, 10-2%). 

4-Hydroxy-1-phenyl-5-methylpyrazole methiodide. 3 G. of 4-hydr- 
oxy-1-phenyl-5-methylpyrazole (1 mol.) and 10 g. of methyl iodide 
(1 mol. -+- large excess) were heated in a sealed tube for 5 hours at 
100°. The methiodide, which separated as a crystalline mass on 
cooling, was washed with ether till colourless. It is very easily 
soluble in water and warm alcohol, sparingly soluble in boiling 
benzene, acetone, or ether, and separates from alcohol-ether in 
short colourless prisms, m. p. 201—202° (decomp.) (Found: I, 
40-3. CygH, 9ON,,CHsI requires I, 40-2%). 

4-Hydroxy-1-phenyl-l(or 2) : 5-dimethylpyrazolinium hydroxide. 
Moist silver oxide was added in slight excess to a solution of 2 g. of 
4-hydroxy-1-phenyl-5-methylpyrazole methiodide in 10 c.c. of warm 
water, and the filtered, solution was concentrated over sulphuric 
acid in a vacuum desiccator; after 3 days a colourless crystalline 
crust of the quaternary ammonium base remained. It is very easily 
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hurie | soluble in boiling chloroform and cold water, but sparingly in ether 





t 83° § and light petroleum. It crystallises from hot chloroform in very 
3%). & large rhombic tablets which darken at 145° and melt at 150—155° 


very | (decomp.) (Found: N, 13-4. Cj, )H,jON,,CH,-OH requires N, 
136%). Its aqueous solution is strongly alkaline; it reduces 


‘oxy- ff} ammoniacal silver oxide and gives a blood-red coloration with 
. the ferric chloride. 

7dro- The methochloride was obtained as a mass of compact colourless 
stant prisms with domed ends when 1-5 g. of the ammonium base 
205° were exactly neutralised with dilute hydrochloric acid, the solution 
5%). ff concentrated on a water-bath until crystals began to separate, and 
d in § the remainder of the water removed over quicklime in a vacuum. 
ed a It is very soluble in boiling water, alcohol, benzene and chloroform, 
1, in but very sparingly soluble in boiling ether. It separates from 
llow § ether-chloroform in slender colourless prisms, m. p. 225° (decomp.) 


L7'3. (Found : Cl, 15-9. C,9H,,ON,,CH,Cl requires Cl, 15-8%). 
Chloroplatinic acid was added to a solution of the quaternary base 


is a (1 g.) in a little hot concentrated hydrochloric acid. On cooling, 
was the chloroplatinate separated as an orange crystalline mass. It 
y-l- crystallised from boiling dilute hydrochloric acid in very thin, 
sium flattened prisms of a dull orange colour. Dried to constant weight 
h it ina vacuum desiccator, it darkened from 140° and melted at 190— 


N, 195° (decomp.) [Found : Pt, 24-6. (C,)H,,ON,°CHs),PtCl, requires 
Pt, 24-8%]. 





ared Reduction of 4-Hydroxy-\-phenyl-5-methylpyrazole : Formation of 
ony! |-Phenyl-5-methylpyrazole.—Although ordinary reducing agents had 
dily no action upon 4-hydroxy-1-phenyl-5-methylpyrazole, it could be 
N, reduced to 1-phenyl-5-methylpyrazole as follows. 
adi. CH—=N pur, CHIN alk CH.N _ 
lide >N-CoH; —~ | CH, C,H; und, | ZH 
me ((OH)=C-CH, CH:C-( CH:C-CO,H 

on 12 G. of seniteentiatadeiteedneanaa were heated with 
sily 25 g. of phosphorus tribromide (b. p. 171°) and 3 g. of yellow phos- 
ling phorus in a sealed tube at 200—220° for 24 hours. When cold, 
in the viscid reddish-black contents of the tube were washed out 
I, with water, made strongly alkaline, and steam-distilled. The 
1-phenyl-5-methylpyrazole in the distillate, partly as oily drops, 
ide. was extracted with ether, dried over potassium carbonate, and 
. of fractionated at the ordinary pressure ; it distilled almost completely 
= at 255—265°. On refractionation the main fraction (4:2 g.) had 
na b. p. 261°/761 mm. (Stoermer and Martinsen, Annalen, 1907, 352, 
ine 333, give b. p. 263-5°/762 mm.). Its identity was confirmed by 
ily the preparation of the chloroplatinate, m. p. 197—199° (decomp.), 
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the picrate, m. p. 97°, and the ethiodide, m. p. 208—209° (Found: b 
T, 40-6. Cale.: I, 40-4%). " 

l-4 G. of the reduction product (1 mol.), 2:8 g. of potassium § ! 
permanganate (1 mol.), and 0-6 g. of potassium hydroxide were fr 
refluxed with 40 c.c. of water for 8 hours. After separation of the b 
manganese dioxide formed, the colourless filtrate was concentrated C 
to about 15 ¢.c. and acidified with hydrochloric acid; 1-phenyl- se 
pyrazole-5-carboxylic acid then separated. After two recrystallis. 9 
ations from boiling water it melted at 183—183-5° (compare Claisen i 
and Roosen, Annalen, 1894, 278, 292), alone or mixed with the ir 
acid prepared by the similar oxidation of authentic 1-pheny]-5- (I 
methylpyrazole (Stoermer and Martinsen, loc. cit.). 

When heated in a sealed tube with 2—10 mols. of phosphorus ir 
oxychloride at temperatures ranging from 100° to 300° and for § & 
periods of 5—30 hours, 4-hydroxy-1-phenyl-5-methylpyrazoie did C 
not yield any recognisable amount of 4-chloro-1-phenyl-5-methy]- 
pyrazole, and from the black coked product only traces of the al 
initial material could be isolated. Wolff and Fertig (Annalen, 1900, in 
313, 21) used this procedure to establish the constitution of 4-hydr- re 
oxy-l-phenylpyrazole, which gave 4-chloro-l-phenylpyrazole in in 
‘ extraordinarily bad yield.”’ I 

4-Hydroxy-1-aryl-5-methylpyrazoles.—A series of 4-hydroxy-1-aryl- 
5-methylpyrazoles has been made by the action of alcoholic sodium b 
ethoxide upon the corresponding arylhydrazone of 8-chloro-«-keto- ce 
butaldehyde (compare p. 788), or by treating the crude condensation 4 
product of butyl chloral hydrate and the appropriate arylhydrazine H 
in alcohol, with alcoholic potash (compare p. 788). The latter W 
procedure is specially applicable where the purification of the ketonic a 
hydrazone presents some difficulty—as with those derived from r 
phenyl- and the three tolyl-hydrazines. 

The yields of the 4-hydroxy-pyrazoles are usually good and reach sf 
90% in the case of 4-hydroxy-1-(2’ : 4’-dichlorophenyl)-5-methyl- sl 
pyrazole. / 

4-Hydroxy-1-o-tolyl-5-methylpyrazole (UI; Ar = C,H,) erystallises p 
from boiling alcohol, in which it is moderately easily soluble, in fe 


colourless prisms, m. p. 157:5° (Found: N, 15:05. C,,H,.0N, 
requires N, 14-9%), and its methiodide from alcohol-ether in irregular 
colourless prisms, m. p. 198° (decomp.) (Found : I, 38-7. C,.H,,;ON2! 
requires I, 38-5%). 

4-H ydroxy-1-m-tolyl-5-methylpyrazole separates from benzene-light 
petroleum in colourless prisms, m. p. 120° (Found: N, 14:8%), 
and the corresponding p-tolyl compound in colourless prisms with 
domed ends, m. p. 125° (Found: N, 14-9%). 

4-H ydroxy-1-p-chlorophenyl-5-methylpyrazole separates from boiling 
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benzene, in which it is moderately easily soluble, in compact 
colourless prisms with domed ends, m. p. 141—142° (Found: Cl, 
I7-1. CygH,ON,Cl requires Cl, 17-0%). The picrate crystallises 
from boiling alcohol, in which it is moderately easily soluble, in 
bright yellow, compact prisms, m. p. 125—126° (Found: Cl, 8-0. 
CpHyON,CI,C5H,0,N, requires Cl, 8-1%). The hydrochloride 
separates from concentrated hydrochloric acid, in which it is readily 
soluble, in colourless prisms, m. p. 99—102° (decomp.). The meth- 
iodide crystallises from boiling alcohol, in which it is easily soluble, 
in colourless rhombic tablets, m. p. 196—197° (slight decomp.) 
(Found: Cl + I, 46-5. C,,H,ON,CI,CH,I requires Cl +- I, 46-4%). 

1-p-Chlorophenyl-5-methylpyrazolyl 4-benzoate separates from boil- 
ing alcohol, in which it is very easily soluble, in very slender, 
colourless, flattened prisms, m. p. 95—96° (Found: Cl, 11-25. 
(',;H,30,N,Cl requires Cl, 11-3%). 

4-Hydroxy-1-p-bromophenyl-5-methylpyrazole crystallises from 50°, 
alcohol, or boiling benzene, in which it is moderately easily soluble, 
in colourless prisms, m. p. 143° (Found: Br, 31-6. C, »H,ON,Br 
requires Br, 31-6°%). The 4-benzoate separates from boiling alcohol, 
in which it is easily soluble, in fine colourless prisms, m. p. 108-5— 
109° (Found : Br, 22-6. C,-H,,0,N,Br requires Br, 22-4%). 

4-Hydroxy-1-(2' : 4'-dichlorophenyl)-5-methylpyrazole separates from 
boiling alcohol, in which it is readily soluble, in large colourless 
compact crystals resembling octahedra, m. p. 184° (Found: C, 
49-0; H, 3-4; N, 11-3; Cl, 29-2. C,9H,ON,Cl, requires C, 49-3; 
H, 3-3; N, 11-5; Cl, 29-2%). It is almost insoluble in boiling 
water, but readily soluble in hot acetic acid, chloroform, benzene, 
and aleohol. The crystals (from alcohol) belong to the ortho- 
thombie system (class—holohedral), and the axial elements are 
a:b:¢ =1-1250:1:1-0649. The forms observed were m{110}, q{011}, 
201}, and of{111}. There is no good cleavage. The crystals 
show strong positive double refraction with a wide axial angle. 
The optic axes lie in the plane {100}, and the acute bisectrix is 
perpendicular to {001}. The interfacial angles are given in the 
following table :—- 


Angle. No. Limits. Mean observed. Cale. 
110: 110 6 96° 43’— 96° 50’ 96° 44’ * 
201 : 201 4 55° 57’— 566° 1’ 55° 59’ 56° 0’ 
110: 011 3 122° 31’—123° 11’ 122° 50’ 122° 54’ 
111: 111 3 74° 32’— 75° 38’ 75° 5’ 75° 14’ 
111: 111 8 119° 27’—110° 24’ 119° 36’ * 
110: 111 17 35° 27’— 35° 40’ 35° 13’ 35° 15’ 
110: 111 6 84° 35’— 85° 3’ 84° 33’ 84° 31’ 
Oll: 111 2 32° 46’— 33° 16’ 32° 54’ 32° 52’ 
110: 201 6 53° 49’— 54° 18’ 54° 5’ 54° 56’ 


1-(2’ : 4’-Dichlorophenyl)-4-hydroxy-5-methylpyrazole does not 
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form a picrate or a methiodide. It dissolves readily in boiling 
concentrated hydrochloric acid and on cooling the hydrochloride 
separates as large, colourless, compact, rhombic plates, m. p. 96 
(decomp.) (Found : Cl, 37-9. C,g>H,ON,Cl,,HCI requires Cl, 38-1°), 
The 4-benzoate, prepared by the Schotten—Baumann reaction, crystal. 
lises from boiling alcohol, in which it is readily soluble, in very thin, 
colourless, apparently square, rectangular platelets, m. p. 112-5— 
113° (Found : Cl, 20-4. C,,H,,0,N,Cl, requires Cl, 20-4%). 
4-Hydroxy-1-(2' : 4’-dibromophenyl)-5-methylpyrazole separates from 
boiling alcohol, in which it is moderately easily soluble, in large, 
colourless, compact crystals, m. p. 186° (Found: Br, 48-2. 
C,>H,ON,Br, requires Br, 48-2%). The 4-benzoate crystallises from 
boiling alcohol, in which it is readily soluble, in very slender, colour. 
less prisms, m. p. 112—113° (Found: Br, 41-1. C,,H,,0,N,Br, 
requires Br, 41-2%). ; 

For comparison with 4-hydroxy-1-(2’ : 4’-dichloropheny))-5. 
methylpyrazole the isomeric 1-(2’ : 4’-dichlorophenyl)-5-methyl-3- 
pyrazolone was prepared by the method of Michaelis (Annalen, 
1907, 358, 130) by condensing 29 g. of 8-acetyl-2 : 4-dichlorophenyl- 
hydrazine (1 mol.) and 17-2 g. of acetoacetic ester (1 mol.) with 
40 g. (2) mols.) of phosphorus trichloride. It crystallised from 
boiling alcohol, in which it was moderately easily soluble, in colour- 
less flattened prisms, m. p. 208—209° (Found : Cl, 29-0. C,>H,ON,CI, 
requires Cl, 29-2%). 

The 3-pyrazolone dissolves readily in warm 10% caustic soda 
solution and on cooling the sodium salt separates in very slender, 
colourless needles, m. p. 55° (decomp.) (Found: Na, 846. 
C,)9H,ON,CI,Na requires Na, 8-7%). 

1-(2' : 4’-Dichlorophenyl)-5-methylpyrazolyl 3-benzoate, prepared by 
the Schotten—Baumann reaction, separates from boiling alcohol, in 
which it is very readily soluble, in colourless hair-like prisms, m. p. 
98—99° (Found : Cl, 20-5. C,,H,.0,N,Cl, requires Cl, 20-4%). 

4-Bromo-1-(2’ : 4’-dichlorophenyl)-5-methyl-3-pyrazolone, prepared 
by the action of bromine (1 mol.) upon a solution of the 3-pyrazolone 
(1 mol.) in acetic acid at the ordinary temperature, crystallises 
from boiling alcohol, in which it is rather sparingly soluble, in 
compact colourless tablets, m. p. 241—242° (decomp.) (Found: 
Cl + Br, 47-0. C,),H,ON,CI,Br requires Cl + Br, 46-85%). 


THE QUEEN’s COLLEGE LABORATORY, 
OXFORD, [ Received, February 12th, 1931.| 
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CX.—The Dissociation of Salis in Nitrobenzene. 


By W. F. Kenrick WYNNE-JONES. 


THE systematic study of electrolytic solutions has shown that they 
may be divided broadly into two classes: (a) strong electrolytes, 
including most salts, and (b) weak electrolytes, consisting mainly of 
acids and bases. In general, the typical strong electrolytes retain their 
strength in most solvents, whereas acids and bases vary consider- 
ably in strength from one solvent to another in a manner deter- 
mined largely by the acid and basic properties of the solvents. Of 
recent years, however, more careful examination of individual salts, 
mainly by Walden and Hartley and their respective collaborators 
and also by Martin (J., 1928, 3270), has shown that even salts vary 
considerably in their behaviour when solvents other than water 
areemployed. For the majority of salts these variations seem to be 
highly specific, rendering very uncertain any exact prediction of the 
behaviour of a salt in a given solvent; but it has been found by 
Walden for one class of salts, 7.e., the tetra-substituted ammonium 
bases, that it is possible to make such a prediction, since the be- 
haviour of these salts conforms fairly closely to the Onsager equation 
for electrical conductivity ; 7.e., their behaviour is determined by the 
physical properties of the solvent. Such a behaviour is perhaps to 
he expected when one considers the similarity between the organic 
kations of these salts and the solvents in which measurements have 
been made ; nevertheless, it is surprising that Walden has made the 
further observation that the salts of the partially-substituted ammon- 
ium bases in no way conform to the normal behaviour exhibited by 
the fully substituted salts, but, on the contrary, become extremely 
weak electrolytes even in certain solvents of high dielectric constant. 
In view of the intrinsic importance of this discovery and its bearing 
on the study of acids and bases, it seemed desirable to investigate 
the behaviour of salts of this type in nitrobenzene and to attempt 
an elucidation of the causes of their peculiarities. 


EXPERIMENTAL 


The nitrobenzene was shaken with caustic soda and twice distilled 
under about 10 mm., the second distillation being from phosphoric 
oxide; its resistance in the conductivity cell was comparable with 
that of the insulation, so the specific conductivity was not greater 
than 10-8 mho. 

The salts were prepared by mixing various acids and bases, all of 
which were either the purest obtainable commercially or were 
carefully purified. No particular precautions were taken to purify 
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the salts after preparation, but they were dried in a vacuum over 
phosphoric oxide. 

The conductivity measurements were made by the method of 
Frazer and Hartley (Proc. Roy. Soc., 1925, 109, A, 351) and the cell 
employed was of the Hartley and Barrett type (J., 1913, 103, 789) 
but designed to hold about 50 c.c. instead of 250 c.c.; the constant, 
referred to Kohlrausch’s data for potassium chloride, was 0-1735, 
All measurements were made at 25°. 

Results.—The results are summarised in Table I. The con. 
centrations, C, are expressed in g.-equivs. per litre, the density of 
the solutions being assumed to be identical with that of the pure 
solvent, viz., 1-198 at 25°. The equivalent conductivities, A, are 
expressed in reciprocal ohms. 


TABLE I. 


Dipropyl- Diphenyl- Dipropyl- 
amine Piperidine guanidine Piperidine amine 
picrate. picrate. picrate. perchlorate. perchlorate. 


Cxl1Oe%%. Aa. CxX10. a Cn. aw Cee ht Cx10*. A, 
2-026 17-99 1-399 21-04 1-655 9-51 2-667 34:45 1-615 33-56 
4:193 14:89 2-797 17-24 3-514 7-15 6-019 32:05 3-922 31-15 
9-352 11-28 5-082 14:13 9-140 4-73 11-9388 29-04 8-189 28-03 
16-955 8-86 8-604 11-70 18-128 3-48 20-06 26°28 12-24 25-95 
28-07 7-24 15-882 9-25 33-58 2-63 40°32 22°21 26°86 21-42 
42-96 6:09 29-04 7-24 *32-78 5-10 *39-38 25-60 


* These figures refer to solutions containing 1-47% of ethyl alcohol. 


An attempt was made to measure the conductivities of solutions 
of dipropylamine and piperidine chlorides and dipropylamine 
trichloroacetate, but the resistances were too great to allow of 
accurate measurement. 


Discussion of Results. 


The results are plotted in the figure together with the data of 
Murray-Rust, Hadow, and Hartley (this vol., p. 215) for tetraethyl- 
ammonium picrate ; the broken line represents the theoretical slope 
according to Onsager’s equation, 


A = Ag—(0-784Ay + 44-2)c# 


the dielectric constant of nitrobenzene being assumed to be 34-5 and 
its viscosity 0-0183 : it is evident that all the salts investigated are 
definitely weak electrolytes, whereas the tetraethylammonium salts 
are strong electrolytes. It is also noticeable that the perchlorates 
are stronger than the picrates, and these, in turn, are much stronger 
than the chlorides, which are extremely weak electrolytes. Cal- 
culation of the dissociation constants gives for the two perchlorates 
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values of 2—3 x 10°, for dipropylamine and piperidine picrates 
1:7 x 10+, and for diphenylguanidine picrate 2-2 x 10. Correc- 
tion for the interionic forces, the validity of Onsager’s and Debye and 
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0-02 0-04 0:06 
Ve. 
I. Piperidine perchlorate. II. Dipropylamine perchlorate. 


Ill. A Piperidine picrate. © Dipropylamine picrate. 
IV. Diphenylguanidine picrate. 
Hiickel’s equations being assumed, does not greatly improve the 
constancy of the values. 
It would be possible to explain the weakness of these salts by 
assuming that they are largely dissociated into the free acid and 
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base, but, as has been clearly shown by Walden, Ulich, and Buseh 
(Z. physikal. Chem., 1926, 123, 429), there are conclusive arguments 
against such an assumption. The most cogent of these are: (1) 
As picric acid is a weaker acid than hydrochloric, the picrates should 
be the ‘ weaker’ salts. (2) An equilibrium of the type B + HA = 
BH* + A’ shoud not be influenced very much by the concentration 
and, consequently, the form of the equivalent conductivity curve 
should be the same as for the typical strong electrolytes. (3) 
Walden has shown that there is no free hydrochloric acid in 
the chloride solutions. (4) The same author has shown that 
the conductivity is not affected by additions of the free acid or 
base. 

We can only conclude, therefore, that the salts of the partially- 
substituted ammonias are constitutionally weak electrolytes, and 
that they all exist to a greater or less extent in the form of non-ionic 
molecules. In order to explain the existence of such non-ionic mole- 
cules, it seems simplest to adopt the suggestion put forward by Moore 
and Winmill (J., 1912, 101, 1635) and by Pfeiffer (Annalen, 1913, 
398, 152) and later elaborated by Latimer and Rodebush (J. Amer. 
Chem. Soc., 1920, 42, 1419) that hydrogen can exert a covalency of 
2. This suggestion was first advanced in order to account for the 
weakness of aqueous solutions of ammonia, but there the alternative 
explanation is still possible that no ammonium hydroxide molecules 
exist in the solution, for in their work, Moore and Winmill made 
assumptions which are open to criticism particularly in view of the 
recent work of Lannung (J. Amer. Chem. Soc., 1930, 52,68). While 
this conception of bicovalent hydrogen has hitherto been restricted 
to compounds in which this atom is linked to a fluorine or an oxygen 
atom, there seems no reason why other atoms should not behave 
similarly; in particular we might expect chlorine, whose general 
behaviour is closest to that of fluorine, to have a similar effect in this 
respect also. It is indeed significant that, of the salts we are 
considering, the chlorides are quite the weakest, the bromides, 
according to Walden, being markedly stronger, and the iodides 
much stronger still. 

If it is correct to formulate these salts in the way suggested, then 
certain consequences may be expected. In the first place, if the 
salt itself can exist in a non-ionic form, its ionisation will be greatly 
assisted when the solvent can in some way interact with the ammon- 
ium ion and separate it from the anion; thus we may write 

RgN°H°Cl 4+ S = [R,N°HS]° + Cl’ 
where R,N:H:Cl represents the salt, and S the solvent molecule. 
Actually, it is found that these salts function as strong electrolytes 
only when dissolved in the hydroxylic solvents, water, methyl and 
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ethyl alcohols *; in nitrobenzene, acetonitrile, acetone, ethylene 
chloride, dichloroethylene, and tetrachloroethane, and also in the 
fused state, they are weak electrolytes in spite of the fact that the 
dielectric constants of the first three members of this group are 
comparable with those of the alcohols. Furthermore, the addition 
of ethyl aleohol to the solutions of these salts in nitrobenzene causes 
a considerable increase in the conductivity as shown in Table I. 
It is noteworthy that the conductivity of piperidine perchlorate is 
less affected by the addition of alcohol than that of the weaker 
electrolyte diphenylguanidine picrate, and moreover, an approxim- 
ate measurement showed that dipropylamine chloride is even more 
markedly affected. These observations are quite analogous to those 
of Goldschmidt on the effect of addition of water on the conductivity 
of weak acids in the alcohols, and the explanation here advanced is 
the same as his. 

If solvation of the substituted ammonium ions is a necessary 
prelude to the ionisation of their salts, then we should expect to 
find evidence of such solvation in the hydroxylic solvents where 
ionisation is apparently complete. As a rule, evidence for solvation 
isnot convincing because of theoretical objections to the methods 
employed, and this is particularly true of the calculation of solvation 
values from ionic mobilities; here, however, by comparing the 
mobilities of structurally similar ions, we can arrive at conclusions 
with some assurance. 

If we consider the ammonium and the tetramethylammonium 
ion, then, on the views outlined above, these ions in aqueous solu- 
tions will be N(OH,),° and N(CH,),° whereas in methyl alcohol the 
ammonium ion will become N(CH,*OH,),°. We cannot with cer- 
tainty predict whether the OH, group is larger than the CH, group 
or not, but the atomic volume of oxygen is less than that of carbon, 
80 it is not surprising to find that the mobility of the ammonium 
ion in water is 75-0 whereas that of the tetramethylammonium 
ion is 46-5. In methyl alcohol, however, we should certainly 
expect the ion N(CH,°OH,),” to be larger than the ion N(CH,),’, 
and in agreement with this the mobilities of the ammonium 
and the tetramethylammonium ion are 58-3 and 66 respectively. 
Nimilarly, in ethyl aleohol the mobilities of the two ions are 22 
and 29-3. 

On the basis of Walden’s data (Z. physikal. Chem., 1929, 144, 
269) it is possible to test our hypothesis further by comparing the 
mobilities of the ethyl-substituted ammonium ions in the alcohols 

* According to Goldschmidt’s data for piperidine hydrochloride in isobutyl 


alcohol (Z. physikal. Chem., 1926, 124, 23), we may include this solvent as 
well, 
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and in acetonitrile, a non-hydroxylic solvent, where solvation should 
not occur : 









Mobilities of substituted ammonium ions at 25°. 

































Aceto- Ethyl Methyl 
nitrile. alcohol. alcohol. ’ 
I i 5 sini 99 = — ¢ 
N(C,H,),H,” ..... Sala 94 25-8 Bl it 
UIE siseccccceaaeoneedsn 87 al a 
SRE diccidasiiecsdscstsiies 86 26-9 54 } 
The reversal of the order of the mobilities with change from the ; 
non-hydroxylic to the hydroxylic solvents is very striking and J ,, 
confirms our views. . 
A further test is afforded by the mobilities of isomeric ions; it J y 
was first suggested by Ostwald that the mobilities of such ions are 
identical, and considerable support is given to this view by the data § ,, 
for organic anions, but it has been shown by Walden and Ulich § ,, 
(Z. physikal. Chem., 1924, 114, 317) that the rule does not apply § ,, 
to the substituted ammonium ions. Ostwald’s idea, however, § 4; 
seems quite reasonable, and it is possible to explain Walden’s § x. 
results on the basis of solvation; thus we should expect to find 
that in non-hydroxylic solvents isomeric ions possess the same 
mobility, whereas in hydroxylic solvents the partially substituted 
ammonium ions would be solvated and consequently have lower § .) 
mobilities. This is borne out by Walden’s data for three isomeric § . 
ions, the isobutylammonium, the diethylammonium, and_ the tio 
tetramethylammonium ions : ‘ 
Mobilities of isomeric tons at 25°. - 
Aceto- Ethyl Methy! he 
nitrile. Acetone. alcohol. alcohol. Water. tis 
N(C,H,)H,,.” ...... sevces 40 92 20-9 47 31-4 
Se: 8: Ree V4 92 25-7 56 32-2 I 
PCM Weincsnesess 03 102 29-5 66 397 
alle 


The only anomaly is the somewhat high mobility of the tetra- J Tri 
methylammonium ion in acetone, and this may in part be due to J). | 
errors in Ay because the A-c? curves in acetone are very steep and J | 
render extrapolation somewhat uncertain. Even assuming the § (he 
values given to be quite accurate, the difference between the mobili- § che 
ties of the tetramethylammonium and the isobutylammonium ions 


: , : ? , . T 

in acetone is only 10%, whereas in the alcohols it is 40%, and in 

water 25%. 9 
The behaviour of these salts has important bearings on the study me 








of acids and bases in non-hydroxylic solvents. In the first place, 
it renders invalid the conductivity method for comparing the 
strength of acids, since the assumption made in applying the method 
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hould § js that the sole reaction occurring in solution is HA + S = HS* + A’, 
where HA is the acid, 8 the solvent molecule, HS’ the solvated 
hydrogen ion, and A’ the anion, but in non-basic solvents this 
reaction does not occur and the acid will instead react with any 

yl water present,* thus HA + H,0 = OH,;A. Now OH,A is a 

compound analogous to NH,A, and consequently we should expect 
it to be a weak electrolyte; also, from the results presented here, 
we should expect oxonium perchlorate (OH,CI1O,) to be a stronger 
electrolyte than oxonium chloride (OH,Cl) and in consequence a 
m the § solution of perchloric acid in a non-hydroxylic solvent should be a 
; and § much better conductor of the electric current than a corresponding 
_ solution of hydrogen chloride quite irrespective of which is the 

iS; I Bf stronger acid. 

1s are # Secondly, it affects the use of buffer solutions of which salts of the 

. data ammonium type are constituents. The importance of this can be 

Ulich ff inderstood when it is realised that not many common electrolytes 

apply Bare soluble in non-hydroxylic solvents, particularly those of low 

vevel, § tielectric constant, and amongst the most readily accessible sub- 

Iden’s ff stances are the substituted ammonias and their salts. 


0 find 
same Summary. 
ituted |}. Measurements have been made of the conductivities of various 
lower § wits in nitrobenzene. 
a 2. The behaviour of these salts has been exp!ained on the assump: 
the 


tion that they exist in a non-ionic form. 

3. Evidence in favour of the assumption is advanced from the 
nobilities of the ion. 

4. The bearing of these results on the study of acids and bases is 
ater. discussed. 


ot: I wish to express my thanks to Sir Harold Hartley, F.R.S., for 
allowing me to carry out these measurements in the Balliol and 
tetra- I Trinity College laboratories, and I particularly wish to thank Mr. 
lue to f D. M. Murray-Rust for his help in making the measurements. 

p and f I am also indebted to the Research Fund Committee of the 
g the § Chemical Society for a grant which enabled me to purchase the 
nobili- f chemicals employed. 

ory Tut University, READING. [Received, January 20th, 1931.] 
* That this is not a remote possibility is shown by the fact previously 
study «mphasised that a 0-01% solution of water corresponds to a normality of 
005 (Wynne-Jones, J. Physical Chem., 1927, 81, 1653). 
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CXI.—Higher Aliphatic Compounds. Part I. The 
Systems Ethyl Palmitate-Ethyl Stearate and Hexa- 
decyl Alcohol—Octadecyl Alcohol. 


By JoHN CHARLES SMITH. 


DuRine the preparation of cetyl iodide for another investigation 
(Smith, this vol., p. 251) the necessity for a revision of, the criteria 
of purity of this halide, and indeed of higher aliphatic compounds 
in general, became evident. De Visser (Rec. trav. chim., 1897, 17, 
182) purified palmitic and stearic acids and mapped their binary 
system. Carlinfanti and Levi-Malvano (Gazzetta, 1909, 39, 353) 
generally confirmed his figures and concluded that the system 
showed the existence of a molecular compound which formed solid 
solutions with each of the pure acids. Efremov (Ann. Inst. Polyt. 
Ural, 1927, 6, 155), using less pure acids (m. p.’s 59-2° and 67-8° 
respectively), found no evidence of the molecular compound, and 
described the system as an unbroken series of solid solutions ex- 
hibiting a minimum (Type III of Roozeboom, Z. physikal. Chem., 
1899, 30, 385). 

It is now found that hexadecyl and octadecyl alcohols form a 
system of Type III. Both ethyl palmitate and ethyl] stearate are 
dimorphous, and in mixtures the lower-melting forms give an un- 
broken series of solid solutions without minimum or maximum 
(Type I of Roozeboom). 

All the substances were purified exhaustively by at least two 
methods, and in each case the different processes led to final pro- 
ducts of identical freezing point. The results show the inadvis- 
ability of relying on melting points in capillary tubes as criteria of 
purity, especially for cetyl alcohol, in which a 15% admixture of 
octadecanol lowers the m. p. by only 0-7°, and a 30% admixture 
raises it again to that of the pure substance. 


EXPERIMENTAL. 

Purification of Materials—Palmitic acid. Kahlbaum’s acid 
(f. p. 60-9°, 40 g.) was recrystallised five times from 95% ethy! 
alcohol (f. p. raised to 62-2°) and then ten times from pure benzene. 
The product (8 g.) had f. p. and m. p. 62-66° * (m. p. in capillary 
tube 63-5°), unchanged by two further crystallisations from benzene 
and one from ligroin (De Visser, loc. cit., gives m. p. 62-618° ; Stratton 
and Partington, Phil. Mag., 1924, 48, 1085, f. p. 62-25°, m. Pp. 
62-65°). 

* F. p.’s and m. p.’s were taken in apparatus of the Beckmann type with 
standardised thermometers, and are correct to + 0-04°. 
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The Lthyl palmitate. Palmitie acid (m. p. 62-66°) yielded this ester, 
which, crystallised from absolute alcohol or ligroin, melted at 

evd- @ 94-18°. Commercial “ purified” palmitic acid (m. p. 52—54°) 
was esterified and the product fractionated (12 mm.) until no further 
change in the m. p. (24-18°) was effected. Some of the rejected 
fractions were recrystallised from alcohol or ligroin to constant 

ation fm. p., 24-18° (capillary tube 25°), and finally, ester of this m. p. was 

iteria J hydrolysed (aqueous-alcoholic potassium hydroxide solution) to 

. palmitic acid (once recrystallised from alcohol) of f. p. 62°65°. 

, 17, 
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Ethyl stearate, mols. %. 
When the liquid ester is cooled, it crystallises in Jarge transparent 
acid F plates (f. p. and m. p. 19-40°), but on stirring, these change rapidly 
ethyl F to fine, opaque crystals, while the temperature rises to about 23° ; 
zene. # on heating these melt at 24-18°. When the ester is quite pure, it is 
illary | difficult to keep the lower-melting crystals long enough for a deter- 
nzene # mination of thef. p. From the curve for mixtures of ethyl palmitate 
atton f and ethyl stearate (see Fig. 1), the f. p. of the former would appear 
m. PE to be 19-3° instead of the value 19-4° actually observed. The 
higher-melting form does not crystallise rapidly enough for its f. p. 
> with @ to be determined in the ordinary way. 






Ethyl palmitate made from crude palmitic acid may have m. p.’s 
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as low as 18° and 22° owing to the presence of impurities other 
than ethyl stearate (Heinz, J. pr. Chem., 1855, 66, 37, gives m. p. 
24-2°; Adam, Proc. Roy. Soc., 1922, 101, 471, gives 25-5°). 

Cetyl alcohol. Crude cetyl alcohol (f. p. 47-3°) was distilled at 
12 mm. from a Ciaisen flask. The distillate was fractionated (Q-2— 
0-4 mm.) through a 60 x 3 cm. column of Raschig rings, and the 
distillate collected in three or four fractions without interruption 
of the boiling. Although the pressure remained nearly constant 
(McLeod gauge), the b. p. varied from 125° to 140° according to the 
rate of distillation. (Cetyl alcohol does not ** wet ”’ glass, and the 
mercury thread of the thermometer must be outside the column.) 
The f. p.’s of the first fractions were always much lower than those 
of the other fractions, showing the greater effect of the lower 
alcohols than of octadecyl alcohol on the f. p. of cetyl alcohol. In 
both the sixth and the seventh distillations the main fractions froze 
at 49-27° (m. p. capillary tube 50°). Fractions melting above 
48-6° (90% cetyl alcohol) were easily recrystallised from methyl 
alcohol, the solid separating in a crystalline form instead of as a soft 
curd, and the f. p. was raised to 49-27°, unchanged by recrystallis- 
ation from benzene. 

Ethyl palmitate (m. p. 24:18°), when reduced with sodium and 
alcohol, the reaction product being distilled with superheated 
steam, gave cetyl alcohol of constant f. p. 49-27°. Even with the 
purest alcohol, the rise to the maximum f. p. is very slow above 
49-22°. 

In the literature values from f. p. 46-30° to m. p. (capillary tube) 
51° are found. Krafft (Ber., 1883, 16, 1721) gives m. p. 49:5°; 
Scheuble and Loeb! (Monatsh., 1904, 25, 346) 49-3° (sharp); Adam 
(loc. cit.) 50°. 

The method recommended for purification of commercial cetyl 
alcohol is therefore distillation (at 1—15 mm.) until the main fraction 
freezes at 48-6° (90%), followed by crystallisation from methyl 
alcohol. 

Stearic acid. Kahlbaum’s acid (f. p. 67-8°, 20 g.) crystallised 
seven times from 95%, alcohol gave 5 g. of acid (f. p. 69-30°), and 
this after three crystallisations from benzene had constant f. p. 
and m. p. 69-41° (m. p. capillary tube 705°). Other specimens of 
stearic acid were purified similarly to products of identical f. p. 
(De Visser, loc. cit., gives m. p. 69-320°; Schiff, Annalen, 1883, 
223, 264, 69-4—69-5°: Dubowitz, Chem.-Zig., 1930, 54, 814, 
69-7°.) 

Ethyl stearate. Stearic acid (f. p. 69-41°) yielded ethyl stearate of 
f. p. 30-92°, unchanged by crystallisation from ethyl alcohol or 
ligroin. It crystallises in large transparent plates like those of 
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ethyl palmitate, and if rubbed with the thermometer they change 
slowly to fine crystals of m. p. 33-4°. On standing, the clear solid 
of m. p. 30-9° becomes opaque, changing to the higher-melting form, 
although with impure specimens the change may take some hours. 
This form will grow slowly if the liquid is seeded and kept at 32— 
33°: it seems to be deposited directly from alcoholic solutions. In 
capillary tubes, the two forms of crystal melt at 32-5° and 34° 
respectively (Erdmann and Bedford, Ber., 1909, 42, 1332, give 
33:7°.. As with ethyl palmitate, the lower-melting form is not 
mentioned in the literature). 

Commercial ‘ purified” stearic acid (m. p. 53—56°) was con- 
verted to ethyl stearate (m. p. 23-2°), which was fractionated (at 1] 
mm.) until the main fraction froze at 28-6°, and then crystallised 
from aleohol containing 0-3°, of sulphuric acid. (In the absence 
of acid, solutions of impure ester deposit a soft curd and are difficult 
to filter.) Crystallisation from alcohol or ligroin gave a final 
product of f. p. 30-92°, and higher m. p. 33-4°, but during the 
purification of five fractions the f. p. always passed through a 
maximum at 31-05° (higher m. p. 33-2°). Material of f. p. 31-05° 
was precipitated from the mother-liquor as a soft curd changing to 
hard crystals in a minute or two, and further purification gave 
products which immediately deposited crystals from alcoholic 
solution. The ester was contaminated apparently with some sub- 
stance with which it could form solid solutions exhibiting a 
maximum mM. p. 

Octadecyl alcohol. Ethyl stearate (f. p. 30-92°, 18 g.) on reduction * 
(sodium 9 g., ethyl alcohol 80 c.c., dried with calcium) gave 9 g. of 
the aleohol (60% yield). Distilled with superheated steam and dried, 
the substance froze at 57-84°. Crystallisation once from methyl 
alcohol or twice from benzene raised the f. p. to 57-95° (m. p. 58-0°: 
capillary tube 58-5°). 

Stearic acid (f. p. 67-8°) was esterified, and the product (distilled 
at 10 mm. without fractionation) was reduced in quantities of 50 g. 
(yields 32 g. and 34 g., i.e., 74% and 79%, of crude alcohol, f. p. 
57-3° and 57-4° respectively). Crystallised four times from methyl] 
alcohol and then four times from benzene, the substance froze 
at 57-93° (Levene, West, and van der Scheer, J. Biol. Chem., 1914. 
30, 521, give m. p. 58-5°). 

Stearic acid (f. p. 67-8°) was esterified with n-butyl alcohol (b. p. 
116-4—117-8°/754 mm.), and the product (b. p. 180—185°/1 mm.) 
froze at 25-9°. Recrystallised once from ether, it had f. p. 26-3° 
and m. p. (capillary tube) 27°, but was not further purified. Only 

* The author is indebted to Mrs. G. M. Robinson, M.Sc., for advice on the 
reduction of esters. 
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one crystalline form of this ester was observed. (Vorlinder and 
Selke, Z. physikal. Chem., 1927, 129, 452, give m. p. 28°.) Reduction 
of this crude ester by sodium and ethy] alcohol gave 32 g. (yield, 80°) 
of octadecyl alcohol, so this alternative method offers no advantage. 

Mixtures of Ethyl Palmitate and Ethyl Stearate —The mixtures 
crystallised rapidly in large transparent plates, but on standing a 
few hours mixtures near the extreme compositions changed so that 
the m. p. became much higher than the original f. p. These new 
m. p.'s corresponded to the higher m. p.’s of the esters themselves, 
and lay on curves forming part of a new system which could not be 
completely realised. 
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Hexadecyl alcohol, mols. %. 


Points on the solidus curve (see Fig. 1) could be obtained with an 
accuracy of only 0-1—0-2°. The liquidus curve, if the composition 
is plotted as per cent. by weight, is almost a straight line. 








Stearate, Higher Stearate, Higher 
mols. %. rom m. p. mols. %. F, p. m. p. 
100-0 30-92° 33-4° 29-7 23-1° ~ 
99-6 30-87 - 18-95 21-71 — 
98-3 30-72 33-32 7:8 20-27 — 
94-6 30-36 32-90 4-65 19-87 23-47° 
90-0 30-00 32-32 2-16 19-60 23-77 
79-0 28-83 30-81 1-05 19-47 23-97 
67-5 27-67 29-13 0-83 19-41 24-02 
47-9 25-37 — 0-00 19-40 24-17 
40:5 24-50 one 
Solidus Curve. 
Ethyl stearate, % ... 92-3 79-0 58-5 40-5 29°7 4-65 
TEMP. ccccoscccccescocee 29-5° 27°5° 24:75° 2253 21-5° 19-55° 





Mixtures of Hexadecyl and Octadecyl Alcohols.—In order to obtain 


consistent values for the f. p.’s of mixtures of these alcohols, the 
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supercooling of the melt should not exceed 0-1° and the outer bath 
should be about 0-5° below that of the melt. With only slight 
precipitation of solid, constant f. p. values are obtained, which are 
within 0-03° of the m. p. (obtained by raising the temperature of the 
bath 2° above the f. p.). On the cetyl alcohol side of the curve the 
initial values of the f. p. may be as much as 0-2° below the final. 
The data are plotted in Fig. 2. 


Tiquidus curve. 
OyHys'OH, mols.% 100 963 96-0 93-6 91-2 88-7 87-35 81-95 81:75 77-1 72:2 


TEMP. ..ccccccscccsecsee 49-27° 48+87° 48-98° 48-71° 48-64° 48-57° 48-55° 48-59° 48-63° 48-72° 49-12° 
OHs,"OH, mols. % 67:95 63:3 6535 43-2 365 306 13:55 4-7 0-0 
TEMP. .corccccesccececee 49-45° 49-8° 50-79° 51-98° 52-86° 53-63° 56-01° 57-36° 57-95° 


Solidus curve. 
OyHysOH, mols. % 96-3 936 80-3 741 600 365 306 175 7:0 
__,_petnaenionrtaes 48-82° 48-65° 48-55° 48-7° 49-5° 51-65° 52-4° 54-65° 56-5° 
Part IT, to be published shortly, will deal with cetyl and octadecy] 
iodides, and with hexadecane and octadecane. 


The author’s thanks are due to Mr. T. W. J. Taylor, M.A., and 
Mr. D. L. Hammick, M.A., for helpful discussion, and to the Chemical 
Society for a grant towards the cost of materials. 


THe Dyson Perrins LABORATORY, 
OxFORD. [Received, March 4th, 1931.] 





CXII.—The Parachor of Tervalent Iodine. 
By Nrviz V. Sipewick and Epmunp D. P. Barkwortu. 


SuepEN has shown (J., 1927, 1173) that compounds of quinque- 
valent phosphorus and antimony give anomalous parachor values, 
which he attributes to the formation of singlet links, although they 
may equally well be ascribed to the expansion of the valency group 
(see Sidgwick, “ Electronic Theory of Valency,” p. 128). The 
effect of an increase of valency could further be tested by means of 
compounds containing tervalent iodine, such as the dichloroiodides 
or the “ esters’ formed by iodoso-compounds with organic acids. 
On the analogy of phosphorus and antimony, we should expect such 
compounds to show a parachor defect of about 26 units. 
Unfortunately, most of these compounds decompose before 
melting or just above their melting points, and they are not soluble 
enough for the parachor to be determined in solution by the method 
of Hammick and Andrew (J., 1929, 754). One substance, viz., 
iodosobenzene propionate, C,H,*I(O-CO-C,H;),, was found, how- 
ever, which was sufficiently soluble, and its parachor was determined 
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by this method in chlorobenzene solution. The result showed a 
parachor defect of 17-3 units. 

Since this work was begun, Sugden and Henley (J., 1929, 1058) 
have determined the parachors of some selenium compounds, one 
of which, selenium oxychloride monohydrate, SeCl,(OH),, has a 
structure exactly analogous to that of iodosobenzene propionate. 
Its observed defect was 22-5 units. Lowry and Gilbert (J., 1929, 
2087), Sugden and Burstall (J., 1930, 229), and Simons (J. Amer, 
Chem. Soc., 1930, 52, 3488) have measured similar compounds of 
tellurium ; if 8-diethyl telluridibromide and tellurium tetrachloride, 
which are described by the respective authors as polar, are excluded, 
the average defect is 22-0 units. The slight differences between 
these values are too small to support any further conclusions, but 
they show a curious regularity, thus : 


P 
26-7 
As (cale.) Diff. Se 
26-2 3:7 22-5 


Sb Diff. Te Diff. I 


25-7 3-7 





EXPERIMENTAL. 


Willgerodt’s method (Ber., 1892, 25, 3498) for the production of 
iodosobenzene propionate was modified, the solution of iodoso- 
benzene in propionic acid being distilled under 12 mm., and the 
temperature not being allowed to rise above 60°. This process 
removes, first, the water formed during the reaction, and then the 
excess of propionic acid, and gives a much better yield. The 
residue when recrystallised once from ligroin (b. p. 60—80°) gave a 
yield of 70% of the theoretical. The material used in the parachor 
determination was recrystallised twice immediately before each 
experiment (Found: I, 36-45; available O, by titration, 4-6. 
Cale. : I, 36:27; av. O, 4-6%) and then melted and remelted at 
67—70°, unaltered by further recrystallisation. 

The solvent used in parachor determinations was chlorobenzene, 
in which iodosobenzene propionate dissolves with the absorption of 
considerable heat; it was purified by fractionation and distillation 
under reduced pressure. 

Surface-tension Measurements.—The apparatus was essentially 
that of Sugden (J., 1924, 125, 271} as modified by Hammick and 
Andrew (J., 1929, 754). It was calibrated with benzene before 
each determination, and was placed in a small thermostat containing 
water covered with a layer of paraffin. The manometer, containing 
xylene of d? 0-8576, was in a separate thermostat at 25°. 
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Density Measurements.—The densities were determined as 
described by Sidgwick and Bayliss (J., 1930, 2029). 
1058) The following table shows the results obtained : 
3, one (i). (ii). (iii). (iv). 
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has a @ Propionate, mols. % ............se0008 29-46 40-34 57-40 69-85 
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Amer Apparent parachor of propionate ... 555-1 560-6 564-5 572-4 


ids of § In the case of (iii) and (iv) the temperature had to be raised as 
oride, § shown to ensure solution. One determination of the parachor of 
uded, § the solvent chlorobenzene was also carried out at 50-09° and gave 
tween § 244-9; in calculations the theoretical value of 244-3 was used. The 
;, but § apparent parachor of the propionate rises with the concentration 

of the solution (see Fig. 1) owing to the large difference in surface 
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» the Iodoso-propionate, mols. %. 
The § tension of the solvent and of the solute (compare Hammick and 
ive a Andrew, Joc. cit.). The values fall on a straight line, and were 
chor § therefore extrapolated to 100% propionate by means of the formula 
pg — (N — 2C)2(PC) + (BC? — B0)EP 
pr 7 =~" NC? — (=0)2 

derived by the method of the least squares. Here C represents the 
rene, | Wwolar fractions and P the apparent parachors of the propionate ; 
vn of | 4 is the number of determinations. This gives 583-5. The cal- 
tion | culated value is 600-8 if —6-4 is allowed for the two ester groups. 

The defect is therefore 17:3. 
pie Our thanks are due to Mr. D. Ll. Hammick for help and advice, 
bd and to Imperial Chemical Industries Ltd. for a grant towards the 
or cost of the work. 
ning 
ning Dyson PEeRRINS LABORATORY, 


OXFORD. [Received, March 9th, 1931.] 
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CXITI.—The Position of the Nitroso-growp among 
Substituents capable of activating suitably placed 
Halogens, etc., in Aromatic Nuclei. 


By Raymonp James Woop Lz Fiver. 


DuRinc a preliminary survey of suitable reagents for the detection 
and estimation of labile halogen in compounds which could not exist 
in an alkaline medium, experiments with a solution of silver nitrate 
in slightly diluted acetic acid (various halogenonitrobenzenes being 
used as reference substances) showed tha this reagent was somewhat 
unreactive : under the standard conditions adopted, 1-chloro- and 
1-bromo-4-nitro- and -2:4-dinitrobenzenes were not hydrolysed 
by the boiling solution even after many hours, but picryl chloride 
and bromide each showed appreciable formation of silver halide 
after 1 hour. 

In view of these facts Hammick and Illingworth’s observation 
(J., 1930, 2363) that p-bromonitrosobenzene produces silver bromide 
in a cold solution of silver nitrate in glacial acetic acid (a much 
more dilute silver nitrate solution than that used here—see expitl. 
part) can only mean that their conclusion that “the activating 
effect of the nitroso-group on the ortho- and para-halogen is the 
same as that of the nitro- and other meta-directing groups ”’ must 
not be considered as having a quantitative implication. 

Indeed, the above results suggest immediately that one 4-nitroso- 
group is more than equal, as regards conferment of lability on a 
1-halogen atom, to two nitro-groups in the 2- and 4-positions respect- 
ively (Brewin and Turner, J., 1928, 334, evidently consider it equal). 

In order to get more accurate information on this point equivalent 
quantities of p-bromonitrosobenzene, picryl chloride, picryl bromide, 
l-chloro- and 1-bromo-2 : 4-dinitrobenzene, each dissolved in the 
same volume of the standard silver nitrate solution, were kept 
at the ordinary temperature. In the first case alone was any 
weighable quantity of silver halide formed, and this only after 24 
hours. The second and the third compound gave a faint milkiness 
after 36 hours, but even after 1 month the weight of halide formed 
was negligible. The two last solutions have remained clear for 
several months. 

The effect of one nitroso-group on a halogen atom para- to it 
therefore appears to outweigh even that of three nitro-groups in the 
2 : 4: 6-positions. 

The following qualitative experiments suggest that the above 
results are not due merely to the reagent: (1) p-Nitrosodimethyl- 
aniline was readily and completely hydrolysed by boiling N-sodium 
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NITROSO-GROUP AMONG SUBSTITUENTS, ETC. sil 





hydroxide solution, whereas 2: 4-dinitrodimethylaniline was, 
under identical conditions, barely attacked; 2 : 4: 6-trinitro- 
dimethylaniline (Romburgh, Rec. trav. chim., 1883, 2, 105), however, 
underwent rapid hydrolysis. (2) The same relative order stands for 
nitroso- and nitro-phenylpiperazines, since under the conditions 
under which 4: 4’-dinitrosodiphenylpiperazine is hydrolysed to 
piperazine (Pratt and Young, J. Amer. Chem. Soc., 1918, 40, 1428) 
the 2:4: 2’ : 4’-tetranitrodipheny] derivative remained unaffected. 

The Supposed Anomaly of the Nitroso-grouyp—Hammick and 
Illingworth (loc. cit.) considered the nitroso-group to behave anomal- 
ously because, although its activation of the 4-bromine atom in 
4-bromonitrosobenzene was a result to be expected of a m-directing 
group, yet, as Ingold (J., 1925, 127, 513) and the authors themselves 
showed, it definitely promoted op-replacement of chlorine, bromine, 
and nitroxy]l. 

Such apparent contradictions disappear if the mechanisms under- 
lying both types of reaction are considered. 

Robinson (Chem. and Ind., 1925, 44, 456) envisaged nitrosobenzene 
as containing either a crotenoid or a crotonoid system (I and II). 


$ “e \ t\ , =a 
(L) X—ce-  >—N=0 X—C 04 YpN=0 a) 
huis \a/ 


This is a satisfactory formulation, since in any given reaction that 
electronic structure can arise which best suits the reagent presented. 
Thus the replacement of halogen or nitroxyl is controlled by a 
valency distribution of type (I), whereas hydrolytic reactions, in 
which X becomes detached (e.g., hydrolysis of p-nitrosodimethyl- 
aniline is specifically cited), are initiated according to formula (II). 

A further point in Hammick and Illingworth’s paper (loc. cit.) 
is of interest. From (1) their failure to induce bromination of 
nitrosobenzene in acetic acid solution, and (2) the lability of halogen 
in the o- or p-position to the nitroso-group, it is concluded that 
“when unimolecular nitrosobenzene alone is present, as in acetic 
acid solution, para-substitution is inhibited, and .. . if it were 
not for the fragility of the nitrosobenzene molecule, more drastic 
conditions would result in the production of meta-substituted 
derivatives. . . .”” 

In support the authors found a mean value of 107 (cale., 107) for 
the molecular weight of nitrosobenzene in glacial acetic acid. No 
comment is made on the discrepancy between this value and the 
molecular weights determined by Bamberger and Renauld (Ber., 
1897, 30, 2278) and Bamberger and Rising (Ber., 1901, 34, 3878), 
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who, using the same cryoscopic solvent, obtained the average value 
of 112—a figure which, if correct, would seriously invalidate the 
argument of Hammick and Illingworth. 

Further, although the two extreme values, 101-2 and 106, recorded 
for the molecular weight of nitrosobenzene in benzene (Bamberger 
and Rising, loc. cit.) demonstrate that the dissolved nitrosobenzene 
is unpolymerised, it has now been shown (see exptl.) it can he 
satisfactorily monoparabrominated by bromine in this solvent. 

The following contrasted observations do, however, appear to 
present an anomaly: (1) It has been shown above that the halogen 
of p-bromonitrosobenzene is at least as reactive, under suitable 
conditions, as that of picryl bromide; (2) brief warming of 
p-bromonitrosobenzene with aniline in glacial acetic acid gives 
p-bromoazobenzene in high yield with no perceptible hydrolysis 
at the bromine atom; (3) exact repetition of the conditions, of 
(2), picryl bromide being used instead of bromonitrosobenzene, leads 
to the quantitative isolation of 2 : 4 : 6-trinitrodiphenylamine in a 
pure state. 


EXPERIMENTAL. 


Preparation of the Reagent.—A solution of 17 g. of silver nitrate in 
100 c.c. of water was made up to 1 |. with glacial acetic acid. Some 
silver nitrate separated as white needles; the solution was therefore 
filtered into the storage flasks. 20 C.c. portions of this solution at 
16° gave on evaporation 0-2666, 0-2665, and 0-2666 g. of silver 
nitrate. 1000 C.c. therefore contain 13-3 g. of silver nitrate and the 
solution is approximately 0-081. 

1 C.c. of N/200-hydrochloric acid immediately produced an 
opalescence in 10 c.c. of the reagent. 

Solubility of Silver Nitrate in Glacial Acetic Acid.—When a boiling 
saturated solution of silver nitrate in glacial acetic acid was cooled, 
the salt crystallised in well-formed needles. Three 20 c.c. lots of 
the filtrate, evaporated to dryness at 100°, left 0-0241, 0-0226, and 
()-0227 g. respectively of silver nitrate. 1000 C.c. of the saturated 
solution at 16° therefore contain approximately 1-13 g. of silver 
nitrate. 

Standard Conditions employed.—(a) The halogenonitro-compound 
(0-01 g.-mol.) was dissolved in 200 c.c. of the standard silver nitrate 
solution. After being gently boiled for a definite time, the solution 
was cooled and the silver halide collected. 

No silver halide was obtained from p-chloronitrobenzene (35 
hours), 1-chloro-2 : 4-dinitrobenzene (22 hours), 1-bromo-2:4- 
dinitrobenzene (15 hours), 1-bromo-2-nitrobenzene (12 hours), 
and 1-bromo-4-nitrobenzene (14 hours). 
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Picryl chloride gave 0-1541 g. of silver chloride (corresponding to 
about 10% hydrolysis) after 2} hours’ boiling, and picryl bromide 
was observed qualitatively to behave similarly. 

(6) In a second series of experiments the solutions were kept at 
the ordinary temperature. The results are described in the 
theoretical part of the paper. 

Alkaline Hydrolysis of Substituted Phenylpiperidines.—The 
following qualitative observations are described, practical difficulties 
having made the intended quantitative comparison impossible. 
Picrylpiperidine readily yielded piperidine on brief boiling with 
2N-sodium hydroxide solution, but longer heating in the case of 
2- and 4-nitro-, 4-bromo-2-nitro-, 2-nitro-4-carboxy-, and 2: 4- 
dinitro-phenylpiperidines failed to produce piperidine in detectable 
quantity or depress the m. p. of the recovered initial material. 

Experiments on the nitrosation of N-phenylpiperidine proved 
unsuccessful. 

Preparation of 4-Bromonitrosobenzene.—A solution of freshly 
prepared dry nitrosobenzene (5 g.) in 200 c.c. of benzene was cooled 
to 6°, 3-5 g. of bromine in 40 c.c. of similarly cooled benzene were 
added quickly, and the mixture was shaken and kept at 6—8° for 
\0 minutes. Scarcely any heat was evolved. The benzene solution 
was decanted from a reddish-black sludge and evaporated to 
dryness in a current of dry air. The brown oily residue, after 
being pressed on a porous tile, yielded about 2 g. of a cream-coloured 
crystalline powder. This, alone or mixed with 4-bromonitroso- 
benzene, melted at 86—88° to a green liquid. The identity of 
the product was confirmed by the method adopted by Ingold 
(J., 1925, 127, 513). 

Interaction of Aniline and Picryl Bromide.—The bright red 
solution produced when solutions of picryl bromide (1 mol.) and of 
aniline (2 mols.) in warm acetic acid were mixed was kept at 90° 
for 1 minute and poured into water. The bright yellow precipitate, 
crystallised from much alcohol, gave 2 : 4 : 6-trinitrodiphenylamine, 
m. p. and mixed m. p. 177—178°. The aqueous filtrate gave a 
copious precipitate with silver nitrate—nitric acid solution. 





The author is indebted to Professor C. K. Ingold for much kind 
advice and help in regard to this paper. 


THe RALPH ForsTER LABORATORIES OF ORGANIC CHEMISTRY, 
University CoLLEGr, LONDON. [Received, February 5th, 1931.] 
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CXIV.—The Intramolecular Strain in Substituted 
Dihydroresorcinols. Part I. 


By Leonard Eric Hinket, Ernest Epwarp AyLine, Joxy 
FREDERICK JAMES Dippy, and THomas HuBER ANGEL. 


THE velocity of ring fission by hydrolysis has been employed in 
several instances as a measure of the stability of a cyclic system. 
Experiments on the velocity of hydrolysis of substituted hydantoins 
have been made by Ingold, Sako, and Thorpe (J., 1922, 121, 1177) 
and of substituted glutarimides, succinimides, paraconic acids, and 
butyro- and valero-lactones by Sircar (J., 1927, 602, 1252, 1257; 
1928, 898), for the purpose of examining the effect of substituents on 
ring stability from the standpoint of the valency deflexion hypothesis. 

A dihydroresorcinol in alkaline solution exists in the keto-enol 
form and when subjected to alkaline hydrolysis undergoes ring 
fission at the double bond, forming a 8-keto-hexoic acid (Vorlander 
and Knotasch, Annalen, 1897, 294, 317). 


\ P \CZ 
\ Z 
HO CH, —$ CGH, CH, 
OC C-OH oc CO, 
\ 4 th 
CH CH, 


The dihydroresorcinols thus furnish an example of ring fission in 
a homocyclic system, contrasting with the compounds cited above, 
which are all heterocyclic systems. The intensity of strain in the 
double bond and hence the rate of ring fission will be influenced by 
the number and character of the substituent groups, since the strain 
in the cyclic system will be shared by the double bond. 
Dihydroresorcinols in dilute ice-cold solution are oxidised readily 
by potassium permanganate solution, whereas under these conditions 
the 8-keto-hexoic acids are not appreciably attacked ; consequently 
the course of hydrolysis can be followed by the use of this reagent. 
The hydrolysis in the presence of a large excess of alkali becomes 
unimolecular, the velocity having been found to be independent of 
the initial concentration of the dihydroresorcinol. The velocity 
coefficient is therefore given by the expression 1/t.log,a/(a — 2), 
where a is the initial concentration of the dihydroresorcinol and 
a — «the concentration after the time¢. The volumes of potassium 
permanganate solution required to oxidise equal volumes initially 
and after a given time ¢ are taken as measures of a and a—% 
respectively. 
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The hydrolysis of ten dihydroresorcinols with standard potassium 
hydroxide solution has been examined and when the results are 
expressed graphically, log a/(a — x) being plotted against ¢, eight of 
the compounds yield straight-line relationships, from which the 
values of the velocity coefficients of the compounds have been 
derived. The two exceptions contain substituents in the 2-position 
and will be considered later. The eight compounds which behave 
normally contain, with the exception of 4 : 5-dimethyldihydro- 
resorcinol, only 5-substituents; and of the substituents studied, the 
spatial effects of the cinnamyl and phenyl groups have not hitherto 
been considered. The cinnamyl group is regarded as having an 
effect approximating to, but greater than, that of the n-propyl 
group, since it has a phenyl group in the place of the methyl group 
of the latter and, further, the unsaturated link will bring the sphere 
of influence of its 6-carbon atom nearer to the cyclic system. The 
phenyl group is somewhat analogous to the isopropyl group, since 
with each a forked carbon chain is attached to the cyclic system, but 
the additional carbon atoms of the former, together with the spatial 
condensation of the nucleus, should give the phenyl group the 
greater spatial effect (compare Pre->Et). With these additions to 
the normal sequence of the remaining substituents, taken from the 
series cited by Gane and Ingold (J., 1929, 1694), and placing the two 
dimethyl groups in accordance with the observation of Spiers and 
Thorpe (J., 1925, 127, 543), that two alkyl groups attached to 
different carbon atoms produce a greater effect on the dissociation 
constant of succinic acid than when attached to the same atom, the 
spatial influences of the substituents studied may be correlated as 
follows : 


H,<MeH < PreH <Cinn.H <Pr8H<PhH<gem-Me,<4 : 5-Me,. 


Comparison of this series with one showing the sequence of ease of 
rupture of the dihydroresorcinols (see experimental) appears to 
indicate some parallelism, but the results receive a more adequate 
explanation by the application of the principle of the attainment 
of a maximum stability (Dickens, Kon, and Thorpe, J., 1922, 121, 
1499), as exemplified by the varying stability of substituted cyclo- 
butadiones (compare Staudinger, Ber., 1911, 44, 521). 

In a dihydroresorcinol the system undergoing fission is a cyclo- 
hexenone nucleus and the stability of the six-membered ring is 
degraded by the presence of the cyclic and semicyclic double bonds, 
the latter appearing, from parachor measurements, to shift the 
position of maximum stability in the cycloketone series towards 
cycloheptanone (compare Mumford and Phillips, J., 1929, 2114). 
The cyclohexenone nucleus must therefore be regarded as possessing 
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a positive strain, i.e., a tendency to open outwards, and substituents 
of increasing spatial influence should gradually relieve the strain 
until the optimum stability is reached, After this, substituents of 
greater spatial influence should lead to the appearance of an increas- 
ing negative strain. That such a negative strain can exist in a six. 
membered ring without necessarily being relieved by the assumption 
of a multiplanar strainless configuration is evident from the results 
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of Baker and Ingold (J., 1923, 123, 122; compare Ingold and 
Thorpe, J., 1928, 1320) and from the recent demonstration by Rao 
(J., 1930, 1162) that the cyclohexane nucleus must possess appreciable 
strain. 

In accordance with this hypothesis, the velocity coefficients of the 
methyl-, n-propyl-, and cinnamyl-dihydroresorcinols progressively 
diminish towards a minimum, which is found with the gem-dimethy! 
compound, this being followed by an increase with the 4 : 5-dimethyl 
compound. The coefficients for the remaining three dihydro- 
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resorcinols, however, do not agree with conceptions based on the 








above spatial sequence, since they place the unsubstituted among 
the substituted and the isopropyl and phenyl above the dimethyl 
compounds, as shown in the following series : 
” diminishing stability diminishing stability " 
Substituent : Mel PreH Oinn.H Hi, gem-Me, 1:5-Me, Pr8H Phil 
B.veccoscesocstodvonee 0-128 0-085 0-064 0-059 0-004 0-050 0-097 0-175 


Whilst in this series the monosubstituted dihydroresorcinols 
occur in the order anticipated from spatial considerations, they are 
displaced relatively to the unsubstituted compound, and the di- 
substituted relatively to the monosubstituted compounds. Similar 
displacements, although to a lesser degree, are postulated by Gane 
and Ingold (lec. cit.) in a series of substituted malonic acids, the 
internal polar influence of the alkyl groups acting as a disturbing 
influence on a series corresponding to the normal spatial relations. 
Although the compounds studied by Gane and Ingold and the 
measurements involved are very different from those examined here, 
this common feature suggests that polar influences may also be 
responsible for the apparent anomalies with the dihydroresorcinols. 

The hydrolysis of 2-methyl-5-isopropyl- and 2-methyl-5-phenyl- 
dihydroresorcinols has also been studied. The reactions are 
characterised by the rapid intervention of secondary reactions not 
observed in the previous cases, but the initial velocities are greater 
than those of the corresponding isopropyl and phenyl compounds, 
in accordance with the demands of the valency deflexion hypothesis. 
The results obtained for these 2-methyl compounds indicate, as 
shown by the close approximation of the two curves in the graph, 
that the 2-methyl group exerts an influence largely outweighing the 
difference shown by the isopropyl and phenyl groups alone. These 
compounds also decompose on keeping in a manner analogous to 
that described for other compounds of this type (Vorlinder and 
Erig, Annalen, 1897, 294, 302; Becker and Thorpe, J., 1922, 121, 
1305; Mattar, Hastings, and Walker, J., 1930, 2457). 

During the course of this investigation the following new com- 
pounds have been prepared: +y-methyl-A®-penten-8-one, 2-methyl- 
j-isopropyl- and 4 : 5-dimethyl-dihydroresorcinols, the latter in two 
forms. 5-n-Propyl- and 2-methyl-5-phenyl-dihydroresorcinols were 
obtained prior to the recent publications of Eccott and Linstead 
(J., 1930, 915) and Mattar, Hastings, and Walker (/oc. cit.) respect- 
ively, both in better yield, the former being also obtained as its 
monohydrate. 





EXPERIMENTAL. 


y-Methyl-A®-penten-8-one.—A solution of methyl ethyl ketone 
(265 g.) and acetaldehyde (150 g.) was cooled to —- 5°, saturated with 
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dry hydrogen chloride, and kept over-night. It was then washed 
with dilute sodium hydroxide solution, dried, and distilled. During 
distillation a rapid evolution of hydrogen chloride occurred, and in 
order to effect complete removal of this from the distillate the latter 
was boiled with quinoline. Fractionation of the distillate yielded 
y-methyl-A®-penten-8-one, b. p. 138°, as a yellow liquid of peppermint 
odour (yield, 46%) (Found: C, 73:2; H, 10-3. C,H, 0 requires 
C, 73-5; H, 102%). The semicarbazone, prepared in the usual 
manner, was obtained as colourless needles, m. p. 201° (decomp.) 
(Found: C, 53-9; H, 8-7. C,H, ,ON, requires C, 54:2; H, 8-4%). 
The oxime, prepared in the usual manner, was obtained as colourless 
needles, m. p. 75—76° (Found: N, 12-7. C,H,,ON requires 
N, 12-4%). 

4 : §5-Dimethyldihydroresorcinol—Molecular proportions of 
y-methyl-A®-penten-8-one, ethyl malonate, and sodium ethoxide in 
alcohol were mixed and heated over a water-bath. The subsequent 
procedure adopted was similar to that described for 5-isopropyl- 
dihydroresorcinol by Crossley and Pratt (J., 1915, 107, 173). The 
oil obtained upon acidification of the dihydroresorcylic acid was 
extracted with ether. The residue obtained after evaporation of 
the ether was dissolved in acetone, and the solution evaporated 
under reduced pressure. This process of addition and removal of 
acetone was repeated until crystallisation began. The solid was 
removed from the accompanying tarry matter by treatment with 
hot water and was finally purified by crystallisation from acetone 
and subsequent washing with ethylene dibromide. 

When the condensation was arrested after one hour, the final 
crystalline product consisted of colourless needles of the mono- 
hydrate of 4: 5-dimethyldihydroresorcinol, m. p. 55° (Found: C, 
60-9; H, 88. C,H,,0,,H,O requires C, 60-8; H, 8-9%). After 
standing in a vacuum over concentrated sulphuric acid, the anhydr- 
ous dihydroresorcinol was obtained, m. p. 68—70° (Found : C, 69-2; 
H, 8:5. C,H,.0, requires C, 68°6; H, 8-6%). 

When the condensation was continued for periods varying 
between 1 and 22 hours, the final product consisted of either the needles 
(described above) or a second form of 4 : 5-dimethyldihydroresorcinol, 
crystallising in colourless prisms, m. p. 109° (Found: C, 68-1; 
H, 88%). The latter compound was also obtained from ethylidene- 
acetone and methylmalonic ester (yields in both preparations, less 
than 10%). 

2-Methyl-5-isopropyldihydroresorcinol._—Molecular proportions of 
8-methyl-Ay-hepten-e-one (50 g.) (Thoms and Kahre, Arch. Pharm., 
1925, 263, 245), ethyl malonate, and sodium ethoxide in alcohol 
were condensed by heating over a water-bath for 7 hours. The 
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subsequent procedure was similar to that previously adopted and 
the product (29 g.; 43-5%), crystallised from aqueous acetone, 
yielded 2-methyl-5-isopropyldihydroresorcinol as white leaflets, m. p. 
186° (Found: C, 71:2; H, 9-6. OC, )H,,0, requires C, 71-4; H, 
9-5%). 

5-n-Propyldihydroresorcinol._—n-Butylideneacetone (18 g.), pre- 
pared by a slight modification of the method of Grignard and 
Dubien (Ann. Chim., 1924, 2, 287), was condensed with ethyl sodio- 
malonate by heating for 6 hours. The product, treated as before, 
crystallised from aqueous acetone, yielding 5-n-propyldihydro- 
resorcinol monohydrate as colourless needles, m. p. 76° (Found : 
H,0, 10-2. CyH,,0,,H,O requires H,O, 10-5%), which on standing 
over concentrated sulphuric acid in a vacuum yielded the anhydrous 
compound, m. p. 107° (compare Eccott and Linstead, loc. cit., who 
obtained a 16% yield, using sodium carbonate solution for hydrolysis 
of the resorcylic ester) (Found: C, 70-3; H,9-2. Cale.: C, 70-1; 
H, 9-1%) (yield, 24%). 

2-Methyl-5-phenyldihydroresorcinol.—Condensation of styryl ethyl 
ketone (Harries and Miiller, Ber., 1902, 35, 966) was carried out by 
heating for 22 hours and employing the proportions and procedure 
previously adopted. Crystallisation of the product from aqueous 
alcohol yielded colourless prisms, m. p. 215° (Found: C, 76-9; 
H, 7-2. Cale.: C, 77-2; H, 6-9%) (yield, 80%). 

This dihydroresorcinol (m. p. given as 212—213°) was obtained in 
32% yield by Mattar, Hastings, and Walker (loc. cit.), who, how- 
ever, employed the earlier method of hydrolysis of the resorcylic 
ester by means of alcoholic caustic potash instead of 10% aqueous 
alkali for a shorter time (compare Crossley and Pratt, loc. cit.). 

Measurement of the Rates of Hydrolysis—Standard solutions of 
the dihydroresorcinols were made by dissolving 0-0133 g.-mol. of the 
dihydroresorcinol in 100 c.c. of 3-91N-potassium hydroxide solution. 
Each solution was placed in a flask fitted with an upright condenser 
and the temperature was kept at 100° by means of a water-bath. 
During the hydrolysis a slow stream of nitrogen was passed through 
the solution to prevent secondary reactions due to atmospheric 
oxidation. Titrations were made normally at 0-5 hour intervals 
for the first 3 hours of the reaction, except for those compounds 
which hydrolyse very slowly. At suitable intervals 10 c.c. of the 
solution were withdrawn, diluted with 100 c.c. of iced water, acidified 
with 25 c.c. of 4N-sulphuric acid, and immediately titrated with 
0-8N-potassium permanganate solution, the solution being kept at 
0°. For the first half of the titration the oxidation was rapid. The 
end-point was denoted when a pink colour persisted in the solution 
for at least one minute after the addition of 0-2 c.c. of 0-8N- or 0-5 c.c. 
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of 0-2N-potassium permanganate solution, the latter strength being 
found preferable in the case of the unsubstituted dihydroresorcinol. 

It was found necessary to modify the method of titration in the 
cases of the 5-cinnamyl-, 2-methyl-5-phenyl-, and 2-methyl-5-iso- 
propyl-dihydroresorcinols. With the cinnamyl and methyl-phenyl 
compounds the extracted solution was added to a litre of water, 
acidified, and titrated at room temperature; with the methyl- 
isopropyl compound the extracted solution was added to 500 c.c. of 
iced water, acidified, and titrated as before. 0-8N-Permanganate 
solution was used in each case. 

The results obtained for the eight compounds which behave 
normally are summarised in the first table, ¢ representing the dur- 
ation of the experiment in hours, 2 the number of observations made, 
and k the mean value for the velocity coefficient derived from the 
rectilinear relationship obtained by plotting log a/(a — 2) against t. 

The results obtained for the two 2-methyl compounds are given 
more fully in the subsequent tables in order to indicate the resem- 
blance between the results, ¢, v, and k representing the time in hours, 
the respective volume of permanganate solution required, and the 
corresponding value for the velocity coefficient respectively. In 
each case the initial velocity is greater than that of the corresponding 
compound without the 2-methyl group. 


Dihydro- Dihydro- 
resorcinol. é. n. k. resorcinol. t. n. i 
5-Phenyl- ......... 325 5 0-175 65-Cinnamyl-... 20 4 0-064 
5-Methyl- ......... 3-5 5 0-128 Unsubstituted ... 3-5 6 0-059 
5-isoPropyl- ...... 4-75 7 0-097 4:5-Dimethyl-... 5:5 6 0-050 
5-n-Propyl- ...... 35 7 0-085 5:5-Dimethyl-... 50 3 0-004 
2-Methy1-5-phenyldihydro- 2-Methyl-5-isopropyldihydro- 
resorcinol. resorcinol. 
t. v. b. t. v. k. 
0 12-8 — 0 30:5 — 
0-5 11-6 0-197 0-5 28-1 0-164 
1-25 10-7 0-143 1-0 26-3 0-148 
1-75 10-4 0-119 1-5 25-0 0-133 
2°25 10-0 0-110 3:0 23:1 0-093 
2-75 9-4 0-112 3-5 21-0 0-107 
4:5 19-2 0-103 


The authors wish to express their thanks to Imperial Chemical 
Industries, Ltd., for a grant which partly defrayed the cost of this 
investigation. 


UNTVERSITY COLLEGE, SWANSEA. [ Received, December 20th, 1930.] 
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CXV.—Polysaccharides. Part VI. Trimethyl 
Cellulose. 


By WattER Norman Hawortu, EpMunp LANGLEY Hirst, and 
Harry Avucustus THomas. 


A METHOD has been devised for the preparation of trimethy] cellulose 
of maximum methoxyl content by one operation from acetone- 
soluble cellulose acetate. The details of this process are described 
and the properties of the trimethyl cellulose fully recorded. In 
addition a procedure is given for the direct methylation of finely 
divided native cellulose which requires only three operations for the 
introduction of the full complement of methoxyl groups. This 
product is identical with that given by the first method except that 
it can be obtained in a fibrous form. 

Attention is directed to the fact that the molecular weight 2500 
determined in camphor by the cryoscopic method is obviously a 
spurious one, and it would appear that this method of determining 
molecular weights of cellulose derivatives leads almost invariably 
to the same minimum value. There can be no doubt that both 
triacetyl and trimethyl cellulose are much more complex than 
represented by such a figure. But these results might be interpreted 
as evidence that little, if any, degradation of cellulose acetate has 
occurred during its transformation into trimethyl! cellulose under 
the mildest conditions prescribed herein. 


EXPERIMENTAL 


Preparation of Trimethyl Cellulose by Simultaneous De-acetylation 
and Methylation of Cellulose Acetate.—Acetone-soluble cellulose acetate 
(CH,-CO, 40%) (10 g.) prepared from cotton linters was dissolved in 
acetone (200 c.c.), in a flask fitted with an efficient mechanical 
stirrer, and kept at 55° during the gradual simultaneous addition of 
methyl sulphate (120 c.c.) and 30% aqueous sodium hydroxide 
(320 ¢.c.). The reagents, the latter of which was filtered through 
asbestos, were added at the rate of one-tenth of the total every 10 
minutes. After 20 minutes, a gelatinous precipitate separated and 
adhered to the sides of the flask. This was removed by scraping and 
washed into the solution with a little acetone. An emulsion then 
formed which persisted until the end of the methylation. The 
acetone, the volume of which had been maintained at about 200 c.c., 
was removed by distillation, leaving a mixture of solid and liquid 
which was filtered hot. The solid was triturated several times with 
boiling water (1 litre) until the whole of the soluble inorganic im- 
purities had been removed. Trimethyl cellulose was left on the 
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filter as a fine white powder, which was obtained ash-free after 
trituration with acetone and ether. The yield varied from 85-—98°/, 
of the theoretical (Found: C, 52-8; H, 7-8; OMe, 45-6. Cale. for 
C,H,,0;: C, 52-9; H, 7-8; OMe, 45-6%). 

Close adherence to the above conditions was necessary in order to 
obtain in one operation a good yield of the fully methylated deriv. 
ative. No advantage could be gained by the substitution of 45%, 
aqueous potassium hydroxide for 30° aqueous sodium hydroxide. 
Lithium hydroxide gave inferior results (yield, 40°; OMe content, 
29°%). The use of methyl ethyl ketone in place of acetone was also 
disadvantageous. All the above experiments were carried out at 
50—54°. Another series of methylations was performed at lower 
temperatures (16—20°). In no case could complete methylation 
be effected in the cold in one operation, but a methylated cellulose 
containing 43—44°% OMe was readily obtainable in theoretical yield 
by the treatment of cellulose acetate (20 g.), dissolved in acetone 
(300 ¢.c.), with methyl sulphate (160 ¢.c.) and 30° aqueous sodium 
hydroxide (400 c.c.), the reagents being added simultaneously at 
18° during 5 hours. Methylation was complete after one further 
treatment. 

Methylation of Finely Divided Cellulose.—(a) Cellulose pulp. The 
cellulose (pure filter-paper) was cut into small pieces and vigorously 
stirred with cold water until a thin pulp was formed. The water 
was removed by evaporation at 100°, and the hard residue rubbed 
on a metal grater. The finely divided product (4-5 g.), which still 
retained the original fibrous structure, was stirred into acetone 
(350 c.c.) and treated in the usual way with methyl sulphate (200 
c.c.) and 30% aqueous sodium hydroxide (460 c.c.). The addition 
of the reagents occupied 4 hours and the temperature was kept at 
50—55°. The remaining acetone was removed by evaporation, and 
the temperature raised to 85°. The crude methylated cellulose was 
separated by filtration and washed several times with boiling water. 
The product (yield, 75°) was almost ash-free (0-2%) and was 
fibrous in structure (Found : OMe, 37-3%,). Re-methylation under 
similar conditions gave a trimethyl cellulose which still retained the 
fibrous structure (Found : OMe, 45%). 

(b) Finely ground cellulose. Dry cellulose pulp (5 g., prepared as 
above), mixed with purified Calais sand (20 g.), was ground in a 
mortar. The tedious nature of this process was aggravated by the 
fact that the cellulose at first tended to form flakes which had to be 
disintegrated before further grinding was possible. After about 2 
hours, water (400 c.c.) was added and the grinding continued until 
the mass was homogeneous. The water was then evaporated and 
the hard asbestos-like residue was rubbed on a metal grater and 
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ground to a fine powder in a mortar. ‘These operations were 
repeated until the length of the cellulose fibres was less than 0-2 mm. 
The mixture of sand (20 g.) and cellulose (5 g.) was treated at 
50—55° with methyl sulphate (200 c.c.) and the corresponding 
amount of 30% aqueous sodium hydroxide. When the reaction 
was over, the mixture was filtered hot (80°) and the solid was washed 
several times with hot water, dried in the steam-oven, triturated with 
acetone, ground to a fine powder, and extracted with boiling chloro- 
form. The methylated cellulose obtained from the chloroform 
extract by precipitation with light petroleum was ash-free and had 
OMe, 43-4%. The yield varied from 80—95%. A similar product 
was obtained in a yield of 50° when the methylation was carried 
out at 15B—16°. On re-methylation trimethyl cellulose was obtained. 

Properties of Trimethyl Cellulose —The figures now given refer to 
analytically pure material prepared by each of the methods described 
above and characterised by conversion on hydrolysis into crystalline 
2:3: 6-trimethyl glucopyranose (yield, 87°) inasmuch as the 
physical properties of methylated cellulose alter considerably as the 
methoxyl content rises from 42% to 45%. M. p. 215—216°, without 
decomposition. [Material with slightly lower methoxyl content 
(41—42%) had a much higher m. p. 242—243°.] [a]j* — 10-0° in 
chloroform (c, 1-04); [a]ii’ — 24° in benzene (c, 0-9); [a], and 
[x|i) — 25° in water (c, 0-5). The rotations in all solvents were 
numerically smaller for methylated cellulose of lower methoxyl 
content. Trimethyl cellulose was insoluble in the following solvents 
at the boiling point: water, acetone, ethyl alcohol, methyl alcohol, 
ether, light petroleum. It was soluble in hot or cold benzene, 
toluene, acetic acid, ethyl acetate, pyridine, chloroform, tetra- 
chloroethane, carbon tetrachloride and in hot isoamyl alcohol, 
isoamyl acetate or cyclohexanone. Solutions in the last three 
solvents deposited amorphous trimethyl cellulose on cooling. On 
slow evaporation of a 10°% solution of trimethyl] cellulose in a mixture 
of chloroform and alcohol a portion separated in microcrystalline 
aggregates. It could not be isolated in sufficient quantity to permit 
its examination, but the investigation is being continued with the 
object of comparing this material with the cellodextrin described in 
the following paper. Trimethyl cellulose was only slightly soluble 
in water at room temperature and not at all in warm water. The 
rate of solution in water depended on the physical condition of the 
substance. Trimethyl cellulose prepared by the above methods 
dissolved very slowly in ice-cold water, but the rate of solution was 
much greater for material prepared by dissolution in chloroform and 
precipitation with light petroleum. The specific rotation, m. p., 
ete., were not altered by this treatment. 
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The various samples of trimethyl cellulose differ only in the 
relative viscosities of their solutions. Material prepared in the cold 
from cellulose acetates of high viscosity gave more viscous solutions 
than did material from acetates of lower viscosity. Similarly, the 
viscosity of solutions of trimethylcellulose varied with the tem- 
perature at which the methylation was conducted, low temperatures 
favouring high viscosity. All solutions, including aqueous solutions, 
yielded tough films of trimethyl cellulose on evaporation under 
suitable conditions. 

The apparent molecular weight of trimethy1! cellulose, determined 
cryoscopically in camphor, was about 2500. Remarkably consistent 
results were obtained with different samples of methylated cellulose, 
including fibrous material. That the value obtained was too low 
was indicated by the fact that the cellulose acetate from which the 
trimethyl cellulose had been prepared had the same apparent 
molecular weight (2500, determined cryoscopically in camphor). 


The authors are grateful to the Department of Scientific and 
Industrial Research for the award of a maintenance grant to one of 
them (H. A. T.) and to the Government Grant Committee of the 
Royal Society for a grant towards the cost of materials. 

UNIVERSITY OF BIRMINGHAM, 

EDGBASTON. | Received, March 7th, 1931.| 


CX VI.—Polysaccharides. Part VII.  Lsolation of 
Octamethyl Cellobiose, Hendecamethyl Cellotriose, 
and a Methylated Cellodextrin (Cellotetrose ?) us 
Crystalline Products of the Acetolysis of Cellulose 
Derivatives. 

By WatreR NorMAN Hawortu, Epmunp LanGLey Hurst, and 

Harry Avucustus THOMAS. 


ALTHOUGH the evidence of the isolation of cellobiose by the acetolysis 
of cellulose has appeared to us to be simply explained by the hypo- 
thesis that cellulose is composed of conjugated cellobiose units 
joined as a continuous chain, it must be admitted that the facts are 
open to other and less simple interpretations. It has been suggested 
that cellobiose is a reversion product of the acetolysis and is not 
preformed in the polysaccharide. 

The proof of the constitution of cellobiose (Haworth, Long, and 
Plaut, J., 1927, 2809; compare Haworth and Hirst, J., 1921, 119, 
193) provided evidence for the symmetrical arrangement of 6-glucose 
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residues mutually joined through glucosidic links in the 1 : 4 positions 
ina continuous chain of pyranose units, and it is clear that only these 
positions of attachment of $-glucopyranose units satisfy the crystal 
structure diagram for cellulose. Sponsler and Dore (Colloid Sym- 
posium Monograph, New York, 1926, p. 174) have adopted in their 
interpretation the evidence of the attachment of the glucopyranose 
units at these positions without necessarily accepting cellobiose as 
the constituent unit for cellulose. Again, K. Hess (Ber., 1928, 61, 
1982) has regarded cellobiose as a reversion product and has pre- 
ferred to consider cellulose as a biosan (CgH,905)., which he 
claimed to have isolated, associated by the agency of residual 
valencies, 

It has been suggested that under the somewhat drastic conditions 
employed for the acetolysis of cellulose secondary changes may have 
occurred leading to cellobiose through the intermediary of another 
less easily recognisable disaccharide. 

We have sought evidence for this view by instituting experiments 
which provided us with specimens of trimethyl cellulose of indubit- 
able quality, having the complete complement of methyl groups 
(OMe, 45-6°%) protecting all exposed hydroxyl positions in native 
cellulose. Once introduced, these groups exclude the participation 
of the 2 : 3: 6-positions from subsequent attack by such reagents as 
we have employed hereafter. 

We have now submitted these specimens of trimethyl cellulose to 
acetolysis at a temperature not higher than 15° (instead of upwards 
of 100° as used in the ordinary process for obtaining octa-acety! 
cellobiose). The acetylated breakdown products of the trimethy! 
cellulose were examined after submitting them to simultaneous 
deacetylation and methylation. A portion of this product (15%) 
consisted of tetramethyl methylglucopyranoside, and a second 
portion (18%), distilling at 165°/0-01 mm., crystallised completely 
and was recognised to be heptamethyl 8-methylcellobioside. A 
third portion (15%) was recognised as hendecamethyl cellotriose, 
which distilled at about 215°/0-02 mm. and afforded crystalline 
decamethyl 8-methylcellotrioside. A fourth crystalline substance 
was isolated which we describe as a methylated cellodextrin. This 
substance gave a molecular weight in camphor of 855, which is in 
agreement with the value (848) required for a_ tridecamethyl 
cellotetrose, but our experience of such results leads us to reserve 
judgment on this question of its molecular complexity. 

That the crystalline cellotrioside was structurally similar to 
cellobiose was evident from the ease with which it suffered hydro- 
lysis during 6 hours with 5°, aqueous hydrochloric acid to give the 
products, in the ratio of approximately | : 2, crystalline tetramethy! 
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glucopyranose and crystalline 2:3: 6-trimethyl glucopyranose, 
Its rate of hydrolysis and general behaviour corresponded with that 
of a methylated triose constituted on the basis of three glucopyranose 


residues united by glucosidic links. There was no evidence of any 


other type of union than that of three such pyranose groups joined 
in chain formation at positions 1 and 4 in the parent cellotriose and 
it is clear, from the isolation of tetramethyl glucopyranose as repre. 


CH,-OH CH,-OH 
| Iw | OH 
fa 0 —\f Wo $ 
V7 Koo K—7 
HO 7 H 
CH,-OH 


senting one-third of the product of hydrolysis of the methylated 
cellotriose, that the left-hand unit is definitely of the six-atom ring 
form. 

The hydrolytic cleavage of the crystalline methylated cellodextrin 
furnishes the remaining evidence necessary for the proof of the 
presence of a second such glucopyranose unit. Representing the 
essential part of the structure of this substance in skeleton as the 
following, we are able to show that it partly breaks down, by aceto- 


| mn ‘OMe CH,*OMe 
_.. |__| Ba nn 
LR KOK 
KL ol Ke De 7 
| sy ! CH,-OMe | | 


lysis at 15°, to yield products which, on simultaneous deacetylation 
and methylation, are recognised as tetramethyl methylgluco- 
pyranoside and crystalline heptamethyl §8-methylcellobioside as 
suggested by the vertical broken lines in the formula. We have 
therefore accounted for the presence of three consecutive -gluco- 
pyranose units in cellulose. 

We have studied in detail the graded acetolysis of trimethyl 
cellulose under conditions ranging from exceedingly mild to more 
drastic treatment with reagents. The milder conditions favour 
the formation of the more complex degradation products, among 
which the derivatives of the above cellodextrin and cellotriose are 
recognisable, whilst under the rather more drastic conditions 
cellobiose and glucose derivatives are mainly represented in the 
products. It seems clear, therefore, that the breakdown of the 
cellulose chain is progressive. 
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EXPERIMENTAL. 

Acetolysis of Trimethyl Cellulose.—A solution at 0° of concentrated 
sulphuric acid (8-2 ¢.c.) in acetic anhydride (200 c.c.) was added 
cautiously, with efficient stirring and cooling (ice-bath), to a solution 
of trimethyl cellulose (20 g.) in glacial acetic acid (250 c.c.). The 
mixture was shaken at room temperature for 2 hours until it 
exhibited a green fluorescence. It was poured into water (2-5 litres) 
ind the pale green solution was almost neutralised with solid sodium 
carbonate. Neutralisation was completed by aqueous sodium 
bicarbonate. The dark gum which had separated was dissolved in 
chloroform. The aqueous portion, after extraction with chloroform, 
yas evaporated to dryness and the solid residue was extracted with 
boiling chloroform. The combined chloroform extracts of two 
etolysis experiments were united at this stage and gave on 
evaporation a viscid gum (54 g.), which was dissolved in acetone 
300 ¢.c.) and subjected to simultaneous deacetylation and methyl- 
ition by methyl sulphate (160 c.c.) and aqueous sodium hydroxide 
(150 g. in 350 ¢.c. of water). The temperature was kept at 35° 
luring the addition of one half of the reagents, and at 50-——55° 
luring the addition of the remainder of the reagents, and finally the 
mixture was heated at 80° for 2 hours. The product was extracted 
with chloroform in the usual manner and was given two further 
methylations under similar conditions. It was now a viscid gum 
(30 g.) which crystallised partly when kept. On distillation under 
liminished pressure two fractions were obtained, the first (6-0 g.) 
being mainly tetramethyl methylglucoside, b. p. 75—85°/0-01 mm., 
up 14462, and the second (7-0 g.), b. p. about 165°/0-01 mm., 
crystallised completely in rosettes of needles and was recognised as 
heptamethyl £-methylcellobioside. Recrystallisation from light 
petroleum (b. p. 40—60°) gave characteristic long needles, m. p. 
9—90°, [«]f — 17° in water (c, 1-1), in agreement with the con- 
stants recorded by Karrer and Widmer (Helv. Chim. Acta, 1921, 4, 
l74) (Found: C, 53-1; H, 8-5; OMe, 53-7. Cale. for CypHs.0), : 
(52-8; H, 8-4; OMe, 54:6%). 

The material remaining in the distillation flask was a clear reddish- 
brown glass, which was extracted several times with boiling light 
petroleum (b. p. 40—60°). The portion (3 g.) insoluble in light 
petroleum was crystallised several times from ether, giving a 
methylated cellodextrin (C), m. p. 151—152°, the properties of which 
ie described below. 

The portion which dissolved in light petroleum gave two fractions 
on distillation: (a) 5-4 g., b. p. about 208—220°/0-02 mm., and 








b) 4-7 g., b. p. about 240—250°, ni" 1-4740. Fraction (a) crystallised 
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when triturated with light petroleum, but (6), which was markedly 
less viscous than (a), could not be crystallised. It remained un. 
altered in methoxyl content (45%) after methylation with methyl 
iodide and silver oxide. 

Fraction (a) was recrystallised twice from light petroleum and 


then from ether at — 15°, giving decamethyl 8-methylcellotrioside as 
silken needles, m. p. 117—118°, [«]if — 14-5° in methyl alcohol 
(c, 2-5), [x] —- 15-1° in water (c, 1-95) (compare Freudenberg and 


Friedrich, Naturwiss., 1930, 18, 1114). The substance was less 
soluble in hot than in cold water. The molecular weight, determined 
eryoscopically in camphor, was 620 (cale., 658) (Found: C, 52-95; 
H, 8-3; OMe, 51-6. Cale. for CygH;,0,¢: ©, 52-9: H, 83: OMe, 
51-8). 

Hydrolysis of Decamethyl @-Methylcellotrioside —Hydrolysis was 
earried out by heating a solution of the substance (1-3 g.) in 5°, 
aqueous hydrochloric acid (30 ¢.c.) on the boiling water-bath for 8 
hours, the course of the reaction being followed polarimetrically. 
| «|? — 15° (initial value): + 25° ($hr.); 39° (1 hr.); 54° (13 hrs.): 
73° (3 hrs.): 76° (4 hrs.); 77° (6 hrs., constant value). The acid 
was neutralised with barium carbonate, and the neutral solution, 
after being diluted with water (30 c.c.), was extracted three times 
with chloroform. Removal of the chloroform left crystalline 
tetramethyl] glucopyranose, m. p. 76—79°. After recrystallisation 
from light petroleum (b. p. 60—80°) it had m. p. 86—88°, alone 
or in admixture with an authentic sample of m. p. 86—89°. []} 

84°, equilibrium value in water (¢, 0-8). The yield of recrystallised 
material was 96°, of the theoretical. 

The aqueous portion, after extraction with chloroform, was 
evaporated to dryness under diminished pressure. The resulting 
solid was carefully dried and extracted with boiling ether. The 
ethereal extract gave on evaporation pure 2 : 3 : 6-trimethyl gluco- 
pyranose as a colourless crystalline mass (0-91 g.), m. p. 116—119 
alone or in admixture with an authentic sample of similar m. p. 
After recrystallisation from dry ether the substance had m. p. 121— 
123° and gave [«|}} + 108°, 15 minutes after dissolution in water 
(c, 1-14): 82-5° (75 mins.); 69° (5 hours; constant equilibrium 
value). The yield of recrystallised material was 84% of the 
theoretical. 

Methylated Cellodextrin (Tridecamethyl Cellotetrose ?).—This sub- 
stance (C) crystallised from ether in irregular prisms or plates, 
m. p. 151—152°. It was slightly hygroscopic, soluble in cold water 
but not in hot water, and was non-reducing. [«]}* — 10° in water 
(c, 0-9). The molecular weight, determined cryoscopically in 
samphor, was 855, which is in agreement with that required for 
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(y;Hgg0,,, but this may be a minimum value and no special signi- 
ficance may be attached to it {|Found: C, 52-6; H, 8-1; OMe, 
455. C,H g.O,, requires C, 52-3; H, 8-1; OMe, 47-5. (CyH,,95). 
requires C, 52-9; H, 7-8; OMe, 45-6. The fully methylated 
substance, C,H 7 0,,, requires OMe, 50-4% |. 

After further crystallisations from ether or from water and after 
treatment with silver oxide and methyl iodide the substance had 
the same m. p. and gave identical analytical figures. Attempts to 
distil it under diminished pressure were unsuccessful, its b. p. being 
above 260°/0-01 mm. The substance (3-5 g.), dissolved in glacial 
wetic acid (50 ¢.c.), was acetolysed for 7 minutes at U° with acetic 
anhydride = ¢.c.) containing concentrated sulphuric acid (0-5 ¢.c.) 
and then for 2 hours at 15°; the product was afterwards methylated 
md it yielded tetramethy! methylglucopyranoside (30%, by weight 
of substance acetolysed) and heptamethy! %-methylecllobioside 
(25°), m. p. 89°. 


The authors are grateful to the Department of Scientific and 
Industrial Research for the award of a maintenance grant to one of 
them (H. A. T.) and to the Government Grant Committee of the 
Royal Society for a grant towards the cost of materials. 

UNIVERSITY OF BIRMINGHAM. 

EDGBASTON. | Received, March 7th, 1931.) 


CXVII.—The Use of the Tungsten Electrode in 
Potentiometric Titrations and py, Measurements. 


By HupERT THOMAS STANLEY Brirron and Eric Norman Dopp. 


THE exact determination of p, values of alkaline solutions con- 
taining substances that render the hydrogen electrode useless is 
often a problem of some difficulty, particular ly in the case of com- 
plex cyanide solutions which we are now investigating. We there- 
fore undertook an examination of the possibilities of bare tungsten 
as an electrode, since this metal has not yet received comprehensive 
study, though it is the subject of a recent patent. It has, however, 
as the following record shows, been found to give satisfactory results 
in certain solutions. Baylis (Jnd. Eng. Chem., 1923, 15, 852: 
see also Parker and Dannerth, ibid., 1925, 17, 687: U.S.P. 1,513,558 
1924) used the tungsten filament of an electric lamp to measure the 
dy Values of river water over the range 6-5—8-6, but his data reveal 
the extraordinary difference of 0-09 volt for each py unit change ; 
he has, however, recently patented this form of electrode (U.S.P. 


727,094/1929). 
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Parker (Ind. Eng. Chem., 1925, 17, 737) studied tungsten electrodes, 
both bare and in intimate contact with various metal oxides, ip 
four different buffer solutions of py values ranging from 4 to 9 and 
concluded that those coated with specially prepared manganic 
oxide were the most satisfactory. 

Bare wire electrodes were considered by Holven (ibid., 1929, 21, 
965) to be capable of yielding accurate py measurements of sugar 
liquors for periods of a day, after they had undergone immersion in 
a solution of normal sodium phosphate for two days, followed by a 
further two days in a solution of the substance which was subse. 
quently to be tested. This possibility appeared worthy of further 
investigation in presence of substances of widely different types. 

Preparation and Calibration of the Electrodes.—As in a previous 
communication (Britton and Robinson, this vol., p. 458), the cali- 
bration of the electrodes was based on the neutralisation with sodium 
hydroxide of the modified Prideaux—Ward universal buffer mixture. 
100 C.c. of the latter were titrated with 0-2N-alkali, the liquid being 
mechanically stirred. Stirring was discontinued prior to the taking 
of each potentiometer reading, but had no appreciable effect on the 
value of the final #.M.F. reading. There was no indication of 
polarisation of the electrode, and a steady reading was usually 
obtained within 1—2 mins. of the addition of the alkali. From 
Pu 4 to py 2, 5-minute periods had to be allowed owing to slight 
initial drifts in the voltages. By means of the buffer titration it was 
possible to obtain a series of H.M.F. readings of the three electrodes 
at various py values between 2 and 12, and hence to construct 
calibration curves. The potentials of three different tungsten clec- 
trodes were measured against the normal calomel electrode, with 
respect to which they gave a negative 2.M.F. A saturated solution 
of potassium nitrate was used as the “ salt-bridge.” 

The tungsten used for the electrodes was in the form of a filament 
and of rods of various sizes, and was provided through the courtesy 
of Dr. C. J. Smithells of the General Electric Co. Research 
Laboratories, Wembley. In order to test any influence that the 
form of the tungsten might have upon the electrode potential, threc 
electrodes (filament, 0-016 mm. in diameter ; and two rods, 1 mm. and 
5 mm. in diameter) were used simultaneously. The larger rod had 
been subjected to a process of recrystallisation by heating to 3000° 
Abs. in an atmosphere of hydrogen for 2 mins. and was therefore 
quite free from oxide, and the smaller one was covered with a film 
of oxide and graphite as a result of being drawn. Before use, both 
were well rubbed with emery paper, and each presented a clean, 
metallic surface. The filament was wound on a piece of glass rod, 
the ends being bound to a piece of copper foil fastened to the upper 
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portion of the rod, through which was also made the connexion to 
the potentiometer circuit. The copper foil and contacts were 
coated with paraffin wax. The two rods were supported in such a 
way that the three electrodes were simultaneously immersed in the 
solution under investigation, and the 2.M.F.’s were recorded after 
each addition. 

As the behaviour of tungsten as an electrode is essentially that of 
the metal-metal oxide type, attempts were made to coat it with 
oxide films by anodic oxidation. The electrodes were placed in a 
)-04N-solution of caustic soda, and a current of 7:5 milliamps. 
was passed for 30 minutes. This destroyed the filament, but a 
buffer titration with the two rod electrodes showed only a very 
small variation in H.M.F. over the whole py range 2—12. The 
electrodes appeared to have become passivated, and rubbing with 
emery-paper and repetition of the buffer titration with the bright 
electrodes enabled satisfactory variations in potential with change 
of py to be obtained. 

Since anodic oxidation failed to produce a sensitive oxide film, 
the three electrodes were kept immersed in a strongly alkaline 
buffer solution, with free access of air. By this means a very thin 
film of oxide was probably formed on the surface of the tungsten, 
though its presence was not visible. A series of potentiometric 
titrations of acids was carried out with the electrodes during a 
period of several days following the construction of the three 
calibration curves, and gave px values that became more discrepant 
as the electrodes aged. 

This suggested that the observed #.M.F.’s were not in strict 
accordance with the original calibration curve, and this was con- 
firmed on re-calibration. The buffer titration was repeated fre- 
quently for several days following, and a series of distinct calibration 
curves was obtained. Although their form usually remained about 
the same, these showed that the potential of the electrodes, whilst 
sometimes altering in the contrary sense, tended to become more 
positive on ageing. This gradual change in the electrode potential 
of the tungsten is possibly connected with the gradual formation 
of a very thin oxide film through oxidation by the air during the 
immersion of the electrodes in the alkaline buffer. The necessity for 
the latter treatment has been recognised by Parker (loc. cit.). Hence 
as the tungsten electrodes did not retain their calibration for a period 
of days, calibration curves were obtained immediately before per- 
forming a titration. The py values used to calculate px values 
were read off from the calibration curve of the particular electrode 
immediately preceding the titration. 

Fig. 1 gives the calibration curves of the filament and thin rod at 
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various times during 10 days. The effect of ageing of the two 
forms of electrode is seen to be somewhat different, the filament 
becoming much more positive than the thin rod. Judging from the 
smaller and also more uniform change of the potential of the rod it 
would appear that the tungsten in the massive form should be a 
more satisfactory electrode than the filament. Similar small 
variations were observed with a thicker rod. 






















































Fic. 1. 
E.M.’. of tungsten filament aguinst N-calomel. 
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E.M.F. of tungsten rod against N-calomel. 
If the tungsten-tungsten oxide electrode behaved simply as a 


hydrogen electrode, then the H.M.F. of the cell W|solution|H, 
should be constant whatever the py of the solution. This was not 
the case, and extrapolation shows that with, e.g., the thin rod, after 
4 hours in a solution at py 2, the 2.M.F. was 0-322 volt: at py 6 
it was 0-446: whilst at p, 12 it was 0-510 volt. After nine days these 
values became respectively 0-354, 0-464, 0-523. Very different 
values were given by the filament. After the lapse of a period from 
4 hours to 9 days at py 2 the P.D. increased from 0-361 to 0-389 
volt; at py 6 from 0-451 to 0-487; and at py 12 from 0-543 to 
U-581 volt. Parker (loc. cit.), using a tungsten filament, obtained 
E.M.F.’s ranging from 0-371 to 0-453 volt over a py, range of + to 9. 
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Had the tungsten electrode been sensitive to py changes in a 
reversible manner, and therefore such that the 2.M.F. of the cell 
W|solution|N-calomel = #.M.F. of W|solution|H, — 0-058 pz, the 
slope of the calibration curve would have been that of the broken 
line in Fig. 1, which would have been that of the calibration of thin 
rod taken after a period of 4 hours. 

Potentiometric Titrations—A number of acids were titrated 
against the tungsten electrode to ascertain the extent to which the 
latter could be used in the determination of titration end-points 
and the calculation of dissociation constants. The three acids acetic, 
boric, and phosphoric, to which the hydrogen electrode can be 
applied, on titration gave the normal type of titration curve, the 
end-points being plainly and correctly indicated. Though a distinct 
curve was obtained for each of the three varieties of tungsten electrode 
employed, the contour of each was similar and all three coincided 
at the end-points. The px values obtained are shown in Table I, 
and are the mean of seven values calculated from points on the 
curve corresponding to successive one-eighths in the degree of 
neutralisation. Comparison of these values with the published 
values shows that on the whole there is a remarkably good agreement 
irrespective of the form of the electrode employed. 

The px, values for phosphoric acid are not trustworthy, since the 
curve is here situated in the region of py 2, in which the behaviour 
of the tungsten electrodes is rather erratic. Similar objections 
apply to the extreme end of the titration (py 12—13) affecting px,. 


TABLE I. 
Acids to which the hydrogen electrode is applicable: 100 c.c. of 
0-05N-acid titrated with 0-2N-NaOH. 


Previous values. 





; Klec- Mean — 
Acid. trode. PR: PR range. PR Method. Reference. 


_ 476 460— 5-00 | 4-74 Conductivity Ostwald (Z. physikal. Chem., 
wycom +, “a tee} 1889, 3, 170, 241, 369). 
la 467 444-480 | “74 » Kendall (J., 1912, 101, 1283). 
| . $19 | $10 9:38 | 9-26 Hydrolysis Lundén (J. Chim. physique, 
ILBo iin ——- 1907, 5, 574). 
ies | ’ 6-83 $-70— 8-90 9-20 * Iundberg (2.  physikal. 
e 9-10 9-00-— 9-25 | Chem., 1909, 69, 442). 
Wp a 1-98 1-95— 2-00 
— Ie 203 195-215 | 203 Bue. Britton (J., 1927, 614). 
vr le 1:98 1-95— 2-00 | 
ILPO ; @ 7-09 6-99— 7-13 \ 
ving b 714 7-04— 7-19 6-85 m sa 
x le 710 701—716 J 
HPO f@ 11-79 11-68—11-90 } 
PKs 6 11-71 11-41—11-89 f 11-57 * 
c 11-70 11-51—11-86 
a = Filament electrode; 6 = thin rod electrode; ¢ — thick rod eclecirode. 


Solutions of acids in which the hydrogen electrode cannot be used 
were next titrated, to see whether the electrode possessed any 
EE 
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particular advantages. Fairly consistent values were obtained for 
the dissociation constants, which are compared in Table IT with 
the values obtained previously by other workers. 

The titration curves of hydrocyanic, hydrazoic, and sulphurous 
acids, as obtained by the back-titration of their salts, are shown in 
Fig. 2. The curves given by the three different electrodes are not 
coincident, although the px values calculated from them are in fair 
agreement. This is due to each electrode possessing its own cali- 
bration curve. 

Fic. 2. 
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Kor hydrocyanic acid, 100 ¢.c. of a solution of 0-05.M-potassiun 
cyanide were back-titrated with 0-24N-hydrochloric acid: the px 
values obtained from the curves were consistently higher than those 
usually accepted. A similar procedure was adopted in the case of 
hydrazoic acid, 100 c.c. of 0-046.M-sodium azide being back-titrated 
with the same acid. The almost identical values given by the two 
rod electrodes are in better agreement than the filament value with 
those determined by previous workers. 

In the case of sulphurous acid, a solution of potassium sul phite 
containing an equivalent of sodium hydroxide was titrated with 
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hydrochloric acid. It was only possible to calculate px, values ; 
the mean values obtained were considerably higher than that of 
Kolthoff. 

For telluric acid, 100c.c of 0-025M-acid (as dihydrate) were titrated 
with O-2N-sodium hydroxide. Consistent values for px, were 
obtained, but the second half of the curve gave py values of the 
order of 12, and it was not considered justifiable to calculate values 
for px,: the curve, however, plainly indicated the dibasic nature 
of this acid. 

Although Britton and Robinson (loc. cit.) have found px, — 7°54 
for telluric acid, no determination of this dissociation constant has 
heen made by the standard methods, and consequently one was 
made colorimetrically in a series of partially neutralised telluric acid 
solutions. The value so determined, viz., 7-68, shows that the tung- 
sten electrode functions satisfactorily in these solutions : 


lraction neutralised ......... 0-125 0-25 0-375 0-50 0-625 0°75 0-875 
Din wns eaeseaceeens Sidbeiieeneswes 6-75 7:20 752 7:75 7:85 820 8-50 
PE, swe sneriasinnwrsecessacesesecs 760 768 7°74 7°75 $763 %$%772 7:65 


Mean value for pg, = 7-68. 

In the case of tellurous acid, 100 c.c. of 0-03./-potassium tellurite 
were back-titrated with 0-24N-hydrochloric acid: the solution 
remained clear until 1 equiv. of acid had been added, after which 
a white precipitate, probably of hydrated tellurium dioxide was 
formed, precipitation being complete when 2 equivs. of acid had been 
added. The course of the titration followed the characteristic 
curve of a dibasic acid, except at the extreme end, where the L.M.F. 
of the tungsten electrodes suddenly assumed a positive value, 
corresponding to an impossible py value. An attempt to calculate 
px, from the first half of the curve gave values ranging from 10-00 
to 11-50. These values are of the correct order, being similar to 
that, viz., 10-22, which we have determined colorimetrically. 
Conductometric titrations by Blane (J. Chim. physique, 1920, 18, 8) 
gave the values px, = 2-52 and px, = 7:70 for this acid, the 
latter value being obviously in error. 

Maleic and cinnamic acids were chosen for titration because they 
are unsaturated and render the hydrogen electrode inapplicable. 
The former gave a good curve, from which it was possible to calculate 
values for both pz, and pg,. Comparison of these with the pub- 
lished values show that they are approximately correct, although, 
since it relates to the region », 1—2, the first constant is not con- 
sidered trustworthy. 

The titration of cinnamic acid followed an altogether abnormal 
curve, but the end-point was correctly indicated by the usual sudden 
inflexion. 
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TaBie II. 
Acids to which the hydrogen electrode is inapplicable. 


Previous valucs. 





Elec- Mean — 
Acid. trode. pg. PR Tange. PR: Method. Reference. 
( a 10-38 10-:05—10-48 ) 9:35 Indicator Britton and Robinson (this 
r vol., p. 469) 
HCN | ® 1000 975-1014 f 960 Fur. “ 
L ¢ 10-22 9-91—10-54 J 9-41 Vapour Harman and Worley (Trans, 
pressure Faraday Soc., 1924, 20, 
502 
f 5-35 6-01— 5-55 4-74 Conductivity West (J., 1900, 77, 705) 
HN, b 510  4-97— 5-23 4-59  Glassclectrode Hughes (J., 1928, 491) 
7 ee © ae Oliveri-Mandala — (Gazzct 
B.S naa 22 ri- zeta, 
| oa f Conductivity ~"1916, 46, ii, 137, 298) 
a S74  8-48— 9-35 
IL,SO | 7-00 Indicator Kolthoff (Z. anorg. Chem., 
= b 9:17  9-03— 9-39 1920, 109, 69) 
Ea | | 774 EMP. Britton and Robinson (loc. 
c 8-82  8-71— 8-94 cit.) 
aa a 7-55 7-51— 7-60 
a a 706 700-710 \ 7-84 . “ 
PE le 743 «7:35—7-50 | 
¢ 7] 9. . 4% 
nn = se | Ca. Mizutani (Z. physikal. Chem., 
acid 1:98  1-81— 2-13 1-34 sn 1925, 118, 318) 
PR Le 215 197—231 | > a 
. a 6-47 6-34— 6-62 
— lo 644 630—652 | 6-94 7 Mizutani (loc. cit.) 
| 6-29 9% Larsson (Z. anorg. Chem., 
PEs c cot 592-610 | 1924, 140, 292) 


Britton and Robinson (J., 1930, 1261; this vol., p. 458) attempted 
the titration of sodium orthovanadate with hydrochloric acid, using 
the hydrogen, oxygen, and antimony electrodes, but were unable 
to obtain satisfactory results. The tungsten electrode also proved 
useless. 

It has been found that no py values could be extrapolated from 
the oxygen electrode titration curve of silver nitrate with caustic 
soda (Britton, J., 1925, 127, 2148). With the tungsten electrode 
the inflexions were also clearly defined, but the #.M.F.’s too were 
out of harmony with the calibration curve. The behaviour of the 
antimony electrode was similar. The foregoing observations 
together with the data in Table II reveal that solutions containing 
readily oxidisable or reducible substances may seriously interfere 
with the clectrodic reaction and so lead to 2.M.F.’s that are not in 
accord with the calibration curve determined in the manner here 
adopted. As the ps, values corresponding to each titration are 
fairly consistent, it would appear possible that the tungsten electrode 
might be calibrated for the particular solution in which it is to be 
used, but this point has not been pursued. 
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CXVIII.—The Reaction between Carbon and Oxygen at 
Low Pressures and Room Temperature. 


By H. I. Burn, M. H. Hatt, and W. E. Garner. 


THE adsorption of small volumes of oxygen on activated carbon at 
room temperature is an irreversible process; the adsorbed gas enters 
into chemical combination with the surface atoms, and can be 
recovered from the surface only as carbon monoxide and dioxide by 
raising the temperature (Rhead and Wheeler, J., 1910, 97, 2178; 
1911, 99, 1140; 1912, 101, 831, 846; 1913, 103, 461, 1210). The 
adsorption is accompanied by the liberation of an amount of heat 
which, when expressed in terms of 1 g.-mol. of gas adsorbed, is of the 
sume order as the heat of formation of carbon dioxide from its 
elements (Garner and Blench, J., 1924, 125, 1288). There is no 
doubt, therefore, that we are here concerned with a reaction between 
oxygen and the surface carbon atoms. 

Previous work (Garner and McKie, Trans. Faraday Soc., 1926, 22, 
{(}1) showed that the molar heat of reaction of oxygen with charcoal 
varies with the fraction of the surface covered by oxygen molecules. 
It is low for small surface concentrations and increases to a maximum 
value for a surface concentration of 1-0 x 10-° mol. per g. of carbon. 
The existence of this maximum is disputed by Marshall and Bram- 
ston-Cook (J. Amer. Chem. Soc., 1929, 54, 2019), who used the ice 
calorimeter for the measurement of heats and obtained the maximum 
heat of adsorption for the smallest surface concentration. Their 
experimental conditions were, however, very different from those 
pertaining to the work of McKie, and the lack of agreement might 
be due to these differences. Nevertheless, it was possible that the 
low values obtained by Garner and McKie were due to serious defects 
in the thermocouple calorimeter. It was therefore necessary that 
the behaviour of this calorimeter should be further investigated. 

The occurrence of maxima on the differential heats of adsorption 
curves has been found by other workers (Fryling, J. Physical Chem., 
1926, 30, 818; Taylor and Kistiakowski, J. Amer. Chem. Soc., 1927, 
49,2200). In these cases either a platinum resistance thermometer 
or thermocouple was used to measure the rise in temperature 
during adsorption, and it is very likely that the maxima obtained 
were due to causes similar to those operating in the adsorption of 
oxygen on charcoal. Later investigations by Taylor and _ his 
colleagues have shown that the maxima are in many cases due to the 
low conductivity of the adsorbent, and to the occurrence of a lag 
in the transference of heat between the adsorbent and the thermo- 
couple or resistance thermometer. 
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EXPERIMENTAL. 
Examination of Method. 


The apparatus employed was very similar to that described by 
McKie (J., 1928, 2871). Fig. 1 is a diagram of the vacuum calori- 
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circulate water at constant temperature around the reaction vessel 
through the tubes PP as well as through the double-walled stoppers 
00. The calorimeter could be maintained at a constant temperature 
to within 0-002° by this means. By changing the temperature of 
the stream of water, it was possible to make the calorimeter prac- 
tically adiabatic. A further improvement of the experimental 
conditions was attained by surrounding the reaction vessel and the 
furnace F by an air thermostat in which the air was circulated by a 
fan. This served to eliminate temperature coefficients throughout 
the system and the possibility of “ gas effects.” 

The platinum—platinum-rhodium thermocouple wires entering 
at MM were 0-025 cm. in diameter and the sensitivity of the galvano- 
meter thermocouple system was 3-72 -+- 0-01 cm. per degree. The 
volume of the reaction vessel, the McLeod gauges, and the leading 
tubes was 876 c.c. 

1—5 G. of purified carbon, 60—-90 mesh and ash content 
):15%, were introduced into the platinum gauze vessel A, and 
heated at 950° for 2 hours under high vacuum. A vacuum of 
10-* cm. was obtained. Oxygen was then admitted to the carbon, 
and the rise in temperature measured as described in previous 
papers. 

Position of the Thermocouple and Length of Immersion of Thermo- 
couple Leads.—The nature of the temperature-time curves was 
found to vary with the position of the thermocouple, indicating that 
the distribution of heat was not uniform throughout the mass of 
carbon. When the thermocouple was placed so that its junction 
touched the side of the platinum vessel, it gave a different reading 
from that obtained when it was placed in the centre of the mass of 
carbon. When 0-265 c.c. of oxygen was admitted, the maximum 
temperature reached was about 10°% lower when the thermocouple 
was on the side than when it was in the centre. It was found that 
the lower curve after application of the cooling correction gave 
nearly the same value for the rise in temperature as the uncorrected 
maximum of the higher curve, so it appeared that there was but little 
loss of heat from the interior of the carbon, up to the maximum on 
the time-temperature curve. This must be due to a lag in the 
distribution of heat. 

It was decided to try to minimise the complexity of any tem- 
perature gradients which might be present by employing a spherical 
vessel 2 em. in diameter to contain the carbon. The heats obtained 
with this vessel were surprisingly low. This was found to be due 
to the fact that only 1 cm. of the thermocouple was immersed in 
the carbon. It was therefore decided to return to the cylindrical 
vessel, and to study the effect of changing the length of the 
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thermocouple leads immersed in the carbon. The results are shown 
below : 

Length of leads covered (cm.) 00 O02 10 20 35 40 6-0 100 
Heat of adsorption (Cal./mol.) 27 35 60 83 97 98 100 97 
It was thus necessary to ensure that in each experiment at least 
3-5 em. of the thermocouple were immersed in the carbon. Fortun- 
ately, in McKie’s experiments, the length of leads thus immersed 
was 3-5 cm. 

Leads of at least 3-5 cm. in length being used, the temperature 
gradients in the carbon were surveyed. They were found to be too 
complicated to permit of an accurate calculation of the heat of 
adsorption, so resort was had to an adiabatic method. 

Adiabatic Method.—A second thermostat was fitted up, and water 
from this could be pumped round the calorimeter by means of a 
powerful water pump. The temperature of the water was selected 
by trial so that when it was pumped round the reaction vessel after 
the admission of oxygen, no cooling occurred on the temperature- 
time records. Since the adsorption was complete within a very 
short time, t.e., 10—30 secs., and since the subsequent reaction 
occurred very quickly, the change in the temperature of the circulat- 
ing water was made 5 seconds after the admission of oxygen to the 
carbon. With this procedure, a thermocouple placed on the side 
of the gauze vessel gave the same rise in temperature as a thermo- 
couple in the centre. The method employed was therefore prac- 
tically adiabatic. The rise in temperature by the adiabatic method 
was the same to within 1—2°% as that obtained with a thermocouple 
in the centre of the carbon when the temperature of the circulating 
water was kept constant. 

Rate at which the Heat reaches the Thermocouple.—The rate of rise 
to the maximum temperature obeyed Newton’s law, which would 
apply if the rate of reaction were very rapid compared with the rate 
of heating of the thermocouple. In order to determine if there was 
a serious lag in the equalisation of temperature between the carbon 
and the thermocouple, a coil of fine platinum-iridium resistance wire 
was embedded in the carbon, and heat supplied electrically to cause 
a rise in temperature of about 0:5°. The rate of attainment of 
thermal equilibrium depended on the pressure of the gas in the 
calorimeter. At a pressure of 1 x 10-4 cm. the time required was 
approximately 4—5 mins., which was greater than that required to 
reach thermal equilibrium in an actual experiment. This would be 
expected, since there will be a lag in the transference of heat from 
the heated coil to the carbon. There is thus bad thermal contact 
between the carbon grains and the thermocouple under the conditions 
of the experiments. 
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Surface Concentration and Heat of Adsorption.—With the improved 
apparatus, measurements were made on the effect of surface con- 
centration on the heat of adsorption. The low values for the heat 
of reaction previously obtained at low surface concentrations were 
confirmed by several series of experiments. Some of the results 
obtained are in Table I, in which are recorded the position of the 


TABLE I. 
The Heat of Adsorption of Oxygen on Charcoal as a Function of 
Surface Concentration. 
Series VII (Adiabatic). 


Weight of charcoal = 4-420 g. Temp. of expt. = 20°. Evacuation at 950°. 
Thermocouple sensitivity = 3-72 cm. per degree. 


Vol. Total 
Residual not Vol. Galv. Heat vol. 
Expt. press., adsd., adsd., defin., of adsd., Mean 
No. Adm. Posn. 10-*cm. c.ec. c.c. cm. adsorp. c.c. heat. 
283 i 8 0-0 00-0000 0-0116 0-06 34 
284 ii 8 05 0-0006 0-2110 2-72 85 0:2226 82 
264 i s 0-0 0-:0000 0:0455 0:36 52 
267 i c 0-0 0-0000 0-0464 0:37 52 
268 ii c 15 0-0020 02120 2-98 92 00-2584 85 
269 i c 05 00-0010 0-1050 1-14 71 
270 ii c 5-0 0-0060 0-2010 2-67 87 0:3060 82 
273 i 8 0-5 =©=©0-0010 +0-1090-~—=s-:1-16 70 
27 ii 8 3-4 00-0040 0-2040 2-64 85 03130 80 
271 i c 12 0-0010 00-1490 1-80 79 
272 ii c 10-0 0-0100 0-1970 2-50 84 0-:3460 82 
279 i 8 1-0 0-0010 00-1540 1-82 78 
280 ii 8 3-2 0-0040 0-2060 2-67 85 0:3600 82 
262 i c 1-5 0-:0020 0-2090 2-66 83 
263 i 8 0-6 0-0010 00-2110 2-62 82 
289 i c 9-6 0-0100 0:3380 4-45 86 
290 ii c 20-4* 0-0820 0:-1400 1:87 86 00-4780 86 
281 i 8 25-3* 0-1020 0-5390 7-08 87 
282 ii 8 69-3* 0-2790 0-1560 2-05 87 0:6950 87 


* With the bottle. 


thermocouple (i.e., whether on the side s, or at the centre, c), the 
volume adsorbed, and the heat of reaction (as kg.-cals./mol.) for a 
number of admissions of oxygen varying in volume from 0-01 to 
0-5 c.c. For each experiment numbered i, the charcoal was pre- 
viously heated in a vacuum for 2 hours at 950°; those numbered ii 
were second admissions to a charcoal which had already adsorbed 
one volume of gas. If the results be plotted, it will be seen that the 
nature of the rise in molar heat with surface concentration is the same 
for the inner and the outer thermocouple. The maximum heat of 
adsorption found was 87 kg.-cals./g.-mol. 

The total heat liberated after two admissions of oxygen was the 
same as that which would have been obtained had the gas adsorbed 
been admitted in one volume (last two columns of Table I). There- 

EE2 
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fore, if there be any energy loss during the measurement, which is 
not accounted for, it is practically the same for one admission as for 
two. 

The time-temperature curves of the side and centre thermocouple 
for the first small volumes of oxygen are very different in shape. 
For admissions of 0-04 c.c. of oxygen, an outer thermocouple showed 
increase in temperature immediately the oxygen was admitted and 
gave a sharp maximum. On the other hand, a thermocouple with 
its junction in a central position showed a lag of }—1 min. before it 
responded to the heat liberated. This shows that adsorption of the 
first small volumes of gas occurs almost entirely in the outer layers 
of the carbon mass. The outer thermocouple did not indicate 
higher temperatures than the inner thermocouple, but this is 
probably due to the heating up 
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120 cin — of the platinum gauze vessel, 
| | | |__| which must occur very rapidly 
- | off \ | ‘ia when oxygen is adsorbed on 

| |i \ the outside carbon layers. 
3 | J \ Differential Heat of Adsorp- 
= 80 : on aN | tion.—If successive quantities 
> —$-— -_ = on of oxygen of approximately 
S 60+ f+ _| i **"___ | equal volume are added to an 
Se £. iF tt activated charcoal, the heat 
Yor; ~7 measured increases throughout 
os a a | 4 a series to a maximum value 
ol a See ee and then diminishes (Fig. 2). 
20 This confirmed the experiments 
O03 OO COS OOS O10 of McKie (loc. cit.), and the 


C.c. of O, per g. of C. tigi : 
curves are similar in type to 


those obtained by Taylor and his co-workers for the adsorption of 
gases on metallic oxides. 

Since the experiments recorded above indicated that adsorption 
in the case of the early admissions occurs solely on the outside layers 
of carbon, it was possible that the maximum on the curve in Fig. 2 
was due to an abnormal loss of heat from the surface. Adopting 
a suggestion by Dr. Marshall, we tried the effects of admission of gas 
to the centre of the carbon, using a new platinum container consist- 
ing of a tube of platinum foil closed at each end, but with a cylindrical 
tube of platinum gauze down the centre. Two small holes for 
admitting the carbon and the thermocouple were made at one end. 
The cylinder was 2 em. in diameter and 8 cm. long. With this 
apparatus, since the gas was admitted to the centre of the carbon, 
there should be little possibility of loss of heat by radiation from the 
carbon until the whole mass of carbon and platinum had been 
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warmed. Actually, no maxima were found on the differential curves. 
The form of the curves agreed with those obtained by Marshall and 
Bramston-Cook (see Fig. 3). A typical series of results is given in 
Table II, which shows the residual pressure at the moment of the 
removal of gas, the galvanometer deflexion, and the heat of adsorp- 
tion in kg.-cals./g.-mol. In these experiments the pumps were not 


applied. 
Fie. 3. 
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Heat of adsorption, kg.-cals./g.-mol. 
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01 0-2 03 0-4 0-5 
C.c. of O, per g. of charcoal. 























Defects of the Thermocouple Method.—The above investigation 
shows that the thermocouple method as used in the earlier investig- 
ations has serious defects. Not only is heat distributed very slowly 
among the carbon grains at low pressures, but also, when small 
volumes of gas are adsorbed, the adsorption occurs on the outside 
layers of carbon and energy from these layers is lost at an abnormally 
rapid rate to the walls of the calorimeter. By admitting gas into 
the interior of the mass of carbon, these defects are removed. 

The addition of helium to 0-001 cm. pressure did not obviate the 
trouble, for the energy loss was practically the same as without it. 

‘Another cause of difficulty with this method arises when the 
temperature of various parts, stoppers, ete., of the reaction vessel 
is not uniform. The admission of an inert gas like hydrogen, which 
is not adsorbed by charcoal at low pressures, causes a modification 
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TasLe Lf, 
Series 24. Temp. = 20°. 





Total 
Voluine of oxygen, ¢.c. Residual oxygen 
}:xpt. — : press., Defin., adsorbed, 
No. Admit. Adsorb. Residue. xX 10‘. cm. Heat.  c.c./g. 
32% 0-0655 0-0630 0-0025 20 0-58 84-9 0-0135 
324 0-0583 0-0576 0-0007 0-6 0-50 80-0 0-0259 
325 0:0515 0:0510 0-0005 O4 0-43 77:8 0:0368 
326 0-0518 0-0510 0-0008 0-7 0-42 76-0 0-0477 
327 0-0512 0-0505 0-0007 0-6 0-40 73-1 0-0585 
328 0-0505 0-0499 0-0006 0-5 0-40 73-9 0-0692 
329 0-0564 0-0555 00-0009 0-7 0-42 69-8 0-0811 
330 0-0706 0-0694 0-0012 15 0-54 71:8 0-0960 
331 0-0536 0-0518 0-0018 1:7 0-39 69-5 0-1071 
332 0-0640 0-0609 0-0031 2-7 0-45 68-2 0-1201 
333 0-0588 0-0541 0-0047 39 0:39 66-5 0-1317 
334 0-0700 0-0671 0-0029 2-4 0-45 61-8 0-1461 
335 0-0822 0-0814 0-0008 3-1 0-46 52-1 0-1635 
336 0-0756 0:0735 0-0021 49 0-39 48-9 0-1793 
337 0-0585 0-0534 0-0051 43 0-34 58-7 0-1907 
338 0-0780 0-0709 0-0071 10-3. 0°35 45-6 0-2059 
339 0-0961 0-0850 0-0111 19-7 0-41 44-5 0-2241 
340 0-0788 0-0589 0-0199 36-5 0-21 33-0 0-2368 
341 0-0960 0-0864 0-0096 44-6 0-20 214 0-2552 
342 0-0894 0-0734 0-0160 58-1 0-16 20-2 0-2710 


3430-2216 = 01361 = (00855 = 1203-030 20-30-3009 
344 0-4506 0-1906 0-2600 340-0 0-38 18-5 0-3410 
of the temperature gradients, and the thermocouple embedded in 
the mass of charcoal may indicate a change in temperature. The 
rise or fall in temperature may be as much as 0-05° on the addition 
of an inert gas, even when, the adiabatic arrangement is employed. 
This effect can only be eliminated by surrounding all parts of the 
reaction vessel in a thermostat at constant temperature. These gas 
effects only become appreciable when the final pressure exceeds 
10% cm., so that the heats of adsorption of oxygen on charcoal as 
determined by the thermocouple method are satisfactory if the final 
pressure does not exceed this value. For higher residual pressures, 

a thermostat must be employed. 

Slow Changes in the Adsorbed Gas Layers.—The values of the heat 
of adsorption which are obtained by the addition of successive small 
volumes of oxygen are not entirely independent of the interval 
between successive admissions. Up to 0-04 c.c. per g. of oxygen 
adsorbed, the heat is independent of the interval between successive 
admissions, but for greater surface concentrations, evidence of the 
presence of a very slow change is obtained. Usually, the interval 
adopted was 20—30 mins. If the interval is extended to 12 hours, 
the rate of adsorption and the heat liberated are greater than is the 
case after an interval of 30 mins. Thus, for example, after the 
adsorption of 0-22 c.c. of gas in fourteen successive amounts at 
intervals of 30 mins., the heat of adsorption fell from 94-8 Cals. to 
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32-6 Cals. After the charcoal had been left over-night in a high 
vacuum, further admissions were commenced; the first value 
obtained was 58-1 Cals. The same effect is seen in Table II at 
Expt. 337. The carbon surface appears to become more active on 
standing. This must be due either to molecularly adsorbed oxygen 
diffusing into the interior of the grains or to a slow reaction occurring 
hetween the adsorbed gas and the surface. We are unable to decide 
between these two possibilities. 

The step on the differential heat curve (Fig. 3) is of interest, 
especially as it occurs also on the curve of Marshall and Bramston- 
Cook. 

Rate of Adsorption.—As already mentioned (p. 842), the adsorption 
of oxygen by a mass of activated carbon grains enclosed in a gauze 
cylinder has been shown to occur first on the outside layers of carbon. 
The rate of adsorption is so rapid that, with small volumes of gas, 
no oxygen penetrates through the interstices between the grains to 
the carbon round the thermocouple. The same process, but on 
another scale, must also occur in each carbon grain. On account of 
the rapidity of adsorption, the surfaces of those capillaries lying 
nearest to the surface will be first saturated with oxygen. Those 
capillaries which are not readily accessible or which are of small 
diameter will not be reached by the first small admissions of gas. 
In such circumstances, it will be seen that the rate of adsorption 
on activated carbon grains will be a very complex function of the 
pressure. 

When the carbon surface has been partially saturated with 0-2— 
0-3 ¢.c. of oxygen per g. of carbon, the rates of adsorption are 
measurable. It is found that the rate of adsorption for oxygen 
pressures below 2 x 10 cm. is given by dp/dT = kp +- const. 
(Fig. 4). This simple relationship is probably due to the fact that 
the exteriors of the carbon grains have been saturated with oxygen 
and the rate which is measured is that of the diffusion of oxygen into 
the less accessible capillaries in the carbon. At such low pressures, 
the mean free path is much greater than the size of the capillaries. 
There is no hindrance to molecular movement by collisions between 
the gas molecules and diffusion occurs at a rate proportional to the 
pressure. 

The fact that the curves in Fig. 4 give an intercept on the pressure 
axis at 1—2 x 10-4 em. is of interest. Perhaps this is the equili- 
brium pressure of oxygen adsorbed on the carbon surface. The 
magnitude of the intercept increases as the carbon becomes saturated 
with oxygen. 

Adsorption of Hydrogen on Carbon.—On the addition of 0-01 c.c. 
of hydrogen per g. of carbon, none was adsorbed, neither was there 
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any reaction observed when hydrogen was admitted to a carbon 
surface to which oxygen had previously been added. 


Summary. 


The maxima previously found on the curves for the differential 
heats of adsorption of oxygen on charcoal have been shown to be 
due to defects in the thermocouple calorimeter. These defects arise 


Fic. 4. 


dp|aT x 104, 





6 8 10 12 14 16 
Pressure, cm. X 10-4, 


bo 
- 


from (a) the slow conduction of heat between the carbon grains and 
from the carbon to the thermocouple at low pressures, and (b) the 
lack of uniformity in the adsorption of oxygen by the various layers 
of the carbon; they are eliminated by employing a new type of 
container which permits of the admission of gas into the middle of 
the bulk of the carbon grains. The results obtained by Marshall and 
Bramston-Cook, which give the highest value for the heat of adsorp- 
tion for the smallest volumes admitted, have been confirmed by this 
method. 

Another defect which is observable when the residual gas pressures 
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exceed 10° cm. may be eliminated by surrounding the reaction 
vessel by a thermostat kept at constant temperature. 

The rate of adsorption of oxygen is determined by the rate of 
diffusion into the carbon grains. At low pressures, adsorption on a 
partially saturated carbon surface is given by dp/dT = kp +- const. 
Slow changes occur in the adsorbed gas film owing either to diffusion 
of the adsorbed oxygen into the interior of the grains or to a slow 
reaction occurring between the gas film and the surface. 


We wish to acknowledge our indebtedness to Imperial Chemical 
Industries Ltd. for a grant for the apparatus used in the present 
research, and H. I. Bull and M. H. Hall wish to express their thanks 
to the Department of Scientific and Industrial Research for 
maintenance grants. 
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CX1LX.—EHaplosions in Closed Cylinders. Part IV. 
Correlation of Flame Movement and Pressure 
Development in Methane—Air Explosions. 


By Witt1am AntTHONY Krrxspy and RicHarD VERNON WHEELER. 


Ix a previous paper (J., 1928, 3203) we have shown that methane— 
air explosions travelling from one end to the other of a cylinder 
10 cm. in diameter are vibratory or non-vibratory according to the 
length of the cylinder : if this exceeds 140 cm., an explosion of any 
mixture containing between 8 and 11% of methane becomes vibra- 
tory and is accompanied by a shrill screech; but if it is less than 
140 em., explosions of all methane-air mixtures, initially at atmo- 
spheric temperature and pressure, are silent, and the movement of 
fame and the development of pressure are regular. 

We have made a further study of both non-vibratory and vibratory 
explosions of methane and air with new apparatus whereby con- 
tinuous photographic records, on rapidly revolving sensitised paper, 
of the movement of flame could be correlated with simultaneous 
records of the development of pressure. The explosion vessel (of 
gun-metal, 10 cm. internal diameter) could be modified in length, as 
desired, by bolting together sections. Four sections were available, 
three 50 em. and one 25 cm. long (see Fig. 1). For the principal 
series of experiments described in this paper, the internal length of 
the cylinder was either 46-5 or 171-4 em. A number of longitudinal 
windows of quartz, 1 cm. wide and 14 cm. long, enabled the flame of 
the explosion to be photographed during its passage throughout the 
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length of the cylinder, save where the view was obstructed by the 
joints of the sections or by strengthening bands. One end-plate of 
the cylinder carried at its centre an ignition plug with platinum 
electrodes forming a spark-gap of 4 mm. To the other end-plate 
a& manometer was fitted. 

For the design of the manometer used for the majority of the 
experiments, we are indebted to Dr. J. D. Morgan. It consisted of 
a concentrically corrugated disc, C, Fig. 2, of phosphor bronze, 
7 cm. in diameter and 0-079 cm. thick. The disc was clamped at 
its circumference by a steel ring, D, which was screwed to the end. 
plate, A, of the explosion cylinder. Both the steel ring and a washer, 
H, were shaped to correspond with the corrugations of the disc, so 
that no distortion occurred when they were assembled. To the flat 
centre of the disc was screwed a light but rigid steel pin, E, which 
was covered by a sleeve of thin rubber. This acted as the pivotal 
support for the knife-edge of a plate, F, carrying a small mirror of 
stainless steel. The mirror-plate was mounted and freely pivoted 
on a movable arm, G, which could be locked in position by thumb. 
screws. The quartz window, M, of the explosion vessel ended flush 
with the diaphragm of the manometer. 

Non-vibratory Explosions.—Some of the records of pressures and 
times of explosion for a series of methane-air mixtures, with the 
cylinder 46-5 cm. long, are given in Table I, where 7’, is the time 
(measured from the time of ignition) for the attainment of maximum 
pressure and 7’, is the time taken for flame to travel throughout the 
length of the cylinder, as determined from photographic records. 


TABLE I. 


Explosions of Methane and Air in a Cylinder (46-5 x 10 em.). 


CH,, %. P, atm. 7, sec. 7), sec. CH, %. P, atm. 7, sec. Tj, sec. 
8-40 4-56 0-226* 0-198 11-60 4-96 0-240 0-194 
9-45 5-30 0-203* 0-149 13-05 3°87 0-597 0-498 

10-20 5-51 0-187* 0-142 13-30 -- 0-842 0-663 
* The “ piston ’? manometer described in Part I of this research was used 
for these experiments. 


In each instance the maximum pressure is attained after the 
flame-front has reached the far end of the cylinder. This is 
demonstrated on Plate I, where four of the flame photographs are 
reproduced with the corresponding time-pressure records transferred 
to them. The flame photographs on Plates I and II, having been 
taken direct on sensitised (Lumiére) paper, are negatives, darkness of 
the image corresponding with brightness of the flame. At the 
outset, the flame darts forward at a rapidly increasing speed. When 
it has travelled about half the length of the cylinder, however, there 
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is a sudden arrest of its movement and the flame-front appears to be 
split into two portions, one of which lags behind the other. At the 
moment of arrest, the “ skirt ’’ of the flame (see Part III, loc. cit., 
p. 3215) has come in contact with the walls of the cylinder and has 
been extinguished, whilst the flame-front has assumed the form of a 
dise occupying the cross-section of the cylinder. Immediately after 
this arrest, cooling of the products of combustion behind the flame- 
front draws the middle of the disc backwards, so that a hollow cone 


Fia. 2. 















































isformed. The base of this cone is in advance and its periphery is 
that of the cylinder, whilst the apex travels behind, at first along 
the axis and later canting over towards the floor of the cylinder. It 
thus results that a portion of the flame reaches the end of the 
cylinder, and can be photographed at a window there, before the 
whole of the mixture has been traversed by flame. Complete 
inflammation, corresponding with the attainment of maximum 
pressure, only occurs when the hindermost (and most luminous) 
portion of the flame surface reaches the end of the cylinder, as can 
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be seen in the photographs on Plate I. The development of pressure 
follows closely the movement of the flame, there being a mechanical 
lag of about 0-001 sec. In particular, it will be observed that an 
arrest in the development of pressure synchronises with the arrest 
of the flame. 

Vibratory Explosions.—Typical records of the movement of flame 
and the development of pressure for a vibratory explosion of methane 
and air are reproduced on Plate II (much reduced in size). This 
explosion was of a 10% methane-air mixture, initially at atmo- 
spheric temperature and pressure, the internal length of the cylinder 
being 171-4 cm. It will be seen that the earlier history of the flame 
is similar to that of the non-vibratory explosions in the shorter 
cylinder but that, after the flame front has travelled 140 cm., it 
vibrates. The vibrations continue, of the same frequency (about 
240), until the flame-front reaches the end of the cylinder. The 
time—pressure curve, transferred to the flame photograph on Plate II, 
also shows vibrations which synchronise with those of the flame- 
front. The amplitude of the rapid fluctuations in pressure during 
this period is exaggerated. The maximum pressure is attained at 
the moment when the flame-front reaches the end of the cylinder, 
the vibratory explosions differing from the non-vibratory in this 
respect. 

The critical length of cylinder of 10 em. internal diameter for the 
production of a vibratory explosion in 9—10°% methane-air mixtures 
is 140 em. In eylinders of greater length than this, it has been 
observed that the vibrations begin after the flame has travelled 140 
cm. The vibrations appear, therefore, to be those of a longitudinal 
stationary wave maintained in the column of gases behind the 
flame-front, a conclusion supported by the fact that their frequency 
does not alter as the flame travels. If the whole column of gases 
within the cylinder were in resonance, the frequency of the vibrations 
should increase as the flame travelled, owing to the increasing speed 
of sound with increasing mean temperature of the gases. Calculated 
from the rise in pressure, the increase in mean temperature during 
the vibratory stage of the 10°% methane—air explosion amounts to 
about 400°, which would cause a difference of about 50 in the 
frequency of the vibrations. The fact that the frequency remains 
nearly constant can be explained by the effect of increased tem- 
perature being compensated for by the increasing length of the 
column of gases in resonance, in accordance with the equation 
n == V/2L, where n = frequency, V = speed of sound, in m. per 
sec., and J = length of column in m. Calculations of the funda- 
mental frequencies of the columns of gases behind the flame-front 
for three positions of the flame-front, i.¢e., 140, 156, and 171 cm. 
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from the end of the cylinder, the mean temperature being calculated 
from the observed mean pressure, give values of 234, 233, and 230, 
which are in good agreement with the frequency of the vibrations 
measured from the photographs, viz., 240. 

The preservation of what may be termed a “ balanced frequency ”’ 
of vibration of flame in the cylinder may account for its increase in 
speed as it nears the end of its travel. As the flame-front approaches 
the end of the cylinder, the rate of production of heat rapidly 
increases by reason of the increased pressure at which the gas is 
burned. To maintain the same frequency of vibration of the 
flame, therefore, the length of the column of gases behind the flame- 
front must rapidly increase, which is equivalent to saying that the 
speed of the flame-front must increase. Once the vibrations have 
begun, the column of gases behind the flame-front can be regarded 
as the “ driver” in the resonating system and the flame-front as 
the object “ driven.” 

Accompanying the vibrations of the flame, alternate dark and 
light bands appear in the photograph of the burning gases behind the 
flame-front. The photograph being a “ negative,” the dark bands 
represent luminescence and the light bands the absence of lumin- 
escence. These striations continue for an appreciable time after 
the flame has reached the end of the cylinder (compare Egerton and 
Gates, Proc. Roy. Soc., 1927, A, 146, 516). In similar vibratory 
explosions, e.g., of pentane and air at several atmospheres initial 
pressure, in a cylinder of shorter length and wider diameter, stri- 
ations in the “ after-burning ”’ gases are observed to extend through- 
out the length of the cylinder (see Nature, 1928, 122, 995). They 
may do likewise in the vibratory methane-—air explosions but they 
are not apparent, perhaps because the “ after-burning ” is 
insufficiently actinic. 

In the original photographs, it can be seen that the bands are not 
quite parallel, but that the speed of the disturbance responsible for 
them is faster at the moment of complete inflammation than at the 
outset of the vibratory period, by an amount corresponding with the 
effect of a rise of temperature of 400° on the speed of sound. 

As bearing on the nature of the striations, a time-—current curve, 
recorded by an Einthoven galvanometer measuring the electrical 
conductivity of the gases during the vibratory period of an explosion 
of a 10°% methane-air mixture in the long cylinder, is reproduced in 
Fig. 3. The method used is described in detail elsewhere (this vol., 
p. 878). The conductivity was recorded as the flame passed 
between two platinum electrodes 15 cm. from the end of the cylinder 
to which the explosion travelled. The electrodes were diametrically 
opposite each other, 1-5 cm. apart, and were maintained at a 
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potential difference of 5-8 volts. In Fig. 3, the abscissx represent 
times after ignition. It will be seen that the frequency of the 
fluctuations in current, 237, is nearly the same as that of the stri- 
ations behind the flame-front, 240, and the general character of the 
time—current curve is similar to that of the time—pressure curve over 
the same period (compare Plate II). In particular, the rapid 
increase in the ionisation current just before it attains its maximum 
value corresponds with the rapid rise to a maximum value of the 
mean temperature of the explosion as indicated by the time—pressure 
curve. It can be concluded, therefore, that, whatever may be the 
cause of the ionisation, each ‘‘ dark” (i.e., luminescent) band of 
the striations as photographed represents a recombination of ions, 
corresponding with a forward movement of the vibrating flame, and 
a consequent sudden increase of pressure. 
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The problem of the manner in which heat energy liberated during 
flame propagation can be communicated to a column of gases in 
such a way as to induce resonance is in some respects analogous to 
that of the “ singing” flame. With a forced vibration of a point, 
the optimum effect with respect to the kinetic energy of the vibration 
is obtained if the impressing force is at a maximum when the dis- 
placement is zero, but for vibrations that are maintained by heat, 
Rayleigh (‘‘ Theory of Sound,” Vol. II, p. 227) has shown that the 
impulse given to the resonator by the impressing force must occur 
at a point of maximum displacement. This has been confirmed for 
singing tubes by Knipp and Kunz (Physical Rev., 1922, 19, 400), 
who have shown that, to produce the maximum vibratory effect, 
heat must be applied midway between a loop and a node. 

Considering the whole column of gases, burnt and unburnt, in our 
cylinder, vibrations of the flame during an explosion began midway 
between a node at the end and a potential loop at the centre. It can 
be understood that the supply of energy from the flame-front at such 
a position would initiate a stationary wave. Only the column of 
gases behind the flame-front is in resonance, however, no doubt 
because of the wide difference in temperature and density that exists 
between the unburnt and the burning gases, the flame-front acting 
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asaseptum. The layer of unburnt gases just ahead of the advancing 
flame-front provides a sufficiently dense medium for the reflexion 
of a sound-wave and acts as a node of the column of burning gases 
in which the stationary wave system exists. 

The Manner of Movement of Vibrating Flames.—Vhe movement of 
a vibrating flame during an explosion has been analysed by “ snap- 
shot’ photography on a stationary plate (see Ellis, Safety in Mines 
Research Board Paper No. 32, 1927). A mixture of carbon mon- 
oxide and air was used, because of the high actinic value of the 
flame in such mixtures, and the explosion vessel was a glass cylinder 
206 em. long and of 9 cm. internal diameter. The cycle of 
changes in the shape of the flame, from the beginning of a single 
vibration and throughout its forward and backward movement, is 
shown by the series of snapshots on Plate III, where also a photo- 
graph of the vibration thus analysed, taken on rapidly revolving 
sensitised paper, is reproduced. In the snapshots, whiteness of the 
image corresponds with brightness of the flame. In the photo- 
graph on revolving sensitised paper, blackness of the image corres- 
ponds with brightness of the flame. 

The duration of exposure for each snapshot was 2-5 millisecs., 
whilst each vibration in this explosion lasted about 6 millisecs. At 
stage (i) the forward movement of the flame has just begun and stages 
(ii) and (iii) mark its further progress forward. During stages (iv)—- 
(vii) the flame is moving backwards. These two groups of snapshots 
correspond, (i)—(iii), with a rise to a crest on the time—pressure 
curve for the explosion and, (iv)—(vii), with a fall to a trough. 
When the forward movement of the flame occurs, dark bands (due 
to luminescence) are observed in photographs of the gases behind 
the flame-front taken on a revolving drum. When the flame has 
just completed its backward movement, and is poised ready for 
another forward movement, it is a thin disc. Light bands (there 
being no luminescence) are then observed in revolving-drum photo- 
graphs of the gases behind the flame-front. On comparing this 
succession of snapshots with the track of the flame as photographed, 
along the axis of the tube only, on revolving sensitised paper, the 
reasons for the gradations in “‘ thickness ” and intensity of the latter 
are apparent. 

This work has been carried out in connexion with researches for 


the Safety in Mines Research Board, to whom our thanks are due 
for permission to publish the results. 


SAFETY IN Mines RESEARCH LABORATORIES, 
SHEFFIELD. [Received, February 23rd, 1931.] 











854 COCKRAM AND WHEELER : 


CXX.—wStudies in the Composition of Coal. The 
Soluble Constituents of Coal and their Degree of 
Coalification. 

By CHARLES CockRAM and RICHARD VERNON WHEELER. 


FiscHER, BrocuE, and Straucu (Brennstoff-Chem., 1924, 5, 299: 
1925, 6, 33), from a study of a series of German coals, have drawn 
attention to a relationship they had observed between the “ rank ” 
(degree of coalification) of the coals and the character of the materials 
extractable from them by benzene under pressure. The materials 
so extracted (at 288°) were fractionated by pouring the extracts into 
light petroleum. Solids separated, to which the name “ Fest- 
bitumen” was given and, on evaporation of the light petroleum, 
viscous oils were obtained, termed by them “ Olbitumen.” These 
authors observed that, in their series of German coals, the ratio of 
‘‘ Olbitumen ” to “ Festbitumen ” increased with increasing rank 
of the coal. 

In a previous communication (J., 1927, 700), we remarked on the 
importance of this observation, as possibly throwing light on the 
character of the coalification process, and stated our intention of 
making a similar examination of series of coals. Through the 
courtesy of Dr. David White, of the United States Geological Survey, 
we have been able to examine a number of samples of the Pittsburgh 
seam, ranging in carbon content from 80-5 to 89-0%; and we are 
indebted to the South Yorkshire Survey Committee of the Fuel 
Research Board for samples of the Barnsley seam of carbon content 
between 80-6 and 845%. The advantage of carrying out a study 
of this kind on coals from the same seam lies in the elimination of 
possible complications due to wide differences in character of the 
vegetation from which the coals were formed. 

Method of Examination.—For the resolution of coals by means of 
solvents, we prefer the use of pyridine and chloroform at their 
normal boiling points to that of benzene under pressure as 
originally employed by Fischer and Gluud (Ges. Abh. Kenat. 
Kohle, 1916, 41, 54) and adopted by Fischer, Broche, and 
Strauch (loc. cit.), Bone, Pearson, and Quarendon (Proc. Roy. 
Soc., 1924, A, 105, 608), Davis and Reynolds (Ind. Eng. Chem., 
1926, 18, 858; 1929, 21, 1295), and Hoffman (Gliickauf, 1928, 
64, 1237). At the high temperature (288°) employed for the 
pressure-extraction by benzene, part of the resins in most coals is 
liable partially to decompose, whilst with coals of low carbon content 
there may be extensive decomposition of the ulmins, with the pro- 
duction of phenolic and acidic oils, for the active decomposition 
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point of a coal is lower the lower its carbon content (see Holroyd and 
Wheeler, J., 1928, 3197). For example, whereas the active decom- 
position point of Two Foot Nine (Ferndale No. 7) coal, a semi- 
bituminous coal of 89-8°% carbon content, is 360°, that of Seven Foot 
(Kingsbury), a bituminous coal of 77% carbon content, is 290°. 
With lignites and brown coals, the carbon contents of which may be 
as low as 66%, the active decomposition point is well below 288°. 
False deductions may, in consequence, be drawn from changes in 
the character of the material extractable at 288° from a series of coals 
of different carbon contents. 

Our method of analysis of coal by means of solvents was described 
in some detail in our previous paper. Briefly, it involves an initial 
partial dispersion of the colloidal mass of coal with pyridine, followed 
by extraction with chloroform, whereby the «-, 8-, and y-fractions (see 
Stopes and Wheeler, ‘‘ The Constitution of Coal,’’ London, 1918) 
are obtained. The y-fraction is then resolved by successive extrac- 
tions with light petroleum and ethyl ether, giving fractions y,, 
soluble in light petroleum, y., soluble in ethyl ether, and ys, insoluble. 
(Originally, there was a subsequent treatment with acetone, but this 
can be omitted.) The y,-fraction consists mainly of hydrocarbons, 
the y, of resins (resinols, resines, and resenes), and the y, of compounds 
akin to the resins. 

From a comparison between our method of analysis and that of 
Fischer, Broche, and Strauch, we identify (for coals that are not 
decomposed at 288°) their “ Olbitumen ” with our y,-fraction, and 
their “* Festbitumen ” with our combined y,- and y,-fractions. 

The Pittsburgh Seam.—The Pittsburgh seam extends over wide 
areas in Pennsylvania, Ohio, West Virginia, and Maryland, and the 
coal varies in carbon content from 78% at its westernmost limit, 
where it is a sub-bituminous coal (Seyler’s ortho-perlignitous), to 
90°, in the Georges Creek region of Maryland, where it is a semi- 
anthracite (Seyler’s sub-meta-bituminous). When the coal measures 
of the Allegheny formation were deposited, there existed over these 
areas a vast coastal plane, or an area of subsidence, upon which a 
series of almost continuous stretches of vegetation accumulated, 
each in turn to be gradually covered by detrital matter carried by 
the encroachment of water (see White, Bull. 38, U.S. Bureau of 
Mines, 1913). The Pittsburgh seam, which lies above the coals of 
the Allegheny formation, was formed under similar conditions. The 
variations in composition of the seam would appear to be due mainly 
to changes in pressure and temperature caused by earth movements 
during the coalification process, the changes in rank throughout the 
deposit having been correlated with changes in the thrust pressure 
of the superincumbent strata. 
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The samples, 17 in number, examined by us were collected by 
Dr. David White personally at collieries situated along the route of 
the Baltimore and Ohio railway, the distance covered from west to 
east being about 100 miles. Towards the east, in the region of the 
Allegheny mountains, the land rises steeply and the character of 
the coal changes from bituminous to semi-bituminous. All the 
samples were of bright macroscopic appearance, there being a com- 
plete absence of durain bands. Microscopic examination of thin 
sections, perpendicular to the bedding plane, confirmed the absence 
of durain, the sections being uniformly translucent and containing 
but few microspore and sometimes no megaspore exines. 

As the carbon content of the coal increased, the colour of the 
sections became darker and resin inclusions, which were numerous 
and well defined in the western samples, became more difficult to 
distinguish. Analytical data regarding the samples, arranged in 
order of their occurrence west to east of the coal-field, are given in 
Tables [and II. The names of the samples are those of the collieries 
at which they were collected. 


TaBLeE I. 
Ultimate Analyses. Pittsburgh Seam. 


% on an ash-free dry basis.) 


Sample. C. H. N. &. 

Bailey’s Mills (Barns- (a) top bench.............0. 78:2 59 13 4:5 
ville, Ohio) (6) upper bench ......... 79-6 5-7 1:3 3-5 
(c) bottom bench ......... 78:9 5:8 13 4-4 

kiIm Grove (Wheeling, 3 eee 779 54 1-6 7:2 
W. Virginia) (DB) UPDEP ceccvcccescsscoses 81-1 53 1-6 3-2 
CO) OCOTE  sascccceesccsss 80-4 5-6 16 3-2 

Monongah (Marion WD GOD dicnseunsensasasrsces 83:3 5-6 1:9 0-6 
County, W. Virginia) (b) above double band 84-1 5-4 1-9 0-7 
nena 82-2 5-4 1:8 1:3 

Hustead (W. Virginia), bottom — ..........ccsceecesseees 84:9 59 ca.1-5 15 
Scotch Hill (Newburg, W. Virginia) ..............ss.000. 85-2 5-2 1-3. 1-0 
Revere (Uniontown, Pennsylvania), bottom ......... 86-1 54 1:8 0-7 
Jamison (Pleasant Unity, Pennsylvania), bottom ... 86:5 5:6 ca. 1-5 0:8 
Vogele (Ligonier, Pennsylvania), bottom .............++ 87-4 54 1-9 1-8 
Ocean Mine (Allegheny We WUD dnecesccccscasatscronss 89-0 4:7 1:9 0-9 
County, Maryland) COE MOE cecicrccsccsessess 88-8 4-4 2-1 0-8 
yg eee 88-4 4-7 1-9 1-4 


At Scotch Hill, the Pittsburgh seam is not worked, but it occurs, 
under shallow cover, in a syncline passing through Newburg. 

All the samples, with the exception of the Ocean Mine coal, 
yielded highly swollen residues on carbonisation at 600° in the 
Gray-King assay, those of low carbon content passing through a 
semi-fluid plastic stage. In this and other respects, e.g., their 
volatile matter contents, they differ from British coals of like carbon 
contents. For example, the Bailey’s Mills samples, C 80—81%, 
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TaBueE II. 
Proximate Analyses. Pittsburgh Seam. 


Volatile 
matter, % Tar yields, 
Ash, Moisture, on ash-free % (Gray- 
0 


Sample. %. %. dry basis. King assay). 
Bailey’s Mills (a) top ......0..+-. 8-5 1-9 48-8 16-8 
(0) WEEE .2<...... 3:0 2-4 46-5 17-3 
(c) bottom ...... 13-2 2-0 50-4 18-0 
Klm Grove CG) BOD cscscesssres 9-6 1-9 43-1 13-5 
(6) upper ......... 4:5 2-2 42-3 15-5 
(c) bottom ...... 6-2 1-7 44-3 15:5 
Monongah Beers 4:6 1-6 39-8 14:3 
(b) above double 
re 5-1 1-6 39-2 13-1 
(c) bottom ...... 10-1 1-7 37°5 9-5 
Bestel TH ssascccssnnssscsiassecesves 3-6 1-2 35-5 10-9 
Ocean Mine (a) top. ........000. 6-3 0-8 18-7 7-5* 
(6) upper ..ccceeee 5:4 0-7 19-6 6-0* 
(c) bottom ...... 10:3 0-8 20-0 7-0* 
* Combined tar and liquor. 


yielded caked residues comparable with those given by Durham 
coals having C, 84—86%. It is, indeed, impossible to generalise 
solely from their ultimate analyses with regard to the properties of 
coals from widely-separated fields. 

Solvent analysis. Solvent analyses were carried out in the manner 
previously described. The fractions were of similar character and 
properties to those obtained from British coals. The results are 
recorded in Table IIT. 

TaBLeE III. 


Solvent Analyses. Pittsburgh Seam. 


% on ash-free dry basis.) 





Fractions. Sub-fractions. 
Sample. a. B. y 1” Yo Ys 
Bailey’s Mills (a) top ...........000- 66:7 24:3 90 30 3-2 2°8 
(6b) upper .........00. 68-2 23:0 8-8 2-3 3°5 3-0 
(c) bottom _......... 68-5 22-8 8-7 2:35 3-0 3°35 
Elm Grove  , erereen 66-5 24-1 94 245 35 34 
Oy WE. ccasssacecss 68-8 216 96 20 44 3-2 
(c) bottom _......... 69-1 20:9 100 2-5 3:45 4-05 
Monongah GF GO niscsaccssasics 79-4 12-1 85 1:95 31 3°45 
(b) above double 
er 778 13-4 8S 18 2:35 4-65 
(c) bottom ......... 782 140 78 1:7 2-15 3°95 
Hustead WE: kcccecesecssees 71-9 20-0 8-1 1-9 2-15 4-05 
Scotch Hill bottom .............0- 78:2 12-9 89 0-9 3:45 4-55 
Revere MN. | aiccassadncecds 79-2 12:3 85 1-1 2-5 4-9 
Jamison MINE. -iccsexctercoees 82-9 10-1 70 0-7 2-1 4-2 
MME dsacuicuscnievimrtvscnserswipiesions 988 06 O06 0-25 O15 0-2 
—————— 
Ocean Mine (@) top .....seeseeeeee 99-2 0:8 
CD} WEIR cccccesicsees 99-2 0-8 
(c) bottom ......... 99-2 0-8 
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Considering the three analytical tables together, it is clear that 
the progressive changes in geological conditions that have caused a 
gradual increase in the carbon content of the coal have rendered its 
ulmins gradually more complex, for the proportion of the §-fraction, 
which measures the ability of the ulmins to disperse in pyridine, 
gradually decreases. ‘To the east of Jamison, in the region where 
there is a rapid alteration in the depth of cover, the ulmins have 
become so condensed as to be almost insoluble in pyridine. 

There is no progressive variation in the proportion of the complete 
y-fraction, which does not in fact vary much until the most easterly 
part of the field is reached. The fairly regular decrease in the 
‘ volatile matter ’ content of the coal with increasing carbon content 
must therefore be due to the increasing complexity of the ulmins, 
for the y-fraction yields almost its whole weight as_ volatile 
matter. 

Most interest attaches to the variations in the proportions of the 
fractions y, (hydrocarbons) and yg, -}- yg (resinic), corresponding 
with the “‘ Olbitumen ” and ‘ Festbitumen ” of Fischer, Broche, 
and Strauch. Whereas the results obtained by the German workers 
suggested a gradual increase in the proportion of free hydrocarbons 
during the coalification process (see Table VIII of our previous 
paper), ours for the Pittsburgh seam show a reverse effect, the 
relationship being too well defined to be accidental. 

We can more readily understand a progressive loss of hydro- 
carbons from the coal as its “ rank ”’ increases than we can a gain. 
‘There has not necessarily been any marked temperature change, for. 
as White, when dealing with the progressive regional carbonisation 
of coal, points out (J. Amer. Inst. Min. Met. Eng., 1925, 71, 253). 
“time and temperature may, within limits, each be substituted 
for the other... and pressure is partially interchangeable 
with both,” but the gradual distillation of free hydrocarbons from 
the coal under slight elevation of temperature seems to us more 
likely than their gradual formation from some other constituents. 
Simultaneously, as an effect of temperature and pressure, we might 
expect a gradual elimination of the resinic compounds. This is not 
apparent from our results, but a gradual change in their character 
took place as the “‘ rank ”’ of the coal increased, as is shown by their 
ultimate analyses, recorded in Table LV. 

Similar changes in analysis of the y - and ys-fractions as the 
carbon contents of the coals from which they are obtained increase 
have been observed also with British coals. 

The Barnsley Seam.—The Barnsley seam, in the Yorkshire coal- 
field, although not so extensive as the Pittsburgh, exhibits pro- 
gressive variations in composition and thus provides another, 
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TABLE LV. 


Ultimate Analyses of Resinic Materials in Pittsburgh Seam. 








Y2-Fraction. y3-Fraction. 
Sample. cy He% C,% =+#H,% 
Bailey's BEMIS BOPP <ccescsccccccccccsses 81-6 6-7 77-6 6-3 
Bailey’s Mills bottom ............... 80-6 6-6 778 6-1 
Elm Grove WY nicaberindeccmmiaveds 83:8 6-7 380-6 5:8 
Elm Grove CE, | Sicveinuveunona 82-6 6-7 78-9 6-1 
Monongah BN bntdinidvncsesuereceds 84:8 6-5 81-6 6-0 
Monongah MENON, ssivscassocis iin 84+2 6:5 81-8 6-0 
OIE, he nkakcsiuscccdsecsscantes 86-6 6-5 82-6 > 61 


though not so divergent, series of coals of different ** rank ’’ formed 
from the same original accumulation of vegetable débris. 

An increase in the carbon content is observed in two directions, 
from east to west and, less well defined, from north to south. The 
samples chosen for examination were obtained from collieries situated 
between two parallel lines, about two miles apart, running from east 
to west and extending over about 20 miles. The Barnsley seam is 
composed of three well-defined portions, the ‘‘ bottom softs”’ (a 
elarain) the “‘ hards *” (a durain) and the “ top softs ”’ (a clarain), 
some of which thin out in parts of the field. To ensure that the 
samples should be from the same horizon of the seam, they were all 
taken from the “ Bottom Softs,”’ a bright coal readily identified in 
all parts of the field by reason of its position in relation to a central 
hand of durain. Analyses of the samples, arranged in order of their 
occurrence east to west of the field, are recorded in Tables V-—VII. 


TABLE V. 
Ultimate Analyses. Barnsley Seam. 


(% on an ash-free dry basis.) 


Sample. C. H. N. S. 
a anctanianpit 80-6 54 17 17 
EEE, Snvvigncemanecuciineanss 81-9 4-9 1-6 1-7 
MEER —Srudeiccecesivisineauins 81:8 5-4 1-6 1-1 
ME EF evnnsaniavennecsecesscea 84:5 55 1-6 0-7 
NEE Nuinadneassedgvemiiwons 83°5 5-3 1-7 1-9 

TABLE VI. 
Proximate Analyses. Barnsley Seam. 
Moisture, Volatile matter, °, 

Sample. Ash, %. y= on ash-free dry basis. 
WN 9 ac diassenneninniensaieaiees 2-9 54 36-2 
MREGI,  - ccnuscevanbetaccanansaen 3°6 71 35-2 
MNEONEG — ciysisatoasusunaoneeoneates 2° 64 35-4 
MEE | ccecaitaeaausconccesesas 1-2 3-4 33-9 
NCEE: “iss'daceeicnaslutscciiestdnanéeh 35 2-3 $58 
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TaB.eE VII. 
Solvent Analyses. Barnsley Seam. 


% on an ash-free dry basis.) 








Fractions. Sub-fractions. 
Sample. a. p. y- Yi° Ye Ys 
Colliery ee 74-2 19-5 6:3 1-25 2-35 2-7 
i errr 79-2 15-0 58 1-0 2°35 245 
CET BE ccessessscss 74-0 20-6 5-4 1-2 2-1 2] 
lf 81-0 13-4 5-6 1-15 1-65 2°8 
CEE BP Setcsecseass 77:8 15-8 6-4 1-35 3°45 1-6 


There is no indication of a progressive change in the amount of 
any constituent, either along the line of the seam from east to west 
or with increasing “rank” of the coal as judged by its carbon 
content. This conforms with our experience with regard to a series 
of British coals of increasing carbon contents, from different coal- 
fields, as previously recorded (loc. cit., p. 712). 

These results emphasise the necessity for caution when attempting 
to compare coals that may have been formed under widely different 
conditions. We have seen that, from the results obtained by 
Kischer, Broche, and Strauch, for a number of varieties of German 
coals, it has been suggested that the proportion of free hydrocarbons 
in coal increases as its “ rank ” increases. The results for the series 
of American coals, from the same seam, recorded in this paper 
suggest that the hydrocarbons gradually disappear during the 
coalification process. With British coals, whether from the same 
seam or collected from different parts of the country, there is no 
relationship between their “rank” and their content of free 
hydrocarbons. 


DEPARTMENT OF FuEL TECHNOLOGY, 
SHEFFIELD UNIVERSITY. [Received, February 27th, 1931.] 


CXXI.—The Influence of Moisture on the Reaction 
between Sulphur and Silver. 


By Jown WILitAmM Smit. 


It was observed by Lilienfeld and White (7. 4mer. Chem. Soc., 1930, 
52, 885) that when a test-tube containing silver and sulphur was 
sealed and kept at the ordinary temperature, the silver was blackened 
within one day, and after a week it was practically all converted into 
sulphide. 

These authors had already confirmed the observations of Cabell 
(Chem. News, 1884, 50, 208) and of Hahn (Z. anorg. Chem., 1917, 99, 
118), respectively, that the presence of moisture and of oxygen is 
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necessary for the reaction between hydrogen sulphide and silver to 
take place at ordinary temperatures and pressures, and had shown 
that in these circumstances the reaction yielded no trace of hydrogen. 
As an explanation for these phenomena, they suggested that 
hydrogen sulphide in the presence of moisture may be oxidised by 
contact with the oxygen atoms, molecules, or ions attached to the 
silver surface, yielding water and sulphur, and that the atoms of 
sulphur so formed combine instantaneously with the silver atoms 
to form the sulphide. Hence, since the supply of oxygen atoms, 
molecules, or ions on the silver surface is very small, air or some 
| other suitable source of oxygen must be in contact with the metal 
in order that the reaction may proceed to any extent. 

Lilienfeld and White also suggested that the reaction between 
polysulphides and silver in the absence of oxygen is not one of simple 
replacement, but is more probably due to the rupture of the loose 
sulphur-sulphur linkage in contact with silver, leading to formation 
of silver sulphide. 

In view of these observations, it appeared to be of interest to 
investigate whether the presence of moisture is a necessary condition 
for the progress of the reaction between sulphur and silver. 


EXPERIMENTAL. 

A small quantity of pure powdered sulphur was placed in a small 
thin-walled glass bulb, together with a little resublimed phosphoric 
oxide; the bulb was then sealed, and its contents mixed by shaking. 
The whole was now placed in a thick-walled glass tube, together 
with further phosphoric oxide and a strip of pure silver foil, and the 
tube in turn was sealed. After 3 days, this tube was shaken so as 
to break the inner bulb, and the silver was kept at room temperature 
in contact with the sulphur. 

For comparative purposes, another tube was prepared in exactly 
the same manner, but without addition of phosphoric oxide in each 
case. ‘The sulphur was again enclosed in a separate small bulb so 
as tu prevent the possibility of the silver being heated in the presence 
of sulphur vapour. After the outer tube had been sealed and allowed 
(o cool, the inner bulb was broken and the sulphur thus brought 
into contact with the silver strip. 

Within 24 hours the silver in contact with the undried sulphur 
Was appreciably tarnished, especially at the end in contact with and 
immediately above the sulphur, after a week it was completely 
blackened, and after a year it had almost disintegrated. On the 
other hand, the specimen in the tube containing phosphoric oxide 
has remained completely unchanged for a year. 

Other specimens, treated in exactly the same manner, were placed 
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in a bath at 100°: the “dry” specimen of silver was quite un. 
changed after a week, whereas the “‘ moist ” sample was definitely 
tarnished within an hour. At 120° a “ moist ’’ specimen was com- 
pletely blackened in an hour, but the other showed no visible change 
whatever. The “dry” sample was then heated to 150—160°, so 
as to fuse the sulphur, and was maintained at this temperature for 
3 hours; no tarnishing was observable over the portion of the silver 
surface which was not immersed in the fused mass; but the other 
part seemed to have been attacked slightly. 

Even calcium chloride drying is sufficient to inhibit the reaction 
hetween sulphur and silver considerably. A tube sealed in the same 
manner as before, but with the phosphoric oxide replaced in each 
case by freshly ignited calcium chloride, showed no perceptible 
tarnishing of the silver surface at first, but after a year a slight 
tarnish was visible. The reaction occurred rapidly, however, when 
the tube was warmed to about 50°. 

That the reaction is not dependent on the presence of oxygen has 
been shown in two different ways. (1) The previous experiments 
were repeated, but with evacuated tubes; the results were exactly 
similar to those obtained previously, but in the tube into which no 
phosphoric oxide had been introduced the rate of tarnishing seemed 
to be greater even than when the tubes were not evacuated. Again 
the phosphoric oxide-dried silver and sulphur showed no sign of 
reaction. (2) In another series of experiments a tube was arranged 
so that a stream of gas could be passed first over finely powdered 
sulphur and then over silver foil. In order to accelerate the reaction, 
this tube was immersed in a bath at 100°. In successive experi- 
ments, air, oxygen, carbon dioxide, and nitrogen were passed 
through the apparatus, but, so far as could be detected, each of the 
samples of silver was tarnished at about the same rate. 

Various mechanisms might be suggested whereby water vapour 
may catalyse the reaction between sulphur and silver, but, since 
none of these seems to be capable of experimental confirmation, 
they are not discussed. 


Summary. 


It has been shown that the removal of moisture causes the com- 
plete stoppage of the reaction between sulphur vapour and silver 
at temperatures up to about 150°. Even calcium chloride drying 
causes a marked diminution of reaction. The presence of oxygen 
is not essential to combination. 


In conclusion, the author desires to express his deep indebtedness 
to the Department of Scientific and Industrial Research for 4 
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CNXIV.—-Vhe Hydrolysis of y-Keto-nitriles of the Type 
R-CH(CN)-CH,;COPh. 
By Marsorit Ropertson and HENRY STEPHEN. 


Anscuutz and Montrrort (Annalen, 1895, 284, 2; Ber., 1895, 28, 
(3) investigated the hydrolysis of ¢-benzoyl-«-phenylpropionitrile, 
PheCH(CN)-CH,-COPh, and obtained §-benzoyl-«-phenylpropionic 
acid (compare Rupe and Schneider, Ber., 1895, 28, 960; Hann and 
Lapworth, J., 1904, 85, 1355; Lapworth and Wechsler, J., 1910, 
97,39). This keto-acid yields two isomeric lactones derived from 
the enolic form of the acid, (I) (m. p. 109°; Anschutz and Montfort) 
and (II) (m. p. 284—286°; Lapworth and Wechsler), «y-dipheny]- 
isocrotonolactone and «y-diphenylcrotonolactone respectively. 
Ph-CH-CH-CPh a Ph:C:CH:CHPh 
CO--—O —w CO—-O 

The relationship between these lactones is analogous to that of 
vinylacetic acid and crotonic acid, the conversion of the former 
into the latter by heating alone or in solution being an established 
fact. The constitution of (I) was proved (Anschutz and Montfort, 
loc. cit.) by reducing the acid, which gave xy-diphenylbutyrolactone 
(m. p. 103°)*. The structure (I1)} was proposed by Lapworth and 
Wechsler, who state that the lactone does not revert again to the 
keto-acid by hydrolytic fission, but appears to give an acid resembling 
phenylacetic acid. We have confirmed that phenylacetic acid is 
produced when (IL) is carefully fused with potassium hydroxide. 
During the course of our experiments we have observed that thc 
lactone (1) is labile, being converted into the higher-melting form (11) 
by the action of heat or by repeated crystallisation from solvents, 
from which (11), being much less soluble, usually separates during 
the process of solution. 

A third substance, isomeric with the above lactones, was obtained 


(1.) (11.) 


* In their publication, Anschutz and Montfort have reversed the melting 
points of this lactone and the unsaturated lactone (11), and the same error is 
tepeated by Hann and Lapworth (loc. cit.). We have prepared lactone (IT) 
and confirmed the melting point, 109° (Found: ©, 81-4; H, 5:3. Cale. for 
(1,H,,0,: C, 81:35; H, 51%). 





864 ROBERTSON AND STEPHEN: THE HYDROLYSIS OF 


by treating a solution of $-benzoyl-«-phenylpropionitrile in acetic 
acid with hydrogen chloride. This compound melts at 206°, and 
shows the same tendency to change into the higher-melting form 
during crystallisation. When it was boiled with aqueous sodium 
hydroxide solution, acetophenone, identified by its p-nitropheny]- 
hydrazone, was obtained, showing that partial fission of the com. 
pound had taken place. A similar fission applies to the lactone (I), 
The alkaline solution on acidification gave $-benzoyl-«-phenyl- 
propionic acid. 

The hydrolysis of §-benzoyl-«-phenylpropionitrile and of 4 
benzoyl-«-(p-methoxyphenyl) propionitrile to give the respective keto- 
acids is best done by warming the nitriles at 80° with 50% sulphuric 
acid, but this method is not applicable to 8-benzoyl-«-(3 : 4-methylene- 
dioxyphenyl) propionitrile, which is readily decomposed by sulphuric 
acid, the methylene group being attacked. The corresponding acid 
in this case was prepared by saturating an alcoholic solution of the 
nitrile with hydrogen chloride, and hydrolysing the ester formed. 

Conversion of the Above Acids into Lactones.—In all three cases, two 
isomeric lactones were obtained, the isocrotonic forms, always the 
lower-melting isomerides, being prepared by boiling solutions of the 
acids in acetic anhydride. The higher-melting crotonic forms were 
obtained (a) by the action of heat on the acids, which lose 1 mol. of 
water quantitatively above the melting point, and (b) by boiling 
solutions of the lower forms in alcohol or acetic acid. 

8-Benzoyl-«-phenylpropionamide (Rupe and Schneider, loc. cit.) 
and B-benzoyl-a-(p-methoxyphenyl)propionamide are readily prepared 
by treatment of the respective nitriles with 75°% sulphuric acid at 
the ordinary temperature for 15 minutes. (-Benzoyl-«-(3 : 4- 
methylenedioxyphenyl)propionamide was prepared by treating a 
solution of the nitrile in acetic acid with hydrogen chloride. 

Conversion of the Nitriles and Amides into Imino-lactones.—'lwo 
isomeric tmino-lactones (III) and (TV) corresponding to the above 
lactones have been obtained : 

Ph-CH-CH-CPh heat. Ph-C-CH~-CHPh (IV.) 
C(.NH)-O —— C(°NH)-O 

The lower-melting form (III) is obtained by the action of acetic 

anhydride on the corresponding amide, and (IV) by (a) heating the 

amide a few degrees above the melting point, (b) boiling a solution 

of (III) in acetic acid, and (c) treating the nitrile with concentrated 

sulphuric acid. 


(1E1.) 


EXPERIMENTAL. 
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8-Benzoyl-x-phenyl-, @-benzoyl-«-(p-methoxyphenyl)-, and - 
benzoyl-«-(3 : 4-methylenedioxypheny])-propionitriles were prepared 
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irom the corresponding arylideneacetophenones by the method of 
Hann and Lapworth (loc. cit.). The second nitrile showed the great- 
est, and the third nitrile the least, tendency to condense with their 
corresponding arylideneacetophenones to give very sparingly soluble 
cyclopentane derivatives, as stated by Hann and Lapworth, although 
a large excess of potassium cyanide and a higher temperature were 
employed in the latter case. 

3-Benzoyl-a-(p-methoxyphenyl) propionitrile forms pale yellow 
plates, m. p. 118° (Found: C, 76-9; H, 5-6. C,,H,;0,N requires 
(, 77-0; H, 5-7%), and 8-benzoyl-a-(3 : 4-methylenedioxyphenyl)- 
propionitrile straw-coloured plates, m. p. 129° (Found: C, 73:0; 
H,4:7. C,,H,,0,N requires C, 73-1; H, 4-7%). 

3-Benzoyl-x-(p-methoxyphenyl)propionic acid was prepared by 
warming a solution of 2-6 g. of the nitrile in 20 c.c. of 50% sulphuric 
acid. It became pale green and slowly dark green and when a solid 
began to separate the mixture was poured on ice. The white 
precipitate was separated, dissolved in sodium bicarbonate solution 
at 40°, recovered from the filtered solution, and crystallised from 
dilute alcohol, the keto-acid being obtained as colourless needles, 
m. p. 155° (Found: C, 72-0; H, 5°65. C,,H,,0, requires C, 71-8; 
H, 5-6%). 

3-Benzoyl-x-(3 : 4-methylenedioxyphenyl)propionic acid was pre- 
pared by the method of Rupe and Schneider (/oc. cit.) and obtained 
as fine white needles, m. p. 134°, from dilute alcohol (Found: C, 
(86; H, 4-5. C,,H,,0, requires C, 68-45; H, 4-7%). 

a-(p-Methoxyphenyl)-y-phenylisocrotonolactone was prepared by 
boiling a solution of the corresponding acid (1 g.) in excess of acetic 
anhydride for 3 hours. A finely divided solid separated, which was 
filtered off, the filtrate being poured into cold water. The solid 
was crystallised from dilute alcohol and proved to be the insoluble 
crotonolactone (0-25 g.) (see below). The aqueous solution of the 
filtrate deposited the isocrotonolactone, which formed needles, m. p. 
6°, from methyl aleohol.(Found: C, 76-8; H, 5-2. C,,H,,0, 
requires C, 76-7; H,5-3°%). The insoluble crotonolactone crystallised 
from acetic acid in needles, which sublimed at 266° and melted at 
210—275° (decomp.) (Found: C, 76-3; H, 5-0. C,,;H,,0, requires 
U,76-7; H, 53%). This lactone is obtained in larger yield (0-4 g.) 
if acetyl chloride is used as the dehydrating agent. The lower- 
melting lactone above is converted by prolonged boiling in alcohol 
into the less soluble, higher-melting form. The latter is also formed 
quantitatively by heating the acid for 2 hours at 180—220° (Found : 
loss of H,O, 6-55. C,,H,,0, requires loss, 6-34%). 
a-(3 : 4- Methylenedioxyphenyl)-y-phenylisocrotonolactone, prepared 
from the corresponding acid in a manner similar to the above, crystal- 
FF 
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lised from dilute methyl alcohol in flat white needles, m. p. 143° 
(Found: C, 72-7; H, 4-1. C,,H,,0, requires C, 72-85; H, 4:3%). 
The crotonolactone was prepared from the former by boiling a solution 
of it in acetic acid for 3 hours. The precipitate, after being washed 
with ether, appeared under the microscope as minute needles, m. p, 
285—290° (decomp.; showing a tendency to sublime at 280°) 
(Found : C, 72-5; H,4-0. C,,H,.0, requires C, 72-85; H, 4:3%), 

8-Benzoyl-a-phenylpropionamide was prepared by treating the 
nitrile with 75% sulphuric acid, the temperature being maintained 
at 15° by cooling in water. After 15 minutes the mixture was 
poured on ice, and the precipitated amide filtered. Crystallisation 
from dilute methyl alcohol gave needles, m. p. 149° (Found: (, 
75-6; H, 5-8; volatile NH,, 7-1. C,g,H,,O,N requires C, 75-9; 
H, 5-9; volatile NH,, 7-1%). A weighed amount of the amide 
was heated at 190° for an hour, and the loss in weight determined. 
The residue crystallised from nitrobenzene in minute needles, which 
decomposed above 290°; analysis indicated that the substance 
was ay-diphenylcrotonoiminolactone (Found: loss 1 mol. H,O, 7:5. 
C,,H,,;0,N requires loss 7-2%. Found: C, 81-8; H,5-5. C,,H,,0N 
requires C, 81-7; H,5-5%). «y-Diphenylisocrotonoiminolactone was 
obtained by boiling the above amide with excess of acetic anhydride 
for two hours; the solution was then poured into cold water. The 
oil obtained slowly solidified and then crystallised from dilute 
methyl alcohol in small plates, m. p. 122° (Found: volatile NH,, 
6-85. C,,H,,0N requires NH,, 7:2%). The iminolactone is iso- 
merised to the higher-melting isomeride by prolonged boiling with 
acetic acid. 

8-Benzoyl-x-(p-methoxyphenyl)propionamide was readily obtained 
in 60% yield by dissolving the nitrile in 75% sulphuric acid cooled to 
5°. It erystallised from dilute alcohol in needles, m. p. 153°; a 
mixed m. p. determination with the corresponding acid (m. p. 155°) 
showed a depression of 30° (Found : C, 72:2; H, 6-2; volatile NH,, 
6-1. C,,H,,0,N requires C, 72-1; H, 6-0; NH;,6-0%). The amide, 
when heated at 165°, lost exactly 1 equiv. of water, giving a product 
which had an indefinite melting point (270—280°) and was in- 
sufficiently pure for analysis (Found: loss 1 mol. H,O, 6:3. 
C,,H,,0,N requires loss, 6-4%). 

When the amide was heated with acetic anhydride it gave + 
(p-methoxyphenyl)-y-phenylisocrotonoiminolactone, which formed 
plates, m. p. 114°, from dilute methyl alcohol (Found: volatile 
NH,, 6-3. C,;H,,0O,N requires NHg, 6-4%). 

8. Benzoyl-x-(3 :4-methylenedioxy phenyl) propionamide was prepared 
by saturating a solution of the nitrile in glacial acetic acid with dry 
hydrogen chloride. The yellow solution became dark red and was 
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kept over-night in the refrigerator. When it was poured into water, 
a dark greenish oil separated, which slowly hardened: this was 
unchanged nitrile. The mother-liquor after 3 days deposited colour- 
less needles which, recrystallised from dilute alcohol, melted at 
149° (Found: C, 68-55; H, 5-1; volatile NH, 5-7. C,,H,,;0,N 
requires C, 68-7; H, 5-05; NH, 5-7%). A weighed quantity of 
the amide, heated at 150—170°, melted to a green liquid, the 
colour of which gradually disappeared and the liquid solidified 
(Found: loss 1 mol. H,O, 6-05. C,,H,;0,N requires loss, 6-1%). 
The residue was boiled repeatedly with glacial acetic acid: the 
insoluble white powder, m. p. (rapidly heated) 265°, proved to be 
1-(3 : 4-methylenedioxyphenyl)-y-phenylcrotonoiminolactone (Found : 
',73-4; H,4-8. C,,H,,0,N requires C, 73-1; H,4-7%). 
THe UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SOUTH AFRICA. [Received, February 2nd, 1931.] 





CXXIII.—4-Aminophthalide and Some Derivatives. 
By Leopotp Ferpinanp Levy and HENRY STEPHEN. 


Retssert (Ber., 1913, 46, 1489) has shown that phthalimide can 
be reduced almost quantitatively to phthalide by zinc in an alkaline 
medium, and the method has now been successfully applied to the 
reduction of 4-aminophthalimide, which has recently been rendered 
accessible in quantity (Levy and Stephen, this vol., p. 79). 

The reduction of 4-aminophthalimide should theoretically give 
two aminohydroxymethy!benzoic acids (I) and (11) and correspond- 
ing to these the two phthalides (III) and (IV). 5-Aminophthalide 


CO CO 


Q . do H N H os ( 10.H LN N H, iN 
NH, JCH,:OH \ Hy OH NHE 3 2 1) OD 
\/ ” ~ oe i 


(I.) (IT.) (1IT.) (IV.) 


(IV), which is well known (Hoenig, Ber., 1885, 18, 3449; Teppema, 
Rec. trav. chim., 1923, 42, 30; Tasman, ibid., 1927, 46, 653), does not 
resemble the aminophthalide obtained by us in the above reduction, 
and a comparison of the derivatives of the two phthalides leaves no 
doubt that the latter is 4-aminophthalide (111). 

The 4-chloro-, bromo-, iodo-, cyano-, and hydroxy-derivatives of 
phthalide were prepared from the 4-amino-derivative in good yields 
by the Sandmeyer reactions, and the first four differ from the corres- 
ponding 5-derivatives prepared by Tasman (loc. cit.): the 5-hydroxy- 
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derivative has not been prepared. By reducing 4-hydroxyphthal.- 
imide with tin and hydrochloric acid, Rée (Annalen, 1886, 233, 235) 
obtained a hydroxyphthalide (m. p. 222°) to which he did not assign 
a definite structure. The melting point agrees exactly with that 
found by us for 4-hydroxyphthalide, and there is little doubt that 
Rée’s product is identical with it. 4-Chlorophthalide was also 
prepared, in theoretical yield, by reducing 4-chlorophthalimide 
(from 4-chlorophthalic anhydride) by Reissert’s method, only one 
of the possible isomeric lactones being produced. 4-Chloro-2- 
hydroxymethylbenzoic acid derived from the phthalide is remarkable, 
since it sublimes unchanged at the melting point and loses a 
molecule of water by heating, only with difficulty. Treatment with 
acetic anhydride reproduced 4-chlorophthalide. An attempt to 
obtain 4-chlorophthalide by treatment with chlorine in alkaline 
solution according tothe method used by Egerer and Meyer (Monatsh., 
1913, 34, 81) for the preparation of 4-chlorophthalic acid did not 
succeed. 

4-Cyanophthalide was converted by hydrolysis into phthalide-4- 
carboxyamide (V), which with alkali gave phthalide-4-carboxylic acid 
(VI), and on oxidation with potassium permanganate this gave 
1:2: 4-trimellitic acid (VII), which was also identified as its 
anhydride. These reactions leave no doubt as to the structure of 
the original 4-aminophthalide. 


co CO 
JN rm. ~ F % ; 
( —_— Ce We ait CO,H 
H,N-CO. yy Pa HOC. 9 HOG. /CO,H 
CH, CH, 
(V.) (VI.) (VIL.) 


The reduction of 3-aminophthalimide by Reissert’s method gave 
rise to the two possible isomeric aminophthalides (VIII) and (IX), 
which were separated by fractional crystallisation. They must 
correspond to 3-amino- and 6-amino-phthalides, but their orientation 
has not been achieved. Both substances had all the properties of 


CO NH, CO 
* i \ * 
(VIII.) O l | OQ (IX.) 
\ J ‘i 4 
NH, CH, CH, 


aminophthalides. One base, m. p. 120°, gave an acetyl derivative, 
m. p. 137°, and a chlorophthalide, m. p. 143°. The other base, 
m. p. 157°, gave an acetyl derivative, m. p. 182°, and a chloro- 
phthalide, m. p. 86°. 
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EXPERIMENTAL. 

4-Aminophthalide (I11)—4-Aminophthalimide (20 g.) was well 
powdered and added with stirring during } hour to a suspension of 
pure zine dust (40 g.) in a solution of sodium hydroxide (12 g.) in 
water (48 c.c.) cooled in ice. Stirring was continued for 30 minutes, 
water (60 c.c.) added, and the mixture warmed at 60° until the 
evolution of ammonia ceased. The filtered solution was acidified 
with concentrated hydrochloric acid, boiled for 10 minutes, and 
neutralised with powdered sodium carbonate. 4-Aminophthalide, 
precipitated as a brown powder, crystallised from hot water in flat 
needles, m. p. 194°, moderately easily soluble in hot water and 
slightly in cold, very soluble in ethyl alcohol, methyl] alcohol, acetone 
and chloroform, and insoluble in hot benzene, toluene, ether, and 
light petroleum (Found: C, 64-2; H, 4:75. C,H,O,N requires C, 
644; H, 4:7%). The base gives a well-defined platinum sait, 
decomposing above 200°. 

The base (3-8 g.) was heated in a sealed tube with fuming hydriodic 
acid (11-3 g.) and red phosphorus (0-6 g.) at 150° for 4 hours. m- 
Toluidine was identified in the product : its presence affords good 
evidence of the relative positions of the NH, and CH, groups in the 
base and establishes the constitution of the latter. 

4-Amino-2-hydroxymethylbenzoic Acid (1)—When a solution of the 
base in aqueous ammonia was carefully neutralised with hydrochloric 
acid, the acid (I) was precipitated as a pale brown powder, m. p. 
182° (efferv.; re-melting at 193°) (Found: loss at 110°, 11-4; 
equiv., by titration with N/40-NaOH, 165-4, 166-2. C,H,O,N 
requires loss of H,O, 10-8°%; equiv., 167). 

4-Acetamidophthalide, obtained by treatment of the base with 
acetic anhydride, crystallised from dilute alcohol in colourless needles, 
m. p. 205°, readily soluble in the usual solvents except ether, benzene, 
and toluene (Found: C, 63-05; H, 5-0. Cy )H,O,N requires C, 
62-8: H,4-7%). 

4-Benzamidophthalide, prepared from the base by the pyridine— 
henzoyl chloride method, crystallised from dilute acetic acid in 
colourless needles, m. p. I91° (Found: C, 71-1;  H, 4-0. 
(,;H,,03N requires C, 71-15; H, 4:35%). 

5-Benzamidophthalide, prepared in a similar manner from the 
corresponding base, crystallised in colourless needles, m. p. 225° 
(Found: C, 71-8; H, 4:1%). 

4-Chlorophthalide, prepared by diazotising the base in the usual 
manner and treating the solution with cuprous chloride, separated 
as a white precipitate, which crystallised from alcohol in long silky 
needles, m. p. 153-5° (Found: Cl, 20-95. C,H,;O,Cl requires Cl, 
21-:1°,). By treatment with sodium hydroxide solution, and 
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subsequent acidification in the cold with concentrated hydrochloric |} lis¢ 
acid, it gave 4-chloro-2-hydroxymethylbenzoic acid (Found: equiv., | so 
189-7. C,H,O,Cl requires equiv., 186-5). The acid sublimed in an | nit 
open dish in long silvery needles, m. p. 135—136°, but when heated | 7° 
in a capillary tube above the melting point it effervesced, re-forming | th¢ 
4-chlorophthalide. aci 
4-Bromophthalide, prepared by warming a solution of the diazotised | 17! 
base with cuprous bromide, crystallised from dilute alcohol in | it! 
colourless needles, m. p. 161° (Found : Br, 36-9. C,H,0,Br requires ph 
Br, 37-55%). 4-Bromo-2-hydroxymethylbenzoic acid, precipitated | 4< 
from a solution of 4-bromophthalide in aqueous ammonia by addition | 
of hydrochloric acid, crystallised in pale yellow needles, m. p. 155° | ne 
(efferv., re-forming 4-bromophthalide), fairly readily soluble in hot | W 
water (Found : equiv., 233-4. C,H,O,Br requires equiv., 231). ph 
4-lodophthalide.—Potassium iodide was added to a diazonium | ™ 
solution of the base cooled to —5°, and after remaining overnight Et 
the iodo-compound was filtered off, washed with a solution of | % 
sodium thiosulphate, and crystallised from dilute alcohol (charcoal), | '™ 
It was obtained as light brown needles, m. p. 193-5°, sparingly soluble 
in hot water, moderately easily in hot alcohol, and easily in methyl | 
alcohol, acetone, chloroform, and acetic acid (Found: I, 48-7, } 
C,H, Og, requires I, 48-8%). he 
4-Hydroxyphthalide—When a diazonium solution of the base was | ¢! 
warmed, a reddish-brown deposit separated, which was filtered off | © 
and boiled with water (charcoal). The filtered cooled solution | % 
deposited 4-hydroxyphthalide in small colourless needles, which were | 
purified by sublimation; m. p. 222° after softening at 210°. The | P 
compound is moderately easily soluble in hot water, sparingly soluble } " 
in cold, easily in alcohol, acetone, chloroform and acetic acid, and re 
insoluble in benzene, toluene, and ether (Found: C, 64-7; H, 4-4. I 
C,H,O, requires C, 64-0; H,4-0%). The acetyl derivative, formed Aj 
by means of acetic anhydride, crystallised from hot water in silvery 
leaflets, m. p. 126°5° (Found: C, 62-4; H, 4-2. C,)H,O, requires 
C, 62-5; H, 4:2%). 
4-Cyanophthalide.—-A diazonium solution of the base was treated 
with cuprous cyanide and the cyano-compound produced was ( 
separated from cuprous cyanide by extraction with absolute alcohol, 
washed with dilute sodium hydroxide solution, and crystallised from 
dilute alcohol, forming long yellow needles, m. p. 200°, which sublimed 
as flat silvery needles, moderately easily soluble in hot water and only \ 
slightly in cold (Found: C, 67-75; H, 2-9. C,H;O,N requires C, . 
67-9; H, 3-2%). Hydrolysis of the nitrile with 75° sulphuric . 
acid at 80° proceeded smoothly, and when the cold solution was 
poured on ice, phthalide-4-carboxyamide was deposited ; this crystal- f 
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lised from acetone in colourless needles, m. p. 245—248°, sparingly 
soluble in all the usual solvents, but moderately easily soluble in 
nitrobenzene (Found : volatile NHg, 8-1. C,H,O,N requires NHs, 
7:9%). Phthalide-4-carboxylic acid (VI) was obtained by boiling 
the amide with fairly concentrated aqueous sodium hydroxide and 
acidifying the solution; m. p. 293—294° (corr.) (Found: equiv., 
1757. CgH,O, requires equiv., 178). The silver salt prepared from 
it in the usual way was found to be that of 2-hydroxymethyltere- 
phthalic acid resulting from the fission of the lactone ring in phthalide- 
4-carboxylic acid (Found: Ag, 52-4. C,H,O;Ag, requires Ag, 52-7%). 

Phthalide-4-carboxylyl chloride was deposited as_ colourless 
needles, m. p. 128°, when the acid was dissolved in thionyl chloride. 
When the acid chloride was dissolved in methyl alcohol, methyl 
phthalide-4-carboxylate separated immediately as colourless needles, 
m. p. 164:5° (Found: M, 191-2. Cy ,H,O, requires M, 192-0). 
Ethyl phthalide-4-carboxylate was prepared similarly and separated 
as colourless needles, m. p. 148° (Found: M, 204-6. C,,H4 0, 
requires M, 206-0). 

To a boiling solution of phthalide-4-carboxylic acid (1 g.) in 100 
c.c. of N-sodium hydroxide, potassium permanganate (1 g.), dis- 
solved in 20 c.c. of water, was gradually added during 1 hour. The 
hot solution was then filtered, acidified with concentrated hydro- 
chloric acid, and evaporated to dryness. 1 : 2: 4-Trimellitic acid, 
extracted from the dry mass with ether and crystallised from this 
solvent, melted with vigorous effervescence at 216° (Baeyer, Annalen, 
Suppl. 7, 41, and Schultz, Ber., 1909, 42, 3604, both give 218°). 
Phthalic anhydride was formed in the upper part of the capillary 
tube and identified by the melting point and the usual fluorescein 
reaction. When the acid was warmed with acetic anhydride, 
1:2:4-trimellitie anhydride was obtained, m. p. 156° (Baeyer, 
Annalen, 1873, 166, 340, gives 157—158°). 


THE UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SouTH AFRICA. [Received, February 2nd, 1931.] 


CXXIV.—A New Synthesis of Phthalimidoacetonitriles 
and a Note on Aminoacetonitrile Sulphates. 
By Henry STEPHEN. 


Wuen phthalic anhydride or a substitution product is heated with 
methyleneaminoacetonitrile, formaldehyde is evolved and the corre- 
sponding phthalimidoacetonitrile produced : 


(oH, <p>O + CHy!N-CHy-CN —> CoH <fg>N-CHyCN + CH,O. 
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The method gives excellent yields of the nitriles, from which a 
large number of derivatives have been prepared. In the case of 
phthalic anhydride and derivatives which melt below 150°, it js 
sufficient to mix the dry solids and heat them on the water. 
bath, but with higher-melting anhydrides it is desirable to add 
sufficient xylene to form a paste with the solids, the solvent being 
afterwards removed by distillation with steam. The process in 
most cases requires about } hour; any unchanged anhydride is 
extracted with cold water, and the product crystallised from hot 
water, alcohol, or acetic acid. 


EXPERIMENTAL. 
[With W. W. Apamsovn.] 


Phthalimidoacetonitrile—Phthalic anhydride (20 g.; 1 mol.) was 
intimately mixed with methyleneaminoacetonitrile (9 g.; 1 mol.) 
and heated until the evolution of formaldehyde ceased. The brown 
residue was extracted with cold water; the insoluble nitrile crystal- 
lised from hot water in leaflets, m. p. 123—-124° (Found: C, 64-7; 
H, 3-15. C,)H,O,N, requires C, 64-6; H, 3-2%), sparingly soluble 
in cold water, readily in ethyl alcohol and ethyl acetate, insoluble 
in ether. 

The nitrile was also prepared by treating chloroacetonitrile with 
potassium phthalimide, and by dehydrating phthalimidoacetamide 
with phosphoric oxide. It dissolved slowly in dilute hydrochloric 
acid at 60°; the cooled solution deposited thin plates of phthal- 
imidoacetic acid, m. p. 191°, identical with a specimen obtained by 
Gabriel’s method (Ber., 1908, 41, 242, footnote). Concentrated 
hydrochloric acid gave a mixture of phthalic acid and glycine 
hydrochloride. 

Phthalimidoacetamide was prepared by dissolving the nitrile (2 g.) 
in sulphuric acid (8 c.c., 80°) by vigorous shaking and cooling, 
keeping the solution over-night, and pouring it on ice. The pale 
yellow needles obtained, after recrystallisation from glacial acetic 
acid, gave long transparent needles, m. p. 257° (Found: C, 58°38; 
H, 3-75. CyjH,O,N, requires C, 58-7; H, 3-9%). The same amide 
was also prepared by treating phthalimidoacetyl chloride in dry 
ether with ammonia, and by heating a mixture of chloroacetamide 
with potassium phthalimide. 

A new and convenient method for preparing the amide, which is 
also applicable to those described below, consists in heating phthalic 
anhydride a few degrees above the melting point and adding the 
hydrochloride or sulphate of aminoacetonitrile (Curtius, Ber., 1894, 
27, 59; Klages, Ber., 1903, 36, 1506): the fused mass gradually 
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solidifies, and on crystallising the product from glacial acetic acid 
an excellent yield of the amide is obtained. 

The amide dissolved slowly in cold sodium hydroxide solution ; 
on acidification phthalamic acid N-acetamide was precipitated. It 
crystallised from ethyl alcohol in needles, m. p. 204—205°, and 
was converted into phthalimidoacetamide above the m. p. (Found : 
N, 12:8. Cyp9H49O,N, requires N, 12-6%). 

The following compounds were prepared in a similar manner to 
those described above. 

4-Chlorophthalimidoacetonitrile formed colourless prismatic needles, 
m. p. 146-5°, from dilute acetic acid (Found : Cl, 15-8. C,j)H;0,N,Cl 
requires Cl, 16-1°%). 4-Chlorophthalimidoacetic acid, obtained from 
the nitrile or by condensing 4-chlorophthalic anhydride with glycine, 
crystallised in small yellow plates, m. p. 205°, from hot water or 
dilute aleohol (Found: Cl, 14-6. ©, ,H,gO,NCl requires Cl, 14-8%). 
The acid chloride crystallised from benzene in colourless needles, 
m. p. 93°5° (Found: Cl, 27-3. C,j)H;0,NCI, requires Cl, 27-5%). 
The amide, obtained from the nitrile or the acid chloride, crystallised 
from hot water in needles, m. p. 241° (Found: Cl, 14:7. C,)H,0,N,Cl 
requires Cl, 14-99%). The ethyl ester, obtained from the acid chloride 
and alcohol, crystallised from the latter in silky needles, m. p. 95-5° 
(Found: Cl, 13-1. C,H 490,NClI requires Cl, 13-3°%). 

3-Nitrophthalimidoacetonitrile formed small yellow needles, m. p. 
156°, from glacial acetic acid (Found : N, 18-0. C,)H;0,N, requires 
N, 18:2%). The acid, which crystallised in transparent yellow 
plates, m. p. 208°, from hot water (Found: N, 10-9. C,j)H,O,N, 
requires N, 11-2%), gave with thionyl chloride or phosphorus penta- 
chloride the acid chloride, which formed clusters of small prismatic 
needles, m. p. 119-5°, from benzene (Found : Cl, 13-2. C,gH;0;N,Cl 
requires Cl, 13-2%). The ethyl ester formed long needles, m. p. 
775°, from alcohol (Found: N, 9-8. C,H ,O,N, requires N, 
100°), and the amide transparent needles, m. p. 212°, from dilute 
acetic acid (Found: N, 17-3. C,j)H,O;N, requires N, 16-9%). 

4.Nitrophthalimidoacetonitrile formed thin yellow plates, m. p. 
134—135°, from water (Found : N, 18-3%), the acid thin shimmer- 
ing plates, m. p. 193° (Found: N, 11-2%), and the acid chloride 
buff-coloured prisms, m. p. 129°, from benzene (Found : Cl, 13-4%). 
The ethyl ester crystallised from ethyl alcohol in yellow hexagonal 
prisms, m. p. 78°; a mixture with the 3-nitro-ester had m. p. 
52—65° (Found: N, 10-2%). The amide formed thin rectangular 
transparent plates, m. p. 214°, from dilute acetic acid (Found: N, 
16-65%). It is less soluble in water than the 3-nitro-amide. A 
mixture of the two softened at 196° and melted slowly at 202-5°. 

3 : 6-Dichlorophthalimidoacetonitrile formed long needles, m. p. 

FF2 
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175—176°, from glacial acetic acid (Found: N, 11-1; Cl, 27-8, 
Ci 9H,O,N,Cl, requires N, 11-0; Cl, 27-8%), the acid white needles, 
m. p. 243—244-5° (Found: N, 5-2; equiv., 291-7. Cy 9H;O,NCI, 
requires N, 5-1%; equiv., 292), and the acid chloride hexagonal 
prisms, m. p. 135°, from benzene (Found: Cl, 36-2. C1 9H,O,NCI, 
requires Cl, 36-4%). The ethyl ester crystallised in transparent 
leaflets, m. p. 193°, from benzene (Found: Cl, 35-1. C,,H,O,NCI, 
requires Cl, 35-1%), and the amide from glacial acetic acid in trans. 
parent needles, m. p. 262—263° (Found: N, 10-4; Cl, 26-2. 
C,)H,O,N,Cl, requires N, 10-25; Cl, 26-0%). 

3 : 6-Dibromophthalimidoacetonitrile crystallised from glacial acetic 
acid in long needles, m. p. 228° (Found: Br, 46-3. C,)H,O,N,Br, 
requires Br, 46-5%), the acid in small rhombic prisms, m. p. 239— 
242° (Found: Br, 43-9. C,)H,O,NBr, requires Br, 44-:1%), and 
the amide in needles, m. p. 285—287° (Found: Br, 44-1. 
C,)H,O,N,Br, requires Br, 44-2%). 

Tetrachlorophthalimidoacetonitrile, prepared by heating tetra- 
chlorophthalic anhydride with methyleneaminoacetonitrile in sus- 
pension in xylene at 130°, crystallised from ethyl acetate—glacial 
acetic acid in small colourless prisms, m. p. 259° (Found: N, 8-6; 
Cl, 43-7. Cy 9H,O,N,Cl, requires N, 8-6; Cl, 43-8%), sparingly 
soluble in hot water and alcohol. The acid crystallised from dilute 
acetic acid in thin lustrous plates, m. p. 298° (decomp.) (Found : 
Cl, 41-3. C,9H,O,NCIl, requires Cl, 41-4%), and the acid chloride 
from benzene in leaves, m. p. 209° (Found: Cl, 49-0. C,)H,O,NCI, 
requires Cl, 49-1%). The methyl ester formed long needles, m. p. 
181°, from benzene (Found: Cl, 39-9. C,,H,;O,NCI, requires Cl, 
40-0%), and the ethyl ester long needles, m. p. 180-5°, from alcohol- 
benzene (Found : Cl, 38-2. C,,H,O,NCI, requires Cl, 38-3%). The 
amide crystallised from glacial acetic acid in bundles of needles, 
which melted at 294° if rapidly heated, but decomposed if slowly 
heated and melted at 285° (Found : Cl, 41-4. C,)9H,O,N,Cl, requires 
Cl, 41-5%). 

Naphthalimidoacetonitrile was readily obtained by condensing 
naphthalic anhydride with methyleneaminoacetonitrile in boiling 
xylene. It crystallised from glacial acetic acid in pale yellow, 
transparent needles, m. p. 248° (decomp.) (Found: N, 11%. 
C,,H,O,N, requires N, 11-9%). The nitrile was readily hydrolysed 
by dilute hydrochloric acid, giving the acid, which crystallised from 
dilute acetic acid in white plates, m. p. 259—260° (Found : N, 5-4. 
C,,H,O,N requires N, 5-5%). 

Naphthalimidoacetyl chloride formed pale yellow needles, m. p. 
232° (Found: Cl, 12-6. C,,H,O,NCl requires Cl, 12-6%). The 
corresponding amide crystallised in small yellow needles, m. p. 319° 
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(decomp.), from water (Found: N, 10-9. C,,H,)0,N, requires N, 
110%). 

Aminoacetonitrile Sulphates—Klages (loc. cit.) isolated a mono- 
and a di-sulphate of aminoacetonitrile, m. p. 101° (leaves) and 165° 
(long flat prisms) respectively. He obtained the former by treating 
methyleneaminoacetonitrile with one molecular equivalent of con- 
centrated sulphuric acid dissolved in alcohol, the salt being pre- 
cipitated by addition of ether. From a perusal of his paper it is 
not clear how he obtained the disulphate, and some difficulty was 
experienced at first in obtaining specimens for the preparation of 
the amides mentioned above. Klages’s experimental details were 
followed closely, and in several preparations the white crystalline 
powder precipitated by the addition of ether, which according to 
Klages should be the monosulphate (m. p. 101°), began to melt at 
127° and was completely melted at 166° with decomposition. It 
was treated with alcohol containing a few drops of water: the 
portion of the salt remaining undissolved melted sharply at 166° 
(decomp.) (Found: 0-14 g. required 13-5 c.c. 0-1N-NaOH to 
neutralise the mineral acid. Calc. for disulphate : 13-5 ¢.c.). The 
filtrate deposited thin plates with leaf-like formation, m. p. 101— 
127°, and analysis showed that this was a mixture of the mono- 
and the di-sulphate. A similar mixture (m. p. 101—109°) was 
obtained by crystallising the powder from absolute alcohol. The 
disulphate is therefore the less soluble portion, and its properties 
are in agreement with Klages’s statements. The monosulphate pre- 
pared by the following method is entirely different from that 
obtained by Klages. Methyleneaminoacetonitrile (3 g.; 1 mol.) 
was treated with concentrated sulphuric acid (d 1-84) (3 ¢.c.; a 
slight excess over 1 mol.) dissolved in alcohol (12-5 c.c.) cooled in 
ice. The solution became clear, and began to deposit a snow- 
white crystalline powder after } hour, the deposition being hastened 
by the addition of ether. This first crop of crystals consisted of 
small hard prisms, m. p. 127—164° (decomp.). The alcohol-ether 
solution afterwards deposited thin shimmering leaves, which were 
hygroscopic; m. p. 121° (Found: 0-1 g. required 12-7 c.c. 0-1N- 
NaOH to neutralise the mineral acid. Cale. for monosulphate : 
12-9 e.c.). 

Both the mono- and the di-sulphate react with phthalic anhydride 
and derivatives to give the corresponding amides, the intermediate 
nitrile being hydrolysed by the molecule of water liberated during 
the first stage of the reaction. 

Tuk UNIVERSITY OF THE WITWATERSRAND, 

JOHANNESBURG, SouTH AFRICA. [Received, February 9th, 1931.] 
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CXXV.—The Basicity of Periodic Acid. 
By Norman Rae. 


CrystTAts of periodic acid have the formula H,IOg, 7.e., HIO,,2H,0; 
on the other hand, in addition to the metaperiodates MIO, (M being 
a univalent metal), complex salts of the types M,I,0,4, M,I0,, 
M,I,0,,, M;1O,, and M,,1,0,, have been described. There is there- 
fore some doubt as to the real basicity of the acid. Ostwald (J. pr. 
Chem., 1885, 32, 300), from consideration of the conductivity of its 
solutions, concluded that it was polybasic, and Walden (Z. physikal. 
Chem., 1888, 2, 65), from the conductivity of monosodium periodate, 
considered this to be a salt of a monobasic acid. Rosenheim and 
Liebknecht, in view of the stability of the penta-argentic periodate 
(Annalen, 1899, 308, 40), think the acid is normally pentabasic but 
is converted by strong alkalis into normal salts of the monobasic 
acid. Giolotti found the acid to be monobasic towards sodium 
hydroxide with methyl-orange as indicator (Gazzetta, 1902, 32, 340) but 
dibasic when titrated potentiometrically (Atti R. Accad. Lincei, 1905, 
14, 217). Finally, Dubrisay (Compt. rend., 1913, 157, 1150) con- 
cluded that the acid is tribasic from its behaviour upon neutralisation. 

The titration has now been carried out conductometrically and 
shows the acid to be dibasic; ionisation in the first stage is that 
of a strong acid (Landolt—Bérnstein give a single figure, A = 
2-3 x 10°°, which is probably correct for the first stage), and in 
the second stage that of a weak acid (perhaps of the order of 


K = 10°), 


| 


EXPERIMENTAL. 

The crystals of the dry acid were weighed out and made up toa 
solution which was 0-09752M calculated as H;1O, at 29°. This 
solution was then titrated by a conductometric method (the con- 
ductivity meter used will be described later). One titration of 20 c.c. 
of the acid with 0-09501.N-sodium hydroxide is given as an example : 


Alkali, Meter Alkali, Meter Alkali, Meter 
C.C. reading. C.c. reading. €.c. reading. 
0 105,500 20 32,700 39 57,800 
3 94,000 22 32,200 41 62,000 
6 82,500 24 35,000 43 67,000 
9 72,000 27 39,700 45 72,500 
12 61,000 30 44,200 47 78,000 
15 50,200 33 48,200 50 86,000 
18 39,700 36 53,500 


These figures when plotted (see diagram) give two distinct end- 
points; one at 20-6 c.c. and the second at 40-5 c.c. The former 
figure would show the solution to be 0-0979M, and the latter as 
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()-0980.M, and of two of the second point, 0-0963/M. 

In the data given above, the excess of alkali was only 10 c.c., so 
a third point would not have been indicated even if present. A 
trial was therefore made in which 10 c.c. of the acid were titrated 
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The mean of three determinations of the first point gave 
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with a total amount of 50 c.c. of alkali. 


*C.c. of alkali added. 


2 c.c. of alkali up to 40 c.c. were : 


55.500 
47,800 
40,200 


32,800 
25,000 
17,500 


18,900 
22,500 


am mgt 


25,500 


and with 50 ¢.c. 120,000. 

These figures when plotted show the first two end-points at 10-3 
and 20-3 ¢.c.: but from 20-3 c.c. to 50 c.c. the curve is a straight line 
with no indication of a break. The conductometric titration thus 
shows periodic acid to be dibasic. 
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CXXVI.—Ionisation in Gaseous Explosions. 
By WivtuiAM ANTHONY KIRKBy. 


Durine the past few years increasing attention has been paid to the 
role of ionisation during gaseous explosions. Apart from experi- 
ments to determine the possible effect of electric and magnetic fields 
on the development of flame, measurements have been made of the 
amount of ionisation produced during explosions. Latterly, a 
more detailed study of ionisation phenomena during gaseous 
explosions has been undertaken by Garner and Saunders and their 
co-workers, who have attempted to measure the instantaneous values 
of the ionisation, and to relate them to other phenomena of explosions, 
such as the speed of flame and the emission of infra-red radiation. 
The results of their experiments have led them to conclude that 
the ionisation is mainly thermal in character (Trans. Faraday Soc., 
1926, 22, 281, 324; 1927, 23, 242, 248, 256; J., 1929, 1123). 

The method adopted by these authors for measuring the ionisation 
occurring during an explosion was to allow the flame to travel (in 
either a spherical or a cylindrical vessel) between two metallic 
electrodes maintained at different electrical potentials. Measure- 
ments of the current produced as the gases were rendered conducting 
were made with an Einthoven string galvanometer, having a sensi- 
tivity of 10-8 amp. and a period of vibration of its fibre of 1/350-sec. 

From the details given in Garner and Saunders’ papers as to the 
manner of using the galvanometer, and from a study of some of the 
time-current curves reproduced, it is doubtful whether much 
significance can be attached to conclusions therefrom as to the 
character of the chemical reactions or the mode of propagation of the 
explosions. In their second paper quoted above, these authors 
have reproduced typical photographs of curves obtained by them, 
and in five out of the six curves it is evident that free vibrations of 
the galvanometer were recorded, due to the absence of the requisite 
conditions for critical damping. In Fig. 2 of their paper (loc. cit., 
p. 327) a time-current curve is given to indicate the general character 
of the records obtained. This exhibits similar free vibrations of the 
galvanometer and shows that a deflexion was obtained greater than 
that given by a steady direct current. Any rapid variations in the 
current could not, therefore, be truly recorded. The authors state 
that the sensitivity of their galvanometer varied as much as 50% 
during the course of a week or two. This, coupled with the fact that 
the sensitivity was kept at a constant value by adjustment of the 
tension on the fibre (with consequent alteration in its natural 
period), makes it almost impossible to draw conclusions from the 
character of the time-current curves obtained. 
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In order to study the relationship between ionisation and the 
propagation of flame, further experiments similar to those by Garner 
and Saunders have been carried out, but a more accurately record- 
ing galvanometer circuit has been used, as described in Section I of 
“ Experimental.” 

The Relation between Ionisation and After-burning.—Ellis and 
Wheeler (J., 1927, 310) have described the re-illumination which 
occurs, in closed vessels, following the passage of a flame through 
explosive gaseous mixtures. This intense luminescence, which 
originates in the neighbourhood of the point of ignition, they attri- 
bute to ‘‘ the completion of the combustion, under increased pressure, 
of molecules of combustible gas that escaped being burnt whilst the 
flame was travelling.” A consideration of the relative actinic 
effects of the flames and of this ‘‘ after-burning ” led them to suggest 
that different forms of radiation were being emitted, although there 
appears to be no evidence that the chemical reactions during after- 
burning differ in character from those during the propagation of 
flame. ‘They have also noted that the after-burning gas is stationary 
and homogeneous whilst the flame surface is moving quickly across 
the photographic field and is only a thin film. They do not ignore 
the contributions to the Juminosity which must necessarily be made 
under changing pressure and temperature respectively by changes 
in the equilibria (i) 2CO + O, == 2CO, and (ii) CO, + H, == 
H,O ++ CO (in mixtures in which this must occur). Their contention 
in all cases is the same, viz., that the luminosity observed is due, 
wholly or partially, to continued chemical action. 

As a result of experiments on the ionisation accompanying 
explosions of mixtures of carbon monoxide and oxygen, Garner and 
Johnson (J., 1928, 280) suggested that the luminescence attributed 
by Ellis and Wheeler to “ after-burning ”’ is due to the neutralisation 
of ions produced during the passage of the flame. Their conclusions 
are based on the observed persistence of ionisation, after the passage 
of the flame, at the end of a cylinder opposite to that at which 
ignition took place. 

By means of the galvanometer circuit herein described, direct 
correlation was obtained of the progress of flame through an 
explosive mixture of gases (as recorded photographically) with the 
ionisation which occurs; and evidence was obtained that after- 
burning was closely connected with recombination of ions formed 
during the primary reactions. 


EXPERIMENTAL. 


1. Method.—As the flame travelled between two platinum elec- 
trodes fixed in the explosion vessel and maintained at a given 
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potential difference, which could be varied according to the charac. 
teristics of the explosive mixture, the ionisation current was 
measured by means of an Einthoven string galvanometer. This 
was fitted with a silvered glass fibre, having a resistance of 3600 
ohms, with which the conductivity electrodes were connected in 
series. The deflexion of the galvanometer was recorded on a revoly- 
ing drum camera carrying Lumiere sensitised paper on which was 
photographed simultaneously the passage of the flame through the 
explosion vessel as seen through a horizontal slit. 

In order to analyse the rapid ionisation phenomena as accurately 
as possible, it was essential (i) that the period of the galvanometer 
should be as small as possible and (ii) that critical damping should be 
obtained without adding to the moving system. On using the 
galvanometer with the string at a fairly high degree of tension 
(natural frequency 400), it was found to “ overshoot ”’ considerably. 
The utility of the galvanometer is not determined by its current 
sensitivity, but by its sensitivity at a certain, arbitrarily fixed but 
constant, time of deflexion. In order to secure the two essential 
conditions, a resonant shunt circuit was introduced (see Butter- 
worth, Wood, and Lakey, J. Sci. Instr., 1926, 4, 8). The funda- 
mental requirement is that the resonant frequency of the electrical 
oscillation in the shunt is the same as that of the free mechanical 
oscillation of the galvanometer string. Such a shunt merely 
increases the mechanical damping without affecting in any way 
the sensitivity. By this means a small amount of extra damping is 
provided, which, in conjunction with the mechanical damping of the 
string which is already considerable, ensures a dead-beat condition 
for a suddenly applied current. 

The electrical circuit is shown in Fig. 1. The voltage applied to 
the electrodes in the spherical explosion-vess2l, A, was supplied by 
the battery, B, the positive pole of which was earthed. The current 
through the ionised gas between the electrodes passed through the 
shunt, S, to the galvanometer, G. The resonant shunt circuit, 
connected in parallel with the galvanometer, consisted of a choke, L, 
with an iron core, and a condenser, C, in series. The approximate 
value of the inductance of the choke being known, the value of 
the condenser required could be calculated. The condenser value 
was finally adjusted by experiment. When the resonant shunt 
circuit was being adjusted to give a critically damped record, a 
current of known value was “tapped” into the galvanometer 
(shunted) through a circuit having an 2.M.F. of the same order as 
that used during an experiment and a resistance of the same amount 
as the effective resistance (about 2 megohms) of the gas space 
between the conductivity electrodes. 
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The galvanometer was calibrated frequently, usually just before 
each experiment, with the aid of a standard voltmeter. For the 
experiments described below, a deflexion of 1 cm. was produced by 
a current of 3-9 x 10% amp. During early experiments it was 
found that the apparent sensitivity of the galvanometer varied as 
much as 40% during the course of a few days, although re-determin- 
ations of the resistance of the galvanometer string showed that no 
alteration had occurred in its value. The variation was subsequently 
traced to a thermoelectric effect consequent upon the junction of 
dissimilar metals in the calibration system. The use of brass wire 


Fic. 1. 
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throughout eliminated this apparent variation in sensitivity. It 
was found necessary to have all the leads to the galvanometer in 
earthed metal casings to shield it from the effect of the alternating 
current used for the lighting circuit of the laboratory. 

By this method it has been found possible to record maximum 
values for the ionisation currents during explosions, and any sudden 
variations in the current, with a high degree of accuracy. 

Il. Relation between Ionisation and After-burning.—The explosion 
vessel (Fig. 2) was a glass sphere, 9 em. in diameter, fitted with 
platinum electrodes forming a 2-mm. spark gap at the centre. Two 
platinum dises, 1-5 em. in diameter, were fixed 2 cm. apart at the 
centre of the sphere diametrically opposite each other. These were 
used as the conductivity electrodes. With this arrangement, 





882 KIRKBY : IONISATION IN GASEOUS EXPLOSIONS. 


explosion was completed before any cooling could occur by contact 
of the flame with the walls of the vessel, whilst the flame spread 
outwards from the spark and the re-illumination centred itself round 
the point of ignition, both symmetrically with respect to the con- 
ductivity electrodes. 

In carrying out an experiment, the sphere was twice alternately 
evacuated and filled with the required mixture, prepared beforehand 
and stored in a gas holder over water. Ignition was effected by a 
single secondary discharge from an induction coil. 

The deflexion of the galvanometer was recorded on a revolving 
drum camera on which was photographed simultaneously the 


ree. 2. 








passage of the flame through the sphere, as seen through a horizontal 
slit, 3mm. wide, onitsequator. The speed of revolution of the drum 
camera was obtained by means of an electrically maintained tuning | 
fork of 50 frequency. 

On Plate I are shown photographic records of the flame as it 
travels through the sphere, together with time—current curves as 
recorded by the galvanometer. The mixture for each experiment 
was CO + 20,, saturated with water vapour at 18°, initially at 
atmospheric pressure. The potential applied to the electrodes was 
(A) 38-8 and (B) 29 volts. The time taken for the flame to reach 
the walls of the sphere was (A) 0-0184 sec. and (B) 0-019 sec., and the 
maximum value of the current was (A) 6-5 x 10-° amp. and (B) 
5:3 x 10% amp. (The last pair of values have no absolute 
significance.) It will be seen that the current is first recorded when 
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the diameter of the flame is about two-thirds that of the sphere. It 
then rises rapidly to a maximum at the moment when the flame has 
arrived at the walls of the sphere. In record (B) a small current, 
shown in broken line, was indicated in reverse direction to that of 
the battery circuit in series with the electrodes. This was probably 
due to the #.M.F. of the flame itself. 

On comparing these time-current records with that given by 
Saunders and Sato (Trans. Faraday Soc., 1927, 23, 252) as charac- 
teristic of explosions of carbon monoxide and oxygen, roughly dried by 
phosphoric oxide, it will be seen that in the present experiments 
no fluctuations of the current are obtained as in their record. 
Saunders and Sato state that explosions of moist mixtures of carbon 
monoxide and oxygen sometimes gave similar fluctuating records. 
The asymmetrical point of ignition (a few mm. from the walls) in 
their spherical explosion vessel renders difficult the interpretation of 
their record, for cooling of the flame under such conditions occurs, 
by the contact of part of its surface with the wall of the sphere, 
before the completion of the explosion. 

Ellis and Wheeler (loc. cit.) have shown that the luminescence 
which they attribute to after-burning first begins to be intense when 
the unburnt mixture ahead of the flame-front can no longer move 
freely under the expansive force of the burning gases, and con- 
sequently combustion proceeds under a rapidly increasing pressure. 
In the present experiments it is only at this stage of the combustion 
that the ionic current becomes appreciable. At the same time it is 
to be observed that no deflexion of the galvanometer is recorded 
when the flame reaches the conductivity electrodes.* The ionisation, 
therefore, appears to occur in the gases through which the flame has 
passed, viz., those situated around the centre of the sphere. More- 
over, the conductivity curve decays at the same rate as the intensity 
of the re-illumination of these gases diminishes, after the flame has 
completely filled the vessel, and becomes zero when the luminescence 
dies out 14 centisecs. after ignition. 

That the ionic current should be found to have its origin in the 
gases situated about the centre of the sphere is consistent with the 
observation first made by Hopkinson (Proc. Roy. Soc., 1906, A, 77, 
387), that it is the gases so situated which represent the hottest zone 
in the explosion vessel. The recombination of ions in this zone 
may, then, partially account for the intense re-luminescence. The 
rate of recombination of ions, as shown by the slope of the con- 
ductivity cueve, is most rapid during the first 0-5 centisecond after 
the expiration of the flame surface. The intensity of the lumin- 

* In other records small deflexions approximating to about one-twelfth of 
the maximum current have been recorded. 
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escence is greatest over the same period. Now, Saha (Phil. Mag., 
1920, 40, 472, 808) has shown that the ionisation of a neutral atom 
can be treated as a reversible chemical reaction of which the equili- 
brium conditions can be fixed by the thermodynamic methods 
developed by Nernst and referred to by him as the “‘ reaction isobar” - 
and, further, he has shown mathematically that the degree of ionis- 
ation of a gas can be expressed in terms of pressure, temperature, 
and the ionisation potential. High temperature and low pressure 
both favour ionisation. In explosions in a closed sphere, during the 
later stages, the temperature and pressure increase rapidly to a 
maximum. As the temperature of the gases at the centre of the 
vessel increases, the degree of ionisation increases also until, just 
before the completion of the explosion, the effect of the rapidly 
increasing pressure is manifested by a reduction in the rate of increase 
of ionisation. The recombination of ions thus effected is responsible 
for the point of inflexion of the time—current curve (Plate I) immedi- 
ately before the maximum value is obtained. 

Without prejudice to other possible causes, it appears probable 
that the re-illumination of the gases at the centre of the vessel is due, 
in part at least, to the recombination behind the flame-front of ions 
formed during the primary chemical reactions. 


This work forms part of a research, under the general direction of 
Dr. R. V. Wheeler, that is being carried out for the Safety in Mines 
Research Board, to whom the thanks of the author are due for 
permission to publish the results. 


Addendum (March 24th, 1931). 


The time—current curve illustrated by Saunders and Sato (oc. cit.) 
refers more particularly to explosions of carbon monoxide and 
oxygen roughly dried by phosphoric oxide, whereas in my experi- 
ments the mixtures were saturated with water vapour at 18°. I 
have therefore carried out further experiments, using similar methods 
to those employed by Saunders and Sato for drying the gases. 

The mixture of gases was passed at the rate of 4-5 1. per hour 
through three tubes in series, each 30 cm. long and filled with 
purified phosphoric oxide, into the evacuated explosion vessel. 
Thereafter, the procedure was as previously described. Records of 
one experiment are reproduced on Plate II. The mixture contained 
38:5% of carbon monoxide and was initially at atmospheric pressure. 
The potential applied to the electrodes was 38 volts. It will be seen 
that the time—current record differs in no respect from those obtained 
during explosions of the moist gases. 

In one experiment, a mixture of the same composition was allow ed 
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to remain in contact with purified phosphoric oxide during 15 hours 
before being exploded. The maximum value for the ionisation 
current was less than with the more roughly dried mixtures, but the 
time-current curve was of the same character. 


SarETY IN MINES RESEARCH LABORATORIES, 
SHEFFIELD. [ Received, February 23rd, 1931.] 


CXXVII.—Piperonal-6-arsonic Acid. 
By IstporE ELKANAH BALABAN. 


AROMATIC arsonic acids containing an aldehyde group have as yet 
received little attention. Margulies (B.P. 199023) has prepared 
benzaldehyde-p-arsonic acid and salicylaldehyde-4-arsonic acid and 
Scott and Hamilton (J. Amer. Chem. Soc., 1930, 52, 4122) have 
recorded the isolation of benzaldehyde-m-arsonic acid in the form 
of its p-nitrophenylhydrazone. 

The author’s attempts to prepare benzaldehyde-m-arsonic acid 
from m-nitrobenzaldehyde after reduction to the amino-compound 
were unsuccessful. When 6-aminopiperonal was submitted to the 
Bart-Schmidt reaction, however, piperonal-6-arsonic acid was 
obtained. This formed a semicarbazone in the normal way, but 
on treatment with hydroxylamine in neutral solution it gave 
3: 4-methylenedioxy-6-benzarsonic acid identical with the product 
obtained from it by oxidation with potassium permanganate. 

The Reimer—Tiemann reaction for the preparation of aldehydes 
has been applied to 2- and 4-hydroxyphenylarsonic acids, but with- 
out success. 

EXPERIMENTAL. 

Piperonal-6-arsonic Acid.—16-5 G. of 6-aminopiperonal (Bogert 
and Elder, J. Amer. Chem. Soc., 1929, 54, 532), 17 ¢.c. of water, and 
16-8 c.c. of concentrated hydrochloric acid were cooled to 0° and 
treated with sodium nitrite (3-5 g.) in water (35 c.c.). After 15 
minutes, sodium arsenite (6-0 g. of arsenious oxide, 7-0 g. of sodium 
hydroxide, 80 c.c. of water, and 4 c.c. of copper acetate solution) 
was added, and the mixture heated for 30 minutes on the water- 
bath. The filtered solution was treated with concentrated hydro- 
chlorie acid, and whilst faintly alkaline filtered from amorphous 
material. The arsonic acid separated when the solution was acid to 
Congo-paper (yield, 12-0 g.; 43-8%). Reerystallised from dilute 
hydrochloric acid, it formed clusters of anhydrous, colourless, 
rectangular prisms, m. p. 268° (decomp.) with previous darkening 
(Found for material dried at 120°: As, 27-0, 27-2. CgH,O,As 
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requires As, 27-4%). It was sparingly soluble in water and alcohol, 
crystallising from the latter in small prisms, and very sparingly 
soluble in glacial acetic acid. The magnesium and calcium salts 
were amorphous. 

The acid was very stable towards boiling 16% hydrochloric acid, 
70% of it being recovered after 1 hour; the mother-liquor gave a 
green coloration with ferric chloride. 

After 1 hour’s boiling with 25% sodium hydroxide solution, 60°, 
of the acid was recovered. The mother-liquor yielded (a) a small 
amount of solid, obtained from a magnesium salt, which gave an 
intense blue colour with ferric chloride, and (6) a mother-liquor 
giving the catechol-green colour with ferric chloride solution. As 
in the case of 3 : 4-methylenedioxyphenylarsonic acid (Balaban, J., 
1929, 1088), it has not been found possible to open the methylene- 
dioxy-ring. 

The semicarbazone crystallised from 2N-acetic acid or water in 
colourless needles, m. p. 213° (efferv.), which contained 2H,0 
(Found for air-dried material : loss at 100°, 3-65. CygH,)0,N,As,2H,0 
requires H,O, 4.9%. Found for material dried at 100°: As, 21-05; 
N, 12-5. C,H, 90,N,As,H,O requires As, 21-5; N, 12-0%%). 

3: 4-Methylenedioxy-6-benzarsonic acid crystallised from water 
in pale yellow, boat-shaped plates, which did not melt at 300° and 
retained 1H,0 after being dried at 100° (Found for air-dried material : 
loss at 100°, 3-6. C,H,O,As,1-75H,O requires for loss of 0-75 H,0, 

4:2°%. Found for material dried at 100°: As, 24-4. C,H ,O,As,H,0 
requires As, 24:3%). The barium salt crystallised in rosettes of 
needles. The arseno-compound obtained on reduction of the 
above acid was soluble in sodium bicarbonate, the presence of a 
carboxyl group thus being confirmed. 


RESEARCH LABORATORY, Messrs. May & BAKER, LTD., 
Lonvon, 8S.W.18. [Received, February 13th, 1931.] 





CXXVIII.—The Beckmann Transformation. Part I. 
The Production of Amidines during the Beckmann 
Transformation of Ketoximes and the Mechanism 
of their Formation. 

By Henry STEPHEN and (in part) WILLIAM BLELOCH. 

ConTRARY to the statement of Pawlewski (Bull. Acad. Sci. Cracow, 

1903, 8) that ketoximes are as a rule not attacked by thionyl 


chloride, we have found that they react vigorously with it. In all 
the cases examined, substituted amidines have been obtained 
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together with the amides resulting from the usual course of the 
Beckmann transformation of ketoximes. 

Other reagents for effecting the transformation, namely, phos- 
phorus pentachloride, acetyl chloride, and hydrogen chloride, also 
cause amidine formation : no statement to this effect has hitherto 
appeared in the literature. 

A feature common to all the reagents employed is the presence 
of hydrogen chloride during the transformation, a fact which has 
an important bearing on the mechanism of amidine formation 
discussed on p. 888. 

The course of the reaction is similar in the case of all the reagents 
mentioned above, but the use of thionyl chloride in anhydrous 
ether has two advantages: the reaction is easily controlled and 
the by-products are gaseous. The reaction proceeds in two stages. 
The first portions of thionyl chloride added to an ethereal solution 
of the oxime, cooled in ice and salt, cause the precipitation of a 
white solid—the hydrochloride of the ketoxime. On further addi- 
tion of the reagent, the precipitate changes to a yellow oil, and the 
ether acquires the same colour. The yellow oil is hygroscopic and 
unstable, decomposing spontaneously at the ordinary temperature 
with evolution of hydrogen chloride, leaving a darker coloured oil. 
(The yellow oil is also formed when a suspension of the hydro- 
chloride of the ketoxime in anhydrous ether is treated with thionyl 
chloride.) Treatment of either oil with water gives amide and 
amidine corresponding to the configuration of the ketoxime. The 
fact that the unstable yellow oil gives amide and amidine indicates 
that it is a post phase of the Beckmann transformation, and its 
decomposition with evolution of hydrogen chloride probably repre- 
sents the dissociation of the amidodichloride hydrochloride discussed 
on p. 892. 

The results of the investigation are tabulated below : 


Oxime. Amide, Amidine. 
Acetophenone Acetanilide Diphenylacetamidine 
p-Methylacetophenone Aceto-p-toluidide Di-p-tolylacetamidine 
Propiophenone Propionanilide Diphenylpropionamidine 
n-Butyrophenone * Butyranilide Diphenyl-n-butyr- 

amidine 
Phenyl benzyl ketone Phenylacetanilide Diphenylphenacet- 
amidine 
Benzophenone Benzanilide Diphenylbenzamidine 


p-kthoxybenzophenone * Mixture of p-ethoxy- Mixture of amidines 
benzanilide and benz- 
p-phenetidide 
In the examples marked * traces only of the amidine were formed. 
In the others the yield of amidine varied from 15 to 20%, of the 
weight of oxime taken, the amide predominating in all cases. 
A mechanism is now put forward which offers a satisfactory 








888 STEPHEN AND BLELOCH : 


explanation, supported by experimental evidence, of the formation 
of amidines from ketoximes during the Beckmann transformation. 
Since an amidine contains two nitrogen atoms, it is evident that 
combination of two molecules of oxime (or transformation product 
of the oxime) must have been involved in its formation. The 
simplest representation of this combination consistent with experi- 
mental data is the following : 


Hcl 
CR,-NOH ——> R:CCENR — > R:CCl,;NHR 
([.) Imidochloride (1I.) Amidodichloride 
R(INR  ,,,9 R:CINR 
(I) +- (11) —> s/f —> | + R-CO,H + 2HC! 
R-N-CRCI, NHR 
(LI1.) (IV.) Amidine 


The formation of imidochlorides from ketoximes* is now a 
generally accepted fact (Beckmann, Ber., 1886, 19, 989) and an 
essential part of the various theories of the Beckmann transform- 
ation, although their mode of formation is a problem which still 
awaits solution. 

There is no recorded instance of the formation of amidodichlorides 
by addition of hydrogen chloride to imidochlorides as required by 
the above scheme, but Lander and Laws (J., 1904, 85, 1695) obtained 
benzanilideamidochloroiodide by addition of hydrogen iodide to 
benzanilideimidochloride. In spite of a statement to the contrary 
by Lander and Laws (loc. cit., p. 1696), benzanilideimidochloride 
readily combines with hydrogen chloride in ethereal solution, 
depositing large citron-yellow prisms of the hydrochloride of the 
amidodichloride, PheCCl,,NHPh,HCl. This compound is sufficiently 
stable if handled rapidly. It tends to lose hydrogen chloride in 
two stages if heated fairly quickly to the melting point (68—69’), 
giving first the amidodichloride and finally the imidochloride. Com- 
plete dissociation is also effected by dissolving the amidodichloride 
in ether and removing the solvent under diminished pressure; the 
residue is pure benzanilideimidochloride. The hydrochloride be- 
haves differently if dissociation is brought about gradually by 
heating at 40°, and diphenylbenzamidine, benzanilide, and benzoic 
acid are obtained. Condensation of imidochloride and amidodi- 
chloride formed during dissociation would explain the formation of 
the amidine + according to the scheme on p. 888 (R = Ph). 

* Aldoximes may also give rise to the simpler imidochlorides, R*CCI-NH, 
although such compounds cannot be isolated in a pure condition. Their 
formation when an ethereal solution of a nitrile is saturated with hydrogen 
chloride has been demonstrated beyond doubt (Pinner, ‘“‘ Die Tmidoaether ” ; 
Hoesch, Ber., 1915, 48, 1122; Stephen, J., 1925, 127, 1874). 

+ The yield of diphenylbenzamidine is increased if benzanilideimidochloride 
hydrochloride is added to the amidodichloride hydrochloride before dissoci- 
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The intermediate condensation product (IIL; R = Ph) was not 
isolated, and benzoyldiphenylbenzamidine, Ph-C(¢-(NPh)-NPh-COPh, 
the first product of its hydrolysis, was not identified. This at first 
sight appeared to weaken the scheme of the original mechanism, 
since (II1) may be regarded as analogous to the amidodichloride 
type (‘N-CCl,) and hence the group CCl, should readily hydrolyse 
to CO, giving benzoyldiphenylbenzamidine, a compound which has 
previously been described (Lander, J., 1902, 81, 594). An attempt 
to prepare (IIL; R = Ph) by treating benzoyldiphenylbenzamidine 
with phosphorus pentachloride was unsuccessful. The bright yellow 
liquid remaining after removal of phosphorus oxychloride solidified, 
but owing to its extreme sensitiveness to moisture it could not be 
obtained in a pure condition. On treatment with water hydrolysis 
took place rapidly in the cold with the formation of diphenylbenz- 
amidine hydrochloride and benzoic acid. Not a trace of the original 
benzoyl derivative was obtained. 

All the evidence for the mechanism of amidine formation rests 
on the behaviour of benzanilideimidochloride described in the fore- 
going paragraphs. No other suitable case for treatment has been 
found, but there appears no reason to doubt that the general scheme 
would hold good for other individual cases. 

The following experiments carried out during the course of this 
investigation are also of interest in connexion with what has been 
stated above, since they have a distinct bearing on the problem 
under discussion. 

(1) The reaction between phosphorus pentachloride and_ benz- 
anilide used by Wallach (Annalen, 1877, 184, 79) to prepare benz- 
anilideimidochloride always produces diphenylbenzamidine hydro- 
chloride, which can be isolated from the residue after distillation of 
the imidochloride. 

(2) Benzanilideimidochloride, heated in a stream of hydrogen 
chloride at 180—190°, gives a small amount of diphenylbenzamidine. 

(3) Benzanilide, heated in a stream of hydrogen chloride at 180°, 
also gives small amounts of diphenylbenzamidine and benzoic acid. 
A slight modification of the original mechanism will explain this 
reaction : 

(a) PheCO-NHPh —> Ph:C(OH):NPh — Ph-CCLN Ph + H,O 

(b) Ph-CO-NHPh + Ph-CCENPh —> Ph-CO-NPh-CPh:NPh 225 

NHPh:CPh:NPh + Ph-CO, 


teaction (6) was confirmed by heating benzanilide with benz- 


ation; this clearly indicates that the amidodichloride, the first dissociation 
product, combines with the added imidochloride, thus obviating to some 
extent the second phase of the dissociation. 
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anilideimidochloride at 160—170°, diphenylbenzamidine and benzoic 
acid being obtained. Hydrogen chloride was liberated during the 
reaction, the presence of which would cause reaction (a) to take 
place, thus providing the necessary molecule of water to bring 
about the subsequent hydrolysis of benzoyldiphenylbenzamidine 
formed in (6), which in consequence was not isolated. 

Reactions (a) and (6) will also explain the formation of 2-phenyl- 
dihydroglyoxaline (ethylenebenzamidine) when ethylenedibenzamide 
is heated in presence of hydrogen chloride (Hofmann, Ber., 1888, 
21, 2334) : 


CH,:NH-COPh CH,-N:C(OH)Ph CH,:N:CCIPh 
> — > —> 
CH,:NH-COPh CH,:NH-COPh CH,:NH-COPh 
CH,:N u,0 CH N 


SCPh —> | ~ SCPh + Ph-CO,H 
CH,°N-COPh CH,-NH 

The observation of Nélting and Weingirtner (Ber., 1885, 18, 
1340) that acetanilide hydrochloride when heated at 250° gives 
acetic acid and diphenylacetamidine hydrochloride is capable of a 
similar explanation. 

(4) Chapman (J., 1923, 123, 1676) found that when N-phenyl- 
benzimidophenyl ether hydrochloride was heated, hydrogen chloride 
was evolved, and one of the products of the reaction was diphenyl- 
benzamidine hydrochloride. He gave no completely satisfactory 
explanation of the formation of the amidine hydrochloride. This 
may now be readily accounted for on the basis of the mechanism 
discussed above, since according to Chapman the imidoether hydro- 
chloride, when heated, first breaks down into benzanilideimido- 
chloride and phenol. The former then reacts as in (2) with the 
hydrogen chloride subsequently evolved. 

: : , 
PhC<G ppt —> Proce + HOPh —> Pree NEhs. Hct 

Phenylacetimidoethyl ether and p-tolylacetimidoethyl ether be- 
have in a similar manner when heated in a stream of hydrogen 
chloride, giving diphenylacetamidine and di-p-tolylacetamidine, 
respectively, and the corresponding anilides. 

Lehmann (Z. angew. Chem., 1923, 36, 360) has observed that the 
Beckmann transformation can be brought about at 110—120° by 
heating the oxime in a current of hydrogen chloride or the hydro- 
chloride of the oxime alone, and mentions the case of benzophenone- 
oxime. This case has been confirmed and the same holds for all 
the oximes examined in this investigation, amidines being formed 
simultaneously. Lachman (J. Amer. Chem. Soc., 1924, 46, 1477), 
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working on similar lines but using mixtures of small amounts of 
benzophenoneoxime hydrochloride and oxime, found that the Beck- 
mann transformation took place at temperatures slightly higher 
than that stated by Lehmann. Lachman’s experiments were 
repeated and the results obtained were substantially the same, but 
in all cases amidine formation had also taken place. In view of 
this fact the Beckmann transformation of benzophenoneoxime 
cannot be represented by the simple change, CPh,;.NOH,HCl = 
(OPh:-NHPh + HCl, as suggested by Lachman. It is also signifi- 
cant that the yields of benzanilide obtained by Lachman were not 
quantitative. 

From evidence adduced above and in conformity with the pro- 
posed mechanism of amidine formation from oximes, it is exceed- 
ingly probable that imidochloride formation is the first stage in 
Lachman’s experiments : CPh,.NOH,HCl —>» Ph-CCL-NPh + H,O 
—> Ph:-CO-NHPh -+- HCl. After the first molecule of benzanilide 
has been produced, the conditions are favourable for amidine form- 
ation [see (3), above]. 

During a study of the action of phosphorus pentachloride on 
acetanilide Wallach (Annalen, 1882, 214, 193) obtained a compound, 
formed by condensation of two molecules of acetanilideimidochloride, 
which has been identified as diphenylchlorovinylacetamidine (V1) 
by von Braun, Jostes, and Heymons (Ber., 1927, 60, 92), who have 
given a mechanism to account for its formation. It is suggested 
that an alternative mechanism based on the views of amidine 
formation developed in this communication would be more in keep- 
ing with the experimental results. The conditions of the reaction 
are favourable to the production of acetanilideamidodichloride and 
acetanilideimidochloride necessary for the formation of the amidine : 


CH,CCENPh ( me Ph _ CH,°CIN Ph 
-- ——> pi 
CH,CCl,NHPh CH,°CCl,*NPh CH,-CCI-N Ph 
(V.) (VI.) 


The formation of (VI) by loss of hydrogen chloride from the inter- 
mediate condensation product (V), which contains the ethylidene 
dichloride structure in a basic molecule, may be compared with the 
formation of vinyl chloride from ethylidene dichloride. 

Reference was made on p. 887 to a bright yellow oil formed by 
the action of phosphorus pentachloride or thionyl chloride on 
ketoximes. Henrich and Ruppenthal (Ber., 1911, 44, 1533) state 
that this yellow phase is the imidochloride, R-CCI;-NR. As, how- 
ever, imidochlorides do not possess the same intense yellow colour,* 


* Von Braun, Jostes, and Miinch (Annalen, 1927, 458, 113) have prepared 
a number of imidochlorides, the majority of which are colourless. 
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it is probable that the yellow phase is more correctly represented 
as an amidodichloride, R-CCl,-NHR, or its hydrochloride, a repre. 
sentation which would account for the readiness with which the 
yellow oil decomposes, evolving hydrogen chloride with the form. 
ation of the imidochloride. The compounds Ph-CCl,-NHPh, 
Ph-CCII-NHPh (Lander and Laws, loc. cit.), and Ph*CCl,*NPh, are 
all yellow. Whether the amidodichloride is formed directly from 
the ketoxime during the Beckmann transformation is a problem 
which still awaits solution. 

The p-ethoxybenzophenone required for the experiments on this 
substance was prepared from phenetole and benzoyl chloride in the 
usual way; it melted at 48° and distilled at 220°/15 mm., in agree- 
ment with Torres y Gonzale (Bull. Soc. chim., 1925, 37, 1591). 
The oxime was obtained by the action of hydroxylamine on the 
ketone in alkaline solution and ‘melted, as reported by Torres y 
Gonzale (loc. cit.), ¢ Repeated crystallisation from 
alcohol did not change the aioe point of the oxime, which thus 
behaved as an individual substance. The Beckmann transform- 
ation, however, gave rise to a mixture of the two amides correspond- 
ing to the two forms of the oxime. When the oxime in ethereal 
solution was treated with hydrogen chloride, a hydrochloride was 
precipitated from which the oxi 
The ethereal filtrate deposited a second hydrochloride, from which 
an oxime was obtained, m. p. 143—145°, and 159—160° after 
repetition of the hydrogen chloride treatment. A mixture (equal 
parts) of the two oximes melted at 140—150°. The higher-melting 
oxime gave p-ethoxybenzophenone on hydrolysis, and, when sub- 
jected to the Beckmann transformation by means of thionyl chloride, 
yielded p-ethoxybenzanilide (approx. 90°) and a trace of amidine. 
Possibly the lower-melting oxime (135°) is the anti *(phenyl)-form 
(3), and the higher melting one (159—160°) the syn *-form (2). 
Hantzsch (Ber., 1891, 24, 54) has shown that the two oximes 
obtained from p-me thoxy benzophenone are separable by crystallis- 
ation and recoverable unchanged from their respective hydro- 
chlorides. 











EXPERIMENTAL. 

The treatment of the ketoximes with thionyl chloride was the 
same in all cases, a solution of thionyl chloride (1 mol.) in anhydrous 
ether (10 vols. : a stronger solution caused the reaction to proceed 
too violently) being added gradually to an ethereal solution of the 
ketoxime (1 mol.) at — 5°. The subsequent treatment is outlined 
in the introduction. 

The majority of the amidines and amides isolated are known and 


* These terms have the usual significance. 
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need no description. Diphenylphenacetamidine obtained from 
phenyl benzyl ketoxime crystallised in needles, m. p. 91° (Lucken- 
bach, Ber., 1884, 17, 1427, and Busch and Hobein, Ber., 1907, 40, 
4297, give m. p. 107—108°) (Found: C, 83-9; H, 6-3. Cale. for 
UypH, gNo: C, 83-9; H, 63%). A specimen identical with it was 
prepared by treating phenylacetanilide (3-2 g.; 1 mol.) with phos- 
phorus pentachloride (3-2 g.; 1 mol.), removing the phosphoryl 
chloride under diminished pressure, warming the residual brown oil 
with aniline (2-8 g.; 2 mols.) on the water-bath for 5 minutes, 
extracting the product with hot water, making the filtered solution 
alkaline with ammonia, and crystallising the precipitated amidine 
from dilute methyl alcohol. 

Transformation Products of p-Ethoxybenzophenoneoxime (m. p. 
135—136°).—The action of thionyl chloride on the oxime produced 
a mixture of p-ethoxybenzanilide and benz-p-phenetidide, m. p. 
145—151° [a synthetic mixture of equal parts of p-ethoxybenz- 
anilide (m. p. 172°) and benz-p-phenetidide (m. p. 173°) softens at 
146° and melts at 152°]. The mixture was warmed with sulphuric 
acid (1:1), and the acids precipitated on addition of water were 
collected, dissolved in aqueous sodium carbonate, reprecipitated 
from the filtered solution by addition of sulphuric acid, and cooled 
to 0°. The precipitate produced was crystallised from dilute 
alcohol, p-ethoxybenzoic acid being obtained in needles, m. p. and 
mixed m. p. 195°. The filtrate from the precipitate was extracted 
with ether, from which benzoic acid was isolated. 

p-Ethoxybenzoic acid was conveniently prepared by dissolving 
p-hydroxybenzoic acid (13-8 g.; 1 mol.) in sodium hydroxide (9 g. ; 
2:25 mols.) in water (90 c.c.), slowly adding ethyl sulphate (19-3 g. ; 
1-3 mols.), and hydrolysing the oily ethyl p-ethoxybenzoate by 
heating with excess (6 g.) of sodium hydroxide. The solution was 
acidified and heated to boiling and the very sparingly soluble 
p-ethoxybenzoic acid was filtered off and crystallised from dilute 
alcohol; m. p. 195° (yield, 12 g.). 

p-Ethoxybenzophenoneoxime, m. p. 159—160°, cystallised from 
methyl aleohol in rhombic prisms (Found: C, 74-9; H, 6:3. 
(,;H,,0,N requires C, 74:7; H, 6-3%). 

Experiments with Benzanilideimidochloride.—The imidochloride 
was prepared according to Wallach (loc. cit.) and purified by dis- 
tillation and by crystallisation from benzene. The diphenylbenz- 
amidine hydrochloride remaining in the distilling flask was dissolved 
in hot water, and the base precipitated by ammonia and identified 
by comparison with an authentic specimen. 

Benzanilideamidodichloride Hydrochloride, CPhCl,-NHPh,HCl.—/ 
solution of the imidochloride (5 g.) in 30 ¢.c. of anhydrous ether 
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was saturated with hydrogen chloride. After 2 hours, large yellow 
prisms were deposited, which were rapidly collected, washed with 
dry ether, and transferred immediately to a desiccator (Found: 
Cl, 37-3. C,3H,,NCl, requires Cl, 36-99%). The crystals melted 
indefinitely between 69° and 72° with effervescence, and the melt, 
after solidifying, remelted at 41° (benzanilideimidochloride). One 
gram of the crystals was heated in a weighed U-tube in a water- 
bath at 75°, a slow stream of dry air being passed through the 
tube. The hydrogen chloride evolved was absorbed in a knowh 
volume of N-sodium hydroxide [Found : loss in weight (i) 25-5, 
(ii) 24-54; HCl absorbed (i) 26-33, (ii) 24:55. Calculated loss in 
weight corresponding to 2HCl, 25-28%]. The contents of the 
U-tube were treated with water, and ‘the residue of benzanilide 
removed. The filtrate gave diphenylbenzamidine (0-1 g.) on neutral- 
isation with ammonia. 

A weighed quantity of the yellow crystals was placed in a weighed 
tube in a desiccator, which was evacuated, and the loss in weight 
of the material observed from time to time. Loss: (i) 3% after 12 
hours ; (ii) 12-47% (36 hours); (iii) 19-76% (60 hours); (iv) 24-7%% 
(4 days) (constant). The loss in (ii) corresponds to 1 mol. of hydrogen 
chloride (cale., 12-6%), and the condition at this stage would be 
amidodichloride, CPhCl,-NHPh. The final stage (iv) corresponds 
to a loss of 2 mols. of hydrogen chloride (cale., 25-28), and the 
residue was benzanilideimidochloride. A weighed quantity of the 
yellow crystals was dissolved in anhydrous ether, the solvent 
removed under diminished pressure, and the residue weighed 
(Found : loss, 24-5. Cale. for loss of 2HCI: 25-28%). 

The quantity of benzanilide formed by treating the yellow crystals 
with water was determined (Found : 67-07. Cale. : 68-31%). The 
aqueous filtrate, treated with ammonia, gave a small amount of 
diphenylbenzamidine, the formation of which can only be explained 
on the assumption that some of the amidodichloride hydrochloride 
had already lost hydrogen chloride, the imidochloride formed then 
reacting as indicated in the introduction. 

Effect of Heat on the Hydrochlorides of Ketoximes.—The hydro- 
chlorides of acetophenoneoxime, p-methylacetophenoneoxime, pro- 
piophenoneoxime, -butyrophenoneoxime, and benzophenoneoxime 
were separately heated until reaction began, indicated by a vigorous 
effervescence. After treatment of the product in each case with 
water, the anilides formed as a result of the Beckmann transform- 
ation were isolated by filtration, and the amidines precipitated 
from the filtrates by ammonia. The results were as given on 
p. 887. The yield of each amidine from 1 g. of ketoxime was 
O-l g. 
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In conclusion we take this opportunity of thanking Mr. O. G. 
Backeberg for his assistance with some of the experimental work 
described in this paper. 


THE UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SOUTH AFRICA. [ Received, February 2nd, 1931.] 





CX XIX.—Studies in the Coumaranone Series. Part 
ITI, Dihydro-a- and -8-naphthafuranones and 
their Condensation Products with Aromatic 
Aldehydes. 


By Bertram Hopartr IncHamM, HENRY STEPHEN, and RONALD 
TIMPE. 


THe method (Higginbotham and Stephen, J., 1920, 117, 1534; 
Minton and Stephen, J., 1922, 121, 1598) whereby the chlorides of 
aryloxyacetic acids are condensed in presence of aluminium chloride 
to give coumaranones has been applied to the chlorides of «- and 
-naphthyloxyacetic acids. These give the corresponding dihydro- 
2- and -$-naphthafuranones, to which the structures (I) and (II) are 
assigned. The structure (III) for the substance named dihydro-«- 
naphthafuran-2-one cannot be ignored, however, since the benzylidene 
compound formed from it is not converted through the corresponding 
dibromide into a flavonol, which should be possible if it has the 
structure (I), but not if it has the structure (III). The latter struc- 
ture (III) would also account for the difference in melting point and 
crystalline form between our product (needles, m. p. 119°) and the 
dihydro-«-naphthafuranone (thin lamin, m. p. 91—92°) obtained 
by Ullmann (Ber., 1897, 30, 1468) from 1-hydroxy-2-naphthyl 
bromomethyl ketone. Structure (III) also receives support from 
the analogous condensation of «-naphthylacetyl chloride in presence 
of aluminium chloride to give acenaphthenone (D.R.-P. 230237) ; 
the formation of benzanthrone from «-benzoylnaphthalene in presence 
of aluminium chloride (Scholl, Annalen, 1912, 394, 111) is a parallel 
example, and many similar instances of peri-ring closure are known. 





CH, 
Y N Fe 
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(I.) (II.) (IIT.) 


Our dihydro-$-naphthafuran-1-one (I1) is identical with a specimen 
prepared by Fries and Frellstedt’s method (Ber., 1921, 54, 715) 
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was saturated with hydrogen chloride. After 2 hours, large yellow 
prisms were deposited, which were rapidly collected, washed with 
dry ether, and transferred immediately to a desiccator (Found: 
Cl, 37-3. C,3H,,.NCl, requires Cl, 36-99%). The crystals melted 
indefinitely between 69° and 72° with effervescence, and the melt, 
after solidifying, remelted at 41° (benzanilideimidochloride). One 
gram of the crystals was heated in a weighed U-tube in a water- 
bath at 75°, a slow stream of dry air being passed through the 
tube. The hydrogen chloride evolved was absorbed in a known 
volume of N-sodium hydroxide [Found : loss in weight (i) 25-5, 
(ii) 24-54; HCl absorbed (i) 26-33, (ii) 24:55. Calculated loss in 
weight corresponding to 2HCIl, 25-28%]. The contents of the 
U-tube were treated with water, and the residue of benzanilide 
removed. The filtrate gave diphenylbenzamidine (0-1 g.) on neutral- 
isation with ammonia. 

A weighed quantity of the yellow crystals was placed in a weighed 
tube in a desiccator, which was evacuated, and the loss in weight 
of the material observed from time to time. Loss: (i) 3% after 12 
hours; (ii) 12-47% (36 hours); (iii) 19-76% (60 hours); (iv) 24:7% 
(4 days) (constant). The loss in (ii) corresponds to 1 mol. of hydrogen 
chloride (cale., 12-6°%), and the condition at this stage would be 
amidodichloride, CPhCl,,NHPh. The final stage (iv) corresponds 
to a loss of 2 mols. of hydrogen chloride (calc., 25-28), and the 
residue was benzanilideimidochloride. A weighed quantity of the 
yellow crystals was dissolved in anhydrous ether, the solvent 
removed under diminished pressure, and the residue weighed 
(Found : loss, 24-5. Cale. for loss of 2HCI : 25-28%). 

The quantity of benzanilide formed by treating the yellow crystals 
with water was determined (Found : 67-07. Cale. : 68-31%). The 
aqueous filtrate, treated with ammonia, gave a small amount of 
diphenylbenzamidine, the formation of which can only be explained 
on the assumption that some of the amidodichloride hydrochloride 
had already lost hydrogen chloride, the imidochloride formed then 
reacting as indicated in the introduction. 

Effect of Heat on the Hydrochlorides of Ketoximes.—The hydro- 
chlorides of acetophenoneoxime, p-methylacetophenoneoxime, pro- 
piophenoneoxime, »-butyrophenoneoxime, and benzophenoneoxime 
were separately heated until reaction began, indicated by a vigorous 
effervescence. After treatment of the product in each case with 
water, the anilides formed as a result of the Beckmann transform- 
ation were isolated by filtration, and the amidines precipitated 
from the filtrates by ammonia. The results were as given on 
p. 887. The yield of each amidine from 1 g. of ketoxime was 
O-l g. 
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In conclusion we take this opportunity of thanking Mr. O. G. 
Backeberg for his assistance with some of the experimental work 
described in this paper. 

Tue UNIVERSITY OF THE WITWATERSRAND, 

JOHANNESBURG, SOUTH AFRICA. [ Received, February 2nd, 1931.] 





CX XIX.—Studies in the Coumaranone Series. Part 
III. Dihydro-a- and -B-naphthafuranones and 
their Condensation Products with Aromatic 
Aldehydes. 


By Bertram Hosart IncHAM, HENRY STEPHEN, and RONALD 
TIMPE. 


Tue method (Higginbotham and Stephen, J., 1920, 117, 1534; 
Minton and Stephen, J., 1922, 121, 1598) whereby the chlorides of 
aryloxyacetic acids are condensed in presence of aluminium chloride 
to give coumaranones has been applied to the chlorides of «- and 
3-naphthyloxyacetic acids. These give the corresponding dihydro- 
a- and -$-naphthafuranones, to which the structures (I) and (II) are 
assigned. The structure (III) for the substance named dihydro-«- 
naphthafuran-2-one cannot be ignored, however, since the benzylidene 
compound formed from it is not converted through the corresponding 
dibromide into a flavonol, which should be possible if it has the 
structure (I), but not if it has the structure (III). The latter struc- 
ture (III) would also account for the difference in melting point and 
crystalline form between our product (needles, m. p. 119°) and the 
dihydro-«-naphthafuranone (thin laminz, m. p. 91—92°) obtained 
by Ullmann (Ber., 1897, 30, 1468) from 1-hydroxy-2-naphthyl 
bromomethyl ketone. Structure (III) also receives support from 
the analogous condensation of «-naphthylacetyl chloride in presence 
of aluminium chloride to give acenaphthenone (D.R.-P. 230237) ; 
the formation of benzanthrone from «-benzoylnaphthalene in presence 
of aluminium chloride (Scholl, Annalen, 1912, 394, 111) is a parallel 
example, and many similar instances of peri-ring closure are known. 
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Our dihydro-8-naphthafuran-1-one (II) is identical with a specimen 
prepared by Fries and Frellstedt’s method (Ber., 1921, 54, 715) 
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from $-naphthyl chloroacetate by a reaction which involves the 
so-called Fries displacement: a mixture of the two showed no 
depression in melting point, and both substances gave 2-p-dimethyl- 
aminoanilodihydro-8-naphthafuran-l-one when condensed with p- 
nitrosodimethylaniline. 

Both dihydronaphthafuranones (I) and (II) have been condensed 
with aromatic aldehydes, but the course of the reaction is determined 
by the nature of the condensing reagent. Benzaldehyde condenses 
with dihydro-«-naphthafuran-2-one in presence of hydrogen chloride, 
producing a mixture of benzylidenedihydro-«-naphthafuran-2-one 
(LV) and benzylidenebis(dihydro-«-naphthafuran-2-one) (V), of which 
the former is easily soluble in alcohol and the latter sparingly soluble : 
a similar difference in solubility is shown in other cases described in 
this communication. If acetic anhydride is employed to effect the 
condensation, (IV) is the only product obtained. 


‘ : 
IV.) CH p<OR>C:CHPh | CygH C9 >CH: | CHPh (V.) 

Condensation of dihydro-$-naphthafuran-1l-one with benzaldehyde 
is most readily effected by acetic anhydride, the benzylidene compound 
similar to (IV) being the sole product. Hydrogen chloride gives 
only a very small yield of the same compound and no trace of a bis- 
compound similar to (V). Vanillin, on the other hand, condenses 
with dihydro-8-naphthafuran-l-one, in alcohol containing hydro- 
gen chloride, to give 2-vanillylidenedihydro-8-naphthafuran-1-one 
and a small amount of the bis-compound. The latter is the chief 
product when vanillin is condensed in presence of hydrogen chloride 
with excess (2 mols.) of dihydro-$-naphthafuran-l-one. Acetic 
anhydride effects condensation of the same compounds, producing 
the acetyl derivative of vanillylidenedihydro-8-naphthafuran-1-one, 
from which on hydrolysis the latter is obtained. Ridgway and 
Robinson (J., 1924, 125, 221) have shown that the sole product 
of the condensation of o-vanillin and dihydro-§-naphthafuran-1-one 
in alcoholic hydrogen chloride is 0-vanillylidenedihydro-$-naphtha- 
furan-l-one, but when a rapid stream of hydrogen chloride is 
passed through a solution of the compounds in acetic acid a 
pyrylium salt is produced. 

The condensation of dihydro-§-naphthafuran-1l-one with piperonal 
by means of the same reagents gives results similar to those obtained 
with vanillin, but its condensation with m-hydroxybenzaldehyde 
gives only m-hydroxybenzylidenedihydro-8-naphthafuran-1-one. 

The action of acetic anhydride on dihydro-«- and -$-naphtha- 
furanones, which was studied prior to the use of the anhydride as 
a condensing agent, produces in each case the acetyl derivative of 
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the the corresponding enolic modification. This does not appear to 
_ HO | have any appreciable effect on the condensations of aldehydes with 
hyl- the dihydronaphthafuranones. The latter both condense readily 
P| with p-nitrosodimethylaniline, giving 1-p-dimethylaminoanilodihydro- 
a-naphthafuran-2-one and the corresponding 8-compound mentioned 


sed above: these derivatives are convenient for the identification of 
ned | the dihydronaphthafuranones. 

_ 2-Benzylidenedihydro-8-naphthafuran-l-one reacts with bromine 
ide, to give the corresponding dibromide, which is converted into 5: 6- 


“ry benzflavonol (V1) on treatment with aqueous potassium hydroxide. 
ue) | Considerable difficulty was experienced in preparing the dibromides 


le : of the other arylidene compounds described in this communication 
om and the experiments were ultimately abandoned. 
= FeCl, 

CO MeO O 





7.) (WL) (\’\¢-08 CoD (VII) 
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yde 
ind \/ 
_ tidgway and Robinson (loc. cit.) prepared 8-methoxy-f-naphtha- 
wal furano-(2’ : 1’-2.: 3)-benzopyrylium ferrichloride by condensing 
“es | dihydro-8-naphthafuran-1-one with o-vanillin. In a similar manner 
on we have prepared 8-methoxy-«-naphthafuranc-(1' : 2'-2 : 3)-benzo- 
va pyrylium ferrichloride (VII) from dihydro-«-naphthafuran-2-one and 
lief o-vanillin. 
ide EXPERIMENTAL, 
fie «-Naphthyloxyacetic acid was prepared by condensing chloro- 
"8 | acetic acid with «-naphthol in alkaline solution (compare Spitzer, 
- Ber., 1901, 34, 3191) and freed from «-naphthol by extraction with 
nd hot water, in which the «-acid (unlike the $-acid) is almost com- 
ict pletely insoluble. The acid chloride, obtained from the acid by 
_ treatment with thionyl] chloride, was a colourless oil, b. p. 194°/10 mm, 
so (Found: Cl, 15-8. C,,H,O,Cl requires Cl, 16-0%). Treated with 
” aniline, it gave «-naphthyloryacetanilide, which crystallised in 
. colourless needles, m. p. 144°, from alcohol (Found: N, 5-0. 
CigH,,O.N requires N, 5-1%). 
wal Dihydro-«-naphthafuran-2-one (1).—The acid chloride (20 g.) was 
ed dissolved in 200 c.c. of benzene and maintained at 70° during the 
de addition of aluminium chloride (16 g.), which required 6 hours. 
After remaining for 2 hours, the mixture was poured on ice and then 
dl submitted to steam-distillation. The product was slowly volatile 
ie" in steam, and it was found desirable to extract the distillate with 


benzene. After several erystallisations from alcohol, it was obtained 
Ga 
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as pale yellow needles, m. p. 119°. It was readily soluble in acetic 
acid, acetone, benzene, chloroform, toluene, and hot alcohol. 
The solution in concentrated sulphuric acid was yellow with a green 
fluorescence. The compound slowly dissolved in aqueous sodium 
hydroxide, producing a pink coloration; with Fehling’s solution, it 
developed a deep purple colour. It oxidised in the air, or when 
boiled with water, turning deep red (Found: C, 78-3; H, 46. 
C,.H,O, requires C, 78-3; H,4:-4%). The acetyl derivative, prepared 
by boiling the above compound with acetic anhydride for an hour, 
crystallised from alcohol in reddish-brown needles, m. p. 85—86° 
(Found: C, 74-6; H, 4-8. C,,H, 0; requires C, 74-3; H, 4-4%%). 
1-p-Dimethylaminoanilodihydro-«-naphthafuran-2-one was obtained 
by treating p-nitrosodimethylaniline (1 mol.) with dihydro-c. 
naphthafuran-2-one in alcohol at 0° in presence of a trace of sodium 
hydroxide solution, and crystallised from alcohol-chloroform and 
then from alcohol, forming rectangular red plates, m. p. 210—211°, 
readily soluble in chloroform and sparingly in alcohol (Found: 
C, 75-4; H, 5-5. CyoH,,O.N, requires C, 76-0; H, 51%). Its 
deep red solution in concentrated sulphuric acid became pale yellow 
on dilution with water. 
1-Benzylidenedihydro-«-naphthafuran-2-one (1V).—A_ solution of 
benzaldehyde and dibydro-«-naphthafuran-2-one in acetic anhydride 
was warmed at 80° for } hour and poured into water. The benzyl- 
idene compound, which separated as a yellow mass, crystallised in 
golden-yellow needles, m. p. 130°, from alcohol. It gave a deep red 
coloration with concentrated sulphuric acid, was not affected by 
sodium hydroxide solution, and did not reduce Fehling’s solution 
(Found: C, 83-75; H, 4:7. C,,H,.0, requires C, 83-8; H, 4-4%). 
The dibromide, prepared from the benzylidene compound and the 
requisite amount of bromine in chloroform, crystallised from 
alcohol-chloroform in pale yellow, prismatic needles, m. p. 198° 
(Found: Br, 37-1. C,,H,.0,Br, requires Br, 37-0%). 
Benzylidenebis(dihydro-a-naphthafuran-2-one) (V) was formed 
as a by-product when the condensation of benzaldehyde and dihydro- 
«-naphthafuran-2-one was carried out in alcoholic solution con- 
taining hydrogen chloride. It was readily separated from the above 
benzylidene compound by fractional crystallisation from alcohol, and 
obtained as cream-coloured rhombohedral plates, m. p. 197—19 
(Found : C, 81-1; H, 5-0. C3,H, 90, requires C, 81-6; H, 44%). 
8-Naphthyloxyacetic Acid.—This was prepared from $-naphthol and 
chloroacetic acid by Spitzer’s method (loc. cit.), but it was found more 
convenient to purify the crude product from 80% alcohol. The 
acid chloride crystallised from benzene in needles, m. p. 54°, b. p. 
207°/10 mm. (Found: Cl, 15-9. C,,H,O,Cl requires Cl, 16-0%). 
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1 acetic} The anilide crystallised in colourless needles, m. p. 145° (Found : 
ilcohol.| (, 77:7; H, 5-6. C,gH,;O,N requires C, 78-0; H, 5-4% 
a green Dihydro-8-naphthafuran-1-one (11).—This was prepared similarly 
sodium | to the «compound, but was isolated by distillation with superheated 
tion, it} steam owing to its slight volatility under ordinary conditions. It 
r when} crystallised in colourless needles, m. p. 133°, soluble in the usual 
H, 4.6,] solvents (Found: C, 78-5; H, 4-6. Cale. for C,,H,O,: C, 783; 
epared | H, 4:4%). Treated with concentrated sulphuric acid, it developed 
n hour, | a purple coloration, and in aqueous sodium hydroxide it gave a green 
5—86° | solution. Fehling’s solution oxidised it, producing an intense 
4°). purple compound. The acetyl compound crystallised in pale brown 
tained | needles, m. p. 87—88° (Found : C, 74:1; H, 4-8. C,,H,, 0, requires 
ydro-a- | C,74:3; H, 44%). 
sodium 2-p-Dimethylaminoanilodihydro-8-naphthafuran-1-one, obtained in 
m and{ a similar way to the «-compound, crystallised from acetone in red 
—211°,] needles, m: p. 231° when rapidly heated (Found: C, 76-0; H, 5-6 
‘ound: | CsgH,,O,N, requires C, 76-0; H, 5-1%). Its deep red solution in 
). Its | concentrated sulphuric acid became colourless on dilution with water. 
yellow 2-Benzylidenedihydro-8-naphthafuran-1-one was readily obtained by 
boiling benzaldehyde and dihydro-$-naphthafuran-l-one in acetic 
ion of ' anhydride for } hour. It crystallised in pale yellow needles, m. p. 
ydride | 150°, readily cahahde in the usual solvents except ether and light 
henzyl- | petroleum. It gave an orange-coloured solution in concentrated 
sed in] sulphuric acid and was unaffected by aqueous sodium hydroxide 
ep red | and Fehling’s solution (Found : C, 84-0; H, 4-6. C,)H,.0, requires 
ed by | C, 83-8; H, 44%). The dibromide, obtained by bromination of the 
lution | benzylidene compound in chloroform solution, formed cream- 
1-49/) | coloured needles, m. p. 168° (Found: Br, 36-4. C,gH,.0,Br, 
1d the | requires Br, 37-0%). 

from 5 : 6-Benzflavonol (V1).—Potassium hydroxide (1-05 g.) in 150 c.c. 
. 198° | of alcohol was gradually added to a boiling solution of the preceding 
dibromide (2 g.) in alcohol (100 c.c.), the colour of which changed 
ormed | from pale yellow to deep purple. After cooling, the solution 
1vdro- } Was acidified, the alcohol removed by distillation, water added, and 
1 con-f the precipitated flavonol removed by filtration. It crystallised 
above | from ethyl acetate in yellow needles, m. p. 147°, readily soluble in 
l,and} acetic acid and ethyl acetate and sparingly soluble in alcohol 
—198° | (Found: C, 79-6; H, 4:3. C,H ,.0, requires C, 79-2; H, 4:2%). 


%,). The orange solution in concentrated sulphuric acid became pale 
oland | blue on dilution with water and acquired a greenish fluorescence. 
| more Acetyl Derivative of 2-Vanillylidenedihydro-8-naphthafuran-|-one.— 


The} This derivative, obtained by condensing vanillin with dihydro-f- 
b. p.} naphthafuran-l-one in acetic anhydride solution, formed yellow 
0%). f needles, m. p. 178°, soluble in the usual solvents. It gave a deep 
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red colour in concentrated sulphuric acid and a pink colour in 
aqueous sodium hydroxide and did not reduce Fehling’s solution 
(Found: C, 73-6; H, 4-6. C,,H,,0; requires C, 73-3; H, 4-4%). 
On treatment with bromine in chloroform it gave the corresponding 
dibromide in colourless cubes, m. p. 200—201°, which produced an 
orange solution in concentrated sulphuric acid (Found: Br, 30-3. 
C,.H,,0;Br, requires Br, 30-8%). 
2-Vanillylidenedihydro-8-naphthafuran-l-one was obtained by 
hydrolysis of the acetyl derivative above in aqueous sodium hydr- 
oxide, and was precipitated from the alkaline solution on addition of 
hydrochloric acid. It was also obtained by saturating an alcoholic 
solution of vanillin (1 mol.) and dihydro-$-naphthafuran-1l-one (1 
mol.) with hydrogen chloride; after 1 hour, it crystallised in yellow 
needles. Recrystallisation from alcohol gave long yellow needles, 
m. p. 178°, soluble in the usual solvents, and in concentrated sul- 
phuric acid with an orange-red coloration. Aqueous sodium hydr- 
oxide produced a faint crimson colour (Found: C, 75-8; H, 46. 
CopH ,404 requires C, 75-5; H, 44%). 
Vanillylidenebis(dihydro-8-naphthafuran-l-one) separated in 
almost quantitative yield when an alcoholic solution of dihydro-$- 
naphthafuran-l-one (2 mols.) and vanillin (1 mol.) was treated with 
gaseous hydrogen chloride. It crystallised from alcohol in pale 
orange-yellow needles, m. p. 223° (Found: C, 76-4; H, 46. 
C39H,.O0, requires C, 76-5; H, 4-4%). 
Piperonylidenedihydro-8-naphthafuran-l-one, obtained by con- 
densing piperonal (1 mol.) with dihydro-8-naphthafuran-l-one in 
presence of acetic anhydride, crystallised from benzene in yellow 
needles, m. p. 244°, very sparingly soluble in all the usual solvents. 
It gave a red solution in concentrated sulphuric acid (Found: C, 
76-1; H, 4-0. OC, 9H,.0, requires C, 76-0; H, 3-8%). 
Piperonylidenebis(dihydro - 8 - naphthafuran - | - one), prepared 
similarly to the vanillylidene compound, crystallised from benzene 
in yellow needles, m. p. 234—345°, sparingly soluble in the usual 
solvents. The solution in concentrated sulphuric acid was deep 
crimson (Found: C, 76-8; H, 4:2. Cj,H gO, requires C, 76:8; 
H, 40%). 
8-Methoxy-«-naphthafurano-(1' : 2'-2 : 3)-benzopyrylium ferrichloride 
(VII) was prepared at the suggestion of Professor R. Robinson by 
the method of Ridgway and Robinson (loc. cit.). It crystallised from 
much glacial acetic acid in small, dark red cubes, m. p. 230—231° 
(Found : C, 48-4; H, 3-0. C,)H,,0,Cl,Fe requires C, 48-1; H, 2-6%). 
THE UNIVERSITY OF THE UNIVERSITY OF MANCHESTER. 
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CXXX.—The Distribution of Saturated and Un- 
saturated Higher Fatty Acids in Mixed Synthetic 
Glycol Esters. 

By RaMKANTA BHATTACHARYA and THomAs PERcy HILpITCcH. 


We have recently demonstrated (Proc. Roy. Soc., 1930, A, 129, 
468) that, when synthetic glycerides are prepared from mixtures of 
higher fatty acids containing varying proportions of saturated and 
unsaturated acids, the fully saturated glyceride contents of the 
synthetic fats lie on a smooth curve when plotted against the molar 
percentage of saturated fatty acids present in their mixed fatty 
acids. This curve is not very dissimilar from, although not identical 
with, that calculated on the assumption that the content of fully 
saturated glycerides is proportional to the cube of the molar con- 
centration of saturated fatty acids in the mixed acids, 7.e., on the 
assumption that molecules of fatty acid are combined, according 
to their relative concentrations, indiscriminately three at a time 
with the molecules of glycerol. More interesting is the circumstance 
that the corresponding values for all animal fats (including milk 
and body fats) and vegetable “ pericarp ”’ fats so far examined give 
points on the graph lying close to and roughly parallel, though not 
coincident, with the curve for the synthetic glycerides. Animal fats 
contain as a rule somewhat more, and “ pericarp ” fats somewhat 
less, fully saturated glycerides than the synthetic fats with the same 
ratio of saturated to unsaturated acids. The contrast in glyceride 
structure between all these classes and vegetable-seed fats is pro- 
found, for in the latter the determining factor is a tendency towards 
“even distribution ” of the fatty acids amongst the glycerol mole- 
cules, and fully saturated glycerides rarely appear in appreciable 
amounts until the molar proportion of saturated acids in the mixed 
fatty acids reaches about 60%. 

The presence of three replaceable hydroxyl groups in the glycerol 
molecule adds considerably to the complexity of the products 
obtained during their esterification, and we have therefore carried 
out a similar investigation on the same general lines with ethylene 
glycol substituted for glycerol. Unfortunately, since natural glycol 
esters of the higher fatty acids are not known, no comparison of the 
synthetic with the natural products can be made in this series; but 
on the other hand, the possible combinations are merely those of 
disaturated, diunsaturated, or monosaturated—monounsaturated 
esters, whereas in the glycerides it is evident that, in addition to 
simple trisaturated or triunsaturated esters, there are possibilities 
of two isomeric forms of both monosaturated—diunsaturated and 
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disaturated—monounsaturated glycerides. This refers, of course, 
to cases (such as those we have chosen) where only one saturated 
and one unsaturated acid are present, the number of possible 
individual esters being greatly increased when mixtures of several 
saturated and of several unsaturated acids are considered. 

Lauric, palmitic, or stearic acid was mixed in various amounts 
with the unsaturated acids of olive oil (88% oleic and 12°% linoleic 
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acid), and the individual mixtures of acids were converted into 
glycol di-acid esters. The proportions of saturated and unsaturated 
acids in the esters obtained were estimated from their iodine absorp- 
tion (it was found, as in the corresponding synthetic glycerides, that 
palmitic, stearic, and oleic acids were esterified at much the same 
rates, but that lauric acid reacted more rapidly with glycol than did 
oleic acid). Weighed amounts of the esters were oxidised in acetone 
solution with anhydrous potassium permanganate and the com- 
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pletely saturated glycol esters (the only neutral compounds present, 





‘ourse ; : 7 
arated all unsaturated esters having been converted into acidic compounds 
c . . . . 
»ssible during the oxidation) were recovered, weighed, and examined; the 
everal | Values so obtained may be taken as accurate to the nearest unit 
€ . . 
per cent. The general results obtained are shown in Table I and 
lounts Fig. 1. 
noleic TABLE I. 
Composition of mixed synthetic glycol esters. 
S, = Disaturated esters; S,U, = monosaturated—monounsaturated esters ; 
U, = diunsaturated esters. ] 
Total acids a dae i S,U,-Esters U,-Esters 
Satur- present, mols. %. S,-Esters, %, (estd.), (estd.), 
ated Satd. Unsatd. By wt. By mols. mols., %. mols., %. 
I. ak, Il. IV. ¥. VI. VII. 
Lauric 34-4 65-6 11-6 14-5 39-8 45-7 
%” 59-6 40-4 25-5 29-4 60-4 10-2 
Palmitic 18-2 81-8 6°: 6-9 22-6 70-5 
30-5 69-5 12-0 12-8 35-4 51-8 
53-9 46-1 23-7 24-8 58-2 17-0 
- 66-1 33°9 38°3 39-6 53-0 7-4 
82-0 18-0 64-2 65°3 33°4 1-3 
Stearic 22°7 77-3 8-1 8-1 29-2 62-7 
48-0 52-0 22-6 22-6 50-8 26-6 
65-5 34-5 36-4 36-4 58-2 5-4 


The molar proportions of monosaturated—monounsaturated 
glycol esters (VI), and, in turn, those of the diunsaturated esters 
(VIL), can be deduced from the molar percentages of disaturated 
ester (V) and of the total saturated acids (II) present in each case ; 
a small error in the determination of either of the latter values will, 
however, lead to disproportionately larger errors in these results, 
especially in the data for diunsaturated esters (VII), when these 
involve a comparatively small numerical difference between two 





i large experimentally determined figures. 

Fig. 1 illustrates (i) the molar percentages of disaturated esters (V) 
100 plotted against the total molar percentage of combined saturated 
ent. ) 


acids (II) (full curve); (ii) the estimated approximate molar per- 
centages of diunsaturated esters (VII) plotted against the total 
molar percentage of combined unsaturated acids (IIL) (dotted curve) ; 
(iii) the curve (broken) representing the state of affairs if the molar 


a proportions of disaturated esters were proportional to the square of 
ame the molar concentration of saturated acids in the mixed acids. 

uA The observed molar proportions of disaturated esters (V) lie on a 
ron smooth curve, irrespective of whether the saturated acid is lauric, 
‘id palmitic, or stearic; the deduced figures for diunsaturated esters 
at (VII) also lie on a more or less smooth curve. For equimolecular 
nn. ) *mounts of saturated and unsaturated acids combined in the mixed 
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synthetic ester, these curves intersect at a point indicating about 
22 mols.% each of disaturated and diunsaturated ester, and about 
56 mols. °% of mixed esters containing both saturated and unsaturated 
acids. 

If, in the esterification, the fatty acid molecules were combined 
with glycol molecules indiscriminately two at a time according to 
their relative numbers, the molar amount of disaturated esters being 
then proportional to the square of that of the saturated acids in the 
mixture (broken curve, Fig. 1), the composition would be 25 mols. % 
of disaturated and of diunsaturated ester, and 50 mols.% of mixed 
ester for equal total amounts of saturated and unsaturated acids. 
The experimental and “ calculated’ curves intersect at a point 
corresponding with the presence of 45 mols. of saturated and 55 
mols. of unsaturated acids in the mixed synthetic ester, whereas the 
corresponding point of intersection for the synthetic glycerides 
(loc. cit.) coincided with equimolecular proportions of combined 
saturated and unsaturated acids. 

Thus, broadly speaking, there is a tendency both in the glycol and 
the glycerol series for esterification to take place according to the 
probable chances of combination of molecules of saturated and 
unsaturated acids as determined by the relative numbers of each 
present; but, when the saturated acids are in excess of the un- 
saturated, the observed amount of fully saturated esters is somewhat 
less than that calculated as described, whilst the reverse holds for 
esters which contain an excess of unsaturated over saturated acids. 
This parallelism, and also the divergences mentioned, between the 
fully saturated esters present in each group (glycol and glycerol) 
and the respective values for the “ calculated ”’ curves (i.e., y pro- 
portional respectively to x? and to 23), is illustrated in Table II, 
which gives, from the respective graphs, the molar percentages of 
fully saturated esters which correspond with total molar concentra- 
tions of 20—80% of saturated acids in the synthetic products. 


TABLE II. 


Total mols. 


saturated acid Glycol di-esters. Triglycerides. 
present, %. y x x* curve. Exptl. curve. y ca curve. Exptl. curve. 
20 4 7:5 1 2-5 
30 9 12 3 5 
40 16 17 6°5 8 
50 25 22-5 12-5 12-5 
60 36 31-5 21-5 18-5 
70 49 45 34:5 30 
80 64 62 51 47-5 


There may possibly be a difference in behaviour between the 
glycol and glycerol esters when mixtures containing high proportions 
of saturated acids are esterified; the unsymmetrical nature of the 
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graph connecting the proportion of diunsaturated glycol esters with 
the total content of unsaturated acids appears to indicate something 
of this nature, and moreover, with mixtures of lauric and oleic acid 
containing more than 75 mols.% of the former (which esterifies 
definitely more rapidly than oleic acid), it has appeared that little 
or no diunsaturated ester occurred in the products. Hitherto, no 
evidence has been given to show that the mode of assemblage of 
oleic acid into esters of glycol or glycerol differs from that of the 
saturated acids; and we feel that any discussion of this feature must 
be reserved until it has received further investigation. 


EXPERIMENTAL. 


The ethylene glycol was a redistilled fraction (b. p. 194—195°) 
from synthetic glycol provided by the British Dyestuffs Corporation. 
The unsaturated fatty acids were obtained from olive oil acids by 
removing the saturated acids in the form of alcohol-insoluble lead 
salts; the acids employed had an iodine absorption of 100-8%, 
corresponding with a composition of 88% oleic and 12% linoleic acid. 
Lauric, palmitic, and stearic acids were prepared from methyl] esters 
rich in these components (accumulated in the course of analysis of 
various oils in this laboratory); the respective ester concentrates 
were refractionated and fractions of pure methyl laurate and 
palmitate, and of methyl stearate containing about 6% of oleate, were 
obtained and converted into the corresponding acids. 

The esterification of fatty acid mixtures with glycol was carried 
out, with a few modifications occasioned by the lower boiling point 
of glycol as compared with glycerol, in the same way as in the case 
of the glycerol esters (loc. cit.). Thus it was found convenient to 
take the calculated amount of glycol required by theory in order to 
get the maximum yield, and somewhat lower temperatures and 
higher pressures were employed in the early stages of esterification 
in order to lessen loss of free glycol by evaporation. Some details of 
a particular case will serve to illustrate the general procedure : 

Palmitic acid (38-4 g.) and unsaturated acids (42-3 g.) were heated 
with glycol (9-2 g.) and naphthalene-f-sulphonic acid (0-4 g.) under 
an air-condenser at about 100° for an hour at ordinary pressure, 
whilst during the second hour the vacuum of a water-pump was 
employed and the temperature was raised slowly to 135°; heating 
under vacuum was then continued at 135° for a further 2 hours. 
The glycol esters were separated from unchanged fatty acids and 
finally dried at 100° under reduced pressure, the yield being 75 g. 
(iodine absorption, 46-6°%,; saponification equiv., 281-4). The 
substantial absence of glycol mono-esters in the products is indicated 
by their saponification equivalents. 


Ga2Z 
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The various mixed esters thus prepared are described in Table ITI. 


TABLE III. 


Glycol di-esters synthesised. 


Saturated acid. Glycol esters obtained. 
Proportion used 
in esterifica- Sap. Saturated acid 
tion, mols. %. M. p. i a. «a equiv. content, mols. %, 
Lauric 30 — 69-9 264-6 34-4 
on 50 35—36° 46-7 247-5 59-6 
Palmitic 20 — 80-1 291-0 18-2 
“ 30 51 68-8 286-2 30-5 
ais 50 58:5 46-6 281-4 53-9 
- 65 61-5 34-7 276-1 66°1 
- 80 65 18-7 274-0 82-0 
Stearic 20 — 74-4 295-2 22-7 
- 50 59 50-1 294-0 48-0 
9 65 63 33-2 296-0 66-5 


Each of the esters was oxidised in solution in acetone (at least 
10 parts) with powdered potassium permanganate (4 parts), the 
reaction product being dealt with as described in our previous paper 
(loc. cit.) in order to isolate the fully saturated esters from the acidic 
products of oxidation; in some cases (where the proportion of 
combined unsaturated acid was high) it was necessary to repeat the 
oxidation on the neutral products recovered from the primary 
oxidation. The results obtained in each case are given in Table IV. 


TABLE LV. 
Results of oxidation of synthetic glycol di-esters. 


Fully saturated 








Saturated acid. — ; glycol esters, 
In synthetic Neutral ~ 
mixed ester, Wt. product, % % 
mols. %. oxidised, g. g. I.V. (wt.). (mols.). M.p. 
Lauric 34-4 S16 9-46 0-3 11-6 «14:50 44.5 
a {48-2 13-47 2-9 \ = ” 
5. OR! GQ. j 
” 58-6 113-2 1215 nif 25 24 4 
aie {54-95 4-75 14-2 | ~ . +4 
< : 8-2 : nit belle no ~ -{ bit 
Palmitic l 4-50 3-50) nil f 6-3 6-9 } 
ie {64-1 11-47 13-3 \ i“ ch «as 
dU <2 ° 2-0 2:3 ( 
” nee L112 745 nilf ! ss 6 
% 53-9 66-2 15-70 O-S 23:7 «24:8 6S 
os 66-1 65-2 25°05 0-9 38:3) 39-6 6S 
% 82-0 57-0 36-60 nil 64-2 65:3 69 
‘ . ~ 159-0 5-50 10-9 \ 
~aric 2). >, 
a _ 53 soo lly Cl EC 
- 48-0 50-0 11-30 0-9 22-6 226 73 
99 66-5 55-0 20-00 0-5 36-4 364 73 


The melting points of glycol dilaurate, dipalmitate, and distearate, 
observed after recrystallisation from the above specimens, are 
shown in Table V, together with those of the corresponding fatty 
acids, their methyl esters, and their triglycerides (Joglekar and 
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Watson, J. Ind. Inst. Sci., 1930, 13a, 125). It is noticeable that 
the glycol di-esters melt in each case at a higher temperature tha 
the triglycerides, which in turn have higher melting points than t 


free acids. Vv.) 
TABLE V. 

Melting points of fatty acids and their methyl, glycol, and glycerol eshing 

Methyl Glycol Tri- the 

Acid, ester. di-ester. glycerid 

ee een 43-5° = 49° 46-g°ent 

TION, siidcslnapaniinuns 62-5 28° 69 65-on of 

Stearic ececescccccccesocoose 69-5 39-5 73 71-Yelv. 

dipic 

Summary. y be 


1. Glycol esters have been prepared from various mixtur. 
lauric, palmitic, or stearic acids with oleic acid by heating an em as 
of each mixture of acids with glycol under reduced pressure. lis- 

2. The proportion of fully saturated glycol di-esters in the pro- 
ducts has been determined, and it has been found that the content 
of fully saturated ester varies, with the proportion of saturated fatty 
acid present in the mixed acids in the esters, in an analogous 
manner to that observed in similarly prepared synthetic glycerides. 
3. In the glycol esters, the molar content of fully saturated ester 
is not far from, although by no means exactly, proportional to the 
square of the molar concentration of saturated fatty acids in the 
mixed acids; in the synthetic glycerides, a similar approximate 
proportionality to the cube of the latter occurs. 


We wisb to thank the Government of the Central Provinces of 
India for a scholarship held by one of us (R. B.) whilst this work was 
in progress. 
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CXXXI.—Syntheses of Cyclic Compounds. Part VIII. 
The Conversion of B-Methyladipic Acid into 
3-Methyleyclopentanone and the Preparation of 
3-Methyleyclopentane-1 : 1-diacetic Acid. 

By ArtTHUR ISRAEL VOGEL. 


THE numerous investigations undertaken during the last fifteen 
years on carbon ring formation and stability have been chiefly 
concerned with the spatial effect of substituents, more especially 
in connexion with the Thorpe—Ingold valency deflexion hypothesis : 














906 SATURATED AND UNSATURATED HIGHER FATTY ACIDS, ETC. 
The various mixed esters thus prepared are described in Table IT]. 


TABLE III. 


Glycol di-esters synthesised. 


Saturated acid. Glycol esters obtained. 
Proportion used 
in esterifica- Sap. Saturated acid 
tion, mols. %. M. p. a 2 equiv. content, mols, °%, 
Lauric 30 — 69-9 264-6 34-4 
- 50 35—36° 46-7 247-5 59-6 
Palmitic 20 — 80-1 291-0 18-2 
- 30 51 68-8 286-2 30-5 
oe 50 58-5 46-6 281-4 53°9 
_ 65 61-5 34-7 276:1 66-1 
nn 80 65 18-7 274-0 82-0 
Stearic 20 = 74:4 295-2 22-7 
- 50 59 50-1 294-0 48-0 
“ 65 63 33-2 296-0 66-5 


Each of the esters was oxidised in solution in acetone (at least 
10 parts) with powdered potassium permanganate (4 parts), the 
reaction product being dealt with as described in our previous paper 
(loc. cit.) in order to isolate the fully saturated esters from the acidic 
products of oxidation; in some cases (where the proportion of 
combined unsaturated acid was high) it was necessary to repeat the 
oxidation on the neutral products recovered from the primary 
oxidation. The results obtained in each case are given in Table IV. 


TABLE IV. 
Results of oxidation of synthetic glycol di-esters. 


Fully saturated 


Saturated acid. glycol esters, 








In synthetic Neutral ; " : 
mixed ester, Wt. product, % % 
mols. %. oxidised, g. g. [.V. (wt.). (mols.). M. p. 
Laurie 34-4 81-6 9-46 Od 11-6 )=«14°5 $4.5 
see {48-2 13-47 2-9 | — - 
SQ. > Di «f >¢ “ 
Z —s (13-2 | ila 
—_ {54-95 4-75 14-2 \ sia : sie 
as 2 . 24 J pa bs oe : -¢ it 
Palmitic 18 1 4-50 3.50) nil J 6-3 6-9 66 
anit (641 11-47 13-3) ; . = 
dU: no: hte e 2+( 2-§ 
“4 30-5 (11-2 7°45 nil f 120 128 (6: 
sa 53-9 66-2 15-70 0-8 23-7 24°38 OS 
‘i 66-1 65-2 25°05 0-9 38:3. 39-6 68 
i 82-0 57-0 36-60 nil 64-2 65-3 69 
: . 6 159-0 5:50 10-9 | 
Stearic 22- “ : 8: 8: 
teari : \ 5:3 4-60 nil f ; 8-1 
- 48-0 50-0 11-30 0-9 22-6 226 73 
- 66-5 55-0 20-00 0-5 36-4 36-4 73 


The melting points of glycol dilaurate, dipalmitate, and distearate, 
observed after recrystallisation from the above specimens, are 
shown in Table V, together with those of the corresponding fatty 
acids, their methyl esters, and their triglycerides (Joglekar and 
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Watson, J. Ind. Inst. Sci., 1930, 13a, 125). It is noticeable that 
the glycol di-esters melt in each case at a higher temperature than 
the triglycerides, which in turn have higher melting points than the 
free acids. 


TABLE V. 
Melting points of fatty acids and their methyl, glycol, and glycerol esters. 
Methyl Glycol Tri- 
Acid. ester. di-ester. glyceride, 
BEG sitasesenceberenns 43°5° — 49° 46-2° 
Palmitic ..cccccescccscesse 62-5 28° 69 65-6 
ND cianesinsnesnnnenvnn 69-5 39-5 73 71-8 
Summary. 


1. Glycol esters have been prepared from various mixtures of 
lauric, palmitic, or stearic acids with oleic acid by heating an excess 
of each mixture of acids with glycol under reduced pressure. 

2. The proportion of fully saturated glycol di-esters in the pro- 
ducts has been determined, and it has been found that the content 
of fully saturated ester varies, with the proportion of saturated fatty 
acid present in the mixed acids in the esters, in an analogous 
manner to that observed in similarly prepared synthetic glycerides. 
3. In the glycol esters, the molar content of fully saturated ester 
is not far from, although by no means exactly, proportional to the 
square of the molar concentration of saturated fatty acids in the 
mixed acids; in the synthetic glycerides, a similar approximate 
proportionality to the cube of the latter occurs. 


We wish to thank the Government of the Central Provinces of 
India for a scholarship held by one of us (R. B.) whilst this work was 
in progress. 


THE UNiversity, LIVERPOOL. [Received, March 11th, 1931.] 


CXXXI.—Syntheses of Cyclic Compounds. Part VIII, 
The Conversion of B-Methyladipic Acid into 
3-Methylcyclopentanone and the Preparation of 
3-Methyleyclopentane-1 : 1-diacetic Acid. 

By ArtHUR IsRAEL VOGEL. 
THE numerous investigations undertaken during the last fifteen 
years on carbon ring formation and stability have been chiefly 


concerned with the spatial effect of substituents, more especially 
in connexion with the Thorpe—Ingold valency deflexion hypothesis : 
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the effect of polar factors seems to have been either overlooked or 
neglected. 

The conversion of 8-methyladipic acid into 3-methyleyclopentanone 
has now been studied in order to determine the effect of a methy| 
group on the formation of a 5-carbon ring. This case of ring 
formation was selected because (a) the situation of the methyl grou 
is that furthest removed from the carboxyl group and steric effect 
are therefore reduced to a minimum, (6) the cyclopentane ring” 
uniplanar and strainless and hence “ strain ”’ effects play little part.’ 

The chief quantitative methods for the study of ring formation 
are (1) distillation of metallic salts of dibasic acids; (2) the action 
of 6N-potassium hydroxide on esters of «-monobromo-dibasic acids, 
which leads to the replacement of bromine by hydroxy] and the form. 
atiom of a ring acid together with small quantities of unsaturated 
acid : the relative extents of ring formation and hydroxylation are 
taken as a measure of the ease of ring formation (Ingold, J., 1921, 
119, 305; 1922, 121, 951, 2676; 1925, 127, 387: Hassell and 
Ingold, J., 1926, 1465; Goss and Ingold, J., 1926, 1471); (3) the 
thermal decomposition of dibasic acids, which may be represented 
thus (Vogel, J., 1929, 721) : 


0, CH,-CO,H - CH, 
(CHy< OH 'H,-CO,H <— Heh<oH!.00,H saat (CHa 00 
(LIT.) (I.) a 


Method (1) is valueless, because not only does the yield of the 
cyclic compound vary with the metallic salt employed (Vogel, loc. 
cit.), but, as will be shown in a future communication, the actual 
character of the decomposition can be modified by suitable choice 
of the metal. 

Ingold’s method takes no account of the polar character of the 
bromine atom. The reactivity of the bromine atom will vary with 
the length of the polymethylene chain ; this is well illustrated in the 
different rates of conversion of ethylene, trimethylene, tetramethyl- 
ene, and pentamethylene dibromides into the corresponding glycols 
by treatment with aqueous alkali, and also by the difference in 
reactivity of these dibromides with aqueous-alcoholic potassium 
cyanide. For instance, the maximum yield of succinonitrile from 
ethylene dibromide is 46° (unpublished observation in collabor- 
ation with Mr. G. H. Jeffery), whereas a 77—80% yield of glutaro- 
nitrile is obtained from trimethylene dibromide under similar 
conditions (Roger Adams, “‘ Organic Syntheses,”’ 1925, 5, 103). It 
would seem, therefore, that, pending a quantitative study of the 
relative reactivities of the bromine atoms in the various «-bromo- 
dibasic acids and esters, which will obviously affect the amount of 
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(IT. 
hydroxylation, the results of Ingold and his co-workers must be 
oked orf af Oe 
accepted with reserve. 
The third method was used in the present work. 
1tanone 
methy| CHMe-CH, CHMe-CH,°CO,H CHMe-CH, - » 
» AV + > 2*>>C0 (IV.) 
of ring} CH,*CH,*CO,H ~ CH,°CH,*CO,H (H,—CH.- 
lg , ee , 
ba The ease of formation of carbon rings is usually regarded as being 


shan 9 trolled by two factors, one related to the distanee between the 
5.1 ,o carbon atoms at the ends of the chain, and the other dependent 


a on the intrinsic stability of the ring and favouring the formation of 
action strainless rings (Ruzicka, Brugger, Pfeiffer, Seinz, and Stoli, Helv. 
’ acide. Chim. Acta, 1926, 9, 499). In the conversion of $-methyladipic 
» Seem. acid into 3-methyleyclopentanone (IV) the second effect may be 
urated neglected. . . 

lone one If the distance between two adjacent carbon atoms is taken as 
1991. unity, by employing the normal tetrahedral angle 109° 28’ the dis- 
Il and | t@nees between the various carbon atoms in a polymethylene chain, 
(3) the regarded as uniplanar, are calculated to be : C,C, 1-000; C,C; 1-633 ; 





sented | (11 1-667; C,C, 1-088. A similar order is obtained by assuming 
Ingold’s angular value of 115-3° for CH,< (J., 1921, 119, 305), viz., 

O,C, 1-000; CC, 1-689; C,C, 1-854; CC; 1-445. If one of the 
Sco | hydrogen atoms is replaced by methyl and Ingold’s value of 112-5° 
ls for CHMe< (J., 1925, 127, 387) is assumed, C,C; is 1-368, from 
which one would expect a greater ease of formation of the cyclo- 





of the pentane ring from 8-methyladipic than from adipic acid, provided 
2 te that steric effects only were operative. (All the values given above 
actual | computed trigonometrically.) . : 
ear 3-Met hyladipic acid is obtained in quantity and in comparatively 
good yield by rapid distillation under reduced pressure from the 
of the other oxidation products of 4-methyleyclohexanol. When the acid 
with | slowly distilled under the standard conditions, 3-methyleyclo- 
sn the pentanone is obtained in 75°8 + 04% yield, together with a small 
othyl- | quantity of y-methyl-n-valeric acid. This yield of ring compound 
heal Is | is definitely smaller than that obtained from adipic acid (80%) and 


lly greater than that from pimelic acid (52%) (Vogel, J., 1929, 725). 
The difference (4:2%) in the yields of cyclic ketone obtained from 


pus adipic and B-meth yladipic acids is not due to the slight difference in 
bin: the temperatures of distillation of the two acids, because it persists 
eee when the temperatures are the same, If, as the author believes, the 
ene difference is due to a small decrease in the tendency to ring formation 
It attributable to the polar effect of the methyl group, a third factor, 
f the the polar factor, in the formation of substituted carbon rings must 
ali be taken into account. Other substituted dibasic acids are being 


int of udied with this object in view. 
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The view that the small difference in the magnitudes of the 
distances C,C, in the unsubstituted and the substituted adipic acid 
chain may have an appreciable effect on the tendency to ring 
formation and other properties is supported by the facts that the 
distances between the two carboxyl groups in cyclohexane- and 
cycloheptane-1 : 1-diacetic acid are 1-04 A. and 1-10 A. respectively 
(Gane and Ingold, J., 1928, 2268) but only the former acid yields 
the corresponding spirocyclobutanone on distillation of the calcium 
salt (Kon, J., 1921, 119, 810). 

For the preparation of 3-methylcyclopentanone in quantity, the 
distillation of 8-methyladipic acid may be carried out somewhat 
rapidly ; a small quantity of the acid also distils but may be readily 
recovered. The addition of a small quantity of barium hydroxide, 
which lowers the decomposition temperature from 319—324° to 
303—304° but gives a slightly decreased yield of less pure ketone 
(compare adipic acid; Part V, loc. cit.), is not recommended (con- 
trast D.R.-P. 256,622). 

The catalytic decomposition of §-methyladipic acid, i.¢., its 
thermal decomposition in the presence of excess of iron filings and a 
little baryta, which probably involves the intermediate formation 
of an iron salt, gave a 55% yield of ketone : the corresponding yields 
for adipic and pimelic acids were 51% and 56% respectively (J., 
1928, 723). 

In connexion with the study of the influence of polar factors on 
ring stability 3-methyleyclopentane-1 : 1-diacetic acid (VI) and its 
anhydride were required. 3-Methyleyclopentanone condenses 
readily with ethyl cyanoacetate and ammonia in ethyl-alcoholic 


+ nd CH, CH,°CO,H TH (VIL 

ON) HZ —CH, SCH, -CO,H one HC o> NH 
~ , —CH(CO-NH,)*COW saa 

NCH (CO-NH Has | aaa 

solution, giving a good yield of the dicyano-imide (VII). In con- 
trast to the corresponding derivatives of cyclopentanone and cyclo- 
hexanone, the ammonium salt of (VII) is fairly readily soluble in 
alcohol and is therefore only partly precipitated from the solution. 
Treatment of (VII) with cold concentrated sulphuric acid results in 
partial hydrolysis to the dicarbamyl-imide (VIII), and complete| 
hydrolysis with 85° sulphuric acid gives a satisfactory yield of 
3-methyleyclopentane-1 : 1-diacetic acid (VI). This acid closely) 
resembles its isomeride, cyclohexane-1 : 1-diacetic acid (Thole and 
Thorpe, J., 1911, 99, 422), and is characterised by the formation of 
the anhydride and its 8-naphthylamic acid, and the ethyl ester. 
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EXPERIMENTAL. 

Preparation of 8-Methyladipic Acid.—(It is essential to adhere 
closely to the following experimental conditions, otherwise a product 
of low m. p., which cannot be easily raised by crystallisation from 
organic solvents, is obtained.) 1700 C.c. of nitric acid (d 1-42) are 
heated in a 5-litre Pyrex flask fitted with a cork carrying a 250-c.c. 
dropping-funnel and a 10-inch Davies double-surface condenser. 
When the acid is boiling vigorously (previous addition may result 
in a dangerous explosion), 500 g. of pure 4-methylcyclohexanol 
are alded, at the rate of about one drop per second, during 5 hours. 
There is a torrential evolution of nitrous fumes, which slackens 
towards the end of the addition, the rate of which may then be 
slightly increased. The reaction is completed by heating for 
another 20 minutes. Contrary to Juéry’s statement (Bull. Soc. 
chim., 1915, 17, 172), the oxidation product does not crystallise 
spontaneously or over-night. The reaction mixture is diluted with 
an equal volume of water, saturated with ammonium sulphate, 
and extracted in two portions twice with ether (4—5 litres are re- 
quired), the extract dried with anhydrous sodium sulphate, and the 
ether distilled off. The residue, which largely crystallises, is dis- 
tilled in two portions under diminished pressure (water-pump) until 
the pressure begins to rise rapidly (50—100 mm.), and the tem- 
perature rises to 160—180° ; the yellow mobile liquid then commences 
to darken. This process removes the more volatile products, but 
if the distillation is continued beyond this stage the acid carbonises. 
The two residues are dissolved in warm benzene and the acid is 
precipitated with light petroleum (b. p. 40—60°). It separates as 
an oil but changes almost completely over-night to a brown, slightly 
sticky solid, which is submitted to suction and well pressed during 
12 hours on a large Buchner funnel to remove the adhering oil. 
(This method of removing the oil is more economical than the 
alternative one of spreading on porous plates.) The brown granular 
product is distilled as rapidly as possible, in order to minimise the 
attendant carbonisation, under diminished pressure in lots of 125— 
150 g. §-Methyladipic acid passes over at 220—223°/17—18 mm. 
or 223—226°/20 mm. as a pale yellow liquid which solidifies on cool- 
ing. It is advisable to interrupt the distillation about half way, 
and passa little dilute sodium hydroxide solution, followed by 
water, through the connecting tubes to the pump, since the acid, 
being slightly volatile under the experimental conditions employed, 
may block the tap leading to the pump. The acid is then re- 
crystallised from benzene-light petroleum (b. p. 40—60°) and air- 
dried; it has m. p. 92—93° after 2 days, and m. p. 96—97° after 
being dried in a vacuum over calcium chloride, which removes the 
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last trace of solvent. Yield, 245 g. or 35% of the theoretical. The 
m. p.’s recorded in the literature are: Sabatier and Mailhe (Compt. 
rend., 1914, 158, 988), 88°: Wallach (Annalen, 1913, 397, 193), 
92—93°; Juéry (loc. cit.), 935°; Mannich and Hanen (Ber., 1908. 
41, 569), and Pauly, Gilmour, and Will (Annalen, 1914, 403, 157), 
94°; Ciamician and Silber (Ber., 1913, 46, 3080), 97°. 
(A) Thermal decomposition of 8-methyladipic acid. 50-0 G. of the 
acid, m. p. 96—97°, were slowly heated during 5—6 hours. Dis. 
tillation began after about an hour at 312° (thermometer in the liquid) 
and the main bulk passed over at 319—324°. There was a small 
carbonaceous residue. The almost colourless distillate was 
treated with excess of dilute ammonia solution and the upper layer 
of liquid was removed, dried with anhydrous calcium chloride, and 
distilled. 3-Methyleyclopentanone, b. p. 143—144-5°/756—764 
mm., was obtained, together with an almost negligible quantity of 
high-boiling substance. The crude ketone had d?” 0-9110, x 
1-433 (Abbé refractometer) (Wallach, Annalen, 1912, 394, 371, gives 
for the pure ketone d* 0-913, mp 1-4329), and yielded a semicarb- 
azone, m. p. 185° (slightly dependent on the rate of heating) 
after crystallisation from methyl alcohol and from rectified spirit. 
The yields in four experiments were 23-1 g., 23-3 g., 23-0 g., and 23-3¢. 
respectively, giving a mean yield of 75-8 -+- 0-4% of ketone. The 
ammonia was evaporated from the washings, and from the neutral 
solutions the silver salts were precipitated, the yields and _per- 
centages of silver being 2-6 g. (54-5%), 2-6 g. (54-7%), 2-8 g. (54-9%), 
and 2-2 g. (54:2%). The combined silver salts were decomposed 
with dilute sulphuric acid, and from the filtered solution, saturated 
with ammonium sulphate, ether extracted about 1 g. of a liquid, 
b. p. 204—206°/770 mm., which had an odour reminiscent of n- 
hexoic acid and was only partially miscible with cold water (Found 
for the silver salt: Ag, 48-7. Cale. for CgH,,O,Ag: Ag, 48-4%. 
Cale. for C;H,,.0,Ag,: Ag, 57-8%). There was a dark residue 
consisting chiefly of 8-methyladipic acid. 

(B) Decomposition in the presence of 2-5°%, by weight of baruta. 
50-0 G. of the acid were intimately mixed with 1-25 g. of crystallised 
baryta and similarly heated during 2 hours. The distillate passed 
over chiefly at 302—304°, and yielded the following fractions after 
being treated as described under (A): (1) b. p. 1438-—145°/755 mm., 
20-4 g.; (2) b. p. 146—150°/755 mm., 1-5 g.; and (3) a dark viscid 
residue, 2-4 g. 

(C) Decomposition in the presence of 5% by weight of baryta. The 
following fractions were obtained from a mixture of 50-0 g. of the 
acid and 2-5 g. of crystallised baryta, treated as detailed under 
(B): (1) b. p. 142—145° (chiefly 143—145°)/753 mm., 20-0 g.; 
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(2) b. p. 146—150°/753 mm., 3-2 g.; and (3) a dark, moderately 
viscid residue, 3-3 g. 

(Ib) Catalytic decomposition (see J., 1929, 727). A mixture of 
50-0 g. of the acid (m. p. 96—97°), 50 g. of iron filings, and 2-5 g. of 
crystallised baryta was slowly heated (5 hours) as described under 
the thermal decomposition. There was much frothing initially, 
the temperature rose to 257°, and the ketone began to pass over at 
290°. The aqueous layer having been removed, the distillate was 
dried with anhydrous potassium carbonate and_ fractionated : 
(a) 12-7 g., b. p. 142—146°/761 mm., di" 0-9095, nj} 1-434; (b) 4-2 g., 
b. p. 147—151°/761 mm., di 0-9151, nj)" 1-437, representing a maxi- 
mum yield of ketone of 55%; (c) a dark-coloured residue (5:8 g.), 
which was not investigated. 

Condensation of 3-Methyleyclopentanone with Ethyl Cyanoacetate 
and Ammonia in Ethyl Alcohol.—49 G. (0-5 mol.) of the ketone, b. p. 
143—143-5°, and 114 g. (1 mol.) of ethyl cyanoacetate at —5° were 
mixed with 250 e.c. of absolute alcohol saturated with dry ammonia 
at — 5°, and kept in the ice-chest for 4 days. The solid which had 
separated dissolved on addition of 800 c.c. of water, and the solution 
was then extracted three times with ether and acidified (Congo-red) 
with concentrated hydrochloric acid. After 12 hours, the w-tmide 
(VII) produced was washed with water and dried in the steam-oven 
(yield, 58 g.). After recrystallisation from boiling water it had 
m. p. 189—190° (Found: C, 62-4; H, 5-8. C,,H,,0,N, requires 
C, 62-3; H, 5-6%). 

o-lmide of ««'-Dicarbamyl-3-methyleyclopentane-1 : 1-diacetic Acid 
(VIII).—A solution of the crude imide (2 g.) in concentrated sulphuric 
acid (20 g.) was kept for 24 hours and poured into water. The solid 
produced on cooling crystallised from hot water in prisms, which 
charred at 232—233° after softening at 228° (Found: C, 53-5; 
H, 6-3. C,,H,,0,N, requires C, 53-9; H, 6-4%). 

3-Methyleyclopentane-1 : 1-diacetic Acid (V1).—A solution of the 
dicvano-imide (56 g.) in concentrated sulphuric acid (224 c.c.) was 
kept for 48 hours and, after addition of water (48 c.c.), heated under 
reflux until the vigorous evolution of carbon dioxide slackened 
(30 minutes); water (150 c.c.) was then added to the cooled liquid, 
and the whole heated under reflux for 5 hours. When cold, the 
solution was diluted with 500 c.c. of water and extracted four 
times with ether, the extract dried with anhydrous sodium sulphate, 
and the ether evaporated. The residual crystalline acid (34 g.) 
was best purified through the anhydride (small quantities may be 
crystallised from dilute hydrochloric acid, an acid, m. p. 134-5— 
135°, being obtained). The anhydride (9 g.) was boiled for 30 
minutes with aqueous potassium hydroxide (20 g. in 30 g.), the 
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solution acidified with hydrochloric acid, and the acid (VI) recrystal- 
lised from hot water, giving thin prisms, m. p. 134—135° (Found: 
C, 60-1; H, 7-9. C, 9H,,0, requires C, 60-1; H, 8-1%. Found for 
the silver salt: Ag, 52-1. Cy )H,,0O,Ag, requires Ag, 52-2%), 
readily soluble in ether, acetone, and ethyl acetate, moderately 
easily soluble in benzene, and very sparingly soluble in concentrated 
hydrochloric acid. A neutral solution of the ammonium salt gives 
no precipitate with barium chloride, a white precipitate with calcium 
chloride only on boiling, and white and bluish-green precipitates 
with lead acetate and copper sulphate respectively. 

The anhydride, prepared by refluxing the acid (10 g.) for 3 hours 
with acetic anhydride (25 g.) and removing the acetic acid and the 
excess of acetic anhydride under ordinary pressure, was a colourless 
viscid liquid, b. p. 192°/20 mm. or 185°/12 mm. (Found: C, 65-6; 
H, 7-6. C,,H,,0, requires C, 65-9; H, 7-7%). 

The §-naphthylamic acid, obtained by boiling benzene solutions of 
the anhydride (1-4 g.) and $-naphthylamine for 30 minutes, pouring 
the mixture into excess of dilute hydrochloric acid, and allowing 
the benzene layer to evaporate spontaneously, separated from dilute 
alcohol in lustrous plates, m. p. 162—163° after softening at 153° 
(Found : C, 73-5; H, 6-9. C,,H,;0,N requires C, 73-8; H,7-1%). 

The ethyl ester was prepared by heating a mixture of 6-5 g. of the 
acid, 30 g. of absolute alcohol, 30 g. of sodium-dried benzene, 
and 3 g. of concentrated sulphuric acid for 7 hours, and was isolated 
after the addition of water from the benzene layer and an ethereal 
extract of the aqueous layer. It had b. p. 155-5°/15 mm., di" 1-0602, 
n}; 1-4485, whence [F,],, 67-58 (cale., 67-72); yield, 7-1 g. (Found: 
C, 65-3; H, 9-2. C,,H,,0, requires C, 65-5; H, 9-4%). 


The author wishes to express his sincere thanks to Professor D. R. 
Boyd for his kind interest in the work, to the Chemical Society for 
grants towards the purchase of materials, and to Imperial Chemical 
Industries Ltd. for a grant to the Chemical Department. 
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CXXXII.—T he Conversion of iso-B-Naphthol Sulphide 
into 2-Naphthol i-Sulphide. 
By LeonarRp ARTHUR WARREN and SAMUEL SMILES. 


Ir has been shown (J., 1930, 956) that iso-8-naphthol sulphide is 
(I), a thiol derived from 1 : 2’-dinaphthyl ether; the conversion of 
this substance into 2-naphthol 1-sulphide (II) thus appears as an 
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intramolecular change of a novel type and it accordingly merits 
further consideration. 

Experiments are now described which were made with the view 
of defining the chief structural conditions controlling the change, 
and a brief discussion of the mechanism of the process is undertaken. 

The conversion is effected by heat, either alone or in suitable 
solvents, and by alkalis. Experiments have been made to determine 
the extent and rate of the change in presence of various amounts and 
concentrations of alkali hydroxide; but, mainly on account of 
intractable by-products and the difficulty of estimating the two 
sulphides in the mixtures obtained, the data cannot be regarded as 
anything more than roughly approximate. Nevertheless from 
qualitative experiments and from these approximate data there is 
no doubt that the change is more actively promoted by stronger 
alkaline media than by weaker. For instance, it is comparatively 
rapid in aqueous alkali hydroxide and slow in ammonia or aqueous 
sodium carbonate, and pyridine appears to be without effect. 
Oxidation of the thiol has the noteworthy effect of restraining the 
change; the iso-sulphone (I, where SH is SO,H; J., 1930, 1329) 
is stable in presence of warm aqueous alkali hydroxide and the 
formation of 2-naphthol-l-sulphone (II, where S is SO,) from it 
has not been observed. These facts may be interpreted as showing 
that the negative condition of sulphur in the thiol is of fundamental 
importance; when this is enhanced by ionisation of the thiol in 
presence of alkali, the change is promoted, whereas a decrease of 
this state, as found in the sulphinic acid, restrains the process. 
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Further information has been gained from the two isomeric 
monomethyl ethers of the iso-sulphide. It has been already re- 
corded (J., 1930, 960) that the S-methyl ether (I, where SH is SMe), 
which is obtained from the zinc salt and methyl] iodide, is stable in 
presence of warm aqueous alkali. This result is clearly to be 
anticipated and accords with the structure assigned to the 7so- 
sulphide. The behaviour of the O-methyl ether (I, where OH is 
OMe) also has been examined. The disulphide derived from (1) 
yields the corresponding dimethoxy-sulphide when treated with 
diazomethane. It may be noted here that the improbable C-methyl 
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structure for this product of methylation cannot be accepted, since 
it involves the presence of the arrangement (III) which contains the 
structure of dehydro-l-methyl-2-naphthol (Pummerer and Cher- 
buliez, Ber., 1914, 47, 2979) and must accordingly yield 1-methy]-2- 
naphthol on reduction. The methylated disulphide has not the 
properties of a quinol associated with the dehydro-structure and on 
reduction it yields the required O-methyl ether of the thiol (I). It 
might be expected that this ether, having the unsubstituted thiol 
group of (I), would yield the monomethyl ether of (I1) on treatment 
with alkali. The latter substance, being unknown, was synthesised, 
since a knowledge of its properties would facilitate recognition if it 
were formed; it was obtained by reaction of 1-bromothiol-2- 
methoxynaphthalene (1V) with 2-naphthol. This substance, how- 
ever, could not be detected as the result of the action of warm aqueous 
alkali on the O-methyl ether in question; in fact the greater part of 
the latter was recovered unchanged. 

The behaviour of the iso-sulphide, like that of other 1-derivatives 
of 2-naphthol, as the ketonic tautomeride (Ja) is illustrated by the 
smooth formation of the cyclic quinol (V) from it by oxidation in 
presence of alkali or acid. This property suggests that the re- 
arrangement concerns the ketonic tautomeride (la) and the sugges- 
tion appears all the more acceptable since it leads to a simple ex- 
planation 'of the inactivity of the O-methyl ether, in which con- 
version into this ketonic form is restrained. 

In further considering the mechanism of the process, reference 
must be made to the hypothesis that (Ia) undergoes fission, yielding 
1-thiol-2-naphthol or its ion and the quinonoid radical (compare 
Wilistitter and Schuler, Ber., 1928, 61, 364), which reunite to form 
the 2-naphthol 1-sulphide (II). This suggestion has been abandoned 
for the following reasons. Picryl chloride and_ 1-thiol-2-acetory- 
naphthalene yield the S-picryl derivative (VI), which on mild 
alkaline treatment gives the characteristic dinitrothioxin (VII). 
The monopicryl derivative of the iso-sulphide obtained in the 
same way is evidently the S-picryl derivative (I, where SH is 
S-C,H,N,0,), since it is not oxidised by iodine in presence of bi- 
carbonate. If the hypothesis in question were correct, this sub- 
stance also should yield with alkali the dinitrothioxin by way of the 
1-S-picryl-2-naphthol at first liberated. Actually, no trace of the 
dinitrothioxin could be detected, picric acid and the sulphide (II) 
being formed after prolonged action. 

Consequently this view appears untenable and the rearrangement 
is regarded as a direct displacement of the oxynaphthyl group from 
the «-carbon atom by the more highly negative thiol ion. This 
displacement is evidently due primarily to the positive character 
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of the «-carbon atom and is facilitated by an increase in this due 
to the tautomeric capacity of the system set up by the @-hydroxyl. 
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In the O-methyl ether, not only is this tautomerism restrained but 
the insertion of the electron-repelling methyl group further lessens 
the positive effect at the «-position, with the result that the change 
is inhibited under the usual conditions. The inactivity of the iso- 
sulphone (I, where SH is SO,H), in which the negative condition 
of the sulphur is diminished, also is simply explained. According 
to the interpretation now given, it is to be expected that insertion 
of a powerful electron-attracting group at the 8-hydroxyl would tend 
to favour the change and, if the influence of this were sufficient, the 
lessened activity due to suppression of the tautomeric system might 
be compensated. Attempts to obtain the relevant o-picryl deriv- 
atives of the iso-sulphide (I) and sulphide (II) were unsuccessful ; 
evidently these are unstable substances : but experiments support 
the requirements of theory by showing that the presence of picryl 
chloride in solution with the iso-sulphide remarkably assists the 
change in heated solvents. 

Finally it must be mentioned that in surveying the views expressed 
it is important to recognise that the displacement is very greatly 
facilitated not only by the circumstance that the groups concerned 
co-exist in the same molecule but also by the favourable situation 
which they occupy with respect to one another. This intimate 
relation between the sulphur, oxygen, and «-carbon atoms is clearly 
shown by the quantitative formation of the cyclic quinol (V) when 
either the iso-sulphide (Ia) or 2-naphthol 1-sulphide is oxidised by 
alkaline ferricyanide or similar means. 


EXPERIMENTAL, 

Derivatives of 2-Naphthol 1-Sulphide and Disulphide—Di-2- 
methoxy-1-naphthyl disulphide was obtained from the hydroxy- 
disulphide (1 mol.) by reaction with methyl sulphate (6 mols.) in 
presence of 2N-sodium hydroxide (10 mols.). After successive 
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purification from acetone and alcohol the substance (40% yield) 
formed yellow prisms, m. p. 20° (Found: C, 70-1; H, 5-2. Cy.H,,0,8, 
requires C, 69-8; H, 4:8%). The same material was obtained in 
somewhat better yield by reaction of the disulphide with diazo. 
methane (2 mols.) in ether. 

Reduction of this disulphide was easily effected by zine dust in 
boiling acetic acid. Hydrochloric acid was added to the colourless 
mixture to dissolve zinc mercaptide ; addition of water to the cold 
solution yielded (95°%) 1-thiol-2-methoxynaphthalene, which formed 
plates, m. p. 68°, from alcohol (Found : C, 69-7; H, 5-3. C,,H,,O8 
requires C, 69-5; H, 5-3%). The substance was converted into 
the disulphide by iodine in presence of bicarbonate and was further 
characterised by reaction with sodium chloroacetate. When an 
aqueous solution of these materials in excess of alkali was warmed 
(100°), reaction took place rapidly. The required 2-methoxy-1- 
naphthylthiolacetic acid, C,gH,g(OMe)S:CH,°CO,H, separated from 
hot water in shining scales, m. p. 130°, which in water gave with 
ferric chloride a brown insoluble iron derivative (Found: C, 62-9; 
H, 5-0. C,,H,,0,8 requires C, 62-9; H, 5-2%). 

The monomethyl ether of 2-naphthol 1-sulphide, 

C1 9H,(OMe)-S-C,,H,-OH. 

A 10% solution of bromine (1 mol.) in carbon tetrachloride was 
added to a shaken mixture (4 : 1) of this solvent and di-2-methoxy-1- 
naphthyl] disulphide (1 mol.). When formation of the red crystalline 
bromothiol was complete, a solution of 2-naphthol (2 mols.) in the 
warm solvent was added. The yellow oil remaining after the solvent 
had been evaporated solidified in contact with alcohol. The material 
was purified from acetic acid and had m. p. 155—156° (Found : 
C, 75-4; H, 5-0. C,,H,,0,8 requires C, 75-9; H, 48%). The 
substance is insoluble in cold aqueous alkali and, unlike the corre- 
sponding dihydroxy-sulphide, gives no colour with ferric chloride in 
alcoholic solution. 

Di-2-acetoxy-1-naphthyl disulphide, obtained from the hydroxy- 
disulphide, acetic anhydride, and a little sulphuric acid, formed 
pale yellow prisms, m. p. 200° (Found : C, 66-4; H,4°3. C,,H,,0,5, 
requires C, 66-4; H,4-1%%). 

A solution of this disulphide in acetic acid (1 : 25) was rapidly 
attacked by zinc dust. When colourless, the solution was mixed 
with water ; the required 1-thiol-2-acetoxynaphthalene then separated 
as an oil which solidified. This substance formed needles, m. p. 
120°, from carbon tetrachloride (Found: C, 66:3; H, 4%. 
Cj.H 90,8 requires C, 66-1; H, 4-6%). 

2-Hydroxy-1-naphthylthiolacetic acid, C,jH,(OH)-S:CH,°CO,H, was 
formed in almost theoretical yield when an aqueous solution of the 
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sodium salt of the acetoxy-thiol and sodium chloroacetate was 
boiled. It was liberated from the cooled solution (charcoal) and, 
after it had solidified, was purified from water, forming plates, m. p. 
118°. It was not attacked by iodine in presence of bicarbonate and 
gave an intense green colour with ferric chloride in alcohol (Found : 
C,61-5; H, 4-4. C,H 90,8 requires C, 61-5; H, 43%). 

Attempts to obtain the isomeric 1-thiol-2-naphthoxyacetic acid 
by reaction of the sodium salt of 2-naphthol 1-disulphide with sodium 
chloro- or bromo-acetate were unsuccessful. Instead of the desired 
product the thioglycollic acid derivative or the following disubstitu- 
tion product of the thiol was usually obtained. 

1-Carboxymethylthiol-2-naphthoxyacetic acid, 

CO,H-CH,°S-C,,H,*O-CH,-CO,H. 

Aleohol containing the sodium salt of 2-naphthol 1-disulphide (1 
mol.) and sodium bromoacetate (2 mols.) was boiled until reaction 
was complete. The viscous oil remaining after the solvent had been 
removed was extracted with boiling water; when mixed with 
aqueous barium hydroxide, the extracts furnished a sparingly 
soluble barium salt, from which the acid was obtained. This 
crystallised from hot water in needles, m. p. 161° (Found: C, 57-8; 
H, 4:2. C,,H,,0;8 requires C, 57-5; H, 4:1%). It gave an in- 
soluble yellow iron salt with aqueous ferric chloride. 

These experiments and many others of a similar type show the 
instability of the dithio-system in 2-naphthol 1-disulphideeven under 
mildly alkaline conditions. 

1-Thiopicryl-2-methoxynaphthalene, — CygH_(OMe)-S-C,H,(NO,)s. 
When picryl chloride (1 mol.) was warmed with an alcoholic solution 
(30 : 1) of 1-thiol-2-methoxynaphthalene, it dissolved and separation 
of the required product began. This crystallised from hot alcohol 
or acetic acid in orange plates, m. p. 183°; these, when kept, be- 
came deep red without change in m. p. (Found: C, 50-5; H, 3-1. 
C,,H,,0,N,8 requires C, 50-9; H, 27%). The substance was not 
attacked by hydrochloric acid in warm acetic acid but was hydrolysed 
by sodium hydroxide in warm aqueous alcohol. 

1-Thiopicryl-2-acetoxynaphthalene, C,H ,(O*CO-CH,)-S-C,H,(NO,)., 
separated (yield, 90%) when pyridine was added to alcohol which 
contained picryl chloride (1 mol.) and 1-thiol-2-acetoxynaphthalene 
(1 mol.). It crystallised from acetic acid in yellow needles, which 
decomposed violently at 191° (Found: C, 500; N, 98. 
C,gH,,O,N,S requires C, 50-3; N, 9-8°%). When aqueous sodium 
hydroxide was added to a warm alcoholic solution of this substance, 
9: 11-dinitrobenz-«8-naphthathioxin (VII) (this vol., p. 721) separated 
(90°) in red needles, m. p. 300° (Found : N, 8-5. Cale. : N, 8-2%). 

Attempts to obtain a picryl derivative from 2-naphthol 1-sulphide 
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by reaction with picryl chloride either in presence of pyridine or 
alone in solvents were unsuccessful. An orange additive compound, 
m. p. 182—184°, was obtained by cooling a concentrated solution of 
these materials in acetic acid, but it was readily resolved into the 
components by excess of warm solvent [Found: N, 7-4, 
Cy 9H,,0,8,C,H,(NO,),°OH requires N, 7-7%]. 

Derivatives of iso-2-Naphthol Sulphide (1).—2’-Methoxy-1-dithio. 
1 ; 2’-dinaphthyl ether (compare I, where OH is OMe). Dry ether 
(200 c.c.) containing the disulphide (10 g.) derived from the iso- 
sulphide was mixed with an ethereal solution of diazomethane 
obtained from nitrosomethylurethane (10 c.c.). The product 
(7 g.), which gradually (12 hours) separated from the yellow solution, 
crystallised from ethyl acetate in yellow prisms, m. p. 107° (decomp.), 
containing a molecular proportion of the solvent [Found : C, 73-9; 
H, 5-1. (C,,H,;0,8).,C,H,O, requires C, 73-6; H, 5-1%], which 
was removed at 110°/5 mm. (Found: loss, 11-2. Cale.: loss, 
11-7%); the orange crystalline material then had m. p. 128° 
[Found : C, 76-4; H,4-5. (C,,H,;0,8), requires C, 76-1; H, 45%]. 
Also when crystallised from benzene, the substance (m. p. 122—123°, 
decomp.) retained solvent [Found : C,77-6 ; H,5-0. (C,,H,;0,8)o,C,H, 
requires C, 77-8; H, 4:8], which was only slowly lost at 110°. 

2’-Methoxy-1-thiol-1 : 2’-dinaphthyl ether (1, where OH is OMe). 
Zine dust was added to a suspension of the disulphide in a hot 
mixture of acetic and hydrochloric acids until reduction was com- 
plete. When the solution was mixed with water, the required 
thiol separated as a viscous oil; this solidified in contact with alcohol 
and, purified from that solvent, formed needles, m. p. 112° (Found : 

',76-2; H,4-9. C,,H,,0,S requires C, 75-9; H,4:8%). Oxidation 

of the substance gave the original disulphide. It was further 
identified by complete methylation (methyl sulphate) in aqueous 
alkali; the product, purified from ether-chloroform, had m. p. 
177—178° and was identical with the product from the dimetiy! 
ether of the iso-sulphide previously described (J., 1930, 961). 

After a solution of the O-methylether (2 g.) in excess of N-sodium 
hydroxide had been boiled (} hour), the ether was recovered (1-65 g.) 
unchanged together with a little of the corresponding disulphide. 
The presence of the monomethyl ether of 2-naphthol 1-sulphide 
could not be detected. For comparison, it may be added that the 
iso-sulphide (2 g.), treated under comparable conditions with alkali 
hydroxide, readily gave 2-naphthol 1-sulphide (1-9 g.). 

The following data are added to show the influence of various 
amounts of alkali and different times of reaction on the extent of 
this change. Solutions of the iso-sulphide (1 g.) in n-propyl alcohol 
(25 ¢.c.) containing various amounts of N-sodium hydroxide were 
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kept at 15° or 100° for the times stated; the amount of 2-naphthol 
|-sulphide isolated in each case jsshown in the right-hand column. 


Naphthol sulphide 


Mols. NaOH. Temp. Time. isolated. 

1 100° 10 mins. 0-9 g. 
| 100 10 mins. none 
J 100 2 hrs. 0-4 

} 100 age 0°55 
i 100 . ~~ 0-47 
4 15 a ws 0-55 
2 15 24 55 0-42 


S-Picryl derivative of the iso-sulphide (compare I). Pyridine 
(8 c.c.) which contained the ¢so-sulphide (3 g.) and picryl chloride 
(2:3 g.) was cooled and shaken until the latter dissolved and was 
replaced by a red crystalline material. The mixture was treated 
with water, the product being isolated in the usual manner. It 
crystallised from hot acetic acid in orange plates, m. p. 134° (Found : 
N, 80; S, 5-9. C,.H,,O,N,8 requires N, 7-9; 8, 60%). The 
substance did not react with iodine in ethereal solution in presence 
of sodium bicarbonate, and was hydrolysed by excess of warm 
2N-sodium hydroxide. 

The acetyl derivative, prepared with acetic anhydride, formed 
shining red leaflets, m. p. 225°, from acetic acid (Found: N, 7-4. 
(,,H,,;O,N,8 requires N, 7-4°%). This S-picryl derivative may also 
be obtained, though in poor yield, from the 7so-sulphide and picryl 
chloride in warm solvents; but under these conditions it is accom- 
panied by 2-naphthol 1-sulphide (II) formed by isomeric change : 
the latter may occur either as the additive compound with picryl 
chloride (m. p. 182—184°) or in the free state according to the 
conditions of experiment. The following experiments illustrate 
this conversion. 

(a) Picryl chloride (0-78 g.) was added to a concentrated solution 
of the 7so-sulphide (1 g.) in hot acetic acid and the mixture was kept 
at 100° (1 min.) and then rapidly cooled; 2-naphthol 1-sulphide 
(0-45 g.) separated in a pure condition (m. p. 218°). 

(b) Picryl chloride (0-78 g.) was added to a hot solution of the 
iso-sulphide (1 g.) in alcohol (10 c.c.). The solution was boiled 
(} min.) and quickly cooled; the additive compound of picryl 
chloride and 2-naphthol 1-sulphide (0-4 g.) then separated. The 
S-picryl derivative of the iso-sulphide was obtained from the 
mother-liquor. 

In comparison, experiments in the same solvents without picryl 
chloride are recorded. 

(c) Acetic acid (5 c.c.) containing the iso-sulphide (1 g.) was 
hoiled (1 min.) and cooled. The iso-sulphide (0-84 g.) separated 
unchanged (m. p. 155—156°). 
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(d) Alcohol (10 c.c.) which contained the iso-sulphide (1 g.) was 
boiled (3 mins.). The iso-sulphide separated from the cooled 
solution (0-57 g.; m. p. 156-5—157°). 

From these experiments the accelerating influence of picry| 
chloride on the change is evident. This effect is not obtained 
with picric acid or hydrogen chloride. In conclusion the following 
experiment is recorded to illustrate the slow conversion by heat 
in acetic acid. A solution of the iso-sulphide (1 g.) in acetic acid 
(12 ¢.c.) was boiled (2 hrs.). When the brown liquid was cooled, 
2-naphthol 1-sulphide (0-34 g.; m. p. 216—218°) separated. 


Kine@’s CoLLEGE, Lonvon. [Received, February 10th, 1931.) 





CXXXITI.—Studies in Dicyclic Systems. PartI. The 
Chemistry of 2-Substituted cis- and trans-Hexa- 
hydrohydrindenes. 

By ARUPPILLAI KANDIAH. 


In a series of papers of outstanding importance Ruzicka and his 
collaborators (Helv. Chim. Acta, 1926, 9, 230, 249, 339, 499; 1928, 
11, 496, 670, 1174) conclusively demonstrated that large carbon 
rings are not only capable of existence but are as stable as the five- 
and six-membered rings. This discovery at once disposed of the 
theory of the uniplanar and consequently highly strained configur- 
ations of large rings, and is in harmony with Sachse’s conception of 
strainless homocyclic systems (Ber., 1890, 23, 1363). 

That the cycloheptane ring departs considerably from the uni- 
planar form to relieve its strain was the conclusion reached by 
Baker and Ingold (J., 1923, 123, 122) as a result of the examination 
of the products of hydrolysis of ethyl ««’-dibromocycloheptane-l : 1- 
diacetate. For cyclohexane, all the available evidence seems to 
indicate a normal planar structure which is probably a kind of equili- 
brium position between the strainless “cis ’’ and “ trans’ forms 
(Aschan, “ Lehrbuch der Alicyclischen Verbindungen,”’ 1905, 327; 
Baker and Ingold, loc. cit.; Ingold and Thorpe, J., 1928, 1318). 

The recent discovery of a comparatively large number of “ cis ” 
and “‘ trans ” fusions of saturated carbon rings (Windaus, Hiickel, 
and Reverey, Ber., 1923, 56, 95; Hiickel and Friedrich, Annalen, 
1927, 451, 132; Hiickel, Annalen, 1927, 451, 109 ; Gurney, Perkin, 
and Plant, J., 1927, 2676; etc.), taken in conjunction with the 
number and character of the stereoisomerides isolated, is satis- 
factorily accounted for either on the assumption that the two 
uniplanar strained component rings are inclined to each other 
(Haworth, Ann. Reports, 1927, 24, 98) or on the basis of Mohr’s ex- 
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tension to dicyclic systems (J. pr. Chem., 1918, 98, 315; 1922, 103, 
316) of Sachse’s conception of strainless rings. trans-Decalin was 
the first substance to be studied with the view of determining which 
of these two hypotheses is the correct one. The researches of Rao 
(J., 1930, 1162) on the above compound, carried out in these labora- 
tories, established beyond doubt that the system is practically 
strainless and thus lent considerable support to Mohr’s theory. 

The purpose of the present investigation is to determine the 
condition of strain in cis- and trans-hexahydrohydrindenes, which 
are formed by the “cis” and “‘ trans ’”’ fusions respectively of the 
cyclohexane and cyclopentane rings. This paper deals only with the 
chemistry of their derivatives, but in the following paper the matter 
is discussed from the standpoint of the Thorpe—Ingold valency 
deflexion hypothesis. Assuming for the moment that it is the 
strainless cyclohexane ring that takes part in the dicyclic ring form- 
ation, consideration of the models indicates that trans-hexahydro- 
hydrindene should exhibit an appreciable strain owing to the dis- 
tortion of one of the carbon atoms of the cyclopentane ring from the 
plane of the other four, but the cis-isomeride should be strainless. 


Hexahydrohydrindenes 
(I.)  cis- (II.) trans- 

Hiickel and Friedrich (Annalen, 1927, 451, 132), who were the 
first to study the new type of isomerism in this series, obtained pure 
cis- and trans-hexahydro-2-hydrindone from cis- and trans-B-decalol 
of m. _-_ 105° and 75° respectively by the ies” series of reactions : 


H, H, i 
> Ht H | 
4 NS < ¥ Ce -COH 
1, Hy, = Hy, 
mm | ner 
H, H, Fw, 
HY S/S H 
1 il —> (VIII) BOK wo 
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Their method is unsatisfactory when considerable quantities of the 
pure ketones are required, because cyclohexane-1 : 2-diacetic acid 
constitutes only 25% of the oxidation product ; the remaining 75% 
consists of 1l-carboxycyclohexane-2-propionic acid (VIII) and an 
oily acid whose identity has not been established. Moreover, the 
initial material is expensive and the authors give no details of the 
method of separation of the acids. 

Many oxidising agents have now been tried. The best results were 
obtained by the oxidation of 8-decalone (IV) with hot concentrated 
nitric acid under the conditions specified in the experimental portion. 
trans-cycloHexane-1 : 2-diacetic acid (V) was thus obtained in excel. 
lent yield and in a high state of purity, crystallising from the oxid- 
ation mixture as a lustrous solid, m. p. 167°. 


H, Hy, H, H, H, 
\ v. 
of CNT “ H,/ \Zy:0 = nf Veer 
His, JH, ° °HiwerrA JR ” HAs 
ie Yr et ee ee, 2\7 \cH CO,H 
Hy 2 2 H, 2 2 
(III.) _ (IV.) (V.) 
i | 
yen Y Y 
H, xz H, H, CH, 
w™ CHa ia CO,H r 2 ' 
P| a <H °\co-CO,H H, ‘<a Hy _|® CO 
a\ Hy 2 POTN on H, HY. / 
% NCC ),H > ‘ > \ % Z A 
H, . H, 2 vial H, CH, 
(VITI.) (VIII.) (VI.) 


The by-products of the oxidation consisted of very small quanti- 
ties of the acid (VIII) and an oily acid, probably (VII), which slowly 
solidified and the identity of which is still under investigation. 

The process was less satisfactory, however, for the preparation 
of cis-cyclohexane-1 : 2-diacetic acid (IX), which separated only to 
the extent of 30°, owing, no doubt, to its greater solubility in the 
acid medium. This was particularly unfortunate, since it was only 
once possible to obtain pure cis-decalol from the Deutsche Hydrier- 
werke. 

Further small quantities of the diacetic acids were obtained by 
alternately concentrating the mother-liquors slightly and keeping 
them at room temperature for a few weeks. 

30th cis- and trans-cyclohexane-1 : 2-diacetic acid are almost 
quantitatively converted into cis- and trans-hexahydro-2-hydrin- 
done, (X) and (V1), respectively, on dry distillation with barium 
hydroxide. This method is superior to that of Hiickel and Friedrich 
(loc. cit.): it is more rapid and gives uniformly better yields of the 
ketones, even in small-scale preparations. The ease with which 
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trans-hexahydro-2-hydrindone, a dicyclic system with trans-ortho- 
interlocking, is formed is remarkable. 


H, CH 
CH,-CO,H 2 CH, 

: H, i #, H oe % . 
ax) HC — PERL co 
i, CHy -CO,H Xi 

H, 


The configurations of cis- and nesaeesniieeaiamia have 
been demonstrated by Hiickel and Friedrich (loc. cit.), first by 
oxidation with sodium hypobromite, cis- and trans-1-carboxycyclo- 
hexane-2-acetic acid being produced, and secondly by reduction to 
the corresponding alcohol, the trans-compound yielding one (prob- 
ably racemic) form, and the cis-isomeride two (meso) forms. 

cis- and trans-Hexahydro-2-hydrindone display a remarkable 
difference in their tendency to condense with ethyl cyanoacetate and 
ethyl-aleoholic ammonia under the Guareschi conditions as modified 
by Kon and Thorpe (J., 1919, 115, 686); for whereas the trans-com- 
pound gives a yield of about 60% of the dicyano-imide (XI), which 
separates as the crystalline ammonium salt (XII), the cis-compound 
gives scarcely 5° of the theoretical yield under the best experi- 
mental conditions. Possibly the strainless cis-hexahydrohydrindene 
ring in some way inhibits the formation of the pyridone ring. 

The dicarbamyl-imides, which are formed by the action of cold 
concentrated sulphuric acid on the dicyano-imides, char when heated 
with me sulphuric acid, but give almost colourless cis- and trans- 


H, H, 
XN Xf H(CN): 00 i AEN reli (CO-NH,) C0, 
| or S} 

HZ 7 NCH(CN)-Co —># NAY CH(CO-NH,)CO 

i, CH, if, 

(XI.) 7 (XIV.) 

. me 
we UN H(CN)-CO 7. AN CH,-CO,H 
H,\ u— / 0 »N-NH, i H— cK ; 

*\/\Z CH(CN)-CO 2\/\/  CH,'CO,H 
if, CH, i, CH, 
(XII.) (XV.) 


hexahydrohydrindene-2 : : 2-diacetic acid (XX and XV) when the 
hydrolysis is effected by prolonged boiling under reflux with a large 
excess of 50% (volume) sulphuric acid. The two diacetic acids 
(XX and XV), though displaying similarity in solubility in various 
solvents, are distinct individuals, as is shown by the differences in 
melting point and chemical properties described below. There is, 
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therefore, no change of nuclear configuration during the hydrolysis 
of the dicyano-imides. ; 
The anhydride (X V11) of trans-hexahydrohydrindene-2 ; 2-diacetic 
acid gives only one anilic acid (XVIII), which on dehydration gives 
the anil (XIX). 


H, CH, H, CH, 
a. \ J ‘H.-C }. 
XZ\ \ o/s COaHt Hy’ ~ Jot ‘COH 
"A / CH, CO,H NA / *\cH,-CO.H 
H, CH, H, GH, , 
(XVI.) trans-, m, p. 222°. (XX.) cis-, m. p. 188°, 
H, CH, H, CH, 
2 a NCH,"CO” Aw Sf NCH,"CO 
H, CH, H, CH, 
(XVII.) trans-, m. p. 107°. (XXT.) cis ,m. p. 88°. 
Y 
H, CH, H, CH, 
He \SZX_ CHgCONHPh yy nee a J2s ‘CO-NHPh 
7 an eK »¢ 
Hy A_/ \CHyCO,H es \ Nala -CO.H 
H, CH, H, 
(XVIIT.) m, p. 203°. (X * ) r 7 orm, m, p. 184°. 


and CH, CO, H 
>C<CH;-CO:NHPh 


(XXTIT.) B Form, m. p. 180°. 
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a, id \CH, CO” ' vig i \CH,*CO” 
H, CH, i, CH, 
(XIX. ) m. p. 197°. (X XIV.) m. p. 140°. 


The anhydride (X XI) of cis-hexahydrohydrindene-2 : 2-diacetic 
acid, on the other hand, gives two anilic acids: one, to which 
formula (X XII) is ascribed, crystallises from benzene solution after 
two weeks; the other (XXIII) is obtained by evaporating the 
benzene mother-liquor and extracting an ethereal solution of the 
residue with aqueous sodium bicarbonate. The fact that both 
anilic acids give the same anil (XXIV) is satisfactory evidence of 








their being stereoisomerides. 
If the mother-liquor of the ammonium salt of the trans-dicyano- 
imide (p. 925) is again saturated with ammonia at 0° and kept at 
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room temperature, it deposits a considerable quantity of a solid 
(m. p. 240—260°, softening at 148°), which consists mainly of the 
ow'-di-iminodi-imide of trans-hexahydrohydrindene-2 : 2-dimalonic 
acid (X XVI), and a small quantity of the unsaturated cyano-amide 
(XXV). The separation of these two substances depends on the 
greater solubility of the latter in ethyl alcohol. As (X XVI) can be 
converted into trans-hexahydrohydrindene-2 : 2-diacetic acid, the 
above treatment results in a greater yield of the diacetic acid. It 
might be employed with advantage in all Guareschi reactions. 

The presence of the product (X XV) indicates that in reactions of 
this kind the initial condensation leads to the formation of the 
unsaturated compound, which then reacts with cyanoacetamide, 
forming the glutaric acid derivative. The same two compounds are 
also obtained when trans-hexahydro-2-hydrindone and cyanoacet- 
amide are condensed in aqueous-alcoholic solution in the presence 
of piperidine (Kon and Thorpe, J., 1919, 115, 686): the first crop 
of crystals obtained after ten hours consists entirely of the com- 
pound (X XV), and the subsequent crops exclusively of the di-imino- 
di-imide (X XVI). 

The constitution of the cyano-amide (X XV) was established by its 
oxidation to the parent ketone with permanganate and by its 
quantitative conversion into the unsaturated acid (XXVIII) on 
treatment with nitrous acid. The di-iminodi-imide (XXVI) is 
converted by hydrolysis first into the di-imide (X XVII) and then 
into trans-hexahydrohydrindene-2 : 2-diacetic acid (XV), its con- 
stitution thus being indicated. 





HN:¢-—————-CH—CO 
H, CH, | H, CH, | 
fa | ety | 
nl >CC(CN)-CO-NH, —> NH EAC Sc NH 
' a Yee 
i, CH, if, CH, 
cO—————“CH—-C:NH 
(XXV.) (X XVI.) 
J co-————-ca--00 
H, CH, H, CH, 
ae en | He.’ 4a! [ 
om C:C(CN)-CO,H wH Hy "Sc NH 
re ma \/\Z | 
H, CH, (XV) | HM, CH,| | 
60-———-—via-on 
(XXVIII) (XXVIL) 





The di-iminodi-imide (XX VI) is also formed when an alcoholic 
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solution of cyanoacetamide, trans-hexahydrohydrindylidene-2 
cyanoacetamide (X XV), and piperidine is kept at 40° for 2 hours. 


cis-Hexahydro-2-hydrindone, on the other hand, gives only the 
unsaturated cyano-amide (XX1X) under these conditions, but the 


cis-di-iminodi-imide (XXX) is obtained by condensing this with 
another molecule of cyanoacetamide. The filtrate from the cyano. 
amide, on resaturation with ammonia, gives a mixture of the com- 
pound (X XIX) and cyanoacetamide and no trace of the di-imino- 
di-imide. 





HNC CH—CO 
H, CH, H, CH, 
ae NS fi | 
6 SC:C(CN)-CO-NH, HN n2{ "{ SC NH 
27 NZ ee he 
H, CH, | H, CH, 
co———*——*cH-U:NH 
(XXIX.) (XXX.) 


trans-Hexahydro-2-hydrindone condenses readily with ethyl 
cyanoacetate in the presence of piperidine, giving ethyl trans-hexa- 
hydrohydrindylidene-2-cyanoacetate (XX XI). That the cyano-ester 
has the «$-structure is shown both by its oxidation to trans-hexa- 
hydro-2-hydrindone with cold permanganate and by its inability to 
combine with bromine. It can, however, react both in the «8- and 
in the By-form in the presence of alkaline catalysts (Birch, Kon, and 
Norris, J., 1923, 123, 1369), for, on the one hand, it readily combines 
with potassium cyanide or with another molecule of ethyl cyano- 
acetate and, on the other, it is readily methylated, yielding ethyl 
a-cyano-«-trans-hexahydroindenyl-2-propionate (XXXII). 


CgHyy>CO +  —- CgH,y>CIC(CN)‘CO-NH, C,H,,>CO 4 
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This methylated ester, which must have the Sy-structure from its 
mode of formation, loses ethyl carbonate on treatment with sodium 
ethoxide and_ gives «-trans-hexahydrohydrindylidene-2-propio- 
nitrile (XX XITT), which, because of the exaltation of its molecular 
refraction, and in the light of recent observations (Birch and Kon, 
J., 1923, 123, 2442 ; Kandiah and Linstead, J., 1929, 2139), must be 
given the «f-structure. 

An attempt to prepare the cyano-acid (XXVIII) by the hydro- 
lysis of the ester (XX XI) with sodium ethoxide resulted in the form- 
ation of a compound, m. p. 255°, which is sparingly soluble in benzene 
and ethyl alcohol—solvents in which the cyano-acid is readily 
soluble—and gives yellow solutions in alkalis. Its formation may be 
due to condensation of the cyano-ester (XX XI) with the sodio- 
derivative of the By-isomeride with the elimination of one molecule 
of alcohol (compare Birch and Kon, loc. cit.). The same compound, 
the nature of which is under investigation, occurs as a by-product in 
the condensation of the ketone and ethyl cyanoacetate in the 
presence of sodium ethoxide. 


. m me Fas CO, CNS ONt oN " 
Hu 07 \co, Et | Not uw” H, 
H, CH, ¥ UH, ii, 
H, CH, CNa:CN H, CH, C-CON 
H OF a ys 
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WAZ | yg 
Mi, CH, —>» ae 
CH H, | CK 
CO, Tap, (/ “nH, C0, ene f Hs 
H— H, 
Oe VA Jit 
CH, H, cH, Hi, 





trans-Hexahydrohydrindylidene-2-cyanoacetic acid (X X VIII) is best 
prepared by the above method or by the action of nitrous acid on 
the corresponding cyano-amide (XXV) when this substance is 
available. The condensation of cyanoacetic acid with trans-hexa- 
hydro-2-hydrindone also gives the acid, pure but in rather poor 
yield. On distillation under reduced pressure, it is converted into 
trans-hexahydroindenyl-2-acetonitrile (XXXIV). Though this nitrile 
has undoubtedly the ®y-structure (Birch and Kon; Kandiah and 
Linstead, locc. cit.), as is shown by its physical properties and its 
condensation with piperonal, it can react under suitable conditions 
in the «-form, e.g., with cyanoacetamide to form the imino-imide 
HH 
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(XXXVI), the constitution of which is established by its ultimate 
hydrolysis to trans-hexahydrohydrindene-2 : 2- diacetic acid (XV). 

Cis- Hexahydro-2 2 -hydrindone gives a similar series of com. 
pounds, which are quite distinct from those of the trans-series. 
Ethyl cis- hexahydrohydrindylidene-2-cyanoacetate (XXXVII) is a 
liquid and is formed in much poorer yield than the trans-isomeride. 

The product obtained by the condensation of the cis-ketone with 
either ethyl sodiocyanoacetate or cyanoacetic acid, with piperidine 
as the condensing agent, is a liquid from which a solid (m. p. 143°) 
crystallises in a vacuum after several days. 

The same cyano-acid (XX XIX) is readily obtained in a pure 
state by the action of nitrous acid on the amide (X X XVIII). 


H, CH, H, CH, 
a/ S/F NAY Ay H Ce: c 
H. H— =0 te —_—" H H o= C 
we CO,Et ava CO-NH Kk Vit CO,H 
(XXXV Il. " oman * ae i. p. 118°. ata : < p- 143°. 


Ethyl trans-hexahydrohydrindylidene-2-cyanoacetate gives on 
reduction with moist aluminium amalgam in ether (Vogel, J., 1927, 
594) ethyl r-trans-hexahydrohydrindyl-2-cyanoacetate (XLI) and 
a small quantity (18%) of the bimolecular compound (XLII). 
Attempts to establish the constitution of the latter by hydrolysis 


CsH,,>C=C(CN)-CO,Et —> C,H,,>C-CH(CN)-CO,Et 


| (XXXI) C,H,4>C-CH(CN)-CO,Et 


Y 
C,H,,>CH-CH(CN)-CO,Et 
(XLI.) 





ws (XLIIL) 


Y 
C,H,,>CH-CH,CO,H (XLIV.) 


to the corresponding adipic acid were unsuccessful. The con- 
stitution of the cyano-ester (XLI) was confirmed by its hydrolysis 
with aqueous-alcoholic potassium hydroxide to trans-hexahydro- 
hydrindyl-2-malonic acid (XLIII). The latter, when heated above 
its melting point, was converted into trans-hexahydrohydrindyl-2- 
acetic acid (XLIV) with loss of carbon dioxide. The relative yields 
of the cyano-ester (82%) and the bimolecular compound (18%) 
closely correspond to those of the cyclopentane analogues. 

The unsaturated trans-cyano-ester (XX XI) condenses readily 
with potassium cyanide in aqueous-alcoholic solution, forming 4 
crystalline potassio-salt which on prolonged boiling with concen- 
trated hydrochloric acid is converted into a mixture of 2-carboxy- 
trans-hexahydrohydrindene-2-acetic acid (XLVI) and its imide 
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(XLVII). The latter is converted on hydrolysis with potassium 
hydroxide into the acid (XLVI). 





OH 
(,H,,>C:C(CN)-CO,Et C.H,,>c( (LIL) 
; XX y ‘CN ON 
(XXXI.) (XLY.) a } N 
CsHy.>C(CN)-CH(CN)-CO,Et —> C,Hyy>C— CH 
a” | *, ' 
¥ Y XX CN CO,H 
CN (L.) 
aad CH,-CO,H CH-CO 
C.H,,>C ——> C,3,.>C <— C,Hy>CX | 
CO—NH CO,H CO-NH 
(XLVII.) { (XLVI.) *& (XLIX.) 
_CH,-CO C\Hy>C—CH,CN 
C,H,,>C | (XLVIIT.) (LI.) 
cOo—O CN 


It is impossible to isolate the dicyano-ester (XLV) formed in the 
reaction mentioned above, even by careful acidification of the 
potassio-addition compound with dilute hydrochloric acid, since it is 
converted into a mixture of the dicyano-acid (L) and the imide 
(XLIX). The latter on hydrolysis and decarboxylation is converted 
into the succinic acid derivative (XLVI). The dicyano-acid (L), 
when heated above its melting point, changes into the dinitrile, 
(LI), which sublimes in feathery needles. The dicyano-ester (XLV) 
is, however, obtained by the condensation of the cyanohydrin (LIT) 
with ethyl sodiocyanoacetate (Higson and Thorpe, J., 1906, 89, 
1455). The anhydride (XLVIII) is formed when the acid (XLVI) is 
treated with acetyl chloride. 

The unsaturated cis-cyano-ester (XX XVII) adds potassium cyan- 
ide, but to a much smaller extent than the trans-isomeride. The 
hydrolysis of the dicyano-esters (XLV A and B) with concentrated 
hydrochloric acid gives a mixture of acids and imides, which are 
separated by means of aqueous sodium bicarbonate. 

A partial separation of the two acids (LIV) and (LV) from the 
mixture (m. p. 140—160°) is effected by boiling with a limited 
quantity of acetone; a soluble fraction (m. p. 150—155°) and an 
insoluble one (m. p. 200—202°) are obtained. These are converted 
into their respective anhydrides, which are purified by fractional 
crystallisation and then decomposed with dilute alkali solution to 
the corresponding acids. Two isomeric 2-carboxy-cis-hexahydro- 
hydrindene-2-acetic acids, m. p. 205° and 159° respectively, (LIV and 
LV), are thus obtained from the two isomeric anhydrides (LVIII 
and LIX), m. p. 137° and 68°. The two anhydrides give different 
anilic acids (LX) and (LX1), and these on dehydration give a pair of 
anils (LXT1) and (LXIII). 
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The stereoisomeric imides (LVI and LVII), which constituted 
the neutral fraction of the above hydrolysis, were separated by 
fractional crystallisation from acetone and converted into the corre- 
sponding succinic acids by hydrolysis with aqueous potassium hydr- 
oxide. 

Corresponding members of the two series of compounds differ 
widely in melting point and considerably in solubility (the lower- 
melting members are much more soluble than the higher-melting 
ones). 

trans-Hexahydro-2-hydrindone reacts with ethyl bromoacetate in 
presence of zinc to form the hydroxy-ester (LXIV), which on de- 
hydration with phosphorus oxychloride is converted into ethyl trans- 
hexahydroindenyl-2-acetate (LXV): this on hydrolysis gives the 
corresponding By-unsaturated acid (LXVI). 


OH 


(VIL) (LXIV.) | (LXV.) | 
(,H,,>C:CH-CO,H <- CsHu>CC OH .CO,H C,H,;>C-CH,CO,H 
(LXVIIL.) (LXVILI.) ™ (LXVI.) 
OAc (LXIX.) 


CgHy>C<q H,:CO,H 


The dehydration of the hydroxy-ester with thionyl chloride by 
Darzens’ method (Compt. rend., 1911, 152, 1601) gives a mixture of 
x- and By-esters in which there is a considerable proportion of the 
former, as shown by the ratio of «8- to By-acid formed on hydrolysis, 
The hydroxy-acid (LXVII), when boiled under reflux with acetic 
anhydride for six hours, gives trans-hexahydrohydrindylidene-2- 
acetic acid (LXVIII). Gentle boiling with acetic anhydride pro- 
duces the acetyl derivative (LXIX)—a result which suggests that 
acetylation precedes dehydration in this reaction. This substance 
on further boiling with acetic anhydride is converted into the acid 
(LXVITI). 

cis-Hexahydro-2-hydrindone reacts similarly but less vigorously 
with ethyl bromoacetate. 

In these condensations by the Reformatsky reaction the best 
yields of the hydroxy-ester are obtained when the reaction is allowed 
to proceed as vigorously as is consistent with safety, and the reaction 
mixture then heated on the steam-bath for 20 minutes. The un- 
changed ketone is easily recovered and may be again used for con- 
densation with ethyl bromoacetate. The process, repeated twice, 
gives an excellent yield of the hydroxy-ester, even in the case of the 
cis-ketone. If, however, the reaction is checked by premature 
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cooling during the early stages, and the mixture subsequently sub- 
mitted to prolonged heating, the ketone undergoes self-condensation 
and a mixture of «8- and sy-hexahydrohydrindylidenehexahydro-2. 
hydrindones is formed in considerable quantit y. This fraction of the 
distillate boils 20° higher than the hydroxy-ester under reduced 
pressure and is therefore easily separated therefrom. 


H, CH, 
Hof 1 os, 


wee H. 5 y CO 
at 
H, CH itis 








H, CH, H, CH, 
He\ VA_/ \CH,CO,Et Ha YA / Non 
H, CH, (A) H, CH, ~~ (B) 
| | (LXX.) | 
H, CH, | H, CH, 
- > { ‘ 
HWA 7 cu CoH YH my \ou 
H, CH, H, GH, 
(LXXL.) A a (LXXIL.) 
| P| ia C-CH,-CO,Et 
- (LXXIIL.) 
H, CH, 
Fou ™ 
Wf SC-CH,-CO,H 
re (LX XIV.) 
H, CH 
H, CH, | 





a | 
Hy et \e:cH-00.8 <— 
\A\ 4 (LXXV.) 


Ethyl 2-hydroxy-cis-hexahydrohydrindene-2-acetate, which is prob- 
ably a mixture of two stereoisomerides, gives on hydrolysis a solid, 
m. p. 70—75°, which is separated by repeated crystallisation from 
petrol into two isomerides, m. p. 84° and 130°. The «- and the 
®y-unsaturated acid were obtained in the usual way. 

With regard to the possibility of stereoisomerism in this series 
the following diagrams indicate that the asymmetric carbon atoms 
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4 and 9 in the trans-ketone possess equivalent rotation and conse- 
quently no new centre of asymmetry is created (Hiickel and Fried- 
rich, loc. cit.) by the replacement of the carbonyl oxygen by two dis- 
similar groups R, and R,. Such a replacement should therefore 
give one racemic compound. On the other hand, in the cis-series, 
the presence of two unlike groups R, and R, would give rise to two 
meso-forms. The isolation of single individuals in the case of the 
succinic acid, anilic acid, and hydroxy-acid in the trans-series and of 
two isomerides of the corresponding cis-compounds is ample con- 
firmation of Mohr’s theory as regards isomerism. Further, Ingold 
(Ann. Reports, 1924, 21, 92) has pointed out that Mohr’s postulate 
allows no interconversion of the cis- and trans-forms unless brought 
about by the unlikely occurrence of temporary rupture of one of the 
bonds. In accordance with this, no conversion, under any of the 
experimental conditions employed, of a trans-compound into the 
cis- has been observed. Another remarkable feature (compare Rao, 
loc. cit.) is the persistence of isomerism even when the two dissimilar 
groups R, and R, form part of the ring, as exemplified in the form- 
ation of two anhydrides (LVIII and LIX) and two imides (LVI 
and LVII). 


ND. a Na o/ Be a ¢ Re € Ry 
NI/ py WAS on, VA Na, 
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The resolution of : rsaneeaeemneaeanta al 
acid which is now in progress will form the subject of a future 
communication. 

EXPERIMENTAL, 
trans-Series. 

trans-cycloHexane-1 : 2-diacetic Acid (V).—trans-8-Decalol (m. p. 
75°) was converted into trans-8-decalone (b. p. 120°/18 mm.) by 
oxidation with chromic acid (Hiickel, Annalen, 1925, 441, 1; Rao, 
J., 1929, 1961). For the isolation of the ketone it was found advan- 
tageous to dilute the mixture with water (5 vols.), remove the pre- 
cipitated decalone, and extract the aqueous solution twice with 


ether. 
Concentrated nitric acid (1 1.), contained in a round-bottomed 


flask fitted with a reflux condenser and a dropping-funnel, was 
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heated to its boiling point. The heating was then stopped, and 
trans-8-decalone (500 g.) added dropwise at such a rate that the 
reaction proceeded sufficiently vigorously to ensure instantaneous 
oxidation of the ketone as it dropped into the reaction mixture, 
(If this procedure is not adopted, trans-cyclohexane-1 : 2-diacetic 
acid resulting from the oxidation forms a solid scum which hinders 
further oxidation, and when the mixture is heated the accumulated 
ketone reacts with explosive violence.) The mixture was heated for 
45 minutes after the trans-8-decalone had been added, and on the 
next day the crystalline deposit was removed and washed with a 
little ice-cold water. The filtrate continued to deposit crystals for 
a few weeks, and again after being concentrated to half its bulk and 
kept for several days. The later crops were contaminated with 
1-carboxy-trans-cyclohexane-2-propionic acid. Total yield, 420 g. 
The trans-cyclohexane-1 : 2-diacetic acid crystallised from alcohol in 
plates, m. p. 167° (compare Hiickel and Friedrich, loc. cit.). 

Preparation of trans-Hexahydro-2-hydrindone (V1) from trans. 
cycloHexane-1 : 2-diacetic Acid.—When an intimate mixture of 
trans-cyclohexane-1 : 2-diacetic acid (100 g.) and finely powdered, 
crystallised barium hydroxide (7 g.) was slowly heated, water 
distilled just above the melting point of the acid and a colourless 
mobile liquid at 260—270°. The aqueous layer in the distillate 
was twice extracted with ether and the extracts together with the 
ketone were washed with aqueous potassium carbonate, dried, and 
distilled. trans-Hexahydro-2-hydrindone boiled at 90°/11 mm. and 
had n\i" 1-47692, di? 0-9815; it readily gave a semicarbazone, which 
crystallised from alcohol in silvery plates, m. p. 243° (compare 
Hiickel and Friedrich, loc. cit.). 

Condensation of trans-Hexahydro-2-hydrindone with Ethyl Cyano- 
acetate : Ethyl trans-Hexahydrohydrindylidene-2-cyanoacetate (XX X]1). 
—A mixture of trans-hexahydro-2-hydrindone (100 g.), ethyl 
cyanoacetate (82 g.), and piperidine (2 c.c.) was kept at room temper- 
ature for 48 hours, heated on the steam-bath for 3 hours, and poured 
into water. The oil produced was dissolved in ether, washed with 
dilute hydrochloric acid and with water, dried, and recovered. On 
distillation under diminished pressure, the unchanged ketone and 
ethyl cyanoacetate passed over first, and then the unsaturated 
cyano-ester (130 g.) at 190°/10 mm. The latter distillate solidified 
completely. 

Ethyl trans-hexahydrohydrindylidene-2-cyanoacetate is extremely 
soluble in all solvents; it crystallises very slowly from light petrol- 
eum (b. p. 40—60°) in hard plates, m. p. 55° (Found: C, 71:8; 
H, 8:3. ©,,H,,O,N requires C, 72-1; H, 82%). It is readily 
oxidised with cold 1% potassium permanganate solution to the 
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parent ketone, which is identified by its characteristic odour and by 
means of its semicarbazone. 

Reduction with moist aluminium amalgam. Preparation of ethyl 
:-trans-hexahydrohydrindyl-2-cyanoacetate (XLI). The unsaturated 
eyano-ester (20 g.) was reduced with aluminium amalgam (40 g.) in 
moist ether (Vogel, loc. cit.). There was no induction period. The 
reaction, initially vigorous, slackened after 2 hours; a small quantity 
of water was then added to quicken it. The product was worked up 
in the usual manner after 20 hours and distilled : ethyl r-trans-hexa- 
hydrohydrindyl-2-cyanoacetate (XLI) (15 g.) passed over at 180— 
183°/18 mm. The residue (3 g.), which solidified to a transparent 
glassy mass, crystallised from aqueous alcohol in nodules, m. p. 
104—106°. The unimolecular reduction product, on redistillation, 
boiled at 178°/15 mm. and had njj” 1-4700, di 1-021, whence 
[R,]» 64-4 (cale., 63-91) (Found: C, 71-6; H, 9-2. C,,H,,O.N re- 
quires C, 71-5; H, 9-0%). 

The anilide was prepared by heating a mixture of the ester and 
aniline at 180—185° for 6 hours. The cooled product, treated with 
dilute hydrochloric acid, yielded an oil which, after being triturated 
with concentrated hydrochloric acid, solidified and then crystallised 
from ethyl alcohol in bundles of needles, m. p. 150° (Found: C, 
76-6; H, 7-9. C,gH,.ON, requires C, 76-6; H, 7-8%). 

Hydrolysis of the Ester (XLI). Preparation of trans-Hexahydro- 
hydrindyl-2-malonic Acid (XLIII).—A solution of the ester (15 g.) 
in rectified spirit (24 c.c.) was mixed with a solution of potassium 
hydroxide (30 g.) in water (60 c.c.) and refluxed until the evolution 
of ammonia practically ceased (30 hours). After removal of alcohol 
by evaporation, the residue was diluted with water, extracted once 
with ether to remove any unchanged ester, and acidified with dilute 
sulphuric acid. trans-Hexahydrohydrindyl-2-malonic acid, which 
then crystallised (12 g.), separated from anhydrous formic acid in 
long needles (plates when crystallisation is slow), m. p. 181—182° 
(dlecomp.) (Found: C, 63-6; H, 8-1; equiv., by titration, 113. 
(9H, 0, requires C, 63-7; H, 80%; equiv., 113). 

The methyl ester, prepared by the action of methyl-alcoholic 
hydrogen chloride on the acid, boiled at 138°/13 mm., and had nj} 
14721, di? 1-067, whence [R,]p 66-71 (calc., 66-73) (Found: C, 
659; H, 8-75. C,,H,.0, requires C, 66-1; H, 8-6%). 

The dianilide is sparingly soluble in benzene and chloroform. It 
crystallised from a large volume of alcohol in silky needles, m. p. 
296° (Found : C, 76-7; H, 7-6. ©,,H,,0,N, requires C, 76-6; H, 
74%). 

trans-Hexahydrohydrindyl-2-acetic Acid (XLIV).—The acid 
(XLII) was kept at 190-—195° for 2 hours. The hard cake obtained 
HH2 
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on cooling was powdered and boiled with light petroleum (b. p. 
60—80°). trans-Hexahydrohydrindyl-2-acetic acid crystallised from 
the filtered solution in lustrous plates, m. p. 120° (Found : C, 72-4: 
H, 9-9; equiv., by titration, 181-5. C,,H,,0, requires C, 72-5; 
H, 9-9%; equiv., 182). 

The ethyl ester boiled at 138°/18 mm. and had nj}* 1-4643, di* 
0-9627, whence [R,], 59-5 (calc., 60-0) (Found: C, 74:3; H, 10-4. 
C,H 90, requires C, 74:3; H, 10-5%). 

The anilide, which could not be prepared from the ester but was 
readily formed when a mixture of the acid and aniline was heated at 
160°, crystallised from alcohol in needles, m. p. 135° (Found: C, 
79-6; H, 8-7. C,,H,,ON requires C, 79-4; H, 8-9%). 

Methylation of Ethyl trans-Hexahydrohydrindylidene-2-cyanoacet- 
ate.—Methyl iodide (18 c.c.) was added slowly to the red solution 
formed by the addition of the unsaturated cyano-ester (40 g.) to 
a solution of sodium (4 g.) in absolute ethyl alcohol (60 ¢.c.). When 
the vigour of the reaction had abated, the mixture was gently re. 
fluxed on the water-bath for 30 minutes and poured into water. 
The precipitated oil was extracted with ether, washed, dried, 
and distilled, ethyl «-cyano-«-trans-hexahydroindenyl-2-propionate 
(XXXII) passing over at 175°/16 mm. This reacted rapidly with 
bromine in chloroform solution (Found: C, 72-7; H, 86. 
C,;H,,O,N requires C, 72-9; H, 8-5%). 

a-trans-Hexahydrohydrindylidene-2-propionitrile (XX XIII).—The 
above methylated ester was added to a solution of sodium in absolute 
methyl alcohol (30 c.c.), and the mixture kept at 35° for4 hours. The 
oil precipitated on addition of water was extracted with ether, 
washed, dried, and distilled after the removal of the solvent. On 
redistillation, «-trans-hexahydrohydrindylidene-2-propionitrile, b. p. 
153°/15 mm., was obtained as a colourless mobile liquid, which 
gradually solidified ; it then crystallised from light petroleum (b. p. 
40—60°) in long needles, m. p. 60° (Found: C, 82:0; H, 96. 
C,.H,;N requires C, 82-3; H, 9-7%). Oxidised with potassium 
permanganate, it gave trans-hexahydro-2-hydrindone, identified by 
means of its semicarbazone. 

trans-Hexahydrohydrindylidene-2-cyanoacetic Acid (XXVIII).— 
(1) trans-Hexahydro-2-hydrindone (20 c.c.) was mixed with ethyl 
sodiocyanoacetate (obtained from ethyl cyanoacetate, 17 c.c.; 
sodium, 2-5 g.; and absolute alcohol, 70 c.c.) and heated on the 
steam-bath for 2 hours. The mixture was diluted with water and 
extracted twice with ether to remove any unchanged ketone. The 
oil precipitated on acidification of the solution was extracted with 
ether, washed, and dried, and the solvent removed. The residue 
solidified almost completely and melted at 158—162° after removal 
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of a slight trace of oily impurity by spreading on a porous tile. 
trans-Hexahydrohydrindylidene-2-cyanoacetic acid crystallised from 
benzene in short silky needles, m. p. 179° (decomp.) (Found: C, 
70:1; H, 7-5; equiv., by titration, 205. C,,H,,;0O,N requires C, 
70:2; H,7-3%; equiv., 205). It was readily oxidised by potassium 
permanganate. 

(2) Condensation of trans-hexahydro-2-hydrindone with cyanoacetic 
acid. A mixture of the hydrindone (13 g.), cyanoacetic acid (7 g.), 
and piperidine (2 c.c.) was kept at room temperature for 2 hours, 
heated on the steam-bath for 4 hours, diluted with water, acidified, 
and extracted with ether. The unsaturated cyano-acid (XXVIII), 
purified by extraction with sodium bicarbonate solution, melted at 
174—176°. 

(3) From trans-hexahydrohydrindylidene-2-cyanoacetamide (XXV). 
A 20% solution of sodium nitrite (20 c.c.) was added very gradu- 
ally and with constant stirring to a solution of the unsaturated 
cyano-amide (3 g.) in concentrated sulphuric acid (15 c.c.). After 
2 hours, the mixture was heated on the steam-bath for } hour, 
cooled, and diluted with water. The unsaturated cyano-acid, thus 
obtained in almost quantitative yield, gave the ester (XX XI) on 
esterification with ethyl-alecoholic hydrogen chloride. 

trans-Hexahydroindenyl-2-acetonitrile (XX XIV).—On distillation 
under reduced pressure, the unsaturated cyano-acid (X XVIII) lost 
carbon dioxide and was converted quantitatively into the nitrile 
(XXXIV). The distillate was dissolved in ether, washed with 
sodium bicarbonate solution, and dried, and the solvent removed. 
trans-Hexahydroindenyl-2-acetonitrile distilled at 136°/14 mm. as a 
colourless mobile liquid, having the characteristic odour of unsatur- 
ated nitriles; nj§° 1-4956, d\* 0-9690, whence [R,], 47-98 (calc., 
47-95) (Found: C, 82-0; H, 9-4. C,,H,,;N requires C, 82-0; H, 
93%), 

Condensation with piperonal. Piperonal (1-3 g.) and the nitrile 
(l c.c.) were mixed with a-solution of sodium (1-2 g.) in alcohol and 
kept at room temperature for 24 hours. The solid formed crystal- 
lised from dilute alcohol in clusters of needles, m. p. 225° (Found : 
C,77-5; H, 6-7. C, 5H, g0,N requires C, 77-8; H, 6-5%). 

Condensation with cyanoacetamide. The nitrile (1 c.c.), mixed 
with the sodio-compound prepared from cyanoacetamide (1-6 g.), 
sodium (6 g.), and alcohol (15 c.c.), was heated on the steam-bath 
for 2 hours, ammonia being evolved. The solid formed on dilution 
of the solution melted at 308° and dissolved in dilute mineral acids. 
When it was boiled with concentrated hydrochloric acid for a short 
time, it was converted into the imide of «-cyano-trans-hexahydro- 
hydrindene-2 : 2-diacetic acid (XL), which crystallised from dilute 
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alcohol in long slender needles, m. p. 224° (Found: C, 68-0; H, 
7-4. C©,,H,,0O,N, requires C, 68-3; H, 7-3%). This on hydrolysis 
with 60° sulphuric acid gave trans-hexahydrohydrindene-2 : 2. 
diacetic acid. 

Action of Alcoholic Sodium Ethoxide on the Ester (XXXI1).—The 
ester was refluxed for 2 hours with a solution of sodium (2-8 g.) in 
ethyl alcohol (80 ¢.c.). After evaporation of the alcohol, the pro. 
duct was diluted with water, the unchanged ester extracted in ether, 
and the aqueous liquid acidified. The semi-solid obtained was 
extracted with a large volume of ether, washed, dried, and recovered. 
Sparingly soluble in most solvents, it crystallised from much alcohol 
in shining plates, m. p. 265°. The constitution of the swhstance has 
not yet been established (see p. 929) (Found: C, 74:3; H, 7-5, 
CygH3.0,N, requires C, 74-3; H, 7-6%). 

Condensation of Ethyl trans-Hexahydrohydrindylidene-2-cyano- 
acetate with Alcoholic Potassium Cyanide. Preparation of 2-Carboxy- 
trans-hexahydrohydrindene-2-acetic Acid (XLVI).—When solutions | 
of potassium cyanide (65 g.) in water (170 c.c.) and of ethyl trans. |. 
hexahydrohydrindylidene-2-cyanoacetate (130 g.) in rectified spirit |, 
(650 c.c.) were mixed, considerable heat was developed and crystals 
of the addition compound soon separated. After 48 hours, alcohol 
was distilled off under diminished pressure, and the residue boiled 
with concentrated hydrochloric acid for 24 hours. The mixture 
was then freely diluted with water and extracted with ether. The 
acid was freed from the imide by extraction with aqueous sodium 
bicarbonate. On acidification of the alkaline extract, 2-carboxy- 
trans-hexahydrohydrindene-2-acetic acid separated. It crystallised in 
plates from aqueous acetone and in feathery needles from much 
boiling water; m. p. 202° (decomp.) (Found: C, 63-8; H, 8-0; 
equiv., by titration, 113. C,.H,,0, requires C, 63-7; H, 7-9%; 
equiv., 113). 

The methyl ester boils at 172°/30 mm. and has nj}? 1-47526, 
dis* 1-083, whence [R,]p 66-0 (calc., 66-16) (Found: C, 66-2; H, § 1 
9-2. C,,H,.0, requires C, 66-1; H,8-6%). The ethyl ester has b. p. Fy 
176°/14 mm. and njj* 1-46876, di** 1-043, whence [R;]p 752 F . 
(cale., 75-0) (Found: C, 68-1; H, 9-2. C,gH 0, requires C, 68-1; f , 
H, 9-2%). The p-tolylimide crystallised from alcohol in compact f 
shining needles, m. p. 154° (Found: C, 76-9; H, 7-7. C,,H.,0.N 
requires C, 76-8; H, 7-7%). 

The anhydride (XLVII1), prepared by refluxing the acid with acetic 
anhydride for 2 hours, distilled at 190°/15 mm. and solidified in the 
receiver. It crystallised from light petroleum (b. p. 60—80°) in 
clusters of silky needles, m. p. 181° (Found: C, 69-0; H, 8. 
C,.H,,0, requires C, 69-2; H, 7-7%). 
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The anilic acid was prepared by mixing the anhydride and aniline 
in benzene solution. The benzene was evaporated, the residue 
dissolved in ether, and the anilic acid extracted with sodium bicar- 
bonate solution. It crystallised from hot water in silky needles, 
m. p. 185° (decomp.) (Found: C, 71-7; H, 7-9. C,,H,,0,N re- 
quires C, 71-8; H, 7-6%). 

The methyl hydrogen ester of 2-carboxy-trans-hexahydrohydrindene- 
2-acetic acid, obtained by the action of the theoretical amount of 
alcoholic sodium methoxide on the anhydride and subsequent 
acidification, crystallised from petrol in clusters of needles, m. p. 124° 
(Found: C, 64-7; H, 8-1; equiv., by titration, 239-8. C,H. 0, 
requires C, 65-0; H, 8-3%; equiv., 240). On distillation under 
reduced pressure, it was completely reconverted into the anhydride. 

Imide of  2-carboxy-trans-hexahydrohydrindene-2-acetic acid 
(XLVII). The ethereal solution remaining after the extraction of 
the acid (XLVI) with aqueous sodium bicarbonate (above) gave the 
imide on evaporation of the solvent. This crystallised from alcohol 
in prismatic needles, m. p. 258° (Found: C, 69-8; H, 8-3. 
C,H ,,0O,N requires C, 69-6; H, 8-2%). 

trans-Hexahydrohydrindene-2-cyanohydrin (LII).—This was ob- 
tained from trans-hexahydro-2-hydrindone by Ultée’s method 
(Rec. trav. chim., 1909, 28,1). The separation of the bisulphite com- 
pound was very slow and took 2 days. The cyanohydrin was distilled 
under diminished pressure after the addition of two drops of con- 
centrated sulphuric acid; b. p. 165°/15 mm. (slight decomp.) 
(Found: C, 73-1; H, 9-4. C,)H,,ON requires C, 72-7; H, 9-1%). 
When boiled with concentrated hydrochloric acid, it was converted 
into 2-hydroxy-trans-hexahydrohydrindene-2-formic acid, which 
crystallised from light petroleum (b. p. 60—80°) in shimmering 
scales, m. p. 134° (Found: C, 65-0; H, 8-6. ©, )H,,0, requires 
C, 65-2; H, 8-7%). 

Ethyl 2-Cyano-trans-hexahydrohydrindene-2-cyanoacetate (XLV).— 
To a well-cooled solution of the cyanohydrin (16 g.) in absolute ethyl 
alcohol (16 c.c.) was gradually added with vigorous shaking a 
suspension of ethyl sodiocyanoacetate prepared from ethyl cyano- 
acetate (11-3 g.) and sodium (2-2 g.) dissolved in ethyl alcohol (30 
cc.). The mixture, after being kept at room temperature for 24 
hours, was diluted freely with water and acidified with dilute hydro- 
chloric acid and the precipitated oil was extracted with ether and 
distilled ; the dicyano-ester boiled at 212°/15 mm. (Found : C, 69-3; 
H,7-5. ©, ;H,,0,N, requires C, 69-2; H,7-7%). When hydrolysed 
with 50% sulphuric acid, the dicyano-ester is converted into the acid 
(XLVI), m. p. 202°. 
2-C'yano-trans-hexahydrohydrindene-2-cyanoacetic Acid (L) and 
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the Imide of 2-Carboxy-trans-hexahydrohydrindene-2-cyanoacetic Acid 
(XLIX).—The addition compound of potassium cyanide and the 
cyano-ester (XX XI) was diluted with water and acidified with cold 
2N-hydrochloric acid, and the precipitated oil shaken with ether, 
The solid insoluble in this solvent was identified as the cyano-imide 
(XLIX). The substances in the ethereal extract were separated 
into acid and neutral fractions by extraction with a solution of 
sodium bicarbonate. 2-Cyano-trans-hexahydrohydrindene-2-cyano- 
acetic acid crystallised from aqueous alcohol in needles, m. p. 154° 
(Found: C, 67-0; H, 6-7; equiv., by titration, 231. C,,H,,0,N, 
requires C, 67-2; H, 6-9%; equiv., 232). 

The dicyano-acid (L), when heated at 160° for 2 hours, was con- 
verted with loss of carbon dioxide into 2-cyano-trans-hexahydro- 
hydrindene-2-acetonitrile (LI), which partly sublimed in needles, 
It crystallised from light petroleum (b. p. 60—80°) in soft needles, 
m. p. 179° (sintering at 175°) (Found: C, 76-8; H, 8-4. C,,H,,N, 
requires C, 76-6; H, 8-5%). 

The ethereal extract, after the removal of the acid fraction, was 
washed and dried and the solvent removed. The solid residue, which 
proved to be the imide (XLIX), crystallised from water in prisms, 
m. p. 173° (Found : C, 67-3; H, 7-1. C,,H,,0,N, requires C, 67-2; 
H, 6-9%). 

Condensation of trans-Hexahydro-2-hydrindone with Ethyl Cyano- 
acetate. Preparation of the -Imide of trans-Hexahydrohydrindene- 
2 : 2-dicyanoacetic Acid (X1).—Absolute ethyl] alcohol (1 1.), cooled in 
a freezing mixture and saturated with dry ammonia, was mixed with 
ethyl cyanoacetate (4 mols.) and trans-hexahydro-2-hydrindone 
(276 g.) and kept at room temperature for 2 weeks. The ammonium 
salt produced was washed with a little aleohol and with ether, and 
decomposed with boiling dilute hydrochloric acid. The imide 
obtained was washed with boiling water and dried. The alcoholic 
filtrate, partly freed from ammonia by a current of air, was largely 
diluted, extracted with ether to remove unchanged ketone, and 
acidified, a further quantity of the imide being precipitated (total 
yield, 60%). The «w-imide of trans-hexahydrohydrindene-2 : 2-di- 
cyanoacetic acid was sparingly soluble in all organic solvents and 
crystallised from ethyl alcohol in pearly plates, m. p. 291° (Found: 
C, 66-3; H, 6-4; N, 15-2. C,;H,,O,N, requires C, 66-4; H, 6:3; 
N, 15-5%). 

w-Imide of  ««’-Dicarbamyl-trans-hexahydrohydrindene-2 : 2-di- 
acetic Acid (XIV).—When a solution of the dicyano-imide in ten 
times its weight of cold concentrated sulphuric acid was kept at 
room temperature for 24 hours and poured on ice, the dicarbamy 
compound separated as a fine solid which crystallised from hot water 
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in silvery scales, m. p. 260° (Found: C, 58-4; H, 6-9. C,;H,,0,N, 
requires C, 58-6; H, 6-8%). 

Hydrolysis of the Dicyano-imide : Preparation of trans-Hexahydro- 
hydrindene-2 : 2-diacetic Acid (XV).—The dicyano-imide (100 g.), 
dissolved in concentrated sulphuric acid (500 c.c.), was kept at room 
temperature for 24 hours, diluted with water (450 c.c.), and boiled 
under reflux for 30 hours. The mixture was then cooled and diluted, 
and the precipitated solid filtered off. The acid was separated from 
a small quantity of the imide present by extraction with a dilute 
solution of sodium bicarbonate. 

trans-Hexahydrohydrindene-2 : 2-diacetic acid, which is sparingly 
soluble in ether, benzene, and chloroform, crystallises from acetone in 
lustrous stellate clusters of short needles, m. p. 224° (decomp.). 
It is unchanged on being boiled with alkali or concentrated hydro- 
chloric or hydrobromic acid (Found: C, 65-1; H, 8-4; equiv., by 
titration, 127. C,H, 0, requires C, 65-0; H, 83%; equiv., 120). 

The methyl ester boils at 172°/15 mm. and has nj” 1-4769 and di?” 
1-074, whence [R,], 70-40 (calc., 70-38) (Found: C, 67-3; H, 9-1. 
C,;H.,O, requires C, 67-1; H, 8-9%). The ethyl ester distils at 
182°/16 mm, and has nj” 1-4687 and dj?” 1-043, whence [R,]p 
75:20 (cale., 75-0) (Found : C, 68-7; H, 9-3. C,,H,,O, requires C, 
68-9; H, 95%). The di-p-toluidide crystallises from alcohol in 
slender needles, m. p. 197° (Found: C, 77-3; H, 8-2. C,,H,,0,N, 
requires C, 77-5; H, 8-1%). 

The anhydride (XVII) was obtained by boiling the acid with 
acetic anhydride (2 mols.) for 3 hours and distilling the excess of the 
latter under diminished pressure. The residue solidified in a vacuum 
over caustic potash. The anhydride crystallised from light petrol- 
eum (b. p. 60—80°) in rosettes of flat needles, m. p. 107° (Found : 
',70-4; H, 8-3. C,,H,,0, requires C, 70-3; H, 8-1%). 

The anilic acid (XVIII) crystallised in a few minutes when 
benzene solutions of the anhydride and aniline were mixed. Spar- 
ingly soluble in cold benzene, it crystallised from hot benzene in short 
needles, m. p. 203° (Found: C, 72:2; H, 8-0. C,gH,;0,N requires 
(, 72-4; H, 7-9%). 

The anil (XIX) was obtained by keeping the anilic acid at 210° 
until the evolution of water vapour ceased and triturating the 
residue with dilute aqueous ammonia to remove any unchanged acid. 
It crystallised from alcohol in lustrous scales, m. p. 197° (Found : 
C, 76-6; H, 7-8. Cy 9H,,0,N requires C, 76-8; H, 7-7%). 

Methyl Hydrogen trans-Hexahydrohydrindene-2 : 2-diacetate.—To 
an ice-cold solution of the anhydride (20 g.) in absolute methyl 
alcohol (15 ¢.c.) was gradually added a solution of sodium (2-3 g.) in 
methyl alcohol (30 c.c.). After the removal of alcohol, the residue 
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was diluted and extracted with ether to remove any unchanged 
anhydride. The heavy oil precipitated from the aqueous solution 
on acidification was extracted with ether, washed, dried, and re. 
covered. The methyl hydrogen ester, which partly solidified in a 
vacuum after 1 week, was dried on a porous tile and crystallised 
from petrol, separating slowly in prisms, m. p. 73° (Found: ©, 
66-2; H, 8-6; equiv., by titration, 253-5. C,,H,.0O, requires (, 
66-1; H, 8-6%; equiv., 254). 

Preparation of the ww’-Di-iminodi-imide of trans-Hexahydro- 
hydrindene-2 : 2-dimalonic Acid (XXVI) and of «-Cyano-trans. 
hexahydrohydrindylidene-2-acetamide (X XV).—The filtrate after the 
separation of the ammonium salt (XII), on resaturation with 
ammonia at 0° and keeping for one week, deposited a considerable 
quantity of solid (40 g. from 1 g.-mol. of ketone). This was boiled 
with a limited quantity (150 c.c.) of absolute ethyl alcohol. The 
filtered solution, on concentration to a small bulk, deposited lustrous 
plates, m. p. 149° (slow crystallisation from aqueous methyl alcohol 
gives rise to stellate clusters of prismatic needles), of the unsaturated 
cyano-amide (X XV) (see below). 

The solid, m. p. 284°, insoluble in alcohol formed the main bulk of 
the mixture and was practically insoluble in all organic solvents, 
It, however, dissolved in dilute mineral acids and was reprecipitated 
by sodium acetate solution. It was converted by boiling dilute 
hydrochloric acid into the ww’-di-imide (X XVII) of trans-hexahydro- 
hydrindene-2 : 2-dimalonic acid, which was sparingly soluble in all 
the usual solvents and crystallised from glacial acetic acid in short 
needles, m. p. 308° (Found : C, 62-3; H, 6-1. C,;H,,0,N, requires 
C, 62-1; H, 6-2%). 

Condensation of trans-Hexahydro-2-hydrindone with Cyanoacet- 
amide.—To a solution of cyanoacetamide (16 g.) in the minimum 
amount of water was added trans-hexahydro-2-hydrindone, together 
with sufficient alcohol to ensure solution. Piperidine (1 c.c.) 
having been added, crystals began to be deposited after 4 hours. 
a-Cyano-trans-hexahydrohydrindylidene-2-acetamide (6 g.), which had 
separated after 10 hours, crystallised from alcohol in needles, m. p. 
149° (Found: C, 70-5; H, 7-9. C©,,H,,ON, requires C, 70-6; 
H,7-8%). More piperidine was added to the filtrate and the crystals 
which separated were collected at intervals of 24 hours (8 g.). 
These were identical with the di-iminodi-imide (X XVI) obtained 
above. 

Condensation of trans-Hexahydro-2-hydrindone with Ethyl Bromo- 
acetate: Preparation of Ethyl 2-Hydroxy-trans-hexahydrohydrindene- 
2-acetate (LXIV)—A mixture of trans-hexahydro-2-hydrindone 
(69 g.), ethyl bromoacetate (53 g.), zinc filings (35 g.), and dry 
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benzene (175 ¢.c.) was warmed on the steam-bath. When reaction 
subsided, the mixture was heated on the water-bath for 20 minutes, 
cooled, and decomposed with ice and dilute sulphuric acid, the 
benzene layer was separated, and the aqueous solution extracted 
once with ether. The combined benzene and ethereal solutions 
were washed successively with 20% sulphuric acid, 10% caustic soda 
solution, and water and dried and the solvents were removed. On 
distillation of the residue under diminished pressure, unreacted 
ketone passed over first (110°/15 mm.), then ethyl 2-hydroxy-trans- 
hevahydrohydrindene-2-acetate at 160°/16 mm. (Found: C, 68-7; 
H, 9-8. C,3H,.0, requires C, 69-0; H, 9-7%), and finally a small 
fraction (5 g.) at 190°/16 mm. The hydroxy-acetate had nj} 1-47279 
and di? 1-038, whence [R,]p 61-0 (cale., 61-12). 

The last fraction of the distillate, which partly solidified, was 
triturated with a little light petroleum (b. p. 40—60°) and crystallised 
several times from petrol, needles, m. p. 126°, being finally ob- 
tained. This substance was identified as trans-hexahydrohydindyl- 
idenehexahydro-2-hydrindone (Found: C, 83-8; H, 10-0. C,,H,,O 
requires C, 83:7; H, 10-1%). The mother-liquors, when concen- 
trated and kept in a vacuum, deposited small cubes, m. p. 86—87°, 
more soluble than the first solid. The pure fy-isomeride has not 
been isolated. 

The ketone of m. p. 126° readily gave a semicarbazone, which 
crystallised from alcohol in prismatic needles, m. p. 140° (Found : 
C,71-0; H, 9-5. C,.H,,ON, requires C, 71-3; H, 9-6%). 

2-Hydroxy-trans-hexahydrohydrindene-2-acetic acid (LXVII) was 
produced when its ester was mixed with aqueous-alcoholic potassium 
hydroxide (20% excess) and kept for 3 days. After distillation of 
the aleoholin a vacuum, the residue was diluted with water, extracted 
with ether to remove any unchanged ester, and acidified. The 
hydroxy-acid, precipitated as a heavy oil and isolated by means of 
ether, crystallised from light petroleum (b. p. 60—80°) in stellate 
clusters of flat needles, m. p. 91° (Found : C, 66-5; H, 9-1; equiv., 
198. C,,H,,0, requires C, 66-7; H, 9-1%; equiv., 198). 

Dehydration of the Hydroxy-acid.—(1) Preparation of trans-hexa- 
hydrohydrindylidene-2-acetic acid (LXVIII). The hydroxy-acid 
was mixed with acetic anhydride (5 mols.) and boiled under reflux 
for 6 hours. The excess of acetic anhydride was removed under 
diminished pressure, and the residue steam-distilled until a litre of 
distillate had been collected. As the «$-acid was not very volatile in 
steam, the residual acid, which completely solidified on cooling, was 
freed from water and crystallised from light petroleum (b. p. 60— 
80°), trans-hexahydrohydrindylidene-2-acetic acid separating in stell- 
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ate clusters of prismatic needles, m. p. 155° (Found: C, 73-2; H, 
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9-0; equiv., by titration, 180. C,,H,,0, requires C, 73-3; H,8-9% ; 
equiv., 180). 

A solution of the «8-acid (LX VIII) in sodium carbonate is readily 
oxidised by a solution of potassium permanganate (1%) in the cold 
to the parent ketone, which is identified by its odour and by means of 
its semicarbazone, m. p. 242°. 

The acetyl derivative (LXIX) was obtained when the hydroxy-acid 
was gently boiled with acetic anhydride for 3 hours and the excess of 
the latter distilled under reduced pressure. After steam-distillation 
to remove acetic acid, the residual oil solidified and then crystallised 
from light petroleum (b. p. 60—80°) in rosettes of silky needles, m. p. 
106° (Found: C, 64-8; H, 8-4; equiv., 240. C,,H, 0, requires 
C, 65-0; H, 8-3%; equiv., 240). 

The dibromide, CgH,,>CBreCHBr-CO,H, was formed when a 
chloroform solution of the «8-acid and bromine was kept for 24 
hours. After spontaneous evaporation of the solvent, it was dried 
on a porous tile and crystallised from benzene-light petroleum (b. p. 
60—80°), forming well-defined cubes, m. p. 150° (Found : Br, 47-5. 
C,,H,,0,Br, requires Br, 47-1%). 

(2) Preparation of trans-hexahydroindenyl-2-acetic acid (LXYI1). 
(i) With phosphorus oxychloride. Phosphorus oxychloride (20 g.) and 
a solution of the hydroxy-ester (56 g.) in benzene (75 c.c.) were 
heated together on the steam-bath until the evolution of hydrogen 
chloride ceased. The oil thrown out on dilution of the solution was 
extracted with ether, washed with a solution of sodium carbonate, 
and recovered. The Sy-ester (LXV) boiled at 152°/15 mm. (Found : 
C, 75-1; H, 9-4. C,H 90, requires C, 75-0; H, 9-6%). 

(ii) With thionyl chloride (Darzens’ method, loc. cit.). Thionyl 
chloride (1 mol.) was added dropwise to an ice-cold solution of the 
hydroxy-ester (45 g.; 1 mol.) in pyridine (1 mol.). After being kept 
in ice for 2 hours, the reaction mixture was poured into water and 
acidified with dilute hydrochloric acid and the oil precipitated was 
extracted with ether, washed successively with hydrochloric acid, 
sodium carbonate and water, dried, and recovered (35 g.); it had 
b. p. 144°/11 mm. 

The unsaturated ester, hydrolysed with 15% aqueous-alcoholic 
potash at room temperature, gave the By-acid, which crystallised 
from light petroleum in rhombic prisms, m. p. 144° (Found: C, 
73-5; H, 88; equiv., by titration, 190-1. C,,H,,0, requires C, 
73-3; H, 8-9%; equiv., 180). 

Partial esterification. The acid from the above ester, which solidi- 
fied only to a small extent, was partially esterified by the method of 
Eccott and Linstead (J., 1929, 2153) : 30 g. of liquid acid gave 20 g. 
of ester, b. p. 144°/15 mm., and 10 g. of solid «8-acid. The former 
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had nj}* 1-47741, d}?* 0-9970, whence [R,]p 59-69 (calc., 59-0). 
The dibromide, C,H,,Br>CBr-CH,°CO,H, obtained from the By-acid 
crystallised from light petroleum in prisms, m. p. 146° (Found : Br, 
47-6. C,,H,,0,Br, requires Br, 47-1%). 

The hydrobromide was obtained by saturating an ice-cold solution 
of the «8- or the By-acid in chloroform with dry hydrogen bromide ; 
it crystallised from light petroleum in prisms, m. p. 97° (Found : Br, 
30-1. C,,H,,O,Br requires Br, 30-6%). 


cis-Series. 


cis-cycloHexane-1 : 2-diacetic Acid (IX).—cis-8-Decalone (b. p. 
116°/14 mm.), obtained by the oxidation of cis-8-decalol (m. p. 105°) 
with chromic acid, was oxidised with concentrated nitric acid to 
cis-cyclohexane-| : 2-diacetic acid (m. p. 160°) in about 30% yield. 
More of the acid (5°) was obtained by concentrating the filtrate and 
keeping it at room temperature for a few weeks. 

cis-Hexahydro-2-hydrindone (X).—cis-cycloHexane-| : 2-diacetic 
acid (100 g.), intimately mixed with powdered baryta (7 g.) and 
distilled from an air-bath, gave cis-hexahydro-2-hydrindone (55 g.), 
b. p. 110°/20 mm., 27)” 1-0021, d?* 0-997 (compare Hiickel and 
Friedrich, loc. cit.) ; the semicarbazone had m. p. 215°. 

w-Imide of cis-Hexahydrohydrindene-2 : 2-dicyanoacetic Acid.— 
cis-Hexahydro-2-hydrindone (69 g.) was condensed with ethyl 
eyanoacetate (113 g.) and alcoholic ammonia, as described in the 
case of the trans-ketone. After 4 weeks, the precipitate (15 g.) was 
removed and the filtrate diluted with water and extracted with ether 
to remove the unchanged ketone. The solution, after acidification 
with dilute hydrochloric acid, slowly deposited a solid (5 g.). Use of 
methyl in place of ethyl alcohol did not materially alter the yield. The 
cis-dicyano-imide crystallised from alcohol in small plates, m. p. 262° 
(Found: C, 65-9; H, 6-4. C,;H,,0,N, requires C, 66-2; H, 6-3%). 

cis-Hexahydrohydrindene-2 : 2-diacetic acid (XX) was obtained by 
the hydrolysis of the cis-dicyano-imide with 50% sulphuric acid 
(yield, 50%). It was sparingly soluble in benzene and chloroform, 
crystallised from aqueous acetone in prisms, m. p. 188° (Found : C, 
65-2; H; 8-1; equiv., by titration, 126-5. C,,H, 0, requires C, 
65-0; H, 8-39; equiv., 120), and was not attacked by boiling dilute 
alkali solution or concentrated hydrochloric or hydrobromic acid. 

The anhydride (X XI) crystallised from light petroleum (b. p. 
60—80°) in lustrous short plates, m. p. 88° (Found: C, 70-3; 
H, 8-2. C,,H,,0, requires C, 70-3; H, 8-1%). On decomposition 
with dilute alkali solution it was converted into the acid (XX). 

Anilic acids. When the anhydride was treated with aniline in 
benzene solution, a mixture of anilic acids was formed, one of which 
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separated from the solution after 1 week and crystallised from alcohol 
in rhombic prisms, m. p. 184° (Found : C, 72-3; H,8-1. Cj, gH,,0,N 
requires C, 72-4; H, 7-9%). The more soluble anilic acid was iso- 
lated by extraction with dilute sodium carbonate solution after 
evaporation of the benzene : after two crystallisations from aqueous 
acetone it melted at 180° (Found: C, 72-4; H, 8-0%). 

A mixture of the two anilic acids melted at 175—178°. 

The anil (X XIV), formed when either anilic acid was heated above 
its melting point, crystallised from dilute alcohol in plates, m. p. 140° 
(Found: C, 76-9; H, 7-8. C,)H,,0,N requires C, 76-8; H, 7-7°). 

Condensation of cis-Hexahydro-2-hydrindone with Cyanoacetamide. 
-~-This was carried out according to the method described earlier. 
The crystalline solids filtered off at intervals of 24 hours were found 
to be identical. «-Cyano-cis-hexahydrohydrindylidene-2-acetamide 
(X XIX) thus obtained crystallised from alcohol in light scales, m. p. 
118° (Found: C, 70-5; H, 7-9. C,.H,,ON, requires C, 70-6; H, 
7:8%). 

This unsaturated cyano-amide (XXIX) (5 g.), when condensed 
with cyanoacetamide (3 g.) in presence of piperidine at 40°, deposited 
a solid (4 g.), m. p. 310°, which was converted by boiling mineral 
acid into the w-di-iminodi-imide of cis-hexahydrohydrindene-2 : 2-di- 
malonic acid (XXX), m. p. above 325°. This dissolved slowly in 
sodium carbonate solution but was sparingly soluble in all organic 
solvents (Found: C, 61-5; H, 6-3. C,,;H9O,N, requires C, 62-0; 
H, 6-2%). If larger quantities are used in the above preparations, 
poor yields of the condensation product are obtained. 

Condensation of  cis-Hexahydro-2-hydrindone with Ethyl 
Cyanoacetate. Ethyl cis-Hexahydrohydrindylidene -2 -cyanoacetate 
(XXXVII).—A mixture of cis-hexahydro-2-hydrindone (69 g.), 
ethyl cyanoacetate (53 g.), and piperidine (1 c.c.), after being kept 
for 3 days, was heated on the steam-bath for 4 hours. The un- 
saturated cyano-ester boiled at 200°/19 mm. (a mixture of the un- 
changed ketone and ethyl cyanoacetate having passed over at 
110—120°/18 mm.) and had nj}* 1-5126, d?* 1-064, whence [2;]p 
65-7 (cale., 63-5) (Found: C, 72-0; H, 8-4. C,,H,,O,N requires (, 
72-1; H, 82%). Oxidised with 1% potassium permanganate 
solution, it gave cis-hexahydro-2-hydrindone, identified by means of 
its semicarbazone. 

Condensation of Ethyl cis-Hexahydrohydrindylidene-2-cyano- 
acetate with Alcoholic Potassium Cyanide. Preparation of Isomeric 
2-Carboxy-cis-hexahydrohydrindene-2-acetic Acids.—The reaction was 
carried out as described for the trans-compound: the quantities 
employed were 20 g. of the unsaturated ester, 160 g. of rectified 
spirit, 12 g. of potassium cyanide, and 25 c.c. of water. The addi- 
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‘ohol tion product was boiled with concentrated hydrochloric acid and the 
.O.N solid which separated on cooling was filtered off, dissolved in ether, 
: to and separated into acid (4) and neutral (B) portions by means of 


after cold dilute sodium bicarbonate solution. 
cous (4) The acid product (14 g.), m. p. 140—180°, was boiled with 
acetone (100 c.c.), and the solution filtered. 

(1) The insoluble portion (9 g.), m. p. 198—202°, heated with 
bove acetyl chloride (2 mols.) for 4 hours and kept over-night, deposited a 
140° certain amount (3 g.) of the anhydride (LVIII) as rhombic prisms : 


AY the remainder was obtained after evaporation of the excess of acetyl 
nide. chloride. The anhydride crystallised from light petroleum in pearly 


rlier, plates, m. p. 137° (Found : C, 68-9; H, 7-9. C,,.H,,0, requires C, 
ound 692; H, 7-7%). 

onide When decomposed with dilute alkali solution, it gave 2-carboxy- 
m.p. | Cis-heaahydrohydrindene-2-acetic acid (LIV), which crystallised from 
- H, water in prisms, m. p. 205° (decomp.) (Found: C, 63-7; H, 7:8; 
equiv., by titration, 112-8. C,.H,,0, requires C, 63-7; H, 7-9%; 
nsed equiv., 113). The ethyl ester boiled at 170°/15 mm. and had nj* 
sited 14720, d}* 1-1045, whence [R,], 75-5 (cale., 75-0) (Found: C, 
neral 68-0; H, 90%). The anilic acid (LX) was precipitated in a few 
2di- minutes when the anhydride and aniline were mixed in benzene 
lv in solution. It crystallised from alcohol in rectangular prisms, m. p. 
ranic | 197° (Found: C, 71-6; H, 7-8. C,,H,,;0,N requires C, 71-8; H, 
62-0: 76°). The anil (LXII), obtained by heating the acid above its 
ions, melting point for a few minutes, crystallised from alcohol in rect- 
angular slabs, m. p. 127° (Found: C, 76-2; H, 7-5. C,gH,,O,N 
Ethyl requires C, 76-3; H, 7-4%). 

retate (2) The acetone-soluble fraction, m. p. 150—155°, was heated with 
 g.), acetyl chloride, the excess of the latter removed, and the residue 
kept distilled. The anhydride (LIX), b. p. 186°/18 mm., was a colourless 
> un- § liquid which solidified in a few minutes. After two crystallisations 
> un- § from petroleum (b. p. 60—80°), from which it separated as rhombic 
© at plates, it melted at 68°. (mixed m. p. with the other anhydride, 
R,]) | 93—66°) (Found: C, 69-1; H, 7-8%). When this anhydride was 
es (, | decomposed with dilute potassium hydroxide solution it gave 
inate § | 2-carboxy-cis-hexahydrohydrindene-2-acetic acid (LV), which was 
ns of crystallised from aqueous alcohol; m. p. 159° (mixed m. p. with the 
other acid, 148—155°). 

yano- The anilic acid (LXI) separated in needles, m. p. 182° (decomp.), 
meric from alcohol, in which it was more soluble than the trans-isomeride 
1 was (Found: C, 71-5; H, 7-6%). The anil (LXIIL) obtained from this 
tities anilic acid crystallised from aqueous alcohol in bundles of needles, 
tified m. p. 120° (mixed m. p. with the other anil, 115—116°) (Found : 
addi- C, 76-5; H, 7-5%). 
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(B) The imides of 2-carboxy-cis-hexahydrohydrindene-2-acetic acids 
(LVI and LVII). When the ethereal solution containing the 
neutral products of the hydrolysis (p. 949) was evaporated, a residue 
was obtained which solidified completely (m. p. 150—165°). It 
was separated by fractional crystallisation from acetone into a less 
soluble imide (LVI), m. p. 208—210°, and a more soluble imide 
(LVII), m. p. 150—152°. The former crystallised from acetone in 
plates, m. p. 216° (Found: C, 69-5; H, 8-3%), and the latter from 
aqueous acetone in plates, m. p. 170° (Found: C, 69-8; H, 8-2%). 

cis-Hexahydrohydrindylidene-2-cyanoacetic Acid (XX XIX).—(A) 
From cis-hexahydrohydrindylidene-2-cyanoacetamide. The unsatur- 
ated cyano-amide (8 g.), dissolved in a mixture of chloroform (160 
c.c.) and water (4 c.c.), was treated with a rapid current of nitrous 
fumes until a permanent bluish-green colour was obtained (6 hours). 
After 24 hours, the chloroform was evaporated, the residue dissolved 
in ether, and the acid separated from the unchanged amide by 
extraction with sodium carbonate solution. The extract on acidific- 
ation with dilute hydrochloric acid yielded a heavy oil (7 g.) which 
solidified. cis-Hexahydrohydrindylidene-2-cyanoacetic acid crystal- 
lised from benzene in rosettes of rhombic prisms, m. p. 143° (Found : 
C, 70-2; H, 7-4; equiv., by titration, 204-6. C,,H,;O,N requires 
C, 70-2; H, 7-3%; equiv., 205). 

(B) By the condensation of cis-hexahydro-2-hydrindone with ethyl 
sodiocyanoacetate. The reaction was carried out as described in the 
case of the trans-acid, the quantities being as follows: the ketone, 
10 c.c.; ethyl cyanoacetate, 8-5 g.; sodium, 1-3 g., and alcohol, 35 
c.c. The acid (9 g.) thus obtained was a mobile liquid which partly 
crystallised in needles, m. p. 142°, when kept in a vacuum for 3 
weeks, 

cis- Hexahydroindenyl-2-acetonitrile was obtained by the distill- 
ation of the cyano-acid under reduced pressure. It boiled at 140°/ 
15 mm. and had n}’* 1-49680, di?” 0-9750, whence [R,], 47-97 
(cale., 47-94) (Found: C, 81-9; H, 9-1. C©,,H,,;,ON requires C, 
82-0; H, 9-3%). It is a mobile colourless liquid and has the char- 
acteristic odour of unsaturated nitriles. 

Ethyl «-cyano-x-cis-hexahydroindenyl-2-propionate, obtained by 
methylation of the unsaturated ester, boiled at 165°/15 mm. and 
had ni8? 1-4843, dit? 1-028, whence [R,,]p 68°39 (cale., 68-0) (Found : 
C, 72:7; H, 8-4. C,;H,,0,N requires C, 72-9; H, 85%). When 
heated with alcoholic sodium ethoxide (1 mol.) at 40°, it was con- 
verted into cis-hexahydrohydrindylidene-2-propionitrile, which dis- 
tilled at 154°/15 mm. as a colourless mobile liquid and had ane 
1-51010, di?* 0-9703, whence [R,]p 53-94 (cale., 52-57) (Found : ©, 
82-1; H, 9-8. C,,H,,N requires C, 82-3; H, 9-7%). 





~~, tt. tees 


















acids 
r the 
sidue 
). It 
a less 
imide 
ne in 
from 
2%), 
—(A) 
satur- 
| (160 
trous 
ours), 
olved 
le by 
dlific- 
vhich 
ystal- 
und : 
juires 


ethyl 
n the 
tone, 
a], 35 
artly 
for 3 


istill- 
140°/ 
17-97 
as C, 


char- 


| by 
and 
und : 
Vhen 
con- 
dis- 


nee 


: G, 








KANDIAH : STUDIES IN DICYCLIC SYSTEMS. PART I. 951 


Condensation of cis-Hexahydro-2-hydrindone with Ethyl Bromo- 
acetate. —The reaction was carried out as described in the case of the 
trans-ketone, the quantities used being 68 g. of ketone, 32 g. of zinc 
filings, 53 g. of ethyl bromoacetate, and 150 c.c. of benzene. The 
reaction, which began after 30 minutes, was less vigorous than in the 
case of the trans-ketone. The unchanged ketone (20 g.) distilled at 
112°/10 mm., and ethyl 2-hydroxy-cis-hexahydrohydrindene-2-acetate 
(40 g.) at 158°/10 mm. The latter had nj}* 1-48170, d?* 1-043, 
whence [R, |p 61-6 (cale., 61-01) (Found : C, 68-9; H, 9-7. C,,H.0, 
requires C, 69-0; H, 97%). The high fraction (5 g.) boiled at 180°/ 
10 mm., and gradually solidified in the receiver. Subjected to the 
same process, the recovered ketone gave 20 g. of hydroxy-ester. 

Hydrolysis of the hydroxy-ester. Stereoisomeric 2-hydroxy-cis- 
hexahydrohydrindene-2-acetic acids (LXXI and LXXII). The 
hydroxy-ester (28 g.), hydrolysed with 15% aqueous-alcoholic 
potash, gave a solid (20 g.), m. p. 74—78° to a turbid liquid which 
cleared at 100°. This was boiled with light petroleum (b. p. 60— 
80°), and the solution filtered. 

(A) The insoluble portion, on recrystallisation from much light 
petroleum (b. p. 40—60°), separated in short needles, m. p. 130°. 
It also crystallised from chloroform in rhombic prisms (Found: C, 
66-6; H, 9-3; equiv., 198. C,,H,,0, requires C, 66-7; H, 9-1% ; 
equiv., 198). 

(B) The second crop of crystals obtained from the petroleum 
solution (b. p. 60—80°) separated as hexagonal plates, m. p. 84°, 
mixed m. p. with the other acid, 72—75° (Found : C, 66-8; H, 9-2; 
equiv., 197-5). 

Dehydration of the hydroxy-acid. A mixture of the two hydroxy- 
acids was dehydrated with acetic anhydride, and the product steam- 
distilled. The first two litres of distillate contained oily material 
and were worked up separately. The snow-white solid which 
separated from the remaining (7 litres) distillate was collected (total 
yield, 9 g.). cis-Hexahydrohydrindylidene-2-acetic acid crystallised 
from light petroleum (b. p. 60—80°) in elongated rhombic prisms, 
m. p. 140° (Found: C, 73-2; H, 8-9; equiv., 180. C,,H,,0, re- 
quires C, 73-3; H, 8-9%; equiv., 180). 

Dehydration of the hydroxy-ester. The hydroxy-ester (20 g.), 
dehydrated with phosphorus oxychloride in benzene solution, gave 
ethyl cis-hexahydroindenyl-2-acetate (15 g.), which boiled at 143°/10 
mm. and had n¥* 1-48917, di" 1-007, whence [R,]p 59-53 (calc.; 
59-01) (Found : C, 75:1; H, 9-5. C,3H»90. requires C, 75-0; H, 
96%). The unsaturated ester when hydrolysed with 20% aqueous- 
alcoholic potash gave cis-hexahydroindenyl-2-acetic acid, which 
distilled at 180° /18 mm. and partly solidified in the receiver. The 
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By-acid crystallised from petroleum (b. p. 60—80°) in plates, m. p. 
138° (Found : C, 73:1; H, 8-9%; equiv., 180). 

The author’s thanks are due to Professor J. F. Thorpe, C.B.E., 
F.R.S., for his interest in this investigation, and to the Chemical 
Society for generous grants which have partly defrayed the heavy cost. 
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CXXXIV.—Studies in Dicyclic Systems. Part IT. The 
Influence of cis- and trans-Hexahydrohydrindene 
Nuclei on the Carbon Tetrahedral Angle. 

By ARUPPILLAI KANnDIAH. 


THE conclusion reached by Rao (J., 1930, 1162) as a result of 
experiments on derivatives of trans-decahydronaphthalene-2 : 2-di- 
acetic acid was that trans-decalin is a strainless system and that 
the component cyclohexane rings must necessarily be given a strain- 
less multiplanar configuration. It was therefore deemed desirable 
to determine whether cis- and trans-hexahydrohydrindenes would 
be comparatively strainless, indicating a strainless form for the 
cyclohexane ring, or highly strained, owing to the uniplanar structure 
of that component. In these condensed systems, but not in the 
decalin series, the cis-complex is according to the models strainless, 
whereas the trans-compound has an appreciable molecular strain. 
It was therefore proposed to detect the strain by means of a 
comparative study of the products of hydrolysis of the mono- and 
di-bromo-esters of cis- and trans-hexahydrohydrindene-2 : 2-diacetic 
acids. The study has for its basis Thorpe and Ingold’s valency 
deflexion hypothesis, which postulates that, when the normal angle 
between two valencies of a carbon atom is altered either by their 
attachment to heavy groups or by participation in a ring complex, 
the angle between the other two valencies is correspondingly 
affected in the opposite direction. This hypothesis, which is based 
on a large body of experimental data, is the only one that explains, 
for instance, the observation that dibromo-esters of the type (I), 
when treated with aqueous potassium hydroxide, yield the hydroxy- 
ring acid (II), the keto-acid (III), or an equilibrium mixture of the 
Ra CHB CO, Kt RC OH) CO R,t OCDE 
CHBr-CO,Et CH-CO,H CH,°CO,H 
(I.) (II.) (III.) 
two according as R, represents a cyclohexane ring, a cyclopentane 
ring (or dimethyl), or diethyl. 
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Examination of Derivatives of trans-Hexahydrohydrindene. 
The monobromination of the diacetic acid (IV) by the Hell- 
Volhard—Zelinski method usually produced mixtures of the un- 
brominated ester (V), the monobrominated ester (VI), and the 
dibromo-ester (VII). The separation of these substances by frac- 
ss distillation under reduced pressure is not possible, as the last 


. H, CH, 
H, ries . AM, CO, H H, No 
WS. V4 NCH, : ‘CO,H H, ANS CH,°CO,Et 
“Y ‘a, (IV.) H, CH, (V.) 
H, CH, H, CH, 
pF tr CHBr-CO, Et a PAB C0 Bt 
H, Ei \0% “3 HE Sot ‘ 


WA / NCH, CO;Et Hi A. 4 \CHBrCO,Et 


H, CH, (VI) H, CH, (VIL) 
H, CH, | H, CH, 
H. oS ie 2°CO,H OO PP aaa CO,H 
Hal keg Od “\ oH, ‘CO,Et a, mA / \CH,*CO, Et 
H, CH, (VIL) H, CH, (IX.) 


two substances partially lose ethyl bromide during the process. 
Kthyl «-bromo-trans-hexahydrohydrindene-2 : 2-diacetate (V1) was, 
however, obtained in a high degree of purity by the monobromin- 
ation of ethyl hydrogen trans-hexahydrohydrindene-2 : 2-diacetate 
(VIII). [A small amount of monobrominated acid ester (IX) is 
always formed in this process.] On hydrolysis with 64% aqueous 
potassium hydroxide it was converted to the extent of about 40% 
into a mixture of cis-1 : 2-dicarboxycyclopropane-3(2’)-spiro-trans- 
hexahydrohydrindene (X) and trans-1 : 2-dicarboxycyclopropane-3(2')- 
spiro-trans-hexahydrohydrindene (X1), and the rest into the lactonic 
acid (X11). 


CO,H oc-9 CO,H 
H, CH, | CO,H  H, CH, | CO H, CH, | H 
H, (NGS) 2 ae Hen yids aN| 2H, eo 
Hy, #5 1 10 Hy\ Y Ya HO RAY con 
H, CH, if, {, CH, 
X.) cis-Acid, m. p. 225°. (XIIT.) cis- o> (XI.) trans-Acid, 
m. p. 180°. m. p. 262°. 
H, CH, CH,*CO 
JN fas CH(CO,H)-0 C,H,,>C 
| me X oo CH-O 
A 7 Nc — —CO 
H, CH, CO,Et 


(XII.) Lostuaile acid, m, p. 115°. (XIV.) 
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The separation of the cis- from the trans-dicarboxylic acid could 
not be effected by fractional crystallisation, but was achieved by 
means of acetyl chloride, which converted the cis-acid (X) into the 
corresponding anhydride (XIII) and left the trans-isomeride un- 
affected. The latter is, however, converted into the same anhydride 
on distillation, and this yields the cis-acid on hydration. 

Any strain in the trans-hexahydrohydrindene nucleus would be 
expected to reveal itself in the consequential instability of the 
associated cyclopropane ring. It has already been shown (Beesley, 
Ingold, and Thorpe, J., 1915, 107, 1080; Becker and Thorpe, J., 
1920, 117, 1579) that, although the gem-dimethyl- and the cyclo- 
pentane-spiro-acid are decomposed when heated at 200° with 5% 
hydrochloric acid, the cyclohexane analogue survives heating with 
20% hydrochloric acid at 240° for 6 hours. The trans-hexahydro- 
hydrindene-spiro-trans-acid (XI), though practically unaffected by 
5—10%, acid at 200°, is completely carbonised by 10% acid at 240°, 
whereas the parent diacetic acid is recovered unchanged after similar 
treatment. The stability of the hexahydrohydrindene spiro-acid 
towards hydrochloric acid, though very slightly greater than that 
of the cyclopentane acid, is considerably less than that of the cyclo- 
hexane analogue. The spiro-acids are stable to boiling perman- 
ganate solution and to reducing agents. 

The lactonic acid (XII) is obtained by the hydrolysis of the 
lactonic ester (XIV) with concentrated hydrochloric acid or by 
treatment of either the monobromo-ester (VI) or the monobromo- 
acid ester (IX) with dilute sodium carbonate solution. 

The dibromo-acid chloride of trans-hexahydrohydrindene-2 : 2-di- 
acetic acid was easily prepared in the usual way and converted 
into ethyl a«’-.dibromo-trans-hexahydrohydrindene-2 : 2-diacetate (VII) 
together with a small amount of a viscous acidic liquid, from which 
some bromo-lactonic acid (XVII) was isolated. 


, — ~«_CHBr:CO,H « CHBr:CO ,, « CHBr-CO 
( sHu>C< op CcO.H CoH u> CoG CsHa>C< oy 6 
(XV.) (XVI.) CO,Et (XVIL.) CO,H 


The dibromo-ester (VII), which is possibly a mixture of meso- 
and racemic forms, cannot be distilled under reduced pressure 
without undergoing partial decomposition into the bromo-lactone 
(XVI) and ethyl bromide. It behaves, therefore, like the dibromo- 
esters of the cyclohexane and decalin series. This contrast in 
behaviour of ethyl ««’-dibromo-trans-hexahydrohydrindene-2 : 2-di- 
acetate and its cyclopentane analogue probably depends on the 
dicyclic structure and the higher molecular weight and not on the 
presence of any strain in the molecule. 
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(VIT) 
Ale. KOH. 
Oil. 
Keep in | vacuum desiccator. 
Triturate | with paomanaes 
¥ <a Y 
Solid, m. p. 130—140°. Filtrate. 
| Boil with water. 
y Bis —— Esterify 
Oil, solidifying C 10H Y 
ing. H, 
on cooling 2 CH, UN CO,H 
H, asi /_on 
Hl u- — Hydrol. | with HO! 
A 
H, C H, 
(X.XIIT.) cis-Acid, m. p. 187°. 
, ¥ 
5 i“ OH Oil. 
I | CH, (> C<CH-CO,H 
2 (" H x i OH N CH: CO,H 
OMe 
(X XIV.) Anhydride, m, p. 110°. (X XVIII.) m. p. 171°. 
———__—,, 
Acid, m. p. 120—130°. 
| Esterify. 
CO-O ?; : - ¥ 
i &o Ester, b. p. 190—192°/18 mm. Acid 
Y NN] HCl fraction. 
C,H, +4 OMe" Viscous mass. 
ilies (XXV. ) H Treat | with benzene. 
cis-Anhydride, m. p. 91°, ts i i 
b. p. 214°/20 mm. Solid, m. p. 135—140°. 
{ Boil | with be 1e, 
~ CO,H fee see - 
3 y CO,H 
v gh." Insoluble. Add petroleum 
C,H .4>C— (b. p. 40—60°). 
_ . (XXVI.) H 
cis-Acid, m. p. 180°. ¥ ‘: _¥ 
: Solid, m. p. Solid, m. p. 
= CO,H y CO,H 170°. Re- 127°, clear- 
y x COH \ H_ cryst, 185°. ing at 164° 
J aN (XXIX). 
CyHy4>C ane, + gH 14> o— 
(XXIII.) H (XXVII.) CO,H 
1 . trans-Acid, m. p. 185°. 
‘ CO-CO,H H,0, CO,H 
C— 
CsHua>C<H,-CO,H Hiu>C<CH;-CO,H 
(XVIII.) (XIX.) 
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When the dibromo-ester is hydrolysed with concentrated aqueous 
alkali at 150° it gives mainly «-keto-trans-hexahydrohydrindene- 

2-diacetic acid (XVIII), together with a small quantity of 2-carb- 
oxy-trans-hexahydrohydrindene-2-acetic acid (XIX) and a trace of 
the unsaturated acid (XXI); the rest of the material possibly 
consists of a mixture of stereoisomeric hydroxy-lactonic acids (X X11), 
from which the trans-isomeride (XXX) is isolable in small amount. 

Among the products of hydrolysis no trace of a hydroxy-spiro- 
acid (XXIII) was detected. The acid (XIX), which undoubtedly 
results from the decomposition of the keto-acid first formed, is of 
interest in that it is the first instance of an acid of this type being 
produced by hydrolysis of dibromo-esters. The keto-acid (XVIII) 
is characterised by the formation of a well-defined quinozxaline 
derivative, by conversion into the succinic acid (XIX) by oxidation 
with hydrogen peroxide, and by the production of the anhydride (XX) 


CO-O 4 poe eee CH(OH)—CO 
C.Hy,>C C,H,,>C:CH-CO,H C,H,4> 
a> Cog cg Cou 2 > S400, H)-0 
(XX.) (XXI.) (XXIT.) cis- and trans-. 


on distillation. The side chain which is eliminated, probably as 
glyoxylic acid, in the reaction leading to the formation of trans- 
hexahydrohydrindylidere-2-acetic acid (X XI), undergoes oxidation 
to oxalic acid, and is detected as such among the products of 
hydrolysis. 

When the hydrolysis of the dibromo-ester (VII) is effected with 
methyl-alcoholic potash a complex mixture of products is formed : 
the separation of the components presented almost insuperable 
experimental difficulties, as indicated in the scheme on p. 955. 

Many points of interest emerge from the various types of sub- 
stance isolated in this reaction. In the first place, the occurrence 
of the hydroxy-ring-acid (XXIII) is remarkable. This acid, how- 
ever, like its cyclopentane analogue, readily gives an anhydride 
(XXIV) and is therefore a cis-acid with the carboxyl groups in the 
same plane, whereas all the other hydroxy-ring-acids are trans- 
forms and fail to undergo anhydride formation. The hydroxy- 
ring-acid is stable towards potash, and it is evidently the trans- 
form which undergoes fission to give rise to the keto-acid (Lanfear 
and Thorpe, J., 1923, 123, 1683). 

The methoxy-spiro-acid has been isolated in well-defined cis- and 
trans-forms (XXVI and XXVII). The trans-modification is 
converted into the cis- through the anhydride of the latter. Both sub- 
stances are converted by boiling hydrobromic acid into 2-carboxy- 
trans-hexahydrohydrindene-2-acetic acid (XIX): the initially 
formed cis- and trans-hydroxy-ring acids probably react with 
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another molecule of the reagent, forming the compound (XVIII), 
which then loses hydrogen bromide to form the keto-acid (XVIII). 
This acid, although recoverable unchanged after 3 hours’ boiling 
with 64% potash solution, is readily changed into the acid (XIX) 
on treatment with hydrobromic acid. The following scheme 
expresses the probable course of the reaction (compare Lanfear 
and Thorpe, J., 1923, 123, 2865) : 

as “(OMe)-CO,H 

al at rel s 
(XXVII.) trans © 


(OH)-CO,H 2 CBr(OH)-CO,H 
H G( 
CsHa>C<oco,H HCC -CO,H 
trans (XVIIIa. ) 
1G(OMe)-CO,H . 
CsHiu>C<05.C0,H s| se 
(XXVI.) cis FY oon 60,4 y 
CH, > C4 (OH)CO, XVII) —> (XIX 
8 u>C<.00,H (XVIII) —> (XIX) 
cis 


It is of interest to compare the products of hydrolysis of the 
dibromo-esters in this case with those obtained in the cyclohexane 
and cyclopentane series. In the cyclohexane series, hydrolysis with 
potash gives chiefly hydroxy-spiro-acid together with some un- 
saturated acid and a mixture of cis- and trans-hydroxy-lactonic 
acids. In the cyclopentane series, the main product is the keto- 
acid, although small quantities of cyclopentylideneacetic acid and 
hydroxy-lactonic acid are isolated. The products obtained in the 
present series show that the trans-hexahydrohydrindene bears a 
striking similarity to the cyclopentane ring—a similarity which is 
further emphasised when the hydrolysis with methyl-alcoholic 
potash is considered : in both cases the cis- and the trans-methoxy- 
spiro-acid and a small amount of cis-hydroxy-ring-acid are isolated, 
but, whereas in the cyclopentane series the methoxy-isomerides are 
converted by hydrobromic acid into the keto-acid, in the present 
series the succinic acid derivative is formed. 

Compounds of the type (X XVIII) have not hitherto been isolated ; 
the substance obtained in the present series undoubtedly has the 
structure assigned to it. The constitution of the substance (X XIX) 
has not yet been determined : it is a saturated compound, as shown 
both by its unreactivity with bromine and by its stability towards 
permanganate. 

In the hydrolysis of ethyl ««’-dibromo-trans-hexahydrohydrind- 
ene-2 : 2-diacetate with aqueous sodium carbonate of various con- 
centrations, only small quantities of acid product were obtained. 
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The hydroxy-lactonic acids, which would not solidify, were purified 
by fractional distillation of their esters, and then, by hydrolysis of 
the esters, three substances were isolated, namely, the cis- and 
trans-hydroxy-lactonic acids (XX XI) and (XXX) and the keto-acid 
(XVIII) (small amount). 








H, CH, OH H, CH, H 
VAN \C i Ys Ci 4 
Hy td "a" 
H, CH, CO, H ¥, CH, CO,H 
(XXX.) (XXXI.) 


The hydroxy-lactonic acid (XXX), m. p. 212°, is rapidly con- 
verted into the acetyl derivative by means a acetyl chloride, but 
the isomeride (XX XI), m. p. 195°, is unaffected by this reagent. 

The large neutral fraction obtained in the above hydrolysis with 
sodium carbonate, on distillation under reduced pressure, furnished 
a thick viscous liquid which partly solidified. The solid, m. p. 129°, 
was the ester of one of the above hydroxy-lactonic acids, but the 
quantity obtained was too small for further investigation. This 
result shows that the difficulty of obtaining the hydroxy-lactonic 
acids in quantity by the above method is due to the fact that, 
although the replacement of bromine by hydroxyl takes place 
readily, the hydrolysis of the ester group by sodium carbonate is 
rather difficult. 

The formation of the keto-acid (XVIII) in this reaction, though 
unexpected, can readily be accounted for on the assumption that 
the hydrolysis with sodium carbonate pursues two courses (compare 
Ingold, J., 1921, 119, 314; Rao, loc. cit.) : 


._-CHBr-CO,Et , CHBr-CO 
Y C oe, —> CgH,,>C 
CsH,,> <CHBr-CO,Et gitia <cu—0 “. 
| CO,Et 
_-CH(OH)-0 
C,H,4>C 
8**14 cH —— O 
.-CH:CO,Et H-CO,H | CO,Et 
Cc GH COE. on oct 2 
CsHis>C<8,.CO,Et > CX \(OH)-CO.H 
unstable 
(XVITT) (XXX) and 


(XX XI) 

It is thus unnecessary to assume the initial presence of any 
unsymmetrical dibromo-ester, the formation of which is contrary 
to all experience in this type of reaction. It is, however, necessary 
to assume that the trans-hydroxy-ring-acid which is one of the 
intermediate products, being unstable to alkali, undergoes fission 
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resulting in the formation of the stable open-chain isomeride 
(XVIII). 

The bromo-lactonic acid (XVII) isolated in small quantity 
(p. 954) from the acid product of dibromination gave the keto-acid 
(XVIII) on hydrolysis with 2N-sodium carbonate. 


CH(OH)— 9? « (XVII 
His> >C<omn (CO,H)-O ies 
H-CO,H 
H ¢ 
CsHia>C<00,H)-OH 


The reaction must therefore be assumed to lead to ring formation 
in preference to hydroxylation. 


—> (XVIII) 


Examination of Derivatives of cis-Hexahydrohydrindene. 


The small quantity (15 g.) of cis-hexahydrohydrindene-2 : 2-di- 
acetic acid that was available was dibrominated, and the dibromo- 
ester hydrolysed with aqueous potassium hydroxide at 150°. The 
product was a tarry oil which, after 3 months, gave a small amount 
of crystalline solid, characterised as the keto-acid both by the 
formation of a quinoxaline derivative and by oxidation to the 
succinic acid, m. p. 205° (the higher-melting of the two stereo- 
isomerides XXXIIIA and B), previously discussed (preceding 
paper). The difficulty of crystallisation may be due in part to the 


H, ~ H, SOA 
CO /L0:CO,H CO,H 
of H 4 K 
A, Sous ‘CO, H CO. CH,°CO,H 
Me a Pe 
H, OA 


—— 
(XXXIIIz.) 
Ne an 
H, 


existence of two Fa Bes corresponding to each type of 
compound formed in this reaction (two keto-, one unsaturated, and 
four hydroxy-lactonic acids). 

Although the evidence arising from the study of the decomposi- 
tion products of the mono- and di-bromo-esters is in harmony with 
the view that both cis- and trans-hexahydrohydrindene possess 
strainless dicyclic nuclei, it was considered desirable to investigate 
the matter further by the employment of other types of reaction. 
One of the latest pieces of evidence supporting the validity of the 
Thorpe-Ingold hypothesis has been adduced by Qudrat-i-Khuda 
(J., 1929, 201, 713, 1913; 1930, 206), who, in his studies in keto- 
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lactol tautomerism, suggested that «-carboxy-y-acetyl-88-dimethyl- 
butyric acid exists in the liquid state as a tautomeric mixture of the 
keto-form (XXXIV) and the lactol form (XXXV), which when 
heated decompose into the keto-monobasic acid (XX XVI) and the 
dilactone (XX XVII) respectively. 





CH,°COMe eae ———CMe:0H 
( Me,¢ =~ (CMe,~ a >0O 
CH(CO,H), CH(CO,H)-CO 
(XXXIV.) | exxxv, .) 
CH,"COMe = CMe-O 
(XXXVI) CMe CMe | (XX XVII.) 
‘CH,°CO,H oo —CO 


It has been further demonstrated that when the gem-dimethyl 
group is replaced by the cyclohexane ring the proximity of the 
carbonyl and the carboxyl groups caused by the deflexion of the 
extracyclic valencies of the quaternary carbon atom is reflected 
not only in the far greater yield of dilactone but also in the fact 
that this substance is formed when the keto-acid is heated in an 
organic solvent for some time. 

The synthesis of 2-acetonyl-trans-hexahydrohydrindene-2-malonic 
acid (XLI) is best achieved by the condensation of trans-hexahydro- 
hydrindylidene-2-acetone (XX XIX) (or its By-isomeride), obtained 
from the acid chloride (XX XVIII) by the Blaise—Maire reaction, 
with sodiocyanoacetamide in hot alcoholic solution and alkaline 
hydrolysis of the resulting 6-hydroxy-2-keto-3-cyano-6-methylpiperid- 
ine-4(2')-spiro-trans-hexahydrohydrindene (XL). 

The hydrolysis of the compound (XL) with concentrated hydro- 
chloric acid yields as the principal product a neutral substance, 
m. p. 154°, identified as the dilactone (XLIV). The ester of the 
keto-dibasic acid (XLI) has the normal keto-form, as shown both 
by its physical properties and by the ready formation of a semi- 
carbazone. 

Since the acid (XLI) on pyrogenic decomposition gives a mixture 
of the dilactone (XLIV) and the monobasic keto-acid (XLIII) in 
the ratio 1 : 3, it probably exists in the liquid state as an equilibrium 
mixture of the keto-form (XLI) and the lactol form (XLII), which 
are the progenitors of the substances (XLIII) and (XLIV), 
respectively. 

The keto-acid (XLIII), when treated with acetyl chloride (or, 
better, acetic anhydride), reacts in the lactol form with the pro- 
duction of the unsaturated lactone (XLV) by loss of a molecule of 
water. Esterification of (XLIII) with alcoholic hydrogen chloride 
gives elhyl 2-acetonyl-trans-hexahydrohydrindene-2-acetate (XLVI), 
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which is converted by alcoholic sodium ethoxide into cyclohexane- 
3 : 5-dione-1(2’)-spiro-trans-hexahydrohydrindene (XLIX). 


(XX XVIII.) ee C,H,,>C: —_ "COMe (XXXIX.) 





~ Se OH 
C,H CCC 
sttia (CN): “- 
a ong 
CH,’COMe CH,— > ~-CMe-OH 
U,H,,>C == |C,H,>O¢ >0 
* seed 
(XLI.) CH(CO,H), \ \CH(CO,H):CO 
| x = (XLIL.) 
CH,COMe 4, 
C,H y>C + - Ce 
[XLITL) , NCH, «CO,H hi. | H | (XLIV.) 
| | OH,>6 
CH,°CMe:OH C tate 
(Hyy>0C >O0 
| \CH,°CO 
CH—CMe 
C Hy>CC >0 
(XLV.) CH,—CO 


The constitution of the keto-monobasic acid (XLIII) was estab- 
lished by its rational synthesis from ethyl hydrogen trans-hexa- 
hydrohydrindene-2 : 2-diacetate by the action of zinc methyl iodide 
on its acid chloride (XLVI) and hydrolysis of the resulting ester. 

The results here obtained show that the trans-hexahydrohydrindene 
ring closely resembles the gem-dimethyl group in its effect on the 
tautomerism of 5-ketonic acids. 


CH,°CO,H CH,COCI 


CsHyy> 0g —> CgHyy> >OC (XLVI) 
\CH,'CO,Et \CH,"CO,Et 
CH,°CO ACH,'COMe 
CHy>cc >CH, <— C,H,,4> >CK — > (XLII) 
\CH,°CO CH,°CO,Et 
(XLIX. y (XLV i ) 


By the condensation of various substituted glutaric esters with 
ethyl oxalate by the Dieckmann—Komppa reaction, Dickens, Kon, 
and Thorpe (J., 1922, 121, 1496) obtained a series of cyclic ketones, 


R,c<UHeC0, Et 1 KtO, C +R oc” H(CO, Et t): CO (La.) 
“  ~CH,°CO,Et EtO, C CH,°CO,Et CO,Et 
Ryc<e CH(CO, Et)-CO 


(LB.) 
CH(CO,Et)-CO 
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and showed that the ring formation occurred in two stages. The 
fact that the best yield of the dione (LB) was obtained with ethyl 
glutarate itself, in which the angle 6 is much greater than that 
required for the cyclopentane ring, suggested that the necessary 
alteration in this angle is caused by the presence of the oxaly] 
group on the «-carbon atom. The correctness of this view was 
exemplified in the non-formation of the cyclohexane analogue, where 
the effect of substitution would be to cause overlapping of the two 
carbon atoms which have to be linked in order to produce the 
five-membered dione ring (Dickens, Kon, and Thorpe, loc. cit.). 

The condensation, carried out under the standard conditions, of 
methyl trans-hexahydrohydrindene-2 : 2-diacetate (LI) with methy] 
oxalate gave a 50% yield of 2 : 5-dicarbomethoxycyclopentane-3 : 4- 
dione-1(2')-spiro-trans-hexahydrohydrindene (LII), the rest of the 
material having undergone hydrolysis to the parent diacetic acid, 
which was isolated as such. 


C,H, >C< —> 0,H,>c<% 
sa CSc 500 Me +4 60'Me ie <u aed CO 
(LI.) (LII.) 
Cc Hr C<oar G0 (LIIL.) 


The diketonic ester (LII) is readily converted into cyclopentane- 
3 : 4-dione-1(2')-spiro-trans-hexahydrohydrindene (LIL) by boiling 
dilute sulphuric acid. With respect to this reaction, therefore, 
trans-hexahydrohydrindene shows a great similarity to the strainless 
rings, such as cyclopentane. 

The examination was taken a stage further by the preparation 
of cyclopentane derivatives from the corresponding lvulic esters 
by direct ring closure with sodium ethoxide (Vorlander, Annalen, 
1896, 294, 270; Rothstein and Thorpe, J., 1926, 2011). It has 
already been shown that, whereas $$-dimethyl-levulic ester gives 
a 20—25% yield, the cyclohexane compound gives as much as 
48°, the difference in behaviour being another illustration of the 
ease of ring closure due to the deflexion of the tetrahedral angle in 
the latter case. 

Ethyl 2-acetyl-trans-hexahydrohydrindene-2-acetate (LIV) is ob- 
tained from ethyl 2-carboxy-trans-hexahydrohydrindene-2-acetate 
through the acid chloride by means of zinc methyl iodide. It is 


CH,CO,Et 
1H 4>C< 2 
VsHua>"\coMe "Hin 

’ CH,CO __ et 
Ustis occa —CH, ~ — ~C(OH):CH 
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smoothly converted in 30%, yield into cyclopentane-2 : 4-dione-1(2’)- 
spiro-trans-hexahydrohydrindene (LV), which gives a crimson solu- 
tion with ferric chloride and a solid bromide. The yield in this 
case, smaller than that of the corresponding cyclohexane compound, 
is in accordance with expectation. 

The investigation into the conditions of strain in cis- and trans- 
hexahydrohydrindenes by the various methods that have been 
used for such purposes in these laboratories has revealed the absence 
of any considerable strain in these two dicyclic systems. Further 
it has demonstrated convincingly that hexahydrohydrindene simul- 
ates cyclopentane in the several reactions studied. The results, 
taken in conjunction with those of Rao (loc. cit.) in the trans-decalin 
series, lead to the conclusion that when the cyclohexane ring par- 
ticipates in the formation of condensed systems, it does so in its 
strainless “ cis ’’ and “‘ trans” forms. 

It would, however, be unsound to draw any conclusion as to the 
nature of the cyclohexane ring itself from a study based on the 
dicyclic systems of which it is a unit. 


EXPERIMENTAL. 


Ethyl Hydrogen trans-Hexahydrohydrindene-2 : 2-diacetate (VIII) 
—The anhydride (200 g.) of trans-hexahydrohydrindene-2 : 2-diacetic 
acid, dissolved in absolute alcohol (150 c.c.), was gradually added 
with shaking to a solution of sodium (23 g.) in absolute alcohol 
(350 ¢.c.). After 1 hour, the excess of alcohol was evaporated and 
the residue was diluted with water, extracted with ether to remove 
any unchanged anhydride, and acidified with dilute hydrochloric 
acid. The heavy oil which was precipitated was extracted with 
ether, washed, dried, and recovered. Lthyl hydrogen trans-hexa- 
hydrohydrindene-2 : 2-diacetate is a thick viscous liquid which is 
reconverted into the anhydride on distillation under diminished 
pressure (Found : equiv., 267. C,;H,,O, requires equiv., 268). 

Monobromination : Ethyl «-bromo-trans-hexahydrohydrindene-2 : 2- 
diacetate (V1). Phosphorus pentachloride (103 g.) was added in 
three portions to the ester (VIII): a reaction ensued with copious 
evolution of hydrogen chloride. The mixture was heated on the 
steam-bath until the evolution practically ceased (2 hours), dry 
bromine (28 c.c.) was introduced dropwise into it at 60—80°, the 
heating continued until no more hydrogen bromide was evolved, 
and the product poured into absolute ethyl alcohol (500 c.c.) 
cooled in ice. After } hour, the solution was heated on the steam- 
hath for 3 hours and poured into water, and the precipitated oil 
extracted with ether. The extract was freed from acid product by 
treatment with 10% aqueous sodium carbonate, washed, and dried, 
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and the neutral bromo-ester recovered (yield, 85%) (Found: Br, 
21-0. C,,H,,0,Br requires Br, 21-3%). On distillation in a vacuum 
it was converted into the lactonic ester, a thick syrup, b. p. 210— 
215°/12 mm., 210°/13 mm. after redistillation (Found: C, 66:5; 
H, 7-9. C,;H 0, requires C, 67-7; H, 8-3%). 

The above sodium carbonate extract, on acidification, gave the 
monobromo-acid ester, a viscid liquid which refused to solidify 
(Found : Br, 22-6. C,;H.,0,Br requires Br, 23-05%). 

Hydrolysis of the Neutral Monobromo-ester, (V1), with Potassium 
Hydroxide Solution at 150°.—To a solution of potassium hydroxide 
(120 g.) in water at 150°, the monobromo-ester (40 g.) was added 
as quickly as was consistent with safety. When the vigorous 
reaction had subsided, the mixture was heated for 20 minutes, 
cooled, diluted, and acidified. The oil which separated solidified 
after some time and was then freed from adhering oil by washing 
with a little benzene (yield, 15 g.). The benzene solution deposited 
«w further quantity (4 g.) of spiro-acid on the addition of light 
petroleum. The white solid thus obtained, m. p. 195—215°, was a 
mixture of cis- and trans-spiro-acids which could not be separated 
into its constituents by fractional crystallisation. It was therefore 
gently boiled with acetyl chloride (30 c.c.) for 3 hours, the excess 
of acetyl chloride removed, and the residue kept over potash in a 
vacuum desiccator. The solid thus obtained was separated into 
acid and neutral fractions by extraction with a dilute solution of 
sodium carbonate. The alkaline extract on acidification gave a 
crystalline solid, sparingly soluble in benzene and chloroform, 
which, recrystallised from aqueous acetone, yielded trans-] : 2- 
dicarboxycyclopropane-3(2')-spiro-trans-hexahydrohydrindene (X1) in 
stellate clusters of short needles, m. p. 262° (Found: C, 65:5; H, 
7-6; equiv., 119. C,3H,,0, requires C, 65-5: H, 7-5; equiv., 119). 
The dianilide crystallised from ethyl alcohol in silky needles, m. p. 
310° (Found: C, 77-0; H, 7-1. C,;H,gO.N, requires C, 77-3; H, 
7-2%). 

The ethereal solution from which the trans-spiro-acid had been 
removed left on evaporation of the solvent a thick viscid syrup 
which solidified over potash in a vacuum. When decomposed with 
dilute potash solution, it gave cis-1 : 2-dicarboxycyclopropane-3(2')- 
spiro-trans-hevahydrohydrindene (X), which crystallised from much 
water in lustrous plates, m. p. 225° (Found: C, 65:3; H, 7:7%; 
equiv., 118-5). 

The anhydride (XI11) of the cis-spiro-acid was obtained by warm- 
ing the acid (5 g.) with acetyl chloride (10 c.c.) for 2 hours, evaporat- 
ing the excess of acetyl chloride, and keeping the viscous residue 
over potash in a vacuum desiccator for 3 days. It crystallised 
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from petroleum (b. p. 60—80°} in plates, m. p. 180° (Found: C, 
70-8; H, 7-4. C,3H,,0, requires C, 70-9; H, 7-°3%). It was also 
obtained by first melting the trans-spiro-acid and then rapidly 
distilling it under ordinary pressure: the unchanged acid was 
removed with sodium carbonate solution, and the anhydride 
solidified in a vacuum. 

The anilic acid, obtained from aniline and the anhydride in 
benzene, crystallised in clusters of soft needles, m. p. 175° (decomp.) 
(Found: C, 72-9; H, 7-1. C,,H,,0,N requires C, 72-9; H, 7:3%). 

The mother-liquor from which the trans- and the cis-spiro-acid 
had been isolated was evaporated, the residue esterified with ethyl- 
alcoholic hydrogen chloride, and the esters distilled, two fractions 
being isolated: (1) b. p. 195—200°/15 mm. (2 c.c.), (2) b. p. 215— 
218°/15 mm. These fractions were separately hydrolysed with 
concentrated hydrochloric acid and the products were kept for 
several weeks in a vacuum and then triturated with benzene— 
petroleum (b. p. 40—60°). From fraction (1) a mixture (5 g.), 
m. p. 195—200°, of cis- and trans-spiro-acids was obtained, and 
from fraction (2) a small quantity of crystalline lactone (XII). 

Action of 2N-Sodium Carbonate on the Neutral Monobromo-ester 
(VI): Lactone of «-Hydroxy-trans-hexahydrohydrindene-2 : 2-diacetic 
Acid (XII).—A mixture of the monobromo-ester (40 g.) and 2N- 
sodium carbonate (400 c.c.) was boiled under reflux for 60 hours, 
cooled, diluted, and extracted with ether to remove any unchanged 
ester. The oil precipitated on acidification of the solution was 
repeatedly extracted with ether, washed, and dried, and the solvent 
removed. The residue (20 g.), which would not solidify, was 
esterified with ethyl alcohol (100 c.c.) and concentrated sulphuric 
acid (10 c.c.). The ester was separated into two fractions : (1) b. p. 
192—198°/9 mm. (14 g.), (2) b. p. 206°/9 mm. Fraction (1), when 
boiled with concentrated hydrochloric acid and cooled, deposited 
needles (2 g.), m. p. 110—112°, the rest of the product separating 
as a heavy oil. After 5 weeks, a considerable quantity of lactone 
was obtained on treating the residue with cold benzene. The 
lactone of «-hydroxy-trans-hexahydrohydrindene-2 : 2-diacetic acid 
crystallised from hot benzene in silky needles, m. p. 115° (Found : 
C, 65-4; H, 7:7; equiv., 237-2. (,,H,.0, requires ©, 65-5; H, 
75%; equiv., 238). The aniline salt separated in a few minutes 
after the lactone and aniline had been mixed in benzene solution. 
It crystallised from benzene in long needles, m. p. 192° (Found : 
(, 68-6; H, 7-8. C,3H,,0,,C,H."NH, requires (, 68-9; H, 7-6%). 

Dibromination of trans-Hexahydrohydrindene-2 : 2-diacetic Acid : 
Lthyl ax'-Dibromo-trans-hexahydrohydrindene-2 : 2-diacetate (VI1). 
When trans-hexahydrohydrindene-2 : 2-diacetic acid (200 ¢.) was 
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mixed with phosphorus pentachloride (450 g.), a vigorous reaction 
occurred and hydrogen chloride was evolved. The conversion into 
the acid chloride was completed by gentle heating on the steam. 
bath for 2 hours. Dry bromine (100 c.c.) was then added portion- 
wise during 10 hours, and the mixture heated until the evolution 
of hydrogen bromide ceased (24 hours). The product was cooled 
and poured slowly into absolute ethyl alcohol (800 c.c.) at 0° and 
the mixture was boiled for 3 hours and poured into water. The 
precipitated dibromo-ester was isolated by three extractions with 
ether, submitted to the usual washing with dilute sodium carbonate 
solution and drying, recovered, and kept over sulphuric acid in a 
vacuum. The yellow oil obtained could not be further purified, as 
it decomposed into the bromo-lactone on distillation under reduced 
pressure (Found: Br, 33-7. C,,H,,0,Br, requires Br, 35-2%). 

The acid product of bromination was obtained as a heavy oil 
when the sodium carbonate extract was acidified. After several 
weeks, a small amount of crystalline solid separated. The whole 
mixture was treated with benzene, the liquid filtered, and the 
crystalline solid washed with benzene. The lactone of «-bromo-«'- 
hydroaxy-trans-hexahydrohydrindene-2 : 2-diacetic acid (XVII) erystal- 
lised from much petrol in lustrous plates, m. p. 145° (Found: Br, 
20-5. C,,H,,0,Br requires Br, 25-2%). The benzene mother-liquor 
on evaporation left a residue consisting mainly of acid monobromo- 
ester (Found: Br, 22-2. Calc. for C,;H,,0,Br: Br, 23-05%). 

an’ -Dibromo-trans-hexahydrohydrindene-2 : 2-diacetic Acid (XV).— 
A portion of the dibromo-acid chloride was poured into four volumes 
of formic acid (d 1-2) and after } hour the solution was concen- 
trated to a small bulk on the steam-bath. The dibromo-acid which 
crystallised was washed with a little formic acid: it separated 
from formic acid in short prisms, m. p. 200° (decomp.) (Found : 
Br, 39-8. C,3H,,0,Br, requires Br, 40-2%). 

Hydrolysis of the Dibromo-ester, (VII), with 64% Potassium 
Hydroxide.—A solution of potassium hydroxide (360 g.) in water 
(300 c.c.) was evaporated until the boiling point reached 150°. The 
dlibromo-ester (100 g.) was then added as rapidly as possible to the 
boiling solution. The solution was boiled for 15 minutes, cooled, 
and diluted, and any unchanged ester removed by ether. The 
heavy oil which was precipitated on acidification of the solution 
was extracted (thrice) in ether, dried over anhydrous sodium 
sulphate, and recovered. The syrup obtained deposited a solid 
(2 g.) which crystallised from hot water in plates, m. p. 203° 
(decomp.), and was identified as 2-carboxy-trans-hexahydrohydrind- 
ene-2-acetic acid (XIX). The residue, which failed to solidify after 
several weeks, was esterified and by distillation two fractions were 
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then obtained: (1) b. p. 142—146°/10 mm. (2 g.), (2) b. p. 190—- 
194°/10 mm. (30 g.). The second fraction was boiled with con- 
centrated hydrochloric acid for 20 hours, the acid evaporated, and 
the residue dried in the steam-oven for 1 hour and treated with 
benzene. The «-keto-trans-hexahydrohydrindene-2 : 2-diacetic acid 
(XVIII) thus obtained (15 g.) crystallised from benzene in clusters 
of needles, m. p. 164°; more was obtained after addition of petrol- 
eum (b. p. 60—80°) to the mother-liquor (Found: C, 61-3; H, 7-1; 
equiv., 127. C,,H,,0; requires C, 61-4; H, 7:1%; equiv., 127). 
The acid is soluble in boiling water, acetone, and ethyl acetate. 
Once obtained in the solid condition, it shows an extraordinary 
tendency to crystallise from various solvents. 

The quinoxaline derivative was prepared by heating the keto-acid 
and o-phenylenediamine (1 mol. each) in glacial acetic acid for 1 
hour and was obtained as a yellow flocculent precipitate by diluting 
the solution; it crystallised from ethyl alcohol (charcoal) in short 
needles, m. p. 238° (Found: C, 69-8; H, 6-8. C,,H,,0,N, requires 
C, 69-9; H, 6-7%). 

The phenylhydrazone, prepared by heating the keto-acid and 
phenylhydrazine in dilute acetic acid on a steam-bath for 30 minutes, 
was crystallised from alcohol; m. p. 176° (decomp.) (Found: C, 
66-3; H, 7-1. CygH,,0,N, requires C, 66:3; H, 7-0%). 

When an aqueous solution of the keto-acid, semicarbazide hydro- 
chloride, and sodium acetate was warmed and kept for 12 hours, 
the semicarbazone of the monosodium salt separated in prisms. 
After drying at 100°, it melted at 245° with frothing and decom- 
position (Found : Na, 6-7. C,,H,,50;N,Na requires Na, 6-9%). 

The methyl ester, obtained by the action of methyl-alcoholic 
hydrogen chloride on the keto-acid, had b. p. 208°/18 mm. (Found : 
C, 63-8; H, 7-9. C,H .0; requires C, 63-8; H, 7-8%). 

The semicarbazone was prepared from the ester, semicarbazide 
hydrochloride, and sodium acetate in dilute alcohol, but it crystal- 
lised only when a speck of solid obtained by concentrating a small 
portion of the liquid was introduced into the bulk of the solution. 
It crystallised from aqueous alcohol in silky needles, m. p. 150° 
(decomp.) (Found: C, 56-6; H, 7-7. C,gH,;0;N, requires C, 56-6; 
H, 7-4%). 

The phenylhydrazone separated when a benzene solution of the 
keto-ester and phenylhydrazine was heated on the steam-bath for 
2 hours and cooled; more was obtained on addition of light petrol- 
eum (b. p. 40—60°). It crystallised from benzene in silky needles, 
m. p. 186° (Found: C, 67-5; H, 7-6. C,,H,,0,N, requires C, 67:7 ; 
H, 7-5%). 

Distillation of the keto-acid. On distillation under reduced pres- 
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sure, the keto-acid lost carbon monoxide and water vapour and 
left an oily substance. This slowly solidified and then crystallised 
from light petroleum in needles, m. p. 181°, of the anhydride of 
2-carboxy-trans-hexahydrohydrindene-2-acetic acid, identified by 
comparison with an authentic specimen. 

Oxidation of the keto-acid with hydrogen peroxide. <A large excess 
of hydrogen peroxide (20 vol.) was gradually added to a warm solu- 
tion of the keto-acid in aqueous sodium carbonate. The solution 
was cooled and acidified, and the precipitate collected. It was 
identified as 2-carboxy-trans-hexahydrohydrindene-2-acetic acid, 
m. p. and mixed m. p. 202°. 

Hydrolysis of the Bromo-lactonic Acid (XVII) with Sodiwm Car- 
bonate.—The bromo-lactonic acid (2-2 g.) was dissolved in a solution 
of sodium carbonate (10 g.) in water (50 c.c.) and boiled for 6 hours. 
The solution was diluted, acidified, and shaken with ether, which 
extracted the keto-acid (XVIII), m. p. and mixed m. p. 164°. 

trans-Hexahydrohydrindylidene-2-acelic Acid (XXI).—The small 
fraction of ester, b. p. 142—146°/10 mm., mentioned on p. 967 was 
hydrolysed with 15% aqueous-alcoholic potash at room tempera- 
ture. The oily acid product isolated in the usual manner gradually 
deposited trans-hexahydrohydrindylidene-2-acetic acid, which crys- 
tallised from petrol (b. p. 60—80°) in prisms, m. p. 152—153°, and 
was identified by comparison with an authentic specimen. 

Hydrolysis of the Dibromo-ester, (VII), with Methyl-alcoholic 
Potash.—The dibromo-ester (100 g.) was added as quickly as was 
consistent with safety to a boiling solution of potassium hydroxide 
(200 g.) in methyl alcohol, and the boiling continued for 20 minutes. 
The alcohol was then evaporated off entirely, and the residue was 
diluted with water and extracted once with ether to remove any 
neutral matter. The aqueous solution was acidified with hydro- 
chloric acid and extracted four times with ether. The gummy 
residue obtained on evaporation of the ethereal solution was dried 
in a steam-oven for 1 hour and while hot kept in a vacuum desic- 
cator. After about 12 hours, the whole mass frothed and hardened 
to a solid cake (50 g.).. This was broken up and mixed with benzene 
(300 c.c.) and the clean white substance (m. p. 130—145°) (40 g.) 
thus obtained was collected. The residue obtained by evaporation 
of the benzene filtrate, when re-subjected to the above treatment, 
gave 3 g. of solid (m. p. 130—150°) and 6 g. of oil. 

When the first solid (40 g.) was boiled with water (200 c.c.), a 
small quantity of it (2 g.) dissolved and the rest melted. The 
solution, decanted from the oil, deposited silky needles, m. p. 187 
(decomp.), of cis-1 : 2-dicarboxy-1-hydroxycyclopropane-3(2’)-spiro- 
trans-hexahydrohydrindene (XXIII) (Found: C, 61:3; H, 7-2; 
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equiv., by titration, 127-2. C,,H,,0, requires C, 61-4; H, 7:1%; 
equiv., 127). 

The anhydride (XXIV) of this acid was obtained by heating the 
acid (1-5 g.) with acetyl chloride (5 c.c.) for 3 hours, evaporating 
the excess of acetyl chloride, and crystallising the viscous residue, 
after it had been kept over potassium hydroxide in a vacuum for 
6 weeks, from petroleum (b. p. 60—80°); it formed small prisms, 
m. p. 110° (Found: C, 66-0; H, 7-1. C,,H,,0, requires C, 66-1; 
H, 6-8%). 

cis- and trans-l : 2-Dicarboxy-1-methoxycyclopropane-3(2’)-spiro 
trans-hexahydrohydrindenes (XXVI and XXVII).—The mixture of 
acids (40 g.) was gently refluxed with acetyl chloride for 3 hours, 
the excess of acetyl chloride removed, and the residue kept over 
potash in a vacuum. It was dissolved in ether, repeatedly ex- 
tracted with sodium bicarbonate solution, recovered, freed from oil 
by filtration after treatment with a small quantity of light petroleum, 
and crystallised from this solvent, the anhydride of the cis-spiro-acid 
(X XV) being obtained in thick regular hexagonal prisms, m. p. 91°. 
The oil, b. p. 214°/20 mm., solidified after distillation and was 
found to be identical with the above anhydride (Found: C, 67:1; 
H, 7-1. C©,,H,,O, requires C, 67-2; H, 7-2%). 

The anilic acid separated in long soft needles, m. p. 193°, when 
a benzene solution of the anhydride and aniline was kept for 24 
hours (Found: C, 69-8; H, 7:2. C,9H,;0,N requires C, 69-9; H, 
73%). The anil was obtainefl by heating the anilic acid above its 
melting point, freeing the product from acid by treatment with 
dilute aqueous ammonia, and crystallising it from dilute alcohol ; 
it separated in prisms, m. p. 140° (Found: C, 73-7; H, 7-2. 
(,9H,,0,N requires C, 73-9; H, 7-1%). 

cis-1 : 2-Dicarboxy-1-methoxycyclopropane-3(2’)-spiro - trans - hexa - 
hydrohydrindene, obtained by decomposing the anhydride with hot 
water, formed long rods, m. p. 180° (decomp.), sparingly soluble in 
benzene but readily in chloroform and acetone (Found: C, 62-5; 
H, 7:7; equiv., by titration, 133-9. C,,H,.O0; requires C, 62-7; 
H, 75%; equiv., 134). The ethyl ester, b. p. 195°/15 mm., was a 
thick viscous liquid which solidified after 1 month and crystallised 
from light petroleum (b. p. 60—80°) in plates, m. p. 80° (Found : 
C, 66-8; H, 8-6. C,,H,,O, requires C, 66-7; H, 8-6%). 

The aqueous sodium carbonate extract in the above separation 
was acidified, the precipitated oil extracted with ether, recovered, 
and esterified with ethyl alcohol and sulphuric acid, and the product 
distilled. The main fraction, b. p. 190—192°/18 mm., was boiled 
with concentrated hydrochloric acid for 20 hours; the residue 
obtained by evaporation of the acid was dried at 100° and mixed 

112 
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with benzene. After one hour, the precipitated solid (m. p. 130— 
140°) was collected and boiled with benzene. The insoluble portion 
was recrystallised from aqueous acetone, from which trans-! : 2- 
dicarboxy-1-methoxycyclopropane-3(2’)-spiro-trans-hexahydrohydrind- 
ene (X XVII) separated in needles, m. p. 185° (Found: C, 62-6; 
H, 7:3; equiv., by titration, 134. C,,H,.0,; requires C, 62:7; H, 
7-4%; equiv., 134); more was obtained on addition of light petrol- 
eum to the benzene solution. The filtrate on concentration de- 
posited clusters of needles and plates, m. p. 127° (clearing at 164°), 
which could not be further purified as the quantity was too small. 

The benzene filtrate obtained after the separation of the cis- and 
trans-methoxy-spiro-acids was evaporated to dryness, and the 
residue esterified with ethyl alcohol and sulphuric acid. The ester 
boiled at 198—199°/9 mm. (5 g.), a small fraction (0-5 g.) having 
distilled at 175—185°/9 mm. The ester, on hydrolysis with hydro- 
chloric acid, gave a thick oil which partly solidified after 5 weeks. 
a-H ydroxy-«’-methoxy-trans-hexahydrohydrindene-2 : 2-diacetic acid 
(XXVIII) crystallised from benzene in plates, m. p. 171° (Found: 
C, 58-9; H, 7-9; equiv., 1425. C,,H,.O, requires C, 58-7; H, 
77%; equiv., 143). 

Conversion of the cis- and trans-Methoxy-spiro-acids into 2-Carboxy- 
trans-hexahydrohydrindene-2-acetic Acid (X1X).—Either acid (0-5 g.) 
was boiled with hydrobromic acid (d 1-45; 15 c.c.) under reflux for 
3 hours. The solution was diluted and extracted with ether. The 
viscous residue obtained on evaporation of the solvent solidified 
when rubbed with chloroform. It crystallised from water i. plates, 
m. p. 203°, and was identified as 2-carboxy-trans-hexahydrohydrind- 
ene-2-acetic acid by comparison with a genuine specimen. 

The keto-acid (XVIII) was converted into the same substance 
by similar treatment. 

Hydrolysis of the Dibromo-ester, (VII), with Sodium Carbonate 
Solution.—The dibromo-ester (30 g.) was boiled with concentrated 
sodium carbonate solution (300 c.c.) for 40 hours. Unchanged 
ester having been removed with ether, the aqueous solution was 
acidified with concentrated hydrochloric acid and extracted thrice 
with ether. The residual syrup, which failed to solidify even after 
10 weeks, was esterified with ethyl alcohol and hydrogen chloride. 
The ethyl esters produced were twice fractionally distilled, and 
two fractions obtained: (1) 200—210°/18 mm. (3 c.c.); (2) 214— 
218°/15 mm. (12 c.c.). 

Hydrolysis of fraction (1) with hydrochloric acid gave an oil 
which deposited during several weeks a small quantity of solid, 
m. p. 163°, identified by means of a mixed melting point as the 
keto-acid (XVIII). 
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Fraction (2) was boiled with concentrated hydrochloric acid for 
12 hours. When the solution was cooled a small quantity (2 g.) of 
the hydrolysis product crystallised as snow-white flakes, the rest 
(16 g.) separating as a thick viscid syrup. The solid was freed from 
traces of oily impurity by washing with benzene and crystallised 
from this solvent, the trans-lactone of aa’-dihydroxy-trans-hexahydro- 
hydrindene-2 : 2-diacetic acid (XXX) being obtained in clusters of 
plates, m. p. 212° (Found: C, 61-0; H, 7-2; equiv., by titration, 
253-9. C,,H,.0,; requires C, 61-4; H, 7-1%; equiv., 254). 

The aniline salt, formed from the hydroxy-lactonic acid and 
aniline in benzene solution, crystallised in long silky needles, m. p. 
130° (Found: C, 65-6; H, 7-2. Cy )H,;0,;N requires C, 65-7; H, 
73%). The acetyl derivative, readily formed from the hydroxy- 
lactonic acid in boiling acetyl chloride, crystallised from benzene in 
clusters of flat needles, m. p. 205° (Found: C, 60-6; H, 6-7. 
U,;Ho 0, requires C, 60-8; H, 6-7%). 

The oily hydroxy-lactonic acid (above) was dried at 100° for 1 
hour, kept over potash in a vacuum, and mixed with benzene— 
light petroleum (b. p. 60—80°). The solid which separated was 
collected and boiled with a small quantity of benzene. The cis- 
lactone of aa’-dihydroxy-trans-hexahydrohydrindene-2 : 2-diacetic acid 
(X XX1) crystallised from chloroform-light petroleum (b. p. 60—80°) 
in lamine, m. p. 195° (mixed m. p. with the trans-lactonic acid, 
175—180°) (Found: C, 61-2; H, 7-3%; equiv., 253-5). 

The aniline salt crystallised from benzene in prisms, m. p. 126° 
(Found: C, 65-6; H, 7-4%). 

The neutral fraction obtained after the hydrolysis of the dibromo- 
ester with sodium carbonate solution was distilled under reduced 
pressure. Ethyl bromide was eliminated and a syrupy liquid ob- 
tained, b. p. 195—200°/9 mm., which deposited a small amount of 
solid on standing. The syrupy liquid was mixed with benzene, 
and the solid collected. The ethyl ester of the hydroxy-lactonic 
acid crystallised from light petroleum in rhombic plates, m. p. 
127° (Found: C, 63-7; H, 7-8. (C,;H,.O; requires C, 63-8; 
H, 7-8%). 

By the hydrolysis of the oily ester with concentrated hydro- 
chloric acid, small amounts of the trans-lactonic acid (m. p. 212°) 
and the keto-acid (m. p. 164°) were obtained. 

trans-Hexahydrohydrindylidene-2-acetone (XX XIX ).—trans-Hexa- 
hydrohydrindene-2-acetic acid (18 g.) was treated with thionyl 
chloride (18 ¢.c.) at 50—-60°, the excess of thionyl chloride removed 
under reduced pressure, and the residue distilled. trans-Hexahydro- 
hydrindylidene-2-acetyl chloride passed over at 168°/18 mm. as a 
colourless mobile liquid. It was diluted with an equal volume of 
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dry toluene * and added dropwise to a well-cooled solution of zinc 
methyl iodide prepared from zinc-copper couple (13 g.), methyl 
iodide (6 c.c.), and ethyl acetate (3 c.c.) in toluene. The mixture 
was kept in ice for 1 hour and at room temperature for 2 hours 
and then decomposed with ice and dilute sulphuric acid. The 
filtered toluene solution was washed successively with dilute sul- 
phuric acid, a saturated solution of ammonium sulphate, aqueous 
sodium bicarbonate, and water, dried, and fractionated in a vacuum : 
the ketone distilled at 142—144°/25 mm. (Found: C, 80-8; H, 10-0. 
C,.H,,0 requires C, 80-9; H, 10-1%). It readily formed a semi- 
carbazone, which crystallised from ethyl alcohol in cubes, m. p. 218° 
(Found: C, 66-5; H, 8-8. C,,H,,ON, requires C, 66-4; H, 8-9%). 

Condensation of trans-Hexahydrohydrindene-2-acetone with Cyano- 
acetamide: 6-Hydroxy-2-keto-3-cyano-6-methylpiperidine-4(2’)-spiro- 
trans-hexahydrohydrindene (XL).—The unsaturated ketone (9 g.) 
was mixed with a suspension of the sodio-derivative prepared by 
adding a solution of cyanoacetamide (4-2 g.) in hot absolute ethy] 
alcohol (15 c.c.) to a solution of sodium (1-2 g.) in ethyl alcohol, 
and heated on the steam-bath for 6 hours. A vigorous reaction 
ensued, during which the sodiocyanoacetamide partly dissolved 
and the sodio-derivative of the condensation product separated. 
There was slight evolution of ammonia during the early stages of 
the reaction. The crystalline solid (13 g.) which separated on 
dilution of the solution with water was collected and washed with 
a little aleohol. The mother-liquor when neutralised with dilute 
hydrochloric acid gave more (2 g.) of the same substance. The 
spiro-compound (XL) was insoluble in benzene, ether, or chloroform, 
appreciably soluble in dilute acids, and crystallised from methyl 
alcohol in sheaves of spear-shaped needles, m. p. 293° (decomp.) 
(Found : C, 68-4; H,8-5. C,;H,.0,N, requires C, 68-7; H, 8-4°). 

Hydrolysis of the spiro-Compound (XL) with Concentrated Potass- 
ium Hydroxide Solution : Formation of 2-Acetonyl-trans-hexahydro- 
hydrindene-2-malonic Acid (XLI).—The preceding compound (12 g.) 
was heated with a solution of potassium hydroxide (15 g.) in water 
until the evolution of ammonia ceased (40 hours). The solution 
was then cooled, diluted with water, extracted with ether to remove 
any neutral product, and acidified. The precipitated oil was 
extracted with ether, washed, dried, and recovered. Dried in a 
vacuum desiccator, it completely solidified (9 g.) when treated with 
benzene. It crystallised from a large volume of benzene in lustrous 
short plates, m. p. 169° (decomp.) (Found : C, 63-5; H, 8-0; equiv., 
by titration, 141. C,;H,.0, requires C, 63-8; H,7-8%; equiv., 141). 

* The use of ether in place of toluene in the Blaise-Maire reaction consider- 
ably diminishes the yield of the ketone. 
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The ethyl ester prepared by means of ethyl-alcoholic hydrogen 
chloride, boiled at 214°/15 mm. and had ni§* 1-48025, dj?* 1-057, 
whence [R;]p 89-3 (cale., 89-7) (Found : C, 67-2; H, 9-0. C, gH, 0; 
requires C, 67-4; H, 8-9%). It gave a semicarbazone, m. p. 130°, 
after repeated crystallisation from alcohol (Found : C, 60-9; H, 8-4. 
(49H 330,;N, requires C, 60-8; H, 8-4%). 

Hydrolysis of the spiro-Compound (XL) with Concentrated Hydro- 
chloric Acid. Formation of the Dilactone (XLIV).—The spiro- 
compound was boiled with concentrated hydrochloric acid for 6 
hours. The crvstalline product was separated from the diluted 
solution and recrystallised from alcohol, the dilactone being obtained 
in long prismatic needles, m. p. 154° (Found: C, 68-3; H, 7-7. 
(5H 90, requires C, 68-2; H, 7-5%). 

Behaviour of 2-Acetonyl-trans-hexahydrohydrindene-2-malonic Acid 
on Heating: Formation of the Dilactone (XLIV) and 2-Acetonyl- 
trans-hexahydrohydrindene-2-acetic Acid (XLIII).—The acid (2-5 g.) 
was kept at 170—-175° for 6 hours. The cooled melt was dissolved 
in ether and separated into acid and neutral fractions by means of 
dilute sodium carbonate solution. The dilactone thus obtained 
(0-5 g., representing 25% of the dibasic acid) melted at 154° and 
was identical with the compound (XLIV). The sodium carbonate 
extract on acidification gave a solid (1-6 g.) which separated in 
fern-like crystals, m. p. 87°, of 2-acetonyl-trans-hexahydrohydrind- 
ene-2-acetic acid (described below), identified by comparison with 
a genuine specimen. 

Synthesis of Ethyl 2-Acetonyl-trans-hexahydrohydrindene-2-acetale 
(XLVITI).—Ethyl hydrogen trans-hexahydrohydrindene-2 : 2-diacet- 
ate (14 g.), prepared as already described, was heated with thiony] 
chloride (15 c.c.) on the water-bath, and the excess of thionyl 
chloride removed under reduced pressure. The crude acid chloride, 
dissolved in toluene (30 c.c.), was added to a toluene solution of 
zine methyl iodide (see p. 972). The keto-ester obtained gave a 
semicarbazone, m. p. 138° after recrystallisation from methyl alcohol 
(Found: C, 63-1; H, 9-2. C,-H,,0,N, requires C, 63-2; H, 9-0%). 
Ethyl 2-acetonyl-trans-hexahydrohydrindene-2-acelate, regenerated 
irom the semicarbazone, boiled at 180°/15 mm. (Found: C, 71:8; 
H, 9-7. C,gH 0, requires C, 72-2; H, 9-8°4). This ester (2 g.), 
when heated with sodium (0-2 g.) in absolute alcohol (12 c.c.) for 5 
hours on the steam-bath, was converted into cycloheaane-3 : 5- 
/ione-1(2’)-spiro-trans-hevahydrohydrindene (XLIX) (1-5 g.), which 
gave a crimson colour with alcoholic ferric chloride, dissolved in 
ukalis, and crystallised from alcohol in thick plates, m. p. 199° 
(Found: C, 76-0; H, 9-1. C,,H, 0, requires C, 76-4; H, 9-1%). 
The methylene compound crystallised from alcohol in needles, m. p. 
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275° (Found: C, 77-2; H, 8-9. C,9H4)0, requires C, 77:1; H, 
89%). 


2- Acetonyl-trans-hexahydrohydrindene-2-acetic Acid (XLVIII).—- 
The keto-ester (14 g.), mixed with a solution of potassium hydroxide 


(15 g.) in water (20 c.c.) and sufficient alcohol to give a clear solution, 
was boiled for 5 hours. The acid isolated in the usual way con- 
tained 2-acetonyl-trans-hexahydrohydrindene-2-acetic acid and a smi'|| 
amount of trans-hexahydrohydrindene-2 : 2-diacetic acid. Separ- 
ation was effected by boiling the mixture with petroleum (b. p. 
60—80°), in which the keto-acid alone was soluble. It crystallised 
from petroleum (b. p. 60—80°) in cubes, m. p. 87° (Found: C, 70-4; 
H, 9-5; equiv., by titration, 238. C,,H,.0, requires C, 70-6; H, 
9-2%; equiv., 238). The semicarbazone crystallised in plates, m. p. 
202° (Found: C, 61-2; H, 8-6. C,;H,,O,N, requires C, 61-0; H, 
85%). 

Action of Acetic Anhydride on 2-Acetonyl-trans-hexahydrohydrind- 
ene-2-acetic Acid.—A mixture of acetic anhydride and the acid 
(2 g.) was heated on the steam-bath for 6 hours. Acetic anhydride 
evaporated on keeping and the residue was treated with water and 
extracted with ether. The extract was washed with dilute sodium 
carbonate solution, and the solvent removed. The unsaturated 
lactone (XLV) slowly crystallised in needles, m. p. 58—59°, from 
light petroleum (b. p. 60—80°), in which it was extremely soluble. 
It readily combined with bromine in chloroform solution (Found : 
C', 72-6; H, 9-0. C,H 90, requires C, 76-4; H, 9-1%). 

Condensation of Methyl trans-Hexahydrohydrindene-2 : 2-diacetale 
with Methyl Oxalate : Formation of 2 : 5-Dicarbomethoxycyclopentane- 
3: 4-dione-1(2’)-spiro-trans-hexahydrohydrindene (LII).—Methy! 
trans-hexahydrohydrindene-2 : 2-diacetate was gradually added with 
vigorous shaking to an ethereal suspension (200 c.c.) of the sodio- 
compound obtained from methyl oxalate (38 g.) and dry sodium 
ethoxide (prepared from 14-8 g. of sodium and 20-4 g. of absolute 
methyl alcohol). The vigorous reaction that ensued caused the 
ether to boil. After 10 hours, ether was distilled off on the steam- 
bath, and the residue heated at 110—120°. Alcohol (25 c.c.) having 
distilled off, the temperature was maintained at 130° for 6 hours. 
The powdered residue was treated with ice-cold sulphuric acid and 
the solid which separated was collected (18 g.). This contained 
the spiro-compound (LII) and trans-hexahydrohydrindene-2 : 2-di- 
acetic acid in equal proportion. Separation was effected by hot 
petroleum (b. p. 60—S80°), in which the former alone was soluble. 
This ester was easily soluble in all solvents, crystallised from petrol- 
eum in needles, m. p. 112°, dissolved in aqueous sodium bicarbonate 
and gave a red coloration with ferric chloride (Found: C, 63:1; 
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H, 6-7. C,H 0, requires C, 63-3; H, 6-8%). The semicarbazone, 
after crystallisation from alcohol, melted at 202° (decomp.) (Found : 
(, 56-8; H, 6-4. C,,H,,.O,N, requires C, 57-0; H, 6-6%). 

cycloPentane-3 : 4-dione -1(2’)-spiro- trans -herahydrohydrindene 
(LIITI).—The ketonic ester was hydrolysed by boiling for 2 hours 
with an excess of 20% sulphuric acid. The diketone which separated 
on cooling crystallised from petroleum (b. p. 60—80°) in fern-like 
needles, m. p. 111°. Its alcoholic solution gave a red coloration 
with ferric chloride (Found: C, 75-9; H, 8-6. C,,H,,0, requires 
(, 75-7; H, 87%). The disemicarbazone was purified by boiling 
with a large volume of alcohol, in which it was only sparingly 
soluble ; it separated in micro-crystalline needles, m. p. 270° (Found : 
(, 55-9; H, 7-6. C,;H,,0,N, requires C, 56-2; H, 7-5%). 

Ethyl 2-Acetyl-trans-hexahydrohydrindene-2-acetate (LIV).—The 
crude acid ester (48 g.) was converted into the acid chloride with 
thionyl chloride (30 c.c.) in the usual way. The crude acid chloride, 
diluted with toluene, was slowly added to a cold toluene solution 
of zine methyl iodide. After 3 hours, the product was worked up 
in the usual way. The keto-ester (LIV) distilled at 180-—182°/ 
10 mm. (yield, 30 g.). 

2-Acetyl-trans-hexahydrohydrindene-2-acetic Acid.—The above 
keto-ester was hydrolysed by boiling aqueous-alcoholic potassium 
hydroxide. The oil precipitated on acidification of the solution 
after evaporation of the alcohol solidified on standing. It was a 
mixture of 2-acetyl-trans-hexahydrohydrindene-2-acetic acid and 2- 
carboxy-trans-hexahydrohydrindene-2-acetic acid. The separation 
of these two acids was effected by hot petroleum (b. p. 60—80°), 
in which only the former was soluble and from which it crystallised 
in colourless prisms, m. p. 123° (Found: C, 69-6; H, 9-1; equiv., 
223-9. C,,H, 0, requires C, 69-6; H, 8-994; equiv., 223-9). 

The ethyl ester, prepared by means of ethyl! alcohol and hydrogen 
chloride, boiled at 164°/10 mm. and had nj” 1-48142, di? 1-030, 
whence [ R;], 69-1 (cale., 68-7) (Found: C, 71-5; H, 9-6. C,;H,,0, 
requires C, 71-4; H, 9-5%). 

eveloPentane -2 : 4 - dione - 1(2’) - spiro-trans - hexahydrohydrindene 
(LV).—The keto-ester (LIV) (4 g.) was mixed with a suspension of 
sodium ethoxide in ether and warmed on the steam-bath. The 
mixture was cooled, diluted with water, and extracted with ether. 
The diketone was separated from the neutral material by extraction 
with sodium bicarbonate. The product, which solidified in contact 
with sodium-dried ether, crystallised from alcohol in plates, m. p. 
190° (yield, 28—30%). It decolorised potassium permanganate 
and absorbed bromine (Found : C, 75-5; H, 8-8. C,,H,,.0, requires 
C, 75:7; H, 8:7%). 
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In conclusion I desire to express my indebtedness to Professor 
J. F. Thorpe, C.B.E., F.R.S., for his interest during the progress 
of this investigation, and to the Chemical Society for generous 
grants towards its heavy cost. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, February 19th, 1931. ] 





CXXXV.—Studies in Chemotherapy (Antimalarials), 
Part I. A Derivative of Glyoxalinoquinoline. 
By Kartar Since Narang and JNANENDRA Nata Ray. 


THREE lines of investigation on antimalarials derived from quinoline 
have been published recently, namely, aminoalkylaminoquinolines, 
similar to plasmoquine in structure (Baldwin, J., 1929, 2959), amino- 
alkylquinolinium salts (Seshadri, ‘bid., p. 2952), and 4-piperidino- 
and 4-piperazino-derivatives of quinoline (Kermack and Smith, J., 
1930, 1256). Mrs. Robinson (J., 1929, 2948) has described pyrrolo- 
quinolines having similarity in structure to harmine and harmaline, 
which are reputed antimalarials (Gunn and Marshall, Proc. Roy. Soc., 
Edin., 1920, 15, 145), and Chatterji (J., 1929, 2965) has recorded 
the preparation of $-benziminazolylethylamine derivatives. 

The present investigation was undertaken with the object of 
preparing glyoxalinoquinolines (1). These substances are related to 
the iminazoles of Chatterji and also, partly, to the carbostyrils 
examined by Fourneau and his collaborators (Ann. Inst. Pasteur, 


1930, 44, 503). 


N ~ ao 
Oty Oa Ogee 
im ye Ph yy. \A an a a i a ‘ Fs AA \NH- COPh 
CH x CH 


The azlactone (II), winnie “ the condensation of o-nitrobenz- 
aldehyde with hippuric acid by the method of Erlenmeyer, jr. 
(Annalen, 1904, 337, 265 et seqg.), when heated with an aromatic 
amine in presence of copper powder, furnished in most cases an 


NO = 
~ “/ ¢ O-N R \/NC-NHR v.) 
\é ox_OPh \ /CNH-COPh 
¥ CH 


anilide (III) a, with a small amount of a cyclic imine (IV). 
The substance (III) was smoothly converted into (IV) by phosphoryl 
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chloride on the steam-bath. On reduction with zine dust in hot 
acetic acid, the substance (IV) furnished the glyoxalinoquinoline (I), 
but the anilide (III) gave 2-anilino-3-benzamidoquinoline (V). 

A preliminary investigation, still incomplete, has indicated that 
some of the compounds described below are actively toxic to 
paramecia in a dilution of 1 : 1000, 


EXPERIMENTAL. 


The azlactone (8 g.) prepared from piperonal and hippuric acid 
was heated with m-toluidine (3 g.) and a trace of copper-bronze at 
160—170° for 2 hours. An extract of the cooled mass in hot acetic 
acid furnished, on cooling, piperonylidenebenzamidoaceto-m-toluidide, 
(‘'H,:0,:C,H,°CH:C(NH-COPh)-CO-NH-C,H,°CHg, m. p. 233°, which 
gave a deep red solution in concentrated sulphuric acid (Found : 
C, 72-3; H, 5-0; N, 7-3. C,,H, 90,N, requires C, 72:0; H, 5-0; 
N, 7-:0%). The mother-liquor on dilution with much water fur- 
nished a second substance, m. p. 167° after crystallisation from hot 
dilute acid (charcoal) and alcohol (charcoal) (Found: N, 7-4. 
(',,H,,0,N, requires N, 7-3%). This substance, which was pre- 
sumably 5-keto-2-phenyl-1-m-tolyl-4-piperonylidene-4 : 5-dihydrogly- 
ovaline, was also obtained when the aceto-m-toluidide (1 g.), dis- 
solved in phosphoryl chloride (5 c.c.), was gently heated on the 
steam-bath, and the product decomposed with ice; after crystal- 
lisation from hot dilute alcohol (charcoal), it had m. p. and mixed 
m. p. 167°. 

When the same azlactone was similarly condensed with p-toluidine, 
and the product worked up as described above, piperonylidenebenz- 
amidoaceto-p-toluidide, m. p. 248-—249° after recrystallisation from 
hot acetic acid, was obtained (Found: C, 71-6; H, 5-0: N, 7-2%): 
the mother-liquor furnished 5-keto-2-phenyl-1-p-tolyl-4-piperonyl- 
idene-4 : 5-dihydroglyoxaline, which crystallised from alcohol in 
woolly needles, m. p. 230° (Found: N, 7-4%). The substance is 
only feebly basic, being reprecipitated from its solution in hot 
concentrated hydrochloric acid on dilution. Attempts to reduce it 
to the piperonyl compound were unsuccessful. 

The azlactone (II) obtained from o0-nitrobenzaldehyde and hippuric 
acid crystallised from hot acetic acid (charcoal) in golden-yellow 
rectangular plates, m. p. 166° (Found: C, 64:8; H, 3-4: N, 9-8. 
(,gH,90,N. requires C, 65-3; H, 3-4; N, 95%). It was very 
sparingly soluble in alcohol, but dissolved with the development of 
a deep red colour when treated with alkali hydroxide in the hot 
solvent; on acidification, it was not precipitated immediately. 

The azlactone, on condensation with aniline in the above-described 
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manner, furnished o-nitrobenzylidenebenzamidoacetanilide (II1; R = 
Ph), which crystallised from hot benzene in colourless hexagonal 
prisms, m. p. 213° (Found: C, 68-3; H, 4-4; N, 10-8. C,.H,,0,N, 
requires C, 68-2; H, 4:4; N, 10-85%). Hot alcoholic solutions 
deepened only slightly in colour when treated with alkali: solutions 
in concentrated sulphuric acid were colourless. The anilide was 
converted by phosphory] chloride into 5-keto-1 : 2-diphenyl-4-0-nitro- 
benzylidene-4 : 5-dihydroglyoxaline (IV ; R = Ph), which crystallised 
from hot alcohol in bright yellow, rectangular plates, m. p. 178°. 
The ring formation is attended with a remarkable development of 
colour (Found: N, 11-4. C,.H,,0,N, requires N, 11-4%). The 
glyoxaline gives in concentrated sulphuric acid an almost colourless 
solution, from which it is precipitated on much dilution. 

1 : 2-Diphenylglyoxalino-4 : 5(3’ : 2’)-quinoline (1; R = Ph).—A 
solution of the glyoxaline (IV; R = Ph) (0-5 g.) in acetic acid 
(50 c.c.) was boiled with zinc dust until it became almost colourless ; 
it was then filtered, diluted with much water, and basified with 
sodium hydroxide solution. The colourless precipitate obtained 
formed needles (0-2 g.), m. p. 239°, from very dilute alcohol (Found : 
N, 12-8. C,.H,;N, requires N, 13-:0%). The glyoxalinoquinoline 
is easily soluble in alcohol and strong acids, and forms a picrate 
in the usual way. 

2-Anilino-3-benzamidoquinoline (V).—Reduction and ring closure 
of the anilides of type (III) to compounds of type (V) did not 
proceed smoothly and the method had to be modified in individual 
eases. The following, however, is a fairly typical example. 

To a mixture of zine dust and boiling acetic acid, o-nitrobenzyl- 
idenebenzamidoacetanilide (IIIT; R = Ph) was added in small por- 
tions with vigorous shaking: after the final addition, the liquid 
was boiled for 15—30 minutes. (Prolonged heating considerably 
reduces the yield of the pure product.) The filtered solution, poured 
into much water, deposited an ochreous mass. This was separated, 
extracted with hot methyl alcohol, washed with dilute hydrochloric 
acid (the washings sometimes furnished a tetrahydroquinoline, 
usually mixed with other substances), and crystallised from acetic 
acid and then from alcohol; 2-anilino-3-benzamidoquinoline (V; 
R = Ph) thus obtained had m. p. 254° (Found : N, 12-5. C,,H,,ON, 
requires N, 12-4%). It gave a pale yellow solution in hot alcohol 
containing a little alkali, but was not precipitated on dilution with 
water. 

The following compounds were prepared by methods described 
above: 0-nitrobenzylidenebenzamidoaceto-o-toluidide (III; R=o- 
‘,H,), pale yellow needles, m. p. 172—173° (Found: N, 10-7%); 
the corresponding m-toluwidide, m. p. 215° after recrystallisation 
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from alcohol (charcoal) (Found: C, 68-7; H, 4:9; N, 10-8. 
CogH90,N, requires C, 68-6; H, 4-7; N, 105%); and the p-toluid- 
ide, m. p. 206° when similarly crystallised (Found: N, 10-8%). 
2-0-Toluidino-3-benzamidoquinoline (V; R = o0-C,H,), pale yellow 
needles, m. p. 247°, from acetic acid (Found: N, 12-0. C,3;H,,ON, 
requires N, 11-99%); the 2-m-toluidino-analogue, pale yellow needles, 
m. p. 238—239°, from alcohol (Found: N, 12-1%), the substance 
being practically non-basic; and the p-toluidino-compound, m. p. 
259° after crystallisation from acetic acid (obtained in very poor 
yield) (Found: N, 12-1%). 

A mixture of 6-nitropiperonal (10 g.), hippuric acid (9-2 g.), 
freshly fused sodium acetate (10 g.), and acetic anhydride (25 c.c.), 
when heated on the steam-bath for 1} hours, gave the azlactone 
(6 g.), m. p. 196° after crystallisation from much boiling acetic acid 
(Found : N, 8-3. C,H, ,0,N, requires N, 8:3%). It gave a scarlet 
solution in alcoholic alkali: after dilution, acidification with acetic 
acid precipitated the corresponding acid, which was not easily 
reconverted into the lactone. 

This azlactone gave with aniline, o-toluidine, m-toluidine, and 
p-toluidine respectively, in the manner previously described, 6-nitro- 
piperonylidenchenzamidoacetanilide, m. p. 225° (Found: C, 64-1; 
Hf, 4:0; N, 9-9. C,,H,,O,N, requires C, 64:0; H, 4:0; N, 9-7%), 
the o-toluidide, golden-yellow plates, m. p. 223° (Found : N, 10-9%), 
the m-toluidide, bright yellow needles, m. p. 186°, from acetic acid 
(Found: C, 64-9; H, 4:5; N, 9-5. C,,H,,0,N, requires C, 64-9; 
H, 4-6; N, 9-4%), and the p-toluidide, bright yellow needles, m. p. 
229°, from acetic acid (Found: C, 64:5; H, 4:4; N, 94%). A 
second substance was isolated in bright orange needles, m. p. 259°, 
hut not in sufficient amount for analysis. 

The reduction and ring closure of the above substances presented 
considerable difficulty owing to their very sparing solubility in hot 
acetic acid. However, the quinoline derivatives were isolated in 
poor yield as follows : 

6-Nitropiperonylidenebenzamidoacetanilide (5 g. in three por- 
tions) was reduced in boiling acetic acid (300 c.c.) until the deep 
orange colour of the solution changed to yellow. The filtered 
solution deposited a gelatinous precipitate, which became semi- 
crystalline in contact with dilute hydrochloric acid. Recrystallised 
from acetic acid, the 2-anilino-3-benzamido-6 : 7-methylenediory- 
quinoline had m. p. 315° (Found: N, 11-3. C,,;H,,0,N, requires 
N, 11:0%). It gave a light red solution in concentrated sulphuric 
acid. 

The 2-o0-toluidino-compound, m. p. 298°, pale greenish-yellow 
needles (Found: N, 10-9. C,,H,,O,N requires N, 10-6%), 2-m- 
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toluidino-compound, m. p. 286° (Found: N, 11-1%), and 2-p- 
toluidino-compound, m. p. 305° (decomp.) (Found: N, 10-65%), 
were prepared similarly. 


UNIVERSITY OF THE PUNJAB, 
LAHORE, INDIA. [ Received, February 16th, 1931.] 





NOTES. 


The Nitration of Benzylpiperidine. By Rosert RoBINson and 
Joun STEPHEN WATT. 


A LARGE effect on the proportion of the m-isomeride produced in 
the nitration of benzylpiperidine was observed by Pollard and 
Robinson (J., 1927, 2770) as the result of the addition of soluble 
salts to the fuming nitric acid employed. Further work on this 
subject was contemplated, but it has not been found possible to 
reproduce the results. It is desirable to place this fact on record, 
and experiments will be undertaken with the view of discovering 
the cause of the anomaly, which may be the result of some elusive 
variation of detail in the conditions. 

The method employed was that of Ing and Robinson (J., 1926, 
1664), the nitration mixture being kept for 3 hours in the freezing 
mixture before being worked up, and after addition of potassium 
iodide to the solution of the bases 3 hours were allowed for the 
separation. 


Base equiv. Total 
Benzy!l- RbNO, to this nitro- m-Nitro- 
piperidine, added, Hydriodide hydriodide, bases, compound, 
g. g. ppted., g. g. g. , * 
15 16-2 10-2 17-7 57 
15 3 17-5 11 18-4 59 
9-5 9-5 10-5 6-6 10-9 60 
10 10 10-2 b-4 11-7 55 
3 3 3 1-9 37 51 


The percentages in the last column are calculated from the 
weight ‘of hydriodide only: by fractional crystallisation of the 
picrates of the remaining bases, further quantities of m-isomeride 
(5—10°%) could be obtained. 

The melting point of the crude hydriodide varied from 213° to 
216°, and was raised to 221° after crystallisation. The m. p.’s of 
the hydriodides of the pure nitrobenzylpiperidines (Lellman and 
Pekrun, Annalen, 1890, 259, 40) were: o-, 218°; m-, 221°; p-, 
194-5°; and those of mixtures of equal quantities were: o-p, 179— 
182°: o-m, 192°; p-m, 179—180°. 

The melting point of the hydriodide from the nitration product 
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was not depressed by admixture with a specimen of the pure m- 
isomeride.—Dyson PERRINS LABORATORY, OxForRD. [Received, 
March Ast, 1931.] 





The 3-Fluoro-2-, -4-, and -6-amino- and -2-, -4-, and -6-halogeno- 
anisoles. By HERBERT HENRY Hopason and JosePpH Nixon. 


Preparation of the Amines.—3-Fluoro-2-, -4-, and -6-nitro-anisoles 
(Hodgson and Nixon, J., 1928, 1879) are reduced in the usual way 
with iron powder and aqueous (50%) acetic acid, and the resulting 
amines removed by steam distillation. Their hydrochlorides 
crystallise from dilute hydrochloric acid in colourless needles, and 
their sulphates from dilute sulphuric acid in pearly-white plates. 

3-Fluoro-2-aminoanisole is a colourless oil, b. p. 208°/756 mm. 
(Found: N, 10-2. C,;H,ONF requires N, 9-9%). 3-Fluoro-4- 
aminoanisole crystallises from water or aqueous alcohol in colourless 
needles, m. p. 50° (Found: N, 10-1%). 3-Fluoro-6-aminoanisole 
is a colourless oil, b. p. 215°/756 mm. (Found: N, 10-2%). 

The following compounds were prepared from the amines by the 
Sandmeyer reaction. They are all colourless oils. 

2-Chloro-3-fluoroanisole, b. p. 198°/757 mm. (Found: Cl, 22:2. 
U,H,OCIF requires Cl, 22:1%). 4-Chloro-3-fluoroanisole, b. p. 196°/ 
757 mm. (Found: Cl, 22-25%). 6-Chloro-3-fluoroanisole, b. p. 
195°/757 mm. (Found: Cl, 22-15%). 2-Bromo-3-fluoroanisole, 
b. p. 220°/755 mm. (Found: Br, 39-2. C,;H,OBrF requires Br, 
39:0%). 4-Bromo-3-fluoroanisole, b. p. 215°/755 mm. (Found : Br, 
39:1%). 6-Bromo-3-fluoroanisole, b. p. 208°/755 mm. (Found : 
Br, 39-1%). 2-Lvdo-3-fluoroanisole, b. p. 240°/756 mm. (Found : 
1, 50-7. C,H,OIF requires I, 50-4°%). 4-Lodo-3-fluoroanisole, b. p. 
238°/756 mm. (Found: I, 50:5%). 6-lodo-3-fluoroanisole, b. p. 
236°/756 mm. (Found: I, 50-6%). 


The authors desire to thank Imperial Chemical Industries Ltd. 


(Dyestuffs Group) for gifts of chemicals—TrcHNIcAL COLLEGE, 
HUDDERSFIELD. [Received, February 19th, 1931.] 











ANNUAL GENERAL MEETING. 
TuHurspay, Marcu 26TH, 1931, ar 4 P.M. 


THE President, Proressor J. F. Toorrr, C.B.E., D.Sc., F.R.S., 
was in the Chair. 

The Report of Council for 1930—1931, together with the Balance 
Sheets and Statements of Accounts for 1930, was presented by the 
President. The Treasurer, speaking on the Accounts, expressed 
anxiety with respect to the continually increasing expenditure oi 
publications: he hoped that chemists engaged in industry would 
give greater support to the work of the Society, remembering that 
the pure chemistry of to-day becomes the applied chemistry of 
to-morrow. The adoption of the Report and Accounts was pro- 
posed by Professor Eric Rideal, seconded by Professor C. K. Ingold, 
and carried unanimously. 


Report oF Councit, 1930—1931. 
I. Fellowship Statistics. 

‘THE number of Fellows at the 3lst December, 1929, was 3925. In 
1930, 160 new Fellows were elected and 5 reinstated, as against 210 
and 8, respectively, in 1929, making a gross total of 4090. The 
Society has lost 37 Fellows by death, 108 Fellows have resigned, and 
the names of 105 have been removed from the List of Fellows for 
non-payment of annual subscriptions, the corresponding figures for 
the previous year being 49, 107, and 117, respectively. ‘The number 
of Fellows at the 3lst December, 1930, was therefore 3840, showing 
a decrease of 85, as against 55 the previous year. 

The number of new Fellows elected in 1930 is 50 less than in 1929, 
and is the smallest number in any year (excluding war years) since 
1908; there are now 253 fewer Fellows of the Society than in 1926. 
Whatever may be the reason for the continuous diminution in the 
number of Fellows, the Council views the position with considerable 
anxiety. It appeals to the Fellows to urge the claims of the Society 
on all interested in the advancement of chemical knowledge. 

The Society has suffered a great loss by the death on the 
18th September of Professor Harold Baily Dixon, who was elected 
a Fellow in 1876, and who served as President of the Society from 
1909 to 1911. The Society was represented at his funeral by Dr. 
R. H. Pickard, and the Council, at its meeting on the 2nd October, 
passed a special resolution of sympathy which was communicated 
to the Ordinary Scientific Meeting on the 23rd October, and 
conveyed to Mrs. Dixon by the Senior Secretary. An account of 
the life and work of Professor Dixon is being prepared by Professor 
H. B. Baker and Professor W. A. Bone. The Council also regrets 











‘#2 


ee 
he 
ed 
Oil 
ud 
iat 

of 
rO- 


ld, 


In 
10 
‘he 
nd 
for 
for 
eT 
ing 


29, 
ce 
26. 
che 
ble 


che 
rec 
om 
Dr. 
er, 
ted 
nid 

of 


sor 











ANNUAL GENERAL MEETING. 983 


to record the death of Mr. Ayerst Henham Hooker, who presented 
the Mace to the Society last year, and of Lord Melchett, an 
irreparable loss to chemical industry throughout the Empire. 

Monsieur Joseph Achille le Bel, Honorary Fellow, died on the 
6th August. The President expressed the regret and sympathy of 
the Fellows to the President and Members of the Société Chimique 
de France. An obituary notice of this distinguished chemist has 
been written by Sir William J. Pope and published in the Journal in 
December. 

II. Jubilee Fellows. 


The Council has conveyed the congratulations of the Society to 
Professor Henry Edward Armstrong and to Mr. Matthew Moncriett 
Pattison Muir, who, elected on the Ist December, 1870, and the 16th 
February, 1871, respectively, have completed sixty years of Fellow- 
ship, and to the following who have completed fifty years of 
Fellowship : 


Elected. 

Alfred Cooper Fryer .....cscscsseseseseseees 15th April, 1880. 
Christopher Colborne Graham ............ 15th April, 1880. 
Harold Humbolt Slater ...........sccseeeeee 15th April, 1880. 
Christopher Rawson ..........sseseseseseees 17th June, 1880. 
Arthur Edward Barclay .................s006 2nd December, 1880. 
Percy Faraday Frankland ...............+6+ 2nd December, 1880. 
PE BN: eiaihacaciccsensiisincssicvnssvsesis 17th February, 1881. 
PE BIND Grcskcsccsccniievssssevescccs 17th February, 1881. 
William Edward Kay .............ssssseseees 17th February, 1881. 
Toyokichi Takamatsu ............secesesees 17th February, 1881. 
Walter Ernest Adeney — .........seeseeseeees 17th March, 1881. 
Thomas Cuthbert Day —............sceceeeees 17th March, 1881]. 
SE OE vdicitcnkicdcdccsnnseccsecses 17th March, 1881. 


III. Journal. 


The Journal for 1930 contains 2791 pages, of which 2686 pages are 
occupied by 371 memoirs and 29 notes, the remaining 105 pages being 
devoted to the account of the Annual General Meeting (21 pages), 
the Presidential Address (16 pages), two Lectures (47 pages), and 
Obituary Notices (21 pages). 

The volume for 1929 contains 400 memoirs and 31 notes occupying 
2899 pages. 

During 1930, 410 papers were offered to the Society for publication 
in the Journal; of these, 14 were declined. The corresponding 
numbers for 1929 are 466 and 21 respectively. 

The average interval between the dates of receipt and of public- 
ation of papers is 9-65 weeks for 1930, 9-8 weeks for 1929, and 10-75 
weeks for 1928. 

The Council expresses its indebtedness to those Fellows who, 
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during the past year, have rendered valuable service to the Society 
by refereeing papers. 
IV. Abstracts. 
Abstracts. The appended table shows the number and average 
length of the Abstracts in Sections “‘ A” and “ B ” published during 
1930, the figures for 1929 being included for comparison. 














A B 
1929 1930 1929 1930 

No. of No. of No. of No. of 

Abs. Pages Abs. Pages Abs. Pages Abs. Pages 
Ist Qr. 2,533 362 2,766 386 2,410 266 2,582 288 
2nd ,, 2,550 368 3,001 442 2,010 228 2,740 300 
3rd 2,651 384 2,901 396 2,877 304 2,873 318 
4th ,, 2,729 386 2,875 404 2,320 252 2,479 264 

Total 10,463 1,500 11,543 1,628 9,617 1,050 10,674 1,170 

Aver. length 
per abs. 0-29 Col. 0-28 Col. 0°22 Col. 0+22 Col. 


The 11,543 “ A” Abstracts comprised 5789 in General, Physical, 
and Inorganic Chemistry, 266 in Geochemistry, 2589 in Organic 
Chemistry, and 2899 in Biochemistry. The corresponding figures 
for 1929 were 5146, 189, 2326, and 2602. 

Of the 10,674 “ B” Abstracts 4521 were from Journal literature 
and 6153 were abstracts of Patents (in 1929: 3963 and 5654, 
respectively). 

The increase in the number of the “A” Abstracts in 1930 as 
compared with 1929 is due, as noted in last year’s Report, to the 
continued increase of the amount of chemical literature. The 
average length of the abstracts, taken as a whole and in each 
individual section, remains almost constant. 


Annual Index. The Joint Annual Index for the Abstracts for 1929 
covered 642 pages, as compared with 576 pages for the 1928 Index. 
The cost of printing the Index was £1302 6s. 4d. and of the paper 
£315 5s. 4d. (Corresponding figures for the 1928 Index were 
£1187 16s. 10d. and £261 17s. 5d.) 


Decennial Index. The response by Members of the two Societies 
to the invitation to subscribe to the Index has been sufficiently 
satisfactory, taken in conjunction with the substantial support of 
the two Societies and also of the Royal Society, to enable the Bureau, 
with the approval of the Councils, to proceed with the preparation of 
the Index. The work of indexing the volumes of “ B ” Abstracts 
from 1923 to 1925 inclusive and the arrangement of the cards is in 
active progress. 
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International Abstracting and Classification of Chemical Literature. 
A Memorandum by Sir Frederic Nathan on this subject was sub- 
mitted by the Federal Council for the consideration of the Bureau, 
and a report on the proposals contained therein has been sent to the 
Federal Council. The general view expressed in the Report is that 
the proposals do not appear to be applicable at the present time to 
British Chemical Abstracts. 


V. Library. 

Excluding the evenings on which meetings of the Chemical Society 
were held, there were 8088 attendances during the past year, as 
compared with 7567 in 1929. Of the 8088, 5379 were made by 
Fellows of the Chemical Society, whilst 2709 were made by Members 
of Contributing Societies, as against 2605 in 1929. 

The number of books borrowed during 1930 was 5751, compared 
with 5402 the previous year; of these 1504 were issued by post, as 
against 1466 in 1929. 

The additions to the Library comprise : 272 books, of which 92 
were presented, 731 volumes of periodicals and 224 pamphlets, as 
against 231 books, 690 volumes of periodicals and 150 pamphlets last 
year. The total number of volumes added during the year was 1003, 
showing an increase of 82. The Library now contains 34,756 
volumes, consisting of 10,431 books and 24,325 bound volumes of 
periodicals. 

VI. General. 

Lectures. ‘The Hugo Miller Lecture, entitled “The Chemistry 
and Geo-Chemistry of the Titanium Group,” was given by Professor 
G. von Hevesy on the 26th March, and Professor Dr. Niels Bohr 
delivered the Faraday Lecture, entitled ‘Chemistry and the 
Quantum Theory,” on the 8th May. These two lectures were given 
in the Salters’ Hall by kind permission of the Master, Wardens, 
and Court of the Salters’ Company. 

Arrangements had been made for the delivery of the third 
Liversidge Lecture by Professor Harold B. Dixon on the 27th 
November, but his death intervened. The Council records its 
indebtedness to Professor W. A. Bone, who, at short notice, under- 
took to fill the vacant lectureship, choosing for his subject one in 
which Dixon was the pioneer. The lecture, entitled “ Fifty Years’ 
Experimental Research upon the Iniluence of Steam on the Com- 
bustion of Carbonic Oxide (1880—-1930),”’ in the course of which 
many of the classical experiments were repeated, was delivered on 
llth December in the Chemistry Lecture Theatre at the Imperial 
College of Science (by permission of the Governors). 

The thanks of the Society have been conveyed by the Council to 
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the Lecturers, to the Master, Wardens, and Court of the Salters’ 
Company, and to the Governors of the Imperial College. The 
three lectures will be published in the Journal during 1931, and 
the Faraday Lecture will also be printed separately. 


Representation at Celebrations, at Congresses, and on Committees. 
The President represented the Society at the Celebrations of the 
Jubilee of the Foundation of Mason Science College and the Thirtieth 
Anniversary of the Granting of the University Charter to the 
University of Birmingham, and presented an Address of Con- 
gratulation from the Council. The President and the Senior 
Secretary attended the Exposition Internationale de la Grande 
Industrie Sciences et Applications Art Wallon Ancien, which was 
opened at Liége on the 3rd May, and with Professor F. G. Donnan, 
Mr. Emile 8. Mond, and Sir William J. Pope, the Dixiéme Con- 
ference Internationale de Chimie held in the same city from the 14th 
to the 20th September. At the Dixiéme Congrés de Chimie Indus- 
trielle, which was also held in Liége in September, the Society was 
represented by Mr. Emile 8. Mond. An Address of Congratulation 
was presented to the American Society of Mechanical Engineers, on 
the occasion of its Fiftieth Anniversary Celebrations, by Dr. Marcus 
Benjamin and Dr. H. D. Dakin, who were the delegates of the Society 
on this occasion. 

Professor H. B. Baker attended as the Society’s delegate the 
opening of the Exhibition of the Linen Industry Research Asso- 
ciation on the 24th November. 

Professor C. 8S. Gibson, Sir William J. Pope, and Professor J. F. 
Thorpe continued to represent the Society on the Federal Council 
for Chemistry, and Professor C. 8. Gibson, Mr. A. J. Greenaway, 
Dr. J. T. Hewitt, Professor G. T. Morgan, and the Treasurer on the 
Bureau of British Chemical Abstracts. The Society’s representatives 
on the Editorial Board of the Journal of Physical Chemistry were 
Professor A. J. Allmand, Professor F. G. Donnan and Professor J. 
Kendall. Mr. Ulick R. Evans has been appointed the Society’s 
delegate on a Committee of the British Engineering Standards 
Association which is considering the question of preparing 
specifications for materials and plant used in electro-plating. 


Perkin Plaque. On the 16th October a special meeting was held 
for the purpose of unveiling the Perkin Memorial Plaque which the 
Perkin Memorial Committee desired to present to the Society. At 
this meeting Professor Robert Robinson made a brief statement of 
the objects the Committee had in view ; the plaque was unveiled 
by Mr. A. J. Greenaway and received by the President, and an 
oration on the life and work of the late Professor W. H. Perkin 
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delivered by Professor W. N. Haworth. A full account of the 
ceremony appears in the Proceedings for October, pp. 79 et seq. 
The plaque has been placed temporarily in the Council Room. 


Fellowship Statistics Committee. In the last report of Council, it 
was stated that a Committee of the Council had been appointed to 
consider measures for increasing the number of Fellows. As a 
result of this Committee’s report the Council invited the Councils 
of the Institute of Chemistry and of the Society of Chemical 
Industry to co-operate in the appointment of a Joint Committee 
composed of three representatives from each of the three bodies 
to explore the possibility of mutual co-operation in various direc- 
tions. The Council nominated Professor C. 8S. Gibson, Professor 
J. C. Philip, and Dr. N. V. Sidgwick (failing him Professor T. 8. 
Moore) as its representatives, and the President agreed to act 
as independent Chairman. The Joint Committee has met and 
an interim report has been submitted to the three Councils. 


A Central Building in London for Scientific and Technical Institu- 
tions. ‘The report of Council for last year stated that the President 
had been nominated to represent the Society on a Committee to 
consider a scheme for providing in Loncon a Central Building for 
housing certain scientific and technical societies and institutions. 
The result of the work of the Committee has been the formation of 
an Association entitled “‘ The Association for the Promotion of Co- 
operation between Scientific and Technical Societies and Institutions 
within the British Empire,’ which was granted a licence by the 
Board of Trade, under Section 19 of the Companies Act. The 
objects of the Association as laid down in its Articles are : 


“To promote co-operation between Scientific and Technical 
Societies and Institutions within the British Empire.” 

“To establish in London or elsewhere a Central building or 
buildings for the use and convenience of such Societies and 
Institutions and the members thereof and to lease portions of 
any such Central building or buildings to any such Societies or 
Institutions and to establish, equip and maintain therein for 
the use of such Societies and Institutions and the members 
thereof Libraries, Reading Rooms, Museums, Laboratories, 
Council and Meeting Rooms, Offices and other conveniences and 
facilities for such co-operation and co-ordination as aforesaid.”’ 


The affairs of the Association are managed by a Council of 
Management consisting of ten members elected by members of the 
Association at the General Meeting, and of not less than fifteen nor 
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more than twenty Members nominated by the Constituent Institu- 
tions and Associated Bodies. The Council has agreed to the 
registered offices of the Association being temporarily in the apart- 
ments of the Society. 

An appeal on behalf of the Association was officially launched at 
a dinner held at the Guildhall on the 13th November, which was 
honoured by the presence of H.R.H. the Prince of Wales, K.G. 
The appeal has been sent to the members of all the constituent 
societies and institutions, and a letter signed by Professor J. F. 
Thorpe, Dr. H. Levinstein, and Mr. J. Arthur Reavell accompanied 
the appeal issued to members of the chemical societies. The 
Council nominated Professor J. F. Thorpe on the Council of Manage- 
ment, and has granted permission for Mr. 8. E. Carr to act tem- 
porarily as one of the Joint Secretaries of the Association. 


Presidency. In the last report of Council it was stated that 
Professor Thorpe had accepted nomination to the office of President 
for a further term of two years on the understanding that he should 
be at liberty to retire at the end of the first year of office. Professor 
Thorpe’s resignation as from the Annual General Meeting on the 
26th March, 1931, has been accepted by the Council, which records 
its indebtedness to him not only for his services to the Society 
during his three years of oftice, but also for the important work he 
has done in furthering the scheme for the Central Building. 

Professor G. G. Henderson has been unanimously nominated to 
the office of President. 


Resignation of Dr. N. V. Sidgwick as Chairman of the Publication 
Committee. The Council received with regret in December the 
resignation of Dr. N. V. Sidgwick from the Chairmanship of the 
Publication Committee as from the 3lst December, and records its 
indebtedness to him for the valuable services he has rendered in 
this office during the past seven years. 

Professor J. C. Philip was unanimously elected Chairman in place 
of Dr. Sidgwick. 


British Chemical Standardising Organisation. At the invitation 
of the Association of British Chemical Manufacturers, the Council 
nominated the President to attend a Conference to consider the 
desirability of setting up an organisation for chemistry on the lines 
of the British Engineering Standards Association. The Conference 
resolved that in the interest of efficiency and economy it was 
desirable that there should be a single body to deal with all forms 
of standardisation. A Committee was formed to consider the 
question and has now presented its report. 





pl 
th 


On 
or 


qu 


Li 
of 
de 


the 
col 
the 
30 
ob 











titu- 
the 
part- 


od at 

was 
K.G. 
juent 
. F. 
nied 

The 
lage- 
tem- 


that 
ident 
ould 
essor 
. the 
-ords 
ciety 


‘k he 


“1 to 


ation 
the 
the 
ls its 
“1 in 


place 


ution 
ancil 
the 
lines 
ence 


was 
rms 
the 











ANNUAL GENERAL MEETING. 989 


Obituary Notices. 'The Council has resolved that in future an 
obituary notice of every deceased Fellow shall be published in 
the Journal. 


Annual Reports. ‘The Volume for 1930 includes, in addition to 
the usual reports, a special report on Conductivity of Solutions and 
a biennial report on Radioactivity and Sub-Atomic Phenomena. 

The Council is greatly indebted to all who have collaborated in 
the preparation of this Volume. 


Annual General Meeting in March 1932. Vhe Council has 
accepted the invitation of the Fellows resident in and near Glasgow 
to hold the Annual General Meeting and Anniversary Dinner of the 
Society in Glasgow in March 1932. 


Research Fund. Applications for research grants received 
during the year amounted to £919 10s. and the sum allotted was 
£680. (Proceedings, pp. 71 and 122.) 


Gifts. ‘The Council has conveyed its thanks to Mrs. de Hopital 
for presenting to the Society a posthumous portrait of the late 
Sir James Dewar painted by Mr. René de Hopital. It aiso has 
to thank Mr. Noel Heaton and Mr. H. L. Robinson for sets of 
publications of the Society, and Mr. M. Odling for a number of 
the late Professor Odling’s MS. note-books. 


Annual Chemical Dinner. ‘The Society again co-operated in the 
Annual Chemical Dinner which took place in the Connaught Rooms 
on Thursday, the 6th November. The Ordinary Scientific Meeting 
originally fixed for that day was held on the 30th October. 


Journal Paper. The Council has had under consideration the 
questions of using a better paper for the Journal and of printing a 
certain number of copies of the Journal each month on paper of a 
* permanent ” quality such as the Grade I (i) favoured by the 
Library Association. On account of the present financial position 
of the Society, further consideration of this matter has been 
deferred. 

Postage of Scientific Publications. 'The heavy cost incurred by 
the Society in issuing its publications through the post has been 
considered, and the Council has approached the Royal Society with 
the suggestion that representations on behalf of all scientific 
societies should be made to the Postmaster-General with a view to 
obtaining reduced postage rates for their publications. 


Chemical Club. The Chemical Club, which dines on the days of 
the meetings of Council and on other special occasions at the New 
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Lauriers Restaurant, 102, Jermyn Street, 8.W. 1, has met twelve 
times during the year. 


VII. Financial. 

General Purposes Account. 'The income for 1930 shows a decrease 
of £188 3s. ld.; and the expenditure an increase of £275 18s. 10d., 
compared with 1929. 

Income. Annual Subscriptions are less by £72 18s.; the yield 
from investments is down by £47 8s. 7d., due to the higher income 
tax, which, however, will be recovered in 1931; deposit interest has 
decreased by £110 16s. 6d. Income tax recovered is higher by 
£40 7s. ld., the period for which the tax has been recovered being 
fifteen months instead of twelve. 

Expenditure. ‘The chief items of increased expenditure on 
administration are £63 4s. 6d. for salaries, £65 12s. for house expenses, 
and £34 17s. for miscellaneous printing and stationery. The extra 
charge of £93 0s. 10d. incurred under Superannuation of Staff is 
mainly due to the contribution of the Society having been increased 
from 5 to 10 per cent. 

A special donation of £50 has been made towards the cost of the 
Faraday Centenary Celebrations. The sum transferred to the 
Publications Fund Account is higher than that of last year by 
£500 10s. 2d., and the amount transferred to Staff Pensions Fund 
Account is £82 12s. 5d. In accordance with the Council’s decision 
in 1929, £250 has been transferred to the Special Publications Fund 
Account to meet in part the cost of the Collective Index, 1923-1932. 


Publications Fund Account. 

Income. Apart from the Life Composition Fees amounting to £45, 
which have been capitalised, and the amount transferred from 
General Purposes Account, the income is lower than in 1929 by 
£91 7s. 4d. The publications sales have realised £77 8s. 10d. less. 
owing to a decrease in the sales of second-hand sets. Proceeds ol 
advertisements are down by £37 3s. 4d., subscriptions by £17 13s. 8d., 
and the income from investments by £58 2s. 6d. The grant from the 
Royal Society is, however, £100 more than in 1929. 

Expenditure.—Journal. ‘The total expenditure on the Journal is 
£102 3s. 11d. less than in 1929. Printing and paper are down by 
£136 Os. 4d., owing to there being 190 fewer pages, and a consequent 
saving of £31 4s. 3d. in distribution and banding. Superannuation 
is £85 12s. 6d. as against £42 16s. 3d. 

Abstracts. The Abstracts cost £658 9s. 3d. more than in 1929, 
owing to there being 128 more pages. Of this, printing and paper 
account for £222 0s. 9d., Abstractors’ fees for £329 19s. 8d. (of which 








th 
£8 
pu 
th 
in 


Bi 
gi 


ov 


Ha 
sec 
ma 
un: 
E. 


Soc 


Cor 
pre 
Ro 
Gil 





2ASEC 


Od., 


ield 
yme 
has 

by 


ing 


On 
Ses, 
tra 
f is 


sed 


the 
the 

by 
ind 
sion 
ind 
132. 


‘om 

by 
ESN. 
; ol 
Sd. 
the 


l is 
by 
ent 
ion 


29, 
per 











ANNUAL GENERAL MEETING. 991 


£92 3s. ld. is on account of 1929), distribution for £25 4s. 4d., 
salaries for £41 17s. 9d., postages for £31 17s. and superannuation for 
£11 14s. 5d. 

The Council views with concern the constantly increasing cost ot 
the Abstracts. In 1929, the expenditure showed an advance of 
£84 Os. ld. over that for 1928. ‘To this amount must be added, for 
purposes of comparison, £92 3s. 1d. for Abstractors’ Fees charged to 
the account for 1930, giving the figure £176 3s. 2d. This year, the 
increase, after deducting the extra cost for superannuation 
(£11 l4s. 5d.) and £92 3s. ld. is £462 8s. 8d. The attention of the 
Bureau has been called to this, and serious consideration is being 
given to the matter. Had it not been for the Society acting as its 
own Publisher, a much more serious position would have arisen. 


Staff Pensions Fund Account. It has been necessary to transfer 
£32 12s. 5d. from General Purposes Account to meet the cost of the 
pensions paid. Last year the Council was able to transfer £350 to 
augment the capital of the fund; no contributions have been 
received during the year, and the capital fund still stands at £907 14s. 


Special Publications Fund. The income for 1930 is less by 
29 1ls. 5d. than for 1929; this is due to a decrease in the sales of 
the Memorial Lectures and Faraday Lectures. 


General. The thanks of the Society have been conveyed to the 
Council of the Royal Society for a grant of £350 from the Govern- 
ment Publications Grant and to Imperial Chemical Industries, Ltd., 
for the sum of £100, both these being contributions towards the 
cost of the Society’s publications for 1930. The Council desires 
especially to record its thanks to those Fellows who continue to 
contribute to the Publications Fund. 

The sum of £300 on Staff Pensions Fund Account has been invested 
in 34° Conversion Loan, 1961, or after. 


The ‘Treasurer moved a vote of thanks to the Auditors, Dr. I’. 
Haas, Professor J. C. Drummond and Dr. J. Kenyon. This was 
seconded by Professor J. L. Simonsen and carried, Dr. J. Kenyon 
making acknowledgment. It was moved from the Chair and carried 
unanimously that Dr. P. Haas, Professor J. C. Drummond and Dr. 
EK. H. Farmer be elected Auditors to audit the Accounts of the 
Society for 1931. 

A vote of thanks to the Treasurer, Secretaries, Foreign Secretary, 
Council and Committees for services during the past year was 
proposed by Sir Robert Robertson, seconded by Professor F. M. 
Rowe and carried, acknowledgment being made by Professor C. 8. 
Gibson. 
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COUNT For THE YEAR ENDED 3lst DECEMBER 1930. 
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The President recalled the circumstances in which last year he 
had agreed to serve in the Chair for a second term of office, when it 
was understood he should be allowed to resign at the end of the 
first year of the new term. The formation of the Association of 
Scientific and Technical Institutions had been accomplished and he 
had placed his resignation before the Council. 

The President then delivered the first part of his Presidential 
Address entitled ‘“ A Retrospect.” The second part, entitled 
‘ The Outcome of some Recent Research Work,”’ he left to Fellows 
to read at their leisure. At the conclusion of his Address, a vote of 
thanks to the President for his services in the Chair during the 
past three years, with the request that he would allow his Address 
to be printed in the Journal, was proposed by Professor W. P. 
Wynne, who referred to the President’s valuable services in the 
Chair, and to his activities in connexion with the project for a 
Central Building, expressing the hope that the scheme would 
materialise. The vote was seconded by Sir Frederic Nathan and 
carried with acclamation. In acknowledgment, the President 
stated that though the present difficult financial position of the 
country might mean delay, the scheme for a Central Building would 
be carried out. 

It was announced that the following had been elected to fill the 
vacancies on the Council for the year 1931—32 :— 


President : G. G. Henderson. 

Vice-Presidents who have filled the office of President: H. KE. 
Armstrong, J. F. Thorpe. 

Vice-Presidents who have not filled the office of President: ¥F. A. 
Freeth, R. H. Pickard. 


Ordinary Members of Council :— 
Town Members: C. R. Bailey, C. R. Harington, J. Kenyon, 
G. A. R. Kon, I. 8. Maclean, J. Davidson Pratt. 
Country Members : W. N. Haworth, F. M. Rowe. 


Professor Henderson then took the chair. 

At the invitation of the President, Professor Thorpe, on behalf 
of some 20 subscribers, asked Dr. M. A. Whiteley to unveil a portrait 
in oils of Thomas Graham, the first President of the Society. The 
portrait had been painted by Mr. H. A. Budd, R.O.1., from a 
lithograph by W. Bosley made from a daguerreotype by Claudet. 
The President, in accepting the portrait for the Society, expressed 
the thanks of the Fellows to Professor Thorpe and all the sub- 
scribers for their generosity. 
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1002 THORPE: A RETROSPECT. 


PRESIDENTIAL ADDRESS. 


Delivered at the ANNUAL GENERAL MeetinG, Marcu 26TH, 1931. 
By Jocretyn Fretp Tuorreg, C.B.E., D.Sc., F.R.S. 


PART I. A RETROSPECT. PART II. THE OUTCOME OF SOME RECENT 
RESEARCH WORK. 


In my address to the Society last March I had occasion to refer to 
the fact that the Fellows had elected me to a further term of Office, 
but it was agreed that I should be allowed to place my resignation 
in the hands of the Council at the end of the first year of the new 
term. The Council decided to nominate me for a second period 
because it considered that, in view of the decision it had taken to 
support the scheme for a Central Building, continuity of policy was 
essential until the time should be reached when the scheme had 
definitely assumed crystalline form. As will be explained later in 
the address, that state may be said to have been reached with the 
formation of the Association of Technical and Scientific Institutions, 
and the need which led to my re-appointment as President no 
longer exists. I have therefore placed my resignation in the hands 
of the Council, which has accepted it. Nevertheless, [ am in the 
curious position——unique as far as this Society is concerned—of 
having to deliver a Presidential Address for the third year in 
succession. 

In his Presidential Address delivered in 1916, Dr. Scott remarks 
that during the earlier years of the Society's existence it was thought 
sufficient for the President to read extracts from the Report of 
Council, sometimes adding comments on the Balance Sheet, but 
as time went on more and more was expected from the occupant 
of the Chair until now, at each Anniversary Meeting, he is expected 
to deliver a formal address on some subject closely connected with 
the life of the Society as “a body politic and corporate,” or on 
some subject of more purely scientific interest. 

It is my intention this afternoon to do both of those things, and 
to divide my address into two parts. The first of these, which I 
propose to call “A Retrospect,” will contain comments on the 
progress (or otherwise) of the Society during the ten years in which 
I have been in intimate touch with its work, first as Treasurer and 
then as President. The second part, which I propose to call “‘ The 
Outcome of some Recent Research Work,”’ will contain comments 
on the results obtained in the Organic Chemistry Laboratories of 
the Imperial College on two subjects which may be regarded as 
of fundamental importance in the development of Organic Chemistry 
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and have now reached a stage approaching finality. I refer to the 
‘Chemistry of the Glutaconic Acids,” a research which I started 
in Manchester 30 years ago, and to the “‘ Modified Strain Theory of 
Carbon Ring Formation ’’ with which my name and that of Pro- 
fessor Ingold have been associated since we published the first 
paper on the subject in 1914. 

As, however, time is limited, and many of us have to go to the 
function this evening, | propose to read only the first part of the 
address, leaving those who are interested to read the second part 
at their leisure. 


. . 
Part Ll. A RETROSPECT. 


“ce 


Chemistry House.” 


A full description of the reasons which led to the elaboration of a 
scheme for providing a Central Building to house certain Societies 
connected with Mining, Metallurgy, and Chemistry was given in 
my address to the Society last March. Details of the scheme were 
also given, and of the floor space which each of the “ Constituent 
Bodies ” required. During the year that has elapsed considerable 
progress has been made in the development of the scheme. The 
original intention, outlined in the last report, of creating a Trust 
hy which the funds collected could be administered was, after care- 
ful thought, abandoned as unworkable, and ultimately the Board 
of Trade agreed to register a Company (Limited by Guarantee and 
not having a share capital) under Section 19 of the “ Companies 
Act 1929.” The Articles of Association of the Company provide for 
the election of a Council of Management composed of not less than 
25 and not more than 30 members, of whom 10 shall be Members 
elected by the Members of the Association. The remaining 15 
or 20 are elected by the Councils of the ‘‘ Constituent Bodies ”’ 
and are known as “ nominated’? Members. The nominated 
members are appointed for so long as the nominating Councils 
may determine, but of the elected members half retire annually 
(after 1935) and are not eligible for re-election until one year has 
clapsed thereafter. 

The memorandum and Articles of Association, which were drawn 
up on the lines of those of the National Trust, are very compre- 
hensive and the memorandum contains no fewer than 17 clauses 
defining the objects of the Association. Of these clauses, B and C 
are probably the most important and may be quoted here. 

Clause B. To co-ordinate the activities, discussions and re- 
searches of scientific and technical societies and institutions dealing 
with mining, metallurgy, chemistry, fuel, petroleum, and rubber, 
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and to provide facilities therefor, including a central Library con- 
taining scientific, technical, and commercial literature dealing, 
amongst other things, with the sciences and industries named and 
to provide conference rooms and lecture halls. 

Clause C'. To establish in London or elsewhere a central building 
or buildings for the use and convenience of such Societies and 
Institutions and the members thereof and to lease portions of any 
such Central building or buildings to any such Society or Institution 
and to establish, equip, and maintain therein for the use of such 
Societies and Institutions, and the members thereof, Libraries, 
Reading Rooms, Museums, Laboratories, Council and Meeting 
Rooms, Offices, and other conveniences, and facilities for such 
co-operation and co-ordination as aforesaid. 

Other clauses deal with the power to hold real property and in 
fact to do all such things as are usually granted in a Royal Charter. 
In fact, registration under this section of the Companies Act is 
practically equivalent to the possession of a Royal Charter. Mem- 
bership of the Association, which is for life, can be obtained subject 
to the consent of the Council on payment of £20. This sum can, if 
desired, be spread over four years—membership being conferred on 
payment of the first instalment. 

The present position is, therefore, that an Association has been 
founded and has been registered by the Board of Trade which will 
serve as means for collecting funds, erecting the new building and 
administering it when erected. All funds received by the Associ- 
ation, either by way of donation or membership fee, will be devoted 
to the purposes of the Association. The Association may make no 
profits, neither may it give any bonus or distribution of money to 
its members. The constituent Societies will pay rents up to an 
amount equal to that which they now pay—our own Society by 
reason of the transference of the Library being allowed an agreed 
space—equivalent to its present accommodation—free of rent. 
The remainder of the building, that is the area not required by the 
** Constituent Bodies,” will be let to “‘ Tenant” Societies, and it 
is estimated that the sum received by way of rent in this manner 
will more than cover the cost of upkeep. Since the Association 
may make no profits, it follows that any excess of income over 
expenditure will lead to a corresponding reduction in the rents 
paid by the “ Constituent Bodies.” Evidently the first thing 
that our Society will have to do when definite plans have been 
drawn up for the new building will be to have an agreement drafted 
defining the conditions under which our Library will be transferred 
to the new building. ‘These conditions will require the most care- 
ful attention of the Council in conjunction with the Society’s 
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solicitors. The present position of affairs is that after careful 
consideration a proposal to house the Association in the building 
which has just been erected by Anglo-Properties, Ltd., adjacent to 
the Imperial Chemical Industries building at Millbank has been 
definitely rejected as being unsuitable, and recourse has been had 
to the site originally proposed, which is adjacent to Abbey House 
in Westminster, being, in fact, Nos. 10—18, Victoria-street. 

The lease of this site can be purchased from the Ecclesiastical 
(‘ommissioners for a term of 99 years, but in order to do this and 
to buy the sub-leases, etc., a sum of £100,000, in cash, must be paid by 
June 24th next, when the option the Association possesses expires. 
Every effort will be made to raise this sum; but conditions are 
adverse, as the country is passing through a period of acute depres- 
sion. As I stated in my last address, the appeal to the Treasury 
failed, and, more recently, a similar appeal made to the Pilgrim 
Trust has not yet met with any response. 


Our Publications. 


When I became Treasurer in 1922, the Society was passing 
through a difficult financial phase. The raising of the subscription 
from £2 to £3 in 1921, consequent on an adverse balance of £1,310 
in 1920, led to a credit balance of £481 for that year. But it must 
be remembered that the increase in the subscription provided an 
increased income of no less than £3,400 for that year, and that 
the relatively small balance was due to the increase of £1,648 in 
the cost of our publications. During 1922 the cost of publications 
increased by £464, leading to an adverse balance of £136, and then, 
although the cost of publications increased during the next year 
hy £74 only, the astonishing debit balance of £1,628 was recorded 
for 1923. 

It is desirable to examine the cause of this occurrence, because 
up to that time the financial stability of the Society had been 
determined mainly by fluctuations in the cost of the main item 
of expenditure, namely, its publications, and it was rather startling 
to realise that although this item remained constant the financial 
situation could be so gravely affected. 

Fortunately, the explanation was a simple one, because during 
the year in question it had been decided by the Council to transfer 
the life composition fees to Capital and not to continue as hitherto 
to account them as Income—a change which accounted for the 
loss of £448 as income for that year as compared with the pre- 
ceding. In addition to this there was an increase in expenditure 
of nearly £1,000 due mainly to standardisation of salaries, that is, 
merging of the bonus. Nevertheless the financial position shown 
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by the balance sheet of 1923 illustrates the point I made at the 
time and which I wish still further to emphasize, namely, that 
the Society must increase its capitalised funds so as to be able to 
meet fluctuations such as the year in question showed. As a 
means to this end the Council decided at the time to establish a 
Publication Fund, and during the next few years this amounted to 
some £10,000, approximately one-half of which was due to the 
Pedler bequest. This action has undoubtedly been helpful but it 
is not enough. The Society lives too much from hand to mouth 
and there is not sufficient margin for contingencies. It should 
take steps at once to build up a reserve fund which can be drawn 
upon when occasion demands. 

The income of the Society is derived from two chief sources, 
namely: (a) the contributions of Fellows; (b) the sales of public- 
ations. These two items accounted for £15,500 of last year’s 
income, and any serious alteration in the amount received in these 
ways would have a marked effect on the Society’s capacity for 
useful work. It is a remarkable fact that in 1921 the amount 
received under (a) was only some £300 less than that received last 
year, whereas the amount obtained through sales of publications 
was no less than £2,900 more in 1930 than in 1921. This is a 
healthy sign and the Society is to be congratulated on having 
nearly doubled its receipts from sales during the ten-year period. 
Moreover, this item of income is likely to possess considerable 
stability and will tend to increase rather than diminish, whereas 
the same remark cannot be made in regard to the income received 
from the contributions of Fellows, which may fluctuate within wide 
limits and is quite beyond control. A period of bad financial 
depression such as we are now passing through may lead to a large 
number of resignations and these may easily affect the income of 
the Society to an extent involving some £1,000 or £1,500—a serious 
matter under our present mode of existence. A reserve fund is 
urgently needed to meet such conditions as these. 

It is worthy of remark that since 1921 the membership has 
remained almost constant—fluctuating between 3,912 in 1921 and 
4,093 in 1927; at the present moment it is 3,840. In effect this 
means that the number of new Fellows elected is approximately 
equal to the number of those who cease to be Fellows either through 
death, resignation, or removal for non-payment of contributions. 
Actually there is no cause for disquietude here, because it is evident 
that the Society by this process of replacement obtains a sufficiency 
of youthful Fellows among its members to ensure its continued 
and active existence, and it may well be that a number round 
about 3,900 represents the maximum number of persons to whom 
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the work of the Society appeals. Indeed, if this were the case it - 
would roughly correspond with the curve representing the output 
of chemists from the Honours schools of our Universities, which 
reached a peak some few years after the war and then, after a drop, 
flattened out to something of the order of a straight line. In this 
respect the following figures are therefore significant : 


Increase. No. of Fellows. Year. 
. f 2785 1905 
420 \ 3205 1914 10 years 
wa f 3198 1916 
| 3912 1921 6 years 
Decrease. 
72 3912 1921 
3840 1930 10 years 


If this assumption is right it means that we cannot rely on an 
increase of income from the contributions of our Fellows in future 
years and that we must bear this in mind when considering the 
cost of our publications and any increase of expenditure that may 
be entailed thereby. The remarkable increase of income obtained 
through the sales of publications, to which reference has already 
been made, has rather masked the fact that whereas during the 
past ten years the cost of our publications has increased’ by £1,300 
the income derived from the contributions of Fellows has remained 
almost constant. 

This increase of £1,300 has occurred despite the drastic economy 
of space in our Journal and Abstracts which had to be effected 
after the Society had experienced the adverse balance of £1,628 in 
1923. The adverse balance of £1,310 in 1920 (which would have 
been £2,310 had not the Messel bequest of £1,000 been appropri- 
ated as income) had led to an increase in the subscription and it 
was felt that any further increase might lead to so many resignations 
as to defeat the object desired. The chief means, therefore, of 
effecting economy lay in decreasing the cost of the chief items of 
expenditure, namely, the Journal and Abstracts, and this was 
done to the extent of £797 during the ensuing year—the size of the 
Journal being diminished from 3,258 pages to 2,698 pages. Never- 
theless, although the same measure of restriction was exercised by 
the Publications Committee, the cost of publications thereafter 
steadily increased, and during the next seven years (1924—1930) 
advanced by £1,566. This increase was shared fairly equally by 
the Journal and the Abstracts for the first four years (1924—1927) 
and then for the next three years (1928—1930) the astonishing fact 
emerges that, whereas the cost of the Journal during the period 
decreased by £597, that of the Abstracts increased by £1,127. In 
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+ consequence the cost of our publications for 1930 is £2,955 more 
than for 1920. 


Year. Journal. Increase. Abstracts. Increase. 

1924 5,140 — 5,660 _— 

1925 5,363 223 6,055 395 

1926 . 5,769 406 6,124 69 

1927 5,792 23 6,045 79 (decrease) 

Decrease, Increase, 

1927 5,792 — 6,045 _— 

1928 5,657 135 6,429 384 

1929 5,297 360 6,513 84 

1930 5,195 102 7,172 659 


These facts provide some food for thought. It will be generally 
agreed that the publication of new knowledge in the Journal must 
be the first care of the Society. As matters now stand, the original 
papers published in the Journal are sometimes curtailed to such an 
extent that their value as an aid to practical information is seriously 
affected. Organic chemists, for example, are continually finding 
that the experimental details given by authors are not sufficiently 
definite to enable the work to be repeated and, in consequence, 
much recrimination occurs, some of which has to be printed. Clearly 
we are spending more than we can afford on the Abstracts and 
are thereby deflecting money from the Journal. What is the 
remedy? There are, in my opinion, three : 

In the first place it must be remembered that no fewer than 
three periodicals appear covering practically the same field of 
Chemical Abstracts. They are :— 


(1) Our own Abstracts, A and B. 

(2) Chemical Abstracts, published by the American Chemical 
Society. 

(3) The Zentralblatt, published by the Verlag Chemie. 


The difficulty of language will probably prevent the Zentralblatt 
from being included in any scheme for some time to come, but 
what prevents a fusion of the American and the English Abstracts ! 
The possibilities have been explored and several efforts have been 
made on our part to enter into some form of collaboration, 
but hitherto the general idea has not found acceptance among 
those controlling American chemical literature. Nevertheless, 
private conversations have revealed the fact that there is a fairly 
representative body of opinion in the States in favour of entering 
into some kind of agreement by which this waste of money and 
energy would in some way be diminished. We must do everything 
in our power to strengthen this point of view. 

There is, it seems to me, one way in which a commencement 
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could be made in a scheme of co-operation, and that is in connexion 
with the Decennial Index. The system at present in vogue is for 
the American Chemical Society to issue its index every ten years 
and for our Bureau of Abstracts to do the same. But the ten-year 
periods do not coincide and the result is to have a general index in 
the English language every five years. But the American Index 
is only of use to those who possess the American Abstracts, and 
our Index to those who have our Abstracts, since each country 
only refers to its own literature in its index. If it could be arranged 
that a joint index were published every five years, and by a joint 
index I mean one which would give references to both sets of 
abstracts, thus, 


Malonic Acid Am. 31, 2141; Br. (A) 31, 1739 


it seems to me that not only should we have by this means a 
thoroughly comprehensive and up-to-date Quinquennial Index, but 
the sale of this throughout the United Kingdom and the States 
would more than repay the cost. When it is remembered that 
the Author and Subject Index of the American Chemical Society 
for the ten-year period 1917—1926 comprises five volumes con- 
taining 6,587 pages and that two of those years are war years, it 
will be readily understood that any set-off against the cost of 
such a production ought to be welcomed. As a matter of fact the 
Subject Index alone for 1930, which is just to hand, contains no less 
than 1,370 pages. In these days of card-indexing the preparation 
of a joint index such as I have outlined should not present any 
insuperable difficulties. 

There is also the possibility of acting as the German Chemical 
Society has acted, that is, by making a separate charge for the 
Abstracts, but any such change must be fraught with grave possi- 
bilities of danger because it is not certain how many purchasers 
there would be for the Abstracts alone, and a serious drop in income 
might be experienced if any such scheme were adopted. Indeed 
the heavily increased charge for the Zentralblatt which has had to 
be made this year by the German Chemical Society seems to suggest 
that something of the kind has occurred in Germany. 

Another alternative and one which can be applied at once is so 
to arrange matters that the cost of the Abstracts is spread over a 
wider field than is at present the case. The burden of publication 
now falls almost exclusively on the Chemical Society and the 
Society of Chemical Industry, and although it is probably correct 
to assume that the Journals of these Societies are of interest chiefly 
to their members, such an assumption cannot be made in the case 
of the Abstracts, which ought to be of interest to all chemists, and 
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ought to be supported by all chemists. There are, roughly speak- 
ing, some 4,000 chemists in this country who are not members of 
either the Chemical Society or the Society of Chemical Industry 
and therefore do nothing to help in furthering the publication of 
new knowledge. The greater proportion of these 4,000 belong to 
other institutions which do not help to bear the cost arising from 
this essential service. Such institutions would doubtless view with 
concern any possibility of a curtailment of chemical publication 
owing to lack of funds and would be ready and willing to make 
such contributions as might be necessary to prevent such an occur- 
rence. The method of doing this by means of an annual grant is 
open to objection, because conditions may vary from year to year. 
The most satisfactory method would be one having a “ pro rata ”’ 
basis, and it is suggested that this could be effected by such insti- 
tutions as may be concerned paying to the Bureau of Abstracts a 
sum per head of all those of its members who do not belong either 
to the Chemical Society or to the Society of Chemical Industry. It 
is thus open to the relevant institutions to say to their members, 
The subscription is £2 provided you are a member of either the 
Chemical Society or the Society of Chemical Industry; if, how- 
ever, you are not a member of either of those bodies the subscrip- 
tion is £2 + X, because you are doing nothing to share the cost of 
publication. X would then be handed over to the Bureau of 
Abstracts and every member of the institutions concerned would 
be entitled to receive a copy of the Abstracts as issued, and the insti- 
tutions could have the right to appoint a representative to serve 
on the Bureau of Abstracts. Personally I do not think this scheme 
to be as fantastic as, I admit, it appears to be at first sight, and I 
recommend it for consideration by the Joint Committee which is 
now sitting. 

There is still another and fairly obvious way in which our diffi- 
culties could be minimised, and that is by an increase in the Govern- 
ment Grant which is obtained through the Royal Society. For 
some years past the Government has allotted a sum of £2,500 to 
the Royal Society for general publication purposes and this has 
been increased by a donation of £1,000 from Imperial Chemical 
Industries. The Society has received generous grants from this 
fund : last year £350 was received, and a substantial sum has been 
promised towards the cost of the Decennial Index. It has also 
received a very welcome donation of £100 from Imperial Chemical 
Industries, so it has little cause to complain in respect of its treat- 
ment in this connexion. 











yea k - 
rs of 
istry 
n of 
g to 
from 
with 
tion 
1ake 
cur- 
it is 
rear, 
ta ”’ 
asti- 
ts a 
ther 

It 
ers, 
the 
Ow- 
rip- 
t of 
| of 
yuld 
sti- 
rve 
ome 
id I 
h is 


iffi- 
rn- 
For 
) to 
has 
ical 
this 
een 
ilso 
ical 
at. 





THORPE : OUTCOME OF SOME RECENT RESEARCH WORK. 1011 





The Dyestuffs Act. 


In my address last year I pointed out the intimate connexion 
between a strong and stable Organic Chemical Industry and the 
continuance of vigorous schools of Organic Research in our 
Universities and University Institutions, directing particular atten- 
tion to the fact that without such schools of Research recruitment 
of the right type of men into the Industry could not be effected, 
and that any cause leading to the weakening of any one branch of 
the Industry, such as the dye-making industry, would find reper- 
cussion in other branches, such as those dealing with synthetic 
drugs and fine chemicals generally, upon which the progress of 
modern biochemistry depends. The Government has prolonged 
the life of the Act for a further 12 months, and all that I have to 
do is to call attention to the remarks I made on the last occasion 
and strongly to emphasise them. 


Before concluding, I have to unveil a portrait of our first Presi- 
dent, Thomas Graham, which has been subscribed for by twenty 
Fellows and painted by Mr. H. A. Budd, R.O.I. The portrait has 
been painted from a lithograph by W. Bosley which was made from a 
daguerreotype by Claudet. The original lithograph is in the posses- 
sion of the Royal Society. The picture shows Graham as he was 
shortly after his first Presidency in 1841—1843, when he was just 
under 40 years of age. There is a portrait of Graham by G. F. 
Watts, R.A., in the apartments of the Royal Society. It shows 
him as a much older man and was, Mr. Budd thinks, painted from 
the same daguerreotype as that used for the photograph in our 
Meeting Room. 


Part II. THE OvuTcoME OF SOME RECENT RESEARCH WORK. 


(a) The Chemistry of the Glutaconic Acids. 


The first paper on this subject was published thirty years ago 
and since then 22 communications have appeared in the Journal 
dealing with various aspects of the problem. One of the chief 
questions that had to be answered was: Why do those glutaconic 
acids which contain a hydrogen atom possessing potential three- 
carbon mobility differ so widely in their properties from those in 
which this type of hydrogen atom is absent and also from those 









in which its movement is prevented by the saturation of the double 
bonds. The three types may be presented in these ways: (a) The 
true glutaconic acid type (I), (6) the glutaconic acids in which 
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the “ mobile ” hydrogen atom is replaced (II), and (c) the saturated 
type. 
CO,H’CH:CH-CH,°CO,H CO,H-CH:CH-CR,°CO,H 
(I.) (Glutaconic acid types) (II.) 
CO,H’CH,’CH,°CH,°CO,H 
(III.) (Glutaric acid type) 

The difference in behaviour between the two unsaturated types 
(I) and (II) is very marked, for whereas compounds of type (II) 
possess the following chief properties, 


(1) the existence of marked cis- and trans-forms, 

(2) the existence of an anhydride of the cis- but not of the trans- 
form, 

(3) the occurrence of greater stability in the trans- than in the 
cis-modification, 


the compounds of type (I) show none of the properties but are 
characterised as under : 


(1) The existence of two forms, one markedly more stable than 
the other. 

(2) The ready manner in which both forms pass into the same 
anhydride (hydroxy-anhydride). 

(3) The anhydride yields the stable acid on hydration under the 
usual conditions, but can be made to yield the labile acid under 
special conditions. 


It seemed that these differences could be accounted for only by 
some fundamental difference in the structures of the two types and 
in order to express this and also to account for the fact that numerous 
experiments had shown that the «- and y-positions in glutaconic 
acid were of equal value the hypothesis was put forward that, 
whereas the labile modifications of those acids possessed the usual 
unsaturated structure (I), the stable forms could best be expressed 
by a symmetrical formula (IV) 


B a 
(IV.) CO,H-CH-CH-CH-CO,H 
(H) 


in which the position of the ‘‘ mobile ’’ hydrogen was left open. 
This was called the “ normal ” form. 

The correctness of this hypothesis was disputed by Feist, who 
regarded the facts as being capable of explanation on the lines of 
usual stereochemical theory. It is, of course, evident that any 
experimental proof of the identity of the «- and the y-position falls 
to the ground if it is assumed that one or other of the two forms 
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(V) and (V1) is stable and that the labile form passes into the 
stable form at the moment of formation, but on this point Feist’s 


(V.) CO,H-CR:CH-CH,-CO,H  CO,H-CH:CH-‘CHR-CO,H_ (VI.) 


experimental evidence was not very convincing because on ozonis- 
ation he always obtained from simple individuals products derived 
from both forms. The first striking piece of evidence in favour of 
Feist’s view was found when he was successful in resolving the 
‘cyclic’ glutaconic acid (VII) and thus showed that it must 


conte a ee oS C-CO,H 

CH,-CH 2H CH,-C 2 CH, -C(H 2 

sCH<4.00,H 0 C<0-CO,H 8D) <0.C0.H 
(IX.) (VII.) (VIII.) 


have an asymmetric structure and cannot have the “normal ”’ 
formula (VIII) unless it can be assumed that the hydrogen atom 
in this form takes up a position leading to asymmetry. 

Curiously enough, all attempts made by either Feist or ourselves 
to resolve any of the open-chain glutaconic acids were unsuccessful 
and it is only within the last few weeks that a former student of 
mine (J. Packer), working in New Zealand with T. H. McCombs, 
has succeeded in resolving the ‘‘ normal” form of «y-dimethy]l- 
glutaconic acid (X), which must therefore have an asymmetric 

CO,H-CMe:CH-CHMe:CO,H CO,H-CMe-CH:CMe’CO,H 
(X.) (H) (XI) 
structure. The normal form cannot, unless the assumption mentioned 
above is made, have the normal structure (XI). 

Previous to this (in 1926) Packer and I had tried to explain the 
abnormal reactions of the “mobile” glutaconic acids on the 
assumption that the normal form did not exist and we then dis- 
covered (J., 1926, 1199) the remarkable fact that, although the 
two hydrogen marked a and 6 in formula XII are ostensibly of equal 
value, they are not so in relation to the tautomeric change which 
leads to formula XIII, because, if hydrogen (a)* takes part in the 


H (a) H 
(XUL) CO,H-CH:CH-C-CO,H = CO,H*(-CH!CH-CO,H_ (X1IL) 
H (b) H 


change, an acid of the same configuration is produced, whereas, 
if hydrogen (b) takes part, a change from the cis- to the trans-form 


* These hydrogen atoms are labelled (a) and (b) for the sake of clearness. 
It is evident that, if one of them were replaced by the group CH, or other 
group, the same change would be possible owing to the relative positions of 
the remaining hydrogen atom and the carboxyl group at the time the change 
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occurs. This can be readily seen in the models or by means of the 
drawing given in the communication cited, and can be expressed 
on paper as follows : 


H (a) 


CO,H—C—H CO,H—C—H 
| 06,H || CO,H | 
(a) H—C-——C—-H C——C—-H 
H 
(6) 


cis- : Cis. 


NX 
| CO,H—C—H CO,H—C—H 
(a) Ht || H (a) | 
(6) H——-C—C—-H C——=—C—H 

CO,H CO,H 

cis- trans- 
In other words, if one accepts the modern view that tautomeric 
change is due to ionisation (a short history of this view is given as 
an Appendix on page 1015), then it follows that the cis- and the 
trans-form of a “‘ mobile” glutaconic acid have the same ion and 
the rapid interchange between the two forms can be readily under- 
stood. In fact the occurrence of the abnormal reactions enumerated 
on page 1012 receives adequate explanation. It would appear, 
therefore, that the “ normal ” form has no existence as such but 

that it may occur as the common ion. 

The view that the ion is symmetrical although the acid may 
contain no plane of symmetry is supported by the experiment of 
J. Packer already referred to, by which it has been found that the 
l-form of trans-xy-dimethylglutaconic acid undergoes racemisation 
with great ease. 


Racemisation of /-trans-«y-Dimethylglutaconic Acid. 


Solvent. Temperature. k (hr.-). Half-change period. 
WEEP cecccccccccscccscccee 100° 0-0388 17-8 hrs. 
| SC Serene 101-5 0-0325 21-3 hrs. 
2 eer ser 101 0-128 5-4 hrs. 
N-NaOH....cccorccossveses 101-5 1-70 24-5 mins. 
ACETONE ......cccccccvcees 56-5 ca. 0-0088 ca. 80 hrs. 


The occurrence of a common ion of this character must happen 
in quite a number of other cases, as, for example, in the relation- 
ship between itaconic (XV), citraconic (XVI), and mesaconic (XVII) 
acids, in which the common ion is (XVIII). 

CH,—CH—CO,H CH;—C—CO,H CO,H—C—CH, 

CH,—CO,H CH-CO,H CH-CO,H 
(XV.) (XVI.) (XVILI.) 
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A normal symmetrical glutaconic ion might be represented in some 
such way as (XXII). 
RRR 8 ae CO,H CO,H | |e 
|CO,H > CiC:C:COH re sCiC ¢ C:H | 


‘@% | | New | 


(XXII.) (XVIII.) 


The oxygen atoms might co-operate in forming some stable associ- 
ation of electrons capable of maintaining a symmetrical arrange- 
ment in the three-carbon chain. The common ion from citraconic 
acid and its isomerides could be similarly represented as (XVIII). 

The ready manner in which equilibrium mixtures of all three 
acids are formed from any one of them is strong evidence in 
favour of this view (compare Linstead, in the press). Finally there 
remain the three forms of the cyclic ester (XIX, XX, X XI) which 
Goss, Ingold, and I obtained in the course of our investigation on 
the chemistry of glutaconic acid. 


(CO, Et 8:00, Et C-CO,Et 
CHy CX | CH, ct mort" “. 
CO, Et CH-CO,Et Noo Sz 

(XIX.) Normal. (XX.) Labile. (XXI.) Enol. 


In this case the occurrence of stereoisomeric forms is not possible 
and the question arises, What are the structures of the two forms 
(XIX) and (XX)? It is still an open one, but it is evident that the 
work on this substance must be repeated and interpreted in the 
light of the large amount of data obtained recently by Kon in 
connexion with the mobility of the three-carbon system. 

The only two facts which remain, therefore, to prevent a complete 
acceptance of the view that the glutaconic acids are examples 
of cis-trans-stereoisomerism, modified by the special conditions 
attaching to three-carbon tautomerism, are (1) the existence of the 
ester (XIX) and (2) the occurrence of 1 : 3-addition to the glutaconic 
system. The latter can doubtless be explained on the assumption 
that addition occurs to the ‘“‘ normal ”’ ion, but the former cannot 
be explained on those lines. 


APPENDIX. 
(a) Tautomeric Change and Electrolytic Dissociation. 


It was inevitable that some connexion should be sought between 
the phenomena of tautomeric change and electrolytic dissociation 
as soon as the great discovery of Arrhenius had received general 
acceptance and it seems desirable to show briefly the manner in 
which expression was given to those early views. It seems that 











1016 THORPE: OUTCOME OF SOME RECENT RESEARCH WORK. 


Goldschmidt in 1890 was the first to do this (Ber., 1890, 23, 257), 
for he says ‘‘ Bei Reactionen tautomerer Verbindungen, welche sich 
unter dem Einfluss von Electrolyten vollziehen, werden die Atom- 
verschiebungen durch die freien Ionen veranlasst.”’ Six years later 
four of the leading investigators in this field noted a connexion 
between the ease of isomerisation of tautomeric substances in 
solution and the dissociating power of the solvent. Claisen (Annalen, 
1896, 291, 86) noted that the change in acetyldibenzoylmethane was 
rapid in 50% aqueous alcohol, slow in absolute alcohol and in 
acetone, and inappreciable in benzene. In the same year W. 
Wislicenus (ibid., p. 161) and Briihl (ibid., p. 142, footnote) made 
the observations on which they were afterwards to base their 
theoretical views and commented on the apparent connexion 
between dissociation and tautomeric change. Finally, Knorr 
(Annalen, 1896, 293, 70), from his investigations on ethyl dibenzoyl- 
succinate, noticed that the reversion of the unstable enol («-) form 
of the ester occurred spontaneously in the liquid substance itself, 
and in absolute or dilute alcoholic solution, but not to any perceptible 
extent in solutions in benzene or ether. From this and from his 
investigations on antipyrine (ibid., p. 1) he was led to the view that 
dissociation was the first step in the tautomeric process, and that 
after the separation of the ions had occurred the change in the 
mobile bonds in the anion became possible, being “‘ unhindered by 
the hydrogen atom, now separated as kation ”’ (loc. cit., p. 38). 

In his monograph “‘ Ueber die Tautomerie ” (1898) W. Wislicenus 
(Ahrens Sammlung, 1898, 2, 230) foreshadows modern theory in 
such a remarkable way that his conclusions may perhaps be quoted 
at some length. ‘ One cannot pass over these phenomena without 
coming to the conclusion that the interconversion of the forms is 
dependent on dissociation . . . dissociation is, therefore, to be 
assumed in these substances (certain keto-enol tautomerides) as a 
setting free of the mobile hydrogen atom—we may say at once as 
kation—but occurring only in a small number of the molecules. 
In the anion the movement of the bonds can occur more readily 
as a transport of a hydrogen atom is no longer necessary. ‘The 
position of the bonds is changed as free valency in the molecule, 
and it is by this free valency that the reunion of the hydrogen to 
the anion can occur. On the attainment of a state of equilibrium 
the opposed reactions come into balance. The slowness of the 
reaction, the proportionately long time that elapses before the 
attainment of the state of equilibrium, is explained by the fact 
that in weak acids, such as are dealt with in this type of work, 
the dissociation in organic solvents is very small. Whether it is 
quite right directly to claim electrolytic dissociation, perhaps only 
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exhaustive quantitative measurements can show. It is possible 
that it is only a weak kind (abgeschwichte Art) of dissociation 
that occurs here, a loosening of the hydrogen atom to a definite 
degree... .” 

Wislicenus also suggests that the considerably increased velocity 
of the change in aqueous solutions of sodium salts (for example, 
that of formylphenylacetic ester) is due to the greater facility with 
which the latter dissociates. 

Support for these views came from the work of Brihl (Ber., 1899, 
32, 2326), who studied the velocities of the keto-enol change inter 
alia in Claisen’s ethyl mesityloxide oxalate. The change enol > 
keto took place most readily in alcoholic solution, less readily in 
carbon disulphide, «-bromonaphthalene, and benzene, and hardly 
at all in chloroform. Briihl suggested that the change was due to 
ionic dissociation of the enol, followed by reassociation of the ions 
in the keto-form, and further drew attention to the fact that the 
change was most readily effected in solvents of high dielectric 
constant. In another paper, dealing with the rdle of the medium 
in phenomena occurring in solution, Briihl (Z. physikal. Chem., 1899, 
30, 35) pointed out that the connexion between the dissociating 
and the tautomerising power of a solvent would not necessarily 
be the same for all substances. 

Similar ideas were being developed in England by Lapworth and 
Lowry. In 1898 Lapworth (J., 1898, 73, 445) drew attention to 
the connexion between the apparently dissimilar reactions of 
tautomeric change and scission : 


Ra—Re—Ry === Ra—Rp—Ry or er 


M M 
and 
Ra—Rg—Ry == Ra—RG+RyM. . . (2) 
M 
and discussing the general phenomenon of tautomerism wrote, 
“. . . It is not necessary . . . to imagine that the group M [in 


(1) above] ever becomes free, but rather that it is always under 
the influence of the attraction of Ra or Ry, and possibly at the 
same instant of both simultaneously; thus the lability of the 
molecule may be imagined to depend on a species of dissoci- 
ation. . . .” Three years later (J., 1901, ' 79, 1265) this dissociation 
was compared to the dissociation of weak electrolytes and the 
suggestion was made that the majority of changes in organic com- 
pounds could most probably be assigned to electrolytic dissociation, 
often doubtless in extremely minute amount. 

From a study of the mutarotation of nitrocamphor Lowry (J., 
1899, '75, 211) came to the conclusion that this was due essentially 
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to a reversible isomeric change, nitro-form => y-nitro-form, which 
proceeded with the attainment of a definite equilibrium. The 
examination of the change in a large number of solvents showed 
that it was facilitated most in oxygen-containing solvents such as 
acetone, the alcohols, and the carboxylic acids, and least in hydro- 
carbons, chloroform, and carbon disulphide. It was noted that 
the change was enormously accelerated by the presence of bases 
and even to some extent by neutral salts. The important point was 
made that the change was only possible in the presence of a catalyst. 

Although Lowry makes no mention of dissociation, the general 
trend of the paper can be gathered from the statement: “ As these 
changes take place in all solvents which have been examined, they 
must be of the nature of isomeric change and are independent of 
any chemical interaction with the solvent,’ and also from the 
interpretation of the action of bases (p. 221) : 


nitro-form + NaOEt == sodium salt + EtOH 


| 
/ 
y-nitro-form + NaOQEt 


The latter is an interesting link with the modern view that the 
essential change occurs in the anion, which is naturally more stable 
in the salt than in the free nitro-compound. Later Lowry (J., 
1908, 93, 119), as the outcome of his work on sugars, abandoned 
these views in favour of reversible catalyst addition. 

Another worker whose results led him to similar conclusions was 
Stobbe (Annalen, 1903, 326, 359), who divided solvents for keto- 
enol tautomerides into two classes : 

Group 1: The dissociating solvents : catalysers of the change. 

Group 2: Benzene, chloroform, etc., weakly dissociating solvents. 
These had little or no catalytic effect and might even conserve the 
transitory condition of a tautomeric substance and in this sense 
act anti-catalytically. 

Later, Tiffeneau, as a result of his studies of molecular migrations 
of a less facile kind, came to conclusions similar to those of Wisli- 
cenus and Lapworth which he expressed in rather different terms. 
In 1907 he wrote, “‘. . . I have thought that, in all molecular 
transpositions, the migration is subsequent to the first action of the 
reagent. In place of this idea of saturated intermediates, conse- 
cutive to the migration, I have substituted the idea of unsaturated 
intermediate systems determining the migration. All interconver- 
sion reactions are composed of two phases, one of disorganisation 
or of desaturation, provoked by chemical and physical agents, and 
one of reorganisation in the course of which the molecular trans- 
position is produced. . . .” (Rev. gén. Sct., 1907, 583). 
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It is evident, therefore, that at the beginning of this century 
most of the leading authorities on tautomerism had come to look 
upon the first stage of the process as being one of breaking down 
of the molecule from its fixed condition into a labile form in which 
the change could readily occur. 

The above is, then, a brief account of the history of the application 
of the dissociation hypothesis to explain tautomeric change. There- 
after it was to be subjected to considerable criticism, notably 
through the work of Dimroth from 1904 to 1913, but the general 
view to-day is that ionisation precedes tautomeric change. Thus, 
in the three-carbon system, the change is interpreted (J., 1926, 
1477) as a removal of the mobile hydrogen as a proton, followed 
by the movement of the change in the electromeric ion. Such 
movement may be confined to the «- and y-carbon atoms (1) or 
may include the “ activating group ”’ (2). If the latter, the change 
may finally influence an atom (such as O or N) with tolerance for 
it, under the conditions present, greater than that of carbon. 


(1) C=C—CH == c=C—C}H <= C—c=c}ii 


I 


CH—C=C 
(2) C=C-CH-C=0 == c=c-C-c=o}H —= ozc-c=c-0} fi 


I 


CH—C=C—C=0 = ¢-c=Cc—c=0} H 
There is a lack of direct experimental evidence in support of this 
view, but reference may be made to some recent experiments of 
Kon and Linstead (in the press) in which it has been found 
that in the promotion of a three-carbon change in certain ketones 
the order of effectiveness of catalysts is sodium isopropoxide> 
sodium »-propoxide>sodium ethoxide>sodium methoxide (com- 
pare Ingold and Shoppee, J., 1929, 447). In other words, the most 
“ vigorous ”’ reagent is the least effective. This is not intelligible 
on an “intramolecular” basis, but is readily understood on the 
dissociation theory, for the ease of change will depend upon the 
formation of the active anion and hence upon the availability of 
the sodium. This will in turn be greater, the weaker the acidity 
of the competing reagent, namely, the alcohol of the alkoxide. 

The modern views on dissociation are notable for their simplicity 
and for the effective way in which tautomeric change is correlated 
with other apparently unrelated phenomena. In spite of this, the 
large differences between organic and inorganic chemistry and the 
fact that the former is so largely the “‘ chemistry of the covalencies ”” 
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must always introduce an element of reserve into the reception of 
any theory postulating complete ionic reaction in virtually non- 
conducting media. Such considerations undoubtedly influenced 
the earlier supporters of the dissociation hypothesis and led them to 
qualify their views by such expressions as “a weak kind of dis- 
sociation,’ ‘‘a species of dissociation,” “‘a phase of disorganis- 
ation ”’ and so on. 

I have to add that the above data have been collected by Dr. 
R, P. Linstead and I have to thank him for the trouble he has taken 
in the matter. 


(b) The Modified Strain Theory of Ring Formation. 


It may be said at once that the only problem which remains 
unsolved in this field is the uniplanar character or otherwise of the 
cyclohexane structure, or, to put it probably more correctly, the 
problems remaining unsolved centre round this particular one. 
The multiplanar character of the rings beyond those containing six 
carbon atoms is now fairly generally accepted, as is also the uni- 
planar character of rings below those containing six carbon atoms. 
But the six-membered ring has still to rid itself of or adopt the 
Sachse—Mohr “ arm-chair ’’ and “ boat ” hypothesis which provides 
for the relief of the strain, due to the closing of the ring, by the 
“ buckling ”’ of the ends. The problem is one of fundamental 
importance owing, amongst other things, to the relationship between 
cyclohexane and benzene, the latter being generally accepted as 
uniplanar owing to the non-existence of stereoisomeric forms of 
benzene derivatives and to recent strong evidence on the physical 
side. At present there is no evidence either chemical or physical 
which supports the Sachse-Mohr hypothesis, as regards simple 
cyclic types, although many attempts have been made to obtain 
such evidence. On the other hand there is a great deal of chemical 
evidence, as well as some of a physical character, which is in 
opposition to the hypothesis in its application to such types. 

The chemical evidence is based on the hypothesis that when two 
valencies of a carbon atom are included in a six-membered carbon 
ring so as to make them conform to the angle of the hexagon, that 
is, 120°, the remaining two valencies of that carbon atom are 
deflected so as to occupy the remaining space equally. It has been 
calculated that in this case the remaining two valencies have the 
angle 107-3° between them as in (I). 


‘H,-CH CH,:CO,H CH,-CH CH,CO,H CH CH,-CO,H 

4 10004007" , Cc 4 ‘ wo SCAers* . D4 bite 

CH,-CH,” \CH,CO,H  —° SCH,CH,“ CH,-CO,H CH,“ CH,-CO,H 
(IIT.) (L.) (II.) 
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By a comparison between the corresponding diacetic acids (I), 
({I), and (III) it is possible to obtain definite evidence in support 
of the hypothesis. This evidence is based on (a) the ease of form- 
CH,:CH CH-CO,H CH,:CH H-CO,.H CH CH-CO,H 
2 a\ 4 2 CH, < 2 So] 2 “Sot | 2 
CH,-CH,“ \CH-CO,H \cuH,CH,7 \CH-CO,H CH,” \CH-CO,H 
(V.) (IV.) (VI.) 
ation and stability of the spiro-compounds (IV) and (V) as compared 
with those of the cyclopropane acid (VI) and (b) the recurrence of 


VH'CH,~ ,-CO-CO,H HH CHe CH COCO, 
(H,CH,> <CH,-CO,H ' SCH,-CH, “SCH, -CO,H 
(VII.) (VIII.) 


CH,~_,-CO’CO,H . 

cH. <cH,-co,H 
the keto-acids (VII), (VIII), and (IX) or the hydroxy-acids (X), (XJ), 
and (XIT) or equilibrium mixtures of the two. 


'H,*CH.~ _~-C(OH)-CO,H CH,°CH,~_ ,, -C(OH)*CO,H 
ie OH OOH CH or cH OOH ‘CO,H 
(X.) (XI.) 
CH,~ _, ~-C(OH)-:CO,H 
CH. O<tH-00,H (XII) 

It was found, for example, that the acid (IV) was more easily 
formed and, when formed, possessed greater stability than either of 
the acids (V) and (VI). The keto-acid (VIII) is, apparently, incap- 
able of existence and passes at once into the ring acid (XI), whereas 
there is no ring acid of formula (XII), the keto-acid (IX) alone being 
capable of isolation. As regards acids (VII) and (X), the latter is a 
cis-form and readily gives an anhydride (Lanfear and Thorpe, J., 
1923, 123, 1683) and it has been clearly shown that it is only the 
trans-forms of those acids which undergo fusion to yield the keto- 
acids. Actually, in the case of the acids (XIII) and (XIV) and 
(XV) and (XVI) tautomerism has been shown to occur in concen- 
trated alkaline solution. 


C,H; CO-CO,H C,Hs~ 1-C(OH-)CO,H 

ee ee os SE ee a 

(XI) CH > <cH,-CO,H (HL ~CH-CO,H (XIV.) 
Pre__,-CO’CO,H Pra ,-0(0OH)-CO,H 
; C 2 == } 2 

(XV.) Pro? CH,-CO,H Pro? <GH-CO,H (XVI.) 

The physical evidence of the dissociation constants of the diacetic 
acids (Spiers and Thorpe, J., 1925, 127, 538) is based on the assump- 
tion that the nearer two carboxyl groups are to one another the 
greater is the enhancement of the primary dissociation constant. 
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A table showing the results obtained, as well as the chemical 
evidence briefly summarised above, is given below. 


Sprers’ TABLE. 
Cale. value Equilibrium mixture. 


Substituent. of angle. ‘ % Keto. % Enol. K,,- x 105 
BE GEE . dndsccenndacccndcncoodenses 115-3° 100 0 4-69 
PD Re 8 eee 112-5 —- — 6-00 
rnc ? — — 5-29 
4 (CH,), (cyclopentane ring) 109-7 100 0 17°3 
GD TEND, cbvncascsiadsichecsvuse 109-5 100 0 19-8 
DDD Ketccnasicsccsnsecsesecs ? 100 0 24-4 
FT Me ibdadcheccnsseenecsdevistesd ? 38 62 33-9 
We. diciancdnabenivciapeete ? 29 71 33°9 
9 (CH); (cyclohexane ring) 107-2 0 100 33°4 


There is then considerable evidence in favour of a strained cyclo- 
hexane structure both from the chemical and the physical side and 
none whatever in favour of the strainless multiplanar ring, and it 
would seem to follow that, when one carbon atom of a six-membered 
carbon ring is attached to two side-chains, the strain set up by the 
enlargement of the tetrahedral angle from 109-5° to 120° causes a 
deflexion of the normal angle made by the other two valencies, the 
six-membered ring remaining uniplanar. In other words, the strain 
set up in the ring is relieved by the deflexion of the other two 
valencies of the six carbon atoms involved. 


When one of these carbon atoms is involved in a second ring to | 


form a spiro-compound, it follows that the deflexion of the angle 
will enhance the ease of formation of a three-membered ring and will 
render it more stable when once formed—a result which has been 
confirmed by experiment, but in what manner the strain in a spiro- 
compound is shared by the two rings is not yet known, although the 
fact that the spiro-system always breaks down by rupture of the 
bond between the carbon atoms carrying the carboxyl groups seems 
to show that each ring retains its own angular values. 


bap” ¢ itan 

+. 

—CH, CH’CO,H 

The work has recently been extended to include those compounds 


which have a six-membered ring locked in the | : 2-position by 
means of another ring, such as cis- and trans-decalone. 


CH, CH, CH, CH, CH, CH, 
r li, rn CH. ‘CO H / Z 
CH  C<cHcotn (Hs UG, CO (Hy x CO 
UH H H 


y" CH, CH, (’” CH, CH, C” CH, 


CH, 
a, tH, XG, tH, =X, 


(XVII.) Cis- trans- 
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From a study of the diacetic acid (XVII) it has been found by Rao 
(J., 1930, 1162) that the trans-decalone ring structure is strainless 
and simulates the five-membered ring. More recently A. Kandiah 
(in the press) has applied the same experimental tests to the diacetic 
acids from cis- and trans-hexahydro-$-hydrindone, with the result 


JO CH, a Cn 
hy Nod ACH, *CO,H cH, ~ Puy CO,H 
SC! 
cH, «KH CH,-CO,H Ba, my a NCH,:CO,H 
cis- trans- 


that both are found to be strainless. We are therefore faced with 
the fact that when the six-membered ring is locked in this way all 
strain ceases or is so far diminished as to be incapable of detection 
by the methods we have applied. 

It is also interesting to note that one of my former students, 
Dr. Qudrat-i-Khuda, has written recently to “‘ Nature” stating 
that he has been able to isolate four forms of the succinic acid 
(XVIII). If this is so, it represents the first example of the 
occurrence of monocyclic isomerides demanded by the Sachse-Mohr 


CHMe<CHeCHc CHYCOH (xvitt.) 


CH,-CH,>-“\co,H 
(XIX.) CHMe<oH" cH >>00 CH, <ote 2 CH >CO (XX.) 


hypothesis. Judgment on this point must be reserved until further 
details are available showing without question that the four acids 
have the structures assigned to them. It is always a difficult matter 
to obtain the ketone (XIX) unmixed with small quantities of the 
ketone (XX) and it is possible that one pair of acids may be derived 
from the ortho-ketone. 
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EDWARD GREENHILL AMPHLETT. 
1853—1930. 


EpwarD GREENHILL AMPHLETT was born at Campbelltown; he 
was educated at Rugby and at Brasenose College, Oxford, where he 
obtained the degree of M.A. with Honours in Jurisprudence. He 
was called to the Bar in 1879, and studied Chemistry under Pro- 
fessor H. E. Armstrong and Professor H. McLeod. He was a 
senior Magistrate for Sussex, a well-known yachtsman and authority 
on small-boat sailing. He was elected a Fellow of the Society in 
1885. , 





ROBERT WILLIAM ATKINSON. 
1850—1929. 


Rospert WILLIAM ATKINSON was born at Newcastle-on-Tyne; he 
was educated at Newcastle Grammar School and at University 
College School, London, where he won scholarships to the Royal 
College of Chemistry and to the Royal School of Mines. He 
obtained the degree of B.Sc. (Lond.) with Honours in Chemistry 
and Physics and was elected a Fellow of the Institute of Chemistry. 
In 1874 he was appointed to the Chair of Analytical and Applied 
Chemistry at the University of Tokyo, which he held for seven 
years. Later, he opened a practice in Cardiff as a consulting chemist 
to a number of colliery firms and iron and steel iaanufacturers. 
He contributed various papers to the Journal of the Asiatic Society 
of Japan, the Journal of the South Wales Institute of Engineers, and 
to Nature. He was elected a Fellow of the Society in 1872. 





CHARLES JOHN BAKER. 
1860—1930. 


CHARLES JOHN Baker, the eldest son of the Rev. John Baker, of 
Blackburn, was educated at Blackburn Grammar School and later 
at Manchester Grammar School where he gained a Langworthy 
Scholarship. He was elected to an open Postmastership in Science 
at Merton College, Oxford, and was also awarded a Brackenbury 
Leaving Scholarship. At Oxford he obtained a First Class in the 
Final Honours School of Natural Science in 1882, and was appointed 
Demonstrator in Chemistry in the University Laboratory. During 
his tenure of this post he made an investigation of the combus- 
tion of carbon at low temperatures (J., 1887, 249) which was of 
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outstanding merit. There is no doubt that had he been able to 
carry on his investigations he would have attained a very high 
position in chemistry. 

In 1886 he was appointed Science Master at the Schools, Shrews- 
bury, and devoted himself to making the science side a thoroughly 
successful department of the School, which had previously been 
almost entirely classical. In 1905 he, in conjunction with Mr. 
Lloyd Oswell, then the School Architect, was instrumental in 
getting the new Darwin Buildings erected. They succeeded in 
establishing most satisfactorily equipped laboratories and lecture 
rooms. In 1911 the buildings had to be enlarged and now further 
accommodation is desirable. During the 42 years he was a Master, 
54 Natural Science Scholarships and exhibitions were gained, nearly 
all of them at Oxford and Cambridge. Baker was a house-master 
from 1906 to 1918, and retired in 1926. He was elected a Fellow 
of the Society in 1883. 





ROBERT BARTON. 
1839—1930. 


ROBERT BaRTON was born at the Royal Mint, where his father was 
Controller and Deputy Master. He was educated at Bromsgrove 
School, and was appointed in August 1869 as Assayer at the Royal 
Mint, Melbourne. In 1887, he became Superintendent of the 
Bullion Office and eight years later was appointed Deputy Master 
of the Mint, a position he held until his retirement at 65 years of 
age. His death took place in Melbourne. He was elected a Fellow 
of the Society in 1872. 


HUGH CHESTER BELL. 
1898—1930. 


Hue CHESTER BELL, who became a Fellow on December 15th, 
1921, was a son of the late Chichester A. Bell, who taught chemistry 
at University College under the late Professor Williamson. 
Chichester Bell was associated with his brother, Graham Bell, and 
Edison in the elaboration of the phonograph and published some 
ten papers in the Journal of the Society between the years 1874 and 
1880. 

H. C. Bell’s studies at Jesus College, Oxford, were interrupted 
by the War, during which he served with the Salonika Expeditionary 
Force as a Lieutenant. On one occasion he was one of the few 
survivors of a battalion decimated by the Bulgarians, 


Bell completed his course at Oxford in 1920, took his degree in 
LL 
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the same year, and commenced research work with Mr. M. P. 
Applebey. He was appointed Demonstrator in the Chemistry 
Department of Guy’s Hospital Medical School in 1922 and was 
popular both with the students and with the staff. While at Guy’s, 
he published a paper on “ The Solubility of Sodium Chlorate ” (J., 
1923, 123, 2713) and, with Professor C. S. Gibson, one on “ 88’- 
Dichloro- and $8’-Dibromo-diethyl Selenides ”’ (J., 1925, 127, 1877). 

After a somewhat severe illness, Bell left England in December, 
1926, and finally established himself in Vancouver as a technical 
and consulting chemist. 





WILLIAM EDWARD BICKERDIKE. 
1843—1930. 


Witu1aM Epwarp BICKERDIKE was born in Lancaster and educated 
at Lancaster Grammar School. He subsequently studied chemistry 
privately in his own laboratory. Early in his career he was asso- 
ciated with Messrs. Bowdler, Lowe & Graesser, manufacturers of 
carbolic acid, and with Messrs. Hirst & Brooke, of Leeds. Later 
he formed, in partnership with Mr. A. C. Bowdler, the firm of 
Bowdler & Bickerdike, Manufacturing Chemists, at Oswaldtwistle. 
Consequent on his visit to Berlin in 1872, where he became imbued 
with the increasing importance of the application of science to 
industry, Mr. Bickerdike was largely instrumental in founding 
Blackburn Technical School (now College), which, supported at 
first by voluntary contributions, was subsequently taken over by 
the Corporation. He was a member of the Technical Instruction 
Committee and for 16 years was Vice-Chairman of the Higher 
Education Sub-Committee. He was an original member of the 
Chamber of Commerce, of which he became a Vice-President in 
1905, and a Justice of the Peace for the county of Lancaster. He 
was elected a Fellow of the Institute of Chemistry in 1878. 

Mr. Bickerdike was elected a Fellow in December, 1865, and 
attained his diamond jubilee as a Fellow in 1925. At the time of his 
death he was the oldest Fellow. 





CHARLES TAYLOR COCKBURN. 
1856—1930._ 
CHARLES TAYLOR CockBuRN founded the firm of Cockburn & Co., 
Ltd., Manufacturing Chemists and Druggists, Glasgow. He was a 
member of the Pharmaceutical Society and a Justice of the Peace 
for Glasgow. Mr. Cockburn was elected a Fellow of the Society 
in 1906. 
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DAVID CORRIE. 


1869—1930. 


Davip CoRRIE received his chemical training at the Glasgow Tech- 
nical College. He was appointed to the staff of Nobel’s Explosives 
Co., Ltd., at Polmont in 1888, and was Works Manager at the time 
of his retirement, owing to ill-health, in 1920. Mr. Corrie was 
elected a Fellow of the Society in 1890. 





WILLIAM DUNCAN. 
1860—1929. 


WiLi1aM DuncAN was born at Laurencekirk, and served his appren- 
ticeship with Mr. G. Burnett, of Montrose, becoming an Assistant 
successively with Messrs. Robertson & Co., of Edinburgh, and with 
Messrs. T. & H. Smith, Ltd. He was appointed Principal of the 
Royal Dispensary School of Pharmacy in 1886, and held this position 
until his retirement in 1924. Mr. Duncan was elected a Fellow of 
the Society in 1896. 





MONA ELIZABETH CALLOW ECK. 
1900—1929. 


Mona ELIZABETH CALLOW Eck was born at Isleworth and was 
educated privately and at the Chelsea Polytechnic. On the com- 
pletion of her training, she was attached to the Electrical Measuring 
Instrument Department of Messrs. Eck & Brook, and subse- 
quently conducted a small factory for radio apparatus and chemical 
investigations of electrical resistance materials. She was a Member 
of the Women’s Engineering Society, and was elected a Fellow of 
this Society in 1926. 





ALARICK VINCENT COLPOYS FENBY. 
1869—1930. 

ALARICK VINCENT CoLpoys FENBy was born at Handsworth and 
was educated at Bishop Vesey’s Grammar School, Sutton Cold- 
field, and at Mason College, Birmingham. He obtained the B.Sc. 
(London) degree, with first class honours in Chemistry, and the 
Associateship of the Institute of Chemistry. He held appointments 
as Science Master at various schools, including Wyggeston School, 
Leicester, and the Whitgift Grammar School, Croydon. He was 
elected a Fellow of the Society in 1897 and contributed a paper to 
the Journal on “‘ An Apparatus for demonstrating the Volumetric 
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Composition of Gases” (J., 1910, 97, 1200). He also published 
some papers in technical periodicals. 





ALFRED EDWIN GATES. 
1884—1929. 


ALFRED Epwin GATEs was born at Nottingham. After serving 
his apprenticeship and qualifying as a Member of the Pharmaceutical 
Society, he became an Assistant. Later, he was appointed to the 
firm of Messrs. T. Lye & Sons, of Luton, subsequently becoming 
Works Manager, a position he held for over eighteen years. Mr. 
Gates was elected a Fellow of the Society in 1918. 





AYERST HENHAM HOOKER. 
Born, 1854; Drep, May 6TH, 1930. 


AyERST HENHAM HOOKER was elected a Fellow of the Chemical 
Society on February 7th, 1878; he qualified as Associate of the 
Institute of Chemistry in the same year and became a Fellow of 
the Institute in 1883. In order to commemorate his jubilee as a 
Fellow of the Chemical Society, Hooker, with that generosity 
which characterised him, presented the Society with a handsome 
mace, which is now used whenever the Society meets and at all 
Council Meetings. On account of his illness, from which he did 
not recover, he was unable to be present at the Hugo Miller Lecture 
last year when the mace was first exhibited outside the rooms of 
the Society. An account of the presentation of the mace was 
published in the Proceedings (1930, 1), together with some details 
of Hooker’s remarkable career, which are now supplemented by 
one who knew him personally during the greater part of his activities 
in Egypt. 

Hooker was one of the oldest and best known Anglo-Egyptians, 
his connexion with the country dating back to before the British 
Occupation in 1882. His career falls naturally into three periods. 
First, as an Egyptian Government official, he held a number of 
posts and, finally and for many years,‘that of Director-General of 
the Salt Department, then an important revenue-producing Govern- 
ment Department. During the second period he was General 
Manager of The Egyptian Salt and Soda Company, a large indus- 
trial concern; and the third period was after his retirement from 
active affairs. 

He was not only a prominent personage in the official and social 
life of Cairo, but a notable figure in other ways. His unusual 
height made him conspicuous and also, after others had abandoned 
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the practice, he followed the old custom of having a groom in 
gorgeous uniform to run before his carriage. At one time, too, he 
kept an Irish jaunting car which he drove himself. 

Hooker was an example of the best type of Englishman serving 
abroad. Urbane, yet dignified, he was liked and respected by his 
staff, his servants (mostly old retainers), and by all who knew 
him. He was very generous and went out of his way to help lame 
dogs over stiles. He enjoyed a good dinner, a good cigar, and the 
telling of a good story. Both he and Mrs. Hooker were most 
hospitable and at their house one was always certain to meet 
interesting people and have an enjoyable time. Naturally, from 
his long residence in the country and his varied experience, his 
knowledge of Egypt was “ extensive and peculiar ”’ and his reminis- 
cences were always worth listening to. 

Hooker was a personality, a “ white’’ man and a gentleman, 
and his loss is felt by those who knew him. The Society has lost 
a friend and expresses its sincere sympathy with Mrs. Hooker. 

A. Lucas. 


99 





ARTHUR HORROBIN. 
1877—1930. 

ARTHUR HoRROBIN commenced his professional career with the 
Lancashire and Yorkshire Railway, Horwich, and was later in charge 
of the Tropenas Steel Plant. For two years he was with the Electric 
Storage Syndicate, Ltd., in charge of the Chemical Forming and 
Reducing Department. In 1902 he became Steel Chemist in the 
Carriage and Wagon Department of the B.B. and C.I. Railway, 
Ajmeer, India, and four years later was appointed by the Home 
Board as Analytical Chemist, a position he held until his death. 
Mr. Horrobin was elected a Fellow of the Society in 1908. 





JOHN PETTY LEATHER. 
1859—1929. 


Joun Petty LEATHER was born at Hyde and educated at Stramon- 
gate School, Kendal, and at Owens College, Manchester, where he 
undertook a three years’ course in Engineering, Physics, and 
Chemistry. He was appointed Assistant Engineer to the Burnley 
Corporation Gas Department in 1879, and became Chief Engineer 
in 1889, a position he held until his retirement in 1924. He was a 
member of the Institution of Civil Engineers, the Institution of Gas 
Engineers, and the Ceramic Society, and contributed various papers 
to The Analyst, Chemistry and Industry, and the Journal of the 
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Institution of Gas Engineers. He was a Justice of the Peace. Mr. 
Leather was elected a Fellow of the Society in 1902. 





QASIM ALI MANSURI. 
1888—1930. 


Qasm™m Ati MAnsuRi was born at Sevhara, Bijnore district, and was 
educated at the Mission School, Ambala, and at the Mission College, 
Delhi. After proceeding to the Muslim University, Aligarh, in 
1906, he graduated as B.Sc. in 1908 at Christian College, Allahabad, 
and as M.Sc. at the Government College, Lahore, two years later. 
By means of a grant awarded to him in 1918, he was enabled to 
spend two years at Cambridge University; there he obtained his 
M.Sc. degree in 1920. He then went to Géttingen University and 
took the Ph.D. degree in 1923. He returned to Aligarh to take up 
the position of Professor of Chemistry at the Muslim University, 
which he held until his death. He contributed papers to the 
Zeitschrift fiir anorganische Chemie and to the Journal of the 
Institute of Metals. 

Mr. Mansuri was a Member of the Academic Council and the 
Court of the Muslim University, a Member of Council of the Indian 
Chemical Society, and a Member of the Institute of Metals. 

His contributions to the Journal consist of four papers describing 
investigations, of which the earlier ones were carried out under the 
guidance of Mr. C. T. Heycock, F.R.S., at Cambridge. Mansuri 
investigated the four systems (a) aluminium-arsenic (J., 1922, 
121, 2272), (b) tin—-arsenic (J., 1923, 123, 214), (c) thallium—phos- 
phorus (J., 1927, 2993), and (d) antimony-arsenic (J., 1928, 2107). 

It is to be regretted that the work of organisation of his 
department did not allow of his continuing his investigations more 
actively. Not the least of his achievements was his establishing 
the Muslim University Chemical Society and its Journal. Mr. 
Mansuri was elected a Fellow of the Society in 1921. 





WILLIAM FREDERICK OAKFIELD. 
1862—1929. 
Witu1aM FREDERICK OAKFIELD was born in Westminster and 
educated at the City of London School. He entered the firm of 
Messrs. Siemens Brothers & Co., Ltd., in 1880 as Assistant, in the 
Chemical Laboratory, to Dr. Obach, whom he eventually succeeded. 
He remained with the firm until his death. Mr. Oakfield was 
elected a Fellow of the Society in 1899. 
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Mr. JOHN HENRY TAYLOR. 
1871—1929. 
JoHN Henry Tay ior was born at Newcastle-on-Tyne and educated 
at Rutherford College. He served his apprenticeship with Messrs. 
Brady & Martin, and subsequently was employed by Messrs. Squire 
& Sons and by Messrs. Parke, Davis & Co., Ltd. In 1917, he returned 
ee to Newcastle and took over the business of Messrs. Taylor & Gibson. 
ic Mr. Taylor was elected a Fellow of the Society in 1918. 
ya 
‘bad, 
ater. FREDERICK WILLIAM TOMPSON. 
d to 1859—1930. 
“— FREDERICK WILLIAM TomMPsON was born at Burton-on-Trent and 
one educated at Woking, Géttingen, and Bordeaux. He entered the 
" uP firm of Messrs. Bass & Co., Ltd., at 17 years of age and shortly after 
sity, joined Mr. Cornelius O’Sullivan as Assistant Chemist. In 1893, he 
, = became Director of Russell’s Gravesend Brewery and The Frank 
* | Jones Brewing Co. He was Financial Advisor and a Director of 
. the the British Photographic Industries and a Director of other smaller 
.. | commercial undertakings. Mr. Tompson was elected a Fellow of 
dian the Society in 1884 and was joint author with the late Cornelius 
bing O'Sullivan of two papers published in the Journal (1890 and 1891). 
r the 
nsuri JOHN THOM AINSLIE WALKER. 
1922, 1868—1930. 
vs 10S" | Jounx THom Arnstie WALKER was educated at Watson's College 
“ ) ; and at the University of Edinburgh. In 1889 he joined the Scottish 
Bho Marine Station for Scientific Research; the following year he was 
rr appointed Chemist to the Broxburn Oil Co., Linlithgow, and in 
— 1895 he became Chief Chemist to Mr. Murray’s Royal Paper Mills 
“*. 1 in London. From 1902 until 1905 he was engaged in a private 
consulting practice in London. For the next six years, he was 
Managing Director, Chief Chemist and Bacteriologist to Jeyes 
Sanitary Compounds Co., Ltd., and afterwards occupied similar 
positions in New York with the Barrett Manufacturing Co. (1911— 
1914) and with the Walker Leeming Laboratories (1914—1917). 
np From 1917 to 1920 he was with the R.A.M.C. in France, being 
a . gazetted as Captain and receiving the appointment as Specialist in 
; Poe Bacteriology. Early in his career he was engaged in special inves- 
" peer tigations on intestinal infection; he returned to this work in 1920. 


His strong advocacy of the use of disinfectants was never more 
pronounced than during the epidemic of infantile paralysis in New 
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Sommerville—Walker tests which have done so much for the dis. 


infectant industry. He was the author of many articles appearing 


in American and Canadian medical and technical journals. Mr. 
Walker was elected a Fellow of the Society in 1888. 








SIR DAVID WILSON, BART. 
1855—1930. 


Davip WILSON was born in Glasgow on 4th April, 1855, and was 
educated at the Glasgow Academy and at Glasgow University, 
where he graduated as M.A. and D.Sc. He farmed his property of 
600 acres, did a considerable amount of original investigation in 
agriculture, and rendered much public service. He was a member 
of many Government Commissions, Director and Chairman of the 
Highland and Agricultural Society, Governor (and Chairman) of 
the West of Scotland Agricultural College, and a Convener of Science 
and Research Committees. He contributed a paper with the late 
Professor E. J. Mills on ‘ The Action of Oxides on Salts ”’ to the 
Journal in 1878, and was also the author of many papers appearing 
in the T’ransactions of the Highland and Agricultural Society. Mr. 
Wilson was created a Baronet in 1920, and was a Justice of the 
Peace and Deputy Lieutenant for Stirlingshire. He was elected a 
Fellow of the Society in 1883. 





ALLISTER MACLEAN WRIGHT. 
1881—1930. 


ALLISTER MacLEAN WRIGHT was born at Palmerston North, New 
Zealand, and educated at the Boys’ High School, Christchurch, and 
at Lincoln Agricultural College. In 1902, he was appointed Chemist 
to the Christchurch Meat Co. (afterwards known as the New Zealand 
Refrigerator Co.), a position he held until his death. In 1916, he 
received a commission as Bacteriologist attached to the Medical 
Corps of the New Zealand Expeditionary Force, and ultimately 
attained the rank of Captain. He was President of the Philosophical 
Institute of Canterbury in 1911, 1921, and 1922. He was a recog- 
nised authority on matters pertaining to the scientific side of the 
frozen-meat industry, and though specially devoted to chemistry, 
he was a man of wide scientific sympathies. He contributed many 
papers, relating mainly to meat and meat products, to Chemistry 
and Industry and the Transactions of the New Zealand Institute. 
Mr. Wright was elected a Fellow of the Society in 1908. 









York, 1915—1916, and his advocacy of the standardisation of dis- 
infectants led to his joint authorship in the Rideal-Walker and 
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Military Engineering, Chatham, at the School of Instruction, § 19 
Chelsea, and as O.C., Engineer Unit, University of London Con- § ye 
tingent of the Officers Training Corps. During the war, he held § y, 
various positions including QO. i/e of the School of Instruction J gy 
for Canadian Engineer Officers; Commandant of the University § 4s 
of London Training Camp and of the R.E. School of Instruction, J ¢,; 
Esher. He was attached to the General War Office Staff in London, § go 













acted as Adviser on Technical Education, receiving Special Mention § fe; 
in Record of War Services, and attained the rank of Major R.E. He § y, 
devoted a great deal of his time to training boys as scouts and § ap 








crusaders, and was a keen photographer. M. 
Major Courtman was elected a Fellow of the Society on June 21st, § te 
1900. of 
‘ i 


ROBERT CHARLES COWLEY. 


RoBERtT CHARLES CowLEy was born in the Isle of Man, and served § 3! 
his apprenticeship there. Subsequently proceeding to England, 
he passed the Minor and Major examinations of the Pharmaceutical 
Society in 1891. Two years later he became head of the Liverpool 





























College of Pharmacy and retained this position until 1908. He J j, 
was then appointed Director of the Queensland College of Pharmacy, J x 
a position he held until his death in May 1930. Among the many J y, 
important positions in pharmaceutical circles in Australia held by § 1, 
Mr. Cowley may be mentioned that of Secretary of the Australian §j (, 
Pharmaceutical Conference, Editor of the Australian Pharma- fin 
ceutical Formulary and of the Australian Journal of Pharmacy, § p, 
and Secretary and Registrar of the Pharmacy Board and Pharma- § 
ceutical Society of Queensland. He also presided over the Pharmacy § 1, 
section of the Australian Association for the Advancement of § y 
Science at its meeting in Wellington, New Zealand, in 1923. Mr. § 4, 
Cowley’s name will long be associated with a period of important | y 
development in Australian pharmacy. se 
He was elected a Fellow of the Chemical Society on December J , 
3rd, 1908. (i 
FRANK EDWIN DICKINSON. 
1890—1930. D 





Frank Epwin Dickinson was born at Handsworth, Birmingham, 
and was educated at the Grammar School, Stratford-on-Avon, where 
he received on more than one occasion the Kendall Science Prize, and 
was awarded the Charles Flower Exhibition to Birmingham Uni- 
versity. Prior to the war he was employed by The Clayton Aniline 
Company and later by The Gas Light & Coke Company, Ltd. In 
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1915 he joined the Royal Flying Corps, but early in the following 
year he was recalled to join the Ministry of Munitions as Chemical 
Manager to The Trafford Park Chemical Company, Ltd. Subse- 
quently he was transferred to H.M. Factory, Litherland, Liverpool, 
as Acid Manager, and on the closing down of that factory, was 
transferred to H.M. Factory, Pembrey, in charge of the ether and 
solvent recovery plants. Towards the end of 1917 he was trans- 
ferred to H.M. Factory at Sutton Oak. After the war Mr. Dickinson 
was employed for a short time by The Salt Union Ltd., Runcorn, 
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and then obtained an appointment with McKnight Ltd., as Works 
Manager. In 1922 he returned to H.M. Factory, Sutton Oak, as a 
temporary assistant, and was promoted to the rank of Superintendent 
of the Research Establishment as it was then called in 1925, which 
position he held until the date of his death. 

Mr. Dickinson was elected a Fellow of the Society on December 
3rd, 1925. 





JOHN FOGGIE. 
1855—1930. 


Joun Foaare was born in Dundee and educated at Forgan Public 
School, Newport, Fife, and at the Technical Institute, Dundee. 
For 47 years he held the position of Lecture Assistant and Chemical 
Laboratory Steward in the Chemistry Department of University 
College, Dundee. During this period he was associated with the 
five Professors of Chemistry in Dundee, namely Thomas Carnelley, 
Percy IF’. Frankland, James Walker, Hugh Marshall, and Alexander 
McKenzie. For many years during the evenings he taught, in the 
Technical College, Dundee, various subjects, of which the chief 
was plumbing. He also lectured to miners on mine gases under 
the auspices of the Fife County Council. Mr. Foggie was Clerk of 
Works in University College for twenty years. He was a devoted 
servant of the College and was held in high esteem by all who 
were associated with him. He was joint author with Professor 
Carnelley of a book on “ Air of Schools” and contributed papers to 
“The Plumber.” 

Mr. Foggie was elected a Fellow of the Chemical Society on 
December 5th, 1889. 





JOHN HODGKIN. 
1857—1930. 


Joun Hopexkin was born in Liverpool and educated at Magdalen 
College School, Oxford, and under the late Professor A. W. Williamson 
at University College, London. 


He was a great-grandson of Luke 
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Howard, F.R.S., founder of Howard & Son, of Ilford, of which firm 
he was partner for about 15 years. On leaving them, he joined the 
firm of-Herrings & Co., but subsequently retired to take up literary 
work. For many years he was on the Executive of the British 
Pharmaceutical Conference, and was a Fellow of the Institute of 
Chemistry and of the Linnean and Zoological Societies. He had 
wide general interests and was an authority on English pottery, an 
accomplished bibliographer, and a prominent Freemason. 

Mr. Hodgkin was elected a Fellow of the Society on November 
16th, 1882. 


JOHN ALBERT HOGG. 
1865—1931. 


JOHN ALBERT HOGG was born at Buxton, and received his general 
education at George Watson’s College, Edinburgh, proceeding thence 
to the School of Pharmacy. For some time after qualifying as a 
pharmaceutical chemist he acted as assistant to a retail pharmacist. 
He left this to accept an appointment with Messrs. Burroughs 
Wellcome & Co., Dartford, as head of the Pharmaceutical Depart- 
ment and subsequently became associated with other manufacturing 
firms. During the last eight years of his life he was with the United 
Chemists’ Association, Ltd., at Cheltenham. 

Mr. Hogg was elected a Fellow of the Society on May Ist, 1924. 





ALFRED HOLT. 
Born 20th Ocroper, 1877; Drep 15TH Fesrvuary, 1931. 


By the death of Alfred Holt, Merseyside has lost not only a physical 
chemist of considerable distinction but also a keen educationalist 
and a prominent worker in the cause of charity. 

He was the youngest son of Alfred Holt, founder of the Blue 
Funnel Steamship line. After being educated privately and at 
Pembroke College, Cambridge, where he took the Natural Science 
Tripos in 1900, Holt went to Paris to work under Prof. Henri 
Moissan, and in 1902 he published jointly with Moissan two papers 
on silicides of vanadium. 

In 1905 he was elected to an honorary research fellowship in the 
University of Manchester, and from 1902 to 1912 was an assistant 
lecturer and demonstrator in that university, receiving the degree 
of D.Sc. in 1909. 

While at Manchester, Holt carried out a great deal of research. 
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Jointly with C. H. Burgess, a paper was read before the Royal 
Society on ‘‘ Some physical characters of the sodium borates, with 
a new and rapid method for the determination of melting points,” 
and several papers were contributed to the Manchester Literary and 
Philosophical Society on various subjects, including the borates and 
the phosphoric acids; in the latter work he was associated with 
J.E. Myers. A paperon thesynthesis of formaldehyde was published 
in this Journal in 1905, being a record of research carried out with 
D. L. Chapman, and another, on the decomposition of carbon 
dioxide by the silent electric discharge, appeared in 1909. Probably 
Holt’s best-known investigations were on the absorption of hydrogen 
by palladium, in which he was associated with E. C. Edgar and J. B. 
Firth. 

In 1912 he was appointed reader in physical chemistry in the 
University of Liverpool, and when-on the outbreak of war the 
chemical department of that university became the headquarters in 
the North Western area for the chemical testing of explosives he 
rendered very valuable services as chief assistant to the deputy 
inspector of high explosives. 

Mention must be made of Holt’s work for the British Association ; 
for a number of years he was recorder of Section B, and when the 
Association met in Liverpool in 1923 he was one of the honorary 
secretaries and edited the handbook, entitled “ Merseyside,’ pub- 
lished for that meeting. Another organisation to which he devoted 
much energy was the Society of Chemical Industry, particularly the 
Liverpool Section of that Society. For six years he was honorary 
secretary and for two years chairman, at the same time filling the 
office of treasurer, and on several occasions he read papers before the 
section. It was in this branch of his activities that the writer was 
particularly associated with Holt and he remembers with gratitude 
the inspiration, the energy and the practical assistance which were 
freely given over a period of many years. 

In educational matters in Liverpool Holt took a leading part; 
he was a co-opted member of the local Education Committee and 
was for five years chairman of the Liverpool Education Council, 
taking a special interest in technical education. Of his work in the 
cause of charity, Dr. Holt’s great services to the Royal Liverpool 
Children’s Hospital deserve special mention. 

He married Miss Jean Thomson Clay of Edinburgh in 1917. 

EK. GABRIEL JONES. 
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WILLIAM HOULDING. 
1863—1930. 


WiLL1AM HovuLDING was born at Liverpool and was educated at 
Liverpool College and at Edinburgh University, where he graduated 
as B.Sc. He was a barrister-at-law, and was for many years 
Chairman and Permanent Director of Houlding’s Brewery Co., 
Liverpool. 

Mr. Houlding was elected a Fellow of the Society on March 17th, 
1887. 





DAVID LENNOX. 
1858—1931. 


Davip LENNOX was born in Dumfries; he was educated at Edin. 
burgh High School and at Edinburgh University, where he graduated 
as M.B., and Ch.B. with honours in 1880 and as M.D. (Commend.) 
in 1884. On leaving Edinburgh, he was for a year Assistant to the 
Professor of Physiology at Owens College, Manchester; he was then 
appointed Assistant Physician at the Royal Edinburgh Asylum. 


Joining the Navy as a surgeon in 1883, he served in the Egyptian 
War in 1884, receiving the Egyptian Medal and the Khedive’s 
Bronze Star. On retiring from the Navy he was engaged in private 
practice in Dundee from 1888 to 1922. He was Medical Recruiting 
Officer in Dundee for over 20 years; held the rank of Colonel in 
the R.A.M.C.(T.) and received the T.D. medal. He was lecturer in 
Forensic Medicine and Toxicology at St. Andrews University; he 
served on the Senate of the University from 1925 onwards and in 
1931 was appointed Reader in Forensic Medicine in recognition of 
his long and distinguished service to the University. His interests 
were wide and varied. He was a Fellow of the Anthropological 
Society, the Society of Antiquaries (Scotland), and the Botanical 
Society (Edinburgh) and was a Justice of the Peace for the City of 
Dundee. He concerned himself specially with physical training, 
acting for many years as Medical Director of the Dundee Public 
Gymnasium. He wrote “The Elements of Physical Education ” 
and many papers for the medical press. He is survived by his 
widow, two sons and two daughters. 

Dr. Lennox was elected a Fellow of the Society on December Ist, 


1887. 
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ARCHIBALD LIVERSIDGE. 
Born NoveMBER 17TH, 1846; Diep SrepremBerR 26TH, 1927. 


THE late Professor Archibald Liversidge, F.R.S., who occupied the 
Chair of Chemistry at the University of Sydney for 35 years, was 
certainly the greatest organiser of science that Australia has seen, 
and surely no one in that country ever worked more unselfishly 
or with greater singleness of purpose than he to serve science for its 
own sake. 

He was born at Turnham Green in 1846, and died in his eighty- 
first year, through heart trouble, at his beautiful home at Fieldhead, 
Coombe Warren, Surrey. 

His early education was gained at a private school, and through 
tutors for several years, after which he entered the Royal School 
of Mines and Royal College of Chemistry. There he was inspired 
by the teaching of Frankland and Tyndall. In 1867 he won an 
open scholarship in Natural Science at Christ’s College, Cambridge. 
He was one of the first two students to work in Sir Michael Foster’s 
physiological laboratory. 

While at Cambridge, where he formed many life-long friendships, 
Liversidge accepted the position of instructor in Chemistry at the 
Royal School of Naval Architecture. Possibly it was partly through 
this early association with the Royal Navy that he came to appreci- 
ate so thoroughly the value of method and discipline, both of which 
played so large a part in his life. It may be mentioned that other 
members of his family are associated with the Navy, two of his 
nephews, E. Liversidge and J. G. Liversidge, being rear-admirals. 

In 1870 Liversidge was made a demonstrator in Chemistry at 
Cambridge, in which position he so distinguished himself that in 
1873 he was appointed to the Chair of Chemistry at the University 
of Sydney. 

On his arrival in Australia, he threw all the energy of his singularly 
robust constitution and young mind, yearning for the advancement 
of science, into the building up of a department of chemistry at 
the University, while his extra-mural activities at this time were 
directed to the promotion of technical education, and to the expan- 
sion and general improvement of the Australian Museum at 
Sydney, of which he was a trustee from 1874 to 1908. 

Liversidge was an original member of the Board of Technical 
Education in Sydney, and it was largely due to his efforts, ably 
seconded by his close friend, a former Government astronomer of 
New South Wales, H. C. Russell, F.R.S., that technical education 
was inaugurated in New South Waies and that its teaching, notably 
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in the department of Chemistry, made such good progress. Liver. 
sidge was a Fellow of the Senate of the University of Sydney from 
1879 to 1904. There, in 1879, after Homeric battles with the 
powerful forces of Arts, he succeeded in winning for Science a Faculty 
of its own. 

Later the cause of Science at Sydney was greatly strengthened 
by the arrival of Professor (now Sir Richard) Threlfall to organise 
a Department of Physics, and the appointment of the late Professor 
W. A. Haswell, F.R.S., to the Chair of Biology. 

After marshalling and co-ordinating the forces of Science in New 
South Wales, both within and without the University of Sydney, 
Liversidge strove to realise his larger vision of performing the same 
service for all scientific effort throughout the whole of Australia, 
and with the help of his close friends, Professor F. W. Hutton, 
F.R.S., and Sir James Hector, F.R.S., he was able to bring New 
Zealand also into line. This was surely Liversidge’s greatest work 
and was realised through the founding of the Australasian Associ- 
ation for the Advancement of Science in 1885. This Society, built 
on the lines of the British Association for the Advancement of 
Science, has grown greatly, and has proved an inestimable boon to 
scientific workers of Australia and New Zealand. 

As one who experienced the limitations and misunderstandings 
which had been too prevalent in the pre-Association times among 
our workers, the writer fully appreciates the blessings of friendship, 
sympathy, collaboration, team work, and inspiration which come 
from these biennial reunions, and is filled with thankfulness for this 
enduring work of a great-hearted pioneer. The visit to Australia 
of the British Association for the Advancement of Science in 1914, 
though directly organised, so far as Australia and New Zealand 
were concerned, through Sir David Orme Masson and Dr. A. C. D. 
Rivett, was indirectly the outcome of Liversidge’s welding the whole 
of Science in Australia and New Zealand into one body. 

At the meeting in June, 1930, of this Association in Brisbane, 
Professor N. T. M. Wilsmore, of the University of Western Australia, 
delivered the first of the chemical lectures endowed by Liversidge 
for the above Association, taking as his subject ‘‘ Chemistry in its 
Relation to the State.’ Professor A. Killen Macbeth has this year 
delivered two of the Liversidge Research Lectures at the University 
of Sydney, respectively entitled ‘“‘ Research in its Relation to the 
University ” and “Some Problems in Carbohydrate Research.” 
The first two Liversidge Research Scholars in Chemistry have now 
commenced their work at this University. Liversidge not only 
worked to establish in Australia the traditions of the British Associ- 
ation for the Advancement of Science, but was an ardent organiser 
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of work here for the British Science Guild, and a staunch supporter 
of our Chemical Society. 

In his work at the University, Liversidge was always remarkably 
successful and impressive with his practical demonstrations and 
lecture experiments. Starting with very small buildings and but 
little equipment, he was able, when he retired from the chair in 
1908, to hand over to his successor, Prof. C. E. Fawsitt, a large and 
flourishing school provided with laboratories, lecture-rooms, and 
equipment as up-to-date as could be expected in view of the great 
distance of Australian universities from centres of science in the 
Old World. 

In spite of the time spent in teaching and organising, Liversidge’s 
output of research work was considerable. His researches were 
directed chiefly to descriptive and experimental mineralogy. His 
chief published work was ‘‘ The Minerals of New South Wales.” 
He did much to stimulate interest in meteorites, collecting, analysing, 
and describing many Australian specimens. He also published 
several papers on the origin and precipitation of gold, on the presence 
of this metal in sea water, on the possible growth of gold nuggets 
in Australian alluvial deposits, and on residues of gold and silver 
in various ashes. Altogether, Liversidge contributed to the Chemical 
Society, the Royal Society of New South Wales, and the Royal 
Society of London more than one hundred papers, relating chiefly 
to chemistry and mineralogy. He made a hobby of acquiring 
minerals and meteorites, and his collections have frequently been 
displayed at exhibitions in Australia and in the northern hemisphere. 
After retiring from the chair of Chemistry at the University of 
Sydney, he continued his researches at London in the Davy Faraday 
Research Laboratory. He was Vice-President of the Chemical 
Society (1910—1913), of the Society of Chemical Industry (1909— 
1912) and of the British Association (1896); and President of the 
Royal Society of New South Wales (1886, 1890, and 1901) and of 
the Australasian Association for the Advancement of Science 
(1888—1890). He was also a member of the Philosophical Society 
of Cambridge, of the Physical Society, and of the Mineralogical 
Societies of Great Britain and of France. He was elected a Fellow 
of the Royal Society of London in 1882. Thirteen honorary degrees, 
or memberships, were conferred upon him by universities and 
scientific bodies. 

In his retirement Liversidge lived at Coombe Warren, where he 
loved to entertain many of his old colleagues of the Athenzum, as 
well as friends from overseas. 

For his generous bequests to the University of Sydney, to our 
Chemical Society here, to the Chemical Society of the Old Country, 

MM2 
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and to Christ’s College, Cambridge, we are indeed grateful. We 
rejoice that his ideal for unity and comradeship in science has been 
measurably realised, and for that work above all we honour our 
departed comrade. 

T. W. EpeewortH Davin. 





BENJAMIN LINDLEY MURRAY. 
1870—1930. 


BrenyamMin Linpitey Murray was born at Ypsilanti, Mich., and 
received his education at Michigan State Normal School, and at 
the University of Michigan, where he graduated as B.Sc. Later 
he received the degree of M.A. at Columbia University. For 34 
years he was associated with Messrs. Merck & Co., acting for a great 
part of that time as Chief Chemist. He was author of “‘ Standards 
and Tests for Reagents and C.P. Chemicals,” and served with 
distinction on the Committee of Revision of the United States 
Pharmacopeeia X. 

Mr. Murray was elected a Fellow of the Chemical Society on 
February 17th, 1904. 





KENNEDY JOSEPH PREVITE ORTON. 
Born JANvARY 2lstT, 1872; Dirp Marcu l6rsu, 1930. 


By the death from pneumonia of Kennedy Orton at the compar- 
atively early age of 58, chemistry and ornithology have lost one of 
their acutest observers and the University of Wales one of its most 
inspiring teachers and ablest administrators. 

Kennedy Joseph Previté Orton, the eldest son of the late Rev. 
W. P. Orton, was born at St. Leonards-on-Sea. He received his 
early education at Kibworth Grammar School, 1882-5, and Wygges- 
ton School, Leicester, 1885-8. Of his own volition he chose a medical 
career and entered St. Thomas’s Hospital in 1889. Fortunately for 
our science, he came under the influence of Bernays, the lecturer in 
chemistry at St. Thomas’s, and having been awarded a W. Tite 
Exhibition, he entered St. John’s College, Cambridge, where in the 
Natural Science Tripos of 1893, Part I, he took a first class. He now 
abandoned medicine for chemistry, the strain of work at the micro- 
scope being a determining factor. He was keenly disappointed 
when he obtained a 2nd class in Part II of the Natural Science Tripos 
in 1895, but he had so impressed his teachers by his ability that the 
authorities of St. John’s College considered him the best candidate 
for the Hutchinson Research Studentship. In addition he was 4 
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Major Scholar and Exhibitioner of his college and was awarded the 
Wright’s and College Prizes. Having already been initiated into 
organic research work by Ruhemann—a most inspiring teacher—in 
the old buildings of the Caius laboratory in Green Street, Orton went 
to Heidelberg and worked so effectively and industriously with von 
Auwers on the cryoscopic behaviour of various types of chemical 
compound in naphthalene that he was awarded his degree of Doctor 
of Philosophy, summa cum laude, this being the first occasion at 
Heidelberg on which this distinction had been awarded to an 
Englishman. After a year in Sir William Ramsay’s laboratory as a 
post-graduate research student, he was appointed senior demon- 
strator in chemistry at St. Bartholomew’s Hospital in 1897 and made 
assistant lecturer in 1903. In the same year, at the age of 31, he 
succeeded Sir James J. Dobbie as Professor of Chemistry at the 
University College of N. Wales at Bangor, a post he graced until his 
untimely death. 

To follow in the steps of a man of the calibre of Dobbie was a 
formidable undertaking, but this Orton attempted and performed 
with distinction. As a lecturer he was most inspiring, and many 
are the students who were attracted to chemistry by the famed 
clarity of his lectures. The writer, whose good fortune it was to 
come under his influence at Bangor, acknowledges with gratitude 
that he owes a chemical career to Orton’s inspired teaching. Lecture 
notes were always typed and conscientiously brought up to date 
the evening before, and their clear delivery with slow repetition of 
the more important passages or definitions made an indelible im- 
pression on the mind of even the dullest student. Historical 
chemical characters were made to live. Who will ever forget the 
lecture on Mendeléeff’s prediction of the properties of the missing 
elements and their fulfilment by later discoveries, a discourse largely 
based on the account in Ida Freund’s “The Study of Chemical 
Composition ’’—a unique treatise for which Orton had the highest 
regard. At the time of the writer’s sojourn in Bangor, Orton lectured 
to first, second and third year students daily on general, physical 
and organic chemistry. The great advantages of the uniform and 
clear presentation of so wide a field of chemistry by a single master 
mind were reflected in the achievements of his pupils. In students 
who took an Honours course, Orton took a special interest. He 
directed their reading, supervised their essay work, in fact was a 
personal tutor. He instilled into them something of his own 
enthusiasm for chemistry, his energy and zest for hard work. Over 
the slow or backward pupil he took great pains and justified his own 
claim that he was essentially a teacher. Inefficiency he could not 
tolerate. 
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Orton was, however, something more than a teacher. He was a 
chemist ahead of his time. His numerous original contributions to 
chemistry amply confirm this and his judgment or opinion on current 
topics of chemical thought was almost invariably correct. 

His output of original publications was considerable and through. 
out his career he studiously avoided ostentation in the presentation 
of his results. From 1899 to 1901 in the laboratory of St. Bartholo- 
mew’s Hospital he assisted Chattaway in laying, systematically and 
thoroughly, the foundations of the chemistry of substituted nitrogen 
chlorides and bromides, a class of substance hitherto practically 
unknown. They prepared a great variety of these in order to study 
their transformations into halogenated acylanilides. The conclusion 
was reached that the substitution of chlorine and bromine into 
anilides was an indirect process, nitrogen chlorides and bromides 
being first formed which then underwent isomeric change—an 
intramolecular process—with formation of nuclear-substituted 
anilides. The same authors in a short note in the Proceedings for 
1902 described the effect of temperature, percentage of hydrochloric 
acid and concentration of acetic acid on the velocity of transform- 
ation of acetylchloroamino-p-chlorobenzene. This paper was the 
nucleus of Orton’s later classic work on the dynamics of the 
halogenation of anilides. 

To throw further light on the process of substitution in anilines 
and anilides—a subject which occupied his main attention for the 
next three decades—-Orton now embarked on a study of the action 
of nitric acid on s-trihalogenated anilines and anilides, and dis- 
covered a new quantitative process for making N-nitroamines by the 
successive treatment of an s-trisubstituted aniline in acetic acid with 
nitric acid and acetic anhydride. He also discovered a new class of 
compound, the s-trisubstituted N-chloronitroaminobenzenes. A 
novel case of intramolecular change now attracted his attention, that 
of the transformation of s-trihalogenobenzenediazonium hydroxides 
into quinone-diazides. By addition of sodium acetate or bicar- 
bonate to the aqueous solution of such diazonium sulphates, one 
halogen atom was eliminated in the ionic state, and for the process 
Orton suggested the following mechanism : 


N:iN-OH N:N 


3 NiN-Cl N, 
PN ' OH ) | 
es aKa | On :@ 
es ef 


Cl Cl 


The discussion which accompanied these communications bears a 
very modern impress and puts Orton in the front rank of the inter- 
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preters of chemical mechanism. Incidentally he emerged success- 
fully from a controversy with Hantzsch, showing conclusively that 
the latter’s claim that s-tribromophenylnitrosoamine was the 
product of the action of sodium acetate on a solution of a s-tribromo- 
benzenediazonium salt was invalid, the chief crystalline product 
being the quinone-diazide. 

Orton had now taken up his duties in Bangor and in 1904 was 
appointed Secretary to a British Association Committee to report 
on “The Transformation of Aromatic Nitroamines and Allied 
Substances and its Relation to Substitution in Benzene Derivatives.” 
With the assistance of a succession of gifted students, a steady flow 
of papers, all interconnected, now issued from his laboratory. These 
show Orton’s power of acute observation, but only the more import- 
ant papers can be mentioned here. With Coates, now Professor 
of Chemistry at the sister college of Swansea, assisted in part by Miss 
Burdett, Orton made the striking observation that certain diazonium 
salts in solution are exceedingly sensitive to light, undergoing a 
specific transformation; thus s-tribromobenzenediazonium bromide 
in water gave s-tribromophenol quantitatively, no other known 
process giving more than a 2% yield, whilst in methyl or ethyl 
alcohol and acetic acid, ethers and acetates respectively were formed. 
With the late Miss A. E. Smith, the transformations of highly 
substituted N-nitroaminobenzenes came under study, the interesting 
conversion, for instance, of 1-nitroamino-s-trichlorobenzene in 
sulphuric and acetic acid solution into s-trichlorophenyliminotri- 
chlorobenzoquinone being recorded and utilised in later work. 

In the years 1909 and 1910 there appeared a series of papers by 
Orton and Jones which marks an epoch in the study of the dynamics 
of halogenation of anilides. ‘These communications are to be classed 
with the pioneering work of Harcourt and Esson on the application 
of the mass law. Although Orton was no expert mathematician, 
he had his Esson in the person of W. J. Jones, now Professor of 
Chemistry in the sister college of Cardiff. Jones and Orton showed 
that the conversion of chloroamines into nuclear-substituted anilides, 
a reaction considered by Chattaway and Orton to be an intra- 
molecular process, was in reality an intermolecular one and could he 


snmmarised in this way : 














, ClArNHAc + HCL (a) 
a 
Cl, -- Ar‘NHAc 


<> 
*~ ArNClAc 4- HCl (b) 

In glacial acetic acid, with 2 : 4-dichloroacetanilide—an anilide 
C-chlorinated with difficulty—an equilibrium was established (b) 


almost entirely in favour of the left-hand side; in 50% acetic acid 
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the equilibrium was displaced to the right-hand side, only traces of 
free chlorine being detectable. If, however, p-chloroacetanilide 
was used, where C-chlorination (a) is possible, then in glacial acetic 
acid, where the equilibrated reaction favours the left-hand side, an 
irreversible C-chlorination, the velocity of which was measured, too. 
place, whilst in dilute acetic acid, 50% for instance, simultaneous 


C- and N-chlorination took place in the ratio 1 : 1-25. The position é 
of equilibria, in various dilutions of acetic acid, of a variety of 


anilides, the velocities of the opposing reactions in the equilibrium, 
the bromination of anilides, and the conversion of bromoamines were 
all brought under measured control. 

The data accumulated enabled the authors to study the complex 
equilibria existing between chlorine and two anilides; thus a system 
made up from molecular proportions of s-tribromoacetanilide 
hydrochloric acid, and acetylchloroamino-p-nitrobenzene in 90% 
acetic acid was found experimentally to contain 59°, of the chlorine 
originally present as chloroamine in the free state, whilst the 
calculated value was 60%. This was a brilliant demonstration of 
the correctness of the authors’ views and of the application of the 
law of mass action. This work was extended in 1928 by Orton, 
Soper, and Williams, who by a new technique measured the velocities 
of C- and N-chlorination in 40% acetic acid and found that the 
ratio of the amounts of chloroamine and chlorinated anilide formed 
at a given moment was independent of time, thus satisfying Weg- 
scheider’s test of simultaneous reactions. 

Such velocity experiments incidentally proved the correctness of 
Armstrong’s views, who as far back as 1900 showed, without demon- 
strating the mechanism, that hydrochloric acid is the catalyst in 
the transformation of chloroamines, and who also ventured the 
opinion, now justified, that a study of the velocity of the change 
under various conditions would yield important information. 

The technique evolved by Orton and Jones for the dynamical 
study of chloroamines was put to sterling use in subsequent years 
in a study of the influence of constitution on the speeds of halogen- 
ation of anilides and ethers. The success which attended these 
efforts naturally directed Orton’s attention to the possibility of 
applying similar methods to a study of the transformation of 
N-nitroamines. With that end in view, several exploratory papers 
were published on acetic anhydride, nitric acid and nitroamines. 
The difficulties to be surmounted were unusually severe, and it was 
only in 1929 that Orton and Bradfield were able to make effective 
progress with the dynamics of this obscure transformation. Unlike 
the transformation of chloroamines, where hydrochloric acid is the 
only catalyst, the change of nitroamines was catalysed by strong 





ee a . a ) 











Taces of 
tanilide 
l acetic 
side, an 
d, too. 
aneous 
sition 
iety of 
brium, 
8 Were 


mplex 
ystem 
nilide 
- 90% 
lorine 
t the 
ion of 
of the 
rton, 
Cities 
t the 
rmed 
Weg- 


ss of 
non- 
st in 

the 
unge 


ical 
ears 
yen- 
1ese 
’ of 
of 
ers 
es. 
vas 
ive 
ike 
he 





OBITUARY NOTICES. 1047 


acids in general. With some hesitation, the authors concluded that 
the reaction was mainly intramolecular, although extra-nuclear 
migration of a nitro-group to a foreign aniline nucleus was detected. 

Orton’s contributions to chemistry were fittingly recognised by 
is election into the Royal Society in 1921. 

“As a member of numerous committees, Orton’s services were 
‘nvaluable. The subjects for discussion were always carefully con- 
idered in advance, and the conclusions crystallised in his mind. 
In connexion with the Geological Survey of Anglesea by Mr. Greenly 
under the auspices of a British Association Committee on which 
Orton served, he, Orton, suggested the analysis of the great variety 
of rock-types which was carried out by J. O. Hughes under his 
supervision. In geological circles, it is recognised that the results 
are of inestimable value and that few parts of the British Isles have 
seen so carefully studied from the chemical side. 

Orton served on the Council of the Chemical Society, 1913-17, 
1926-29, on the Council of the Institute of Chemistry, on the General 
Committee of the British Association, and on the Council for the 
Preservation of Rural Wales. In addition to acting as a member 
of the Board of Examiners in Chemistry for the University of Wales, 
he had been External Examiner for the Universities of Birmingham, 
Cambridge, and London, and for many years Examiner in Chemistry 
to the Civil Service Commission, including the examination for 
entrance into the Indian Civil Service. 

In Bangor, the influence of the War was felt in increased numbers 
of students taking a Science course, and the inadequacy of the old 
laboratories, housed in a former coaching hotel, became a serious 
problem. It was fitting, therefore, that the Council of the N. Wales 
Heroes Memorial decided in 1921 that the best tribute to the fallen 
should be new Science Buildings. These fine modern quarters, 
centrally situated, were opened to students in October 1926, and in 
addition to their avowed object, serve as a visible memorial to the 
labour and thought spent by Orton in the furtherance of the scheme 
and in the design of the Chemistry buildings. 

Orton’s hobbies were rock-climbing and ornithology. He was a 
member of the British Ornithological Union and of the Climbers’ 
Club and his name is associated with new ascents in the neighbour- 
hood of Ogwen Lake. Although an authority on British birds, on 
their migration routes, their call-notes and songs, and habits in 
general, he put little on printed record, his chief concern being lest 
any of his writings should lead to further depletion of our native 
avifauna. Nevertheless, he contributed a section on “ Birds of Llyn 
Ogwen” to J. M. Archer Thomson’s “Climbing in the Ogwen 
District,” and “ Bird Life in the Mountains ” to Carr and Lister’s 
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‘“The Mountains of Snowdonia.” He was particularly interested 
in the hawk tribe, and shared with the writer an intense admiration 
for that “‘ steel-tinted wedge,” the peregrine falcon. His enthusiasm 
had carried him on a tour of the peregrine eyries round the coast of 
Britain and for years he had accumulated original data for a treatise 
on this noble bird. Unfortunately he never lived to see its com- 
pletion. His strength, overtaxed by never-flagging enthusiasm, was 
inadequate to withstand the illness which finally struck him down. 

He leaves a widow, daughter of the late Rev. W. Clement Ley, who 
survives him with a son and two daughters. 

He was buried, at his own wish, in the Church Cemetery, Llanfair 
P.G., Anglesea, within sight of a panorama unexcelled in the British 
Isles in its variety of landscape and in the richness of its avifauna, 

H. K. 





HENRY HALIBURTON ROBINSON. 
Born Fresrvuary 247TH, 1857; Diep January 11tTa, 1931. 


Henry HaAtipurtTon Roprnson, younger son of Colonel Wm. 
Robinson, R.E., was born at Halifax, Nova Scotia. During his 
early years his parents transferred their home to Jersey, where he 
received his early education at the Victoria College. In 1876 he 
entered Magdalen College, Oxford, and ‘was elected to an open Demy- 
ship of the College after a competitive examination in Natural 
Science. He obtained First Class Honours in Natural Science at 
the University, graduating as B.A. in 1879 (M.A., 1889). 

After leaving Oxford, Robinson continued his studies at the Normal 
School of Science (later the Royal College of Science), where he 
headed the list in the examination of 1881. His ability was 
recognised by Sir Edward Frankland, who stated that ‘‘ Mr. Robinson 
distinguished himself so much in my ordinary classes at the Normal 
School of Science, South Kensington, that I gave him a place in my 
Research Laboratory, where, in conjunction with Dr. Japp, he made 
a successful research on the constitution of amarine and lophine.” 
The results of this work were published in the Journal of the Chemical 
Society (J., 1882, 41, 323) and in the Berichte (Ber., 1882, 15, 1268). 

Tn 1882, Robinson was appointed First Assistant to the Professor 
of Chemistry at the Royal Agricultural College, Cirencester, where 
he remained for five years, conducting classes in chemical analysis, 
especially as applied to agricultural products and materials, and 
giving courses of lectures on mineral chemistry. He also acted as 
Librarian to the College, and in this capacity prepared a new catalogue 
which, according to Mr. J. B. McClellan, the Principal of the College, 
‘‘ he compiled with great care and skill.”’ 







































1049 





OBITUARY NOTICES. 








rested He returned in 1887 to the Royal College of Science, where he 
ration | co-operated with Sir Edward Thorpe in an investigation of the active 
siasm ff} principles of buckthorn (Rhamnus frangula), the results of this 
ast of § work being published in a paper on “ frangulin ’” which appeared in 
eatise [| the Journal of the Chemical Society (J., 1890, 57, 38). During this 
com- § period he compiled certain articles for Thorpe’s “ Dictionary of 
|, was — Applied Chemistry,” among which those on “ Waxes” and 
own, “ Albuminoids ” are specially worthy of mention. With reference 
; who § to the latter Sir Edward Thorpe stated that “at the time of its 

publication Mr. Robinson’s article on the Chemistry of the Animal 
nfair § and Vegetable Albuminoids was regarded as the most complete 
‘itish ff} and accurate digest of what is confessedly one of the most com- 
una, § plicated sections of physiological chemistry which had hitherto 
K. appeared in our language.” At this stage of his career Robinson’s 

skill in the construction and arrangement of apparatus for chemical 

tuition led to his being selected by the Museum Authorities for the 

task of reorganising the methods of performing the experimental 

illustrations required for teaching the courses on inorganic chemistry 










































Vm. held in connexion with the Science and Art Department examinations. 
his In 1889, the Chinese Legation having applied for advice and 
» he assistance in the selection of a gentleman qualified to teach chemistry 
he in the Imperial College at Canton, established by H.E. Chang Chih 
my- Tung, Viceroy of the Provinces of Hupeh and Hunan, Robinson was 
ral recommended as being eminently suitable for the appointment, and 
at was selected by Sir Halliday Macartney. A little later he was trans- 
ferred to Wuchang, where he organised the Board of Mines College, 
nal remaining there as Professor of Chemistry and Physics until April, 
he 1899; he then accepted an invitation to occupy the same position at 
as the Kiangnan Provincial College, Nankin. Before the end of the year, 
on however, the College was summarily closed by the anti-progressive 
al party of the Chinese Government, and Robinson returned to England. 
ny He joined the staff of the Imperial Institute in 1900 as a special 
de research assistant, a position which he occupied until November, 
aa 1914. During this time he was engaged in the investigation of 
al plant products, among his principal researches being those on the 
). gum of Cochlospermum gossypium (J., 1906, 89, 1496) and on the 
or constituents of Indian oil of turpentine derived from Pinus longifolia 
re (P., 1911, 247). 
S, After leaving the Imperial Institute, Robinson passed the re- 
d mainder of his life in retirement. During recent years his health 
s gradually failed and he passed away at a nursing home in Ealing 
e in January, 1931, at the age of 73. 






Robinson was a very successful teacher and a most conscientious 
and painstaking investigator. Although of a quiet and retiring 
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disposition, he was open-hearted, sympathetic and generous. All 
who came in contact with him were impressed by his high sense of 
honour and his unvarying courtesy. ERNEST GOULDING. 














ARTHUR WILLIAM ROGERS. 
1860—1931. 


ARTHUR WILLIAM RocERs was born at Samulcota, Madras Pregi- 
dency, and was educated at St. Charles College, Bayswater, Uni- 
versity College School, and at University College. For 30 years he 
was connected with the brewing industry, and during the last 18 
years of this was Head Brewer and Manager of the Tadcaster Tower 
Brewing Co. He was a member of the Institute of Brewing, and 
contributed to the Journal of that Institute. 

Mr. Rogers was elected a Fellow of the Society on December 20th, 
1883. 
















CHARLES LEONARD ROYLE. 
1874—1931. 


CHARLES LEONARD ROYLE was born at Foots Cray and was educated 
at the Brewers’ Company’s School and at the City of London 
College. He was engaged as a Sugar and Agricultural Chemist at 
Nelli, Upper Madras, for 15 years and subsequently in Peru for a 
period of about 18 years. 

Mr. Royle was elected a Fellow of the Society on December 15th, 
1901. 























FRED PILKINGTON SARGEANT. A 
1875—1930. “ 


FRED PILKINGTON SARGEANT was born at Chorley in 1875, and was 
educated at the Chorley Commercial School, of which his father was 
headmaster. He was apprenticed to Mr. George Oakes, of Chorley, 
served as assistant to Mr. C. Richmond of the same town and then be 
as assistant to Mr. J. T. Brierley, analytical chemist and science P 
master at the local Technical School, where he qualified as a teacher. R 
He proceeded to Manchester, passing the “ Minor” and “ Major” 
examinations of the Pharmaceutical Society in 1896, and subse- 
quently founded the Leeds College of Pharmacy. In 1912 he served 
on the Council of the Pharmaceutical Society, becoming President 
twelve years later. He was called to the Bar in 1924. He con- 
tributed articles to the Pharmaceutical Journal and to other 
periodicals connected with pharmacy. 

Mr. Sargeant was elected a Fellow of the Society on February 15th, 
1900. 
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s. All 
ense of EDGAR SAUNDERS. 


ING. 1900—1930. 


EpGaR SAUNDERS was born at Edgbaston, Birmingham, and was 
educated at King Edward VII School and at Birmingham University, 
where he graduated as B.Sc. in Chemistry. At the time of his death 
on October 13th at the early age of 30, Mr. Saunders was engaged 






























ee in the Cancer Research Department of the General Hospital, 
in he Birmingham. 

at - Mr. Saunders was elected a Fellow of the Society on February 
Donnk 15th, 1923. 

So an WILLIAM HILL SAUNDERS. 

20th 1852—1931. 


Witt1AM Hitt SaunpERs was born in London in 1852. At the age 
of 22 he joined his father and brother in the business of Messrs. 
Ayrton & Saunders, Manufacturing Chemists, of Liverpool. On the 
firm becoming a limited company in 1903 he was elected Chairman, 
cated § a position he held until his death in Rangoon, where he was travelling 
mdon § in the interests of the business. 
ist at Mr. Saunders was elected a Fellow of the Society on December 
for a § 2nd, 1920. 





15th, ALFRED SOUTHALL. 
1838—1931. 


ALFRED SOUTHALL was born at Edgbaston, Birmingham, and was 
educated privately. He joined his father’s business, Messrs. J. & 
W. Southall (afterwards Southall Bros. & Barclay, Ltd.), from which 








| ns he retired in 1901. He served on the Council of the Pharmaceutical 
re Society from 1886 to 1908. He held for many years the post of 
Pr Treasurer of the Birmingham Free Church Council, subsequently 
ence | Ding elected President. In 1906 he was elected a Justice of the 
rans Peace for the City of Birmingham, and served on the Magistrates’ 
. 9 | Bench for 25 years. 

ri Mr. Southall was elected a Fellow of the Society on May 6th, 1875. 
rved 

dent FREDERICK ARNOLD STEAD. 

a 1890—1930. 

ther 


FrepERIcK ARNOLD STEAD was born at Redcar, and was educated 
at Mill Hill School, and at the University of Durham, Newcastle-on- 
Tyne. He also received early training in the laboratory of Pattinson 
and Stead and was a junior partner at the time of his death. 





5th, 
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and held high executive office in the Boy Scout Movement. 


Mr. Stead was elected a Fellow of the Society on February 21st, 


1924. 





JOHN FREDERICK FELIX TROTTER. 
1910—1930. 


JOHN FREDERICK FeLIx TROTTER was born at Wigan, and was 
educated at Springfield Wycliffe College, Stonehouse, and at the 
Imperial College of Science, where he graduated as B.Sc. with Hons. 
in Chemistry and obtained the diploma of A.R.C.S. He was 
engaged in original investigation under Professor J. F. Thorpe, 
F.R.S., at the time of his death at the early age of 20. 

Mr. Trotter was elected a Fellow of the Society on December 4th, 
1930. 


EDWARD WILLIAM VOELCKER. 
Born Jury 147TH, 1857; Drep Novemper 22np, 1930. 


CHEMISTRY has lost, by the death of E. W. Voelcker, a man who 
lived to elevate his profession to a high level; indeed, his untiring 
energies in that direction achieved so much that his colleagues, who 
mourn him deeply, will ever remember him as one who set a fine 
example of what the best type of consulting chemist should be. 

He was born at Cirencester, the third son of a distinguished 
father, the late Dr. Augustus Voelcker, F.R.S., then Professor of 
Chemistry at the Royal Agricultural College. 

On his father’s removal to London, the son attended University 
College School, and, after matriculating at London University, 
entered, in 1874, the Royal School of Mines, where he studied under 
Sir Edward Frankland, Professor Percy, and Professor Warrington 
Smith, gaining the Associateship (A.R.S.M.) in 1877 and the De la 
Beche medal for proficiency in mining. 

After several “ prospecting” undertakings, including an ex- 
ploratory trip to New Guinea and a visit to Australia, he, with his 
elder brother, was taken into partnership by his father and con- 
tinued until his death as a member of the well-known firm of 
Augustus Voelcker and Sons. 

During the last year or so of his life his failing health prevented 
him from attending at his laboratory, but his brain was ever 
active and alert and it must have been a great satisfaction to him 
to see his youngest son, Eric, taking his father’s place as a partner 
in his old firm. 


During the War, he served in the Ministry of Munitions, Explosions 
Inspection Department. He was interested in social welfare work, 




















Ne 





























losions 
> work, 


Y 2st, 


d was 
at the 
Hons. 
> was 
Lorpe, 


r 4th, 


who 
iring 
who 
_ fine 


shed 
wr of 


‘sity 
sity, 
ider 
rton 
e la 


eX: 
his 
on- 


of 





ted 
ver 
im 
ler 








OBITUARY NOTICES. 1053 





Voelcker was Public Analyst for the counties of Bucks 
Northampton, and Hereford and, jointly with his brother, held 
yarious appointments as Official Agricultural Analyst under the 
Fertilisers and Feeding Stuffs Act. 

In spite of all the labour resulting from so many appointments 
he found time to take an active interest in various scientific bodies, 
more especially in the Society of Public Analysts and the Institute 
of Chemistry. He joined the former in 1889, acted as Hon. Treasurer 
for 16 years, and became President in 1910. Even then fate did not 
leave him the rest accorded to Past-Presidents, for the war deprived 
the Society of Mr. Edward Hinks’s services from 1916-1920, during 
which time E. W. Voelcker acted for him as Treasurer. 

He became a Fellow of the Institute of Chemistry in 1880 and, 
having served on the Council for four periods and as Vice-President 
for two periods, eventually became Hon. Treasurer, and held this 
office for 6 years up to 1924. He was elected a Fellow of the 
Chemical Society in 1884 and served on the Council from 1918-1921. 

A member of many committees and chairman of not a few, he 
was known as a tenacious critic who expressed his views fearlessly 
but with such charm and reason that even those with whom he 
disagreed liked him all the more for his candour. 

In his professional work, though he did but little in the way of 
writing or direct contribution, he was recognised as one who had a 
thorough practical knowledge of his subject, and this, coupled with 
his sound judgment and ability to grasp the essentials of any matter 
submitted to him, made him universally respected. 

Yet this hard-worked man found time for sport; he was a good 
shot and he could cast a fly. Many are the friends who will think 
affectionately of his sound judgment, his cheerful personality and 
that very human touch, seen at its best in the midst of his mmey. 


He leaves a widow, three sons and one daughter. 
EK. R. Bouton. 


GEORGE JOSEPH WARNER. 
1850—1930. 

(GkURGE JOSEPH WARNER was born at Chelmsford, and was educated 
at Colchester Grammar School, Liverpool Institute, and at Owens 
College, Manchester. For nearly 50 years Mr. Warner was con- 
nected with the Fine Chemicals trade, and during this period was 
associated with Tenant’s Chemical Laboratory, Manchester, Messrs. 
Becker’s, of Middleton, and Messrs. Orr’s Zine White, Ltd. 

Mr. Warner was elected a Fellow of the Society on December 7th, 
1871. 
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JOHN WATT. 
1862—1930. 


JoHunN Watt was born at Fyvie, Aberdeenshire, and was educated 
at Old Aberdeen Grammar School, Aberdeen University, and New 
College, Edinburgh. He graduated in 1884 as M.A. and in 1912 
as D.D. at Aberdeen University. In 1888, he took up mission work 
in the Duff College of the Free Church of Scotland, Calcutta, as 
Professor of Chemistry, and in 1910 was appointed Principal at the 
Scottish Churches College, Calcutta, holding this appointment until 
his retirement in 1928. He was a Fellow of the University of Cal- 
cutta, and in 1929 was awarded the Kaisar-i-Hind Medal (1st class) 
for public service in India. 

The Rev. Dr. John Watt was elected a Fellow of the Society on 
December 8rd, 1908. 





WILLIAM ERNEST WILD. 


1867—1930. 

WitL1aAM Ernest WILD was born at Weaste, and received his educa- 
tion at the Manchester Grammar School and Owens College, Man- 
chester, where he graduated as B.Sc. For five years he was with 
Messrs. Thomas Hardcastle & Co., of Bolton. He became Assistant 
Analyst to Messrs. Crace, Calvert & Thompson, of Manchester, 
remaining with this firm for five years, and subsequently held for 
twenty-four years the position of Chief Colourist at the Dinting Vale 
Print Works (a branch of the Calico Printers’ Association). 

Mr. Wild was elected a Fellow of the Chemical Society on June 
16th, 1898. 





THOMAS HARRISON WINSTANLEY. 
1871—1930. 


THoMAS HARRISON WINSTANLEY was born at Wigan and educated 
at the Wigan Grammar School, subsequently receiving his training 
as a Pharmacist. He was a lecturer in Pharmacy at the Wigan 
Mining and Technical College, and Secretary of the Wigan Branch 
of the Pharmaceutical Society. During the War he acted as Chief 
Pharmacist to the Wigan and District Red Cross Hospitals. He 
was keenly interested in Church work, especially in the Church Lads’ 
Brigade, and was a prominent Freemason. 

Mr. Winstanley was elected a Fellow of the Society on May 15th, 
1913. 
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id New By Heryrich WIELAND. 
: a Recent Researches on Biological Oxidation. 
rork 
tta, as ATTEMPTS have been made to formulate the vital process of com- 


at the § bustion according to a single scheme. It is thought to be a catalytic 
t unti] | °Xidation occurring on a surface, activated by a heavy metal (iron 
of Cal. § or copper). Of late years this universal catalyst is believed to have 
been met with in the so-called “‘ respiratory ferment ” which, as far 
as concerns its chemical nature, is considered by Warburg to be 
related to hemin. Liebig put forward the hypothesis that iron 
accelerates vital oxidations. If we adopt this view, we are faced 
with the difficulty of understanding why the oxygen, after activation 
by the metal, does not indiscriminately oxidise every substance which 
the cell presents to it. We fail to understand, for instance, why the 
organism has so much difficulty in oxidising formic and oxalic acids, 
whilst experience shows that the degradation of acetic acid and of 
the higher fatty acids proceeds with ease and rapidity. 

ian. Wherever during metabolism large molecules are broken up, in 
wa some way or other, enzymes are called into play, and the latter 
stant | likewise show a definite mode of action. The process of biological 


Class) 


ty on 


duca- 


+ ", | hydrolysis, of outstanding importance, is not carried out by any 
y single ferment system, for each kind of substrate, whether carbo- 
ale 


hydrate, protein or fat, is split by its own specific ferment. Indeed, 
the selective action demanded by the nature of the substrate extends 
June | much further. Substances which are chemically so closely related 
as the bioses (saccharose, maltose, and lactose) are dependent each 
on its own ferment. 

If such a simple chemical reaction as the hydrolysis of ethers, 
esters, and amides requires the intervention of several aids, it is 
hardly likely that a single catalyst will suffice for the much more 
ted | complicated process of the oxidative destruction of organic mole- 
ung | cules. In any case, this idea obtrudes itself when we consider the 
gal | extraordinarily delicate reaction which regulates the chemical 





nch ff changes of living matter. 

uief The ferment systems which serve to hydrolyse food materials 
He occur in colloidal solution, whether in the fluid of the cell or in the 
ds secretion of definite organs. In general these ferments can easily 


be separated from the living organism and it is further easy to pre- 
serve for a shorter or longer time the catalytic activity, which has 
been assigned to them in vital processes. Indeed, there are methods, 
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worked out very thoroughly by Willstatter and his school, which 
enable us to separate the enzyme material from inactive admixtures 
and thus raise its activity to a value many times that which it 
possessed in its original vital condition. 

No fundamental difference in the nature of enzymes is encountered 
throughout the vast range of living organisms, ascending from 
unicellular fungi to man. The invertase of yeast splits sucrose in 
the same way as does the ferment of the pancreas, and pancreatic 
amylase does not differ from the amylase of malt in its action in 
converting starch inte sugar. Likewise the hydrolytic degradation 
of the fats and the proteins presents no important differences 
throughout the whole range of living matter. It is specially remark. 
able that the most recent study of the proteases of yeast has revealed 
almost all the enzyme systems which were known to be produced by 
mammalian organs. 

In contradistinction to these factors which facilitate investigation, 
the separation of biological oxidation systems from living matter is 
a problem which has so far only been solved in special cases. Vital 
oxidation, in its most important reactions, is intimately connected 
with life. Death is accompanied by the spontaneous decay of this 
enzyme function. As yet we lack the means with which to accom. 
plish the complete degradation, by dead material, of a substrate 
familiar to the cell; we cannot imitate the vital process. At least 
in so far as concerns the whole complex of respiration, it would 
appear that the available enzymatic activity is closely connected 
with that regulating principle which, for want of more exact know. 
ledge, we can but describe by a circumlocution called life. 

Thus the essential stage of vital oxidation in the higher organisms 
presents to research difficulties which have hitherto proved insuper- 
able. Fortunately, however, this enzymatic process, unlike the 
hydrolytic, reveals a simpler chemistry and less labile enzyme 
systems when we pass from warm-blooded animals to unicellular 
organisms. We can indeed clearly recognise how the capacity of 
living matter for developing energy-yielding processes increases with 
phylogenetic development. The lowest stage is doubtless that of 
life without oxygen, in which the energy requirements are met by 
hydrolytic processes, or by dismutative redistribution of hydrogen. 
These are the processes which may be conveniently grouped together 
as fermentation. We may perhaps suggest that it is the greater 
energy requirement of morphologically and physiologically complex 
organisms which has introduced atmospheric oxygen into the 
metabolism of living matter. 

Let us adopt the hypothesis that the higher we go up the phylo- 
genetic scale, the more delicate and complex becomes the nature of 
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biological oxidation. We then see that it will be good research 
tactics to begin by investigating aerobic fungi. Here the enzymic 
oxidation of alcohols and aldehydes to acids in the cells of acetic acid 
bacteria presents an ideal subject for investigation, which cannot be 
improved upon. Under conditions which can easily be reproduced, 
the reacting oxygen is used exclusively for bringing the substrate to 
a higher level of oxidation, resulting finally inanacid. This element- 
ary biological oxidation process can be followed with analytical 
precision in all its details. 

The investigation of this very simple example of enzymic oxidation 
shows at once that the theory of the activation of molecular oxygen 
does not supply an adequate explanation of the process. A different 
conception, which connects the enzyme with the substrate rather 
than with the oxygen, seems more promising. If we assume that it is 
not the strength of the oxidising agent which is increased, but rather 
the reactivity of the hydrogen involved in the process, then the 
molecule of oxygen appears as that component which combines with 
the activated hydrogen to form water, after an intermediate stage of 
hydrogen peroxide. 


CH,-CH,-OH + 0, —> CH,CHO + HO-OH 
CH,CH,-OH + HO-OH —> CH,-CHO + 2H,0 


2CH,°CH,-OH ++ 0, —> 2CH,CHO + 2H,0. 








Since according to this conception the enzymic attack is not on the 
oxygen, but on the hydrogen, the transformation may suitably be 
described as dehydrogenation. This process leads from the aldehyde 
stage, via its hydrate, to the acid, in the manner formulated above. 

The crucial evidence for this view lies in the fact that acetic acid 
fermentation can dispense with oxygen. At an equal concentration 
the bacteria are able to utilise quinone instead of oxygen, and the 
rate of transformation of alcohol and aldehyde into acetic acid is 
even increased. The kinetics of the two processes have the closest 
similarity. In the same way methylene-blue may replace oxygen 
in the biological transformation of alcohol into acid; in this case 
however, the velocity is smaller. 

There are a large number of substances which inhibit biological 
oxidation processes. Among them hydrocyanic acid has been most 
fully investigated. Now it is very remarkable that moderate con- 
centrations of hydrocyanic acid do not hinder the reactions with 
quinone and with methylene-blue; it has been inferred that the 
oxygen also requires a stimulus, indeed one from a metallic catalyst, 
and this stimulus is lost when hydrocyanic acid acts on the ferment. 
The following experiment indicates a simpler explanation and makes 
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the assumption of oxygen activation unnecessary. When we examine 
the dehydrogenation of alcohol by acetic acid bacteria in the presence 
of both oxygen and quinone, we find that the aerobic process jg 
inhibited by quinone as well as by hydrocyanic acid, and that at equal 
concentration the degree of inhibition is about the same. In so far 
as the quinone is hydrogenated to hydroquinone the oxygen again 
comes into play. The difference between quinone and hydrocyanic 
acid as inhibitors of the aerobic reaction evidently depends only on 
the circumstance that quinone does, and hydrocyanic acid does not, 
participate in the enzymic reaction. Common to both substances 
there is a great affinity for active surfaces which results in an 
inhibition of the competing oxygen. 

If we regard the function of cellular oxidation catalysts as con. 
sisting in an activation of hydrogen in the substances to be oxidised, 
then this hydrogen must be considered to react with molecular 
oxygen to form hydrogen peroxide as a first stage of the reaction. 
Hence it is of the greatest importance to demonstrate the formation 
of this primary product of biological oxidations. But the demon. 
stration is not easy, for wherever a cell uses up oxygen in its meta. 
bolism, we find that cell provided with ferments, the so-called 
catalases, whose function is to decompose hydrogen peroxide into 
water and oxygen. These catalases, which as a rule cannot be 
separated from the system of the dehydrases, are, like the latter, also 
sensitive to hydrocyanic acid. A method of detecting hydrogen 
peroxide might be based on an attempt to cut out the ca‘alase action 
by careful dosage of the inhibiting agent, without entirely stopping 
the action of the dehydrases. In the case of the acetic acid bacteria 
the relative susceptibility of the two enzyme systems to hydrocyanic 
acid is so unfavourable that it has hitherto been impossible to 
demonstrate hydrogen peroxide as an intermediate product in the 
conversion of alcohol into acid. 

Perhaps it will not be amiss to discuss briefly the possibility of 
following the reaction in greater detail, for which there are some 
indications. The activation of the hydrogen atoms, which we 
imagine to take place on the surface of the enzyme, need not be 
connected with their immediate transference in pairs to the oxygen 
molecule. The occurrence of a primary addition compound is 
quite within the compass of the theory; for instance, in the case of 
alcohol according to the equation 


H H 
CH ycL OH + 0, —> CHS OH 
NH .0-OH 


The breakdown of this compound could take place in two ways, 
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camine furnishing either aldehyde and hydrogen peroxide, or acetic acid and 
































esence @ water, thus : 

cess is } ful 4 CH,°CHO -+{- H,0, 
3 equal CH, CL OH «a 

So far 0O-OH “= CH,°CO,H -+- H,O 


again § Since Rieche at Erlangen has recently prepared compounds of the 
cyanic | same type as these hypothetical intermediates, it will be possible to 
aly on ff test these alternatives experimentally. 
s not, §@ Let us, after this slight digression, return to the question of the 
tances | formation of hydrogen peroxide. A British investigator, McLeod 
in an | of Leeds, discovered some years ago that anaerobic bacteria, which 
are devoid of catalase, produce hydrogen peroxide when grown 
3 con. | under aerobic conditions, and recently the quantitative yield of 
dised, {| hydrogen peroxide in the aerobic metabolism of lactic acid bacteria 
cular | has been determined (Bertho). 
ction. Before the above view of the nature of biological oxidations was 
ation § formulated, special reducing ferments had been postulated, opposed 
mon- | to the oxidative ones, since reducing actions had frequently been 
neta. § observed in the cell. Reduction is, however, simply the counterpart 
alled § of dehydrogenation. If, for instance, quinone is used as hydrogen 
‘into § acceptor, the resulting hydroquinone appears as the product of a 
t be § reducing process. Here the hydrogenation of the hydrogen acceptor 
also § stands out much more impressively than the conversion of molecular 
‘ogen ff oxygen into water, which is fundamentally a reaction of the same 
ction | nature. It follows, therefore, that in the metabolism of the cell 
ping § reduction products will be formed by the intervention of various 
teria | hydrogen acceptors in the process of dehydrogenation. Conversely 
ranic | we may conclude that, wherever vital reduction takes place, it will 
e to § be possible to demonstrate the process of aerobic dehydrogenation. 
the | The pre-eminence of oxygen is based not only on its high hydrogen- 
ation potential, but also on the chemical and physical inertness of 
y of fj its hydrogenation product—water. 
ome Nevertheless it is a remarkable fact that dehydrogenating systems 
we ff exist, which are rapidly destroyed by oxygen. They have been 
t be specially observed in fruits, and it would seem of great 
gen ff interest to vegetable physiology to obtain a deeper insight 
| is § into these relationships. 
e of The best-known reducing ferment, which was the first to be 
recognised experimentally as a dehydrogenase, occurs in sterile 
cow’s milk. Schardinger found that formaldehyde, added to milk, 
decolorises methylene-blue, a change which does not occur in 
boiled milk. In this reaction acid is formed from an aldehyde, and 
if the reaction is investigated in the absence of the dye and in the 
presence of air, the same enzymeis found to accelerate the dehydrogen- 
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ation of the aldehyde to the acid; in the latter case the hydrogen jx 
taken up by the molecular oxygen. In addition to this aldehydrage, 
milk contains an enzyme which converts the purine bases xanthine 
and hypoxanthine into uric acid by a process of dehydrogenation: 
methylene-blue acts as hydrogen acceptor. This interesting ferment 
action was discovered by Hopkins and his pupils in the Cambridge 
Biochemical Laboratory and they also succeeded in isolating a more 
or less concentrated mixture of the two enzymes from milk. Since 
catalase is removed during the purification, there is here an oppor. 
tunity of investigating quantitatively the question of the formation 
of hydrogen peroxide. 

It has thus been possible in the case of the dehydrogenating 
enzymes of milk, both with xanthine dehydrase and with the 
aldehydrase, to determine quantitatively the hydrogen peroxide 
which was to be expelled as an intermediate product. A pre. 
requisite for this was the use of a reagent to trap the hydrogen 
peroxide by chemical union, and so preserve it from further trans. 
formation, and at the same time protect the enzyme from its 
action. For oxygen destroys also the enzymes of milk, and does 
so by means of its first stage of hydrogenation, i.e., by hydrogen 
peroxide. 

An excellent reagent for the above purpose was found in the 
hydroxide of tervalent cerium, which combines very rapidly with 
hydrogen peroxide to form the yellowish-brown cerium peroxide, 
Ce(OH),*O-OH. In the presence of this trapping agent both 
xanthine and aldehyde used up exactly one molecular proportion 
of oxygen, which was estimated to the extent of almost 100% as 
hydrogen peroxide. In this way the first stage of aerobic dehydrogen- 
ation has been demonstrated quite definitely and quantitatively. 

The enzyme reactions of milk have also contributed substantially 
to an understanding of catalase action. Wherever oxygen is used 
up by a cell, catalase is also present, and from this the more or less 
legitimate conclusion has been drawn that the specific function of 
the enzyme—of destroying hydrogen peroxide catalytically—is 
biologically related to this fact. 

Allusion has already been made to the susceptibility of milk 
dehydrase to oxygen; it shows itself by the fact that enzyme solu- 
tions, acting on xanthine or aldehyde in the presence of air, lose their 
activity in course of time. If, however, a little catalase is added to 
the solution at the outset, the reaction proceeds at a linear rate, 
without any disturbance, as was first shown by Dixon with xanthine 
as substrate. The reaction with aldehydes behaves in exactly the 
same way. Thus the rdéle of catalase as a protective ferment: has 
been established experimentally. 
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rogen is@ The two dehydrogenating ferments of milk have been found also 
ydrage, fin the liver and in other organs. This disposes of the suggestion 
anthine§ that they have no general biological importance. They are, how- 
nation: fever, evidently of no importance in the nutrition of the calf. The 
erment § milk serves as an overflow for a function which exceeds the needs of 
abridge f metabolism, much in the same way as the sexual hormones are 
& more fexcreted in the urine. 

Since A third enzyme system, sharply defined with respect to its 
oppor. § chemical transformations, was found in 1915 by Thunberg in muscle. 
mation § Since then it has been studied in great detail by various investigators. 

Its action consists chiefly in the dehydrogenation of succinic to 
nating § fumaric acid, and both oxygen and methylene-blue act as acceptors 
th theffof the hydrogen. The reaction is of special interest because it can 
roxide f be followed further biologically to the pyruvic acid stage and 
A pre. § probably, as we shall see, even beyond this. The action of washed 
drogen § muscle is restricted to the above-mentioned dehydrogenation, which 
trans. J may be followed by the hydration of fumaric to malic acid, a trans- 
m its formation which is catalysed by a separate ferment. With un- 
1 does § washed whole muscle pulp the dehydrogenation of the malic acid is, 
lrogen § according to A. Hahn, carried further and pyruvic acid is formed 

via oxalacetic acid. In the reaction 
in. the 


a CO,H-CO-CH,*CO,H —> CO,H-CO-CH, + CO, 


oxide, J carbon dioxide, the final stage in the “ combustion ” of carbon, is 
both I formed as the last link in a chain consisting exclusively of de- 
ortion { hydrogenations. A second molecule of carbon dioxide could be 
% %8 I formed by the enzymic decarboxylation of pyruvic acid to acetalde- 
‘ogen- Fhyde. But beginning with the acetic acid stage, which would 
ly. fi succeed this acetaldehyde, experimental verification is lacking. 
tially | This being so, it is of great interest that Toenniessen has recently 
used J demonstrated: the transformation of pyruvic into succinic acid, in 
r less | the surviving liver of the dog. Should his observations be con- 
on of § firmed, and should it also be found that «d-diketoadipic acid, the 
y—is } dimeric dehydrogenation product of pyruvic acid, is converted in 
the tissues into succinic acid, then the cycle of the dehydrogenative 
a degradation to carbon dioxide and water would be closed. 
solu- 





their on 202 CH, ‘CO: CO, H H,O -, CH, ‘CO,H 
dio fC Hs'COCO — Car co-co,H * #9 =300 CH,-CO,H 
rate, 8 S 

thine , ‘ee 

, COCO | yo J: CH(OH)-COH , _ (H-COsH 
1 CH,-CO,H | ® *~CH,-CO,H CH-CO,H 





; has 






It is only in the first of these reactions that the replacement of 
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oxygen by another hydrogen acceptor, such as methylene-blue, hag 
not yet been realised. The whole chain of these reactions leads to 
the following summarised equation : 


CH,'CO-CO,H + 30, —> 3C0, + 2H,0 


Pyruvic acid, as a product of the dehydrogenation of lactic acid, is 
on the main line of biological degradation. 

The difficulty of demonstrating the formation of hydrogen peroxide 
in the aerobic dehydrogenation of succinic acid is specially great for 
the reason that muscle tissue is endowed with an extraordinary 
catalytic power. After the action of the dehydrogenase has been 
completely stopped by means of hydrocyanic acid, the catalase is 
still able to decompose added hydrogen peroxide. 

If we accept enzymic reactions involving hydrogen peroxide, 
together with hydrolysis and condensation, as conditioning factors 
in cellular metabolism, we facilitate an understanding of the energy 
changes which constitute the life of the cell. This has of late been 
pointed out by Knoop, in particular. Without discussing further 
these relationships, which have not yet been examined experi- 
mentally, we merely cite, as an example, the conversion of carbo- 
hydrates into fats. 

Further discussion in this connexion will be limited to the cor- 
relative oxidation and reduction of aldehydes, associated with the 
name of Cannizzaro. It is more than twenty years ago that liver 
tissue was found to contain an enzyme, capable of converting two 
molecules of aldehyde into one of acid and one of alcohol (Battelli). 
This case has been found to be quite analogous to that of Schardinger’s 
enzyme in milk. The above-mentioned liver enzyme not only 
accelerates the Cannizzaro reaction, but at the same time accelerates 
also the “ oxidation ” of the aldehyde by molecular oxygen, and its 
dehydrogenation by methylene-blue. It is merely an accident that 
the former activity was observed first. 

We now understand why the aldehydrase, which was first described 
as a reducing ferment of milk and later recognised as an oxidase also, 
is likewise able to dismute aldehydes. In this particular case the 
proof has been forthcoming that three seemingly quite different 
reactions depend on one and the same ferment. When the velocity 
of any one of these three reactions is measured under reproducible 
conditions, whereby the ferment is damaged irreversibly, for instance, 
by using it in the aerobic dehydrogenation of an aldehyde, all three 
of its functions are impaired in the same proportion. The enzymic 

dismutation of aldehydes must accordingly be regarded as a de- 
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hydrogenation of aldehyde hydrate by means of aldehyde as hydrogen 
acceptor : 

H O H 
LOH + 0:6-R — RC + HOOR 
NOH OH H 


lf oxygen, methylene-blue and aldehyde are simultaneously present, 
the extent to which each of these three acceptors participates in the 
reaction depends on its affinity for the active surface, which affinity 
is greatest in the case of methylene-blue. But since there will be 
an absorption equilibrium, the three reactions which have here been 
specially discussed will proceed together and it is not a matter for 
surprise that under the conditions of aerobic dehydrogenation the 
(annizzaro reaction may also come into play to a subordinate 
extent. 

The conception of the nature of biological oxidation developed 
from the hypothesis that a heavy metal takes part, more particularly 
iron. Through a number of reactions and phenomena in this field, 
and especially through the investigations of Warburg, this theory 
has acquired a certain measure of probability. It is in particular 
the character of the inhibition by chemical agents which shows a 
parallelism between the action of oxidative ferments and the 
catalytic rdle of iron in non-biological oxidations. The recognition 
of iron as a constituent of oxidising enzymes in no way, however, 
implies that it functions as an oxygen activator. Indeed, observ- 
ations on the catalytic action of iron rather indicate that it is a 
pronounced dehydrogenating catalyst. To begin with, it is only 
bivalent iron which has the power of activating oxygen. In this 
ferrous condition iron is capable of accelerating the oxidation of 
suitable substances, not only with oxygen, but also with methylene- 
blue or quinone. Its participation therefore entirely resembles that 
of a dehydrogenating enzyme. The most suitable view, to which 
these considerations lead us, is that the bivalent metal associates 
itself with the substrate of the oxidation, forming a labile complex 
in which those hydrogen atoms become labile which are to be 
removed in the dehydrogenation process. Instead of the activation 
of oxygen, we have here that of hydrogen. The demonstration 
that hydrogen peroxide is an intermediate in the hydrogenation of 
oxygen, when iron is the catalyst, has been attempted, but without 
success. The cause of this failure became evident when the reaction 
velocities with oxygen and with hydrogen peroxide were measured 
comparatively in the same system. At the most unfavourable py 
the velocity was about one thousand times greater for hydrogen 
peroxide than for oxygen. This shows the fundamental impossi- 
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bility of demonstrating the formation of hydrogen peroxide in 
catalysis by iron. In the analogous reactions with copper and 
with cobalt, in which the ratio of the reaction velocities is very much 
more favourable, hydrogen peroxide can be detected as an inter. 
mediate product in catalytic dehydrogenation. 

There is no doubt that the results which various investigators of 

dehydrogenation processes have obtained during the last decade in no 
way permit of a clear understanding of the complex course of 
biological oxidation. We believe, however, that it is essential to 
study in the first place such chemically intelligible partial reactions 
as can be followed accurately in every detail; from these we can 
advance step by step. It may indeed be desirable to extend our 
knowledge of the nature of the whole complex of the respiratory 
ferment, whether it be Warburg’s iron compound, related to hemin, 
or Keilin’s cytochrome. But the investigations of these authors do 
not at present give us information about the way in which material 
is broken down in cellular metabolism; for this their material is far 
too complicated. It should once more be emphasised that, in 
accordance with the conception we have outlined, we regard the 
complete degradation of food material in the organism as the result 
of many reaction stages. From this standpoint, we cannot recognise 
the validity of the objection that individual steps in the oxidation, 
such as we have described in small number, are dissociated from the 
living cell, are foreign to it, are, as it were, denatured. When the 
liver of a dead animal furnishes a ferment system which accelerates 
the dehydrogenation of aldehydes or of purine bases, it seems 
unreasonable, or at least illogical, to regard this merely as a post 
mortem manifestation, not characteristic of the living organ. Thus 
there is to my mind not the slightest reason for denying the power 
of living muscle to dehydrogenate succinic acid aerobically, the 
less so since this acid has been isolated from meat. It is just in 
this series of reactions that the individual enzymes taking part 
in the process happen to show a particularly clear gradation in 
stability. 

The whole of enzyme research is based on the supposition that the 
phenomena studied in vitro furnish a picture of the processes taking 
place in the cell. Why should this supposition not apply also to 
the enzymes of biological oxidation ? 
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A NEW REACTION OF CERTAIN DIAZOSULPHONATES, ETC. 1065 


OXXXVI.—A New Reaction of Certain Diazosulphonates 
derived from B-Naphthol-1-sulphonic Acid. Part 
IV. The Constitution of the Condensation 
Products of Diazo-compounds with B-Naphthol 
Derivatives substituted in the 1-Position. 


By FrREepERIcK Maurice RowE and ARNOLD THORNTON 
PETERS, 


In Part I (J., 1926, 690) the condensation products of diazo-com- 
pounds with derivatives of $-naphthol, in which a sulpho- or a 
methyl group, or bromine or chlorine, is substituted for hydrogen 
in position 1, were discussed. All diazo-compounds condense with 
s-naphthol-1-sulphonic acid in acid solution to form comparatively 
stable aryl-2-naphthol-1l-diazosulphonates quantitatively. These, 
on treatment with a limited quantity of alkali, all give very reactive 
substances, some of which are converted by sodium hydroxide into 
complex phthalazine derivatives (loc. cit., p. 692; J., 1928, 2556; 
and following papers), and all are converted quantitatively into the 
corresponding azo-derivatives of 6-naphthol, with elimination of the 
sulpho-group, when a freshly prepared cold aqueous solution is 
acidified. Bucherer (Ber., 1909, 42, 47) and Wahl and Lantz 
(Bull. Soc. chim., 1923, 33, 97) regarded these reactive substances as 
diazo-oxides (I). The above results, however, indicated that they 
are actually sodium l-arylazo-$-naphthaquinone-1-sulphonates (L1). 
Na0,8 NNR 
SO,Na 


(I.) O-N:NR 0 oes 


Such a hemi-quinonoid formula (IJ) was limited to the derivatives of 
8-naphthol-l-sulphonic acid, and it was not suggested that the 
condensation products of other 1-substituted derivatives of f- 
naphthol with diazo-compounds were of a similar type. In fact, 
the products from 1-methyl-8-naphthol and diazo-compounds were 
stated to be probably diazo-oxides, and the further statement that 
Para-red is produced under all conditions from diazotised p-nitro- 













aniline and 1-bromo-f-naphthol referred only to the decomposition 
of the condensation product when treated subsequently with alkali, 
or when attempts were made to purify it by crystallisation (loc. cit., 
p. 693). Since the last publication in the present series, two papers 
bearing on this subject have appeared and have necessitated the 
re-investigation of some of these compounds. 

NN 
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Pollak and Gebauer-Fiilnegg have examined the condensation 
products of diazotised p-nitroaniline with 1-bromo (or chloro)., 
1 : 6-dibromo-, and 1-methyl]-8-naphthol, etc. (Monatsh., 1928, 50, 
310). As a result they have suggested the possibility of the simul. 
taneous existence of the diazo-oxide (O-azo) and the hemi-quinonoid 
type, one or other form predominating in a particular case (oc. cit., 
p. 314; and private communication). There appear to be no 
grounds for such an assumption, however, as all their observations 
agree with the constitution of diazo-oxides of varying degrees of 
stability. That Pollak and Gebauer-Fiilnegg’s compounds are all 
diazo-oxides is clearly indicated by their entirely different behaviour 
with sodium hydroxide from that of the condensation product of 
diazotised p-nitroaniline and §-naphthol-l-sulphonic acid. For 
instance, the latter under suitable conditions is converted into 
disodium 3-(4’-nitropheny])-1 : 3-dihydrophthalazine-4-acetate-1-sul- 
phonate, whereas the former are merely decomposed, or converted 
into Para-red, with elimination of the 1-halogen atom, in the case 
of halogen derivatives. On the other hand, although only certain 
sodium 1-arylazo-8-naphthaquinone-1l-sulphonates are sufficiently 
stable to react with sodium hydroxide to form phthalazine derivatives, 
no evidence has been found to support the view that those which do 
not behave in this way are even variable mixtures with the diazo- 
oxide form. 

Bucherer and Tama have studied the conditions of the formation 
of the condensation product of diazotised p-nitroaniline and 6- 
naphthol-l-sulphonic acid, and the decomposition of its solutions 
under various conditions of acidity and alkalinity (J. pr. Chem., 1930, 
127, 39). The results, and the fact that a neutral solution of equi- 
molecular proportions of sodium p-nitrophenylnitrosoamine and 
sodium {-naphthol-l-sulphonate becomes alkaline with sodium 
hydroxide on keeping, were considered to support the diazo-oxide 
(diazo-ether) formula. Their observations, however, give no reason 
to doubt that the correct constitution is sodium 1-(4’-nitrobenzene- 
azo)-8-naphthaquinone-1l-sulphonate. They described this com- 
pound as a pale orange-brown substance obtained in a flocculent 
condition by salting-out (loc. cit., p. 60), but actually there is no 
difficulty in obtaining it in almost colourless leaflets, although the 
dry compound cannot be analysed because it is readily converted 
into Para-red. 

Bucherer and Tama (loc. cit., p. 55) also state that “‘ Various other 
diazo-compounds can be converted through their 2-naphthol-l- 
diazosulphonates into the corresponding hydroxyazo-compounds 

. . . the choice of the diazo-component is limited, however, as 
only those of great coupling power react readily in this direction. 
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Thus, attempts to obtain diazo-oxides with, e.g., diazobenzene 
chloride, in general gave negative results.’’ This limitation is quite 
incorrect, because all diazo-compounds readily form 2-naphthol-1- 
diazosulphonates, and all of the latter yet examined, including that 





- from diazobenzene chloride, are converted by sodium carbonate into 
“ = sodium 1-arylazo-(-naphthaquinone-1-sulphonates, which give the 
itis corresponding azo-8-naphthols merely by acidification. 

Finally, Bucherer and Tama (loc. cit., p. 72), by the action of 
io ¢ aqueous sodium hydroxide on 4’-nitrobenzene-2-naphthol-1-diazo- 


? sulphonate, obtained in low yield a “readily soluble yellow com- 
avi0ur Found,” to which they gave the formula (,,H,)0,N,SNa,H,0 on the 
- of basis of one nitrogen determination.' By boiling an aqueous 
| be: solution of this with hydrochloric acid, sulphur dioxide being elimin- 
* ated, they obtained a “sparingly soluble yellow compound,” 
“Asal Bo, p. 310—315°, to which they gave the formula C,,H,,0;N3,2H,O 
verted Fon the basis of one nitrogen determination. (Professor Bucherer in 
© case # , private communication states that m. p. 310—315° is an error for 
ortem 239°.) Preparation of these substances according to Bucherer and 
lently Tama’s methods has now shown that they are sodium hydrogen 
res 3-(4’ -nitrophenyl)-1 : 3-dihydrophthalazine - 1 - sulphonate-4 - acetic 
ich dof cid and 1-hydroxy-3-(4’-nitrophenyl)-1 : 3-dihydrophthalazine-4- 





Hiaz0- F acetic acid, m. p. 241°, respectively (compare J., 1926, 699). 
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— Part V. The 4'-Nitro- and 4'-Amino-derivatives 
Ox1ae 

sell of 3-Phenyl-4-methylphthalaz-1-one. 

zene- By Freprrick Maurice Rows, EstHER Levin, and 

com- ARNOLD THORNTON PETERS. 


ulent In a former communication (J., 1926, 702) reference was made 
S N° Ito attempts to degrade 1-hydroxy-3-(4’-nitrophenyl)-1 : 3-dihydro- 
a the phthalazine-4-acetic acid (I) and 1-hydroxy-3-(4’-aminopheny])-tetra- 
orted hydrophthalazine-4-acetic acid (VI) (loc. cit., p. 703) by treatment 
with acid dichromate. Fission did not occur, however, and the 
ther F constitution of the respective products was not determined. We 
Ol-l- Bhave now examined them more closely, indications as to their 
unds ¥ constitution and mode of formation having been afforded not only 
, @8 Bi by the study of the corresponding dihalogeno-derivatives by Dunbar 
Hon. Fi and Williams, but also by the failure of these authors to prepare 
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1-hydroxy-3-(2’ : 6’-dihalogeno-4’ - aminopheny]) - tetrahydrophthah 
azine-4-acetic acids satisfactorily by the use of alkaline hydro. 
sulphite (hyposulphite), because of the further action of alkali op 
these tetrahydrophthalazine derivatives (see following paper). 

The product of the action of cold acid dichromate on 1-hydroxy. 
3-(4’-nitropheny]l)-1 : 3-dihydrophthalazine-4-acetic acid separates 
apparently as a sulphate (II), which readily gives uncrystallisable 
resins if treated with sodium hydroxide, probably owing to hydr. 
ation, but with sodium carbonate gives the base, golden-yellow 
needles, m. p. 251°. Analysis of the latter gave the formula 
C,;H,,0,N;, which is that of a nitrophenylmethylphthalazone. It 
is undoubtedly the 4-methy] derivative of 4’-nitro-3-phenylphthalaz. 
l-one (J., 1928, 2550), which it resembles closely in most of its 
general properties. For instance, 4’-nitro-3-phenyl-4-methylphthalaz. 
l-one (III) is acidic and dissolves readily in sodium hydroxide with 
a deep orange-red colour; also it is basic and dissolves readily in 
mineral acids, forming well-crystallised salts, which are moderately 
stable to water; it forms a picrate; and the oxygen atom can be 
methylated. 


HO H OH 
» o's cS 7 
i Oe, eA, 
NT ! 
” ‘C,H, NO, \ SNC Hy NO; J N-CHyN 
v ‘7 SOSH 1 ah 
(.)  CH,CO,H CH,»”s CH, (il) 
(II.) 
HO H ‘CH, 


\ Accu NCHeN H, Y\ GAN CHa NBs ~ NOH ENG 


CH,"CO,H CH, (VIL) ys (IV,) 
(VI.) 
0-CH; 
~ AO C 
| th, © nS \w 
(V ITI.) >N-C,H, NH, ! : 
4 . N-C,HyN 
CH ! 
CH, CH, (Vv) 


The methylation product, however, behaves differently in the 
present case. The interaction of 4’-nitro-3-phenylphthalaz-1-one 
with methyl sulphate in nitrobenzene solution, followed by removal 
of the latter and making alkaline with sodium carbonate, gives a 
base, which combines with alcohols. Heating the compound after 
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crystallisation from alcohol first at 110° and then at 140° readily 
gives 4-keto-1-methoxy-3-(4’-nitropheny])-3 : 4-dihydrophthalazine, 
which is neither acidic nor basic (loc. cit.). Methylation of 4’-nitro- 
3-phenyl-4-methylphthalaz-l-one similarly, and removal of the 
nitrobenzene, also gives an aqueous solution of a methosulphate, 
from which a base (probably initially IV) is liberated as an orange- 
red semi-crystalline powder by means of sodium carbonate. This 
substance, however, crystallises from ethyl acetate or alcohols in 
red needles, m. p. 134°, in each case, and is then merely decomposed 
progressively by heating at 140°. Analysis indicated that the 
crystalline substance contains one molecule of water less than is 
required by formula (IV) and it appears to be 4’-nitro-1-methoxy- 
3-phenyl-4-methylene-3 : 4-dihydrophthalazine (V), as this formula 
agrees best with its properties, although no reaction occurred with 
acetone in presence of sodium hydroxide either before or after 
crystallisation. This compound is demethylated by heating with 
hydrobromic acid and glacial acetic acid at 110° with re-formation 
of 4’-nitro-3-phenyl-4-methylphthalaz-1-one. 

The action of cold acid dichromate, or aqueous permanganate, 
on _ 1-hydroxy-3-(4’-aminopheny])-tetrahydrophthalazine-4-acetic 
acid gives a substance, yellow needles, m. p. 277°, which appears 
from analysis to be an aminophenylmethylphthalazone, C,;H,,ON3 . 
The same substance, but in much lower yield, is obtained from 
1-hydroxy-3-(4’-aminopheny]l)-tetrahydrophthalazine-4-acetic acid 
by refluxing it with alcoholic potassium hydroxide, or by heating 
it with sodium carbonate solution at 170° in a sealed tube, whilst 
the fact that it is obtained also by reduction of 4’-nitro-3-phenyl- 
4-methylphthalaz-l-one with aqueous sodium sulphide shows that 
it is 4’-amino-3-phenyl-4-methylphthalaz-l-one (VII). In agreement 
with this constitution, when compound (VII) is reduced with zinc 
dust and hydrochloric acid, one nitrogen atom is eliminated as 
ammonia and 4’-amino-N-phenyl-3-methylphthalimidine (VIII) is 
produced, the formation of N-phenylphthalimidines in this way 
being a general reaction of phthalazones (J., 1926, 696). 

The course of the degradation of 1-hydroxy-3-(4’-nitrophenyl)-1 : 3- 
dihydrophthalazine-4-acetic acid and of 1-hydroxy-3-(4'-amino- 
phenyl)-tetrahydrophthalazine-4-acetic acid has now been shown 
to be dependent upon the conditions employed. By boiling with 
aqueous mineral acid, acetic acid is eliminated and the >CH:OH 
group in position 1 is converted into the S>C—O° group, giving 4’-nitro- 
and 4’-amino-3-phenylphthalaz-l-one respectively (J., 1928, 2550). 
On the other hand, although the >CH°OH group in position 1 is 
also converted into the SsC-O° group by cold acid dichromate, the 
acetic acid side-chain is merely decarboxylated with formation of 
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4’-nitro- and 4’-amino-derivatives of 3-phenyl-4-methylphthalaz.|. 
one respectively. Decarboxylation of 1-hydroxy-3-(4'-aminopheny)). 
tetrahydrophthalazine-4-acetic acid is effected also by boiling alco. 
holic potassium hydroxide. Thus the behaviour is the converse of 
that of acetoacetic ester, which gives acetic acid by boiling with 
alkalis and is decarboxylated by boiling mineral acid. 


EXPERIMENTAL. 


4’-Nitro-3-phenyl-4-methylphthalaz-1-one (I11).—A solution of 10 g. 
of finely powdered 1-hydroxy-3-(4’-nitrophenyl)-1 : 3-dihydro. 
phthalazine-4-acetic acid (I) in 100 c.c. of cold concentrated sul- 
phuric acid was poured on 400 g. of ice, and 4-5 g. of powdered 
sodium dichromate were added in small portions during } hour, 
(The reaction is best carried out at 10° in a rough-walled vessel 
with vigorous stirring and scratching, as otherwise the product is 
intractable.) The mixture frothed considerably and the pale yellow 
precipitate was replaced gradually by an almost colourless crystal- 
line precipitate, which was collected next day, pressed well (but 
not washed with water), and dried at the ordinary temperature 
(A; 11 g.). 

The substance A frothed vigorously at 95° and melted at 231°. 
It dissolved readily in dry methyl or ethy] alcohol with effervescence 
and then almost colourless plates, m. p. 246°, crystallised. In spite 
of repeated crystallisation, the latter could not be obtained ash- 
free, but the product was probably the sulphate of 4’ -nitro-3-phenyl- 
4-methylphthalaz-l-one (II) (Found: C, 48-8; H, 3-7; N, 11-2; 
S, 8-3. C,;H,,0,N,S requires C, 47-5; H, 3-4; N, 11-1; 8, 8-4%). 

The substance A was dissolved in 120 c.c. of 10% aqueous sodium 
carbonate, and the orange-red solution acidified carefully with 
hydrochloric acid. The hydrochloride of 4’-nitro-3-pheny]l-4-methyl- 
phthalaz-l-one separated at first as a pale yellowish precipitate, 
followed by almost colourless, prismatic needles. The combined 
solid (6-2 g.), after extraction with ethyl acetate, melted at 218°, 
and was shaken with cold 10% sodium carbonate solution. The 
base crystallised from dry ethyl acetate, alcohol or pyridine in 
golden-yellow needles, m. p. 251° (not 247° as previously given) 
(yield, 5:2 g.; 605%) (Found: C, 64:2; H, 4:1; N, 147. 
C,;H,,0,N, requires C, 64-1; H, 3-9; N, 149%). It was obtained 
also in much lower yield by the action of a warm solution of 
potassium permanganate in commercial pyridine on 1-hydroxy- 
3-(4’-nitropheny])-1 : 3-dihydrophthalazine-4-acetic acid. 

4’. Nitro-3-phenyl-4-methylphthalaz-1-one is insoluble in cold sodium 
carbonate solution, but dissolves in sodium hydroxide solution with 
a deep orange-red colour; with mineral acids it forms salts which 
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are not decomposed by water, and with hydrobromic acid it forms 
a hydrobromide, which crystallises from glacial acetic acid in colour- 
less needles, m. p. 270°. With an alcoholic solution of picric acid 
it forms a picrate, yellow plates, m. p. 208°, which is decom- 

ed progressively by recrystallisation from alcohol (Found: C, 
493; H, 3-0. C,,H,,0,)N, requires C, 49-4; H, 2-7%). 

When the substance A was dissolved in aqueous sodium hydroxide 
in place of sodium carbonate, and the solution acidified with hydro- 
chloric acid, a yellow precipitate (B), free from chlorine, was 
obtained. The dry substance B was very soluble in ethyl acetate 
or alcohol and could not be crystallised, yet it gave the picrate of 
4'-nitro-3-phenyl-4-methylphthalaz-l-one satisfactorily and was 
also readily reduced by sodium sulphide to 4’-amino-3-phenyl-4- 
methylphthalaz-l-one, m. p. 277°. 

Action of Methyl Sulphate on 4'-Nitro-3-phenyl-4-methylphthalaz- 
l-one.—A solution of 3-3 g. of the phthalazone in 30 c.c. of hot dry 
nitrobenzene, to which 1-5 g. of methyl sulphate were added, was 
kept at 130° for 1} hours, the nitrobenzene then being removed by 
distillation with steam. The colourless aqueous residue gave, when 
rendered alkaline with sodium carbonate, an orange-red semi- 
crystalline precipitate (yield, 2-2 g.; 63%) (probably initially IV) 
which, crystallised from ethyl acetate, or methyl or ethyl alcohol, 
appeared to lose water, giving 4’-nitro-1-methoxy-3-phenyl-4-methyl- 
ene-3.: 4-dihydrophthalazine (V) in red needles, m. p. 134° 
(Found: C, 64:7; H, 4:4; N, 13-7; OMe, 10-7; M in phenol, 
289; M in benzene, 285. C,,H,,0,N, requires C, 65-1; H, 4-4; 
N, 14:2; OMe, 10-5%; M, 295). This substance was insoluble in 
sodium hydroxide but dissolved readily in mineral acids. When it 
(1 g.) was heated with glacial acetic acid and hydrobromic acid 
(2 vols.) at about 110° for 3 minutes, a brown resin separated : 
crystallisation from glacial acetic acid gave the hydrobromide of 
4'-nitro-3-phenyl-4-methylphthalaz-1l-one, which, by treatment with 
sodium carbonate solution, followed by crystallisation from ethyl 
acetate, gave the base in golden-yellow needles, m. p. 251°. 

4'-Amino-3-phenyl-4-methylphthalaz-1-one (VII).—(a) A solution 
of 20 g. of 1-hydroxy-3-(4'-aminopheny])-tetrahydrophthalazine-4- 
acetic acid (VI) in a cold mixture of 100 c.c. of concentrated sul- 
phuric acid and 400 c.c. of water was stirred mechanically at air 
temperature for 3 hours, during which 9 g. of powdered sodium 
dichromate were added in small portions. A transient wine-red 
colour was produced after each addition, but any further addition 
merely gave a brown colour. The mixture was left over-night, 
rendered alkaline with sodium hydroxide, boiled, and filtered and 
the filtrate was rendered just alkaline with sodium carbonate and 
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concentrated. After recrystallisation from water in orange needles, 
4’-amino-3-phenyl-4-methylphthalaz-l-one crystallised from thy] 
acetate, dry alcohol or pyridine in yellow needles, m. p. 277° (not 
276° as previously given) (yield, 13 g.; 77-5%) (Found: C, 71-7: 
H, 5-3; N, 16-7. C,;H,,ON, requires C, 71-7; H, 5-2; N, 16-79%), 
It was obtained also when powdered 1-hydroxy-3-(4'-aminopheny)). 
tetrahydrophthalazine-4-acetic acid was added to a boiling solution 
of potassium permanganate in commercial pyridine, or better (yield, 
about 50%) when shaken with cold 3% aqueous potassium per. 
manganate, the solution then being rendered just alkaline with 
sodium carbonate and concentrated. In the latter case the temper. 
ature rose and evolution of carbon dioxide was detected. (b) A 
solution of 4 g. of 1-hydroxy-3-(4’-aminopheny])-tetrahydrophthal- 
azine-4-acetic acid and 3 g. of potassium hydroxide in 60 c.c. of dry 
alcohol was refluxed for 6 hours, and the dark product crystallised 
from water (charcoal) (yield, 1-2 g.; 36%). It was obtained also 
by heating 2 g. with 1 g. of anhydrous sodium carbonate, 6 c.c, of 
saturated aqueous sodium carbonate, and a few drops of alcohol in 
a sealed tube at 170° for 2 hours. (c) A mixture of 10 g. of finely 
powdered 4’-nitro-3-phenyl-4-methylphthalaz-l-one and a solution 
of 75 g. of sodium sulphide crystals in 75 c.c. of water was boiled: 
after about 10 minutes, the reddish-orange colour of the solution 
changed to yellow and orange needles separated (yield, 7-6 g.; 
85%). The products in all cases melted at 277° and were identical 
in every respect. 4’-Amino-3-phenyl-4-methylphthalaz-l-one was 
recovered unaltered after an aqueous alkaline solution had been 
boiled with sodium hydrosulphite for 4 hour. It was acetylated 
readily, and the acetyl derivative crystallised from alcohol in colour- 
less, stout, prismatic needles, m. p. 316—317°, which rapidly became 
blue on the surface on exposure to light, particularly when powdered 
(Found: C, 69-5; H, 5-3; N, 14:2. C,,H,,0,N, requires C, 69-6; 
H, 5-1; N, 14:3%). 

4’-Amino-N-phenyl-3-methylphthalimidine (VIII).—A solution of 
20 g. of 4’-amino-3-phenyl-4-methylphthalaz-l-one in 1 litre of 
water and 200 c.c. of concentrated hydrochloric acid was vigorously 
boiled while 30 g. of zinc dust were added in small portions during 
4 hours. After cooling, the solution, in which ammonia was 
detected, was rendered strongly alkaline with sodium hydroxide and 
filtered, the dry precipitate extracted with alcohol, and the alcohol 
distilled. The residue was converted into the hydrochloride (char- 
coal) and reprecipitated with sodium carbonate. The base crystal: 
lised from much water in almost colourless, fern-shaped leaflets, 
m. p. 166° (yield, 12 g.; 63%) (Found: C, 75-6; H, 5-8; N, 117. 
C,;H,,ON, requires C, 75-6; H, 5-9; N,11-8%). The acetyl deriv- 
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ative crystallised from alcohol or much water in colourless lustrous 
prisms, m. p. 250° (Found : C, 72-8; H, 5-8; N, 10-2. C,,;H,,0,N, 
requires C, 72-9; H, 5-7; N, 10-0%). 

4'-Hydroxy-N-phenyl-3-methylphthalimidine was prepared from 
4'-amino-N-phenyl-3-methylphthalimidine (10 g.) exactly as de- 
scribed for 4’-hydroxy-N-phenylphthalimidine from the correspond- 
ing amino-derivative (loc. cit., p. 704). It crystallised from water 
(charcoal) in colourless prismatic needles containing }H,O, or from 
toluene in small colourless prisms, m. p. 192° (yield, 8-2 g.; 82%) 
(Found: C, 75:5; H, 5-6; N, 6-0. C,;H,,0,N requires C, 75-3; 
H, 54; N, 5-9%). Its ethyl ether crystallised from dilute ethyl 
alcohol in large, colourless, prismatic needles, m. p. 136° (Found : 
N, 5:3. C,,H,,0,N requires N, 5-2%). 


We desire to thank Professor Robert Robinson, F.R.S., for his 
helpful criticism and continued interest in this series of investig- 
ations. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
LEEDS UNIVERSITY. [Received, February 17th, 1931.] 





CXXXVIII.—A New Reaction of Certain Diazosul- 
phonates derived from B-Naphthol-1-sulphonic Acid. 
Part VI. Preparation of Phthalazine, Phthalazone, 
and Phthalimidine Derivatives from 2: 6-Dichloro- 
and 2: 6-Dibromo-4-nitroaniline.* 


By Freperick Maurice Rowe, CuHarLtEs DunsBar, and 
Norman Henry WILLIAMS. 


In Parts I, II, III, and V of this series (J., 1926, 690; 1928, 2550, 
2556; preceding paper), the preparation of phthalazine, phthalazone, 
and phthalimidine derivatives from 4’- and 3’-nitrobenzene-2- 
naphthol-1-diazosulphonate has been described. The investigation 
has now been extended to the corresponding 2’ : 6’-dichloro- and 
2’: 6’-dibromo-4’-nitro- and -amino-derivatives. 

2’ : 6’-Dichloro- and 2’ : 6’-dibromo-4’-nitrobenzene-2-naphthol-1- 
diazosulphonate are formed readily from the diazotised 2 : 6-di- 
halogeno-4-nitroanilines and $-naphthol-l-sulphonic acid in acid 
solution, but conversion through the sodium 1-(2’ : 6’-dihalogeno- 
4’-nitrobenzeneazo)-8-naphthaquinone-1-sulphonates into the sodium 
hydrogen 3-(2' : 6'-dihalogeno-4'-nitrophenyl)-1 : 3-dihydrophthalazine- 

* The work on the dichloro-compounds was done with Mr. Dunbar, and 


that on the dibromo-compounds with Mr. Williams. 
NN2 
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1-sulphonate-4-acetates does not proceed so readily (yield of the 
dichloro-compound, 16% less) as in the case of the unhalogenated 
analogue, owing to an increased tendency to the formation of 
2’: 6’-dihalogeno-4’-nitrobenzeneazo-8-naphthols. The conversion of 
the dibromo-compound proceeds less readily than that of the dichloro. 
compound. The sodium hydrogen salts resemble the corresponding 
unhalogenated compound (J., 1926, 699) in general properties, 
although possessing much less tinctorial power, particularly in the 
case of the dibromo-compound. The main influence of the presence 
of the halogen atoms usually is to render some of the subsequent 
stages of degradation rather more difficult to carry out and diminish 
the yields of the derivatives somewhat. The replacement of the 
sodium-1-sulphonate group by hydroxy] gives the 1-hydroxy-3-(2' :6’. 
dihalogeno-4'-nitrophenyl)-1 : 3-dihydrophthalazine-4-acetic acids, and 
esters and an anilide of each of these were obtained readily, the 
presence of solvent of crystallisation in many of the derivatives 
being noteworthy. The dichloro-compound also gave an acetyl 
derivative, but not the dibromo-compound, which in this respect 
resembles the 3’-nitro-analogue (J., 1928, 2556). Unlike the 4’-nitro. 
analogue, the 3’-nitro-analogue is not reduced to the aminotetra- 
hydrophthalazine derivative satisfactorily by alkaline hydrosulphite 
(hyposulphite) owing to the subsequent action of alkali (loc. cit.). 
The 1-hydroxy-3-(2’ : 6’-dihalogeno-4’-nitrophenyl)-1 : 3-dihydro- 
phthalazine-4-acetic acids also are not reduced satisfactorily by 
alkaline hydrosulphite, the reason for this being explained later. 
The 1-hydroxy-3-(2’ : 6'-dihalogeno-4'-aminophenyl)-tetrahydrophthal- 
azine-4-acetic acids are obtained satisfactorily, however, by reduction 
with stannous chloride and hydrochloric acid, because the hydro- 
chlorides are so sparingly soluble in concentrated hydrochloric acid 
that the reaction does not proceed further even after prolonged 
boiling. On the other hand, by boiling the 1-hydroxy-3-(2’ : 6’-di- 
halogeno-4’-aminopheny])-tetrahydrophthalazine-4-acetic acids with 
dilute sulphuric acid (b. p. 140°), acetic acid is eliminated and the 
2’ : 6'-dihalogeno-4'-amino-3-phenylphthalaz-l-ones are obtained. 
When 2’ : 6’-dichloro-4’-amino-3-phenylphthalaz-l-one is reduced 
with zine dust and hydrochloric acid, one nitrogen atom is eliminated 
as ammonia and 2’ : 6’-dichloro-4'-amino-N-phenylphthalimidine is 
produced. This reaction does not proceed so readily (yield, 24% 
less) as in the absence of the chlorine atoms (loc. cit.), owing to an 
increased tendency to fission with formation of 2 : 6-dichloro-p- 
phenylenediamine. There was, however, no evidence of the elimin- 
ation of chlorine during this reaction. 2’ : 6’-Dichloro-N-phenyl- 
phthalimidine is formed readily by the replacement of the amino- 
group by hydrogen. 
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When 2’ : 6’-dibromo-4’-amino-3-phenylphthalaz-1-one is reduced 
with zinc dust and hydrochloric acid, bromine is eliminated and 
4'-amino-N-phenylphthalimidine is the main product. By varying 
the conditions and limiting the reaction, some 2’-bromo-4’-amino- 
N-phenylphthalimidine was formed, but the elimination of bromine 
could not be prevented entirely and no trace of the 2’ : 6’-dibromo- 
derivative was detected. This elimination of bromine is of interest, 
because a similar reduction of 2: 6-dibromo-4-nitroaniline gives 
solely 2 : 6-dibromo-p-phenylenediamine. 

When the 1-hydroxy-3-(2’ : 6’-dihalogeno-4’-nitrophenyl)-1 : 3-di- 
hydrophthalazine-4-acetic acids are boiled with sulphuric acid (b. p. 
140°), they lose acetic acid and the 2’ : 6’-dihalogeno-4'-nitro-3- 
phenylphthalaz-1-ones are formed. These compounds are acidic and 
dissolve in sodium hydroxide solution with a bluish-red colour ; 
also they are basic and dissolve in mineral acids, forming well- 
crystallised salts, decomposed by water; and they form picrates. 
The products obtained from them by reduction vary with the con- 
ditions used: reduction with aqueous sodium sulphide gives the 
2’ : 6’-dihalogeno-4’-amino-3-phenylphthalaz-l-ones [the yield from 
the dichloro-compound was 36% less than that obtained by the 
action of aqueous sulphuric acid on 1-hydroxy-3-(2’ : 6’-dichloro- 
4'-aminopheny])-tetrahydrophthalazine-4-acetic acid], whereas re- 
duction with zinc dust and hydrochloric acid produces 2’ : 6’-di- 
chloro-4’-amino-N-phenylphthalimidine from the dichloro-com- 
pound, and 4’-amino-N-phenylphthalimidine from the dibromo- 
compound. 

The 2’ : 6’-dihalogeno-4’-nitro-3-phenylphthalaz-l-ones react with 
methyl sulphate in a similar manner to the 4’-nitro-analogue, and 
the primary products behave similarly with alcohols (loc. cit.). 
Thus, the interaction of 2’ : 6’-dichloro-4’-nitro-3-phenylphthalaz-1- 
one ([) with methyl sulphate in nitrobenzene solution, after removal 
of the latter, gives an aqueous solution of the methosulphate, from 
which a base (probably II) is isolated as an orange-yellow powder 
by means of sodium carbonate. This substance crystallises from 
ethyl acetate in orange plates, m. p. 235°, from methyl alcohol in 
orange prisms, m. p. 157°, and from ethyl alcohol in orange prisms, 
m. p. 111°. The corresponding dibromo-base crystallises from ethyl 
acetate in orange-yellow plates, m. p. 228°, from methyl alcohol in 
orange prisms, m. p. 138°, and from ethyl alcohol in orange prisms, 
m. p. 110—112°. Combination with the alcohols has occurred in 
both cases, but a portion is lost so readily from the dichloro- 
compound that the formula cannot be determined by analysis ; 
this, however, indicates the presence of two alkyloxy-groups, and 
the formula (III) is supported by analysis of the corresponding 
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dibromo-derivative, which loses alcohol only slowly on keeping. 
Unlike the behaviour of the corresponding substances from 4’- or 
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3'-nitro-3-pnenylphthalaz-1l-one (loc. cit.), however, heating first at 
110° and then at 140° does not give the 4-keto-1-methoxy-3-(2’ : 6’. 
dihalogeno-4’-nitrophenyl)-3 :; 4-dihydrophthalazines, but merely re. 
moves alcohol and gives the monomethoxy-compounds, m. p. 235° 
(dichloro-) and 228° (dibromo-), identical with those originally 
obtained by crystallisation from ethyl acetate. The latter sub. 
stances require further investigation: the dichloro-compound does 
not appear to be (II), but is probably formed from it by a reaction 
involving the elimination of water. 

The 1-hydroxy-3-(2’ : 6’-dihalogeno-4’-nitropheny]l)-1 : 3-dihydro- 
phthalazine-4-acetic acids are decarboxylated by cold acid dichrom- 
ate and the 2’ : 6’-dihalogeno-4'-nitro-3-phenyl-4-methylphthalaz-1- 
ones are formed. The yield of the dibromo-compound is 37% 
less than that of the dichloro-compound, which is 15% greater than 
that obtained in the absence of the chlorine atoms, and the sub- 
stance is purified much more readily. These two compounds are 
acidic and dissolve in sodium hydroxide with a bluish-red colour; 
also they are basic and dissolve in moderately concentrated mineral 
acids; and they form picrates. 

1-Hydroxy-3-(2’ : 6’-dichloro-4’-aminopheny]) - tetrahydrophthal- 
azine-4-acetic acid also is decarboxylated by cold acid dichromate 
and 2’ : 6’-dichloro-4'- amino -3 - phenyl -4-methylphthalaz-1-one is 
formed. The same substance is obtained in almost equally good 
yield by heating the acid with 10% aqueous sodium hydroxide at 
90°, which explains the difficulty mentioned earlier of preparing 
the acid satisfactorily by the use of alkaline hydrosulphite. It is 
obtained also by reducing 2’ : 6’-dichloro-4’-nitro-3-phenyl-4-methyl- 
phthalaz-l-one with aqueous sodium sulphide. 

2’ : 6'-Dibromo-4'-amino-3-phenyl-4-methylphthalaz-l-one is ob- 
tamed much more readily than the corresponding dichloro- 
compound by the action of cold acid dichromate or aqueous 
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permanganate on 1-hydroxy-3-(2’ : 6’-dibromo -4’-aminophenyl)- 
tetrahydrophthalazine-4-acetic acid, and the same substance is 
formed by boiling the latter with aqueous sodium carbonate, or by 
reducing 2’ : 6’-dibromo-4’-nitro-3-phenyl-4-methylphthalaz - 1-one 
with aqueous sodium sulphide. 

There is no difficulty in preparing 4’-amino-N-phenyl-3-methy]- 
phthalimidine by reducing 4’-amino-3-phenyl-4-methylphthalaz-1- 
one with zine dust and hydrochloric acid, and no great difficulty in 
preparing 2’ : 6’-dichloro-4’-amino-N-phenylphthalimidine similarly 
from 2’ : 6’-dichloro-4’-amino-3-phenylphthalaz-l-one. Attempts to 
prepare 2’ : 6’-dichloro-4’-amino-N-phenyl-3-methylphthalimidine in 
this way from 2’ : 6’-dichloro-4’-amino-3-phenyl-4-methylphthalaz- 
l-one, however, were unsuccessful, the only reaction product which 
could be isolated being 2 : 6-dichloro-p-phenylenediamine, although 
a variety of conditions was employed. There were indications of 
the existence of the intermediate 1-keto-3-(2’ : 6’-dichloro-4’-amino- 
phenyl)-4-methyltetrahydrophthalazine, but this compound could 
not be isolated with certainty. 

In the case of 2’ : 6’-dibromo-4’-amino-3-phenyl-4-methylphthalaz- 
l-one, however, a similar reduction gave 2’-bromo-4'-amino-N-phenyl- 
3-methylphthalimidine and 2: 6-dibromo-p-phenylenediamine. All 
attempts to prepare 2’ : 6’-dibromo-4’-amino-N-phenyl-3-methyl- 
phthalimidine failed. Various reductions of 2’: 6’-dibromo-4’- 
amino-3-phenyl-4-methylphthalaz-l-one with alkaline hydrosulphite 
indicated the existence of the intermediate 1-keto-3-(bromo-4’- 
aminopheny])-4-methyltetrahydrophthalazine, but the only reaction 
product which could be isolated with certainty was 4’-amino-3- 
phenyl-4-methylphthalaz-1-one. 

Finally, the 2’ : 6’-dihalogeno-4’-nitro-3-phenyl-4-methylphthalaz- 
l-ones react with methyl sulphate in a similar manner to the corre- 
sponding unhalogenated compound. The methylated bases are 
isolated as orange-red powders and crystallise from ethyl acetate 
or methyl alcohol in brownish-red prisms, m. p. 136° (dichloro-), 
and orange-red plates, m. p. 129° (dibromo-), in each case. These 
substances, probably 2’ : 6’-dihalogeno-4’-nitro-1-methoxy-3-phenyl-4- 
methylene-3 : 4-dihydrophthalazines, possess similar properties to 
those of the corresponding unhalogenated compound. 

Further work on this subject is in progress, 











































EXPERIMENTAL. 


The methods of preparing the analogous dichloro- and dibromo- 
compounds are in most cases so similar that separate descriptions 
are not necessary. In such cases the details in parentheses refer 
to the dibromo-compounds, 
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Sodium Hydrogen 3-(2’ : 6’-Dichloro- or -dibromo-4'-nitrophenyl). 
1 : 3-dihydrophthalazine-1-sulphonate-4-acetate.—A filtered solution 
of 50 g. of commercial 50% (60%) sodium §-naphthol-1-sul. 
phonate in 120 c.c. (130 c.c.) of water was stirred at 0° into a 
solution of diazotised 2 : 6-dichloro-4-nitroaniline (2 : 6-dibromo.4. 
nitroaniline). The latter was obtained by adding 9-3 g. (11 g.) of 
sodium nitrite to a solution of 21 g. of 2 : 6-dichloro-4-nitroaniline 
(30 g. of 2: 6-dibromo-4-nitroaniline) in 150 c.c. of cold concen. 
trated sulphuric acid, followed by addition of ice with stirring, the 
temperature being kept below 10° (30°), until the volume was 
about 750 c.c. (800 c.c.). The diazo-solution was filtered from the 
unaltered base, 0-8—1-5 g. (2—3 g.). The 2’: 6’-dihalogeno-4’. 
nitrobenzene-2-naphthol-1-diazosulphonate separated immediately 
as a chocolate-coloured precipitate, which was filtered more readily 
than when made at a higher temperature. It was washed free 
from acid with water, made into a paste with 200 c.c. of cold water, 
and stirred into a cold solution of 24 g. of anhydrous sodium car. 
bonate in 60 c.c. of water. The orange solution produced [if it 
was kept, brownish-yellow needles or orange crystals of sodium 
1 - (2’: 6’- dihalogeno - 4’- nitrobenzeneazo) - 8 -naphthaquinone -1-sul- 
phonate separated, after addition of salt in the case of the dibromo- 
compound] was added immediately to a cold solution of 20 g. of 
sodium hydroxide in 40 c.c. of water; the temperature rose about 
10°, and the deep crimson (magenta-red) mixture was left over- 
night (2 days) until the colour had changed completely to yellowish- 
brown (brown). It was rendered faintly acid with hydrochloric 
acid, then made alkaline with sodium carbonate, the 2’ : 6’-di- 
halogeno-4’-nitrobenzeneazo-f-naphthol (3—5 g.) filtered off, and 
the filtrate rendered faintly acid with hydrochloric acid ; the product 
separated almost completely as a yellow crystalline precipitate, a 
further quantity being obtained by adding salt to the filtrate. 
After drying, it was separated from sodium chloride by extraction 
with absolute alcohol and removal of the latter. 

Sodium hydrogen 3 -(2’ : 6’-dichloro-4’-nitrophenyl) -1 : 3-dihydro- 
phthalazine-1-sulphonate-4-acetate (yield, 37 g.; 75-6%, calculated 
on the 2: 6-dichloro-4-nitroaniline) crystallised from water (char- 
coal) in small yellow needles or from ethyl acetate in small yellow 
prisms (Found: §, 6-9; Cl, 14-6. C,,H,,0,N,CI,SNa requires §, 
6-6; Cl, 14-7%). It was readily soluble in water or alcohol, but 
less soluble in ethyl acetate. The greenish-yellow aqueous solution 
was deepened in colour by the addition of alkalis, and was de- 
colorised by zinc dust and ammonia, a deeper colour returning on 
exposure to air. 

Sodium hydrogen 3-(2’ : 6’-dibromo-4'-nitrophenyl)-1 : 3-dihydro- 
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phthalazine-1-sulphonate-4-acetate crystallised from alcohol in 


orange prisms and from ethyl acetate in yellow leaflets (yield, 
41:3 g.; 71:3%) (Found: Br, 28-0; 8, 5:8. C,,H,,»O0,N,Br,SNa 
requires Br, 28-0; S, 5-6%). It was readily soluble in water, but 
less soluble in alcohol and ethyl acetate. The yellow aqueous 
solution deepened and reddened in colour on addition of alkalis, 
and was decolorised by zinc dust and ammonia, an orange colour 
returning on exposure to air. 

1-Hydroxy-3-(2’ : 6'-dichloro- or -dibromo-4'-nitrophenyl)-1 : 3-di- 
hydrophthalazine-4-acetic Acid.—A solution of 20 g. of sodium 
hydrogen 3-(2’ : 6’-dichloro-4’-nitropheny])-1 : 3-dihydrophthalazine- 
]-sulphonate-4-acetate (35 g. of the corresponding dibromo- 
compound) in 60 c.c. (200 c.c.) of water was boiled with 32 c.c. 
(200 c.c.) of concentrated hydrochloric acid until evolution of sulphur 
dioxide had ceased, and the product, which separated first as an 
oil, had formed yellowish-brown crystals. The latter were washed 
with boiling water and recrystallised from ethyl acetate. 1-Hydroxy- 
3-(2' : 6’-dichloro-4'-nitrophenyl)-1 : 3-dihydrophthalazine-4-acetic acid 
formed orange-yellow irregular prisms, m. p. 245° (yield, 14-5 g.; 
88%) (Found: C, 48-3; H, 2-8; N, 10-7; Cl, 17-7. C,gH,,0;N,Cl, 
requires C, 48-5; H, 2-8; N, 10-6; Cl, 17-9%), readily soluble in 
alcohol, acetone, or glacial acetic acid, but almost insoluble in 
benzene or ether. 

1-Hydroxy-3-(2' : 6’ -dibromo-4' -nitrophenyl) -1 : 3-dihydrophthal - 
azine-4-acetic acid formed yellow hexagonal prisms, m. p. 245° (yield, 
24 g.; 807%) (Found: C, 39-4; H, 2:5; N, 86; Br, 33-1. 
C,,H,,0;N,Br, requires C, 39-6; H, 2:3; N, 8-7; Br,33-0%), readily 
soluble in alcohol, but less soluble in benzene and glacial acetic acid. 

Both acids are sparingly soluble in water, forming solutions 
acid to litmus, but dissolve readily in sodium carbonate or hydroxide 
with a deep red or brownish-red colour, and prolonged boiling of 
the alkaline solutions causes decomposition. They dissolve in cold 
concentrated sulphuric acid with an orange-yellow or yellow colour 
and are reprecipitated unaltered on dilution, but when boiled with 
aqueous sulphuric acid they are converted into the 2’ : 6’-dihalogeno- 
4'-nitro-3-phenylphthalaz-1l-ones. 

The esters. A solution of 5 g. (3 g.) of the acid in 50 c.c. of dry 
methyl alcohol was saturated with dry hydrogen chloride at 0°, 
left over-night, and then boiled under reflux for 2 hours. The 
methyl ester of the dichloro-compound crystallised from methyl 
alcohol in brownish-yellow needles containing methyl alcohol of 
crystallisation, or from benzene in yellow, vitreous, rhombic prisms, 
softening at 110—140° and melting at 167—168°, containing 1 mol. 
benzene of crystallisation, or m. p. 169° after removal of the benzene 
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(Found: loss at 110°, 16-0. C,,H,,0;N,Cl,,C,H, requires C,H, § 47: 
15-9%. Found in material dried at 110°: C, 50-0; H, 3:3; NB sod 
10-4. C,,H,,0,;N,Cl, requires C, 498; H, 3-2; N, 102%). ThB | 
ethyl ester, similarly prepared, crystallised from benzene in yellow, § hy 
vitreous, rhombic prisms, softening at 80—100° and melting a § fin 
160—161°, containing 1 mol. benzene of crystallisation, partially § ch 
lost at air temperature and removed completely at 100° (m. p. 162°) § un 
(Found: loss at 100°, 14:3. C,,H,,0;N,Cl,,C,H, requires C,H, § 1-1 
15-5%. Found in material dried at 100°: C, 51-3; H, 3-6; N& az 
10-1; Cl, 17-1. C,.H,,0;N,Cl, requires C, 50-9; H, 3-5; N, 9-9: Af 
Cl, 16-8%). The methyl ester of the dibromo-compound crystallised § co 
from methyl alcohol in orange-yellow needles, m. p. 176° (Found: § ca 
C, 41-2; H, 2-9. C,,H,,0;N,Br, requires C, 40-9; H, 26%). The § is 
ethyl ester, similarly prepared, crystallised from ethyl alcohol in long § ci 
yellow prisms containing 1 mol. alcohol of crystallisation, partially lost — a 
at air temperature and removed completely at 115°; it then melted § et 
at 182° (Found : loss at 115°, 7-2. C,,H,,O;N,Br,,C,H,O requires § (¢ 
C,H,O, 8-2%. Found in material dried at 115°: C, 42-3; H, 3-2. § C 
C,,H,,0;N,Br, requires C, 42-1; H, 29%). The four esters are § 1 
insoluble in sodium carbonate, but dissolve in sodium hydroxide § it 





solution with a reddish-brown colour. 

Acetyl derivative of the dichloro-acid. A solution of 5 g. of the 
acid in 10 c.c. of glacial acetic acid was boiled with 5 c.c. of acetic 
anhydride under reflux for 8 hours and then poured on ice. The 
resinous product, after repeated crystallisations from ethyl alcohol 
(charcoal), formed yellow, vitreous, irregular prisms, melting at 
110—112°, resolidifying and melting at 202—204°, containing 1 
mol. ethyl alcohol of crystallisation, which was difficult to remove 
without partial decomposition (Found: loss at 100°, 98. 
C,,H,,0,N,Cl,,C,H,O requires C,H,O, 9-5%. Found in material 
dried at 100°: N, 9-8; Cl, 16-1. C,,H,,0,N,Cl, requires N, 9-6; 
Cl, 16-2%). It dissolved in sodium carbonate solution with an 
orange-brown colour and in sodium hydroxide with a brownish-red 
colour. 

Anilides. A fine suspension of 4 g. of the dichloro-acid in 400 c.c. 
of toluene was boiled with 2 g. of aniline and 1 g. of phosphorus 
trichloride under reflux for 5 hours with stirring. When cold, 
the residue was washed with a little sodium carbonate solution and 
crystallised from glacial acetic acid, forming clusters of small yellow 
needles, m. p. 289° (Found: C, 56-0; H, 3-4; N, 12-1; Cl, 15-1. 
C..H,,0,N,Cl, requires C, 56-0; H, 3-4; N, 11-9; Cl, 15-1%). The 
anilide of the dibromo-acid, similarly prepared, formed yellow plates, 
m. p. 280°, after several crystallisations from glacial acetic acid 
(Found: C, 47-0; H, 3-1; N, 10-2. C,,H,,0,N,Br, requires C, 



































und : 

The 
1 long 
Ly lost 
elted 
[wires 
5) 3-2, 
S are 
oxide 


OF OERTAIN DIAZOSULPHONATES, ETC. PART VI. 1081 


47-1; H, 2:9; N, 100%). Both anilides are insoluble in cold 
sodium hydroxide solution. 

1-Hydroxy-3-(2' : 6’-dichloro- or -dibromo-4'-aminophenyl)-tetra- 
hydrophthalazine-4-acetic Acid.—A mixture of 25 g. (20 g.) of the 
finely powdered nitro-compound with a solution of 80 g. of stannous 
chloride in 200 c.c. of concentrated hydrochloric acid was boiled 
until the yellow compound dissolved and the hydrochloride of the 
l-hydroxy-3-(2’ : 6’-dihalogeno-4’-aminopheny]) - tetrahydrophthal - 
azine-4-acetic acid began to crystallise in colourless plates (needles). 
After cooling, the hydrochloride was filtered off, washed with cold 
concentrated hydrochloric acid, and dissolved in dilute sodium 
carbonate solution. The solution was filtered, and the product 
isolated by addition of dilute hydrochloric acid until a white pre- 
cipitate had separated completely. 1-Hydroxy-3-(2’ : 6’-dichloro-4’- 
aminophenyl)-tetrahydrophthalazine-4-acetic acid crystallised from 
ethyl acetate in almost colourless, rhombic prisms, m. p. 242° 
(decomp.) (yield, 18-1 g.; 78%) (Found: C, 52-5; H, 3-9; N, 11-4; 
Cl, 19-4. C,,H,,O,N,Cl, requires C, 52-2; H, 4:1; N, 11-6; Cl, 
193%), insoluble in benzene and very sparingly soluble in water ; 
it gave no coloration with ferric chloride. 

1-Hydroxy-3-(2’ :6’-dibromo-4’-aminophenyl)-tetrahydrophthalazine- 
4-acetic acid crystallised from ethyl acetate in colourless cubes, 
m. p. 261° (yield, 15 g.; 79-5%) (Found: C, 42-2; H, 3-2; N, 9-3. 
C,,H,;0,N,Br, requires C, 42-0; H, 3-3; N, 9-2%), very sparingly 
soluble in water; although it was more soluble in alcohol and 
glacial acetic acid than in ethyl acetate, these solvents lower the 
melting point, probably owing to partial esterification and acetyl- 
ation respectively. Both acids dissolve readily in dilute alkali solu- 
tions. The dichloro-acid is less readily soluble in dilute acids than 
the dibromo-acid ; the mineral acid salts crystallise slowly from the 
former, and immediately from the latter, solutions, and can be 
diazotised. Heating with aqueous alkalis converts both acids into 
the 2’ : 6’-dihalogeno-4’-amino-3-phenyl- 4 - methylphthalaz - 1 - ones. 
The acetyl derivative of the dichloro-compound crystallised from 
alcohol in colourless prisms, m. p. 282° (decomp.) (Found: C, 52-7; 
H, 3-9; Cl, 17-4. C,gH,,0,N,Cl, requires C, 52-7; H, 4-1; Cl, 17-3%). 
The acetyl derivative of the dibromo-compound crystallised from 
glacial acetic acid in almost colourless plates, m. p. 270° (Found : 
C, 43-4; H, 3-3; Br, 32-0. C,gH,,0,N,Br, requires C, 43-3; H, 
3-4; Br, 32-1%). 

2’: 6’-Dichloro- or -dibromo-4’-amino-3-phenylphthalaz-1-one.—A 
solution of 10 g. of 1-hydroxy-3-(2’ : 6’-dichloro-4’-aminopheny])- 
tetrahydrophthalazine-4-acetic acid (5 g. of the dibromo-compound) 
in 50 c.c. (25 ¢.c.) of concentrated sulphuric acid and 60 c.c. (30 c.c.) 
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of water was boiled under reflux for 2 hours (1 hour), acetic acid 
being eliminated. The solution was diluted with 100 c.c. (60 c.c,) 
of water, boiled (charcoal), and filtered. On cooling, the sulphate 
of 2’: 6’-dichloro-4’-amino-3-phenylphthalaz-l-one crystallised in 
pale yellow prisms; it was converted into the base with sodium 
carbonate, and a further quantity of less pure base was precipitated 
by neutralising the acid filtrate. (The sulphate of the dibromo. 
compound did not crystallise, and the base was obtained by neutral. 
ising the cold filtrate with sodium hydroxide.) 

2’ : 6’-Dichloro-4’-amino-3-phenylphthalaz-l-one crystallised from 
alcohol (charcoal) in yellow rhombic prisms, m. p. 302° (yield, 6°4 g.; 
77%) (Found: C, 54-9; H, 3-1; Cl, 23-1. C,,H,ON,Cl, requires 
C, 54-9; H, 2-9; Cl, 23-2%). The hydrochloride formed colourless 
plates, and the acetyl derivative crystallised from alcohol in colour. 
less prismatic needles, m. p. 334°, which became bluish-green on 
the surface on exposure to light (Found: C, 55:3; H, 3-3; Cl, 20-5, 
C,gH,,0,N,Cl, requires C, 55-2; H, 3-2; Cl, 20-4%). 

2’ : 6’-Dibromo-4’-amino-3-phenylphthalaz-l-one crystallised from 
alcohol in deep yellow plates, m. p. 304° (yield, 3-5 g.; 81%) (Found: 
}, 42:°7; H, 2-2. C,,H,ON,Br, requires C, 42-5; H, 2-3%), and 
from glacial acetic acid in almost colourless needles containing 1 mol. 
acetic acid, m. p. 315° (Found : Br, 35-4. C,,H,ON,Br,,C,H,0, 
requires Br, 35-2%). The acetyl derivative crystallised from glacial 
acetic acid in clusters of small brownish prismatic needles, m. p. 
338° (Found: C, 43-8; H, 2-8. C,,H,,0,N,Br, requires C, 43-9; 
H, 25%). The powdered substance became blue on exposure to 
light. 

2’ : 6’- Dichloro-4’-amino-N-phenylphthalimidine.—A solution of 4 
g. of 2’ : 6’-dichloro-4’-amino-3-phenylphthalaz-l-one in 100 c.c. of 
water and 160 c.c. of concentrated hydrochloric acid was boiled 
vigorously while 6 g. of zinc dust were added in small portiors 
during 4 hour. (Boiling for a longer time results in decomposition 
and 2: 6-dichloro-p-phenylenediamine can be detected.) After 
cooling, the solution was almost neutralised with sodium hydroxide, 
and the yellowish precipitate filtered off; the filtrate contained 
ammonia. The base crystallised from alcohol (charcoal) in almost 
colourless, flat prisms, m. p. 253° (yield, 2-4 g.; 62-6%) (Found: 
C, 57-5; H, 3-6; Cl, 24:4. C,,H,,ON,Cl, requires C, 57-3; H, 3-4; 
Cl, 24:2%). The hydrochloride formed colourless prisms, and the 
acetyl derivative crystallised from alcohol in colourless rhombic 
prisms, m. p. 239° (Found : C, 57-5; H,3-8; Cl, 21-0. C,,H,,0,N,Cl, 
requires C, 57-3; H, 3-6; Cl, 21-2%). 

2’ : 6’-Dichloro-N-phenylphthalimidine—A solution of 4 g. of the 
amino-derivative in 28 c.c. of concentrated sulphuric acid at 0° 
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Ic acid § was diazotised by addition of 1 g. of sodium nitrite, followed by 
0 c.c.) Bice until the volume was about 110¢.c. The diazo-sulphate (almost 
Iphate colourless crystals) was boiled with 400 c.c. of alcohol; the 2’: 6’- 
sed in Ff jichloro-N -phenylphthalimidine obtained crystallised in brownish 
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rhombic prisms, m. p. 146° (Found: C, 60-3; H, 3-3; Cl, 25-4. 
(4HyONCI, requires C, 60-4; H, 3-2; Cl, 25-5%). 

Reduction of 2’ : 6’-Dibromo-4’-amino-3-phenylphthalaz-1-one.— 
(a) 4’-Amino-N-phenylphthalimidine. A solution of 4 g. of 2’ : 6’- 
dibromo-4’-amino-3-phenylphthalaz-l-one in 600 c.c. of water and 


















_from 100 c.c. of concentrated hydrochloric acid was boiled and zinc dust 
. 4g.; added in small portions until a colourless solution was obtained. 
iuires F On concentration to about 50 c.c., the zine double chloride crystal- 
urless F jised in colourless needles. It was converted into 4’-amino-N- 
olour- phenylphthalimidine, almost colourless, prismatic needles, m. p. 
pie 198° (total yield, 0-6 g.; 26-5%) as previously described (J., 1926, 
a0, 


704), the identity being confirmed by its conversion into the acetyl 
derivative, fine colourless needles, m. p. 272° (not 196° as previously 
given erroneously; loc. cit.) (Found: C, 72-3; H, 5-6. Cale. for 
C,gH,,O.N,: C, 72-2; H, 53%). The filtrate from the zinc double 
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and F chloride of 4’-amino-N-phenylphthalimidine was neutralised and 
mol. filtered, the dry precipitate extracted with alcohol, and the alcohol 
H,0, distilled. The residue was a mixture of 4’-amino-N-phenylphthal- 
acial F imidine and a little of its 2’-bromo-derivative (see below), from 
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which the latter was separated by means of the greater solubility 
of its hydrochloride in hydrochloric acid. 

(b) 2’-Bromo-4’-amino-N-phenylphthalimidine. A fine suspension 
of the hydrochloride, obtained by grinding 4 g. of 2’ : 6’-dibromo- 
4’.amino-3-phenylphthalaz-l-one with 100 c.c. of concentrated 
hydrochloric acid, was boiled gently and 5 g. of zinc dust were 
added in small portions during } hour with vigorous stirring. After 
12 hours, the liquid was filtered from the hydrochlorides of unaltered 
2’ : 6’-dibromo-4’-amino-3-phenylphthalaz-l-one and any 4’-amino- 
N-phenylphthalimidine, diluted, and rendered alkaline with sodium 
carbonate, and the dry precipitate extracted with alcohol (charcoal). 
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ned Fractional crystallisation gave the base in colourless rhombic crystals, 
10st F containing alcohol of crystallisation, rapidly lost at air temperature, 
nd: m. p. 178° after removal of the solvent (Found: C, 55-2; H, 3-8; 
4 Br, 26-2. C,,H,,ON,Br requires C, 55-4; H, 3-6; Br, 26-4%). 
the The acetyl derivative crystallised from alcohol in colourless needles, 
bic Fm. p. 272° (Found: C, 55:5; H, 38. C,gH,,0,N,Br requires C, 
Cl Bf 557; H, 38%). 

2’ : 6’-Dichloro- or -dibromo-4’-nitro-3-phenylphthalaz-1-one (I).— 
7 A solution of 10 g. of 1-hydroxy-3-(2’ : 6’-dichloro-4’-nitropheny])- 





1 : 3-dihydrophthalazine-4-acetic acid (10 g. of the dibromo-com- 
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pound) in 40 o.c. (50 c.c.) of concentrated sulphuric acid was diluted 
with 48 c.c. (60 c.c.) of water and boiled under reflux for 2 hours 
(14 hours). The yellow precipitate slowly dissolved and acetic 
acid was eliminated. The brown solution was cooled, diluted with 
100 c.c. (120 c.c.) of water, boiled (charcoal), and filtered. After 
cooling, the sulphate which separated in colourless prisms (cream. 
coloured plates, m. p. 283°), was filtered off and neutralised with 
sodium carbonate. A further quantity, but less pure, was isolated 
by almost neutralising the filtrate. 2’ : 6’-Dichloro-4’-nitro-3-phenyl- 
phthalaz-l-one crystallised from glacial acetic acid in pale yellow 
needles, m. p. 315° (decomp.) (yield, 5-4 g.; 63-6%) (Found: (, 
49-8; H, 2-0; N, 12-5; Cl, 21-2. C,,H,O,N,Cl, requires C, 50-0: 
H, 2-1; N, 12-5; Cl, 21-1%), readily soluble in glacial acetic acid 
and pyridine, sparingly soluble in alcohol, and almost insoluble in 
benzene. 

2’ : 6’-Dibromo-4’-nitro-3-phenylphthalaz-l-one crystallised from 
alcohol in almost colourless needles, m. p. 306° (yield, 7-5 g.; 85-5%), 
and from glacial acetic acid in cream-coloured plates, containing 
1 mol. acetic acid, m. p. 306° (Found: loss at 130°, 12:3. 
C,,H,0,N,Br,,C,H,O, requires C,H,O,, 12-4°%. Found in material 
dried at 130°: C, 39-4; H, 1-8; N, 10-0. C,,H,O,N,Br, requires 
C, 39-5; H, 1-6; N, 9-9%). 

Both bases are insoluble in sodium carbonate solution, and both 
give with an alcoholic solution of picric acid picrates, yellow plates, 
m. p. 233° (Found: N, 15-0. C,9H, 90, )N,Cl, requires N, 14-9%), and 
deep yellow needles, m. p. 252° (Found: N, 13-1. C.9H, 90, N,Br, 
requires N, 12-8%). 

Reduction. (a) A fine suspension of 4 g. of 2’ : 6’-dichloro-4’- 
nitro-3-phenylphthalaz-l-one (2 g. of the dibromo-compound) in 
100 c.c. (50 c.c.) of water was heated to 75° with a solution of 30 g. 
(8 g.) of sodium sulphide crystals in 30 c.c. (8 c.c.) of water, and 
the bluish-red mixture was then boiled for 10 minutes until the 
colour had changed to yellowish-brown. The 2’ : 6’-dihalogeno-4’- 
amino-3-phenylphthalaz-1-one (yield of the dichloro-compound,1-5g. ; 
41-2%) separated, identical with that obtained from the 1-hydroxy- 
3-(2’ : 6’-dihalogeno-4’-aminopheny])-tetrahydrophthalazine-4-acetic 
acid (p. 1082). 

(6) Reduction with zinc dust and hydrochloric acid converted 
the dichloro-compound into 2’ : 6’-dichloro-4’-amino-N-phenyl- 
phthalimidine (yield, 55°), identical with that obtained from 2’ : 6’- 
dichloro-4’-amino-3-phenylphthalaz-1-one (p. 1082), and the dibromo- 
compound into 4’-amino-N-phenylphthalimidine, identical with that 
obtained from 2’ : 6’-dibromo-4’-amino-3-phenylphthalaz-l-one (p. 
1083). 





liluted 
hours 
acetic 
l with 
After 
ream. 
. With 
lated 
henyl- 
ellow 
Lg 
50-0; 
acid 
le in 


from 
5%) 
ning 
12-3. 
erial 
nires 


both 
ites, 
and 
sBr, 


4’. 
| in 
) g. 
und 
the 
4’. 
8; 
xy- 


OF CERTAIN DIAZOSULPHONATES, ETC. PART VI. 1085 


Action of methyl sulphate. A solution of 12 g. of 2’ : 6’-dichloro- 
{-nitro-3-phenylphthalaz-l-one (14 g. of the dibromo-compound) 
in 150 ¢.c. of dry nitrobenzene was heated under reflux at 130° for 
| hour, 5 g. (4:2 g.) of methyl sulphate being added during the 
frst } hour. Nitrobenzene was removed by distillation with steam, 
and the aqueous residue, after cooling, gave an orange-yellow pre- 
iipitate (probably II), 11 g. (15 g., m. p. 217°), when rendered 
idkaline with sodium carbonate. The basic substance obtained 
from the dichloro-compound crystallised from ethyl acetate in orange 
plates, m. p. 235° (Found: C, 50-9; H, 3-1; OMe, 8-4%), from 
methyl alcohol in orange prisms, m. p. 157° (Found: C, 49-1; H, 
36; OMe, 147%), and from ethyl alcohol in orange prisms, m. p. 
111° (see p. 1075). The basic substance obtained from the dibromo- 
compound crystallised from ethyl acetate in orange-yellow plates, 
m. p. 228° (decomp.) (Found: C, 40-6, 40:7; H, 2-5, 2-4; OMe, 
67%), from methyl alcohol in orange prisms, m. p. 138° [Found : 
(, 40-75, 40-95; H, 3-0, 3-1; OMe, 12-9 (freshly prepared material), 
118 (material 1 week old). C,,H,,0,N,Br, requires C, 40-8; H, 
28; OMe, 13-2%], and from ethyl alcohol in orange prisms, m. p. 
110—112°. 

2’: 6’-Dichloro- or -dibromo-4’-nitro-3-phenyl-4-methylphihalaz-1- 
oe.—A solution of 6 g. of 1-hydroxy-3-(2’ : 6’-dichloro-4’-nitro- 
phenyl)-1 : 3-dihydrophthalazine-4-acetic acid (5 g. of the dibromo- 
compound) in 60 c.c. of cold concentrated sulphuric acid was 
poured on 125 g. (130 g.) of ice, and 3 g. (2 g.) of powdered sodium 
(potassium) dichromate were added as described for the correspond- 
ing unhalogenated compound (this vol., p. 1070). Next day, the 
solution was filtered, and almost neutralised (with cooling), and the 
pale yellowish precipitate produced was washed with water, and 
dried, 2’ : 6’-Dichloro-4’-nitro-3-phenyl-4-methylphthalaz-l-one crys- 
tallised from alcohol or dilute acetic acid in greenish-yellow prisms 
or needles, m. p. 240° (decomp.) (yield, 4 g.; 75-5%) (Found: C, 
51-6; H, 2-7; N, 12-3; Cl, 20-1. C,,H,O,N,Cl, requires C, 51-4; 
H, 26; N, 12-0; Cl, 203%). 

2’ : 6’-Dibromo-4’-nitro-3-phenyl-4-methylphthalaz-1-one crystallised 
from alcohol in greenish-yellow prisms, m. p. 254° (yield, 1-3 g.; 
28-794) (Found : C, 41-0; H, 2:3; N, 9-8; Br, 36-6. C,;H,O,N,Br, 
requires C, 41-0; H, 2-1; N, 9-6; Br, 36-4%). Both substances 
are insoluble in sodium carbonate solution, and both give with an 
alcoholic solution of picric acid picrates, yellow needles, m. p. 
225° (Found: N, 14:8. C,,H,,0, )N,Cl, requires N, 14-5%), and 
yellow prisms, m. p. 215° (Found : ©, 37-5; H, 2-0. C,;H,,0i9N,Br, 
requires C, 37-7; H, 1-8%). 

Action of methyl sulphate. A solution of 3-5 g. of 2’ : 6’-dichloro- 
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4’-nitro-3-phenyl-4-methylphthalaz-l-one (4-5 g. of the dibromo. 
compound) in 50 c.c. of hot dry nitrobenzene was treated with 
1-5 g. (1-4 g.) of methyl sulphate as described for the corresponding 
unhalogenated compound (ibid., p. 1071). The orange-red basic 
products were probably 2’ : 6’-dichloro-4’-nitro-1-methoxy-3-pheny]. 
4-methylene-3 : 4-dihydrophthalazine, which crystallised from ethy] 
acetate or methyl alcohol in brownish-red rectangular prisms, m. p. 
136° (Found: C, 52:7; H, 3-1; N, 11:2; Cl, 19:1; OMe, 9-1, 
C,gH,,0,N,Cl, requires C, 52-7; H, 3-0; N, 11-5; Cl, 19:5; OMe, 
85%), and 2’ : 6’-dibromo-4’-nitro-1-methoxy-3-phenyl-4-methylene. 
3: 4-dihydrophthalazine, which crystallised from ethyl acetate or 
methyl or ethyl alcohol in orange-red plates, m. p. 129° (Found: 
C, 42-5; H, 2:7; N, 8-9; Br, 34:9; OMe, 7-2. C,¢H,,0,N,Br, 
requires C, 42-4; H, 2-4; N, 9-2; Br, 35-3; OMe, 6-8%). Both 
substances are insoluble in sodium hydroxide solution, but dissolve 
readily in mineral acids. 

2’ : 6’-Dichloro- or -dibromo-4’-amino-3-phenyl-4-methylphthalaz-1- 
one.—{a) A solution of 1-hydroxy-3-(2’ : 6’-dichloro-4’-aminophenyl). 
tetrahydrophthalazine-4-acetic acid (10 g.) in cold concentrated 
sulphuric acid (20 c.c.) was poured into water (100 c.c.), and the 
mixture treated with powdered sodium dichromate (3-5 g.) as 
described for the corresponding unhalogenated compound (loc. cit.). 
The greenish-yellow mixture was submitted to filtration, the filtrate 
neutralised with sodium hydroxide, and the precipitate filtered off, 
In the case of the dibromo-compound a solution of 5 g. of 1-hydroxy- 
3-(2’ ; 6’-dibromo - 4’- aminopheny]l) - tetrahydrophthalazine- 4 -acetic 
acid in 20 c.c. of cold concentrated sulphuric acid was poured on 
100 g. of ice, and the white suspension was stirred mechanically for 
2 hours while a solution of 1-2 g. of sodium dichromate in 20 c.c. of 
water was added drop by drop; after 4 hours, the yellowish-green 
solution was almost neutralised with sodium hydroxide, and the 
precipitate filtered off. The product in both cases was dissolved in 
boiling dilute hydrochloric acid (charcoal); pale yellow needles 
separated when the warm filtered solution was rendered alkaline 
with sodium hydroxide. 2’ : 6’-Dichloro-4’-amino-3-phenyl-4-methyl- 

phthalaz-1-one crystallised from alcohol in pale yellow plates, m. p. 
325° (yield, 6-3 g.; 72-56%) (Found: C, 56-2; H, 3-6; N, 13-3; Cl, 
22-4. C,;H,,ON,Cl, requires C, 56-2; H, 3-4; N, 13-1; Cl, 22-2%), 
readily soluble in pyridine, but sparingly soluble in ethyl acetate. 

2’ : 6’-Dibromo-4’-amino-3-phenyl-4-methylphthalaz-l-one crystal- 
lised from alcohol in pale yellow needles, m. p. 315° (yield, 3-2 g.; 
74%) (Found : C, 43-9; H, 2-9; N, 10-4; Br, 39-0. C,;H,,ON,Br, 
requires C, 44:0; H, 2:7; N, 10-3; Br, 39-1%). 

(6) A solution of 3 g. of 1-hydroxy-3-(2’ : 6’-dichloro-4’- 
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aminophenyl)-tetrahydrophthalazine-4-acetic acid (4 g. of the 
dibromo-compound) in 30 c.c. of water and 3 g. of sodium hydroxide 
(150 c.c of 10% sodium carbonate solution : a solution of sodium 
hydroxide also can be used, but the product is less pure) was 
heated under reflux at about 90° for 8 hours (boiled under reflux 
for 2} hours); the product separated progressively in needles 
(brownish plates), the yield being 1-8 g., i.¢., 69%, after recrystal- 
lisation from alcohol (1-3 g.; 36-3%). 

(c) Reduction of the 2’ : 6’-dihalogeno-4’-nitro-3-phenyl-4- 
methylphthalaz-l-ones with aqueous sodium sulphide as described 
for the corresponding unhalogenated compound (loc. cit.) also gave 
the 2’ : 6’-dihalogeno- 4’ - amino -3- phenyl-4-methylphthalaz- 1 - 
ones. The reduction of the dibromo-compound was difficult to 
control (yield, 28%), much of the nitro-compound remaining 
unaltered. 

(d) A solution of 5-4 g. of 1-hydroxy-3-(2’ : 6’-dibromo-4’- 
aminopheny])-tetrahydrophthalazine-4-acetic acid in 100 c.c. of 
water and 100 c.c. of saturated sodium carbonate solution was 
boiled, and 125 c.c. of 2-5% potassium permanganate solution 
were added slowly beneath the surface. The product separated 
immediately in straw-coloured needles (yield, 4 g. ; 82-7%). 

The acetyl derivative of the dichloro-compound crystallised from 
alcohol in clusters of colourless flat prisms, m. p. 311°, which became 
blue on the surface on exposure to light (Found : C, 56-6; H,3-8; N, 
11:7; Cl, 19-6. ©,,H,,;0,N,Cl, requires C, 56-4; H, 3-6; N, 11-6; 
(1, 19-6%). The acetyl derivative of the dibromo-compound crystal- 
lised from alcohol in colourless plates, m. p. 315°, which became 
blue on the surface on exposure to light (Found: C, 45-1; H, 3-2; 
N, 9-4; Br, 35-2. C,,H,,0,N,Br, requires C, 45:2; H, 2-9; N, 
93; Br, 35-5%). 

Reduction of 2’ : 6’-Dichloro-4’-amino-3-phenyl-4-methylphthalaz-1- 
one.—(a) Reduction of this compound (4 g.) with zinc dust and 
hydrochloric acid as described for the preparation of 2’ : 6’-dichloro- 
4’-amino-N-phenylphthalimidine (p. 1083) gave a resinous product, 
from which only 2 : 6-dichloro-p-phenylenediamine, almost colour- 
less needles, m. p. 123° (yield, 1 g.; 45-2%), could be isolated. 
(6) Treatment of a suspension of 2’ : 6’-dichloro-4’-amino-3-pheny]- 
4-methylphthalaz-l-one in boiling aqueous or aqueous-alcoholic 
sodium hydroxide with sodium hydrosulphite under various con- 
ditions gave mixtures, from which only the unaltered substance 
could be isolated with certainty, although traces of a substance, 
faintly coloured, hexagonal prisms, m. p. 227°, possibly 1-keto- 
3-(2’ : 6’-dichloro-4’- aminopheny]) -4-methyltetrahydrophthalazine, 
were obtained, but not sufficient for analysis. 
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Reduction of 2’ : 6’-Dibromo-4’-amino-3-phenyl-4-methylphthalaz-1. 
one.—(a) 2’- Bromo-4’- amino-N - phenyl -3 -methylphthalimidine. A 
solution of 8 g. of the dibromo-compound in 200 c.c. of water and 
200 c.c. of concentrated hydrochloric acid was boiled, and 20 g. of 
zine dust were added in small portions. The solution was concen- 
trated, and rendered alkaline with sodium carbonate, and the dry 
precipitate extracted with alcohol. The alcoholic solution (char. 
coal) was filtered, and the filtrate precipitated with water. Frac. 
tional crystallisation of the dry precipitate from toluene gave some 
2’-bromo-4’-amino-N-phenyl-3-methylphthalimidine in colourless pris. 
matic needles, m. p. 216° (Found: C, 56-6; H, 4-4; N, 8-6; Br, 
25-0. C,;H,,ON,Br requires C, 56-8; H, 4-1; N, 8-8; Br, 25-2%), 
The acetyl derivative crystallised from alcohol in colourless prisms, 
m. p. 266° (Found: C, 57-0; H, 4:4. C,,H,,0,N,Br requires (, 
56-8; H,4:2%). 2: 6-Dibromo-p-phenylenediamine, almost colour. 
less needles, m. p. 139°, also was isolated, and particularly readily 
from other reduction mixtures in which the proportions of acid and 
zinc were decreased in the attempt to control the reaction. 
(6) Treatment of a suspension of 2’ : 6’-dibromo-4’-amino-3-phenyl. 
4-methylphthalaz-l-one in boiling aqueous-alcoholic sodium hydr. 
oxide with sodium hydrosulphite under various conditions gave 
mixtures from which only the unaltered substance and 4’-amino. 
3-phenyl-4-methylphthalaz-l-one, m. p. 277°, could be isolated with 
certainty, although traces of two substances containing bromine 
(yellow prisms, m. p. 228°; yellow plates, m. p. 218°) were obtained, 
but not sufficient for analysis (compare this vol., p. 1072). 


We are indebted to the Department of Scientific and Industrial 
Research for a grant which enabled one of us (C. D.) to take part 
in this work, to Dr. A. T. Peters for his assistance with the prepar- 
ation and analysis of some of the compounds described, and to 
Alliance Colour and Chemical Co. and British Dyestuffs Corporation 
for gifts of sodium $-naphthol-1-sulphonate. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
LEEDS UNIVERSITY. [Received, February 17th, 1931.] 





CXXXIX.—The Interaction of Halogen-substituted 
p-Tolylhydrazines with Chloral. 
By FreprErick DanieL CHaTTaway and THomas ETHELRED 
WiLpy Browne. 
It has been shown (J., 1927, 2850; 1928, 2757) that the final 


products of the interactions of chloral with various halogen-sub- 
stituted phenylhydrazines differ with the nature of the medium 
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in which they occur. The investigation has now been extended to 
the action of chloral upon 3-bromo- and 3: 5-dibromo-p-tolyl- 
hydrazine, 

When either of these hydrazines reacts with chloral in aqueous 
solution, a pale yellow hydrazone at first separates. This loses 
hydrogen chloride rapidly when warmed, a crimson azo-ethylene 
being formed. The elimination of the hydrogen chloride is re- 
yersible, and when a solution of the azo-ethylene in acetic anhydride 
js saturated with the gas the corresponding trichloroacetaidehyde- 
N-acetylbromo-p-tolylhydrazone is formed, though at the same time 
much of the azo-ethylene is converted into tarry matter. The 
reaction may be represented thus, where R denotes 3-bromo- 
or 3: 5-dibromo-toly] : 


HO Ac,0 
R:N:N-CH:CCl, == R-NH:N:CH-CCl, ——-> R-NAc-N:CH:CC], 


When 3-bromo- (I) and 3 : 5-dibromo-o-tolueneazo-BG-dichloroethylene 
are fully chlorinated, 5-chloro-3-bromo- (II) and 3: 5-dibromo-p- 
tolueneazopentachloroethane respectively are produced. 


N:N-CBr:CCIBr  NH-N:CBr-CCl,Br N-N-CH:CCl, 


A Ps | Br toes 


Me = (II1.) Me Me (L) 
N:N-CCl,°CCl, 
C /NBr 


Me (II) 


The action of bromine upon the two azo-ethylenes, however, 
is not so far-reaching : addition at the ethylene linkage, followed by 
elimination of hydrogen chloride, occurs, substitution in the p-tolyl 
residue also taking place if the 5-position is unoccupied. 

If the reaction between chloral and 3-bromo- or 3 : 5-dibromo-p- 
tolylhydrazine is carried out in any alcoholic solution, the corres- 
ponding alkyl glyoxylate bromotolylhydrazone is produced, the 
equilibrium between the first-formed hydrazone and the corres- 
ponding azo-ethylene being continually disturbed by the hydrolysis 
of the trichloromethyl group : tt 

R-N:N-CH:CCl, == R-NH-N:CH’CCl, ——-> R-NH-N:CH:-CO,Et 
When the alcoholic solutions of chloral and the hydrazine are mixed 
and warmed, a bright azo-colour is produced which gradually 


disappears as action proceeds and the azo-ethylene disappears. 
At the same time a considerable amount of tarry matter is produced. 
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The formation of tarry by-product predominates when the pure 
isolated azo-ethylene is heated with an alcoholic solution of hydrogen 
chloride, only a poor yield of the alkyl glyoxylate being thus obtained, 
It appears to be due to the azo-ethylene polymerising or decompos. 
ing when heated in presence of hydrogen chloride, tarry matter 
being formed as soon as the temperature exceeds 70—80°. The 
glyoxylic acid hydrazones when formed are unaffected by hydrogen 
chloride, and then esterification, and hydrolysis of the resulting 
esters, in presence of hydrogen chloride may easily be brought about. 
The regulated action of bromine upon ethyl glyoxylate 3-bromo-p- 
tolylhydrazone (IV) does not further substitute the tolyl nucleus 
but yields ethyl bromoglyoxylate 3-bromo-p-tolylhydrazone (V) identical 
with the product formed by the action of bromine upon ethyl 
3-bromo-p-tolueneazoacetoacetate (VI) : 


NH-N°CH:’CO,Et NH-N:CBr-CO,Et N°N-CHAc:CO,Et 


Ou _Br 6. eg Cy 


Me (IV.) Me (V.) Me (VI.) 


EXPERIMENTAL. 


3-Bromo-p-tolueneazo-88-dichloroethylene (I).—When a solution of 
10 g. (1 mol.) of 3-bromo-p-tolylhydrazine hydrochloride and 10 g. 
(1 mol. + slight excess) of chloral hydrate in 70 c.c. of water was 
warmed slowly, a pale yellow hydrazone separated at 40—50° 
which lost hydrogen chloride at 65—70°, darkened, and was con- 
verted into oily drops of 3-bromo-p-tolueneazo-88-dichloroethylene 
which solidified on cooling. The product separated from boiling 
alcohol, in which it was readily soluble, in deep crimson plates, 
m. p. 67° (Found: Cl, 24-1; Br, 27-2. C,H,N,Cl,Br requires (C, 
24:2; Br, 27-:2%). 

Trichloroacetaldehyde - N - acetyl - 3 - bromo - p - tolylhydrazone, 
CCl,-CH°N-NAc:C,H,MeBr.—A solution of 5 g. of the azo-ethylene 
({) in 10 c.c. of acetic anhydride was warmed to 70° and saturated 
with dry hydrogen chloride. On cooling, the above acetyl compound 
separated as a viscid mass. After repeated crystallisation from 
acetic acid, in which it was easily soluble, it was obtained in colour- 
less prisms, m. p. 187° (decomp.) (Found: Cl, 28-45; Br, 21-4. 
C,,H,,ON,CI,Br requires Cl, 28-6; Br, 21-59%). The same compound 
slowly separated when a solution of equivalent quantities of chloral 
and 3-bromo-p-tolyJhydrazine hydrochloride in a suitable amount 
of glacial acetic acid was kept at the ordinary temperature. 

5-Chloro-3-bromo-p-tolueneazopentachloroethane (I1).—A suspension 
of 5 g. of 3-bromo-p-tolueneazo-B8-dichloroethylene in 10 c.c. of 
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acetic acid was saturated with chlorine, the temperature not being 
allowed to rise above 30°. When the resulting clear solution was 
poured into water, a viscid yellow liquid separated which, on being 
heated for a few minutes with dilute acetic acid, was converted into 
5-chloro-3-bromo-p tolueneazopentachloroethane. This crystallised 
from boiling alcohol, in which it was moderately easily soluble, in 
yellow prisms, m. p. 113° (Found : Cl, 48-9; Br, 18-3. C,H,;N,Cl,Br 
requires Cl, 49-1; Br, 184%). It could be heated with acetic 
anhydride without change and when strongly reduced yielded 
3-bromo-p-toluidine. 

3-Bromo-p-tolueneazo--chloro-«8-dibromoethylene (formula as III). 
—5 G. (1 mol.) of 3-bromo-p-tolueneazo-88-dichloroethylene and 
8 g. of anhydrous sodium acetate were suspended in 20 c.c. of 
cooled acetic acid and 4 g. (1 mol. ++ excess) of bromine were 
added. Considerable heat was developed and, on cooling, 3-bromo- 
p-tolueneazo-8-chloro-«8-dibromoethylene separated. It dissolved 
easily in boiling alcohol, from which it separated in small, orange-red, 
irregular plates, m. p. 91° (Found: Cl, 8-4; Br, 57-0. C,H,N,CIBr, 
requires C], 8-5; Br, 57-5%). 

Ethyl Glyoxylate 3-Bromo-p-tolylhydrazone (IV).—10 G. (1 mol.) of 
3-bromo-p-tolylhydrazine hydrochloride were suspended in 60 c.c. 
of ethy] alcohol, 10 g. (1 mol. -+ excess) of chloral hydrate added, 
and the mixture warmed. The liquid became dark crimson and 
finally deep yellow. After 15 minutes, the bulk of the alcohol 
was distilled off; ethyl glyoxylate 3-bromo-p-tolylhydrazone, which 
separated on cooling, crystallised from boiling alcohol, in which it 
was easily soluble, in pale yellow prisms, m. p. 60° (Found: Br, 
27-8. C,,H,,0,N,Br requires Br, 28-0%). 

Ethyl Bromoglyoxylate 3-Bromo-p-tolylhydrazone (V).—(a) From 
ethyl glyoxylate 3-bromo-p-tolylhydrazone. 6 G. of bromine (1 mol. 
+ excess) were added to a solution of 5 g. (1 mol.) of ethyl glyoxyl- 
ate 3-bromo-p-tolylhydrazone in 25 c.c. of acetic acid, and the 
mixture heated at 50—60° for 30 minutes. On cooling, ethyl 
bromoglyoxylate 3-bromo-p-tolylhydrazone separated. It crystallised 
from boiling alcohol, in which it was easily soluble, in short, very 
pale yellow prisms, m. p. 98° (Found: Br, 43-8. C,,H,,0O.N,Br, 
requires Br, 43-99%). (b) From ethyl 3-bromo-p-tolueneazoaceto- 
acetate. 6 G. (1 mol. + excess) of bromine, dissolved. in 5 c.c. of 
acetic acid, were added to 5 g. (1 mol.) of the azoacetoacetate sus- 
pended in 20 c.c. of acetic acid and the mixture was heated at 50— 
60° for 30 minutes. On cooling, ethyl bromoglyoxylate 3-bromo-p- 
tolylhydrazone, m. p. 98°, identical with the substance obtained as 
above, separated. 

Similar reactions were carried out with 3 : 5-dibromo-p-tolyl- 





1092 GILBERT, GOLDSTEIN, AND LOWRY : 


hydrazine, and the following compounds prepared : 3 : 5-Dibromo-p. 
tolueneazo-B8-dichloroethylene, crimson needles, m. p. 50°, from 
alcohol (Found: Cl, 19-0; Br, 42-6. C,H,N,Cl,Br, requires (), 
19-0; Br, 42-9%). 

3 : 5-Dibromo-p-tolueneazopentachloroethane, yellow prisms, m. p, 
128°, from alcohol (Found: Cl, 36-9; Br, 33-2. CjH;N,CI;Br, 
requires Cl, 37-1; Br, 33-4%). 

3 : 5-Dibromo-p-tolueneazo-B-chloro-«B8-dibromoethylene (III), deep 
crimson, slender prisms, m. p. 87°, from alcohol (Found: Cl, 7:1; 
Br, 63-8. C,H;N,CIBr, requires Cl, 7-15; Br, 64-45%). 

Ethyl glyoxylate 3 : 5-dibromo-p-tolylhydrazone, yellow needles, 
m. p. 83°, from alcohol (Found: Br, 43-8. C,,H,.0,N,Br, requires 
Br, 43-95%). 

Glyoxylic acid 3 : 5-dibromo-p-tolylhydrazone, pale yellow prisms, 
m. p. 163° (decomp.), from acetic acid (Found: Br, 47%. 
C,H,O,N,Br, requires Br, 47-6%). 

Ethyl bromoglyoxylate 3 : 5-dibromo-p-iolylhydrazone, white prisms, 
m. p. 64°, from alcohol (Found: Br, 53-3. C,,H,,0,N,Brz requires 
Br, 54-2%). 

Tar QUEEN’s CoLLEGE LABORATORY, 
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CXL.—Studies of Valency. Part XV. Absorption 
Spectra of Polyhalide Ions. 


By Frank LATHE GitBert, (Mrs.) Rosz RacHEL GOLDSTEIN, and 
THomas Martin Lowry. 


In a preceding paper (Part VI, J., 1926, 622) the similarity between 
the absorption bands of iodoform and of potassium tri-iodide was 
discussed, but no structural formule were put forward to account 
for this resemblance, as it appeared to be beyond the scope of our 
present theories of valency. In order to throw more light on this 
obscure problem, it was decided to investigate the absorption 
spectra of other polyhalides, and to compare them with those 
recorded previously. An investigation on these lines is accompanied 
by quite exceptional risks of error in the interpretation of the 
experimental data, since there are at least four different causes 
which may make the spectra recorded differ from those of the com- 
pounds which they are supposed to represent: (i) The polyhalides 
may be hydrolysed by water, H,O + RI, == ROH + Hl,; 
(ii) they may be reduced by alcohol, C,H,O0 + RI, —> RI + 2HI+ 
C,H,O; (iii) the polyhalide ions may dissociate into simple halide 
ions and free halogen, I,’ == I’ + I, or ICl,’ == I’ + Cl,; and 
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(iv) the mixed polyhalide ions may undergo double decomposition, 
$1,Br’ == 21,’ +- Br,’ or 31Br,’ => I,’ + 2Br,’. 

That these possibilities of decomposition cannot be ignored is 
proved by the experiments of Batley (Trans. Faraday Soc., 1928, 
24, 438), who was able to show that a solution of iodine in alcohol 
has only one absorption band, in the visible region at 4470 A.U., 
with a general absorption at the extreme limit of the range of 
observation in the ultra-violet. The ultra-violet bands, of which 
either one or two had been recorded by all previous observers, were 
shown to be due to hydrogen tri-iodide, HI,, formed by a photo- 
chemical reduction of the iodine in the alcoholic solution, C,H,0 + 
$1, = 2HI, + C,H,O. This could be avoided by taking the 
altogether exceptional precaution of examining the spectrum of the 
solution in presence of ozone. 

In the present instance we were working with ready-formed 
polyhalides, which could only undergo a change of converse type ; 
but our anxiety to avoid all risk of errors of this kind led to a very 
long delay in the completion of the work for publication. Thus, 
after studying a series of synthetic solutions of potassium poly- 
halides (compare Tinkler, J., 1907, 91, 996; 1908, 93, 1611), we 
held back our measurements until we had confirmed them by 
preparing a complete series of eight crystalline cesium polyhalides, 
described by Wells and Penfield in 1892 (Amer. J. Sci., 43, 17); 
and after making a complete series of observations on a group of 
seven aromatic polyhalides, prepared by McCombie and Reade (J., 
1923, 123, 142; 1924, 125, 148; 1926, 2528), in ordinary alcohol, 
we thought it worth while to repeat the whole of our measurements 
in absolute alcohol, which had been dried with special care, and to 
check these observations by similar measurements of the whole 
series of cesium polyhalides in the same dry solvent. 

In view of these precautions we believe that our observations 
are themselves entirely trustworthy, and in the later part of the 
paper we are able to cite evidence to show that the spectra recorded 
cannot be due to any of the types of decomposition discussed above, 
although these might reduce the intensity of the observed absorp- 
tions. We therefore propose to discuss them on the assumption 
that, when no evidence of chemical change could be detected, the 
solutions actually contained the ions of the salts which had been used 
in preparing them and could in nearly every case be recovered from 
the solution by evaporation. 
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EXPERIMENTAL. 
Materials.—Of all the precautions indicated above, we regarded 
it of prime importance to assure ourselves that all the polyhalide 
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ions which we proposed to examine in solution actually existed in 
the solid state. Evidence that mixed polyhalide ions exist in 
aqueous solutions of iodine in potassium chloride, bromide, and 
iodide and of bromine in potassium chloride and bromide has been 
advanced by Tinkler (loc. cit.), whose observations we confirmed by 
quantitative measurements of the molecular extinction coefficients 
of solutions prepared in a similar way. At a later stage, however, 
we were fortunate in being able to secure from Professor Dennis of 
Cornell University an authentic specimen of the cesium dichloro- 
iodide with which Wyckoff (J. Amer. Chem. Soc., 1920, 42, 1100) 
had made his X-ray analysis of the crystals of this salt; and sub- 
sequently we prepared in crystalline form the whole of the series of 
eight cesium polyhalides described by Wells and Penfield (loc. cit.), 
‘These were made by adding the appropriate halogen or halogens in 
correct stoicheiometrical proportions to an aqueous solution of the 
requisite cesium halide. The bromodi-iodide, CsI,Br, is decom- 
posed by water and was therefore recrystallised from alcohol; the 
other seven salts were recrystallised twice from water. They 
separate in long needles, which show a striking gradation of colour 
with change of molecular weight. The eight compounds were easily 
identified by their colours and melting points. These properties, 
which agree exactly with those recorded by Wells and Penfield, 
are set out in the following table : 


Colour.* M. p. 
Blue-black (coppery brown) 210° 
Dark red-brown (reddish-brown) 208 
Cherry red (orange) 246 
Light red (sandy yellow) 238 
Deep orange (orange-red) 180, in a closed tube 
CsClBr, Light orange 191, in a closed tube 
CsCl,I Apricot (bright yellow) 238 
CsCl, Br Bright yellow (greenish-yellow) 205, in a closed tube 


* The colours shown in parentheses are those of the aromatic (Qm) poly- 
halides described below. 

All these salts, except the tri-iodide, are more soluble in water than 
in alcohol. 

The cesium polyhalides which contain iodine are the most stable 
and may be exposed to a damp atmosphere for several days without 
changing. The others decompose in about 2 hours, but can be kept 
indefinitely in sealed glass tubes, after being drained by means of a 
filter pump and then pressed with a filter-paper on the surface of a 
porous plate. Wells and Penfield state that the dibromoiodide is 
more stable than the bromodi-iodide, and that the dichlorobromide 
is more stable than the chlorodibromide, so the stability of the 
polyhalide does not depend entirely on its molecular weight, but 
may be influenced also by its symmetry (see below). 
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The seven p-bromophenyltrimethylammonium polyhalides, pro- 
vided by Mr. Reade, were crystalline compounds, for which complete 
analytical data had already been given (loc. cit.). Their colours 
show the same striking gradation as those of the cesium salts with 
change of molecular weight. They are formulated below as 


Fig. 1. 
Molecular extinction coefficients of p-bromophenylirimethylammonium 
polyhalides in alcohol. 
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Qui, to QmBrCl,, where Qm represents the aromatic kation, 
(,H,Br-N(CHs),*. 

Solvents—The first measurements were made with potassium 
salts in water and Qm salts in undried alcohol. Since these solutions 
were not comparable, the cesium salts (which are soluble both in 
alcohol and in water) were measured in both solvents, except the 
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bromodi-iodide, which decomposes in water and was therefor 
examined in alcoholic solutions only. It was then found that the 
absorptive powers of the salts were much lower in water than ip 


Fic. 2. 


Molecular extinction coefficients of cesium polyhalides in alcohol. 
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alcohol, a result which indicated that their absorptive power was 
given more correctly by the use of alcoholic rather than of aqueous 
solutions. For this reason a fresh series of observations was made 
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log «. A. 
Maximum 4°38 at 3580 
i 4-16 ,, 3600 
99 3°4 4, 3900 
a 3-04 ,, 3840 


” 2-75 ” 3400 
Step-out 2-45 ,, 4000) 
to 2-5 ,, 3600/ 
Step-out 1-9 ,, 3900) 
to 1:95 ,, 3550f 
(b) Cesium salts. 
Maximum 4-46 at 3600 


”» 4-02 ,, 3580 
” 3°08 ,, 3800 
* 3-0 ,, 3840 
de 2-58 ,, 3460 
Step-out 2-76 ,, 4200) 
to 2°85 ,, 3800/f 
Step-out 2-5 ,, saee) 
to 2-72 ,, 3600 
Step-out 1-73 ,, 4200) 
to 1-88 ,, 3400/ 


General 
absorption 2-0 ,, 2400 


1:0 ,, 3300 





TABLE II. 


(a) Casium salts. 


Position of maxima, etc. 
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Molecular Extinction Coefficients of Polyhalides in Alcohol. 
(a) p-Bromophenyltrimethylammonium salts. 
Position of maxima, etc. 


log e. A. 
Maximum 4:55 at 2900 
- 4°38 ,, 2900 
” 4-32 > 2580 
9 3:7 ,, 2580 
3 3°36 ,, 2580 
9 2-48 ” 2600 
Maximum 4:60 at 2900 
wa 4-22 ,, 2900 
Step-out 4-25 ,, 2500) 
to 4:3 ,, 2300) 
Maximum 3:86 ,, 2560 
Maximum 3:7 ,, 2660 


28 4, 25 


Molecular Extinction Coefficients of Polyhalides in Water. 
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(b) Potassium salts. 


Position of maxima, etc. 
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of the Qm salts in the same anhydrous alcohol,* whereby the results 
were brought into close agreement with those recorded for the 
corresponding cesium salts. 

In addition to cesium bromodi-iodide, which is decomposed at 
once by water, aqueous solutions of the tri-iodide and dichloroiodide 
also deposit iodine slowly. An aqueous solution of cesium ty. 
bromide also loses much of its absorptive power after two days, 
These decompositions are much less marked in alcoholic solutions, 


Fia. 3. 
Molecular extinction coefficients of caesium polyhalides in water. 
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but even in alcohol the unstable chlorodibromide loses its yellow 
colour after about 2 days. For this reason great care was taken, 
not only to use dry alcohol, but also to make the measurements as 
quickly as possible after preparing the solutions. In practice the 
last plate was generally exposed within 2 or 3 hours, whereas notable 


* The alcohol was dried by distilling it three times from freshly -burnt 
lime, twice from anhydrous copper sulphate, and then repeatedly from 
aluminium amalgam until no further action could be observed. Its density 
agreed within one unit in the fifth decimal place with that recorded by 
Hartley. 
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changes of colour were usually observed only after one or two days 
had elapsed. 

Results —The absorption spectra of the aromatic polyhalides in 
alcohol are shown in Fig. 1, and those of the cesium salts in alcohol 
and in water in Figs. 2 and 3. The principal constants of the 
absorption curves are collected in Tables I and II. 


Discussion. 


(a) The spectra of the cesium and Qm salts in alcohol agree so 
closely that the general characteristics of the polyhalide ions are 
perfectly clear, in spite of the instability to which attention has 
already been directed. The principal point of contrast between 
the two series arises from the presence in the spectrum of the simple 
aromatic chloride, QmCIl, of a shallow absorption band, with maxi- 
mum log ¢ = 2-48 at 2600 A.U., which has no parallel in the absorp- 
tion spectrum of czsium iodide, where only a weak general absorption 
is recorded. This band may be attributed to the aromatic radical, 


BrC,H,N< ; but it is too weak to affect the curves for the highly 
absorptive polyhalides derived from it. Thus, when superposed on 
the absorption of a polyhalide ion with a molecular extinction 
coefficient log « = 4:0, the band in question would increase this 
number only by 0-013; and its “‘ persistence ” of 0-2 is so small that 
the ripple produced by the band would extend over a range of only 
0-007 on the scale of log c. 

(b) Inspection of the curves shows at once that the twin maxima 
of the ‘‘iodoform band,” which have already been recorded in 
aqueous solutions of potassium tri-iodide, are reproduced in the 
spectra of cesium tri-iodide in water and in alcohol, and of the 
quaternary ammonium tri-iodide in alcohol, with the following 
coefficients : 


CHI, in alcohol log « = 3-45 at 3450 and 3-5 at 2940 A.U. 
KI, in water loge = 3-8 at 3600 and 3-9 at 2900 
CsI, in water loge = 3-3 at 3520 and 3-44 at 2900 
CsI, in alcohol log « = 4-46 at 3600 and 4-60 at 2900 
Qmf, in alcohol log « = 4:38 at 3580 and 4-55 at 2900 


The difference between the values for potassium and cesium tri- 
iodides in water may be attributed to the fact that the halogen in 
the latter was present in the stoicheiometric proportion of the 
elements in the crystalline salt, whilst the values for the former were 
deduced from a standard solution of iodine in an excess of potassium 
iodide. The values recorded for solutions in absolute alcohol are 
much higher, probably as a result of the repression in alcoholic 
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solutions of a tendency, which the tri-iodide ion certainly possesses 
in aqueous solutions, to dissociate into iodide ion and free iodine. 

(c) Curves showing the same twin maxima were also given by 
CsI, Br and QmI,Br, but the maxima are only about half as intense 
as in the tri-iodides, thus : 


CsI,Br_ in alcohol, log ¢ = 4-02 at 3580 and 4-22 at 2900. 
Qm1I,Br in alcohol, log « = 4:16 at 3600 and 4-38 at 2900. 


These ultra-violet bands are of much shorter wave-length than the 
true iodine band, which has a maximum in the blue region of the 
spectrum at 4470 (Batley, loc. cit.); they are therefore genuine 
characteristics of the polyhalide ions, the dissociation of which 
would weaken them, but without producing any other important 
influence on the ultra-violet spectrum. 

(d) An abrupt change of type occurs on passing from I,Br’ to 
IBr,’. The separation between the two maxima increases abruptiy 
from 3600—2900 = 700 A.U. to 3900—2600 = 1300 A.U.; and 
instead of being nearly equal in intensity, the band of longer wave- 
length becomes about 8 times weaker than that of shorter wave- 
length. This change brings the spectra into close agreement with 
that already recorded for thallium tri-iodide in methyl alcohol (Berry 
and Lowry, J., 1928, 1752), thus : 


Tl, in MeOH loge = 3-9 at 4000 and 4-35 at 2600 
CsIBr, in water log « = 2-45 at 4000 and 3-06 at 2550 
CsIBr, in alcohol log « = 3-08 at 3800 _-_ — 

QmIBr, in alcohol log « = 3-4 at 3900 and 4-32 at 2580 


Just as in the case of thallium tri-iodide, the change in the wave- 
lengths of the maxima affords conclusive evidence that the absorp- 
tion spectrum is an authentic property of the salt and is not due to 
tri-iodide ions, which might be formed in this case by a reversible 
decomposition, 31Br,’ == I,’ + 2Br,'. Moreover, since the maxi- 
mum for the tri-iodide ion in alcohol (loge = 4-6 at 2900 A.U.) is 
6 times stronger than the maximum (log « = 3-8 at 2560) for the 
tribromide ion, the whole decomposition suggested above would 
inevitably result in the development of a peak on the absorption 
curves, whereas, in fact, there is no indication even of a broadening 
of the band on the side of longer wave-lengths. Again, if the spectra 
attributed to the I, Br’ and IBr,’ ions were not due to these ions, but 
to I,’ and Br,’ ions formed from them by double decomposition, the 
intensity of the maximum at 3600 A.U. should fall by 0-176 and 
0-477 only on the scale of log «, on passing from I,’ to I,Br’ and 
IBr,’. Actually, this logarithm was diminished by 0-4 and 1-2 in 
the case of the potassium salts, by 0-44 and 1-38 in the cesium salts, 
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and by 0-36 and 0-98 in the Qm salts, the larger change of intensity 
being accompanied in each case also by a change of about 300 A.U. 
in wave-length. 

(e) On passing from IBr,’ to IBrCl’ and ICI,’, the band at 2600 
disappears into the remote ultra-violet, giving rise to a strong 
general absorption, whilst the band on the edge of the visible 
spectrum persists, but is displaced from 3850 in the dibromoiodides 
to 3400 in the dichloroiodides. Conversely, when we go over from 
the series in which iodine is the heaviest atom to compounds con- 
taining the ions Br,’, Br,Cl’, and BrCl,’, the band at 2600 persists 
but the band of long wave-length is reduced to a mere step-out. 

(f) The wave-lengths of the two bands cited above are remarkably 
like those which we have found for bromine in water, viz., log « = 1-9 
at 3950 and 2-1 at 2600, but thiscan only be regarded as acoincidence, 
since the two bands in QmIBr, are respectively 30 times and 160 
times stronger than the bands of similar wave-length in bromine. 
In the same way, the band at 2580 in QmBrCl,, instead of being 50% 
weaker than in bromine, as it would be if the solution contained a 
mere mixture of QmCI, chlorine, and bromine, is 18 times stronger. 
Attention may be directed, however, to a hump in the visible region 
of the spectrum in the curves for QmIBrCl and QmICI,, in alcohol, 
and in a still more striking form in the curves for aqueous solutions 
of CsIBrCl and CsICl,, since this can perhaps be attributed to free 
iodine, which produces a stronger absorption than either iodoform 
or potassium tri-iodide at wave-lengths longer than 4500 AU. 
Similar evidence of the slow liberation of bromine from cesium 
tribromide in aqueous solutions is afforded by a comparison of the 
curves (1), (2) and (3) in Fig. 3, representing the absorptions respect- 
ively of (1) a freshly prepared solution, (2) a solution which was 
stored in the dark and in a glass-stoppered flask for 2 days before 
dilution, and (3) a solution which was stored for 30 hours after 
dilution. The weakening of the band at 2600 and the disappearance 
of the band at 3900 show that the intense absorptions now recorded 
are due to the polyhalide ions themselves and not to free halogen 
liberated from them. 

Structure of the Polyhalides—Reade was able to show experi- 
mentally that QmBr, can be converted by successive iodination 
and chlorination into QmIBr, and QmICl,, or by successive chlorin- 
ation and iodination into QmBrCl, and the same QmICl,, which can 
be converted finally into a tetrachloroiodide by the action of an 
excess of chlorine. These results were interpreted by attributing a 
positive charge to one halogen and a negative charge to the other 
two. The electropositive atom is always the heaviest halogen which 
the complex contains, and is replaceable only by a heavier halogen, 
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while the two electronegative atoms are replaceable only by a lighter 
halogen. Positive bromine can therefore be replaced by more 
positive iodine and negative bromine by more strongly negative 
chlorine : 


ai gg QmCIBrCl M Sion 
QmBrBrBr ae QmCIIC]l —> Qm{ICl,}- 
QmBr i Br 


For the same reason, the dichlorobromide is less stable than the 
dichloroiodide, and the trichlorides are so unstable that only one 
compound of this type has so far been isolated : 


hia ba isch iy’ se as ts ih 
QmCliGl QmCIBrCl QmCiCcicl 
(stable) (less stable) (unstable) 
The discrimination thus made between one central and two outer 
atoms of halogen has been vindicated by the X-ray analysis of 
cesium dichloroiodide by Wyckoff, who assigns a linear structure to 
the complex anion, with the iodine centrally placed at the mass- 
centre of the two chlorines (compare also Clark, Proc. Nat. Acad. Sci., 
1922, 8, 90; 1923, 9, 117, 126). 
The structures thus indicated for the polyhalides enable us to 
summarise the absorption spectra of the ions as follows : 


Wave-lengths 


Ton. Weight. Character of spectrum. of maxima, 
PF T 381 Two bands 3600 2900 
[i Br 324 ts i . 
Bri Br 287 " 3900 2600 
Br I cl 242 Band and gen. abs. 3900 —_ 
cli a 198 . ‘ 3400 — 
Br Br Br 240 Step-out and band —- 2600 
Br Br Cl 195 u — 2600 
Cl Br Cl 151 v ¥ — 2600 


It will be noticed that (i) the two bands at 3600 and 2900 are limited 
to the two compounds which contain negative iodine linked neces- 
sarily to positive iodine; (ii) the band at 3900 is limited to two 
compounds which contain negative bromine linked to positive iodine ; 
(iii) the strong general absorption in the extreme ultra-violet occurs 
in the two compounds which contain negative chlorine linked to 
positive iodine ; (iv) the step-out near the visible spectrum, replacing 
a band at 3900, 3600, or 3400 A.U., is characteristic of the three 
compounds which contain positive bromine ; and (v) this step-out 
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is associated with a band at 2600, which is not only independent of 
the nature of the negative halogens, but is also associated with a band 
at 3900 A.U. in the dibromoiodide. 

These deductions may be regarded as a mere mnemonic, to assist 
in the classification of the absorption spectra. In any case, they are 
made without prejudice to the formulation of the ions as electronic 
systems, since this is a subject which we do not propose to discuss 












here. Attention may be directed, however, to a recent paper on 
“The Diamagnetism of Polyhalides ” (Gray and Dakers, Phil. Mag., 
1931, 44, 81), in which this problem has been discussed on the basis 
of measurements of the magnetic susceptibilities of Reade’s com- 
pounds. 

Summary. 

(2) Molecular extinction coefficients are recorded for 7 aromatic 
polyhalides of the series C,H,Br-NMe,* in alcohol, for 8 casium 
polyhalides in alcohol and in water, and for a series of aqueous 
potassium polyhalides prepared by adding free halogens to the 
potassium halides. 

(6) The polyhalide ions from I,’ to BrCl,’ give characteristic 
absorption spectra, which cannot be attributed to hydrolysis, 
dissociation, reduction, or double decomposition. 

(c) Dissociation, which is specially marked in aqueous solutions, 
diminishes the intensity of the strong selective absorption of the 
ions but does not change the form of the absorption curves of which 
the principal features are tabulated (p. 1102). 


We are indebted to the Worshipful Company of Salters for a 
Fellowship awarded to one of us (F. L. G.) which enabled this work 
to be carried to completion. 


LABORATORY OF PHysICAL CHEMISTRY, 
CAMBRIDGE. [Received, February 14th, 1931.] 





CXLI.—The Chlorination of Iodophenols. Part IV, 
The Action of Chlorine on Derivatives of p-Iodo- 
phenol. 

By Donatp Matueson and Hamitton McComsie, 


THE action of chlorine on p-iodophenol was shown by Brazier and 
McCombie (J., 1912, 101, 968) to result in the formation of a di- 
chloride which rapidly decomposed, yielding 2-chloro-4-iodophenol. 
This substance in turn yielded a dichloride which decomposed with 
the formation of 2 : 6-dichloro-4-iodophenol, and this was converted 
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by similar stages into 2 : 3 : 6-trichloro- and 2 : 3 : 5 : 6-tetrachloro. 
4-iodophenol. The authors also described an iododichloride from 
p-iodophenyl acetate, which decomposed only after 10 days had 
elapsed since its preparation, and stable iododichlorides from 
p-iodophenyl benzoate and from the nuclear-substituted chloro. 
derivatives of the acetate and benzoate. Mascarelli and Martinellj 
(Atti R. Accad. Lincei, 1907, 16, i, 183) observed that the dichlorides 
of p-iodoanisole and p-iodophenetole decomposed very readily with 
the formation of ring-substituted products. The fact that some 
derivatives of p-iodophenol gave unstable iododichlorides whereas 
others gave stable ones led to the present work being undertaken 
with the view of studying the effect on the stability of the iodo. 
dichloride of replacing the phenolic hydrogen atom by different 
groups. 

The ethers of p-iodophenol which were examined were found, 
when classified according to the degree of stability of their dichlorides, 
to fall into one or other of two very clearly defined groups. When 
p-iodoanisole, p-iodophenetole, p-iodophenyl propyl ether, and 
p-iodophenyl isopropyl ether were chlorinated, they yielded iododi- 
chlorides the stability of which was of an order similar to that of the 
dichloride of p-iodophenol. On the other hand, p-iodophenyl 8- 
bromoethyl ether gave a stable iododichloride, the dichlorides of p.- 
iodophenyl fy-dichloropropyl ether and 2-chloro-4-iodophenyl {y- 
dichloropropyl ether decomposed only after standing for a month 
exposed to the atmosphere, and those of p-iodophenyl By-dibromo- 
propyl ether and 2-chloro-4-iodophenyl By-dibromopropyl ether were 
stable. It would appear that the raising of the negative character 
of the group forming the side chain has the effect of increasing the 
stability of the dichloride. 

A similar comparison may be drawn between the iododichlorides 
of p-iodophenyl benzyl ether and of w-p-iodophenoxyacetophenone. 
The former decomposed in the course of a fortnight, the latter was 
stable. The introduction of the carbonyl group, which raises the 
negative tone of the side chain, has the same effect as the halogens 
upon the stability of the dichloride. From a consideration of its 
chemical constitution «-p-iodophenoxyacetophenone must be re- 
garded as taking its place between p-iodophenyl benzyl ether and 
p-iodophenyl benzoate, and it has been observed that the degree 
of its stability lies between these two comparative extremes. 

The iododichlorides from the esters of p-iodophenol were then 
studied. These, probably on account of the more negative nature 
of the side chain, exhibit a much greater tendency towards stability 
than do the unsubstituted ethers. Up to the present the only ester 
of this series which has been observed to yield an unstable dichloride 
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is the acetate and this is in agreement with the fact that the ionis- 
ation constant of acetic acid is low compared with those of other 
acids from which the esters of p-iodophenol were prepared. Further, 
while no method has been devised for determining the degree of 
stability of those dichlorides which do not decompose on standing, 
from general observations such as lightness of colour and the be- 
haviour at a slightly elevated temperature, it may be said that the 
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esters of those acids the affinity constants of which are high yield 
the iododichlorides which are most stable. For example, the 
iododichloride from p-iodophenyl cinnamate is very pale yellow, that 
from p-iodophenyl p-toluenesulphonate is almost white, and the 
dichloride from p-iodophenyl «$-dichloro-8-phenylpropionate actually 
is dull white. 

The reactivity of the unsubstituted ring in p-iodophenyl phenyl- 
carbamate, CgH,I-O-CO-NHPh, is noteworthy. This substance on 
chlorination yielded a dichloride of p-iodophenyl 2 : 4-dichlorophenyl- 
carbamate. 

The decomposition of these unstable derivatives was studied with 
the view of determining whether it followed the same course as that 
of the dichloride of p-iodophenol itself. The iododichloride of 
p-iodoanisole decomposed, yielding 2-chloro-4-iodoanisole. This 
substance in turn gave an iododichloride which decomposed with the 
formation of 2 : 6-dichloro-4-iodoanisole. 


OMe OMe OMe OMe OM 
I ICl, I ICcl, I 


The decomposition of p-iodophenetole proceeded along similar 
lines. p-Iodophenyl benzyl ether yielded an iododichloride which 
decomposed with the formation of 2-chloro-4-iodophenyl benzyl ether. 
This substance on chlorination yielded an iododichloride which 
slowly decomposed with the loss of chlorine and the regeneration of 
the parent substance. A very small evolution of hydrogen chloride 
took place, but the quantity of the dichloro-derivative which was 
probably formed was too small to be separated. 

p-lodoanisole was chlorinated at 75—80° in carbon tetrachloride 
solution over a period of 4days; iodine was liberated and the main 
product was pentachloroanisole. 

In all cases the constitutions of the iododichlorides have been 
established by analysis and by the regeneration of the parent sub- 
stance from the dichloride in glacial acetic acid by treatment with 
potassium iodide. 

oo2 











1106 MATHESON AND MCCOMBIE : 


EXPERIMENTAL. 
Ethers. 

p-Iodoanisole was obtained by diazotising p-anisidine in dilute 
sulphuric acid, treating the diazo-solution with potassium iodide, 
and steam-distilling the resulting mixture. The product crystallised 
from methylated spirits and water in white needles, m. p. 51°. 

The iododichloride was precipitated when a stream of chlorine 
was passed through an ice-cold 10% solution of p-iodoanisole in dry 
carbon tetrachloride (0-0693 g. gave 0-1176 g. AglI + Ag. 
Cale. for C,H,OCI,I : 0-1190 g.). 

2-Chloro-4-iodoanisole, obtained by warming the above dichloride 
on the water-bath, separated from methylated spirits and water in 
white crystals, m. p. 83°, and was identical with the ether obtained 
by the methylation of 2-chloro-4-iodophenol with methyl sulphate 
(0-1396 g. gave 0-1952 g. AgI-+ AgCl. C,H,OCII requires 
0-1966 g.). 

The iododichloride, obtained in the same manner as the previous 
dichloride, had m. p. 73° (decomp.) (0-0752 g. gave 0-1465 g. 
AgI + AgCl. C,H,OCI,I requires 0-1474 g.). 

2 : 6-Dichloro-4-iodoanisole resulted from the decomposition of 
2-chloro-4-iodoanisole dichloride and from the methylation of 
2 : 6-dichloro-4-iodophenol. It formed white crystals, m. p. 75— 
76°, from methylated spirits and water (0-0508 g. gave 0-0796 g. 
AgI + AgCl. C,H,OCI,I requires 0-0872 g.). 

The iododichloride was unstable, m. p. 97° (decomp.) (0-0778 g. 
gave 0-1237 g. AgI + AgCl. C;H,;OCI,I requires 0-1265 g.). 

p-lodophenetole was prepared from p-phenetidine in a manner 
similar to that for p-iodoanisole, and obtained from methy] alcohol 
and water in white crystals, m. p. 28—29°. The iododichlorides of 
this series behave similarly to those of the p-iodoanisole series. 

The iododichloride was unstable, m. p. 73-5° (decomp.) (0-1016 g. 
gave 0-1675 g. AgI + AgCl. Calc. for C,H,OCI,I : 0-1693 g.). 

2-Chloro-4-iodophenetole, obtained by decomposition of p-iodo- 
phenetole dichloride, formed white crystals, m. p. 47°, from methyl 
alcohol and water (0-1490 g. gave 0-:1984g. AgI + AgCl. C,H,OCII 
requires 0-1995 g.). 

p-Iodophenyl Propyl Ether—p-Iodophenol was refluxed with 
propyl chloride and sodium ethoxide, and the resulting solution 
poured into water. The oil obtained was extracted with ether 
and purified by regeneration from the iododichloride. 

The iododichloride decomposed with evolution of hydrogen 
chloride in the course of 24 hours (0-2013 g. gave 0-3162 g. 
AgI + AgCl, which gave 0-2617 g. AgCl. C,H,,OCI,I requires 
0-3156 g. and 0-2602 g.). 
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p-lodophenyl isopropyl ether was prepared from isopropyl 
chloride in a manner similar to that for the propyl ether. 

The tododichloride decomposes in 24 hours (0-1793 g. gave 0:1771 g. 
AgI + AgCl. C,H,,OCI,I requires 0-1748 g.). 

p-lodophenyl 8-bromoethyl ether was prepared by refluxing a 5% 
alcoholic solution of p-iodophenol for 4 hours with the corresponding 
quantities of ethylene dibromide and sodium ethoxide. When 
the resulting solution was poured into water, a white precipitate 
was obtained which crystallised from ethyl alcohol in white cubes, 
m. p. 68° (0-2036 g. gave 0-2616 g. AgI + AgBr, which gave 0-1821 
g. AgCl. C,H,OBrI requires 0-2634 g. and 0-1788 g.). 

The tododichloride was stable, m. p. 101° (decomp.) (0-2085 g. gave 
0:3700 g. Agi + AgBr-+ AgCl, which gave 0-3034 g. Ag(Cl. 
C,H,OCI,Brl requires 0-3719 g. and 0-3007 g.). 

p-Lodophenyl Allyl Ether.—An alcoholic solution of p-iodophenol, 
allyl bromide, and sodium ethoxide was refluxed for 6 hours and 
poured into water, the excess of phenol removed with sodium 
hydroxide, and the precipitated oil taken up in ether, dried, and 
distilled; b. p. 145°/15 mm. (Found: I, 49-1. C,H,OI requires I, 
48-8%). 

The iododichloride, m. p. 81° (decomp.), of p-iodophenyl By- 
dichloropropyl ether was obtained on chlorinating the allyl ether 
in carbon tetrachloride. It decomposed in the course of a month 
when exposed to the atmosphere (0-1843 g. gave 0-3691 g. AgI + 
AgCl, which gave 0-3259 g. AgCl. C,H,Cl,I requires 0-3702 g. 
and 0-3273 g.). 

p-lodophenyl By-Dibromopropyl Ether.—p-Iodopheny] allyl ether 
was treated with dry bromine in dry carbon tetrachloride. The 
brown oil which remained after the removal of the solvent solidified 
after being kept for a night in a vacuum and then separated from 
ethyl alcohol in white crystals, m. p. 50-5° (0-2270 g. gave 0-3324 g. 
AgI + AgBr, which gave 0-2346 g. AgCl. C,H,OBr,I requires 
03303 g. and 0-2315 g.). 

The tododichloride was stable, m. p. 87° (decomp.) (0-2004 g. gave 
03655 g. AgI + AgBr-+ AgCl, which gave 0-2937 g. Ag(Cl. 
CyH,OCI,Br,I requires 0-3665 g. and 0-2928 g.). 

2-Chloro-4-iodophenyl allyl ether was prepared from 2-chloro-4- 
iodophenol in a manner similar to that for p-iodopheny] allyl ether. 

The iododichloride, m. p. 101° (decomp.), of 2-chloro-4-iodopheny] 
8y-dichloropropyl ether was obtained by the chlorination of the 
corresponding allyl ether. Its stability is of an order similar to 
that of the iododichloride of p-iodophenyl dichloropropyl ether 
(0-1835 g. gave 0-3967 g. AgI -+- AgCl, which gave 0-3619 g. AgCl. 
C,H,OCI,I requires 0-4000 g. and 0-3617 g.). 
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2-Chloro-4-iodophenyl ®y-Dichloropropyl Ether—The above di- 
chloride was dissolved in hot glacial acetic acid and treated with 
potassium iodide, the liberated iodine being removed with sodium 
bisulphite. The resulting oil was thrown out with water, taken up 
in ether, and dried (0-1711 g. gave 0-3262 g. AgI + AgCl. C,H,OCI,I 
requires 0-3225 g.). 

2-Chloro-4-iodophenyl y-dibromopropyl ether, obtained by the 
bromination of 2-chloro-4-iodophenyl allyl ether, formed white 
crystals, m. p. 48°, from ethyl alcohol (0-2217 g. gave 0-3696 g. 
AglI + AgBr + AgCl, which gave 0-2858 g. AgCl. C,H,OCIBr,I 
requires 0-3680 g. and 0-2797 g.). 

The iododichloride was stable, m. p. 130° (decomp.) (0-2181 g. 
gave 0-4337 g. AgI + AgBr + AgCl, which gave 0-3645 g. AgCl. 
C,H, OCI,Br,I requires 0-4323 g. and 0-3596 g.). 

p-lodophenyl benzyl ether, obtained by refluxing an alcoholic 
solution of p-iodophenol with the corresponding quantities of 
benzyl chloride and sodium ethoxide, formed white needles, m. p. 
62°, from alcohol (Found : I, 40-9. C,,H,,OI requires I, 40-9%). 

The iododichloride was unstable and decomposed in 2—3 weeks. 

2-Chloro-4-iodophenyl benzyl ether resulted from the decomposition 
of the above dichloride and was also prepared from 2-chloro-4-iodo- 
phenol, benzyl chloride, and sodium ethoxide. It formed white 
needles, m. p. 64°, from ethyl alcohol (0-1846 g. gave 0-2049 g. 
AgI + AgCl, which gave 0-1566 g. AgCl. C,,H,,OCII requires 
0-2031 g. and 0-1544 g.). 

The iododichloride, m. p. 92° (decomp.), was unstable and 
appeared to decompose more readily than the previous one; only 
a minute quantity of hydrogen chloride was evolved, however, and 
the product of decomposition was the parent 2-chloro-4-iodophenyl 
benzyl ether. 

«-p-lodophenoxyacetophenone was obtained by refluxing an 
alcoholic solution of p-iodophenol and the corresponding quantities of 
«-chloroacetophenone and sodium ethoxide and pouring the solution 
into water; it separated from ethyl alcohol in white crystals, 

m. p. 103° (Found : I, 37-4. C,,H,,0,I requires I, 37-4%). 

The iododichloride was stable, m. p. 75° (decomp.) (0-2070 g. gave 
02626 g. AgI + AgCl, which gave 0-2168 g. AgCl. C,,H,,0,Cl,I 
requires 0-2642 g. and 0-2179 g.). 


Esters. 


p-lodophenyl ethyl carbonate, obtained from ethyl chloroformate 
and p-iodophenol in presence of 5% sodium bicarbonate solution, 
formed white crystals, m. p. 38°, from light petroleum (Found : 
I, 43-7. CyH,O,I requires I, 43-59%). 
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The iododichloride was stable, m. p. 132° (decomp.) (0-2466 g. 
gave 0-3547 g. Agl + AgCl, which gave 0-2916 g. AgCl. C,H,O,CI,1 
requires 0-3545 g. and 0-2925 g.). 

4: 4’-Di-iododiphenyl carbonate was prepared by the addition of 
a toluene solution of carbonyl chloride to a pyridine solution of 
p-iodophenol. The white precipitate was boiled in ether, in which 
it was insoluble, and crystallised from carbon tetrachloride; m. p. 








te 


193° (Found: I, 54:7. C,,H,O,I, requires I, 545%). It yielded 
a stable bisiododichloride. This had no characteristic decomposition 
point, because, when heated in a melting-point apparatus, it lost 
chlorine while still solid and the m. p. observed was that of the ester 
itself (0-2032 g. gave 0-3495 g. AgI + AgCl, which gave 0-2897 g. 
AgCl. C,,H,O,Cl,I, requires 0-3489 g. and 0-2878 g.). 

p-lodophenyl p-Toluenesulphonate.—Benzene solutions of p- 
iodophenol and p-toluenesulphonyl chloride were mixed in the 
presence of sodium hydroxide, the benzene was removed by dis- 
tillation, the residual oil poured into light petroleum, and the 
precipitate crystallised from methyl alcohol. White crystals, m. p. 
99°, were formed (Found : I, 34-05. C,,H,,O0,IS requires I, 340%). 

The iododichloride, a pale—almost white—stable substance, 
m, p. 115° (decomp.), was obtained from a chloroform solution of 
the ester (0-0822 g. gave 0-0962 g. AgI + AgCl, which gave 0-0795 g. 
AgCl. C,,H,,0,CI,IS requires 0-0964 g. and 0-0795 g.). 

p-Iodophenyl cinnamate was prepared by adding cinnamoy]l 
chloride to a solution of p-iodophenol in pyridine and pouring the 
mixture into dilute hydrochloric acid; the precipitate obtained 
formed white crystals, m. p. 122°, from methyl alcohol (Found : I, 
36-4. C,;H,,0,I requires I, 36-3%). 

The iododichloride. When a solution of p-iodophenyl cinnamate 
(1 mol.) in carbon tetrachloride containing chlorine (1 mol.) was kept 
for 2 hours, a stable icdochloride was precipitated, m. p. 121° 
(decomp.) (0-0756 g. gave 0-2192 g. AgI + AgCl, which gave 0-1798 
g. AgCl. C,;H,,0,CI,I requires 0-2175 g. and 0-1793 g.). 

By keeping a solution of p-iodophenyl cinnamate in the presence 
of excess of chlorine for a few days in sunlight, a dull white iodo- 
dichloride, m. p. 170° (decomp.), was obtained which, on treatment 
with potassium iodide in warm glacial acetic acid, gave p-iodophenyl 
«-dichloro-8-phenylpropionate; this formed white crystals, m. p. 
127°, from ethyl alcohol (0-1592 g. gave 0-1963 g. AgI + AgCl. 
C,;H,,0,CI,I requires 0-1974 g.). 

p-lodophenyl «$-Dibromo - 8 - phenylpropionate.—p - Iodopheny1 
cinnamate in carbon tetrachloride was treated with dry bromine, and 
the solution kept for a few days in sunlight. The solvent was drawn 
off in a current of dry air, and a white crystalline substance obtained, 
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m. p. 153° after recrystallisation from ethyl alcohol (0-2471 g. gave 
0-2966 g. AgI + AgBr, which gave 0-2104 g. AgCl. C,;H,,0,Br,] 
requires 0-2960 g. and 0-2100 g.). 
The iododichloride was stable, m. p. 130° (decomp.). 
p-lodophenyl Phenylcarbamate.—p-Iodophenol and _phenylecar. 
bimide were refluxed for 3 hours, and the product poured into 
benzene; the white precipitate was crystallised from benzene; 
m. p. 148° (Found : I, 37-3. C,3H,)0,NI requires I, 37-5%). 
p-Jodophenyl 2: 4-Dichlorophenylcarbamate.—2 : 4 - Dichloro. 
aniline hydrochloride was heated at 350—400° in a stream of car. 
bonyl chloride. The distillate on redistillation at 234° lost hydrogen 
chloride, yielding 2 : 4-dichlorophenylcarbimide, which was coupled 
with p-iodophenol in the manner already described. The product 
formed white crystals, m. p. 151-5°, from benzene (0-2068 g. gave 
0-2636 g. AgI + AgCl. C,,H,O,NCI,I requires 0-2611 g.). 
Iododichloride from p-Iodophenyl Phenylcarbamate.—When chlorine 
was passed through a chloroform solution of the ester, a stable 
iododichloride was formed and nuclear substitution took place, with 
evolution of hydrogen chloride. When the iododichloride was 
treated with potassium iodide in warm glacial acetic acid, a substance 
which is identical with the p-iodophenyl 2 : 4-dichlorophenyl- 
carbamate described above was produced. Substitution therefore 
takes place in the 2’: 4’-positions. The iododichloride has m. p. 
142° (decomp.) (0-1026 g. gave 0-1710 g. AgI + AgCl, which gave 
01527 g. AgCl. C,,H,O,NCI,I requires 0-1711 g. and 0-1520 g.). 
Hot Chlorination of p-Iodoanisole—A stream of chlorine was 
passed into a carbon tetrachloride solution of p-iodoanisole at 70— 
80° for 4 days. The yellow needles which had separated were 
recrystallised from methyl alcohol, long white needles of penta- 
chloroanisole, m. p. 108°, being obtained (Found: Cl, 62-7. 
C,H,OCI, requires Cl, 63-2%). 


The authors wish to express their indebtedness to Mr. A. H. 
Ahmad, M.Sc., who carried out some of the preliminary work 
described in this paper. One of the authors (D. M.) desires to thank 
the Carnegie Trust for a scholarship. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, February 7th, 1931.] 
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POLYPHENYLS. PART I. 








CXLIT.—Polyphenyls. Part I. The Symmetrical 
Diphenyldiphenyls. 


By SypngEy Tuomas BowDeEN. 















THE polyphenyls comprise a series of hydrocarbons of the general 
formula C,H,—xy-1, Where » = number of carbon atoms and N = 
number of phenyl nuclei. As a result of the work of Pummerer 
and Bittner (Ber., 1924, 57, 84) and Gerngross and Dunkel (cbid., 
p. 739) the series of linear hydrocarbons is now complete up to 
hexaphenyl, and the data available indicate that there is a general 
increase in thermal stability with increasing complexity of the ring 
system. The possibility of isomerism first occurs with 4-phenyl- 
diphenyl, and 2- and 3-phenyldipheny] have in fact been described, 
but the only isomeride of the fourth member of the series, 4 : 4’-di- 
phenyldiphenyl, which has hitherto been prepared is 1 : 3 : 5-tri- 
phenylbenzene. 


(I.) * () x (II.) 
OO 


4:4'-Diphenyldiphenyl (III) is conveniently prepared from 
4-bromo- or 4-iodo-diphenyl, magnesium, and cupric chloride after 
the manner described by Krizewsky and Turner (J,, 1919, 115, 560) 
for the production of diphenyl from magnesium phenyl halide, It 
may also be obtained by treating the prepared Grignard compound 
with cupric chloride, and the mechanism of the reaction is thus 
essentially similar to that which obtains in the corresponding diphenyl] 
synthesis. The reaction proceeds somewhat more smoothly with the 
bromo-derivative than with the corresponding iodo-compound. 

The hydrocarbon may be readily prepared by heating 4-iodo- 
diphenyl with copper-bronze, but only a trace is formed by the 
similar treatment of 4-bromodiphenyl. Molecular silver may be 
used instead of copper, but is less efficacious. 

4:4'-Diphenyldiphenyl may be obtained by the pyrolysis of 
diphenyl: the yield, however, is very low, there is considerable 
formation of carbon, and the product is contaminated with 
isomeric diphenyldiphenyls and possibly octapheny]l. 

2:2’- and 3: 3’-Diphenyldiphenyl (I and II), prepared from the 
corresponding iododiphenyls, are stable crystalline substances, much 
more fusible and more soluble than 4 : 4’-diphenyldiphenyl. 
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EXPERIMENTAL. 


2-lododiphenyl.—_2-Nitrodiphenyl (Bell, Kenyon, and Robinson, 
J., 1926, 1239) was reduced by van Hove’s method (Bull. Soc. chim, 
Belg., 1923, 32, 53) to the amino-derivative, which was converted, 
by treatment of the diazotised base with potassium iodide, into 
2-iododiphenyl; this, after being extracted, washed (with sodium 
bisulphite and water), and dried in ether and fractionated under 
reduced pressure, was obtained as an oil, b. p. 189—192°/36 mm. 
(Found : I, 45-0. Cale. for C,,H,I : 1, 45-3%). 

2 : 2'-Diphenyldiphenyl.—A mixture of 2-iododipheny] (4 g.) and 
copper-bronze (4 g.) was heated in a long tube to about 255°; an 
exothermic reaction then began, the temperature rising rapidly to 
310°. When this had subsided, the metal-bath temperature was 
held at 260° for 10 minutes. The cold melt was broken up and 
extracted with benzene, and the extract concentrated and cooled; 
2 : 2'-diphenyldiphenyl, which separated in hard white crystals, was 
recrystallised from alcohol ; m. p. 118—119° (Found : C, 93-8; H, 6-0; 
M, in camphor, 303. C,,H,, requires C, 94-1; H, 5-9%; M, 306), 

The hydrocarbon is slightly soluble in cold alcohol, fairly readily 
soluble in light petroleum, glacial acetic acid, ether, and benzene, 
and readily soluble in acetone. It dissolves in liquid sulphur 
dioxide and gives no colour with concentrated sulphuric acid. 

3-Lododiphenyl.—3-Aminodiphenyl, m. p. 33°, was prepared by 
reduction of 3-nitrodiphenyl with stannous chloride and hydro- 
chloric acid (Fichter and Sulzberger, Ber., 1904, 37, 882), liberated 
from the stannichloride, and isolated by steam-distillation. Although 
the amine is not very volatile in steam, this process is more satis- 
factory than that involving extraction with ether. The base was 
converted in the usual way into 3-iododiphenyl, b. p. 188—189°/ 
16 mm. (Found : I, 45-2%). 

3 : 3'-Diphenyldiphenyl_—This was prepared (from 4 g. each of 
3-iododiphenyl and copper-bronze) and isolated in the same way as 
the 2:2’-compound. The yellow oil obtained from the benzene 
extract was triturated with carbon disulphide and kept under 
alcohol until it solidified. It then crystallised from hot alcohol, on 
cooling, in aggregates of white needles, m. p. 83—84°, and 86° after 
recrystallisation (Found : C, 93-3; H, 6-0%; M, in camphor, 303). 

3 : 3'-Diphenyldiphenyl is readily soluble in ether and benzene, 
somewhat less soluble in light petroleum and liquid sulphur dioxide, 
and slightly soluble in alcohol and glacial acetic acid. It gives no 
colour with concentrated sulphuric acid. 

Action of Metals on 4-Halogenodiphenyls.—(a) 4-Bromodiphenyl 
(2 g.) and copper-bronze (2 g.) were heated together as previously 
described, the temperature being held at 295—300° for 20 minutes : 
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there was no evidence of an exothermic reaction. After cooling, 
the mass was extracted with several portions of hot alcohol and the 
combined extracts were concentrated to small bulk, 96% of the 
bromodipheny] being thus recovered. The metallic residue, heated 
at 300°/15 mm., gave a trace of crude 4 : 4’-diphenyldipheny! (m. p. 
300°). 

(b) 4-Iododipheny] (2 g.) and copper-bronze (2 g.), heated together, 
began to react at 220° (compare Ullmann and Meyer, Annalen, 
1904, 332, 51). At 270° the exothermic character of the reaction 
became evident, the temperature rising rapidly to 285°. After 
further heating at 265—270° for 10 minutes, the product was 
cooled, pulverised, and heated under a pressure of 15 mm. A 
small amount of 4-iododiphenyl sublimed at about 150°, and at 
330° 4 : 4’-diphenyldiphenyl] was obtained as a colourless crystalline 
sublimate, m. p. 315°. (Owing to the low solubility of the hydro- 
carbon in benzene, the method of Ullmann and Meyer, loc. cit., is 
less convenient than the present method.) Recrystallised from 
hot nitrobenzene, it was obtained in fine plates, m. p. 320° (Found : 
C, 93-6; H, 6-2%). 

Preparation of 4:4'-Diphenyldiphenyl from Magnesium 4-Di- 
phenylyl Halides.—(a) 4-Bromodiphenyl (Gomberg and Bachmann, 
“ Organic Syntheses,” 1928, 8, 42) (5 g.) and strongly activated 
magnesium (0-75 g.) were heated together in anhydrous ether (20 c.c.) 
on the water-bath over-night, the solution of magnesium 4-diphenyly] 
bromide obtained was filtered into finely-powdered anhydrous cupric 
chloride (2-9 g.), and the mixture heated under reflux for 4 hours and 
then treated with ice and water. The separated ethereal layer gave 
on evaporation small amounts of diphenyl and 4-bromodiphenyl. The 
insoluble material which remained after treatment of the reaction 
mixture with water was triturated with small portions of concen- 
trated hydrochloric acid and finally washed with ether. Sublim- 
ation of the residual solid at 290—300°/12 mm. gave 4 : 4’-diphenyl- 
diphenyl in 52% yield. 

(b) Strongly activated magnesium (1-6 g.), cupric chloride (8-7 g.), 
4-bromodiphenyl (15 g.), and ether (50—55 c.c.) were heated on 
the water-bath for 8 hours. The diphenyldiphenyl early separated 
as a greyish solid and the mixture was frequently shaken to prevent 
caking. The mixture was treated with ice-water and sufficient 
concentrated hydrochloric acid to dissolve most of the precipitated 
cuprous chloride. From the insoluble material, by sublimation at 
310—320°/50 mm., 4: 4'-diphenyldiphenyl was obtained in 63% 
yield. 

(c) The preparation of 4: 4’-diphenyldiphenyl was also carried 
out from magnesium 4-diphenylyl iodide in accordance with the 
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procedure described above. The yield was 53%. The ethereal 
solution obtained after decomposition of the reaction mixture gave, 
on evaporation, a mixture of diphenyl and iododiphenyl. 

The Formation of 4:4'-Diphenyldiphenyl in the Pyrolysis of 
Diphenyl.—Meyer and Hoffmann (Monaish., 1916, 37, 711) obtained 
4: 4’-diphenyldipheny] (m. p. 308°) by passing the vapour of dipheny| 
through a red-hot tube, but gave no record of the yield. 

In the author’s preliminary experiments to test the suitability of 
the pyrolytic method, an apparatus was used which allowed the 
continuous circulation of diphenyl vapour over a heating element 
constructed from 40 cm. of 32 gauge nichrome wire (compare the 
preparation of diphenyl from benzene; Bell, Kenyon, and Robin. 
son, J., 1926, 1242). When a current of 3 amps. was employed, a 
white mist was produced in the neighbourhood of the element. 
The current was reduced to 2:5 amps. and held at this value for 
5 hours. After cooling, the unchanged diphenyl was recovered by 
steam-distillation. The black residue, heated at 310—320°/50 mm., 
gave a small amount of oily sublimate, which on trituration with 
alcohol was converted into a white solid melting below 200°. From 
22 g. of diphenyl, 2-2 g. of residual carbonaceous material were 
obtained. 

In another experiment (22 g. of diphenyl) a current of 2.amps. 
was passed for 20 hours. After the steam-distillation the residue 
gave about 0-2 g. of oily sublimate, which was converted into a 
colourless solid, m. p. below 200°, by successive trituration with 

alcohol and light petroleum. After two recrystallisations from 
nitrobenzene at 100°, the material was obtained in colourless plates, 
m. p. 308°, which did not depress appreciably the melting point of 
authentic 4 : 4’-diphenyldipheny]l. 





The author desires to express his thanks to Professor J. J. 
Blanksma for affording the facilities of his laboratory and for his 
kind and valued interest during the work. 


THE TATEM LABORATORIES, THE UNIVERSITY, LEIDEN. 
UNIVERSITY COLLEGE, CARDIFF. [ Received, February 13th, 1931.] 


CXLITI.—H ydrolysis and Decomposition of Menthyl 
Methyl Xanthate and of Bornyl Methyl Xanthate. 


By Irene Mary McAtpPIne. 


Ir has been shown (Patterson and McAlpine, J., 1927, 349; 1928, 
2464) that the menthy] and borny] esters of benzene- and naphthal- 
ene-sulphonic acids cannot be hydrolysed without further decom- 
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position, the products being mainly monoterpenes; also, that 
distillation under reduced pressure gives similar products of small 
rotation, whereas prolonged heating under ordinary pressure affords 
diterpenes. According to Tschugaeff (Ber., 1899, 32, 3332), the 
corresponding xanthates decompose to monoterpenes without much 
racemisation. As his conditions were not specified, it was decided 
to investigate the decomposition of these esters under conditions 
similar to those used for the sulphonates. 

In regard to hydrolysis, the xanthates differed from the sulphon- 
ates in that (i) aqueous potassium hydroxide under all conditions 
was without appreciable action upon them (contrast isobornyl 
xanthate), and (ii) alcoholic potash readily effected hydrolysis to 
the terpene alcohol; further, (iii) baryta caused only partial hydro- 
lysis, some of the ester undergoing transformation to a more stable 
form (see p. 1118). 

Thermal decomposition of the xanthates was studied under 
various conditions: (a) by heating the dry ester alone, moisture 
being excluded, (6) by distillation in a vacuum, and (c) by heating 
solutions in various solvents. Under all conditions, the menthyl 
ester decomposes at least 30° below the bornyl ester. Except in 
one solvent, the products are menthene and bornylene (the latter 
admixed with camphene), together with mercaptan and carbonyl 
sulphide; in ethylene dibromide, however, some dimenthene accom- 
panies the menthene, whereas bornylene is entirely replaced by its 
dimeride. The main decompositions may be represented as : 


CHMe CHMe 
CH, CH Mi, cH 
oye. —> oe (72 + CH,SH + COS 
Ky, CH-0-CS:SMe CH, CH taltiges on aaed 
\a 
CHPr® CPr® 
Menthene. 
CH,"CMe—CH-0-CS:SMe CH,*CMe—CH- 
CMe, | —> | OMe, | +CH,SH + COS 
CH,-CH—CH, CH,-CH—CH- 
+ 
CH,-CH—C:CH, Yi CH,*CMe—CH 
CH, | CMe, 
CH,-CH—CMe, CH,-CH—-CH 
Camphene. Bornylene. 


The effects of solvents are shown in the following tables, which 
relate to 10% solutions of the esters when heated at 120° for given 
periods. 
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Menthyl Methyl Xanthate. 


asia (2 = 1). 








Time of .—— —— ‘ 
heating, Nitro- Ethylene n-Butyl Methyl 
hours. benzene. dibromide. Xylene. Pyridine. alcohol. alcohol,* 
0 — 845° —7-:26° —7-73° —9-50° — 842° + 4-77° 
6 6-56 5-22 7-26 9-28 7-77 4-65 
12 unreadable 3-56 6-91 9-25 7-43 4-60 
18 — 2-34 6-91 — 7:07 — 
24 = 1-24 -_— -- 7-05 — 
Bornyl Methyl Xanthate. 
0 — 5-31 — 4-84 — 4-78 — 3-24 — 4:38 — 
6 5-16 2-58 4-76 3°22 4-34 _ 
12 5-10 1-22 4-72 3°20 4-33 - _— 
18 — — 0-38 - —_— — —_ 
24 = + 0-04 sims ive -* ~_ 


30 + 0:06 


* Methyl-aleoholic solutions were heated at their boiling point, and not 
at 120°, 


It will be seen that xylene, pyridine, and n-butyl alcohol cause 
but slight decomposition of the menthyl ester and none of the 
bornyl ester. Ethylene dibromide and nitrobenzene effect con- 
siderable and roughly equal decomposition of the menthy] ester, 
but the former solvent is far more effective than the latter in decom- 
posing the bornyl ester. (Increase in temperature has but little 
influence except on the nitrobenzene solutions, in which it accelerates 
decomposition. ) 

The solvents also affect the products formed. The alcohols cause 
only slight decomposition but transform the esters into the “ stable ” 
form, this tendency being more pronounced the lower the molecular 
weight of the alcohol. Xylene and pyridine do not possess this 
ability. Ethylene dibromide not only causes both decomposition 
and transformation, but is also the only solvent studied which 
gives rise to diterpenes. 

Nitrobenzene decomposes the menthyl ester to menthene, the 
rotation of which is higher the higher the temperature, i.e., the 
more rapid the decomposition ; moreover, since blank tests showed 
that menthene is not racemised under these conditions, this higher 
rotation cannot be ascribed to any shorter period of racemisation 
after formation. This phenomenon is the reverse of the general 

experience and is contrary to what occurs on decomposition of the 
homogeneous ester. The observed rotations of the various speci- 
mens of menthene are tabulated below. 
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Method of formation. Gs461 (2 = 1). 

Direct distillation + 113-64° 
Decomposition in nitrobenzene solution 

at 130° 4+ 84-30 

at 155—160° + 107-09 

at 170° + 107-60 
Decomposition in the homogeneous state 

at 130—135° + 90-63 

at 155—160° + 80°77 


Nitrobenzene both transforms and decomposes the borny] ester, 
but above about 200° the former effect vanishes. 

The xanthates greatly exceed the sulphonates in thermal stability 
under all conditions. (a) In the homogeneous state the latter 
decompose in 3—6 hours a few degrees above their m. p.’s, #.e., at 
116° for the menthyl naphthalenesulphonates and below 100° for 
the other esters, whereas the xanthates (m. p.’s 42° and 56°) require 
15 hours’ heating at 160—190°. (b) On distillation in a vacuum, 
the sulphonates decompose rapidly at 125—140°, whereas the 
xanthates require a temperature of 170—200°. (c) The greatest 
differences between the two types, however, are shown in the 
decomposition in solutions. For instance, although the sulphonates 
show at least 50°, decomposition in 1 hour at 105° in nitrobenzene, 
ethylene dibromide, or n-butyl alcohol, yet even 6 hours’ heating 
at 125—130° in the same solvents has much less effect on the 
xanthates. Similarly, the sulphonates are decomposed in 6 hours 
at 105° in toluene, whereas prolonged heating in boiling toluene or 
xylene has but little effect on the xanthates. 

Moreover, these differences extend to the products of decomposi- 
tion on distillation. Under low pressure, the menthyl sulphonates 
gave mainly racemised menthene, and the bornyl esters underwent 
deep-seated decomposition but gave no bornylene, and at ordinary 
pressures these sulphonates gave principally diterpenes. On the 
other hand, in spite of the use of much higher temperatures, the 
xanthates gave monoterpenes showing little racemisation, diter- 
penes being obtained only from ethylene dibromide solution. 

No explanation can be offered for these differences, for the 
primary reaction in each case must be of the type 

-_-CH, -_-CH- ' 
Xt —> X<fq_ + ¥OH 
and any polymerisation would be expected to be more pronounced 
in the xanthates owing to the higher temperatures used, whereas 
the reverse is the case. 

Considerable difficulty was encountered in this work owing to 

the formation of a substance identical with the original ester in 
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analysis, molecular weight, and physical properties, but differing 
from it solely in possessing an increased thermal stability, requiring 
a higher temperature for decomposition, but giving the same pro- 
ducts as the original ester under otherwise similar conditions. This | w 
“stable” form of menthyl methyl xanthate is obtained only by § w 
the action of alcohols and of ethylene dibromide and under certain § T 
conditions by distillation in a vacuum, but the bornyl ester gives § “ 
rise to its stable form under all conditions of decomposition except 
in nitrobenzene at 200°. 

A satisfactory explanation is not forthcoming for this phenomenon, 
which was not encountered in the parallel case of the sulphonates. 





EXPERIMENTAL. 


Menthyl Methyl Xanthate. 
Hydrolysis.—Prolonged boiling with 40% aqueous potassium 
hydroxide had no effect, but substitution of concentrated alcoholic § j 
potash caused complete hydrolysis in 12—18 hours, the resulting — ¢ 
pure menthol having maximum rotation. Similar treatment with § 
alcoholic baryta yielded barium mereaptide admixed with some 
barium sulphide and a substance physically identical with the 
original ester, except that it distilled unchanged at 164°/15 mm. 
(see p. 1119). The alcoholic mother-liquor contained pure menthol, 
together with what appeared to be menthene, but the quantity 
obtained was insufficient for definite characterisation. 

Decomposition.—(a) In the homogeneous state. The ester, in tubes 
closed from atmospheric moisture, was heated at various temper- 
atures. At 120° reaction was slow; at 130° 40% was decomposed 
in 30 hours, and at 160° decomposition was complete in 12 hours. 
Menthene, mercaptan, and carbonyl sulphide were the only pro- 
ducts. The rotation of the menthene decreased with increase of 
temperature of decomposition. 

(b) By distillation in a vacuum. Evolution of mercaptan and | 
the distillation of a clear liquid commenced when the temperature 
of the surrounding bath was 160—165°. As the temperature rose, | 
the liquid distilling became syrupy. On standing, the distillate | 
partly crystallised, but the whole was redistilled in a vacuum over 
sodium, and the portion boiling at 45° (about one-half) was proved 
by analysis, etc., to be menthene. Distillation of the remainder 
was impossible owing to the precipitation of sodium mercaptide, 
and the residue was therefore treated with methyl alcohol, where- 
upon the bulk solidified and on recrystallisation and distillation 
proved to be the “ stable’ xanthate (see below). Tschugaeff- (/oc. 
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cit.) having made no mention of the formation of this high-boiling 
product, a modified procedure was adopted, the menthene being 
removed from the original distillate in a vacuum on the water-bath 
without the addition of the sodium; the residue thus obtained was 
unstable to distillation and gave a further yield of menthene, so if 
Tschugaeff used this method he would not have obtained the 
“ stable ” form. 

(c) In solvents. Nitrobenzene. A concentrated solution was com- 
pletely decomposed by 12 hours’ heating at 160°. Fractionation 
afforded menthene, which, after redistillation over sodium, had 
D 0-8122, b. p. 167—169°, «;,,, 107-09°, 106-97° [Found : C, 86-87, 
86:90; H, 13-08, 13-06; M (eryoscopic in benzene) 137-2. Cale. : 
0, 87-0; H, 13-0%; M, 138]; it formed a nitrosochloride, m. p. 
117°. Heating at 170° gave substantially the same results. At 
130°, 25 hours’ heating was necessary to effect 50° decomposition, 
and the resulting menthene had a,;4., + 84:30°, + 86-45°. Under 
identical conditions a specimen of menthene showed at 130° no 
decrease in rotation, proving that the lower rotation was not due 
to racemisation after formation. 

Butyl alcohol, xylene, and pyridine. After 18 hours’ heating, the 
solvents were removed, and the residues examined; their physical 
constants were unchanged in every case, but whilst the products 
from the last two solvents decomposed below their b. p.’s on dis- 
tillation in a vacuum, that from the butyl alcohol distilled unchanged 
at 164°/15 mm. 

Ethylene dibromide. The sign and magnitude of the rotation of 
the menthene produced by decomposition in nitrobenzene solution 
show that, had it been possible to follow the reaction throughout, 
the values would have crossed the zero of rotation, whereas those 
for the ethylene dibromide solution converge towards the zero. 
The ester was therefore heated in the latter solvent for 25 hours at 
135°, and then fractionated ; the menthene and ethylene dibromide 
separated as one fraction with a,4,, + 10-45° (J = 1), and the 
residue distilled without decomposition at 164°/15 mm., and 
solidified to moist needle-shaped crystals, m. p. 41°, having a 
distinct odour of dimenthene. Recrystallisation removed the latter, 
and the product contained sulphur, and was apparently identical with 
the original ester (analysis, molecular weight, mixed m. p., density 
in solution in benzene and in pyridine, index of refraction in benzene, 
specific rotation in several solvents): Nevertheless, examination of 
the decomposition of this “‘ stable ”’ form in nitrobenzene solution 
showed that no decomposition took place below 145°, whereas with 
the original ester decomposition began below 120°; when decom- 
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position did take place, however, menthene was again isolated as 
the only product. Decomposition in the homogeneous state also 
commenced at a higher temperature (by some 30°). No other 
distinguishing characteristics could be discovered, nor could any 
trace of impurity be detected in the original ester which might act 
as a catalyst for the decomposition reactions. 


Bornyl Methyl Xanthate. 


Hydrolysis.—Water and aqueous potassium hydroxide have no 
effect at all on this ester. Alcoholic potash causes complete hydro- 
lysis, whereas baryta gives borneol, barium mercaptide, and the 
‘“ stable ” form of the ester (see below). 

Decomposition.—(a) In the homogeneous state. Decomposition 
does not occur below 170° and is slow below 190°. After’30 hours’ 
heating at this temperature, the residue was distilled under atmo- 
spheric pressure until the monoterpenic fraction was removed, and 
then in a vacuum. The products were bornylene, largely con- 
taminated with camphene and having «54,, + 4:39° (in ethyl 
alcohol), and also the stable form of the original ester. 

(b) By distillation. Distillation of the ester in a vacuum from 
an oil-bath at 190—200° gave a mixture of two solids. Redistil- 
lation under atmospheric pressure yielded bornylene, b. p. 163°, 
%54g, + 14-90°; the residue was distilled under low pressure and 
consisted of about 50% of the stable form of the original ester. 
Decomposition by Henderson and Caw’s modification (J., 1912, 
101, 1416) also failed to secure complete decomposition of the ester 
into bornylene, although it yielded a purer product. 

(c) In solvents. Nitrobenzene. A concentrated solution in this 
solvent was heated at 160° for 25 hours, and distilled in a vacuum. 
After repeated refractionation, some monoterpene was obtained as 
an unsaturated, volatile, white solid, m. p. 70°, [«]54g, — 13-75° 
(c = 4 in ethyl alcohol) [Found : C, 88-20, 88-18; H, 11-78, 11-74; 
M (cryoscopic in benzene), 136-9. Cale.: C, 88-2; H, 118%; J, 
136]. No hydrochloride could be obtained, and the rotation of the 
substance indicates that it is a mixture of bornylene ([«];4,, + 22°27") 
and camphene ([«]54., — 92-37°). 

After removal of the monoterpene and the nitrobenzene, the 
residue distilled at 154°/15 mm., and solidified when pure to a 
white solid, m. p. 55°, having [«];,4,, 32-60° in benzene solution. 
Analysis, molecular-weight determination, and several physical pro- 

perties (as in the case of the menthyl ester) confirmed the identity 
of this substance with the original ester in all respects except 
stability to distillation in a vacuum. Decomposition of the stable 
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form in nitrobenzene solution does not take place below 200°, but 
it is then complete although slow. A higher temperature is also 
necessary for its decomposition in the homogeneous state, but the 
products were the same monoterpenes as those obtained from the 
original ester. 

In ethylene dibromide. This was carried out in 30—35 hours at 
140°. After removal of the solvent, which did not contain any 
monoterpene, the residue distilled at 155—160°/15 mm., but did 
not solidify. The syrupy liquid smelt strongly of dibornylene, 
but contained much combined sulphur. Repeated fractionation 
failed to effect any separation, but the liquid, «,,,, +- 10-66° (J = 1), 
is presumed to consist of dibornylene and the “stable” bornyl 
methyl xanthate. 

In xylene, pyridine, or butyl alcohol. After 18 hours’ heating in 
each case, the products recovered from the first two solvents were 
found to be the original form of the ester, whilst that from the 
butyl alcohol was the stable form. 


The author desires to thank the trustees of the Ramsay Memorial 
Fellowship Trust for a grant which defrayed much of the cost of 
this investigation, and also Professor T. S. Patterson for the use of 
his polarimetric equipment and for his general interest in the 
work, 


UNIVERSITY OF GLASGOW. [Received, February 25th, 1931.] 





CXLIV.—Dealkylation of Phenolic Ethers by 
Pyridine and Piperidine. 
By Ropert SIDNEY CAHN. 


Ir was found (this vol.; p. 630) that the methyl ether of trinitro- 
cannabinol, to which the structure of a polynitrophenol was assigned, 
was dealkylated by heating for a few minutes with pyridine contain- 
ing a little water or with piperidine. The result of the application 
of this reaction to a number of phenolic ethers is shown in the table 
below. The pyridine used was B.D.H. “ pure” pyridine, which 
contained a little water ; addition of a further 25% of water retarded 
the hydrolysis. Unless otherwise stated, the ethers were heated 
for one hour with excess of base under reflux, the reaction products 
being isolated in the usual way. No great accuracy is claimed for 
estimates of hydrolysis other than nil and 100%. 
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% Hydrolysis to phenol with 


No. Ether. pyridine. piperidine. 
1 Codeine nil ~- 
2 o-Nitroanisole ? slight ca. 40% 
3) om- aa nil nil 
4 p- » nil very slight 
5 2: 4-Dinitroanisole ca. 70% (gave quantita. 


tively 2 : 4-dinitro-. 
phenylpiperidine 
within 15 minutes 
on the water-bath) 
6 3: 5-Dinitroanisole nil mostly unchanged 
after 30 mins. (re. 
flux); resinified on 
longer heating 
: 4-Dinitrodiphenyl ether nil * (rapid reaction on 
the water-bath to 
give 2: 4-dinitro- 
phenylpiperidine 
and phenol) 


~1 
bo 


8 2:4: 6-Trinitroanisole 100% inl min. 100% in 1 min. 
9 3-Nitro-p-tolyl methyl ether (I) slight ca. 20% 
10 5-Nitro-o-tolyl methyl ether (IIT) 100% (50% after almost 100% 
45 mins. on the 
water-bath) 
11 6-Methoxy-m-toluic acid nil om 
12 5-Nitro-6-methoxy-m-toluic acid nil “= 
13. 2:4: 6-Trichloroanisole nil ~- 


* Le Févre, Saunders, and Turner, J., 1927, 1168. 

It thus appears that the rate of hydrolysis of these ethers, though 
partly dependent on the acidity of the phenol, is influenced not only 
by the nature but also by the position of the substituents. This is 
clearly shown by the contrast between the isomeric pairs of ethers 
5 and 6, and 9 and 10, but the complicated nature of the influences 

NO, | Me 


~ Me€ OMe NO OMe ie 


at work is indicated by the fact that the rate of hydrolysis of p-nitro- 
anisole by piperidine is very greatly increased by the introduction 
of a methyl group into the nucleus (ethers 4 and 10), and that of 
o-nitroanisole somewhat decreased (compare Schorigin, Issaguljanz, 
and Below, Ber., 1931, 64, 274, who record the varying effect of the 
same substituents in different positions upon the hydrolysis of 
phenolic ethers by water under pressure). 

Most remarkable is the fission of 2 : 4-dinitroanisole by piperidine ; 
this ether is the only anisole examined which resembles the diphenyl 
ethers in yielding a phenylpiperidine derivative.* In this connexion 
it should be noted that mononitrodiphenyl ethers appear to be 
unaffected by piperidine (Le Févre, Saunders, and Turner, loc. cit.) 

* A special experiment and many of Turner’s results showed that dinitro- 


phenylpiperidine is a primary product of the reaction, as it is not formed by 
heating dinitrophenol and piperidine under reflux. 
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and that 2: 4: 6-trinitrophenyl p-tolyl ether gives 2:4: 6-trinitro- 

rel piperidine and p-cresol (Reilly, Drumm, and Gray, Sci. Proc. 
Po Dublin Soc., 1930, 19, 461). Turner and his collaborators 

ge and later papers) have shown that the fission of diphenyl 
oc. cit. 

ethers according to the scheme 


Ten ’ he 
COC > 4 Cia> >t 10> 


i in such a way that the more negatively sub- 
ne ae snus attached to the piperidine residue, 
oe repr eH is that this regularity does not always hold. 
oe ' "caxi : shown by (inter alia) the ethers (IIT) and (IV), which 
ay aa the dotted lines marked (Miss Fox and Turner, J., 


H'IN<C;Hj9 C5Hjo>N:H 
— M 
N ; o< » e 
BK >-0 <_DNO, <7 Wy Ko, 
(l) onNBr {| NO, NO, ; O,NNO, 


5 it is not clear whether the difference in this case 
: = yar at group or to the 3’-nitro-group being in the mote 
il lative to the ether group or to both effects. The results 
oe witl the anisoles lead to the expectation that investigation 
ee henyl ethers will disclose further irregularities. 
a ve sabod of dealkylation may prove useful, particularly for 

ee thers which are unstable to caustic alkalis (e.g., trinitro- 
one ay ethyl ether) or to mineral acids, but a detailed study 
oaneyee sce! to enable its applicability to be forecast or 
= 7. nclusions to be drawn from its variability. It has not, 
estes be . determined whether fission of o-nitroanisole (for 
wi vet pesalie proceeds according to scheme A or B: 


C,H,(NO,)‘OH + MeN<C;Hy A 


example) 


xg Os 

C,H,(NO,)"OMe 

ma 20 ~ (C,H,(NO,)-OH +- MeOH B 
The ethers 3, 4, 5 and-8 were prepared for this investigation in 

c sllent yields by adding the nitrophenol with cooling to excess of 
a ixture of methyl iodide and freshly precipitated dry silver oxide 
. keeping the whole at room temperature for 2 hours. This method 
mahi i Yah a than that involving isolation of the silver salt. 
8 7 


i Dr. H. R. 
is indebted to Professor J. L. Simonsen, 
I en ie ae 0 Jones for some of the chemicals used in this 
ng, . WwW. O. 
investigation. 


4 N. WALEs, 
igs a Rawat. “ [Received, March 3rd, 1931.] 
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CXLV.—The Use of Arylcarbimides in identifying 
Hydroxylic Compounds. 


By Grtpert T. Morcan and AtFrrep E. J. Perret. 


PHENYLCARBIMIDE has been employed in separating and character. 
ising phenols from tar and tar products; thus Fromm and Eckard 
(Ber., 1923, 56, 948) have identified m-cresol in lignite tar, and 
Steinkopf and Hépner (J. pr. Chem., 1926, 113, 148) have identified 
o-3- and m-5-xylenols in producer-gas tar from Bohemian lignite, 
Phenylcarbimide has also served to isolate several dihydric phenok 
from the aqueous liquors of low-temperature carbonisation (Morgan 
and Pettet, J. Soc. Chem. Ind., 1931, 50, 727), but the method is not 
generally applicable, particularly to the less volatile phenols of low. 
temperature tar, since mixtures of these compounds yield oily 
products. 

French and Wirtel (J. Amer. Chem. Soc., 1926, 48, 1736) suggested 
the use of «-naphthylcarbimide, but its combinations with phenols 
offer little advantage as regards diminished fusibility over the 
phenylcarbamates. 

We have now found a more satisfactory alternative reagent in 
p-xenylcarbimide, which is readily obtained from p-xenylamine, 
itself prepared from diphenyl (Morgan and Walls, J. Soc. Chem. Ind., 
1930, 49, 15r). This carbimide has been mentioned by Zimmerman 
(Ber., 1880, 13, 1965), but its analysis and physical properties were 
not recorded. The p-xenylcarbamates, CgH.*C,H,-NH°CO,R, are 
considerably less fusible than the corresponding phenylcarbamates, 
so that phenolic fractions, which yield only oily mixtures of the 
latter, provide crystalline p-xenyl derivatives and, in addition, 
solubility relationships are modified. 

Moreover, as shown in the appended table, the p-xenylcarbamates 
of many alcohols have convenient melting points, higher than those 
of their phenylearbamates and lower than those of the carbamates 
obtained from 4’-iodoxenylene-4-carbimide (Kawai and Tamura, 
Proc. Imp. Acad. Japan, 1930, 6, 198). , 

In general the carbimide process of separating phenols and 
alcohols has the advantage that the original hydroxylic compound 
is readily regenerated from the purified arylcarbamate by boiling 
with dilute aqueous or aqueous-alcoholic ammonia. 

Phenylcarbimide.—Phenylcarbimide is readily prepared in 100 g. 
batches by Hentschel’s method (Ber., 1884, 17, 1284; Houben, 
** Die Methoden der Organische Chemie,” 3rd edition, 3, 11) when 
carbonyl chloride is passed over aniline hydrochloride fused in a 
retort with wide outlet tubes and receiver. The neck of the retort 
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is preferably lagged with asbestos to avoid accumulation of 
carbanilide and solid phenylcarbamyl chloride. This intermediate 
carbamyl] chloride decomposes on subsequent heating into hydrogen 
chloride and phenylearbimide, the latter being purified by repeated 
distillation (yield, 42°, of the theoretical). 

p-Xenylearbimide.—Carbony] chloride was passed into a solution 
of p-xenylamine (60 g.) in 1500 c.c. of warm toluene, which was then 
brought to boiling point during the course of 2 hours and maintained 
at this temperature till no more hydrogen chloride was evolved. 
Toluene was distilled from the hot filtrate, and the residual p-xenyl- 
carbimide recrystallised from petroleum (b. p. 40—60°) (yield, 54 g.); 
m. p. 56°, b. p. 283° (decomp.) (Found: C, 80-0; H, 4-9. C,,H,ON 
requires C, 80-0; H, 47%); 13-5 g. of s-di-p-xenylcarbamide, m. p. 
312°, were also obtained (Found: C, 82-4; H, 5:5. C,;H ON, 
requires C, 82-4; H, 5-5%). 

p-Xenylcarbamates.—The hydroxyl compound under examination 
is heated at 100° for 1 hour with a slight excess of p-xenylcarbimide, 
and the cooled solid mass of p-xenylcarbamate crystallised from 
alcohol, benzene, or benzene—petroleum. Any s-di-p-xenylcarb- 
amide which may be formed is readily separated, since it is almost 
insoluble in the ordinary organic media. 

In the following table the melting points of the p-xenylcarbamates 
are compared with those of the already known phenylcarbamates. 


Phenyl- p-Xenyl- 
carbamate, carbamate, 
Hydroxyl compound. m. p. m. p. 
Methyl alcohol 47° 127° 
Ethyl alcohol 51 119 
n-Propyl alcohol 57 129 
isoPropyl alcohol 90 138 
n-Butyl alcohol 109 
n-Amyl alcohol 99 
cycloHexanol 32 166 
173 
151 
164 
198 
Benzyl alcohol 156 
0-4-Xylenol 183 
m-2-Xylenol 198 
m-4-Xylenol 184 
m-5-Xylenol 150 
p-Xylenol y 162 
Pseudocumenol 196 
Thymol 194 
Carvacrol 166 
a-Naphthol 190 
Catechol decomp. 
Resorcinol decomp. 
Quinol decomp. 
Homocatechol 193 
Orcinol 196 


Found. Required. 
C. 
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74:7 
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) 75 8 
76°3 
77-2 
78-9 
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In general, the p-xenylcarbamates are well-crystallised substances, 
but those derived from methyl and ethyl alcohols have the peculiar 
property of separating in gelatinous condition from saturated 
solutions, the crystalline form being subsequently developed. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, March 12th, 1931.] 


CXLVI.—The Methylurethanes of a-3-Hydroxy-4- 
methoxyphenylethyldimethylamine and a-4-H ydr- 
oxy-3-methoxyphenylethyldimethylamine and their 
Miotic Activities. 


By Epcar StepMAN and ELLEN STEDMAN. 


In recent papers (Biochem. J., 1926, 20, 719; 1929, 23, 17) we 
have shown that carbamic esters of aminophenols possess the general 
property of producing a constriction of the pupil when instilled 
into the eye. This miotic action was found to be most pronounced 
with urethanes derived from methylcarbamic acid, and, amongst 
the many compounds of this type which have been prepared and 
examined, the methylurethane of «-m-hydroxyphenylethyldimethyl- 
amine, NHMe-CO-0-C,H,-CHMe-NMe,, has been observed (J., 1929, 
609) to possess a particularly marked miotic activity. On account 
of its intense miotic properties, which are, in fact, of the same 
order of magnitude as those of physostigmine, this substance has 
been named miotine (Proc. XIIIth Internat. Physiol. Congress, 
Amer. J. Physiol., 1929, 90, 528), and a more detailed study of its 
pharmacological properties, as well as those of a few similar 
urethanes, has shown (White and Stedman, J. Pharm. Exp. Ther., 
1931, 41, 259) that urethanes of this type possess all the physio- 
logical activities of physostigmine. It is therefore clear that the 
relationship between chemical constitution and miotic action estab- 
lished in the papers referred to above is more extensive than has 
been previously claimed, and it can now be stated that pheny! 
esters of carbamic acid or of substituted carbamic acids, which 
contain a basic group, will, in general, resemble physostigmine in 
their physiological activities, i.e., will stimulate the parasympathetic 
nervous system. The factors modifying their general physiological 
activities will doubtless be similar to those which have been found 
to modify their miotic activities. 
In view of the intense physiological activity of miotine (I), which 
is considerably greater than that of its o- and p-isomerides, it was 
thought to be of interest to ascertain the manner in which its 
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activity would be influenced by the introduction of another sub- 
stituent into the benzene ring. A quantity of isovanillin was placed 
at our disposal by Dr. M. Guggenheim of Messrs. Hoffmann Laroche 
and Co., Basel, for this purpose, and we have. therefore prepared 
the methylurethane of «-3-hydroxry-4-methoxyphenylethyldimethyl- 
amine (11). At the same time an isomeride (III) derived from 


OMe O-CO-NHMe 
O-CO-NHMe O-CO-NHMe OMe 
CHMe-NMe, CHMe-NMe, CHMe-NMe, 
(I.) (IL.) (III.) 


vanillin has also been prepared. Identical reactions were employed 
for the preparation of the two substances. The phenolic hydroxyl] 
group was first protected by benzoylation, and the benzoylvanillin 
converted into the corresponding benzoyloxymethoxyphenylmethyl- 
carbinol, BzO-C,H,(MeO)-CHMe-OH, by means of magnesium 
methyl iodide. During this reaction there was a partial removal 
of the benzoyl group in the case of isovanillin and probably also in 
that of vanillin. Conversion of the carbinol into its chloride was 
effected by interaction with thiony! chloride, and the «-benzoyloxy- 
methoxyphenylethyl chloride, BzO-C,H,(MeO)-CHMeCl, so obtained 
was treated with dimethylamine. During this treatment the benzoyl 
group was completely removed, for the product consisted of «-hydr- 
oxymethoxyphenylethyldimethylamine, HO-C,H,(MeO)-CHMe-NMe,. 
This reacted directly with methylcarbimide to give the required 
urethane. Unfortunately neither urethane could be isolated in the 
free state in pure condition, although analytically pure salts were 
obtained. 

Despite the somewhat unsatisfactory yields in some of the 
reactions, sufficient material was obtained to enable some phar- 
macological tests to be carried out; these were made, through 
the kindness of Dr. M. Guggenheim, by Dr. M. Reinert of Messrs. 
Hoffmann Laroche and Co., and have established quite definitely 
that compounds (II) and (III) possess miotic activities which are 
considerably smaller than that of miotine (I). It is also probable 
from the results that compound (III) is more active than the 
methylurethane of «-p-hydroxyphenylethyldimethylamine (the p-iso- 
meride of miotine). 


EXPERIMENTAL, 
Benzoylation of isoVanillin.—In carrying out the preparation of 


benzoylisovanillin from isovanillin by the method of Pschorr and 
Stohrer (Ber., 1902, 35, 4398) it was found convenient to reduce the 
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quantity of sodium carbonate employed by one half and to isolate 
the benzoyl derivative by collecting the almost solid reaction pro. 
duct with the aid of a pump, washing it with water, and allowing 
it to dry in the air. It was then ground to a powder and extracted 
with hot alcohol to separate the benzoyl derivative from unchanged 
sodium carbonate; after addition of water to the hot filtrate, 
benzoylisovanillin crystallised, on cooling, in rosettes of prisms, 
m. p. 74°. Yield, 29-5 g. from 30 g. of isovanillin. 

Action of Magnesium Methyl Iodide on Benzoylisovanillin.—Many 
experiments were carried out under different conditions, but in no 
case was the reaction product homogeneous. This was doubtless 
due to the partial removal of the benzoyl group, for in different 
experiments 3-hydroxy-4-methoxyphenylmethylcarbinol and 3-benz- 
oyloxy-4-methoxyphenylmethylcarbinol were isolated from the re- 
action product. Examples are therefore given of two such experi- 
ments from which the respective substances were isolated. 

(1) A solution of benzoylisovanillin (25-6 g.) in warm ether (about 
400 c.c.) was added to a solution of magnesium methyl iodide 
(2 mols.; 30 g. of methyl iodide, 5-1 g. of magnesium) in ether. 
The reaction product, a sticky yellow mass, was worked up in the 
usual manner, and the ethereal solution obtained was washed first 
with sodium hydroxide and then with water. Evaporation of the 
ether, after drying, gave 23.g. of an oil which would not crystallise. 
The above-mentioned alkaline extract, together with the washings, 
was acidified with hydrochloric acid and shaken with ether. There 
were thus obtained 5 g. of an oil which would not crystallise spon- 
taneously It was therefore dissolved in hot benzene, and light 
petroleum added to the solution. A crystalline product, admixed 
with some oily material, slowly separated. The solvents were 
decanted and the oil was removed by pressing the residue on a 
porous plate. After two crystallisations from benzene there was 
thus obtained 0-95 g. of 3-hydroxy-4-methoxyphenylmethylcarbinol, 
large irregular plates with a faint pink colour; m. p. 94° (Found: 
C, 64:5, 64:7; H, 6-9, 7-1. C,H,,0, requires C, 64:3; H, 7-1%). 
3-Hydroxy-4-methoxyphenylmethylearbinol gives with ferric chlor- 
ide a deep blue coloration, changing first to green and finally to 
brown. Sodium carbonate transforms the blue colour to pink. 

(2) In this case the magnesium methy] iodide (1 mol.) was added 
to a solution of benzoylisovanillin (25-5 g.) in warm ether (about 
1 litre). The precipitate which formed was more granular than in 
the preceding example. When the product was worked up as 
before, a non-phenolic syrup (25 g.), which partly crystallised on 
standing in a vacuum desiccator, was obtained. This was treated 
with a small volume of ether, which dissolved the syrup. After 
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filtration solid material (1-3 g.) was obtained, which was recrystal- 
lised from alcohol; 3-benzoyloxy-4-methoxyphenylmethylcarbinol then 
separated in flat hexagonal prisms, m. p. 138° (Found: C, 70-6; 
H, 5-2. C,gH,,0, requires C, 70-6; H, 5-9%). 

«-3-H ydroxy-4-methoxyphenylethyldimethylamine.—Thionyl chlor- 
ide was added slowly to the crude syrup obtained in an experiment 
similar to (2) above. A vigorous reaction took place with the 
formation of a homogeneous solution. After 30 minutes the excess 
of thionyl chloride was removed under diminished pressure, and 
the residue was dissolved in benzene and added to an excess of 
dimethylamine in the same solvent. On the following day, the 
solution was extracted with hydrochloric acid, and the acid extract 
was shaken with ether to remove traces of benzene, and again 
extracted with ether after being made alkaline with sodium car- 
bonate. Evaporation of the ether, after drying over sodium sul- 
phate, gave 9-4 g. of an oil. This was distilled under diminished 
pressure, and the fraction passing over at 165—170°/14 mm. col- 
lected separately. Partial crystallisation of this fraction took place 
slowly. It was drained on a porous plate and recrystallised from 
light petroleum, 4 g. of «-3-hydroxy-4-methoxyphenylethyldimethyl- 
amine being obtained in thick prisms, m. p. 99—100° (Found: N, 
7:3. C,,H,,O,N requires N, 7-2%). The picrate crystallised from 
water and had m. p. 158°. 

The same base was also obtained in poor yield by saturating a 
solution of the crude carbinol with hydrogen bromide, removing 
the excess of the latter, and pouring the product into an excess of 
dimethylamine in the manner described above. The use of hydro- 
bromic acid, however, was less satisfactory than that of thionyl 
chloride owing to the formation of much tarry material. 

Methylurethane of «-3-Hydroxy-4-methoxyphenylethyldimetiylamine. 
—The free urethane has not been obtained in a pure state. Material 
from which salts can be prepared is best obtained by dissolving the 
phenolic base in excess of methylearbimide and subsequently remov- 
ing the excess of the latter reagent under diminished pressure. In 
this way a syrup is obtained which will not crystallise. When 
warmed with methyl iodide, however, it reacts to form a viscous 
oil, which dissolves in hot acetone; crystalline material separates 
from the latter on cooling. When crystallised by the addition of 
ether to its alcoholic solution, the methiodide of the methylurethane 
of «-3-hydroxy-4-methoxyphenylethyldimethylamine forms plates, m. p. 
177° (efferv.) (Found: N, 7-2. C,,H,,0,N,I requires N, 7-1%). 
The hydrochloride of the urethane is extremely hygroscopic. When 
an ethereal solution of the crude urethane is treated with alcoholic 
hydrogen chloride, this salt separates as an oil. By decanting the 
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solvents, repeatedly washing the residue with dry ether, and rubbing 
it with a glass rod, it can be made to crystallise, and can then be 
recrystallised by the careful addition of dry ether to its alcoholic 
solution. Filtration and all subsequent operations must, however, 
be carried out in a perfectly dry atmosphere. 

4- Benzoyloxy-3-methoxyphenylmethylcarbinol.—This was prepared 
from benzoylvanillin by the method employed by Finnemore (J., 
1908, 93, 1520). The yield of pure carbinol (85%) mentioned 
by this author was, however, seldom attained. On one occasion, 
when magnesium methyl iodide was added to the ethereal solution 
of the benzoylvanillin, 23-2 g. of product, which crystallised spon- 
taneously, were obtained from 25-6 g. of benzoylvanillin. In other 
experiments carried out under apparently identical conditions, or 
in which the benzoylvanillin was added to the Grignard reagent, 
spontaneous crystallisation did not occur and the method of Finne- 
more had to be resorted to in order to procure crystalline material; 
in such cases the yield of pure carbinol never exceeded 50% of the J w 
theoretical. 

4-Benzoyloxy-3-methoxyphenylethyl Chloride.—Thionyl chloride 
(4 c.c.) was added slowly to the carbinol (10 g.). After completion § fo 
of the reaction the liquid product solidified. The excess of thionyl 
chloride was removed under diminished pressure, and the solid 
washed with light petroleum on to a Buchner funnel. When re- 
crystallised from ligroin, «-4-benzoyloxy-3-methoxyphenylethyl chloride 
formed rosettes of prisms, m. p. 98—99° (Found: Cl, 12°. 
C,,H,;0,Cl requires Cl, 12-2%). Yield of pure substance, 8 g. 
This chloride is readily soluble in benzene but practically insoluble 
in cold light petroleum; it can, however, be recrystallised from 
the latter solvent. 

a-4-Hydroxy-3-methoxyphenylethyldimethylamine.—To a solution of 
8 g. of the above chloride in 100 c.c. of benzene, excess of dimethy!- 
amine in 250 c.c. of benzene was added. The base was isolated in 
the manner described for its isomeride ; an oil (4 g.), which solidified 
after standing in a vacuum desiccator, was then obtained. When 
recrystallised from light petroleum, «-4-hydroxy-3-methoxyphenyl- 
ethyldimethylamine formed thick prisms, m. p. 90—91° (Found : N, ff hy« 
7:2%). cou 

Methylurethane of «-4-Hydroxy-3-methoxyphenylethyldimethylamine. vie 
—A fragment of sodium was added to a solution of the above fof ; 
phenolic base in benzene. When this had dissolved, slightly more § tria 
than one equivalent of methylcarbimide was added. After 3 days fj deri 
a small amount of flocculent precipitate was removed by filtration J sub 
and the solvents were evaporated under diminished pressure. The § resi 
oily residue, which would not crystallise, was converted into its Fret 
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bbing — hydrochloride by addition of alcoholic hydrogen chloride to its 
en be § ethereal solution. An oily precipitate was obtained which became 
yholic § crystalline after repeated washing with dry ether. After being 
rever, § crystallised twice by addition of dry ether to its alcoholic solution, 
the hydrochloride of the methylurethane of «-4-hydroxy-3-methoxy- 
pared § phenylethyldimethylamine formed aggregates, m. p. about 145° 
e (J., § (efferv.) (Found : Cl, 12-0; N, 9-7. C,,H,,0,N,Cl requires Cl, 12-3; 
ioned § N, 9:7%). 

ASiON, Physiological Activity of Urethanes.—The hydrochlorides of the 
lution § two urethanes and the methiodide of the one from isovanillin have 
spon- § been examined pharmacologically by Dr. M. Reinert of Messrs. 
other {| Hoffmann Laroche and Co. All three substances produced miosis 
ns, or § when instilled into the eye of a cat and caused an increase in the 
ugent, | tone of the isolated intestine of the rabbit. Since, however, their 
‘inne- § activities were considerably less than that of miotine, extensive 
erial; [| experiments were not carried out; the report of the biological 
of the § work will not, therefore, be quoted in detail. 
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from CXLVII.—The Structure of Glucal. 


oes of By EpMunD LANGLEY Hirst and CLARENCE SYDNEY WOOLVIN. 


ethyl- | THE triacetyl derivative (II) of the unsaturated substance glucal 
ted in § (III) is formed when acetobromoglucopyranose (I) is reduced by zinc 
idified § dust and acetic acid. The double bond in glucal is situated between 
When § the first and the second carbon atom (Fischer, Ber., 1914, 47, 196; 
henyl- § Fischer, Bergmann, and Schotte, Ber., 1920, 53, 509) and since three 
d: N, f hydroxyl groups are present in the molecule a structural formula 
could be allocated if the position of the oxide ring were known. In 

vmine. § View of the ease with which acyl groups can migrate the ring structure 
above fof glucal cannot be deduced with certainty from the fact that 
‘more §j triacetyl glucal is obtained by the transformation of a glucopyranose 
3 days Fderivative. It has been shown, however, that the analogous 
ration § substances cellobial and gentiobial, each of which contains a glucal 
The §tesidue (Fischer and Fodor, Ber., 1914, 47, 2057; Bergmann and 
ito its F Freudenberg, Ber., 1929, 62, 2783), are obtainable from 4-glucosido- 
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glucose and 6-glucosidoglucose respectively, and that the properties 
of 3-methyl glucal resemble those of the unsubstituted substance 
(Levene and Raymond, J. Biol. Chem., 1930, 88, 513). These 
observations provide evidence against the presence of a 1 : 4-, 1 : 6., 
or 1 : 3-oxide ring in glucal and lead by inference to the view that 
no change of ring structure takes place during the formation of 
triacetyl glucal from acetobromoglucopyranose. 

It seemed desirable, however, to determine by a simple and direct 
method the nature of the oxide ring in glucal. This has been 
achieved by studying the properties of the trimethyl derivative of 
glucal (I[V), which was prepared by the simultaneous deacetylation 
and methylation of triacetyl glucal under the mildest possible 
experimental conditions in order to avoid as far as possible the 
formation of derivatives of y-glucal. That the trimethyl glucal 
now described retained the double bond between the first and the 
second carbon atom was proved by its transformation in the presence 
of dilute sulphuric acid into the same trimethyl 2-deoxyglucose (V) 
as was obtained by Levene and Mikeska (J. Biol. Chem., 1930, 88, 
791) by the methylation of 2-deoxyglucose. The action of per- 
benzoic acid on trimethyl glucal in the presence of water gave rise 
to a syrup having the composition of trimethyl glucose (VII), and 
this after methylation and hydrolysis yielded crystalline 2 : 3 : 4: 6- 
tetramethyl glucopyranose (VIII). Tetramethyl mannopyranose, 
the formation of which along with the glucose derivative was to be 
expected on stereochemical grounds, was present, if at all, in an 
amount too small for identification. 

Since the double bond in trimethyl glucal involves positions 
1 and 2, the methyl groups must occupy positions 3: 4:5, 4:5:6, 
3:5:6, or 3:4:6 according as the oxide ring is 1: 6, 1:3, 1:4, 
or 1:5 respectively. No ring change can occur during the treat- 
ment of trimethyl glucal with perbenzoic acid or during the subse- 
quent methylation and hydrolysis. The methyl groups in tetra- 
methyl glucopyranose are at positions 2:3:4 and 6, from which 
it follows immediately that the three methyl groups in. trimethyl 
glucal are at positions 3:4 and 6 and that trimethyl glucal and 
glucal possess the pyranose structure. 

This result has an added significance at the present time in view 
of the easy transformation of glucal into «-methylmannoside (Berg: 
mann and Schotte, Ber., 1921, 54, 1564). It has been shown recently 
(Haworth and Hirst, J., 1930, 2615) that, contrary to the views of 
Hudson (J. Amer. Chem. Soc., 1930, 52, 1680), the form of «-methyl- 
mannoside obtainable from glucal has the pyranose structure and it 
now appears that the reaction between perbenzoic acid and glucal 
in the presence of methyl alcohol proceeds normally and without 
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change of ring structure. In addition it follows that no migration 
of acetyl groups occurs during the reduction of acetobromoglucose 
and since acetobromomannose likewise gives rise on reduction to 
triacetyl glucal (Levene and Tipson, J. Biol. Chem., 1931, 90, 89) 
there is strong presumptive evidence that acetobromomannose is 
likewise pyranose in structure (contrast Hudson, Joc. ctt.). 
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When 3:4: 6-trimethyl 2-deoxyglucose, obtained by the action 
of aqueous mineral acid on 3: 4: 6-trimethyl glucal, was oxidised 
by bromine it gave 3 : 4 : 6-trimethyl 2-deoxygluconic acid (Levene 
and Mikeska, loc. cit.), which was characterised as its crystalline 
phenylhydrazide. The lactone (VI) of the acid was prepared, and 
its identity with that described by Levene and Mikeska established 
by a measurement of its rotation in chloroform solution. The 
rotation in water was observed and a study was made of the rate of 
hydrolysis of the lactone in aqueous solution. At 19° the time 
required for the development of 25% of acid was identical with that 
observed with tetramethyl 8-mannonolactone. 3: 4: 6-Trimethyl 
2-deoxygluconolactone is hydrolysed more slowly than 2:3: 4: 6- 
tetramethyl gluconolactone and it is noteworthy that the presence 
of the deoxy-group in position 2 not only retards the rate of hydrolysis 
of the lactone but also enhances to a remarkable degree the rate of 
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hydrolysis of the corresponding methylglycoside (compare Berg- 
mann, Schotte, and Lechinsky, Ber., 1922, 55, 158). 3:4:6. 
Trimethyl 2-deoxyglucopyranose possesses in consequence some of 
the properties characteristic of furanose derivatives of the ordinary 
sugars. The evidence now submitted establishes, however, a direct 
structural relationship between this trimethyl 2-deoxyglucose, the 
corresponding lactone, and Bergmann’s labile 2-deoxymethyl- 
glucoside on the one hand and tetramethyl glucopyranose on the 
other, and provides confirmation of the ring structures assigned by 
Levene and Mikeska (loc. cit.). 

Another point which has emerged during the present work is 
concerned with the stereochemistry of the reaction between deriv- 
atives of glucal and perbenzoic acid. Glucal gives no detectable 
proportion of glucose derivatives when allowed to react with per- 
benzoic acid in the presence of water or methyl alcohol. Qn the 
other hand, trimethyl glucal gave under similar conditions an excess 
of trimethyl glucose (see above), 3-methyl glucal gave 3-methyl 
glucose (Levene and Raymond, loc. cit.), and triacetyl glucal yielded 
as the only recognised product a derivative of glucose (Tanaka, Bull. 
Chem. Soc., Japan, 1930, 5, 214; Levene and Raymond, loc. cit.). 
We have now found on further examination that triacetyl glucal 
behaves normally when treated with perbenzoic acid and water, 
giving both glucose and mannose derivatives. The mannose was 
isolated in the form of its characteristic crystalline phenylhydr- 
azone and under suitable conditions the yield of mannose was as 
high as 20% of the theoretical. 


EXxPERIMENTAL 


The Action of Perbenzoic Acid on Triacetyl Glucal.—Perbenzoic 
acid was prepared in excellent yield from benzoyl peroxide by Lévy 
and Lagrave’s method (Bull. Soc. chim., 1925, 37, 1597).* Triacetyl 
glucal (2 g.) (Fischer, loc. cit.) was dissolved in ethyl acetate (10 c.c.) 
containing perbenzoic acid (1-3 g.). After the addition of water 
(2 c.c.) the mixture was shaken at room temperature for 4 hours 
and kept over-night. The emulsion was shaken with water, the 
aqueous layer removed, and the extraction with water repeated 
three times. The combined aqueous extracts were shaken twice 
with a little ether to remove benzoic acid and evaporated at 45°/12 
mm. to a colourless glass (1-4 g.), which had [«]i? + 90° (initial value 


* This method is similar to that submitted by Tiffeneau (‘‘ Organic Syn- 
theses,”’ 8, p. 30) with the exception that one-tenth the concentration (not 
amount) of sulphuric acid is employed. Both methods give perbenzoic acid 
in good yield and accordingly we withdraw the statement previously made 
(J., 1930, 2639). (E. L. H.) 
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in water; c, 0-5), -++ 82° (equilibrium value after 4 hours). This 
material (1-35 g.) was deacetylated by treatment with.6% aqueous 
sodium hydroxide (10 c.c.) at 18°-for 15 minutes. The addition of 
phenylhydrazine (1-5 g.), dissolved in glacial acetic acid (3-5 c.c.), 
gave in a few minutes at room temperature a copious precipitate 
(0-33 g.) of mannosephenylhydrazone, m. p. 190°. When the 
separation of mannosephenylhydrazone had ceased, the clear 
solution was heated for 2 hours at 100° with an excess of phenyl- 
hydrazine. Glucosazone was obtained in good yield and was 
recognised by its characteristic appearance and the m. p. 206°. 
Trimethyl Glucal.—Triacetyl glucal (10 g.), dissolved in acetone 
(100 c.c.), was subjected to simultaneous deacetylation and methyl- 
ation at 47° by methyl sulphate (32 c.c.) and 30% aqueous sodium 
hydroxide (74 c.c.). After the addition of the reagents, which 
occupied 2 hours, the solution was heated for 1 hour at 50°. The 
acetone was then removed by distillation under diminished pressure 
and the product was extracted from the aqueous solution by chloro- 
form. By distillation under diminished pressure the methylated 
glucal (4-3 g.), b. p. 65—75°/0-04 mm., n™” 1-4621, was separated 
from coloured impurities, the formation of which could not be 
avoided even by use of the mildest possible experimental conditions. 
Methylation was completed by one treatment with methyl iodide 
and silver oxide, giving a colourless mobile oil, b. p. 45°/0-03 mm., 
ni” 1-4558, [«]}*° + 19-6° in water (c, 1-1) (Found: C, 57-2; H, 8-7; 
OMe, 49-3. C,H,,0, requires C, 57-4; H, 85; OMe, 49-5%). 
This material retained in full the unsaturated properties of glucal. 
It was unstable in hot alkaline solutions, giving dark-coloured 
decomposition products. In addition to normal trimethyl glucal 
some trimethyl ¥-glucal appeared to be yesent (see next paragraph). 
Perbenzoic Acid and T'rimethyl Glucal_—A solution of trimethyl 
glucal (7-4 g.) in water (50 c.c.) was shaken for 6} hours at 18° with 
ether (55 c.c.) containing perbenzoic acid (7-4 g.). The reaction 
proceeded so vigorously that during the first 15 minutes cooling was 
necessary. The aqueous layer was separated, and the ethereal layer 
extracted several times with water. The united aqueous portions, 
after neutralisation with sodium bicarbonate, were concentrated 
under diminished pressure to a syrup, which was dissolved in ether 
to remove sodium benzoate. Removal of the ether left a pale 
yellow, viscid syrup (A) (5-9 g.) which could not be crystallised but 
had the composition of a trimethyl hexose (Found: OMe, 38-5. 
Cale.: OMe, 41-9%). [«]i’ + 64° (initial value in water; c, 0-9), 
+ 58° (equilibrium value). In another experiment, when trimethyl 
glucal was shaken for 3 hours at 0° with perbenzoic acid in the 
presence of water, the resulting mixture of trimethyl hexoses had 
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[x] ++ 75° in water (c, 1-0), +- 70° (equilibrium value after 2 
hours). ° 

The syrup (A) was methylated twice by methyl iodide and silver 
oxide, giving quantitatively a product which had a low methoxy! 
content (OMe, 53%) and could not be methylated further. The 
deficiency in methoxyl appeared to be due to the presence of some 
derivative of ¥-glucal in the trimethyl glucal used. The impurity 
was removed in the form of decomposition products when the 
methylation was completed by methyl sulphate and alkali (yield, 
60%). The fully methylated product (1-7 g.) was heated with 6% 
hydrochloric acid at 100° for 6 hours, the course of the hydrolysis } , 
being followed polarimetrically. During this period the rotation f | 
changed from [«]}’ — 7° to + 56°. After neutralisation with 
barium carbonate the aqueous solution was extracted 9 times with 
chloroform. Removal of the solvent left a pale yellow, viscid J | 
syrup (1-22 g.) which rapidly crystallised and on recrystallisation l 
from light petroleum gave 2 : 3: 4: 6-tetramethyl glucopyranose as ( 
long needles, m. p. 84—85°, [«]>” + 100° (initial value in water; J , 
c, 0-4), + 83° (equilibrium value). A mixed m. p. determination 
with an authentic specimen showed no depression. The petroleum 
mother-liquors gave on evaporation a pale straw-coloured syrup § , 
(0-4 g.), [x] + 54° (equilibrium value in water; c, 1-0), which had 
the composition of a tetramethyl hexose (Found : OMe, 51-8%) and 
gave, when heated with alcoholic aniline, mainly tetramethyl 
glucopyranose anilide. 

3:4:6-Trimethyl 2-Deoxyglucose from Trimethyl Glucal.—A 
solution of trimethyl glucal (3-6 g.) in 2N-sulphuric acid (36 c.c.) was 
kept at room temperature until a test with bromine showed that no 
unsaturated material was present (7 days). After neutralisation 
with sodium bicarbonate the solution was extracted 9 times with 
chloroform. Removal of the solvent gave a pale yellow syrup 
(3-0 g.), which on distillation gave a colourless syrup (2-4 g.), b. p. 
102—105°/0-01 mm., nj 1-4622. The distillate crystallised 
spontaneously and after removal of adhering syrup by draining on 
porous earthenware, and recrystallisation from ether—light petroleum, 
gave 3:4: 6-trimethyl 2-deoxyglucose as needles, m. p. 59—60°, 
[a] + 61° (in water 5 mins. after dissolution; c, 1-1), + 35° 
(equilibrium value after 3 hrs.) in agreement with the constants 
recorded by Levene and Mikeska (loc. cit.) (Found: OMe, 45:2. 
Cale. for CsH,,0; : OMe, 45-1%). 

3:4:6-Trimethyl 2-Deoxygluconolactone.—Trimethyl 2-deoxy- 
glucose (1-5 g.), dissolved in water (15 c.c.), was oxidised by bromine 
(3-3 c.c.) at 35—40° for 67 hours until the reducing properties had 
disappeared. The excess of bromine was removed by aeration, the 
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hydrobromic acid was removed by silver carbonate, and the organic 
acid was liberated from its silver salt by titration with hydrochloric 
acid. The filtered aqueous solution was evaporated to a syrup 
(1-5 g.) under diminished pressure, and lactonisation was completed 
by heating for 1 hour at 100°/12 mm. On distillation, 3: 4: 6- 
trimethyl 2-deoxygluconolactone was obtained as « colourless oil 
(I g.), b. p. about 120°/0-04 mm., nif’ 1-4606. When heated on the 
water-bath for 90 minutes with phenylhydrazine (0-05 g.), the lactone 
(0-1 g-) gave the crystalline phenylhydrazide of 3: 4: 6-trimethyl 
2-deoxygluconic acid, which, after recrystallisation from ethyl 
acetate, was obtained as colourless silky needles, m. p. 125° (Found : 
C,57-9; H, 8-1; N, 9-3; OMe, 29-9. C,;H,,0;N, requires C, 57-7; 
H, 7-7; N, 9-0; OMe, 29-8%). 

The rotation of the lactone in chloroform ([«]?%° -+- 87°, c 0-7) was 
identical with that of the trimethyl 2-deoxygluconolactone prepared 
by Levene and Mikeska (loc. cit.). In water (c, 1-2) the rotation was 
[x]; ++ 106° (initial value); 94° (10 hrs.); 77° (30 hrs.); 65° 
(50 hrs.) ; 61° (70 hrs.) ; 55° (100 hrs.) ; 51° (130 hrs.) ; 50° (150 hrs.) ; 
49° (180 hrs., constant equilibrium value). The rotation of the acid 
was determined by dissolving a weighed quantity of the lactone in 
an excess of N-sodium hydroxide. After 15 minutes the exact 
amount of N-sulphuric acid equivalent to the sodium hydroxide was 
added and the solution was made up to a known volume with water. 
The following observations were then made: [a«]j}’ + 24° (initial 
value; ¢ 0-8, calc. as lactone); 32° (20 hrs.); 35° (40 hrs.); 38° 
(50 hrs.); 40° (68 hrs.) ; 43° (90 hrs.); 46° (140 hrs.); 47° (180 hrs.) ; 
49° (240 hrs., constant equilibrium value). The rate of hydrolysis 
of the lactone in aqueous solution was identical with that of tetra- 
methyl 8-mannonolactone, the time required for the development of 
25% of acid from the lactone being in each case 17 hours. At 
equilibrium the percentage of lactone present was 30%. 


The authors wish to. express their thanks to Professor W. N. 
Haworth, F.R.S., for his interest in this work. They are grateful 
also to the Department of Scientific and Industrial Research and to 
the Coventry Education Committee for the award of maintenance 
grants to one of them (C. 8. W.). 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, March 11th, 1931.] 
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CXLVIII.—The Solution Tension of Sodium in 
Solvents other than Water. 


By Freperick Karu Victor Kocu. 


RESULTS previously obtained (J., 1928, 269) showed that there was 
no simple relationship between the solution tension of silver in ten 
organic solvents and the corresponding dielectric constant of the 
solvent. It seemed that this might possibly be due to the fact that 
the electronic configuration of the silver ion is not of the inert-gas 
type. To test this point a similar investigation has now been 
carried out on the sodium ion, since this is known to have such a 
structure. 
The cells investigated were of the type 


| Nal i Nal 
Na amalgam | ®"_: Other | Na amalgam 
| Pyridine : 
: solvent 


in which the concentration of sodium in the amalgam is the same on 
both sides of the cell. As previously shown (loc. cit.), the H.M.F. (E) 
of such cells may be expressed in the form 


E => B A . log joke/Ks 
where xp and xg are the respective specific conductivities of sodium 


iodide in pyridine and the other solvent, and A and B are constants 
such that (on the basis of the assumptions previously stated) 


B — A . log oP pAwp/PsAxg 


where P, and P, are the solution tensions of sodium, and A.» and 
Awog are the molecular conductivities at infinite dilution of sodium 
iodide in pyridine and in the other solvent respectively. Since all 
the necessary quantities can be determined, the ratio Pp/Ps can be 
calculated. 

EXPERIMENTAL. 

The apparatus and the purification of the materials have been 
previously described (loc. cit.; J., 1928, 525; 1930, 1552, 2056). 
The Broca galvanometer (internal resistance 1000 ohms) was used 
as detecting instrument. Half elements of the type depicted in 
Fig. 1 were employed because they require the use of only small 
amounts of amalgam and permit rapid and easy manipulation. 

Of the ten solvents previously investigated, aniline and phenyl- 
acetonitrile were not now used because of the very small solubility 
of sodium iodide therein; moreover, the latter solvent appeared 
to react with this salt. Sodium amalgam reacts with ethyl cyano- 
acetate, but since the 7.M.F.’s were reasonably steady, measure- 

















| was 
1 ten 
the 
that 
t-gas 
been 
ch a 


le on 


. (B) 


lium 
ants 


and 
lium 
e all 
n be 


been 
)56). 
used 
d in 
mall 


nyl- 
ility 
ared 
Ano- 


ure- 












IN SOLVENTS OTHER THAN WATER. 1139 


ments were nevertheless carried out: these were made as rapidly 
as possible. 

Sodium amalgam was prepared as follows. Nitrogen from a 
cylinder was passed through four large wash-bottles. The first 
was empty and served as a trap to prevent back suction of liquid 
into the cylinder, the next two contained pyrogallol solution, and the 


Fie. 1. 

















b-02 





tk 
last concentrated sulphuric acid. The nitrogen then passed through 
a calcium chloride tube, about one yard long, and into a long- 
necked Jena-glass flask (about 300 c.c.) in which the amalgam was 
made. From this flask the nitrogen passed through another 
calcium chloride tube, about $ yard long, through another empty 
wash-bottle (to prevent back diffusion of air) and thence into the 
atmosphere. The mercury was purified by covering it with dilute 
nitric acid and bubbling air through it for 48 hours ; it was thoroughly 
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washed with distilled water and dried with filter paper, from which 
any loose bits had been previously removed. A suitable quantity 
was then thoroughly dried by being heated in the Jena flask (the 
neck of which was water-cooled) in a current of dry nitrogen, and 
after this had cooled, an amount of Kahlbaum’s sodium, correspond. 
ing approximately to a 0-2% amalgam, was added. The amalgam 
so obtained was almost as bright as the original mercury. It was 
freshly prepared immediately before it was required and was used 
only once. A difference of as much as 10° between the concen. 
trations of sodium in the amalgam on the two sides of the cell would 
produce an error of only 2-1 millivolts in the determined F.M.F, 
The £.M.F.’s were reproducible to within + 5 mv. 

The solutions of sodium iodide in pyridine were approximately 
N/10, N/100, and N/1000 and had specific conductivities (xp) at 
25° +- 0-02° of 1-052 x 10-%, 1-849 x 10-, and 3-298 x 10° mho/em. 
respectively. The benzonitrile solutions were approximately N /100 
and N/1000, having respective specific conductivities (xs) of 
2-334 x 10-* and 3-409 x 10° mho/em. The solutions in the 
remaining seven solvents were approximately N/10 and N/100, and 
the corresponding specific conductivities (xs) in mho/em. x 104 are 
tabulated below : 


Ethyl 

Aceto- Propio- cyano- 

Cone. H,O. MeOH. nitrile. Acetone. EtOH. nitrile. acetate. 
N/10 87-61 51-42 75-48 56-03 18-02 51-48 6-877 


N/100 9-624 6-769 7-650 9-247 2-593 8-392 1-150 


The specific conductivity of the pure solvent has been subtracted 
from the observed specific conductivity of the solution in every case. 

In the following table are recorded the 2.M.F.’s (in volts) of the 
cells. They have been given the opposite sign to the electrode in 


the pyridine solution. 
N/10- N/100- N/1000- 
Nal in Nal in Nal in 


Solvent. pyridine. pyridine. pyridine. 

WOME sidccnstincemnbanacsscees N/10 Nal —0-222 —0-173 —0-119 
N/100_—,, — 0-283 —0-230 — 0-178 

Methyl alcohol ............04. N/10 > — 0-054 —0003 + 0-051 
N/100_ =», — 0-102 — 0-055 + 0-002 

PIES nstiivinasinsnmnacses N/10 " + 0-033 +0080 + 0-134 
N/100_ a, — 0-031 +0020 + 0-063 

Riss catceiicbadenditeetin N/10 me +0022 + 0-080 + 0-132 
N/100_ ,, — 0-029 + 0-028 + 0-082 

Ethyl] alcohol ..............000. N/10 i +0019 +0068 + 0-119 
N/100_ =, — 0-030 + 0-025 + 0-072 

Propionitrile...........sesseceeee N/10 ~~ +0109 + 0-166 -+ 0-224 
N/100 ,, +0047 +0104 + 0-159 

Ethyl cyanoacetate...........+ N/10 % + 0-094 + 0-149 + 0-205 
N/100 ,, +0047 + 0-102 + 0-155 

PEED snnvccterevssinccoens N/100_—,, + 0-114 + 0-161 + 0-213 
N/1000 ,, +0055 +0098 + 0-161 









































die 
the 


which 
antity 
k (the 
1, and 
spond. 
algam 
[t was 
3 used 
yncen- 
would 
MF. 


nately 
Kp) at 
o/cm. 
NV /100 
‘s) of 
n the 
), and 
4 are 


thyl 
ano- 
tate. 
377 
150 


acted 
Case, 
of the 
de in 


O00- 
I in 

dine. 
119 
178 
O51 
002 
134 
063 
132 
082 
119 
“072 
-224 
“159 
-205 
+155 
-213 
‘161 








IN SOLVENTS OTHER THAN WATER. 1141 


Discussion. 


Solution Tensions and Normal Potentials.—The values of the 
constants A and B deduced from the linear graphs of EF against 
log joxe/xs (see Fig. 2) are tabulated below. 


Solvent. A, B. Solvent. A. B. 
WAteT oncndccaccacess — 0-065 — 0-282 Ethyl] alcohol — 0:067 + 0-010 
Methyl alcohol ... — 0-065 — 0-095 Propionitrile ... — 0-064 -+ 0-059 
Acetonitrile ...... — 0-069 — 0-023 Ethyl cyano- 

Dect. cicecscecces — 0-067 — 0-023 acetate ...... — 0:069 + 0-113 
Benzonitrile ... — 0-069 + 0-156 


The values of A. for sodium iodide in water, methyl alcohol, 
and ethyl alcohol have been obtained from the mobilities of the 












individual ions given by Ulich (Trans. Faraday Soc., 1927, 23, 390), 
and the values for the other solvents have been calculated by 
means of the Walden rule, A.» = constant; for this purpose, the 
average of the two values of A.. for sodium iodide at 25° in benzo- 
nitrile given by Martin (J., 1929, 3282) were taken, together with the 
same figures for the viscosities (n) as previously (loc. cit., p. 279). 
In the following table are given the values of 
Pw/Ps _ (Pw/Pr) ° (Py/Ps), 

where Py is the solution tension of sodium in water. The normal 
potentials (e9) have been calculated from the formula eg = — 2-713 + 
0-058 log,;>Pw/Ps, in which the numerical value of the normal 
potential of sodium in water (i.e., 2-713) is that given by Lewis and 
Randall (“‘ Thermodynamics,” 1923, p. 433). 


Dielectric Ao for Nal 


Solvent. constant. at 25°. Pw/Ps. eo. 
ROE: Sacksil eincccdleikiis. 81-7 128 1-0 [— 2-713] 
Methyl alcohol ............ 35-4 107 6-3 x 10? — 2-551 
PEND, pcccccecesgssececeses 12-4 65:8 1-1 x 104 — 2-478 
Ethyl alcohol ............... 25-4 48-2 1-2 x 104 — 2-477 
DOCCOEIEEES: 5 cvnicsceeiacdcases 36-4 170 1:3 x 104 — 2-474 
PS. chnscccaceanasseenses 21 186 1-4 x 104 — 2-472 
Ethyl cyanoacetate......... 27-7 23-5 1-7 x 10 — 2-408 
Propionitrile.........ssseceees * 27-6 142 2-0 x 105 — 2-404 
DORBOGMGEING oocccccccccccscess 26°3 47:8 15 x 10¢ — 2-357 


The value of the normal potential of sodium in methyl alcohol, 
referred to e,(H,) = 0 in methyl alcohol, deduced from H.M.F. 
measurements of a different type by Buckley and Hartley (Phil. 
Mag., 1929, 8, 336), is — 2-728. If the normal potential of hydrogen 
in methyl alcohol [referred to e)(H,) = 0 in water] be taken as 
+-0-15(3) (Koch, J., 1930, 1555), this value becomes — 2-57(5) 
when referred to e,(H,) = 0 in water. 

It appears from the above results for the sodium ion that the 
dielectric constant is not the only property of the solvent of which 
the solution tension (or normal potential) is a function, but that it 
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depends, even in the case of an ion of inert-gas structure, on specific 
ionic-molecular forces. Further, when the solvents are arranged 
in the order of decreasing solution tension of sodium, then the 
sequence is quite different from that previously found for silver 
(loc. cit.). 

Free Energies of Complex Formation.—The above experimental 
results may be subjected to the same theoretical analysis as that 
previously applied to those for the silver ion (see Koch, Phil. Mag., 
1930, 10, 559). 

If it be assumed that the sodium ion behaves as a rigid sphere in 
a continuous medium of dielectric constant ¢, then its free energy 
of transference (A7) from a vacuum to a pure solvent is given by 
Born’s formula (Z. Physik, 1920, 1, 45) as 


Ap = (22. e?. N).(1 — 1/e)/(r. J) kg.-cals. 


where z is the valency and r the radius of the ion, e is the electronic 
charge, N the Avogadro number, and J a factor to convert electro- 
static units to kg.-cals. The values of 47 have been calculated by 
taking the usual values of the universal constants and the value of 
r = 0-98 A.U. for the sodium ion, deduced by Goldschmidt (T'rans. 
Faraday Soc., 1929, 25, 282) from an X-ray examination of crystal 
structure. 

The absolute free energy of transference of an ion from a vacuum 
to a solvent cannot be determined experimentally, but only the 
free energy of transference, AAz, from one solvent to another, i.¢., 
AAry = n.F.Aeo, where Ae, is the difference in normal potential 
of the ion in the two solvents. Since, however, the solution tension 
of sodium and the solubility of sodium iodide are less in benzonitrile 
than in any of the other solvents, Ay has been arbitrarily taken as 
equal to Av in this particular case. The “ experimental ”’ values 
of the free energies Ay have thus been obtained by adding on the 
differences AAy. Although A, can never be exactly equal to Ar, 
it is possible that these values of A, are not appreciably less than the 
absolute values. 

Now the free energy, Az, given by the Born formula may be 
regarded as that corresponding to an ideal state of ionic-molecular 
interaction which may be called “ionic solvation’”’ (i.e., ionic- 
molecular electrovalency). In all actual cases there will, however, 
be an additional expenditure of energy due to a change in shape of 
the ion and one or more orientated solvent molecules. This extra 
energy Ag is given by the difference Ag = Az — Az and has been 
termed “ the free energy of complex formation,”’ since it indicates a 
state of “‘ ionic-molecular complex formation ”’ (i.e., ionic-molecular 
covalency). 
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The values of Ag (in kg.-cals. per g.-ion) given in the following 
table must, of course, be regarded as only approximate. (0-1 Kg.-cal. 
corresponds to about 4mv.) The figures previously obtained (ibid.) 
for the silver ion are also included. 


Solvent. Ag. Ar. Ag (Nat). Ag (Ag*). 
PyFidiMe oo ccrccccccccsvececes 164-4 154-4 10-0 17-5 
ODT isis os isconsecseeseces 164-2 159-9 4:3 [0-0] 
TEORET  cecsiccesccssseccescecss 169-9 166-0 3-9 (— 0-2) 
Methyl alcohol ..........+. 166-1 163-3 2-8 (— 0-3) 
Ethyl alcohol ...........+++- 164-4 161-4 3-0 0-8 
Acetonitrile .............cc0e- 164-3 163-3 1-0 3:8 
Propionitrile............se+0++ 162-7 161-7 1-0 3-4 
Ethyl cyanoacetate......... 162-8 162-1 0-7 2-2 
DORROMTATNG o5.000cccccecccess [161-6] 161-6 [0-0] 2°3 


From these data it appears that the sodium ion is similar to the 
silver ion in its affinity for the pyridine molecule, but differs from it 
by having a greater affinity for molecules containing ketonic or 
hydroxyl groups than for those containing nitrile groups. 


Summary. 

The solution tensions and normal potentials of sodium in eight 
organic liquids have been determined by a method previously 
described. The results show that the solution tension (or normal 
potential) depends, not only upon the dielectric constant, but also 
(even in the case of an ion of inert-gas structure) upon specific 
ionic-molecular forces. The nature of these forces has been 
investigated theoretically. 


In conclusion, the author wishes to express his gratitude to the 
Trustees of the Beit Fellowship for a fellowship. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, March 17th, 1931. 





CXLIX.—The Methylation of Benziminazoles. 


By Montague ALEXANDRA PHILLIPS. 


BeTWEEN 1910 and 1925, Pyman and his co-workers studied the 
methylation of glyoxalines and, using methyl sulphate as methy]l- 
ating agent, showed that in every case the more basic of the two 
possible isomerides predominated in the product. Using methyl 
sulphate and alkali, they often obtained the weaker base in greater 
amount. 

Pyman’s more important results are given in Table I. 
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TABLE I. 
Methylation of Glyoxalines. 
Ratio of 1 : 5- to 1 : 4-isomeride. 


With With Me,SO, 





Glyoxaline. Me,SO,. and alkali. References. 

4(or 5)-Methyl- ...... 1: 2-2 — Pyman, J., 1922, 121, 2616, 

4(or 5)-Bromo- ...... 34:1 —- Hazeldine, Pyman, and 
Winchester, J., 1924, 125, 
1431. 

4(or 5)-Nitro- ......... 350: 1 1:10 Forsyth and Pyman, J., 
1925, 127, 573. 

4(or 5)-Phenyl- ...... 1:5 insoluble in - os 

alkali 


4(or 5)-Bromo-5(or 4)- 
TUE cesenccccxcs a * 3:2 Forsyth and Pyman, J., 
1925, 127, 573, and Pyman, 
J., 1910, 97, 1814. 
2: 4(or 2 : 5)-Dibromo- 
5(or 4)-methyl- ... 45:1 ret Forsyth and Pyman, J., 
1925, 127, 573. 
4(or 5)-Nitro-5(or 4)- 
GED cabescoscees 233:1 ~~ Pyman, J., 1922, 121, 2616. 


* o indicates that no isomeride could be detected. 


In general, Pyman’s conclusion was that substituents of positive 
polarity favour the formation of 1 : 5- rather than of 1 : 4-derivatives 
when methyl sulphate is the methylating agent.* 

A study of the methylation of various 5(or 6)-methyl-, bromo-, 
and nitro-benziminazoles has now led to the same general con- 
clusion, namely, that positive substituents in the benzene ring 
favour the formation of the 1 : 6-isomeride (which corresponds to 
the 1 : 5-glyoxaline derivative) rather than the 1 : 5 (corresponding 
to the 1: 4-glyoxaline derivative) when methyl sulphate is the 
methylating agent. In the presence of aqueous alkali, the propor- 
tion of 1 : 6-isomeride (as found by Pyman for the corresponding 
glyoxalines) is reduced. In the benziminazole series, also, the effect 
of the nitro-group is more powerful than that of the bromine atom; 
since 5(or 6)-nitro-2-methylbenziminazole is much more readily 
soluble than the corresponding bromo-compound in dilute aqueous 
caustic alkalis, it seems that relative basicity is the factor deter- 
mining the ratio of 1 : 6- to 1 : 5-isomeride produced, as in the case 
of the glyoxalines. 

The methylation of 5(or 6)-methyl- and of 2 : 5(or 2 : 6)-dimethyl- 
benziminazoles presents some curious features, for, whereas the 
former with methyl iodide at 120° gives a good yield of 1 : 6-di- 

methylbenziminazole, the latter under the same conditions gives a 
mixture of unchanged material, quaternary methiodide, and 1 : 2 : 5- 


* Brady and Reynolds (J., 1930, 2667) have indicated a similar analogy in 
the methylation of nitrobenztriazoles. 
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trimethylbenziminazole (Bamberger and Lorenzen, Annalen, 1893, 
273, 283). In view of the positive nature of the benzene nucleus 
it is probable that the former result, although not paralleled in the 
glyoxaline series, is consistent with the polarity hypothesis, in 
which case the methylation of 2 : 5(or 2 : 6)-dimethylbenziminazole 
must be considered anomalous, since no difference in the relative 
basicity of 5(or 6)-methyl- and 2 : 5(or 2 : 6)-dimethyl-benziminazole 
was observed. The anomalous case of Pyman’s 4(or 5)-phenyl- 
glyoxaline (see Table I) is recalled by this apparent discrepancy ; 
in the absence of other evidence, a hypothesis similar to that 
advanced by Pyman is tentatively adopted, namely, that in this 
case molecular structure and not basicity determines the relative 
proportions of the methylated isomerides. Both 5(or 6)-methyl- 
and 2:5(or 2: 6)-dimethyl-benziminazole are, like benziminazole 
and 2-methylbenziminazole, almost insoluble in dilute caustic alkali 
solutions. 

Bamberger and Lorenzen obtained 1 : 2 : 5-trimethylbenzimin- 
azole by the action of methy] iodide on the silver salt of 2 : 5(or 2 : 6)- 
dimethylbenziminazole; this recalls the same anomaly, since all 
other silver salts examined gave the 1: 6-isomeride under these 
conditions. 

The synthesis of the 1: 5- and 1 : 6-isomerides corresponding to 
5(or 6)-nitro-2-methyl- and 5(or 6)-bromo-2-methyl]-benziminazoles 
has been accomplished for purposes of identification, by the following 
rational methods :— 








R (4 and 5) RP RP 
(HNO, (2) —> CHCNO, —> O,H,CNH, 
\\NHMe (1) °\NMe-CO-CH, °\NMe‘CO-CH, 
Dil. HCl 
Y 7 
R il. HCl an R (5 and 6) 
(,H,ZNH, —_—_> HZ ZN cite (2) 
\NHMe acetic anhydride OP te (1 ) 


(R = Me,* NO,, or Br.) 

Separation of the isomerides formed in the methylation of 
2.methylbenziminazole-5(or 6)-arsonic acid was difficult: the pro- 
duct obtained in the larger amount by methylation with methyl 
sulphate was designated the 1: 6-derivative on account of the 
positive nature of the arsonic acid group. Table II shows the 
results obtained on methylation of various benziminazole derivatives. 

* 1:5-Dimethylbenziminazole, Fischer, Ber., 1889, 22, 195; 1:2: 5-tri 
methylbenziminazole, Niementowski, Ber., 1887, 20, 1878; 1: 2 : 6-trimethyl- 
benziminazole, Fischer and Rigaud, Ber., 1902, 35, 1260. 
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TABLE II, 
Methylation of Benziminazoles. 





Solubility Ratio of 1 : 6- to 1 : 5-isomeride. 
of initial 7 
material Me 80, 
Benziminazole. in 2N-NaOH. MeCl. Mel. Me,SO,. and alkali, 
5(or 6)-Methyl- ...... Slightly No ee) 10:1 a:8 
soluble methyl- 
ation 
at 160° 
2 : 5(or 2 : 6)-Dimethy]l- - ~ 0 10:1 1:1 
5(or 6)-Bromo-2-methyl- Soluble a) 50:1 2:1 
in excess 
5(or 6)-Nitro-2-methyl- Readily 2 ~ 100: 1 5:1 
soluble 
2-Methy1-5(or 6)-arsonic 
GINET ... se nkeneseeaonadeuncws 7 — we) 10:1 


In the cases of 4- and 5-nitro-1-methylglyoxalines, 4- and 5-bromo. 
l-methylglyoxalines and 4- and 5-phenyl-1-methylglyoxalines, 
Pyman and his collaborators found that the quaternary methiodide 
from each pair of isomerides existed in one form only. The same 
result was obtained for the quaternary methiodide from 1 : 2 : 5. 
and 1 :; 2: 6-trimethylbenziminazoles by Fischer (J. pr. Chem., 1907, 
75, 88) and has now been shown to be true for the pairs of isomerides 
derived from the first four benziminazoles in Table IT (first column). 
As these methiodides are soluble in water (compare Hiibner, Annalen, 
1881, 210, 328) and contain ionisable iodine removable by bases, 
they are represented by formula (II) rather than (I), since the 
former shows their symmetrical character and also their ready 
convertibility into the y-bases (III) and the insoluble carbinols or 
benziminazoles (IV). It seems unnecessary to postulate “ labile ” 


(L.) CoH RCN (Men > CR’ | C. H,R<NMSc R’ |: ve eI (I) 


(II1.) | CoHsR<NMe>CR | +. OH- icniiieaniia (Iv, 
intermediate methiodides as suggested by Fischer (loc. cit.), because 
the ionised form (II) can — be produced directly from each 


isomeride, (5 or 6)R°C,H,< ~ tay. 


The action of moist silver oxide on 1 : 5(or 1 : 6)-dimethylbenz- 
iminazole methiodide (Fischer and Rigaud, Ber., 1902, 35, 1258) 
gives the ¥-base (III), which is rapidly transformed by caustic 
alkali into the un-ionised carbinol (IV): from the other meth- 
iodides, only the carbinols were obtained. The strongly positive 
nitro- and bromo-radicals have the effect of increasing the solubility 
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in water of the quaternary methiodides (II), the nitro-compound 
being more soluble than the bromo-; the 5(or 6)-methyl compounds 
are only sparingly soluble in cold water. This may indicate that 
positive groups cause increased ionisation. 

The distillation of the methiodides could not be accomplished 
owing to their non-volatility. 

A study of the rates of fission by alkali of the carbinols (IV) 
corresponding to the benziminazoles of Table II has shown that 
the nitro- and the bromo-derivative break down most easily and 
that the 5(or 6)-methy] derivative is relatively stable. The fission 
products, N N’-dimethyl-o-phenylenediamines, give the correspond- 
ing carbinols in good yield when treated with a boiling dilute 
mineral acid and acetic (or formic) acid (compare Phillips, J., 1929, 
2826). 


NMe Alk. ‘ NHMe 
fatty acid 


EXPERIMENTAL. 


Silver salts of the following benziminazoles (compare Bamberger 
and Lorenzen, loc. cit.) were made in 90% yield by dissolving the 
base in boiling water and adding the calculated amount of 10% 
silver nitrate solution: benziminazole (Ag found, 48-0; calc., 
48-0%); 2-methylbenziminazole (Ag found, 45-0; calc., 45-2%); 
2: 5(or 2 : 6)-dimethylbenziminazole (Bamberger and Lorenzen, loc. 
cit.) (Ag found, 43-2; cale., 42-7); 5(or 6)-bromo-2-methylbenz- 
iminazole (Ag found, 33-7; calc., 34:0%); 5(or 6)-nitro-2-methyl- 
benziminazole (Ag found, 38-39%; calc., 38-0%). The salts, dried 
at 90°, were refluxed for 5 hours with methyl alcohol and methyl 
iodide (5 parts of each); filtration and evaporation of the filtrates 
gave the 1-methyl derivatives. 

5(or 6)-Methylbenziminazole.—This substance, obtained from 3 : 4- 
tolylenediamine, formic and hydrochloric acids (compare J., 1928, 
2395, etc.), crystallised from water in colourless prisms, m. p. 114° 
(compare Bistrzycki and Przeworski, Ber., 1912, 45, 3483). 

Methylation. (a) With methyl iodide. Since methyl-alcoholic 
hydrogen chloride at 160° gave only the methochloride of the 
unmethylated compound, a mixture of the base (3 g.) with methyl 
iodide (1 mol.) and absolute methyl] alcohol (7-5 c.c.) was heated at 
140° for 3 hours. Basification of the product and extraction with 
chloroform gave an oil, b. p. 280°, probably 1 : 6-dimethylbenz- 
iminazole (compare Fischer, Ber., 1893, 22, 644). The hydro- 
chloride formed colourless prisms [Found : N (in base), 19-0; Cl (in 
hydrochloride), 19-25. Cale. : N, 19-2; Cl, 19-4%]. 
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(b) With methyl sulphate. The base (5 g.) was warmed with methy] 
sulphate (1 g.-mol.) for 10 minutes on the water-bath, a vigorous 
reaction occurring; the mixture was then made alkaline with 
2N-sodium hydroxide and extracted with chloroform. The dried 
extract was evaporated, and the gummy residue converted into 
picrates, which were fractionated from dilute alcohol. The approx. 
imate ratio of 1 : 6- to 1: 5-picrate was 10:1; the base from the 
1 : 5-picrate melted at 96° (compare Fischer, Ber., 1893, 22, 195). 

(c) With methyl sulphate and alkali. To the base (5 g.), suspended 
in excess of boiling 5N-sodium hydroxide, methyl sulphate was 
added until alkalinity to phenolphthalein was removed. After 
addition of further alkali and methyl sulphate, the solution was 
treated as in (b). The approximate ratio of 1 : 6- to 1 : 5-picrate 
was 1:1. 

2: 5(or 2: 6)-Dimethylbenziminazole.—3-Amino-4-acetamidotolu- 
ene, which formed colourless hexagonal plates, m. p. 132°, from 
water, was obtained in 77% yield by reduction of 3-nitro-4-acet- 
amidotoluene with iron powder and boiling 5% acetic acid. The 
melting point agrees with that given by Boessneck (Ber., 1886, 19, 
1757) and there was no evidence that the true melting point is 
110—112° or that the higher melting point is due to partial ring 
formation as suggested by Morgan and Micklethwait (J., 1913, 103, 
1397) (Found, in two experiments: N, 17:1, 17:3. Cale. for 
CyH,,ON,: N, 17-1. Cale. for C,H,)N,: N, 19-2%). Acetylation 
of this compound with acetic anhydride gave a 92% yield of 3 : 4-di- 
acetamidotoluene, which formed white needles, m. p. 210°, from 
alcohol (Found: N, 13-5. Cale.: N, 136%). That the 3-amino- 
4-acetamidotoluene, m. p. 132°, described above contained no ring 
compound was clearly shown by the fact that treatment with 
nitrous acid gave 1-acetyl-4-methyl-1 : 2 : 3-benztriazole (Morgan 
and Micklethwait’s 4-acetyl-3 : 4-diazoimide), m. p. 130°, in quan- 
titative yield. 

2 : 5(or 2 : 6)-Dimethylbenziminazole * was obtained as colourless 
rectangular plates, m. p. 202°, from 50% alcohol (Found : N, 19:3. 
Cale. : N, 19-2%). It was prepared from 3 : 4-tolylenediamine and 
acetic and hydrochloric acids or from 3-amino-4-acetamido- or 

* Morgan and Micklethwait obtained this compound by reduction of 
3-nitro-4-acetamidotoluene with iron and a small amount of dilute acetic 
acid. Repetition of the similar reduction of o-nitroacetanilide (compare 
Phillips, J., 1928, 174) gave, in a small amount of solvent, a mixture of 
2-methylbenziminazole and o-aminoacetanilide; when the larger amount 
stated in that paper was used, o-aminoacetanilide only was obtained. No 
modification of the process, however, was successful in producing o-amino- 


formanilide from the corresponding nitro-derivative (compare Phillips, J., 
1928, 2396). 
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3:4-diacetamido-toluene and hydrochloric acid by the general 
method described in previous papers (compare Hobrecker, Ber., 
1872, 5, 920; Ladenburg, Ber., 1875, 8, 677). 

Methylation. (a) Methyl-alcoholic hydrogen chloride at 160° gave 
unmethylated material. Treatment with methyl iodide as described 
for the lower homologue gave 1 : 2 : 5-trimethylbenziminazole, m. p. 
142°, in 50% yield (Found : N, 17-5. Cale. : N, 17-5%), in addition 
to some quaternary compound and its periodide. No trace was 
found of the 1 : 2: 6-isomeride or of unchanged material (compare 
Bamberger and Lorenzen, loc. cit.). 

(b) Methylation with methyl] sulphate as described under 5(or 6)- 
methylbenziminazole (b) gave a similar mixture of bases on removal 
of chloroform. These were separated by the greater solubility of 
the 6-isomeride in alcohol ; the approximate ratio of 6- to 5-isomeride 
was 10:1. 1:2:6-Trimethylbenziminazole (Found: N, 17-4%) 
melted at 121°. 

(c) Methylation with methyl sulphate and alkali gave a mixture 
of 1 : 2: 5- and 1: 2 : 6-trimethylbenziminazoles in equal quantities, 
which were separated from unchanged material (ca. 30°4) by means 
of the silver salt of the latter. 

4-Bromo-2-nitroacetanilide, obtained by acetylation of 4-bromo- 
2-nitroaniline (Phillips, J., 1930, 2401), gave, on reduction with 
iron and boiling dilute acetic acid, an 80% yield of 4-bromo-2- 
aminoacetanilide, which formed colourless needles, m. p. 154°, from 
25% aleohol (Found: N, 12-1; Br, 34-6. C,H,ONBr, requires 
N, 12:2; Br, 34-99%). The hydrochloride (Found: Cl -+- Br, 43-0. 
(,H,ON,Br,HCl requires Cl + Br, 43-5%), treated with sodium 
nitrite, gave 4-bromo-1-acetyl-1 : 2 : 3-benztriazole, m. p. 112° after 
crystallisation from 50% alcohol (Found: Br, 33-1. C,H,ON,Br 
requires Br, 33-39%). 4-Bromo-1 : 2 : 3-benztriazole, obtained from 
the acetyl derivative and cold dilute caustic alkali or from 4-bromo- 
o-phenylenediamine and nitrous acid, formed white prisms, m. p. 
150° after crystallisation from 30°% alcohol (Found: Br, 40-1. 
C,H,N,Br requires Br, 40-4%). 4-Bromo-1 : 2-diacetamidobenzene, 
obtained by addition of acetic anhydride to the filtrate in the 
reduction of 4-bromo-2-nitroacetanilide or by the action of acetic 
anhydride on 4-bromo-o-phenylenediamine, crystallised in colourless 
needles, m. p. 215°, from 50% alcohol (Found: N, 10-6; Br, 29-4. 
C,9H,,0,N,Br requires N, 10-3; Br, 29-5%). 

5(or 6)-Bromobenziminazole was obtained from 4-bromo-o-phenyl- 
enediamine and formic and hydrochloric acids by the standard 
method or by boiling benziminazole-5(or 6)-arsonic acid with con- 
centrated hydrobromic acid (J., 1930, 2401). A small amount was 
also obtained by boiling together 3 : 4-diaminophenylarsonic, formic, 
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and hydrobromic acids for 30 minutes. It formed colourless needles, 
m. p. 137°, from 50% alcohol (compare Fischer, Ber., 1905, 38, 
327). 

5(or 6)-Bromo-2-methylbenziminazole.—This compound was pre- 
pared by the standard methods from 4-bromo-o-phenylenediamine, 
4-bromo-2-aminoacetanilide, or 4-bromo-1 : 2-diacetamidobenzene, 

and also by the action of hydrobromic acid on 2-methylbenzimin. 
azole-5(or 6)-arsonic acid, 3-amino-4-acetamidophenylarsonic acid, 
or 3: 4-diaminophenylarsonic acid, acetic anhydride being present 
in the last case. 

The action of boiling methyl-alcoholic hydrogen chloride on 
4-bromo-1 : 2-diacetamidobenzene gave a mixture of the ring com- 
pound and 4-bromo-o-phenylenediamine in the proportion of 3 : 1, 
indicating, as shown elsewhere, the independent formation of both 
these compounds in this case as well as in that of the corresponding 
nitro-compound (Phillips, J., 1930, 1401). When 4-bromo-o-phenyl- 
enediamine hydrochloride is treated with sodium acetate and acetic 
anhydride, a mixture of the ring compound and 4-bromo-] : 2- 
diacetamidobenzene is formed; this recalls the parallel case of 
4-nitro-o-phenylenediamine hydrochloride, which, under similar con- 
ditions, gives the corresponding cyclic compound and _ 5-nitro-2- 
aminoacetanilide (Phillips, loc. cit., pp. 1411, 1412). On the other 
hand, 3 : 4-tolylenediamine hydrochloride, similarly treated, gives 
an excellent yield of 3: 4-diacetamidotoluene and no ring com- 
pound. Made by any of the above methods, 5(or 6)-bromo-2- 
methylbenziminazole consists of colourless prisms, m. p. 215° (com- 
pare Fischer, loc. cit.) (Found : Br, 38-0. Cale. : Br, 37-9%). 

Methylation. (a) Methylation with methyl iodide as described 
under the methylation of 5(or 6)-methylbenziminazole gave 6-bromo- 
1 : 2-dimethylbenziminazole, which formed colourless needles, m. p. 
180°, from alcohol (Found: Br, 35-5. C,H,N,Br requires Br, 
35°5°%). No isomeride was detected in this case. 

(b) Methylation with methyl sulphate gave the 6- and the 
5-bromo-isomeride in the approximate ratio of 50:1; the 5-bromo- 
compound formed colourless needles, m. p. 141°, from 80% alcohol 
(Found: N, 12-2; Br, 35-4. C,H,N,Br requires N, 12-4; Br, 
35-5%). 

(c) Methylation with methyl sulphate and alkali gave the same 
two isomerides in the approximate ratio of 2: 1. 

Synthesis of 5- and of 6-Bromo-1 : 2-dimethylbenziminazole.— 
4-Bromo-2-nitromethylaniline (from 3-nitro-4-methylaminophenyl- 
arsonic acid and hydrobromic acid; Phillips, J., 1930, 2401) was 
reduced with tin (2 parts) and 5N-hydrochloric acid (12 parts), tin 
removed by hydrogen sulphide, and the filtrate evaporated to 
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of 5(or 6)-nitro-2-methylbenziminazole (Found : N, 21-8%). 
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dryness. The residual 4-bromo-2-aminomethylaniline hydrochloride 
was heated under reflux for 1 hour with 4N-hydrochloric acid (3 
parts) and acetic anhydride (1 part), and the solution basified with 
ammonia; an excellent yield was obtained of 5-bromo-] : 2-di- 
methylbenziminazole, m. p. 141° after crystallisation from 80% 
alcohol, identical with one of the products of methylation of 5(or 6)- 
bromo-2-methylbenziminazole (Found : Br, 35-3%). 

By similar treatment, 5-bromo-2-nitromethylaniline (Phillips, loc. 
cit.) Was converted into 6-bromo-1: 2-dimethylbenziminazole (yield, 
good), m. p. 180°, identical with the product of the methylation of 
j(or 6)-bromo-2-methylbenziminazole with methyl iodide (Found : 
N, 12-3; Br, 35-6%). 

Methylation of 5(or 6)-Nitro-2-methylbenziminazole.—(a) With 
methyl-alcoholic hydrogen chloride. No methylation occurred at 80° 
(under reflux); methylation at 160° for 3 hours in a sealed tube 
gave an 85% yield of 6-nitro-1 : 2-dimethylbenziminazole, m. p. 242°. 
No 5-nitro-1 : 2-dimethylbenziminazole was detected (Found: N, 
21-85. C,H,O,N; requires N, 22-0%). 

(b) With methyl sulphate. The base (15 g.) and methyl sulphate 
(7-5 c.c.) were heated on the water-bath for 1 hour, sodium hydroxide 
(4N) was added, and the solid removed. The filtrate gave on 
acidification with acetic acid 1-5 g. of unchanged material. The 
solid, m. p. 240° after crystallisation from 90% alcohol, was 6-nitro- 

: 2-dimethylbenziminazole (Found: N, 21-9%). The mother- 
liquors from this and several other preparations contained mixtures 
of this ring compound and the 5-isomeride, m. p. 216° (Found : 
N, 22-1%). The estimated proportion of 6- to 5-isomeride is about 
100: 1. 

(c) Methylation with methyl sulphate and alkali gave a mixture 
of the 6- and the 5-isomeride in the approximate ratio of 5: 1. 

Synthesis of 6-Nitro-1 : 2-dimethylbenziminazole.—2-Chloro-5-nitro- 
methylaniline, m. p. 99° (Found: N, 15-3. C,H,O,N,Cl requires 
N, 15:0%), obtained from 2-chloro-5-nitroaniline by methylation 
with methyl sulphate, gave, on treatment with aqueous ammonia 
(d 0-880) (10 parts) at 160° for several hours, a 55% yield of 5-nitro- 
2-.aminomethylaniline, which formed yellow plates, m. p. 184°, from 
benzene (Found: N, 25-0. C,H,O,N, requires N, 25-1%). This 
compound, treated with acetic and hydrochloric acids by the 
general method, gave 6-nitro-1 : 2-dimethylbenziminazole, which 
crystallised in pale yellow or colourless needles, m. p. 242°, from 
50°, alcohol. It was soluble in mineral acids and acetic acid 
(glacial), insoluble in alkalis and ether, and identical in all respects 
with 6-nitro-1 : 2-dimethylbenziminazole obtained by methylation 
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5-Nitro-1 ; 2-dimethylbenziminazole (Phillips, J., 1930, 1418, 
1419; Fries, Annalen, 1927, 454, 121) consists of pale yellow 
needles, m. p. 226°. It resembles its isomeride in solubility (Found ; 
N, 21-9. Cale. : N, 22-0%). 

Methylation of 2-Methylbenziminazole-5(or 6)-arsonic Acid.—The 
arsonic acid (5 g.) and methyl sulphate (1 equiv.) were heated on 
the steam-bath for 2 hours, N-caustic alkali was added, followed 
by 2N-hydrochloric acid until the boiling solution was faintly acid 
to Congo-red. The first crop of crystals consisted of unchanged 
material. Subsequent crops, which appeared to be identical, were 
assumed to be 1 : 2-dimethylbenziminazole-6-arsonic acid (2-2 g.); 
this crystallised in white rectangular plates, not molten at 300°. It 
was much more soluble than 2-methylbenziminazole-5(or 6)-arsonic 
acid in water (Found: As, 27:5; N, 10-4. C,H,,0,N,As requires 
As, 27:8; N, 103%). 

Methylation in 2N-sodium hydroxide gave the same product 
mixed with a small amount of a more soluble isomeride, which was 
not obtained pure (Found for the mixture : As, 27-75%). 

Quaternary Compounds (II) and Carbinols (IV).—The methiodides 
were obtained from the 5- or 6-isomeride at 120—130°, or from the 
parent compound at 120—150°, by treatment in sealed tubes with 
1 mol. (in the former case) or 2 mols. (in the latter) of methyl iodide, 
methyl alcohol (an equal volume) being used as solvent. In the latter 


case, a certain amount of periodide, (CoHR<yy>CMesM el,,I,) was 


formed ; it was easily separated owing to its insolubility in water. 
The formation of periodides from the nitro-derivatives was almost 
completely avoided by working at 120—130° (compare Fischer and 
Hess, Ber., 1903, 36, 3970). 

The quaternary compound of 2 : 5(or 2 : 6)-dimethylbenziminazole 
was obtained by treatment of the unmethylated compound with 
1 mol. only of methyl iodide at 160°: the methyl alcohol evidently 
took part in the methylation. 

The carbinols were obtained by precipitation of aqueous solutions 
of the methiodides with sodium hydroxide solution. They were 
also obtained in excellent yield by refluxing the corresponding 
NN’-dimethyl-o-phenylenediamines |(1 part) for 30 minutes with 
4N-hydrochloric acid (5 parts) and formic acid or acetic anhydride 
(1 part) (compare Phillips, J., 1929, 2826). 

The methiodides and the carbinols had the m. p.’s recorded in 
the literature (Fischer and Rigaud, loc. cit.; Niementowski, loc. 
cit.; Fischer, Ber., 1905, 38, 327), except 5(or 6)-nitro-1 : 2-di- 
methylbenziminazole methiodide, m. p. 280° (Fischer and Hess, 
Ber., 1903, 36, 3969, give m. p. 267°). 
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5 (or 6)-Amino-2-hydroxy-1 : 2 : 3-trimethyl-2 : 3-dihydrobenzimin- 
azole—This was obtained by reduction of the corresponding nitro- 
compound with iron and boiling 5% acetic acid (compare Phillips, 
J., 1928, 174). After basification with ammonia, the filtered solu- 
tion was evaporated to dryness, and the residue treated with 
excess of alcoholic hydrogen chloride (3). The precipitated 
dihydrochloride, after being washed with ether and air-dried, con- 
sisted of steel-blue prisms (yield, 80%), m. p. 130°, soluble in 
$ parts of cold water (Found: H,O, 6-6. C,)H,,ON;,2HCI,H,O 
requires H,O, 6-4%. Found for material dried at 90°: N, 16-1; 
Cl, 26-5. C,9H,,ON;,2HCl requires N, 15-8; Cl, 26-:7%). Its 
aqueous solution on treatment with sodium acetate gave a mono- 
hydrochloride in colourless prisms, m. p. 295°, soluble in 2 parts of 
cold water (Found: N, 18-3; Cl, 15-0. C,)H,,ON;,HCl requires 
N, 18-3; Cl, 15-59%). The base was not isolated crystalline owing 
to its great solubility in water. The dihydrochloride was converted 
by the Bart process into 2-hydroxy-1 : 2 : 3-trimethyl-2 : 3-dihydro- 
benziminazole-5( or 6)-arsonic acid (30% yield), which formed colour- 
less needles readily soluble in cold water (Found: As, 25-0; N, 
93. C, 9H,,0,N,As requires As, 24:8; N, 93%). Attempted 
fission of this compound with aqueous or alcoholic potash led to 
its complete decomposition. 

Fission of the Carbinols.—That the stability of carbinols of the 


type C,H R<N Mo >CMe-OH is dependent upon the nature of R 


is shown by the following table, which records the times required 
for complete decomposition by 50% alcoholic potash. 


Time % Yield of 

R. (mins.). CgH,R(NHMe),. M. p. References. 

Me 360 45 (b. p. 260°) Fischer and Rigaud, 
loc. cit. 

H 180 45 168° Fischer, Ber., 1907, 34, 
938. 

Br 90 50 78 Fischer, Ber., 1905, 38, 
327. 

NO, 60 50 172 Fischer and Hess, loc. cit. 


The first and the third diamine are also obtained from 
(HRN >CH-OH. 

The author’s thanks are due to Mr. L. €. Myerscough for assist- 
ance in the preparative work and analyses. 


RESEARCH LABORATORIES, Messrs. MAy & BAKER, LTD., 
Lonpon, S.W. 18. [ Received, February 19th, 1931.] 
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CL.—The Action of Piperidine on Acetonesemi- 
carbazone. 









By Jean M. Stratton and ForsytH JAMES WILSON. 


THE interaction of semicarbazones and primary aliphatic and 
aromatic amines and amino-esters has been very fully studied 
(Borsche and his collaborators, Ber., 1901, 34, 4297; 1904, 37, 3177: 
1905, 38, 831; Wilson, Hopper, and Crawford, J., 1922, 121, 866; 
Heilbron and Wilson, J., 1913, 103, 1504; Wilson and Crawford, J., 
1925, 127, 103; Hopper and Wilson, J., 1928, 2483), but no work has 
hitherto been carried out on the interaction of semicarbazones and 
secondary amines. We have now investigated the reaction between 
acetonesemicarbazone and piperidine. 

It was expected that the reaction would take the normal course 
CMe,:N-NH-CO-NH, + NHC;H,, = (I) CMe,:-N-NH-CO-NC;H,, + 
NH,, giving acetonepiperidinoformylhydrazone. Equimolecular 
quantities of the reactants were refluxed in toluene solution. In the 
first experiments no special precautions were taken to dry the 
materials or solvents used, or to exclude moisture while the reaction 
was proceeding : as will be seen, this profoundly affected the course 
of the reaction. Ammonia was evolved and a substance, C,)H,,0,N, 
(II), m. p. 145°, was obtained. This reacted with benzaldehyde in 
aqueous-alcoholic solution, giving a substance, C,,H,,0,N, (III), 
m. p. 211°; with acetophenone it gave a substance, C,;H,,0,N; (IV), 
m. p. 204°. 

When boiled for 2 hours with 20—25% hydrochloric acid, (IT) was 
completely hydrolysed, yielding acetone, hydrazine hydrochloride, 
and piperidine hydrochloride in the molecular ratios 1 : 1-9 : 1-025. 
Since the method of analysis adopted tended to give a low result for 
hydrazine and a high one for piperidine, it was concluded that (II) 
contained one acetone residue, two hydrazine residues, and one 
piperidine residue, and therefore had the structure, 

CMe,:N-NH-CO-NH-NH-CO-NC;H,,,H,0, 
of acetone-c-piperidinoformylcarbohydrazone hydrate. Substance (III) 
would then be _ benzaldehyde-c-piperidinoformylcarbohydrazone, 
CHPh:N-NH-CO-NH-NH-CO-NC;H,9, and (IV) would be aceto- 
phenone-e-piperidinoformylcarbohydrazone, 
CPhMe:N-NH-CO-NH-NH:CO-NC, Hp. 

It was not possible to remove water from (II) even by heating it at 
just below the melting point in a high vacuum; when heated a little 
above the melting point, it lost water but decomposition ensued. 
We therefore prefer to reformulate (II) as 
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CMe,(OH)-NH-NH-CO-NH-NH-CO-NC,H jo. 
A somewhat similar case has been reported by Read and Smith (J., 
1922, 121, 1869). It is rather remarkable that (III) and (IV) are 
anhydrous. 

Substances (IT) and (III), when boiled with 1% hydrochloric acid, 
gave e-piperidinoformylcarbohydrazide hydrochloride (V), 

NH,°NH:CO-NH-NH-CO-NC,H,,,HCI,H,O, 
which exhibited dimorphism. Treatment of the hydrochloride 
with acetone, benzaldehyde, and acetophenone yielded the substances 
(II), (III), and (IV) respectively. With picric acid, (II) gave 
e-piperidinoformylcarbohydrazide picrate, obtainable also from the 
hydrochloride and picric acid. 

Benzaldehydesemicarbazone and piperidine failed to react at 
130°; at 165°, decomposition products only were obtained. When 
heated at 130—135° in solvent naphtha, acetophenonesemicarbazone 
and piperidine reacted in the normal manner, giving acetophenone- 
piperidinoformylhydrazone, CPhMe:N-NH-CO-NC;H,, (VI), m. p. 
168°. Hydrolysis of this with boiling 1% hydrochloric acid gave 
acetophenone and piperidinoformylhydrazide hydrochloride (VII), 
NH,*NH:CO-NC;H,,,HCl, which with benzaldehyde gave benz- 
aldehydepiperidinoformylhydrazone (VIII), CHPh:N-NH-CO-NC,H 4p. 
The structure of the last compound was confirmed by its synthesis 
from piperidinoformylhydrazide and benzaldehyde: when, how- 
ever, acetone was substituted for benzaldehyde, the reaction pro- 
ceeded abnormally and (II) was produced: 2C,;H,.N-CO-NH:NH, 


__» C,HN-CO:NH-NH-CO-NH-NH, ——> (II). 

The reaction between acetonesemicarbazone and piperidine was 
then repeated, all the materials and solvents being carefully dried 
and access of moisture from the air being excluded. The reaction 
proceeded normally, CMe,:N-NH-CO-NH, + NHC;H,) = NH; + 
(Me,:N-NH-CO-NC;H 49, giving (I), m. p. 101°, which yielded acetone 
on hydrolysis and (VIII) with benzaldehyde. The substance was 
deliquescent and slowly decomposed when moist, giving an alkaline 
reaction. 

When the substance (II) was boiled with water, it gave acetone 
and e-piperidinoformylcarbohydrazide (IX), 

C,H,),N-CO-NH-:NH:-CO-NH-NH,, 

the latter being obtained as a monohydrate which became anhydrous 
in a vacuum over sulphuric acid. When boiled with water, (I) also 
gave (IX) together with acetone and piperidine: the alkaline 
reaction which (I) develops when moist is evidently due to this 
hydrolysis. With acetone and benzaldehyde in aqueous alcoholie 
solutions, (IX) yielded (IT) and (III) respectively. 
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. ° . . . . ) y 
The formation of (IT) from acetonesemicarbazone and piperidine | ( 








appears, therefore, to proceed through the following stages : ,* 
—2NH, - 

2CMe,:N-NH-CO-NH, -}- 2C,H,.NH ——> iJ ing 
+3H,0 he 

2CMe,:N-NH-CO-NC,H,, (I) song 2Cs5HipN-CO-NH-NH, a 


—C,H,,NH 4+OMe,0 b 
} 


——> C;H,)N-CO-NH-NH-CO-NH-NH, (IX) : 
C;H,)N-CO-NH-NH-CO-NH-NH-CMe,°OH (II) | .i® 

Heating for 6 hours at 190—200° effected a smooth decomposition | 4 
of (VII) into piperidine hydrochloride and 4-aminourazole : 2(VII)= (ac 


2C;H,)>NH,HCl + CO<N (NHL) CO: Attempts were made to | fro 


obtain the base corresponding to the hydrochloride (VII), but it was d 








too unstable to permit of purification. 18 
EXPERIMENTAL. | ter 
Piperidine and Acetonesemicarbazone (non-anhydrous conditions) .— hy 
Equimolecular quantities were refluxed in toluene at 130° for 9 
hours, ammonia being evolved. The solution was evaporated under - 
reduced pressure, and the residue dissolved in a little alcohol. | 32: 
Addition of much ether and a small quantity of water precipitated a | "” 
colourless crystalline solid, which, after being washed with ether and (I 
recrystallised by addition of ether to a concentrated alcoholic solution, | - 
or of light petroleum to a chloroform solution, or from acetone, water - 
or benzene, gave acetone-c-piperidinoformylcarbohydrazone hydrate for 
(II) in prismatic needles, m. p. 145° (Found: C, 46-6; H, 7-9; N, (Fe 
27:2, 26:9*; M, cryoscopic in nitrobenzene, 311. C, 9H,,0,N; , 
requires C, 46-3; H, 8-1; N, 270%; M, 259). Toa solution of the is ‘ 
substance in a little hot water, benzaldehyde and a little alcohol were ies 
added : the precipitated benzaldehyde-c-piperidinoformylcarbohydr- 
azone (III) crystallised, on addition of water to an alcoholic solution, ale 
in long, felted, thread-like prisms, m. p. 211° after repeated crystal- sein 
lisation, soluble in alcohol and ether (Found: C, 57:8; H, 6-6; N, = 
24-4, 24-5. C4Hy,0,N, requires C, 58:1; H, 6-6; N, 24-2%). | 
When treated with acetophenone in a similar manner, (II) gave Pi 
acetophenone-c-piperidinoformylcarbohydrazone (IV), which separated 
from an alcoholic solution on addition of water in needle-like prisms, = 
m. p. 204° (Found : C, 59-3; H, 6-7; N, 23-1. C,;H,,O,N; requires a 
C, 59-4; H, 6-9; N, 23-1%). ry 
A known weight of (I) was distilled with 1% sulphuric acid. The = 
acetone in the distillate was estimated by the method of Denigés a 
* In all nitrogen estimations copper oxide—cobalt oxide mixture was used ct 
(Campbell and Gray, J. Soc. Chem. Ind., 1930, 49, 450), as otherwise irregular of 


results were obtained. 
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| (Compt. rend., 1898, 127, 963). The solution in the distilling flask 

was then boiled for 3 hours with 20% hydrochloric acid : in one half 
| of it, cooled and made alkaline, hydrazine was estimated by measur- 
ing the nitrogen evolved on heating with Fehling’s solution ; the other 
half, cooled and made alkaline, was distilled with Fehling’s solution 

» destroy hydrazine), and the piperidine was collected in standard 

and estimated by titration. The results (molecular ratios) 
yere : acetone 1-0, hydrazine 1-9, piperidine 1-025. 
' The substance (II) was boiled for } hour with 1% hydrochloric 
acid, and the solution evaporated to dryness under reduced pressure 
(acetone was detected in the distillate). The residue crystallised 
from water or alcohol-ether containing a little hydrochloric acid in 
plates, m. p. 144°, but slow crystallisation from absolute alcohol with 
ddition of ether or light petroleum yielded long prisms, m. p. 185— 
186° (decomp.): a mixture of the two forms melted at the higher 
‘temperature. The substance was ¢-piperidinoformylcarbohydrazide 
hydrochloride (V) (Found in substance of m. p. 144°: C, 32-6; H, 
70; N, 27-5; Cl, 13-8. Found in substance of m. p. 185—186°: C, 
33:1; H, 6-9; N, 27-5; Cl, 14-0. C;H,,0,N,;,HCI,H,O requires C, 
| 329; H, 7-1; N, 27-4; Cl, 139%). Hydrolysis of (III) gave a 
| similar result, the same hydrochloride being obtained. Substance 
(I[) in water was distilled with aqueous picric acid: acetone was 
present in the distillate, and the residual, fairly concentrated solution 
| on cooling deposited ¢-piperidinoformylcarbohydrazide picrate, which 
formed long, bright yellow prisms, m. p. 204° (decomp.), from alcohol 
(Found: C, 35-8; H, 4-2; N, 25-9. C,H,,0,N;,C,H,0,N, requires 
C, 36-3; H, 4:2; N, 260%. The substance for analysis was mixed 
with silica). The same picrate was obtained by addition of picric 
acid to a solution of (V) in water. 

When shaken with benzaldehyde and acetophenone in aqueous 
alcohol, (V) gave precipitates of (IIL) and (IV) respectively. The 
substance (V) was mixed with potassium acetate in absolute alcohol, 
and the solution was filtered from potassium chloride, treated with 
acetone, and allowed to evaporate in a desiccator. A trace of solid 
separated, ether was added, and the slight precipitate was removed 
(potassium acetate). On addition of a very little water and shaking, 
the ethereal solution deposited a crystalline solid which on recrystal- 
lisation from alcohol-ether proved to be (II). 

Piperidine and Acetophenonesemicarbazone (equimolecular quant- 
ities). —These substances were heated in high-boiling solvent naphtha 
at 130—135° for 30—35 hours until all solid had dissolved. The 
solid which separated on cooling was pressed free from oil and 
recrystallised from alcohol or ether, or from chloroform with addition 
of light petroleum, acetophenonepiperidinoformylhydrazone (V1) being 
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obtained in needles, m. p. 168° (Found: N, 17-1. C,H, ON, 
requires N, 17-1%). This substance was quickly hydrolysed by 
boiling 1% hydrochloric acid; the liquid was evaporated under 
reduced pressure (acetophenone was present in the distillate), and 
the residue dissolved in absolute alcohol. Addition of ether precipit- 
ated piperidinoformylhydrazide hydrochloride (VII) in needles, m. p. 
189° (Found: N, 23-6. C,H,,0N3,HCl requires N, 23-5%). Toa 
filtered solution of this hydrochloride and potassium acetate in 
aqueous alcohol, benzaldehyde and water were added; the precipit- 
ated benzaldehydepiperidinoformylhydrazone (VIII) crystallised in 
very fine, long prisms, m. p. 179°, from aqueous alcohol, acetone, or 
ether or on addition of light petroleum to a chloroform or ethylene 
dichloride solution (Found: N, 18-2. C,,;H,,ON, requires N, 
18-2%). 

A solution of the hydrochloride (VII) in absolute alcohol was 
treated with sodium ethoxide in alcohol until it was almost neutral; 
it was then filtered from sodium chloride and concentrated, acetone 
and a few drops of water were added, and the whole was refluxed for 
6 hours. The solution was then distilled under slightly reduced 
pressure into dilute hydrochloric acid, the heating being carried out 
in a glycerol bath up to 120° in a current of air free from carbon 
dioxide. The presence of piperidine in the distillate was proved by 
conversion into the benzenesulphonyl derivative. The yellow oil 
in the distilling flask was dissolved in chloroform and cleaned with 
charcoal, a few drops of acetone were added and then light petroleum 
until the solution became turbid. Crystals gradually separated; 
after being washed with ether and recrystallised from benzene, the 
substance was identical with (II). 

To an absolute alcoholic solution of hydrazine hydrate (slightly 
more than 2 mols.) piperidinoformy] chloride (Wallach and Lehmann, 
Annalen, 1887, 237, 249) was added drop by drop. After the 
vigorous action was over, hydrazine monohydrochloride was 
filtered off. To a portion of the filtrate, acetone was added, and the 
solution was evaporated to small bulk under reduced pressure; the 
solid which separated on addition of ether was shown to consist of 
(II) and piperidine hydrochloride. The other portion of the filtrate 
on dilution with water and shaking with benzaldehyde gave a 
precipitate, irom which benzalazine was removed by light petroleum ; 
the residue after recrystallisation from benzene-light petroleum was 
found to be identical with (VIII). 

Thermal Decomposition of Piperidinoformylhydrazide Hydro- 
chloride (VIL) (190—200°, 6 hours).—The cold melt was extracted 
with boiling absolute alcohol; the residue on recrystallisation from 
water gave crystals, m. p. 273°, recognised as 4-aminourazole by 
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its characteristic reactions. Addition of dry ether to the alcoholic 
extract precipitated a crystalline hydrochloride, identified as piper- 
idine hydrochloride by conversion into benzenesulphonpiperidide. 

Piperidine and Acetonesemicarbazone (anhydrous conditions).—The 
piperidine was dried over potassium hydroxide and distilled, acetone- 
semicarbazone was dried in a vacuum over sulphuric acid, dry sol- 
vents were employed, and during the reaction moisture was excluded 
by means of a calcium chloride tube. The reactants (equimolecular 
quantities) were refluxed in toluene (dried over sodium) for 25 hours 
at 110°, ammonia being evolved. The hot solution was filtered, 
evaporated to dryness under reduced pressure, and the residue 
extracted with hot light petroleum. 

Acetonepiperidinoformylhydrazone (1), which separated on cooling, 
was repeatedly crystallised from light petroleum (Found: C, 59-1; 
H, 9-1; N, 22-9. C,H,,ON, requires C, 59-0; H, 9-3; N, 22-9%). 
It formed rosettes of prisms, m. p. 101°, extremely soluble in water, 
methyl and ethyl alcohols, benzene, ether and light petroleum; the 
high solubility made purification troublesome. 

Production of <-Piperidinoformylcarbohydrazide (1X) from Acetone- 
piperidinoformylhydrazone (1) and Acetone-c-piperidinoformylcarbo- 
hydrazone Hydrate (11) by Hydrolysis with Water.—Acetone-e-piper- 
idinoformylcarbohydrazone (II) was boiled with water, and the 
product distilled; acetone was present in the distillate. The 
crystalline residue obtained by evaporation of the solution was 
dissolved in hot absolute alcohol and precipitated by addition 
of light petroleum; repetition of this treatment gave plates, 
m. p. 106—108°, of e-piperidinoformylcarbohydrazide (IX), contain- 
ing one molecule of water [Found (air-dried): N, 32-6, 32:8. 
C;H,,0.N;,H,O requires N, 320%]. This was dried in a high 
vacuum over sulphuric acid until constant in weight, and the 
product crystallised in the cold from absolute alcohol-ether or —light 
petroleum, the anhydrous substance being obtained in plates, m. p. 
106—107° (Found : N, 34:9. C,H,,0,N, requires N, 34:8%). The 
anhydrous substance appeared to decompose on keeping and for this 
reason was difficult to purify : the hydrate was more stable. The 
hydrolysis of (I) proceeded in the same manner, piperidine as well as 
acetone being present in the distillate. 


We desire to express our thanks to Imperial Chemical Indus- 
tries, Ltd., for grants which have been of great assistance in this 
investigation. We wish also to thank the Governors of this College 
for the appointment of one of us (J. M. 8.) as Research Assistant. 
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CLI.—The Stereoisomeric 2:3:5 :6-Tetramethyl- 
piperazines. Part II. The Configuration of the 
so-called B-I someride. 


By Freperic Barry KIppPine. 


AN examination of the formule of the five theoretically possible 
optically inactive 2:3:5:6-tetramethylpiperazines (J., 1929, 
2889) reveals the fact that, of these, two (II and V) are externally 
compensated, whereas the remaining three all have planes of 
symmetry and are therefore meso-compounds; the -+- sign being 
used to represent a methyl group above the plane of the ring, this 
is clear from the following figures : 


+ + + + 


HN NH HN NH 


+ + 
(I.) 


(IV.) HN NH HN NH (V.) 


+ = - + 


Furthermore, isomerides (II) and (V) differ from each other in that 
the two nitrogen atoms of (V) are identically situated, whereas 
those of (II) have a different environment in the molecule. Hence, 
if two different groups, A and B, are introduced in the 1 : 4- and 
4: 1-positions respectively in formula (II), the two substances so 
depicted should be different; the compound represented by (V), 
however, must yield the same product in each case. 

It is now shown that the so-called $-isomeride (loc. cit., p. 2894) 
must have the configuration represented by (II), as it was found to 
be externally compensated, and to give isomeric 1 : 4-derivatives 
of the type just mentioned. Attempts to resolve the base with 
d-camphor-10-sulphonic acid, and p-toluenesulphonyl-8-2 : 3 : 5: 6- 
tetramethylpiperazine with d-camphor-10-sulphonic acid, d-«-bromo- 
camphor-z-sulphonic acid and d-hydroxymethylenecamphor, were 
unsuccessful: crystalline salts were obtained in each case, but 
fractional crystallisation. of these failed to effect a separation. 

The d-base was finally obtained by condensation of the dl-com- 
pound with d-hydroxymethylenecamphor, followed by crystal- 
lisation of the product; after three recrystallisations from alcohol, 
pure d-8-2 : 3: 5 : 6-tetramethylpiperazinebis-d-methylenecamphor was 
obtained. Decomposition of this with bromine in the usual way 
(Pope and Read, J., 1912, 101, 2337) yielded d-8-2 : 3 : 5 : 6-tetra- 
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methylpiperazine, which showed [«]544, -- 20-1° as dihydrochloride ; 
the d-dinitroso-derivative prepared from this gave [«];4,, ++ 135°. 

The |-base could not be obtained conveniently from the mother- 
liquors of the methylenecamphor derivative, but it was found that 
|-8-2:3:5: 6-tetramethylpiperazine mono -d - «- bromocamphor - x - 
sulphonate was obtained by crystallisation of the salt of the dl-base 
from acetone. /-6-2:3:5:6-Tetramethylpiperazine dihydro - 
chloride showed [«];4,, — 21-8° and the /-dinitroso-derivative gave 
[]sa61 — 185-5". 

[someric derivatives of the base of the type mentioned above were 
then prepared by the introduction of the A and B groups in a different 
order. It is assumed here, for the purpose of nomenclature, that 
the group first introduced takes up the 1-position. 1-p-Toluene- 
sulphonyl-dl-8-2 : 3: 5: 6-tetramethylpiperazine (J., 1929, 2895) 
was converted, by boiling it with benzenesulphonyl chloride in 
pyridine solution, into 4-benzenesulphonyl-|-p-toluenesulphonyl-dl-6- 
2:3: 5: 6-tetramethylpiperazine, m. p. 175—176°;  1-benzene- 
sulphonyl-dl-8-2 : 3: 5 : 6-tetramethylpiperazine was similarly con- 
verted, by treatment with p-toluenesulphonyl chloride, into 
|-henzenesulphonyl-4-p-toluenesulphonyl-dl- 8-2 : 3: 5 : 6-tetramethyl- 
piperazine, m. p. 186°. Mixtures of these two isomerides melted 
indefinitely at 158—160°, and there is therefore no doubt that the 
two substances are different. 


EXPERIMENTAL. 
8-2:3:5:6-Tetramethylpiperazine d-camphor-10-sulphonate was 
obtained crystalline by the treatment of the residue from the 
evaporation of an aqueous solution of equimolecular quantities of 
the acid and base, with a mixture of benzene and light petroleum. 
Three crystallisations from benzene raised the melting point only 2°, 
the final value being 89—90° (Found : 8, 8-4. CgH,,N,,C 9H 1.045 
requires 8, 8-6%). The salt separated from benzene in clusters of 
needles and was readily soluble in water, chloroform, and alcohol, 
but almost insoluble in light petroleum. All fractions exhibited 
substantially the same rotatory power, [«]}3s +- 31-2°, [ «Ji, -1- 35-7° 
in chloroform (c = 1-87) and [a], + 17°35°, [Mss + 65:1° in 
water (c = 1-81). The last value is also practically identical with 
that for salts of the acid with inactive bases. The base recovered 

from the last fraction was optically inactive. 

1 - p- Toluenesulphony] - 8-2 :3:5:6-tetramethylpiperazine d - 
camphor-10-sulphonate was prepared by warming 1-p-toluene- 
sulphonyl-8-2 : 3: 5: 6-tetramethylpiperazine (1 mol.) with the 
acid (1 mol.) in aqueous solution: on cooling, the salt separated 
in prisms, m. p. 182—187°. After seven recrystallisations from 

QQ 
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water the salt melted at 190°, but the rotatory powers of all fractions 
were practically identical, [«}$,, + 24-8° in alcohol (c = 1-19). The 
sulphony] derivative recovered from the last fraction was inactive. 

1 - p- Toluenesulphonyl - 8 - 2:3: 5: 6-tetramethylpiperazine d- «- 
Bromocamphor-r-sulphonate—A mixture of equimolecular pro- 
portions of the acid and base in water gave a gummy product, 
which crystallised after standing on the water-bath for some time; 
m. p. 142—143°. It separated from water, in which it was sparingly 
soluble, in small needles and from alcohol, in which it dissolved 
readily, in a similar form. After three recrystallisations from 
alcohol the melting point had not changed and the specific rotations 
of all fractions were substantially the same (Found: Br, 13-0. 
C,5H,,0,N.8,C,,H,,O,BrS requires Br, 13°15%). [a] + 63-2° 
in alcohol (c = 1-18). The sulphonyl derivative liberated from the 
last fraction showed a slight dextrorotation in alcohol, and that 
from the mother-liquors a levo-value, so some resolution appeared 
to have occurred. In view, however, of the successful experiments 
described later, it was considered unnecessary to continue work on 
this salt. 

1-p-Toluenesulphonyl-8-2 : 3: 5 : 6-tetramethylpiperazine- d-methyl- 
enecamphor.—d-Hydroxymethylenecamphor (1 mol.) and the p- 
toluenesulphonyl derivative (1 mol.) were warmed together in 
alcohol-acetic acid on the water-bath. A_ crystalline _ solid 
gradually separated, m. p. 175°. After four recrystallisations from 
alcohol the melting point had risen to 179°, and all fractions gave 
the same rotatory power (Found: C, 68-2; H, 8-2. C,gH3,0,N.8 
requires C, 68-1; H, 8-3%). [a] ++ 287°, [«];, + 339° in alcohol 
(c = 1-04). The sulphonyl derivative recovered from the last 
fraction by the bromine method was inactive. 

8-2:3:5: 6-Tetramethylpiperazinebis -d -methylenecamphor.—The 
hydrochloride of the dl-base (10 g.), d-hydroxymethylenecamphor 
(17 g.), potassium hydroxide (5-2 g.), and sodium acetate (3 g.) were 
boiled together in aqueous-alcoholic solution during about 5 hours. 
lhe crystalline material which separated from the cooled solution 
melted at 253° and was easily soluble in cold chloroform, and in hot 
alcohol and acetone: it was almost insoluble in light petroleum. 
After being washed with water, it was recrystallised from alcohol 
three times, finally separating in stout needles, m. p. 266°, which 
proved to be pure d-$-2: 3:5 : 6-tetramethyl piperazinebis-d-methyl- 
enecamphor (Found: C, 77:2; H, 9-7. CygH,,O.N, requires (, 
77-3; H, 9-9%). [a], + 549°, [o]i, + 642° in chloroform (¢ = 
0-4). Material precipitated by the addition of water to the filtrate 
from the original preparation, after one recrystallisation from 
aqueous alcohol, showed [«]}%, + 610°, [a}, -+ 742° (¢ = 0-5). 
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This is doubtless impure 1-6-2: 3:5: 6-tetramethylpiperazinebis- 
d-methylenecamphor. 

The pure derivative of the d-base (3 g.; 1 mol.) was dissolved in 
warm carbon tetrachloride, and bromine (2-32 g.; 2 mols.) in carbon 
tetrachloride was slowly added. The reddish precipitate which 
was formed was filtered off; when it was boiled with alcohol, the 
hydrobromide of the d-base was obtained, [«]}%,, + 14:3° in water 
(c= 4:85). d-8-2:3:5:6-Zetramethylpiperazine dihydrochloride 
was obtained from this by distillation with alkali, and neutralisation 
of the distillate with hydrochloric acid, and gave [«}!%, + 18°, 
[«]!Ss. ++ 20-1° in water (c = 3-76). These values refer to material 
dried in a vacuum at room temperature (Found: Cl, 32-0; loss at 
100° in a vacuum, 3-6. C,H,,N,,2HCI,}H,O requires Cl, 31-7; 
H,O, 40%. Found for completely dried material: Cl, 32-9. 
CsH,,N,,2HCI requires Cl, 33-0%). 

Dinitroso-d-8-2 : 3: 5; 6-tetramethylpiperazine, prepared in the 
usual way from the hydrochloride, had m. p. 108—109° and [«]!;, 
+ 115°, [a}ii +- 135° in alcohol (¢ = 0-72). 

6-2:3:5:6-Tetramethylpiperazine d-«x-Bromocamphor-n-sulphon- 
ae.—A mixture of equimolecular proportions of the acid and the 
dil-base was evaporated to dryness in aqueous solution. The 
resulting crystalline salt was easily soluble in water, acetone, alcohol, 
and chloroform, fairly soluble in benzene, and almost insoluble in light 
petroleum. It was crystallised once from chloroform—light petrol- 
eum and then had m. p. 103—105°, and [«]}5,, + 60°3°, | «}§, +- 70-9°, 
[M |54, + 322° in water (c = 1-0). This solvent was unsatisfactory 
and the salt was subsequently crystallised from acetone, from which 
it separated in small needles, finally consisting of pure 1-8-2 : 3 : 5: 6- 
tetramethylpiperazine mono-d-x«-bromocamphor-r-sulphonate, m. p. 
129—130° (Found: Br, 17-4. CgH,,N,,C;)H,,0,BrS requires Br, 
17-6%). [oc figs, -+- 65°5°, [Mou + 297° in water (c = 1-36). The 
base was liberated from this by distillation with alkali and obtained 
in the form of its dihydrochloride, which showed [«|}!§,, — 18-5°, 
[a]!§,, — 21-8° in water (c = 2-43). 

Dinitroso-l-8-2 : 3:5: 6-tetramethylpiperazine had m. p. 1l08— 
109° and gave [«]!7,, — 115-5°, [a]}#,, — 135-5° in alcohol (c = 0-79). 
It separated from aqueous alcohol in pale yellow needles. A mixture 
of this substance with an equal weight of the dextrorotatory iso- 
meride melted at 103°, and addition of the dl-substance produced 
no further change in melting point. 


Isomeric 1 : 4-Derivatives of 8-2 : 3: 5 : 6-Tetramethylpiperazine. 
1 -Benzenesulphonyl - dl - 8-2: 3:5 : 6-tetramethylpiperazine.—The 
anhydrous base (1-2 g.) was dissolved in dry pyridine, and benzene- 
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sulphonyl chloride (1-5 g.) added. After standing over-night, most 
of the pyridine was removed by distillation, and acetone added to 
the residue. The crystalline material which separated on further 
standing was washed with acetone, dissolved in hot water, and de- 
composed with ammonia. An oil was-precipitated, which crystal. 
lised almost at once, and after recrystallisation from aqueous 
alcohol and light petroleum had m. p. 132°5°. The hydrochloride 
was precipitated from a benzene solution by hydrogen chloride: 
it had m. p. 270—272° and was easily soluble in water and hot 
alcohol. It separated from the latter in small prisms (Found: 
Cl, 11-15. C,,HygO,N,8,HCI requires Cl, 11-15%). 

In further preparations of the benzenesulphonyl derivative a 
substance, m. p. 177°, was recovered from the acetone—pyridine 
mother-liquors. It crystallised from aqueous pyridine in colour. 
less prisms, was unchanged by ammonia, and was doubtless the 
dibenzenesulphonyl derivative (Found: 8, 15-7. C,gH,,0,N,S, 
requires 8S, 15-2%). 

1-Benzenesulphonyl-4-p-toluenesulphonyl-dl-B-2 : 3:5 :6-tetramethyl- 
piperazine.—1|-Benzenesulphonyl-dl-6-2 : 3:5: : 6-tetramethylpiper- 
azine was boiled in pyridine solution with excess of p-toluene- 
sulphonyl chloride during 5 hours : the solvent was then evaporated, 
and the residue treated with water. The solid so produced was 
boiled with alcohol and separated into two parts, one being much 
more soluble than the other. The soluble portion, m. p. 232—235°, 
on treatment with ammonia regenerated 1-benzenesulphonyl-di-6- 
2:3:5:6-tetramethylpiperazine and was evidently the p-toluene- 
sulphonate of this. The less soluble portion crystallised from 
aqueous pyridine, or from xylene, in small prisms, m. p. 186°. It 
was unchanged by ammonia (Found: C, 57-8: H, 6-6; N, 
C,,H,.,0,N.S8, requires C, 57-8; H, 6-4; N, 64%). 

4- Benzenesulphonyl - | - p-toluenesulphonyl - dl- 6-2: 3:5 : 6-tetra- 
methyl piperazine.—This substance was prepared in pyridine solution 
in a similar manner to that used for its isomeride described above, 
but after addition of water to the residue from the pyridine solution, 
the precipitate was filtered off after standing only about a minute. 
The filtrate slowly deposited further solid which, after recrystal- 
lisation from alcohol, had m. p. 219—220°, and on treatment with 
ammonia yielded 1-p-toluenesulphonyl-dl-$-2 : 3 : 5 : 6-tetramethyl- 
piperazine. It was therefore the benzenesulphonate of this com- 
pound. The first-formed precipitate was unattacked by ammonia 
and separated me aqueous er in small needles, m. p. 175— 
176° (Found: C, 57-75, 57-7; H, 6-7, 6-8; N, 6-45. C,,H,,0,N,8, 
requires C, 57-8; H, 6-4; N, 6-4 %). 

Both this compound and its isomeride described above are 
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sparingly soluble in most solvents with the exception of pyridine 
and hot xylene. Mixtures of the two melted indefinitely at 158— 
160°, thus proving their non-identity. 


Summary. 


The configuration of the so-called §-2:3: 5: 6-tetramethyl- 
Me Me 
a 24 
piperazine has been shown to be N<‘* LN , from the facts that 
Me 
(1) it has been resolved into antimeric forms and (2) 4-benzene- 
sulphonyl - 1 - p - toluenesulphony] - di - 8-2 : 3 : 5 : 6 - tetramethyl - 
piperazine and 1-benzenesulphony] - 4 - p - toluenesulphony!| - dl - 6 - 
2:3:5:6-tetramethylpiperazine are different substances. The 
dihydrochloride of the d-base was obtained from the bis-d-methyl- 
enecamphor derivative, and that of the /-isomeride from the mono- 
d-z-bromocamphor-z-sulphonate. The isomeric 1 : 4-derivatives 
were easily obtained by the introduction of the p-toluenesulphonyl 
and benzenesulphony! radicals in a different order. 
Work is being continued on the «- and y-bases with a view toa 
determination of their configurations. 


THE UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [ Received, February 24th, 1931.] 





CLIl.—Synthetical Experiments in the Chromone 
Group. Part II. 1:4-a-Naphthapyrones. 


By Amar SrncH BaULLAR and KRISHNASAMI VENKATARAMAN, 


Tue Allan—Robinson condensation (J., 1924, 125, 2192) of phenolic 
ketones with acid anhydrides to form chromones does not succeed 
with o-hydroxyacetophenone, but applies only to ketones derived 
from resorcinol, pyrogallol, and phloroglucinol. The Nencki method 
for the preparation of phenolic ketones (heating the phenol with an 
aliphatic acid and zine chloride) does not apply to monohydric 
phenols; in the naphthalene series, however, 2-acetyl-1-naphthol 
can be prepared by this method. It seemed possible, therefore, 
that the acetylnaphthol might resemble resacetophenone in re- 
activity, and naphtha-y-pyrones be produced by heating it with 
acid anhydrides. Such has been found to be the case, the reaction, 
in fact, proceeding more readily than with any of the ketones 
(resacetophenone, phloracetophenone, «-methoxyphloracetophen- 
one, and gallacetophenone) of the benzene series investigated by 
Robinson and Venkataraman and by Venkataraman (J., 1926, 
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2344; 1929, 61,2219). One noteworthy feature of the condensation 
with the acetylnaphthol is the tendency to form the 3-acyl deriv- 
ative. With phenyl ketones the only instance of acylation in the 
3-position observed by Robinson and others in the course of their 
numerous syntheses of chromones was the formation of a substance, 
believed to be 7-hydroxy-3-benzoylflavone, when w-methoxyresaceto- 
phenone was heated with benzoic anhydride and sodium benzoate 
(Allan and Robinson, J., 1924, 125, 2192). 

Hydrolysis of the product of the prolonged action of acetic 
anhydride and sodium acetate on 2-acetyl-l-naphthol gave a very 
good yield of a yellow crystalline substance which proved to be a 
mixture of 3-acetyl-2-methyl-1 : 4-«-naphthapyrone (II; R = Me) 
and 2-methyl-1 : 4-«-naphthapyrone (I; R = Me). Separation of 
the two was effected by repeated fractionation from dilute alcohol. 
The pyrone (I; R = Me) has been prepared by Wittig, Baugert, 
and Richter (Annalen, 1925, 446, 155) by treatment of 2-acety). 
l-naphthyl acetate with sulphuric acid. They obtained only the 
3-acyl derivative (II) by heating 2-acetyl-l-naphthol with acetic 
anhydride and sodium acetate. 

R 


‘\, - 


ao wo 


According to the same authors the acyl group in 3-acylated 
chromones may be readily removed by boiling them for one hour 
with 2N-sodium hydroxide solution. This could not be accomplished 
with any of our 3-acylated naphthapyrones; either the substance 
was unaffected or, with increased concentration of alkali and time 
of heating, the pyrone ring was broken down. 

When the reaction was carried out with benzoic and anisic 
anhydrides respectively, the corresponding naphthapyrones ([; R = 
Ph or C,H,*OMe) and their 3-acylated derivatives (IT) were obtained. 
Naphthaflavone and 4’-methoxynaphthaflavone (I; R= Ph or 
C,H,;OMe) have previously been prepared by v. Kostanecki by 
suspending the dibromides of the acetyl derivatives of 1-hydroxy- 
2-naphthyl styryl ketone (Ber., 1898, 31, 705) and of 1-hydroxy- 
2-naphthyl p-methoxystyryl ketone (Ber., 1899, 32, 1034) respect- 
ively in alcohol and treating them with potassium hydroxide solu- 
tion. Woker also has prepared naphthaflavone by heating 3-bromo- 
a-naphthaflavanone with alkali (Ber., 1906, 39, 1649). 3’-Hydroxy- 
naphthaflavone has been made by v. Kostanecki (Ber., 1899, 32, 
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1035). The preparation of 3’ : 4’-dihydroxynaphthaflavone [I; K = 
(',H,(OH),] has been included in the present work, but in view of 
the tendency for 3-acylation the chalkone dibromide method of 
v. Kostanecki was employed: bromine was added to the acetate 
of 1-hydroxy-2-naphthyl 3 : 4-dimethoxystyryl ketone (Bigler and 
v. Kostanecki, Ber., 1906, 39, 4034), the dibromide, 
OAc’C,,H,°CO-CHBr-CHBr-C,H,(OMe),, 
treated with alcoholic potash, and the resulting dimethoxynaphtha- 
flavone demethylated. 
EXPERIMENTAL. 

2-Methyl-1 : 4-«-naphthapyrone (1; R=Me) and 3-Acetyl-2- 
methyl-1 : 4-«-naphthapyrone (II; R = Me).—A mixture of 2-acetyl- 
l-naphthol (5 g.), acetic anhydride (25 g.), and fused sodium acetate 
(10 g.) was heated, with protection from moisture, at 16(—170° 
for 8 hours and the product was hydrolysed with 10% sodium 
carbonate solution. The precipitate obtained on cooling was crys- 
tallised from alcohol, yielding a substance (A) (0-8 g.), m. p. 86—88°. 
Addition of water to the mother-liquor precipitated a substance (B), 
m. p. 170—171°, which was crystallised and then had m. p. 173— 
174°. Water was added to the new mother-liquor and the pre- 
cipitate obtained was crystallised from alcohol, giving a substance 
(1 g.), m. p. 133—154° (C). Repeated fractionation of the substance 
obtained by pouring the mother-liquor into water gave two sub- 
stances, (D), m. p. 165° (minute quantity), and (E), m. p. 145°. 

The substance of m. p. 173—174° was recrystallised, forming 
colourless needles, m. p. 174°, of 2-methyl-1 : 4-«-naphthapyrone 
(Wittig, Baugert, and Richter, loc. cit., give m. p. 174—174-5°) 
(Found : C, 80-0; H, 4-6. Calc. for C,,H,,0,: C, 80-0; H, 4:7%). 
It dissolved in sulphuric acid, giving a pale yellow solution with a 
weak green fluorescence. The solution in absolute alcohol gave a 
light yellow and a yellow coloration when treated with sodium 
amalgam and with magnesium and hydrochloric acid respectively. 
The almost colourless solution in boiling glacial acetic acid turned 
pale yellow on addition of a drop of concentrated sulphuric acid. 

Fractional crystallisation of (C) yielded more of the substance (E), 
m. p. 145° (Found: C, 76-1; H, 4-9. Calc. for C,gH,,0,: C, 76-2; 
H, 4:7%), which was 3-acetyl-2-methyl-1 : 4-«-naphthapyrone (Wit- 
tig, Baugert, and Richter give m. p. 143—144°). Its solution in 
sulphuric acid was pale yellow with a weak greenish fluorescence. 

a-Naphthaflavone (I; R = Ph) and 3-Benzoylnaphthaflavone (II; 
R = Ph).—A dry mixture of 2-acetyl-l-naphthol (10 g.), benzoic 
anhydride (100 g.), and sodium benzoate (20 g.) was heated for 8 
hours at 180—185° with mechanical stirring. The product was 
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allowed to cool in a desiccator, powdered, and refluxed with 5%, 
sodium carbonate solution (950 c.c.) for 2 hours. The solid obtained, 
after being washed with water, crystallised from alcohol in colourless 
needles (10-8 g.), m. p. 218° (Found: C, 82-9; H, 4-5. C,,H,,0, 
requires C, 83-0; H,4-3%). It did not react with phenylhydrazine, 
was unaffected by boiling 10% alcoholic potassium hydroxide or 
concentrated hydrochloric acid, and is regarded as 3-benzoyl-u. 
naphthaflavone. The substance is insoluble in water, sparingly 
soluble in ethyl acetate, glacial acetic acid, benzene, and light 
petroleum, and rather more soluble in ethyl and methyl alcohol. 
In its colour reactions with sulphuric acid, sodium amalgam, and 
magnesium and hydrochloric acid it resembles the preceding methyl 
compound. 

A mixture of 2-acetyl-1-naphthol (5 g.), benzoic anhydride (25 g.), 
and sodium benzoate (10 g.) was heated at 180—190° for 8 hours, 
moisture being excluded. The product, treated as described above, 
gave, after the sodium carbonate (200 c.c.) treatment, a solid which 
was crystallised from aleohol. The brownish-green crystals (3 g.), 
recrystallised from alcohol, gave needles (2-5 g.), m. p. 218°, identical 
with those obtained in the previous experiment. Water was added 
to the first alcoholic mother-liquor, and the yellow precipitate 
obtained was separated, by repeated fractional crystallisation from 
alcohol, into a less soluble substance, m. p. 218°, and a more soluble 
substance, m. p. 155°. The latter crystallised in yellow plates and 
was identified as «-naphthaflavone (I; R = Ph) (Found: C, 83-7; 
H, 4:6. Cale. for C,,H,,0,: C, 83-8; H, 43%). The m. p. given 
by v. Kostanecki (/oc. cit.) is 154—156°. In its colour reactions 
with sulphuric acid, sodium amalgam, magnesium and hydrochloric 
acid (pale orange colour), and boiling glacial acetic acid containing 
a drop of concentrated sulphuric acid, the naphthaflavone resembles 
the methyl analogue (in the last reaction a green fluorescence is 
also produced). 

2-Acetyl-1-naphthyl Benzoate.—This substance was prepared, for 
comparison with the products of the action of benzoic anhydride 
on 2-acetyl-1-naphthol, by adding excess of benzoyl chloride (10 g.) 
gradually to the acetylnaphthol (3 g.) in warm 10% aqueous sodium 
hydroxide (20 c.c.). It crystallised from alcohol in colourless prisms 
(4:1 g.), m. p. 128° (Found: C, 78-5; H, 5-1. Cale. for C,gH449; : 
C, 78-6; H, 4:8%). Ullmann (Ber., 1897, 30, 1466) gives m. p. 
96-5°, and Hantzsch (Ber., 1906, 39, 3096) 131°. 

4’. Methoxy-«-naphthaflavone (I; R = CgH,-OMe) and 3-Anisoyl- 
4’-methoxy-a«-naphthaflavone (Il; R = C,H,-OMe).—These were 
obtained, in the same way as the phenyl compound, from 
2-acetyl-1-naphthol (5 g.), anisic anhydride (30 g.), and potassium 
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anisate (9-8 g.). The product after sodium carbonate (200 c.c.) 
treatment was separated by repeated fractionation from alcohol 
into a substance, small yellow needles, m. p. 211—212° (Found : 
C, 76-7; H, 4-7. C,,H,.0, requires C, 77-1; H, 4-6%), which is 
considered to be the anisoyl derivative (II), and the less sparingly 
soluble 4’-methoxy-«-naphthaflavone (I), m. p. 181° (v. Kostanecki 
gives m. p. 181°) (Found: C, 79-4; H, 4:8. Calc. for Cy9H,,0; : 
C, 79:5; H, 46%). The two substances resemble the methyl 
compound (I; R = Me) in their colour reactions. 

3’ : 4’-Dihydroxynaphthaflavone [I; R = C,H,(OH),].—A mixture 
of l-acetoxy-2-naphthyl 3 : 4-dimethoxystyryl ketone (2 g.) and 
bromine (1 g.) in carbon disulphide (60 c.c.) was kept over-night 
and the white powder produced was crystallised from benzene- 
alcohol, giving pale yellow, slender, rectangular prisms (2-8 g.) of 
the dibromide, m. p. 161° (Found: Br, 29-7. C,3H,)0;Br, requires 
Br, 29-9%). The dibromide (2-2 g.) was shaken with alcohol (10 
c.c.), caustic potash (1 g.), and water (3 c.c.) for 3 hours, and the 
orange-coloured mixture poured into water (500 c.c.). The pre- 
cipitate produced, after two crystallisations from alcohol, formed 
bright yellow needles (0-7 g.) of the dimethoxynaphthaflavone, m. p. 
192° (after sintering at 184°) (Found: C, 75-6; H, 4-8. C,,H,,0, 
requires C, 75-9; H, 48%). This substance is insoluble in water, 
almost insoluble in ligroin, sparingly soluble in cold methyl and 
ethyl alcohol and glacial acetic acid but readily soluble in the hot 
solvents, and very soluble in hot ethyl acetate and benzene. The 
pale orange-yellow solution in sulphuric acid has a weak green 
fluorescence. The pale yellow solution in boiling glacial acetic acid 
turns pale orange on the addition of a drop of sulphuric acid. 

The dimethoxynaphthaflavone (0-5 g.) was boiled with acetic 
anhydride (10 ¢.c.) and hydriodic acid (10 c.c.; d 1-7) during 2 
hours, and the mixture poured into sulphurous acid; the brown 
flakes obtained crystallised from alcohol, containing a few drops of 
acetic acid, in pale yellow, woolly needles, m. p. 317—319°, of 
3’ : 4’-dihydroxynaphthaflavone (Found : C, 75-2; H, 3-7. CygH.0, 
requires C, 75-0; H, 3-9%). The substance is insoluble in water 
and light petroleum, practically insoluble in benzene, insoluble in 
cold methyl alcohol and ethyl acetate and sparingly soluble when 
hot, and moderately easily soluble in hot ethyl alcohol and glacial 
acetic acid. The pale yellow solution in sulphuric acid has a weak 
green fluorescence, which becomes noticeably stronger on standing. 
The almost colourless solution in hot glacial acetic acid turns 
bright greenish-yellow on the addition of a drop of sulphuric acid. 
The alcoholic solution gives an emerald-green coloration with ferric 
chloride, a orange with magnesium and hydrochloric acid, and 

QQ 
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a greenish-crange with sodium amalgam. The addition of lead 
acetate, barium chloride, or potassium acetate solution to an alco- 
holic solution of the substance produced no precipitate. The dyeing 
properties will be recorded later together with those of other 
hydroxynaphthaflavones. 

The diacetate, prepared in the usual manner, crystallised from 
alcohol in long silky needles, m. p. 204° (Found: C, 71-0; H, 4-2. 
C.3H,,0, requires C, 71-1; H, 4:1%). 

FoRMAN CHRISTIAN COLLEGE, 

LAHORE. (Received, February 23rd, 1931.] 





CLIII.—The Nitration of 2:4: 6-Trimethyl- 
benzaldehyde. 


By Lreonarp Eric Hiyket, Ernest Epwarp AYLING, and 
Wi11Am Henry Moraan. 


THE nitration of 2 : 4: 5-trimethylbenzaldehyde has been recorded 
(Gattermann, Annalen, 1906, 347, 377), but the nitration of the 
2:4: 6-isomeride does not appear to have been described. The 


latter has been studied and a noteworthy feature is the partial 
replacement of the aldehyde group under certain conditions. 
Partial replacement of the aldehyde group during nitration has 
previously been observed with piperonal and veratraldehyde 
(Salway, J., 1909, 95, 1163) and complete replacement with 6-chloro- 
and 6-bromo-piperonal (Orr, Robinson, and Williams, J., 1917, 111, 
951; Jones and Robinson, ibid., p. 908; compare Parijs, Rec. trav. 
chim., 1930, 49, 17). With mesitylene derivatives, replacement, 
during nitration, of the sulphonic group (Rose, Annalen, 1872, 164, 
53; Blanksma, Rec. trav. chim., 1902, 21, 336; Gibson, J., 1920, 
117, 949), of bromine (Siissenguth, Annalen, 1882, 215, 249; 
Blanksma, Rec. trav. chim., 1902, 24, 285), and of iodine (T6hl and 
Eckel, Ber., 1893, 26, 1099) has been observed. Of these examples, 
that most analogous to the replacement now described is the con- 
version of mesitylenesulphonic acid into a mixture of dinitro- 
mesitylenesulphonic acid and trinitromesitylene (Gibson, loc. cit.). 
Nitration of 2:4: 6-trimethylbenzaldehyde with fuming nitric 
acid and acetic acid gives the mononitro- and with concentrated 
nitric and sulphuric acids the dinitro-derivative. More vigorous 
treatment with fuming nitric and concentrated sulphuric acids leads 
to the formation of a mixture of the dinitro-compound and trinitro- 
mesitylene. The constitutions of the nitro-aldehydes have been 
confirmed by oxidation to the corresponding nitrotrimethylbenzoic 
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acids and the successive conversion, aldehyde —~> nitro-alde- 
hyde ——> dinitro-aldehyde ——> trinitromesitylene, has been 
accomplished. 

EXPERIMENTAL, 

Nitration of 2:4: 6-T'rimethylbenzaldehyde—(1) With fuming 
nitric and glacial acetic acids. 2:4: 6-Trimethylbenzaldehyde 
(1 g.) was added drop by drop, with constant shaking, to a mixture 
of nitric acid (d 1-5) (10 c.c.) and glacial acetic acid (5 c.c.). The 
mixture, poured on ice after 5 minutes, yielded 3-nitro-2 : 4 : 6-iri- 
methylbenzaldehyde as a white solid (92°), which crystallised from 
aqueous alcohol in colourless needles, m. p. 61° (Found: N, 7-4. 
C,9H,,0,N requires N, 7-3%). 

The phenylhydrazone, prepared by heating the nitro-aldehyde 
(1 g.) in alcohol (20 c.c.) with phenylhydrazine (5 c.c.) and glacial 
acetic acid (5 c.c.) for i hour, crystallised from aqueous alcohol in 
yellow needles, m. p. 102° (Found: C, 67-1; H, 6-1. C,,H,,0O,N, 
requires C, 67-8; H, 6-0%). 

(2) With concentrated nitric and sulphuric acids. 2:4: 6-Tri- 
methylbenzaldehyde (1 g.) was gradually added with shaking to a 
mixture (20 c.c.) of equal volumes of nitric (d 1-42) and concen- 
trated sulphuric acids. Separation of a white solid began almost 
immediately, dilution with water and crystallisation from aqueous 
alcohol yielding 3 : 5-dinitro-2 : 4 : 6-trimethylbenzaldehyde (75%) 
in colourless needles, m. p. 166° (Found: C, 50-4; H, 4-2. 
CoH 1pO;N. requires C, 50-4; H, 4:2%). 

The phenylhydrazone, prepared in a manner similar to that de- 
scribed above, crystallised from aqueous alcohol in orange-red 
plates, m. p. 209° (Found: C, 57-9; H, 4:9. C,gH,,.0,N, requires 
’, 58-5; H, 49%). 

(3) With fuming nitric and concentrated sulphuric acids. 2:4: 6- 
Trimethylbenzaldehyde (1 g.) was gradually added to an ice-cooled 
mixture (10 c.c.) of equal volumes of nitric (d 1-5) and concentrated 
sulphuric acids. A vigorous reaction occurred and the mixture 
was poured on ice as soon as all the aldehyde had been added, a 
white solid, m. p. 192°, being obtained, which on crystallisation 
from alcohol yielded trinitromesitylene, m. p. 235°. Concentration 
of the solution yielded a small quantity of 3 : 5-dinitro-2 : 4: 6-tri- 
methylbenzaldehyde. 

Nitration of 3-Nitro-2 : 4 : 6-trimethylbenzaldehyde.—The aldehyde 
(0:5 g.) was gradually added to an ice-cooled mixture (14 c.c.) of 
equal volumes of nitric (d 1-42) and concentrated sulphuric acids. 
Solution rapidly occurred and on standing a white solid separated, 
which proved to be identical with the above dinitro-compound, 
m. p. 166°. 
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Oxidation of the Nitrotrimethylbenzaldehydes.—3-Nitro-2 : 4 : 6-tri. 
methylbenzaldehyde (0-5 g.) was mixed with 0-5N-sodium hydroxide 
solution (30 c.c.) and heated on a steam-bath, and dilute potassium 
permanganate solution added until oxidation was complete, 
Filtration and acidification yielded 3-nitro-2 : 4 : 6-trimethylbenzoic 
acid, m. p. 182° (compare Kiister and Stallberg, Annalen, 1894, 278 
217) (Found : equiv. by titration with baryta, 210-0. Cale., 209-0), 

Similar treatment of 3 : 5-dinitro-2 : 4 : 6-trimethylbenzaldehyde 
yielded 3: 5-dinitro-2 : 4: 6-trimethylbenzoic acid, m. p. 230° 
(compare Kiister and Stallberg, loc. cit.; Kunckell and Hildebrandt, 
Ber., 1901, 34, 1827) (Found : equiv., 253-3. Cale., 254-0). 

Action of Fuming Nitric and Concentrated Sulphuric Acids on 
3 : 5-Dinitro-2 : 4 : 6-trimethylbenzaldehyde.—The dinitro-aldehyde 
(0-5 g.) was cautiously added to an ice-cooled mixture of nitric acid 
(d 1-5; 10 ¢.c.) and concentrated sulphuric acid (8 c¢.c.), and the 
whole was warmed on a water-bath to 50° and poured on ice. 
Crystallisation of the resulting solid (93°) yielded only trinitro- 
mesitylene, m. p. 235°. 

Trinitromesitylene was prepared, for comparison, by addition of 
an ice-cooled solution of mesitylene (2 g.) in concentrated sulphuric 
acid (10 ¢.c.) to ice-cooled nitric acid (d 1-5; 20¢.c.). A white solid 
rapidly separated, crystallisation of which from aqueous alcohol 
yielded trinitromesitylene, m. p. 235° (compare Blanksma, Ree. 
trav. chim., 1902, 21, 336). 


The authors wish to express their thanks to the Chemical Society 
for a grant which partly defrayed the cost of this investigation. 
UNIVERSITY COLLEGE, SWANSEA. [ Received, March 18th, 1931.] 


CLIV.—The Reactions of Substituted Ammonium 
Aryloxides and of Related Compounds. Part I. 
The Preparation and Thermal Decomposition of 
Some T'etrasubstituted Ammonium Aryloxides. 

By Rosatinp VenrTIA HENLEY and Eustace EBENEZER 
TURNER. 


CoMPouNDS of the class described in this communication may. be 


written as of the general type R,N}OAr, and are related to the 
metallic phenoxides in structure, but differ from these in that the 
phenoxide radical can only be electrovalently attached to the tetra- 
substituted ammonium radical, on the assumption that nitrogen is 
only capable of quadricovalency, whereas many of the metallic 
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henoxides may exhibit the physical properties of covalent com- 

unds (viz., the solubility of sodium $-naphthoxide and of sodium 

.chlorophenoxide in anhydrous ether) (Tijmstra and Eggink, Ber., 
1906, 39, 14; Hantzsch and Mai, Ber., 1895, 28, 978). 

In view of the fact that many of the reactions of phenols in 
alkaline solution are regarded as being caused by the ionisation of 
the metallic phenoxide, we thought that such typical processes as 
the Kolbe-Schmitt carboxylation and the Reimer—Tiemann reaction 
could with advantage be studied in the ammonium series. In the 
present communication we describe the preparation of some tetra- 
substituted ammonium aryloxides, and their behaviour towards 
heat, since we required a knowledge of their thermal stability before 
undertaking an examination of their reactions. 

A number of tetrasubstituted ammonium picrates are known, but 
these are clearly unsuitable for this work. The preparation of 
phenyltrimethylammonium o-nitrophenoxide was first attempted, so 
as to gauge the experimental difficulties likely to be encountered 
when less acidic phenols were used. We realised that, according 
to commonly accepted theory, o- and p-nitrophenoxides are salts of 
the coloured quinonoid forms, and not therefore true phenoxides, 
This theory, however, is less satisfactory than is sometimes assumed, 
for it does not entirely accord with the experimental observations 
of the action of alkyl halides on silver nitrophenoxides, and does not 
explain the bright red colour of sodium m-nitrophenoxide, nor the 
existence of orange-red forms of 2 : 4 : 6-tribromophenol and similar 
compounds (Torrey and Hunter, Ber., 1907, 40, 4333; Hantzsch 
and Scholtze, ibid., p. 4881). 

Although phenyltrimethylammonium o0-nitrophenoxide is ex- 
tremely hygroscopic, it was isolated as a scarlet, highly crystalline 
substance: the corresponding p-nitrophenoxide, also very hygro- 
scopic, was yellow. So far the m-nitrophenoxide has remained as a 
deep red oil in spite of all attempts to make it crystallise. 

The isolation of phenyltrimethylammonium phenoxide proved 
difficult, but the substance was eventually obtained in quantity. 
It exhibited true salt-like insolubility in anhydrous ether, but was 
very soluble in water and in alcohol, and was sufficiently soluble in 
nitrobenzene to crystallise from this solvent. Phenyltrimethyl- 
ammonium a-naphthoxide was even more difficult to isolate in the 
pure state, but was finally crystallised from nitrobenzene and also 
from acetone. 

Phenyltrimethylammonium  thiophenoxide and _ phenyltrimethyl- 
arsonium thiophenoxide have been prepared. Their isolation is much 
less difficult than that of the above phenoxides. 

We propose to study all the relevant reactions of the new series of 
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phenoxides in the solid state, in weakly ionising solvents such as 
nitrobenzene, and in hydroxylic solvents. Preliminary work has 
already shown that the ammonium phenoxides are very much mor 
reactive than those of the alkali metals. In the present communic. 
ation, however, we confine our attention to two sets of observations: 
(1) on the thermal decomposition of the aryloxides and (2) on their 
interaction with alkyl iodides. 

Initial experiments on the thermal decomposition of the phenoxides 
showed that these compounds undergo particularly smooth and 
quantitative scission : 


R,R,R,R,N}OAr = R,R,R,N + R,OAr. 


In fact, in a study of its thermal decomposition a tetrasubstituted 
ammonium aryloxide may for all practical purposes be regarded asa 
mixture of its decomposition products, which has to be purified by 
vacuum distillation. In all the cases examined, thermal decom. 
position proceeds quantitatively in a few minutes. For example, 
if phenyltrimethylammonium phenoxide is “distilled ”’ under 
reduced pressure by means of a heating bath kept at about 120°, 
dimethylaniline and anisole pass over as rapidly as the apparatus 
allows, and are obtained in quantitative yield. 

A convenient method is thus made available for a study of the mode 
of decomposition of tetrasubstituted ammonium aryloxides of a 
number of different types. The course of any such thermal decon- 
position may be controlled either by the groups R,, R, Rs, and R, 
contained in the ammonium ion, or by the aryl group of the aryloxide 
ion, but consideration of the probable mechanism of the decom. 
position suggests that, although the aryloxy-group may affect the 
speed of decomposition, it is unlikely to have any effect on the sense 
of that decomposition. The simplest expression for the decom- 
position appears to be as below : 


? 


‘2 | R, 
Ry-N-R;  OAr —> R,:N:R, + R, + OAr—> R,R,R,N + R,0Ar, 
i, -y 


That is, since the ammonium ion is forced to eject one of its R com- 
ponents, it expels that one which is least firmly attached. This 
ejected fragment R, will have a brief existence as a positive ion, and 
neutrality will be attained by its combination with the aryloxide ion. 
It is known that during the thermal decomposition of lead tetra- 
methyl, methyl ions do persist during a short time (Paneth and 
Hofeditz, Ber., 1929, 62, 1335). Although it is possible that the 
aryloxide ion may have preference for one or other of the groups R, 
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it seems clear that the main controlling mechanism is the initial 
decomposition of the ammonium complex. 

The thermal decomposition of phenyltrimethylammonium phen- 
oxide, o-, m-, and p-nitrophenoxide, 2 : 4-dinitrophenoxide, «-naphth- 
oxide, and m-4-xylyloxide leads in every instance to dimethylaniline 
and the methyl ether of the phenol. In no case was a detectable 
quantity of the diphenyl ether type formed. The thermal decom- 
position of phenylbenzyldimethylammonium o-nitro- and 2 : 4-dinitro- 
phenoxide and the xylyloxide all give dimethylaniline, the benzyl 
radical in each case undergoing most ready ejection from the 
ammonium ion, and appearing as the corresponding benzyl aryl 
ether. To a limited extent, these results suggest that even pro- 
found modification of the aryloxide does not have any effect on the 
course of the decomposition. 

Thermal decomposition of phenyldimethylethylammonium 2 : 4-di- 
nitrophenoxide, on the other hand, is not unidirectional, dimethyl- 
aniline, methylethylaniline, 2: 4-dinitroanisole and 2 : 4-dinitro- 
phenetole all being formed. 

Phenyltrimethylammonium thiophenoxide undergoes quantitative 
thermal decomposition into dimethylaniline and thioanisole. When 
phenyltrimethylarsonium thiophenoxide is heated, slight sublim- 
ation takes place, but again quantitative decomposition occurs, 
giving phenyldimethylarsine and thioanisole. 

We have also examined the effect of boiling aqueous solutions of 
some tetrasubstituted ammonium aryloxides. It was not surprising 
to find that phenyltrimethylammonium phenoxide was rapidly and 
completely converted, when boiled in 10% aqueous solution, into 
dimethylaniline, phenol and methyl alcohol, and that no anisole 
could be detected, but it was not anticipated that prolonged boiling, 
followed by evaporation to dryness of the corresponding p-nitro- 
phenoxide, would be unaccompanied by appreciable hydrolysis or 
decomposition, which was our experimental observation. Experi- 
ments are in progress on the effect of limited amounts of water and 
other solvents on the decomposition of the phenoxides. 

After the above work was completed, we found that Hanhart and 
Ingold (J., 1927, 997), in their study of a different problem, had 
decomposed trimethyl-n-propylammonium phenoxide and m-nitro- 
phenoxide, without attempting to isolate them. We have been in 
communication with Professor Ingold, who expressed his willingness 
for us to proceed with our work. 

Tetrasubstituted ammonium aryloxides react with methyl (ethyl) 
iodide to give the quaternary ammonium iodide and a phenolic ether : 


NR,}OAr + MeI = NRI + MeOAr 
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and here the speed of the reaction is affected largely by the nature 
of the groups substituted in the aryloxide ion. 

Of the phenyltrimethylammonium phenoxides at our disposal, the 
m-4-xylyloxide and the «-naphthoxide reacted vigorously with cold 
methyl iodide, and the phenoxide almost as readily. The o-nitro. 
phenoxide reacted completely with methyl iodide after five minutes’ 
boiling in alcoholic solution, whereas the 2 : 4-dinitrophenoxide was 
unaffected by this treatment, although, after being boiled in methyl. 
alcoholic solution with methyl iodide for three hours, it was entirely 
converted into the quaternary iodide and dinitroanisole. These 
results indicate quite definitely that substitution in the aryloxide 
ion nucleus of electron-attracting groups decreases the rate of 
reaction with methyl iodide, but groups having electron-donating 
properties increase it. 

Phenyltrimethylarsonium thiophenoxide reacts instantaneously 
with cold methyl iodide to give phenyltrimethylarsonium iodide 
and thioanisole. Phenyltrimethylammonium thiophenoxide reacts 
readily with cold methy! iodide to give the analogous products. 

We hope shortly to report on the action of halogens, chloroform, 
and other compounds on the new phenoxides. 


EXPERIMENTAL. 


Phenyltrimethylammonium  0-Nitrophenoxide-—A concentrated 
warm aqueous solution of phenyltrimethylammonium iodide (1 mol.) 
was treated with freshly precipitated silver oxide until the black 
oxide was clearly visible on shaking, and the solution gave no test 
for iodide. The liquid was filtered and, after being treated with 
1 mol. of o-nitrophenol, was evaporated under reduced pressure in a 
hath kept at 50—60°, alcohol being added from time to time to 
accelerate evaporation. When no further diminution in volume 
occurred, the syrupy red product was dissolved in a little absolute 
alcohol, and anhydrous ether was added until crystallisation set in, 
whereupon excess of ether was added, and the precipitate was 
rapidly collected and washed with ether. After being dried in a 
vacuum over sulphuric acid, the o-nitrophenovide was obtained as 
scarlet plates, m. p. 117—117-5° (Found: N, 10-0. C,;H,,0,N, 
requires N, 10-2%). The nitrophenoxide is excessively hygroscopic, 
but can be kept for an indefinite period ina dry atmosphere. It may 
also be prepared by the interaction of phenyltrimethylammonium 
iodide and. silver o-nitrophenoxide in boiling alcoholic solution. 

The nitrophenoxide was warmed for 5 minutes with a methyl- 
alcoholic solution of methyl iodide. Ether was then added, and the 
crystalline precipitate was identified as phenyltrimethylammonium 
iodide m. p. 225°. 
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Thermal Decomposition of Phenyltrimethylammonium o-Nitro- 
phenoxide.—The phenoxide (7-5 g.) was heated at 180° in a large 
boiling tube fitted with a calcium chloride tube. After a few 
minutes, dimethylaniline began to form, and after an hour the 
decomposition was complete. The product was dissolved in benzene 
and the solution extracted with 20% hydrochloric acid. From the 
benzene solution were obtained 3-5 g. of o-nitroanisole, and from the 
acid layer, by treatment with ammonium hydroxide, followed by 
extraction with benzene, the dimethylaniline was isolated. It was 
converted into the methiodide, of which 5 g. were obtained, m. p. 
229-—230°. 

Phenyltrimethylammonium p-Nitrophenoxide.—The preparation of 
this compound was carried out similarly to that of the o-isomeride. 
The phenoxide was obtained crystalline by adding anhydrous ether 
to the concentrated alcoholic solution, and formed yellow prismatic 
needles, m. p. 118—119°, with considerable previous softening. It 
is very hygroscopic, but may be crystallised (yellow needles) from 
nitrobenzene if it has previously been well dried (Found: N, 10-0. 
Cale.: N, 10-2%). Decomposition at 170° by the process used for 
the o-isomeride gave almost theoretical yields of dimethylaniline 
and p-nitroanisole. 

The p-nitrophenoxide reacts rapidly with potassium iodide in 
alcoholic solution to give phenyltrimethylammonium iodide. A 
solution of 2 g. of the p-phenoxide in 40 c.c. of water was boiled under 
reflux for 4 hours. No odour of dimethylaniline was produced, and 
the solution was then evaporated to dryness on the water-bath. 
The residue became solid, after being dried in a vacuum over phos- 
phoric oxide, and then melted at 115—120°. It produced no 
depression of the m. p. of the original material. 

Methyl] iodide slowly converts phenyltrimethylammonium p-nitro- 
phenoxide in boiling alcoholic solution into the quaternary iodide 
and p-nitroanisole. 

Phenyltrimethylammonium m-Nitrophenoxide—This substance 
was obtained as a deep red oil, which, even after prolonged extraction 
with anhydrous ether and vacuum desiccation over phosphoric 
oxide, refused to crystallise. By this process, however, all impurities 
are effectively removed. 

Thermal decomposition of the phenoxide by the process used 
above gave almost theoretical yields of dimethylaniline and m-nitro- 
anisole (m. p. 36° when crude). 

Phenyltrimethylammonium 2 : 4. Dinitrophenoxide.—This substance 
crystallised from the concentrated alcoholic solution obtained at the 
evaporation stage of its preparation by the usual process. It 
crystallised from absolute alcohol in yellow prisms, softening at 90° 
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and melting at 121—123° (Found: N, 13-2. C,,H,,0;N, requires 
N, 13-2%). 

The phenoxide was heated for } hour at 135—140°. On cooling, 
it was found to be unchanged. At temperatures up to 165°, the 
same result was obtained, even after 1 hour’s heating. At 170— 
175°, decomposition took place in 1 hour, and at 180° or higher 
temperatures, profound decomposition set in suddenly with charring, 

The successful decomposition at 170—175° gave a mixture which 
was treated with 20% hydrochloric acid. The 2 : 4-dinitroanisole 
obtained was identified by comparison with an authentic specimen 
and by conversion into 2 : 4-dinitrophenylpiperidine. The dimethyl. 
aniline produced was identified by its b. p. and by conversion into 
the methiodide. 

A methyl-alcoholic solution of the 2 : 4-dinitrophenoxide and 
methyl iodide was kept at 50—60° for an hour: the phenoxide was 
recovered unchanged. After 3 hours’ boiling, however, theoretical 
yields were obtained of phenyltrimethylammonium iodide, m. p. 
225°, and of 2 : 4-dinitroanisole, which was identified by conversion 
into 2 : 4-dinitrophenylpiperidine. 

Phenyltrimethylammonium Phenoxide.—An aqueous solution of 
1 mol. of phenyltrimethylammonium hydroxide was concentrated 
under reduced pressure at about 50°, with occasional addition of 
absolute alcohol. An alcoholic solution of phenol (1 mol.) was then 
added, and the evaporation continued. When no more alcohol came 
off, the syrup was dissolved in alcohol and excess of anhydrous ether 
was added. The phenoxide, which separated in pearly plates, was 
dried in a vacuum over sulphuric acid and phosphoric oxide, and 
then melted at 58—59°. After being crystallised from nitrobenzene, 
with subsequent washing with light petroleum (b. p. 60—80°), it 
melted at 75—76° (Found: N, 6-0. C,;H,,ON requires N, 6-1%). 
The substance also crystallised from acetone—light petroleum in 
white plates. 

A solution of 2 g. of the phenoxide in 20 c.c. of water was boiled for 
2 hours under reflux. The mixture was then freed by routine 
methods from basic and acidic substances. An ethereal solution 
obtained, which must have contained any anisole, was evaporated, 
and left no appreciable residue, although the odour of anisole was 
detected. The amount of anisole produced was less than 0:1 ¢ 
Dimethylaniline, phenol and methyl alcohol were found in the 
expected extracts. 

The phenoxide reacted with cold methyl iodide, and when heated 
for a few minutes with alcoholic methyl iodide, was quantitatively 
converted into phenyltrimethylammonium iodide. 

The decomposition of the phenoxide was carried out as follows: 
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17-5 g. were placed in a Claisen distilling flask, which was evacuated, 
and gradually heated at 120° during 10 minutes. Distillation was 
then complete, and no appreciable residue was left after the flask 
had been warmed with aflame. The distillate (17 g.) was dissolved 
in ether, and extracted with 20% hydrochloric acid. The acid 
solution was extracted with ether, and the ethereal solution with 
dilute hydrochloric acid. From the ethereal extracts were obtained, 
after distillation, 8 g. of pure anisole; and from the acid solutions, 
after treatment with ammonium hydroxide, extraction and distill- 
ation, 8 g. of pure dimethylaniline. The calculated ratio of anisole 
to base is 107 : 121. 

Phenyltrimethylammonium m-4-Xylyloxide—Evaporation of the 
solution obtained in the usual manner gave a colourless syrup, 
which was washed with absolute ether and kept in a vacuum over 
concentrated sulphuric acid and phosphoric oxide. It decomposed, 
in a bath kept at 110°, without leaving a weighable residue. From 
21 g. of syrupy xylyloxide, 20 g. of distillate were obtained, and this 
yielded 10 g. of pure m-xylyl methyl ether, b. p. 180—190°, and 9 g. 
of pure dimethylaniline. The calculated ratio of ether to base is 
136: 121. 

The xylyloxide reacted vigorously with cold methyl iodide to give 
phenyltrimethylammonium iodide and xylyl methyl ether. 

Phenyltrimethylammonium «-Naphthoxide.—This substance, which 
was obtained in the usual manner, crystallised when its concentrated 
alcoholic solution was cooled and left in a vacuum over concentrated 
sulphuric acid and phosphoric oxide. It was recrystallised from 
nitrobenzene or from acetone, from which it separated in white 
needles and plates, m. p. 107—108° (Found: N, 4:8. C,9H,,ON 
requires N, 5-0%). When the alcoholic solution was allowed to 
concentrate slowly over concentrated sulphuric acid, large square 
flat plates were obtained. 

The naphthoxide reacted with cold methyl iodide, and on addition 
of alcohol and warming, the reaction became quantitative. Phenyl- 
trimethylammonium iodide and «-naphthyl methyl ether were 
identified as the sole products. Decomposition of the naphthoxide 
(14 g.) occurred at 140—150°, and gave 13 g. of total distillate. 
This, after the usual separation process, yielded 5 g. of dimethyl- 
aniline and 6 g. of «-naphthyl methyl ether, whereas the calculated 
ratio of base to ether is 121 : 158. 

Phenyldimethylethylammonium 2 : 4-Dinitrophenoxide.—This sub- 
stance was prepared as usual, and crystallised from alcohol-ether 
in small mustard-coloured needles, m. p. 55—57° (Found: N, 12-6. 
C1 gH, O;N, requires N, 12-6%). 

This phenoxide is not particularly hygroscopic. It did not react 
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with methyl iodide in boiling alcoholic solution after 5 minutes, 
Decomposition of 5 g. of the phenoxide occurred at 170°, and was 
complete in one hour. From the products were obtained 2-5 g. of 
acid-insoluble material, m. p. 39—50°, and 2 g. of a mixture of bases, 
b. p. 190—200°. The acid-insoluble material was heated with twice 
its weight of piperidine, excess of 20% hydrochloric acid was added, 
and the precipitated solid was collected (3 g.). It melted at 91—94° 
and was almost pure 2: 4-dinitrophenylpiperidine. The filtrate 
contained both methyl and ethyl alcohol. The mixture of bases 
was submitted to micro-distillation; the lower-boiling fraction was 
converted into the chloroplatinate (Found : Pt, 29-6. Cale. for the 
chloroplatinate of dimethylaniline: Pt, 29-9%). The higher- 
boiling fraction was converted into the methiodide, which melted 
at 133—136°, and at 132—134° when mixed with phenyldimethyl- 
ethylammonium iodide (m. p. 132—133°), but at below 115° when 
mixed with phenyltrimethylammonium iodide. Dimethyl- and 
methylethyl-aniline were therefore both formed in the above decom- 
position, together with dinitroanisole and dinitrophenetole. 

Phenylbenzyldimethylammonium 0 - Nitrophenoxide.—This _ sub- 
stance crystallised in vermilion needles when dry ether was added to 
the concentrated alcoholic solution, and had m. p. 91—92° (Found : 
N, 8-05. C,,H,.0,N, requires N, 8-0%). 

Decomposition of 12 g. of the phenoxide occurred at 155—165°, and 
gave a mixture of products, b. p. 92—220°/28 mm., consisting of 
4 g. of dimethylaniline and 7-5 g. of benzyl o-nitrophenyl ether. 
The calculated ratio of base to ether is 121 : 229. 

Phenylbenzyldimethylammonium 2 : 4-dinitrophenoxide crystallised 
from alcohol-ether in fern-like aggregates of mustard-coloured 
needles, m. p. 138—138-5° (Found: N, 10-5. C,,H,,0;Nz, requires 
N, 10-6%). It is not hygroscopic. 

Phenylbenzyldimethylammonium m-4-xylyloxide was not obtained 
crystalline, but was freed from impurities by extraction with absolute 
alcohol and anhydrous ether. After being left in a vacuum over 
concentrated sulphuric acid and phosphoric oxide, it was decomposed. 
Decomposition was not marked below 145—150°, and was effected 
at 175—185°. The portion of the product which was soluble in acid 
was pure dimethylaniline. No benzylmethylaniline was present. 
The acid-insoluble product was benzyl xylyl ether. 

Phenyltrimethylammonium Thiophenoxide——When the aqueous- 
alcoholic solution of the quaternary hydroxide and thiophenol was 
concentrated, the thiophenowide crystallised. It was recrystallised 
by addition of ether to an alcoholic solution, and formed white 
plates, m. p. 83—83-5° (Found: N, 5-7. C,gH,NS requires N, 
5:7%). It is not hygroscopic. Ethyl iodide reacted vigorously 
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with it in the cold, phenyltrimethylammonium iodide, m. p. 227— 
228°, being formed. 

Decomposition of the thiophenoxide (20 g.) took place at 125°. 
Within 5 minutes, 18 g. of liquid distilled at 80—85°/14 mm. This, 
after separation, gave 8-5 g. of thioanisole and 8 g. of dimethyl- 
aniline, whereas these two should have been formed in the proportion 
of 124: 121. 

Phenyltrimethylarsonium Thiophenoxide.—We first attempted to 
prepare this substance by heating silver thiophenoxide with an 
alcoholic solution of phenyltrimethylarsonium iodide, but after 
several hours’ boiling, the latter was recovered almost unchanged. 
By evaporation of the quaternary hydroxide with thiophenol, the 
thiophenoxide was readily obtained ; it crystallised from alcohol on 
addition of ether in white leaflets, m. p. 144—145°, and was soluble 
in water or alcohol, but insoluble in ether (Found: 8, 10-5. 
C,;H,9SAs requires S, 10-5°%). 

Although the phenyldimethylarsine required for the preparation 
of phenyltrimethylarsonium iodide is very readily obtained from 
dimethyliodoarsine (Burrows and Turner, J., 1920, 117, 1378), we 
desired to prepare it from phenyldichloroarsine. Winmill (J., 1912, 
101, 723) treated this substance with magnesium methy] iodide in a 
mixture of ether and light petroleum (b. p. 30—40°) and obtained a 
75% yield. We find that higher-boiling petroleum (b. p. 60—80°) 
can be used, and that if 4 molecular proportions of Grignard reagent 
are taken, the yield of pure phenyldimethylarsine is over 90%, even 
in small preparations. Starting with 22 g. of phenyldichloroarsine, 
it is thus possible to obtain 27—28 g. of the quaternary arsonium 
iodide. 

The thiophenoxide (15 g.) began to decompose at 160°, and, apart 
from a little sublimation, was completely converted in 10 minutes 
into a mixture, b. p. 71—72°/11 mm., of phenyldimethylarsine and 
thioanisole (14:5 g.). 5 G. of this were dissolved in absolute alcohol, 
methyl iodide was added, and the mixture was left for 3 hours. 
Absolute ether was’ added, and the precipitated phenyltrimethyl- 
arsonium iodide was dried at 100° (6 g., corresponding to 2-8 g. of 
phenyldimethylarsine). 


Our thanks are due to the Royal Society for a grant in aid of this 
investigation, and to the Department of Scientific and Industrial 
Research for a maintenance grant to one of us. 
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CLV.—The Cinchona Alkaloids and Substances 
related to them. Part I. Some Piperidino- 
methylcarbinol Hydrochlorides. 

By Rosatinp Venetia Heniey and Evstack EBENEZER TURNER. 

Many attempts have been made to imitate the fundamental cin- 


chonoid molecule, notably by Rabe and by Kaufmann. The latter 
author (Ber., 1912, 45, 3090; 1913, 46, 57, 2929; D.R.-P. 268,931) 


l 
attributed the action of quinine to the group ~CH(OH)-CH-N< 
and showed that some compounds of the type (I) resembled quinine 

~ CH, 
v1 Neu, 
CH(OH)-CH,-NR, Gis : 
RO Hm edits Ste 
(I.) Py \N~% (IL) 


on the basis of the physiological tests then available. The work of 
Rabe (Ber., 1917, 50, 144, etc.) was similar, but developed on more 
complex synthetic lines (compare Ber., 1918, 54, 1360). 

Within recent years, a large number of compounds have been 
investigated by different workers in an endeavour to obtain a 
satisfactory antimalarial drug. The majority of these compounds 
have been essentially different structurally from the cinchona alka- 
loids. In the present communication, we describe the preparation 
of a series of compounds of the general formula (II) (in which the 
dotted lines have no chemical significance) which bear what may 
be called pictorial resemblance to the cinchona alkaloids (compare 
the pictorial resemblance between the eucaines and cocaine). These 
compounds are for the most part readily prepared by treating 
1-phenacylpiperidine with a Grignard reagent, although in a few 
instances, e.g., when R is n-hexyl, n-heptyl or cyclohexyl, the 
synthesis has failed completely. For physiological tests, the carb- 
inol hydrochlorides have been prepared, and the following are 
described in the experimental section: phenyl-, phenylmethyl-, 
phenylethyl-, phenyl-n-propyl-, phenyl-n-butyl-, diphenyl-, phenyl- 
benzyl-, phenyl - 8 - phenylethyl -, phenyl-y-phenylpropyl -, phenyl -8- 
phenylbutyl-, and phenyl-«-naphthyl-w-piperidinomethylcarbinol hydro- 
chlorides. None of these compounds possesses antimalarial activity, 
a fact which suggests that the essential missing factor is the basic 
quinoline structure. The synthetic method, however, appears to 
be capable of general application, and is being used in the synthesis 
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of the less readily accessible quinoline analogues of phenacyl- 
piperidine. 

A second synthetic method has been investigated, which is also 
apparently capable of extension to the synthesis of cinchonoid 
substances. For example, phenyl $-phenylethyl ketone (III) is 
readily converted into the bromo-derivative (IV), which reacts with 
piperidine to give phenyl «-piperidino-$-phenylethyl ketone (V). The 
latter may alternatively be obtained by the action of benzyl chloride 
on the sodium derivative of phenacylpiperidine. 


(III.) Ph-CO-CH,°CH,Ph —> (IV.) Ph-CO-CHBr-CH,Ph 


v 
Ph:CO-CH,*NC;H,, —> (V-) Ph-CO-CH(NC;H,9)*CH,Ph 

This method has been applied to the synthesis of piperidinode- 
oxybenzoin, Ph:CO-CHPh-NC;H, 9, a substance previously obtained 
by Rabe (Ber., 1912, 45, 2169) by treating sodiodeoxybenzoin with 
|-chloropiperidine. 

EXPERIMENTAL. 

Phenyl «-Piperidino--phenylethyl Ketone.-—(1) Preparation of 
phenyl B-phenylethyl ketone. The methods described in the literature 
being found unsatisfactory, the following method was used. 
§-Phenylethyl bromide was obtained in 91% yield by the inter- 
action of 246 g. of 8-phenylethyl alcohol and 115 c.c. of phosphorus 
tribromide. The bromide (337 g.) was refluxed for 34 hours with a 
mixture of 135 g. of potassium cyanide, 135 g. of water, and 340 c.c. 
of alcohol. §-Phenylpropionitrile was obtained in 91% yield in 
the second stage, 7.e., 81% calculated on the alcohol used. A 
Grignard reagent prepared from 78 g. of bromobenzene was gradually 
treated with 26 g. of 8-phenylpropionitrile. The vigorous reaction 
over, the whole was heated for } hour on the water-bath, the mixture 
decomposed in the usual manner, and the ketone purified by distil- 
lation under reduced pressure. 18 G. of pure phenyl $-phenylethyl 
ketone, b. p. 196°/18 mm., were obtained. 

(2) Preparation of phenyl «-bromo-8-phenylethyl ketone. A solu- 
tion of the ketone (1 mol.) and bromine (1 mol.) in glacial acetic 
acid became decolorised at about 50°. It was then poured into 
water, and the solid product was crystallised from alcohol, the 
bromo-compound (93%) being obtained as needles, m. p. 50—51° 
(Found: Br, 27-4. C,;H,,OBr requires Br, 27-7%). 

(3) Action of piperidine on phenyl «-bromo-8-phenylethyl ketone. 
Equal weights of the bromo-compound and piperidine were heated 
together in benzene solution for } hour at 100°. The cooled mixture 
was well shaken with alkali, and the benzene layer was shaken with 
water and dried over sodium sulphate. Evaporation of the solvent 
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gave phenyl «-piperidino-2-phenylethyl ketone, which crystallised from 
alcohol in colourless leaflets, m. p. 77—78-5°. 

Phenyl «-piperidino-8-phenylethyl ketone was also prepared as 
follows: Phenacylpiperidine (see below) (1 mol.) was added to 
powdered sodium (1 atom.) covered with 100 c.c. of toluene. The 
mixture was boiled until the sodium had disappeared, and then 
benzyl chloride (1 mol.) was added. The boiling was continued for 
4 hour, the mixture cooled and extracted with water, the toluene 
separated, dried, and removed, and the residue crystallised from 
methyl alcohol. The product had m. p. 80—81°, and 78—79° in 
admixture with the product described above (Found: N, 5:3. 
Cy9H,,0N requires N, 48%). 

Phenacylpiperidine.—Schmidt and van Ark (Arch. Pharm., 1900, 
238, 330) obtained this compound in an impure condition, but did 
not characterise it. 

(a) The method of Rabe, Schneider, and Braasch (Ber., 1908, 41, 
874) was used, benzene being substituted for ether, and gave a 
60% yield (b. p. 168°/26 mm.). 

(6) A considerable saving of piperidine was effected by using the 
following process: A solution of 80 g. of phenacyl bromide in 
400 c.c. of benzene was added within 30 minutes to a well-shaken 
cold mixture of 50 g. of piperidine, 70 g. of anhydrous potassium 
carbonate, and 400 c.c. of benzene. Water was added, and the 
benzene layer was separated and extracted three times with water 
and then twice with 20% hydrochloric acid. The united acid 
solutions were made ammoniacal and extracted with ether. The 
ethereal layer was washed with a little water, dried over sodium 
sulphate, and evaporated. Distillation of the residue under 
diminished pressure gave 50 g. of almost colourless phenacyl- 
piperidine of constant b. p. 

m-Nitrophenacyl Bromide.—The preparation by the method of 
Evans and Brooks (J. Amer. Chem. Soc., 1908, 30, 406) was less 
satisfactory than the following modification of the process described 
by Hunnius (Ber., 1877, 10, 2008): phenacyl bromide was slowly 
added to 10 parts of nitric acid (d 1-5) at — 10° to — 5°, the solution 
poured on ice, and the precipitate collected, digested with ether to 
remove the o-nitro-compound, and crystallised from alcohol; the 
yield of m-nitrophenacyl bromide, m. p. 80—81°, was 70%. 

Action of Piperidine on m-Nitrophenacyl Bromide.—Although the 
bromide condensed readily with piperidine under the conditions 
used for the preparation of phenacylpiperidine (second method), 
the isolation of the product was not accomplished. Vacuum dis- 
tillation caused explosive decomposition. Purification by crystal- 
lisation gave oily products, and although the picrate was obtained 
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as a highly crystalline substance, m. p. 175—176°, its subsequent 
decomposition by alkali gave amorphous products. In a second 
experiment, a benzene solution of m-nitrophenacyl bromide (1 mol.) 
was added to one of piperidine (2 mols.). After several hours, the 
precipitated piperidine hydrobromide was removed by filtration, 
and the filtrate evaporated. When the residue was stirred with 
dilute acetic acid, an amorphous solid was obtained which could 
not be made to crystallise and had an indefinite m. p. 

Piperidinodeoxybenzoin.—A mixture of equal weights of benzoin 
and thionyl! chloride was warmed until a clear solution was obtained, 
much warm water was then added, and the mixture stirred until it 
was cold (compare Schroeter, Ber., 1909, 42, 2348). The chloro- 
deoxybenzoin obtained was crystallised from chloroform by addition 
of light petroleum (b. p. 40—60°) and recrystallised from methyl 
alcohol; it then had m. p. 66—67° (Schroeter gives m. p. 68-5° 
after softening at 66°; Curtius and Lang, J. pr. Chem., 1891, 44, 
548, give m. p. 65°), 

The chloro-compound was covered with its own weight of piper- 
idine, and the mixture warmed to 100° during 20 minutes. It was 
repeatedly extracted with water, and the gummy residue was crys- 
tallised from alcohol, needles, m. p. 85—86°, being obtained (Rabe 
and Rieper, loc. cit., give m. p. 82°). 

Phosphorus trichloride was almost without action on benzoin, 
and phosphorus pentachloride gave a mixture which could not be 
purified. 

Phenyl-w-piperidinomethylcarbinol.—Phenacylpiperidine was re- 
duced as described by Rabe (Annalen, 1909, 365, 377), but the 
product was worked up as follows: the alkaline alcoholic reduction 
mixture was treated with water, and most of the alcohol distilled 
off. The residue was extracted with ether, the extract dried over 
sodium sulphate and evaporated, and the residue distilled under 
reduced pressure. The base had the properties recorded by Rabe. 
The hydrochloride, prepared from the base and dry hydrogen chloride 
in light petroleum, had m. p. 192—194° (Found: Cl, 14-5. 
C,,H,,ON,HCI requires Cl, 14-7%). 

Phenylmethyl - w - piperidinomethylcarbinol Hydrochloride. — An 
ethereal solution of phenacylpiperidine (1 mol.) was gradually added 
to a Grignard reagent prepared from methyl iodide (2 mols.) and 
magnesium (4 atom.) (with intermediate decantation from undis- 
solved magnesium). The mixture was gently boiled for 4 hour and 
then decomposed with aqueous ammonium chloride. The ethereal 
solution was separated and extracted with dilute hydrochloric acid, 
and the acid layer, after being extracted with a little ether, was 
rendered ammoniacal and extracted with light petroleum (b. p. 
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60—80°). This extract was dried over sodium sulphate and satur. 
ated with dry hydrogen chloride; the carbinol hydrochloride was 
then obtained as a white microcrystalline powder, m. p. 140—141° 
after being dried at 100° (Found: N, 5-8; Cl, 14-0. C,,H,,ON,HQ 
requires N, 5-5; Cl, 13-9%). 

Phenylethyl-o-piperidinomethylcarbinol hydrochloride was obtained 
by the method used for the methyl analogue. It was precipitated 
by hydrogen chloride from a light petroleum solution of the base, 
crystallised from alcohol-ether, dried at 100°, and obtained as a 
microcrystalline powder, m. p. 171—173° after softening at 168° 
(Found: N, 5-6; Cl, 13-5. C,;H,,ON,HCl requires N, 5-2; (1, 
132%). 

Phenyl-n-propyl-«-piperidinomethylcarbinol Hydrochloride.—Inter. 
action of phenacylpiperidine and magnesium propyl bromide (2 
mols.) was very vigorous. The carbinol hydrochloride was obtained, 
as described under the preceding compounds, as a microcrystalline 
powder, m. p. 185—187° after being dried at 100° (Found: (|, 
13-0. C,,H,,ON,HCI requires Cl, 12-5%). 

Phenyl-n-butyl-w-piperidinomethylcarbinol Hydrochloride.—When 
phenacylpiperidine was added to 2 mols. of ethereal magnesium 
butyl bromide, a solid formed on the surface, but later redissolved. 
The hydrochloride precipitated from light petroleum was crystallised 
from alcohol-ether and dried at 100°. It was a microcrystalline 
powder, m. p. 166—169° (Found : Cl, 12-0. C,,H,,O0N,HCI requires 
Cl, 11-9%). 

Action of Magnesium n-Hexryl and n-Heptyl Todides on Phenacyl- 
piperidine.—When an ethereal solution of phenacylpiperidine (1 
mol.) was added to a Grignard reagent made from magnesium (4 
atom.) (decantation) and n-hexyl or n-heptyl iodide (2 mols.), 
although normal interaction appeared to occur, the basic compound 
was completely converted into phenacylpiperidine hydrochloride 
(Found: Cl, 14-7. Cale.: Cl, 14-8%), m. p. 213—219° or 216— 
220°; mixed m. p. 215—220°). 
Diphenyl-w-piperidinomethylearbinol Hydrochloride.—After addi- 
tion of the phenacylpiperidine to the magnesium phenyl bromide 
solution (2 mols.) the mixture was heated for some time, cooled, 
and decomposed with ammonium chloride solution. The ethereal 
layer was extracted with dilute hydrochloric acid, and the extract 
was shaken with ether, boiled to remove ether, and kept; the 
carbinol hydrochloride then separated in long colourless needles, 
m. p. 214—218° after drying at 100° (Found: N, 4:5; Cl, 119. 
C,,H,,ON,HCI requires N, 4-5; Cl, 11-2%%). 

Phenylbenzyl-w-piperidinomethylcarbinol Hydrochloride.—On addi- 
tion of phenacylpiperidine to the magnesium benzyl! chloride solu- 
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tion (2 mols.), a white precipitate formed and later dissolved. 
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mixture of equal volumes of water and concentrated hydrochloric 
acid. The carbinol hydrochloride, which separated as a crystalline 
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pitated precipitate, was washed with ether, recrystallised from aleohol and 
© base, § obtained in spear-shaped needles, m. p. 238—244°, sparingly soluble 
dasa in dilute hydrochloric acid or cold alcohol but very soluble in warm 
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alcohol (Found : Cl, 10-7. Cy9H,,0N,HCl requires Cl, 10-7%). 
Phenyl-8-phenylethyl-w-piperidinomethylcarbinol Hydrochloride.— 
The mixture resulting from the interaction of phenacylpiperidine 
and 2 mols. of magnesium $-phenylethyl bromide was decomposed 
with ammonium chloride solution, and the ethereal layer shaken 
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‘When with light petroleum and saturating the dried extract with hydrogen 
slum § chloride (total yield, 65%); m. p. 211—216° (Found: N, 4:0; Cl, 
olved. # 10.2, ©,,H,ON,HCI requires N, 4-05; Cl, 10-3%). 
allised Phenyl-y-phenylpropyl-w-piperidinomethylcarbinol Hydrochloride. 
alline —The product resulting from the interaction of phenacylpiperidine 
quires # with 2 mols. of magnesium y-phenylpropyl bromide was treated as 
usual, the hydrochloride separating when the ethereal solution was 
acyl # shaken with 20% hydrochloric acid. It was washed with ether 
ne (I and dried at 100°, and then melted at 209—210° (Found: Cl, 9-8. 
wh C,,H,,ON,HCI requires Cl, 9-9%). 
ols.), “Phenyl-8-phenylbutyl-«-piperidinomethylcarbinol Hydrochloride.— 
ound The preparation from phenacylpiperidine and magnesium 8-pheny]- 
— butyl bromide (2 mols.) was carried out by the method used for 
16— Ft the 6-phenylethyl derivative. The hydrochloride crystallised from 





alcohol, containing dilute hydrochloric acid, in colourless needles, 
m. p. 173—174° after being dried at 100°. It was very soluble in 
warm alcohol and almost insoluble in cold dilute hydrochloric acid 
(Found : Cl, 9-5. C.3H3,ON,HCI requires Cl, 9-5%). 

Phenyl - «-naphthyl-w-piperidinomethylcarbinol.—Phenacylpiperid- 
ine and magnesium «-naphthyl bromide reacted normally. The mix- 
ture was heated for 1 hour in warm water, cooled, and decomposed 
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water and was then crystallised successively from alcohol and light 
petroleum (b. p. 80—100°). From both solvents the carbinol 
separated in sparkling nodules, m. p. 114—115° (Found: N, 4-2, 
C,,H,;ON requires N, 4-2%). 

Action of Magnesium cycloHexyl Bromide on Phenacylpiperidine.— 
The preparation was conducted as in the case of the other carbinols, 
The phenacylpiperidine (1 mol.) appeared to react normally with 
the Grignard reagent, of which 2, 5, and 10 mols. were used in 
three experiments. A hydrochloride was obtained (Found: (1, 
13-7, 12-7, and 14:3% respectively); that produced in the last case 
had m. p. 217—220° after crystallisation from alcohol and was 
practically pure phenacylpiperidine hydrochloride. 


Our thanks are due to the Department of Scientific and Industrial 
Research for a maintenance grant allotted to one of us, and to the 
same authority (Chemo-Therapy Committee) and to the Chemical 
Society for grants in aid of this investigation. 

Beprorp COLLEGE, 

University or LONDON. [Received, February 19th, 1931.] 


CLVI.—The Optical Resolution of 3: 5-Dinitro- 
6-a-naphthylbenzoic Acid. 


By Mary STEPHEN LESSLIE and Eustace EBENEZER TURNER. 


ALTHOUGH 2: 2’-disubstituted 1: 1’-dinaphthyl derivatives have 
been shown to exhibit molecular dissymmetry (compare Kuhn 
and Albrecht, Annalen, 1928, 465, 282), it has not so far been estab- 
lished that a substituted phenyl-«-naphthyl derivative of type (I) 
is capable of resolution. We have recently described the resolution 


NO, 


Ty ‘ 
~ 


of 2 : 4-dinitro-2’-methyldiphenyl-6-carboxylic acid (II) (J., 1930, 
1758), from which it appeared necessary that a compound of type 
(I) should also exhibit stable dissymmetry. 

When «z-iodonaphthalene and ethyl 2-chloro-3 : 5-dinitrobenzoate 
were heated together in presence of copper-bronze, neither ««’- 
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dinaphthyl nor ethyl tetranitrodiphenate was formed, the sole 
product being ethyl 3 : 5-dinitro-6-«-naphthylbenzoate (I; R = R=NOg,, 
Rk’ = CO,Et), which, like the previously described ethyl ester of 
(II), was difficult to hydrolyse, a fact in accord with its structure. 

3: 5-Dinitro-6-«-naphthylbenzoic acid was resolved through its 
brucine salt. The dl-salt could be crystallised from water or from 
ethyl alcohol without undergoing any separation into the two forms, 
but crystallisation from methyl alcohol effected moderately facile 
resolution. The less soluble diastereoisomeride was the brucine 
salt of the d-acid, having [«}?,, + 120-1° in chloroform, the readily 
soluble salt of the l-acid having [«]?,, — 114-0° in the same solvent. 
From these two salts were obtained the d-acid with [«]?,, + 63-4°, 
and the /-acid with [«]%,, — 63-3°, in acetone. 

The optical stability of the dinitronaphthylbenzoic acid is con- 
siderable. A routine test for the optical stability of acids of the 
diaryl type has been to heat the alkaline solutions over periods of 
several hours, and note the racemisation produced. The /-form 
of the acid now described is not sensibly racemised in boiling N- 
sodium hydroxide in 4 hours. 

We have, however, also applied a test of optical stability of a 
new and more drastic kind. The d-acid was heated with excess 


of thionyl chloride, and the d-3: 5-dinitro-6-«-naphthylbenzoyl 
chloride obtained was hydrolysed at 100° with N-sodium hydroxide. 
Even after these two reactions, a virtually pure d-acid was 
obtained. 

An attempt to include amide formation and hydrolysis in a 
second series of experiments failed, since, although the d-amide 
was readily obtained, it could not be hydrolysed. 


EXPERIMENTAL. 

Ethyl dl-3 : 5-dinitro-6-«-naphthylbenzoate. A mixture of 10 g. 
of ethyl 2-chloro-3 : 5-dinitrobenzoate and 10 g. of «-iodonaphthalene 
was kept at 210°, and 9 g. of copper-bronze were gradually added, 
with continuous stirring. Interaction proceeded vigorously, and 
satisfactorily if the temperature was carefully controlled, but above 
210° tended to become explosively violent. When no further 
reaction occurred, the warm mixture was extracted with o-dichloro- 
benzene, most of the latter removed by distillation, and the residual 
solution treated with light petroleum (b. p. 60—80°) until no more 
crystallisation took place. The crude ester (7 g.) crystallised from 
aqueous alcohol in small vellow needles, m p. 109—110° (Found : 
C, 62:3; H, 4:1. C,9H,,0,N, requires C, 62-3; H, 3-9%). 

dl-3 : 5-Dinitro-6-«-naphthylbenzoic acid. A mixture of 20 g. of 
the ester, 100 c.c. of water, 200 c.c. of concentrated sulphuric acid, 
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and 400 c.c. of glacial acetic acid was boiled under reflux for 2 
hours. When the cooled solution was poured into water, a yellow 
solid separated, which was dissolved in sodium hydrogen carbonate 
solution. The filtered solution was treated with hydrochloric acid; 
the acid obtained crystallised from aqueous alcohol in fine, bright 
yellow needles, m. p. 184—185° (Found : C, 60-1; H, 3-2. C,,H,,0,N, 
requires C, 60-3; H, 3-0%%). 

dl-3 : 5-Dinitro-6-«-naphthylbenzamide. The acid (0-6 g.) was 
heated with thionyl chloride (10 g.) under reflux on the water-bath, 
When evolution of hydrogen chloride ceased, the solution was left 
in @ vacuum over soda-lime. The yellow solid obtained was dis- 
solved in benzene and treated with dry ammonia. The filtered 
solution on evaporation gave the amide, which crystallised from 
benzene-light petroleum (b. p. 60—80°) in very small plates, m. p. 
96—97° (Found: N, 12-5. C,,H,,O;N, requires N, 12-5%). 

Resolution of 3 : 5-Dinitro-6-a-naphthylbenzoic Acid.—Preliminary 
experiments showed that brucine was more satisfactory for this 
purpose than quinine or strychnine. Recrystallisation of the 
dl-brucine salt from water or ethyl alcohol effected no separation 
into the diastereoisomerides. Attempted resolution starting with 
the ammonium salt of the dl-acid and brucine sulphate in aqueous 
solution met with no success. The following method was finally 
adopted (all rotations were measured in chloroform solutions). 
When an ethyl-alcoholic solution of the dl-acid (7 g.) was added to 
a solution of brucine (8-5 g.) in the same solvent, almost quantitative 
precipitation of the brucine dl-salt of the acid occurred. It was 
dissolved in hot methyl alcohol (700 c.c.). The cold solution de- 
posited 7 g. of deep yellow, glassy, square plates which had [«]%, 
-+ 96-0° (c = 1-000). From the mother-liquor were obtained 2 g. 
having [«]}?, -++ 45-8° (c = 1-09), and after removal of most of the 
solvent a third fraction (6 g.) was obtained having [«]%,, — 991° 
(c = 7-22). 

Repeated recrystallisations of the first crop from methyl! alcohol 
gave the brucine salt of the d-acid (4 g.), having [a}%, + 120-1° 
(c = 0-6310). It crystallised in clumps of small, square, bright 
yellow plates, and was very sparingly soluble in most solvents, but 
readily soluble in chloroform. 

The pure brucine salt of the /-acid (2-3 g.) was similarly obtained 
by recrystallisation of the third crop from methyl alcohol and had 
[oc]. — 114:0° (c = 0-5220). 

On recrystallising from methyl alcohol the middle fraction having 
[x], -+ 45-8°, a small amount of the racemic acid salt was obtained 
as small yellow needles having [«]?,, + 3-8° (c = 0-5280). 

The free acids were obtained from their brucine salts by adding 
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the calculated amount of N-ammonium hydroxide to an aqueous 
suspension of the salt, together with a little chloroform. The 
chloroform solution of brucine was then removed, and after two 
or three extractions of the aqueous layer with chloroform, the free 
acid was precipitated with dilute hydrochloric acid. 

d-3 : 5-Dinitro-6-«-naphthylbenzcic acid crystallised from aqueous 
ethyl alcohol in very fine, yellow needles, m. p. 179—180°, and had 
(af, + 63-4° in acetone (l= 2; c=0-615; a}, = + 0-78°) 
(Found : C, 60-2; H, 3-2. C,,H,,0,N, requires C, 60-3; H, 3-0%). 
It is sparingly soluble in water and in light petroleum, but readily 
dissolves in alcohol, acetone or benzene. 

The sodium salt had [«]}?}, + 67-6° in water (1 = 2; c = 0-629; 
i, -+ 0-85°), unchanged after 48 hours. When the solution was 
decomposed with dilute hydrochloric acid, the free acid obtained 
had [«}2%, ++ 63-0° for c = 0-167 in acetone, showing that no racem- 
isation had occurred. 

1-3 : 5-Dinitro-6-a-naphthylbenzoic acid was similar to its d-iso- 
meride. It had [a], — 63-3° for c = 0-560 in acetone (Found : 
(, 60-1; H, 32%). 

Action of N-Sodium Hydroxide Solution on the }-Acid.—A solution 
of 0-1 g. of the J-acid in 20 c.c. of N-sodium hydroxide solution was 
heated under reflux on a water-bath for 4 hours. The alkaline 
solution was acidified with dilute hydrochloric acid, and the free 
acid dried ; it had [«]®,, — 62-8° for c = 0-3340 in acetone. 

Action of Thionyl Chloride on the d-Acid.—The d-acid was con- 
verted, by the method used for the dl-compound, into the acid 
chloride, which crystallised from light petroleum (b. p. 60—80°) 
in clusters of small, yellow, rectangular plates, m. p. 132—133°. 
It had [«}2), + 42-6° for c = 0-540 in benzene (Found: N, 7-7. 
C,;H,O;N,Cl requires N, 7-9%). 

Action of N-Sedium Hydroxide Solution on the Acid Chloride.— 
0-1 G. of the d-acid chloride, heated on the water-bath with 20 c.c. 
of N-sodium hydroxide solution, dissolved after about 10 minutes. 
Addition of dilute hydrochloric acid precipitated the free acid, 
which had [«]3%,, + 61-3° for c = 0-286 in acetone. 

d-3 : 5-Dinitro-6-«-naphthylbenzamide.—The d-acid chloride (0-5 
g.) was converted as described under the dl-compound into the 
amide (0-5 g.), which crystallised from benzene-light petroleum 
(b. p. 60—80°) in very small, rectangular, yellow needles, m. p. 
168—169°, and had [«}2%, + 38-4° for c = 0-508 in benzene (Found : 
N, 12-6. C,,H,,0;N, requires N, 12-5%). 

Sodium nitrite (3 mols.) had no action on the amide (1 mol.) 
dissolved in glacial acetic acid (cold or hot); after 3 days the amide 
was recovered on addition of water. The amide was also recovered 
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unchanged after being heated with N-sodium hydroxide solution 
or 75% sulphuric acid. 


The authors wish to acknowledge a grant received from the 
Chemical Society in aid of this investigation. 


BEDFORD COLLEGE, 
UNIVERSITY OF LONDON. [Received, March 19th, 1931.] 


CLVILI.—T hioquinols. 


By LeonaRD ARTHUR WARREN and SAMUEL SMILES. 





IN previous communications (J., 1930, 959, 1742) it has been shown 
that the 1-thio- and 1-dithio-derivatives of 2-naphthol are converted 
into cyclic quinols by oxidation. Since this behaviour has been 
quoted in connexion with other work (e.g., this vol., p. 916) as show- 
ing the tendency of the thio-derivatives in question to assume the 
ketonic form, it seemed desirable to add to this evidence by a 
further study of thio-derivatives of 2-naphthol of the general type 
(1). It is now shown that these substances are converted by dilute 
nitric acid into quinonitroles (11) of a type similar to that derived 
from 1-methyl-2-naphthol (Fries and Hiibner, Ber., 1906, 39, 435). 
Under the action of heat in solvents the thioquinonitroles decom- 
pose, yielding complex mixtures; the chief process involved is 


ee en ett 
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‘O HO” \A0 ft, 
usually that of hydrolysis (compare Fries and Hiibner, loc. cit.), 
leading to nitrous acid and the thioquinols (III), but, as might be 
expected from the instability of the additive compounds of ketones 
or aldehydes with thiols (Baumann, Ber., 1885, 18, 262; Bongartz, 
Ber., 1886, 19, 1934), these have not been isolated, the disulphides 
(Ar-S-), resulting from oxidation of the thiols liberated by fission of 
the thioquinols (III) being obtained instead. Concurrently with 
hydrolysis, migration of the nitro-group may occur, but the resulting 
nitro-derivatives of the parent sulphide (I), owing to difficulties of 
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isolation, have been obtained from only three of the examples studied. 
Included among the latter are the nitroquinols derived from 2-naph- 








thol l-sulphide (IV) and its monomethyl ether and monoacetyl 
derivative (IV, where OH is OMe or *O-CO-CH,). Hydrolysis of the 
wetyl derivative led to the 1-disulphide of 2-acetoxynaphthalene, 
but (LV) yielded the dehydro-derivative of 2-naphthol 1-disulphide 
(J., 1930, 1742). A third type of decomposition, observed in presence 
of alkali, involves the removal of the thioaryl group, leaving 1-nitro- 
2naphthol (compare Fries, Annalen, 1912, 389, 315). Further 
nitration of the thioquinonitroles derived from 2-naphthol 1-sulphide 
and disulphide leads to the interesting diquinols (V). These 
substances readily yield 1-nitro-2-naphthol on alkaline hydrolysis. 

The formation of dehydro-2-naphthol 1-sulphide has not been 
observed during the hydrolysis of (IV): evidently, under the con- 
ditions, rupture of the thioquinol group (IV, where NO, is OH) 
takes place before dehydration leading to the more stable cyclic 
quinol can be effected to an appreciable extent. 


EXPERIMENTAL. 


In most cases the thioquinonitroles described below were prepared 
by the following method. A solution (10%) of nitric acid (1 mol.) in 
acetic acid was added to a shaken suspension or a solution of the 
sulphide (1 mol.) in the same solvent. A yellow solution of the 
required material was obtained, and when it was suitably agitated 
the thioquinonitrole separated in the crystalline state. The material 
was usually purified by addition of alcohol to an ice-cold acetone 
solution. The products, unless otherwise stated, were yellow 
crystalline materials ; they were unaltered by dilute aqueous sodium 
carbonate or cold dilute aqueous alkali hydroxide. When heated, 
they profoundly decomposed with liberation of oxides of nitrogen ; 
the m. p.’s recorded therefore vary somewhat with the rate of heating. 

2-Naphthyl 1-Nitro-2-keto-1 : 2-dihydro-l-naphthyl Sulphide (II, 
where Ar is 2-C,,H,).—The required sulphide (I, where Ar is 
2.C,,H,) may be obtained from 2-naphthy! disulphoxide and sodium 
2-naphthoxide as previously described (J., 1926, 1728), but it was 
more conveniently prepared as follows. A suspension of 2-naphthyl 
disulphide (3 g.) in carbon tetrachloride (100 c.c.) was treated with 
dry chlorine until the disulphide had dissolved. After the excess of 
halogen had been removed, 2-naphthol (3-5 g.) was added to the 
solution of the chlorothiol. The solvent was then (12 hours) evapor- 
ated, and the residue purified (3-5 g.) from alcohol. 

The corresponding thioquinonitrole formed plates, m. p. 116° 
(decomp.) (Found : C, 69:2; N, 4:2. C,H ,0,NS requires C, 69-1 ; 
N,40°%). When this substance (1 g.) was warmed (80°) with acetic 
RR 
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acid (10 c.c.), it dissolved and oxides of nitrogen were liberated: 
2-naphthyl disulphide (m. p. 139°. Found: C, 75-3; H, 46, 
Cale.: C, 75-4; -H, 44%) separated from the cooled liquid. The 
remaining solution when treated with phenylhydrazine yielded a 
mixture of hydrazones. The quinonitrole was also decomposed by 
warm alcoholic sodium hydroxide, yielding 2-naphthy] disulphide ; the 
sodium salt of l-nitro-2-naphthol separated from the cooled solution, 
and after purification the nitro-naphthol had m. p. 102° and was 
identified in the usual manner. 

p-Tolyl 1-nitro-2-keto-\ : 2-dihydro-\-naphthyl sulphide (11, where 
Ar is p-C,H,) formed colourless plates, m. p. 112° (decomp.) (Found: 
C, 65-8; N, 4-6. C,-H,,0,NS requires C, 65-6; N, 4.2%). 

o-Nitrophenyl 1-nitro-2-keto-1 : 2-dihydro-\-naphthyl sulphide (II, 
where Ar is o-C,H,NO,), m. p. 105° (decomp.) (Found : C, 5655; 
N, 8:3. C,gH O;N.S requires C, 56-1; N, 8-2%), decomposed in 
warm acetic acid. ‘The material which separated from the cooled 
mixture was purified by conversion into the sodium salt. The 
o-nitrophenyl ?-nitro-2-hydroxy-|-naphthyl sulphide liberated from 
this formed yellow plates, m. p. 192°, from acetic acid (Found: 
C, 56-1; H, 3-1; N, 85. C,gHO;N.S requires C, 56-1; H, 2-49; 
N, 8-2%). When the nitrole was suspended in boiling aqueous 
sodium hydroxide (2N), it decomposed. ‘The insoluble material 
was identified as o-nitrophenyl disulphide, and from the red solution 
1-nitro-2-naphthol (m. p. 102°) was isolated which was identified in 
the usual manner. 

p-Nitrophenyl 1-nitro-2-keto-1 : 2-dihydro-\-naphthyl sulphide (Il, 
where Ar is p-C,H,*NO,) had m. p. 116° (decomp.) (Found : C, 56-2; 
N, 8:3. C,gH,)0;N.S8 requires C, 56-1; N, 8-2°%) and was decom- 
posed by warm acetic acid. The solid which separated after water 
had been added to the mixture was treated with warm aqueous 
sodium hydroxide (10%). The sparingly soluble sodium salt was 
purified from hot water (charcoal) and treated with mineral acid. 
The liberated p-nitrophenyl ?-nitro-2-hydroxy-\-naphthyl sulphide 
separated from acetic acid as a yellow crystalline powder, m. p. 187° 
(Found : C, 56-3; H, 3-3. C,gH,0O;N.8 requires C, 56-1; H, 2-9%). 

1-Nitro-2'-hydroay-2-keto-1 : 2-dihydrodi-\-naphthyl sulphide (IV) 
formed prisms, m. p. 116° (decomp.) (Found: C, 66-2: N, 3% 
(49H ,30,NS requires C, 66-1; N,3-8°%). It was rapidly decomposed 
by warm acetic acid; dehydro-2-naphthol 1-disulphide (J., 193%, 
1745) separated from the cooled solution and was identified in the 
usual manner. 

1-Nitro-2-keto-2'-methoxy-1 : 2-dihydrodi-\-naphthyl sulphide (IV, 
where OH is OMe) had m. p. 105° (decomp.) (Found: C, 67:1; 
N, 4-0. C,,H,,0,NS requires C, 66-8; N, 3-7%). 
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erated ; 1-Nitro-2-keto-2'-acetoxy-1 : 2-dihydrodi-1-naphthyl Sulphide (IV, 
H, 4-6. where OH is -O-CO-CH,).—The monoacetyl derivative of 2-naphthol 
1. The J-sulphide required for the preparation of this quinonitrole was ; 
elded aff obtained as follows. A suspension of 2-acetoxynaphthalene 1-di- 
osed by § sulphide (1 mol.) in carbon tetrachloride was shaken and treated with 
ide; the ff chlorine until solution was complete. 2-Naphthol (2 mols.) was 
olution, § added after the excess of halogen had been removed; hydrogen 
nd was chloride was liberated while the required material separated (84% 
yield). ‘This formed plates, m. p. 164°, from acetic acid (Found : 
, Where (, 73:3; H, 4:7. Cy .H,,0,8 requires C, 73-3; H, 44%). The 
Hound: § quinonitrole prepared from this by the usual method was colourless 
and had m. p. 102° (decomp.) (Found : C, 64-8; N, 3-7. C,,.H,;0;NS 
ide (II, requires C, 65-2; N,3-5%). When a hot acetic acid solution of this 
', 56:5; substance was cooled, the diacetyl derivative of 2-naphthol 1-di- 
osed in} sulphide was deposited (70%); this had m. p. 200° and was identical 
cooled § with an authentic sample. Decomposition also occurred when the 
t. The} substance was kept in acetic acid (15°; 5 days). When the solid 
d from product was treated with dilute alkali hydroxide, the diacetyl 
found: § derivative of 2-naphthol disulphide remained undissolved. The 
H, 29; 8 red alkaline solution contained nitro-derivatives of naphthol sulphide. 
queous 1-Nitro-2-keto-2'-hydroxy-1 : 2-dihydrodi-\-naphthyl disulphide (1V, 
1aterial § where S is —-S*S-).—Application of the usual method to 2-naphthol 
olution J |-disulphide gave a mixture of mono- and di-quinonitroles. The 
ified inf monoquinonitrole was prepared by shaking the disulphide (1 mol.) 
with ether and dilute sulphuric acid in presence of sodium nitrite 
de (Il, (1 mol.); the disulphide dissolved in the ether, from which the 
', 56:2; Ff required product separated on further agitation. It crystallised from 
decom- § acetone in needles, m. p. 109° (decomp.) (Found: C, 61-1; N, 3-7. 
r water § (',,H,,0,NS, requires C, 60-75; N, 3:5%). This quinonitrole dis- 
queous § solved in warm aqueous sodium hydroxide (2); the sodium salt of 
lt was |-nitro-2-naphthol separated from the cooled solution. The nitro- 
acid. naphthol had m. p. 102° and was identical with an authentic sample. 
ul phide Di-\-nitro-2-keto-1 : 2-dihydro-1-naphthyl sulphide (V) was obtained 
p. 187° from 2-naphthol 1-sulphide by the usual method with nitric acid 
29%). f (2 mols.). It formed clusters of needles, m. p. 121° (decomp.) 
e (IV) § (Found : C, 59-0; N, 6-9. C, 9H ,.0,N.S requires C, 58-8; N, 68%), 
N, 34. which were attacked by warm aqueous sodium hydroxide, yielding 
nposed # a red solution from which a mixture of sodium salts separated. The 
, 1930, f nitronaphthols liberated from these were fractionated, 1-nitro- 
in the # 2-naphthol being readily obtained; this was identified in the usual 
manner. 
e (IV, Di-1-nitro-2-keto-1 : 2-dihydro-1-naphthyl disulphide (V, where § is 
, 67-1; | -S-S-), prepared by the usual method as in the foregoing case, had 
m. p. 124—127° (decomp.) (Found : C, 54-8; N, 6-3. C.9H,,0,N.S, 
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requires C, 54-5; N, 63%). When the solution obtained by boiling 
this diquinonitrile with sodium hydroxide (2) was cooled, a mixture 
of sodium salts separated. The naphthols liberated from these were 
fractionated from alcohol; the more soluble portion was further 
purified as the sodium salt, which yielded 1-nitro-2-naphthol. This 
was identified in the usual manner. 

Finally the behaviour of 2-naphthol iso-sulphide under the 
conditions leading to these quinonitroles is recorded. When the 
usual solution of nitric acid (1 mol.) was added to a suspension of 
the iso-sulphide (1 mol.) in the same solvent, the nitrodehydro. 
2-naphthol 1-sulphide (J., 1914, 105, 1746) was formed in high yield 
(95%). Reaction of nitrous acid with the dehydro-sulphide did not 
yield this nitration product. 


Kina’s CoLLEGE, LONDON. [Received, March 4th, 1931.] 





CLVII.—The Solubility of Picric Acid in Mixed 
Solvents. Part I. Water—Alcohol and Water- 
Acetone Mixtures. 

By James Cooper Durr and Epwin Jonny BILLs, 


We have previously indicated (J., 1929, 2789; 1930, 1331) the 
differences in behaviour of mononitrophenols in aqueous methyl 
and ethyl alcohol. The trinitrophenol, picric acid, has now been 
studied in a similar manner. Methyl, ethyl, isopropyl, and n-propyl 
aleohols were used, as these four alcohols are miscible with water in 
all proportions. As a contrast to the results obtained in the aqueous 
alcohol series, the solubility of picric acid in mixtures of acetone and 


water at 25° is also recorded. 

Dolinski (Ber., 1905, 38, 1836) and Findlay (J., 1902, 84, 1219) 
found a normal solubility curve for picric acid in water between ()° 
and 100°. Only a few isolated values (mainly at room temperature) 
are available for the solubility of picric acid in ethyl alcohol, and 
none for the other alcohols. Angelescu and Dumitrescu (Z. physikal. 
Chem., 1928, 132, 217) have examined the behaviour of picric acid 
in several mixed solvents, in all cases at 12° only. Their results for 
water-ethy! aleohol and for water-acetone differ considerably from 
ours (see pp. 1197, 1199). 

We have included a number of electrical conductivity values for 
picric acid in the solvents (p. 1200). These were determined to see 
if they had any relation to the solubility data obtained, and the 
principal result is to show that acetone, which possesses the highest 
solvent power, gives the lowest conductivity although, among 
the alcohols, solvent power and conductivity run parallel. 
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PICRIC ACID IN MIXED 


EXPERIMENTAL. 


Methyl and the two propyl! alcohols were dried over calcium and 
distilled before use. Kahlbaum’s 99-8% pure ethyl alcohol, and 
acetone of A.R. quality (British Drug Houses) were used as received. 
The mixed solvents were made from definite weights of each and of 
water. Picric acid was recrystallised from water and dried over 
sulphuric acid, 

Stoppered weighing bottles, containing the solvents and excess of 
finely powdered picric acid, were maintained at the desired tem- 
perature in a thermostat for 5 hours with frequent shaking. About 
5g. of clear solution were decanted in each case, weighed, and (except 
for n-propyl alcohol mixtures) evaporated in the weighing bottle ait 
80°. The picric acid was then weighed and the result also checked 
by titration of the acid in aqueous solution with 0-1N-baryta, 
thymolphthalein being used as indicator. For the n-propyl! alcohol 
mixtures, only the titration method was applied to the weighed 
solution. In no case was saturation of the solution hastened by 
heating above the temperature selected for the series. It is mainly 
in this respect that our method differs from that of Angelescu and 
Dumitrescu (loc. cit.). In the tables below, S represents g. of 
picric acid in 100 g. of solvent. 


Water—Methyl Alcohol. 


MeOH, % ...... 0 30 40 50 60 70 80 90 100 

moe 0-7 1+] 1-6 2-6 3:9 5:5 76 10-6 13-8 
’ Me 1+] 1-8 2-4 3°5 5:3 7:3 9-6 12-3 16-3 
Oo sssiessstentete 1-3 2-4 3°3 4-9 71 96 12-4 16-0 21-1 


Curve BF (Fig. 1) is plotted from the results at 25°. The curves 
at the other two temperatures are similar. 


Water—Ethyl Alcohol. 


Values of S at given temperatures, 


EtOH, 
%. 0°. 14 25°. 40°, 50°. 33°..* 
0 0-7 1-1 1-3 1-9 2-4 2-93 
20 1-0 1-4 2-1 3-1 4-25 1-4 
30 1-2 1-9 3-1 4-6 6-5 2-0 
40 2-0 3-8 5-3 7°35 10-0 2-9 
50 3-8 55 7:8 10-3 13-6 3-9 
60 5-6 76 10-5 13-5 17-4 4:9 
70 7-6 9-7 12-6 16-3 20-7 6-0 
78 8-9 11-1 13-6 17-95 22-5 6:8 
80 9-1] 11-5 13-8 18-3 22-8 7-1 
81 9-3 11-4 13-8 18-3 22-8 7:3 
85 9-0 11-0 13-2 17-6 22-3 7-9 
90 8-1 10-2 12-3 16-6 21-1 8-6 
95 7-0 8-8 10-2 14-8 19-2 9-4 
100 4-5 6-0 8-0 11-0 14:8 10-4 


* The results at 12° are taken from the curve given by Angelescu and 
Dumitrescu (loc. cit.) and are plotted as the curve AG. 
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Our results show a maximum solubility when the alcohol con. 
centration in the solvent is 80—81% for each temperature from ()° 
to 50°. The curve CJ (Fig. 1) represents the results at 25°. For the 
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of picric acid in 100 g. of solvent. 
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BF Aqueous methyl alcohol at 25°. 

CJ ‘es ethyl se 25° 

DH ,,_~=isopropyl ,, 

EK » n-propyl S°. 

AG ns ethyl vs 2° (Angelescu and Dumitrescu). 


other temperatures the curves are similar. Behrend (Z. physikal. 
Chem., 1892, 10, 265) found at 12-3°, S = 5-85, and at 14-8°, S = 63 
in ethyl alcohol. 

Water—isoPropyl Alcohol. 


Aleohol, Alcohol, 
~~. “ae 50°. , a a 40°. 
0 . “< of 2-4 SO 9 3 17-4 
30 ° 3: of 6-4 82 9-6 3 17-5 
40 3 5s . 9-5 85 9! 3: 17-0 
50 52 ° 10-8 13-9 90 Oe 2-6 16-4 
60 Bf “ 13-7 17-8 95 8 : 15-0 
70 = 8 2- 16-0 20-1 100) 58 3. 12-0 
75 2: 16-8 20-8 


Maximum solubility at each temperature occurs in solvent con- 
taining 80—82%, of isopropyl alcohol. Curve DH (Fig. 1) represents 
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the results for 25°. The curves for the other temperatures are 


similar. 
Water-n-Propyl Alcohol. 


Alcohol, 
oOo; 


Alcohol, 

%> 

0 
30 
40 
50 
60 
70 


a) 
° 
= 


Q- 
12-4 

9- 15:3 
1 “{ 18-0 
0 2: 19-0 


toc 


Sto et 
bho 


Maximum solubility at each temperature occurs in solvent con- 


taining about 75% of propyl aleohol. Curve EK (Fig. 1) represents 
the results at 25°. For 0° and 50° similar curves apply. 
Water—Acetone. 
Acetone, % ... 30 40 50 60 70 80 90 100 
S25" 1-3 95 18:9 31:3 46-7 65-8 87-8 110-8 1343 
79 121 200 29-0 44:0 70-0 107-0 194-2 
* These figures are from the curve given by Angelescu and Dumitrescu 


(loc. cit, h 


Our results give a smooth curve of simple type. 


Methyl Alcohol—EKthyl Alcohol. 


MeOH, % 20 40 60 80 100 
a 9-8 12-3 14-9 17-6 21:1 


S 


‘ 


These results give a curve which is almost a straight line, showing 
that the alcohols do not affect each other’s solvent power. 


Discussion. 

The curves CJ, DH, and EK in Fig. | indicate that at 25° ethyl, 
isopropyl, and n-propyl alcohols each produce a maximum solubility 
for picric acid when there is a definite proportion of the alcohol in 
the mixed solvent. This proportion has not been found to vary 
noticeably between 0° and 50°. Methyl alcohol, on the other hand, 
has not this effect, the solubility (between 0° and 25°) of picrie acid 
increasing continuously from that in water alone to that in anhydrous 
methyl alcohol, as exemplified by curve BF for 25°.  Picric acid thus 
makes a more definite distinction between methyl alcohol and the 
higher alcohols in the presence of water than was found with p-nitro- 
phenol (loc. cit.), which gave maximum solubilities in different 
concentrations of aqueous ethyl alcohol depending on temperature. 

The behaviour of picric acid appears to be exceptional for an acid. 
The solubility data for numerous carboxylic acids in aqueous ethyl 
aleohol are known (‘‘ International Critical Tables,”’ vol. 4), and in 
all cases the results show no maximum in the mixed solvent. 
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There is no chemical union between picric acid and the alcohols, 
but an important factor affecting the solubility appears to be the 
existence in solution of two molecular forms, one of which yields 
yellow and the other colourless solutions. This is particularly 
noticeable in the aqueous mixtures containing acetone or n-propyl 
alcohol; with increasing concentration of these solvents in the 
mixtures the yellow colour diminishes, and finally disappears in the 
anhydrous solvent. 

The solvent powers of the alcohols on picric acid are in the same 
order as their dielectric constants (see D below) and as the specific 
conductivities (« below), which were determined in a Kohlrausch 
cell at 25° for 2% picric acid solutions. Acetone, although having 
nearly the same value for D as n-propyl alcohol, has a much lower 
value for x. 

H,0. MeOH. EtOH. Pr8OH. PreOH. Acetone, 
30:3 25 25 22 21 
0-91 0-43 0-48 0-25 0-032 

Although the values for « are influenced by degree of association 
and the viscosity of the solvents, they serve to emphasise a marked 
difference between acetone and the alcohols in their solvent action on 
picric acid in the presence of water. 

The high solvent action of acetone on picric acid suggests that 
there may be a connexion between solubility and the dipole moments 
of the solvent molecules. It is hoped to discuss this possibility 
more fully when data have been obtained from other solvent mixtures. 

A feature of the water—alcohol series of solvents is the fact that, 
for mixtures containing less than 60° of alcohol, n-propyl! alcohol 
has the greatest and methyl alcohol the least influence on the solu- 
bility of picric acid, while the reverse holds for the anhydrous 
alcohols. This is probably the result of the dissociating action of 
water on associated alcohol molecules, with subsequent association 
of the simple alcohol molecules with water. Such an association is 
probably most marked for »-propyl alcohol, thus agreeing with its 
hygroscopic character and the large amount of water (28-31%) 
present in the constant-boiling mixture of these two solvents. That 
alcohols do not affect each other noticeably is illustrated by the 
solubility values found for picric acid in mixtures of methyl and 
ethyl alcohols (p. 1199). 

There are not yet sufficient experimental data to warrant dis- 
cussion of the causes of the fall in the solubility of picric acid after a 
definite concentration of ethyl, isopropyl, and propyl alcohol in the 
aqueous mixtures is reached. The influence of non-associated 
equids on the solvent action of the alcohols is under investigation, 
and the results may enable us to discuss the matter more definitely. 
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In our opinion, the great difference between the shape of our curve 
for aqueous ethyl alcohol and that of Angelescu and Dumitrescu is 
due to the possibility that some of their picric acid solutions were 
supersaturated when analysed. The results they obtained for 
picric acid in mixtures of alcohol or acetone with other organic 
solvents will be considered with our results in Part II of this 
investigation. 

Tue TECHNICAL COLLEGE, 

BIRMINGHAM. [ Received, February 17th, 1931.] 


CLIX.—The Dissociation Constants of Organic Acids. 
Part III. The Routine Preparation of “ Equilt- 
brium”’ Water and of Moderate Grade Conductivity 
Water. 


By Artuur IsRAEL VoGEL and (in part) GEORGE HAROLD 
JEFFERY. 


In connexion with this series of researches, considerable quantities 
of conductivity water of two grades are required, the first for carry- 
ing out the actual conductivity measurements, and the second for 
the recrystallisation of salts and for other purposes: a slightly 
higher conductivity is obviously permissible for the latter water. 
The present paper describes a still whereby both types of water can 
be simultaneously produced, conveniently and in quantity, from 
ordinary distilled water. 

Two types of water may be employed in the accurate study of 
the conductivity of electrolytes in aqueous solution at high dilutions ; 
“equilibrium ’ water (Washburn, J. Amer. Chem. Soc., 1918, 40, 
109) with a specific conductivity (x) of about 0-8 gemmbho at 25°, 
and “‘ ultra pure conductivity water ’’ with «<0-1 gemmho at 25°. 
The former may be regarded as a saturated solution of carbonic acid 
under the partial pressure of the carbon dioxide of the atmosphere 
(Kendall, J. Amer. Chem. Soc., 1916, 38, 1460, 2460), and by accept- 
ing this view the exact nature of the ‘‘ water correction ”’ for solutions 
of acids, bases, and salts may be determined (idem, ibid., 1917, 39, 
9). Attempts have been made to eliminate or very considerably to 
reduce the ‘‘ water correction ’’ in dilute solutions by the use of 
the higher-grade water, but this necessitates working in closed 
vessels during the preparation of solutions and measurement of 
conductivities (compare Kohlrausch, Z. physikal. Chem., 1902, 42, 
200; Kendall, J. Amer. Chem. Soc., 1916, 38, 2461; Hartley and 
RR2 


‘ 
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Barrett, J., 1913, 103, 789), since on mere exposure to the atmos. 
phere the conductivity rises and ultimately reaches a constant value 
in contact with pure air of 0-8—0-9 gemmho at 25°. The use of 
such pure water was therefore ruled out in the present work, as it 
was considered that its conductivity would change appreciably, and 
in a manner which could not be accurately determined, under the 
experimental conditions employed. This fact was early realised by 
Kohlrausch : all his classical work was carried out with water of 
x = 0-8—1-0 gemmho at 18° (see Kohlrausch and Maltby, Wiss, 
Abhandl. Ph ysik.-Tech n. Reichsanstalt, 1900, 3, 188; Kohlrausch, 

Ges. Abh.,” 1911, Vol. Il, p. 826). We are using slightly better 
water (x = 0-8—0-9 gemmho at 25°), and this possesses the advantage 
that the: nature of the solvent correction, especially for acids, can be 
determined by making certain plausible assumptions (compare 
Vogel, J., 1929, 1476, 1487 *). 

The stills described in the literature may be divided into two 
classes: (1) Those producing “ultra pure conductivity water,” 
such as rite of Bourdillon (J., 1913, 103, 791), Wieland (J. Amer, 
Chem. , 1918, 40, 131), Kraus and Dexter (ibid., 1922, 44, 2468), 
erro pa Hotchkiss (J. Physical Chem., 1925, 29, 705), Ben- 
gough, Stuart, and Lee (J., 1927, 2156), and Stuart and Wormwell 
(J., 1930, 86); (2) stills for the preparation of “ equilibrium ”’ water, 
as described by Walker and Cormack (J., 1900, 77, 5), Bousfield 
(J., 1905, 87, 740; 1912, 101, 1443), Hartley, Campbell, and Poole 
(J., 1908, 93, 428), and Kendall (J. Amer. Chem. Soc., 1916, 8, 
2463). It is the experience of one of us (A. I. V.) that none of the 
methods in the second class is trustworthy for the routine prepar- 
ation of large quantities of ‘‘ equilibrium ” water. The present still 
has been designed to meet this deficiency. 

The working of most conductivity water stills is based on the 
removal of impurities by a stream of purified air passing through the 
condensing system during the process of distillation (Bourdillon, 
Wieland) or by fractional condensation of the steam (Kraus and 
Dexter). The still now to be described combines both principles, 
by distilling ordinary distilled water from an alkaline potassium 
permanganate solution in a current of purified air and simultaneously 
subjecting it to fractional condensation, and it affords both “ equili- 

* For various reasons the specific conductivity of the solvent was sub 
tracted from the total measured conductivity for both the acids and the salts. 
My present view is that no solvent correction is necessary for the acids when 
“equilibrium ”’ water is employed (compare Wynne-Jones, J. Physical Chem., 
1927, $1, 1647; Kolthoff, Rec. trav. chim., 1929, 48, 664), and this error will 
be rectified in a future communication. The correction will not appreciably 
affect the magnitudes of the primary dissociation constants, the values of 
which are regarded as preliminary.—A. I. V. 
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brium ” water * and moderate-grade conductivity water (x = 1-3 
or 1-5 gemmhos at 25° as desired) in quantity in one distillation. 

The advantages of the new still are: (1) Its simplicity of con- 
struction and operation: in the final form, apart from the con- 
ductivity-water containers, it is constructed entirely of metal parts, 
which may be readily replaced and dismantled, and once it has been 
set working it requires very little attention. (2) Its relatively low 
cost. (3) The “ equilibrium ’’ water is collected directly in the 
special flasks in which it is stored, and is therefore little affected by 
laboratory conditions. 


EXPERIMENTAL. 


Description of Still, Air-purification Train, and Conductivity- 
water Containers.t—The copper boiler A (Fig. 1), of about 19 litres 
capacity, is supported in a special metal stand and shield B. It is 
provided with a screw cap and is connected by a pure tin (or heavily 
tinned copper) tube through two screw unions D and E to a trap C. 
The siphon arrangement, terminating in the tap F’, for the waste 
water is noteworthy; the difference in level between the water in 
the two arms of the trap is about 8 inches and represents the net 
reduced pressure under which the still is operated. C acts as a trap 
for the spray, and also for the partial condensation of the steam, 
about one-sixth of the steam from the boiler being condensed here. 
The steam then passes up the pure tin tube G into the long pure tin 
tube H; I and J are two condensers of sheet copper soldered directly 
tothis tube. A 3-litre Pyrex flask K is attached to the lower end by 
means of a well-fitting rubber bung. The upper end of H is con- 
nected to another condenser L, and then by a rubber cork to a 6—7- 
litre Pyrex flask carrying a siphon tube and air outlet tube as 
shown. In the original still both the connecting tube N and the 
condenser Z were of Pyrex glass, the attachment to the long tin tube 
H being made by a tightly fitting rubber cork covered with tin foil. 
In the final design this was replaced by a pure tin tube, } inch in 
diameter, to which was soldered a copper condenser L, connected 
to H by ascrew union O; this modification, while in no way affecting 
the actual working of the still or the quality of the water produced, 


‘ b 


* The conductivity of the “ equilibrium ’’ water thus prepared did not 
change appreciably on exposure to the unadulterated atmosphere of the 
laboratory, i.e., when the carbon dioxide content was 0-03—0-04%. The 
soda-lime (‘‘ sofnolite ’’) in the purification train and in the guard tubes was 
introduced in order to prevent ingress of carbon dioxide when its proportion 
in the laboratory exceeded this value. 

+ The still and all accessories, including the conductivity-water containers, 
may be obtained from Messrs. Baird and Tatlock (London), Ltd., 14-15 Cross 
St., Hatton Garden, London, E.C. 1. 
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had the advantage of eliminating all glass parts, and therefore the 
danger of breakage. 

All the soldered joints were made with pure tin. 

The air-purification train was attached at P and is shown diagram. 
matically in Fig. 2. It consists of four wash bottles, each of about 


























UAIFIED 


18) 
AiR 
5 — —— 


‘s) 


LE Wasic 














° 
Water Pane 





























Fie. 3. 


270 ¢.c. capacity, the first, B,, containing concentrated sulphuric 
acid to a depth of about 1 inch for the removal of ammonia, and the 
following three being filled with soda-lime (“ sofnolite ”’) for the 
removal of the carbon dioxide from the incoming air; this stream of 
purified air controls the fractionation of the steam. It is attached 
to the still through a bubbler C’, containing conductivity water. 
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The conductivity-water container is shown in Fig. 3. It consists 
of a 3-litre Pyrex flat-bottomed flask with two ground-glass joints at 
D, and #£,; F, is a sofnolite guard tube. The flask fits on to the 
rubber cork at the lower end of H. The water collected in it is 
exposed only for a very short time to the atmosphere of the labor- 
atory, viz., during the time taken to detach the flask from the still 
and replace the ground-glass siphon tube at D,. Conductivity 
water can be kept in these containers for months without appreciable 
increase in conductivity. 

R, S, and T' are screw clips for controlling the air supply to the 
apparatus. The receivers M and K are connected to a water pump 
through two U-tubes, the first, U, being empty and the second, JV, 
containing sofnolite or soda-lime. 

The shaded portion in Fig. 1 is lagged with cotton wool or other 
suitable lagging. 

On rare occasions a small amount of creeping of the water from 
the trap C into the main condensing column H was observed; a 
perforated plate of pure tin, Z, was introduced inside the trap to 
obviate this. 

The condensers J and L were connected directly to the water 
supply and always had a rapid stream of water flowing through them. 
The amount of water flowing through the condenser J was controlled 
by a glass tap in a T-piece connected to the water tap, the other arm 
of which was connected to J and L. 

Operation of the Still—The still as received from the makers 
contains much grease, etc., and the metal parts must be steamed 
out for 4—5 days with steam generated from distilled water in the 
boiler A. The conductivity-water containers and siphon tubes must 
be soaked in chromic acid—sulphuric acid mixture for at least 96 
hours, thoroughly washed with distilled water, and then steamed out 
for at least 24 hours with steam generated from distilled water in an 
all Pyrex-glass apparatus. After the preliminary steaming the com- 
plete still is assembled as in Fig. 1. The boiler is charged with 11— 
12 litres of distilled water (x = about 3 gemmhos at 25°), together 
with 30 g. each of potassium permanganate and sodium hydroxide. 
The burner beneath the boiler is lighted, the tap F and the screw 
clip S closed, the screw clip R fully and 7 partially opened, and the 
water pump gently set into operation. During this initial stage 
owing to the expansion of the air from the boiler, etc., very little air 
enters at 7'; the water pump is later adjusted so that at most only 
about one bubble per second passes through the sulphuric acid in B,. 
When the water is nearly boiling (about 75 minutes) the gas is 
lowered and the water kept simmering for 30—45 minutes. Screw 
clip S is then opened, # closed, and the water allowed to boil gently. 
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Under these conditions all the steam condenses in H and is collected 
in an ordinary 3-litre Pyrex flask, treated as described above, at K. 
Distillation is carried out at the rate of about 1 litre per hour. As 
soon as there is steady condensation in K, tap F is opened and the 
air supply carefully adjusted at 7. After 1 hour, 7.e., after about 
1 litre of water has been collected in K (this water may be discarded), 
screw clip R is fully opened and S nearly closed. A portion of the 
steam then passes over into J, and the water passing through the 
condenser J is adjusted so that about twice as much steam is con. 
densed in Z as in H; the temperature of the water in the condenser 
H will at steady working be about 80°. After a further hour's 
running in this manner, the water collecting in K has x = 0:8—0-§ 
gemmho at 25°. The receiver K is then replaced by the flask of the 
special container (Fig. 3); tap F is closed during the changing of 
the receivers in order to prevent emptying of the trap. Provided 
the air supply at 7’ has been properly adjusted, distillation into K 
and M will continue for another 6—7 hours with little or no atten. 
tion. After this time, 1—1-5 litres of water remain in the boiler 
and the conductivity of the water collecting in K begins to rise, 
The distillation is then stopped, tap F closed, the conductivity. 
water container removed and fitted with its ground-glass cap, and 
an ordinary 3-litre flat-bottomed flask substituted. 

The still, when operated in the manner described, delivers in the 
course of a day’s run 1-5—2 litres of equilibrium water with « =0-8— 
0-9 gemmho at 25°, and 4—5 litres of second-grade water with « = 
1-2—1-3 gemmhos at 25°. 

If the preliminary total condensation in K is omitted and the 
purified air stream arranged so that part of the steam passes over 
into L, the quantity and quality of the “ equilibrium ”’ water 
remain unchanged, but the quantity of the second-grade water is 
increased to 6—7 litres and its specific conductivity to 1-4—15 
gemmhos at 25°. 

Details of two typical runs are given below. The conductivity 
was determined by the standard bridge method with a valve 
oscillator and a telephone detector. A Kohlrausch pattern cell of 
35-c.c. capacity was employed, the cell constant being determined 
by the method of Parker and Parker (J. Amer. Chem. Soc., 1924, 46, 
312). All the specific conductivities are expressed in gemmbhos at 25°. 

Run I. Run II. 
Volume Volume 
(litres). K. (litres). 


First fraction (discarded) 1-5 —- 
“ Equilibrium ”’ water 1-6 0-86 
Second-grade water 4-1 1-26 
Rejected at trap 1-7 — 
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When the still has been in operation for some weeks, it is unneces- 
sary to measure the specific conductivity of the distillate at various 
time intervals. The conductivity water in both receivers is collected 
after definite times from the commencement of the distillation. 


UnIVERSITY COLLEGE, SOUTHAMPTON. [Received, March 11th, 1931.} 





CLX.—The Estimation of Phosphorus in Organic 
Compounds. 


By Water Cute Davies and Dantet RicHarp Davies. 


In a previous paper (Davies, Pearse, and Jones, J., 1929, 1262) 
attention was drawn to the difficulty experienced in obtaining 
satisfactory results in estimations of phosphorus in tertiary alkyl- 
phosphines. Low results for phosphate were obtained whether the 
phosphine was oxidised by fuming nitric acid in a sealed tube, by 
concentrated nitric and sulphuric acids, or by potassium persulphate 
and concentrated sulphuric acid, although Poggi and Polverini 
(Atti R. Accad. Lincei, 1926, 4, 315) found the last method satis- 
factory in the case of triphenylphosphine. Further work has con- 
firmed our previous conclusion that the oxidation of alkylphosphines 
by “ perhydrol”’ and sulphuric acid is incomplete on the macro- 


F scale. 


Collie and Reynolds (J., 1915, 107, 367) stated that triethyl- 
phosphine oxide is unaffected by boiling with any oxidising agent, 
and is incompletely oxidised by heating in a sealed tube with nitric 
acid, and similarly Davies and Jones (J., 1929, 33) found tri- 
n-butylphosphine oxide to be very resistant to further oxidation. 
Since such oxides are probably the primary oxidation products 
(compare Davies and Jones, loc. cit.), their abnormal stability would 
account for the low analytical results. 

(In the analysis of aliphatic sulphides, the stability of the sulphones 
towards fuming nitric acid causes similar difficulties.) 

A second possible cause of the low values for phosphorus obtained 
with the tertiary phosphines is the difficulty of estimating phosphoric 
acid in the presence of large quantities of various oxidising agents. 

No difficulty, however, has been experienced in estimating by the 
usual methods the phosphorus content of compounds in which 
phosphorus is linked through oxygen to carbon, as in the esters of 
phosphorous and orthophosphoric acids, or where less than three 
organic radicals are united through carbon to phospherus and the 
remaining linkages of the phosphorus atom are to oxygen, as in the 
phosphonic acids. 
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To avoid these difficulties a method is here described which 
requires only a micro-quantity of the phosphine, and is adapted 
from methods used hitherto only for biological products (compare 
Baumann, J. Biol. Chem., 1924, 59, 667; Bell and Doisy, ibid, 
1920, 44, 55; Briggs, ibid., 1922, 53, 13; 1924, 59, 255; Eggleton 
and Eggleton, Biochem. J., 1927, 21, 190; J. Physiol., 1929, 68, 
193). The phosphine is decomposed by heating with concentrated 
sulphuric acid, and the oxidation completed by the use of “ per. 
hydrol.”’ The phosphoric acid produced is estimated colorimetrically 
with ammonium molybdate and quinol, comparison being made 
against a known amount of potassium dihydrogen phosphate, 
The colorimetric determination depends upon the quantitative 
reduction of the phosphomolybdic acid to the blue acid, 
22Mo00,,2Mo0,,P,0;,H,O (Wu, J. Biol. Chem., 1920, 43, 216). 

The method has been successfully applied to the analysis of 
tertiary phosphines and other pure organic compounds of phos. 
phorus, and has been found to possess very distinct advantages over 
methods hitherto recommended for that purpose. An estimation 
can be completed in 2 hours, with an average error of less than 2%, 
and no tedious precipitations and filtrations are involved. 


EXPERIMENTAL. 

The following standard reagents are required : (a) Sulphuric acid: 
15 c.c. of concentrated acid (d 1-82) diluted to 100 c.c. with water. 
(6) 5% Ammonium molybdate solution. (c) Reducing agent: 
0-25 g. of quinol and 7-5 g. of crystallised sodium  sulphite 
dissolved in water and made up to 50c.c. (d) Potassium dihydrogen 
phosphate solution (1 c.c. = 7-968 x 10° g. of phosphorus): 
0-0350 g. of the salt diluted to 100 c.c. with water. 

Compounds containing Labile Phosphorus.—Where the compound 
on treatment with water yields orthophosphoric acid, a quantity 
containing about 0-008 g. of phosphorus is dissolved in water and 
made up to 100 c.c. 1 C.c. of this solution is transferred by an 
Ostwald pipette into a measuring cylinder, and about 9 c.c. of water, 
2 c.c. of the standard sulphuric acid, and 2 ¢.c. of the ammonium 
molybdate reagent are added. The mixture is allowed to stand for 
1 hour. The comparison solution is made by diluting 1 c.c. of the 
potassium dihydrogen phosphate solution to slightly less than 10 c.c. 
in a measuring cylinder, and adding the same amounts of sulphuric 
acid and ammonium molybdate as before. 1 C.c. portions of the 
reducing agent are added simultaneously to the test solution and to 
the comparison solution, the volumes quickly adjusted to 15 c.., 
and after 4 hour the two solutions are compared colorimetrically—a 
Klett top-reader colorimeter with 60 mm. scale was used. 
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Determinations on 0-0410 g. of urea phosphate dissolved to 100 
c.c. gave P, 19-4, 19-5 (Cale. : 19-6%). 

Tertiary Phosphines.—Attempts to determine the phosphorus by 
treating these compounds with fuming nitric acid in a Carius tube 
gave only traces of phosphoric acid after 8 hours’ heating at 250° ; 
some crystalline solid, soluble in water, appeared on the walls of the 
tube, and was probably the phosphine oxide. 

Preliminary experiments with the new method were carried out 
by diluting a weighed quantity of phosphine with ether to a known 
volume, and carrying through the process with an aliquot part 
(1 c.c. containing about 0-08 mg. of phosphorus). The following 
results were obtained : 

P, % (Found). P, % (Calc.). 
Tri-n-butylphosphine 15-1 15:3 


Phenyldi-n-amylphosphine .............seeeseeeees 12-6 12-4 
p-Ethylphenyldi-n-propylphosphine 13-9 


The following is the general method to be employed for the 
estimation of phosphorus in the tertiary phosphines. 

A quantity of the phosphine containing about 0-008 g. of phos- 
phorus is weighed into a small glass tube, which is then lowered into 
a graduated flask. Redistilled alcohol is added, and the volume 
adjusted to 100 c.c., allowance being made for the volume of the glass 
weighing tube. For the estimation, 1 ¢.c. of the phosphine solution 
is heated in a 20-cm. Pyrex boiling tube with 2-5 c.c. * of the reagent 
sulphuric acid until charring sets in. It is allowed to cool, 3 or 4 
drops of “‘ perhydrol ” are added, and it is again heated. Oxidation 
is completed by a further treatment with 2 drops of “ perhydrol.” 
In order to destroy any excess of ‘“ perhydrol”’ (or persulphate, 
which may have been formed) the mixture is evaporated to about 0-5 
c.c. twice with 2-c.c. portions of water. The appearance of a yellow 
colour on the subsequent addition of ammonium molybdate indicates 
incomplete removal of “ perhydrol.’’ The contents of the tube are 
transferred to a measuring cylinder with about 11 c.c. of water, 2 c.c. 
of ammonium molybdate and 1 c.c. of the reducing reagent are 
added, and the volume is adjusted to 15 c.c. After, 4 hour, the solu- 
tion is compared colorimetrically: with the comparison solution 
prepared as described above. 

In order to avoid bumping and spurting in the heating, it is 
essential to keep the boiling tube vigorously rotated by hand in the 


* This quantity is greater than that (2-0 c.c.) used in the comparison 
solution owing to the necessity for compensating for the loss during the sub- 
sequent boiling of the test solution; these quantities ensure that the acidity 
of each solution is approximately the same during the development of the 
colour, 
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flame of the micro-burner, and to hold it at an angle of about 45° from ” 


the vertical. tre 
The results tabulated below include trialkyl-, phenyldialkyl-, and - 
p-tolyldialkyl-phosphines. dil 
Amount, g., By &. oe 
dissolved to ae—r—oao—aO—,_ or 
Phosphine. 100 c.e. Found. Cale. wil 
Tri-n-propyl- 0-0520 5: 15-3 ter 
Tri-n-heptyl- 0-0854 9-6 9-4 
Phenyldi-n-propy]- 0-0508 16-0 rer 
Phenyldi-n-butyl]- 0-0588 13-9 l¢ 
Phenyldi-n-amyl- 0-0647 2 12-4 P 
Phenyldiisoamy]- 0-0648 12-4 ’ 
p-Tolyldi-n-butyl- 0-0609 13-1 
- . , gin 
Mr. I. K. Jackson, of these Laboratories, has used the authors ni 
method of estimating phosphorus in a number of different types of wit 
arylalkylphosphine prepared by him : tri 
Amount, g., P, %. - 
dissolved to —_———, (: 
Phosphine. 100 e.e. Found. l 
p-Xylyldiethyl- 0-0503 | 
p-Xylyldi-n-propyl- 0-0573 3°6, 13-6 “f col 
p-Xylyldi-n-butyl- 0-0660 2-3, 12- 2: - 
p-Xylyldiisobutyl- 0-0659 2. - 
p-Xylyldi-n-amyl- 0-0720 . . 8 
Anisyldi-n-propyl- 0-0609 3:6 
Anisyldi-n-amyl- 0-0727 
p-Ethylphenyldi-n-butyl- 0-0682 Ci 
i 
Phosphonic Acids.—The usual methods offer no difficulty in the § ex 
estimation of phosphorus in these acids: e.g., phenylphosphonic ; 
acid was fused with a mixture of sodium and potassium carbonates | 
in a nickel basin, the mass extracted with dilute nitric acid, and the 
phosphoric acid determined by precipitation with ammonium 
molybdate and weighing as (NH,),P0,,12MoO, (Found: P, 19-4, : 


19-5. Cale.: P, 19-6%). 
Although our method can be applied on the micro-scale to these 
acids (1 c.c. of a solution containing about 8 mg. of phosphorus per 
100 c.c.), yet in this case, unlike that of the phosphines (see p. 1209), 
we are not restricted to small quantities, and oxidation can be 
effected on a macro-scale. In this way, 0-0412 g. of phenylphos- 
phonic acid was treated with 5 c.c. of concentrated sulphuric acid, 
warmed, and about 2 c.c. of “ perhydrol’’ were added in small § Ir 
quantities, until oxidation was complete. The mixture was diluted hy 
to 100 ¢.c., and the phosphoric acid in 1 ¢.c. of this solution deter- ri 
mined by colorimetric comparison (Found: P, 19-4. Cale.: P, pr 
196%. On the micro-method, P, 19-3%, was found). ch 
Tri-n-butyl Phosphite—Low results were obtained in determin- fr 
ations of the phosphorus content of tri-n-butyl phosphite when 4 e) 
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* from wicro-quantity was boiled with sulphuric acid and subsequently 
treated with “‘ perhydrol”’ in a Pyrex boiling tube. This failure 
was due to volatilisation of the phosphite during the boiling with 
dilute sulphuric acid in the open tube. The oxidation was, there- 


fore, carried out in a Carius tube by heating the phosphite (0-0610 g.) 





-, and 














































le. with 15 drops of fuming nitric acid for 5 hours at 250°. The con- 
3 tents of the tube were washed into a beaker, and the nitric acid 
; removed by evaporation. The residue was diluted to 100 c.c., and 
‘9 1 c.c. taken for colorimetric comparison (Found: P, 12-7. Cale. : 
. P, 124%). 
7 Esters of Orthophosphoric Acid.—Phosphorus may be determined 
, Bin these esters by the ordinary methods; ¢.g., by oxidation with a 
thors ‘ heal : : Nie 
mixture of concentrated nitric and sulphuric acids, neutralisation 
aan with ammonia and precipitation with ammonium molybdate, 
tri-n-butyl phosphate (Found: P, 11-9. Cale. for C,,H,,0,P: 

P, 11-7%) and tri-n-amyl phosphate (Found: P, 10-0. Cale. for 
ie (,5Hs30,P : P, 10-1%) were analysed. 

) Colorimetric Method with Triphenyl Phosphate-—The phosphorus 
content of triphenyl phosphate (0-0841 g.) was determined as in the 
macro-method for phosphonic acids (Found: P, 9-5. Cale.: P, 
) 0.5%). 

3 

{ We wish to thank Dr. McCowan and Dr. Quastel, of the Cardiff 

City Mental Hospital, for granting us facilities for the preliminary 

the experiments. 

—_ THe TATEM LABORATORIES, UNIVERSITY COLLEGE, 

lates CARDIFF. [Received, March 17th, 1931.] 
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CLXI.—An Approximate Determination of the Mole- 
hese cular Depression of the Freezing Point for Bornyl 
per Chloride; with a Note on the Recorded Values of 
¥ the Same Constant for Camphor. 

"es By Raymonp JAMES Woop LE Févre and WILLIAM HARRY 
cid, ARLETT WEBB. 
nall § Ir is well known that if, during the reaction between «-pinene and 
ited hydrogen chloride, moisture or hydroxylic compounds are not 
ter- § rigorously excluded, some dipentene dihydrochloride is formed and 
P, prevents the solidification of the simultaneously formed bornyl 
chloride. This fact suggested that the molecular depression of 
\in- freezing point for the latter substance might be large, and this 
na expectation was strengthened by examination of the Tables of these 
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constants for organic solvents (Landolt—Bérnstein—Roth, 5th Edn. 
IT, p. 1427), which show that a high molecular depression of freezing 
point is often characteristic of compounds having a cyclic poly. 
methylene constitution, as indicated in the following comparative 
table. 


Molecular Depressions of Freezing Point. 


WOE cckdvdecscdescecsssis 7 éycloHexanol .......000e 383 
RPI 50.000} 0densdsonedeve 51 cycloHexane .....sseeeee 202 
rrr 80 Dicyclohexyl] .........+0. 145 
d-Bromocamphor _...... 119 RMN vcevecasscccoes 498* 


* See later. 


It seemed of interest, therefore, to make some rough measure. 
ments of K for bornyl chloride, because this substance would almost 
certainly be a better solvent for cryoscopic molecular-weight 
determinations on a micro-scale than is camphor (Rast, Ber., 1922, 
55, 1051, 3727), since (1) it has a lower m. p., viz., 119—120° instead 
of 179°, and (2) it is much less volatile. Camphor is often trouble. 
some in the latter respect, and by volatilisation during experiments 
it leads to larger depressions than are correct for the actual con- 
centrations of the solutions under investigation. 

Accordingly, such determinations were performed with borny! 
chloride as the solvent and certain pure substances as _ solutes. 
Observations were at first made following as far as possible Rast’s 
micro-molecular weight technique (loc. cit.); later, however, it was 
considered advantageous to use larger quantities of materials. 

The bornyl chloride used was prepared from pure fractionated 
a-pinene, b. p. 156°. After two crystallisations from alcohol it 
had an m. p. not higher than 123°. Redistillation of 90 g. and 
collection of only 20 g. of the middle fractions, b. p. 206—208°, 
gave a specimen with a sharp m. p. of 125-1°. Higher m. p.’s have 
been recorded (viz., 131—132°, Riban, Ann. Chim., 1875, 6, 25, 
481; 131°, Atterberg, Ber., 1877, 10, 1204, and Long, J. Amer. 
Chem. Soc., 1899, 24, 642; and 130—131°, Frankforter and Franz, 
ibid., 1906, 28, 1462), but as the essential measurement to be made— 
the depression of m. p.—is a difference, the slight contamination 
by (probably) isoborny! chloride, m. p. ca. 156°, was neglected. 

Method.—The following procedure was employed in each case. 
Weighed quantities of bornyl chloride and solute were placed in a 
thin-walled hemispherical test-tube of fairly uniform wall thickness 
(a factor which seemed to affect reproducibility of successive observ- 
ations), and the mixture was just melted in a glycerol bath (mechanic- 
ally stirred). Very little volatilisation occurred. A thermometer 
and a thin helical glass stirrer were then introduced and the bath 
was allowed slowly to cool. The temperature at which a solid 
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crystalline structure first appeared was recorded; if, on reheating 


1 Kdn., ; 
of the bath, this disappeared sharply at the same temperature, the 












































reezing 
> poly. § latter was taken (compare Rast’s method) as the m. p. The same 
arative operations were conducted on the pure solvent, and hence the 
depression of m. p. produced by a known amount of solute of known 
molecular weight in a given weight of solvent was obtained. From 
" these data Kyornyt chloride WAS Calculated. The results are shown in 
2 Table I. 
L5 . 
13* TaBLy I, 
Wt. of Wt. of 
Substance. M. solvent. solute. dt. K. 
‘asure. § Pheny! p-toluenesulphonate ...... 248 0-3788 0-3333 19-8° 559 
alm Acenaphthene ........ceeeseeseeseeees 154 0-4010 0-:0265 243 566 
., | ~*~ peRineeaRee 182 05287-00232 s«13-3 552 
weight | Naphthalene ...........:.seseeee00 128 03953 0:0483 50:3 6524 
1999 tli TE) Belsbdadedaseabaeiiested és 0-2329 0-0145 23:0 473 
— wi | WapN OR aeNRRe ROSS EENe 99 4-6426 0-1642 12-8 463 
nStead BH Benzoic acid............cceceeceeeeeees 122 = 0-46 85 0-0302 12-3 (233) 
ouble.  Cinmamic acid ..........scecseeeeeeees 148 0-8787 0-0363 6-3 (228) 
BRIE a disencccncencpscesdencenqeeesnss 210 06987 0-0288 10:0 509 
ments § Ethyl 3-nitro-6-piperidino- 
| con- DOMSORES  veccccecccccoscocetenseseee 278 0-7992 0-0307 78 564 
Phenyl 2-acetoxybenzoate ...... 256 0-6666 0-0312 10-1 5652 
3: 3’-Dinitro-4 : 4’-dipiperidino- 
orny!| diphenylsulphone  .......++.++++ 474 1-3254 0-0853 6-7 493 
lutes, Mean value for K, omitting results in parentheses, 525. 
Rast’s 
t was The values for the molecular depression of m. p. (col. 6) are some- 
what erratic, and great accuracy cannot be claimed for them. The 
nated § Visual method recommended by Rast (loc. cit.) for determination 
ol it | of m. p.’s of solutions in camphor is not so satisfactorily applicable 
and | to similar solutions in bornyl chloride because the appearance and 
908°. [| disappearance of the “ crystalline skeleton ’—which is sharp and 
have | teproducible enough with camphor solutions—is, in the present 
_ 25, f case, less well defined at first and becomes increasingly vague with 
mer. each repetition. 
ang, The constant, however, evidently lies in the neighbourhood of 
de— — 500, and is therefore the largest known for any organic substance 


tion (some fused inorganic salts have larger, e.g., barium chloride, about 
1086). Cinnamic and benzoic acids. are possibly dimeric in bornyl 
ase. | Chloride solution, but this point was not further investigated. 
in a Attempts to check the above results were made by measuring 
ness — the m. p.’s of dilute solutions of naphthalene in bornyl chloride by 
erv: the construction of cooling curves. The positions of the m. p.’s 
nie: of such solutions were, however, too indefinite to justify precise 
calculations ; the values for Kyorny1 chioride Obtained from such results 
usually lay between 400 and 450, 7.e., considerably lower than those 
obtained above by using the modified Rast method. 
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Note on the Molecular Depression of Freezing Point of Camphor, 


Rast (Ber., 1922, 55, 1051, 3727) suggested (without reference 
to the earlier work of Jouniaux, Bull. Soc. chim., 1912, 11, 546, 
722) the use of camphor as a cryoscopic solvent, the novelty claimed 
being that the molecular depression of freezing point for this sub. 
stance was so large that the ordinary m. p. apparatus could be 
adapted to a micro-method for the determination of molecular 
weight. 

Rast adopted as the molecular depression constant for camphor 
the value 400, without discussion. This he calculated from m. p.’s 
of salol-camphor mixtures given in Landolt—Bérnstein—Roth (4th 
Edn., p. 556) and determined by Caille (Compt. rend., 1909, 148, 
1461). Jouniaux (loc. cit.) had previously obtained a higher value, 
viz., 498, from a study of a number of cooling curves of pure sub- 
stances in camphor solutions. 

The latter value seems preferable to Rast’s because (a) it is subject 
to an independent confirmation (Jouniaux, Compt. rend., 1912, 
154, 1593) and (6) camphor is known frequently to combine with 
phenols (Leger, Bull. Soc. chim., 1889, 4, 725; Caille, loc. cit. 
Wood and Scott, J., 1910, 97, 1573), thus making a value obtained 
with salol suspect a@ priori. 

The shape of the salol-camphor fusion diagram given by Caille 
(loc. cit.) seemed open to question—no definite points were shown 
on this curve, which appeared to have been drawn from an insuffi- 
cient number of observations. We accordingly attempted to 
repeat it. 

Melting-point Curve for Mixtures of Salol and Camphor.—Ordinary 
pure specimens of the two components were used, m. p.’s 42-5° and 
175° respectively. Observations were made in the usual way, but 
the best cooling curves—showing the clearest m. p.’s—were always 
obtained with mixtures freshly melted together. Attempts to 
repeat the determination with the same solution frequently failed 
owing to the excessive slowness of solidification of the liquid 
melt. 

The results are set out in Table II and are plotted in Fig. 1 (un- 
broken line). For comparison, Caille’s curve is superposed upon 
ours. As this author merely called his 2 axis ‘“‘ composition °% des 
mélanges ’’ and did not state whether molecular or weight per- 
centages were employed, we have decided that the latter were 
intended and have therefore used these units throughout. 

Considerable divergences from Caille’s graph (Fig. 1, broken line) 
are found. Signs of compound formation are apparent, whilst the 
inclinations of the left-hand arms towards the temperature axis 
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TABLE II 


Wt. of Wt.of Salol, Wt. of Wt.of Salol, 
salol. camphor. %. M. p. salol. camphor. %. 
175° 9-4045 8-5082 52-5 
147-0 6-0261 4-3740 57-8 
145-4 11-1830 7-1820 60-9 
98-0 79118 4-°7953 61-75 
8-6 59141 3-6104 62-10 
6-9 17-4548 2:8789 85-80 
8-6 — 100 


a 
— 


0-7590 10-4994 
2:1398 13-6920 
2-1716 7-9932 
6-3630 10-5226 
6-0579 6-4699 
93088 99-2792 
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— OO =] hm Or 
































Temperature. 


















































0° 


0 10 20 30.) 40 50 60 70 80 90 =—-100 
Salol, %, by weight. 
The dotted curve is a copy of that given by Caille (loc. cit.) but redrawn on a 
slightly different scale. As a result, the artificial breaks at A and B which first 
aroused our suspicions are more clearly seen. 


are markedly different in the two cases. The bearing of the latter 
fact upon the present enquiry is more clearly brought out by calcul- 
ating K from data for solutions of the same concentration taken (1) 
from our curve and (2) from Caille’s. Thus, for 5%, 10%, 15%, 
and 20° solutions of salol in camphor: (1) K = 608, 597, 582, and 
590, but (2) K = 541, 462, 436, and 402. It was from this last 
figure for a 20% solution that Rast took his standard value of 400. 
(It is interesting to note that from the m. p.’s of ca. 5%, 10%, and 
15%, solutions of phenol in camphor (Wood and Scott, loc. cit.) K 
becomes 370, 424, and 451 respectively. | 

In any case, until further determinations are made, the higher 
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value given by Jouniaux (loc. cit.), being the average of results 
obtained from 5 different substances in camphor solution, is pre- 
ferable to that of Caille. 


THE RALPH ForsTeER LABORATORIES OF ORGANIC CHEMISTRY, 
UNIVERSITY o¥ LONDON, UNIVERSITY COLLEGE. 
[ Received, March 21st, 1931.1 


CLXIL—The Chemistry of Alkylcyclopentanones, 
Part I. Derivatives of 3-Methylcyclopentanone. 
By RancuHopst DasipyHat Desat. 


THE work of Ingold, Thorpe, and their collaborators on the influence 
of rings and groups on the carbon tetrahedral angle has shown that 
the cyclohexane ring is strained, and the cyclopentane ring strainless 
(Beesley, Ingold, and Thorpe, J., 1915, 107, 1081; Becker and 
Thorpe, J., 1920, 117, 1580; Lanfear and Thorpe, J., 1923, 123, 
1683, etc.). The methyleyclopentane ring has now been examined 
in this respect in order to find how far it resembles the cyclopentane 
ring. 

This communication deals with the preparation of some of the 
derivatives of 3-methylcyclopentanone : the formation and stability 
of its spiro-compounds will be discussed in a later paper. 

The ketone (I) condenses very readily with ethyl cyanoacetate, 
and ammonia in ethyl-alcoholic solution (compare Kon and Thorpe, 
J., 1919, 115, 686), giving a 45% yield of the dicyano-imide (Il). 
If the mixture is resaturated with ammonia after removal of the 
ammonium salt of the imide and kept for 2 weeks, a considerable 
quantity of the di-iminodi-imide of 3-methylceyclopentane-1 : 1- 
dimalonic acid (III) is precipitated on dilution with water, together 
with asmall amount of 3-methylcyclopentylidenecyanoacetamide (IV). 
Acidification of the mother-liquor produces some dicyano-imide 
(II), and the di-imide of 3-methylcyclopentane-1 : 1-dimalonic acid 
(V) after some time. 


r.) GHe H 
(L.) = oe HCO C,H, >C<# 


NCO NH at) 


seminal 
(LV.) C;H)>C:C(CN)-CO-NH, 
NH—CO—CH—C:NH ©¢oO——CH——CO 
(IL) | CHyy>G_ >NH NHC CsHo>¢ SNH (V,) 
C(:NH)—CH-CO cO——CH-—CO 





The second stage of the Guareschi condensation resembles the 
action of the ketone on cyanoacetamide (Thole and Thorpe, J., 
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1912, 99, 422; Kon and Thorpe, Joc. cit.), as compounds (IIT), (IV), 
and (V) are also produced if cyanoacetamide and the ketone are 
condensed in presence of piperidine in aqueous-alcoholic solution. 
The formation of (IV) precedes that of (III), as the latter is formed 
if the unsaturated amide (IV) is condensed with one molecule of 
cyanoacetamide in presence of piperidine in alcoholic solution at 
40°; the formation of (V) is due to the hydrolysis of the imino- 
groups. The dicyano-imide (II) gives the dicarbamyl derivative 
(VI) on treatment with cold concentrated sulphuric acid, and com- 
plete hydrolysis with 60% sulphuric acid converts it into 3-methyl- 
cyclopentane-1 : 1-diacetic acid (VII). As the same acid is also 
formed by the hydrolysis of (III) and (V) with 60% sulphuric acid, 
the yield of the diacetic acid from the ketone is fairly good (65— 
70%). In the solubility of its salts, the diacetic acid resembles its 
analogue from 4-methylcyclohexanone rather than those from 
CH(CO-NH,):CO ‘H,— CH, CH,°CO,H 
sHie>C<H(CO-NH,)-CO7 bntite- CH 2 SCH,-CO,H 
(VI.) (VII.) 

cyclopentanone and cyclohexanone (Thorpe and Wood, J., 1913, 
103, 1598). The bromination and dibromination of the diacetic 
acid and the hydrolysis of the products are under investigation. 

Ethyl 3-methyleyclopentylidenecyanoacetate, required for the 
synthesis of 1-carboxy-3-methylcyclopentane-l-acetic acid to be 
used in further svnthetical work, was readily obtained by condensing 
ethyl cyanoacetate with 3-methylcyclopentanone in presence of 
piperidine. It resembles other «f-unsaturated esters in condensing 
readily with potassium cyanide and with ethyl cyanoacetate and is 
identical with the ester prepared by Harding, Haworth, and Perkin’s 
method (compare J., 1908, 93, 1947; Kandiah and Linstead, J., 
1929, 2142). It is smoothly reduced by aluminium amalgam to 


| ethyl 3-methyleyclopentylcyanoacetate and a bimolecular compound, 


which was not further investigated: the yield of the bimolecular 
compound (12%) is the same as in the case of the cyclopentane 
compound (Vogel, J., 1928, 2010). However, the ester contains 
the By-form also, as it is readily methylated, and the methylated 
ester (VIII) gives the usua! reactions of By-unsaturated esters. The 
pyrogenic decomposition of 3-methylcyclopentylidenecyanoacetic acid 
gave 3-methylcyclopentenylacetonitrile. This reacted in the By-form 
in giving the piperonylidene derivative (LX) (Kandiah and Linstead, 
loc. cit.), and in the «8-form when it was condensed with sodiocyano- 
acetamide, giving the imino-derivative (X), which was hydrolysed 
to the imide (XI) with hydrochloric acid and to 3-methyleyclo- 
pentane-1 : 1-diacetic acid (VII) with 60% sulphuric acid. By 
removal of a carbethoxy-group from (VIII), the methylated nitrile 
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was obtained. This is probably the «$-form, as it shows exaltation 
in molecular refraction (Birch and Kon, loc. cit.); attempts to 
condense it with sodiocyanoacetamide, however, resulted in a very 
poor yield of the product. No attempt was made to prove whether 
the double bond in the methylated ester and the acetonitrile is in 


(VIIT.) C,H,>C*CMe(CN)-CO,Et C,H,>C-C(CN):CH-C,H,0, (IX) 
By CNH CH,—CO, 

(X.) CsHyo w>CC SNH C;Hy)>CC NH Xt) 

CH(CN)-CO .CH(CN)-CO 


position 1:2 or 1:5. The condensation of ethyl 3-methylcyclo. 
pentylidenecyanoacetate with potassium cyanide proceeds smoothly 
in alcoholic solution, and a good yield of the dicyano-ester (XII) 
is formed, but in the process of removing the excess of alcohol on 
the water-bath a considerable quantity is decomposed into the 
dinitrile (XIII). The constitution of the dinitrile is proved by the 
fact that it gives the imide (XIV) on treatment with cold concen. 
trated sulphuric acid, and 1-carboxy-3-methylcyclopentane-| -acetic 
acid on hydrolysis with 50% hydrochloric acid. The dicyano. 
ester yields the same acid on acid hydrolysis. The acid thus ob. 
tained is a mixture, the constituents of which are tedious to separate 


by fractional crystallisation. The main constituent, m. p. 125°, 
gives its own anhydride, anilic acid, and anil. Another acid, m. p. 


(XII) C;H,)>C(CN):CH(CN)-CO,Et C;H,)>C(CN)-CH,°CN (XI) 
CO-NH Hyp>CcOO'CHs xv, 


4 7 ‘ ’ 
Can) CsHo>C< car dso CH,-CO,H 
105—110°, was obtained, but in amount too small for purification. 

The formation of two levulic acids (XV) from 1-carboxy-3- 
methy!cyclopentane-l-acetic acid by the Blaise-Maire method 
shows that at least two acids are present. This portion of the work, 
however, and the synthesis of the carboxy-acetic acid by Higson 
and Thorpe’s method (J., 1906, 89, 1455) are reserved for the later 


paper. 
EXPERIMENTAL. 


8-Methyladipic Acid.—4-Methylcyclohexanone (500 g.) was slowly 
added to boiling concentrated nitric acid (1-5 litres) (compare 
D.R.-P. 221,849). A vigorous reaction ensued, and the external 
heating was stopped when the mixture remained in a boiling con- 
dition. The solid obtained after complete removal of the nitric 
acid on the water-bath was triturated with concentrated hydro- 
chloric acid and collected (400 g.). After one crystallisation from 
benzene, the acid melted at 90—91° (Found for the silver salt: 


Ag, 57-4. Cale. for C;H,,O,Ag,: Ag, 57-7%). 
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3-Methylcyclopentanone (1).—A mixture of the above acid (400 g.) 
and powdered baryta (40 g.) was heated to 270—275°, the distillate 
of water and the ketone extracted with ether, and the extract 
washed with a dilute solution of sodium carbonate, dried, and 
distilled. The ketone (175 g.) boiled at 142°/758 mm. and had 
d® 0-9146, nj? 1-43507; the semicarbazone melted at 183—184° 
(Zelinsky, Ber., 1902, 35, 2489, gives b. p. 141—143°/760. mm., 
i 0-9140, nif’ 1-4340, m. p. of semicarbazone 184°). 

Condensation of 3-Methylcyclopentanone with Ethyl Cyanoacetate. 
wImide of 3-Methyleyclopentane-1 : 1-dicyanoacetic Acid (II).—An 
ice-cold mixture of 3-methylcyclopentanone (147 g.) and ethyl 
eyanoacetate (339 g.) was added to absolute ethyl alcohol (500 c.c.) 
which was cooled in a freezing mixture and saturated with ammonia. 
After the mixture had been kept in a stoppered bottle for 2 weeks, 
the ammonium salt which had been precipitated was collected and 
decomposed with hot dilute hydrochloric acid. The imide obtained 
was washed with hot water, dried (yield, 180 g.), and crystallised 
from dilute alcohol, forming silvery scales, m. p. 194° (Found : 
(,62-0; H, 5-9. C,.H,,0.N, requires C, 62:3; H, 5-6%). 

o-lmide of ««'-Dicarbamyl-3-methyleyclopentane-1 : 1-diacetic Acid 
(VI).—A solution of the dicyano-imide in concentrated sulphuric 
acid (10 parts) was kept for 24 hours and poured into water. The 
slid obtained crystallised from absolute alcohol in small prisms, 
m. p. 285—236° (decomp.) (Found : C, 53-8; H, 6-7. C,.H,,0,N, 
requires C, 53-9; H, 6-4%). 

w-Di-iminodi-imide of 3-Methylcyclopentane-1 : 1-dimalonic Acid 
(IIT).—(a) The alcoholic mother-liquor from which the ammonium 
salt of the dicyano-imide had been removed was resaturated with 
ammonia and kept for 2 weeks. The ammonia was then removed, 
water added, and the precipitated solid collected and digested with 
alcohol. The microcrystalline residue was dissolved in dilute 
hydrochloric acid, reprecipitated by aqueous sodium acetate, and 
dried ; recrystallisation was not possible owing to partial hydrolysis 
of the imino-groups; m. p. 285° (decomp.) (Found : C, 57-9; H, 6-6. 
CigH ,gO.N, requires C, 58-1; H, 6-4%). (b) The di-iminodi-imide 
was also formed when 3-methylcyclopentanone (1 mol.) and cyano- 
acetamide (2 mols.) were condensed in dilute alcoholic solution in 
presence of a few drops of piperidine at 40° ; it separated as a micro- 
crystalline powder in poor yield. 

o-Di-imide of 3-Methyleyclopentane-1:1-dimalonic Acid (V).— 
This compound was isolated from the mother-liquor in (a) above as 
stated in the introduction, and freed from the dicyano-imide (II), 
which was readily soluble in dilute alcohol. It was also obtained 
by acidifying the mother-liquor in (b), and by boiling the di-imino- 
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di-imide with dilute hydrochloric acid for 10 minutes. It crystal. 
lised from alcohol in small plates, unmelted below 300°, and dis. 
solved in hot sodium carbonate solution (Found : C, 57-9; H, 54, 
C1gH,,0,N, requires C, 57-6; H, 56%). The combined yield of 
di-iminodi- imide and di- imide was 25%. 

3-Methyleyclopentylide uongunsianstuentide (LV).—The alcoholic solu. 
tion obtained in the purification of the di-iminodi-imide was con. 
centrated, the solid removed, and the filtrate kept; it deposited 
the amide (IV), which, after several crystallisations from dilute 
alcohol, was obtained in silvery scales, m. p. 151—-152°. The amide 
was also formed by condensing the ketone (1 mol.) and cyanoacet- 
amide (1 mol.) in dilute alcoholic solution in presence of piperidine 
at 20° (Found: C, 65-9; H, 7-1. C,H,,.ON, requires C, 65:8; 
H, 7:3%). It was very soluble in almost all solvents. When 
treated in ice-cold concentrated sulphuric acid with 20% sodium 
nitrite solution, it gave 3-methylcyclopentylidenecyanoacetic acid, 
which is described later. 

3-Methyleyclopentane-1 : 1-diacetic Acid (VII).—The dicyano. 
imide (100 g.) was dissolved in concentrated sulphuric acid (300 c.c.), 
after 24 hours water (400 c.c.) was added, and the mixture was 
heated for 24 hours and then diluted with water. The diacetic 
acid, which crystallised on cooling, was dissolved in dilute sodium 
carbonate solution, reprecipitated with concentrated hydrochloric 
acid (yield, 75 g.), and crystallised from water, forming prismatic 
needles, m. p. 135°, easily soluble in the usual solvents, but insoluble 
in light petroleum (b. p. 40—60°) (Found: C, 59-7; H, 7-9. C,)H,,0, 
requires C, 60-0; H, 8-0%). 

Its normal ammonium salt gave white precipitates with solutions 
of calcium chloride, lead acetate, and silver nitrate, and a bluish- 
green precipitate with copper sulphate solution either in the cold 
or on heating. The barium salt was soluble in cold water, but a 
slight turbidity was produced on warming and this did not dis- 
appear on cooling (Found for the silver salt: Ag, 51-8. Cy 9H,,O,Ag, 
requires Ag, 52-1%). 

The imide crystallised from water in lustrous scales, m. p. 133— 
134° (Found: C, 66:1; H, 8-5. C,)H,,O0,N requires C, 66:2; 
H, 83%). The ethyl ester boiled at 156°/15 mm. and had d? 
1-009, n®” 1-44933, whence [R,], 68-04 (cale., 67-96) (Found: ¢, 
65:3; H, 9-3. C,,H,,0, requires C, 65-6; H, 94%). The dianilide, 
prepared by heating the acid with excess of aniline for 2 hours at 
180°, crystallised from alcohol in prismatic needles, m. p. 174 
(Found: C, 75-0; H, 7-7. Cy 9H,,0,N, requires C, 75-4; H, 7-4%). 
The di-p-toluidide exjetallined from dilute alcohol in plates, m. p. 
192° (Found: C, 75°8; H, 8-1. C.,H3,0,N. requires C, 76:3; 
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H, 7:°9%). The anhydride, prepared by heating the acid with 
excess of acetic anhydride, was a clear liquid, b. p. 177°/10 mm. 
(Found: C, 65-6; H, 8-1. C,)9H,,0, requires ©, 65-9; H, 7-7%). 
It was fairly stable to boiling water, but was converted into the 
acid by hot dilute alkali solutions. The anilic acid, obtained from 
the anhydride and aniline (1 mol. each) in benzene solution, crystal- 
lised from dilute alcohol in tiny needles, m. p. 115—116° (Found : 
(, 69-6; H, 7-8. ©,g,H,,0,N requires C, 69-8; H, 7-6%). The 
anil, prepared by heating the anilic acid at 140° for 2 hours, crystal- 
lised in lustrous scales, m. p. 125° (sintering at 112°) (Found: C, 
749; H, 7-0. C,,H,,O.N requires C, 74:7; H, 7-4%). 

Condensation of 3-Methyleyclopentanone with Ethyl Cyanoacetate. 
Ethyl 3-Methyleyclopentylidenecyanoacetate.—A mixture of methyl- 
cyclopentanone (98 g.), ethyl cyanoacetate (113 g.), and piperidine 
(2 c.c.) was kept at room temperature for 3 days and then heated 
on the water-bath for 10 hours. The product, extracted in ethereal 
solution, washed with dilute hydrochloric acid, dried, and recovered, 
distilled at 150—165°/20 mm. On redistillation (b. p. 160—161°/20 
mm.) it solidified (yield, 135 g.). The ester was soluble in almost 
all solvents, and crystallised from light petroleum (b. p. 40—60°) 
in thick plates or cubes, m. p. 66° (Found: C, 68-0; H, 81. 
C,,H,,O.N requires C, 68-4; H, 7-8%). It absorbed bromine very 
slowly and gave 3-methylcyclopentanone on oxidation with dilute 
potassium permanganate solution. 

3-Methyleyclopentylidenecyanoacetic acid, which could not be 
prepared by hydrolysing the above ester with alcoholic sodium 
ethoxide, was obtained by Harding, Haworth, and Perkin’s method 
(loc. cit.). 3-Methyleyclopentanone (25 g.) was added to a suspen- 
sion of ethyl sodiocyanoacetate (ethyl cyanoacetate 28 g., sodium 
55 g., aleohol 75 c,c.), the mixture heated for 3 hours, the excess 
of alcohol distilled off, water added, the precipitated oil removed in 
ether, and the aqueous solution acidified. The oil thus produced 
was extracted and dried in ether and recovered; it partly solidified 
ina vacuum. The solid was crystallised several times from benzene, 
and the required acid obtained in flattened needles, m. p. 145—146° 
(Found: C, 65:2; H, 6-9. C,H,,O,N requires C, 65-5; H, 6-7%); 
the mother-liquor contained an acid, m. p. 90—100°, in amount 
insufficient for further investigation. The acid did not combine 
with bromine readily, and was oxidised to 3-methylcyclopentanone 
by a dilute solution of potassium permanganate. 

Reduction of Ethyl 3-Methylcyclopentylidenecyanoacetate with 
Aluminium Amalgam. Ethyl 3-Methylcyclopentylcyanoacetate.—The 
unsaturated ester (25 g.) was kept in contact with aluminium 
amalgam (25 g.) covered with moist ether (500 c.c.) for 24 hours, 
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the filtered solution was then dried, and the ether removed. The 
product distilled at 146—150°/20 mm., leaving a resinous residue 
(12%), m. p. 75—80°, which was probably the bimolecular com. 
pound. After redistillation ethyl 3-methylcyclopentyleyanoacetate 
had b. p. 148°/20 mm., and d? 1-002, nj) 1-45033, whence [R,}, 
52-4 (cale., 52-3) (Found: C, 67-5; H, 8-9. C,,H,,0,N requires 
C, 67-7; H, 8-7%). 

3-Methylcyclopentylmalonic Acid.—The reduced ester (15 g,) 
was heated with caustic potash (20 g.) in water (40 c.c.) and rectified 
spirit (30 ¢.c.) until the evolution of ammonia ceased. After re. 
moval of alcohol, the aqueous solution was extracted with ether 
to remove the unchanged ester and acidified ; the precipitated acid 
crystallised from chloroform-light petroleum (b. p. 40—60°) in 
soft white needles, m. p. 155° (decomp.) (Found: C, 57-8; H, 7-7; § 1 
equiv., by titration with baryta, 92. C,H,,O, requires C, 581; § | 
HM, 7-5%; equiv., 93). | 

The ethyl ester boiled at 146°/20 mm. and had dj 1-016, ni¥ 
1-44622, whence [R,], 63-6 (calc., 63-3) (Found: C, 64-2; H, 93. 9. 
C,,HO0, requires C, 64-5; H, 9:1%). The dianilide, prepared by J | 
heating the ester with excess of aniline at 180° for 6 hours, crystal- J | 
lised from alcohol in needles, m. p. 238° (Found : C, 74-9; H, 6-8. 9 | 
C,,H,,0.N, requires C, 75-0; H, 7-1%). 

3-Methylcyclopentylacetic acid, prepared by heating the malonic ff | 
acid at 160° for 4 hours, was a liquid, b. p. 141°/25 mm., d?' 0-981], § | 
ni 1-44633, whence [R,]) 38°6 (cale., 38-5) (Found: C, 67:3; J ' 
H, 10-2. C,H,,0, requires C, 67-6; H, 9-9%). The ethyl ester 
boiled at 94°/15 mm. and had d? 0-9258, nj} 1-43487, whence 
[R,]» 47-90 (cale., 47-83) (Found: C, 70-2; H, 10-8. C,9H;,0, 
requires C, 70-6; H, 10-6%). 

3-Methyl- Al*? © 1:5. eyclopentenylacetonitrile.—3 -Methyl- J 
cyclopentylidenecyanoacetic acid decomposed when heated slowly § | 
under reduced pressure, and the nitrile passed over at 105—115°/29 § 
mm. After redistillation, it had b. p. 82°/10 mm., and di? 0-9145, 
ni; 1-45972, whence [R;], 36-2 (calc., 36-3) (Found: C, 78-9; § | 
H, 8-9. C,H,,N requires C, 79-4; H, 9-1%). | 

The nitrile added on bromine readily and condensed with piperonal 
and with cyanoacetamide in presence of sodium ethoxide. The § | 
piperonylidene derivative (IX) crystallised from alcohol in pale 
yellow needles, m. p. 95°. Its solution in concentrated sulphuric 
acid had a deep red colour (Found: C, 75-6; H, 6-2. C,,H,;0,N 
requires C, 75-9; H, 5-9%%). 

«-I mide of «-Cyano-3-methyleyclopentane-1 : 1-diacetic Acid (X1).— 
The imino-derivative (X) resulting from the condensation of equi- 
molecular quantities of the nitrile and sodiocyanoacetamide was 
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boiled with dilute hydrochloric acid. The imide (X1), which separ- 
ated on cooling, crystallised from alcohol in white needles, m. p. 
167—168° (Found : C, 64-3; H, 6-7. C,,H,,O,N, requires C, 64-1 ; 
H, 68%). When hydrolysed with 60% sulphuric acid, it gave 
3-methyleyclopentane-1 : 1-diacetic acid, m. p. 135°. 

Ethyl «-Cyano- «-3-methyl- Al:2 1:5). eyclopentenylpro - 
pionate (VIIT).—Ethyl 3-methyleyclopentylidenecyanoacetate (16 g.) 
was added to a solution of sodium (2 g.) in alcohol (40 ¢.c.), a deep 
red colour being produced, and, after cooling, methyl iodide (20 g.) 
was slowly added. The mixture was kept at room temperature 
for | hour, heated on the water-bath for.1 hour, and diluted with 
water. The oil precipitated was extracted with ether, dried, and 
distilled. On redistillation the pure ester boiled at 140°/30 mm. ; 
it had d? 0-9614, nZ 1-43801, whence [R,], 56-50 (cale., 56-42) 
(Found : C, 69-2; H, 8-5. C,,H,,0,N requires C, 69-6; H, 8°2%) 
In chloroform solution it combined rapidly with bromine. 

x-3-Methyleyclopentylidene-1-propionitrile—The above ester (8 g.) 
was added to a solution of sodium (1-5 g.) in methyl alcohol (30 e.c.), 
the mixture kept at 35° for 5 hours, and water added. The pre- 
cipitated oil, extracted and dried in ether, distilled at 130—135°/50 
mm. After redistillation, the pure nitrile had b. p. 132°/50 mm. 
and d 0-8950, n° 1-47429, whence [R,], 42-4 (cale., 40-9) (Found : 
(,79-5; H, 9-4. C,H,,N requires C, 80-0; H,9-6%). It did not add 
on bromine readily and was oxidised by potassium permanganate 
solution to 3-methylcyclopentanone. 

Condensation of Ethyl 3-Methyleyclopentylidenecyanoacetate with 
Potassium Cyanide. Ethyl 1-Cyano-3-methyleyclopentyleyanoacetate 
(XII) and 1-Cyano-3-methyleyclopentylacetonitrile (XI1II1).—When 
a solution of potassium cyanide (20 g.) in water (45 c.c.) was added 
to ethyl 3-methylcyclopentylidenecyanoacetate (30 g.) dissolved in 
rectified spirit (150 c.c.) there was an evolution of heat, and a little 
solid separated. After 3 days, the alcohol was removed on the 
water-bath; on dilution of the residue with water, a considerable 
quantity of an oil separated. This was extracted with ether, dried, 
and distilled. On redistillation, 1-cyano-3-methylceyclopentylaceto- 
nitrile was obtained as a clear mobile liquid, b. p. 146°/10 mm.; 
di’ 0-9877, ni* 1-4622, whence [R;], 41-2 (cale., 41-2) (Found : 
C,72-7; H, 8-2. C,H,.N, requires C, 73-0; H,8-1%). Yield, 40%. 

Kthyl 1-cyano-3-methyleyclopentylcyanoacetate (X11). The aqueous 
solution from which the dinitrile was extracted with ether was 
acidified with dilute sulphuric acid, and the precipitated oil was 
extracted with ether, dried, and distilled. The dicyano-ester was 
a pale yellow, viscous liquid, b. p. 180°/11 mm. (yield, 40%) (Found : 
C, 65-2; H, 7-4. C,,.H,,0,N, requires C, 65-5; H, 7-3%). 
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1-Carboxy-3-methyleyclopentane-1-acetic acid was obtained when 
the preceding dicyano-ester or dinitrile was boiled with 50% hydro. 
chloric acid (10 parts) for 24 hours. (If the acid is desired as the 
ultimate product in the condensation of ethyl 3-methylcyclopentyl- 
idenecyanoacetate with potassium cyanide, the mixture can be 
acidified after removal of the alcohol and hydrolysed.) It crystal. 
lised, on cooling, in fine needles, and was purified by solution in 
dilute aqueous sodium carbonate and precipitation with concentrated 
hydrochloric acid. The crude mixture melted at 115—120°, but 
repeated crystallisation from ether—light petroleum (b. p. 40—60°) 
gave the pure acid, m. p. 125°. This was obtained in various forms, 
e.g., thick plates from benzene-—light petroleum (b. p. 40—60°) 
(Found: C, 58-0; H, 7-2. CgH,,0, requires C, 58-1; H, 7-5%). 
Its normal ammonium salt gave white precipitates with cold or 
warm solutions of calcium chloride, lead acetate, and silver nitrate; 
the copper salt was obtained as a bluish-green precipitate, insoluble 
in cold or hot water (Found for the silver salt : Ag, 53-5. CyH,.0,Ag, 
requires Ag, 53-9%). 

The ethyl ester boiled at 142°/15 mm. and had d? 1-014, nz 
1-44522, whence [R,]p 63-38 (cale., 63-34) (Found : C, 64-5; H, 89. J, 
C,,H,.0, requires C, 64-5; H, 9:1%). The anhydride, prepared by 
heating the acid with an excess of acetic anhydride for 6 hours, was 
a liquid, b. p. 151°/15 mm. It gave the original acid when heated 
with a dilute solution of caustic alkali (Found: C, 64:2; H, 7:3. 
C,H,.0, requires C, 64-3; H, 7-1%). The anilic acid crystallised 
from dilute alcohol in plates, m. p. 159° (Found: C, 69-3; H, 7:3. for 
C,;H,,O,N requires C, 69-0; H, 7-3%). The anil, prepared by J si 
heating the anilic acid or a mixture of the succinic acid and aniline § = 
at 160° for 3 hours, crystallised from dilute alcohol in tiny needles, ty; 
m. p. 90—91° (Found: C, 74:2; H, 6-9. C,;H,,O,N requires 
C, 74:1; H, 70%). The imide (XIV) was formed by the incom- 
plete hydrolysis of the dicyano-ester, and was found in the residue 
after the acid had been extracted by a solution of sodium carbonate. 
It was also prepared by dissolving the dinitrile in an equal volume 
of ice-cold concentrated sulphuric acid, pouring the solution into 
water after 12 hours, neutralising the acid with ammonia, and 
extracting the dry residue with acetone. No diamide was formed 
by this method. The imide crystallised in white silky needles from 
light petroleum (b. p. 40—60°) or lustrous lamine from dilute 
alcohol; m. p. 98° (Found: C, 64-6; H, 7-4. C,H,,0,N requires 
C, 64-7; H, 7-8%). 
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CLXIII.—Symmetrical Triad Prototropic Systems. 
Part VII. The Analogy between Symmetrical 
Triad Systems and Aromatic Side-chain Re- 
activity, and the Effect of p-Substitution on Mobility 
and Equilibrium in the ay-Diphenylmethyleneazo- 
methine System. 

By CHARLES WILLIAM SHOPPEE. 


THE present paper describes the investigation (see Shoppee, J., 1930, 
968) of the effect of substitution on mobility and equilibrium in the 
methyleneazomethine system ht == Ii). 


(1) CgHyR-CH:N-CH,Ph == CgH,R-CHyN:CHPh (11) 
(R = p-Me, Cl, Br, I. OMe, NMe,, NMe,) 


Substitution and Mobility —Tautomeric systems activated by one 
or more aromatic residues may be regarded as exemplifying aromatic 
side-chain reactivity ; prototropic systems, such as propenylbenzene 
= allylbenzene or that formulated above, correspond to side-chain 
transformations requiring electron recession from the side-chain 
(Ingold and Rothstein’s type B, J., 1928, 1217), and, conversely, 
anionotropic systems, e.g., cinnamyl alcohol == «-phenylallyl 
alcohol, are analogous to side-chain reactions requiring electron 
accession (type A, loc. cit.}. The analogy drawn by Ingold and Patel 
(J. Indian Chem. Soc., 1930, 95) between aromatic hydrogen sub- 
stitution and side-chain reactivity of type A, and between anionic 
aromatic replacements and side-chain reactivity of type B, may 
therefore be extended to simple anionotropic and prototropic 
systems respectively. Hence facilitation by nuclear substituents 
of (i) anionic aromatic replacements, (ii) side-chain reactivity of 
type B, and (iii) prototropy in systems activated by aromatic groups 
should run generally parallel. 

The velocity coefficients for the alkaline hydrolysis of p-substituted 
ethyl benzoates (Kindler, Annalen, 1926, 150, 1), which is a reaction 


of type B, show that the order of facilitation by substituents is 
SS 

















1226 SHOPPEE : 


NR, < OMe < Me < Hals.; the effect of R on the velocity of 
interconversion of the isomerides (I, Il) under constant conditions 
of temperature and catalysis is as follows : 


p-Substituent R. NMe,. Me. OMe. Be Br. Cl. 
Key + By (Iav.-*) ...cccccccceves 0-054 0-322 0-557 6-82 7-09 7:83 
Dipole moment of C,H,;*R 
Ces MIM) ccciccess 1:39 0-50 —0-80 —125 —151 —1-56 


For the facilitation of prototropy in the simple three-carbon system, 


hy, 
C,H,R-CH:CX-CH,Ph == C,H,R°CH,°CX:CHPh 
(X = CO, Et) 
the sequence p-NMe, < p-Me, p-OMe < p-Hals. has already been 
found (Shoppee, loc. cit.), and it is now seen that the same sequence, 
p-NMe, < p-Me < p-OMe < p-Hals., expresses the behaviour of the 
methyleneazomethine system. 

With regard to the above table, the previous conclusion that the 
velocities of interconversion of simple triad tautomerides follow 
strictly and without exception the order of the dipole moment is 
confirmed, showing that mobility in such systems is dependent 
solely on the facilitation of ionisation. 

In contrast with the foregoing, Kindler’s series does not follow the 
order of dipole moments, the methoxyl group which attracts electrons 
taking a position between the methyl and the dimethylamino-group, 
the permanent moments of which are in the opposite direction to 
that of methoxyl. This difference between Kindler’s data and the 
present results, combined with the circumstance that both the 
reaction which he studied and that considered here are aromatic 
side-chain reactions of type B, illustrates the author’s criticism 
(loc. cit.) in another connexion against the carrying over of a polar 
influence from one reaction to another without regard to the sub. 
stances which control the part played by the tautomeric effect in 
each. When this is considered, the cause of the difference between 
Kindler’s series and that illustrated in the preceding table becomes 
apparent : in Kindler’s compounds there exists in the p-position to 
the variable nuclear substituent a carboxyl (or cyano-) group, the 
tautomeric polarisation of which plays a necessary part in the 
reaction; if, therefore, the variable substituent exerts a + T' effect, 
that will act in such a way as to detract from the effective — 7 
polarisation of the carboxyl group. In the paper already cited, it 
was pointed out that the tautomeric effect of a group can only 
operate against the progress of a reaction if there is also present 4 
facilitating tautomeric effect from which the former effect can be 
treated as subtractable; now that is the case in Kindler’s reactions, 
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and it explains the position of the methoxyl group. No such con- 
ditions prevail in the simple triad tautomeric systems, wherefore the 
potential + 7’ effect of substituents does not disturb the normal 
sequence based on dipole moments. 

Substitution and Equilibrium.—In a simple triad prototropic 
system, since only carbon atoms are available as seats for the anionic 
charge, it would appear that equilibrium would be controlled solely 
by the relative stability of the electromeric forms of the ion (compare 
Ann. Reports, 1927, 24, 106). 

At first sight this would seem to suggest that the relative perman- 
ence of that form of the ion, which on combination with a proton 
would give isomeride (I), would diminish as the electron affinity of 
R decreases (from —J to +/). On the other hand, equilibria 
relating to the simple three-carbon system have already been 
recorded (Shoppee, loc. cit.) which show that such a simple view 
cannot be maintained. The anomaly may be described in the state- 
ment that interpenetrating a series of -+- J groups, which amongst 
themselves are correctly arranged, a series of — J + 7' groups is 
found in which the expected order is completely inverted. The 
following table shows that the methyleneazomethine system exhibits 
precisely the same relations in its equilibria. The groups NMe,, 
OMe, I, Br, Cl, which are capable of a tautomeric effect (+ 7’), form 
amongst themselves a continuous polar sequence which interpene- 


® 
trates the sequence formed by groups Me, H, NMe,, which are 
incapable of tautomeric polar activity; but the NMe,-end of the 


@® 
former sequence points to the NMe,-end of the latter. 


& 

p-Substituent, R. NMe,. NMe,. OMe. ae (H). Br. Cl. Me. 

_ ORAS RoR a 0-149 0-370 0-887 1:00 1:08 1-13 1-22 

Isomeride (I), % — 87:0 73-0 53-0 50:0 48:0 47:0 45-0 
Having regard to these results and those previously recorded, it 


becomes abundantly evident that the simple view, indicated above, 

of the influence of substitution on equilibrium is quite inadequate, 

and that a more thorough theoretical treatment is required. 
Consider the tautomeric system 


A = Ion = A’ 
v's U% 
If the concentration of the intermediate ion is small, then 


rai% 929/93 


Vo Uy %/ Ug 
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that is, the equilibrium constant is measured by the ratio of the 
ratio of the rates of ionic dissociation of the two forms to the ratio 
of their rates of ionic association. Ionic dissociation of hydrogen, 
which is analogous to side-chain reactivity of type B (vide supra), is 
facilitated by effects — J and — 7’, and retarded by effect + J only; 
similarly, the ionic reassociation of hydrogen, being analogous to 
side-chain reactivity of type A, is facilitated by effects -+ J and 
+7, and retarded by effect — J only. Hence equilibrium (as 
opposed to mobility) involves two rate-affecting phases which partake 
of the nature of side-chain reactions of opposite types. Theoretical 
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provision for side-chain reactions of such composite type has already 
been made (Ingold and Patel, loc. cit.), and for their recognition a 
practical criterion has been given, which, in its application to 
equilibria, is that the equilibrium constant K may be altered in the 
same direction by substituents of either polar type according to 
their strength. 

It has been suggested that such composite conditions prevail in 
the formation of cyanohydrins (Ingold, Ann. Reports, 1928, 25, 147), 
C,H,R-CH:O + HCN == C,H,R-CH(OH)-CN, and the effect of 
substitution on equilibrium in this system has been studied by 
Lapworth and Manske (J., 1928, 2533). Their results, expressed as 
energy differences (AF) proportional to log K, yield a sequence 
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which, although not identical with the velocity sequence obtained by 
Kindler, may be compared therewith in view of the similarity of 
the structures and reactions involved; and the comparison shows 
that the relation is of this kind, namely, that Lapworth and Manske’s 
series is Kindler’s series doubled back upon itself at a certain inter- 
mediate point. If Lapworth and Manske’s energy differences are 
plotted against Kindler’s velocity coefficients or their logarithms for 








corresponding substituents, a curve possessing a single maximum is 
Fic, 2. 
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H Me Cl Br I OMe NMe, 


——--- Methyleneazomethine system. 
Simple three-carbon system. 


® 
NMe, 


obtained (Fig. 1), substituents of opposite polar type (e.g., NO,,Me) 
altering log K in the same direction. 

Consideration shows that the equilibrium constants given above 
for the methyleneazomethine system and those previously recorded 
for the simple three-carbon system are susceptible of an entirely 
similar analysis; but the reference series is not Kindler’s: it is the 
series which expresses the order in which groups in competition would 


® 
control ordinary nuclear aromatic substitution, viz., NMe,, H, Cl, Br, 
I, OMe, NMe,. Although complete data do not exist for the relative 
op-directive powers of these groups, the relation between the series 
and those given by the equilibria of the simple three-carbon and 
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methyleneazomethine triad systems may be made clear by means 
of a symbolic diagram (Fig. 2). If we arrange the aromatic substitu- 
tion series in the right order at arbitrary intervals along the horizontal 
axis, and set up ordinates corresponding to the determined values of 
AF we obtain for each tautomeric system a curve with a single 
maximum entirely similar to that given by the analogous comparison 
of cyanohydrin equilibria with the speeds of hydrolysis of benzoic 
esters. 

It follows that the explanation given to Lapworth and Manske’s 
results, viz., the co-existence of two antagonistic processes of control, 
can be applied in the cases now under consideration. Furthermore, 
it follows that the two opposing processes must be such that the 
analogy between the reaction for which Lapworth and Manske 
measured the equilibrium and that for which Kindler measured the 
velocity is paralleled by an analogy between the factors controlling 
equilibria and those determining orientation in aromatic hydrogen 
substitution. 

Now the most striking characteristic of the ordinary orientation 
series, and the property which distinguishes it from the various series 
relating to aromatic side-chain reactivity and nuclear anionic 
replacement, is the very great importance of the + 7’ effect, as 
illustrated by the op-orientation of electron-attracting chlorine. 
That this series provides the basis to which the new results may be 
referred shows that the processes of duplex control must relate to a 
stage in the chemical reaction in which the + 7’ effect can be oper- 
ative, i.e., to a stage in which the external reagent is electron-seeking. 
This shows that it is not the ionisation process but the reassociation 
stage of the isomeric change which is fundamentally important in 
controlling the equilibrium, and the equilibria are thereby strongly 
distinguished from the mobilities. Examination of the curve 
(Fig. 2) shows that this conclusion is definite for sections B and C 
in which op-directing groups of the types + J, + I+ 7, and 
—I1I-+T are interspersed in the manner characteristic of the 
orientation series, although it might require modification in its 
application to section A, were that filled in by other m-directing 
groups. In short, the present conclusion is that disparity between 
rates of ionic reassociation controls K, certainly in sections B and C, 
and possibly in section A; but further work is projected to decide 
whether in the presence of m-directing groups disparity between 
rates of ionisation may exert an appreciable effect on the equilibrium 
constant. With this reservation, we proceed on the assumption that 
the conclusion concerning the stage at which the duplex mechanism 
enters is at least a large part of the truth. 
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It is necessary therefore to consider how constitutional influences 
may affect the location of the charge on the electromeric ion (III). 
In this ion the anionic charge is distributed between C, and C,, 


=] 
4 SCHN-cHZ SS cm. 
R < -CH-N: = a 


— a 


but a part of this charge resides in all probability in the aromatic 
rings. First, if R attracts electrons the part of the charge situated 
at C, may become largely absorbed in the aromatic ring R-C,H,-, 
wherefore recombination will happen mainly at C,. Secondly, sup- 
pose R strongly repels electrons or releases them easily when a proton 
or a polarised electron-seeking alcohol molecule (8 +-)H-OEt(3 —) 
enters the neighbourhood of the methyleneazomethine system ; 
then if that effect is strong enough, the charge developed on the 
carbon atom para to R may repel electrons from C, to C, and again 
produce predominating combination at C,. Thirdly, suppose that 
R repels electrons slightly or releases them slightly under the con- 
ditions obtaining just prior to reassociation: there might then 
arise a condition in which the tendency of the aromatic ring to 
absorb the charge at C, is frustrated, but yet the polarisation caused 
by R is not strong enough to repel the anionic charge from C, to C,. 
Predominating combination will then occur at C,, since the un- 
substituted aromatic ring will still absorb the charge at C,. The 


eS 
foregoing describes in order the cases of NMe,, NMe,, and either Me 
or Cl; and, generally, the cases expressed by the parts of the curve 
indicated in Fig. 2 by the letters A, C, and B, respectively. 


EXPERIMENTAL. 


Preparation of Azomethines.—The azomethines were obtained by 
condensation of the appropriate aldehyde with a slight excess of the 
requisite amine at 100° for } hour; an ethereal solution of the 
product was washed with 2% aqueous acetic acid, sodium hydrogen 
carbonate, and water, dried with potassium carbonate, and the ether 
evaporated. The azomethines tend to decompose on keeping, and 
it is essential to recrystallise them immediately before use. 

Interconversion.—The standard conditions employed for inter- 
conversion of all azomethines were: catalyst, 0-145N-alcoholic 
sodium ethoxide; temperature, 82°. The product was isolated by 
addition of water and extraction with ether (twice); the ethereal 
extract was washed with water, dried with potassium carbonate, and 
evaporated. 
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Determination of Mobility and Equilibriwm.—Preliminary experi- 
ments with individual azomethines and artificial mixtures led to a 
general method whereby their proportions could be estimated with 
some accuracy. The method depends upon the discovery (compare 
von Auwers and Miiller, Ber., 1917, 50, 1149) that azomethines 
undergo fission quantitatively, when treated with excess of a hydra- 
zine acetate, to give the appropriate aldehyde-hydrazone and the 
complementary benzylamine. p-Nitrophenylhydrazine was chosen 
as giving hydrazones possessing considerable insolubility but melting 
without decomposition, and the following procedure was adopted. 
The mixed azomethines were dissolved in hot glacial acetic acid 
(2-5 e.c.), and a hot filtered solution of -nitrophenylhydrazine 
(2 mols.) in 50% acetic acid (5c.c.) was added; after a few minutes’ 
warming on the steam-bath, water (42-5 c.c.) was added, giving a 
10% acetic acid solution (compare Thorpe and Whiteley, “ Organic 
Chemical Analysis,” p. 187). After some hours, the precipitate was 
collected on a weighed Gooch crucible, washed with 10% acetic acid* 
until the washings gave only a faint colour with sodium hydroxide, 
and dried at 110°. After being weighed, portions of the precipitate 
were analysed thermally. The p-nitrophenylhydrazones so obtained 
from individual azomethines were practically pure and were used for 
the construction of temperature-composition diagrams without 
purification. All such diagrams were of the two-branch type, and 
the products of the interconversion experiments were strictly binary 
in character. All m. p.’s given are uncorrected, but were determined 
under identical conditions in the same apparatus. 

In the course of this work, the following p-substituted benzal- 
dehyde-p-nitrophenylhydrazones have been obtained : 


Found. Cale. 

M. p. C, % yy CC % H, %- 
P-CHIOrO~ ...ccceecccerssceescees 216-5° 56-5 4-0 56-7 3-7 
P-BroMo- ..sccsseecseeeeceeeeeees 205-5 49-1 3-6 48°8 3-2 
P-LOdO~ .....ccccccoccesevceccecees 201 42-7 2-8 42-5 2-75 
P-Mecthoxy-  ..rccccrecceccceevees 161 61-5 5-1 61-9 4-9 
P-Acetamido-  ...cccceceeeeeeees 262 60-4 4-9 60-4 4:7 
p-Dimethylamino-  ....s.0000- 182 63-2 5-7 63-4 5-7 
M-Methyl] ...cccccccccsccccccceses 196-5 — — —— — 
BeNIRFO-  ccencccccsccccccscoceces 249 — — — --- 


p-Dimethylaminobenzaldehyde-p-bromophenylhydrazone has m. p. 
181° (decomp.) (Found: C, 56-6; H, 5-2. C,;H,,N,Br requires 
C, 56-6; H, 5-1%). 

Chloro-compounds.—p-Chlorobenzylidenebenzylamine (as I) separ- 


* p-Dimethylaminobenzaldehyde-p-nitrophenylhydrazone is slightly 
soluble in 10% acetic acid, and prolonged washing must be avoided. 
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ates from ligroin (b. p. 40—60°) or dilute methyl alcohol with cooling, 
in long, colourless needles, m. p. 34° (Found: C, 73-5; H, 5-4. 
(44H y,.NCl requires C, 73-4; H, 5-3%). 

p-Chlorobenzylamine. Potassium phthalimide (46 g.) and p-chloro- 
befizyl bromide (51 g.) were heated together at 180° for 2 hours, and 
the solid obtained by cooling was extracted with boiling glacial 
acetic acid, from which p-chlorobenzylphthalimide crystallised in 
colourless needles, m. p. 124° (57 g.) (Found: C, 66-1; H, 3-5. 
(13H 9O,NCI requires C, 66-3; H, 3-7%). By treatment with half 
its weight of sodium hydroxide in 10% solution (boiling for 0-5 hr.) 
and acidification, the imide is converted quantitatively into p-chloro- 
benzylphthalamic acid, which separates from alcohol in needles, 
m. p. 185° (Found : C, 61-2; H,4-1. C,,H,,O,NCl requires C, 62-2 ; 
H, 4:1%). The crude amic acid by hydrolysis for 24 hours with 
three parts of 20° hydrochloric acid yields phthalic acid and the 
hydrochloride of the base, m. p. 242—243° (12 g.), from which 
p-chlorobenzylamine is readily obtained as a colourless liquid, b. p. 
108—109°/14 mm., which combines with carbon dioxide with great 
rapidity giving the carbonate, m. p. 118—119°. The picrate, 
crystallised from dilute methyl alcohol, has m. p. 210—211° (decomp.) 
(Found : C, 42-2; H, 3-4. C,,H,,0,N,Cl requires C, 42-1; H, 3-0%). 
The benzoate separates from chloroform-ligroin (b. p. 60—80°) in 
pearly plates, m. p. 155—156° (Found: OC, 63-8; H, 5:3. 
C,,H,,O,NCI requires C, 63-8; H, 5-3%); the acetyl derivative, 
needles from ligroin (b. p. 80—100°), has m. p. 106—107°. 

Benzylidene-p-chlorobenzylamine (as II) crystallises from cooled 
ligroin (b. p. 40—60°) in long needles, m. p. 36—37° (Found: C, 
73-2; H, 5-3. ©C,,H,,NCl requires C, 73-4; H, 5-3%). Mixtures 
of the p-nitrophenylhydrazones of p-chlorobenzaldehyde and 
benzaldehyde (A) melted as follows, the percentages being those of 
the latter nitrophenylhydrazone. 





A; % 0 20°3 39°0 42°6 476 53°5 60°5 656 79°8 100 
M.p. 216°5° 204°5° 192° 190° 186° 181° 174° 171°5 179° 190° 


Interconversion by 1-45N-sodium ethoxide at 85°. 





Time at 85° with Yield, Isomeride 
Isomeride used. NaOEt (hrs.). %. M. p. (IT), %.- 
(,H,ClCH:N-CH,Ph | a 6: 18k5: : 
(1) | 2-0 93 181-5 | 
( 0-75 94 181-5 + 53 
C,H,Cl-CH,-N:CHPh | 0-50 95 181-0 
(II) l 0-25 95 181-5 | 
0 100-0 190-0 100 


Equilibrium : ITI (53-0) == I (47-0). 
ss2 
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Interconversion by 0-145N-sodium ethoxide at 82°. 


Isomeride Time at 82° with Yield, Isomeride k, +h, 
used. NaOEt (mins.). %. M. p. (II), %. (hrs.-'), 
0 99-8 216-5° 0 — 
| 5 98 201-5 25°5 7°86 
I 10 93 192-5 38-5 7:77 
15 95 187-5 45-5 781 
30 94 181-5 53-0 — 
30 94 181-5 53-0 —— 
15 93 172-0 62-0 (6-60) 
II 10 95 171-5 65-5 7:93 
| 5 94 177-5 77-5 7-81 
0 100-0 190-0 100-0 — 


Equilibrium: II (53-0) ==I (47:0); &k +, (mean) = 7:83 hr”; 
k,/ky = 1-128; k, = 4:14; ky = 3-69. 
Bromo-compounds.—p-Bromobenzylidenebenzylamine (as 1) forms 
colourless needles from dilute alcohol (with cooling), m. p. 43° 
(Found: C, 61-6; H, 4:5. ©C,,H,,NBr requires C, 61:3; H, 44%). 
p-Bromobenzylamine. Potassium phthalimide (37 g.) and p-bromo-. 
benzyl bromide (50 g.), heated together for 2 hrs. at 180—200°, 
furnish p-bromobenzylphthalimide, which separates from glacial 
acetic acid in colourless needles, m. p. 133° (52 g.) (Found: C, 56-9; 
H, 3-1. C,;H,,O,NBr requires C, 57-0; H, 3:2%). By treatment 
with hot 2N-sodium hydroxide for 0-5 hr. and acidification of the 
warm solution, p-bromobenzylphthalamic acid, m. p. 185° after 
crystallisation from alcohol, is obtained in quantitative yield 
(Found : C, 54:2; H,3-7. C,;H,,O,NBr requires C, 53-9; H, 3-6%). 
Hydrolysis of the amic acid with 3 parts of concentrated hydrochloric 
acid and 1 part of alcohol was slow, and incomplete after 24 hours; 
evaporation of the solution after removal of phthalic acid and 
unchanged imide gave 12 g. of p-bromobenzylamine hydrochloride, 
from which the base, b. p. 118—119°/10 mm., m. p. 25—25-5°, was 
obtained as usual. The picrate (from methyl alcohol) has m. p. 
221° (Found: C, 37-7; H, 2-8. C,3H,,0,N,Br requires C, 37-6; 
H, 2:7%). The benzoate separates from chloroform-ligroin (b. p. 
60—80°) in iridescent plates, m. p. 162° (Found: C, 54-9; H, 4-7. 
C,,H,,O,NBr requires C, 54-5; H, 467%). The acetyl derivative 
crystallised from iigroin (b. p. 80—100°) has m. p. 113° (Found: 
C, 47:2; H, 4:4. C,H, ,ONBr requires C, 47-4; H, 43% 
Benzylidene-p-bromobenzylamine (as II) separates from dilute 
methyl alcohol in long colourless needles, m. p. 545° (Found: 
C, 61-3; H,4-5. C,,H,.NBr requires C, 61:3; H, 44%). 
Mixtures of p-bromobenzaldehyde- and _ benzaldehyde-p-nitro- 
phenylhydrazones melted as follows (A denotes the latter) : 
A,% 0 22°9 40°0 47°5 §2°3 55°0 65°3 76°0 100°0 
M.p. 205°5° 188°0° 175:0° 169°5° 166°0° 164:°5° 170°5° 176°0° 190:0° 


Interconversion.—(a) With 1-45N-sodium ethoxide at 85°, either 
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azomethine after treatment for 1 hr. yielded a mixture of p-nitro- 
phenylhydrazones, m. p. 165°, corresponding with an equilibrium 
ratio II (62) == 1 (48). (6) With 0-145N-sodium ethoxide at 82° : 


Isomeride Time with Yield, Isomeride k, +k, 
used. NaOEt (mins.). o. M. p. (II), %. (hrs.~!). 

0 99-7 205-5° 0 —_ 

2-5 99 196-0 13 6-89 

4 98 192-0 19 6-80 

5 99 187-0 24 7°42 

6 97 185-0 26-5 711 

1 ( 8 98 182-5 31-5 6-97 

10 96 177-5 37 745 

12 — 171-5 45 — 

20 94 165-0 2 -- 

30 “= 165-0 52 — 

45 95 165-0 52 — 

( 45 — 165-0 52 — 

12 98 166-0 58 (10-4) 

10 98 171-0 67 6:97 

II 7:5 98 173-5 72 6-99 

5 98°5 177-5 78-5 7-12 

2-5 99 182-5 87:5 7-24 

0 100 190-0 100 —- 





Equilibrium: II (52) =I (48); &y + k, (mean) = 7-09 hrs.-'; k,/k, = 
1083; k, = 3°69; k, = 3-40. 

Iodo-compounds.—p-lodobenzylidenebenzylamine (as I). _p-Iodo- 
benzaldehyde, obtained in 80% yield by oxidation of p-iodobenzyl 
bromide with copper nitrate solution, condenses with benzylamine 
to give the azomethine, which forms needles from methyl alcohol 
after two crystallisations, m. p. 56° (Found: C, 51-7; H, 3-5. 
(4H, NI requires C, 52-3; H, 3-8%). 

p-lodobenzylamine. p-lodobenzyl bromide and potassium phthal- 
imide at 180—190° afford 70% of p-iodobenzylphthalimide, m. p. 
137° after crystallisation from glacial acetic acid (Found: C, 49-7; 
H, 2-8. C,H ,)0,NI requires C, 49-6; H, 2-8%), which is converted 
quantitatively by hot 10% sodium hydroxide into p-iodobenzyl- 
phthalamic acid, m. p. 185°, after crystallisation from dilute alcohol 
(Found : C, 47-3; H,3-3. C,;H,,0,NI requires C, 47:25; H, 3-2%). 
This resists hydrolysis by hydriodic—acetic acid, and hydrochloric 
acid at 190° yields mainly benzylamine. The base was therefore 
prepared by iodination of acetbenzylamide (m. p. 60—61° *), obtained 
by Amsel and Hoffman’s method (Ber., 1886, 19, 1286); this amide 
was treated with a 10% excess of iodine monochloride in glacial 
acetic acid at 100° for 1 hour and kept over-night. After dilution, 
ether extraction, washing with sodium carbonate followed by 
sodium thiosulphate, and evaporation, the product was steam- 
distilled for 2 hours to remove traces of the o-isomeride and any 
* Goss, Ingold, and Wilson (J., 1926, 2459) give m. p. 133° in error; this 
figure refers to acet-p-nitrobenzylamide. 
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unchanged acetbenzylamide. The crude p-isomeride separated 
when the contents of the distilling flask were cooled, and was filtered 
off and crystallised repeatedly from dilute acetic acid or dilute 
alcohol; acet-p-iodobenzylamide forms colourless needles, m. p. 132° 
(Found: C, 39-3; H, 3-75; I, 45-5. CyH,,ONI requires C, 39-3; 
H, 3:7; I, 46-2%), and by hydrolysis with aqueous-alcoholic 10%, 
sodium hydroxide affords p-iodobenzylamine, m. p. 45°, the picrate 
of which separates from methyl alcohol in rhombic prisms, m. p. 
231° (decomp.) (Found: C, 33-7; H, 2-5. C,,;H,,0,N,I requires 
C, 33:7; H, 2-6%). 

Benzylidene-p-iodobenzylamine (as II) crystallises from methyl 
alcohol in needles, m. p. 58-5° (Found: C, 52-5; H, 3-8. C,,H,,NI 
requires C, 52-3; H, 3-8%). 

Mixtures of p-iodobenzaldehyde- and _benzaldehyde-p-nitro- 
phenylhydrazones melted as follows (A denotes the latter) : 

A,% 0 18°8 35°55 40°0 46:0 48:0 50°0 545 60°0 78:0 100 
M.p. 201° 184° 168° 163° 157° 155° 157° 163° 167:5° 178° 190° 

Interconversion. (a) With 1-45N-sodium ethoxide at 85°, either 
azomethine after treatment for 1 hour yielded a mixture of p-nitro- 
phenylhydrazones, m. p. 156°, corresponding with an equilibrium 
ratio II (47) == 1 (53). (6) With 0-145N-sodium ethoxide at 82° : 


Isomeride Time with Yield, Isomeride, k, + k, 
used. NaOEt (mins.). %.. M. p. II, %. (hrs.-'), 

F 0 100-5 201° 0 — 

2 93 192 10 6°83 

| 4 92 185 17-5 6-61 

I 6 — 180 23 6-32 

8 92 175-5 28 6°35 

10 93-5 171 32-5 6-52 

60 95 156 * 47 — 

60 94 155-5 47 —_ 

( 10 94 168-5 62 717 

II 6 95 175 73°5 6-89 

| 3 97 181 84 6-82 

0 100 190 100 — 


Equilibrium: IT (47) = 1 (53); &, + &, (mean) = 6°82 hr.-!; k,/k, = 0°887; 
k, = 3°20; k, = 3°62. 

* The eutectic mixture, m. p. 155°, consists of 48% II + 52% 1; a mixture 
of 12-3 mg. of the equilibrium specimen and 5-1 mg. of p-iodobenzaldehyde- 
p-nitrophenylhydrazone melted at 166-5° (Calc. for 47% of II: 166-5°). 


Methoxy-compounds.—The methoxy-azomethines were prepared 
as already described (Ingold and Shoppee, J., 1929, 1202). 

Mixtures of p-anisaldehyde- and benzaldehyde-p-nitrophenyl- 
hydrazones melted as follows (A denotes the latter) : 

A,% 0 215 390 51:2 599 703 768 80-0 100 

M. p. 161° ‘151° 143° 149.5° 160° 168° 174° 176° =190° 

Interconversion by 1-45N-sodium ethoxide at 85°. The azomethine 
(I) after treatment for 1 hour yielded a mixture of p-nitrophenyl- 
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hydrazones, m. p. 148-5°, raised by admixture with p-anisaldehyde- 
p-nitrophenylhydrazoneto 151-5° (calc., 151-5°); it therefore contained 
73% of the last-named, corresponding with an equilibrium ratio 
II (27-0) == I (73-0). The value found previously (loc. cit.) was 
II (21) == I (79). 


Interconversion by 0-145N-sodium ethoxide at 82°. 


Isomeride Weight Timewith Yield, Isomeride k, + k, 
used, taken. NaOEt,hrs. %. M. p. (II), %.  (hrs.-*). 
0-100 0 100 161-0° 0 — 
0-100 0-5 97 158-0 6-5 0-548 
0-100 0-75 99 157-0 9-0 0-540 
I 0-100 1-0 99 155-7 11-5 0-553 
0-100 2-0 94 153-0 18-0 0-548 
0-100 3-0 98 152-0 20-0 0-585 
‘ 0-100 5-0 97 148-5 23-0 — 
0-102 6-0 96 148-5 23-0 — 
— 3-0 —- 143-0 39-0 0-601 
0-109 2-0 95 147-5 49-5 0-576 
aE hus 0-104 1-25 97 161-0 62-0 0-624 
0-119 0-75 91 174-0 76-8 (0-359) 
0-105 0-5 95 180-0 85-0 0-484 
\ 0-100 0 100 190-0 100-0 — 





Equilibrium: II (27-0)= =I (73-0); k, +k, (mean) = 0-557 hrs,-!; 
k,/ky = 0369; k, = 0-150; ky = 0-407. 

Dimethylamino - compounds. —p - Dimethylaminobenzylidenebenzyl - 
amine (as I) separates from ligroin (b. p. 60—80°) in clusters of 
yellow prisms, m. p. 75°, b. p. 248°/18 mm.; admixture with cuprous 
chloride (compare Haas, J., 1906, 89, 570) is necessary to obtain a 
satisfactory analysis (Found: C, 80-0; H,7-9; N, 12-4. C,,H,,N. 
requires C, 80-6; H, 7-6; N, 11-8%). The azomethine is readily 
soluble in 2N-acetic acid and is precipitated unchanged by alkali. 

p-Dimethylaminobenzylamine. p-Dimethylaminobenzaldoxime 
was prepared by the method given by Bamberger and Scheutz (Ber., 
1901, 34, 2024) for p-anisaldoxime, and melted at 148° (compare 
Bresler, Friedemann, and Mai, Annalen, 1907, 353, 234). Reduction 
in 5 g. portions with 3% sodium amalgam in the presence of acetic 
acid afforded the base as a water-clear liquid, b. p. 158—159°/25 mm. 
It yields two picrates, the monopicrate, red needles from methyl 
alcohol, m. p. 187—189° (decomp.) (Found: C, 47-1; H, 4-5. 
C,;H,,0,N, requires C, 47-5; H, 4.5%), and the dipicrate, yellow 
needles from methyl alcohol, m. p. 179—180° (decomp.) (Found : 
C, 41-8; H, 3-4. C,,H,,0,,N, requires C, 41-5; H, 3-3%). The 
acetyl derivative crystallises from ligroin (b. p. 60—80°) in needles, 
m. p. 79° (Found: C, 69-1; H, 8-3. C©,,H,,ON, requires C, 68-8 ; 
H, 84%), and the benzoate separates from chloroform-ligroin in 
needles, m. p. 156-5° (Found : C, 70-4; H,7-6. C,gH,,O0,N, requires 
’, 70-5; H, 7-4%). 

Benzylidene-p-dimethylaminobenzylamine (as II) forms pale yellow 
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prisms, m. p. 57°, after two crystallisations from ligroin (b. p. 40— 
60°) (Found : C, 80-8; H,7-7. C,gH,gN, requires C, 80-6; H, 7-6%). 

Mixtures of p-dimethylaminobenzaldehyde- and benzaldehyde. 
p-nitrophenylhydrazone (A) melted as follows : 
Bi, % — cccccscccece 0 24-8 36-2 50-0 61-2 76-0 100 
BE. Dr cesceccsceceece 178° 157° 143° 145° 160° 174° 190° 

Interconversion. (a) With 1-45N-sodium ethoxide at 85°. Either 
azomethine was treated with the catalyst for 1 hour, and, after 
isolation in the usual way and addition of 2N-sulphuric acid, was 
steam-distilled in a current of carbon dioxide, in an all-glass appar. 
atus. Benzaldehyde present in the distillate was estimated as the 
p-nitrophenylhydrazone. 

Isomeride. Wt. taken. Wt. of hydrazone. (II), %. 
I 0-100 0-130 12-8 
II 0-100 0-136 13-4 

The equilibrium ratio is therefore I(87) —= II(13), and these 
figures are used in calculating the velocity coefficients given below. 

(6) With 0-145N-sodium ethoxide at 82°. Owing to difficulties 
attending m. p. determination with mixtures of hydrazones 
containing much  p-dimethylaminobenzaldehyde-p-nitrophenyl- 
hydrazone, and to the small range of conversion of the isomeride I, 
attention was directed largely toward the equilibration of IT. 


Tsomeride Time with Yield, Isomeride k, + k, 
used. NaOEt, hrs. %: M. p. (II), %. (hrs.-'), 
( 0 100-5 179° 0 a 
I 15 97 173 8 0-063 
I 72 96 167 15 a 
72 95 165 17 —_ 
54 97 163 19 0-050 
Il 42 96 161-5 21 0-056 
15 98 154 * 53 0-052 
| 12 98 158 60 0-051 
0 100 190 100 


Equilibrium : II (13) =I (87); &, + ky (mean) = 0-054 hr"; k,/k, = 
0-149; k, = 0-007; k&, = 0-047. 


* A first addition of p-dimethylaminobenzaldehyde-p-nitrophenylhydrazone 
did not alter the m. p.; a second addition produced an elevation. 


Methyl Compounds.—p-Methylbenzylidenebenzylamine (as I) is a 
water-clear liquid, b. p. 210°/25 mm., solidifying to a mass of 
rectangular prisms, m. p. 27° (Found: C, 85-5; H, 7-1. C,;H,;N 
requires C, 86-1; H, 7:2%). 

p-Methylbenzylamine. The base was obtained (a) by reduction 
of p-toluonitrile (Krober, Ber., 1890, 23, 1030), (6) by reduction of 
p-tolualdoxime with 3% sodium amalgam in the presence of acetic 
acid; it had b. p. 105°/22 mm., m. p. 20—21°, and gave a picrate, 
m. p. 204° (decomp.) (compare Krober, loc. cit.; Lustig, Ber., 1895, 
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28, 2988), and an acetyl derivative, m. p. 111° (compare Lustig, 
loc. ctt.), 

Benzylidene-p-methylbenzylamine (as I1). Despite several attempts 
the azomethine could not be obtained as a constant-boiling liquid ; 
the b. p. varied from 190—196°/20 mm., and the liquid rapidly 
became yellow on keeping (Found: C, 85-5; H, 7-5. C,,H,,N 
requires C, 86-1; H, 7-2%). 

Mixtures of p-tolualdehyde- and benzaldehyde-p-nitropheny!l- 
hydrazone (A) melted as follows : 

So Niwas FD 16:0 32:0 48-0 55:2 58-0 63-1 71:8 177-7 100 
M, Pu ovecee 196-5° 189-5° 182° 174° 170-5° 167° 166° 173° 178° 190° 

Interconversion. (a) With 1-45N-sodium ethoxide at 85°. Treat- 
ment of (I) for 2 hours afforded a mixture of hydrazones, m. p. 171°; 
the isomeride (II) by similar treatment gave a product, m. p. 163°, 
and longer treatment did not raise this figure. Since (I) is a crystal- 
line solid, the equilibrium ratio 11(55) == 1(45), corresponding 
with the m. p. 171°, is preferred. 

(6) With 0-145N-sodium ethoxide at 82°. Owing to the doubtful 
purity of (II), the velocity measurements were made with the 
isomeride (I) only. 





Isomeride Time with Yield, Isomeride k, +k, 
used, NaOEt, hrs. » M. p. (25), %- (hrs.“). 
0 100 196-5° 0 — 
1 99 191 12-5 0-262 
2-1 99 184 27 0-323 
3 90 180-5 35 0-335 
4 93 177°5 41 0-340 
I 5 92-5 176 44 0-320 
6 -— 175 46 0-258 
7 = 172 52 0-414 
9 94 170-5 55 _- 
12 94 171 55 — 
18 oo 170-5 55 —- 
II 0 100 190 100 — 


Equilibrium: II (55) =I (45); &, + k, (mean) = 0-322 hr.-';  k,/k, = 
1-222; ky = 0-177; ky = 0-145. 

Trimethylammonium Compounds.—N-Benzyl-w-imino-p-tolyliri- 
methylammonium iodide (as I). The salt is readily prepared by 
warming p-dimethylaminobenzylidenebenzylamine with methyl 
iodide (1 mol.), diluted with an equal volume of chloroform ; after 
precipitation from acetone solution with ether, it separates from dry 
alcohol in yellow prisms, m. p. 159—160° (Found: C, 52-8: H, 5-7; 
ionic I, 34-6. C,,H,,N,I requires C, 53-7; H, 5-6; I, 33-4%). The 
salt readily loses methyl iodide, since by treatment with p-nitro- 
phenylhydrazine under the standard conditions a 97% yield of 
p-dimethylaminobenzaldehyde - p - nitrophenylhydrazone, m. p. 
(crude) 179°, m. p. (erystallised) 181-5°, mixed m. p. 181-5°, is 
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obtained. Treatment with 0-145N-sodium ethoxide at 82° also 
causes fission, since the same hydrazone, m. p. 179°, is obtained 
after 5 mins.’ heating, and only after some hours can traces of 
benzaldehyde-p-nitrophenylhydrazone be isolated; this indicates 
that the system is controlled by the dimethylamino-group, and not 
by the trimethylammonium pole. 

N-Benzylidene-w-amino-p-tolyltrimethylammonium iodide (as II). 
Similarly prepared from benzylidene-p-dimethylaminobenzylamine 
and methyl iodide (1 mol.), the salt separates from acetone-ether in 
pale yellow pearly plates, m. p. 181° (Found: C, 53-0; H, 5-6. 
C,,H,,N,I requires C, 53-7; H, 56%), and with p-nitrophenyl. 
hydrazine gives a quantitative yield of benzaldehyde-p-nitrophenyl- 
hydrazone. 

Nitro-compounds.—p-Nitrobenzylidenebenzylamine (as I), m. p. 
56°, and benzylidene-p-nitrobenzylamine (as II), m. p. 71° (compare 
Ingold and Piggott, J., 1922, 121, 2381), yielded hydrazones quantit- 
atively by fission with p-nitrophenylhydrazine, but underwent 
decomposition by even the briefest treatment with 0-145N-sodium 
ethoxide at 82°. 

The following were obtained in an attempt to determine the effect 
of the acetamido-group on mobility and equilibrium : 

p-Acetamidobenzylidenebenzylamine (as I), m. p. 158° after crystal- 
lisation from xylene (Found: C, 76-4; H, 6-25. C,¢H,,ON, 
requires C, 76-2; H, 6-4%), although giving a quantitative yield of 
p-acetamidobenzaldehyde-p-nitrophenylhydrazone, appeared to 
undergo decomposition by treatment with 0-145N-sodium ethoxide 
at 82°, since only a 60% yield of hydrazones, decreased by prolonged 
washing with 10% acetic acid, could be obtained. Attempts to 
prepare the isomeride (II) were unsuccessful; p-acetamidobenzyl- 
amine could not be obtained by reduction of p-acetamidobenzald- 
oxime, m. p. 211°, neither was reduction of p-acetamidobenzonitrile 
(m. p. 202°, obtained from the oxime with acetic anhydride in 
pyridine) more successful. Condensation of p-aminobenzylamine 
|monopicrate, red laminz from methyl alcohol, m. p. 163° (Found: 
C, 44-6; H,3-8. C,,;H,,0,N; requires C, 44-4; H,3-7%); dipicrate, 
yellow prisms from methyl alcohol, decomposing without melting 
above 250° (Found: C, 39-3; H, 2-9. Cj, gH,,0,,N, requires C, 
39-3; H, 2-8%)] with benzaldehyde (1 mol.), and subsequent 
acetylation also failed to yield (II). 


The author wishes to thank the Royal Society for a grant which 
has partly defrayed the cost of this investigation, and to acknowledge 
the continued interest and advice of Professor C. K. Ingold, F.R.S. 


THE UNtversitTy, LEEDS. [Received, February 17th, 1931.] 
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CLXIV.—H ydroxy-carbonyl Compounds. PartI. A 
Synthesis of Scopoletin. 


By Frank S. H. Heap and ALEXANDER ROBERTSON. 


THE results of the investigations of Takahashi (Chem. Zenitr., 1888, 
49, 1364), Henschki (Arch. Pharm., 1888, 226, 203), and Schmidt 
(Arch. Pharm., 1897, 236, 324) show that scopoletin is an ether of 
esculetin which is isomeric with the monomethy] ether prepared by 
Tiemann and Will (Ber., 1882, 15, 2072). Moore (J., 1911, 99, 
1043) degraded the coumarin to the parent phenol, which he con- 
cluded to be 2 : 4-dihydroxyanisole (III) since it was isomeric and 
not identical with methoxyquinol, and in consequence considered 
that scopoletin had formula (V). It is of interest to note that, 
whereas Tiemann and Will prepared 7-O-methylesculetin by the 
partial methylation of xsculetin with methyl iodide and alkali, 
Glaser (Arch. Pharm., 1928, 266, 573), using methyl sulphate, 
obtained scopoletin. The orientation ascribed to Tiemann and 
Will’s ether by Bargellini and Monti (Gazzetta, 1915, 45, 90) has been 
confirmed by synthesis (J., 1930, 2434), but a direct synthesis of 
scopoletin from 2 : 4-dihydroxyanisole does not appear to have been 
described. 


ck nate Oe — Om —> Our 


(IT.) (ITT.) (IV.) 


10" ‘eo 


[R = C,H,Me-SO,.] 


In order to overcome the difficulties encountered in unsuccessful 
attempts to prepare 2: 4-dihydroxyanisole directly from 5-nitro- 
guaiacol it was considered necessary to protect the hydroxyl group 
of the nitro-compound. Moreover, it was essential that the protect- 
ing group employed must be stable during the stages of reduction, 
diazotisation, and decomposition of the diazonium salt and still be 
capable of being finally removed to give the required phenol (III). 
Thus, although 2-benzyloxy-p-anisidine was readily obtained, decom- 
position of the corresponding diazonium sulphate resulted in simul- 
taneous debenzylation and only a small amount of highly impure 
dihydroxyanisole was isolated. The p-toluenesulphonate of 5-nitro- 
guaiacol, however, proved a convenient starting material and 
enabled the preparation of (III) to be readily effected through the 
stages (I) and (II). 
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The orientation of the aldehyde (IV) follows from its methylation 
to asarylaldehyde, and on vigorous acetylation by the method of 
Perkin it gave 7.acetoxy-6-methoxycoumarin, Removal of the 
acetyl group gave 7-hydroxy-6-methoxycoumarin (scopoletin) the 
properties of which are identical with those of the natural product. 
The synthetic compound has m. p. 204° (acetate, m. p. 177°) in 
agreement with that of the natural compound given by Power and 
Moore (J., 1909, 95, 243), Moore (J., 1910, 97, 2223; 1911, 99, 
1043), and Edwards and Rogerson (Biochem. J., 1927, 21, 1010) 
Glaser, loc. cit., gives m. p. 199°). 

The properties of 2 : 4-dihydroxyanisole, m. p. 72°, closely resemble 
those of the compound, m. p. 66—67°, obtained by the alkali fusion 
of a sulphonic acid of guaiacol (D.R.-P. 109,289). This is in agree- 
ment with the suggestion of Herzig and Pollak (Monatsh., 1904, 25, 
808). 


EXPERIMENTAL. 


2-Benzyloxy-p-anisidine.—4-Nitro-2-benzyloxyanisole, obtained 
from 5-nitroguaiacol (Pollecoff and Robinson, J., 1918, 113, 648) 
by the action of benzyl chloride and potassium carbonate in boiling 
acetone, crystallised from benzene-ligroin in pale yellow prisms, m. p. 
91—92°, which in contact with the solvent changed to the form of 
m. p. 98° (Allan and Robinson, J., 1926, 376). 

A mixture of the nitro-compound (50 g.), hydrated sodium 
sulphide (100 g.), and water (400 c.c.) was refluxed for 21 hours. 
The cooled reaction mixture was extracted with chloroform and the 
gradual addition of sulphuric acid to the dried chloroform solution 
precipitated the sulphate (45 g.), which crystallised from hot water 
in needles. This salt is sparingly soluble in cold water. Decom- 
position of the sulphate with excess of 10° aqueous sodium hydr- 
oxide gave the amine, which separated from dilute methy] alcohol in 
colourless needles, m. p. 100—101° (Found: C, 73-4; H, 7-0. 
C,,H,,0,N requires C, 73-4; H, 6-6%). The compound is easily 
soluble in benzene or alcohol and sparingly soluble in ligroin or 
water. It gives with alcoholic ferric chloride a pale green coloration 
rapidly changing to purple and finally to blue, which persists after 
dilution with water. The acetyl derivative crystallised from dilute 
methyl alcohol in colourless needles, m. p. 135° (Found: C, 70-8; 
H, 6-5. C,,H,,0,N requires C, 70-8; H, 6-3%). 

5-Amino-2-methoxyphenyl p-Toluenesulphonate (1).—The p-tolu- 
enesulphonate of 5-nitroguaiacol was prepared by heating a mixture 
of 5-nitroguaiacol (30 g.), y-toluenesulphonyl chloride (48 g.), and 
pyridine (30 c.c.) on the steam-bath for 1 hour. It crystallised from 
acetone in prisms, m. p. 149°, identical with a specimen prepared by 
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the procedure of Reverdin and Crépieux (Ber., 1903, 36, 2258). 
These authors give m. p. 145°. 

The nitro-compound (40 g.) was gradually added to a hot solution 
of stannous chloride (100 g., anhydrous) in a mixture of acetic acid 
(100 ¢.c.) and concentrated hydrochloric acid (100 c.c.), and the 
reduction completed by heating on the steam-bath for 1 hour. The 
cooled reaction mixture was poured into 28% potassium hydroxide 
solution (600 c.c.) at 0°, and the suspension collected, washed with 
water, and extracted with boiling alcohol. After filtration, the 
greater part of the solvent was distilled, and the amine (29 g.) 
precipitated with water. Crystallised from methyl alcohol (char- 
coal), it formed colourless prisms, m. p. 151° (Found: C, 57-6; 
H, 5:2. ©,,H,,0,NS requires C, 57-3; H, 5-1%). The compound 
is easily soluble in benzene and sparingly soluble in water or ligroin, 
The ferric chloride reaction in alcohol is reddish-brown, changing to 
wine-red on dilution with water. The acetyl derivative crystallised 
from 50% methyl alcohol in rhombic plates, m. p. 138—139° (Found : 
C, 57-3; H, 5-2. C,,H,,O,NS requires C, 57-3; H, 51%). On 
addition of sulphuric acid to a chloroform solution of the base the 
sulphate was obtained, which crystallised from water in sparingly 
soluble needles. 

5-Hydroxy-2-methoxyphenyl p-Toluenesulphonate (11).—The fore- 
going sulphate was suspended in water (400 c.c.) and concentrated 
sulphuric acid (22 c.c.) cooled to below 0° and diazotised by the 
addition of sodium nitrite (8-5 g.) (agitate). After 3 hours the 
diazonium solution was gradually added to a boiling solution of 
copper sulphate (400 g.) in water (400-c.c.). After cooling, the 
reaction mixture was extracted three times with ether and the 
combined extracts were washed with sodium bicarbonate solution 
and dried. The residue left on removal of the solvent crystallised 
from warm 50% methyl alcohol (charcoal) in yellow prisms (11 g.). 
On recrystallisation, the phenol formed colourless squat prisms, 
m, p. 124° (Found: C, 57-3; H, 5-0. C,,H,,0,S requires C, 57-1; 
H, 48%). The substance is easily soluble in alcohol, moderately 
easily soluble in benzene, and almost insoluble in water. It gives 
with alcoholic ferric chloride a pale green coloration which deepens 
on dilution with water. 

2 : 4-Dihydroxyanisole (III).—A solution of the foregoing p-toluene- 
sulphonate (35 g.) in 12% aqueous potassium hydroxide was refluxed 
for 4 hours, cooled, and neutralised with hydrochloric acid. The 
mixture was saturated with ammonium sulphate, and 2 : 4-dihydr- 
oxyanisole isolated by eight extractions with ether. The semi- 
solid, dark red product was distilled under diminished pressure ; 
the pale yellow distillate (11 g.), b. p. 175—178°/25 mm., which 
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solidified, crystallised from benzene or benzene-ligroin in colourless 
hygroscopic plates, m. p. 72° (Found: C, 60-2; H, 6-1. Cale. for 
C,H,0,: C, 60-0; H,5-7%). (Moore, loc. cit., gives m. p. 66—68°.) 
In alcohol the ferric chloride reaction is grass-green, changing to 
orange-yellow on dilution with water. The phenol dissolves in 
concentrated sulphuric acid to a light brown solution and, after 5 
minutes, on addition of a little water, an intense crimson colour is 
produced, changing to pale blue on further dilution. On addition 
of an excess of alkali, the blue colour changes to reddish-orange, 
but returns on acidification with mineral acid. 

Acetylation with pyridine and acetic anhydride gave the diacetate, 
m. p. 63° (Moore, loc. cit., gives m. p. 62—64°). 

2 : 4-Dihydroxy-5-methoxybenzaldehyde (IV).—The condensation 
of 2 : 4-dihydroxyanisole (10 g.) and hydrogen cyanide (10 c.c.) in 
ethereal solution was effected by means of zinc cyanide (5 g.) and 
excess of hydrogen chloride. On hydrolysis of the aldimine-zinc 
chloride compound at 80°, the aldehyde separated as a brown solid 
(10 g.). Crystallised from dilute methyl alcohol (charcoal), it 
formed pale straw-coloured, elongated prisms, m. p. 152° (Found: 
C, 57-5; H, 5-1. C,H,O, requires C, 57-1; H, 48%). With 
alcoholic ferric chloride the substance gives a dark green coloration 
which changes to pale green on dilution with water. The aldehyde 
was acetylated (0-5 g.) by means of acetic anhydride (3 c.c.) and 
pyridine (2 c.c.) at 37° during 24 hours; the resulting diacetate 
crystallised from alcohol in colourless needles, m. p. 119°, which did 
not give a ferric chloride reaction (Found: C, 57:3; H, 51. 
C,.H.0, requires C, 57-1; H, 4-8%). 

Methylation of this aldehyde by means of methyl iodide and 
potassium carbonate in boiling acetone gave a quantitative yield of 
asarylaldehyde, which crystallised from dilute alcohol in colourless 
needles, m. p. 114° alone or mixed with an authentic specimen. 

Scopoletin (V).—A mixture of the foregoing aldehyde (3 g.), 
sodium acetate (6 g.), and acetic anhydride (15 c.c.) was heated on 
the steam-bath for 2 hours and then at 180° for 14 hours. After the 
addition of warm water (80 c.c.) to the reaction mixture, the liquid 
was decanted from the brown gum which separated and, on cooling, 
O-.acetylscopoletin (1 g.) crystallised. Purified, it separated from 
alcohol or acetic anhydride in colourless rectangular plates, m. p. 
177° (Found: C, 61-7; H, 43. Cale. for C,,H,)0;: C, 61-7; 
H, 4-6%). 

A suspension of the acetate (0-7 g.) in a mixture of methy] alcohol 
(15 e.c.) and hydrochloric acid (10 c.c.) was refluxed for 5 minutes. 
On cooling, the dark bluish solution deposited scopoletin in pale 
yellow needles (0-45 g.). Recrystallised from alcohol, it formed 
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colourless needles, m. p. 204° (Found : C, 62-4; H, 4:5. Cale. for 
CypH,O,: C, 62-5; H, 42%). 

An alcoholic or aqueous-alcoholic solution of the synthetic material 
exhibits the blue fluorescence characteristic of the natural substance. 
The ferric chloride reaction is green and the potassium permanganate 
reaction is identical with that described by Kunz-Krause (Arch. 
Pharm., 1885, 223, 721). 


The authors wish to express their thanks to the Chemical Society 
for grants which have partly defrayed the cost of this investigation. 


LoNDON ScHOOL OF HYGIENE East LONDON COLLEGE. 
AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. | Received, March 16th, 1931.] 





CLXV.—Hydroxy-carbonyl Compounds. Part II. 
The Benzoylation of Ketones derived from Phloro- 
glucinol. 


By FREDERICK W. CanTER, FRANK H. Curb, and ALEXANDER 
ROBERTSON. 


THE partial benzoylation of phloroglucinaldehyde gave as the main 
product a monobenzoate (Robertson and Robinson, J., 1927, 1710) 
which has been shown by Robinson (J., 1928, 1455) to be 2-O-benz- 
oylphloroglucinaldehyde. In view of the interesting behaviour 
of this aldehyde, which, as Robinson has pointed out, may be 
contrasted with that of phloroglucinolcarboxylic acid (Fischer, 
Annalen, 1910, 371, 303), a study of the benzoylation of ketones 
derived from phloroglucinol was undertaken. Accordingly, there- 
fore, the experiments described below were carried out under 
conditions comparable with those employed in the prejaration of 
the benzoate of phloroglucinaldehyde. 


HO’ \OH Bz0’ \OH HO’ NOH 
OR COR \_ Xor 


OH OH OBz 
(I.) (II.) (111.) 
BzO OMe HO OMe MeO, OH 
COR \ Jcor ‘OR 
Me OMe OMe 
(IV.) (V.) (VI.) 


On benzoylation, phloracetophenone and phlorpropiophenone 
formed mainly the p-monobenzoates (II, R = Me) and (II, R = Et). 
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In addition, small amounts of the isomeric esters (III, R = Me) and 
(III, R= Et) were obtained. Phlorbutyrophenone (Karrer, 
Helv. Chim. Acta, 1919, 2, 466) and phlorbenzophenone afforded only 
the corresponding p-benzoates (II, R = n-Pr) and (II, R = Ph), 
but it must be noted that, owing to the practical difficulties 
experienced in purifying the products, traces of the isomeric esters 
may have escaped detection. Dibenzoates do not appear to be 
formed in any appreciable amounts but, curiously enough, under 
slightly modified conditions phlorbenzophenone readily forms a 
tribenzoate. 

Sonn and Biilow (Ber., 1925, 58, 1696) describe a mono- and a 
di-benzoate of phloracetophenone which they obtained by the action 
of benzoyl chloride on an aqueous solution of the monosodium salt. 
Neither of the products obtained by us appears to be identical with 
the monobenzoate described by these authors. 

The orientation of the esters of the type (II) is established by 
methylation to the dimethyl ethers, type (IV), and subsequent 
hydrolysis with the formation of the corresponding hydroxydi- 
methoxy-ketones (V). Sufficient material was not available to 
enable us to undertake the methylation of the O-benzoates of phlor- 
acetophenone and phlorpropiophenone. In order to prove that this 
derivative of phloracetophenone (III, R = Me) is a benzoate and not 
a benzophenone it was converted by means of benzoyl chloride and 
pyridine into 2: 4: 6-tribenzoyloxyacetophenone. This tribenzoate, 
which can also be obtained directly from phloracetophenone, is 
readily debenzoylated, yielding the original ketone. 

The condensation of the appropriate nitriles with phloroglucinol 
dimethyl ether by the method of Hoesch and hydrolysis of the 
resulting ketimines afforded an independent method of preparing 
the ketones (V, R = Me), (V, R = Et), and (V, R = n-Pr) together 
with the corresponding isomerides (VI). In the case of acetonitrile 
the ketimines were separated by crystallisation before hydrolysis; 
with propionitrile, to effect a separation of the ketones, advantage 
was taken of the different rates of hydrolysis of the two ketimines 
(compare Johnson and Robertson, J., 1930, 21). The p-hydroxy- 
ketones (type V) are soluble in dilute sodium carbonate solution, 
and in the case of the n-butyro-derivatives this property was utilised 
in separating the isomerides obtained by hydrolysis of the mixed 
ketimines. The two classes of ketone may also be readily dis- 
tinguished, since (VI) gives a ferric chloride reaction and (V) does 
not. 

The condensation of acetonitrile and phloroglucinol dimethyl ether 
has been previously described by Shinoda (J. Pharm. Soc. Japan, 
1927, 111), who obtained as the final products the known ketone 
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(VI, R = Me) and a diketone, m. p. 152—153°. The production 
of a diketone in this manner appears to be unique.. Despite a careful 





search, the only product in addition to (VI, R = Me) which we were 
able to isolate was the ketone (V, R = Me), m. p. 185+5°. 

The orientations of 2-hydroxy-4 : 6-dimethoxypropiophenone and 
2-hydroxy-4 : 6-dimethoxy-n-butyrophenone are established by ring 
closure with sodium acetate and acetic anhydride to the 1 : 4-benzo- 
pyrones (VII, R = Me; R, = Me) and (VII, R = Me; R, = Et). 
The flavone (VII, R = Ph; R, = Me) is obtained from the former 
ketone by Robinson’s peepndinn. 


0 
MeO oo “) cme vn 


MeO “0 MeO CO MeO R 
(VIL.) (VIII.) (IX.) 


The conclusion that the products (VII, R = Me; R, = Me) and 
(VII, R= Me; R,= Et) are 1:4-benzopyrones and not the 
coumarins (IX, R = Et) and (IX, R= -Pr) is based on the 
behaviour of analogous ketones under the same conditions (Kosta- 
necki and Rézycki, Ber., 1901, 34, 102; Kostanecki and Lloyd, 
ibid., p. 2942; Crabtree and Robinson, J., 1918, 113, 859; Baker, 
J., 1925, 127, 2349; Robinson and co-workers, J., 1929, 61, 152, 
which see for further references). 

Vigorous acetylation of 2-hydroxy-4 : 6-dimethoxyacetophenone 
gives rise to a product which we consider to be 5 : 7-dimethoxy- 
3-acetyl-2-methyl-1 : 4-benzopyrone (VIII). Evidence of this con- 
stitution is afforded by the results of Nagai (Ber., 1892, 25, 1284), 
Tahara (ibid., p. 1302), Kostanecki and co-workers (loc. cit.), and 
Wittig (Ber., 1924, 57, 88; Annalen, 1925, 446, 155). These 










authors find that the formation of 2-methyl-1 : 4-benzopyrones from 
0-hydroxyacetophenones. by means of acetic anhydride and sodium 
acetate is sometimes accompanied by acetylation in the 3-position. 
In addition, in certain cases Wittig obtained unsubstituted pyrones 
together with the isomeric coumarins. The latter substances do not 
appear to form C-acetyl derivatives under these conditions and hence 
it appears unlikely that our product is a derivative of (IX, R = Me). 
The formation of 2-methyl-1 : 4-benzopyrones from w-substituted 
0-hydroxyacetophenones (CO-CH,X, where X may be OMe, Me, 
etc.) is not accompanied by nuclear acetylation (compare Kostanecki 
and co-workers, loc. cit.; Allan and Robinson, J., 1924, 125, 2192; 
Baker, loc. cit. : Wittig, loc. cit.). This fact is in agreement with the 
view that the C-acetyl group is in the 3-position. 
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EXPERIMENTAL. 

Benzoylation of Phloracetophenone.—(A) A mixture of phloraceto. 
phenone (5 g.), benzoyl chloride (5-8 g.), and pyridine (20 c.c.) was 
kept at room temperature for 1-5 hours and then poured into water 
(350 c.c.). An ethereal extract of the reaction mixture was washed 
several times with water and, on evaporation of the solvent, the 
product (3 g.) solidified. Recrystallised from methyl alcohol, 
2:4: 6-tribenzoyloxyacetophenone formed squat prisms, m. p. 117— 
118° (Found : C, 72-3; H, 4-6. CC. gH,,0, requires C, 72-5; H, 4-2%). 
The substance is insoluble in alkali and does not give a ferric chloride 
reaction. It is sparingly soluble in alcohol and readily soluble in 
ether or acetone. Evaporation of the methyl-alcoholic residues 
gave a small amount of unchanged phloracetophenone. 

A suspension of the tribenzoate (2-5 g.) in a mixture of methyl 
alcohol (25 ¢.c.) and 10% aqueous potassium hydroxide (25 c.c.) 
was heated on the water-bath for 4 hour. After cooling, the clear 
solution was kept for 1-5 hours at room temperature and then 
acidified with 5% hydrochloric acid. The precipitate wascollected and 
treated with aqueous sodium bicarbonate solution to remove benzoic 
acid. The residual phloracetophenone had m. p. and mixed m. p. 
217—218° after crystallisation from ethyl acetate—ligroin. 

(B) A solution of phloracetophenone (10 g.) in 2-1% aqueous 
potassium hydroxide (200 c.c.) was cooled to — 1°; part of the 
potassium derivative crystallised. Benzoyl chloride (8-4 g.) was 
then introduced in six portions with very vigorous shaking, which 
was finally continued for 15 minutes. The mixture was poured into 
saturated sodium bicarbonate solution (250 c.c.) and after 2 hours 
the solid was collected, washed with water, and dissolved in ether. 
The ethereal solution was twice extracted with 10°, sodium carbon- 
ate solution (100 c.c.), washed with water, and dried. Removal of 
the solvent left 4-O-benzoylphloracetophenone as a solid (3 g.) which 
crystallised from methyl alcohol in elongated plates, m. p. 210—211° 
(Found: C, 65-9; H, 4:5. C,;H,,0; requires C, 66-2; H, 4:4%). 
The substance is sparingly soluble in cold alcohol and readily soluble 
in warm benzene. It gives with alcoholic ferric chloride a reddish- 
brown coloration which becomes brown on dilution with water. 

Acidification of the combined sodium carbonate extracts with 
hydrochloric acid gave impure 2-O-benzoylphloracetophenone (1 g.). 
After several crystallisations from methyl alcohol a small amount 
of the pure substance was obtained in colourless short prisms, m. Pp. 
168° (Found: C, 66-0; H, 4-7%). The ferric chloride reaction is 
wine-red and is unchanged by the addition of water. A mixture of 
the two monobenzoates melted at about 158°. 

On treatment with benzoyl chloride and pyridine, 2-O-benzoyl- 
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phloracetophenone gave the tribenzoate, m. p. and mixed m. p. 
117°. 

4-Benzoyloxy-2 : 6-dimethoxyacetophenone (IV, R = Me).—4-0O- 


| Benzoylphloracetophenone (5 g.) was dissolved in acetone (100 c.c.) 


and methylated by means of methyl iodide (15 c.c.) and anhydrous 
potassium carbonate (25 g.) during 12 hours on the steam-bath. 
After filtration from potassium salts, the acetone and excess of 
methyl iodide were removed by distillation and the residue was 
extracted with hot ligroin. On cooling, the dimethyl ether (5 g.) 
crystallised ; on recrystallisation from the same solvent, it formed 
colourless rectangular prisms, m. p. 119° [Found : C, 68-0; H, 5-5; 
OMe, 20-7. C,;H,,0,(OMe), requires C, 68-0; H, 53; OMe, 
20-7%]. The compound is readily soluble in alcohol and ethyl 
acetate, and does not give a ferric chloride reaction, 

4-Hydroxy-2 : 6-dimethoxyacetophenone (V, R = Me).—A solution 
of the foregoing benzoate (3 g.) in 8% methyl-alcoholic potassium 
hydroxide (120 c.c.) was kept at room temperature for 2-5 hours and 
then neutralised with hydrochloric acid. After evaporation of the 
methyl alcohol in a vacuum, the solid residue was washed with 
sodium bicarbonate solution to remove benzoic acid and then with 
water. Crystallisation of the dried solid from warm ethyl acetate 
gave the ketone in slender prisms, m. p. 185-5° [Found: C, 61-3; 
H, 6-4; OMe, 31-6. C,H,O,(OMe), requires C, 61-2; H, 6-1; OMe, 
31-6%]. The compound is readily soluble in alcohol and does not 
give a ferric chloride reaction. Unlike 2 : 4-O-dimethylphloraceto- 
phenone, it dissolves in aqueous sodium carbonate solution. 

Condensation of Phloroglucinol Dimethyl Ether and Acetonitrile.— 
A solution of phloroglucinol dimethyl ether (5 g.) and acetonitrile 
(1-5 g.) in ether (50 c.c.) was saturated with hydrogen chloride in the 










presence of zine chloride (2 g.). Two days later, the liquid was 
decanted and the mixed ketimine hydrochlorides were washed with 
ether. A suspension of the mixture in water (100 c.c.) was heated 
on the steam-bath for 10 minutes and, after cooling, the solid was 
collected and dissolved in warm alcohol. The crystalline ketimine 
which separated from the cooled solution was collected and 
hydrolysed by boiling for 20 minutes with water (50 c.c.). The 
resulting 4-hydroxy-2 : 6-dimethoxyacetophenone (2 g.) crystallised 
from ethyl acetate in slender prisms, m. p. and mixed m. p. 185-5° 
(Found: C, 61-3; H, 65%). Benzoylation by means of benzoyl 
chloride and pyridine gave the benzoate, m. p. and mixed m. p. 119°. 

On addition of ethyl acetate to the alcoholic filtrate from the 
foregoing ketimine a precipitate of the isomeric compound was 
obtained. Hydrolysed by boiling for 1 hour with water (80 c.c.), it 
gave 2-hydroxy-4 : 6-dimethoxyacetophenone which, on crystallis- 
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ation from alcohol and then from light petroleum, formed irregular 
prisms, m. p. 80—81° unchanged by repeated recrystallisation (com. 
pare Friedlander and Schnell, Ber., 1897, 30, 2152; Kostanecki and 
Tambor, ibid., 1899, 32, 2262; Asahina and co-workers, J. Pharm, 
Soc. Japan, 1927, 133). Acetylation by means of acetic anhydride 
and sodium acetate on the steam-bath for 3 hours afforded the acetate, 
m. p. 106—107°. 

5 : 7-Dimethoxy-3-acetyl-2-methyl-1 : 4-benzopyrone (VIIT).—A mix. 
ture of 2-hydroxy-4 : 6-dimethoxyacetophenone (1 g.), sodium J 7 
acetate (1:3 g.), and acetic anhydride (8 c.c.) was heated at 180° 
(oil-bath) for 12 hours. On isolation, the pyrone crystallised from § y 
methyl alcohol and then from ethyl acetate—ligroin in colourless § of 
prisms, m. p. 169° (Found: C, 64-2; H, 5-6. C,,H,,0; requires § »; 
C, 64-1; H, 53%). The colourless solution of the substance in ff a¢ 
concentrated sulphuric acid exhibits a faint green fluorescence in § th 
the light of a carbon arc. th 

Phlorpropiophenone (I, R = Et).—Phloroglucinol (6 g.) was dis- § fo 
solved in ether (30 c.c.) and condensed with propionitrile (2-9 g.) by J H, 
means of hydrogen chloride in the presence of zinc chloride (1 g.). J aq 
After 60 hours, the ketimine hydrochloride was isolated and hydro. § 
lysed by boiling with water (50 c.c.). Crystallised from water, the § 4 , 
ketone separated as a hydrate in colourless needles, m. p. 174—175° (3. 
(Found: C, 53-8; H, 64. C,H, 90,,H,O requires C, 54-0; H, 
6-0%). The substance is readily soluble in alcohol and warm water. 
With alcoholic ferric chloride it gives a purple coloration unchanged 
on dilution with water. 

Benzoylation of Phlorpropiophenone.—A solution of the ketone 
(10 g.) in 1-5° aqueous potassium hydroxide (300 c.c.) was treated 
with benzoyl chloride (7-7 g.)._ The isolation of the product and the 
separation of the isomerides were carried out in the manner described 
for corresponding benzoates of phloracetophenone. On crystallis- 
ation from benzene and then from methyl alcohol, 4-O-benzoylphior- 
propiophenone (II, R = Et) formed colourless needles (3 g.), m. p. 
193° after sintering at 188° (Found: C, 66-8; H, 5-0. C,,H,,0; 
requires C, 67-1; H, 49%). The compound is moderately easily fj; 
soluble in warm alcohol and sparingly soluble in boiling benzene. It 
gives with alcoholic ferric chloride a reddish-brown coloration which 
fades on the addition of water. 

The crude 2-O-benzoylphlorpropiophenone (III, R = Et) (1-2 g,) 
was purified by repeated crystallisation from benzene and then from 
methyl alcohol, forming short rhombic prisms, m. p. 191—192° after 
sintering at 187—188° (Found : C, 66-9; H,4-9%). The substance 
is readily soluble in alcohol and gives with alcoholic ferric chloride 
an intense wine-red coloration which is unchanged on dilution 
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with water. A mixture of the two monobenzoates melts at about 
167°. 

4-Benzoyloxy-2 : 6-dimethoxypropiophenone (1V, R = Et).—The 
monobenzoate (5 g.) was methylated by means of methyl iodide 
(15 c.c.) and excess of potassium carbonate in boiling acetone 
(75 c.c.) during 30 hours, After isolation, the dimethyl ether 
erystallised from methyl alcohol in needles, m. p. 103° [Found : 
(, 68-8; H, 5-9; OMe, 19-2. C,,H,,0,(OMe), requires C, 68-8; 
H, 5:7; OMe, 19-8°%]. It does not give a ferric chloride reaction. 

4- Hydroxy - 2 : 6-dimethoxypropiophenone (V, R = Et).—15% 
Methyl-aleoholic potassium hydroxide (40c.c.) was added to a solution 
of the foregoing compound (2 g.) in methyl alcohol (40 c.c.), and the 
mixture kept at room temperature for 2 hours and then acidified with 
acetic acid. The methyl alcohol having been removed in a vacuum, 
the residual solid was washed with sodium bicarbonate solution and 
then with water. Crystallised from ethyl acetate, the substance 
formed colourless elongated prisms, m. p. 180° (Found: C, 63:3; 
H, 68. C,,H,,0, requires C, 62-9; H, 6-7%). It is soluble in 5% 
aqueous sodium hydroxide and does not give a ferric chloride reaction. 

Condensation of Phloroglucinol Dimethyl Ether and Propionitrile.— 
A solution of phloroglucinol dimethyl ether (8-8 g.) and propionitrile 
(3-4 g.) containing zine chloride (2 g.) in suspension was saturated 
with hydrogen chloride. Two days later, the mixed ketimine hydro- 
chlorides were collected and washed with ether, A suspension of the 
mixture in water (150 c.c.) was boiled for 4 hour; on cooling, the 
oily product solidified. The solid was dissolved in a small volume 
of hot alcohol and, on cooling, 2-hydroxy-4 : 6-dimethoxypropio- 
phenone (4-5 g.) crystallised. Recrystallised from the same solvent, 
it formed elongated plates, m. p. 111° [Found: C, 62-8; H, 7-0; 
OMe, 28-4. C,H,O,(OMe), requires C, 62-8; H, 6°7; OMe, 29-5%]. 
The compound is insoluble in cold 5% aqueous sodium hydroxide 
and gives a wine-red ferric chloride reaction. 

On addition of ethyl acetate to the alcoholic filtrate obtained after 
removal of the foregoing crude ketone the ketimine of 4-hydroxy- 
2:6-dimethoxypropiophenone crystallised. Hydrolysis of this 
derivative was effected by boiling for 1-5 hours with water (100 c.c.). 
The resulting ketone separated from ethyl acetate in prisms, m. p. 
and mixed m. p. 180° (Found: C, 63-1; H, 7-1; OMe, 28-5%). 
Benzoylation of the substance by means of benzoyl chloride and 
pyridine gave the benzoate (IV, R = Et), m. p. and mixed m. p. 
103°. Vigorous acetylation with acetic anhydride and sodium 
acetate at 180° afforded the acetate, which separated from dilute 


ide falcohol in elongated rectangular plates, m. p. 76° (Found : C, 61:7; 
lution FH, 6-6. C,3H,,0, requires C, 61-9; H, 6-4%). 
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5 : 7-Dimethoxy-2 : 3-dimethyl-1 : 4-benzopyrone (VII, R and R, = 
Me).—A mixture of 2: 4-O-dimethylphlorpropiophenone (2-5 g.), 
sodium acetate (2-5 g.), and acetic anhydride was heated at 180° 
for 13 hours. After isolation, the substance crystallised from dilute 
methyl alcohol in colourless rhombic prisms, m. p. 189—190° 
(Found : C, 66-6; H, 6-4. C,,H,,0, requires C, 66-7; H, 6-0%). 

5 : 7-Dimethoxy-3-methylflavone.—An intimate mixture of 2: 4. 
O-dimethylphlorpropiophenone (1-5 g.), sodium benzoate (2 g.), 
and benzoic anhydride (10 g.) was heated (oil-bath) for 12 hours at 
180—190°. The cooled melt was dissolved in warm alcohol (80 c.c.), 
a solution of potassium hydroxide (10 g.) in water (10 c.c.) introduced, 
and the mixture gently refluxed for 15 minutes. After isolation, 
the flavone crystallised from methyl alcohol in colourless rectangular 
prisms, m. p. 178—179° (Found : C,73-0; H, 5-7. C,gH,,0, requires 
C, 73-0; H, 54%). The pale yellow solution of the compound in 
concentrated sulphuric acid exhibits a bright blue fluorescence. 

Benzoylation of Phlorbutyrophenone.—In preparing phlorbutyro-. 
phenone by the method of Karrer (loc. cit.) it was found necessary 
to use only a fifth of the volume of water recommended for the 
hydrolysis of the ketimine, otherwise the ketone did not separate 
from the cooled solution. It has m. p. 183° (Karrer gives m. p, 
179—180°). 

Phlorbutyrophenone (10 g.) was dissolved in warm 10% aqueous 
potassium hydroxide (43 c.c.), and the solution cooled to room tem- 
perature, diluted with water (150 c.c.), and then cooled to 0°; the 
greater part of the potassium derivative separated in plates. Benzoyl 
chloride (6-9 g.) was then introduced in six portions with very 
vigorous shaking, which was continued until the odour of the chloride 
had disappeared. The resulting mixture was stirred with excess of 
aqueous sodium bicarbonate for 1 hour, and the solid collected, 
washed with water, and dried. A solution of the product in ether 
(100 ¢.c.) was filtered to remove traces of insoluble material and 
washed four times with 10°% sodium carbonate solution (30 c.c.). 
Removal of the solvent left 4-O-benzoylphlorbutyrophenone as a gum 
which crystallised from hot benzene. On repeated crystallisation 
from methyl alcohol, it was finally obtained in tiny rectangular 
prisms (0-7 g.), m. p. 164° (Found: C, 68-0; H, 5-6. C,,H,,0; 
requires C, 68-0; H, 5-3%). The substance is readily soluble in 
alcohol and ether and moderately easily soluble in warm benzene. 
It gives a red ferric chloride reaction. Evaporation of the methyl- 
alcoholic filtrates gave a mixture from which a definite compound 
could not be isolated. 

On acidification of the combined sodium carbonate extracts, 4 
small amount of resin separated. Extraction of the filtered solution 
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with ether afforded only a trace of solid, m. p. 164°, which was found 
to be identical with the above benzoate. 

4-Benzoyloxy-2 : 6-dimethoxybutyrophenone (IV, R = n-Pr).—The 
benzoate (1 g.) was dissolved in boiling acetone (50 c.c.) and methy!- 
ated by refluxing for 10 hours with methyl iodide (5 c.c.) and excess 
of potassium carbonate. After isolation, the dimethyl ether crystal- 
lised from 60° methyl alcohol in elongated rectangular prisms 
(0-9 g.), m. p. 86° [Found : C, 70-0; H, 6-2 ; OMe, 18-8. C,,H,,0;(OMe), 
requires C, 69-5; H, 6-1; OMe, 18-9%]. 

4-Hydroxy-2 : 6-dimethoxybutyrophenone (V, R = n-Pr).—Hydro- 
lysis of the benzoate (0-5 g.) was effected by means of 6% methyl- 
alcoholic potassium hydroxide (35 ¢.c.) at room temperature during 
24 hours. The mixture was acidified with acetic acid, the alcohol 
removed by distillation under diminished pressure, and the product 
separated from potassium acetate and potassium benzoate by 
extraction with ether. The ketone crystallised from ethyl acetate— 
ligroin in rectangular prisms, m. p. 107° (Found: C, 64-6; H, 7-4. 
C,9H,,0, requires C, 64-3; H, 7-1%). The compound is readily 
soluble in ether and alcohol, and sparingly soluble in warm water. 
It dissolves in dilute aqueous sodium hydroxide or sodium carbonate 
solution. 

Condensation of n-Butyronitrile and Phloroglucinol Dimethyl 
Ether —A solution of phloroglucinol dimethyl ether (12 g.) and 
n-butyronitrile (8 g.) in dry ether (150 c.c.) was saturated with 
hydrogen chloride at 0° in the presence of zinc chloride (4 g.). After 
24 hours, the crystalline mass of mixed ketimine hydrochlorides was 
collected, washed three times with ether, and hydrolysed by heating 
with water (200 c.c.) on the steam-bath for 15 minutes and then 
under reflux for 1 hour. On cooling, the oil was dissolved in ether, 
and the ethereal solution extracted four times with 10°% sodium 
carbonate solution (50 c.c.), washed with water, and dried. Removal 
of the solvent left 2-hydroxy-4 : 6-dimethoxybutyrophenone as a solid 
which separated from 50% alcohol in long rectangular prisms (5 g.), 
m. p. 70° [Found: C, 64-5; H, 7-4; OMe, 26-7. C 9H 90.(OMe), 
requires C, 64-3; H, 7-1; OMe, 27-7%]. With alcoholic ferric 
chloride this ether gives a dark brownish-red coloration. It is very 
sparingly soluble in hot water. 

The combined sodium carbonate extracts were acidified with 
dilute hydrochloric acid and the isomeric ketone was isolated by 
means of ether. Crystallised from ethyl acetate—ligroin, it formed 
rectangular prisms (1 g.), m. p. and mixed m. p. 107° (Found: C, 
64:6; H, 7-3; OMe, 27-0%). This compound does not give a ferric 
chloride reaction. 

5 : 7-Dimethoxy-2-methyl-3-ethyl-1 : 4-benzopyrone (VII, R = Me; 
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R, = Et).—A mixture of 2-hydroxy-4 : 6-dimethoxybutyrophenone 
(1 g.), anhydrous sodium acetate (2 g.), and acetic anhydride (6 c.c.) 
was heated at 170—180° (oil-bath) for 10 hours. The mixture was 
poured into excess of water and acidified with hydrochloric acid, 
Congo-red being used as an indicator. After 24 hours, the solid was 
collected, washed with water, and crystallised from dilute methy]| 
alcohol. The pyrone formed small rectangular prisms, m. p. 118° 
[Found : C, 67-8; H, 6-7; OMe, 25-2. C,,.H, 90,(OMe), requires J so 
C, 67-7; H, 6-5; OMe, 25-0%]. The compound is readily soluble in J 2. 
ethyl or methyl alcohol. It forms a colourless solution in concen. § 17 
trated sulphuric acid which exhibits a bluish-green fluorescence. m 
Benzoylation of Phlorbenzophenone.—(A) A solution of phlor. } (I 
benzophenone (10 g.) in 1% potassium hydroxide (300 c.c.) was 
cooled to 0°, and benzoy! chloride (6 g.) introduced in 6 portions with 
very vigorous shaking, which was finally continued until the odour § ha 
of the chloride had disappeared. Aqueous sodium bicarbonate 
(300 c.c.) was then added to the mixture and after 1 hour the gum 
was collected, dried, and extracted with boiling benzene. Part of 
the benzene was removed by distillation; on cooling, 4-O-benzoyl. 
phlorbenzophenone separated. ‘The benzoate was recrystallised from 
benzene and then from chloroform-ligroin, forming colourless 
needles (2 g.), m. p. 186° (Found: C, 71-8; H, 4:6. C,)H,,0; C 
requires C, 71-9; H, 4:2%). The compound is readily soluble in 
methyl or ethyl alcohol and gives a reddish-brown ferric chloride 
reaction. A second isomeride could not be isolated from the 
residues. 
(B) When the quantity of potassium hydroxide is increased 
from 1-25 mols. to 1-5 mols. in the above experiment the main product J Ac 
,is the tribenzoate. The crude material was dissolved in ether (150 § ac 
c.c.), and the solution twice extracted with 10° sodium carbonate § ac 
solution (150 c.c.). After removal of the ether the residual oil § G! 
solidified and, on crystallisation from methyl alcohol, the substance § th 
formed elongated rectangular prisms (2-5 g.), m. p. 125—126° § ha 
(Found: C, 75-9; H, 4-2. Cy,H,.0, requires C, 75-3; H, 40%). § av 
It is readily soluble in alcohol and does not give a ferric chloride § an 
reaction. ot 
Acidification of the combined sodium carbonate extracts gave a § co 
small amount of material, m. p. about 96°, from which a definite J 19 
compound could not be isolated. at 
4.Benzoyloxy-2 : 6-dimethoxybenzophenone (IV, R = Ph).—The § th 
monobenzoate (4 g.) was methylated by means of methyl iodide J of 















































(20 ¢.c.) and potassium carbonate (16 g.) in boiling acetone (75 c.c.) J (I 
during 6 hours. After isolation, the dimethyl ether (3:3 g.) was | b; 






crystallised from alcohol and then from ethyl acetate-ligroin, form- 
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ing coloutless octahedral prisms, m. p. 170—171° [Found : C, 72-8; 
H, 5-2; MeO, 16-9. C,,H,,0,(OMe), requires C, 72-9; H, 5-0; 
MeO, 17-1%]. 

A solution of the compound (2 g.) in 10% methyl-alcoholic 
potassium hydroxide (80 c.c.) was kept at room temperature for 
2 hours and then acidified with acetic acid. After removal of the 
alcohol by distillation the residue was washed with sodium bicarbonate 
solution and crystallised from aqueous alcohol. 4-Hydroxy- 
2: 6-dimethoxybenzophenone separated in rhombic plates, m. p. 
178—179°, and was identical with a specimen prepared by the 
method of Karrer and Lichtenstein (Helv. Chim. Acta, 1928, 11, 789) 
(Found: C, 70-2; H, 5-6. Cale. for C,;H,,0,: C, 69-8; H, 5-4%). 


The authors are indebted to the Chemical Society for grants which 
have partly defrayed the cost of this investigation. 
Lonpon ScHoot oF HYGIENE AND TROPICAL MEDICINE, 


UNIVERSITY OF LONDON. East Lonpon COLLEGE. 
[ Received, March 16th, 1931.] 


CLXVI.—Hydroxy-carbonyl Compounds. Part III. 
The Preparation of Couwmarins and 1: 4-Benzo- 
pyrones from Phloroglucinol and Resorcinol. 


By FreperRick W. Canter, Frank H. Curb, and ALEXANDER 
ROBERTSON. 


Accorpine to the well-known method of Pechmann esters of 
acylacetic acids condense with phenols in the presence of sulphuric 
acid (or zine chloride) to give coumarins. Though Jacobson and 
Ghosh (J., 1915, 107, 424, 1051) concluded that in certain instances 
the products obtained by this reaction were 1 : 4-benzopyrones, it 
has been shown conclusively that the compounds to which these 
authors have ascribed a 1 : 4-pyrone structure are coumarins (Baker 
and Robinson, J., 1925, 127, 1981; Baker, ibid., p. 2349). On the 
other hand, when phosphoric oxide replaces sulphuric acid as the 
condensing agent, Simonis and his co-workers (Ber., 1913, 46, 2014; 
1914, 47, 697, 2229) have found that the reaction takes the altern- 
ative course and | : 4-pyrones are formed. Accordingly, therefore, 
the procedure of Simonis Seemed to us to offer a convenient solution 
of the problem of independently synthesising the 1 : 4-benzopyrones 
(IV, R = Me) and (IV, R = Et) which we consider to be formed 
by ring closure of the ketones (III, R = Me) and (III, R = Et) 
by means of sodium acetate and acetic anhydride. Further, by 
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methylating the products we hoped to obtain the dimethyl ethers of 
(IV, R = Me) and (IV, R = Et) described in the previous paper. 
The condensation of phloroglucinol and ethyl «-methylacetoacetate 
under the influence of phosphoric oxide proceeded readily, but in 
place of the expected 1 : 4-pyrone (IV, R = Me) it resulted in the 
formation of the coumarin (I, R= Me). This substance was 
identical with a specimen prepared by the method of Pechmann, 


HO Neo MeO Neo HO’ NOH 
CO-CH,R 
OH 


\ JR \ 
OH Me MeO Me 
(I.) (II.) (ui1.) | 
( O 
HY \c Ph HO 0 HON \oMe 
\Z CH \G \/OR 
OH CO OH Ph OH CO 
(V.) (VI.) (IV.) 


Further, the interaction of phloroglucinol dimethyl ether and the 
same ester in the presence of phosphoric oxide afforded the dimethyl 
ether (II, R = Me) identical with the ether derived from an authentic 
specimen of the coumarin (I, R = Me). In a similar manner the 
condensation of phloroglucinol and the appropriate esters gave rise 
to the coumarins (I, R = H) (Pechmann and Cohen, Ber., 1884, 17, 
2189) and (I, R = Et). Identical specimens of the ether (II, R = H) 
were obtained from phloroglucinol dimethyl ether by the procedure 
of Simonis and by methylating Pechmann and Cohen’s product. 
Attempts to use sulphuric acid as the condensing agent in the direct 
preparation of the dimethyl ethers led to the formation of products 
which appeared to be partially demethylated. 

Although Simonis and Remmert (Ber., 1914, 47, 2229) obtained 
flavone in small yield by condensing phenol and the sodium deriv- 
ative of ethyl benzoylacetate, on the basis of the foregoing results it 
appeared unlikely that phloroglucinol would give rise to chrysin (V) 
(Robinson and Venkataraman, J., 1926, 2344). Instead a good 
yield of the coumarin (VI) (Kostanecki and Weber, Ber., 1893, 26, 
2906) results from the condensation of phloroglucinol and ethyl 
benzoylacetate with the aid of phosphoric oxide. The production 
of (VI) from phlorbenzophenone by ring closure with sodium acetate 
and acetic anhydride places the constitution of this compound 
beyond doubt. 

In view of the unexpected behaviour of phloroglucinol we extended 
our investigation to resorcinol. The condensation of this phenol 
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and ethyl «-methylacetoacetate has been described by Simonis and 
Remmert (loc. cit.) (compare Heilbron and co-workers, J., 1923, 123, 
2559), who assumed that the product was 7-hydroxy-2 : 3-dimethyl- 
1: 4-benzopyrone (Kostanecki and Lloyd, Ber., 1901, 34, 2942). 
On repeating the* experiment, we found that the product was 
identical with a specimen of 7-hydroxy-3 : 4-dimethylcoumarin 
(VII, R = Me) (Pechmann and Duisberg, Ber., 1883, 16, 2119). 
Careful comparison of the respective acetyl derivatives and methyl 
and ethyl ethers failed to show any divergence. Kostanecki and 
Lloyd (loc. cit.) have synthesised the isomeric 1 : 4-pyrone (VIII, 
R = Me) by a method which leaves no doubt as to its constitution. 


HO’ \~ \co "Q\ Me “Oe 
YY Fo ~ CR \ 
R, 


(VII.) ee a 


These authors obtained the same pyrone from respropiophenone by 
ring closure with acetic anhydride and sodium acetate. We have 
found that Kostanecki and Lloyd’s 1 : 4-pyrone is not identical with 
either Pechmann and Duisberg’s coumarin or with Simonis and 
Remmert’s compound. The same lack of identity was revealed on 
comparing the respective acetyl derivatives and ethers (methyl and 
ethyl). Similarly, resorcinol and ethyl acetoacetate furnished the 
coumarin (VII, R = H) (Pechmann and Duisberg, Joc. cit.). The 
condensation of ethyl «-ethylacetoacetate and resorcinol by means 
of either sulphuric acid or phosphoric oxide gave the coumarin 


s(VIIl, R= Et). By analogy with respropiophenone the product 


obtained by the vigorous acetylation of resbutyrophenone is the 
1; 4-pyrone (VIII, R = Et). 

In order to effect the condensation of certain monohydric phenols 
with acylacetates unsubstituted in the «-position Simonis and his 
collaborators found it essential to use the sodium derivative of the 
ester. In our experiments with resorcinol and phloroglucinol it has 
been found unnecessary to use the sodium compounds. 

The preparation of the 3-alkylflavones (IX, R = Me; R, = H), 
IX, R= Me; R,=OH), and (IX, R=Et; R,=OH) by 
Robinson’s method is described. Vigorous acetylation of phloraceto- 
phenone gave rise to two products both of which appear to contain 
nuclear acetyl groups (compare Shinoda, J. Pharm. Soc. Japan, 1928, 
8, 35). 

EXPERIMENTAL. 
5: 7-Dihydroxy-4-methylcoumarin (I, R = H).—Phosphoric oxide 
5g.) was added with stirring to a mixture of phloroglucinol (2 g.) 
T 
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and ethyl acetoacetate (2 g.), and the vigorous reaction moderated 
by occasional cooling in tap-water. When the reaction had ceased, 
the solid mixture was ground under water and the product was 
collected and washed with much water. Crystallised from acetic 
acid, the coumarin separated as a hydrate in’ flat prisms, m. p. 
292—293° (Found: C, 57-4; H, 5-2. Cale. for C,gH,O,,H,O: 
C, 57-2; H, 48%). The diacetate crystallised from alcohol in 
needles, m. p. 150—151°. 

A specimen of this coumarin prepared according to the directions 
of Pechmann and Cohen (loc. cit.) had m. p. 292°, alone or mixed 
with the product prepared by the phosphoric acid method; the 
diacetate had m. p. and mixed m. p. 150—151° (Pechmann and 
Cohen give the m. p.’s of the coumarin and its diacetate as 282— 
284° and 138—140° respectively). In another experiment using 
sulphuric acid, we found that the coumarin had m. p. 282—284° 
after one crystallisation from acetic acid. Repeated purification 
gave a product, m. p. 285—286°, which, mixed with a specimen 
prepared by the Simonis reaction, melted at 287—288°. The 
diacetate of this product, m. p. 285—286°, had m. p. and mixed 
m. p. 150—151°. 

5 : 7-Dimethoxy-4-methylcoumarin (II, } = H).—(A) Methylation 
of Pechmann and Cohen’s coumarin (2-7 g.) was effected by means 
of methyl iodide (16 c.c.) and potassium carbonate (10 g.) in boiling 
acetone (40 c.c.) during 48 hours. Crystallised from acetic acid and 
then from methyl alcohol, the dimethyl ether formed colourless 
needles, m. p. 171° [Found: C, 65:3; H, 5:8; OMe, 27%. 
C,9H,0,(OMe), requires C, 65-5; H, 5-4; OMe, 28-2%]. It is 
moderately easily soluble in alcohol or warm acetone. An alcoholic 
solution exhibits a blue fluorescence. The coumarin dissolves in 
concentrated sulphuric acid to a pale straw-coloured solution 
exhibiting a bluish-green fluorescence. 

(B) The vigorous interaction between phloroglucinol dimethy! 
ether (2:3 g.) and ethyl acetoacetate (2 g.) in the presence of phos 
phoric oxide (5 g.) was moderated by cooling in tap-water. After 
the reaction had ceased, excess of water was added, and the solid 
collected and washed with water. 5: 7-Dimethoxy-4-methy!. 
coumarin crystallised from methyl alcohol in needles, m. p. and 
mixed m. p. 171° (Found : C, 65-9; H, 56%). Yield, 70% of the 
theoretical. 

Acetylation of Phloracetophenone.—A mixture of the ketone (5 g.), 
sodium acetate (5 g.), and acetic anhydride (30 c.c.) was heated at 
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170—180° for 12 hours, and the product isolated in the usual manne!: 
The solid was dissolved in warm alcohol and, on cooling, the mal 
portion (X) (3-6 g.) separated. Repeated crystallisation from dilute 
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alcohol finally gave (X) in colourless needles, m. p. 127° (Found : 
C, 60:8; H, 4:7. C,,H,,0, requires C, 60-4; H, 44%). Removal 
of the acetyl groups by means of cold 4% methyl-alcoholic potassium 
hydroxide gave a compound which crystallised from alcohol in 
needles, m. p. 226° (Found: C, 61-3; H, 4-6. C,,H,,0,; requires 
C, 61:5; H, 43%). With alcoholic ferric chloride this substance 
gives a red coloration. 

After the crude compound (X) had been removed, the alcoholic 
mother-liquor on standing deposited an isomeric substance (Y), 
which erystallised from alcohol in almost colourless plates, m. p. 
131° (Found : C, 60-9; H, 46%). A mixture of (X) and (Y) melted 
at 107—108°. On hydrolysis, Y yielded a product which separated 
from dilute alcohol in elongated prisms, m. p. 274° after sintering at 
269° (Found: C, 61-6; H, 45%). With alcoholic ferric chloride it 
gives a brown coloration. A mixture of the two deacetylated 
products melted at about 214°. 

5 : 7-Dihydroxy-3 : 4-dimethylcoumarin (I, R = Me).—(A) A mix- 
ture of phloroglucinol (5-6 g.), ethyl «-methylacetoacetate (6-4 g.), 
and 75°% sulphuric acid (30 c.c.) was heated on the steam-bath for 
}hour. Addition of water (300 c.c.) to the cooled reaction mixture 
precipitated the coumarin as a yellow solid. Recrystallised from 
acetic acid and then from methyl alcohol, it formed colourless 
needles, m. p. 291—292° (Found in material dried at 110°: C, 64-1; 
H, 5:3. C,,H 90, requires C, 64-1; H, 4-9%). The substance is 
readily soluble in hot alcohol or acetic acid and does not give a ferric 
chloride reaction. It dissolves in concentrated sulphuric acid to a 
colourless solution which exhibits a blue fluorescence. The diacetate 
separates from warm alcohol in elongated prisms, m. p. 130° (Found : 
C, 62-1; H,5-0. C,;H,,0, requires C, 62-1; H, 48%). 

(B) When phloroglucinol (2-5 g.), ethyl «-methylacetoacetate 
(2 g.), and phosphoric oxide (5 g.) were mixed, a vigorous reaction 
ensued. After } hour the mixture was heated on the steam-bath 
for 15 minutes. After isolation, the coumarin crystallised from 
methyl alcohol in colourless needles, m. p. and mixed m. p. 291— 
292° (Found in material dried at 110°: C, 64:3; H, 5-0%). The 
diacetate formed elongated prisms, m. p. and mixed m. p. 130°. 

5 : 7-Dimethoxy-3 : 4-dimethylcoumarin (II, R = Me).—(A) A mix- 
ture of phloroglucinol dimethyl ether (2-2 g.), ethyl «-methylaceto- 
acetate (2-2 g.), and phosphoric oxide (5 g.) reacted vigorously when 
warmed. After } hour, excess of water was added, and the product 
collected. Crystallised from acetic acid and then from methyl 
alcohol, the swbstance formed colourless silky needles, m. p. 157— 
158° (Found : C, 66-1; H, 5-8. C,,H,,0, requires C, 66-6; H, 6-0%). 
It is readily soluble in warm alcohol or acetone or ethyl acetate and 
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sparingly soluble in ether. An alcoholic solution of the coumarin 
exhibits a faint blue fluorescence. It dissolves in concentrated 
sulphuric acid to a pale straw-coloured solution exhibiting a blue- 
violet fluorescence. 

(B) A specimen of 5: 7-dihydroxy-3: 4-dimethylcoumarin pre- 
pared by Pechmann’s method was methylated by means of methyl 
iodide and potassium carbonate in boiling acetone. The dimethy] 
ether crystallised from methyl alcohol in silky needles, m. p. and 
mixed m. p. 157—158° [Found: C, 66-6; H, 6:0; MeO, 26-0, 
Calc. for C,,H,0, (OMe), : C, 66-6; H, 6-0; OMe, 26-5%]. 

5 : 7-Dihydroxy-2 : 3-dimethyl-1 : 4-benzopyrone (IV, R = Me).— 
Vigorous acetylation of phlorpropiophenone (3 g.) by means of 
sodium acetate (3 g.) and acetic anhydride (20 c.c.) at 170—180° 
during 12 hours gave the diacetate of the pyrone (4-5 g.), which 
crystallised from alcohol in colourless needles, m. p. 141—142° 
(Found: C, 61-9; H, 5-1. C,;H,,0, requires C, 62-1; H, 4-8%). 
Deacetylation was effected by boiling 10% aqueous sodium carbon- 
ate, and, on isolation, the pyrone separated from alcohol as a hydrate 
in colourless slender needles, m. p. 215° (Found in material dried at 
130°: C, 64:3; H, 5-1. C,,H, 0, requires C, 64-1; H, 49%). It 
is readily soluble in cold ethyl acetate and in warm alcohol. Addi- 
tion of a drop of ferric chloride to an alcoholic solution gives a deep 
red-violet coloration. 

5 : 7-Dihydroxy-3-methylflavone (IX, R= Me; R, = OH).— 
Benzoic anhydride (18 g.), sodium benzoate (4 g.), and phlorpropi- 
ophenone (3 g.) were ground together and heated for 12 hours in an 
oil-bath at 180—190°. The product was dissolved in boiling 80% 
alcohol (90 c.c.), a solution of potassium hydroxide (20 g.) in water 
(20 c.c.) gradually added, the mixture boiled for 20 minutes, water 
(250 c.c.) added, and the flavone precipitated with carbon dioxide. 
Crystallised from methyl alcohol, it formed tufts of pale straw- 
coloured needles, m. p. 262° (Found: C, 71-6; H, 4:9. C,,H,,0, 
requires C, 71-6; H, 4:5%). The substance is moderately easily 
soluble in warm alcohol and acetic acid. With alcoholic ferric 
chloride it gives a brown-violet coloration. The diacetate separates 
from alcohol in almost colourless needles, m. p. 132° (Found: (, 
68:3; H, 4-9. C9H,,0, requires C, 68-2; H, 45%). 

5 : 7-Dihydroxy-4-methyl-3-ethylcoumarin (I, R = Et),—(A) 73% 
Sulphuric acid (35 c.c.) was slowly added to a mixture of phloro- 
glucinol (5 g.) and ethyl «-ethylacetoacetate (6-3 g.), and the solution 
heated on the steam-bath until it became turbid. The cooled 
reaction mixture was kept at room temperature for 1 hour and 
poured into ice-water. The coumarin obtained crystallised from 
dilute alcohol in pale yellow, tiny, rhombic prisms (4 g.), m. p. 217° 
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aad (Found in dried material: C, 65-2; H, 5-8. C,,H,,0, requires 


blue (, 65-5; H, 55%). It dissolves in concentrated sulphuric acid to a 
; colourless solution which exhibits a blue fluorescence. The diacetate 
separated from dilute alcohol in colourless needles, m. p. 124° 


othyl (Found : C, 636; H, 5-6. C,;H,,0, requires C, 63-2; H, 5-3%). 
ethyl Methylation of the coumarin (2'g.) by means of methyl iodide 

ol (10 c.c.) and potassium carbonate. (6 g.) in boiling acetone (50 c.c.) 
26-0 during 6 hours afforded the dimethyl ether, which crystallised from 
a dilute aleohol in pale yellow needles (1-7 g.), m. p. 112° (Found : 
ie) C, 67:5; H, 66. C,,H,,0O, requires C, 67:7; H, 65%). The 
" of of | Colourless solution of the compound in concentrated sulphuric acid 
180° exhibits a blue-green fluorescence. 


which (B) Phosphoric oxide was gradually added to a mixture of phloro- 
_149° glucinol (5 g.) and ethyl «-ethylacetoacetate (6-3 g.) until a stiff 
paste was formed ; the vigorous reaction which followed the addition 


-Q0/ 

lacs of each portion of oxide was allowed to subside before a further 
tei quantity was added. The mass was thoroughly extracted with 
ied at water, and the yellow powder collected and crystallised from 50% 


). It alcohol. The coumarin formed pale yellow, rhombic prisms (4 g.), 
‘Add. | ™ P- and mixed m. p. 217° (Found: C, 65:3; H, 5-7%). The 
diacetyl derivative and the dimethyl ether were identical with the 
corresponding derivatives described above and melted at 124° and 
/H).— 112° respectively. 

5 : 1-Dihydroxy-2-methyl-3-ethyl-1 : 4-benzopyrone (IV, R = Et).— 


. deep 


od Acetylation of phlorbutyrophenone (5 g.) with sodium acetate 
5 80% (10 g.) and acetic anhydride (25 c.c.) at 170—180° during 12 hours 
aie gave rise to the diacetyl derivative of the pyrone. It crystallised 
water | {tom alcohol (charcoal) in elongated rectangular prisms (4 g.), 
oxide. | ™- P- 124° (Found: C, 62-9; H, 5-4. C,gH,,0, requires C, 63-2; 
atraw- H, 53%). Hydrolysis of the diacetate (2-7 g.) was effected by 


H..0, § means of warm 10% sodium hydroxide solution, and, on isolation, 
21. | the pyrone separated from 50% alcohol (charcoal) in colourless 


‘y . 
pied needles, m. p. 206—207° (Found: C, 65-7; H, 5-7. C,,H,.0, 
varates | Tequires C, 65-5; H, 55%). It forms a colourless solution in con- 





¢, | centrated sulphuric acid which exhibits a faint blue fluorescence. 

5: 7-Dihydroxy-3-ethylflavone (IX, R= Et; R, = OH).—An 
) 73% intimate mixture of phlorbutyrophenone (3 g.), benzoic anhydride 
shloro- (18 g.), and sodium benzoate (10 g.) was heated at 180—185° (oil- 
lution bath) for 10 hours. The cooled melt was powdered and dissolved 
an in aleohol (100 c.c.). A solution of potassium hydroxide (10 g.) in 
water (20 c.c.) was introduced and after } hour’s refluxing the greater 
part of the alcohol was evaporated, the residue dissolved in water, 
and the flavone precipitated by saturating the liquid with carbon 
dioxide. Crystallised from alcohol, it formed almost colourless, 
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elongated prisms, m. p. 243° (Found: C, 72:5; H, 5-1. C,,H,,0, 
requires C, 72-4; H, 5-0%). 

5 : 7-Dihydroxy-4-phenylcoumarin (VI).—{A) Phlorbenzophenone 
(5 g.) was acetylated with sodium acetate (5 g.) and acetic anhydride 
(30 c.c.) at 170—180° during 12 hours. On isolation, the diacetate 
of the coumarin crystallised from acetic acid in rectangular prisms 
and from alcohol in needles, m. p. 183° (Found: C, 67-3; H, 4:5. 
Cale. for C,gH,,0,: C, 67-4; H, 41%) (Kostanecki and Weber, 
loc. cit.; give m. p. 181°). Deacetylation of this derivative by means 
of cold 4-5% potassium hydroxide solution afforded the coumarin, 
which crystallised from dilute alcohol in needles, m. p. 235—236° 
(Found : C, 70-8; H, 4-3. Cale. for C,;H,,0,: C, 70-9; H, 3-8%). 

A specimen of this coumarin prepared by the method of Kosta- 
necki and Weber had m. p. and mixed m. p. 235—236°. 

(B) A mixture of phloroglucinol (2-5 g.), ethyl benzoylacetate 
(3-3 g.), and phosphoric oxide (7 g.) was heated on the steam-bath for 
2 hours and cooled, water (50 c.c.) added, and the solid collected. 
Crystallised from acetic acid and then from dilute methyl alcohol, 
the coumarin formed colourless needles, m. p. 235—236° (Found: 
C, 70-5; H, 3-8%). Mixed with an authentic specimen, it showed 
no depression of the melting point. 

7-Hydroxy-4-methylcoumarin (VII, R = H).—The condensation 
of resorcinol (5 g.) and ethyl acetoacetate (6 g.) was effected by 
excess of phosphoric oxide. The resulting stiff paste was extracted 
with water, and the insoluble product collected and crystallised from 
dilute alcohol. 7-Hydroxy-4-methylcoumarin formed clusters of 
colourless needles (5 g.), m. p. 185—-186° (Found : C, 68-3; H, 5-0. 
Calc. for C,)H,O,: C, 68-2; H, 46%). An authentic specimen of 
the coumarin was prepared by the method of Pechmann and Duis- 
berg (loc. cit.) (the use of 73° sulphuric acid in place of concentrated 
acid gave an improved yield) and a mixture of the two products 
melted at 185—186°. Both specimens gave the same acetyl 
derivative, m. p. 150°, and the same methyl ether, m. p. 159°. 

7-Hydroxy-2 : 3-dimethyl-1 : 4-benzopyrone (VIII, R = Me).—Res- 
propiophenone was prepared by the application of the method of 
Hoesch. Resorcinol (10 g.) and propionitrile (7-5 g.) were con- 
densed in dry ether by means of hydrogen chloride in the presence of 
zine chloride, and the resulting ketimine hydrolysed by boiling with 
water (100c.c.) for } hour. On cooling, the ketone (7 g.) crystallised, 
hydrate, m. p. 57°; anhydrous compound, m. p. 101-5° (Found in 
dried material: C, 65-1; H, 6-4. Calc. for CyH,,0,: C, 65:1; 
H, 6-1%) (Hantzsch, Ber., 1906, 39, 3094, gives m. p. of anhydrous 
ketone 97-5°). 

Acetylation of respropiophenone (8 g.) with sodium acetate (8 g.) 
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and acetic anhydride (50 c.c.) at 170—180° afforded the acetyl 
derivative of the pyrone (6 g.), m. p. 116° (Found: C, 67-3; H, 5-2. 
Calc. for C,,H,,0,: C, 67-2; H, 5-2%) (compare Kostanecki and 
Lloyd, Ber., 1901, 34, 2948). Removal of the acetyl group by means 
of warm 2-5% potassium hydroxide solution gave 7-hydroxy- 
2: 3-dimethyl-1 : 4-benzopyrone, slender rhombic prisms, m. p. 
265° (Found: C, 69-6; H, 5-5. Cale. for C,,H,,0,: C, 69-5; 
H, 5-3%) (Wittig, loc. cit., gives m. p. 257—258°; Kostanecki and 
Lloyd, m. p. 262°). The methyl ether, m. p. 127° (Found : C, 70-3; 
H,6-0. Cale. for C},H,,.0, : C, 70-6; H, 5-9%), and the ethyl ether, 
m. p. 124° (Found: C, 71-6; H, 6-5. Cale. for C,,H,,0,: C, 71-5; 
H, 6-4%), were prepared by the potassium carbonate—acetone 
method and were identical with the ethers described by Kostanecki 
and Lloyd. 

7-Hydroxy-3 : 4-dimethylcoumarin (VII, R = Me).—The condens- 
ation of resorcinol and ethyl «-methylacetoacetate has been repeated 
according to the directions of Simonis and Remmert (loc. cit.) and 
the product obtained in colourless rectangular prisms, m. p. 258°, 
unchanged by repeated crystallisation. An authentic specimen of the 
coumarin (Pechmann and Duisberg, loc. cit.) had m. p. 258° (these 
authors record m. p. 256°). A mixture of the two products had the 
same melting point, but a mixture of either product with 7-hydroxy- 
2: 3-dimethyl-1 : 4-benzopyrone showed a depression of about 40°. 

The acetyl derivative crystallised from alcohol in slender curved 
needles, m. p. 164°, and was identical with a specimen prepared from 
Pechmann and Duisberg’s coumarin (Found: C, 67-2; H, 5-4. 
C,3;H,20, requires C, 67-2; H, 52%). Mixed with 7-acetoxy- 
2: 3-dimethyl-1 : 4-benzopyrone, it melted at 104—108°. 

Methylation by the potassium carbonate—acetone method afforded 
the methyl ether, m. p. 142-5° [Found: C, 70-9; H, 6:2; OMe, 
148. Cale. for C,,H,O,(OMe): C, 70-6; H, 5:9; OMe, 15-2%] 
(Heilbron, Barnes, and Morton, loc. cit., give m. p. 140°), This 
compound was identical with the ether derived from an authentic 
specimen of the coumarin. Mixed with 7-methoxy-2 : 3-dimethyl- 
1:4-benzopyrone, it showed a depression in the melting point of 
about 38°. 

The ethyl ether was prepared in a similar way, m. p. 120°,. un- 
changed in admixture with a specimen prepared from Pechmann 
and Duisberg’s coumarin [Found: C, 71:3; H, 6-1; OEt, 20-6. 
Cale. for C,,H,O,(OEt): C, 71-5; H, 6-4; OEt, 20-6%] (Heilbron, 
Barnes, and Morton record m. p. 124°). Mixed with a specimen of 
7-ethoxy-2 : 3-dimethyl-1 : 4-benzopyrone, it melted at 93—98°. 
It forms a colourless solution in concentrated sulphuric acid showing 
a violet-blue fluorescence. 
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7-Hydroxy-3-methylflavone (IX, R = Me; R, = H).—An intimate de 
mixture of respropiophenone (3 g.), ‘benzoic anhydride (16 g:), and J 
sodium benzoate (6 g.) was heated at 180—185° (oil-bath) for 10 
hours. The cooled melt was dissolved in warm alcohol (150 c.c;), | 
and potassium hydroxide (10 g.) in water (20 c.c.) gradually intro. fp, 
duced. After } hour’s refluxing the greater part of the alcohol was Ff ch 
distilled and the residue dissolved in warm water. The flavone was | (F 
precipitated with carbon dioxide and crystallised from ethyl alcohol § fo, 
(charcoal), forming slender needles (2-5 g.), m. p. 278° (Found; I 
C, 76:1; H, 4:8. C,,H,,0, requires C, 76-2; H, 48%). The 
acetate separated from alcohol in needles, m. p. 137° (Found :, (C, 
73-3; H, 4-8. C,,H,,0, requires C, 73-5; H, 4-8%). 

7-Hydroxy-2-methyl-3-ethyl-1 : 4-benzopyrone (VIII, R = Et).—A 
mixture of resbutyrophenone (Karrer and Rosenfeld, Helv. Chim, ( 
Acta, 1921, 4, 707) (4 g.), sodium acetate (7 g.), and acetic anhydride 
(20 c.c.) was heated at 170—180° for 10 hours. After isolation, the 
oily product was dissolved in warm 10% potassium hydroxide I 
solution, and after 1 hour the mixture was acidified. The pyrone 
thus precipitated crystallised from ethyl alcohol in prismatic needles J, . 
(2 g.), m. p. 238° (Found: C, 70-6; H, 5-9. C,,H,,0, requires = 
C, 70-6; H, 5-9%). It forms a colourless solution in concentrated led 





sulphuric acid which exhibits a faint blue fluorescence. we 

7-Hydroxy-4-methyl-3-ethylcoumarin (VII, R= Et).—(A) 73% J ong 
Sulphuric acid (35 c.c.) was carefully added to a mixture of resorcinol J ;, 
(5 g.) and ethyl «-ethylacetoacetate (7-3 g.), and the reaction com- § j,,.4 


pleted by heating on the steam-bath for 20 minutes. On_ cooling, § ,,,, 
the reaction mixture was poured on ice, and the solid collected. The J yg 
coumarin separated from dilute alcohol in tiny, colourless, rectangular susp 
prisms (5 g.), m. p. 196° (Found: C, 70-3; H, 5-9. Cy H 10; § a4, 
requires C, 70:6; H, 5-9%). The acetyl derivative crystallised from § 4 
dilute alcohol in irregular hexagonal plates, m. p. 107° (Found: napl 
C, 68-3; H, 6-0. C,,H,,0, requires C, 68:3; H, 5:7%). Methyl- § ,,. , 
ation by the methyl iodide-acetone method afforded the methyl § , ,.,, 
ether, which formed needles, m. p. 93°, from alcohol (Found: (, naph 
71:9; H, 6-6. C,,H,,0, requires C, 71-6; H, 64%). The colour- Th 
less solution of this derivative in concentrated sulphuric acid exhibits gasec 
an intense blue fluorescence. into 

(B) Resorcinol (5 g.) and ethyl «-ethylacetoacetate (7-3 g.) were prod 
condensed by the gradual addition of excess of phosphoric oxide; high 
the reaction was completed by heating at 50° for 4 hour. On 1915, 









isolation, the coumarin (4 g.) crystallised from alcohol (charcoal) in § 4,4 
tiny rectangular prisms (4 g.), m. p. 198° (Found: C€, 70-3; H, benze 
6-2%). Mixed with a specimen prepared by method (A), it melted  , ver 








at 196—198° [A mixture of either specimen with the isomeric pyrone 
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(VIII, R = Et) showed a depression of about 28°]. The acetyl 
derivative had m. p, and mixed m. p. 107°, and the methyl ether, 
m. p. and mixed m. p. 93°. 


Our thanks are due to the Department of Scientific and Industrial 
Research for a maintenance grant to one of us (F. W. C.) and to the 
Chemical Society for grants in aid of this investigation. One of us 
(F. H. C.) is also indebted to the Dixon Fund of London University 
for a grant in aid of expenses. 
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CLXVII.—The Catalytic Production of Polynuclear 
Compounds. Part II. 


By GrorcEe Roger CLemo, JosEPH GEORGE COCKBURN, and 
XOBERT SPENCE. 


A stupy of the methods previously described for the catalytic 
production of polynuclear compounds (Part I, J., 1928, 2811) has 
led to improvements, and to a more intimate knowledge of the 
mechanism of the process. The catalytic oxidation of hydrocarbons 
and related compounds has generally been concerned with reactions 
in the vapour phase, and, in the case of naphthalene, these usually 
lead to relatively highly oxygenated compounds such as phthalic 
anhydride (I. G. Farb. A.G.; B.P. 272,557, June 14th, 1926 ; Caspari, 
U.S. Pat. 1,674,589, June 19th, 1928). If, however, the catalyst is 
suspended in the liquid hydrocarbon and an oxygen-bearing gas 
admitted, less highly oxygenated, intermediate compounds or 
condensation products can be isolated; e.g., when tetrahydro- 
naphthalene is heated with oxygen in the presence of copper, iron, 
or nickel oxide, the oxygen attacks the «-carbon atom, giving 
«-ketotetrahydronaphthalene and some _ «-hydroxytetrahydro- 
naphthalene (I. G. Farb. A.G., B.P. 318,550, Sept. 5th, 1928). 

The velocity of catalytic processes involving both liquid and 
gaseous reactants must depend on the rate at which they are brought 
into contact with the catalyst, and the rate of removal of the 
products. That these conditions are partially effected by a very 
high speed of stirring has been shown by Reid (J. Amer. Chem. Soc., 
1915, 37, 2112; Rather and Reid, ibid., 1915, 37, 2115), who found 
that the reaction between ethylene and benzene to form ethyl- 
benzene in the presence of aluminium chloride can be changed from 


a very slow to an extremely rapid one by this means. Also King, 
TT2 
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Swann, and Keyes (Ind. Eng. Chem., 1929, 21, 1227) found that 
stirring at 5,000 r.p.m. increased the rate of catalytic oxidation of 
ethylbenzene from 3-3% to 18%. It has now been found that high. 
speed stirring considerably accelerates the rate of catalytic oxid. 
ation of liquid $-naphthol, good yields of di-$-naphthol being 
obtained after 15 minutes at 285°. Table I shows the effects of 
using glass or metal stirrers with or without catalysts. Stirring 
does not, however, accelerate the catalytic etherification of 
6-naphthol, the observed rate being approximately that obtained 
without stirring (Part I, loc. cit.). 

In Part I the catalytic oxidation of 8-naphthol by calcium oxide 
was shown to give isodinaphthylene oxide, to which structure (IX) 
was given. A further study of this reaction has shown that, if the 
reaction temperature does not exceed 310°, only di-$-naphthol is 
formed, but if the temperature rises to 340°, then only (IX) results. 
When pure di-8-naphthol is heated with lime to 340°, only the 
normal 1 : 1'-dinaphthylene 2 : 2’-oxide is obtained. 

Of the compounds described in Part I derived from the catalytic 
oxidation or dehydration of naphthols, constitutions could not 
definitely be assigned to isodinaphthylene oxide, di-«-naphthol, and 
«-dinaphthylene oxide. Several writers have discussed the con- 
stitution of di-«x-naphthol, and reached conflicting conclusions. 
Zincke and Schopfe (Monatsh., 1923, 44, 370) prepared the perylene 
derivatives (III) and (IV) by heating di-«-naphthol with aluminium 
chloride, and Henriques (Ber., 1888, 21, 1614), oxidising «-naphthol 
with alkaline permanganate, obtained an acid, C,)H,,0.,, which 
gave diphthalyl (II) when heated above its melting point; a result 
confirmed by Dischendorfer (Monatsh., 1928, 50, 97), who suggested 
the following mechanism based on the formula (V) for di-«-naphthol. 


OH O \ 
-0 | /CO,H /C-0 
— a } —_> ( xO — SO 
"2 2 \¢ 2 
(I.) | (II.) 
O \ 
AlCl, ( | —> | 
ere | | } 
2 \ /2 i /8 
(V.) (III.) (IV.) 


On the other hand, Willstatter and Schuler (Ber., 1928, 61, 362) 
prepared the diacetyl derivative of dibromodi-«-naphthol, to which 
they gave formula (VIII), from 2 :4-dibromo-«-naphthol, and 
showed it was identical with that prepared by the bromination and 
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acetylation of the di-«-naphthol obtained from the ferric chloride 
oxidation of «-naphthol. Further, Corbellini and Debenedetti 
(Gazzetta, 1929, 59, 391) diazotised naphthidine, obtained from the 
ferric chloride oxidation of «-naphthylamine and assumed to be the 
amino-analogue of (V), the same compound being produced by the 
benzidine transformation of hydrazonaphthalene (Nietzki and Goll, 
Ber., 1885, 18, 3254), and, although pure di-«-naphthol could not be 
obtained, the product, on methylation, yielded its dimethyl deriv- 
ative, identical with a specimen obtained by methylating di-«- 
naphthol. The correctness of the formula assumed above for 
naphthidine has now been proved by reducing 4: 4’-dinitro- 
1: 1'-dinaphthyl, itself prepared from 1-iodo-4-nitronaphthalene 
(Schoepfle, J. Amer. Chem. Soc., 1923, 45, 1571), giving 4: 4’-di- 
amino-1 : 1’-dinaphthyl identical with naphthidine otherwise pre- 
pared. Thus di-«-naphthol has the structure (V), and either the 
«-dinaphthylene oxide produced by its dehydration (Dianin, J. Russ. 
Phys. Chem. Soc., 1882, 14, 130) must have the, at present discredited, 
Kaufler type of formula (VI) or an unusual meta-wandering of the 
4:4’'-dinaphthyl link to the 2: 2’-position must have occurred to 
give (VII). 


0. : 6 P| | 
ovo ~ % 


(VIL) 





(V.) OH (VI.) 
This question has now been settled in favour of the latter altern- 
ative, as it has been found that 1 : 1'-dimethoxy-2 : 2'-dinaphthyl, 
prepared by the Ullmann reaction from 2-iodo-1-methoxynaphtha- 
lene, gives on demethylation with hydriodic acid a mixture of 
the new 1 : 1’-dihydroxy-2 : 2'-dinaphthyl, and 2 : 2’-dinaphthylene 
1: 1’-oxide (VII) identical with that obtained from (V). Distil- 
lation of the former of these leads to further conversion into the 
latter. (Under such treatment ordinary di-«-naphthol decomposes. ) 
This migration of the dinaphthy] link in the formation of both (VII) 
and (IX) indicates that it is not uncommon at about 300°, and has 
an important bearing on the structure of naphthalene itself. 
Hitherto signs of such a migration have been observed for the 
dinaphthyls themselves by Seer and Weitzenbock (Ber., 1913, 46, 
1994) and the migration of a carboxyl group from the 1- to the 
3-position oecurs in the preparation of 6-naphthoic acid. 
In addition, attempts have been made to prepare ethers of the 








type (X) (R = H, or a substituent) with a view to the synthesis of 
dinaphthylene oxides by the ring-closure method of Pschorr (Ber., 
1896, 29, 496), but so far these ethers have not been satisfactorily 


obtained. 
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\ bh 
(VIII.) 


Under certain conditions, instead of 1-nitro-8-naphthylamine 
giving 1-nitro-2-chloro- or -bromo-naphthalene by the Sandmeyer 
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—— Di-B-naphthyl ether. 


method, it has been found that 1 : 2-dihalogen derivatives result 
(compare Mascarelli and Martinelli, Atti R. Accad. Lincei, 1915, 24, 
An interesting example of this anomalous reaction is the 
production of the hitherto undescribed 2-chloro-1-bromonaphthalene 
by diazotisation in hydrochloric acid and subsequent’ treatment 
with cuprous bromide. 


ii, 25). 


Oscillation frequencies, 1/pp. 
——— 2: 2’-Dihydroxy-1: 1’-dinaphthyl. 
- 1: 1’-Dinaphthylene 2: 2’-oxide. 
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Concurrently with the above, and in order to obtain further 
information regarding the structure of «-dinaphthylene oxide, and 
the iso-oxide (IX), a series of absorption spectra of the substances 
in alcoholic solutions have been taken (Figs. 1 and 2) with a Hilger 
all-metal Model E 315 quartz prism spectrograph. The curves 
show the characteristics observed by de Laszlo (Proc. Roy. Soc., 
1926, A, 111, 362; Z. physikal. Chem., 1925, 118, 382) in the spectra 
of naphthalene derivatives, and are divisible into two parts, A and 
B, whose position and character alter with the substituent. Part A 
consists of the narrower, more intense bands on the left-hand portion 
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of the curves, and B consists of broader, more diffuse bands on the 
right. Progressive increase of absorption, together with a shift of 
A towards the red is evident in the spectra of di-8-naphthyl ether, 
di-8-naphthol, §-dinaphthylene oxide, and iso-§-dinaphthylene 
oxide, showing the damping effect of the introduction of further 
substituents into the nuclei, and the formation of another ring. It 
will be observed that «- and §-dinaphthylene oxides and isodi- 
naphthylene oxide have a common band at an oscillation frequency 
of about 3850. Since the other factors are different in each case, 
it is reasonable to assume that this band is connected with the 
five-membered furan ring. 
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According to de Laszlo, 8-spectra contain relatively larger numbers 
of bands than «-spectra, and we see that the spectrum of «-di- 
naphthylene oxide (Fig. 2) contains a greater number of bands 
relative to di-«-naphthyl ether than does $-dinaphthylene oxide to 
di-8-naphthyl ether (Fig. 1). Also the 88-dinaphthyl bands at 
oscillation frequencies 3204, 3436, and 3556, described by Purvis 
(J., 1908, 93, 1322), which seem from their form to belong to A, 
appear to have their counterparts in the absorption of «-dinaph. 
thylene oxide at 3060, 3145, and 3290. These results therefore 
agree with formula (VII) for «-dinaphthylene oxide. 

In regard to isodinaphthylene oxide, the absorption spectra 
likewise support the formula | : 2’-dinaphthylene 2 : 3’-oxide sub. 

mitted in Part I from a consideration of 

Fie. 3. its chemical properties. Relative to normal 

$-dinaphthylene oxide, part A (Fig. 1) 

shows the shift towards the red region of 

the spectrum which de Laszlo (loc. cit.) 

observed as a general effect accompanying 
a change from an «- to a 8-linkage. 


EXPERIMENTAL. 


Oxidation and Etherification of 3%- 
Naphthol.—8-Naphthol (10 g.) was placed 
in a small glass bulb (20 c.c.) having a wide 
tube attached to one end, and a narrow 
glass tube, drawn out to a jet, sealed in 
the opposite side and bent so that the 
apparatus could be immersed in the vapour 
of boiling benzophenone contained in a 
jacketing vessel (Fig. 3). Two stirrers of 
the grooved disc type were used, one of glass and the other consisting 
of a steel rod with a brass disc at one end. The $-naphthol was 
immersed in the bath for 15 minutes and reached a temperature of 
285° while a flow of approximately 100 c.c. of oxygen per minute 
was maintained. The product was treated with an excess of boiling 
water (2-51.), dried, and weighed. In the etherification experiments, 
the product was boiled with excess of potassium hydroxide solution, 
and the residue washed with water, dried, and weighed. 

iso-8-Dinaphthylene Oxide.—(1) 8-Naphthol (20 g.) contained in a 
short-necked round-bottomed flask (500 c.c.) was heated to boiling 
with calcium oxide (0-5 g.), and a slow stream of oxygen directed 
over the liquid. After 2 hours the boiling point had risen to 330° 
and the product was poured into a hot solution of sodium hydroxide. 
The residue (10 g.) was distilled and recrystallised from benzene- 
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TABLE [. 
% Yield % Yield 
Stirrer. R.p.m. Catalyst. dinaphthol. ether. 

— — V.0O; 2 — 
ee eee 3000 as 11 — 
Metal ..ccivecveesecs 3000 --- 30 — 
Glass — cveeseveveee 3000 VO; 54 —- 
MMOE wcscocccosccese 3000 VO; 54 — 
CHARS ( ivscccicorccves 3570 CaO 88-9 (at 310°) “= 
GIABS  ccceccecseccces 3000 WoO, _— 6-0 
SEE éicsavnesapesen 3570 wo, — 10-7 


alcohol; m. p. 157°, mixed m. p. with isodinaphthylene oxide 157°. 
The alkali-soluble portion was treated with hydrochloric acid, and 
the precipitate boiled with water to remove {$-naphthol; only 
di-8-naphthol could be isolated from the residue. 

(2) Di-8-naphthol (7-5 g.) and calcium oxide (0-2 g.) were heated 
at 340—350° for 10 minutes with a stirrer speed of 3570 r.p.m. 
The crude product after crystallisation from benzene—alcohol had 
m. p. 144°, not depressed by admixture with normal $-dinaphthylene 
oxide, but with isodinaphthylene oxide, m. p. 110°. 

Naphthidine. —4 : 4’-Dinitro-1 : 1’-dinaphthyl (1 g.) was dis- 
solved in boiling glacial acetic acid (100 c.c.), and zinc dust (5 g.) 
added. Hydrochloric acid (5 c.c.) was added drop by drop, and 
after 10 minutes the solution was diluted with an equal volume of 
water and filtered. The amine was precipitated by addition of solid 
potassium hydroxide, sufficient to keep the zinc in solution, coi- 
lected, extracted with a little dilute hydrochloric acid to remove 
zinc, again heated with sodium hydroxide solution, collected, dried, 
and distilled at 1 mm. The product crystallised from alcohol in 
small fan-shaped plates, m. p. 191°, alone or mixed with authentic 
naphthidine. 

2-Nitro-1-methoxynaphthalene.—Potassium 2-nitro-1-naphthoxide 
(20 g.) (Burkhardt and Wood, J., 1929, 143), anhydrous sodium 
carbonate (5 g.), and methyl sulphate (15 c.c.) were heated on the 
water-bath for 1 hour. The mass was extracted with sodium 
hydroxide solution, and the residue crystallised from alcohol (20 g., 
m. p. 80°). 

1- Methoxy-8-naphthylamine.—2-Nitro-1-methoxynaphthalene (10 





g.), ferrous sulphate (150 g.), and water (240 c.c.) were heated on 
the water-bath, and aqueous ammonia (55 c.c., d 0-880) added, 
with shaking, during 1 hour. The amine passed over on steam 
distillation (5 g., m. p. 49°). 
2-Iodo-1-methoxynaphthalene.—1-Methoxy-$-naphthylamine (5 g.) 
in 10% sulphuric acid (50 c.c.) was well cooled and treated with 
sodium nitrite (2 g.) in water (10 c.c.). After } hour the solution 
was filtered, urea (2 g.) added, and the mixture poured into a solution 
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of potassium iodide (9 g.) in 5% sulphuric acid (40 c.c.). The mix. 
ture, after standing 1 hour, was heated at 90—100° for $ hour, and 
the iodo-compound extracted with ether or steam-distilled ; it crystal- 
lised from dilute alcohol in needle-like prisms (2—3 g., m. p. 41°), 

1 : 1'-Dimethoxy-2 : 2'-dinaphthyl_—2-Iodo-1-methoxynaphthalene 
(2 g.), copper powder (1 g.), and iodine (0-1 g.) were heated together 
for 4—5 hours at 200—210°. The mixture was extracted with 
ethyl acetate, the solvent removed, and the product recrystallised 
from ligroin; 0-4 g., m. p. 122° (Found: C, 83-8; H, 5-6. C,.H,,0, 
requires C, 84-1; H, 5-7%). 

1 : 1'’-Dihydroxy-2 : 2'-dinaphthyl and 2 : 2'-Dinaphthylene 1 :1’- 
Oxide.—1 : 1'-Dimethoxy-2 : 2’-dinaphthy] (0-4 g.) was refluxed with 
hydriodic acid (5 c.c., d 1-5) for 6 hours, and after dilution with 
water the solid was collected and extracted with aqueous sodium 
hydroxide, leaving 0-125 g. of residue which, when distilled and 
crystallised from ligroin (b. p. 80—100°), gave long, colourless, 
acicular plates, m. p. 183°, not depressed by admixture with 2 : 2’- 
dinaphthylene oxide made catalytically from «-naphthol (Found: 
C, 89-5; H, 4:8. Cale. for C,.H,,0: CO, 89-5; H, 45%). The 
alkaline filtrate was acidified, and the solid collected (0-25 g.) and 
distilled. The distillate was extracted with sodium hydroxide, 
and the extract filtered from the oxide and acidified. The precipitate 
was collected, dried, and crystallised from ligroin, giving greyish- 
white prisms, m. p. 212° (Found: C, 83-4; H, 5-1. C,H,,0, 
requires C, 83-6; H, 5-0%). 

1 : 2- Dichloronaphthalene.—1 - Nitro- @-naphthylamine (Fried- 
lander and Littner, Ber., 1915, 48, 330) (5 g.) in concentrated hydro- 
chloric acid (25 c.c.) was stirred and ice (100 g.) added, followed by 
the theoretical amount of solid sodium nitrite. After 1 hour's 
stirring, the liquid was filtered, added to a solution of cuprous 
chloride (15 g.) in hydrochloric acid (40 c.c.), and left over-night. 
Steam-distillation then gave 1 : 2-dichloronaphthalene (2 g.), m. p. 
35° (Found : Cl, 36-2. Cale. for CygH,Cl, : Cl, 36-0%). 

1 : 2-Dibromonaphthalene—The above diazo-solution, prepared 
in 10% sulphuric acid (50 c.c.), was added to copper sulphate (5-4 g.) 
and sodium bromide (15 g.) in water (40 c.c.) containing copper 
powder (1-5 g.) and steam-distilled ; 1 : 2-dibromonaphthalene then 
passed over (1-5 g., m. p. 68°). 

1 : 2-Di-iodonaphthalene.—The above diazo-solution in sulphuric 
acid was added to potassium iodide (15 g.) in water (50 c.c.) and 
steam-distilled, giving 1 : 2-di-iodonaphthalene (1 g., m. p. 81°). 

2-Chloro-1-bromonaphthalene.—The above diazo-solution in hydro- 
chloric acid was added to cuprous bromide (20 g.) in hydrochloric 
acid (40 c.c.), and the mixture extracted with ether. The ether 
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was removed, and the residue steam-distilled, giving 2-chloro-1- 
bromonaphthalene (0-3 g.), which formed rhombic prisms, m. p. 46°, 
from ligroin (b. p. 40—60°) (Found: Cl +- Br, 47-8. C, >H,CIBr 
requires Cl + Br, 47-1%). 

2-Chloro-1-bromonaphthalene from  1-Bromo-$-naphthylamine.— 
1-Bromo-$-naphthylamine (Morgan, J., 1900, 77, 819) (5 g.), sus- 
pended in hydrochloric acid (40 c.c.), was treated with the theoretical 
amount of solid sodium nitrite, and the solution added to cuprous 
chloride (15 g.) in hydrochloric acid (40 c.c.). Steam-distillation 
yielded 2-chloro-1-bromonaphthalene identical with that just 
described. 


One of us (R. S.) wishes to thank the Commonwealth Fund Com- 
mittee for a Fellowship, and another (J. G. C.) the Imperial Chemical 
Industries, Ltd., for a grant during the course of this work; and we 
are all much indebted to Dr. G. I. Lavin for valuable help with the 
spectrographic work. 


THE UNIVERSITY OF DURHAM, THE Frick CHEMICAL LABORATORY, 
ARMSTRONG COLLEGE, PRINCETON UNIVERSITY. 
NEWCASTLE-UPON-TYNE. [Received, March 19th, 1931.] 





CLXVIII.—Triazole Compounds. PartIV. The Con- 
stitution of the Methyl-1 : 2 : 3-benztriazole N-Oxides 
and the Action of Methyl Sulphate on Nitro- 
l-hydroxy-1 : 2:: 3-benztriazoles. 

By Oscar L. Brapy and Cepric V. REYNOLDs. 

In Part II (J., 1928, 193) a choice was made between the alternative 

formule (I) and (II) for the product of methylation of, e.g., 1- 

hydroxy-6-methyl-1 : 2 : 3-benztriazole, in which the alkyl group 

was attached to nitrogen. 


(NH Me NHMe NMe NMe 
Me )NO,—> Me )NH,-> Me JN <—Me \An 
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(V.) (IV.) (I.) 0 
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As the result of the reduction of the N-oxide (II) by means of 
hydriodic acid and red phosphorus it was stated that 1 : 6-dimethy]- 
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1 : 2 : 3-bentriazole (III) was obtained, and consequently the struc. 
ture (II) was assigned to it. Further work to be described below 
led us to doubt the correctness of those results, so the reduction 
was twice repeated with the original specimen of N-oxide (I) or 
(II). There is no doubt that our previous statement was incorrect, 
as reduction under the same conditions as before (under which the 
1: 6- and the 3: 6-dimethyl compound are not interconvertible) 
gave 3 : 6-dimethyl-1 : 2 : 3-benztriazole (IV), m. p. 50°, unchanged 
by recrystallisation or admixture with an authentic specimen, 
(m. p. 50°) synthesised from 3-nitromethyl-p-toluidine (V) but 
melting below 40° in admixture with the 1 : 6-dimethyl compound 
(III; m. p. 75°). The former error probably arose from confusion 
of a specimen of the reduction product with one of synthetic 1 : 6- 
dimethyl-1 : 2 : 3-benztriazole which was being prepared at about 
the same time. Unfortunately the original reduction product is 
no longer available. The methyl-N-oxides described in Parts I 
and IT (J., 1923, 123, 2258 ; loc. cit.) are therefore really 3-methyl-1- 
oxides (I). 

The methylation of 6-nitro-1-hydroxy-1 : 2 : 3-benztriazole (VI) 
in aqueous sodium hydroxide with methyl sulphate gave only an 
O-methyl ether (Part I), whereas other similar compounds such 
as 6-nitro-1-hydroxy-5-methyl-1 : 2 : 3-benztriazole and 1-hydroxy- 
1 : 2: 3-benztriazole gave a mixture of O-ether and N-oxide (as I). 

In Part IT it was concluded that the behaviour of these compounds 
on methylation was similar to that of the oximes and that the 
formation of O-ether was favoured by conditions promoting ionis- 
ation of the sodium salt, and the N-oxide by the reverse (compare 
Brady and Goldstein, J., 1926, 2403). The fact that 6-nitro-1- 
hydroxy-1 : 2 : 3-benztriazole is a comparatively strong acid would 
accordingly favour the production of the O-ether on methylation 
of its sodium salt in aqueous solution. It was also shown that 
1-hydroxy-1 : 2 : 3-benztriazole heated with methyl sulphate alone 
gave 3-methyl-1 : 2 : 3-benztriazole 1-oxide (as 1) and none of the 
O-ether. 

Unsuccessful attempts have now been made to obtain the 
N-oxide from 6-nitro-l-hydroxy-1 : 2 : 3-benztriazole by alkylation 
in sodium hydroxide solution in presence of much sodium chloride 
and sulphate to suppress ionisation. When 6-nitro-1-hydroxy- 
1: 2: 3-benztriazole was heated with methyl sulphate alone, a 
complicated series of reactions occurred. When the amounts of 
the reactants were kept constant and the time of heating was varied, 
or the time was constant and the proportions varied, it.was found 
that in the early part of the reaction water-soluble compounds 
were formed : one of these soon decomposed in aqueous solution, 
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giving a precipitate of 6-nitro-3-methyl-1 : 2 : 3-benztriazole 1-oxide 
(VII); another was decomposed by alkali, giving formaldehyde 
and 6-nitro-3-methyl-1 : 2: 3-benztriazole (VIII); and a third 
gave no insoluble product on such treatment. The last, which was 
subsequently isolated direct from the reaction mixture after pro- 
longed heating, appears to be 6-nitro-1-methoxy-1 : 3-dimethyl- 
1:2:3-benztriazolinium methyl sulphate (IX), formed by addition 
of two molecular proportions of methyl sulphate to 6-nitro-3- 
methyl-1 : 2: 3-benztriazole l-oxide. The alkali treatment em- 
ployed for the isolation of the other products decomposed this 
compound and it was isolated from the mother-liquors, after they 
had been boiled with hydrochloric acid, as 6-nitro-1 : 3-dimethyl- 
1:2: 3-benztriazolinium chloride (X), m. p. 136° (decomp.) (Part 
Ill, J., 1930, 2672). 

The yield of the first compound increased rapidly to a maximum 
after a very short time of heating and then decreased ; the amount 
of the second product also increased, but more slowly, to a maximum 
with the time of heating. Finally, prolonged heating gave an 
increasing yield of the third product. 

Increasing the proportion of methyl sulphate from slightly more 
than one to ten molecular proportions caused very rapid diminution 
of the amount formed of the progenitor of 6-nitro-3-methyl-1 : 2 : 3- 
benztriazole l-oxide, a slower diminution of that of 6-nitro-3- 
methyl-1 : 2: 3-benztriazole, and an increasing yield of 6-nitro- 
l-methoxy-1 : 3-dimethyl-1 : 2 : 3-benztriazolinium methyl sulphate 
(IX). 

6-Nitro-3-methyl-1 : 2 : 3-benztriazole 1-oxide (VII) and 6-nitro- 
l-methoxy-1 : 2 : 3-benztriazole (XIV), when treated with methyl 
sulphate, rapidly gave a water-soluble product which with alkalis 
gave 6-nitro-3-methyl-1 : 2 : 3-benztriazole and formaldehyde. 

These reactions can be formulated by supposing that in the first 
instance methyl sulphate is added to the 3-N atom, giving (XI), 
which with water loses methyl hydrogen sulphate to give 6-nitro- 
3-methyl-1 : 2 : 3-benztriazole 1-oxide (VII). The action of more 
methyl sulphate methylates the hydroxyl group, giving (XII), 
which is tautomeric with (XIII); this is decomposed by alkali to 
give 6-nitro-3-methyl-1 : 2 : 3-benztriazole (VIII) and formaldehyde, 
a reaction similar to the behaviour of the amine oxides with alkyl 
iodides (Dunstan and Goulding, J., 1896, 69, 839; 1899, 75, 792; 
Meisenheimer, Ber., 1908, 44, 3966; 1913, 46, 1148; Annalen, 
1913, 397, 273). Finally, more prolonged action of methyl 
sulphate gives 6-nitro-l-methoxy-1 : 3-dimethyl-1 : 2 : 3- benz 
triazolinium methyl sulphate (IX). In the following scheme X is 
the MeSO, anion. 
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We have discarded a mechanism based on the assumption that 
hydroxybenztriazoles can behave as tautomeric compounds (com- 
pare Nietzki and Braunschweig, Ber., 1894, 27, 3381; Hunter, 
J., 1930, 128), principally in view of the ease with which methyl 
sulphate reacts with 6-nitro-l-methoxy-1 : 2 : 3-benztriazole (XIV) 
to give the progenitor of 6-nitro-3-methylbenztriazole (XII). 

When 6-nitro-3-methyl-1 : 2: 3-benztriazole l-oxide is reduced, 
and the’ amino-group replaced by hydrogen, 3-methyl-1 : 2: 3- 
benztriazole l-oxide is obtained, identical with the compound 
formed by the alkylation of 1-hydroxy-1 : 2 :3-benztriazole with 
methyl sulphate in aqueous alkali (Part II). The methyl group 
in the latter compound has been shown not to be in the 2-position, 
and the choice between the 1- and the 3-position is determined by 
analogy with the methylation product of 1-hydroxy-6-methyl- 
1; 2: 3-benztriazole prepared under similar conditions. Moreover, 
it is impossible to find a reasonable mechanism for the alkylation 
of 6-nitro-l-hydroxy-1 : 2 : 3-benztriazole unless the methyl group 
in 6-nitro-3-methyl-1 ; 2 : 3-benztriazole 1-oxide is in the position 
here assigned to it. It is this difficulty which led us to suspect an 
error in our former work. 

6-Nitro-1-hydroxy-5-methyl-1 : 2: 3-benztriazole reacts with 
methyl sulphate in a similar way to 6-nitro-l-hydroxy-1 : 2: 3- 
benztriazole, giving 6-nitro-3 : 5-dimethyl-1 : 2 :3-benztriazole 1- 
oxide, identical with the compound obtained by alkylation in 
aqueous alkali (Part I), and then 6-nitro-3 : 5-dimethyl-1 : 2 : 3- 
benztriazole. The constitution of 6-nitro-3 : 5-dimethyl-1 : 2 : 3- 
benztriazole l-oxide was established by converting it into 3: 5- 
dimethyl-1 : 2 : 3-benztriazole, whose constitution is known (Part 
Il): this further supports the new structure for these oxides. 
6-Nitro-3 : 5-dimethyl-1 : 2: 3-benztriazole was synthesised for 
comparison purposes from 4 : 6-dinitromethyl-m-toluidine (Brady, 
Day, and Reynolds, J., 1929, 2265). 

The mechanism of alkylation of these 1-hydroxy-1 : 2 : 3-benz- 
triazoles is similar to that suggested for the nitrobenztriazoles 
(Part III, loc. cit.) and seems to be the only one consistent with the 
experimental facts. 

EXPERIMENTAL. 

Methylation of 6-Nitro-1-hydroxy-1 : 2 : 3-benztriazole.—The solu- 
tion obtained by warming the benztriazole (10 g.) and methyl 
sulphate (20 ¢.c.) on the water-bath (10 mins.) was cooled and poured 
into ether (100 c.c.) with thorough shaking. The precipitated oil 
was separated, washed twice by decantation with ether (25 c.c.), 
freed from the last trace of this by a current of warm dry air, and 
dissolved in water (100 c.c.). After 15 minutes, the solid (A) which 
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had separated was collected, and the filtrate made strongly alkaline 
with 2N-sodium hydroxide. After a short time, the precipitate 
(B) was collected and the filtrate was made strongly acid with 
hydrochloric acid and evaporated as completely as possible on the 
water-bath. The residue was extracted with absolute alcohol, 
dry ether added to the solution, and the crude material thus pre- 
cipitated purified by repeated solution in alcohol and precipitation 
with ether; 6-nitro-1 : 3-dimethyl-1 : 2 : 3-benztriazolinium chloride 
was then obtained (J., 1930, 2672). Heated to its melting point, 
this compound lost methyl chloride and gave 6-nitro-3-methyl- 
1 : 2: 3-benztriazole. 

The material A (2 g.), when crystallised from benzene or alcohol, 
gave 6-nitro-3-methyl-1 : 2 : 3-benztriazole 1-oxide in pale yellow 
needles, m. p. 196° (decomp.) (Found : N, 29-2. C,H,O3N, requires 
N, 289%). These changed at 100° into bright yellow prisms, and 
this form was also obtained from a hot benzene solution of the 
oxide on addition of hot light petroleum. 

The precipitate B after crystallisation from alcohol was found to 
be 6-nitro-3-methyl-1 : 2: 3-benztriazole by comparison with a 
specimen prepared by the action of nitrous acid on 4-nitro-2-amino- 
methylaniline (Pinnow and Koch, Ber., 1897, 30, 2851); the amines 
obtained by reduction of the two specimens were also identical. 

A similar experiment, in which, however, the reaction mixture 
was heated on the water-bath for 3 hours, gave a water-soluble 
product which was not decomposed until sodium hydroxide was 
added ; 6-nitro-3-methyl-1 : 2 : 3-benztriazole was then precipitated. 
If freshly prepared moist silver oxide was substituted for the sodium 
hydroxide, the same compound was obtained and it was possible 
to detect formaldehyde in the solution by the usual tests. 

6-Nitro-1-hydroxy-1 : 2 : 3-benztriazole (10 g.), in a tube with 
a graduation mark indicating 25 c.c., was mixed with methy] sulphate 
so that the level of the liquid was somewhat below the mark. The 
tube was heated on the water-bath with continual agitation and 
just before complete solution was effected the liquid was made up 
to the mark with hot methyl sulphate and thoroughly stirred. 
Samples (5 c.c.) were taken from time to time and examined by 
the method described in the preliminary methylation above. Com- 
plete solution occurred after 10 minutes and a sample taken at once 
gave 0-35 g. of 6-nitro-3-methyl-1 : 2 : 3-benztriazole 1-oxide (A), 
1-3 g. of 6-nitro-3-methyl-1 : 2 : 3-benztriazole (B), and 0-5 g. of 
6-nitro-1 : 3-dimethyl-1 : 2 : 3-benztriazolinium chloride (C). After 
15 minutes, A = 0-25 g., B= 1:35 g., C= 0-5 g.; after 30 minutes, 
A=01g. B=15 g.. C=0-75 g.; after 60 mintites, A = 0, 
B=13 g.,C=10 g.; after 180 minutes, A= 0, B= 1-0 g., 
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¢=2-0 g. These figures are the means obtained in a number of 
experiments; the values for C are only approximate. 

In another experiment a number of mixtures of 6-nitro-1-hydroxy- 
1:2: 3-benztriazole (2 g.) and methyl sulphate (4 c.c.) were heated 
on the water-bath for given periods and then examined as before. 
The following yields of the various products were obtained: after 
10 minutes, A = 0-35—0-38 g., B = 1-25—1:35 g., C=0°5 g.; 
after 15 minutes, A = 0-23—0-25 g., B = 1-3—1:35 g.,C = 0:5 g.; 
after 30 minutes, A = 0-1—0-15 g., B = 1-4—1-5 g., C= 0-75 g.; 
after 1 hour, A=0, B= 13—1-:35 g., C=10 g.; after 3 
hours, A = 0, B = 0-8—1-0g.; C=2-0 g.; after 8 hours, A = 0, 
B=05g.,C = 30g. 

6-Nitro-1-hydroxy-1 : 2: 3-benztriazole (2 g.) was heated at 
100° for 8 hours with methyl sulphate (5 c.c.). Addition of excess 
of ether (dried over sodium) to the cooled product precipitated an 
oil, which was washed with dry ether by decantation. The oil was 
dissolved in absolute alcohol and precipitated with ether, but would 
not crystallise. After being freed from solvent in an evacuated 
desiccator, it gave analytical results corresponding with 6-nztro- 
1-methoxy-1 : 3-dimethyl-1 : 2 : 3-benztriazolinium methyl sulphate (IX) 
(Found: N, 12-5; 8S, 14:7. C©,,H,,0,,N,8, requires N, 12-6; 
S, 14-4%). 

Action of Methyl Sulphate on 6-Nitro-3-methyl-1 : 2 : 3-benztriazole 
1-Oxide and on 6-Nitro-1-methoxy-1 : 2 : 3-benztriazole.—The oxide 
(0-5 g.) was heated on the water-bath for 5 minutes with methyl 
sulphate (2 c.c.) and, after cooling, excess of dry ether added. The 
precipitated oil was dissolved in water and warmed with moist 
silver oxide; 6-nitro-3-methyl-1 : 2 : 3-benztriazole was then ob- 
tained, and formaldehyde detected in the solution; 2N-sodium 
hydroxide gave a precipitate of the above compound in the cold 
after a short time. In a second experiment | g. was heated for 
an hour with methyl sulphate (5 c.c.) and treated with ether. The 
precipitated oil was purified by repeated solution in absolute alcohol 
and precipitation with ether. The product behaved similarly to 
the 6-nitro - 1 - methoxy - 1 : 3-dimethyl- 1 : 2 : 3-benztriazolinium 
methyl sulphate described above. Alkalis gave formaldehyde but 
no insoluble compound; neither ether nor chloroform extracted 
anything from the alkaline solution. The alkaline solution was 
acidified with 2N-hydrochloric acid and boiled, the sulphuric acid 
removed with barium chloride, and the filtrate concentrated at 60°. 
The residue, on crystallisation from alcohol and ether, gave 6-nitro- 
1: 3-dimethyl-1 : 2 : 3-benztriazolinium chloride. 

6-Nitro-l-methoxy-1 : 2 : 3-benztriazole (2 g.) was heated for 
10 minutes on the water-bath with methyl sulphate (5 c.c.), and 
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the product poured into ether. The precipitated oil was dissolved 
in water, but no insoluble material was produced until sodium 
hydroxide was added; 6-nitro-3-methyl-1 : 2 : 3-benztriazole was 
then precipitated. 

6-Amino-3-methyl-1 : 2 : 3-benztriazole 1-Oxide.—Solid sodium 
hydrosulphite in small portions was added to a boiling solution of 
6-nitro-3-methyl-1 : 2 : 3-benztriazole 1-oxide (2 g.) in 70% alcohol 
(30 c.c.) until reduction was complete. As much as possible of the 
alcohol was removed on the water-bath, water (10 c.c.) added, and 


then 2N-sodium hydroxide until the solution was just alkaline. - 


The 6-amino-3-methyl-1 : 2 : 3-benztriazole l-oxide was extracted 
with chloroform; it crystallised from benzene—light petroleum in 
colourless prisms, m. p. 225° (decomp.), readily.soluble in water 


and oxidisable in air (Found: N, 34:3. C,;H,ON, requires N, - 


341%). 

This compound (0-5 g.) was added to a mixture of absolute alcohol 
(25 c.c.) and fuming sulphuric acid (2 c.c.), the solution heated to 
boiling, and finely powdered sodium nitrite (2 g.) added in small 
portions. Most of the alcohol was evaporated and water (10 c.c.) 
and a slight excess of a saturated solution of sodium carbonate 
were added; chloroform then extracted 3-methyl-1 : 2 : 3-benz- 
triazole 1-oxide which, after being crystallised twice from benzene- 
light petroleum, was identified by comparison with another specimen. 

Methylation of 6-Nitro-\-hydroxy-5-methyl-1 : 2 : 3-benztriazole — 
This compound (2 g.) (prepared by the method given in Part I, 
loc. cit.) and methyl sulphate (5 c.c.) were heated at 100° for 10 
minutes. The oil precipitated by ether was dissolved in water 
and after 10 minutes the 6-nitro-3 : 5-dimethyl-1 : 2 : 3-benztriazole 
l-oxide which separated was crystallised from methyl alcohol : it 
was identical with the compound obtained by alkylation with 
methyl sulphate in 2N-sodium hydroxide (Part I). When the 
filtrate from the above was made alkaline with sodium hydroxide, 
6-nitro-3 : 5-dimethyl-1 : 2 : 3-benztriazole separated : after crystal- 
lisation from alcohol, it was found to be identical with the compound 
obtained by the action of nitrous acid on 6-nitro-4-aminomethyl- 
m-toluidine (Brady, Day, and Reynolds, J., 1929, 2265). ‘The 
mother-liquor, after removal of the above compound, on treatment 
with hydrochloric acid and barium chloride to remove sulphate, 
and evaporation, gave a residue which on extraction with alcohol 
and precipitation with ether yielded an uncrystallisable oil. This 
was probably 6-nitro-1 : 3 : 5-trimethyl-1 : 2 : 3-benztriazolinium 
chloride; on heating, it gave 6-nitro-3 : 5-dimethyl-1 ; 2 : 3-benz- 
triazole. 

Heating a similar mixture of the hydroxytriazole and methyl 
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sulphate for more than 30 minutes and treating the product as 
before gave none of the l-oxide but a good yield of 6-nitro-3 : 5- 
dimethyl-1 : 2 : 3-benztriazole; prolonged heating reduced the 
yield of the latter compound, but a good yield of the triazolinium 
chloride was then obtained. 

Conversion of 6-Nitro-3 : 5-dimethyl-1 : 2: 3-benztriazole 1-Oxide 
into 3:5-Dimethyl-1 : 2: 3-benztriazole—When _ 6-nitro-3 : 5-di- 
methyl-1 :.2 : 3-benztriazole l-oxide was reduced with sodium 
hydrosulphite similarly to 6-nitro-3-methyl-1 : 2 : 3-benztriazole 
l-oxide above, 6-amino-3 : 5-dimethyl-1 : 2: 3-benztriazole 1-oxide 
was obtained; it formed colourless prisms, m. p. 279° (decomp.), 
from benzene-light petroleum (Found: N, 31-6. C,H,,ON, re- 
quires N, 31-6%). The amino-group in this compound was removed 
as before and the product was boiled under reflux for 6 hours with 
hydriodic acid (d 1-7) and red phosphorus. The solution was 
diluted with water, filtered, made alkaline with sodium hydroxide, 
and extracted with chloroform. The product, crystallised from 
light petroleum, gave 3: 5-dimethyl-1 : 2: 3-benztriazole, m. p. 
75°, which did not depress the melting point of a synthetic specimen. 


THE RateH Forster LABORATORY OF ORGANIC CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, March 10th, 1931.] 





CLXIX.—The Rearrangement of the Alkylanilines. 
Part IV. The Formation of Olefins from the 
Alkylaniline Hydrobromides. 


By WitrreD JonN Hickrnspottom and SAMUEL EDWARD ALLAN 
RYDER. 


HickINBOTTOM and PrEsTON (J., 1930, 1566) have shown that the 
product of the rearrangement of isobutylaniline is dependent on the 
nature of the catalyst promoting the change; the use of metal 
halides gives p-aminoisobutylbenzene, whereas halogen hydrides 
produce p-amino-tert.-butylbenzene. 

It appeared that some indication of the cause of this striking 









difference would be furnished by a closer examination of the behavi- 
our of the halogen hydride salts of the alkylanilines when heated. 
This paper records observations on the products formed when the 
hydrobromides are maintained between 238° and 302° so that the 
volatile products may be collected continuously and examined. 

The hydrobromides of ethyl-, n-propyl-, n-butyl-, isobutyl-, and 
isoamyl-anilines decompose into olefin and alkyl bromide, the 
relative proportions of the two volatile products being dependent 
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on the temperature and on the nature of the alkyl group. In 
columns 12 and 13 of Table I are given the percentages of the alky| 
group present in the product as olefin and as alkyl bromide. It is 
evident that in ascending the series from ethylaniline to isoamyl- 
aniline there is a progressive increase in the proportion of olefin in 
the volatile products of decomposition. This is illustrated by the 
curves in Fig. 1, which give the volumes of gas, corrected to N.T.P., 
evolved from | g. of hydrobromide heated at 302°. The curves show 
that the evolution of the olefin is comparatively rapid, the greater 
part being collected during the first half hour of heating. 
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The olefins were identified by the preparation of their dibromides, 
ethylene and n-butylene being further characterised by the formation 
of the corresponding diarylamino-compounds.  1-Butylaniline 
hydrobromide yielded {$-butylene, CH,-CH:CH:CH,, a mode of 
decomposition which resembles the dehydration of n-butyl alcohol 
by sulphuric acid (compare Young and Lucas, J. Amer. Chem. Soc., 
1920, 52, 1962). 

Although the elimination of an alkyl group from quaternary 
ammonium compounds as olefin is well known (compare Hanhart 
and Ingold, J., 1927, 997), there does not appear, as far as the 
authors are aware, to be any previous record of the breakdown of 
the alkylaniline salts to give olefin. 

The reaction is not confined to the elimination of the alkyl group 
as olefin and alkyl bromide. The non-volatile portion of the product 
was found to contain, in addition to aniline and the secondary amine, 
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the corresponding p-aminoalkylbenzene (compare Hickinbottom, 
J., 1927, 64). 

Bennett and Chapman (Ann. Reports, 1930, 124) have attempted 
to account for the rearrangement of isobutylaniline hydrobromide 
to p-amino-tert.-butylbenzene (Hickinbottom and Preston, loc. cit.) 
by the suggestion ‘‘ that the hydrobromide evolved rapidly a large 
proportion of isobutyl bromide, which isomerised to the tertiary 
halide in the vapour phase before recombination.” It is not clear 
what is the experimental basis for this suggestion, for there has been 
no previous record, as far as the authors are aware, of the thermal 
decomposition of isobutylaniline hydrobromide. It appears to be 
a special application of a hypothesis based on the decomposition of 
phenyltrimethylammonium iodide (Michael, Ber., 1881, 14, 2107, 
footnote). 

It is evident from the experimental results given in Table I that 
isobutylaniline hydrobromide does not rapidly evolve “a large 
proportion of isobutyl bromide.” Indeed, isobutyl bromide is only 
a minor product of the decomposition; under the most favourable 
conditions about 12% of the butyl group is evolved as bromide, but 
usually the proportion is lower. Even if it is shown subsequently 
that iso- and tert.-butyl bromides can react with the nucleus of 
aniline under the conditions usually obtaining during rearrangement, 
the bromide liberated on heating can account for only a small amount 
of the rearrangement. 

The butyl bromide evolved has been found to consist very largely 
of the iso-bromide. Yet while this is being evolved there is a 
simultaneous transference of the butyl group to the nucleus, p-amino- 
tert.-butylbenzene being formed as a consequence of the butyl] group 
undergoing isomerisation during the migration from the nitrogen to 
the ring. 

It must be concluded that the explanation of Bennett and Chap- 
man is at variance with the ascertained facts, and fails completely 
to account for the production of p-amino-éert.-butylbenzene from 
isobutylaniline hydrobromide. It will be shown in a subsequent 
paper that there is satisfactory evidence for assuming that olefins can 
take part in the transference of the alkyl group from nitrogen to the 
nucleus, 

EXPERIMENTAL. 

The Products of Thermal Decomposition of the Alkylaniline Hydro- 
bromides.—The hydrobromide was heated in a flask at 302° or other 
suitable temperature. The volatile products were passed through 
two short condensers and the alkyl bromide thus condensed was 
collected in a receiver at 0°. The uncondensed gases were passed 
into a flask, cooled by ice-water, containing bromine vapour, which 











was 
The 
con 
dist 


b. p 
nitt 
cry: 
J. 


aqu 


by 

rea 
dip 
eth. 


p-a 
by 








ttom, 


ipted 
mide 
. Cit.) 
large 
‘tiary 
Clear 
been 
Trmal 


on of 
2107, 


that 
large 
only 
‘able 
_ but 
ntly 
s of 
ent, 
unt 


gely 
is a 
ino- 
‘oup 
n to 


\ap- 
tely 
rom 
ent 
can 
the 


lro- 
her 
igh 
vas 


sed 





THE REARRANGEMENT OF THE ALKYLANILINES. PART IV. 1285 


was maintained in slight excess by suitable additions of the halogen. 
The volatile products from isoamylaniline hydrobromide could be 
condensed without difficulty and later separated by fractional 
distillation. 

Ethylaniline hydrobromide (302°, 2 hours) gave ethyl bromide, 
b. p. 35—40°, characterised by conversion into p-bromophenylethyl- 
nitrosoamine, which separated from light petroleum in colourless 
crystals, m. p. and mixed m. p. 62—63° (Meldola and Streatfeild, 
J., 1889, 55, 423, describe the nitrosoamine as separating from 
aqueous alcohol in lustrous ochreous plates, m. p. 63—64°). 

The gas evolved in the decomposition was identified as ethylene 
by conversion into the dibromide, b. p. 126—130°, and then, by 
reaction of the dibromide with aniline, into a mixture of 1: 4- 
diphenylpiperazine, m. p. and mixed m. p. 160—161°, and s-diphenyl- 
ethylenediamine, characterised by its nitrosoamine, m. p. 158—159°. 

The non-volatile decomposition product was found to contain 
p-aminoethylbenzene by the isolation of its sulphate and then 
by formation of its acetyl derivative, m. p. and mixed m. p. 
93—94°. 

n-Propylaniline (J., 1930, 992) was purified by the crystallisation 
of its hydrobromide from alcohol. 

The hydrobromide (302°, 1 hour) gave propylene (dibromide, b. p. 
138—142°), and n-propyl bromide, b. p. 68—72°, characterised by 
conversion into n-propylacetanilide, m. p. and mixed m. p. 47—49°. 
p-Aminopropylbenzene was isolated from the non-volatile residue 
and characterised by its acetyl derivative, m. p. 102—103°. 

n-Butylaniline hydrobromide (302°, 1 hour) gave n-butyl bromide, 
identified by conversion into p-toluenesulphonphenyl-n-butylamide, 
m. p. and mixed m. p. 55—56° (von Braun and nanan Ber., 1926, 
59, 1202, give m. p. 54°). 

The olefin evolved during the decomposition: gave a dibromide, 
bh. p. 155—158°, having the constants of Sy-dibromobutane («8-di- 
bromobutane, b. p. 165—166°; ®y-dibromobutane, b. p. 158° or 
161°). It was characterised as fy-dibromobutane by converting 
it into dl-@y-di-p-tolylaminobutane, m. p. and mixed m. p. 
60—62° (picrate, m. p. and mixed m. p. 169°), and meso-fy-di- 








p-tolylaminobutane, identified by its sparingly soluble hydrochloride 
and its nitrosoamine, m. p. 143—145° (Morgan and Hickinbottom, 
J., 1923, 123, 97; Morgan, Hickinbottom, and Barker, Proc. Roy. 
Soc., 1926, A, 140, 505). The proportion of the meso-amine in the 
product from the dibromide was small. 

From the non-volatile decomposition product, p-amino-n-butyl- 
henzene was isolated through its sulphate; it was characterised by 
it} acetyl derivative, m- p. and mixed m. p. 95—98°. There was 
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distinct evidence of the presence of an isomeric aminobutylbenzene 
in the crude product, and this point is being investigated. 

isoButylaniline hydrobromide. An improvement in the method 
previously described for the preparation of isobutylaniline consists 
in using the isobutyl iodide. The yield of approximately pure 
isobutylaniline from 72 g. of iodide was 30 g. (theoretical, 62 g.). 

tsoButylaniline hydrobromide (30 g.) was heated in an oil-bath at 
240—270°. The fused salt effervesced vigorously and solidified after 
25 minutes; the heating was then discontinued. The butyl bromide 
collected during this period distilled between 85° and 93°, the 
greater part at 89—93° (yield, 0-77 g.) (isobutyl bromide, b. p. 92°; 
tert.-butyl bromide, b. p. 72°).. It was characterised by the formation 
of p-toluenesulphonphenylisobutylamide, m. p. and mixed m. p. 
123°.* 

The olefin evolved in the decomposition, on treatment with 
bromine, gave dibromoisobutane, b. p. 148—149°, together with 
smaller amounts of a fraction, b. p. 80—100°, and a fraction boiling 
much above 180°. Linnemann and Zotta (Annalen, 1872, 162, 36) 
and Pogorschelski (J. Russ. Phys. Chem. Soc., 1905, 36, 1486) found 
that pure isobutylene on conversion into dibromide gave in addition 
appreciable quantities of a tribromide and some butyl bromide. 

From the non-volatile decomposition product, p-amino-tert.- 
butylbenzene was isolated, b. p. 225—230° (uncorr.); acetyl deriv- 
ative, m. p. and mixed m. p. 169—170°. 

Decomposition of isobutylaniline hydrobromide at 302° gave the 
same products. 

isoAmylaniline hydrobromide. isoAmylaniline was prepared by 
the general method previously described (Hickinbottom, J., 1930, 
992). 85 G. of crude isoamylaniline, b. p. 245—255° (uncorr.)—the 
greater part distilled at 246—248° (uncorr.)—was obtained from 
133 g. of isoamyl iodide (theoretical, 109 g.). It was purified by 
crystallisation of its hydrobromide from benzene or alcohol (Found: 
HBr, 32-9. C,,H,,N,HBr requires HBr, 32-:7%). The hydro- 
bromide, m. p. 148—151°, is readily soluble in warm benzene and 
alcohol or cold chloroform. The hydrochloride separates from 
carbon tetrachloride in clusters of small needles, m. p. 148—150°; 
the p-toluenesulphonyl derivative forms flattened prisms, m. p. 
79—80°, from alcohol (von Braun and Murjahn, Joc. cit., give hydro- 

chloride, m. p. 151°; p-toluenesulphony] derivative, m. p. 81—82°). 
isoAmylaniline hydrobromide heated at 240—270° during 1 hour 
gave iscamylene, b. p. 38—40°, and isoamyl bromide, b. p. 115— 
* In a previous paper (J., 1930, 994) the authors described this compound 


without being aware that von Braun and Murjahn (loc. cit.) had prepared it 
previously and found m. p. 121°. 
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120°. From the residue, p-amino-tert.-amylbenzene was isolated ; 
acetyl derivative, m. p. 134° (Willgerodt and Dammann, Ber., 1901, 
34, 3678, give m. p. 138—139°; the isomeric isoamyl compound has 
m. p. 113—114°). 

Estimation of the Products formed in the Decomposition of the 
Alkylaniline Hydrobromides.—The apparatus consisted of a tube 
having a small bulb (A) blown at one end and inclined at a few degrees 
from the horizontal. It was sealed to a short condenser, the lower 
end of which was sealed into the ground-in cap of a cooled receiver. 
This cap also carried a second and similar condenser to trap any 
uncondensed vapours leaving the receiver. The uncondensed gas 
was collected over potassium hydroxide solution in a nitrometer, 
from which it was periodically transferred to a gas burette for 
analysis. The bulb (A) served to hold the amine hydrobromide, 
which was heated to a constant temperature by a surrounding 
vapour bath. The vapours of the following substances were used : 
diphenylamine, b. p. 302°; amyl salicylate, b. p. 270°; quinoline, 
b. p. 238°. 

In one series of experiments—designated (a)--the whole of the 
apparatus was filled with dried carbon dioxide, and the olefin swept 
out, as it was liberated, by a gentle stream of dry carbon dioxide. 
In another set of experiments—(b)—the apparatus was initially full 
of air, and carbon dioxide was introduced to sweep out the olefin 
after the period of heating had been completed. In this series, the 
gas collected in the nitrometer was measured after known intervals 
from the commencement of the fusion of the hydrobromide: the 
results furnished the data on which the curves (Fig. 1) showing the 
rates of evolution of olefin are based. In both series, the olefin was 
estimated by the usual process of gas analysis by absorption in 
bromine water. 

The alkyl bromides could not be determined sufficiently accurately 
by direct weighing. The non-volatile residue was therefore dis- 
solved in aqueous alcohol, and the bromidion in an aliquot portion 
estimated : from the difference between the bromidion present before 
heating and after, the loss of alkyl bromide was calculated. 

After the determination of bromidion in the residue, the remainder 
of the solution was concentrated after acidification, the amines 
liberated, and the primary amines separated from the other products 
as zincichlorides. The zincichlorides were collected on a sintered 
funnel, and dried in order to obtain a measure of the total primary 
amines present. The proportion of aniline and p-aminoalkyl- 
benzene was determined by liberating the amines from the zinci- 
chlorides, and converting them into hydrobromides or hydro- 
chlorides by evaporation with the appropriate acid. An estimation 
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of the halidion in the dried mixture of salts allowed the calculation 
of the relative proportions of aniline and p-aminoalkylbenzene. 
Owing to the serious effect of small experimental errors in these 
estimations, the amounts of p-aminoalkylbenzene recorded are only 
approximate. The experimental results are summarised in Table I. 


THE UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [ Received, March 24th, 1931.] 





CLXX.—Studies of the Glucosides. Part IV. Aesculin. 
By ALEXANDER KILLEN MACBETH. 


THE study of the constitution of this glucoside was undertaken 
some time ago, and although the work has not yet been completed 
the results obtained are now communicated on account of the 
appearance of the paper by Head and Robertson (J., 1930, 2434). The 
main purpose of the research was to determine the position of the 
sugar residue in the glucoside, to ascertain the nature of the glucose 
present, and to support the structure by orientation of the methyl- 
coumarin obtained, and by synthesis of methylaesculin. The 
structure of the glucoside was established, and the results were 
presented as part of the Liversidge Research Lecture in the 
University of Sydney (June 6th, 1930). It was shown that 
aesculin was 6-glucosidoxy-7-hydroxycoumarin, the sugar being 
present in the amylene-oxide form linked as a 8-glucose residue. 
This is in agreement with the evidence of the activity of 
the 6-hydroxyl group in the formation of scopoletin as a plant 
product, and supports the conclusions of Head and Robertson as 
to the position of the sugar residue. Aesculin is accordingly shown 
to possess the structure 


| HO’ \“ co 

. | 

CH,(OH)-QH-CH(OH)-CH(OH)-CH(OH)-CH—O—\ y, 
ie 





EXPERIMENTAL. 

Methylation of Aesculin. 7-O-Methylaesculin.—(a) Aesculin (5 g.) 
in methyl alcohol (100 c.c.) containing the equivalent amount of 
potassium hydroxide was refluxed (10 hours) with excess of methyl 
iodide until the solution was neutral. Solvents were then distilled 
off and the residue was recrystallised from boiling water. (b) 
Aesculin (10 g.), suspended in dry methyl alcohol, was treated at 
intervals with an ethereal solution of diazomethane. After 3 days 
the excess of diazomethane and the solvents were distilled off and 
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the residue was recrystallised from methyl alcohol or boiling water. 
7-0-Methylaesculin separated as a dihydrate in long, white, feathery 
needles (from water), m. p. 229° (Found : C, 49-2; H, 5-5. Cale. for 
Cyg¢Hyg09,2H,O: C, 49-2; H, 5-6%. Found in material dried at 
120°: OMe, 7-9. Calc.: OMe, 8-8%). The methylaesculin did 
not reduce Fehling’s solution, was hydrolysed by emulsin, and its 
solutions exhibited a feeble fluorescence in. ultra-violet light or 
sunlight. It had [«], —98° (c, 0-0812) in water and — 131° (ce, 
00532) in methyl alcohol; the aqueous solution deposited crystals 
of the methylglucoside after 2 days. 

Hydrolysis of 7-O-Methylaesculin.—This was accomplished by 
emulsin or by refluxing the ether (0-9 g.) with 2% sulphuric acid 
(100 ¢c.c.) for 30 minutes. Methylaesculetin separated as small 
spherules of fine needles on cooling, which later coalesced to form 
amass. After recrystallisation from methyl alcohol it had m. p. 
185°, which was not depressed by admixture with methylaesculetin 
prepared according to Tiemann and Will (Ber., 1882, 15, 2072). 
The structure is therefore that established by Moore (J., 1911, 99, 
1043). 

Complete Methylation of Aesculin.—The methylation of the sugar 
residue in the glucoside is laborious on account of the low solubility 
of methylaesculin in organic media. It was carried out, however, 
by the repeated application of the Purdie reaction. Methylaesculin 
(6 g.) was added to a large excess of equal parts of methyl alcohol 
and methyl iodide, and silver oxide was added in 10-g. lots at inter- 
vals of 8 hours while the mixture was gently refluxed for several 
days. The residue after removal of solvents was thoroughly ex- 
tracted with methyl alcohol, and subjected to reaction afresh. 
(Little methyl alcohol is required when the methoxyl content 
reaches 25°, and none when the value exceeds 28%.). The progress 
of the methylation is shown in the following summary : 


Extraneous solvent. Time. % Methoxyl. Yield, g. 
] MeOH, 50% 15 days 19-3 6-3 
2 ie 40,, 12 hours 24-6 6-0 
3 0 10,, 2 27-5 5-6 
4 ” ” 12 ” 28-5 5-3 
5—10 Nil eF "4, 37-0 4-7 


The product was isolated as a yellow-brown glass, readily soluble 
in methyl alcohol, methyl iodide, and ethyl acetate. It could not 
be crystallised, but before hydrolysis it was refluxed with light 
petroleum to remove some of the coloured impurities. 

Simultaneous Hydrolysis and Condensation of Pentamethylaesculin. 
—This was carried out on 3 g. of the fully methylated glucoside by 
the action of methyl alcohol containing hydrogen chloride (1%) 
UU 
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as described in previous papers (J., 1922, 121, 1666; 1923, 123, 
723). The resulting syrup, b. p. 110°/0-5 mm. (Found: OMe, 
59-8. Calc. for tetramethyl glucose: OMe, 62-0%), was subjected 
to a Purdie reaction to methylate traces of tetramethyl glucose 
which had escaped glucoside formation, and the product showed the 
characteristic properties of the normal form of tetramethyl methyl. 
glucoside. On hydrolysis by 8% hydrochloric acid, tetramethyl 
glucose was obtained which after several crystallisations from light 
petroleum had m. p. 94° and rotation of + 91° which on mutarot- 
ation fell to + 83-2°. The amylene-oxide form of glucose is there- 
fore present in the original glucoside. We were not successful in 
isolating methylaesculin from the hydrolytic product. 


Thanks are expressed to the Chemical Society for a grant which 
met the cost of materials used in the work. 


UNIVERSITIES OF DURHAM AND ADELAIDE. 
[Received, April 20th, 1931.] 





CLXXI.—Organic Derivatives of Silicon. Part XLIV. 
The Formation of Trichlorosilicane or of Silicon 
Dichloride from Phenylsilicon Trichloride. 


By Frepsric STANLEY Kippine, JOHN CHARLES BLACKBURN, and 
JOHN Francis SHORT. 


WHEN phenylsilicon trichloride is heated with sodium under the 
conditions previously prescribed (J., 1930, 1029; compare also J., 
1929, 1180), it gives not only tri- and tetra-phenylsilicane but also 
hydrogen chloride and some volatile silicon halide, which is collected 
in benzene or toluene. The addition of water to this solution 
immediately precipitates an inorganic solid (X), which is rapidly 
and completely soluble in cold alkalis, with the evolution of hydrogen. 

From the results of silica determinations and measurements of 
the hydrogen values of different preparations, it was concluded that 
the solid (X) had the composition H,Si,0,, and had been produced 
either (a) by the hydrolysis of trichlorosilicane or (b) by the condensa- 
tion of a dihydroxide, [Si(OH),],, formed from silicon dichloride; 
in either case it was mixed with some other silicon compound, 
probably silica, possibly silico-oxalic acid, and also contained free 
or combined water. 

For various reasons determinations of the ratio, solid X to chlorine, 
in the products of the hydrolysis of the silicon halide did not decide 
between the alternatives (a) and (b); the results, however, pointed 
to the conclusion that the halide was not trichlorosilicane (p. 1296). 
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23, The product of the hydrolysis of crude trichlorosilicane, first 
Me, described by Buff and Wéhler (Annalen, 1857, 104, 94), was further 
ted investigated by Friedel and Ladenburg (Annalen, 1867, 143, 118), 
ose | who concluded that it had the composition H,Si,O, and named it 
the § silicoformic anhydride. Schwarz and Souard (Ber., 1920, 53, 14) 
aryl. J prepared this compound (now called dioxodisiloxane) from trichloro- ~ 
hyl § silicane, b. p. 33°, and found that after it had been dialysed in 
ght — ice-cold water during 9 days and then dried over phosphoric oxide, 
rot- | it gave a hydrogen value corresponding with that required for 92% 
pre- of H,Si,O,. From this result they concluded that the compound 
lin | must be relatively stable towards water, but there was no evidence 
that their original preparation was pure: their trichlorosilicane 
; might have contained some other silicon halide which gave a product 
ich | of hydrolysis having a hydrogen value lower than that of dioxodi- 
siloxane; the authors themselves note that their crude trichloride 
contained fractions boiling from 21° to 33°. 
‘] Pure or practically pure dioxodisiloxane was prepared by Stock 
and Zeidler from trichlorosilicane, b. p. 31-5° (Ber., 1923, 56, 986) ; 
| they describe it as “ iiberraschend wasserbestandig.”” When left in 
V. | water during 24 hours at the ordinary temperature, it underwent no 
on | appreciable change ; “das fertige Dioxodisiloxan ist also wasserfest.”’ 
These authors also found that when a cooled benzene solution of 
trichlorosilicane was shaken with water the filtered aqueous solution 
and § gave no hydrogen with alkalis and was free from silicon. 
Now the solid (X) is appreciably decomposed by water at the 
the § ordinary temperature and apparently also to a slight extent even 
J., | at 0°; further the filtered aqueous solution obtained in the prepar- 
ilso § ation of (X) reduces silver nitrate, evolves a gas with alkalis, and 
ted | contains some silicon compound; even when (X) has been left in 
ion | water during some days, it still dissolves sufficiently to give a 
diy J solution which reduces silver nitrate. 
en. According to Buff and Wohler (loc. cit.) the product of hydrolysis 
of | of trichlorosilicane is lighter than water and is not attacked even 
hat | by concentrated nitric acid; the solid (X), on the other hand, is 
ced | heavier than water and is readily acted on even by dilute nitric acid. 
sa All these facts seem to prove that (X) cannot have been formed 
de; | from trichlorosilicane, and further evidence to the same effect is 
nd, § obtained by comparing the properties of (X) with those of certain 
ree § Other silicon compounds. Oxomonosilane, (SiH,O),, is not acted 
on by water even at 100°, and is not appreciably changed by fuming 
ne, § nitric acid (Stock, Somieski, and Wintgen, Ber., 1917, 50, 1754), 
ide § Whereas monox and the solid obtained by Cambi (Aéti R. Accad. 
Lincet, 1911, 20, i, 434) by the decomposition of silicon monosulphide 
are both decomposed by water. It seems probable, therefore, that 
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(X) differs fundamentally from oxomonosilane and from dioxodi- 
siloxane, but is related to the two solids which may be regarded as 
derivatives of Si(OH), or of SiCl,. 

The possible existence of silicon dichloride in the products of the 
interaction of silicon and hydrogen chloride seems to be indicated 
’ by certain results of Gattermann (Ber., 1889, 22, 192), who thus 
obtained a very volatile silicon halide, which apparently was not tri- 
chlorosilicane but on hydrolysis gave a solid similar to dioxodisiloxane 
in composition. A repetition of some of Gattermann’s work during 
this investigation showed that a solid obtained as he described, like 
(X), was appreciably decomposed by water and therefore contained 
presumably some component which had not been formed from 
trichlorosilicane. 

The chloride from which (X) is obtained does not seem to combine 
with iodine; as, however, a silicon dichloride would probably 
polymerise, giving mainly a saturated closed-chain compound, and 
since, moreover, iodo-derivatives of organic silicon compounds may 
be very unstable (J., 1921, 119, 830), this evidence is of little value. 

When benzene, toluene or xylene solutions of the halide are 
distilled to a small volume, sometimes the whole, sometimes a con- 
siderable proportion of the halide, remains in the residue (p. 1297); 
this seems to show that the halide, which when freshly prepared is 
very volatile, has in fact undergone polymerisation, which it could 
not do if it were trichlorosilicane. 

In spite of a prolonged investigation with the hope of establishing 
the existence of silicon dichloride and of proving the origin of (X), it 
has been impossible to decide between the alternatives already 
given; this is partly due to the very small yields of the silicon 
halide, but more particularly to the inherent difficulties of the 
problem. From the whole of the evidence, however, it may be 
provisionally concluded that (X) is a mixture of condensation 
products of [Si(OH),],. 

The formation of the volatile compounds known or suspected to 
be produced during the interaction of sodium and phenylsilicon 
trichloride may be expressed as follows : 


PhSiCl, + 2Na = NaPh + NaSiCl, : NaSiCl, + 3NaPh = NaSiPh, 
+ 3NaCl : PhSiCl, + 3NaPh = SiPh, + 3NaCl: NaSiPh, + HCl 
= HSiPh,-+ NaCl: PhSiCl, + 2Na = NaPh + NaCl + SiCl,: 
NaSiCl, + HCl = HSiCl, + NaCl. 

It is suggested that the hydrogen chloride which is known to be 
produced is formed by a change such as 


> SiPh + SiCI= = > Si-C,H,Si= + HCl. 
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EXPERIMENTAL 


Many attempts have been made to ascertain the best conditions 
for the formation of the volatile silicon halide. The experiments 
were carried out substantially as already described (loc. cit.), but an 
additional drying tower containing phosphoric oxide was used and 
a by-pass was provided from the reaction flask so that the escaping 
nitrogen could be tested from time to time. The temperature, the 
rate of heating, and the state of division of the sodium were varied 
so far as possible and the best yields were obtained by heating to 
about 200° in the course of 2—3 hours and then keeping the mixture 
at about 200—220°, the flask being shaken very gently from time to 
time from about 130°; if the temperature were raised to 220° too 
quickly, or if the flask were shaken too vigorously, the yields were 
diminished and might be negligible. Even after they have been 
kept at 200° during some 10—15 hours, a vigorous agitation of the 
contents of the flask may bring about a very violent reaction accom- 
panied by flashes of light. The best yields were only about 0-2 g. 
from 15 g. of the trichloride. 

In the later experiments, in which the ratio, solid : chlorine, was 
determined (p. 1296), the phenylsilicon trichloride was heated alone 
at about 160° in the nitrogen stream during some hours in order to 
expel hydrogen chloride or silicon tetrachloride if present; no 
tetrachloride was found in any case, but, after the addition of sodium 
and heating, hydrogen chloride was always obtained, and the weight 
of this gas was always much greater than that of the product (X) 
subsequently isolated. With a gas stream at the rate of about one 
litre per hour, at least four benzene or toluene wash-bottles, each 
containing about 15 c.c., must be used, otherwise a portion of the 
product is not absorbed. Each experiment occupied some 20 hours. 

The solid (X), which separates immediately when crushed ice is 
added to the benzene solution, is at first gelatinous and cannot be 
separated easily by filtration; bubbles of gas can be seen adhering 
to it, and sometimes rising to the surface. In the course of an hour 
or so the solid becomes granular, but unless it is left with water 
during some hours longer it may still retain halogen; it is finally 
separated by filtration, washed with ice-cold acetone and then with 
benzene. Although acetone decomposes it to a visible extent, the 
washing with this solvent is essential; if omitted, the preparations 
may contain some organic matter soluble in acetone, possibly a 
condensation product of PhSi(OH), and [Si(OH),)n. 

Properties of (X).—When the air-dried solid (X) is placed in water 
at the ordinary temperature, it is not wetted and floats; with the 
aid of a lens, bubbles of gas, possibly air, may be seen adhering to 
the = When, however, the powder is damped with acetone, 
UU 
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alcohol, or very dilute acetic acid and then placed in water it im- 
mediately sinks: particles then begin to rise, carried upwards by 
adhering bubbles, and this gas evolution may continue during some 
hours, the particles rising and falling as the gas forms and then 
escapes. Ammonia and cold aqueous alkalis attack (X) vigorously 
at the ordinary temperature, hydrogen being evolved. It is readily 
acted on by warm dilute nitric acid, but even after it has been heated 
with this (or acetic) acid at about 100° during 3—4 hours, the 
washed solid still gives hydrogen with alkalis. 

The solid which has been in contact with water during 10—15 
days, if placed in fresh distilled water, gives a solution which reduces 
silver nitrate. It reduces permanganate both in acid and in neutral 
solution and is quickly turned brown by an aqueous solution of 
silver nitrate. When heated alone in a test-tube over the free 
flame, it puffs suddenly, and when a mixture of the substance with 
manganese dioxide or red lead is similarly heated a definite explosion 
takes place. The solid leaves no residue when it is evaporated with 
hydrofluoric acid. 

The aqueous filtrate from the preparation of (X), as already stated, 
has reducing properties and gives hydrogen with alkalis; on evapor- 
ation the solution gives a very small gelatinous residue which still 
gives hydrogen. 

The following are some of the analytical data obtained with six 
different preparations; about the same number of other samples, 
H.V. = 300—330, were obtained but were not further examined 
quantitatively. 

H,Si,O, requires H.V. 420; SiO,, 113-1%. Si(OH), requires 
H.V., 360; SiO,, 96-8%. 


Found. Calculated (A). Calculated (B). 
H.V. SiO, H,Si,0,. SiO, H,O. H,Si,O;. H,Si,O,. H,0. 
I 364 99-2 86-7 1-2 12-1 78:2 12-8 9-0 
II 352 101-1 83-8 6-4 9-8 85-6 2-4 12-0 
III 364 105-2 86-7 7:2 6-2 80:3 14-6 5-1 
IV 364 101-9 86-7 3-9 9-4 83-2 7-9 8-9 
V 334 104-3 79-5 14-5 6-0 66-7 29-4 3:9 
VI 360 104-4 85-7 7-4 6-8 79-1 15-2 5:7 


I, pressed on porous earthenware and left during 2 hours over 
sulphuric acid. II, III, and IV, air-dried until constant. V, dried 
over sulphuric acid and then at 160°. VI, prepared from a distilled 
toluene solution; dried at 200°. 

Assuming that the only hydrogen-giving component of (X) is 
[H,Si,0,],, which may be either dioxodisiloxane or a condensation 
product of [Si(OH),],, the compositions of these samples, calculated 
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from the H.V. and silica determinations, would be as shown above 
(A); the compositions given under (B) are calculated on the assump- 
tion that (X) is a mixture of H,Si,O, and silico-oxalic acid (H.V. = 
184; SiO, = 98-4%), which does not seem to be probable and in any 
case does not help to settle the origin of (X). The presence of silica 
would be expected if (X) is formed from [Si(OH),],, because it is 
proved that the product is partly decomposed by water; if (X) is 
dioxodisiloxane, it must be concluded that the silica has been 
formed from silicon tetrachloride. The presence of water (by 
difference) in samples V and VI cannot be accounted for if (X) is 
dioxodisiloxane, because this compound is anhydrous when it has 
been dried over sulphuric acid; if, on the other hand, (X) is a 
condensation product of [Si(OH),],, it may still retain combined 
water in the form of >Si(OH), groups.* In either case, the per- 
centage of water is calculated by difference, and as it is impossible 
to assert that the samples V and VI were quite free from organic 
matter, such as a condensation product of PhSi(OH), with [Si(OH),],, 
the actual figures are only approximations. 

Samples of (X) kept at the ordinary temperature or heated did 
not give, as a rule, increased hydrogen values corresponding with 
the loss in weight. Sample I, for example, H.V. = 364, lost 7-5% in 
weight over sulphuric acid and then gave H.V. = 370 instead of 393. 
Sample III, H.V. = 364, lost 1-64% over sulphuric acid and an 
additional 1-6% at 130° and then gave H.V. = 342 instead of 375 
(compare also p. 1297). These results seem to show that oxidation 
had occurred, or decomposition into silica and hydrogen by a 
reaction such as H,Si,O, +- H,O = 2S8i0, + 2H,; in either case the 
observed change in weight would give little indication of the actual loss 
of water, free or combined. The results seem to be incompatible 
with the known behaviour of dioxodisiloxane. 

Ratio, Solid (X) : Chlorine—Assuming that the products of 
hydrolysis of trichlorosilicane are H,Si,O, and 6HCl and those of 
SiCl, are Si(OH), and 2HCIl, the ratios of solid to chlorine would be 
1:2 and 1: 1-15 respectively; the pure chlorides might thus be 
distinguished. In the case under consideration the exact weight 
of the hydrogen-giving component of (X) is not known and the 
benzene solutions from which (X) is obtained contain SiPh,, PhSiH,, 


* This seems to be an improbable, but not an impossible assumption. It 
is known that hydroxy-silicon compounds may differ widely in stability. 
The trihydroxide, HSi(OH),, for example, seems to be converted into H,Si,O, 
at the ordinary temperature, whereas the air-dried product of hydrolysis of 
silicon hexachloride has the composition Si(OH),Si(OH), and is only con- 
verted into H,Si,O, (and not into Si,O;) over sulphuric acid or at 150°; the 
aryl dihydroxides R,Si(OH), are also relatively stable. 
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SiPhCl,, HCl and possibly SiCl,, Si,Cl, and diphenyl (impurity in 
original material) and other compounds; determinations of the 
ratio, solid (X) : chlorine, after hydrolysis of the silicon halide, 
could not therefore give the exact composition of that compound. 
The presence of hydrogen chloride and also that of phenylsilicon 
trichloride (which gives products of hydrolysis soluble in acetone) 
would largely increase the proportion of chlorine, and silicon tetra- 
chloride if present would give a larger proportion of chlorine than 
that calculated for SiO, : 2Cl,, because some of the silica would 
remain in solution as silicic acid. In spite of these considerations 
many determinations of the ratio (X) : chlorine were made in the 
hope that the results might decide between the alternatives. 

In order to eliminate so far as possible the error due to the presence 
of hydrogen chloride, the series of benzene wash-bottles was dis- 
connected from the reaction flask when heating had ceased and the 
stream of dry nitrogen was passed through the solution until the 
escaping gas began to give a deposit of (X) beyond the mercury seal. 
The solutions in the first two wash-bottles were then treated 
separately in the ordinary way and the weights of solid (X) and of 
chlorine in the aqueous solution and washings were determined : 
Found : (first wash-bottle) 1—1-9, (second wash-bottle) 1—1-8. 

In two following experiments the wash-bottles were not discon- 
nected to avoid the possibility of moisture getting into the solution, 
but the stream of nitrogen was continued after heating had ceased 
until deposits of (X) formed beyond the mercury seal; the com- 
bined solutions from the first two wash-bottles gave a ratio of 1 : 1-9 
in one experiment and 1 : 1-34 in the other; a third experiment of 
an exactly similar kind gave 1 : 1-5, but the solid was subsequently 
found to have a H.V. of only about 315. 

In two further experiments carried out in this way the dissolved 
matter in the benzene—acetone—aqueous filtrates from (X) was also 
determined ; it was impossible to ascertain the composition of this 
matter, but as the nitrogen stream had been passed through a 
U-tube surrounded by a freezing mixture in order to condense tri- 
and tetra-phenylsilicane it seems probable that the dissolved organic 
matter consisted almost entirely of phenylsiliconic acid. On that 
assumption the uncorrected values 1 : 1-5 and 1 : 1-5 actually found 
in these two experiments, corrected for the chlorine derived from 
phenylsilicon trichloride, became 1 : 1-1 and 1 : 1-4 respectively, but 
the validity of the corrections may be questionable and the experi- 
mental errors are considerable. On the whole, however, the results 
seem to point distinctly to the conclusion that the halide is the 
dichloride, since the highest uncorrected ratio was found to be 
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- 1: 1-9 and all but one of the sources of error would greatly increase 
‘he the proportion of halogen. 

de, With the object of eliminating the phenylsilicon trichloride before 
on hydrolysis some of the benzene or toluene solutions of the silicon 
me halide were distilled to a small volume directly from the wash- 
”" bottles (small distillation flasks), every precaution being taken to 
ws exclude moisture. In one experiment the distillate gave no appreci- 
“— able quantity of (X) on the addition of water, but the clear residual 
uld liquid gave 0-12 g.; in another, the proportion of (X) from the 
_ distillate and the residue respectively was roughly 2:1; in another, 
the 4:1. Similar results with xylene solutions had been obtained at 
- an early stage of the investigation and had been attributed to a 

e 


partial hydrolysis of the halide during the transference of the 
lis- solution from the wash-bottle to the distillation flask. The later 


the experiments seemed to exclude this possibility and to be most 
the reasonably explained by assuming that the volatile halide is SiCl, 
cal. and that it undergoes polymerisation. This view would also account 
- for the fact that the stream of nitrogen, containing the halide, 
0 


passed through four wash-bottles of ice-cold toluene may give a 
od deposit of (X) when it is led into water, although the third and fourth 
wash-bottles are practically free from the halide, most of which is 





_ absorbed in the first one. Whatever may be the explanation of these 
pe observations, the distillation experiments were not continued 
sed because it was found that phenylsilicon trichloride volatilises when 
rr! its benzene solution is distilled, and also because the sub-division 


of the already very small quantity of product was undesirable. 

t of The Action of Water on (X).—An air-dried sample of (X), heated 
itly at 80° with 5 c.c. of water containing one drop of acetic acid during 
l hour, gave a H.V. = 78; a solution of sodium hydroxide was then 
ved added to the residue, which gave H.V. = 242, the total for the air- 
also T dried sample being H.V. = 320. A portion of the same sample dried 


this Fat 200° lost 7% in weight and then gave a H.V. of only 31 when 
; ® | heated with acidified water during 1 hour at 80°; the residue with 
ri- 


sodium hydroxide gave an additional H.V. of 294, making a total 
mie | =#H.V. = 325. By calculation the dried sample should have given 
hat | HV. 344 if no decomposition had occurred (p. 1295). 

und A different air-dried preparation, treated in the same way at 80°, 
7 gave a H.V. = 67 at the end of 2 hours and a total of 102 at the end 
but of 6 hours; the rate of decomposition then rapidly diminished and 
eT I only reached 122 at the end of about 20 hours at 80—85°, plus some 
ults #50 hours at the ordinary temperature; even at the end of some 50 
the F hours’ heating, the total H.V. only reached 235 and the residue still 
) be gave hydrogen with alkalis. 
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These results may be taken to show that (X) is a mixture of two 
or more hydrogen-giving compounds, condensation products of open- 
and closed-chain hydroxides [Si(OH),],; or that its most reactive 
component is converted into a more stable compound, such as silico- 
oxalic acid, which still gives hydrogen; neither view would be 
tenable if (X) is formed from trichlorosilicane. There is, however, 
the possibility that the rapid fall in the rate of decomposition is 
merely due to the formation of a layer of silica on the unchanged 
substance. 

Although, as stated, some of Gattermann’s work was repeated, 
the task of preparing pure dioxodisiloxane for purposes of direct 
comparison with (X) was too great to be undertaken; it has been 
impossible, therefore, to confirm the recorded statements as to the 
properties of dioxodisiloxane, but as these rest on the authority of 
skilled investigators there is every reason to accept them, and by 
doing so to conclude that the silicon halide from phenylsilicon 
trichloride is silicon dichloride. 


UnIverRsity CoLLeGE, NoTTINGHAM. [Received, April 9th, 1931.] 





CLX XII.—Constitutional Studies in the Monocarboxylic 
Acids Derived from Sugars. Part V. Hexonic 
and Pentonic Acid Amides. The Action of 
Sodium Hypochlorite on the Isomeric Trimethyl 
Arabonamides. 


By Rosert WitL1AM HumpPHREYS, JOHN Prype£, and Epwarp 
THoMAS WATERS. 


Two crystalline amides derived from lactones of tetramethylated 
hexonic acids have been previously described. Irvine and Pryde 
(J., 1924, 125, 1045) recorded the preparation of tetramethyl 
gluconamide, formulated in the light of the then existing notions 
regarding the constitution of the parent tetramethyl glucose, as 
the 2:3:5:6-tetramethyl derivative. Later Pryde, Hirst, and 
Humphreys (J., 1925, 127, 348) described the isolation of another 
crystalline compound of this type, namely, a tetramethyl galacton- 
amide, which was provisionally considered as being derived from 
the corresponding butylene-oxidic (furanoid) lactone. The parent 
lactone in this case had been prepared from tetramethyl methyl- 
galactoside, which had in turn been obtained from galactose by 
treatment with methyl sulphate and alkali, and therefore con- 
sisted of both pyranoid and furanoid forms, as the authors them- 
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selves pointed out (vide also Haworth, Ruell, and Westgarth, J., 
1924, 125, 2468). 

In view of the advances made in the last few years in elucidating 
sugar structure, it has now become possible to establish beyond 
all doubt the constitutions of these two amides, and the work has 
been extended to include the preparation of all four isomeric hexon- 
amides related to the pyranoid and furanoid forms of tetramethyl 
glucose and of tetramethyl galactose, and also of the two corre- 
sponding amides related to trimethyl arabinose. 

The amide described by Irvine and Pryde (loc. cit.) is a derivative 
of the stable form of glucose, and it is therefore obvious that it 
must now be regarded as 2: 3:4: 6-tetramethyl gluconamide and 
not, as originally formulated, as the 2:3: 5: 6-substituted com- 
pound. The latter compound has been prepared in the course of 
the present investigation and is found to differ materially from the 
former compound. Moreover it has been ascertained that the 
crystalline amide isolated by Pryde, Hirst, and Humphreys (loc. 
cit.) is related to the pyranoid form of tetramethyl galactose and 
is therefore a 2: 3:4: 6-substituted compound. The correspond- 
ing 2:3:5:6-substituted amide is also described in this com- 
munication, together with the isomeric 2:3:5- and 2:3: 4-tri- 
methyl arabonamides. All six amides are crystalline and are 
readily obtained in a pure state from the corresponding lactones 
by passing dry ammonia into their solutions in absolute alcohol. 
They all crystallise in needles and possess a faint characteristic 
odour. Those related to the pyranoid forms of the methylated 
hexoses and pentoses show a tendency to deliquesce and are difficult 
to recrystallise, whilst the corresponding amides obtained from the 
furanoid hexono- and pentono-lactones separate in crisp needles 
which can be recrystallised with ease. The accompanying table 
records the melting points and specific rotations of the six amides, 
and also the specific rotations of the parent lactones. In each 
case the 2: 3: 5-substituted derivatives have higher melting points 
than the corresponding members of the pyranoid series. It will 
also be seen that all six amides are dextrorotatory, whereas two of 
the lactones (those related to galactopyranose and arabopyranose) 
are levorotatory. In considering the properties of the first- 
described amide of this type Irvine and Pryde (loc. cit.) favoured 
the aminolactone constitution, but this view does not gain support 
from the failure of two of the amides to exhibit the characteristic 
direction of rotation of the lactone. Furthermore all six amides, 
including the three related to the pyranoid lactones, show a rotation 
in water which remains constant for several days at least, whereas 











1300 HUMPHREYS, PRYDE, AND WATERS: CONSTITUTIONAL 


pyrano-lactones are characterised by a rapid change in rotation in 


this solvent. 
[a]p of parent 
lactone (initial 


Amide. M. p. [a]p. value in water). 
2:3:4:6-Tetramethyl gluconamide ... 68° + 60-4° + 99° 
(in acetone) 
2:3:5:6-Tetramethyl gluconamide ... 91 + 39-2 + 62-5 
(in water) 
2:3:4:6-Tetrumethyl galactonamide 120 + 37-9 + 166-5 
(in acetone) 
2:3:5:6-Tetramethyl galactonamide 155 + 6-5 — 29 
(in water) 
2:3: 4-Trimethyl arabonamide ......... 96 25°7 + 179-5 
(in water) 
2:3: 5-Trimethyl arabonamide ......... 132 + 15-8 — 44-4 


(in water) 


Irvine and Pryde (loc. cit.), using the method of Weerman (Rec. 
trav. chim., 1917, 36, 16; 1918, 37, 16), found that the action 
of alkaline hypochlorite on tetramethyl gluconamide yielded a 
crystalline derivative having the composition C,)H,,O,N, which is 
that of the intermediate isocyanate compound. This was formul.- 
ated as a six-membered cyclic urethane. It is clear from the fore- 
going observations that this urethane must now be regarded as a 
seven-membered ring compound. It is now found that the reaction 
involving the formation of such intermediate isocyanate compounds 
is a general one, although the yields obtained from the various 
amides vary considerably. In the present communication there 
are described the two isocyanate derivatives obtained from the 
isomeric trimethyl arabonamides. These may be formulated as 
follows : 


NH NH 
H-OMe CO CH-OMe CO 
(.)  CH-OMe O CH-OMe | (il) 
Nou CH-OMe O 
CH,-OMe \cH,% 


Although in this instance the parent amides do not exhibit a marked 
difference in optical rotation, the corresponding cyclic wrethanes 
do. Thus, that derived from the 2:3: 5(furanoid)-trimethy] 
arabonamide (I) shows in water a rotation of [«], + 5-0°, which in 
the presence of dilute hydrochloric acid changes in a few hours to 
[~]» — 118°. The isomeric urethane from the 2: 3:4 (pyranoid)- 
trimethyl arabonamide (II) has in water a rotation of [«]p + 42°, 
which changes in the presence of dilute acid to [a], + 1°. The 
latter compound was obtained in much smaller yield than its 
isomeride, an observation which is in accord with the probable 
greater stability of a six-membered as compared with a seven- 
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membered ring system of this type. In the case of the former 
urethane it is tentatively suggested that the marked change of 
rotation in the presence of dilute acid may be related to a keto-enol 
tautomerism. Thus, after the urethane had been subjected to the 
action of 1% hydrogen chloride in methyl alcohol at room tem- 
perature, there was obtained a crystalline derivative giving analytical 
figures identical with those of the original compound, but possessing 
a different melting point (63—65°, as compared with 76°) and a 
marked levorotation ([«]» — 178°, as compared with the original 
low dextrorotation, [«], + 5°). In the presence of 1% sodium 
hydroxide the high levorotation fell to [«], — 30-8° in the course 
of 24 hours, and indications of considerable degradation were 
obtained. On the other hand, treatment of the original urethane 
({«], + 5-0°) with alkali gave some indication of the formation of a 
dimethyl tetrose. This possibility is being further investigated. 


EXPERIMENTAL. 


2:3:4:6-Tetramethyl Gluconamide.—The lactone used for the 
preparation of this amide was obtained by the simultaneous hydro- 
lysis and oxidation of tetramethyl methylglucopyranoside with 
aqueous hydrobromic acid and bromine, and had nj 1-4556 and 
[x]> + 97-4° (3 mins. after solution in water), falling to an equi- 
librium value of [«], + 37-1° (c = 1-47). The lactone, dissolved 
in absolute alcohol, was treated with dry ammonia; the syrup 
obtained after evaporation of the solvent slowly crystallised. 
Considerable difficulty was experienced in recrystallising the amide, 
but a sample was eventually obtained having m. p. 68° with pre- 
liminary softening, and [«], + 60-4° in acetone. These constants 
are in agreement with those previously noted by Irvine and Pryde 
(loc. cit.) but ascribed by them to the 2:3:5: 6-tetramethyl 
compound. 

2:3:5:6-Tetramethyl Gluconamide.—Tetramethyl methylgluco- 
furanoside having nj} 1-4440 was hydrolysed and oxidised as 
described above for the pyranoside compound. The lactone finally 
obtained was a colourless syrup having nj}* 1-4486 and [«], + 63-2° 
(5 mins. after solution in water), changing to [«]) + 40-85° (con- 
stant after 24 days). Drew, Goodyear, and Haworth (J., 1927, 
1237), and Haworth, Hirst, and Miller (ibid., p. 2436) give the con- 
stants of 2:3:5:6-tetramethyl gluconolactone as nj 1-4501 
and [x] + 62-5° (0 hr.), changing to [«]) + 32-9° (501 hrs.). The 
amide was prepared from the lactone by the method already referred 
to and was readily obtained in long needles. Recrystallised from 
acetone it melted at 91° and showed [a]? + 39-2° (c = 1-06 in 
water), which value remained unchanged for several days (Found : 
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pyrano-lactones are characterised by a rapid change in rotation in 
this solvent. 


{a]p of parent 
lactone (initial 


Amide. M. p. [a]p. value in water). 
2:3:4:6-Tetramethy] gluconamide ... 68° + 60-4° + 99° 
(in acetone) 
2:3:5:6-Tetramethyl gluconamide ... 91 + 39-2 + 62:5 
(in water) 
2:3:4:6-Tetramethyl galactonamide 120 + 37-9 + 166-5 
(in acetone) 
2:3:5:6-Tetramethyl galactonamide 155 + 6-5 — 29 
(in water) 
2:3:4-Trimethyl arabonamide ......... 96 + 25-7 + 1795 
(in water) 
2:3: 5-Trimethyl arabonamide ......... 132 + 15-8 — 44-4 
(in water) 


Irvine and Pryde (loc. cit.), using the method of Weerman (Rec. 
trav. chim., 1917, 36, 16; 1918, 37, 16), found that the action 
of alkaline hypochlorite on tetramethyl gluconamide yielded a 
crystalline derivative having the composition C,y>H,,O,N, which is 
that of the intermediate isocyanate compound. This was formul- 
ated as a six-membered cyclic urethane. It is clear from the fore- 
going observations that this urethane must now be regarded as a 
seven-membered ring compound. It is now found that the reaction 
involving the formation of such intermediate isocyanate compounds 
is a general one, although the yields obtained from the various 
amides vary considerably. In the present communication there 
are described the two isocyanate derivatives obtained from the 
isomeric trimethyl arabonamides. These may be formulated as 
follows : 


NH NH 
CH-OMe CO CH-OMe CO 
(.) CH-OMe O CH-OMe | (IL) 
Nou CH:-OMe O 
CH,-OMe \ cH,“ 


Although in this instance the parent amides do not exhibit a marked 
difference in optical rotation, the corresponding cyclic wrethanes 
do. Thus, that derived from the 2:3 : 5(furanoid)-trimethy] 
arabonamide (I) shows in water a rotation of [«], + 5-0°, which in 
the presence of dilute hydrochloric acid changes in a few hours to 
[x]» — 118°. The isomeric urethane from the 2:3: 4 (pyranoid)- 
trimethyl arabonamide (II) has in water a rotation of [«]p + 42°, 
which changes in the presence of dilute acid to [a], + 1°. The 
latter compound was obtained in much smaller yield than its 
isomeride, an observation which is in accord with the probable 
greater stability of a six-membered as compared with a seven- 
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membered ring system of this type. In the case of the former 
urethane it is tentatively suggested that the marked change of 
rotation in the presence of dilute acid may be related to a keto-enol 
tautomerism. Thus, after the urethane had been subjected to the 
action of 1% hydrogen chloride in methyl alcohol at room tem- 
perature, there was obtained a crystalline derivative giving analytical 
figures identical with those of the original compound, but possessing 
a different melting point (63—65°, as compared with 76°) and a 
marked levorotation ([«]» — 178°, as compared with the original 
low dextrorotation, [«]) + 5°). In the presence of 1% sodium 
hydroxide the high levorotation fell to [«], — 30-8° in the course 
of 24 hours, and indications of considerable degradation were 
obtained. On the other hand, treatment of the original urethane 
({x],, + 5-0°) with alkali gave some indication of the formation of a 
dimethyl tetrose. This possibility is being further investigated. 


EXPERIMENTAL 


2:3:4:6-Tetramethyl Gluconamide.—The lactone used for the 
preparation of this amide was obtained by the simultaneous hydro- 
lysis and oxidation of tetramethyl methylglucopyranoside with 
aqueous hydrobromic acid and bromine, and had nj} 1-4556 and 
[x], + 97-4° (3 mins. after solution in water), falling to an equi- 
librium value of [«], + 37-1° (c = 1-47). The lactone, dissolved 
in absolute alcohol, was treated with dry ammonia; the syrup 
obtained after evaporation of the solvent slowly crystallised. 
Considerable difficulty was experienced in recrystallising the amide, 
but a sample was eventually obtained having m. p. 68° with pre- 
liminary softening, and [a], + 60-4° in acetone. These constants 
are in agreement with those previously noted by Irvine and Pryde 
(loc. cit.) but ascribed by them to the 2:3:5: 6-tetramethyl 
compound. 

2:3:5:6-Tetramethyl Gluconamide.—Tetramethyl methylgluco- 
furanoside having nj} 1-4440 was hydrolysed and oxidised as 
described above for the pyranoside compound. The lactone finally 
obtained was a colourless syrup having nj" 1-4486 and [«], + 63-2° 
(5 mins. after solution in water), changing to [«]) + 40-85° (con- 
stant after 24 days). Drew, Goodyear, and Haworth (J., 1927, 
1237), and Haworth, Hirst, and Miller (ibid., p. 2436) give the con- 
stants of 2:3:5:6-tetramethyl gluconolactone as nj 1-4501 
and [«]?” + 62-5° (0 hr.), changing to [«],) + 32-9° (501 hrs.). The 
amide was prepared from the lactone by the method already referred 
to and was readily obtained in long needles. Recrystallised from 
acetone it melted at 91° and showed [«]# + 39-2° (c = 1-06 in 
water), which value remained unchanged for several days (Found : 
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C, 47:8; H, 83; N, 5-75; OMe, 49-0. C,)H,,0,N requires (, 
47-8; H, 8-4; N, 5-6; OMe, 49-4%). 

2:3:4:6-Tetramethyl Galactonamide. Tetramethyl methylgal. 
actopyranoside was obtained by the standard methods, and the 
preparation used for conversion into the lactone had an equilibrium 
value in acid methyl alcohol of [«]#" + 96-5°. By hydrolysis and 
oxidation the lactone was obtained from the galactopyranoside 
and after distillation showed [«]) + 144-8° (2 mins.), changing to 
[«]o + 25-2° (constant for 17 hrs.), and nj 1-4581. The amide 
was obtained by the customary method and proved, like the corre. 
sponding gluconamide, to be rather difficult to recrystallise. A 
crystalline specimen was eventually obtained having [«]p + 37-9° 
(c = 1-4 in acetone) and m. p. 120°. Pryde, Hirst, and Humphreys 
(loc. cit.) have already recorded the preparation of this amide but 
were unable at the time to differentiate between the two possible 
isomerides derived respectively from the amylene-oxidic and butyl. 
ene-oxidic lactones. It is now apparent from the data which they 
recorded that they were handling the 2:3: 4: 6-tetramethyl 
amide. 

2:3:5:6-Tetramethyl Galactonamide.—For the preparation of 
this lactone tetramethyl methylgalactofuranoside was used. The 
latter showed nj 1-4414 and [«], — 50-5°. Haworth, Ruell, and 
Westgarth (loc. cit.) have recorded for this compound nj’ 1-4405 
and [a], — 45:2°. The lactone obtained from the fully methylated 
galactofuranoside showed njj 1-4492 and [«], — 28-5° (2 mins.), 
changing to a constant value of [«]» — 25-9°. These figures agree 
with those already recorded by Pryde (J., 1923, 123, 1808) and by 
Haworth, Ruell, and Westgarth (loc. cit.). The amide prepared 
from the lactone was recrystallised with ease. It had m. p. 153° 
(slight decomp.), and showed [«]p + 6-53° (¢ = 1-17) in water, 
and [«], + 5:76° (c = 1-46) in acetone (Found: C, 47-8; H, 8-6; 
N, 5:7; OMe, 49-3. C, 9H,,O,N requires C, 47-8; H, 8-4; N, 56; 
OMe, 49-4%). 

2:3:4-Trimethyl Arabonamide.—This amide was prepared from 
the lactone previously described by Pryde and Humphreys (J., 
1927, 559), and had m. p. 96° and [«]p + 35°5° (c = 1-13) in alcohol, 
and [a«]p + 25-7° (c = 0-82) in water. The latter value was un- 
changed 48 hours later (Found: C, 46-3; H, 8-3; N, 6-9; OMe, 
44-0. C,H,,0;N requires C, 46-4; H, 8-2; N, 6-8; OMe, 44-99%). 

2:3:5-Trimethyl Arabonamide.—The lactone from which this 
amide was prepared has also been described by Pryde and 
Humphreys (loc. cit.). The amide crystallised much more readily 
than its isomeride described above. It had m. p. 132° and [«} 
+ 19-3° (c¢ = 0-82) in alcohol, and [«], + 15-8° (c = 0-75) in water. 
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s (, | The latter value was unchanged 48 hours later (Found: C, 46-3; 
H, 8:35; N, 6-85; OMe, 44:2. C,H,,O;N requires C, 46-4; H, 
gal. § 82; N, 6-8; OMe, 44-9%). 

the The Action of Alkaline Hypochlorite on the Isomeric Trimethyl 
‘ium § Arabonamides.—(1) On 2:3: 4-trimethyl arabonamide. 10 G. of 
and § the amide dissolved in 50 c.c. of water were treated with alkaline 
side | hypochlorite, prepared according to the method of Weerman (loc. 
g to § cit.), the procedure adopted being essentially that of Irvine and 
nide | Pryde (loc. cit.). There was finally obtained in small yield a colour- 
rre- | less crystalline product. Analysis showed it to be the intermediate 
A || isocyanate or internal urethane (II) having m. p. 142° and [«]p + 42° 
7-9° | (c = 0-87 in water). The rotation remained constant during 48 
reys § hours, but in the presence of 2% aqueous hydrochloric acid at room 
but § temperature the rotation fell in the course of 12 hours to a constant 
sible § value of [x], + 1° (Found: C, 46-6; H, 7-25; N, 6-85; OMe, 44-5. 
ityl. § C,H,,0;N requires C, 46-8; H, 7:3; N, 6-8; OMe, 45-3%). 

they (2) On 2:3: 5-trimethyl arabonamide. In this instance the 
thyl § action of alkaline hypochlorite on 10 g. of the amide yielded 2:5 g. 
of a colourless crystalline product (2-keto-4 : 5 : w-trimethoxy-6- 
1 of § methyltetrahydro-1 : 3-oxazine, I, which will be referred to as com- 
The § pound A), isomeric with that described above (Found: C, 47-0; 
and § H, 7:3; N, 6-9; OMe, 44:8%). It had m. p. 76° and [«]p + 5-0° 
1405 § (c= 1-05 in water). In the presence of 2% hydrochloric acid the 
ated §f rotation changed within 24 hours to a constant value of [«]p — 118-8°. 
ns.), The Action of Acid Methyl Alcohol on the Trimethoxy-urethane (I). 
gree f§ —The crystalline urethane (compound A) was subjected at room 
| by | temperature to the action of methyl alcohol containing 1% of 
ured | hydrogen chloride. After 5 hours the specific rotation attained the 
153° f constant value [«], — 117-6° (c = 2-9). From the neutralised 
ter, | solution a syrup was obtained which gradually crystallised. The 
8-6; | crystals were separated on porous tile and after digestion with ether 
5-6; | they were obtained as fine white needles having m. p. 63—65°, 
and [«], — 178° (c = 0-7 in water) (Found: C, 46-7; H, 7-2; N, 
rom § 69; OMe, 45-3. C,H,,0;N requires C, 46-8; H, 7:3; N, 6-8; 
(J., | OMe, 45-39%). The product (compound B) is therefore identical in 
hol, § composition with the original urethane (A), but differs from it 
un- § considerably in melting point and widely in optical rotation. 

Me, The trimethoxy-urethane (compound A) in 1% acid methyl 
%). § alcohol was heated in a sealed tube at 80° for 30 minutes. The 
this § solution, after neutralisation, showed [«]p — 113-3° (c = 3-9). 
and § From this solution there was isolated a crystalline product having 
m. p. 45—47° and [«], — 108° (c = 0-84 in water). This sub- 
stance gave analytical figures identical with those above (Found : 
C, 46-5; H, 7-1; N, 6-9; OMe, 43-4%). It is regarded as being 
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a mixture of the two compounds A and B already described. Similar 
crystalline mixtures were obtained in other experiments. 

The Action of Alkali on the Trimethoxy-urethanes.—When the 
compound B was subjected to the action of 1% aqueous sodium 
hydroxide, the rotation fell in the course of 24 hours from [«], 
— 178° to — 30-8° (c = 0-87). From the neutralised solution there 
was isolated a nitrogen-free syrup having a methoxyl content of 
13-4%. It is evident that extensive degradation had occurred. 
Compound A was subjected to a similar treatment with 1% aqueous 
alkali. In this instance the initially low dextrorotation changed to 
a levorotation of [«], — 98-7°. From the neutralised solution 
there was obtained an ether-soluble syrup containing but slight 
traces cf nitrogen and having [«]) — 41° (¢ = 0-75 in water) (Found: 
C, 48-6; H, 8:3; OMe, 39-2. C,H,.0, requires C, 48-65; H, 8-1; 
OMe, 41:9%). It therefore seems probable that in this instance a 
dimethyl tetrose had been formed by alkaline degradation of the 
trimethoxy-urethane. 


The cost of this work was in part defrayed by a grant from the 
Medical Research Council. One of us (E. T. W.) is indebted to 
the Council for a personal maintenance grant which enabled him 
to participate in the work. 


Puysiotocy Instrrute, Newport Roap, 
CARDIFF. [Received, April 23rd, 1931.] 





CLXXITI.—The Polysulphides of the Alkali Metals, 
Part III. Potassium. 


By Tuomas Gipson Pearson and Percy Lucock RosInson. 


THE present work aims at bringing our knowledge of the poly- 
sulphides of potassium into line with that of the corresponding 
compounds of sodium (J., 1930, 1473) and lithium (this vol., p. 413), 
for the chemistry of these compounds has been much obscured by 
contradictory experimental data (see Mellor, ‘‘ A Comprehensive 
Treatise on Inorganic and Theoretical Chemistry,” 1922, Vol. I, 
pp. 629 et seq.). 

The results (see Summary), although showing a great similarity 
to those recorded for the sodium and lithium compounds, uniformly 
indicate a greater tendency on the part of potassium to form 
polysulphides. 

EXPERIMENTAL. 

Potassium, from Imperial Chemical Industries Ltd., was kept 

under dry liquid paraffin, and scraped clean before use. The pre- 
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paration of the other materials and the analytical methods employed 
were essentially similar to those .previously described (J., 1930, 
1474). 

The Preparation of Polysulphides from Solution.—(i) The action of 
sulphur on potassium monosulphide in aqueous-alcoholic and aqueous 
solution. Schéne (Pogg. Ann., 1867, 131, 380) dissolved sulphur in 
aqueous solutions of potassium monosulphide, and crystallised 
therefrom the di- and tri-hydrates of the tetrasulphide, and the latter 
on exposure to sulphuric acid in a vacuum gave the semihydrate. 
Bloxam (J., 1900, 77, 753), by crystallising a pentasulphide solution, 
obtained hydrated pentasulphides. 

By dissolution of various proportions of sulphur in aqueous or 
aqueous-alcoholic monosulphide solutions, we have found that 
within definite limits of the ratio S : K in the solutions (Fig. 1) the 
following sulphides may be crystallised: K,S,,3H,0; K,S8,; K,S,, 
3H,0; K,S,,2H,O; K,S,,H,O. 

Solutions of the hydroxide for conversion into the monosulphide 
were prepared by the action of clean metallic potassium on aqueous 
alcohol or water. One-half of each of the solutions was saturated 
with hydrogen sulphide, giving pearly crystals which redissolved as . 
saturation proceeded. After removal of the excess of hydrogen 
sulphide, the addition of the second half of the hydroxide immediately 
produced a crystalline precipitate. In this suspension the requisite 
weight of sulphur was dissolved by gentle heating on the water-bath 
for the minimum time. Within a certain range of concentration, 
a dark thick oil separated from the bulk of the solution on standing 
(see below). 

The solutions, separated from the oils where necessary, were 
sampled for analysis, and then crystallised by evaporation at room 
temperature in a vacuum over phosphoric oxide. This process, 
impossible in the case of sodium, was much more convenient than 
freezing out the crystals, since it gave solutions which, on account 
of their low viscosity, could be filtered easily. Only small fractions 
of crystals were removed in order to alter the composition of the 
liquid phase as little as possible from its original state; these were 
washed with ice-cold absolute alcohol, then with dry ether, exposed 
to phosphoric oxide in a vacuum desiccator, and analysed. 

The results are shown in Table [ and Fig. 1, the 8 : K ratios being 
here, as elsewhere, atomic ratios. The “ polysulphide sulphur ”’ 
is denoted throughout by (S). 

The oils which separated were concentrated aqueous polysulphide 
solutions. These also were crystallised by evaporation. Filtra- 
tion was in these cases difficult owing to the viscosity of the liquid 
phase, so that a high accuracy cannot be claimed for the analysis. 
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The behaviour of the oils was so similar to that of the liquids that 
the results are recorded together. 




















TABLE I. 
Solutions. 
— ; Crystals. 
K, Water, Alcohol, - 

No. g.6.€. c.c. S:K. K,%. (8) % ...& % 8:K. 
1 4 40 — 0-700 40-05 15-80 32-74 0-995 
Ss < 40 0-752 40-05 17-64 32-67 0-994 
3 4 40 — 0-775 39-77 16-20 32-64 1-000 
4 54 40 — 0-860 43-98 37°32 53-98 1-496 
5 54 40 — 0-860 44-29 36-76 54-54 1-504 
6 54 40 — 0°875 30-69 37-28 50-09 1-990 
7* 4 20 54 1-000 32-30 37-90 48-75 1-840 
8 4 20 54 1-000 32-11 37-15 52-15 1-980 
9 64 20 54 1-483 30-72 36-88 51-28 2-035 
10* 4 20 54 1-512 29-41 34-00 48-78 2-022 
ll 4 20 54 1-526 32-19 38-53 51-46 1-949 
12 4 40 a 1-750 32-23 37°47 52-54 1-987 
13 4 20 54 2-000 30-02 36-60 49-27 2-001 
14 4 20 54 2-473 29-67 46-49 55-56 2-283 
15 4 25 50 2-500 30-55 46-12 55-57 2-217 
16 4 20 54 2-750 29-56 46-08 60-60 2-500 
17 4 20 54 2-800 29-23 45-23 60-24 2-513 

* Oils. 
Fia. 1. 
KoSs5 
g 25 H 
s t 
; ° 
ba) 
2 KySy 
's 20F 
na ' 
‘a t 
mM ' 
‘ 

4 ' 

‘ 
° ! 

1 
ime 
3 10F 00 K,S2 , , 

1-0 15 2°0 2°5 3°0 


Atomic ratio 8S: K in solution. 


Samples of the products were tested for alcohol by the methods 
previously outlined (J., 1930, 1479), and the quantities present were 
as minute as those in the sodium compounds. Thiosulphate was 
also detected, in quantities slightly smaller than recorded in the 
sodium compounds, as might be expected from the greater stability 
of the potassium compounds in water. 

Properties of the polysulphides. The disulphide trihydrate is 4 
cream-coloured, acicularly crystalline compound, very similar in 
appearance to sodium disulphide hexahydrate. Like the other 
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hydrated sulphides, it is very soluble in water and less so in alcohol 
(Found: K, 39-90; (S), 16-61; 8S, 32-67; H,O, 27-50 + 0-5. 
K,S,,3H,0 requires K, 39-79; (S) 16-33; 8, 32-65; H,O, 27-55%]. 

The anhydrous trisulphide separated from aqueous solution as 
orange-red prismatic crystals [Found: K, (a) 43-85, 44-00, (6) 
44:36, 44-21; (S), (a) 37-62, 37-01, (6) 36-89, 36-63; S, (a) 53-89, 
54:06, (6) 54:19, 54-89. K,S, requires: K, 44-83; (S), 36-80; S, 
55:20%]. The very minute range of the S: K ratio for the solutions 
from which trisulphide could be crystallised made the preparation 
of the material in a pure state difficult, as this involved precise 
regulation of the composition of the solutions. 

The trihydrated tetrasulphide formed golden-yellow glistening 
tabular crystals [Found: K, 30-48; (S), 36-93; S, 50-21; H,0, 
20-50. Cale.: K, 30-01; (S), 36-99; S, 49-32; H,O, 20-77%]. 
The dihydrated tetrasulphide formed slightly lighter-coloured 
glistening tabule [Found: K, 32-18; (S), 37-72; 8S, 52-05. Cale. 
K, 32-23; (S), 39-68; S, 52-90%]. 

The pentasulphide monohydrate was an orange-red, minutely 
crystalline material [Found, in separate preparations: K, 29-56, 
29-23; (S), 46-08, 45-23; S, 60-60, 60-24. K,S;,H,O requires 
K, 30-47; (S), 46°86; S, 62-50. K,S,;,2H,O requires K, 28-89: 
(S), 44-43; S, 59-25%]. 

(ii) The action of sulphur on anhydrous alcoholic solutions of 
potassiwm monosulphide. A solution of potassium (2-5 g.) in 36 e.c. 
of absolute alcohol was converted into hydrosulphide, the excess of 
hydrogen sulphide removed by boiling for 30 mins. in a stream of 
nitrogen, and the solution added to 2-5 g. of potassium in 36 c.c. of 
absolute alcohol. To this liquid was added the requisite weight 
of sulphur, which dissolved on gentle boiling, a polysulphide being 
precipitated. The reaction was complete after 30 mins. and the 
polysulphide was then filtered off, washed with absolute alcohol, 
centrifuged, and analysed. 

The results, recorded in Table II and Fig. 2, make it evident that 
over the considerable 8: K range studied the yellow trisulphide 
separates in the pure condition up to an §: K ratio of 1-63, and 
red pentasulphide from 2-00 to 2:50. Between the ratios 1-63 and 
2:00, mixtures of the two sulphides, each of which could be readily 
identified, result, and from about 3-00 upwards free sulphur is 
present with the pentasulphide. 

(iii) The action of sulphur on potassium hydrosulphide. Rule and 
Thomas (J., 1914, 105, 2821) dissolved various proportions of 
sulphur in a solution of potassium hydrosulphide and found pure 
pentasulphide to be formed only when the elements were present 
in the ratio required by 2KHS + 48S —> K,S,; + H,S. With less 
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Original 

comp., 

8S: K, 

No. mols. 
1 0°75 
2 1-00 
3 1-00 
4 1-50 
5 1-50 
6 1-50 
7 1-63 
8 1-75 
9 1-88 
10 32-00 
ll 2-50 
12 3-00 


Atomic ratio 8: K in crystuls. 
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TABLE II. 
Crystals. 
 ——n 
K, (S), S, (8):K,8:K, Descrip. 
%. %. » a mols. mols. Colour. tion. 
41-41 39:58 650-14 1:17 1-48 Yellow Tri- 
sulphide 
43-80 38-80 53-68 1-08 1-50 Yellow a 
42-56 42-60 52:33 1:23 1-50 Yellow 2 
41-73 39:10 49:85 1:15 1:46 Yellow i. 
(orange) 
44:04 39:49 55:96 1:10 1-56 Yellow ‘a 
(ochre) 
44-86 37°04 55-11 1-01 1-50 Yellow - 
(orange) 
43-61 38-01 5436 1:07 1-53 Yellow , 
38:99 43:10 60-31 1:35 1-89 Mixture(yellow .— 
and red) 
35:15 47-30 64:82 165 2-26 Mixture(yellow — 
and red) 
33-61 52:25 67-43 1:90 2-46 Red Penta- 
sulphide 
32-87 52:66 69:22 1:96 2-58 Red me 
33°64 53-09* 67:57 1:93 2-46 Red pm 

















Fia. 2. 
: 1@) @) 
| 
jO 
| 
>. - 1 
2°0 O} 
' 
1 
KS ' 
15} oo GO 
a i ‘. ie 
1:0 1°5 2-0 2°5 3°0 


Atomic ratio 8S: K in solution. 


* These results have been corrected for free sulphur present with the 
polysulphide. 


sulphur the products were considered to be mixtures of unchanged 
hydrosulphide with pentasulphide. 
results by estimating the hydrogen sulphide evolved during the 
dissolution of the sulphur in hydrosulphide solutions. 

We have repeated and confirmed these results, and find no 
evidence of Bloxam’s tetrapotassium polysulphides (loc. cit.). It 
seems clear that his materials were fortuitous mixtures of simple 
dipotassium compounds. 

4-G. portions of potassium dissolved in 100 ¢.c. of pure dry alcohol 
were converted into the hydrosulphide; in the gently boiling solu- 
tions the required weights of sulphur were dissolved, and the 
solutions evaporated to crystallisation or precipitated with dry 


These authors confirmed their 
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ether. In appearance, composition, and properties, the products 
were identical with those described by Rule and Thomas (loc. cit.), 
pentasulphide being the only definite polysulphide. The action of 
metallic potassium on alcoholic pentasulphide solutions was also 
confirmed, and further support for our results has been obtained by 
measuring the hydrogen sulphide evolved during the dissolution of 
the sulphur. 

Preparation of Polysulphides by Dry Methods.—(i) Reaction 
between sulphur and potassium carbonate or hydroxide. This reaction 
has been known since the earliest times (Schéne, loc. cit.), and it is 
generally recognised that the chief products are polysulphides with, 


Fic. 3. 
Kody 





70 
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50}- 


» %, in product. 
~ 
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bo 
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0 j 1 ] ] [ e ] i l 
0 30 40 50 60 70 80 90 = 100 


S, %, in reaction mixture. 


at low temperatures, thiosulphate, and at high temperatures, 
sulphate. This we have confirmed. 

6-4 G. of sulphur and 6-9 g. of anhydrous potassium carbonate 
were heated in nitrogen. Reaction was slow at 250°, producing 
only polysulphide and thiosulphate. Above 600°, a loss of 2-2 g. 
was observed, corresponding to the whole of the carbon dioxide in 
the carbonate, and the product contained only sulphate and poly- 
sulphide. _Analogous reactions were observed with potassium 
hydroxide, but similar experiments in boiling aqueous solutions 
led only to thiosulphate and polysulphide. 

(ii) The action of potassium on sulphur. The reaction between 
metallic potassium and molten sulphur, as in the cases of the other 
alkali metals, is extremely violent, and useless for the preparation 
of polysulphides (compare J., 1930, 1484), but it seemed likely that 
the reaction could be moderated by carrying it out under organic 
liquids (ibid., p. 1485). 
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The experimental procedure was identical with that already 
described for the preparation of the corresponding sodium compounds 
(loc. cit., pp. 1485, 1486), with the obvious variations consequent 
on the formation of tetra- in the place of tri-sulphide. 

Our findings (Fig. 3) indicate that no compound higher than the 
tetrasulphide is produced. Free potassium is present in diminish- 
ing quantities until this composition is reached, but not after- 
wards, provided that the reactants have been brought into intimate 
contact by crushing. The reaction is essentially similar to those 
occurring in the case of lithium and sodium, and again apparently a 
polysulphide was the first product of the reaction. 

The following table enables the proportion of sulphur originally 
used to be compared with that found in the final product after 
melting. There are no results for compositions below 50% of 





Fia. 4. 





100 


KaSs KS. 


oa 


Decomposition velocity 
(mg..S.per 15 mins.) 








0 L 
50 60 70 
Sulphur, %. 





sulphur because the violence of the combination of so much free 
potassium with the polysulphide during melting rendered the 
process impracticable. 


S, %, in reactants...... 50-0 55-2 59:0 60-3 62- 
S, %, in products ...... 49-5 55:1 584 59-5 61: 
(Cale. for K,S, : 8, 62-2%.) 


1 682 73:5 81-9 
4 62:2 61:0 619 

(iii) Desulphurisation of the polysulphides. Rule and Thomas 
(J., 1917, 144, 1071) measured the loss in weight when potassium 
pentasulphide was heated for consecutive }-hour periods, the tem- 
perature being raised 50° between each period. The results, when 
plotted as time against composition, indicated that disulphide is 
the most stable polysulphide at high temperatures; a slight change 
in decomposition velocity also occurred at trisulphide. 

We have applied to the polysulphides of potassium the method 
previously described (J., 1930, 1487), but here porcelain was used 


in all but the penta-tetra-transition on account of the high tem- 
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dy peratures necessary to give measurable decomposition velocities. 
nds The results involving high temperatures may have been somewhat 
ent vitiated by some reaction between the polysulphides and the 

containing vessels. The results shown graphically in Fig. 4, of 
the which some typical ones are tabulated below, indicate the presence 
ish- of di-, tetra-, and penta-sulphides by clearly defined changes in the 
er. rates of evolution of sulphur, and give some evidence of formation 


ate of trisulphide. The low rate of evolution of sulphur at trisulphide 
ose composition made the use of high temperatures essential; this 
ly a | introduced complicating factors which did not allow of the accurate 
determination of the possible change of decomposition velocities 
ally | in the region K,S,—K;,S,. 

fter 


of Rate of loss of S 
(mg./15 mins.) 28 28 32 27 18 10 8 7 
8, %, in material 68-0 67-5 67:0 66-5 66:0 65:5 65:0 64-0 


At 345°. 


At 600°. 
Rate of loss of § 
(mg./15 mins.) 85 80 90 75 15 18 23 15 20 
8,%,inmaterial 63-0 62:5 62:0 61-5 61:0 60-5 60:0 59-0 58-0 





At 1000°. 
Rate of loss of S 

(mg./15 mins.) 65 55 43 28 20 15 12 
8,%, inmaterial 55:5 55:0 540 53-0 52:0 51:0 50-0 

The System Potassium Monosulphide—Sulphur.—This system has 

been studied by Rule and Thomas (J., 1917, 111, 1077), who obtained 
evidence of di-, tri-, tetra-, penta-, and hexa-sulphides. We have 
repeated this work, and, although our results are occasionally higher 
by a few degrees, there is general agreement. Only a few measure- 
free § ments were therefore necessary, except in the region from mono- 
the | to di-sulphide, which had not previously been studied. The curve 
(Fig. 5) shows our results by small circles on Rule and Thomas’s 
1-9 curve (continuous line) and our curve from mono- to di-sulphide by 
9 a broken line. 
The initial materials used for these measurements were prepared 
mas § under hot toluene, p. 1310; for preparations of higher sulphur content 
jum § than tetrasulphide, this element was added to the compound, and 
em- §| for those of lower sulphur content, potassium was added, the mix- 
yhen § ture being carefully melted with thorough mixing. The thermal 
le is § arrangement was identical with that employed in the case of sodium 
ange # (J., 1930, 1490). 

Owing to the intense supercooling in the region tri-tetra-sulphide, 
which had also been noticed by the previous workers, we took 
special precautions to ensure accuracy by many repetitions of the 
cooling and heating curves. 
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29-10 
34-41 
34-48 
37-50 
44-50 
44-83 
48-23 
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The close agreement between our results (Table IIT) and those of 
Rule and Thomas made microphotography superfluous, but 
Fic. 5. 
900° t 1 1 ' | ' 
KS KS Sy SKS IGS, } 
s 
‘ 
800 ‘ ( 
a 
s 
\ 
le SYS TEM 
J 
‘ 
\  KS-Ss 
' 
600 \ 2 
‘ 
‘ 
‘ Cl 
: 
= 500 + ‘ 
— 
5 
LX 
& CL 
400 fF 
CL 
300 
200 CL 
i i i i 1 
30 40 50 60 70 80 | 
0/ CLJ 
Sulphur, %. 
TABLE III. 
Upper Lower Approx. Upper Lower Approx. CLX 
arrest. arrest. comp. S, %. arrest. arrest. comp. 
840 +20° — K,S 53°80 288° 249-5° K,S; 
782 -— 59-55 1565 108—112 CLX 
791 -— 62-75 167-5 140—144 K,S, | 
731 63-85 180-0 —- | 
480 — 65-05 198-0 — 
475 — K,S, 69-00 196-7 — KS, §CLX 
442—448 — 70-42 182-9 == : 
336 245—248° 80-00 188-2 — ‘ 


CONTENTS. 


WALLACE PARKER and Percy Lucock Rosrnson 


(LXXV.—The Translational Motion of Molecules in the 
Adsorbed Phase on Solids. By Donatp Hue Bana- 
HAM and Nazim FAKHOURY 


CLXXVI.—Synthesis of Alkyl Viedbiliaens, Part III. 
2:3:5- x lea By DonaLD GRAHAM 
WILKINSON ; ‘ , ‘ 

CLX XVII. tipple Salts. ‘Part XIII. The Re- 
activity of Methyl 8-Phenylethyl and Methyl y-Pheny]l- 
propyl Ketones. By Istmpor Morris HeErmsron, 
Rosert NorMAn HeEswop, Francis [RvING, and JouN 
SHEVLIN WILSON , ‘ : . : ; 

CLXXVIII.—Polysaccharides. Part VIII. Evidence of 
Continuous Chains of «-Glucopyranose Units in Starch 
and Glycogen. By WattER Norman Haworta and 
EpMuND GrorGE VINCENT PERCIVAL 


C(LXXIX.—The Structure of Carbohydrates ~— their 
Optical Rotatory Power. Part VI. 4-Glucosidoman- 
nose and its Methylated Derivatives. By WaLTEeR 
NormMAN HawortH, Epmunp LANGLEY Hirst, and 
Harvey Ricuarp LYLE STREIGHT 

(LX XX.—The Structure of Carbohydrates and their Optical 
Rotatory Power. Part VII. 4-Galactosidomannose 
and its Methylated Derivatives. By WattER Norman 
Hawortu, Epmunp Lan@Ley Hirst, and MILLIcENtT 
Mary THEODOSIA PLANT . 

(LXXXI.—Orientation Effects in the Dipheny! Sones 
Part IX. The Nitration of 4-Chloro-4’-fluoro- and 
4-Bromo-4’-fluoro-diphenyl. By ELizaBETH ESTHER 
JESSIE MARLER and EvustacE EBENEZER TURNER 

—_ (LXXXII.—The Structure of Diisoeugenol. By RoseErt 

CS, f Downs Hawortu and Ceci. RoBert MAVIN 

‘ (LX X XIIT.—1-4-isoPropyl-A?-cyclohexen-l-one. By — 

08, SipnEy Cann, ARTHUR RAMON PENFOLD, and JOHN 

LIONEL SIMONSEN 


(LXXXIV.—A New Synthesis of dl- Pilopie Acid. By Kuw- 
NETH NoRMAN WELCH 











<,S; 








PAPERS COMMUNICATED TO THE CHEMICAL SOCIETY. 


CLXXIV.—The Reactions of the Dioxides of Selenium and 
Tellurium with the Halogen Acids. By THomas 





PAGE 


1314 


1324 


1333 


1336 


1342 


1349 


1359 


1363 


1366 


1370 





ii . CONTENTS. 


CLXXXV.—The Electrical Energy of Dipole Molecules in 
Solution, and the Solubilities of Ammonia, Hydrogen 
Chloride, and Hydrogen peggy in Various Solvents. 
By Ronatp P. Bett 


CLXXXVI.—-Some Reactions of Ortho-derivatives of Alde- 
hydes and Ketones. By WerstEY CocKER, ARTHUR 
LAPWORTH, and ARNOLD THORNTON PETERS 


CLXXXVII.—Experiments on the Synthetic Preparation 
and Isolation of Some of the Simpler Amino-acids. By 
WESLEY CocKER and ARTHUR LAPWORTH : 


CLXXXVIII.—The Preparation and Properties of Nickelous 
Oxide. By Mata Prasad and ManG@EesH GANESH 
TENDULKAR 


CLXXXIX.—The Action of Sulphuric Acid on Nickel- 
Copper Matte. By Mata Prasap and MAnGcEsH GANESH 
TENDULKAR 


CXC.—The Chemistry of the Three- sili System. Part 
XXVI. Some Substituted Acrylic Acids. By GEorGE 
Armanp Rosert Kon, Ernest Lzeton, RearnaLp 
Patrick LINSTEAD, and LESLIE GEORGE BRETT PARSONS 


CXCI.—An Electrochemical Method for the Approximate 
Determination of the Constitution of Complexes in Solu- 
tion. Application to Some Complex Ions of Copper and 
of Nickel. By Freprerick Kari Victor Kocu 


CXCII.—Complex Acid bine” uae By Reece HENRY 
VALLANCE . , ; ; 


CXC saree Saree Studies ia Complex Acids. Part 
VI. The Precipitation of Molybdates. By Huserrr 
THomas STANLEY BRITTON and WritraAm LESLIE 
JERMAN . 


CXCIV.—The Distribution of Sill alae een Chloroform 
and Water at 25°. By Vincent JosEPH OCCLESHAW . 


CXCV.—The Sulphides and Selenides of Rhenium. By 
Henry VINCENT ArIRD Briscoz, Percy Lucock Rosin- 
son, and Ertc Maurice STopDART 


CXCVI.—The Constitution of the Sulphates of nctyiaeaons 
By Frank Harotp Nicnoitis, HAROLD SAENGER, and 
Witit1am WaARDLAW ‘ 


CXCVII.—The Stability of Organic ‘Sia tiie 
By Tom Stpnry Moore, FLoRENcE SHEPHERD, and 
EpItH GOODALL 


CXCVIII.—Universal Buffer Solutions and the Dissociation 
Constant of Veronal. By Husrert Tuomas STANLEY 


BrItTON and Rospert ANTHONY ROBINSON 


PAGE 


1371 


1382 


139] 


1403 


1407 


1411 


1418 


142] 


1429 


1436 


1439 


1443 


1447 





1456 


















Cf 








PAGE 


371 


382 


[391 


1403 


1407 


1411 


1418 


1421 


1429 


1436 


1439 


1443 


1447 


1456 








CONTENTS. 


CXCIX.—A Method for the Preparation of Some New 
Organo-thallium Halides. By FREDERICK CHALLENGER 
and BERTHA PARKER. 


CC.—Bases derived from Some Substituted Peegenet 
benzenes, with a Note on the Preparation of Pure Methy]- 
amine. By THomas Marve. SHARP and WILLIAM 
SOLOMON 


CCI.—Optical Activity i the Polarity of ‘Substituent 
Groups. Part XVIII. J-Menthyl and d-8-Octyl Esters 
of Picolinic, Quinaldinic, Nicotinic, and Cinchoninic 
Acids. By H. Gorpon Rutz, Jonn B. Minzs, GorpDoN 
Smiru, and Mary M. BARNETT . 


CCIL.—Optical Activity and the Polarity of “Substituent 
Groups. Part XIX. J/-Menthyl Esters of Benzene- 
sulphonic Acids, and of Benzoic Acids with Sulphur- 
containing o-Substituents. By H. Gorpon RvuE and 
GORDON SMITH 


CCII.—The Reduction Products of ‘Certain Cy clic Methyl 
eneamines. By JoHN GRAYMORE 


CCLV.—The Nitrosation of Phenols. Part XI. The Con- 
stitution of 3- a aa aaa rans sid HERBERT 
Henry Hopason 


CCV.—The Nitration of re 3- aieeiitaeiiniiae: 
hydes and the Bromination of Nitrated 3-Hydroxy- 
benzaldehydes, with Cases of Group Migration. By 
HeRBERT HENRY Hopcson and ERNEST WALTER 
SMITH 


CCVI.—The Action of ilies Acid 0 on 3- Nitro- “a 4- Nitro- 
dimethylaniline and the So-called 6-3 : 4-Dinitrodi- 
methylaniline. By Hrrspert Henry Hopason and 
ERNEST WALTER SMITH 


CCVII.—The Interaction of Anilides and ree aa Acid. 
By Davip ReainaLD PRYDE and FREDERICK GEORGE 
SOPER 


CCVIII.—The Direct leteniinee of Chlorine in athe on 
action of p-Toluenesulphonamide and N-Chloroacetanil- 
ide. By Davin Recrnatp PRYDE and FREDERICK 
GEORGE SOPER 


OCTX.—Co-ordination Compounds of Phosphorus ih Anti- 
mony Pentachlorides. By James C. Hurron and 
Harry W. WEBB 


CCX.—The Intermediate-compound Theory of Hetero- 
geneous Catalysis. An Attempt at a Quantitative 
Investigation of the Range of Validity of this Theory 
for the Reaction 2H, + O, —> 2H,O on a Copper 
Catalyst. By Freprrick JAMES WILKINS and STEWART 
Henry Bastow 


PAGE 


1462 


1468 


1478 


1482 


1490 


1494 


1500 


1508 


1510 


1514 








iv CONTENTS. 


CCXI.—The Melting Points and Heats of Crystallisation of 
the Normal Long-chain Hydrocarbons. By WILLIAM 
EDWARD GARNER, KATHARINE VAN BIBBER, and ANNIE 
MILLICENT Kina 


CCXII.—The Condensation 7 ‘aeebiniaiiieiettiis 
with Phenols. Part I. By IsHwar CHanp BaDHwaR, 
Witson Baker, Bata Krisona MENON, and Krisu- 
NASAMI VENKATARAMAN 


CCXIII.—Synthesis of Substances citinbi to Bile , Acid 
Degradation Products. Part I. Preliminary Investig- 
ation of Methods of Attachment of Carboxylated Side 
Chains to the cz aetna: Nucleus. By JOHN WILLIAM 
BAKER ‘ ; 


CCXIV.—Sorption - Ammonia on Chabazite. By thie 
DITH GWYNNE EVANS 


CCXV.—Studies in Electro-endosmosis. Part V. The 
Electro-endosmosis and Surface Conductivity against a 
Glass Surface of Solutions of Hydrogen Chloride in 
Benzene and Other Solvents. By FRED FAIRBROTHER 
and Mark BALKIN ‘ ‘ 


CCXVI.—Cesium Tetrabromide. By Norman Rae . 


CCXVII.—The Nuclear Alkylation of Aromatic Bases. 
Part I. The Action of Methyl Alcohol on the Hydro- 
chlorides of o- and p-Toluidine, Mesidine, and we 
mesidine. By DoNALD Hotroypr Hey 


CCXVIII.—The Thermal Decomposition of Methane. Part 
II. The Homogeneous Reaction. By G. C. HoLLimpay 
‘and W. J. GOODERHAM 


NorteEs.—cycloHexane-spiro-cyclobutanone. By GEORGE 
ARMAND RosBert Kon 


The Oxidation of N- Sitilicadicieiideiaas by Iodine. By 
Oscar L. Brapy and Marcaret D. PorTER . 


A Sensitive Colour Reaction for Certain Quinones. By 
REGINALD CRAVEN ° ‘ : ‘ ‘ 


Definitive Report of the Committee for the Reform of 
Nomenclature in Organic Chemistry 


First Report of the Committee on Atomic Weights of the 
International Union of Chemistry. [G. P. BaxTEr (Sec.), 
Mme. M. Curtr, O. H6ntescumip, P. LEBEAU, and R. J. 
MEYER] ° 





PAGE 


1541 


1564 
1578 


1581 


1594 


1604 


1604 


1605 


1607 














Mm WP eRe Ossantan os 





AGE 


41 


46 


956 


64 
78 


94 


104 


(4 


105 


07 











INDEX OF AUTHORS’ NAMES. 


INDEX OF AUTHORS’ NAMES. 





Bapuwar, I. C., W. Baker, B. K. 
Menon, and K. Venkataraman, 
1541. 

Baker, J. W., 1546. 

Baker, W. See I. C. Badhwar. 

Balkin, M. See F. Fairbrother. 

Bangham, D. H., and N. Fakhoury, 
1324. 

Barnett, (Miss) M.M. See H. G. Rule. 

Bastow, 8S. H. See F. J. Wilkins. 

Baxter, G. P., (Mme.) M. Curie, O. 
HGénigschmid, P. Lebeau, and R. J. 
Meyer, 1617. 

Bell, R. P., 1371. 

Brady, O. L., and (Miss) M. D. Porter, 
1604. 

Briscoe, H. V. A., P. L. Robinson, 
and E. M. Stoddart, 1439. 

Britton, H. T. S., and W. L. German, 
1429. 

Britton, H. T. S., and R. A. Robin- 
son, 1456. 

Cahn, R. S., A. R. Penfold, and J. L. 
Simonsen, 1366. 

Challenger, F., and (Miss) B. Parker, 
462 


Cocker, W., 
1391. 

Cocker, W., A. Lapworth, and A. T. 
Peters, 1382. 

Craven, R., 1605. 

Curie, (Mme.) M. See G. P. Baxter. 

Evans, M. G., 1556. 

Fairbrother, F., and M. Balkin, 1564. 

Fakhoury, N. See D. H. Bangham. 

Garner, W. E., (Miss) K. Van Bibber, 
and (Miss) A. M. King, 1533. 

German, W.L. See H.T.S. Britton. 

Goodall, (Miss) E. See T. 8. Moore. 

Gooderham, W. J. See G. C. Holli- 
day. 

Graymore, J., 1490. 

Haworth, R. D., and C. R. Mavin, 
1363. 

Haworth, W. N., E. L. Hirst, and 
(Miss) M. M. T. Plant, 1354. 

Haworth, W. N., E. L. Hirst, and 
H. R. L. Streight, 1349. 

Haworth, W. N., and E. G. V. Per- 
cival, 1342. 

Heilbron, I. M., R. N. Heslop, F. 
Irving, and J. 8. Wilson, 1336. 

Heslop, R. N. See I. M. Heilbron. 

Hey, D. H., 1581. 

Hirst, E. L. See W. N. Haworth. 

Hodgson, H. H., 1494. 

Hodgson, H. H., and E. W. Smith, 

1500, 1508. 


and A. Lapworth, 





Honigschmid, O. See G. P. Baxter. 

Holliday, G. C., and W. J. Gooder- 
ham, 1594. 

Hutton, J. C., and H. W. Webb, 
1518. 

Irving, F. See I. M. Heilbron. 

King, (Miss) A. M. See W. E. 
Garner. 

Koch, F. K. V., 1418. 

Kon, G. A. R., 1604. 

Kon, G. A. R., E. Leton, R. P. Lin- 
stead, and L. G. B. Parsons, 
1411. 

Lapworth, A. See W. Cocker. 

Lebeau, P. See G. P. Baxter. 

Leton, E. See G. A. R. Kon. 

Linstead, R. P. See G. A. R. Kon. 

Marler, (Miss) E. E. J., and E. E. 
Turner, 1359. 

Mavin, C. R. See R. D. Haworth. 

Menon, B. K. See I. C. Badhwar. 

Meyer, R. J. See G. P. Baxter. 

Miles, J. B. See H. G. Rule. 

Moore, T. S., (Miss) F. Shepherd and 
(Miss) E. Goodall, 1447. 

Nicholls, F. H., H. Saenger, and W. 
Wardlaw, 1443. 

Occleshaw, V. J., 1436. 

Parker, (Miss) B. See F. Challenger. 

Parker, T. W., and P. L. Robinson, 
1314. 

Parsons, L.G.B. See G. A. R. Kon. 

Penfold, A. R. See R. 8. Cahn. 

Percival, E. G. V. See W. N. 
Haworth. 

Peters, A. T. See W. Cocker. 

Plant, (Miss) M. M. See W. N. 
Haworth. 

Porter, (Miss) M. D. See O. L. 
Brady. 

Prasad, M., and M. G. Tendulkar, 
1403, 1407. 

Pryde, D. R., and F. G. Soper, 1510, 
1514. 

Rae, N., 1578. 

Robinson, P. L. See H. V. A. 
Briscoe and T. W. Parker. 

Robinson, R. A. See H. T. S. 
Britton. 

Rule, H. G., J. B. Miles, G. Smith, 
and (Miss) M. M. Barnett, 1478. 

Rule, H. G., and G. Smith, 1482. 

Saenger, H. See F. H. Nicholls. 

Sharp, T. M., and W. Solomon, 


1468. 
Shepherd, (Miss) F. See T.S. Moore. 


Simonsen, J. L. See R. 8S. Cahn. 
Smith, E. W. 


See H. H. Hodgson. 















vi INDEX OF AUTHORS’ NAMES. 


Smith,G. See H. G. Rule. 
Solomon, W. See T. M. Sharp. 
Soper, F.G. See D. R. Pryde. 


Stoddart, E. M. See H. V. A. 
Briscoe. 
Streight, H. R. L. See W. N. 
Haworth. 


Tendulkar, M.G. See M. Prasad. 

Turner, E. E. See (Miss) E. E. J. 
Marler. 

Vallance, R. H., 1421. 


Van Bibber, (Miss) K. See W. E. 
Garner. 

Venkataraman, K. See I. C. Badh- 
war. 

Wardlaw, W. See F. H. Nicholls. 

Webb, H.W. See J. C. Hutton. 

Welch, K. N., 1370. 

Wilkins, F. J., and S. H. Bastow, 
1525. 

Wilkinson, D. G., 1333. 

Wilson, J.S. See I. M. Heilbron. 





ERRATA. 
Vot., 1930. 


Page Line 
2628 


4 For “a-Maltose”’ read ‘‘ B-Maltose.” 


Vot., 1931. 


1054 21 


Thomson.”’ 


For ‘*Crace, Calvert and Thompson” read “ Crace-Calvert and 








dh- 


ow, 


and 


a 















THE POLYSULPHIDES OF THE ALKALI METALS. PART II. 1313 


micro-examination of the melts confirmed the form of the equili- 
brium diagram. The crystals of disulphide have the same form as 
those of sodium disulphide [J., 1930, Plate I (a), facing p. 1494], 
and the other sulphides show normal, polygonal, grained structures. 


Summary. 


Studies of the formation and properties of the potassium poly- 
sulphides have been repeated and extended, with the following 
results. 

(1) The action of sulphur on aqueous or aqueous-alcoholic solutions 
of potassium monosulphide gives polysulphide solutions from which 
may be crystallised K,S,,3H,O; K,S,; K,8,,2H,O; K,S,,3H,0; 
and K,S,;,H,O. 

(2) The action of sulphur on anhydrous alcoholic solutions of 
potassium monosulphide results, according to the proportion of 
each used, in the formation of either tri- or penta-sulphide: no 
other sulphide separates. 

(3) By the dissolution of various proportions of sulphur in alcoholic 
solutions of potassium hydrosulphide, only one compound, viz., 
the pentasulphide, is obtained, with the elements present in the 
calculated proportions : 2KHS + 4S —> K,S, + H,S. With less 
sulphur the products are mixtures of penta- and unchanged hydro- 
sulphide. 

(4) Metallic potassium reacts with solutions of potassium penta- 
sulphide to give mixtures of lower polysulphides. 

(5) Sulphur reacts at low temperatures or in solution with 
potassium carbonate or hydroxide to produce polysulphide and 
thiosulphate, and at higher temperatures to give polysulphides and 
sulphate. 

(6) Sulphur reacts with molten potassium under toluene to give 
the tetrasulphide, possibly mixed with minute traces of some lower 
sulphide. 

(7) On desulphurising the polysulphides of potassium in a stream 
of nitrogen at definite temperatures, changes in the decomposition 
velocity indicate the existence of penta-, tetra-, di-, and probably 
tri-sulphide. 

(8) A phase-rule study of the system sulphur—monosulphide indi- 
cates the existence of the latter as a compound stable at its m. p., 7.e., 
840°; di-, tri-, and tetra-sulphides slightly decompose as indicated by 
hidden maxima at 45-0, 55-1 and 62-1% of sulphur respectively ; 
pentasulphide is stable at its m. p., 206°, and hexasulphide largely 
decomposed, as shown by a very flat maximum at 189°; a saturated 
solid solution occurs with material containing 74% of sulphur at 
188-2°; finally, tetra-sodium compounds are not formed. 

xx 
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CLXXIV.—The Reactions of the Dioxides of Selenium 
and Tellurium with the Halogen Acids. 
By THomas WALLACE PARKER and Percy Lucock Rosrnson. 


Previous work on the reactions of selenium and tellurium dioxides 
with hydrogen chloride (Parker and Robinson, J., 1928, 2853) has 
been amplified, and the corresponding reactions with hydrogen 
bromide studied. The conditions of formation of the compound 
SeO,,2HCl from its constituents have been reinvestigated. Further, 
certain physical properties of this substance and of pure selenium 
oxychloride have been redetermined and Sugden’s values for their 
parachors (J., 1929, 1058) confirmed. Similar measurements on 
the corresponding bromine compound lead to the conclusion that 
it should be similarly formulated. Some observations have also 
been made on the colour of sublimed selenium dioxide (see Meyer 
and Langner, Ber., 1927, 60, 285). Finally, because of the interest 
attaching to Prideaux and Cox’s results on the action of aqueous 
hydrogen fluoride on tellurium dioxide, solubilities of this oxide in 
hydrochloric and hydrobromic acid solutions of various concen- 
trations have been measured. 


EXPERIMENTAL. 


The Compound SeQ,,2HCl.—We have shown that hydrogen 
chloride reacts with selenium dioxide in U-tubes at 100° giving 
material, of empirical composition SeO,,2-2HCl, believed to be a 
solution of hydrogen chloride in SeO,,2HCl. An attempt was made 
to ascertain the temperature at which SeO,,2HCI could be obtained, 
by treating 5-g. portions of selenium dioxide with hydrogen chloride 
in Monax test-tubes in an oil-bath at definite temperatures. A 
side limb carried the exit gases into a vessel to trap any distillate, 
whence they passed through sulphuric acid to the air. In about 
! hour the solid was wholly converted into a liquid, but the gas 
stream was continued to saturation point. Table I, giving analyses 
of liquids prepared at the temperatures indicated, shows that 107° 
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is the temperature sought, but the sample thus prepared probably 
contained traces of moisture. 


TABLE I, 


: Mol. ratio Density. 
Run. Temp. Se, %. Cl, %. HCl1/SeO,. die “a2”, 
l 100° 42-64. 41-44 2-17 — — 
2 107 43-19 37-58 1-95 2-275 — 
3 108 43-42 37-73 1-94 2-272 — 
4 110 43-81 37°32 1-90 2-291 2-283 
5 120 46-24 34-70 1-67 — — 


This method is unsuitable for material required for definitive 
physical measurements, since the density is obviously greatly affected 
by the selenium con- 
tent. As these values Fic. 1. 


are somewhat higher 
than those of Sugden 
(loc. cit.) on SeO,,2HCl P 
prepared from the H 
oxychloride, redeter- cee 
minations were made Q R 
on material prepared 
in his way, and /A S a 
measurements were 

B 

E 








also made on the oxy- 
chloride used. 
Selenium Oxychlor- 
ide.—Several methods 
of preparation were 
suggested by Lenher 
(Jour. Amer. Chem. 
Soc., 1920, 42, 2498), 
but the dehydration 1 
of SeO,,2HCl proved. | 
most convenient. 
Crude material, from the action at 110—120° of hydrogen chloride on 
selenium dioxide, was thrice distilled from phosphoric oxide and then 
thrice fractionated at about 8 mm., Briihl’s apparatus being used. 
Distillation in a vacuum was impracticable because of bumping, but 
passage of a fine stream of dry air through the liquid obviated this 
difficulty. 100 C.c. of the crude liquid yielded about 15 c.c. of 
colourless or light straw-coloured liquid [Found: Se, 47:3; Cl, 
42-7. Cale. for SeOCl,: Se, 47-6; Cl, 428%]. For density and 
surface-tension determinations, an apparatus (Fig. 1) designed to 
minimise contact with air was used, consisting of a test-tube A 
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constricted at the neck, with a side limb attached (i) to the bulb B, 
of about 3 c.c. capacity and having a capillary stem of 1—2 mm, 
internal diameter, and (ii) to the vessel G, similar to that of Mills 
and Robinson (J., 1927, 1823), carrying three capillary tubes. The 
usual constrictions for removal under vacuum were provided at 
P,Q, and R. This Monax-glass apparatus was cleaned with nitric- 
chromic acid mixture, washed with distilled water, alcohol, and 
ether, and finally dried by six-fold evacuation at 150° and refilling 
with phosphoric oxide-dried air. Selenium oxychloride was quickly 
transferred through a thistle-funnel into A whilst dried air passed 
from H to A, and, after the air stream had been stopped, A was 
sealed. The oxychloride was then frozen, and the apparatus 
evacuated, but before sealing was effected at H the solid was 
remelted and refrozen twice to release dissolved gas, traces of 
which, however, still remained. Vacuum distillation being imprac. 
ticable, liquid was poured in up to the point S on the stem of the 
density bulb B, which was drawn off at Q; the remainder of the 
oxychloride was similarly transferred to the surface-tension vessel 
G, which was also sealed. The density bulb was maintained suc- 
cessively at 12°, 16°, and 20° in a thermostat, and the height of 
the meniscus from the point at the base of the bulb # was measured 
by a cathetometer at each temperature. The stem was then care. 
fully scratched conveniently near the top, and the bulb and stem 
were cleaned and weighed. The stem was cleanly broken at the 
scratch under conditions which enabled any fragments to be col- 
lected, and the bulb was cleaned, dried, and weighed; the weights 
of, both glass and liquid were thus obtained. The volume was 
measured by filling the vessel with water to points near to those 
registered for the oxychloride, measuring the heights exactly at 
a known temperature, and weighing the water. 

In the determination of surface tension, the apparatus was kept 
at a definite temperature in the bath for 2 hours, then tilted to wet 
the capillaries, and finally kept for 45—60 mins. to allow the liquid 
columns to come to rest. The capillaries were those previously 
calibrated and designated F, D, and C by Mills and Robinson (loc. 
cit.). Two separate preparations of oxychloride gave the following 
results : 

(1) d'® = 2-456 + 0-001; di® = 2-448; d® — 2-438; y= 
49-60 -++ 0-20; yl® = 48-83; 2° = 48-80 dynes per cm. 

(2) d'? — 2-453 + 0-001; d'® = 2-444; d= 2-431; yl = 
48-30 + 0-20; 29 = 48-15 dynes per cm. 

Sugden (loc. cit.) records d'® = 2-445; d! = 2-443; and y!’ 
48-1 and y!* = 48-8 respectively on two separate specimens. 

The second preparation above was converted into SeO,,2HCI by 
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adding the requisite water, with cooling to avoid loss of hydrogen 
chloride. This material behaved similarly to that from the direct 
addition of hydrogen chloride to selenium dioxide in that it decom- 
posed on boiling and set to a glass on freezing [Found : Se, 42-9; 
(1, 37-9. Cale. for SeO,,2HCl: Se, 43-0; Cl, 38-56%]. As density 
and surface-tension measurements of this substance could not be 
made in a vacuum owing to loss of hydrogen chloride, the former 
was determined in the 5-c.c. specific gravity bottle used for the 
data in Table I, and the latter in an atmosphere of dry air in the 
same type of apparatus and the same capillaries as already described. 
The results obtained were : 

d1s* — 2-258 + 0-001; dO = 2-252; yl®* — 51-94 0-2, 720° — 
51-6; [P] = 218-8, 218-9 respectively. Sugden gives d!*? —2-251; 
ys? — 52-48; [P] = 220-1. 


The System Selenium Dioxide—Hydrogen Bromide. 


Ditte (Ann. Chim. Phys., 1877, 10, 82) found that selenium 
dioxide vigorously absorbed hydrogen bromide with liberation of 
heat, giving steel-grey plates which continued the absorption; when 
these were warmed to 40—50°, a little hydrogen bromide was 
evolved, leaving SeO,,4HBr, stable below 55°, but decomposing 
above that temperature. He was unable to obtain the compound 
SeO,,2HBr, but by treating his SeO,,4HBr with hydrogen bromide 
at — 15° he claimed to have produced SeO,,5HBr. Lenher and 
Muehlberger (J. Amer. Chem. Soc., 1925, 47, 1842) state that at 
the ordinary temperature there is formed SeO,,2HBr, a liquid of 
d?? — 3-077, which decomposed on boiling and reacted with selen- 
jum dioxide to give selenious acid and the oxybromide. They 
confirmed the existence of Ditte’s first compound but not of his 
second. In view of this disagreement, a systematic reinvestigation 
of the reaction between — 7° and 60° was undertaken. 

Materials.—Divers and Haga (J., 1899, 75, 537) prepared the 
dioxide by dissolving selenium in nitric acid, evaporating the solu- 
tion several times after successive additions of water, and finally 
subliming the oxide. Meyer (Ber., 1922, 55, 2082) burned selenium 
in oxygen and collected the sublimate; he noted that a trace of 
the oxides of nitrogen favoured the formation of a pure white 
product, but that alkalis or glass caused coloration. By substitut- 
ing careful drying below the decomposition temperature in an 
electric oven for Divers and Haga’s sublimation, we obtained 
material giving identical results with theirs but having the advan- 
tage that it could readily be finely powdered. Such oxide was 
used in most of the following work, but when further sublimation 
was required, the dioxide in a porcelain boat was placed in a Pyrex 
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tube (30’’ x #’’) and heated to about 400° in a combustion furnace 
in a stream of oxygen dried by passage through 1 m. of concen- 
trated sulphuric acid and 2 m. of phosphoric oxide. Above 300°, 
volatilisation was reasonably rapid, and the yellow vapour, having 
passed through a platinised asbestos plug, was condensed in a 
tube, 12’”’ long, forming a sleeve inside the combustion tube. The 
sublimate first formed was reddish owing to traces of selenium, but 
the later material was white. In the‘absence of the plug of platin- 
ised asbestos all the sublimate was tinted pink, whether the starting 
material was imperfectly dried (and presumably contained traces 
of nitric acid) or whether a glass or silica sleeve tube was used. 
The evidence pointed to some dissociation of the vapour in the hot 
zone, followed by a cooling rapid enough to forestall recombination— 
an inference confirmed by preheating the sleeve tube, which afforded 
a white product throughout the entire process whether the plug 
was used or not. The platinised asbestos apparently functions, 
not as a catalyst, but rather as a reservoir of heat preventing a 
rapid fall in the temperature of the vapour. Meyer and Langner 
(loc. cit.) state that the yellow colour of the dioxide is intrinsic and 
not due to dissociation, and in view of the present findings an 
examination of its absorption spectrum was undertaken in collabor- 
ation with Mr. 8. F. Evans of the Physics Department of this College. 
Two observations were made at about 400°; the first, upon pure 
crystalline selenium dioxide, showed the anticipated absorption of 
light, whilst the second, upon pure selenium under identical con- 
ditions, gave no absorption. Further investigation by Evans 
(Mature, 1930, 125, 528) showed dissociation to take place to such 
an extent in a weli-evacuated tube that finally the spectrum of 
selenium dioxide disappeared; it could, however, be rendered per- 
manent by starting with some oxygen in the tube. The dissociation 
here may have been photochemical as well as thermal. 

Hydrogen bromide was prepared by passing hydrogen successively 
through water, concentrated sulphuric acid, pure bromine, and 
concentrated sulphuric acid and then over heated platinised asbestos, 
residual bromine being converted in turn into hydrogen bromide by 
moistened phosphorus spread on glass beads. The resulting gas 
was dried by passage through a long tube packed with fused calcium 
bromide. Thus prepared, the gas gave results identical with those 
obtained with hydrogen bromide from the action of bromine on 
benzene, but for convenience the former method was generally 
used. 

Reaction of Hydrogen Bromide with Selenium Dioxide.—{a) From 
— 7° to 30°. 0-2—0-5-G. portions of selenium dioxide were intro- 
duced into U-tubes and dispersed with sand in nitrogen at 0°. 
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Hydrogen bromide was passed over the materials for periods of 
30 mins., replaced by nitrogen, and the increase in weight found, 
passage of the gas being continued until constant weight was 
obtained. As dissociation was relatively slow, this use of nitrogen 
did not involve the loss of appreciable quantities of hydrogen 
bromide. The products are solid, and complete conversion is diffi- 
cult to attain: it appears that the original grain size may affect 
the results, for, as shown in Table II, Runs 1—8 (excluding 6), 
which relate to finely powdered material, corresponded to the 
formation of SeO,,4-6 + 0-2HBr (compare also Run 11), whereas 
Runs 9 and 10, on crystalline material, corresponded to SeO,,4HBr. 
Weight increased linearly with time until it reached a well-defined 
limit. The solid was orange-brown, appeared to be homogeneous, 
and developed little pressure at the ordinary temperature (contrast 
analogous compound of hydrogen chloride). 

In certain cases, the substance obtained by the reaction at 0° 
was further treated at other temperatures (see Table II) with 
hydrogen bromide to constant weight. In this way material which 
had already gained 4-6 mols. of hydrogen bromide at 0° only rose 
to 48 mols. at — 7°, whilst crystalline dioxide took up only 4:2 
mols. at — 7°; in each case the colour became lighter but deepened 
again at 0°. Similarly, at 18° slight loss of hydrogen bromide 
occurred (to 4-4 mols.) and the colour deepened. In Run 6, the 
dioxide itself was treated with hydrogen bromide first at 18°, and 
the increase was again 4-4 mols. At 50° and 100° there was evident 
decomposition, and red crystals sublimed on the sides of the reaction 
tube. 

TABLE II, 


Mols. HBr per mol. SeO, at 


Run. SeO,, g. — 7°. 0°. 18°. 50°. 100°. 
] 0-2036 — 4-5 4-4 2°7 2-4 
2 0-1822 -— 4-8 — —- _- 
3 0-3106 — 4-7 —_ — — 
4 0-2208 — 4-6 — — — 
5 0-5184 — 4-6 — — — 
6 0-4422 — — 4-4 — =. 
7 0-3246 4:8 4-6 — — 

8 0-1486 — — —_ 3-2 2-0) 
9* 0-2058 — 4-2 _ toni — 
10+ 0-3418 4-2 3°8 — — — 
lit 0-2645 —_— 4-5 — — — 


* Crystalline material. Addition ceased after 32 hours. 
+ Crystalline material. Addition ceased after 6 hours. 
t Crystalline material, finely powdered. Addition ceased after 2? hours. 


SeO,,2HBr. By using the method outlined, material of this 


composition is obtained at 30° (vide infra) and decomposes below 
its boiling point. 


Confirmatory evidence of its existence has been 
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obtained from its parachor: d!®° = 3-077; dd?” = 3-067; y'* — 
61-15; y" = 60-77; [P] = 248-1, 248-8 respectively (mean 248-5); 
the calculated value is 247-5 if the value for bromine (68-0) is 
substituted for that of chlorine (54:3) in Sugden’s determination 
upon the analogous SeO,,2HCI. 

(b) From 30° to 60°. Selenium dioxide was treated with hydrogen 
bromide in a test-tube, the side limb of which led to a similar 
vessel and thence to a drying tube. As liquid formed, it was 
poured into the second tube until no solid remained, after which the 
gas was bubbled through the liquid to saturation. The black 
liquids transmitted ruby-red light. At 30° the liquid had Se, 28-45; 
Br, 58-25 (Calc. for SeO,,2HBr: Se, 28-9; Br, 58-6%), and at 45°, 
Se, 30-8; Br, 524%, but there was a small loss of hydrogen bromide 
due to fuming. Between 50° and 60° the liquids deposited crystals 
on cooling which redissolved on warming. After being separated 
by decantation and centrifuging, these crystals were light brown 
through adhesion of mother-liquor, and gave Se, 54:5; Br, 7-0; 
i.e., SeO,, 76-6; HBr, 7-1%; if the remaining 16-3% is due to 
water, one has SeO,: H,O = 1-07: 1, pointing to contamination of 
selenious acid with mother-liquor containing bromine. (The mother- 
liquor in two experiments gave Se, 30-8; Br, 553%.) Lenher 
suggests that selenium dioxide may dehydrate SeO,,2HBr to give 
selenious acid and the oxybromide. Probably at the above tem. 
peratures the compound dissolves the dioxide, by which it is slowly 
dehydrated so that, on cooling, crystalline selenious acid separates; 
for the acid is not formed by direct action of the hydrogen bromide, 
which has been shown to react vigorously with selenious acid, 
forming at 20° a liquid and a solid, the latter containing 4 mols. of 
bromine per mol. of selenium. 

Composition—Temperature Curve, SeO,-HBr, between 0° and 30°.— 
In a preliminary experiment, material which had been treated with 
hydrogen bromide at 0° in a U-tube (the tube from Run 2, Table II) 
was raised to successively higher temperatures for definite times, 
during which nitrogen was passed over the material, and after 
which the weight of the tube was ascertained. When these results 
were plotted, there appeared indications of a stable complex at 9°. 
In investigating this further, material from Run 4 (Table II) was 
allowed to come to equilibrium at a series of successively higher 
temperatures with the taps of the U-tube closed. The hydrogen 
bromide thus liberated was swept out with nitrogen for 5 mins. 
and the tube was then filled with this gas at 0° and weighed. Typical 
results are given in Table III and plotted in Fig. 2. The curve 
has a marked break about 9° and 4:5 mols. of hydrogen bromide, 
and as this has been found in two further experiments it is inter- 











dic 
up 
mtu 
bre 
dio 
dic 
hy 
ma 
act 
Se( 
suy 
wai 
the 
was 
gen 
wei 
spo 
this 
in t 
bro! 
SeQ 
crys 
resi 
seal 
com 
1:4 


at - 
at o 
bron 

W 














THE DIOXIDES OF SELENIUM AND TELLURIUM, ETC. 1321 





preted as indicating a stable complex in this region, and the material 
at 30° has approximately the composition SeO,,4HBr (vide infra). 


TasxeE III. 
DOME vesrsceccersssccese 0° 2° 4° 6° 8° 10° 12° 
Snesenmt, % cacevesss 336 332.=Ss «333332 332-5 «831 = 8295 
HBr/SeO, (mols.) ... 4-61 4:55 4:57 4:55 4:56 4:54 4:52 
TEMP. covcccccccsccceees 14° 17° 20° 23° 26° 30° 
Trorease, J csccscses 328-5 325 324-5 323-5 3215 319 
HBr/SeO, (mols.) ... 4-51 4°46 4°45 4:44 4:41 4°38 


Thus it appeared that the product from the treatment of the 
dioxide first at 0° and subsequently at intermediate temperatures 
up to 30° might contain as 
much as 4 mols. of hydrogen 
bromide per mol. of selenium 
dioxide, whereas if the 
dioxide was treated with 
hydrogen bromide at 30° 25 + 
material corresponding ex- 
actly to the composition 
SeO,,2HBr was formed. In g “8 [ 
support of this conclusion, it 
was found that if material of 
the composition SeO,,2HBr 
was treated at 0° with hydro- 
gen bromide to constant 10 Fr 
weight, the product corre- 
sponded to SeO,,4-5HBr, and 
this on being heated to 30° - 
in the presence of hydrogen - : ‘ 
bromide did not revert to _— < 330 390 
SeO,,2H Br but yielded a red Snwreaie 04 engl, %, 

. . » 4/0 
crystalline sublimate, a black 
residue, and a trace of distillate which was SeO,,2HBr. A large- 
scale preparation of the red substance showed it to be a basic 
compound possessing approximately the composition Se : Br: H,O = 
1:4: 5—6. 


Fig. 2. 
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The System Tellurium Dioxide-Hydrogen Bromide. 


Ditte (loc. cit.) states that tellurium dioxide and hydrogen bromide 
at — 15° give TeO,,3HBr, which decomposes at 50° to TeO,,2HBr, 
at or below 70° to the oxybromide, and above 70° to the tetra- 
bromide. 

We treated small quantities in U-tubes with hydrogen bromide 


as above, but absorption was extremely slow; for instance, at 0° 
xx2 
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after 180 hours the increase in weight corresponded to an addition 
of 6-0 mols. of hydrogen bromide, and (in a second experiment) 
after 67 hours to 5-1 mols. The latter material was further treated 
at 5°, attaining 6-9 mols. after 114 hours, and then at 10°, reaching 
7-4 mols. after 110 hours. We are of opinion that these additions 
are due rather to moisture accumulated during these long periods 
dissolving hydrogen bromide than to any chemical reaction, and in 
any case these results do not confirm previous work. 


Fic. 3. 





30 


q.-mols. /litre. 


TeO.,, 











J J 
5 10 15 
HCl (or HBr), g.-mols./litre. 





The Solubility of Tellurium Dioxide in Solutions of Hydrogen 
Bromide and Chloride.—Prideaux and Cox (J., 1929, 2708) have 
shown that oxyfluorides can be isolated from solutions of tellurium 
dioxide in hydrofluoric acid, and indications of such compounds 
are given by the form of their solubility curve. 

Tellurous acid was prepared according to Prideaux and Cox, and 
pure solutions of hydrogen bromide and chloride by saturating 
distilled water with the purified gases, these liquids being used as 
stock solutions for the preparation of the more dilute solutions. 
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In the determination of the solubilities, 5—6 c.c. of acid and an 
excess Of tellurous acid were shaken in a thermostatic bath main- 
tained at 12° + 0-1° for 4 hours and then kept in the bath until 
the supernatant liquid was clear. For analysis, the liquids were 
decanted rapidly through a filter into another test-tube, filtration 
being assisted by slight suction. 

The results are given in Table IV (concentrations being in mols./ 
litre and the ratios molar) and plotted in Fig. 3. Analyses of the 
solids in the case of hydrobromic acid showed a progressive increase 
in bromine content with rise in hydrogen bromide concentration, 
but in no case did it reach that required for tellurium tetrabromide. 


TABLE IV. 


Cones. Concs. Cones. 























mann, wei . Ratio, ———— Ratio, 
TeO,. HCl. HCI/TeO,. TeO,. HCl. HCi/TeO,, TeO,. HCl. HCl/TeQ,. 
0-019 0-83 43-7 0-65 5:73 8:8 2-42 8-22 3°4 
0-052 0-93 17-9 0-82 6-80 8°3 3°15 10°49 33 
0-14 1-70 12-1 1-30 6-30 4°9 3°42 12°38 2-9 
0-16 2-90 18-1 1-47 8-00 5-4 4:22 14-79 3°5 
0°35 3°56 10-2 1-86 7°34 4+( 4°53 16°65 37 
0-52 4-69 9-0 2°39 8-34 3°5 3:13 15:07 4:8 
Cones. Concs. Concs. 

én ‘ Ratio, a 7 Ratio, F Ratio, 
TeO,. HBr. HBr/TeO,. TeO,. HBr. HBr/TeO,. TeO,. HBr. HBr/TeQ,. 
00199 0-735 36-9 0-144 1-719 11-9 0-569 3-496 6-1 
00204 0-763 37-4 O-ISL 1-616 8-9 0-852 5-082 6-0 
0-070 1-115 15-9 0-265 2-298 8-7 0-952 5-279 5-6 
0-085 1-172 13-8 0-367 2-776 76 1-137 6-329 5-6 
0-103 1-396 13-6 0-471 3-140 6-7 1-667 9-170 5:5 


‘rom the curves it is clear that the course of the reaction with 
hydrobromic acid is different from that with hydrochloric acid. It 
is probable that the straight-line graph for the former indicates 
continuous formation of tetrabromide, whilst the break in the 
curve for the latter may define regions above and below which 
tetrachloride and oxychlorides respectively are in solution. 


Summary. 

The reactions of hydrogen chloride with the dioxides of selenium 
and tellurium have been further investigated. Only SeOQ,,2HCI is 
formed at 107°. The properties of this compound and of selenium 
oxychloride have been reinvestigated. 

SeO,,2HBr is formed at 30°. Its density and surface tension 
have been measured. Below 30° solids are produced, and at higher 
temperatures liquids are formed which deposit selenious acid on 
cooling. 'Temperature-composition curves show a region of stability 
between 2° and 8° corresponding to SeO,,4-5HBr. 
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Conclusive results have not been obtained in the reaction of 


tellurium dioxide with hydrogen bromide. 

The solubilities of tellurium dioxide in solutions of hydrogen 
chloride and hydrogen bromide have been measured. 

It would appear that when selenium dioxide is sublimed dissoci- 
ation takes place in the vapour state, but that the colour evinced 
is that of the dioxide and is not due to free selenium. 


The authors wish to thank Mr. J. H. Smith for assistance with 
analyses and preparations in the later part of the work. 


UNIVERSITY oF DuRHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, October 29th, 1930.] 





CLXXV.—The Translational Motion of Molecules in 
the Adsorbed Phase on Solids. 


By Donaty HucH Bancuam and Nazim Faknoury. 


Or recent years the conception that molecules adsorbed on solid 
surfaces may be in a state of translational motion parallel to the 
surface has been regarded with increasing favour. The supporting 
evidence, which has been summarised by Rideal (“ Introduction to 
Surface Chemistry,” 2nd Edition, Cambridge, 1930; see also Anza. 
Reports, 1928), though fairly direct in certain isolated instances, 
is nevertheless hardly sufficient to justify any conclusions of a 
general nature. Evidence of a new type is now advanced, and tlie 
means are indicated whereby relative measurements of the surface 
pressures may be made. 

Evidence of Expansion Experiments.—Measurements of the ex- 
pansion which wood charcoal undergoes in taking up carbon dioxide, 
ammonia, and sulphur dioxide (Proc. Roy. Soc., 1930; A, 130, 81) 
have led to the following empirical equation as expressing the relation 
between x, the percentage linear expansion, and s, the number of 
g. of gas adsorbed per g. of charcoal : 

e=be(S—s). . «+ « «© « (I 


Here & is a constant depending on the gas, and SN is a limiting 
adsorption value which s approaches asymptotically. An 
additional constant was found necessary to represent the expansion 
caused by water vapour. To explain the results it was supposed 
that the expansion is some index of a two-dimensional bombardment 
pressure operative at sharp re-entrant angles in the surface. Scho- 
field and Rideal (Proc. Roy. Soc., 1925, A, 109, 57) have shown that 
the adsorbed phase at the surface of certain solutions (such as those 
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of the fatty acids in water) behaves as a two-dimensional gas, of 
which the pressure F is given by 


FA—-BuGF. . |... 


Here 1/A is the surface concentration (in g.-mols. per sq. cm.), B 
is the ‘‘ incompressible ”’ cross-sectional area per g.-mol,, and ¢ (the 
maximum value of which is unity) is a constant determined by the 
mutual cohesion between the molecules. In terms of s and S, the 
corresponding equation for an adsorbate of molecular weight M on 
a solid adsorbent of specific surface = would be (since A = M=/s and 
B= MX/S) 
iRTS\ 8 
wien ( Mx /S—s a 


It being highly improbable that a significant change in = 
accompanies the expansion of charcoal, the expression in parenthesis 
should be constant for a given gas at a given temperature. The 
formal resemblance between equations (1) and (2a) suggests that 
in the range covered by our experiments the adsorbed films on 
charcoal may also behave as two-dimensional gases, and that the 
expansion is actually directly proportional to their pressure; 1.¢., 


One os 64s aor 2 


where 2 is a constant depending probably both on the charcoal and 
on the gas used. 

If this hypothesis is correct, by plotting M/s against 2 one should 
obtain characteristic graphs comparable with the FA-—F graphs of 
Schofield and Rideal and others; further, if equations (2a) and (3) 
are both valid, it follows that 


=(8_ ,) _ikTs 


a\s — Mx 
or Mz/s = MRT /Z-+ Ma/S. . . . (4) 
whence d(Mx/s)/dzx = M/S = B/= 


and the graphs should then be linear, cutting the ordinate axis at a 
point giving the value of »7RT'/=. 

A typical series of such graphs is shown in Fig. 1.* Resemblance 
to the PV-—P graphs for imperfect gases is particularly striking in 


* The data for benzene and pyridine refer to a piece of charcoal different, 
and differently treated, from that used with ammonia, carbon dioxide, and 
sulphur dioxide. Since, however, the two charcoals showed identical 
behaviour towards water (see graph in Fig. 1), the two sets of data should be 
at least roughly comparable. full details of the experiments with benzene, 
pyridine, and other organic vapours will be given in a forthcoming paper, in 
which a greatly improved technique for making «-s measurements will be 
described. 
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THE TRANSLATIONAL MOTION 


the case of water, ammonia, carbon dioxide, and sulphur dioxide, 


It is unfortunate that the ordinate values at « = 0, a knowledge of 
which would be invaluable in the interpretation of the data, remain 
subject to considerable uncertainty. Until definite evidence to the 
contrary is forthcoming, it must be supposed that for each adsorbate 
there is a characteristic limiting value M2,/s, which is proportional 
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x (linear expansion, %, at room temperature). 


Points thus © refer to water on charcoal I, 


” ” © 39 ” ” ” ” 


to 4 and inversely proportional to &, the area of the film; as 
suggested in our earlier paper, the latter may vary with the size of 


the adsorbed molecules. 


As x increases, all the graphs in Fig. 1 become linear, or nearly so, 


indicating a region of obedience to equation (1). 


According to 


equation (4) the slopes of the linear portions should give the values of 


B/=, and it is satisfactory to note the steady increase of slope with 
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increasing molecular size. The curves for benzene and pyridine, 
although their close proximity affords (in view of the structural 
similarity of these two substances) a strong confirmation of our 
hypothesis, find no counterpart in the behaviour of imperfect gases. 
Their curvature near the axis can hardly be ascribed to the mutual 
attraction between molecules, but might result either from a fraction 
of the molecules taking up fixed positions on the surface (this 
fraction becoming smaller as s increases) or from a progressive 
change of orientation accompanying closer packing. The possibility 
must be borne in mind that for these substances i may be determined 
by other factors than mutual cohesion, and, if the second of the above 
suggestions is correct, may také values greater than unity. 

The observations made with pyridine throw some light on the 
obscure phenomenon of slow “ sorption,’ which this substance 
shows to a marked degree. Adsorption of a limited quantity of 
this substance causes a relatively large and immediate expansion. 
On standing, however, this slowly decreases. In the experiment 
illustrated in Fig. 1, points lying between A and B refer to 
observations taken in fairly rapid succession, and point C to one 
made after a long interval, during which the charcoal had been 
heated to accelerate the rate of drift. Thereafter the course of the 
expansion was more or less normal (curve CD), except for a very 
slight tendency to drift when the system was left to stand for long 
intervals. This behaviour appears to preclude any possibility that 
the expansion is due to slow diffusion of adsorbed molecules into 
inaccessible parts of the substrate. The drift may be accounted 
for on the basis of one or other of the suggestions contained in the 
last paragraph. Under certain conditions, benzene could be made 
to show a parallel behaviour, but in a normal experiment, after 
following for a short distance the steep portion AB of the pyridine 
curve, the graph for this substance bent smoothly round close and 
parallel to the pyridine curve CD. 

Evidence of the Isotherms.—Further support for the hypothesis 
under consideration is forthcoming from the dead-space pressure 
measurements made by us in the course of the expansion experi- 
ments. It was assumed by Schofield and Rideal, following Traube 
and Langmuir, that the lowering of surface free energy at the 














interfaces studied by them was due entirely to the two-dimensional 
pressure. If this were true in the case of a solid adsorbent of 
surface energy y, we should have (compare Rideal, op. cit., Ch. II), 
by applying the Gibbs equation in the appropriate form, 





Mz 1 ; 2 oe Fe 
' RT > > ‘ dy = RT ° . dk e . (5) 


d log, p = - 
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If equation (2a) is used to eliminate dF’, this becomes 


d loge p = ” d (_*) 


and on integration 

log. p = i log. q * -|- ar oe -_wis ee 
where W is an integration constant depending on the temper- 
ature, 

Of the gases used in our preliminary experiments on the expansion 
of charcoal, the isotherms of water, carbon dioxide, and sulphur 
dioxide show tolerably good agreement with this equation when the 
values of S determined from the extensometric data are inserted. 
This is illustrated in Fig. 2, where the experimental values of s and 
p are shown in relation to graphs derived from equation (6), 
appropriate values of i and W being used in each case. The region 
of divergence which occurs in the case of water at low pressures 
(where the observations follow the broken line instead of the full 
curve) is to be expected in view of the marked bending of its 
characteristic curve (Fig. 1) at low concentration, signifying that 
equation (2) is here invalid. The deviation may be partly due also 
to the presence of ash in the charcoal, the experiments of Coolidge 
(J. Amer. Chem. Soc., 1924, 46, 596) having made it clear that in 
this region the isotherm for water on ash-free charcoal lies closer to 
the p-axis than when—as in our experiments—the charcoal is 
untreated. The low value of i for water (viz., 0-10) is in full 
accordance with the big initial drop (see Fig. 1) in the value of 
Mzx/s. On the other hand, the evidence discussed in the next 
section strongly suggests that i for carbon dioxide should be 
assigned a rather higher value than that used in constructing the 
p-s graph for this gas in Fig. 2. 

Application to Published p-s Data.—In so far as equation (6) 
contains three undetermined constants, it is of little value as a 
criterion of the mobility of the adsorbed molecules unless extenso- 
metric data are available for the independent determination of 
S, or, alternatively, unless i is known from other measurements 
with the same gas at the same temperature. It further requires 
that the Gibbs equation, which is strictly valid only for plane 
surfaces, should be applicable to that of charcoal. Nevertheless, 
since the partial agreement obtained in our experiments makes it 
unlikely that large deviations should result on the latter account, a 
comparison with experimental isotherms is not without interest. 
Discussion will here be limited to the special case for which 7 is unity, 











cde 


ac 


* 
‘ 
~ 
‘ 
‘ 
- 


a 


Wa 


Sul 


Cor 
the 
wh 








OF MOLECULES IN THE ADSORBED PHASE ON soLtips. 1329 


“a 






denoting the absence of significant attractive forces between the 
adsorbed molecules. Equation (6) then becomes 











log. p = loge 7S - re +W... (7 


a form previously given by Bradley (Phil. Mag., 1929, 8, 202). 
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In the following table are recorded some typical isotherm measure- 
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Experimental 


Range of agree- 


— 
‘ 


ment with (7); 
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ments which give good agreement with equation (7); the range of 
agreement is stated in each case. 


System. Temp. range, s/S 3/S = Observer, 
Charcoal-CO, 0° 0—0-52 0-13—0-52 Chappuis 
*» co, 0 0—0-56 0-23—0-56 Titoff 
- co, 30 0—0-4 0-18—0-4 Titoft 
wo co, 80 0—0-18 0-09—0-18 Titoff 
< co, 150-5 0—0-07 0-0 —0-07 Titoff 
¥ NH, 0 0—0-56 0-13—0-56 Titoff 
* NH, 30 0—0-44 0:04—0-44 Titoff 

os CH, 0 0-08—0-35 0-08—0°35 Homfray 

es CO — 82 0-19-—0-54 0-19—0-54 Homfray 
Mica—CH, — 183 0-2 —0-66 0-2 —-0-66 Langmuir 
o aa — 118 0-07—0-4 0-07—0-4 Langmuir 
oo. me — 183 0-2 —0-54 0-2 —0-54 Langmuir 





References : Chappuis, Wied. Ann., 1881, 12, 161; Titoff, Z. physikal. Chem., 
1910, 74, 641; Homfray, ibid., p. 129; Langmuir, J. Amer. Chem. Soc., 1918, 
40, 1361 (Tables VII and IX). 


In this table, certain matters require comment. 

(1) In the graphs for carbon dioxide given in Fig. 1 the value of i 
was taken as 0-76. This low value is inconsistent with the observ- 
ation of Magnus that the adsorption of this gas follows Henry’s law 
at very low pressure, and is not confirmed by the data of Chappuis, 
Titoff, and Langmuir quoted in the table; the latter require that i 
for this gas should be unity even at low temperatures. The 
discrepancy possibly lies in an under-estimation of the limiting 
sorption value S which had been calculated with the aid of equation 
(1) from the extensometric observations. If a slightly higher value 
be assigned to S, the p-s measurements plotted in Fig. 1 are fully 
consistent with i = 1, and though the agreement between the found 
and the calculated values of the expansion is then less perfect, 
the differences lie well within experimental error. 

(2) It is important to note that a common value for S has been 
assumed for all four of Titoff’s carbon dioxide isothermals, covering 
the range of temperatures from 0° to 150°; this virtually reduces 
the number of adjustable constants to one. If this restriction is 
not imposed, the range of agreement with the individual experiments 
is considerably increased. A common value for S has also been 
assumed for Titoff’s ammonia isothermals at 0° and 30°. 

(3) It is curious that while Titoff’s ammonia observations agree 
well with equation (7), our own isothermals for this gas show 
substantial deviations over nearly the whole range of pressures. 
They agree in this and other respects with those of Richardson 
(J. Amer. Chem. Soc., 1917, 39, 1928). 

The Kinetic Interpretation of Equation (7).—The isotherm equation 
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(6) has the disadvantage that its manner of derivation has provided 
no analysis indicating the nature of the equilibrium between the 
free gas and the adsorbed phase. Equation (2), from which it was 
derived by application of the Gibbs equation, is essentially an 
empirical equation of state. It is true that in the special case where 
the mutual attraction between adsorbed molecules can be neglected, 
and the molecules regarded as hard spheres, an analysis on lines 
identical with those of the corresponding three-dimensional problem 
(see, e.g., Jeans, ‘‘ Dynamical Theory of Gases,” Chap. VI) would 
give for the two-dimensional pressure F a relation, F(A — B) = 
constant, where B is twice the sum of the cross-sectional area of the 
molecules (compare Adam, “The Physics and Chemistry of 
Surfaces,” Oxford, 1930, p. 125). Since, however, the analysis 
would necessarily neglect the mutual intersection of the “ pro- 
tected ’’ areas surrounding the molecules (that is, those areas 
within which the centres of other molecules cannot penetrate), it 
could be applicable only so long as the surface concentration is 
fairly small. This limitation is serious, for near saturation the 
molecules in the surface phase must be at least as closely crowded 
together as in the normal liquid state. It is probable that values of 
B determined from data relating to nearly saturated surfaces 
approximate more nearly to the actual sum of the areas of the 
molecules than to twice that area. 

In this connexion the limiting adsorption values determined from 
Langmuir’s data for methane and carbon dioxide on mica are of 
interest. Here the area of the adsorbing surface was known, and 
although, for reasons summarised by Adam (op. cit., Ch. VIII) and 
Rideal (op. cit., Ch. V) estimates of the surface area of solid 
adsorbents must generally be treated with some reserve, yet it is 
probable that the absorbing area and the superficial area of the 
adsorbent were more nearly equal here than in any other experi- 
ments on gas adsorption by solids. Application of equation (7) to 
the data gives for the incompressible areas per molecule of methane 
and carbon dioxide 14 A. and 24 A., respectively. Of these two 
results, the former agrees well with the value expected, while the 
latter (compare Oliphant, Phil. Mag., 1928, 6, 422) is some 40—50% 
high. It should be remarked, however, that until more is known as 
to the structure of the carbon dioxide molecule and its orientation 
at such a surface as that of mica, the area per molecule of this gas 
in a close-packed two-dimensional assembly must be subject to some 
uncertainty. At all events, the calculated areas per molecule are 
of the right order, and it is significant that the use of equation (7) 
should lead to maximum adsorption values more in harmony with 
known molecular magnitudes than the isotherm of Langmuir, 
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who was obliged to assume that only a fraction of the mica surface 
was active in adsorption. 

It is sometimes taken for granted that Langmuir’s isotherm is as 
consistent with the hypothesis of the mobile adsorbed phase as with 
that author’s theory of elementary spaces (see, e.g., Wilkins and 
Ward, Z. physikal. Chem., 1929, 144, 259). This is certainly not 
the case, for, although motion of the molecules parallel to the 
surface must be without effect on their rate of evaporation, yet it 
would materially affect the rate of condensation if the condensing 
molecules, on account of their finite size, require to strike bare 
patches of more than a certain limiting area. 

It has been pointed out by Bradley (loc. cit.) that, so long as s is 
small, an equation of the form (7) becomes indistinguishable from 
Langmuir’s equation expressing the kinetic equilibrium between 
the adsorbed and gas phases. The latter may be written 


k,p(S — s) = k,s 


where k, and k, are constants; and (7) becomes, on removal of the 
logarithms and rearrangement, 


k,p(S = s)e-s(S — 8) — ks 


where k,/k, =e”. The two equations differ only in that the left- 
hand side of the latter contains the term e~/(S-. As long as s is 
small, this term is nearly equal to unity, and its variation remains 
unimportant; it diminishes very rapidly, however, as s approaches 
S, and its variation then becomes much more important than that 
of {S—s). Rewriting the expression in terms of the variables used 
in equation (2), we find it equal to e~3/(4—) or, since i = 1, e-F4/"?, 
where the numerator of the exponent is equal to the work done in 
forcing back the molecules present on the surface through a space 
equal to the “ incompressible ” area of a (gram-) molecule, Since 
the frequency of occurrence of a fluctuation of density in a medium 
is proportional to e-¢/"7, where ¢ is the maximum work obtainable 
by the relapse to normal or average conditions, and the integrated 
frequency relating to values of ¢ between ¢ = and ¢= ¢ is 
proportional to the same expression, it is to be inferred that the rate 
of condensation is determined by the frequency of occurrence of 
(two-dimensional) density fluctuations of minimum potential 
energy FB. Such would be the case, statistically, if it were supposed 
that the condensation of a molecule is conditioned by its striking a 
bare patch of more than a certain minimum area, As saturation of 
the surface is approached, by far the greater part of the bare surface 
consists of patches small in comparison with the molecular cross- 
section, and therefore ineffective in condensation. 
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Summary. 


A comparison of Schofield and Rideal’s two-dimensional equation 
of state, F(A — B) = iRT, with the empirical equation relating 
the linear expansion (x) of a charcoal block with the adsorption 
value s (in grams) leads to the hypothesis that adsorbed films of the 
substances investigated behave as two-dimensional gases, of which 
the pressure F is directly proportional to the expansion. Graphs of 
Mzx/s against « for water, carbon dioxide, ammonia, and sulphur 
dioxide are similar to the PV—P graphs of imperfect gases, whilst 
those of benzene and pyridine are of a different type. In all cases 
the graphs become linear as the surface concentration rises. ‘The 
hypothesis is tested by comparing the p-s (p = gas pressure) data 
with the equation 

log. p = i log. — -} yo + W 
obtained by combining the Gibbs equation with the two-dimensional 
equation of state, it being assumed that the change of surface energy 
is determined wholly by the two-dimensional pressure. This form of 
isotherm is well supported by experiment, but the expected 
deviations occur when s is small. It is shown that Langmuir’s 
isotherm is inapplicable to a mobile adsorbed phase, because it 
fails to take into account the finite area of the minimum bare 
surface necessary for the condensation of a molecule. 
Facutty or Scrence, Tur Eayprian UNIVERSITY 
ABBASSIA, CAIRO. [Received, March 19th, 1931.] 





CLXXVI.—Synthesis of Alkyl Naphthalenes. Part 
III. 2:3:5-Trimethylnaphthalene. 


By DonaLp GRAHAM WILKINSON. 


Ix continuation of previous work on the synthesis of alkyl naph- 
thalenes (Harvey, Heilbron, and Wilkinson, J., 1930, 423; Heilbron 
and Wilkinson, ibid., p. 2537) the preparation of 2 : 3 : 5-trimethyl- 
naphthalene is now described. o-Xylyl bromide was condensed 
with ethyl sodiomethylacetoacetate and the ethyl o-xylylmethyl- 
acetoacetate (1), obtained in good yield, was hydrolysed to 8-o-tolyl- 
isopropyl methyl ketone (II), which was readily reduced to 8-o- 
tolyl-y-methyl-sec.-butyl alcohol (III) by means of sodium and alcohol. 
The aleohol was converted through its bromide and cyanide into 
y-0-tolyl-«8-dimethylbutyric acid (IV), the yield of which was poor 
owing to the ready decomposition of the bromide. Elimination of 
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use of aluminium chloride gave 1-keto-2 : 3 : 5-trimethyl-1 : 24. 
tetrahydronaphthalene (V), which was reduced by ata 
method to 2:3: 5-trimethyl-1 : 2:3: 4-tetrahydronaphthalene (V1), 
On dehydrogenation of the latter with selenium in the usual manner 
2:3: 5-trimethylnaphthalene was obtained as a low-melting solid 
which was characterised by means of its picrate (m. p. 122°) and 
styphnate (m. p. 148—149°). 

Me Fa Et Me Me 


COM COMc OHM: OH 
(l.) (Br) 


(L. (HL) (CN) 
Me Me Me 
C) CHa\CHMe __. om CHMe C) CB CHMe 
CHMe . g/ CHMe CH,/CHMe 
(iv.) CO,H (V.) (VI.) 


EXPERIMENTAL. 

o-Xylyl bromide (80 g.) was added slowly to a well-cooled sus- 
pension of ethyl sodiomethylacetoacetate (from 64 g. of ester) in 
absolute alcohol (300 ¢.c.). The mixture was refluxed for 2 hours, 
the solvent removed, and the diluted product extracted with ether. 
The crude ester was fractionally distilled under reduced pressure, 
ethyl o-xylylmethylacetoacetate (1) being obtained as a colourless oil, 
b. p. 177—179°/20 mm. (Found: C, 72-2; H, 8-0. C,;H,,0; 
requires C, 72-6; H, 8-1%). 

8-0-Tolylisopropyl Methyl Ketone (11).—Ethyl o-xylylmethyl- 
acetoacetate (47 g.) was refluxed for 16 hours with 10% sodium 
hydroxide solution (400 g.) and alcohol (40 ¢.c.), and the cold pro- 
duct extracted with ether. After removal of solvent from the 
dried ethereal solution, the oil was distilled in a vacuum, £-o-tolyl- 
isopropyl methyl ketone (II) being obtained as a sweet-smelling 
liquid (16 g.), b. p. 132—133°/20 mm. The semicarbazone, which 
was extremely rapidly formed, separated from alcohol in rectangular 
plates, m. p. 152—153° (Found: N, 18-2. C,,;H,,ON, requires 
N, 18-0%). 

3-0-T'olyl-y-methyl-sec.-butyl Alcohol (I11).—Sodium (20 g.) was 
added gradually to a well-stirred boiling solution of the above 
ketone (20 g.) in absolute alcohol (200 c.c.). The product was 
diluted with water, alcohol distilled off, and the residue extracted 
with ether. After removal of solvent from the extract, the product 
was distilled in a vacuum, the sec.-butyl alcohol being obtained as 
a thick oil (15 g.), b. p. 152—153°/20 mm. (Found: C, 80-5; H, 
10-2. C,,H,,0 requires C, 80-9; H, 10-1%). 
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y-0-Tolyl-«8-dimethylbutyric Acid (IV).—The above alcohol (20 
g.) was heated at 80° for 5 hours with a 30% solution of hydrogen 
bromide in glacial acetic acid (200 g.). The cold liquid was diluted 
with water and extracted with ether. The bromide was obtained 
as a heavy oil (17 g.) which distilled between 130—160°/25'mm. and 
contained unsaturated material, probably hydrocarbons formed by 
loss of hydrogen bromide. It was refluxed for 20 hours with a 
solution of potassium cyanide (15 g.) in aqueous alcohol, the nitrile 
extracted with ether and boiled for 15 hours with 10% amyl-alcoholic 
potassium hydroxide (5 g. KOH), the amyl alcohol removed with 
steam, and the residual solution acidified; y-o-tolyl-«8-dimethyl- 
butyric acid (I1V) then separated as an oil (2 g.) which would not 
crystallise. 

The acid chloride, prepared from the acid and thionyl chloride, 
was a mobile oil, b. p. 140—145°/15 mm. With dry ammonia 
in light petroleum it gave the amide, which crystallised from light 
petroleum—benzene in rosettes of needles, m. p. 73° [Found (micro) : 
C, 75-9; H, 9-0. C,,H,,ON requires C, 76-1; H, 9-3%]. 

1-Keto-2 : 3: 5-trimethyl-1 : 2 : 3 : 4-tetrahydronaphthalene (V).—A 
solution of the acid chloride (1-5 g.) in petroleum (b. p. 80—90°) 
(5 ¢.c.) was added gradually to freshly prepared aluminium chloride 
(1-5 g.), suspended in the same solvent. When the initial vigorous 
reaction had ceased, the mixture was refluxed for 1 hour and then 
decomposed with ice-cold dilute hydrochloric acid. The ketone 
(V) was separated by ether extraction and obtained as an oil which 
rapidly solidified. It separated from light petroleum in needles 
(1 g.), m. p. 87° [Found (micro) : C, 83-2; H, 8-4. C,,H,,O0 requires 
(, 83-0; H, 85%]. 

2:3: 5-T'rimethylnaphthalene.—The ketone (1 g.) was reduced 
by boiling with concentrated hydrochloric acid (50 c.c.) and amal- 
gamated zinc (10 g.) for 6 hours, and the crude tetrahydro-derivative 
(1 g.), which was isolated as an oil, was directly dehydrogenated 
by heating with selenium (1-5 g.) at 300° for 20 hours. The product 
was distilled over sodium in a vacuum and treated with warm 
alcoholic picric acid solution. 2:3 : 5-J'rimethylnaphthalene picrate 
(0-4 g.) crystallised from alcohol in small reddish-brown needles, 
m. p. 122° [Found (micro): N, 10-5. C,gH,,0,N, requires N, 
10:5°%]. Decomposition of the picrate with dilute aqueous ammonia 
yielded the hydrocarbon as an oil which became solid at 0°, but 
owing to the small amount available could not be further purified. 
For further characterisation it was converted into the styphnate, 
which crystallised from alcohol in golden-yellow needles, m. p. 
148—149° [Found (micro): C, 54-8; H, 4-0; N, 10-4. C,,H,,O,N, 
requires C, 54-9; H, 4:1; N, 10-1%]. 
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CLXXVII.—Styrylpyrylium Salts. Part XIII. The 
Reactivity of Methyl B-Phenylethyl and Methyl 
y-Phenylpropyl Ketones. 


By Istpor Morris Hemsron, Ropert NorMAN HEsvop, 
Francis IrvinGc, and JoHN SHEVLIN WILSON. 


IN a previous communication (Heilbron and Irving, J., 1929, 936) 
proof was adduced showing that, when benzyl methyl ketone is 
condensed with salicylaldehyde in presence of piperidine, the methyl- 
ene and not the methyl group is the reactive one. This conclusion 
was reached as a result of the application of the benzo-B-naphtha- 
spiropyran colour change, since the spiropyran (II) obtained by 
condensing the reaction product (I) with 2-naphthol-1l-aldehyde 
undergoes intramolecular ionisation in hot high-boiling inert solvents 
to give a coloured solution and must therefore be unsubstituted in 
the 3’-position (compare Dickinson and Heilbron, J., 1927, 1699). 


CH:CPh-CO-CH, 


Ph 
ot 73 ~¥T —_— 
) (II.) 
\ou SPRY? 


This abnormal behaviour is undoubtedly caused by the increased 
activation of the methylene due to the directly attached phenyl 
group. It is thus to be anticipated that with methyl @-phenylethyl 
ketone (III) and methyl y-phenylpropyl ketone (IV), where electronic 
effects due to phenyl will be almost wholly neutralised by the 
lengthening of the saturated chain, a reversion to normal type would 
ensue. As shown by the following experimental results, this 
anticipation has been fully realised. 
(I1I.) Ph*CH,*CH,*COMe Ph-[CH,],°*COMe (Iv.) 

When methyl @-phenylethyl ketone is condensed with salicyl- 
aldehyde in presence of piperidine, an unsaturated ketone is 
obtained which, when further condensed with 2-naphthol-1-aldehyde, 
leads to a substituted benzo-8-naphthaspiropyran; this shows no 
colour on heating, and consequently must have the structure (VI). 
It follows that the unsaturated ketone itself must be 2-hydroxystyryl 
8-phenylethyl ketone (V), and hence in (III), unlike the case of benzyl 
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methyl ketone, the methyl group and not the methylene is reactive 
in presence of piperidine. The same result is obtained when sodium 
hydroxide is employed—a further distinction from the behaviour of 
benzyl methyl ketone, which condenses with salicylaldehyde in 
presence of this reagent to give substances of very complex character 
(Dickinson, J., 1926, 2234). 

C ox<> 


nH: ‘CH-CO-CH,CH,Ph 
(VI.) 7 iy (V.) 
Mu '@ 


When methyl bei ketone is condensed with salicyl- 
aldehyde in presence of dry hydrogen chloride, a different result is 
obtained. The pyrylium salt formed reacts with 2-naphthol- 
l-aldehyde to give a benzo-§-naphthaspiropyran which readily 
produces a purple colour in boiling xylene solution. This isomeric 
spiropyran must therefore be 3-benzylbenzo-6-naphthaspiropyran 
(VIII), and the simple pyrylium salt from which it is derived must 
have the structure (VII) and arise as a result of the methylene group 
entering into-reaction. 

CH CH,Ph 
/  \C-CH,Ph | 


[ | ‘CH, 4 \ fre 
(VII.) o7* a, a, (VIII.) 
ou ws 


Similar results have been obtained by condensing salicylaldehyde 
with methyl y-phenylpropyl ketone (IV). When sodium hydroxide 
is used, 2-hydroxystyryl y-phenylpropyl ketone is formed, from which 
3'-phenylethylbenzo-8-naphthaspiropyran results. On the other 
hand, the use of hydrogen chloride leads to the formation of the 
isomeric 3-phenylethylbenzo-8-naphthaspiropyran. In addition to 
the spiropyrans already mentioned, 3-benzyldibenzospiropyran, 
3-benzyldi - 8 - naphthaspiropyran, and 3-phenylethyldi- 8 -naphtha- 
spiropyran have been prepared : these are normal in their properties, 
both dinaphthaspiropyrans giving the colour change, and the 
dibenzo-compound failing to do so. 

Dimerides.—A study has been made of the condensation products 
from methyl £-phenylethyl ketone and methyl y-phenylpropyl 
ketone and benzaldehyde. From the former, styryl §-phenylethyl 
ketone (IX) is readily obtained in aqueous-alcoholic solution in 
CHPh:CH-CO-CH,°CH,Ph CHPh:CH:CO-CH(CH,Ph)-CO,H 

(IX.) (X.) 
presence of alkali (compare Harries, Annalen, 1904, 330, 233). Its 
structure has now been definitely established by its preparation 
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from benzylidene-x-benzylacetoacetic acid (X). By the use of more 
concentrated alkali and with a minimum quantity of water the high. 
melting di(styryl 8-phenylethyl ketone) is cbtained in place of the 
unimolecular compound. 

Methyl y-phenylpropy] ketone reacts similarly towards benzalde. 
hyde, styryl y-phenylpropyl ketone or its dimeride being formed 
according to the experimental conditions. 

The formation of these dimerides is similar to that previously 
recorded with many styryl alkyl ketones (Heilbron and Irving, J., 
1929, 931). In this respect benzyl methyl ketone again differs from 
the ketones under review, as it fails to yield a simple cyclic dimeric 
derivative (Goldschmiedt and Knépfer, Monatsh., 1897, 18, 438; 
1898, 19, 413). 

EXPERIMENTAL. 

Methyl 8-Phenylethyl Ketone—This compound, previously pre- 
pared by Harries (loc. cit.) by the reduction of styryl methyl ketone 
with sodium amalgam, is readily obtained from ethyl «-benzylaceto- 
acetate : The ester (30 g.) was refluxed for 6 hours with 20% aqueous 
sodium hydroxide (210 g.) and after the cold solution had been 
saturated with salt the ketone was extracted with ether, dried, and 
distilled under reduced pressure, the fraction b. p. 122—124°/16 mm. 
being collected (yield, 18 g.) (compare Mattar, Hastings, and Walker, 
J., 1930, 2455). 

Styryl 8-phenylethyl ketone (IX), prepared by the method of 
Harries (loc. cit.), separated from methyl] alcohol in colourless plates, 
m. p. 53—54° (Mattar, Hastings, and Walker give 56°). The 
semicarbazone separated from alcohol in colourless crystals, m. p. 
135°, which became bright yellow on exposure to light (Found: 
N, 14:5. C,gH,,ON, requires N, 14-4%). 

Benzylidene-x«-benzylacetoacetic Acid (X).—A suspension of benz- 
aldehyde (7 g.) and ethyl «-benzylacetoacetate (14 g.) in water 
(200 c.c.) was shaken continuously for 11 days, aqueous sodium 
hydroxide (30 c.c. of 8%) being added in six equal portions during 
this period. After removal of unchanged reactants with ether, the 
aqueous layer was separated and rendered acid, and the crude 
material purified by repeated crystallisation from absolute alcohol. 

Benzylidene-«-benzylacetoacetic acid formed colourless places, m. p. 
157° (decomp.) (Found: C, 77-0; H, 5-7. C,,H,,0, requires C, 
77:1; H, 5-7%). When the acid was heated in presence of copper 
powder at 160°, styryl 8-phenylethyl ketone, m. p. 53° (from methyl 
alcohol), was formed. 

Di(styryl B-phenylethyl ketone).—A solution of benzaldehyde (6 g.) 
and methyl 8-phenylethyl ketone (9 g.) in absolute alcohol (45 c.c.) 
was treated with sodium hydroxide solution (3 c.c. of 30%) and kept 
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at room temperature for 24 hours. The separated solid, after 
repeated crystallisation from alcohol-ethyl acetate, gave the 
dimeride in fine colourless needles, m. p. 184° (Found: C, 86:4; 
H, 68; M, 487. C,,H,.0, requires C, 86-4; H, 6-7%; M, 472). 
2-Hydroxystyryl -Phenylethyl Ketone (V).—(a) A solution of 
salicylaldehyde (9 g.) and methyl @-phenylethyl ketone (10 g.) in 
alcohol (40 c.c.) was kept together with aqueous sodium hydroxide 
(50 c.c. of 20%) for 5 days at — 5°; the sodium salt then separated 
from the orange-coloured solution. The ketone, obtained by treat- 
ment of an aqueous-alcoholic solution of the salt with carbon dioxide, 
erystallised from aqueous alcohol in colourless plates, m. p. 128—129° 
(Found: C, 81-0; H, 6:3. C,,H,,O0, requires C, 80-9; H, 63%). 

(b) A solution of salicylaldehyde (5 g.) and methyl @-phenylethyl 
ketone (6 g.) in alcohol (6 c.c.) was kept at room temperature during 
8 weeks, small quantities of piperidine being added at regular 
intervals. The viscous reaction product was diluted with alcohol 
and the solution made acid; the ketone, precipitated as a semi- 
solid mass, after repeated crystallisation from alcohol—light petrol- 
eum, yielded the pure substance, m. p. 128—129°. 

3-Benzyldibenzospiropyran.—This compound was obtained by 
Léwenbein and Katz (Ber., 1926, 59, 1377) by condensing ethyl 
a-benzylacetoacetate with salicylaldehyde in presence of perchloric 
acid, followed by hydrolysis of the pyrylium perchlorate. We have 
now prepared it by hydrolysing the pyrylium chloride which results 
when salicylaldehyde and methyl 6-phenylethy] ketone are condensed 
in aleoholic solution by means of hydrogen chloride. The com- 
pound separated from acetone in small colourless crystals, m. p. 121°. 

3-Benzylbenzo-8-naphthaspiropyran (VIII).—A solution of salicyl- 
aldehyde (1-2 g.) and methyl @-phenylethyl ketone (1-5 g.) in glacial 
acetic acid (6 c.c.) was saturated with hydrogen chloride at 0°. After 
8 hours, a solution of 2-naphthol-l-aldehyde (1-7 g.) in glacial acetic 
acid (5 ¢.c.) was added, and the whole resaturated with hydrogen 
chloride. The pyrylium salt which separated over-night at 0° from 
the deep red purple solution was hydrolysed in ether suspension with 
dilute aqueous ammonia. The spiropyran obtained by evaporating 
the dried ethereal solution separated from acetone in small colour- 
less crystals, m. p. 157° (to a purple liquid). Its solution in cold 
xylene is colourless, but attains an intense reddish-purple colour at 
the boiling point ; in glacial acetic acid a blue colour slowly develops 
(Found : C, 86-3; H, 5-4. C,,H,,O, requires C, 86-6; H, 5-2%). 

3’ - Benzylbenzo- 8 -naphthaspiropyran (VI)—A_ solution of 
2-hydroxystyryl $-phenylethyl ketone (1:3 g.) and 2-naphthol- 
l-aldehyde (1-7 g.) in alcohol (10 c.c.) was saturated with hydrogen 
chloride at 0° and kept at the same temperature for 24 hours. The 
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separated pyrylium salt was hydrolysed with dilute aqueous ammonia 
in presence of ether. The ethereal extract on evaporation yielded an 
oil which solidified on treatment with methyl alcohol. The pure 
spiropyran obtained after crystallisation from acetone formed colour- 
less crystals, m. p. 129—130°, and gave a colourless solution in boiling 
xylene ; in glacial acetic acid a wine-red colour was rapidly produced 
(Found : C, 86-8; H, 5-2. C,gH 9.0, requires C, 86-6; H, 5-2°%). 
3-Benzyldi-8-naphthaspiropyran.—This compound has also been 
prepared by Léwenbein and Katz (loc. cit.) by hydrolysis of the 
pyrylium perchlorate resulting from the condensation of ethyl 
a-benzylacetoacetate with 2-naphthol-l-aldehyde in presence of 
perchloric acid. We have now obtained the corresponding pyrylium 
chloride very smoothly by condensing methyl @-phenylethyl ketone 
with 2-naphthol-l-aldehyde in alcoholic solution with hydrogen 
chloride. The spiropyran, prepared in the usual manner, separated 
from acetone—benzene in colourless crystals, m. p. 207° as recorded 
by the above authors. 

Ethyl «-(8-Phenylethyl)acetoacetate—8-Phenylethyl bromide was 
prepared either by treating ®$-phenylethyl alcohol with hydrogen 
bromide in glacial acetic acid under pressure as described by 
Schroeter, Lichtenstadt, and Irineu (Ber., 1918, 54, 1599) or more 
conveniently by heating the alcohol with the theoretical amount 
of phosphorus tribromide for 4 hours at 90°. 

Phenylethyl bromide (31 g.) was slowly added to ethyl sodio- 
acetoacetate (from 22 g. of the ester) in alcohol (70 c.c.), and the 
whole heated under reflux for 4 hours. After removal of the 
alcohol, water was added and the product extracted with ether. 
After removal of solvent from the dried solution, the ester was 
distilled, the portion, b. p. 174—176°/18 mm., being collected. 

Methyl y-Phenylpropyl Ketone (IV).—This compound has been 
obtained by Diels and Poetsch (Ber., 1921, 54, 1585) together with 
other products by the reduction of benzylidenediacetylmonoxime. 
It is conveniently prepared by hydrolysing ethyl «-(@-phenylethyl) - 
acetoacetate in the manner described for the preparation of methyl 
8-phenylethyl ketone. The pure ketone is an oily liquid, b. p. 
128—130°/15 mm. 

Styryl y-Phenylpropyl Ketone—A solution of benzaldehyde 
(1-1 g.) and methyl y-phenylpropyl ketone (1-6 g.) in alcohol (5 c.c.) 
was treated with aqueous potassium hydroxide (5 c.c. of 1:5%), 
and the whole kept for 24 hours in the ice-chest. The separated 
solid was crystallised from methyl alcohol, from which pure séyryl 
y-phenylpropyl ketone separated in colourless plates, m. p. 51° 
(Found: C, 86-4; H, 7-1. C,,H,,0 requires C, 86-4; H, 7-2%). 
Di(styryl y-phenylpropyl ketone).—The same quantities of benz- 
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aldehyde and methyl y-phenylpropyl ketone as were used in the 
above condensation were dissolved in alcohol (10 ¢.c.) and the 
solution after treatment with aqueous sodium hydroxide (0-5 c.c. 
of 30%) was kept at room temperature for 48 hours. The separated 
product was crystallised from alcohol-ethy] acetate, from which the 
pure dimeride separated in fine colourless needles, m. p. 138° (Found : 
(, 86:3; H, 7-1; M, 510. C,,H,,0, requires C, 86-4; H, 7:2%; 
M, 500). 

2-Hydroxystyryl y-Phenylpropyl Ketone.—A solution of salicyl- 
aldehyde (3-7 g.) and methyl y-phenylpropyl ketone (4-9 g.) in alcohol 
(20 c.c.) was kept for 5 days at 0° together with aqueous sodium 
hydroxide (25 c.c. of 20%); the sodium salt then separated. This 
was dissolved in aqueous alcohol, and the crude ketone precipitated 
with carbon dioxide. 2-Hydroxystyryl y-phenylpropyl ketone 
crystallised from alcohol in colourless rhombs, m. p. 114° (Found : 
C, 81-2; H, 6-8. C,,H,,0, requires C, 81:2; H, 6-8%). 

3-8-Phenylethylbenzo-8-naphthaspiropyran.—A solution of salicyl- 
aldehyde (1-2 g.) and methyl y-phenylpropyl ketone (1-6 g.) in 
glacial acetic acid (6 c.c.) was saturated with hydrogen chloride and 
kept for 5 hours at 0°, 2-naphthol-1-aldehyde (1-7 g.) was then added, 
and the whole again saturated with hydrogen chloride. After 
standing over-night at 0°, the pyrylium salt was removed from the 
deep reddish-purple solution, and the crude spiropyran obtained 
in the usual manner. 3-8-Phenylethylbenzo-8-naphthaspiropyran 
crystallises from acetone in colourless needles which melt to a deep 
purple liquid at 140—141°. Its solution in cold xylene is colourless 
but attains an intense purple colour on being heated; in glacial 
acetic acid a blue colour is slowly developed (Found: C, 86-8; 
H, 5-7. CygH,,0, requires C, 86-6; H, 5-5%). 

3'-6-Phenylethylbenzo-8-naphthaspiropyran.—This was prepared 
from 2-hydroxystyryl y-phenylpropyl ketone (1-3 g.) and 2-naphthol- 
l-aldehyde (1-7 g.) as described in the case of the analogous 3’-benzyl- 
benzo-8-naphthaspiropyran. It separates from acetone in colourless 
crystals, m. p. 180°, and gives colourless solutions in either boiling 
xylene or veratrole; it dissolves in glacial acetic acid to a wine-red 
solution (Found: C, 86-7; H, 5-8. Cy, 9H,.0, requires C, 86-6; 
H, 5-5%). 

3-3-Phenylethyldi-8-naphthaspiropyran.—A_ solution of methyl 
y-phenylpropyl ketone (1-6 g.) and 2-naphthol-l-aldehyde (3-5 g.) 
in aleohol (15 c.c.) was saturated with dry hydrogen chloride and 
maintained at 0° for 24 hours; the pyrylium salt then separated. 
The spiropyran crystallises from benzene in colourless crystals, 
in. p. 219—220°, which give a blue-purple solution in boiling xylene 
(Found : C, 87-2; H, 5-7. C,,H,,0, requires C, 87-6; H, 5-3%). 
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CLXXVIII.—Polysaccharides. Part VIII. Evidence 
of Continuous Chains of a-Glucopyranose Units 
in Starch and Glycogen. 


By Water Norman Haworts and EpMUND GEORGE VINCENT? 

PERCIVAL. 
THE conception, previously advanced, that starch is composed of 
conjugated maltose residues is the simplest basis on which to 
formulate this carbohydrate (Haworth, “Constitution of Sugars,” Ed. 
Arnold & Co.). It recognises the significant facts of the hexagonal 
structure of glucose units in maltose and cellobiose, and also the 
ease with which these disaccharides are generated from the two 
polysaccharides. It recognises «-glucose as the essential residue 
in starch, and @-glucose as the corresponding residue in cellulose. 
Associated with this conception is the idea that these units are 
joined entirely by glucosidic linkings, and the wide inference may 
be drawn that starch and cellulose are analogues of the simplest 
glucosides. 

It was also pointed out that the isolation of 2: 3 : 6-trimethyl 
glucose from trimethyl starch and trimethyl cellulose furnishes no 
revidence of the existence of glucopyranose units in these poly- 
saccharides, since the only inference to be drawn from this result 
is that positions 1: 4:5 in the glucose units are concerned in the 
internal structural arrangements of the carbohydrates. Whilst 
the pyranose or the furanose ring would equally explain this mode of 
union of glucose residues, yet it may be argued that neither of these 
cyclic forms is necessary to interpret these simple facts inasmuch as 
the following formulation is at least equally feasible : 
~CH—CH-CH,°OH 


0 0 
: (4) (5) (6) 
CH-CH(OH)-CH(OH)-CH—CH-CH, OH 
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The basis for the recognition of the glucopyranose residue in 
starch is the experimental observation that starch is degraded to 
maltose almost quantitatively, combined with the further observ- 
ation that «-maltose can only be constituted as shown below 
(Haworth and Peat, J., 1926, 3094). 


CH, + (i og 
H | 
Kio Kee | 
oe a. Es 
H bu H da 


This expression is structurally identical and stereoisomeric with 
that allocated to cellobiose (Haworth, Long, and Plant, J., 1927, 
2809) and it is this structure which is embodied in the constitution 
assigned to cellulose. 

In supporting the continuous chain structure of «-glucopyranose 
units in starch, one has always been conscious of other factors which 
may intervene to render this conception untenable. One of the 
chief difficulties urged against the acceptance of this view is that 
no valid proof exists that maltose is preformed in starch. It has 
been suggested on many occasions that maltose may be only a 
reversion product of the action of enzymes on starch, and in support 
of this contention reference is made to the ease with which maltose 
can be synthesised from glucose by enzyme action. The analogy 
which can be drawn between the behaviour of «-methylglucoside 
and starch favours, however, the existence of «-glucopyranose units 
in the polysaccharide, as does also the observation of Karrer that 
starch is degraded to hepta-acetyl maltosidobromide by the action 
of acetyl bromide (Karrer and Nageli, Helv. Chim. Acta, 1921, 4, 
263). 

At the same time it must be confessed that it is always open to 
dispute whether an independent proof has been furnished of the 
precise mode of linking of the constituent hexose units of starch. 
If the polysaccharide is made to undergo cleavage whilst its hydroxyl 
groups remain unprotected and therefore free to participate in subse- 
quent secondary changes, the inferences drawn from these results 
may lead to invalid conclusions. 

We have endeavoured in the course of the present work to over- 
come this objection and have provided, by a method which is free 
from dubiety, a proof of the structure of two contiguous glucose 
units of starch. 

Apart from the chain formula given on p. 1342 there are two com- 
peting structures ascribable to starch, according as a furanose or a 
pyranose constitution is allocated. These are given in skeleton 
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form below, and it will be seen that in the furanose formula the 
mutual linking of units occurs at position 5 in the hexose residue, 
ring formation occurring at positions 1:4. In the pyranose formula 
the linking of contiguous glucose units is represented at position 4 
and the ring closure occurs at oon 1:5 
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We have previously observed in our experiments with triacety! 
starch that no essential constitutional change is introduced during 
the process of acetylation, since we have regenerated the poly- 
saccharide from this triacetyl derivative and found it to behave 
exactly as the amylose portion of starch (Haworth, Hirst, and 
Webb, J., 1928, 2681). Similarly we have developed a procedure 
by which triacety! starch is simultaneously deacetylated and methyl- 
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ated in alkaline solution, and it is clear that amylose is unaffected 
by treatment with alkali. The trimethyl starch obtained by this 
means is recognisable as a genuine derivative of amylose and we are 
left in no doubt that the molecular arrangement of the original 
starch has been unimpaired. 

We have now degraded the trimethyl amylose by contact, at the 
ordinary temperature (15—16°), with a solution of acetyl bromide 
in chloroform for a period of about 4 hours (since chloroform is also 
a solvent for the trimethyl amylose). The methylated poly- 
saccharide breaks down under these conditions to give derivatives 
of (a) monosaccharide, (b) disaccharide, (c) trisaccharide, leaving a 
small part only of the trimethyl amylose unchanged. 

The disaccharide derivative formed by this cleavage was evidently 
the bromide and monoacetyl derivative of a hexamethyl biose 
(111), from which the bromine was eliminated by shaking with 
moist silver carbonate in ether. This monoacetyl hexamethyl 
biose was oxidised with bromine water in the presence of barium 
benzoate and the derived bionic acid (IV) was further methylated 
and esterified. The methyl octamethyl bionate (V) was then 
hydrolysed with mineral acid and gave rise to two cleavage frag- 
ments, one of these being isolated as crystalline tetramethyl gluco- 
pyranose (VII) (yield, 95°) and the other as 2 : 3 : 5 : 6-tetramethyl- 
y-gluconolactone (VI) (yield, 80%), which was identified both by 
its m. p. and rotation as well as by the m. p. of the crystalline 
phenylhydrazide of the 2 : 3 : 5 : 6-tetramethyl gluconic acid. 

The conclusions to be drawn from these results are that, since 
2:3: 5: 6-tetramethyl gluconic acid and its lactone are isolated 
from this cleavage, only the 4-position can be involved in the union 
of this member with the adjoining residue, namely, tetramethyl 
glucopyranose, in the octamethyl bionic ester. The 4-position is 
therefore recognised as being involved in the union of the contiguous 
wits in amylose. That the 5-position must have been liberated 
as a hydroxyl group during the oxidation of the biose derivative 
was evident from the fact that when the oxidation stage was omitted, 
oly 2:3: 6-trimethyl glucose was obtained on hydrolysis. This 
conclusion is verified by the characterisation of the tetramethyl 
glucopyranose as the second cleavage product of the octamethyl 
bionic ester, thus establishing the six-atom ring in this half of the 
molecule. The 1-position of this tetramethyl glucopyranose could 
only have been involved in union with the 4-position of the gluconic 
acid component, from which it follows that the constitution of the 
hexamethyl biose furnished as a cleavage product of trimethyl 
amylose is that given in formula (II). 

Since two glucopyranose units constitute the biose derived from 
Ee 3 
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trimethyl amylose, we conclude that the essential structure of the 
original polysaccharide is that represented by formula (II), namely, 
the conjugated maltose residues comprising a chain of «-gluco. 
pyranose units. It may be added that the octamethyl bionic ester 
(V) has the physical constants of octamethyl methylmaltobionate, 
which gives also the above cleavage products on hydrolysis (Haworth 
and Peat, loc. cit.). 

We have also carried out a parallel series of experiments with 
trimethyl glycogen, prepared from triacetyl glycogen as described 
by Haworth, Hirst, and Webb (J., 1929, 2479). In the case of 
glycogen the methylated polysaccharide yielded 22-9% of methyl 
octamethylmaltobionate which was characterised by its hydrolysis 
to crystalline 2: 3:4: 6-tetramethyl glucopyranose (VII) (yield, 
96%) and to crystalline 2:3: 5: 6-tetramethyl y-gluconolactone 
(VI) (yield, 879%). The latter was also identified by its crystalline 
phenylhydrazide. It is evident, then, that the formulations 
ascribed above to trimethyl amylose and to each of its conversion 
products apply equally to trimethyl glycogen. From this it follows 
that glycogen is constituted on the same general plan as starch and 
consists largely of «-glucopyranose residues joined in a continuous 
chain formation as represented by the conjugated maltose skeleton 
(II). In a series of control experiments with 2 : 3 : 6-trimethyl 
glucose we have shown that under the same experimental con- 
ditions as those which were followed in the above investigation 
this cleavage product of trimethyl amylose does not undergo any 
ye-synthesis or reversion to the disaccharide derivative (III). 


EXPERIMENTAL. 

The Action of Acetyl Bromide on Trimethyl Amylose.—The tri- 
methyl amylose was prepared as described by Haworth, Hirst, and 
Webb (loc. cit.). The reaction was carried out on three portions of 
trimethyl amylose (3 g. in chloroform, 9 ¢.c.) and acetyl bromide 
(9 c.c. in chloroform, 36 c.c.), that is, 9 g. in all of trimethyl starch. 
The reagents were mixed in small flasks fitted with calcium chloride 
tubes and allowed to react for 4 hrs. 20 mins. The contents of each 
flask were then poured on to crushed ice, more chloroform added, 
and the solution washed with ice-water and dilute sodium bicarbon- 
ate solution until freed from acid. The three samples were then 
united and dried over magnesium sulphate, and the chloroform 
removed at 45° under reduced pressure. The product was taken 
up in ether (200 c.c.) and shaken with silver carbonate (12 g.) and 
water (5 c.c.) and kept in contact with these reagents over-night 
or until the solution was devoid of bromine. The silver residues 
were extracted with boiling ether and the combined ethereal ex- 
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tracts yielded 12 g. of a light brown syrup (reducing). A portion 
of the trimethyl amylose was recovered unchanged (1-4 g.). 

Oxidation of the Biose Derivative.—To an ice-cold solution of this 
syrup, there were added barium benzoate (16 g.) and water (450 c.c.) 
(solid insoluble in water, 1-4 g.). Bromine (1-6 c.c.) was now intro- 
duced, and the mixture kept in the dark. After 23 hours, more 
bromine (0-5 c.c.) was added and the oxidation was complete after 
2 days. The barium was precipitated by the addition of sodium 
sulphate (8 g.) and the bromine was removed by aeration : filtration 
removed barium sulphate and benzoic acid. The solution was then 
made slightly alkaline with sodium carbonate and concentrated 
to 100 c.c. at 50°. Cautious acidification of the cold solution pre- 
cipitated more benzoic acid, which was removed. The filtrate 
was again made alkaline and concentrated to 50 c.c. in readiness for 
methylation. 

Methylation of the Mixed Sodium Salts——Methylation was carried 
out at an initial temperature of 35°, which was raised finally to 
65°, methyl sulphate (25 c.c.) and sodium hydroxide (30%; 67 c.c.) 
being used in the presence of acetone (200 c.c.). The methylated 
mixture was cooled to 0° and rendered acid to Congo-red with 
5N-sulphuric acid in the presence of ice and was extracted six times 
with chloroform (1200 c.c.). The aqueous layer was rendered 
alkaline and evaporated to dryness at 60°, and the residue was 
extracted with boiling 90° alcohol; this extract yielded on evapor- 
ation under diminished pressure a mixture of sodium salts. These 
were dissolved in water and remethylated, together with the residue 
from the chloroform extraction, by methyl sulphate and alkali. 
On acidification and extraction of the solution with chloroform 
there was obtained a viscid syrup (8-5 g.). 

Preparation of the Bionic Ester (Methyl Octamethyl Maltobionate).— 
The above product was now methylated twice with silver oxide 
(16 g.) and methyl iodide (25 c.c.) and yielded 9-1 g. of a mobile 
syrup, which was subjected to fractional distillation: (1) b. p. 
100—180°/0-05 mm., 4-7 g., n}3" 1-4410; (2) b. p. 180—210°/0-05 mm., 
2-0 g., ni?” 1-4620; (3) b. p. 210—250°/0-05 mm., 0-2 g., nj” 1-4695 ; 
residue, 0-3 g. 

The second fraction was redistilled and showed the following 
properties : [«}” +- 116°, ni” 1-4620 (Found: C, 52-4; H, 83; 
OMe, 56-5; CO,Me, 12-0. Calc. for C,;HyO0i.: C, 52:1; H, 83; 
OMe, 57-6; CO,Me, 12-2%). These analyses and constants, to- 
gether with the subsequent behaviour of the product, indicated that 
it was mainly methyl octamethyl maltobionate (compare Haworth 
and Peat, J., 1926, 3094). Yield, 22-4% of the theoretical. 

Hydrolysis of the Ester —2-:78 G. in 52-8 c.c. of 5% hydrochloric 
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acid were heated at 95° on the water-bath. Polarimetric readings 
were taken at intervals: [«]?” 115° (initial value); 88-2° (30 mins.); 
73° (80 mins.); 66-4° (175 mins.); 61-2° (220 mins.); 60-2° (335 
mins.); 559° (420 mins.); 55-7° (440 mins.; constant value). 

Isolation of Tetramethyl Glucose.—The solution was neutralised 
with barium carbonate at 50°, air drawn through it for an hour, and 
the mixture kept at the ordinary temperature during 2 days. The 
neutral filtered solution was then evaporated at 40° under reduced 
pressure, and the solid residue extracted ten times with ether 
(500 c.c.). The ethereal extracts yielded on evaporation a syrup 
which crystallised spontaneously in colourless needles; these were 
purified from light petroleum and identified as 2:3: 4: 6-tetra- 
methyl glucopyranose (yield, 1-35 g.), m. p., and mixed m. p. with 
an authentic specimen, 86°; [«]}* + 91-0° (after 10 mins.), 83-2° 
(90 mins.) (c, 1-04). 

Isolation of T'etramethyl y-Gluconolactone.—The dried barium salts 
remaining after the ether extraction were dissolved in water, and the 
solution acidified with N-hydrochloric acid. The aqueous solution 
was then evaporated as before, the solid residue repeatedly extracted 
with boiling ether, the extracts evaporated, and the residual syrup 
heated for } hour at 100° to complete lactonisation (yield, 1-2 g., i.e., 
96°, of the theoretical). Distillation in a high vacuum at a bath 
temperature of 115—120°/0-01 mm. gave a clear mobile liquid, njy 
1-4490 (yield, 1-0 g., i.e., 80% of the theoretical). Nucleation of 
the liquid with a crystal of 2 : 3 : 5 : 6-tetramethyl y-gluconolactone 
resulted in complete crystallisation. M. p. and mixed m. p. with an 
authentic specimen 26°: [a]! + 61-0° (30 mins.) (c, 1-1); 58-2° (1 
day); [«]}}” +- 57-0° (2 days) (c, 1-1). M. p. of the phenylhydrazide 
134—136°. 

The Action of Acetyl Bromide on Trimethyl Glycogen.—The tri- 
methyl glycogen was prepared from triacetyl glycogen as described 
by Haworth, Hirst, and Webb (loc. cit.). The procedure followed 
for the acetyl bromide treatment of the methylated polysaccharide 
was identical with that given above in the case of trimethyl amylose. 
The yield of methyl octamethyl maltobionate obtained after the 
oxidation stage, followed by that of remethylation and esterification, 
was 22-9% of the theoretical, as compared with the yield of 22-4% 
from trimethyl amylose. This was a colourless syrup distilling at 
about 190°/0-012 mm., having ni> 1-4610, [«]}#” + 119° (c, 0-86) 
(Found: C, 51-8; H, 8:5; OMe, 57-3. Cale. for C,,;H40,,: ©, 
52-1; H, 8:3; OMe, 57-6%). 

Hydrolysis of the Bionic Ester (Methyl Octamethyl Maltobionate).— 
This process was complete after 2-58 g. of the ester had been heated 
with 5% hydrochloric acid at 95°. The rate of hydrolysis was 
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ings ff identical with that of the bionic ester from trimethyl amylose and 
S.); § similar polarimetric data were observed. Isolation of the products 
335 from this treatment yielded crystalline 2:3: 4: 6-tetramethyl 
glucopyranose (1-25 g.) corresponding in amount to 93% of the 
sed | theoretical, and also crystalline 2: 3:5: 6-tetramethyl y-glucono- 
and ff Jactone (1 g.) corresponding to 87%, of the theoretical. This gave 
[he § the crystalline phenylhydrazide of 2: 3:5: 6-tetramethyl gluconic 
ced § acid, m. p. 135—136° (Haworth and Peat, loc. cit.). 

her 
rup The authors are grateful to the Department of Scientific and 
ere § Industrial Research for a grant in aid of this investigation. 
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alts . 
the 4 CLXXIX.—The Structure of Carbohydrates and their 
ion Optical Rotatory Power. Part VI. 4-Glucosido- 
ted mannose and its Methylated Derivatives. 


up 
8, 
ath 
ni § Lest it should be thought that there might be some substance in 
of § the suggestion that the methylation of mannose derivatives, under 
me § the conditions which we have applied, is accompanied by isomeric 
an ff change, we have continued our work on the above biose, which was 
(1 selected by Hudson (J. Amer. Chem. Soc., 1930, 52, 1680, 1707) for 
ide § his critical test of the validity of his arguments from optical super- 
position. 
iri- We have already shown (J., 1930, 2636) that the glycoside of this 
ed ff biose, namely, 4-glucosido-«-methylmannoside, yields «-methyl- 
ed § mannopyranoside, [«]) 79°, on hydrolytic cleavage by emulsin, a 
ide § result which establishes the claim that our earlier views on the 


By WatteR NormMAN Hawortu, EpMuND LANGLEY Hirst, 
and Harvey RicHarD LYLE STREIGHT. 


se. | structure of the ordinary form of «-methylmannoside were valid. 
he § We have also shown that the optical rotation of the glycoside of 
mm, § the biose shows the same irregularities when compared with its 
% | diglucose analogue as does ordinary «-methylmannoside when 


at ff compared with «-methylglucoside. Consequently there can be no 
6) ff validity in the suggestion that this irregularity in optical rotation 
C, has any structural meaning. We have considered, however, that, 
although it may seem unnecessary to pursue the argument further, 
yet it might promote a reconciliation to our point of view if it 
could be shown that the same structural rigidity which we have 
claimed for «-methylmannoside undergoing methylation treatment 
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is fully borne out by the behaviour on methylation of 4-glucosido- 
mannose or its derivatives. 

For this reason we have oxidised 4-glucosidomannose to 4-glucosido- 
mannonic acid, a change which opens the pyranose ring and leaves 
the point of junction of the mannose residue with glucose entire. 
This compound yielded on methylation a crystalline methylated 
bionic ester, methyl octamethyl-4-glucosidomannonate. That the 
4-position remained intact, after methylation, at the point of 
junction of the two C, residues, was shown by the isolation, after 
hydrolysis of the above ester, of crystalline 2 : 3 : 5 : 6-tetramethy| 
y-mannonolactone and 2 : 3 : 4 : 6-tetramethyl glucopyranose. This 
result is in every way parallel to that derived from the similar 
investigation of cellobiose and cellobionic acid, which are the 
‘ epimerides ” of 4-glucosidomannose and its corresponding bionic 
acid (Haworth, Long, and Plant, J., 1927, 2809). Neither in 
respect of a shift in the position of the biose linking, nor in the 
character of the ring structure of the non-reducing glucose residue, 
was any irregularity or isomeric change observed, inasmuch as the 
glucopyranose structure of the non-reducing residue remains also 
unimpaired as shown by the isolation of 2:3: 4: 6-tetramethyl 
glucopyranose. 

This latter result is confirmed also by the methylation of the 
glycoside of the biose, namely, 4-glucosido-«-methylmannoside. 
This gave rise quite normally to heptamethyl 4-glucosido-«-methyl- 
mannoside, which underwent hydrolytic cleavage with dilute hydro- 
chloric acid to give, again, 2: 3:4: 6-tetramethyl glucopyranose, 
and also a 2 : 3 : 6-trimethyl mannose which was characterised as its 
crystalline anilide. 

A circumstance well worth noting is that the fully methylated 
biose shows a wide variation of specific rotation, from ++ 28° to 
-+- 74°, in the six solvents selected for a comparison of this physical 
‘‘constant.’’ These variations are even more marked than those 
recorded for tetramethyl «-methylmannoside (Part IV, J., 1930, 
2654). The inference can only be drawn that it would be imprudent 
to attach any structural significance to so variable a property. 

From a specimen of incompletely methylated 4-glucosidomannonic 
acid, a crystalline trimethyl y-mannonolactone was isolated. 


‘ 


EXPERIMENTAL. 

Methylation of 4-8-Glucosido-a-methylmannoside.—A solution of 
4-8-glucosido-«-methylmannoside (Haworth, Hirst, Streight, 
Thomas, and Webb, loc. cit.) (7-0 g.) in water (40 c.c.) was methylated 
in the usual way with methyl sulphate (50 c.c.) and 30% aqueous 
sodium hydroxide (125 c.c.). The product was dissolved in acetone 
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(25 c.c.) and water (25 c.c.) and remethylated at 50—55° with methyl 
sulphate (25 c.c.) and 30% aqueous sodium hydroxide (63 c.c.). 
After a third methylation under similar conditions heptamethyl 
4-8-glucosido-«-methylmannoside was obtained after distillation under 
diminished pressure as a viscid uncrystallisable syrup (7-2 g.), b. p. 
177—180°/0-01 mm. (bath temperature), nj) 1-4627, [«<}>} + 28° in 
water (c, 1-67), -+- 46° in chloroform (c, 1-37), +- 50-5° in benzene 
(c, 1-45), + 52° in ethyl alcohol (c, 1-78), 4+- 74° in ether (c, 1-87), 
+ 60° in acetone (c, 1-0) (Found: C, 52-95; H, 8-6; OMe, 53-4. 
CygH3g0,, requires C, 52-9; H, 8-4; OMe, 546%). 

Hydrolysis of Heptamethyl 4-8-Glucosido-«-methylmannoside.— 
Hydrolysis of the methylated bioside (6-8 g.) was complete after 
about 7 hours at 95° in 5% aqueous hydrochloric acid (100 c.c.). 
During the reaction the specific rotation increased regularly from 
the value [a]? + 28° to + 49°. [a]? + 33-5° (1 hr.); + 38° 
2hrs.); + 42-5° (3 hrs.); -+ 45° (4 hrs.); +- 49° (7 hrs., constant 
value). The solution was neutralised with barium carbonate and 
extracted ten times with chloroform. The chloroform extract 
(1500 ¢.c.) gave on evaporation under diminished pressure a pale 
yellow syrup (4:0 g.), which was boiled with light petroleum (b. p. 
80—100°). The light petroleum was separated by decantation from 
the undissolved syrup and on cooling deposited tetramethyl gluco- 
pyranose as long needles, m. p. 86°, not depressed on admixture with 
an authentic sample; [«]}° + 83°, equilibrium value in water 
(c, 1:3). The yield of crystalline tetramethyl glucopyranose was 
70°% of the theoretical. 

The neutral aqueous solution was evaporated to dryness at 40° 
under diminished pressure, the last traces of water being removed 
by the addition and subsequent evaporation of alcohol. The dry 
solid was digested with boiling chloroform and on removal of the 
solvent 2 : 3 : 6-trimethyl mannose (2-5 g.) was obtained as a viscid 
syrup which failed to crystallise (Found: OMe, 37. C,H,,0, 
requires OMe, 41-9%). _When heated for 3 hours at 80° with 
aniline (0-1 ¢.c.) in dry benzene (1 c.c.), the substance (0-1 g.) gave 
a crystalline anilide. The benzene and aniline were removed by 
heating at 50—60°/0-02 mm. The resulting yellow syrup crystallised 
when triturated with dry ether. Recrystallisation from dry ether 
gave long needles of 2 : 3 : 6-trimethyl mannose anilide, m. p. 127— 
128° (Found: C, 60-5; H, 7-9; N, 49; OMe, 31-2. C,;H,,O;N 
requires C, 60-6; H, 7-8; N, 4:7; OMe, 31-3%). A mixed m. p. 
determination with the anilide of the trimethyl mannose obtained 
from heptamethyl 4-8-galactosido-«-methylmannoside showed no 
depression. The anilide is decomposed by water and its preparation 
can be effected successfully only when dry reagents are used. 
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Methylation of 2:3: 6-trimethyl mannose by silver oxide and § - 
methyl iodide gave tetramethyl («8)-methylmannoside as a colourless 8 
liquid, b. p. 95°/0-02 mm., nj 1-4492, from which tetramethy| 5] 
8-methylmannoside, m. p. 35—36°, separated on cooling in the ci 
refrigerator. The liquid portion was hydrolysed with 6% aqueous i 
hydrochloric acid at 95° and gave tetramethyl mannopyranose, 
recognised as its characteristic anilide, m. p. 143°. " 

When oxidised by bromine in aqueous solution for 44 hours at t 
40°, 2:3: 6-trimethyl mannose (1-9 g.) gave 2:3: 6-trimethyl “as 
mannonic acid, which was isolated by the usual method as its § - 
lactone (1-8 g.), [«]# + 66° (initial value in water). This was a “he 
viscid syrup which gave, on further methylation with methyl iodide ws 
and silver oxide, tetramethyl y-mannonolactone, m. p. 108—109°, 
alone or when mixed with an authentic sample (Goodyear and (c 
Haworth, J., 1927, 3136). 9 

Methylation of 4-8-Glucosidomannonic Acid.—Pure 4-8-glucosido- oe 


a-mannose (9 g.), conforming to the standards previously recorded 
(loc. cit.), was oxidised by bromine in aqueous solution in the " 
presence of barium benzoate (Hudson and Isbell, J. Amer. Chem, 


p ° ° ‘ 

Soc., 1929, 54, 2225). The resulting 4-8-glucosidomannonic acid est 
, : ; anc 

was isolated as the calcium salt, obtained as an amorphous hygro- a 


scopic powder (9-6 g.) when a concentrated aqueous solution was “ar 
poured into alcohol (Found: Ca, 5-4. C,H 4 ,0O,,Ca requires Ca, ) 





5:3%). The calcium salt (9-2 g.) was dissolved in water (40 c.c.) and “a 
acetone was added until a slight permanent turbidity appeared. vam 
Methylation was then carried out in the usual way by methyl lect 
sulphate (80 c.c.) and 30% aqueous sodium hydroxide (200 c.c.), the 
temperature being kept at 55—60° except at the beginning of the 2 
reaction when it was 35°. The mixture was cooled to 0° and h é 
acidified with sulphuric acid. The solid which had separated (sodium ae 
sulphate) was removed by filtration and extracted with boiling an 
aleohol, the solution being rendered alkaline in order to prevent * 
hydrolysis. The alkaline alcoholic extracts were evaporated to H 
dryness, giving a white solid (A). The aqueous portion was extracted 49.5 
with chloroform (B), made alkaline, and evaporated to small bulk f ~ 7 
under diminished pressure. This material, the solid (A) and the “we 
syrup obtained from the chloroform extract were united and re- be 
methylated under conditions similar to those of the first methylation. ) 
After a third treatment most of the product was obtained in the “ 
chloroform extract (B) (total yield, 84%). The methylated 4-6: = 


glucosidomannonic acid (9-6 g.) was now esterified by heating it 
with methyl iodide (20 c.c.) and silver oxide (25 g.) for 6 hours at 
45—50°. After two methylations under these conditions a pale 
yellow, viscid syrup (8-9 g.) was obtained which gave on distillation 
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a main fraction (7-8 g.), b. p. about 185—190°/0-02 mm. (bath 
temperature), 2” 1-4620, [a] + 8° in water (c, 1-3) (Found: C, 
51-9; H, 8-4; OMe, 54-4%). No material with b. p. below 155° 
was obtained and it follows that no hydrolysis had taken place 
during the methylation. The distilled material was a liquid which 
crystallised slowly and incompletely when kept at 50—55° for 
several days. The mixture was triturated with ether and filtered. 
To the filtrate more ether was added and then light petroleum until 
turbidity appeared. A further quantity of crystalline material 
separated after several hours. Recrystallisation from ethyl acetate— 
light petroleum gave methyl octamethyl 4-6-glucosidomannonate as 


square plates (1-2 g.), m. p. 118°, [«]}j}’ — 11° in water (c, 1-6), — 19-5° 
in chloroform (c, 1-2), — 3° in benzene (c, 1:3), — 11° in ether 


(c, 1:3) (Found: C, 52-2; H, 85; OMe, 57-4; M, cryoscopic in 
camphor, 480. C,,H4)0,. requires C, 52-1; H, 8-3; OMe, 57-6% ; 
M, 484). (For the subsequent treatment of this product, see the 
next page.) 

The uncrystallisable portion of the distillate was incompletely 
methylated (compare the low methoxyl content of the mixed solid 
and liquid) and probably contained heptamethyl 4-8-glucosido- 
mannonolactone. During hydrolysis of the syrup (4:5 g.) with 5% 
hydrochloric acid at 95—100° the rotation changed in the course of 
10 hours from [«}?’ + 12° to + 70°. The solution was neutralised 
with barium carbonate and extracted with chloroform. The chloro- 
form contained tetramethyl glucopyranose and a trimethyl mannono- 
lactone, which were separated by shaking the solution with 3N- 
aqueous sodium carbonate. The tetramethyl glucopyranose (yield, 
85°) was obtained after recrystallisation from light petroleum in 
characteristic needles, m. p. 86°, [«]?” + 83° (equilibrium value in 
water). The trimethyl mannonolactone (1-0 g.) was isolated by the 
method described in the following section and was recrystallised 
from ether, giving microscopic rods, m. p. 89° (Found: C, 49-1; 
H, 7:3; OMe, 42-3. C,H,,O, requires C, 49-1; H, 7-3; OMe, 
425°). In aqueous solution its behaviour resembled that of tetra- 
methyl y-mannonolactone. [«]}) + 73° (initial value ; c, 0-9) ; 72-6° 
(1 day); 69-5° (2 days); 67° (6 days, constant value). When the 
lactone was methylated with silver oxide and methyl iodide, tetra- 
methyl y-mannonolactone was obtained in good yield; it was 
identified by m. p. and mixed m. p., 108°. 

The neutral aqueous portion from the hydrolysis contained the 
barium salt of a methylated hexonic acid. This was converted into 
the lactone in the usual way and it was sought to effect purification 
by distillation. Considerable decomposition took place, however, 


and no crystalline material could be isolated from the distillate, 
yy2 
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which failed to yield a crystalline derivative when heated with 
phenylhydrazine. In particular, tetramethyl y-mannonolactone 
appeared to be absent. 

Hydrolysis of Methyl Octamethyl 4-8-Glucosidomannonate.—The 
hydrolysis of the crystalline methylated bionic ester (1-1 g.) at 
95—160° with 6% hydrochloric acid was followed polarimetrically, 
[a]i’ — 11° initial value (c, 2-6); + 2° (30 mins.); 20° (75 mins.); 
36° (135 mins.); 45° (215 mins.); 51° (250 mins.); 52° (400 mins., 
constant value). The solution after neutralisation with barium 
carbonate and extraction with chloroform was acidified with hydro- 
chloric acid and evaporated to dryness under diminished pressure. 
The solid which remained was extracted with boiling ether and on 
removal of the ether tetramethyl y-mannonolactone (0-25 g.) was 
obtained, m. p. 108° (after recrystallisation from light petroleum). 
A mixed m. p. determination showed no depression. 

The chloroform extract, concentrated to 10 c.c., was shaken 
6 times with 3N-sodium carbonate in order to remove tetramethyl 
y-mannonolactone. After acidification the sodium carbonate 
solution was evaporated to dryness and the lactone was extracted 
with ether. M. p. 108°, after recrystallisation from light petroleum 
(compare Goodyear and Haworth, loc. cit.). The phenylhydrazide, 
prepared from the lactone in the usual way, had m. p. 167°, alone 
or in admixture with an authentic sample of the phenylhydrazide of 
2:3:5:6-tetramethyl mannonic acid. 

The chloroform now contained only tetramethyl glucopyranose 
(0-55 g.), which crystallised on removal of the solvent and gave, on 
recrystallisation from light petroleum (b. p. 80—100°), characteristic 
long needles, m. p. 86°, [«]?” + 83°, equilibrium value in water 
(c, 1-03). A mixed m. p. determination gave no depression. 

The authors gratefully acknowledge the award to one of them 
(H. R. L. 8.) of an 1851 Exhibition Scholarship. 
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CLXXX.—The Structure of Carbohydrates and their 
Optical Rotatory Power. Part VII. 4-Galacto- 
sidomannose and its Methylated Derivatives. 

By Watter Norman Hawortu, EpMunD LaNnGLey Hirst, 
and Mituicent Mary THEODOSIA PLANT. 


For similar reasons to those outlined in the introduction to the 
preceding paper on 4-glucosidomannose, we considered it would be 
helpful to the argument in which we have been previously engaged 
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(J., 1930, 2644) if complementary data were furnished on the 
behaviour of 4-galactosidomannose. We have already recorded the 
behaviour of its glycoside, namely, 4-galactosido-«-methylmannoside, 
towards emulsin and have shown that the «-methylmannoside to 
which it gives rise is the normal product having [«], + 79°, the 
substance to which in all earlier papers we have ascribed the 
pyranoside structure. 

The present outline of experiments supports this view in its 
entirety. We have now demonstrated that 4-galactosidomannose 
gives rise to 4-galactosidomannonic acid on oxidation, and that this 
product undergoes methylation and esterification without isomeric 
change to give methyl octamethyl galactosidomannonate in which the 
bionic junction at the 4-position remains unimpaired. As evidence 
of this rigidity of the grouping it is shown that the above methylated 
bionic ester undergoes hydrolytic cleavage with dilute mineral acid 
to give crystalline 2:3:5:6-tetramethyl y-mannonolactone, 
characterised by the crystalline phenylhydrazide of the corre- 
sponding acid (Goodyear and Haworth, J., 1927, 3136) and also, as 
the accompanying product, 2 : 3 : 4 : 6-tetramethyl galactopyranose. 

These results are in every way parallel with those recorded in the 
case of lactobionic acid (Haworth and Long, J., 1927, 544), which 
is the epimeride of 4-galactosidomannonic acid. 

The methylation of 4-galactosido-«-methylmannoside gave rise to 
its heptamethyl derivative, which underwent hydrolytic cleavage 
with dilute mineral acid, giving crystalline 2 : 3 : 4 : 6-tetramethyl 
galactopyranose and also 2 : 3 : 6-trimethyl mannose, which gives a 
crystalline anilide. This is in every way comparable with the result 
obtained on hydrolysis of fully methylated lactose, which is the 
“epimeride ” of the above biose. The variations observed from 
solvent to solvent in the specific rotation of heptamethyl 
4-galactosido-«-methylmannoside are given. 

Whilst sufficiently marked to be worthy of note and as a com- 
mentary on the undesirability of basing new structural principles 
on so inconstant a property, these variations are not so great as in 
the case of the heptamethyl 4-glucosido-«-methylmannoside. It is, 
however, well known that galactose derivatives give different 
rotation values in different solvents, as do also mannose derivatives, 
whilst glucose derivatives are less prone to display this inconstancy. 
We believe it to be probable that in the above heptamethyl 
4-galactosido-«-methylmannoside variation of both the galactose 
and the mannose residue is apparent but that each effect is partly 
minimised or compensated by the other. 
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EXPERIMENTAL. 


Methylation of 4-8-Galactosido-«-methylmannoside.—The pure sub- 
stance (4:9 g.), prepared by the method previously described (loc, 
cit.), was dissolved in water (27 c.c.) and methylated at 50—55° in 
the presence of acetone (20 c.c.) by methyl sulphate (34 c.c.) and 
sodium hydroxide (28 g. in 85 c.c. of water). The product (4-9 g.) 
was extracted by chloroform and after a second methylation under 
similar conditions gave on distillation under diminished pressure 
heptamethyl 4-8-galactosido-«-methylmannoside as a colourless un- 
crystallisable viscid syrup (4:1 g.), b. p. about 170°/0-02 mm, 
nj} 1-4690, [«]?” + 50° in chloroform (c, 1-4), + 50°5° in water 
(c, 1-3), +- 53° in ethyl alcohol (c, 0-8), + 63° in ether (c, 0-8), + 41° 
in benzene (c, 0-9) (Found: C, 52-6; H, 8-5; OMe, 54:3. CapH,0,, 
requires C, 52-9; H, 8-4; OMe, 546%). 

Hydrolysis of Heptamethyl 4-8-Galactosido-«-methylmannoside.— 
This was carried out by heating the substance (3°85 g.) in 5% 
aqueous hydrochloric acid (56 c.c.) at 95—100° until the rotation 
became constant (9 hrs.). During this period the rotation increased 
from the initial value [«]/* + 50°, passed through a maximum, and 
became finally + 53°. The acid was neutralised with barium 
carbonate and the neutral solution (A) was extracted 10 times with 
chloroform. Evaporation of the chloroform left a viscid syrup 
(1:86 g.) which, when heated with alcoholic aniline, gave tetra- 
methyl galactopyranose anilide, m. p. 195—196°, alone or in 
admixture with an authentic sample. The yield of anilide was 
85% of the theoretical (Found: C, 61-7; H, 8:35; N, 4:5; OMe, 
39-9. Cale. for C,,H,;0;N: C, 61:7; H, 8-0; N, 4:5; OMe, 
39-38%). Further evidence of the identity of the syrup was provided 
by the fact that when kept it deposited crystalline tetramethy! 
a-galactose, m. p. 68—69°. A mixed m. p. determination with an 
authentic sample showed no depression. 

The aqueous portion (A) after extraction by chloroform was 
evaporated to dryness under diminished pressure and the solid 
residue was extracted several times with boiling chloroform. ‘The 
chloroform extracts yielded a colourless syrup (1-54 g.), nj} 1-4750, 
[«]* +- 6° in water (c, 1), which appeared to be mainly 2: 3 : 6-tri- 
methyl mannopyranose (Found: OMe, 40-0. Calc. for CyH,,0,: 
OMe, 41-9%). A portion of this syrup (0-15 g.) was heated for 
4} hours in boiling benzene (1 c.c.) containing freshly distilled aniline 
(0-10 c.c.). The benzene and aniline were removed by heating at 
50°/0-02 mm., leaving a brown oil which set to a glass and was 
crystallised by trituration with a little dry ether. Recrystallisation 
from ether gave 2 : 3 : 6-trimethyl mannose anilide as long colourless 
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needles, m. p. 126—127°, alone or in admixture with the anilide of 
2:3: 6-trimethyl mannose which had been prepared by hydrolysis 
of heptamethyl 4-8-glucosido-«-methylmannoside (see preceding 
paper) (Found: C, 60:5; H, 7-9; N, 4:9; OMe, 31-2. Calc. for 
(',5H230;N : C, 60-6; H, 7-8; N, 4:7; OMe, 31-3%). 

The trimethyl mannose (1-2 g.) was methylated 3 times by methyl 
iodide and silver oxide, giving a mobile liquid (1-1 g.) which was 
distilled under diminished pressure. The main fraction (0-93 g.), 
b. p. about 95°/0-02 mm., nj} 1-4492, crystallised when cooled in the 
refrigerator. The solid material after being drained on porous 
earthenware had m. p. 35—36°, [«]??’ — 80° in water (c, 1-0), and 
was recognised as tetramethyl (§-methylmannopyranoside. A 
mixed m. p. determination showed no depression. The liquid which 
drained away from the tetramethyl 8-methylmannopyranoside was 
heated on the water-bath with 6% hydrochloric acid until the rota- 
tion remained constant ([«]j* + 19°; 5 hrs.). The product (yield, 
75%) was isolated in the usual way and gave, when heated with 
alcoholic aniline, tetramethyl mannopyranose anilide, m. p. 143°. 

Oxidation of 2 : 3 : 6-trimethyl mannose for 45 hours at 40° with 
bromine water yielded 2:3: 6-trimethyl mannonolactone as an 
uncrystallisable liquid, [«]j}° + 66°, initial value in water (c, 1-2) 
(yield, 94%). On methylation with methyl iodide and silver oxide 
this substance gave in good yield tetramethyl y-mannonolactone, 
m. p. 108—109°. 

Methylation of 4-8-Galactosidomannonic Acid.—Pure 4-8-galacto- 
sido-x-mannose (10 g.) (Haworth, Hirst, Plant, and Reynolds, 
loc. cit.) was oxidised by bromine water in the presence of barium 
benzoate (Hudson and Isbell, J. Amer. Chem. Soc., 1929, 51, 2225). 
The 4-8-galactosidomannonic acid was isolated as its amorphous 
calcium salt, which was precipitated when a concentrated aqueous 
solution of the salt was poured into a large excess of absolute alcohol 
(Found: Ca, 5:2. C.,H4.0,,Ca requires Ca, 5-3%). The calcium 
salt (7-2 g.), dissolved in water (32 c.c.) containing a little acetone, 
was methylated at 50—55° with methyl sulphate (64 c.c.) and 30% 
aqueous sodium hydroxide (160 c.c.). After 1 hour at 80°, the mix- 
ture was cooled to 0° and almost neutralised with sulphuric acid. 
The slightly alkaline liquor was evaporated to small bulk and then 
treated with methyl sulphate (64 c.c.) and alkali at 50—55° in the 
manner just described. This solution was cooled to 0°, acidified 
with sulphuric acid, filtered, and thoroughly extracted with chloro- 
form (A). The filtered solid was extracted with slightly alkaline 
60° alcohol at 80°. The material in the alcoholic extract was 
added to the aqueous portion, which was rendered alkaline and 
evaporated to small bulk.. The mixture of solid and syrup was then 
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remethylated. Chloroform extracts were made as before and com- 
bined with (A), giving the methylated bionic acid as a viscid gum 
(3-9 g.). This material was subjected to three successive methyl- 
ations by methyl iodide and silver oxide. At this stage a pale 
yellow syrup (3-2 g.) was obtained, b. p. about 180°/0-02 mm., nif 
1-4660 (Found : OMe, 53. C,,H4 0. requires OMe, 57-6%). This 
material consisted largely of methyl octamethyl 4-galactosidoman- 
nonate in spite of the low methoxyl value, which could not easily be 
raised by further methylation. The failure to effect complete 
methylation is probably attributable to the presence of some 
methylated 4-galactosidomannonolactone. 

Hydrolysis of the methylated product (2:2 g.) by 5% hydro- 
chloric acid at 95° required 12 hours, during which the rotation rose 
from the initial value [«]}*' + 13° to + 80°. The solution (A) was 
neutralised with barium carbonate and extracted with chloroform, 
The chloroform extract was concentrated until its volume was 10 c.c. 
and shaken three times with an equal volume of 3N-aqueous 
sodium carbonate (B) in order to remove any tetramethyl mannono- 
lactone which had been dissolved in the chloroform. Evaporation 
of the chloroform left tetramethyl galactopyranose as a colourless 
viscid liquid (0-9 g.). When heated with alcoholic aniline, it gave 
in excellent yield tetramethyl galactopyranose anilide, m. p. 195°. 
This m. p. was not depressed when the substance was mixed with an 
authentic sample. 

The aqueous portion (A) was acidified with hydrochloric acid and 
evaporated to dryness at 40° under diminished pressure. Water 
was added and evaporated, this operation being repeated until no 
mineral acid remained. The last traces of water were removed by 
the addition of benzene, followed by evaporation. The residual solid 
material was extracted with boiling ether. The aqueous sodium 
carbonate extracts (B) were treated in the same way. The com- 
bined ethereal extracts gave on evaporation a viscid syrup (0°81 g.), 
which was heated at 100° for 30 minutes to complete the lactonisation. 
It crystallised slowly when kept at room temperature and after 
trituration with dry ether, followed by recrystallisation from light 
petroleum (b. p. 80—100°), gave tetramethyl y-mannonolactone as 
long needles, m. p. 108°, alone or in admixture with an authentic 
sample. [«]}}° + 63°, in water (c, 1-2). 

UNIVERSITY OF BIRMINGHAM, 

EDGBASTON. [Received, March 31st, 1931.] 
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CLXXXI.—Orientation Effects in the Diphenyl Series. 
Part 1X. The Nitration of 4-Chloro-4’-fluoro- and 
4-Bromo-4’-fluoro-diphenyl. 


By EizaBpetH EstHer JESSIE MarLer and Eustace 
EBENEZER TURNER. 


PREVIOUS work in this series has shown that the 2 : 3’-dinitration of 
4: 4’-dihalogenodiphenyls proceeds with great regularity, a fact 
which makes the failure (J., 1929, 509) to nitrate 4-chloro-4’-bromo- 
diphenyl of considerable interest. The latter nitration is now being 
re-investigated, since we have found that 4-chloro-4’-fluoro- and 
4-bromo-4'-fluoro-diphenyl are dinitrated with that facility which, 
apart from the exception mentioned, has been regarded as charac- 
teristic of the type in general. 

The nitration of mixed dihalogenodiphenyls would be expected 
to take a definite course which can be predicted from a consideration 
of the relative deactivating effects of the various halogens. In 
4-chloro-4’-fluorodiphenyl (I), nucleus B is more deactivated by the 
fluorine atom than is nucleus A by the chlorine atom. When 


eo sine ea a 
NO, 0, ~No, 


Cl SBSEF I. IV. 
oo eed a (II.) (IV.) 
OD D-Om 
NO, NO, 


2 
(IIT. i (V.) 


mononitration is complete, therefore, the mixture of 2- and 2’-nitro- 
compounds (II and III) formed will consist mainly of (II). Further 
nitration of this substance will occur in nucleus B, and will therefore 
be controlled by the relative effects of the fluorine atom and the 
4-chloro-2-nitrophenyl group. As a result, dinitration produces 
(IV), since the nitrophenyl group (whatever halogen atom it may also 
contain) is strongly deactivating compared with any of the halogens. 

The smaller amount of mononitration giving (III) will similarly 
be followed in the dinitration stage by the formation of (V). There 
is no reason to consider the probability of (IV) and (V) being mixed 
with any 2: 2’-dinitro-derivative, and satisfactory experimental 
vindication of this view is found in the fact that the mixture of 
dinitro-compounds reacted with piperidine to give a mixture the 
whole of which dissolved in acid. 

A method for effecting the quantitative mononitration of 4 : 4’-di- 
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chloro- and 4 : 4’-dibromo-diphenyl still remains to be discovered, 
and it is therefore not surprising that we were unable to isolate either 
(II) or (IIT) or even a mixture of the two. Nevertheless, since (IV) 
can only have been formed from (II), and (V) from (III), a deter- 
mination of the proportions in which (IV) and (V) are formed leads 
at once to quantitative information regarding the relative amounts 
of mononitration of (I) in nuclei A and B. 

The analysis of the mixture of (IV) and (V) obtained was effected 
by treatment with piperidine, which gives piperidine hydrofluoride 
with the former and piperidine hydrochloride with the latter. 
Determination of the ionised chlorine formed thus provided the 
necessary data, which showed that 72% of mononitration occurred 
in nucleus A, and 28% in B. 

Since the bromine atom is less deactivating than the chlorine 
atom (Ingold and Shaw, J., 1927, 2918), nitration of 4-bromo-4’- 
fluorodiphenyl (VI) should lead to even less 2’-nitration than was 
observed with the corresponding chlorofluoro-compound : 


>< Dre me 


(VI.) ¥ * Ce 


“experimental investigation showed that mononitration gave 
86% of (VII) and 14% of (VIII). Moreover, since the dinitration 
product contained so high a percentage of 4-bromo-4’-fluoro-2 : 3’- 
clinitrodiphenyl (IX), it was found possible to isolate from the mixture 
obtained after heating with piperidine an almost pure specimen of 
4-bromo-2 : 3’-dinitro-4'-piperidinodiphenyl (X), capable of direct 
comparison with the substance obtained from 4: 4’-dibromo- 

3’-dinitrodiphenyl (XI) : 


(TX.) BK >< F —> Br —< NC Hi (X.) 
NO, NO, a7 NO, NO, 
” 


Bre >< Br (XT.) 


NO, NO, 

The 4-chloro-4’-fluorodipheny] required for this investigation was 
prepared from 4 : 4’-dinitrodiphenyl, reduction of which by disodium 
disulphide gave 4-nitro-4'-aminodiphenyl. The method previously 
employed (Le Févre and Turner, J., 1930, 1158) for replacing an 
amino-group by fluorine, which has been further simplified, led to 
4-fluoro-4'-nitrodiphenyl : reduction of this gave 4-flworo-4'-amino- 
diphenyl, which was converted by the Sandmeyer reaction into 
4-chloro-4’-fluorodiphenyl. 
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4-Bromo-4’-fluorodiphenyl was found to be more conveniently 
obtainable from 4-bromo-4’-nitrodiphenyl (Le Févre and Turner, J., 
1926, 2041), followed by reduction and replacement of the amino- 
group by fluorine. 

The results now obtained render it necessary to study the relative 
rates of nitration of benzene and diphenyl and similar pairs of com- 
pounds. This work is in progress. 


EXPERIMENTAL. 
4-Nitro-4'-aminodiphenyl.—The following method was found to 
be more convenient than that of Willstatter and Kalb (Ber., 1906, 
39, 3479). Flowers of sulphur (14 g.) were heated with 105 g. 
of melted sodium sulphide nonahydrate until the sulphur had 
dissolved, 4: 4’-dinitrodiphenyl (70 g.), previously ground to a 
paste with 300 c.c. of water, was added, and the mixture was heated 
on the water-bath for 5 hours, with occasional shaking. The colour 
gradually changed from yellow to bright orange-red. The cooled 
solution was filtered, and the solid well washed with boiling water 
and then extracted with successive small amounts of boiling dilute 
hydrochloric acid. The extracts were cooled, filtered, and rendered 
ammoniacal and the precipitated base was collected and washed 
with hot water. The yield of nitroaminodiphenyl, m. p. 199°, was 
40 g. 

In this reduction, about 1-5 times the calculated quantity of 
sulphide was employed. When more than this was used, benzidine 
was formed in considerable quantity. With the calculated amount 
of sulphide, reduction was far from complete. 

4-Fluoro-4'-nitrodiphenyl—A mixture of 40 g. of 4-nitro-4’- 
aminodiphenyl with 50 c.c. of concentrated hydrochloric acid and 
50 g. of ice was diazotised with 14 g. of sodium nitrite, urea then 
being added to remove the excess of nitrous acid. The solution was 
filtered and added slowly to a cold stirred concentrated aqueous 
solution of sodium borofluoride which had previously been filtered. 
A thick cream-coloured precipitate of 4-nitrodipheny]-4’-diazonium 
borofluoride separated : this was dried in the air and then over 
sulphuric acid ina vacuum. Considerable difficulty was experienced 
in the drying, as the precipitate had the consistency of mud. The 
complete removal of moisture is essential, otherwise some phenol is 
formed during thermal decomposition. The boroflucride, decomp. 
130—135°, was gradually introduced into an open long-necked flask, 
which was heated in a metal-bath at 135—140°. Steady evolution 
of boron trifluoride occurred, and when this became inappreciable 
the coke-like residue was submitted to prolonged steam-distillation 
in presence of alkali: this gave 6 g. of fluoronitrodiphenyl, m. p. 
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119—121°, which crystallised from alcohol in long yellow needles, 
m. p. 120—121° (Found: N, 6-85. C,,H,O,NF requires N, 6-45%). 

4-Fluoro-4'-aminodiphenyl—A solution of 4-fluoro-4’-nitrodi- 
phenyl (5 g.) in boiling glacial acetic acid was treated with 25 c.c. 
of concentrated hydrochloric acid and 26 g. of stannous chloride, 
and the mixture was boiled for 15 minutes and cooled. After 
addition of excess of alkali, the mixture was extracted with ether, 
the ether distilled off, and the residual solid crystallised from alcohol, 
4:5 g. of fluoroaminodiphenyl, m. p. 121°, being obtained as pale 
yellow, irregular leaflets (Found: N, 7-8. C,,.H, NF requires N, 
75%). 

4-Chloro-4’ -fluorodiphenyl.—4-Fluoro-4’-aminodipheny] was diazo- 
tised in hydrochloric acid, and the solution added to cuprous 
chloride in hydrochloric acid. The mixture was kept for some 
hours, made alkaline, and steam-distilled. The chlorofluorodiphenyl 
obtained crystallised from alcohol in colourless fern-like groups of 
needles, m. p. 87—88° (Found: Cl, 16-9. C,,H,CIF requires Cl, 
17-2%). 

4-Bromo-4' -fluorodiphenyl.—4-Bromo-4’-nitrodiphenyl was  ob- 
tained by brominating 4-nitrodiphenyl in glacial acetic acid (Le 
Févre and Turner, J., 1926, 2041), the condition for success being the 
use of not too large a quantity of the acid. The bromonitrodiphenyl 
was reduced with stannous chloride and hydrochloric acid. 

4-Bromo-4'-fluorodiphenyl was prepared from 24 g. of 4-bromo-4’- 
aminodipheny]l, diazotised with 25 c.c. of concentrated hydrochloric 
acid, 25 g. of ice, and 7 g. of sodium nitrite. The filtered diazo- 
solution was added to a concentrated aqueous solution of 50 g. of 
sodium borofluoride. The dried diazonium borofluoride (35 g.) was 
decomposed at 100° by the method described above, and yielded, 
after steam-distillation, 13 g. of bromofluorodiphenyl, m. p. 97—99°. 
Crystallisation from alcohol gave colourless fern-like needle aggre- 
gates, m. p. 99—100° (Found: Br, 32-0. C,,H,BrF requires Br, 
31-9%). 

Dinitration of Dihalogenodiphenyls.—(a) Qualitative. A solution 
of 4-bromo-4’-fluorodiphenyl in 10 parts of nitric acid (d 1-5) was 
warmed to 100° and cooled and glacial acetic acid and water were 
alternately added until no further solid separated. The washed 
and dried material (Found: Br, 23-9. C,,H,O,N,BrF requires Br, 
23-5%) was heated with piperidine for 5 minutes, and the solution 
diluted. The precipitate produced was completely soluble in warm 
hydrochloric acid, showing that mononitro- and 2 : 2’-dinitrodihalo- 
genodiphenyl were not present. After being crystallised several 
times from alcohol, it gave 4-bromo-2: 3’-dinitro-4’ -piperidinodi- 
phenyl, m. p. 134—135°, and 135—136° when mixed with the pure 
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piperidino-compound (m. p. 136—137°). A similar experiment with 
4-chloro-4’-fluorodiphenyl showed that under the above conditions 
none of this substance escaped dinitration; a pure specimen of an 
individual piperidino-derivative, however, could not be isolated. 

(b) Quantitative. A weighed amount (about 0-01 g.-mol.) of 
4-bromo-4’-fluorodiphenyl was slowly stirred with 30 c.c. of nitric 
acid (d 1-5) at room temperature. The solution obtained was heated 
on the water-bath for 5 minutes and allowed to cool. Water was 
added at such a rate that no oil was formed, and when no further 
precipitation occurred the solid was collected and washed with 
water. The solid and the filter paper were dried over sulphuric acid 
in @ vacuum, The weighed mixture of dinitro-compounds was 
heated with piperidine for 4} hour at 100° and 25 c.c. of 10% 
potassium hydroxide solution were then added. The piperidino- 
compounds and the excess of piperidine were removed by thorough 
extraction with benzene, and the aqueous solution of potassium 
halides was boiled until free from traces of piperidine and benzene. 
It was made up to 250 c.c. and analysed by the Volhard process. 
In the case of 4-chloro-4’-fluorodiphenyl, approximately 4 of the 
above quantities were used throughout. The results were as 
follows : 


Chlorofluorodinitrodiphenyl mixture. Percentage of total chlorine. 
Expt.1 0-4701 g. 28-7 
Expt.2 0-4800 g. 28-1 
Mean 28:4 

Bromofluorodinitrodiphenyl mixture. Percentage of total bromine. 
Expt. 1 2-9905 g. 14-7 
Expt. 2 2-2370g. 13-7 
Mean 14-2 


Part of the cost of this investigation was defrayed from grants 
received from the Royal Society and the Chemical Society. 


BEDFORD COLLEGE, 
UNIVERSITY OF LONDON. [Received, March 31st, 1931.] 





CLXXXII.—The Structure of Diisoeugenol. 
By Rosert Downs HawortH and Ceci. Ropert Mavin, 


DtisoEUGENOL has been prepared by Puxeddu (Gazzetta, 1909, 39, 
i, 136) by the action of hydrogen chloride on an alcoholic or ethereal 
solution of isoeugenol. On methylation, dimethylisoeugenol, m. p. 
106°, was obtained, and this could also be prepared by the action of 
alcoholic or ethereal hydrogen chloride on methylisoeugenol (Szeki, 
Ber., 1906, 39, 2422; Francesconi and Puxeddu, Gazzetta, 1909, 39, 
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i, 208). According to the latter authors dimethylisoeugenol is 
oxidised by cold potassium permanganate and gives a monobromo- 
substitution derivative ; hence it may be considered as an unsaturated 
substance of unsymmetrical structure. Later work on analogous 
compounds (Mayer, Atti R. Accad. Lincei, 1914, 23, 358; Puxeddu, 
Gazzetta, 1916, 46, ii, 169, 177) showed these compounds to be satur- 
ated and a cyclobutane formula was suggested. 

Our experiments confirm the view that dimethylisoeugenol is 
saturated. It is not oxidised by potassium permanganate in acetone 
solution and it has been shown that diisoeugenol is 2 : 6-dihydroay- 
3: 7-dimethoxy-9 : 10-diethyl-9 : 10-dihydroanthracene (I). When 
dimethylisoeugenol was oxidised with chromic acid in acetic acid 
en two products were obtained. One of these is probably 

: 3: 6: 7-tetramethoxy-9-ethylanthranol (II). The other has been 
wh to be 2:3: 6: 7-tetramethoxyanthraquinone (III) by an 
independent synthesis from m-hemipinic anhydride and veratrole ; 


CHEt CHEt 
Ho’ \“ \“NoMe — MeO f‘ Nowe ar) 
MeO OH MeO OMe 
cfr, 


these reacted in the presence of aluminium chloride to give 
4:5:3' : 4'-tetramethoxy-2-benzoylbenzoic acid (IV), which was con- 
verted into (III) by the action of 80% sulphuric acid. The formula 
(I, with OMe for both OH groups) suggested for dimethylisoeugenol 
will accommodate a second stereoisomeric form of this substance, 
and Ciamician and Silber (Ber., 1906, 39, 1390) have isolated a 
dimethylisoeugenol, m. p. 96°, by the action of iodine on methy]l- 
isoeugenol in the presence of light. 


CO, 
MeO, OMe MeO, OMe 
MeO / OMe MeO CO,H wae 
(IIT.) CO” 


It would appear that this facile formation of anthracene deriv- 
atives is dependent on the presence of reactive hydrogen atoms in 
the nucleus of the propenylbenzene derivative. Anethole under 
similar conditions does not yield an anthracene derivative (Goodall 
and Haworth, J., 1930, 2483), but isosafrole polymerises to a crystal- 
line dimeric form, for which a dihydroanthracene structure has 
already been suggested (Robinson, J., 1915, 107, 267). 


EXPERIMENTAL. 
Diisoeugenol (1).—isoEugenol (50 g.) and. 5N-methyl-alcoholic 
hydrogen chloride were heated under reflux for 4-5 hours. Most of 
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the alcohol was removed, the dark coloured fluorescent residue 
diluted with water, and the solid collected and crystallised from 
methyl alcohol, colourless needles (35 g.), m. p. 179—180°, being 
obtained (Found: C, 73-1; H, 7-4; M, 325. Cale. for C.9H,,0, : 
CU, 73-2; H, 73%; M, 328). The mother-liquor yielded a further 
small quantity of ditsoeugenol and a viscous dark-coloured oil (12 g.). 

Dimethylisoeugenol (I, with OMe for both OH groups).—(a) Diiso- 
eugenol (10 g.) was methylated with methyl sulphate and potassium 
hydroxide in methyl-alcoholic solution in the usual manner. The 
product was extracted with ether and dried with potassium carbon- 
ate, and the ether allowed to evaporate; colourless needles (9 g.), 
m. p. 104—106°, raised to 105—106° by crystallisation from aqueous 
acetic acid, were obtained. (b) Methylisoeugenol (10 g.), refluxed 
with 5N-methyl-alcoholic hydrogen chloride (200 c.c.), yielded a 
product identical with that obtained by method (a) (Found: 
C, 742; H, 7-9. Cale. for C,,H,,0,: C, 74:2; H, 7:8%). Di- 
methylisoeugenol was recovered unchanged after being boiled with 
potassium permanganate in acetone solution for 6 hours. 

2:3:6:7-Tetramethoxry-9-ethylanthranol (I1).—A_ solution of 
chromic acid (17 g.) in glacial acetic acid (60 c.c.) was added during 
2-5 hours to a boiling solution of dimethylisoeugenol (10 g.) in glacial 
acetic acid (150 c.c.). The product was poured into water (1000 c.c.), 
and the brown solid (6-7 g.) collected, washed with water and 
crystallised twice from alcohol, slender red prisms, m. p. 193°, being 
obtained (Found: C, 70-0; H, 6-5. C,. H,.0; requires C, 70-2; 
H, 6-4%). 

2:3:6:7-Tetramethoxyanthraquinone (II1l).—(a) Dimethyliso- 
eugenol (5 g.) was oxidised by chromic acid (40 g.) as described. The 
solid (2 g.) was collected and dried. (b) 4:5: 3’: 4’-Tetramethoxy- 
2-benzoylbenzoic acid (IV) (0-7 g.) and sulphuric acid (7 c.c. of 80%) 
were heated in a water-bath. A deep red solution was obtained, 
from which crystals rapidly separated. After 10 minutes, water 
was added, and the solid collected and dried (0-6 g.). 

2:3:6: 7-Tetramethoxyanthraquinone (III) is sparingly soluble in 
the usual organic solvents, and it was purified either by sublimation 
or by crystallisation from boiling nitrobenzene, long yellow needles 
being obtained. The products obtained by methods (a) and (5), 
alone or mixed, melted at 344° (Found: C, 65-8; H, 4-8. C,.H,,0, 
requires C, 65-9; H, 49%). 

4:5:3': 4'-Tetramethoxy-2-benzoylbenzoic Acid (IV).—m-Hemi- 
pinic anhydride (6 g.), veratrole (5 g.), aluminium chloride (2 g.), 
and carbon disulphide (50 c.c.) were heated under reflux for 36 hours. 
After steam distillation the residue was extracted with ether, the 
ether removed, and the residual solid dissolved in sodium bicarbonate 
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solution, treated with charcoal, and filtered. The filtrate, acidified 
with hydrochloric acid, precipitated a solid which crystallised from 
methyl alcohol in colourless stout prisms (1-5 g.), m. p. 222—223° 
(Found: C, 62:2; H, 5:3. C,gH,,0, requires C, 62-4; H, §:2%). 
University or DurHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. (Received, April 23rd, 19381.) 





CLXXXIIT.—1-4-isoPropyl-A?-cyclohexen-1-one. 


By Rosert Sipnry Cann, ArtHUR RAMON PENFOLD, and 
JOHN LIONEL SIMONSEN. 


Tue aldehyde, l-cryptal, has recently been shown to be 4-isopropyl- 
A?-cyclohexenal (J., 1930, 403) and since a more detailed study of its 
reactions appeared to us to be of interest, the isolation of a further 
quantity of this aldehyde from the oil of Eucalyptus cneorifolia was 
undertaken. Although in four distinct preparations an oil was 
obtained which had physical properties agreeing very closely with 
those observed previously for cryptal, a careful examination has 
shown it to be the unsaturated ketone, 1-4-isopropyl-A?-cyclo- 
hexen-l-one (I). dl-4-isoPropyl-A®-cyclohexenone was prepared 
originally by Wallach (Annalen, 1905, 343, 30) by the oxidation of 
8-phellandrene and later by the same author (ibid., 1907, 356, 235; 
1908, 359, 270) from sabinaketone and nopinone, but its occurrence 
in nature does not appear to have been observed previously. The 
constitution of the ketone was established by the preparation of the 
semicarbazone, m. p. 185°, by the formation of an additive com- 
pound with hydrogen sulphide, a property characteristic of ketones 
containing an ethylenic linkage in the «$-position to the carbonyl 
group, and finally by its reduction, both catalytically and electro- 
lytically, to the saturated ketone, 4-isopropylcyclohexanone (II). 
This ketone gave, on oxidation with chromic acid, $-isopropyladipic 
acid (III), its identity with the ketone described by Wallach (ibid., 
1905, 343, 33; 1908, 359, 280) thus being proved. 


CO co HO,C 
H.C’ \CH H.C” \CH, HO,C CH, 
HAC\. CH HC\ CH, H,C\ CH, 
HCH Me, H-CHMe, CH-CHMe, 
(I.) (II.) (III) 


In addition to the saturated ketone, a small quantity of the 
corresponding alcohol, 4-isopropylcyclohexanol, was obtained by 
the electrolytic reduction of 1-4-isopropyl-A?-cyclohexenone. This 
alcohol, which was prepared by Wallach (bid., 1905, 343, 32) by the 
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ied reduction of the unsaturated ketone with sodium and alcohol, has 

om now been characterised by the preparation of the phenylurethane, 

23° m. p. 75—77°, and the naphthylurethane, m. p. 115—116°. 

0) In view of the above results, the question naturally arose as to 
whether /-cryptal actually occurs in nature or whether the previous 

) conclusions were based on erroneous analytical data, since both 


cryptal and 4-isopropyl-A®-cyclohexenone would yield the same 
products on oxidation with potassium permanganate. 

!-Cryptal was isolated originally from the oil derived from EL. hemi- 
phlova (Maiden and Smith, ‘“‘ A Research on the Eucalypts,” 2nd Ed., 
p. 387; compare Penfold, J., 1922, 121, 266) and later from the oils 
of . polybractea and LE. cneorifolia. Unfortunately no sample of 





vyl- the original aldehyde was available, but we had in our possession 
its small specimens of the semicarbazones prepared from the aldehyde 
her isolated from the first two oils and also a specimen of I-cryptal 
vas p-nitrophenylhydrazone. The semicarbazone from the oil of L. 
vas hemiphloia, m. p. 177—179°, crystallised from methyl alcohol in 
ith prismatic needles, which decomposed at 182—183° (Found: GC, 
has 63:3; H, 8-5. C,,H,,ON, requires C, 63-1; H, 9-1%). There can 
lo- be no doubt that this semicarbazone was derived from a carbonyl 
red — derivative containing ten carbon atoms. We found, however, the 
. of semicarbazone from the oil of 2. polybractea, irregular prisms, 


35 ; decomp. 185—187°, to be that of /-4-isopropyl-A®-cyclohexenone 
nce (Found : C, 61:3; H, 8-7. C,)H,,ON; requires C, 61-5; H, 8-7%). 


The A mixture of the two semicarbazones decomposed at 182°. 
the l-Cryptal p-nitrophenylhydrazone differed markedly in appearance 
ym. from 1-4-isopropyl-A?-cyclohexenone-p-nitrophenylhydrazone. The 
nes melting points of these derivatives lie very close together but on 
nyl admixture there is a depression of 10°. 

sO- Although we have not, in our more recent experiments, succeeded 
LT). in isolating l-eryptal, there would appear to be no doubt of its 
pic separate existence and it is possible that it is only present during 
id., certain seasons. There is no method available for the separation of 


cryptal from the unsaturated ketone, and the presence of the 
aldehyde has been definitely established only in the specimen of the 
oil from EL. hemiphloia examined by Maiden and Smith (loc. cit.). 
In our previous communication (loc. cit., p. 404) attention was 
directed to the relationship of cryptal, phellandral, and cumin- 
aldehyde to «-phellandrene. 4-isoPropyl-A?-cyclohexenone is de- 
rived most simply from the related hydrocarbon, §-phellandrene, 
yet it is not improbable that it is an oxidation product of the enolic 
form of eryptal, which would account for the apparently complete 
absence of this aldehyde in the oils examined recently. 
So far as we are aware, this is the first cyclic ketone containing 
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nine carbon atoms which has been found to occur in nature, the only 
other natural products in the terpene series containing this number 
of carbon atoms being santene and its derivatives. 


EXPERIMENTAL, 
|-4-isoPropyl-A*?-cyclohexenone.—For the experiments to be 
described in the sequel, four different samples of the unsaturated 
ketone were available, which had been separated from the oil of LZ. 
cneorifolia by the method described for the isolation of cryptal 
(Penfold, loc. cit.). These had the following constants :— 


(A) b. p. 98—100°/10 mm., di}: 0-9481, nj 1-4836, «, — 66-4° 


(B) is. s 0-9472 1-4820 — 65-0 
(C) = a4 0-9476 1-484 — 59-3 
(D) » is 0-9483 1-4848 — 66-1 


Sample (B) was analysed (Found: C, 77-9; H, 10:2. C,H,,0 
requires C, 78-2; H, 10-1%) and gave a semicarbazone, which 
crystallised from methyl alcohol in irregular prisms, decomp. 185° 
(Found: C, 61-3; H, 8-8. C, )H,,;ON; requires C, 61-5; H, 8-7%). 
The p-nitrophenylhydrazone separated from alcohol in pale brown 
needles, m. p. 168—169° (Found: C, 65-8; H, 7-0. C,;H,,0,N; 
requires C, 65-9; H, 7-°0%). On admixture with /-cryptal p-nitro- 
phenylhydrazone, m. p. 167°, the melting point was depressed to 
157°. These derivatives were prepared also from sample (A). By 
treatment of the ketone with hydrogen sulphide under the conditions 
used by Wallach (Annalen, 1899, 305, 224; 1905, 343, 32) the 
hydrogen sulphide derivative was obtained as an amorphous solid, 
which was purified by precipitation from its chloroform solution 
with alcohol. It then decomposed at 82°. 

Reduction of 1-4-isoPropyl-A?-cyclohexenone.—(i) Electrolytic. 
Samples (A), (B), and (C) were reduced electrolytically, the anode 
being a platinum spiral and the cathode freshly etched nickel 
(2 sq. dem.). The liquid in the outer (cathodic) cell consisted of a 
mixture of the unsaturated ketone (125 c.c.), alcohol (95%, 250 c.c.), 
sulphuric acid (10%, 50 c.c.), and nickel sulphate (1-5 g.), and the 
inner (anodic) cell contained sulphuric acid (10%). During the 
reduction, which lasted 6-75 hours, a further quantity of acid (90 c.c.) 
was added, the bath being maintained at 26°; C.D. 3—4 amps., 
E.M.F. 13—14 volts. After reduction was complete, the contents 
of the cathodic cell were poured into a large volume of water, and 
the oil was separated and purified by distillation in steam. The 
distillate was extracted with ether, and the ethereal solution shaken 
with sodium sulphite solution to remove unchanged unsaturated 
ketone and with sodium bisulphite solution ; a crystalline compound 
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(E) was then obtained. This was separated, and the ethereal 
solution dried and evaporated. The residual oil, m. p. 8—10°, b. p. 
143°/100 mm., dij: 0-9232, nf” 1-4661, had a pleasant smell of 
hyacinths and was identified by analysis as 4-isopropylcyclohexanol 
(Found: C, 76-0; H, 12-7. Cale.: C, 76-0; H, 12:7%). It is 
possible that the alcohol was not quite pure, since it was slightly 
optically active (a )+2°). The phenylurethane crystallised from 
light petroleum in large cubes, m. p. 75—77° (Found: C, 73-7; 
H, 8-9. C,,H,,0,N requires C, 73-6; H, 8-8%). 

From the sodium bisulphite compound (E) a ketone was regener- 
ated by alkali; this was further purified by conversion into the 
semicarbazone, which crystallised from alcohol in leaflets, m. p. 
188—189° (Found: C, 60-8; H, 9-3. C,9H,ON, requires C, 60-9; 
H, 96%). 4-isoPropylcyclohexanone, obtained from the semi- 
carbazone by hydrolysis with sulphuric acid (10%), had b. p. 139— 
140°/100 mm., d¥- 0-9185, nf 1-4552 (Found: C, 76-7; H, 11-2. 
Cale. : C,77-1; H,11-4%). The p-nitrophenylhydrazone crystallised 
from alcohol in pale yellow needles, m. p. 123—124° (Found: C, 
65-6; H, 7-6. C,;H,,O,N, requires C, 65-4; H, 7-6%). 

(ii) Catalytic. Samples (A) and (B) were reduced catalytically 
with identical results. A mixture of the unsaturated ketone 
(sample A) (7 g.), alcohol (70 c.c.), and palladinised charcoal (1 g.) 
was shaken in hydrogen, absorption of the gas (1050 c.c.; calc., 
1136 ¢.c.) being complete in 15 minutes. The saturated ketone so 
obtained was identified by conversion into the semicarbazone, m. p. 
188—189°, and the p-nitrophenylhydrazone, m. p. 123—124°. 

Oxidation of 4-isoPropyleyclohexanone.—A mixture of the ketone 
(5 c.e.) and dilute sulphuric acid (50 c.c.; H,SO,,5 c.c.) was warmed 
on the water-bath, and chromic acid solution (CrO,, 6-5 g.; H,O, 
10 c.c.) added gradually. When the oxidation was complete, the 
solution was extracted with ether, the ethereal extract washed with 
sodium carbonate solution, and the latter warmed to precipitate 
chromium salts, filtered, acidified, and extracted with ether. On 
evaporation of the solvent a solid remained which, after crystal- 
lisation from water, had m. p. 80°. It was identified as B-isopropyl- 
adipie acid, which is stated to melt at 83—84° (Crossley, J., 1915, 
107, 175) (Found: C, 57-5; H, 8-6; M, 188-2. Cale.: C, 57-4; 
H, 85%; MM, 188). 


The authors are indebted to Imperial Chemical Industries for a 
grant which defrayed a part of the cost of this investigation. 
UNIVERSITY COLLEGE OF NoRTH WALES, TECHNOLOGICAL MusEum, 


BANGOR. SYDNEY. 
[ Received, April 28th, 1931.] 
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CLXXXIV.—A New Synthesis of dl-Pilopic Acid. 
By KennetH Norman WELCH. 


It was stated in a previous paper (J., 1930, 258) that an attempt 
would be made to utilise the reaction of malonic esters with form- 
aldehyde in the presence of dilute sodium hydroxide solution for the 
preparation of 2-keto-3-ethyltetrahydrofuran-4-carboxylic acid. 
This has been successful, but in the meantime Tschitschibabin and 
Preobraschenski (Ber., 1930, 63, 460) have synthesised this acid by 
a different method and proved the identity of one of its active forms 
with the acid derived from pilocarpine. The acid prepared by the 
successive action of formaldehyde and hydrochloric acid on ethyl 
butane-««8-tricarboxylate seems to be identical with the stable form 
of Tschitschibabin and Preobraschenski’s acid. 

Ethyl butane-c«8-tricarboxylate (from ethyl «-bromobutyrate 
and ethyl sodiomalonate) (10 g.) was kept with formalin in aqueous 
alcoholic solution at py 6—9 for 1 week at room temperature, water 
then being added. The separated ester was mixed with 50 c.c. of 
concentrated hydrochloric acid and saturated with hydrogen 
chloride, and the solution thus obtained was kept at room tem- 
perature for 10 days with occasional addition of a little water. An 
equal volume of water was then added, and the whole boiled under 
reflux for 5 hours. (An attempt to carry out the hydrolysis, ring 
closure, and loss of carbon dioxide in one stage by boiling the 
separated ester with dilute hydrochloric acid gave a very poor yield, 
much loss of formaldehyde having occurred.) When, after evapor- 
ation of the water, the residue was distilled under reduced pressure, 
water was evolved, ethylsuccinic anhydride passed over at 115— 
120°/18 mm., and 2-keto-3-ethyltetrahydrofuran-4-carboxylic acid 
(3 g.) was collected at 210—215°/18 mm. After crystallisation from 
water, the acid had m. p. 86—87° (Found : C, 53-0; H, 6-2; equiv., 
155; equiv. after boiling with excess of sodium hydroxide solution, 
80. Calc. : C, 53-2; H, 63%; equiv., 158; equiv. after boiling, 79). 
The intermediate products in the reaction could not be isolated. 


UNIVERSITY OF MELBOURNE. [ Received, May 7th, 1931.] 
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THE ELECTRICAL ENERGY OF DIPOLE MOLECULES, ETC. 1371 


CLXXXV.—The Electrical Energy of Dipole Molecules 
in Solution, and the Solubilities of Ammoma, 
Hydrogen Chloride, and Hydrogen Sulphide in 


Various Solvents. 
By Ronaup P. Bet. 


Born (Z. Physik, 1920, 1, 45) has calculated the electrical energy of 
an ion in a continuous medium of given dielectric constant, assuming 
the ion to be a conducting sphere. As a simplifying assumption, 
the difference of the electrical energies for two different media can 
be identified with the reversible work connected with the trans- 
ference of an ion from one medium to another. Such considerations 
have been applied to the partition of ions between two media 
(Scatchard, J. Amer. Chem. Soc., 1925, 47, 2098; LaMer and 
Goldman, ibid., 1931, 53, 473; Bjerrum and Larsson, Z. physikal. 
Chem., 1927, 127, 358; Bjerrum, T'rans. Faraday Soc., 1927, 23, 
445; Brénsted and Delbanco, Ber. 18 Skand. Naturforskermade, 
1929, 220), acidity in different media (Brénsted, Chem. Rev., 1928, 
5, 296), heat of dilution of strong electrolytes (Bjerrum, loc. cit.), 
etc. In general, only a qualitative agreement with experiment is 
found, even when corrections are applied for ‘ non-electrical ” 
molecular forces and the partial solvation of the ions (Bjerrum and 
Larsson, loc. cit.). The reason for the discrepancies lies probably 
in the incorrectness of the assumption that the solvent directly 
surrounding the ion is continuous and has the same dielectric 
constant as the pure solvent in bulk. Thus Webb (J. Amer. Chem. 
Soc., 1926, 48, 2589) has shown that a better agreement is obtained 
by taking into account the clustering of the water dipoles round 
the ion. 

Even in the absence of a free charge, a molecule may be surrounded 
by an electrical field due to the imperfectly symmetrical distribution 
of electricity in its interior, describable in the simplest case as a 
dipole moment. In aqueous solutions, such fields are probably 
small compared with those due to ions, but in solvents of low 
dielectric constant, where free ions cannot exist, the dipole fields 
may be of importance. By assuming a simple model for the dipole 
molecule, we can again calculate the energy of its electrical field 
in different media, and as before tentatively identify the difference 
of those energies with the free energies of transfer of the molecule 
between different media. The simplest model is that of a rigid 
sphere of dielectric constant unity, with a dipole situated at its 
centre, the distance of separation of the charges of the dipole being 
small compared with the radius of the sphere. Falkenhagen 
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(Physikal. Z., 1922, 23, 87) has shown that it is possible to calculate 
the second virial coefficients and viscosities of a number of dipole 
gases on the basis of this simple model. Independently of any 
particular model, we can, however, predict that for any given rigid 
molecule, the energy of the electric field will depend only on, and 
vary continuously with, the dielectric constant of the surrounding 
medium. (This will be true not only for dipole molecules, but for 
molecules possessing higher types of electrical symmetry—quadru- 
poles, octupoles, etc.) 

As in the case of ions, it is questionable whether we can consider 
the dielectric constant in the immediate neighbourhood of the 
molecule as being equal to the macroscopic dielectric constant of 
the solution, especially since dipole forces are more “ short-range ” 
in character than those of ionic origin. It is possible, however, 
that the assumption may be more justified in this case, since the 
field about the dipole is unsymmetrical, and the clustering effects 
will be opposite on the two sides. Further, we are in this case not 
confined to ionising solvents, which in general contain the highly 
polar hydroxyl groups, but can use solvents possessing more 
symmetrical molecules, which will not be so prone to orientation 
round the solute molecule. 

If the gas laws are assumed to hold, the reversible work of trans- 
ferring a molecule from one medium to another is related to the 
partition coefficient by the equation 


A = kT log, ¢,/c, 


If the substance in question is incompletely miscible with both 
media, we can write 


A =a log, @ Je... + «2 « i) 


where s, and s, are the solubilities in the two solvents, the gas laws 
again being assumed. The determination of the solubility of dipole 
molecules in solvents of different dielectric constants thus provides 
a means of testing the above considerations concerning the electrical 
energy of the two dipole fields. 

As solutes we have chosen ammonia, hydrogen chloride, and 
hydrogen sulphide, each of which has a well-defined dipole moment, 
is readily determined by chemical means, and is not too soluble in 
inert solvents. The solvents used were all hydrocarbons or their 
chloro- or bromo-derivatives, thus obviating the possibility of 
ionisation or solvation for the solutes concerned. In using the 
solubilities as a measure of the change of free energy in passing 
from one solvent to another, we are assuming that the gas laws are 
valid for each solution. Wynne-Jones (J., 1930, 1064) has shown 
that this is the case for solutions of hydrogen chloride in benzene 
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IN SOLUTION, AND THE SOLUBILITIES OF AMMONIA, ETC. 1373 


and nitrobenzene. Bell and Feild (J. Amer. Chem. Soc., 1911, 33, 
940) have determined the partition coefficients of ammonia between 
water and chloroform, and a combination of their data with those 
of Perman (J., 1903, 83, 1168) for the partial vapour pressure of 
aqueous solutions shows that there is proportionality between the 
concentration of ammonia in the chloroform and its vapour pressure. 
The same is also found to be the case for the partition coefficients of 
ammonia between water and carbon tetrachloride or bromoform, 
given in the International Critical Tables. It is thus reasonable 
to suppose that there are no large divergences in any of the solutions 
studied here. 
EXPERIMENTAL. 

Preparation of Gases——The hydrogen chloride was prepared by 
dropping pure concentrated hydrochloric acid into pure concentrated 
sulphuric acid, the hydrogen sulphide by dropping a saturated 
solution of sodium sulphide into 6N-hydrochloric acid, and the 
ammonia was obtained from a cylinder. Each gas was dried by 
calcium chloride, and the air was thoroughly removed from the 
generating flasks and connecting tubes by a rapid current of gas 
before they were connected to the solubility apparatus. 

Preparation of Solvents.—The solvents used were all “ zur Analyse ” 
products from Merck or Kahlbaum, with the exception of tetra- 
chloroethane, tetrachloroethylene, and trichloroethylene, which 
were obtained by fractionating commercial products. Before use, 
all solvents were dried over calcium chloride and redistilled, the 
middle portion being used. The following table gives the 
(uncorrected) boiling-point ranges of the final products. 


Solvent. B. p. Solvent. B. p. 
PONE: ccccsceccesesetsne 67-1—67-6° Chloroform ......... 60-6—61-6° 
cycloHexane .........005 §1-30—81-40 Bromobenzene ...... 155-0—155-3 
Carbon tetrachloride... 76:20 Chlorobenzene ...... 130-8—131-2 
DOM soccisaccvascevess 79-60—79-65 Benzyl chloride ... 177-0—177-5 
POD! Giliidescndisneieds 110-0—111-0 Benzotrichloride ..._ 216-5—217-5 
Tetrachloroethylene ... 119-0-——120-0 s-Tetrabromoethane 107—109/11 mm. 
Trichloroethylene ...... 85-9—86-0  s-Tetrachlorocthane 144-0—144-8 
Pentachloroethane ... 158—160 Ethyl bromide...... 37-0—37-5 
Bromoform.........+se+0 148—149 Ethylene chloride... 83-2—-84-2 
Ethylene bromide... 129—131 


Method of Solubility Determination.—The principle of the method 
employed was to saturate the solvent with the gas in question, and 
then to remove all the gas from a known amount of solution by a 
current of air, the amount of gas in the emerging air current being 
determined by chemical means. The solvent was contained in the 
apparatus shown in Fig. 1. The volume of the bulb A was ca. 50 c.c., 
and the tube B was graduated in 0-1 ¢.c. In taking readings of 
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volume, the liquid surface in the capillary was always adjusted to 
the mark EF, by applying a slight pressure at C, and the apparatus 
was calibrated by weighing with water adjusted to the same mark. 
The apparatus was contained in a thermostat at 20° + 0-01°, 
the level of the thermostat water coming a little below the 
tube D. 

The saturating gas entered through C and bubbled at first 
rapidly, and later more slowly, through the liquid. In the case 
of volatile solvents, the gas was first approximately saturated with 
the solvent vapour by passing through a small bubbler also 
contained in the thermostat, in order to prevent undue evapor- 

ation and consequent fall of temperature. 
Fic. 1. Saturation was continued for about 3 
hours, and the total amount of gas passed 
was 8—10 times the amount corresponding 
to complete saturation. (Experiments with 
longer periods of saturation showed that 
this was sufficient.) The gas current was 
then stopped, the tube D closed by a 
rubber cap, and the volume of the solution 
read off at B. The barometric pressure 
was also read. D was then connected to 
the apparatus for absorbing the gas, and 
a slow current of dry, carbon dioxide-free 
air was led in through C. After a tim 
the air-stream was quickened, and was 
continued in all for 8—10 hours. Calcul- 
ation showed that the volume of air thus 
passed should be sufficient to remove 99-9°% of the gas even from 
the most concentrated solutions, and a further period of aeration 
employed as a test in a few cases gave a negligible amount of 
gas. 

Absorption and Estimation of Gases——Hydrogen chloride was 
absorbed in water and titrated with N-sodium hydroxide. Two 
U-tubes were used, the first containing ca. 50 c.c. of water and the 
second ca. 10 c.c. There was rarely sufficient hydrogen chloride in 
the second tube to change the colour of methyl-red, and never any 
appreciable quantity. Ammonia was absorbed in a similar manner, 
but in a known volume of N-hydrochloric acid, which was after- 
wards titrated with N-sodium hydroxide. Here again the amount 
absorbed by the second tube was negligible. Hydrogen sulphide 
was absorbed in a known volume of N-sodium hydroxide containing 
excess of neutral 30°, hydrogen peroxide above that required for 
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oxidation to sulphate. On account of the heat evolved during 
absorption, the first U-tube was replaced by a flask, which was 
immersed in cold water. After absorption, the excess hydrogen 
peroxide was destroyed by heating to 60—70° until gas evolution 
had ceased, and after cooling, the excess alkali was titrated with 
N-hydrochloric acid. The amount of hydrogen sulphide absorbed 
by the second tube never amounted to more than 1% of the 
whole. 

In the case of ammonia, there is a possibility that for some halo- 
genated solvents a chemical reaction may take place with sufficient 
velocity to interfere with the determination of solubility. For 
several solvents it was, in fact, found that, on standing, a solid 
substance separated, presumably either the hydrochloride of the 
organic base formed or ammonium chloride. For such solvents, 
therefore, determinations were not carried out with ammonia. 
For the solvents for which results are given, there was no evidence 
of chemical reaction ; in a few cases where such reaction seemed 
probable, the density and b. p. of the solvent remaining after removal 
of ammonia were determined and found to be identical with those of 
the original liquid. 

Calculation of Results —The solubility of the gas referred to 760 
mm. and 20° was calculated from the equation 


c = 760(m — a)/o(P — p+ p’), 


in which c¢ = solubility (in equivs./litre); m= equivs. of gas 
absorbed; @ = correction for gas contained between the liquid 
surface in B, and D (Fig. 1); v= volume of solution (litres) ; 
P = atmospheric pressure in mm.; p = vapour pressure correction, 
mm.; p’ = correction for hydrostatic pressure of solution, taken as 
the pressure due to a column of pure solvent having one half the 
height between H and the liquid surface in B. 

The corrections a@ and p’ were both very small. The vapour 
pressure p was in most cases taken to be that of the pure solvent, 
the values being taken from “ International Critical Tables.” (In 
the case of benzyl chloride, tetrabromoethane, tetrachloroethylene, 
and trichloroethylene, the values were extrapolated from data at 
higher temperatures.) In a few cases where both the solubility 
and the vapour pressure are high, a correction has been made for 
the vapour-pressure lowering caused by the solute. This has been 
done for ammonia in ethylene chloride, carbon tetrachloride, and 
chloroform; and for hydrogen chloride and hydrogen sulphide in 
carbon tetrachloride, chloroform, ethylene chloride, and ethyl 
bromide. This correction, which was in all cases small, was calcul- 
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ated on the assumption that the partial pressure of the solvent is 
proportional to its mole-fraction. 

In the tables of values given, the volume solubility is expressed 
as 8, the partition coefficient between the liquid and the vapour, 
i.e., 8 = c/0-0417, since s/c = 22-4 x 293/273. We have also given 
the mole-fraction solubilities x, calculated on the assumption that 
the densities of the solutions obey the ideal mixture law. (Since 
the density is never far different from that of the pure solvent, 
no appreciable error will be introduced by deviations from this 
law.) 

In the column D,, we have given the dielectric constants of the 
pure solvents at 20°, the values being taken from International 
Critical Tables, with the exception of those for the normal paraffins, 
which are from the work of Dornte and Smyth (J. Amer. Chem. 
Soc., 1930, 52, 3546). We have also calculated the dielectric con- 
stants of the saturated solutions (D), assuming the Clausius—Mosotti 
mixture law in the form 


D—1 2,M,+2,M,_.D,—1 My 4a D,—1 M, 
D—2° ° ~ “ID, + 2° ey *7Dz+2° 0b 


where the D’s represent the dielectric constants, p’s the densities, 
M’s the molecular weights, and x’s the mole-fractions of the two 
components corresponding to the subscripts, and p is the density of 
the mixture. It will be seen that the values obtained differ but 
little from those for the pure solvents. 

The values for the solvents octane, dodecane, and cetane are 
taken from hitherto-unpublished measurements by Professor Brén- 
sted and Miss Volqvartz in this laboratory, each being the mean 
of several determinations. Most of the other values correspond to 
one determination only, but repetitions in a few cases gave values 
agreeing to within 1°, which may be taken as the probable accuracy 
of the results. 


Ammonia. 

Solvent. Dy. Dz. 8. Be 
EE. nnnenindawcntbadiccdcousess 1-89 1-91 4°16 0-0223 
SD Soddéccccccedccccivtesinndccccs 1-95 1-96 2-56 0-0170 
IN icin biidbectisincasdavese 2-02 2-04 2-13 0-0197 
RE 210k sceermnaiennnacewonieanes 2-05 2-08 1-84 0-0219 
Carbon tetrachloride ............ 2-24 2-28 7-17 0-0281 
SIRE: * ccdéncncesnsdendcudinsdéees 2-28 2-32 9-95 0-0474 
IN ~ ts puch iiniaeaadeniens 2-39 2-42 7°26 0-0313 
EE EER EE De EE 5-05 5-88 69-8 0-193 
Bromobenzene —..z....ccecsceeseees 5-40 5-50 8-08 0-0340 
SIND ol ccnndecscasetpeans 5-88 6-11 11-35 0-0423 
Benzyl chloride ............e.0e0e 6-40 6-69 12-20 0:0556 


Ethylene chloride ............++. 10-50 11-20 26-6 0-0797 
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Zs ydrogen Chloride. Hydrogen Sulphide. 





Solvent. D,. D. 8 2. DD. wD. 8. —— 
Hex s'..cisvccddiccss 1:89 1-90 3-64 00197 1-89 1-90 6-30 0-0341 
Ootand .-:0<<iccdssecers 1:95 1:96 4-50 0-0296 1-95 1:96 6-80 0-0440 
DOGRORO xccnececeess 2:02 2:05 3-42 0-0314 2-02 2-07 5-71 0-0513 
i ila BEI LES Beh 2:05 2:07 2-28 0-0270 2-05 2-08 5-05 0-0578 
cycloHexane ......... 205 2-05 3-42 0-0154 2-05 2-07 7-50 0-0338 
Carbon tetrachloride 2-24 2-22 4-54 00-0181 2-24 2-29 10-79 0-0419 
EET ancoscaceucesas 2-28 2-31 11-05 0-0425 2-28 2-35 15-68 0-0563 
Tole suvidscweiksn 2:39 2-39 11-90 0-0507 2-39 2-41 16-90 0-0672 
Tetrachloroethylene 2:46 2-52 3-88 00-0163 2-46 2-55 8-90 0-0372 
Trichloroethylene ... 3:42 3:44 5-79 0-0206 3-42 3-41 13-16 0-0482 
Pentachloroethane 3-70 3°75 3-86 0-0214 3-70 3-81 10-63 0-0514 
Bromoform............ 451 462 4-78 0-0306 4-51 4-70 16-76 0-0581 
Ethyl bromide ...... 4:86 4-96 10-3 0-0348 4-86 5-09 17-80 0-0608 
Chloroform _......0.. 5-05 5-08 13°80 0-0444 5-05 5-24 32-8 0-103 
Bromobenzene ...... 5-40 5:43 7-13 00-0305 5-40 5-60 12-92 0-0376 
Chlorobenzene ...... 5-94 5-88 17-63 0:0315 5-88 65-97 13-80 0-0388 
Benzyl chloride ...... 6-40 658 9-75 00448 —- — — — 
Benzotrichloride ... 6:40 637 4-77 0-0275 — — — — 
s-Tetrabromoethane 7:10 7:33 3-93 0-0236 7-10 7-40 9-49 0-0446 
s-Tetrachloroethane 8-20 8-30 6-20 00-0265 8-20 8-48 16-66 0-0702 
Ethyl bromide ...... 945 9-63 35:15 00-1019 9-45 9-62 43-3 0-126 
Ethylene chloride ... 10-50 10-40 14-74 0-0457 10-50 10-50 23-0 0-0719 


Discussion of Results. 


It.is clear from the tables that in no case is there a rigid connexion 
between the partition coefficients and the dielectric constants of 
the solutions. There is, however, in each case a tendency to 
increasing solubility with increasing dielectric constant. 

There are two factors, which may account for the absence of a 
greater regularity. (a) The solute molecule may be deformed in 
the different media. (b) The presence of the solute molecule may: 
displace the solvent molecules in its neighbourhood from their 
normal spacing and orientation distribution. This effect may be 
regarded as being due partly to the molecular fields, and partly 
to purely spatial considerations, arising from the fact that the 
solute and solvent molecules have not in general the same size. 

It is not probable that a change of medium produces any great 
deformation of dipole molecules, since it has been shown by Hassel 
and Uhl (Z. physikal. Chem., 1930, B, 8, 187) that the dipole moment 
is but little dependent on the solvent used, even when the latter 
is of a polar character. The probable cause for the failure of the 
simple theory is therefore (b) above. In other words, in this case, 
as in the case of ions, it is not permissible to consider the solvent 
as a homogeneous medium. The solubilities will depend on indi- 





vidual properties of the solvent molecule (size, shape, polar charac- 
teristies, etc.) and it is at present impossible to give any further 
theoretical treatment. 

ZZ 
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It is, however, of interest to calculate the magnitude of the 
partition coefficients derived from the simple theory, taking the 
model mentioned on p. 1371. To obtain an idea of the grder of 
magnitude of the effects to be expected, it is sufficient to calculate 
the electrical energy of the external field in a vacuum, and hence 
obtain a maximum value for the partition coefficient, 1.e., the parti- 
tion coefficient between a solvent of infinitely great dielectric con- 
stant, in which this electrical energy becomes zero, and the gas 
phase. 

According to electrostatic theory, the electrical energy in a vacuum 
of a volume element ds where the field strength is £Z, is 


dF = (E?/8x)ds. 
In the present case, since there is circular symmetry about the axis 


of the dipole, we can write for the total electrical energy outside 
the sphere of radius 8 


© snl[2 
r=;-| | E?. 4nr2 sin ®. dr. do 
8x Big 


where E£ is the field at a point having polar co-ordinates 7, 6, referred 
to the centre of the sphere and the axis of the dipole. When the 
separation of the charges of the dipole is small compared with r, 
we have 

E = pv1 + 3 cos? 6/r3 
where » = dipole moment, and hence 


=), i; ; Sin 0(1 + 3 cos%@) . dr . d6 


ae a ee 
In the following table we have calculated according to equation (2) 
the electrical energies of a few simple dipole molecules in a vacuum, 
and the corresponding “‘ maximum ”’ distribution coefficients at 20’ 
according to the equation 


FP x aT WG Gees + ttt ee @ 


The values for the dipole moments and molecular radii are taken 
from the table given by Braune and Linke (Z. physikal. Chem., 
1930, A, 148, 195). 


Molecule. p x 1038, B 
1-03 
0-788 
0-382 
1-87 
0-93 
1-44 
1-61 
1-97 


08. F x 10%. 
1-12 
0:54 
0-095 
7-82 
0-74 
4:23 
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f the § We can conclude from these figures that even for solvents of low 
g the § dielectric constant, the electrical energy of dipole molecules can 
ler of f sometimes play a large part in determining their solubility (and 
sulate f related properties). In connexion with the small effect calculated 
hence § for the hydrogen halides, it has previously been pointed out by 
parti- — Kucken and Meyer (Z. physikal. Chem., 1930, 8, 187; compare 
con- § Braune and Linke, Joc. cit.) that Falkenhagen’s calculation (loc. cit.) 
e gas — of the intermolecular forces for dipole gases gives much too low 
results for these gases, probably owing to the fact that the dipole 

cuum — moment observed is the resultant of several electric displacements 


Fic. 2. 
Mercuric chloride. 
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within the molecule. It also seems probable in the present calcul- 
ation that the electrical energy is greater than that calculated on the 
basis of a simple dipole structure, and the same may be true for 
hydrogen sulphide. __ 

(3) In the solutions studied in the present work, the solute molecules 
taken f are in all cases smaller than those of the solvent. There would 
‘hem., {| seem more justification in assuming the solvent to be a continuous 
medium in the case where its molecules are small compared with 
those of the solute, and it would thus be of interest to study the 
solubility relations of much larger dipole molecules. (It will not, 
however, be of any use to take a large molecule containing a small 
polar group, since, for example, the distance of closest approach of 
the solvent molecules to the solute molecule is probably much the 
same for solutions of ethyl alcohol and cetyl alcohol.) We have 
collected data for the solubilities of the mercuric halides in inert 
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solvents in the following tables (compare also Walden, ‘“ Elektro. 

chemie nichtwasserige Lésungen, 1924, p. 433). The letters in the ( 

last column refer to the table of authors. In the case of the chloride ] 
Fic. 3. 


Mercuric bromide. i 
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in ethylene chloride and the iodide in carbon tetrachloride, there 
exist two discordant determinations: we have given both in the 
tables and the figures. The values given under ‘‘ vacuum ”’ corre- 



















IN SOLUTION, AND THE SOLUBILITIES OF AMMONIA, ETC. 1381 


tro- spond to the vapour pressure of the salts extrapolated by the 
the equations given in the International Critical Tables for higher tem- 
ride peratures, and may, of course, be considerably in error. 

In the following tables, c = solubility (in mols./litre) and D = 
dielectric constant of the pure solvent. In Figs. 2, 3, and 4, log,,c 
is plotted against 1/D. 








Solvent. c. logy C. D. 1/D._ Ref. 
Ethylene chloride ............+++ 0-0570 3-756 10-5 0-095 (a) 
” es |, eed 0-0802 5-904 - (b) 
s-Tetrachloroethane ..........+. 0-00530 3-724 8-20 0-122 (a) 
ChiaeOEOeith §i.idcecdissdsccatecccies 0-00554 3-774 5-05 0-199 (a) 
Pentachloroethane ............++. 0-00128 3°107 3°60 0-276 (a) 
Trichloroethylene  ............++. 0-00149 3-173 3:42 0-291 (a) 
Tetrachloroethylene ............ 0-000402 4-604 2:46 0-405 (a) 
Carbon tetrachloride ............ 0-00012 4-079 2:24 0-448 (ce) 
PUI caistcdsrssseencaccescees 0-0650 2-813 4:51 0-222 (c) 
Ethyl Bromide  ...cccscceccsscsece 0-133 1-124 9-45 0-106 (ce) 
Ethylene bromide ............++. 0-154 1-188 4-86 0-206 = (c) 
Carbon disulphide ..,..........+. 0-00239 3-378 2-64 0-380 (d) 
WA rics ccesesasconensenveccotes 5 x 10° 9°748 1:00 1-00 
Mercuric bromide (18—20°). 
Carbon disulphide ............... 0-00665 3-823 2-64 0-380 (d) 
CRIGSOEOOIR:. cs decpnmeseencsssosdexe 0:0522 2-718 5-05 0-199 (ce) 
BEORNOEIEER. occ0sscccverssevcssssens 0-0545 3-736 4-51 0-222 (c) 
Carbon tetrachloride ............ 0-00013 4-114 2-24 0-448 (c) 
Ethyl bromide _.........0....s00. 0-0920 3-964 9-45 0-106 (ce) 
Ethylene dibromide ............ 0-0810 3-908 4-86 0-206 (ce) 
WORE secccescentscnsondusetorens 3-16 x 10° §-500 =1:00 ~—:1-00 
Mercuric iodide (18—20°). 
Carbon disulphide ............... 0-00888 3-948 2-64 0-380 (d)(e) 
ONE enkee ditsccsbiiccsccsicbcs 0-00435 3-638 2-28 0-438  (f) 
CRCRUIIER: icnveciscisssicesscenes 0-0132 2-121 5-05 0-199 (e 
POI sn ncecienssscccscssasnese 0-0310 2-491 4-51 0-222 (ce) 
Carbon tetrachloride ............ 0-000211 4-324 2-24 0-448 (c) 
i Slist sennpeduesisase 0000375 4-574 2-24 0-448 (g) 
Ethyl bromide _............+. a. 00208 3-308 9:45 0-106 (ce) 
Ethylene bromide ............+4. 0-0360 2-556 4-86 0-206 = (c) 
aa 0-0868 3.939 7-4 0-135 (ce) 
Ethylene chloride .............+ 0-0830 2-919 10-5 0-095 (c) 
isoButyl chloride _ ............+4. 0-0154 2-188 71 0-141 (ce) 
BOE ciaaiasericcscsacessanncacs 0-00026 4-418 1-87 0-536 (ec) 
Methylene iodide  ...........000. 0-165 1-217 5-5 0-181 (h) 
RONEN .- scnsconnsivensstioonsaninces 1-31 x 10-* 9-117 1-00 1-00 
(a) Hoffmann, Kirmreuther, and Tal, Ber., 1910, 48, 188. 





(b) Dukelski, Z. anorg. Chem., 1907, 58, 327. 
“0 (c) Sule, ébid., 1900, 25, 401. 
(d) Arctowski, ibid., 1894, 6, 267, 404. 
(e) Linebarger, Amer. Chem. J., 1894, 16, 214. 
(f) Beckmann and Stock, Z. physikal. Chem., 1895, 17, 130. 
(g) Dawson, J., 1909, 95, 874. 
(h) Retgers, Z. anorg. Chem., 1893, 3, 253. 






there 
1 the 









1382 COCKER, LAPWORTH, AND PETERS: SOME REACTIONS OF 


It is seen from Figs. 2, 3, and 4 that there is a fairly close paral. 
lelism between the solubility and the dielectric constant in each 
case. The dipole moments of the mercuric halides are not known, 
but they are probably high by analogy with silver perchlorate, 
which would account for the great change of solubility with dielectric 
constant. By assuming that the straight lines in Figs. 2, 3, and 4 
can be extrapolated to 1/D = 0 (i.e., D—+> «), we can calculate 
the dipole moments from equations (2) and (3). This has been done, 
the values for molecular radii obtained by Braune and Linke (loc. 
cit.) being used. The values obtained for » x 101% are: HgCl, = 
4-0, HgBr, = 5-7, HgI, = 6-6, which are of the order of magnitude 
we should expect, though they may be considerably in error owing 
to the uncertainty of the values for the vapour pressures at 20°, 
and the possibility that quadrupole forces play a part. 


Summary. 


(1) The connexion between the electrical energy of dipole fields 
and the solubility relations of dipole molecules is discussed. 

(2) Values are given for the solubilities of hydrogen chloride, 
hydrogen sulphide, and ammonia in a number of solvents. 

(3) It is concluded from the results that it is not permissible in 
these cases to treat the solvent as a continuous medium. 

(4) More regular relations are found in previous data for the 
solubilities of the mercuric halides in various solvents, and a calcul- 
ation on the basis of the theory here developed gives reasonable 
values for the dipole moments. 


In conclusion, the author wishes to thank Professor J. N. Bronsted 
for the facilities placed at his disposal, and Professor N. Bjerrum 
for his kind criticism. 


University INSTITUTE OF PHyYSICAT. CHEMISTRY, 
COPENHAGEN, DENMARK. [Received, April 4th, 1931.] 





CLXXXVI.—Some Reactions of Ortho-derivatives of 
Aldehydes and Ketones. 


By Westey Cocker, ArTtHUR LaPworTH, and ARNOLD 
THORNTON PETERS. 


THE description “ ortho-derivatives ” in the title is here intended to 
include all compounds in which the oxygen atom of the carbonyl 
group >C=O of an aldehyde or ketone is replaced by two like or 
unlike unicovalent radicals such as OH, OAlk, NAlk,, CN, and Cl 


which, with their bonding electrons, have appreciable anionic 
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stability, as shown, for example, by the readiness with which sodium 
and potassium expel hydrogen from the hydrides, HOH, H-OAlk, 
H-NAIk,, ete. 

Such ortho-derivatives frequently display great facility in the 
anionic elimination or exchange of the radicals as above defined, 
and the generalisations now available as to the conditions which 
favour such changes in different cases furnish a basis for testing the 
plausibility of ideas on reaction mechanism which have been 
advanced at various times. 

A. Some Reactions in Alkaline Solution.—The ready conversion 
of chloral by means of potassium cyanide into the potassium salt of 
dichloroacetic acid is but one example of a mode of reaction 
apparently common to «-chloro-aldehydes. The explanation which 
appears to receive most support from analogies is that associated 
with the names of Pinner (Ber., 1877, 10, 1065; 1884, 17, 1999; 
1885, 18, 753, 2852) and more especially Kotz (J. pr. Chem., 1913, 
88, 531). This explanation assumes that (in the particular case 
mentioned) the formation of chloral cyanohydrin is an essential stage 
in the reaction, but in a more generalised form may be expressed by 
the following series of equations representing successive changes : 
(1) >CCl-CH:0 + KCN + H-OX <—» >CCICH(OH)-CN + K-OX 

a 
where H-OX = H-OH, H:OEt, etc. ” 
(2) >CCl-CH(OH)-CN —> >C:C(OH)°CN + CIH 
(a) (b) 

(3) >C°C(OH)-CN —> >CH°CO-CN 

(b) (c) 
(4) >CH-CO-CN + 2KOH —> >CH-CO-OK + KCN 

(e) (d) 
or, when H-OX = H-OEt, for example, 
(4') >CH-CO-CN + KOX —> >CH-CO-OX + KCN 

(c) (d’) 
In association with stage (2) there must be introduced : 
(l’) KCN + HCl —> HCN + KCl 
As cyanohydrins are much more powerfully acidic than simple 
alcohols, bearing comparison in this respect with phenols (compare 
J., 1904, 85, 1207 et seq.), stage (1) must be considered as always 
associated with the reversible reaction : 
(1) >CClCH(OH)-CN + K-OX <—> >CCl-CH(OK)-CN+H-OX 

Stage (2) is entirely consistent with the ready escape of halogen by 


hydride from the analogous $-halogenated ketones and (-carb- 
oxylic esters consequent on the lability conferred on the «-hydrogen 
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atom by the carbonyl group. The present authors have prepared 
2-chloro-l-cyanocyclohexane and found that it breaks down with 
great readiness in the sense indicated (p. 1383). In absence of any 
further evidence than this, it would not be unreasonable to main- 
tain that -OH, attached to the same carbon atom as +H and -CN, 
might, in virtue of its powerful electron-releasing primary effect 
(compare Cocker, Lapworth, and Walton, J., 1930, 446, lines 13 to 20), 
suppress the usual influence of -CN on the hydrogen atom in the 


system, H-C-CN. This may hold true for the static or average 


molecule of an aldehyde cyanohydrin; but the study of the benzoin 
and related reactions (compare J., 1907, 91, 697; Greene and Robin- 
son, J., 1922, 121, 2182) has made it evident that -OH (and even 
‘NH-C,H,) in this position does not prevent some of the molecules 
present at any moment from displaying the properties normally 
associated with the system in question, and, in particular, the 
characteristic lability of the «-hydrogen atom. (For cases of 
instability of analogous 8-chloro-ketones, compare, for example, 
Annalen, 1895, 284, 7; Ber., 1895, 28, 960; J., 1904, 85, 1355.) 

Stage (3), or ketonisation of an enol, offers no theoretical diffi- 
culties, while stage (4) represents a well-established reaction of acyl 
cyanides. In order still more fully to justify (4’), the present 
authors prepared benzoyl cyanide, allowed it to react with alcoholic 
sodium ethoxide in the cold, and had no difficulty in isolating the 
expected product, ethyl benzoate (d’; p. 1383), b. p. 212° (Found : 
C, 72-3; H, 6-95. Cale.: C, 72-0; H, 6-7%), the change being : 
C,H,;*CO-CN + NaOEt = C,H,*CO-OEt + NaCN, corresponding to 
(4’), p. 1383. 

Thus Wallach’s observation that chloral in alcoholic solution 
yields ethyl dichloroacetate is accounted for on the generalised 
Pinner—Kétz theory without assuming, as some have thought it 
necessary to do, that dichloroacetic acid or its potassium salt is 
produced at any intermediate stage (compare V. Meyer, Ber., 1877, 
40, 1740; Wallach, ibid., p. 2124. Chattaway and Irving, J., 1929, 
1039, do not accept Meyer’s suggestion). 

For much other experimental evidence in support of the theory, 
reference to the original papers of Pinner, K6tz (locc. cit.) and others 
should be made. 

Recently Chattaway and Irving (J., 1929, 1038 et seg.) have men- 
tioned a number of facts which, according to them, “ seem to indicate 
that the formation of a cyanohydrin is not a necessary step ” in the 
chloral—potassium cyanide reaction (loc. cit., p. 1040). One of the 
facts supposed to point in that direction is that the action of potass- 
ium cyanide upon an alcoholic solution of “ chloral alcoholate ”’ is 
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as violent as, or even more violent than, its action on a similar solution 
of chloral cyanohydrin. But, by operating on preformed cyano- 
hydrin, the total heat, @,, evolved in the formation of any given 
product (say ethyl dichloroacetate) is connected with the heat, Q,, 
which is evolved when starting from alcoholate by the relation 


Q, eal Q, a Q; 
where Qs, is the heat evolved in the reaction 
CCl,-CH(OH)-OEt + HCN = CCl,-CH(OH)-CN + HOEt. 


The argument used by Chattaway and Irving could carry weight 
either if Q, were negative, or if conversion of alcoholate into cyano- 
hydrin (or its potassium derivative) by the action of potassium 
cyanide were very slow. No evidence in favour of either of these 
requirements was furnished, and all the evidence within the knowledge 
of the present authors indicates that neither requirement is fulfilled. 
If cold alcoholic solutions of chloral alcoholate and hydrogen cyanide, 
each containing a drop or two of tripropylamine to facilitate cyano- 
hydrin formation, are mixed, a rise (about 20°) of temperature 
occurs, often reaching its maximum in two minutes or less. Sub- 
sequent addition of more catalyst produces no further appreciable rise 
of temperature, cyanohydrin formation having been almost com- 
pleted. On removal of the solvent at the ordinary temperature in 
a vacuum, a crystalline mass of chloral cyanohydrin, contaminated 
with very little oil (no doubt mainly catalyst and traces of alcohol), 
remains. Analysis of this crude product (compare J., 1930, 453) 
gave CN, 14-5, while CCl,,;CH(OH)-CN requires CN, 14:9%. Good 
yields of the pure cyanohydrin (m. p. 58—59°) and of trichlorolactic 
acid were obtained from similar products by recrystallisation and by 
acid hydrolysis respectively. 

These observations also indicate that the formation of the cyano- 
hydrin is rapid even in presence of so small a quantity of com- 
paratively feeble catalyst. The observed behaviour of chloral 
alcoholate is here precisely like that of all aldehydes in alcoholic 
solution examined in these laboratories during a number of years, 
and there can be no reasonable doubt that the heat evolution noticed 
is that associated with cyanohydrin formation. Moreover the speed 
of cyanohydrin formation is always very much greater when potas- 
sium cyanide is used instead of free hydrogen cyanide and small 
amounts of tertiary base. The comparatively poor yields of free 
cyanohydrin obtained when free hydrogen cyanide is not present is 
due, not to a slow speed of formation, but to the nature of the 
resulting system, 

R,CO +- KCN + HOH (or HOEt) <—> R,C(OH)-CN + KOH 
ZZ2 
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(or KOEt), in which equilibrium is attained, often in a few seconds, 
and from which the potassium hydroxide (or ethoxide) formed must 
be removed (as, for example, by gradual addition of an acid) if the 
maximum yield of cyanohydrin is desired. 

Measurements of the temperature coefficients of dissociation 
constants of a number of aldehyde cyanohydrins in these laboratories 
have all given direct evidence of considerable positive heat-toning 
associated with cyanohydrin formation. 

Chattaway and Irving state that “all conditions which favour 
the formation of cyanohydrin in the reaction hinder rather than 
promote the formation of an alkyl dichloroacetate,” and, as an 
example of such conditions, those authors specify ‘‘ the slow addition 
of the cyanide to the solution of the alcoholate at low temperatures ” 
(loc. cit., p. 1042). Low temperatures, however, cannot favour the 
actual speed of formation of cyanohydrin, but on the contrary; 
moreover, such conditions would favour the stability of the 
compound when formed. 

Chattaway and Irving obtained dichloroacetamide by the action 
of potassium cyanide upon chloral-ammonia, dissolved in alcohol 
saturated with ammonia, and remark that cyanohydrin formation in 
these circumstances is ‘‘ unlikely ” (p. 1040) without explaining why 
they hold this opinion, which the present authors do not share. It 
may be pointed out (1) that aldehyde-ammonias readily revert to 
aldehydes and ammonia and (2) that even free potassium hydroxide 
in 10% concentration does not prevent cyclohexanone from com- 
bining within less than 30 seconds with potassium cyanide in cold 
aqueous solution (Lapworth, Manske, and Robinson, J., 1927, 
2054), forming the potassium salt of the weakly acidic cyanohydrin. 
But salts of weak acids in solution are in constant equilibrium with 
quantities of the free acids produced by ordinary salt hydrolysis 
(compare equation 1”, p. 1383) and the production in this way of 
free mandelonitrile from benzaldehyde and potassium cyanide in 
alkaline aqueous solution was demonstrated many years ago (J., 
1903, 83, 1003). 

Whilst a just appreciation of the merits of the Pinner—Koétz 
theory in any of its applications is impossible without clear 
recognition of the fact that an organic compound (such as an 
aldehyde or ketone) can withdraw the elements of hydrogen cyanide 
from an aqueous or alcoholic solution of potassium cyanide even in 
strongly alkaline solution, it is no less necessary to realise that even 
the equations on p. 1383 of the present paper do not present 
the theory in its most generalised form. Thus, if instead of (a), 
there were written the expression >CCIl-CH(NH,)°CN, then, instead 
of (b),(c), and (d), there would appear the expressions > C:C(NH,)°CN, 
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>CH-C(;NH)-CN and >CH-C(:NH)-OK respectively, and the last 
of these represents the unstable potassium salt of a weakly acidic 
isoamide, from which, by interaction with water, alcohol and other 
proton-donating compounds present in the system, the normal 
amide >CH-C(NH,):O would certainly be formed by salt hydro- 
lysis and isomerisation of the resulting free isoamide. 

Some erroneous ideas connected with the present subject have 
found their way even into text-books, and it is necessary to emphasise 
the point that, although amino-nitriles can in practice be obtained 
by the action of ammonia or amines on the corresponding cyano- 
hydrins (hydroxy-nitriles), this fact is the sole basis for the belief 
that cyanohydrins are precursors of amino-nitriles. Consideration 
of the known effects of the substituents leads inevitably to the 
conclusion that in such a conversion the cyanohydrin must first be 
broken down by detachment of the cyano-group in the normal 
manner, and the amino-nitrile molecule then built up from the 
products together with ammonia or amine. 

It has been shown elsewhere (Cocker, Lapworth, and Walton, J., 
1930, 449) that the groups -NAlIk, (including also NH, and NHAIk) 
and OH (usually, in alkaline solution, operating in the ionised form 


05) when occupying position Y in ¥-C-R facilitate to a remarkable 


degree the capacity of a radical R to separate from the carbon atom 
as @ negative ion or to undergo replacement by other unicovalent 
radicals such as CN, OH, OAlk, NAlk,. The groups OH and 
NAlk, (where Alk includes H) can thus function in two different 
ways, namely (a) as activators in position Y, promoting the latent 
anionic properties of R, and (6) as radicals with latent anionic 
properties in position R. The group CN on the other hand shows 
properties of type (6) only; or rather, in virtue of its powerful 
electron-restraining primary effect on attached carbon, CN, when 
in position Y, must exercise on C and R an effect of the opposite 
character from that produced by OH or NAlk,. It follows that 
exchange of OH in the case of CN-C-OH for groups such as NAlk, or 
CN should occur much less readily than in the case of the simple 
alcohol H-C-OH. Consistently with this it is found that in no 
circumstances can CN-C-OH be transformed into CN-C-CN by the 
action of hydrogen cyanide or cyanidion, and CN-C-CN shows no 
tendency whatever to exchange CN for OH, OAlk, or NAlk,. The 
possibility that CN-C-OH might exchange OH for NH,, NHAik or 
NAIk, is therefore extremely remote ; on the other hand it is certain 


that ammonia or amine facilitates partial conversion of CN-C-OH 
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into HCN and C= O, from which, via the compound NAIk, C OH, 


amino-nitrile is “readily formed. 

If, then, as above suggested, the amino-nitrile is the true precursor 
of dichloroacetamide in the reaction between chloral, cyanide, and 
ammonia, it is justifiable to reject, as Chattaway and Irving do, 
the idea that the cyanohydrin represents an intermediate stage in 
the reaction, though, contrary to the opinion expressed by these 
workers, the conditions are quite favourable to the production 
(reversibly) of cyanohydrin by an independent path. 

In order to avoid misunderstanding, it may be pointed out that 
the conversion of HO-CH,°CN into CH,0°CH,°CN by alkali and 
methyl sulphate is a replacement of H by CH, and not of OH by 
O-CH 

Experiments described in the present paper prove that cyclo- 
hexanone is in part converted into the corresponding amino-nitrile 
on treatment with potassium cyanide and excess of ammonia, and 
that acetaldehyde reacts in quite analogous manner with potassium 
cyanide and excess of aqueous diethylamine. 

Chattaway and Irving mention 6-nitro-2 : 4-bis(trichloromethy])- 
1 : 3-benzdioxin as the case of a compound from which potassium 
cyanide is effective in causing elimination of the elements of hydrogen 
chloride, using this observation to support their suggestion that 
cyanide might operate similarly on the hydrates, alcoholates or 
ammonia addition products of «-chloro-aldehydes. The present 
authors, however, have found that in this case the cyanide is not 
specific, as the dioxin is also acted on readily by sodium hydroxide 
and the product contains the same compound as was isolated by 
Chattaway and Irving when using potassium cyanide as agent 
(direct comparison of specimens and mixed melting points obtained 
by both methods. Found: Cl, 46-4. Theory requires Cl, 46-7%). 

In the reactions of «-chloro-aldehydes at present under discussion 
no known agent gives results in the least like those obtained when 
metallic cyanide is used, and cold dilute alkalis, acting on chloral 
or its hydrate or alcoholate, liberate no detectable traces either of 
dichloroacetate or of chloridion, which are the products characteristic 
of the action of aqueous potassium cyanide on this compound. 
The theory of Pinner and Ké6tz, logically extended, embodies an 
explanation of the specificity of the agent and demands no assumption 
for which some good reason or close analogy cannot be found in 
experimental facts quite outside the range of phenomena which it 
was specially devised to account for. The explanation offered by 
Chattaway and Irving is defective in both these respects. 

B. Reactions in Acid Solutions.—The type .>C(OAIk), is readily 
formed in a reversible manner in acid but not in alkaline solution, 
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dissolved in ice-cold ether, absorbed hydrogen chloride, and after 
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as shown by the conditions of reversible formation and decomposition 
of acetals. This is readily understood on the basis of the well- 
known theory first proposed by Kastle (Amer. Chem. J., 1898, 19, 
894) in connexion with the catalytic action of acids on many of 
the reactions of carbonyl compounds. His theory postulates the 
formation of highly sensitive oxonium salts of the carbonyl com- 
pounds and their derivatives, and there is no difficulty in perceiving 
that the union of the group OH or OAlk with proton will increase 
the restraint exercised by the electrons of the oxygen atom, so that 
the activation energy required for the separation of neutral HOH 
or HOEt would be smaller than for separation of OHO and OAlk © 
respectively. No such elementary theoretical consideration can be 
used to explain why, if Kastle’s theory is correct, the methyl ether— 
proton complex H-CH,°O(CH,)H® is so extremely insensitive as 
compared with the complex CH,0-CH,°O(CH,)H@, and here the 
numerous data which support the idea of association of a powerful 
electron-releasing primary effect with AlkO indicate how this hiatus 
in Kastle’s theory may be filled. 

Assuming the correctness of the theory in question, it is now clear 
that the primary effect of AlkO on the carbon atom in the complex 


AlkO-C-R is normally sufficient to permit of ready elimination or 


exchange, at the ordinary temperature, of R, together with its 
boning electrons, when R = Cl, OH, ©, OAlk-H @, but not when 
% = OAlk or CN. 


The type Cl-G-Cl in some respects resembles AlkO- C: OAlk, and its 


hydrolysis to carbonyl is greatly accelerated by mineral acids. 
There would seem to be no sufficient reason to assume the mechanism 
of acid hydrolysis to be different with the two types. Supporters of 
Kastle’s theory will therefore hope for more direct evidence that 
unicovalent chlorine can act as proton-acceptor. 


The inertness of the type CN ‘(CN (even in acid solution) has been 


mentioned elsewhere (p. 1387). 


EXPERIMENTAL. 


This section gives further details of some of the newer experiments 
on which statements in Section A are based. 

2-Chloro-1-cyanocyclohexane.—cycloHexanone was converted into 
its cyanohydrin (b. p. 140°/15 mm.), which was boiled with excess of 
thionyl chloride for 3 hours, the whole being then cooled and poured 
into water, and the product fractionated. The resulting 1-cyano- 
cyclohexene (b. p. 86°/15 mm.; yield, 77% of the theoretical), 
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3 hours’ continuous passage of the gas and subsequent fractionation 
gave 2-chloro-1-cyanocyclohexane as a colourless, faintly opalescent, 
somewhat unstable liquid, b. p. 138°/15 mm. (Found: Cl, 24-2. 
C,H, NCI requires Cl, 24-7%). 

The odour of the chloro-nitrile was pungent and in no way 
reminiscent of that of the cyanocyclohexene, which is very charac- 
teristic. The odour of the unsaturated nitrile is very quickly 
developed, however, if the chloro-nitrile is warmed with dilute 
sodium hydroxide solution or even with water, hydrogen chloride 
being eliminated; moreover, the volatile product formed has the 
boiling point and other properties of cyanocyclohexene. 

Formation of Amino-nitriles by the Action of Potassium Cyanide 
and Excess of Ammonia on (i) cycloHexanone and (ii) Acetaldehyde.— 
(i) cycloHexanone (12-25 g.) (chosen because the derived amino- 
nitrile is soluble in petroleum) was dissolved in light petroleum 
(50 c.c.) and continuously shaken with a cold solution of potassium 
cyanide (8-1 g.) in aqueous ammonia (d 0-880, 21 c.c.) for 12 hours. 
The petroleum was then separated, and the aqueous layer extracted 
with fresh petroleum (50 c.c.). The combined petroleum extracts 
were dried over anhydrous sodium sulphate and filtered, and a 
stream of dry hydrogen chloride passed through them; a copious 
white precipitate was then formed. This was separated by 
filtration, thoroughly washed with ether, drained, and _ finally 
extracted with absolute alcohol. Little or no residue was left, and 
the alcohol on evaporation deposited large square plates (2-5 g.) of 
the hydrochloride of 1-aminocyanocyclohexane, m. p. 233° (decomp.) 
(Found: Cl, 24-3, 23-9. C,H, .N,,HCl requires Cl, 22-1%). This 
salt dissolved readily in water and when boiled with dilute alkali 
regenerated ammonia, cyanide, and cyclohexanone. The last was 
identified by means of its 2 : 4-dinitrophenylhydrazone (m. p. 153°. 
A specimen of the hydrazone made from highly purified cyclo- 
hexanone had m. p. 156-5—157°). 

Another specimen of the hydrochloride in question (yield, 4-5 g. 
from 50 g. of cyclohexanone after 2 days’ contact with aqueous 
potassium cyanide and excess of ammonia) was isolated as above, 
and 4-3 g. of this were heated with dilute sulphuric acid for 3 hours 
at 115—120°. After removal of the free sulphuric acid by means of 
barium carbonate, the clear filtrate yielded 1-9 g. of 1-aminocyclo- 
hexanecarboxylic acid, which separated from water in large plates, 
m. p. (closed tube) 350° (decomp.) (Found: N, 10-3. C,H,,0,N 
requires N, 98%). The identity of the acid was established by 
comparison of the acid and derivatives with specimens prepared 
from cyclohexanone by orthodox methods (compare Ber., 1906, 
39, 1727; 1908, 41, 2063). 
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(ii) Acetaldehyde (11 g.) was shaken with aqueous potassium 
cyanide and excess of diethylamine for 4 hours. The ethereal layer, 
together with ether used in a subsequent continuous extraction of 
the aqueous layer, was dried, and the ether cautiously evaporated. 
A liquid was left from which there were readily obtained 11 g. of the 
picrate of «-diethylaminopropionitrile, which had the melting point 
(103—104°) and all the other properties of authentic specimens of 
this salt (J., 1930, 454). 

Summary. 

It is pointed out that consideration of the conditions under which 
R and R’ in the complex >CRR’ can be anionically exchanged for 
other radicals or introduced in place of oxygen in the complex 
>C=0O, affects materially the plausibility of some theories of 
reaction mechanism. 

Special reference is made (1) to the action of potassium cyanide 
on chloral and its alcoholate in various circvmstances, (ii) to the 
supposed direct conversion of cyanohydrins of aldehydes and ketones 
into amino-nitriles, and (iii) to the reversible formation of acetals 
from aldehydes and ketones under the influence of acid catalysts. 


THE UNIVERSITY, MANCHESTER. [Received, May 1st, 1931.] 





CLXXXVII.—Experiments on the Synthetic Prepar- 
ation and Isolation of Some of the Simpler Amino- 
acids. 


By Wes.trey Cocker and ARTHUR LAPWORTH. 


Section I. Introductory. 
Some difficulties usually met with in applying the familiar synthetic 
methods for preparing and isolating the more soluble amino-acids 
may be overcome by adopting certain general modes of procedure, 
based partly on theoretical considerations and partly on empirical 
observations made during the course of recent investigations in 
these laboratories. 

It may be stated at the outset that, in the experience of the 
present authors, the first essential to uniform success is the rigid 
exclusion, from first to last, of even small quantities of compounds 
of the alkali metals. Thus the use of potassium or sodium cyanide 
with an ammonium salt in the Strecker synthesis, while suitable 
enough for the preparation of a sparingly soluble amino-acid, is in 
other cases strongly to be deprecated, as it introduces at later 
stages complications quite out of proportion to the extra initial 
trouble or cost involved in using hydrogen cyanide and ammonia. 
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For similar though less cogent reasons, great care should be taken 
that all reagents used are carefully prepared and tested. 

The main synthetic method studied was the Strecker synthesis 
(Annalen, 1850, 75, 29) involving the formation and hydrolysis of 
the «-amino-nitriles from a variety of aliphatic aldehydes and 
ketones, as well as that from ethyl $-aminocrotonate as leading to 
an amino-dicarboxylic acid. Special attention was paid to the 
possibility of working out general methods, avoiding (1) the use of 
pressure vessels and (2) highly exact measurements or precipitations 
at any stage. A fair measure of success can be claimed and the 
general procedure worked out for isolating soluble amino-acids was 
extended with little modification to the preparation of an amino- 
acid (glycine) by the second well-known synthetic method, due to 
Kolbe (Annalen, 1860, 113, 220), namely, that of replacement of 
halogen in a substituted acid by the amino-group. 

In using either of the two general synthetic methods, conditions 
have been imposed unfavourable to the formation of imino-com- 
pounds. In the case of the Strecker synthesis, the equation 

2R,C(CN)-NH, <——> (R,C-CN),NH + NH, 

ndicates that excess of ammonia should be helpful if, as is almost 
certainly the case, the reaction is a reversible one. Eschweiler 
(Annalen, 1894, 279, 40) has shown that with methylamine and 
formaldehyde cyanohydrin, iminodinitrile and the still more com- 
plex trinitrile are formed in large quantity unless the amine is used 
in great excess. The authors have used twice the theoretical 
quantities of ammonia and hydrogen cyanide; this may prove in 
some cases to be excessive, but the view of the authors has been 
that the working out of easily applied general methods for the 
quantitative hydrolysis of the amino-nitriles and for securing with 
certainty the bulk of the resulting amino-acid in nearly pure con- 
dition would make it easy to investigate empirically the question 
of the more economical proportions of initial reactants in any given 
case. 

The tendency to formation of imino-compounds and other com- 
plex by-products in the synthesis of amino-acids from halogeno- 
acids is much more pronounced than in the Strecker synthesis, and 
Robertson (J. Amer. Chem. Soc., 1927, 49, 2889) has shown that 
with chloroacetic acid 5% of the latter is converted into these 
more complex products even when more than 200 times the 
theoretical quantity of ammonia is used. 


Section II. Notes on the Purity and Uses of Materials recommended. 
Sulphuric acid, aqueous ammonia, and hydrochloric acid should 
be free from salts of alkali metals. A little lead in the sulphuric 
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acid, however, is not likely to interfere and would be eliminated 
toward the end of the operation recommended. 

The hydrogen cyanide required for the Strecker synthesis was 
always used in liquid form, in measured quantities by volume. But 
concentrated aqueous solutions, free from mineral residue, would 
probably lead in mogt cases to results nearly or quite as satisfactory, 
especially when starting from an aldehyde. When employing 
aqueous solutions of hydrogen cyanide, gaseous ammonia might be 
absorbed with cooling, prior to addition of aldehyde or ketone, and 
accidental introduction of considerably larger quantities of ammonia 
than that recommended in Section III would not be harmfui. 

Barium carbonate is usually to be recommended, (a) whenever 
the object is to eliminate all ammonia from ammonium salts present 
or/and (b) to remove from solution, in the first instance, considerable 
proportions of sulphuric acid, free or in combination with ammonia 
or amino-acid. Barium carbonate in a suitable state of purity can 
be obtained from British Drug Houses, Ltd., or may be prepared 
from barium chloride solution by precipitation with ammonium 
carbonate. In the latter case, any trace of ammonium salt in the 
product should be entirely eliminated, and this is readily effected 
by blowing steam through the suspension in hot water. The 
presence of a little barium chloride as impurity is not objectionable 
when working as hereinafter described (compare p. 1401 for a method 


| for economising in pure barium carbonate). 


Litharge, in very small proportion, though never necessary, can 
be employed to accelerate complete conversion of sulphuric acid 
and hydrochloric acid into lead salts. In using this compound it 
is always necessary to remember that with more than a very small 
excess, indicated by alkaline reaction of the solution towards Congo 
paper, there is the possibility of forming sparingly soluble basic 
lead salts of the amino-acids; however, providing the excess is not 
large, it is very easy to return to the correct point by cautious 
addition of dilute sulphuric acid (compare p. 1401). Strecker himself 
and other workers since have used lead hydroxide for elimination 
of ammonia from ammonium salts in solution; but the present 
authors much prefer barium carbonate for this purpose, as excess 
is necessary for rapid working in either case, and this in the case 
of barium carbonate leads to no complications. Commercial 
litharge, finely powdered, is as a rule quite suitable for use without 
special purification. 

Lead carbonate is recommended for use after all ammonium salts 
have been eliminated by means of barium carbonate and the barium 
salts in solution and excess of barium carbonate have then been 
converted into sulphate by addition of an appreciable excess of 








1394 COCKER AND LAPWORTH : 








sulphuric acid. In these circumstances it precipitates the whole of 
the sulphate ion present and, in the conditions hereafter described, 
all but traces of halide ion. It has the advantage over litharge that, 
when it is necessary to use either compound in large quantities, 
the cessation of effervescence gives a rough guide to the point where 
enough agent has been added; moreover, when used in excess in 
aqueous solutions of the amino-acids examined, the carbonate shows 
no appreciable tendency to form insoluble basic lead salts of the 
amino-acids even after, say, } hour’s boiling. As it decomposes 
ammonium salts in boiling aqueous solution only very slowly, it is 
not suitable for use in place of barium carbonate (or litharge) for 
this purpose. Lead carbonate may be obtained in a pure form from 
Kahlbaum, or may be specially prepared. Material made by 
exhaustive treatment of elutriated litharge in aqueous suspension 
with carbon dioxide would probably be very suitable: but, until 
they found that Kahlbaum sold a sufficiently pure product, the 
authors made their lead carbonate from aqueous lead acetate by 
means of ammonium carbonate, taking special pains to eliminate 
the last traces of ammonium salts. Steaming an aqueous suspen- 
sion of the carbonate seems to accelerate the purification. 

Each of the above agents, at various times, has previously been 
used by other workers in isolating amino-acids, but it does not 
appear that their properties have been applied to the greatest 
advantage. 

The activated charcoal used was “‘ norite,” of which all specimens 
examined were tested and found suitable for use without further 
treatment. 


Section III. Preparation of Crude Amino-nitriles from Aldehydes 
and Ketones. 

(A) General Remarks.—A number of workers, including the dis- 
coverer, Strecker (Annalen, 1850, 75, 29 et seg.), Zelinski, Fischer, 
Slimmer, and others, have thought it desirable to heat aldehydes 
and ketones with ammonia and hydrogen cyanide in closed vessels 
in order to obtain the amino-nitrile. This, however, demands the 
use of pressure vessels, and the present authors have found that 
equally good or better yields are obtained in all the cases tried, at 
laboratory temperature, though a longer period of reaction (up to 
14 days in extreme cases) is necessary. 

In the examples dealt with in the present paper, there would be 
no gain in simplicity, yield, or cost by attempting to separate the 
amino-nitrile as hydrochloride or other salt. 

(B) Procedure recommended in preparing an Amino-nitrile.—The 
aldehyde or ketone (1 mol.) is added, with cooling, to a mixture of 
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ammonia (d 0-880; 2 mols.) and hydrogen cyanide (2 mols.).* 
Alternatively, an aldehyde-ammonia (1 mol.) may be added to a 
mixture of aqueous ammonia (1 mol.) and hydrogen cyanide (2 mols.). 
The results, in the cases actually compared, were not appreciably 
different. 

In any case the mixture is left at laboratory temperature to 
attain equilibrium in a closed vessel for a period depending on the 
particular type of carbonyl compound used (compare p. 1399) and 
is then treated in one or other of the modes described under 
Section IV below. 


Section IV. Hydrolysis of Crude Amino-nitriles. 

(A) General Remarks.—Anslow and King (J., 1929, 2463) have 
used aqueous barium hydroxide for the hydrolysis of the amino- 
nitrile from formaldehyde. The majority of «-amino-nitriles, how- 
ever, revert too readily to cyanide, ammonia or amine (compare J., 
1930, 449, 453) in presence of alkalis and cannot therefore satis- 
factorily be converted into the amino-acids except by means of 
acid reagents. . 

While the free «-amino-nitriles as a class are among the most 
unstable nitriles known, and readily lose, or exchange, their CN 
(as cyanidion), their salts with mineral acids are much more stable, 
and show no tendency to behave in this manner even at 125° pro- 
vided that a sufficient concentration of mineral acid is maintained 
in the system. This is in accord with the view that the radicals 
NR, and NR, © (where R = H or Alk) lie nearly at opposite 
extremes in the scale of primary effects, as they have long been 
known to do in the related scale of ortho-para-directive effects 
(Flirscheim, J., 1909, 95, 726; compare also J., 1930, 449). 

(B) Hydrolysis by Means of Aqueous Sulphuric Acid.—This 
method is applicable to all the amino-nitriles dealt with in the 
present paper. 

Procedure. The product obtained as in III B is mixed with 40% 
aqueous sulphuric acid (5—7 mols.), and preferably by slow addition 
thereto with constant agitation. The whole is then heated + at 
125° for 3 hours, by which time a test portion of the solution, heated 
with excess of sodium hydroxide and ferrous hydroxide, usually 

* A larger proportion of either hydrogen cyanide or ammonia is not dis- 
advantageous though wasteful. 

+ Where the amino-nitrile has been prepared from a saturated aliphatic 
aldehyde or ketone it is usually quite safe to boil under reflux without exercising 
special control over the temperature. It has been observed, however, that 
amino-nitriles obtained from cyclic ketones require more cautious treatment 


and 125° is therefore mentioned as a temperature which is suitable even in 
these cases. 
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gives no reaction for ferrocyanide, indicating complete hydrolysis 
of amino-nitrile as well as hydrolysis or elimination of hydroxy. 
nitrile (compare V A) and hydrogen cyanide. The whole is then 
diluted with several times its own bulk of water and worked up as 
described in Section V B. 

(C) Hydrolysis by Means of Hydrochloric Acid.—General remarks. 
This agent may also be used in open vessels instead of dilute 
sulphuric acid throughout the above operations, but is convenient 
only when one of the lower aldehydes is used as starting material; 
the amino-nitriles derived from ketones hydrolyse too slowly. 
There is also the disadvantage that much larger quantities of lead 
carbonate or litharge must be employed owing to the need of 
eliminating the considerable amount of chloridion present. The 
only case worked out in full detail was that of the preparation of 
dl-alanine from acetaldehyde, where the yield obtained was 70%, 
as compared with 71-8 when dilute sulphuric acid was employed. 

Procedure. The product obtained as in III B (p. 1394) is poured 
into several times its bulk of concentrated hydrochloric acid, left 
over-night, and finally heated on the water-bath for several hours 
until a test portion, boiled with excess of alkali and ferrous hydr. 
oxide, gives no indication of formation of ferrocyanide. The whole 
is then evaporated (in the last stages on the steam-bath), and the 
residue is dissolved in several times its bulk of hot water and treated 
as described in V B (p. 1397). 


Section V. Isolation of Amino-acid from the Solutions specified in 
Sections IV B and IV C. 


(A) General Remarks—It has been found that impurities, such 
as hydrogen cyanide, formic acid, hydroxy-acids, imino-di- and -tri- 
carboxylic acids which might be expected to be present or to arise 
in the Strecker synthesis, do not, in the cases examined, seriously 
affect the isolation of the amino-acids if all the operations are 
carried out as recommended in the present paper. This is due in 
part to deliberate adoption of conditions unfavourable to formation 
of imino-dinitriles, or imino-dicarboxylic acids. Other favourable 
factors are (a) the high ratio of amino-nitrile to hydroxy-nitrile in 
those cases where hydrochloric acid in open vessels can be used as 
hydrolyst, (b) the molecular stability of amino-nitriles and amino- 
acids to hot 40% sulphuric acid at 125° and the comparative 
instability of the corresponding hydroxy-nitriles and hydroxy- 
acids, some of which are broken down by the agent into very volatile 
products (such as the original ketone) which readily escape in the 
later evaporation processes. Appreciable quantities of hydroxy- 
acids have never been found in the final solutions, obtained in the 
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authors’ adaptation of the Strecker synthesis, and, in fact, there is 
usually little but amino-acid present. 

While these considerations may not cover all the factors con- 
cerned, it has been found empirically that the solutions obtained as 
in LV Band IV C readily afford good yields of the amino-acids which 
they contain if they are treated as follows. It will be evident that 
the procedure recommended is nothing more than a rational applic- 
ation of barium and lead carbonates (and litharge) on the assump- 
tion that ammonia, sulphuric acid, and hydrochloric acid, free or as 
salts, are the only impurities which must deliberately be removed. 

(B) Procedure.—The liquid is heated by boiling while a rapid 
current of steam (best superheated) is passed through it, and 
barium carbonate (compare p. 1393) is added in quantity more than 
sufficient, not only to neutralise any free mineral acid, but also to 
decompose all ammonium salts present; the minimum quantity 
required can readily be calculated in many cases. When no more 
ammonia is evolved (Nessler test) even after a small further addition 
of carbonate, enough dilute sulphuric acid is added to the boiling 
liquid to destroy excess of barium carbonate, and precipitate all 
barium from solution; as the precipitate settles very quickly, it is 
easy to ascertain whether the solution now contains sulphate ions, - 
as should be the case. The precipitate is removed by filtration and 
thoroughly washed, and the combined filtrates and washings are 
concentrated to a small bulk and treated, while still hot, with pure 
lead carbonate * in small successive quantities until effervescence 
ceases. If the solution still shows an acid reaction towards Congo- 
paper after a few minutes, finely powdered litharge may be added 
in very small quantity until a negative result is obtained with the 
indicator. If chloridion is present, but not otherwise, the whole 
should be cooled to 0° ¢ or below and left over-night to ensure the 
almost complete deposition of lead halide salt. After filtration, 
the clear solution and. washings (ice-cold water is necessary for 
washing when chloride is present in the precipitate) are treated 
with hydrogen sulphide to precipitate lead, next with activated 
charcoal (p. 1394), and finally filtered and.evaporated. The amino- 
acid is obtained by cooling and filtering at suitable stages and 
washing with methyl or ethyl alcohol. 

* When halide is absent, the quantity of lead carbonate required will be 
quite small unless a lavish excess of sulphuric acid was previously used in 
removing barium. 

} Alternatively, when chloridion is present, the liquid, cooled to the 
ordinary temperature and filtered, may be stirred with a little silver hydroxide 
(about 1 g. per 100 c.c.) and refiltered, preparatory to treatment with hydrogen 


sulphide. The authors have used this method only when preparing glycine 
from chloroacetic acid (p. 1402). 
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Section VI D may be consulted for a modification of the above 
procedure by which a saving in the amount of barium carbonate 
required may be effected. The modification has only been applied, 
so far, to the isolation of glycine. 


Section VI. 


(A) In this section are given the results obtained in special cases 
by using the procedure described in previous sections. 

The yields refer to quantities obtained of colourless crystalline 
product, free from stickiness and practically free from SO,’’, Cl’, and 
ash and yielding, on recrystallisation, material of correct melting 
point without appreciable loss. Usually only a part was recrystal- 
lised as check on the substantial purity of the main bulk of product, 
the remainder being used for the preparation of derivatives. 

Small quantities of the lower monoamino-carboxylic acids, when 
obtained in such a nearly pure state as by the authors’ procedure, 
are most conveniently recrystallised as follows. The acid is sus- 
pended in hot 95% spirit, and water added drop by drop until 
solution is complete; the whole is then cooled, and a mixture of 
equal volumes of anhydrous alcohol and ether added. A propor- 
tion of the acid is soon deposited in crystalline form and is separated 
by filtration and washed with a little absolute alcohol. The mother- 
liquors may be evaporated nearly to dryness and the residues 
treated in the same way, these processes being repeated so long as 
more than a negligible amount of solution remains. 

** Melting points.”” A large proportion of the compounds examined 
decompose more or less rapidly when slowly heated even in the solid 
state, so that observations on their apparent temperatures of fusion 
have little significance unless the precise conditions are known. 
The melting points given in the present paper for the authors’ own 
products are temperatures defined as follows. 

(a) Below 240°. Here a bath of sulphuric acid was used and the 
m. p. given in each case is the lowest temperature of the bath at 
which complete fusion occurs within one second when a thin- 
walled tube containing the compound and not previously heated 
is plunged into the sulphuric acid. 

(6) Above 240°. Here an air-bath was used and the maximum 
interval allowed to elapse before fusion was 10 seconds. 

In some cases the temperature so defined was the same as that 
of the melting point taken in the usual way, but in others was 
higher by several degrees. 

The thermometer readings were checked against those given by 
a standard instrument used in the same manner. Its stem was 
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exposed from 20° upwards, no correction being applied for this 
exposed portion. 

(B) Examples of Applications to the Strecker Synthesis of Amino- 
acids from Open-chain Aldehydes and Ketones.—In the cases within 
this category, the time required for interaction of the aldehyde or 
ketone with hydrogen cyanide at the ordinary temperature need be 
no longer than $ hour in the cases of aldehydes and acetone, but 
should be considerably longer, say 24 hours, in the case of methyl 
ethyl ketone. 

The hydrolyst throughout was dilute sulphuric acid (IV B) and 
in each example the name of the carbonyl compound used is given. 

Acetaldehyde. Product: dl-Alanine in 71-8% yield; m. p. 295° 
(decomp.), identical with that of purest authentic specimens (Found : 
N, 15-5. Cale. for C,H,0,N: N, 15-7%). 

Zelinski and Stadnikoff (Ber., 1908, 41, 2061), applying the 
Strecker synthesis in a different manner, obtained a yield of 63%. 
Other workers do not record their yields. 

The phenylearbamido-derivative formed flat prisms, m. p. 180-5° 
(decomp.). Kihn (Ber., 1884, 17, 2884) gives m. p. 170° (Found : 
C, 57-9; H, 6-1. Calc. for C,)H,,0,N, : C, 57-7; H, 5-8%). 

Propaldehyde. Product: dl-«-Amino-n-butyric acid in 60-8% 
yield, which may be regarded as a minimum one, as the preparation 
was carried out before the methods described in Sections IV and V 
were worked out in detail. The product had m. p. 304° (decomp.) 
in an open tube and 307° (decomp.) in a closed one (compare Fischer 
and Mounerat, Ber., 1900, 33, 2388) (Found: N, 13-4. Cale. for 
C,H,O,N : N, 13-6%). The phenylcarbamido-derivative had m. p. 
169-5—170° (decomp.); Mounerat (Ber., 1900, 33, 2395) gives 
m. p. 170° (Found: N, 12-9. Cale. for C,,H,,0,N,: N, 12-6%). 

n-Butaldehyde. Product: dl-a-Amino-n-valeric acid in 68-4% 
yield; m. p. 291° (decomp.) in a closed tube. The purest specimens 
melt only 0-5° higher in the same circumstances (Found: N, 12-0. 
Cale. for C;H,,O,N : N, 12-0%). 

Lipp (Annalen, 1882, 211, 359) made this acid by the Strecker 
synthesis but does not record his yield. 

The phenylcarbamido-derivative formed colourless plates, m. p. 
125°. Slimmer (Ber., 1902, 35, 401) gives m. p. 119° (Found: N, 
12-0. Cale. for C,,H,,0,N,: N, 11-9%). 

Acetone. Product: dl-«-Aminoisobutyric acid in 72-:7% yield 
(Found: C, 46-4; H, 8-6; N, 14-0. Calc. for C,H,O,.N: C, 46-6; 
H, 8-9; N, 13-6%). The acid crystallises readily from boiling glycol 
in large transparent prisms. Zelinski and Stadnikoff (Ber., 1906, 
39, 1726), by a somewhat complicated process involving the use of 
closed vessels at 50—60°, obtained this acid in 72-8% yield and gave 
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280—281° as the temperature at which the compound sublimes, 
The acid obtained by the present authors, if slowly heated to 270°, 
partly sublimes; if the temperature is then raised quickly, there is 
decrepitation at 294° and melting at 315° (decomp.); only when 
suddenly heated to 337° does it melt at once (decomp.). 

The phenylcarbamido-derivative, which is soluble in alcohol and 
in hot water but insoluble in light petroleum, crystallises from hot 
water in small transparent prisms, m. p. 187—188° (decomp.) 
(Found: N, 12-8. C,,H,,0,N, requires N, 12-6%). 

Methyl ethyl ketone. Product: dl-«-Amino-sec.-butylacetic acid 
in 73-°8% yield (Found: N, 11-7. Calc. for C;H,,0,N : N, 12-0%). 
The acid had m. p. 317—318° (decomp.). Slimmer (Ber., 1902, 35, 
406) found m. p. 307-5° (decomp.) in a closed tube. 

Slimmer (loc. cit.) heated methyl ethyl ketone with anhydrous 
hydrogen cyanide in a closed vessel at 80°, the resulting cyanohydrin 
being heated with alcoholic ammonia in a closed vessel at 45°. He 
used hydrochloric acid to hydrolyse the amino-nitrile and obtained 
the amino-acid in 60% yield. 

The phenylcarbamido-derivative had m. p. 180° (decomp.) as 
recorded by Slimmer (loc. cit., p. 407) (Found: N, 12-2. Cale. for 
C,9H,,0,N,: N, 11-9%). 

(C) Preparation of dl-Methylaspartic Acid from Ethyl 8-Amino- 
crotonate.—Hydrogen cyanide (17 c.c.) was added to ethyl 6-amino- 
crotonate (19 g.) suspended in well-cooled ether, the solid ester 
passing very quickly into solution. After being kept for 4 days at 
the ordinary temperature, the solution was filtered from the black 
product, added to a cooled mixture of sulphuric acid (30 c.c.) and 
water (80 c.c.), and the whole well shaken. After the ether had 
been removed on the water-bath, the residual solution was heated 
at 115° for 3—4 hours and then diluted with water and treated with 
barium carbonate, sulphuric acid, and lead carbonate in succession 
as recommended in Section V B. 

The resulting dl-methylaspartic acid was obtained in 51% yield 
as needles of the monohydrate form, m. p. 229—230° (decomp.) 
(Found : N, 8-7. Calc. for C;-H,O,N,H,O: N, 8-5%). Piutti (Ber., 
1898, 31, 2044) gives m. p. 232—234° (decomp.) for the monohydrate. 

The corresponding hydantoin, 


CH NCO NBS 0(CH,)-CH,-CO,H, 


was made by shaking an aqueous solution of dl-methylaspartic acid 
with phenylcarbimide, and filtering off carbanilide when reaction 
was complete. When the liquid was acidified with hydrochloric 
acid, very little precipitate was formed (for behaviour of aspartic 
acid in similar circumstances, compare Ber., 1903, 36, 3339). The 
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whole was kept at the ordinary temperature for 24 hours and then 
heated for 10 minutes on the water-bath, and cooled. The hydan- 
toin, which was deposited in solid form, separated from water in 
long prisms or needles containing water of crystallisation (Found : 
C, 54-2; H, 5-3; N, 10-5. C,,H,.0,N,,H,O requires C, 54-1; H, 
5-3; N, 10-5%). The crystals have m. p. 146° (efferv.). After the 
crystals have been heated at 130° for 15 minutes, the solid residue 
obtained (Found: N, 11-3. C,.H,,.0,N, requires N, 11-3%) has 
m. p. 197° (decomp.), but on recrystallisation from water yields, 
once more, crystals having the m. p. 146° (decomp.). 

(D) Preparation of Glycine by Acid Hydrolysis of Aminoaceto- 
nitrile Hydrogen Sulphate-—(i) Anslow and King (J., 1929, 2463) 
showed that the readily accessible hydrogen sulphate of amino- 
acetonitrile gives an 84% yield of pure glycine on hydrolysis with 
aqueous baryta. 

Experiments made by the present authors ‘indicate that even 
larger yields can be obtained by hydrolysing the compound with 
40°, sulphuric acid for 3 hours at 125°. Thus in one experiment, 
24 g. of aminoacetonitrile hydrogen sulphate yielded 10-8 g. (92% 
of the theoretical amount) of colourless glycine, m. p. 256—257° 
(decomp.), free from mineral residue, ammonium salts or other 
detectable impurities. By one recrystallisation from water of part 
of this product, the melting point was raised to 263°, the loss being 
inappreciable. In earlier trials, smaller quantities of starting 
material (4—6 g.) were used, probably entailing greater loss in 
manipulation, and yields were about 84—86%. 

It is worthy of note that the highest yield (92%) was obtained 
during the course of a series of trials made with the object of reduc- 
ing the quantity of pure barium carbonate required in working 
according to the procedure described in V B. As the results obtained 
with glycine have been so wholly satisfactory and likely to be of 
general application for the isolation of an amino-acid obtained by 
hydrolysis of an amino-nitrile by means of sulphuric acid, the 
following procedure may be recommended whenever, for the sake 
of economy or other reason, it may be desirable to reduce the amount 
of pure barium carbonate employed to a minimum. 

(ii) The acid liquor remaining after hydrolysis of the amino- 
nitrile with aqueous sulphuric acid is diluted and treated at the 
boiling point with successive small quantities of milk of lime until 
ammonia begins to be evolved; excess of pure calcium carbonate 
is now added and the boiling continued, but only until the evolution 
of ammonia sensibly slackens; the liquid is then filtered, the residual 
solids are washed thoroughly, and the united filtrates and washings 
treated while hot with more than enough solid ammonium oxalate 
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to precipitate the whole of the dissolved calcium. The quantity 
of oxalate required is small, its presence in the solution is easily 
and quickly detectable, and even a considerable excess is harmless. 
After filtration from precipitated calcium oxalate the liquid (which 
should be free from cloudiness) is treated with a little barium 
carbonate and a current of steam as described in Section V B, the 
further procedure being precisely as there detailed. 

(E) A Preparation of Glycine from Chloroacetic Acid.—A simple 
method for preparing pure glycine is the following, which is based 
on Robertson’s experiments (J. Amer. Chem. Soc., 1927, 49, 2889). 

Chloroacetic acid (47 g.) is dissolved in aqueous ammonia (d 0-880, 
1} litres), the whole kept in a stoppered bottle at laboratory temper- 
ture for 3 days, and the ammonia then driven off and collected in 
water; the residue is evaporated to about 500 c.c., and barium 
carbonate (60 g.) added. The subsequent treatment with steam, 
sulphuric acid (about 33 g. of conc. acid diluted with water), and 
lead carbonate (about 70 g.) in succession is as described in Sec- 
tion V A. The solution should be evaporated to about 50 c.c. 
before being cooled, and lead chloride separated. 

The filtrate, if treated directly with hydrogen sulphide, filtered, 
and evaporated in stages, yields several batches of quite colourless 
glycine, which, after being washed with methy! alcohol and dried, 
has m. p. 259° (decomp.), identical with that of the best samples 
obtainable. The product is almost free from ash and from chloridion 
if evaporation of the mother-liquors has not been carried too far. 
The yield is about 17-5 g. or 50% of the theoretical amount (Found : 
N, 18-5. Cale. for C,H;0,N: N, 18-65%). 

If the filtrate, before treatment with hydrogen sulphide, is first 
stirred with a little silver hydroxide (about 0-5 g.) and refiltered, 
the yield of practically pure glycine is about 21 g. or 58% of the 
theoretical. 

Robertson (loc. cit., p. 2892), starting with similar proportions of 
ammonia and chloroacetic acid and then using a whole mol. of silver 
hydroxide, followed by treatment with permutite to remove some 
ammonia, obtained pure glycine in 50% yield. Boutwell and Kuick 
(J. Amer. Chem. Soc., 1930, 52, 4166), starting with a still larger 
proportion of ammonia and then using a pyridine—methyl] alcohol 
mixture to induce separation of glycine in the crystalline state, 
subsequently treating the product with permutite, obtained a 54% 
yield of pure glycine. 

Summary. 

General modes of procedure have been worked out for the isolation 
of a number of the more soluble amino-carboxylic acids obtainable 
by the application of known synthetic methods. 
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ntity In the preparation of «-amino-nitriles from open-chain aldehydes 
asily and ketones by means of ammonia and hydrogen cyanide, heating 
iless. is not necessary and hydrolysis of the nitriles is readily effected by 
rhich means of dilute sulphuric acid at about 125° at atmospheric pressure. 
faa THE UNIVERSITY, MANCHESTER. [Received, May 1st, 1931.] 
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mple CLXXXVITI.—The Preparation and Properties of 


om Nickelous Oxide. 
880, By Mata PrasapD and MANGESH GANESH TENDULKAR. 
aper- 


THE physical and chemical properties of many oxides are known to 





od in depend upon the nature of the material from which these are made 
aren. and upon the temperature of preparation; for instance, as this 
ia temperature is increased, the colour of ferric oxide changes from 
an 


orange-red to violet and its solubility in sulphuric acid decreases 

Sec- (Hedvall, Z. anorg. Chem., 1922, 121, 217): also the density of 

) ee. alumina increases and its solubility in acids decreases (Mellor and 
Holdcroft, T’rans. Ceramic Soc., 1911, 9, 94). 

ered, Le Blanc and Sacshe (Z. Elektrochem., 1926, 32, 58) obtained 


irless nickelous oxide of colours varying from dark grey to greyish-green 
ried, by heating the basic carbonate at various temperatures from 550° 
8 to 1220°, but this alteration of colour may have been partly due to 
idion 


‘impurities which liberated iodine from acidified potassium iodide 
) far. solution. Schiitzenberger (Compt. rend., 1892, 114, 1149), by heating 
und : nickel sulphate to red heat, prepared a greenish-yellow nickelous 

oxide which was insoluble in dilute acids. Benton and Emmett 
first (J. Amer. Chem. Soc., 1924, 46, 2730) found that the reduction of 









ered, nickelous oxide by hydrogen is slower the higher the temperature 
f the of preparation of the oxide. 

This investigation is a systematic study of the changes in the 
ns of J properties of nickelous oxide when the source and the temperature 
ilver J of preparation are varied. 
some 
Cuick EXPERIMENTAL. 
arger Nickelous oxide was prepared by heating to various temperatures 
cohol the nitrate, the basic carbonate, and the hydroxide in air, and also 
state, the last two substances in a vacuum. The nitrate was Merck’s 
54% “pure chemical” and was further purified by recrystallisation. 

The basic carbonate and the hydroxide were prepared in the 
laboratory and washed free from impurities. 
ation The furnace used for heating consisted of a silica tube over which 
nable was wound a coil of nichrome wire. The temperatures were measured 






by means of an electrical pyrometer. 
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The nickelous oxide obtained at different temperatures was 
analysed by dissolving a weighed amount in hydrochloric acid and 
depositing nickel on a rotating platinum-gauze cathode. ‘This 
method gave more accurate results than that by means of dimethy]- 
glyoxime. The analyses given below show that the oxide prepared 


NiO from nickel nitrate heated in air. 


Temp. of preparation ... 400° 500° 800° 900° 1000° 
99-15 99-61 99-91 100 100 


Colour Grey Greyish- Greenish-yellow 
green 


NiO from basic nickel carbonate heated in air. 


Temp. of preparation 400° 600° 700° 800° 
98-26 98-58 98-97 
i eetlioenee 


Colour Grey Greyish-green 


at lower temperatures is not pure and that the impurity decreases as 
the temperature of preparation is raised. 

The oxide prepared as above liberates iodine from an acid solution 
of potassium iodide fairly rapidly (compare Le Blanc and Sachse, 
loc. cit.); the proportion of active oxygen, however, is small and 
decreases as the temperature of preparation of the oxide is raised. 
The oxide obtained from the carbonate contains more active oxygen 
than that obtained from the nitrate at the same temperature. 

The oxide prepared by heating nickelous hydroxide in air is 
black and is less pure than that obtained in other ways; never- 
theless, it liberates only a small amount of iodine at a slow rate 
from an acid solution of potassium iodide. 

By heating basic nickel carbonate and nickelous hydroxide to 
400° or 500° in a vacuum, a greenish-yellow oxide is obtained 
which turns black on exposure to air. This blackened oxide becomes 
greenish-yellow again if heated in a vacuum to 200° or if placed in 
an acid solution of potassium iodide, in which case iodine is liberated 
fairly rapidly. The greenish-yellow oxide obtained by heating the 
basic carbonate in a vacuum to 800°, however, does not blacken 
when brought in contact with air, and its purity is 100%. 

The blackening described above cannot be attributed to the 
formation of nickelic oxide on the surface of the nickelous oxide, 
because this higher oxide does not become greenish when placed in 
an acidified solution of potassium iodide or when heated even to 
500° ina vacuum. It is suggested, therefore, that the oxide adsorbs 
oxygen from air, forming a black adsorption complex therewith. 
Le Blanc and Sachse (Z. EHlektrochem., 1926, 32, 204) have found 
from an X-ray study of the blackened oxide that it is essentially 
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nickelous oxide with the surplus oxygen “‘ vagabundierend ”’ in its 
lattice. 

Richards and Rogers (Amer. Chem. J., 1893, 15, 567) have shown 
that the oxides of zinc and nickel, prepared by the ignition of 
nitrate, occlude oxygen and other gases that are not evolved on 
dissolution in potassium hydroxide solution. When the oxide pre- 
pared from nickel nitrate or basic nickel carbonate at 400—800° 
was heated in a vacuum, the gases collected were shown to contain, 
not only oxygen, but also probably oxides of nitrogen or carbon 
dioxide and water vapour, and these are the probable impurities in 
nickelous oxide prepared at temperatures below 1000°. The greater 
activity of the oxide prepared from nitrate, towards acidified 
potassium iodide, may therefore be due partly to the oxides of 
nitrogen. Further work on the quantitative analysis of these gases 
is being carried out. 

Physical and Chemical Properties of Nickelous Oxide—From the 
foregoing it appears that the purest nickelous oxide is obtained by 
heating nickel nitrate to various temperatures, and such oxide has 
been used for the study of the variation in properties with change 
in the temperature of preparation. 

Density. It was observed that an appreciable shrinkage of the 
oxide took place when it was prepared at or above 800°, and that 
the greenish-yellow oxide settled in water more quickly than the 
grey. The densities of the oxides, determined by means of a 
pyknometer at 28°, were as follows : 


Temp. of preparation 400° 500° 700° 800° 900° 1000° 
OT icccsovcestbnenmecetvont 5668 5745 6070 6265 6305 6-310 


4 


Electrical resistance. The electrical resistance was measured by 
an apparatus similar to that employed by Ryschkewitsch (Z. Elek- 
trochem., 1922, 28, 289). The specific resistance was calculated 
from the expression S = Rr*r4d/M, where R is the observed resist- 
ance of M grams of the oxide, r the radius of the tube, and d the 
density of the oxide. 


Temp. of preparation ... 400° 600° 700° 800° 900° 
Specific resistance, ohms 4,880 7,598 9,034 14,772 Very high 


Solubility in sulphuric acid. The solubility of nickelous oxide 
was measured in 0-1N-sulphuric acid. The oxide (0-2 g.) was 
treated with the equivalent amount of acid solution, and the mix- 
ture kept at 80° and stirred for a definite time. The solution was 
filtered and analysed. 


Temp. of preparation 400° 500° 700° 800° 900° 1000° 
NiO dissolved, % ...... 96-86 85:70 36-70 2-68 2-18 0-77 
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The catalytic decomposition of hydrogen peroxide. Quartaroli (Gaz- 
zetta, 1925, 55, 619) has studied the decomposition of hydrogen 
peroxide in the presence of several oxides and has shown that 
most of these reactions are autocatalytic. On the other hand, 
according to Clarens (Bull. Soc. chim., 1923, 33, 282), the decom- 
position of hydrogen peroxide is a physical phenomenon and depends 
upon the physical properties of the catalysts. The catalytic effect 
of the different nickelous oxides on the decomposition of hydrogen 
peroxide was studied at 30°. In neutral solution the decomposition 
was very slow, but it was more rapid in alkaline solution. The 
oxide (0-2 g.) was added to 25 c.c. of a hydrogen peroxide solution 
(prepared by ten-fold dilution of Merck’s pure 10-volume product) 
containing 0-25 c.c. of 0-1N-sodium hydroxide. 2 C.c. of this 
reaction mixture were titrated with N/100-permanganate, at inter- 
vals, and the velocity coefficient k was calculated as for a uni- 


molecular reaction. 
Oxide prepared at 





f my 
400° 500° 800° 1000° 
Time, mins. N/100-KMn0O,, c.c. 
0 22-0 22-0 22-0 22-0 
30 17-5 18-0 20-7 21-6 
60 13-4 14:3 20-2 21-2 
90 9-7 10-2 19-8 20-7 
120 6-7 7-6 19-3 19-6 
Mean values of k x 104 81 46 16 8 


Discussion of Results. 

It is evident that the density and the electrical resistance of 
nickelous oxide both increase, and the solubility in sulphuric acid 
and the catalytic activity in the decomposition of hydrogen per- 
oxide both decrease, as the temperature of preparation is raised. A 
remarkable change is noticeable in the properties of the oxide 
prepared at and above 800°. The proportion of the oxide dis- 
solving in sulphuric acid falls from 36-7% to 2-68% as the temper- 
ature of preparation is raised from 700° to 800°. 

The changes in properties probably reach their maximum values 
in the oxide prepared at 1000°. The electrical conductivity and 
the solubility in sulphuric acid of this oxide are very small. 

It appears that nickelous oxide exists in two forms: (i) the 
black oxide prepared at 400°, and (ii) the greenish-yellow oxide 
prepared at 1000°; these may be called respectively the active and 
the inactive variety. The inactivity may be caused by changes 
(i) in the size of the particles of the oxide, (ii) from the amorphous 
to the crystalline state, (iii) in the crystalline form, and (iv) of an 
intramolecular nature. 

Hedvall (loc. cit.) has shown that the size of ferric oxide particles 
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‘IDE. 


(Gaz. increases as the oxide is heated to 1000°, and the same may happen 
rogen in the case of nickelous oxide. The decrease in the amount of 
. that oxygen retained by the oxide prepared at higher temperatures may, 


hand, therefore, be due to this cause : it is well known that the absorptive 
ecom: power of a substance decreases with increase in the size of the 
pends particles. 

effect The changes in the properties of alumina with change in the 
rogen | temperature of preparation were attributed by Mitscherlich (J. pr. 





sition § Chem., 1860, 81, 110) to a change from the amorphous to the 
The — crystalline state; but Hedvall’s X-ray study of nickelous oxide 





lation (Z. anorg. Chem., 1922, 120, 327) showed the oxide to have the 
duct) f same crystalline form before and after heating. 
f this Berzelius (“‘ Lehrbuch der Chemie,’ Dresden, I, i, 841, 1825) 
inter- showed that a number of oxides, when heated to redness, undergo an 
. uni. | internal change, attended by the evolution of heat. It has also 
been found by various workers that the reactivity of these oxides 
with sulphuric acid decreases considerably and their density increases 
0° when they are so heated. In the case of alumina these changes 
start at about 850° and continue up to 1500°. Probably the 
0 nickelous oxide undergoes a similar intramolecular change on heat- 
; ing, and this change starts at 700—800° and is nearly completed 
7 at 1000°. 
6 
One of the authors (M. P.) wishes to thank Professor F. G. Donnan, 
‘D.Se., F.R.S., at whose suggestion this work was started. 
Tae Royat InstituTE oF SCIENCE, 
ce of Bomsay. [Received, March 23rd, 1931.] 
: acid 
| per- 
1 A CLXXXIX.—The Action of Sulphuric Acid on 
oxide Nickel-Copper Maite. 
de By Mata Prasap and MancEesH GANESH TENDULKAR. 

THE largest source of nickel is the ore found at Sudbury, Ontario, 
alues which contains 2—6%, of this metal and about the same amount of 
- and copper. In order to increase the proportion of nickel in the roasted 

ore, the matte is leached with 10% sulphuric acid at 80°; two-fifths 
) the of the copper is removed as sulphate, but the nickel oxide is so 
oxide slightly attacked that the residue contains about 50% of nickel 
» and (Gowland, “ Metallurgy of Non-ferrous Metals,” 1921, p. 554). 





unges In view of the positions of nickel and copper in the electro- 
hous chemical series of elements, and of the fact that copper forms basic 
salts more readily than nickel, this difference in behaviour is note- 
worthy. Since we have shown (preceding paper) that nickelous 
oxide prepared at or above 800° is very inert towards sulphuric 


of an 
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acid, it appeared that the insolubility of the nickel oxide in the 
matte might be caused by the formation of the inactive variety 
during the roasting of the ore. 

The action of sulphuric acid on mixtures of copper and nickel 
oxides (prepared under different conditions) has therefore been 
studied, and the results give information as to the composition of 
the roasted ore. 

EXPERIMENTAL. 

The action of N/10-sulphuric acid on the following was inves- 
tigated : (a) A mixture of cupric and nickelic oxides; (6) a mixture 
of cupric and nickelous oxides prepared at different temperatures; 
and (c) oxides obtained by heating a mixture of nickel and copper 
nitrates to various temperatures. 

The bivalent oxides were prepared by heating Merck’s pure 
nitrates in an electric furnace, at 800° for copper, and at various 
temperatures between 400° and 1000° for nickel. Nickelic oxide 
(from British Drug Houses, Ltd.) was found to be free from impur- 
ities. N/10-Sulphuric acid was prepared from Merck’s pure acid. 

To the mixed oxides in known molecular proportion, sulphuric 
acid was added in amount insufficient to dissolve them completely. 
The reaction mixture was kept in a thermostat and stirred con- 
tinuously. After 7 hours, when no more dissolution of the oxides 
took place, the solution was filtered, and analysed as follows. It 
was first acidified and its copper content determined by electrolysis 
at 2-3 volts; excess of ammonium hydroxide and a small amount 
of ammonium sulphate were then added, and the nickel was 
deposited from the solution heated to 70° at 3—4 volts. 

(a) The action of sulphuric acid on a mixture of cupric and nickelic 
oxides. Equimolecular proportions of the two oxides were sub- 
mitted to the action of the acid at 50°; as the following table 
shows, only a small amount of copper goes into solution when 
nickel is present as this oxide in the mixture. 

CuO = 0-2500 g.; Ni,O, = 0-4400 g. 
Cu in soln. Ni in soln. Ni/Cu in soln. 
0-0032 g. 0-1216 g. 38 

(b) T'he action of sulphuric acid on a mixture of the bivalent oxides. 
Equimolecular proportions of copper oxide (prepared at 800°) and 
of nickelous oxide (prepared at various temperatures) were mixed 
and the reaction with sulphuric acid was studied at 50°. 

CuO = 0-2500 g. ; NiO = 0-2346 g. 


Temp. of preparation 


66 WD wsisicésesv ni. 400° 500° 700° 800° 900° 1000° 
Cu in solm., g. «..+-+++- 0:1438 0-1450 0-1487 0-1548 00-1550 0-1552 
Ni in soln., g. ....++++- 0-0125 0-0072 00-0055 90-0012 0-0010 0-0004 


Ni/Cu in soln. .....+... 0:0869 0-0496 0-0370 0-0077 0-0064 0-0026 
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These results indicate that. the relative solubility of nickelous 
oxide is slight and decreases rapidly as the temperature of its 
preparation is increased. 

The effect of temperature on this reaction was next studied. 
Both oxides prepared at 800° were mixed in equimolecular propor- 
tion and the reaction was carried out at various temperatures. It 
is evident that the amount of nickel dissolving increases about 2} 
fold as the temperature of the acid is increased from 50° to 80°. 


CuO = 0-2500 g. ; NiO = 0-2346 g. 


Temp. of reaction. Cu in soln., g. Ni in soln., g. Ni/Cu in soln. 
50° 0-1550 0-0012 0-0077 
70 0-1520 0-0020 0-0132 
80 0-1489 0-0027 0-0181 


The proportion of nickelous oxide in the mixture was then 
increased, but no change was found in the amount of nickel going 
into solution at 50°. (Oxides prepared at 800° were used for this 
purpose.) 


CuO, g. NiO, g. Molar ratio CuO: NiO. Cu in soln., g. Niin soln., g. 
0-2500 0-2346 1:1 0-1550 0-0012 
0-2500 0-4692 1:2 0-1550 0-0012 


(c) The action of sulphuric acid on oxides obtained by heating the 
mixed nitrates. The finely powdered nitrates in molecular propor- 
tion were heated to various temperatures. The colour of the mixed 
oxides was reddish-brown, deepening with increasing temperature. 
Analysis showed the composition of the mixed oxides to differ from 
the theoretical by 2-5% for the mixture obtained at 400° and by 
0-4% for that obtained at 800°. 

The amount of nickel dissolving in sulphuric acid at 50° from 
these mixtures decreased as the temperature of preparation of the 
mixed oxide was raised : 


Mixture taken = 0-4846 g. 


‘Temp. of preparation Cu in soln., g. Niin soln., g. Ni/Cu in soln. 
of the oxide. 
400° 0-0336 0-0968 2-881 
500 0-0924 0-0604 0-654 
700 0-1432 0-0160 0-112 
800 0-1460 0-0094 0-064 


It was observed that the residue had a reddish tinge, brighter than 
that of the original oxide; hence the residue, from mixed oxides 
(prepared at 800°) and excess sulphuric acid, was analysed (0-2607 g. 
gave 0-0552 g. of CuO and 0-2055 g. of NiO; whence CuO: NiO = 
1: 3-968). These results indicate, first, that an excess of sulphuric 
acid is not able to remove copper oxide completely from the mixed 
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oxides, and, secondly, that the residue approximates to the com- 
position CuO,4NiO. 

To test this observation further, copper and nickel nitrates mixed 
in different ratios were heated to 800°, the oxides obtained were 
heated with excess of sulphuric acid for 7 hours, and the solutions 
analysed. 


Molar ratio 
Cu(NO,), : Ni(NO,),. Oxide taken, gz. Cuin soln., g. Ni in soln., g. 


a39 0-4846 0-1558 0-0251 
1:2 0-7192 0-1100 0-0055 
1:4 1-1884 0-0040 0-0050 


These results show that the amount of copper, oxide dissolved is 
small when the ratio of copper to nickel oxides in the mixture is 
1:4. When a mixture of copper and nickel oxides, prepared 
separately at 800°, is treated with excess of sulphuric acid, how- 
ever, all the copper oxide dissolves. These experiments suggest 
the existence of a compound, Cu0,4Ni0O, which does not react 
appreciably with sulphuric acid. 


Discussion of Results. 


The foregoing results show that sulphuric acid dissolves nickel 
far more readily from mixtures of its trioxide with cupric oxide 
than from similar mixtures of its bivalent oxide. In the latter 
case, the amount of nickel dissolved decreases as the temperature 
of preparation of the oxide is raised, increases with increasing 
temperature of the sulphuric acid, and remains unaffected by change 
in the ratio of nickelous to cupric oxide. These findings, when 
compared with the action of sulphuric acid solution on the nickel- 
copper matte, indicate that during the roasting of the nickel ore 
nearly all the nickel is converted into the inactive variety of 
nickelous oxide. A small amount of nickelic oxide may also be 
formed along with the inactive lower oxide and may be responsible 
for the fact that 1—2% of nickel goes into solution along with 
copper sulphate. Further, it is probable that a complex oxide of 
copper and nickel, like the one obtained by heating the nitrates, is 
formed during the roasting of the ore. The solubility of this com- 
plex oxide in sulphuric acid is very low if it is prepared at or above 
800°: its formation would account both for the negligible loss 
of nickel from the matte on treatment with sulphuric acid and for 
the incomplete removal of copper. 

Langer (J. Soc. Chem. Ind., 1917, 36, 1135) has found that if the 
roasted ore after the treatment with sulphuric acid solution be 
mixed with a solution of copper sulphate, some nickel goes into 
solution as nickel sulphate; this may be due either to (1) the 
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action of sulphuric acid on one of the oxides of nickel in the matte 
or to (2) the action between nickel oxide and aqueous copper sul- 
phate. The amount of nickel going into solution in the second 
process has been measured and found to be small, yet it contributes 
to the amount dissolving from the nickel-copper matte. 


One of the authors (M. P.) wishes to thank Prof. F. G. Donnan, 
D.Se., F.R.S., for suggesting this work, which was started at 
University College, London. His thanks are also due to Mr. H. 
Terrey, B.Sc., for his helpful suggestions. 

THe Roya InstTituTE oF SCIENCE, . 

BomBay. [Received, March 23rd, 1931.] 





CXC.—The Chemistry of the Three-carbon System. 
Part XXVI. Some Substituted Acrylic Acids. 


By GzorGE ARMAND RosBeErt Kon, Ernest Leton, REGINALD 
Patrick LINsSTEAD, and Lestrz Grorce Brett Parsons. 


CERTAIN regularities in the influence of alkyl substituents on the 
mobility and position of equilibrium of tautomeric unsaturated 
acid systems have recently been observed and correlated (Goldberg 
and Linstead, J., 1928, 2343; Linstead, J., 1929, 2498) and have 
been further exemplified by subsequent work (Linstead and Mann, 
J., 1930, 2064; Kon and Thakur, ibid., p. 2217). The influence 
of «alkyl groups on the mobility has, however, presented some 
difficulty. Goldberg and Linstead showed that the a-methyl-n- 
pentenoic acids and the n-pentenoic acids themselves underwent 
conversion with approximately the same ease, whereas Kon and 
Thakur observed a large diminution of mobility in cyclopentylidene- 
and cyclohexylidene-acetic acids on the introduction of an a-methyl 
group. Similar observations were made with substituted itaconic 
acids by Linstead and Mann (this vol., p. 733), as a result of which 
it was suggested that an «-alkyl group only depressed the mobility 
when introduced into a molecule already substituted on adjacent 
carbon atoms. 

Well-defined examples of the considerable retarding effect of the 
zalkyl group on the mobility of heavily substituted acrylic acids 
are provided in the present work, which deals with the following 
systems ; 


(.) CH,Me-CEt:CH-CO,H CHMe:CEt-CH,*CO,H (IL) 
(Ul.) CH,Me-CEt:CMe-CO,H CHMe:CEt-CHMe-CO,H (IV.) 
Vv.) CH,Et-CMe:CH-CO,H CHEt:CMe-CH,CO,H (VI) 


(VII.) CH, Et-CMe:CEt-CO,H CHEt:CMe-CHEt-CO,H (VIII.) 
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The equilibria and mobilities of these were determined by the 
standard methods (Linstead, J., 1927, 2579); but for the more 
inert acids it was often convenient to obtain the final equilibrium 
in boiling alkali, a suitable mixture of isomeric acids being used 
as initial material. The results are summarised below : 


























System. Equilibrium, % aB-. Mobility (¢ in hours). 
III 21 0-64 
lil=IV 50 0-0058 
V= VI 33 0-39 
VII = VIII 57 0-0030 


The large retardation of mobility by the «-group revealed by 
these figures has already been commented upon. In practice, the 
effect is so considerable that, for example, the acids (VII) and 
(VIII) are almost unchanged by 24 hours’ treatment with a large 
excess of aqueous potash at 100°. In other respects the new figures 
agree with the general rules, the stabilisation of the «$-phase by 
the a-substituent and of the By-phase by the 8-substituent (in com- 
parison with the corresponding acids with only one $-substituent) 
being clearly shown. As usual, the lengthening of the chain beyond 
the 8-carbon has but little effect on the position of equilibrium. 

It was essential for the purpose of the present quantitative work 
that the acids studied should be quite free from isomeric impurity 
and this was made possible by the use of the partial esterification 
method, controlled by iodometric analysis (Eccott and Linstead, 
J., 1929, 2153). In this way, for example, 88-diethylacrylic acid 
and its Sy-isomeride (I and IL) were obtained in a state of purity 
which had not been possible in the previous work (Kon and Lin- 
stead, J., 1925, 127, 616). The earlier determination of the equi- 
librium between these acids was carried out with a By-acid obviously 
containing some of the «8-isomeride and this accounts for the differ. 
ence between the old figure (5% «8-; Linstead, J., 1927, 355) and 
that now given. 

8-Methyl-8-n-propylacrylic acid (V) has been described by 
Gardner and Haworth (J., 1909, 95, 1963) as a liquid which, from 
the method of preparation employed, may have contained some § 1 
of the isomeric acid (VI). We find that this acid, quite free from fb 
its By-isomeride, slowly deposits a solid form of m. p. 40° when§ g 
cooled to —20°. The liquid filtrate from this has the chemical § t 
and physical properties required for the pure «$-acid and un-§ ( 
doubtedly contains a second form of the acid probably contaminated J 4 
with some of the solid acid in solution. We have been unable to§ it 
effect the conversion of the liquid into the solid acid by the action § (« 
of mineral acid, alkali or acetic anhydride. The acid chloride pre- 
pared from the liquid acid is a mixture which yields no homogeneous 
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solid derivatives but gives a small amount of the solid acid 
on treatment with formic acid. This acid evidently provides 
another example of the occurrence of two geometrical isomerides 
of a monobasic acid with an «8-double bond, the existence of which 
in unsymmetrical 68-dialkylacrylic acids has been previously sus- 
pected (Kandiah and Linstead, J., 1929, 2151; Kon and Thakur, 
loc. cit., p. 2223). It is more usual for stereoisomeric acids of this 
type to give homogeneous acid chlorides derived from the stable 
form (compare Newbery, J., 1925, 127, 295) and the behaviour of 
methylpropylacrylic acid is therefore abnormal in this respect. 


EXPERIMENTAL. 


(General Methods.—These methods were used throughout except 
where special mention is made. 

Preparation. The appropriate ketones and «-bromo-esters were 
condensed with zinc in benzene by the Reformatsky reaction. To 
obtain the «$-acids, the resulting 6-hydroxy-esters were hydrolysed 
by alkali to the acids and dehydrated with boiling acetic anhydride 
(Kon and Linstead, loc. cit.). The crude acids were purified by 
partial esterification, the quantities of reagents recommended by 
Kon and Thakur (loc. cit.) being used. The @y-acids were prepared 
by dehydrating the @-hydroxy-esters by the method of Darzens 
(Compt. rend., 1911, 152, 1601) and hydrolysing the crude $y-esters 
so obtained with cold 5% alcoholic alkali. The crude acids were 
then purified by partial esterification. 

lodine additions. These values (J) were determined by Linstead 
and May’s methods (J., 1927, 2565), reaction periods of 10 minutes 
being used for the acids in sodium bicarbonate solution and of 
1 hour for the esters in chloroform solution. Mixtures of acids were 
analysed with the aid of reference curves in the usual manner. 

8-Ethylpentenoic Acids.—Crude {8-diethylacrylic acid (I) with 
J 83% was submitted to partial esterification for 6 hours. The 
unesterified acid (50% yield) then had J 1-2% and was taken to 
be the pure «@-acid. It had b. p. 122°/17 mm., di** 0-97159, nj?" 
1-46867, [R,|p 36-69 (calc., 35-71). The crude By-ester (90% yield 
by the Darzens method) had J 49-4% and on hydrolysis gave a 
good yield of an acid with J 48-8%. The crude acid was subjected 
to partial esterification for 6 hours, giving a 30% yield of the 
gy-ester, b. p. 78—80°/17 mm., d?” 0-90241, n®” 1-43237, [Rz]o 
44-84 (calc., 44-95); J 78:7%. The By-acid (11) obtained from 
it had b. p. 122°/17-5 mm., d?* 0-96398, nj* 1-44803, [Rz]p 35-49 
(cale., 35-71), J 64:8%. The purity of the acid and of the ester 
from which it was derived was shown by the fact that the acid, 
when subjected to a second partial esterification for 4 hours, yielded 
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an ester with J 78-3% and properties identical with those given 
above. 
Equilibrations. Reference curve : 





Mixture 
(% aB)...... 100 90 85 75 50 25 15 10 0 
FEM) sii ciecs 12 113 146 21-8 38:3 52:1 568 596 64-8 


The equilibrations were carried out under standard conditions, 
but the final equilibrium value was checked by an experiment on 
the «$-acid at the b. p. The physical properties of the equilibrated 
acids were determined as a check but are not recorded. The mean 
figures for the mobility and points of equilibrium have already 
been given (p. 1412). 


Time aB-Acid Time aB-Acid 
Acid. (hours) J %,. %. Acid. (hours), J %. %. 
ag 2 9-1 93-0 ap 24 43-3 41-0 
99 4 18-4 80-0 on 48 50-9 26-5 
n 6 22-5 74-0 As 96 at b.p. 53-8 21-0 
~ 10 31-0 61-5 By 72 54-5 19-0 
- 90 53-8 21-0 


6-Methylhexenoic Acids.—Ethyl (-hydroxy-B-methylhexoate was 
obtained in 50—55% yield from ethyl bromoacetate and methyl 
n-propyl ketone; b. p. 98°/13 mm., d?” 0-9479, nZ° 1-43087 
(Found: C, 62-3; H, 10-4. C,H,,0, requires C, 62-1; H, 10-39%). 
The acid was an uncrystallisable liquid (Found: Ag in silver salt, 
42-9. C,H,,0,Ag requires Ag, 42-6%). 

8-Methyl-At-hexenoic acid (8-methyl-8-propylacrylice acid) (V) was 
obtained in 45% yield. The crude acid, b. p. 112—116°/9 mm., 
J 6:2%, was subjected to partial esterification for 7 hours. The 
recovered acid had b. p. 120°/14 mm., d}* 0-96836, n}* 1-46659, 
[Rz]> 36-68 (cale., 35-71), J 14%. Another sample after two 
partial esterifications had b. p. 117—118°/10 mm., J 1-7%. On 
being kept for some time in a freezing mixture, it deposited hard 
prismatic crystals, m. p. 40°, unchanged by crystallisation from 
benzene (Found : C, 65-9; H, 9-6. C,H,,0, requires C, 65-6; H, 
9-5%); the mother-liquor on further cooling deposited other crops 
of crystals, but these melted just below room temperature, although 
they could be kept on a porous tile cooled below 10°; we regard 
these as a mixture of the two forms of the «$-acid. The liquid 
acid could not be converted into the solid form by boiling for 1 hour 
with concentrated hydrochloric acid or for 3 hours with acetic 
anhydride; cold aqueous sodium hydroxide was also without effect. 
A solid dibromide could not be obtained. 

A specimen of the liquid «f-acid (5 g.) was dissolved in chloroform 
and treated with ozonised oxygen for 24 hours, the solvent being 
then removed under reduced pressure. The residue was treated 
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with water and gently distilled in steam ; methyl propyl] ketone passed 
over and was identified in the form of its semicarbazone ({m. p. and 
mixed m. p. 109°), and oxalic acid was identified in the residue. 

Q-Methyl-A®-hexenoic Acid (V1).—The crude ester (85% yield) 
yielded an acid, b. p. 114—122°/12 mm., J 36%. This was sub- 
jected to partial esterification for 13 hours, giving the pure fy-ester, 
hb. p. 84—85°/26 mm., d?* 0-89609, n®* 1-43087, [R,|p 45-00 
(cale., 44-95), J 80-2%. The acid obtained from it had b. p. 113°/ 
10 mm., d?* 0-95487, n=“ 1-44692, [R,J]p 35-72 (cale., 35-71), 
J 56:0% (Found: C, 656; H, 93; M, by titration, 127-8. 
C,H,,.0, requires C, 65-6; H, 9-5%; M, 128-1). A second speci- 
men of the crude fy-acid was partially esterified for only 7 hours, 
but the ester had properties identical with the above (J 80-0%). 
In another preparation, the hydroxy-ester was dehydrated with 
phosphorus oxychloride in benzene, yielding 65% of crude By-ester. 
This gave an acid of J 31-6% which after partial esterification and 
hydrolysis gave the pure acid, J 55-2%. 

The pure @y-acid (4 g.) was dissolved in 200 c.c. of saturated 
sodium hydrogen carbonate solution and 650 c.c. of 3% potassium 
permanganate were added in small quantities, the mixture being 
cooled in ice. After 3 days, the excess of permanganate was 
destroyed with sodium hydrogen sulphite, and the liquid filtered 
and evaporated to dryness. The organic acids were liberated from 


_ the residue with hydrochloric acid and taken up in ether, and the 


ether removed. The residue slowly deposited crystals of oxalic 
acid; the liquid portion consisted of acetic and propionic acids, 
which were converted*into their p-toluidides (m. p. 148° and 123° 
respectively) for identification. 
Equilibrations. Reference curve : 
Mixture 
(% af)... 100 90 75 7 £50 30 2 10 0 
(%) acsescecraccvce 14 104 186 210 32-0 42-0 44-7 51:5 56-0 
Equilibrations under standard conditions gave the following 
values : the physical properties of the equilibration products were 
determined but are not recorded; their equivalents were in every 
case checked by titration with standard barium hydroxide. 


Time aB-Acid Time aB-Acid 

Acid. (hours). J %. Y.. Acid. (hours). J %. %. 
aB 6 13-6 84-0 By 6 51-3 10-0 
im 24 26-5 60-5 “ 24 45-4 23-0 
Rf 48 34-0 46-0 = 48 39-5 35-0 
72 37-5 39-5 - 75 40-8 33-0 

ee 96 39-5 35°5 es 120 40°7 33-0 
” 115 40-8 33-0 50% 50 36-4 41-0 

mixture 


7 40-0 34-0 















1416 KON, LETON, LINSTEAD, AND PARSONS: THE CHEMISTRY OF 





a-Methyl-B-ethylpentenoic Acids.—Ethyl  -hydroxy-a-methyl-{- 
ethylvalerate, from diethyl ketone and ethyl «-bromopropionate 
(70—80% yield), had b. p. 105—108°/17 mm., d?* 0-96220, n>” 
1-43597 (Found: C, 64-0; H, 10-5. Cy, 9H.0, requires C, 63-7; 
H, 10-7%). The acid obtained from it on hydrolysis was a colour- 
less liquid smelling strongly of propionic acid. 

a-Methyl-B-ethyl-Ac-pentenoic acid (III). The crude acid (50% 
yield) had b. p. 119—121°/14 mm. and J 16-9%. It was freed 
from the $y-isomeride by partial esterification (see p. 1413), but 
owing to the low esterification constant of the «-substituted acids 
a much longer time had to be allowed for this; after several pre- 
liminary experiments it was found that 48 hours were sufficient. 
The pure «$-acid («-methyl-8-diethylacrylic acid) had b. p. 122°/ 
12 mm., d?* 0-96018, n?* 1-47183, [Rz]p 41-06 (calc., 40-33), 
J 16% (Found : C, 67-7; H, 9-6; Ag in silver salt, 43-5. C,H,,0, 
requires C, 67-6; H, 9-9%. C,H,,0,Ag requires Ag, 43-4%). The 
pure af-acid was oxidised with potassium permanganate as de- 
scribed on p. 1415, except that the reaction mixture was distilled 
in steam after removal of the manganese dioxide; diethyl ketone 
was readily isolated from the distillate by means of ether and 
identified by its semicarbazone (m. p. 135—136°; mixed m. p. 137°). 

a-Methyl-8-ethyl-A®-pentenoic acid (IV). The crude ester was 
obtained by the dehydration of the hydroxy-ester by means of 
phosphorus oxychloride or, better, by the Darzens method (loc. cit.), 
the latter giving a 90% yield. The ester, b. p. 84—90°/19—20 
mm., was hydrolysed, and the acid (J 59-4%) subjected to partial 
esterification for 44 hours, giving the pure By-ester (20% yield; a 
much longer period can safely be allowed), b. p. 76—78°/13 mm., 
d®* 0-89862, n?}° 1-43417, [R,]p 49-32 (cale., 49-57), J 65-8%. 
This on hydrolysis gave the By-acid, b. p. 116—117°/14 mm., d?* 
0-95548, n?}* 1-45003, [R,]p 40-08 (cale., 40-33), J 78-39% (Found : 
C, 67-8; H, 9-8; M, by titration, 142-2. C,H,,0, requires C, 67-6; 
H, 99%; M, 142-1). As a check on the purity of the acid, a 
portion of it was again partially esterified for 4 hours; the ester 
obtained had properties similar to the above, J 66-4%. 

Neither this acid nor its «$-isomeride could be characterised by 
the formation of solid derivatives, as none of these had any tendency 
to crystallise. 

Equilibrations. Reference curve : 


Mixture (% a)...... 100 90 75 6 
3 


5 50 22% 10 
TG wncrcinatnldttociens 16 11-9 26-5 4 


2. 0 
7: 47-8 64-3 2-3. 78:3 


Equilibration was extremely slow under standard conditions and 
for this reason most of the experiments were carried out at the 
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b. p. in a copper flask; the point of equilibrium was checked by 
equilibrating mixtures of known composition with stronger alkali ; 
the molecular weight of the equilibrated acids was checked by 
titration in every case and the physical properties were also deter- 
mined but are not recorded. 


aB- ap- 
Time J Acid % Time J Acid 
Acid. KOH. (hours). %. %,. Acid. KOH. (hours), %. %. 
aB 25 24 4:8 96-5 By 25 120 71-9 11-0 
sa 25 120 6-2 95-5 50:-2aB 25 240 47-1 50-5 
25 330 8-0 94-0 50-laB 40 72 47-7 50-0 
at b.p. 
ws 25 336 11-9 90-0 59-3aB 40° 69 43-1 56-0 
at b.p. at b.p. 
38:9aB 40 1144 50-1 46-0 
at b.p. 


3-Methyl-x-ethylhexenoic Acids.—Methyl n-propyl ketone and 
ethyl «-bromobutyrate gave a 50—55% yield of ethyl §-hydroxy- 
3-methyl-«-ethylhexoate, the main fraction passing over at 120°/ 
1 mm.; d2° 0-94514, n2®° 1-43618. The acid obtained on 
hydrolysis was a thick liquid smelling of butyric acid. 

8-Methyl-«-ethyl-A*-hexenoic acid (VII). After partial esterific- 
ation for 48 hours the pure acid was obtained, b. p. 127°/12 mm., 
ad?” (095258, n?®° 1-46916, [R,]p 45-66 (cale., 44-95), J 15% 
(Found: C, 69-6; H, 10-1; Ag in silver salt, 41-2. C H,,0, 


requires C, 69-2; H, 10-3; Ag in silver salt, 41-0%). The pure 


acid on oxidation with permanganate gave methyl propyl ketone, 
which was isolated in the form of the semicarbazone. 
8-Methyl-«-ethyl-A®-hexenoic acid (VIII). The crude ester (80% 
yield) yielded an acid which was subjected to partial esterification 
for 19 hours, giving the pure #y-ester, b. p. 90°/14 mm., di?* 
088788, nif" 1-43568, [R,]p 54:18 (calc., 54:19), J 483%. The 
acid this gave on hydrolysis had b. p. 130°/13 mm., d?” 0-93536, 
n®* 1-45073, [Rz|p 44°81 (calc., 44:95), J 71-99% (Found: C, 68-8; 
H, 10-2; M, 156-2. C,H,,0, requires C, 69-2; H, 103%; WM, 
156-1). Tts purity was proved by repeating the partial esterific- 
ation, an ester with an iodine addition of 47-7% being obtained. 
As with the previous pair of acids, no crystalline derivatives 
could be obtained. 
Equilibrations. Reference curve: 


Mixture (% a) sean 100 90 7 625 50 2 10 0 
PURE incsinncaine 15 127 27-7 37:8 47:3 63:3 689 71-9 


In mixtures containing a high proportion of Sy-acid, a distinct 
“back reaction ”’ is observed, that is, the colour of the starch 


indicator returns owing to the liberation of more iodine. This 
3A2 
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difficulty was overcome by the method used by Kon and Thakur 
(loc. cit., p. 2224). 

For the determination of the point of equilibrium, 40% potassium 
hydroxide solution at the boiling point was again employed. 


af- af 


% Time J Acid % Time J Acid 

Acid, KOH. (hours). %. %. Acid. KOH. (hours). %. . 

ap 25 186 3-4 98-0 By 25 288 65:9 19-5 

as 25 288 6-0 96-0 51-4aB 40 43 43-5 56-5 
at b.p. 

By 25 186 66:3 17-0 60-408 40 92 42-7 57:0 
at b.p. 


The authors’ thanks are due to the Royal Society and to the 
Chemical Society for grants which have defrayed the cost of this 
investigation. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

Lonpon, S.W. 7. [Received, May 7th, 1931.] 





CXCI.—An Electrochemical Method for the Approx- 
imate Determination of the Constitution of Com- 
plexes in Solution. Application to Some Complex 
Ions of Copper and of Nickel. 


By Freperick Kari Victor Kocu. 


In a previous communication (J., 1930, 2053) a simple electro- 
chemical method for the simultaneous determination of the con- 
stitution and the equilibrium constant of complex ions in solution 
was described and applied to some complex silver ions. For 
electrodes which, unlike the silver electrode, do not give constant 
and reproducible potentials, the method cannot be used, and the 
equilibrium, constant cannot therefore be determined electro- 
metrically. The constitution of the complex ion (or of a molecular 
complex) can, however, be approximately determined electro- 
metrically by the method described below. 
Consider the cell (compare loc. cit., p. 2054) 


M MS ' MS M 
Solvent B Solvent B 
: Solvent A 


where MS is a salt of the metal M. If it be assumed that the electro- 
motive activity of the A complex ions may be neglected compared 
with that of the B-solvated ions in the mixed solvent, and if the 
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concentration of the salt MS is the same on both sides of the cell, then 
the H.M.F. (E) of this cell is given (loc. cit., p. 2057) by the equation 


E —e=(RT/nF).log, K, — x(RT/nF).log-m. . (1) 


where é is the liquid-junction potential; XK, is the constant for 
the equilibrium between the A complex ions, the B-solvated ions, and 
the two solvents A and B; xis the number of molecules of the com- 
plex-forming solvent A taken up by a single metal ion; and m is 
the concentration (in g.-mols./l.) of free solvent A. 

Let it now be supposed that a concentration of ¢ g.-mols./l. of a 
new substance, which also forms complexes with solvent A, be added 
to the mixed solvent. It if be assumed that the only effect of the 
addition of the latter substance is to alter the position of the equili- 
brium by removing a quantity of solvent A equal to (m — m’) 
g.-mols./l., then the new H.M.F. (E’) will be given by the equation 


EK’ — e’ = (RT /nF) log, Ky, — x(RT/nF).logem’ . (2) 


where e’ is the new liquid-junction potential. 
Hence by (1) and (2) 


(E’ — BE) — (e’ — e) = AF — Ae = 2(RT'/nF). log, (m/m’). (3) 


Now the number of molecules (z) of solvent A taken up by a single 
molecule of the added substance is 


z=(m—m)/c. . . «© « « (4) 
Kliminating m’ between (3) and (4), we have 
— AE + Ae = 2(RT'/nF).log.(1 — cz/m). . . (5) 
In the last equation all the necessary quantities (except Ae, see 
below) can be determined experimentally, and therefore z can be 
calculated. 
If, in a special case, cz/m be small compared with unity, then on 


expanding the right-hand side of (5) and neglecting terms higher 
than the first, we have the simplified form 


z= (nF /RT).(m/xc).(AH — Ae). . . . (6) 


The liquid-junction potential e may be regarded as negligibly 
small compared with because the concentration of the salt MS is 
the same on both sides of the cell. On account of the addition of 
the new substance to the mixed solvent (especially if this be an 
electrolyte) the new liquid-junction potential e’ can, however, no 
longer be regarded, in general, as negligibly small compared with the 
new H.M.F. (E’). Since Ae cannot be determined experimentally, 
it must be neglected and an uncertainty is thus introduced into the 
value of z. Although the method can therefore only be approximate, 
it appeared to merit investigation because it may prove useful when 
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other more exact methods cannot be applied. For the cases here 
examined, the error in z is of the order of 15%. 

The method has been applied to the cases where the metal M is 
silver, the salt MS is silver nitrate, solvent B is water, solvent A is 
ammonia or pyridine, and the added substance is copper sulphate or 
nickel sulphate. 

The apparatus and purification of the materials have been 
previously described (loc. cit.). The copper sulphate and nickel 
sulphate were recrystallised and air-dried. 

The values of z have been calculated from equation (4), using 
equations (1),(2), and (3) and taking x = 2, K,, = 6-3 x 10° for the 
ammonia—water mixtures, and K,, = 7-1 x 10° ‘for the pyridine- 
water mixtures as previously found (loc. cit., p. 2061). The concen- 
tration of silver nitrate was 0-01 g.-mol./l. on each side of the cell in 
all cases, and m is therefore the total concentration of ammonia or 
pyridine in g.-mols./l. minus 9-02. 

Free solvent 


c. mM. E’. E. A (m’). . 
CuSO,. NH;. 
0-0250 0-160 0-302 0-325 0-10 2-3 
0-0500 0-340 0-342 0-363 0-22 2-3 
0-0500 0-520 0-367 0-385 0-37 3:1 
0-100 0-880 0-390 0-411 0-58 3-0 
CuSO,. C;H,N. 
0-0247 0-169 0-128 0-151 0-11 2-5 
0-0506 0-404 0-166 0-195 0:23 35 
0-100 0-765 0-188 0-227 0:37 4-1 
0-100 0-788 0-190 0-229 0-39 4-2 
NiSQ,. C;H;N. 
0-0315 0-235 0-154 0-168 0-17 1-8 
0-0785 0-476 0-178 0-203 0-32 2°3 
0-109 0-593 0-189 0-214 0-37 2-1 


Reychler (Bull. Soc. chim., 1895, 13, 387; Ber., 1895, 28, 555) 
found that no appreciable effect was produced on the freezing points 
or specific conductivities of aqueous copper sulphate solutions until 
after somewhat less than 4 mols. of ammonia per mol. of copper 
sulphate had been added to the solution. Similar conclusions were 
drawn by Konowalov (J. Russ. Phys. Chem. Soc., 1899, 31, 910) and 
Gaus (Z. anal. Chem., 1900, 25, 236) from measurements of the 
partial vapour pressures of ammonia over ammoniacal copper 
sulphate solution in water. Dawson and McCrae (J., 1901, 79, 496, 
1072) showed from the distribution of ammonia between chloroform 
and aqueous copper sulphate solutions that, under varying con- 
ditions, 4, or less than 4, mols. of ammonia were taken up per mol. 
of copper sulphate: values lower than 4 were attributed to the 
dissociation of the complex ion Cu(NH,),"°. It will be observed that 
the same phenomenon occurs in the case of the ion CuPy,”’. 
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Some results now obtained for the distribution of pyridine between 
benzene and aqueous solutions of copper sulphate and nickel sulphate 
(carried out as previously described, loc. cit., p. 2060) are given below, 
concentrations being expressed as g.-mols./l1. The total available 
pyridine is 57-5 and 11-5 mols. per mol. of salt for the 0-02 and 
()-10N-solutions respectively. 


C;H;N, 
=—_—_—__—""—_. Free C;H,N 
CuSO, (in water). water. benzene. (in water). ‘ 
0 0-303 0-847 0:30 — 
0-02 0-360 0-790 0-28 3-9 
0-10 0-534 0-616 0-23 3-0 
NiSO, (in water). f 
0-02 0-334 0-815 0-29 
0-10 0-453 0-697 0-25 


The agreement of the values of z found by the electrochemical 
method with those obtained by the distribution-coefficient method 
is as good as can be reasonably expected. 


In conclusion, the author wishes to express his thanks to the 
Trustees of the Beit Fellowship for a Research Fellowship. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, 8.W. 7. [ Received, March 17th, 1931.] 





CXCII.—Complex Acid Tungstates. 
By Reecr HENRY VALLANCE. 


THE primary object of this research was to investigate the properties 
of that series of acid tungstates described by Smith (J. Amer. Chem. 
Soc., 1922, 44, 2027; Chem. News, 1924, 129, 198, 207, 224, 257, 
286) as 4:10 salts, i.e., salts of composition 4R,0,10WO,,7H,0. 
The sodium salt, prepared by the method recommended by Smith, 
and the potassium and barium salts derived from it, did not give 
analytical results in accordance with the above formula, and from 
their appearance and behaviour they were suspected to be identical 
with the paratungstates. 

Many types of acid tungstate have been described, but few have 
been accurately investigated; hitherto, the existence of the para- 
tungstates only, in which the ratio R,O : WO, is 5: 12 or 3:7, has 
been established, and the constitution of these and their relation to 
the normal tungstates still remain in doubt. Exact analysis of the 
salts is difficult owing to the ease with which they undergo partial 
dehydration in air and hydrolysis in presence of water; also, owing 
to the high atomic weight of tungsten, the differences in tungsten 
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content of salts designated as 3 : 7,5: 12,4: 10, 9 : 22, etc., are very 
small. In determining the composition of the hydrated salts, the 
value of the ratio WO,/R,O was found to be a more trustworthy 
guide than the actual percentage of tungsten. 

Gibbs (Amer. Chem. J., 1879, 1, 217), by the action of acetic acid 
on normal sodium tungstate, obtained products which he described 
as 4:10, 9:22, and 5:12 salts. Smith (Joc. cit.) considered the 
products to be mixtures of 4: 10 and 5: 12 salts, but by the use of 
formic acid claimed to produce the 4 : 10 salt only. 

The solubility in water of sodium paratungstate has been little 
investigated. _ Forcher (Sitzungsber. K. Akad. Wiss. Wien, 1862, 
44, 164) stated that 1 part of the salt dissolves in 12-6 parts of water 
at 22°, whilst Marignac (Compt. rend., 1862, 55, 888) stated that 
1 part dissolves in 12 parts of “cold” water. Smith (loc. cit.) gave 
the solubility of his 4 : 10 salt as 19 parts of salt in 100 parts of water 
at “room ” temperature. 

The solubility of the sodium salt obtained by the formic acid 
method has now been accurately determined between 0° and 102°. 
The results at lower temperatures are in accord with Forcher’s and 
Marignac’s statements, but much lower than Smith’s value, and a 
salt of such solubility could not be obtained by the author. 


EXPERIMENTAL. 


Sodium Salt.—50 G. of A. R. sodium tungstate, Na,WO,,2H,0, 
were dissolved in 55 c.c. of water at boiling point. Formic acid was 
run into the hot solution until the latter was just acid to litmus. 
Before the neutral point is reached the solution turns distinctly 
yellow. The total amount of formic acid added is slightly more 
than is theoretically required to form the 4:10 salt. Momentary 
precipitation of tungstic acid occurs only towards the end of the 
titration. The solution kept over-night deposits white, oblique, 
hexagonal crystals, which appear to be monoclinic. The product 
after being washed with cold water was recrystallised from hot 
water, and the crystals were drained on a porous tile and dried 
between absorbent paper at a pressure of 4 lb. per sq. in. 

The tungstic oxide in the product was estimated by conversion 
into tungstic acid by evaporation with hydrochloric and _ nitric 
acids (2:1). After dilution and addition of cinchonine hydro- 
chloride, the mixture was heated below boiling for } hour, filtered 
through filter-paper pulp, and washed free from alkali. The residue 
and pulp were gently ignited in a platinum crucible, and the resulting 
tungsten trioxide weighed. The colour of the ignited trioxide was 
regarded as an index of its purity, and when necessary, reprecipit- 
ation was resorted to. The total water content was obtained by 
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gentle ignition in a platinum crucible; the salt fuses to an orange- 
coloured liquid which sets to a pale yellow solid and finally becomes 
white on cooling. This residue is difficultly soluble in hot water. 
The sodium oxide was determined by difference. 











Found. Cale. for 
(a). (6). 4Na,0,10W0O,,23H,0. 5Na,0,12W0O,,28H,0. 
WO, - sna 77-42 77-50 77°79 77-37 
H,O  .cccceeee 13-90 13-83 13-89 14-02 
Na,O ...... 8-68 8-67 8-32 8-62 
WO,/Na,O 8-919 8-939 9-354 8-986 


The salt effloresced rapidly in dry air, as much as 8-9% of water 
being lost after 3 days. 

According to Smith, only one acid tungstate is produced by this 
method. In order to test this and further to determine the WO,/ 
Na,O ratio, the first crop of crystals obtained after a few hours was 
removed from the solution, a second crop was removed after a 
further 24 hours, and finally the mother-liquor was evaporated to 
dryness and the residue well washed with cold water. The three 
products were then recrystallised once, the total yield being about 
60% of the sodium tungstate taken. In the analysis both tungsten 
and sodium were estimated, the latter as sulphate. 


Crop. Wwo,, %. Na,O, %. H,O (by diff.), %. W0O;/Na,0. 


1 77-89 8-69 13-42 8-963 
l 77:49 8-56 13-95 9-051 
2 77-65 8-75 13-60 8-873 
3 77-52 8-97 13-51 8-638 
3 79°27 8-83 11-90 8-985 


The last sample was a specimen which had been kept for 8 months 
and was partially dehydrated. It is obvious that the products 
consist of the 5: 12 salt. The fact that the water content is slightly 
below that required by 5Na,0,12W0O,,28H,0 is due to the tendency 
to efflorescence. 

Numerous dehydration experiments were performed in order to 
determine the loss under various conditions. Specimens of the salt, 
some of which had been recrystallised 5 times, were carefully dried 
without unnecessary exposure to air and then ignited to fusion. 
The following losses resulted: 13-96, 14-03, 13-94, 14-07, 13-96, 
13-99; mean 13-99%. At 105° the losses were : 10-62, 10-37, 10-29, 
10-45; mean 10-43% (corresponding to 17-14 out of 23 mols. or of 
20-87 out of 28 mols.). These figures may equally well represent a 
loss of 17 out of 23 molecules, or of 21 out of 28 molecules. The 
conclusion that the expelled molecules are held in essentially different 
combination from the remaining molecules is scarcely justified, 
however, since similar experiments at 110° resulted in a loss of : 
11-63, 11-45, 11-63% (corresponding to 19-02 out of 23 or of 23-15 
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out of 28 mols.), and at 160°, of 12-01% (corresponding to 19-73 out 
of 23 or of 24-03 out of 28 mols.). 

In a vacuum desiccator after 6 days the loss was 8-77, 9-24, 9-15, 
9-07; mean 9-06% (t.e., 14-9 out of 23 or 18-1 out of 28 mols.), and 
it was possible completely to dehydrate the salt by this means. 
On addition of water to the anhydrous salt, considerable evolution 
of heat occurred. 

Sodium paratungstate was next prepared by the addition of 
hydrochloric acid (1:1) to a solution of normal sodium tungstate 
heated to boiling, until the solution became permanently yellow but 
not quite neutral. After each addition of acid, it was necessary to 
agitate the liquid in order to redissolve the precipitated tungstic 
acid. On keeping, well-defined crystals were obtained, which on 
recrystallisation yielded hexagonal plates similar to those obtained 
with formic acid. First, second, and third crops of crystals were 
obtained as described for the previous salt, and after one recrystal- 
lisation were carefully dried and analysed. 


Crop. WO;, %. Na,O, %. H,O (by diff.), %. W0O,;/Na,0. 
l 77-74 8-45 13-81 9-196 
l 17-53 8-35 14-12 9-287 
2 77-65 8-54 13-81 9-089 
3 77-53 8-80 13-67 8-812 


It will be observed that the WO,/Na,0 ratio, although in accordance 
with the 5 : 12 ratio, is less accurately so than in the case of the salt 
prepared by means of formic acid. 

The two salts behaved similarly on dehydration. A specimen of 
each after 5 recrystallisations was finely ground, dried for 24 hours 
between absorbent paper under 4 lb. pressure, and then heated to 
constant weight at (a) 105° and (b) 110°, about 7 hours being 
required in each case. The losses were as follows : 

(a) 10-45%, (6) 11-50%, for the formic acid product, 

(a) 10-47%, (6) 11-52%, for the hydrochloric acid product. 

There was no evidence of any change in composition taking place 
during the recrystallisation, and the crystalline forms of the products 
appeared to be identical. 

Potassium Salt.—The potassium salt was next prepared by fusing 
together anhydrous potassium carbonate and tungsten trioxide in 
molecular proportion to yield 4K,0,10WO,, the residue being 
extracted with hot water and the solution made slightly acid with 
formic acid. After concentration, a poor yield of crystals was 
obtained of composition : WO,, 80-58; H,O, 5°81; K,O, 13-61%; 
WO,/K,O = 5-921. 

By addition of aqueous potassium chloride to a solution of the 
sodium salt (formic acid product), a copious white crystalline pre- 
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cipitate was immediately formed. This was separated, washed 
with cold water, dried, and analysed : 


K,0, %. WO; %. H,O, %. WO,/K,O. 


Found for Sample 1 .............. 13-63 80-50 5-87 5-906 
” » D iieccdciscoes 13-35 80-62 6-03 6-048 
Cale. for 4K,0,10WO,,8H,0 ... . 13-26 81-67 5-07 6-160 
; 4K,0,10WO,,9H,O ... 13-18 81-15 5-67 6-157 
4K,0,10W0O,,10H,O... 13-10 80-64 6-26 6-154 
5K,0,12W0O,,11H,O... 13-64 80-62 5-74 5-910 


Thus, again, the product is the 5 : 12 salt, as also is that obtained by 
fusion above. 

The potassium salt on heating turns pale yellow, deepens in 
colour, and melts to a pale yellow liquid, which on cooling sets to a 
yellow solid and becomes white when cold. The loss on gentle 
ignition was 5-70°% (mean of 7 experiments). At 110°, 1-60% was 
lost, equivalent to 3 out of 11 mols. of water. At 120° the loss was 
212% or 6 out of 11 molecules. Dehydration in a vacuum desiccator 
to constant weight gave losses 1-51, 1-63, 156%, corresponding to 
3 out of 11 mols. The anhydrous salt exposed to air for 15 hours 
reabsorbed 55% of the original water content, i.e., 6 out of 11 
molecules. 

The potassium salt produced by precipitation from a solution of 
sodium paratungstate prepared by means of hydrochloric acid, 
behaved similarly to the above. The loss on ignition was 5-65% 
(mean of 3 expts.), and on exposure to air for 15 hours 52% of the 
water was reabsorbed. 

Attempts were made to analyse the various salts by ignition of 
the anhydrous substance in a current of carbon tetrachloride vapour, 
whereby the tungsten vaporises as tungstyl chloride, WO,Cl,, and 
the alkali chloride remains. Many experiments were made, the 
substance being heated in a porcelain boat inside a silica tube. The 
tungstyl chloride condensed as a yellow solid on the walls of an 
adaptor and excess of carbon tetrachloride was condensed under 
water. The tungsty] chloride dissolved in aqueous sodium hydroxide. 
Results with the alkali salts were not consistent owing to volatilis- 
ation or mechanical carrying over, and a constant weight of the 
chloride was not obtained. In 50% of the estimations on the sodium 
salt the residue gave a value for Na,O less than 8% (Cale. for 5 : 12- 
salt, 10-02; for 4: 10-salt, 9-66°%). When carbon tetrachloride was 
passed over fused sodium chloride there was a loss of 1% in } hour. 
The method, however, was successful with the barium salt. 

Barium Salt.—The barium salt was obtained by addition of barium 
chloride to a solution of the sodium salt (formic acid product). A 
white flocculent precipitate was immediately formed, the tungstic 
acid being completely precipitated. When treated with a small 
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quantity of warm hydrochloric acid the barium passed into solution 
as chloride, leaving a residue of yellow tungstic acid ; with excess of 
concentrated hydrochloric acid, however, tungstic acid passed into 
solution and a residue of barium chloride remained. The salt was 
carefully dried and analysed (Found: BaO, 21-72, 21-60, 21-74, 
Cale. for 4Ba0,10WO,: BaO, 20-91; for 5BaO,12WO,: Ba, 
21-60; for 3Ba0,7WO,: BaO, 22-08%). 

Barium paratungstate prepared similarly from sodium paratung- 
state (hydrochloric acid product) contained in the anhydrous salt : 
21-69, 21-47, 21-59% BaO. These results are important, not only 
in establishing the identity of the two salts, but also in defining the 
paratungstate as the 5 : 12-salt and not as the 3: 7-salt (von Knorre, 
Ber,, 1885, 18, 326, 2362). 

When heated, the barium salt turned green, yellow, and finally 
brown, but did not melt; on cooling, the anhydrous salt remained 
a pale lemon-yellow colour. The losses on ignition for the two salts 
were (a) formic acid product : 11-99, 11-94, 12-51; (6) hydrochloric 
acid product : 12-63, 11-94, 12-11. Cale. for 5BaO,12WO,,27H,0 : 
H,O, 12-05; for 4Ba0,10WO,,22H,0 : H,O, 11-90%). 

The foregoing results show that the salt obtained by titration of 
normal sodium tungstate with formic acid is the paratungstate, 
5Na,0,12W0O,,28H,O, and that the potassium and barium salts 
obtained by precipitation are respectively 5K,0,12W0O,,11H,0, and 
5BaO,12WO,,27H,O. Physico-chemical methods are being em- 
ployed to detect possible formation of compounds containing the 
4:10 ratio, but this has not yet been observed. Smith (loc. cit.) 
claims to have synthesised the sodium 4 : 10-salt by crystallising a 
solution containing the normal and the metatungstate in the 
proportion represented by 6Na,WO, + 6Na,W,0,3, but his values 
of the ratio WO,/Na,O (viz., 9-102, 8-996, 9-299, 9-497. Calc. for 
4:10-salt, 9-354; for 5: 12-salt, 8-986) cannot be accepted as 
conclusive. The binary systems Na,WO,-WO,,K,WO,-WO, have 
been studied by van Liempt (Z. anorg. Chem., 1925, 143, 285) and 
the former also by Parravano (Gazzetta, 1909, 39, ii, 55), but no 
evidence has been obtained of the formation of 4 : 10-salts. Jander, 
Majert, and Aden (Z. anorg. Chem., 1929, 180, 129) consider the 
paratungstates as derivatives of hexatungstic acid, HgW,0,,, the 
sodium salt being formulated 2Na,H(W,0,,),27H,O. LElectro- 
chemical examination gives direct evidence of complex formation, 
but the dehydration experiments do not suggest the retention of one 
molecule of water. 

The Solubility of Sodium Paratungstate in Water at 0O—102°.—The 
salt used was that prepared by the formic acid method and shown 
to have the composition 5Na,0,12WO,,28H,O. The method 
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adopted was that described in a previous paper (J., 1927, 1328). 
The salt was stirred with water for about 6 hours and allowed to 
settle; a portion of the solution was then drawn over through a 
sintered glass filter into a receiving tube. The whole apparatus was 
sufficiently immersed in a thermostat for the solution to remain 
under water during the transference, a constant temperature being 
carefully maintained. A suitable quantity of the filtered solution 
was weighed, evaporated to dryness in a platinum crucible, and the 
residue heated to fusion and weighed as the anhydrous salt. The 
results are in Table I, where S represents g. of anhydrous salt in 
100 g. of solution. The values are plotted in Fig. 1. 
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25° 50° 75° 100° 
Solubility of sodium paratungstate in water. 
*) Values obtained with sample prepared by hydrochloric acid method. 


TABLE I. 

Temp. S. Temp. S. Temp. S. Temp. S. 
0-5° 2-20 24-2° 9°17 47-0° 25-79 73-9° 46-27 
0-7 2-87 24-4 9-21 53-4 30-48 81-8 53-59 

12-4 5-62 28-6 10-25 53-5 29-83 85-9 59-28 
14-7 5-93 32-9 12-73 59-4 36-01 87-8 60-51 
16-6 6-24 39-6 17-94 68-7 40-19 101-8 70-60 
16-9 6-28 42-8 21-02 


The solubility curve is seen to be continuous, but there is some 


variation at higher temperatures apparently owing to hydrolysis. 
Indeed, if the solution is kept near boiling point for some time, 
traces of precipitated tungstic oxide appear. 
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The boiling point of the saturated solution was found to be 
101-8°/745-3 mm. The sample for analysis at this temperature was 
taken after 15 minutes’ boiling. 

The density of the saturated solution at room temperatures was 
D'** 1-0536; D168 1-0541. 

The solubility of sodium paratungstate prepared by the hydro- 
chloric acid method was found to be 


WOEMEA. cco peccagcerneseyetos 11-3° 17-3° 25-0° 
F secabsvebvadevddsscsdsevess 4-79 6-71 9-76 


It will be observed that these values fall on the curve given above. 

Several lower hydrates of sodium paratungstate have been 
described but these could not be separated from the solution. Only 
on one or two occasions were octahedral crystals present where 
crystallisation had taken place above 70°, and recrystallisation at 
that temperature invariably produced the usual hexagonal crystals. 
One sample containing octahedral structures contained 13-2°,H,O 
(the 25-hydrate, monoclinic prisms, contains 12-7% H,O; the 
21-hydrate, octahedra, contains 10-89% H,O. These were described 
by Marignac, Ann. Chim. Phys., 1864, 3,5,76). In order to observe 
whether any change in the solid phase was apparent, apart from that 
due to hydrolysis after prolonged contact at higher temperatures, a 
series of dilatometric experiments was undertaken over the range 
20—75°, both for rise and fall of temperature. The bath wasarranged 
so that the temperature rose about 1° every 5 minutes. It was 
found that the dilatometric readings fell on smooth curves in every 
case so that no abrupt change could be recorded. 


Summary. 


The product of the reaction between formic acid and aqueous 
sodium tungstate under such conditions that the solution becomes 
slightly acid is sodium paratungstate, 5Na,0,12W0O,,28H,0, as 
proved by analysis and dehydration experiments. 

The potassium and barium salts obtained by precipitation 
have the respective compositions 5K,0,12WO,,11H,O and 
5Ba0,12WO,,27H,O. The behaviour of these salts on dehydration 
has been examined. 

No evidence of the existence of the salt 4Na,O,10W0,,23H,0 has 
been obtained. 

The solubility of sodium paratungstate has been determined at 
temperatures from 0° to 102°. 


THE TECHNICAL COLLEGE, 
BIRMINGHAM. [Received, April 1st, 1931.] 
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CXCIII.—Physicochemical Studies of Complex Acids. 
Part VI. The Precipitation of Molybdates. 


By Huspert Tuomas STanLeyY Brirton and Wit.iAM LESLIE 
GERMAN. 


Parts I and III of this series (Britton and German, J., 1930, 1249, 
2154) show that, despite the anomalous nature of tungstic and molyb- 
dic acids, they both ionise in a.remarkably similar manner. As in 
the case of tungstates, three distinct forms of alkali molybdates, 
viz., the normal molybdate, R,O,MoOQ,, the paramolybdate, 
R,0,2:33Mo03, and the metamolybdate, R,0,4MoQ,, are formed, 
and in like manner it is often stated [compare Abegg’s “ Handbuch 
der anorganischen Chemie,” 1921, IV, (1), (ii), pp. 577, 578, 636] 
that solutions of these salts on reacting with salts of heavy metals 
lead to the precipitation of the respective types of molybdate. ‘The 
authors have already shown (this vol., p. 709) that this is not the 
case with the various tungstates, and it is now shown to be untenable 
with regard to the reactions undergone by the corresponding 
molybdates. 
EXPERIMENTAL, 

A series of potentiometric titrations of metallic salt solutions with 

the different alkali molybdate solutions was performed with the 


_quinhydrone electrode, and wherever possible the pg values thereby 


obtained were confirmed by means of the hydrogen electrode. As 
titrants the following solutions were employed : 0-:045M-Na,MoQ,, 
0-045M-Na,O0,2-33Mo00,, and 0-045M-Na,0,4Mo0,. They were 
prepared by adding the requisite amounts of hydrochloric acid to a 
solution of sodium molybdate at 100°, the sodium chloride formed 
being assumed to be without effect on the course of the reactions. 
Such a method of preparation is suitable, for it has been found 
(Part III, p. 2159) that the conductivity due to the sodium poly- 
molybdate thus formed is the equal of that of a solution prepared 
by dissolving the particular molybdate at the appropriate dilution. 
The solutions titrated are recorded in Table I, Col. 1, and Figs. 1—3 
give the variations in hydrogen-ion concentration during the reac- 
tions. The stoicheiometric end-point, i.e., the stage at which the 
reaction ends if simple double decomposition takes place, is indicated 
by the vertical line in each diagram corresponding to the addition of 
44-4 ¢.c. of the alkali molybdate, and in those reactions involving the 
separation of precipitates the points where they first appeared are 
shown by arrows. 

The molecular ratio of metallic base to molybdic acid present in 
each precipitate was ascertained either by analysis of the precipitate 
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itself or, in a few cases, from the amount of molybdic acid remaining 
in the mother-liquor after complete precipitation of the metallic 
base had taken place. Molybdenum was estimated either (i) by 
precipitating the sulphide from a concentrated hydrochloric acid 
solution, igniting it carefully, and weighing the oxide, or (ii) as lead 
molybdate with lead acetate solution. Table II gives the amounts 
of molybdic acid contained in the precipitates. No analyses could 
be made of two of the zirconium precipitates owing to the marked 
tendency shown by this metal to form colloidal suspensions, so much 
so that the amounts that could be separated in the cold were insuffi- 
cient for analysis. In Table I the py values are given at which the 
precipitates began to separate, and these are compared with the py, 
values at which precipitation begins when the solutions are treated 
with sodium hydroxide (col. 5; vide Britton, J., 1925, 127, 2110 
et 8eq.). 


TABLE I. 
Solution used (100 e.c. in pu at which precipitation began with 
every case except that 
marked *). Na,MoOQ,. Na,O,2-33Mo00,;. Na,O,4MoO 3. NaOH. 
O-OLM-ZrCly .....ceceerceeeees 1-75 1-74 1-75 1-86 
OORT -EMEs cvececcccscceccens 3-02 3-00 2-97 3-51 
0-00667M-Al,(SO,4)s ......+++ 4:39 No precipt. 4-14 
0-02M-CuSO,  ..seseeceeeeees 5-28 - 5-20 
0-00667M-Cr,(SO,)3,K,SO, 4-54 " 5-34 
0-02M-BeSO, — .........ecceee No precipitation 5-69 
*0-OLM-NiSO, ...ceseseeeeeee * “ 6-66 
O-O2M-MgSO,  ...seceeeeeeeee o” 9 10-49 


* 200 C.c. of this solution were used instead of 100 c.c. 


TABLE II. 


Solution used. Na,MoQ,. Na,0,2-33Mo00;. Na,0,4MoQ3. 
ZrCl, ? ZrO,,0-86Mo00, ? 
ThCl, ThO,,2-07M00, ThO,,2-21M00, ThO,,2-82Mo0, 
Al,(SO,)s; Al,O;,2-61M00, No ppt. No ppt. 
Cr,(SO,)s3 Cr,0;,2-80Mo0O, ” ” 
CuSO, CuO,0-70Mo0, # - 


Sodium Molybdaie Titrations—Although sodium molybdate 
solutions are very slightly alkaline, it will be seen from Part III 
(loc. cit.) that addition of a very small amount of hydrochloric acid 
brings the py down from about 8 to 6. Further additions set up 
buffer action between py, 6 and 5. Fig. 1 shows that addition of 
sodium molybdate to a magnesium sulphate solution resulted in a 
gradual diminution in hydrogen-ion concentration to about p, 8. 
This was caused by the amount of hydrolysed acid from the magnes- 
ium salt being too small to have any marked effect on the sodium 
molybdate. Apparently no precipitation took place from the 
magnesium solution because the reactant could not establish a 
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px value of 10-5, which is necessary to bring about the precipitation 
of magnesium hydroxide, and also because magnesium does not form 
an insoluble molybdate. Westphal (Diss., Berlin, 1895) has pre- 
pared a soluble molybdate, MgMoO,,2H,0, and the curve in Fig. | 
shows that suitable conditions exist for its crystallisation from a 
solution of magnesium sulphate and sodium molybdate. From 
nickel or beryllium sulphate solution, however, no precipitate was 
formed. The titration curve for the latter in Fig. 1 reveals that as 
the sodium molybdate was added the pq value gradually rose but 
did not reach the hydroxide precipitation py of 5-7. As pointed out 


Fie. 1. 
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by Britton (loc. cit.), beryllium sulphate in its reactions behaves as if 
one equivalent of the acid radical were “ weakly combined ” and 
possessed much of its acid nature. In the present reaction this 
“weakly combined ”’ acid has reacted with the sodium molybdate 
to form sodium polymolybdate whose py values are somewhat 
greater than 5 (compare Fig. 1 in Part II1). Thus when 2 mols. 
(88-8 ¢.c.) of sodium molybdate were added to 1 mol. of beryllium 
sulphate the pq was 5-4. The reaction might be represented 
thus: 2Na,MoO, + BeSO, —> Be(SO,)9.;(O0H) + 4Na,SO, + 
4(3Na,0,4Mo0,), from which it is seen that the py of the solution 
would be largely determined by the composition of the sodium 
polymolybdate thereby formed. From Fig. 1 and Part III, it is 
found that the pq set up by such a molybdate is 5-6, which shows 
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that the above equation provides a satisfactory picture of the 
reaction. 

In the case of the interaction of sodium molybdate with copper 
sulphate solution, the py (viz., 5-2) at which basic copper precipi- 
tates ordinarily begin to form was only just exceeded. Asa result, 
a soraewhat basic copper molybdate, CuO0,0-70MoO,, began to be 
precipitated, and as the addition of an excess of the reactant only 
caused a small increase in py the precipitation of copper was far from 
complete. Although sodium molybdate caused aluminium to begin to 
be precipitated at py 4-4, a value slightly higher than that at which 
aluminium hydroxide begins to separate, both analysis of the pre- 
cipitate and the py values produced on adding excess of the reagent 
indicate that 2-6 mols. of molybdenum trioxide were removed from 
the solution by each mol. of alumina. Whether this fact can be attri- 
buted to the precipitate containing a definite aluminium molybdate, 
Al,(MoO,)3, is not certain, although it is unlikely that aluminium 
hydroxide would have adsorbed such a relatively large proportion 
of molybdic acid. An important factor, however, in the process of 
precipitation is the prevailing hydrogen-ion concentration. 

Thorium and chromium differed from the others in that precipit- 
ation took place at py values below those at which basic compounds 
of these elements become precipitable. In the former case, pre- 
cipitation began immediately at py 3, there being little subsequent 
Pu Change until almost the stoicheiometric quantity of alkali molyb- 
date had been added. Thereafter, a large inflexion was produced, 
the py rising just above 7. That the normal compound was pre- 
cipitated is suggested by (i) the fact that precipitation takes place 
at a@ py value lower than that at which the hydroxide separates, 
(ii) the sharp inflexion produced when 44-4 c.c. of the titrant had 
been added, and (iii) the final py value of the solution. This was 
supported by analysis of the precipitate dried at 100° (Found : 
MoO,, 44-78; ThO,, 39-71%; MoO,:ThO, = 2-07:1). In the 
case of chromium, precipitation began at a py, value lower than that 
at which the hydroxide is precipitated. As in the reactions with 
sodium phosphate, borate, carbonate, and hydroxide, precipitation 
was considerably delayed, but in these reactions the delay was until 
& Pq Value of 5-34 was attained, whereas in the present case it began , 
at py 4:54. After the addition of an excess of the precipitant, the’ 
Pu value of the solution was 6-7, showing that a small amount off 
molybdic oxide had passed into the mother-liquor in consequence of 
the formation of a slightly basic molybdate (Table II). Since 
precipitation began at a py value lower than 5-34, it seems that a 
normal chromium molybdate first begins to separate, which is later 
followed by the precipitation of a little basic chromium molybdate. 
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the § On comparison with Fig. 1 (Part III), the final section of the 
zirconium curve reveals that much molybdic acid escaped pre- 
pper § cipitation with the zirconium hydroxide. The py values prevailing 
cipi- ] during the actual precipitation are very similar to those obtained 
sult, | during the precipitation with sodium hydroxide (Britton, Joc. cit.). 
0 be Sodium Paramolybdate Titrations.—Fig. 2 represents the changes 
only | in hydrion concentration which occurred on adding sodium para- 
irom molybdate solution to the various salt solutions. Since the py, value 
into | of a sodium paramolybdate solution is 5-1 (Part III), it would be 
hich | expected that this solution would be incapable of precipitating 
pre- | solutions of metallic salts whose hydroxides are precipitated at py 
gent | values above 5, unless insoluble normal molybdates are formed. 


from | It is not surprising, therefore, that no precipitates were obtained 
ttri- 





Fig. 2. 
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pre- | with solutions of the salts of beryllium, copper, nickel, and chrom- 
lace | ium. Addition of excess of sodium paramolybdate to the salt 
ates, | solutions of the first three metals tended to set up hydrogen-ion 
had | concentrations that were not very much removed from that of the 
was | reactant itself. 
ind : Unlike the reaction with sodium paratungstate (see this vol., 
the |p, 713), the addition of sodium paramolybdate solution to one of 
that | aluminium sulphate caused an increase in hydrion concentration, 
with | followed by a decrease after addition of a large excess of the titrant. 
ion | This increase could be caused by the liberation of molybdic acid due 
until |to basic compound formation, but no precipitation of this substance 
egan ;itook place because the requisite py value (4:14) was not realised. 
, the) Thorium and chromium showed a somewhat similar behaviour. 
it off.) \ddition of the first amounts of reagent caused a fall in p,_ value, 
ce Of I'sis being especially marked in the case of thorium. No precipitate 
since |\‘as obtained with the chromium. salt, but after the addition of 60 
at @ }e.c. of reagent the green solution turned violet, and the py gradually 
later |rose to 4-8. With thorium chloride a precipitate was obtained 
date. mmediately at py 3. This is below the py value at which the 
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hydroxide is precipitated, but the large initial increase in hydrion 
concentration, together with the final depression in p,_ value, showed 
that the normal paramolybdate, ThO,,4-66MoO,, is not formed, 
The molybdic acid content of the white precipitate is given by 
ThO, : MoO, = 1 : 2-21, suggesting that the precipitate was a mix. 
ture of the normal thorium molybdate Th(MoQ,),, and some molyb. 
dic oxide. If the normal molybdate were less soluble than the 
hydroxide, then it would be precipitated irrespective of the com. 
position of the molybdate used as a precipitant, liberating molybdic 
oxide in solution. This would account for the initial increase in 
hydrion concentration observed, whilst, since the molybdic oxide 
liberated would eventually combine with the excess sodium para- 
molybdate to form a polymolybdate of lower py value (Part III), 
the final p, values are explained. At these p, values, too, it is 
possible that the thorium molybdate would carry down quantities 
of molybdic oxide. A similar explanation holds in the case of 
aluminium and chromium, with the exception that metallic 
molybdate is not precipitated. 

On adding the alkali paramolybdate solution to one of zirconium 
chloride, immediate precipitation began at a py, value near that at 
which the same solution is precipitated by sodium hydroxide. The 
final py value of the solution was depressed below 5, showing that a 
polymolybdate had been formed in solution through the liberation 
of molybdic oxide in the reaction. That basic compound formation 
had taken place was confirmed by analysis, the ratio of metallic 
oxide to molybdie oxide in the white precipitate being ZrO, : MoO,= 
1: 0-86. In view of this, it appears extremely improbable that 
the substance obtained by Kulka (Diss., Berne, 1902), viz., 
Zr(MoO,),,20H,0, by precipitation with ammonium paramolybdate, 
is actually a normal compound. It is more likely to be a mixture of 
free molybdic acid and basic zirconium molybdate, the analyses on 
which the formula was based being fortuitous. 

Sodium Metamolybdate Titrations—The changes in hydrion con- 
centration occurring during the reactions between the various 
metallic salts and sodium metamolybdate solution are indicated in 
Fig. 3. Fig. 1 (Part III) shows that the p, of a sodium metamolybdate 
solution is 4, but that addition of the slightest amount of acid to 
such a solution brings about a great change in hydrion concentration. 
Consequently, precipitation of basic compounds would not be 
expected from those solutions which are precipitated by sodium 
hydroxide at py, values above 4. In the light of these observations, 
the non-precipitation of solutions of nickel, copper, beryllium, 
aluminium, and chromium salts under these conditions finds a ready 
explanation, for the hydroxide precipitation py, value is never 
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attained. From Fig. 3, it appears that relatively large amounts of 
sodium polymolybdate were present in solution in the reactions with 
aluminium, chromium, and thorium salts due to the liberation of 
molybdic oxide. Thorium and zirconium salts gave immediate 
white precipitates on titration with sodium metamolybdate solution. 
In the former case, precipitation began at a pq, value lower than that 
required to precipitate the hydroxide, and was accompanied by a 
large increase in hydrion concentration, the final py being 2-5. 
Hence large amounts of molybdic oxide had not entered into combin- 
ation, but had formed a sodium polymolybdate of lower py with the 
excess sodium metamolybdate solution. In agreement with this, 


Fra, 3. 
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analysis of the precipitate gave the ratio ThO, : MoO, = 1 : 2-82, 
which showed that it was probably the insoluble thorium normal 
molybdate together with co-precipitated molybdic oxide. Pre- 
cipitation of the zirconium solution began at a py, not far removed 
from that necessary to precipitate the hydroxide from the same 
solution. As in the previous case, a large depression of the py value 
of the solution showed that all the molybdic oxide had not entered 
into combination owing to basic compound formation. 


In conclusion, the authors wish to thank the Chemical Society for 
a grant from the Research Fund, and one of them (W. L. G.) thanks 
the Department of Scientific and Industrial Research and the 
Devon County Education Committee for grants that made this 
collaboration possible. 
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CXCIV.—The Distribution of Ammonia between 
Chloroform and Water at 25°. 


By Vincent JOSEPH OCCLESHAW. 


For another purpose it was necessary to know the value of the dis. 
tribution coefficient of ammonia between chloroform and water at 
25° for concentrations of ammonia in the aqueous layer varying up 
to molar. No such investigation appears to have been carried out 
at this temperature and over this concentration range. Hantzsch 
and Sebaldt (Z. physikal. Chem., 1899, 30, 268) give the coefficient at 
25° as 25-1, the mean of five determinations in which the ammonia 
concentration in the aqueous layer varied from 0-00275M to 
0-04425M ; Dawson and McCrae (J., 1900, 77, 1239) give 24-9 as 
the mean of three determinations in which the same concentration 
varied from 0:275M to 0-4492M ; also Moore and Winmill (J., 1912, 
101, 1662) obtained values of 24-23, 24-25, and 24-26 for aqueous 
ammonia concentrations of 0:1498M, 0-1691M and 0-1987M 
respectively. All the above results are higher than those now 
obtained. Bell and Feild (J. Amer. Chem. Soc., 1911, 33, 940), 
using aqueous ammonia concentrations of 1—12-23M, obtained a 
result for their weakest solution which agrees well with the values 
now determined. 

In the present investigation it was found that the value of the 
distribution coefficient decreases with increasing concentration of 
ammonia, as was found to be the case at 19-5° by Dawson (J., 1906, 
89, 1666). When the value of the distribution coefficient, k, is 
plotted as a function of the concentration of ammonia in the chloro- 
form layer, c’, the linear relationship k = 24-10—28-45c’ is found to 
hold over the concentration range investigated. When this re- 
lationship is used to calculate the coefficients for solutions of higher 
ammonia concentrations, the values obtained are smaller than those 
determined experimentally by Bell and Feild (loc. cit.), and, as would 
be expected, the deviation is greater the higher the ammonia 
concentration. 

Since this work was completed, Dietrich (J. Physical Chem., 1929, 
33, 95) has given data for the distribution of ammonia between 
chloroform and water at 25°, using ammonia solutions varying from 
0-02M to0-1M. He finds a mean value of 35-83 for the coefficient, 
using weight concentrations and correcting for the ammonia not 
present as NH, as a consequence of the equilibrium NH, -+- H,O = 
NH,’ + OH’ for which K at 25° has the value 18-1 x 10-* (Burke, 
J. Amer. Chem. Soc., 1920, 42, 2500). When this value is converted 
to a volume concentration ratio it becomes 24-1, if it be assumed 
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that the specific gravities of the chloroform and aqueous solutions 
of ammonia are the same as those of the pure solvents. If this 
correction is applied to the result obtained with the solution of 
lowest concentration dealt with in this work, viz., 0-1388M, the 
value for k becomes 23-7. To a great extent this divergence is due 
to the fact that in this work no special precautions were taken to 
free the chloroform layer from water, whereas Dietrich filtered it 
through cotton-wool and, after neglecting the first 50 c.c. of 
filtrate, determined ammonia in the remainder, using sodium 
alizarinsulphonate as indicator, whereas methyl-orange was used in 
the present work. If, however, additional correction is made for 
the error existing in the determinations of ammonia (see p. 1438) the 
value for this distribution coefficient becomes 24:12. When the 
distribution coefficients now given are corrected for the equilibrium 
NH, + H,O == NH,’ + OH’ a constant value is not obtained, the 
variation being from 23-7 to 22-8. As ammonia obeys the mass- 
action law in dilute solution only, the use of this correction with 
solutions of much higher concentration than 0-1M seems open to 
question. 
EXPERIMENTAL, 

The solutions of ammonia were made from a stock solution pre- 
pared by distilling concentrated aqueous ammonia over barium 
hydroxide and collecting the gas in air-free water, the resulting 
. solution being protected from the atmosphere. The chloroform 
used was a ‘ B.P.’ product, which was shaken with concentrated 
sulphuric acid, then with water, and distilled; immediately before 
use, it was shaken with a dilute solution of ammonia, then with 
very dilute sulphuric acid, and redistilled. About 150 c.c. of chloro- 
form were put in a cylindrical separating funnel, and the air re- 
maining in the latter was replaced by hydrogen. Then about 80 c.c. 
of the ammonia solution were transferred, out of contact with air, 
into the separating funnel, which was at once closed and placed in a 
thermostat at 25° + 0-05°. (This procedure was adopted because 
the investigation in which it was hoped to apply these results 
necessitated a similar treatment of the solutions to be used.) When 
the contents of the funnel had reached the desired temperature, it was 
shaken at intervals during an hour, previous experiment having 
shown that equilibrium was attained in this time. The funnel was 
then kept in the thermostat for another hour to allow complete 
separation of the two layers. 

To determine the ammonia in the chloroform layer, 50 c.c. of this 
were quickly added to 75 c.c. of distilled water in a stoppered flask 
and titrated with N/20- or N/10-sulphuric acid, methyl-orange 
being used as indicator (chloroform extracts methyl-red from aqueous 
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solution). The first appearance of a permanent pink colour in the 
aqueous layer after shaking was taken as the end-point. The 
ammonia ‘in the original aqueous layer was similarly determined by 
direct titration of a measured volume. 

Results.—The following results were obtained, c and c’ being the 
concentrations (in g.-mols./l.) of ammonia in the aqueous and the 
chloroform layer respectively ; & is the distribution coefficient c/c’, 
and k’ is the coefficient corrected for the equilibrium NH, + H,0 
== NH, + OH’. 

c. c’. k. k’. c. c’. k. k’. 
0-1388 0-005794 23-94 23-68 0-5805 0-02490 23-32 23-18 
01404 0-005868 23-93 23-66 0-6586 0-02823 23-32 23-20 
0-2330 0-009777 23-83 23-61 0-6882 0-02960 23-24 23°13 
0-3232 0-01360 23-75 23-59 0-7089 0-03060 23-17 23-05 
03835 0-01624 23-61 23-45 0-8019 0-03468 23-12 23-01 
04677 0-01993 23°47 23-31 0-9661 0-04223 22-87 22-78 
0:4785 0-02032 23-54 23-41 1-022 0-04466 22-88 22-78 
0-4868 0-02074 23-47 23-32 

These results are selected from a much larger number obtained 
over this concentration range, and in many cases represent the 
average of three closely agreeing determinations. 

An aqueous solution of ammonia was prepared and its concen- 
tration, as determined by titration with standard sulphuric acid and 
methyl-red as indicator, was taken as absolute. From this, other 
solutions were prepared by dilution, and their concentrations 
determined by titration with N/20- or N/10-sulphuric acid and 
methyl-orange, the conditions being similar to those used in the 
determination of the distribution ratios. In this way, it has been 
found that the chloroform solutions of ammonia are in error by not 
more than + 2% and + 0-9% respectively for the lowest and 
highest concentrations, whereas the errors for the corresponding 
aqueous solutions do not exceed -++ 0-25% and -+ 0-2% respectively. 


* 


Summary. 

The distribution coefficient of ammonia between chloroform and 
water has been determined at 25° over the concentration range of 
0-1388—1-022M in the aqueous layer. 

Within this range the coefficient can be represented by the linear 
equation k = 24-10—28-45c’, where c’ is the ammonia concentration 
in the chloroform layer. 

When the distribution coefficient is corrected for the equilibrium 
NH, + H,O =: NH,’ + OH’ (K = 18-1 x 10° at 25°), a constant 
is not obtained, but the value of the coefficient still decreases with 
increasing concentration of ammonia. 


UNIVERSITY. oF LIVERPOOL. [Received, April 17th, 1931.] 
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CXCV.—The Sulphides and Selenides of Rhenium. 


By Henry VINcENT ArRD Briscoz, Percy Lucock RosBINson, 
and Eric Maurice STODDART. 


THE selenides of rhenium have not yet been described, and con- 
siderable uncertainty exists regarding sulphides higher than the 
disulphide. By treating the higher oxide (Re,O,) with hydrogen 
sulphide, W. and J. Noddack obtained material considered first to 
be ReS, (Z. anorg. Chem., 1929, 181, 1) but subsequently described 
as ReS, (Ber., 1930, 63, 16), which at 800° in a stream of carbon 
dioxide yielded ReS,. The reduction of this disulphide by hydrogen 
at 1000° (Noddack, loc. cit.) gave the earliest ratio used in calculating 
the atomic weight of the metal. Hénigschmid and Sachtleben 
(Z. anorg. Chem., 1930, 191, 309) did not describe the primary 
product which they converted into disulphide by heating in nitrogen. 
Geilmann and Weibke (ibid., 1931, 195, 289) separated rhenium with 
hydrogen sulphide under special conditions and estimated the metal 
subsequently as nitron per-rhenate (Geilmann and Voigt, sbid., 
1930, 193, 311) after oxidising the precipitate. Beyond mention of 
a difficulty in precipitation and a tendency to colloidal suspension, 
the nature of this sulphide was not discussed. 

The present communication describes further work on the sul- 
phides, whereby it appears that the heptasulphide (Re,S,) is pre- 
cipitated by hydrogen sulphide, but never in our experience, and 
contrary to that of Geilmann and Weibke (loc. cit.), in quantitative 
yield. The same sulphide is, however, quantitatively precipitated 
by sodium thiosulphate. There is evidence that the alkali thio- 
per-rhenate corresponding to this sulphide exists in solution, 
although it has not been separated therefrom. The disulphide is 
the only compound resulting from the thermal dissociation of the 
heptasulphide, and is also produced if the metal be heated in sulphur 
vapour. The existence of these sulphides only would be anticipated 
from the relationship of rhenium to tungsten and osmium, thus : 

Group VI. Group VII. Group VILI. 


ws, ReS, OsS, 
WS; Re,S, OsS, 


EXPERIMENTAL. 


Rhenium Heptasulphide.—Preparation. (i) When hydrogen sul- 
phide is passed into ammoniacal aqueous potassium per-rhenate, 
the solution turns pink and slowly deposits this sulphide from a 
semicolloidal suspension. On subsequent acidification with hydro- 
thloric acid, the sulphide is converted into a form fairly easy to 
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separate by filtration, but precipitation is never quantitative, 
About 0-25 g. of potassium per-rhenate, dissolved in 15 c.c. of water 
containing 3 c.c. of ammonia (d 0-880), was saturated with hydrogen 
sulphide and the solution was just acidified with hydrochloric acid 
and filtered through a Gooch crucible. The precipitate obtained 
was well washed and dried in a vacuum desiccator over phosphoric 
oxide. 

For analysis, a known weight of sulphide in a boat was reduced 
by hydrogen. An electrically heated silica tube furnace attaining 
a temperature of approximately 900° was used, and the hydrogen 
sulphide led therefrom into standard iodine solution. The back 
titre of the residual iodine with sodium thiosulphate, together with 
the weight of the metallic residue, gave the data in Table I, which 
indicate that the sulphide initially formed is neither the ReS, nor 
the ReS, mentioned above, but the heptasulphide. 


TABLE I. 
Sulphide Rhenium after Sulphur 
used, g. reduction. found, g. Re, %. S, %. Total. 
0-1647 0-1026 0-0619 62-30 37-58 99-88 
0-1258 0-0784 0-0472 62-32 37-52 99-84 
0-1197 0-:0742 0-0451 61-98 37-68 99-66 
0-1347 0-0839 00502 62-29 37°27 99-56 
Mean 62-22 37-51 99-74 
Re,S, requires 62-40 37-60 — 


(ii) There is no visible reaction when a solution of potassium 
per-rhenate is warmed with sodium thiosulphate, but if the mixture 
be acidified, not only is sulphur deposited, but on boiling, rhenium 
separates in a more or less colloidal form unless the thiosulphate is 
in excess, whereupon quantitative precipitation as heptasulphide 
results. About 0-25 g. of potassium per-rhenate was dissolved in 
water containing 10 c.c. of 5N-hydrochloric acid. To this solution 
heated to boiling, hot sodium thiosulphate was added until the 
heavy flocculent rhenium sulphide separated. After a further 2 mins.’ 
boiling, the colourless supernatant liquor was obviously free from 
colloidal sulphide, and the precipitate, which settled readily, could 
then be filtered off together with the precipitated sulphur upon 4 
tared Gooch crucible. After the precipitate had been well washed 
with water and dried over phosphoric oxide in a vacuum, the sulphur 
was completely removed from it by extraction with boiling toluene. 
This required about 12—14 hours and gave a powder containing 
much adsorbed solvent held so tenaciously that it was only com- 
pletely removed by heating at 275° in a vacuum for 4 hours. The 
final product was weighed in the Gooch crucible in which the oper- 
ations had been conducted and was analysed by reduction in 
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hydrogen (vide supra) and proved to be heptasulphide. From 
Table II, which gives the data for four experiments, it is clear that 
the process affords a method for the estimation of rhenium, which 
under suitable conditions and. with the quantity here used has an 
error not exceeding about -++ 0-02%. 





TABLE II. 

Sulphide. 
Potassium per- Sulphide, Calc. for —- , ——— 
rhenate, g. g. Re,S,, g. Re, %. 8, %. Total. 
0-3083 0-3176 0-3181 62-27 37-51 99-78 
0-3424 0-3519 0-3533 62-35 . 37-49 99-84 
0-2778 0-2860 0-2865 62-42 37°57 99-99 
0-4130 0-4251 0-4260 62-37 37-62 99-99 
Mean 62-37 37-56 99-90 


Properties. The heptasulphide is a black amorphous powder 
which dissociates below its melting point. It is an active adsorbent, 
taking up toluene and other organic solvents in considerable quanti- 
ties and with considerable swelling. The adsorption is reversible, 
but as the process is repeated the material becomes less active and 
finally ceases to adsorb. This change is probably attributable to 
surface poisoning by oxygen, of the type recently reported by 
Allmand and Chaplin (Proc. Roy. Soc., 1930, 129, 235) for charcoal. 
When brought into hydrogen at the atmospheric temperature, dried 
material frequently underwent spontaneous reduction, without 


‘apparent rise in temperature, indefinite quantities of sulphur being 


removed before the reaction ceased. These phenomena were not 
further investigated and are quoted simply as further evidence of 
surface activity. 

The red solutions formed by treating alkaline per-rhenate with 
hydrogen sulphide probably contain thioper-rhenate (KReO, + 
4H.S —> KReS, + 4H,0), since this may be supposed readily to 
yield Re,S, on acidification (2KReS, + 2HCl —> 2KCl + H,S + 
Re,S,), but attempts to isolate such a solid failed. Concentrated 
solutions yielded only impure potassium per-rhenate, whilst those 
more dilute gave only rhenium sulphide when concentrated by 
freezing or slow evaporation, or on addition of alcohol. - 

Rhenium Disulphide——The disulphide is prepared as a black 
powder by heating rhenium to redness with excess of sulphur in a 
Rose crucible under hydrogen sulphide (Table III). It is also 
obtained by heating the heptasulphide in a vacuum to red heat 
(compare Noddack, loc. cit. ; Hénigschmid and Sachtleben, Joc. cit.). 

No evidence was obtained of any sulphide lying between Re,S, 
and ReS, when the heptasulphide was heated to 250° in an 


atmosphere of nitrogen, the course of the thermal dissociation 
3B 














1442 THE SULPHIDES AND SELENIDES OF RHENIUM. 


TABLE III. 





Product. 
Metallic Product, Calc. for 
Re, g. g- ReS,, g. Re, %. S, %. Total. 
0-1915 0-2586 0-2573 74-51 25-42 99-93 
0-1026 0-1383 0-1379 74-39 25-67 100-06 
0-1759 0-2371 0-2364 74-46 25-52 99-98 
0-1876 0-2522 0-2522 74-49 25-65 100-05 
Mean ; 74°46 25-54 100-00 
Cale. for ReS, 74-40 25-60 a 


being followed by means of a spring balance sensitive to + 0-0004 g. 
and special precautions being taken to minimise the effects of 
convection currents. Under these conditions the loss of weight 
was strictly proportional to time until the composition of the 
disulphide was approached ; the rate of loss then became negligible. 

Rhenium Heptaselenide.—This was obtained in the same manner 
as the heptasulphide by substituting hydrogen selenide for the 
sulphide. Hydrogen selenide was passed over-night into a solution 
of 0-25 g. of potassium per-rhenate in 30 c.c. of water containing 
0-25 g. of potassium hydroxide to dissolve any liberated selenium. 
The heptaselenide, which was precipitated without the evident 
formation of intermediate compounds, was collected on a Gooch 
crucible, well washed with water, and dried over phosphoric oxide 
ina vacuum. Alcohol was avoided in the washing, since the selenide, 
like the sulphide, adsorbs it in quantity. 

Analysis was effected by reduction in the Rose crucible with 
hydrogen, the crucible being unglazed, since glaze is attacked. The 
results (Table IV) establish the formation of the heptaselenide. 


TABLE IV. 











Selenide, g. Metal, g. Re, %. Calc. for Re,Se,, g. 
0-1246 0-0503 40-37 0-0501 
0-1759 0-0702 39-91 0-0707 
0-1162 0-0471 40-52 0-0467 

Mean 40-27 


Re,Se, requires 40-19 


This compound is similar to the corresponding sulphide, being 
black and adsorbing organic solvents in quantity with swelling. It 
is also reduced by hydrogen at ordinary temperatures but does not 
show this phenomenon so markedly as the sulphide. 

Rhenium Diselenide.—If the higher selenide be heated in a vacuum 
at 325—330° for 9 hours, selenium is lost and the diselenide remains 
(Table V). The compound appears to be very stable in air, and not 
attacked except by strong oxidising acids. 
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TABLE V. 


Rhenium heptaselenide, g. ‘Residue, g. Calc. for ReSe,, g. 
0-1672 0-1257 0-1244 
0-1527 0-1147 0-1136 
0-1276 0-:0942 0-0949 


Grateful acknowledgment is made to the Research Committee of 


this College for a grant for the purchase of rhenium. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [ Received, April 30th, 1931.] 





CXCVI.—The Constitution of the Sulphates of 
Molybdenum. 


By Frank Haroip NIcHOLLS, HAROLD SAENGER, and 
WILLIAM WARDLAW. 


Our knowledge of the chemistry of molybdenum is still far from 
complete, as shown by the paucity of the information available on 
the sulphates of that metal. The literature discloses that a com- 
pound MoO,SO, has been isolated from a solution of the trioxide 
in concentrated sulphuric acid and that complex salts are known : 
(NH,),.MoO,,Mo0,S0,,4H,0 ; K,MoO,,MoO,SO,,2H,0 ; 
(NH,),SO,,2Mo00,S0,,10H,O; K,SO,,2Mo0,S0,,6H,0. 

‘In the case of molybdenum with valencies df five and three, oxy- 
sulphates Mo,0,(SO,), and Mo,O(SO,).,7H,O, where x = 5 or 6, are 
recorded. We have investigated the sulphates of quinquevalent 
and tervalent molybdenum and have been unable to confirm the 
existence of a substance Mo,0,(SQ,).. New compounds of quin- 
quevalent molybdenum (NH,),SO,,(MoO,),.SO,,2H,O and 

4R,SO,,5(MoO,),SO,, aq., 
where R = C,;H,N, have been isolated, and new salts of ter- 
valent molybdenum of the type R,SO,,2Mo,0(SO,),.,6H,O, where 
R = NH,, K, Rb, have been obtained. It will be noticed that no 
normal sulphate of molydbenum has been prepared but that through- 
out the series oxysulphates are always obtained. 

The presence of the molybdenyl radical MoO,” and MoO,’ in 
compounds of molybdenum with valencies of six and five is especially 
noteworthy and one might have anticipated the isolation of deriv- 
atives of tervalent molybdenum of the form (MoQ),SO,. The 
radical MoO* is undoubtedly present in such salts as MoOR where 
R = Cl, Br, F, etc. In the case of the sulphates, however, it appears 
that certain equilibria exist of the type 


(MoO),SO, + H,SO, == Mo,0(SO,), + H,O 
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and that under the experimental conditions the isolation of the 
Mo,0(SQ,), is favoured. 

A most interesting series of structures can be deduced for the 
complex sulphates when they are formulated in accordance with 
the principles elaborated by Sidgwick (‘‘ Electronic Theory of 
Valency ’’). 

The sulphate of sexavalent molybdenum in all probability has the 
configuration (I), and when it combines with potassium molybdate 


._O 
O O. O 4/0, 
) “Mot Ss@ K, Mo. * MosO, (IL) 
oe rn, 5 
the compound (II) must be formed. The presence of two or four 
molecules of water of crystallisation follows readily from the associ- 
ation of water with the sulphate radical, as in (III). The existence 


O 
O. 740-H—O—H O 70y TO. 40 
(III.) jh Ay Mo. ‘sg (IV.) 
0--H—O—H 0” 07 | So” XO 

O 


of K,MoO,,Mo0,S0,,2H,O agrees with this theory. It is obvious 
that the complex ‘sulphate K,SO,,2Mo00,S0,,6H,O cannot be 
similarly constituted; for that would involve assigning a covalency 
of eight to sulphur—a supposition disproved by experimental 
evidence. Here, there seems little doubt that the co-ordination is 
through the oxygen atoms of the sulphate, as in (IV). The molyb- 
denum has now a covalency of six, the co-ordination of two molecules 
of molybdenyl sulphate with the potassium sulphate is simply ex- 
plained without recourse to a higher covalency for sulphur than four, 
and the hydration of the salt is also satisfactorily indicated. A 
similar scheme is applicable to the sulphates of quinquevalent 
molybdenum, (NH,).SO,,(MoO,),SO,,2H,O, except that an eight- 
membered ring must be postulated (V). 


Q 0 
On. 40—>Mo—Ov 40 
o” “0—>Mo—0/ Xo 


Oo ‘o 


For the salts of tervalent molybdenum, R,SO,,2Mo,0(SO,),.,6H,0, 
the configuration is eminently satisfactory. If the oxysulphate is 
written as in (VI), then co-ordination with the R,SO, will involve 


(V.) 
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the formation of stable six-membered rings (VII). As each sulphate 
radical is capable of associating with one or two molecules of water, 
the presence of the water of crystallisation is readily explained. 


0, 0 O 70 OO 7O—>Mo 
wt) Se oO Ma: Sg7% Ng No (vit) 
Oo* Nov ‘OY Xo OY NOW >Mo”% 








That the sulphate is present in a complex ion is proved by the fact 
that in the cold it is not precipitated by barium chloride. 


EXPERIMENTAL 


The procedure adopted for the preparation of the complex oxy- 
sulphates of tervalent molybdenum was similar to that used for the 
isolation of the simple oxysulphate, Mo,0(SO,).,6H,O (J., 1924, 125, 
1911), except that acetone was replaced by air-free alcohol as pre- 
cipitant. The alkali sulphate was added to the reduced solution 
before concentration. The first products isolated contained much 
free alkali sulphate as impurity, but by using about one-third of the 
theoretical quantity of alkali sulphate pure products could be 
obtained. Four samples of the complex ammonium salt gave ratios 
Mo, 1; SO,, 1-256, 1-243, 1-257, 1-253. These indicated the com- 
position 2Mo,0(SO,).,(NH,),S0,,2H,O for the complex salt. Com- 
plete analysis of further samples gave Mo, 36-98, 36-82; SO,, 45-97, 
46:29; NH,, 3:47, 3-50. 2Mo,0(SO,)»,(NH,),S0,,6H,O requires Mo, 
36-91; SO,, 46-16; NH,, 347%. This complex salt has all the 
characteristic properties of the oxysulphate from which it is derived. 
It is green and hygroscopic. Its aqueous solution is green when 
freshly prepared but rapidly oxidises and hydrolyses on standing. 
The salt possesses marked reducing properties and, like the parent 
body, gives a precipitate with barium chloride solution or with lead 
acetate in acetic acid: solution only on heating, indicating the 
existence of the sulphate radical as a constituent of a complex ion. 

In addition to the ammonium derivative the potassium and 
rubidium complex salts have been prepared. The results obtained 
indicate complete analogy with the foregoing ammonium salt 
[Found, for potassium salt, Mo: K = 1: 0-2033. 

2Mo,0(SO,).,K,80,,eH,O 
requires Mo: K = 1:0-2037. Found for rubidium salt, Mo: Rb = 
1:0-4467. 2Mo0,0(SO,).,Rb,SO,,2H,0 requires Mo: Rb = 1 : 0-4450]. 

Potassium and rubidium were estimated in identical manner. 
To avoid the presence of large quantities of ammonium chloride in 
those samples in which it was proposed to estimate the alkali metal 
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present, the molybdenum was removed by precipitation with hydro. 
gen sulphide; the acidity of the solution was N /5, and two precipit- 
ations sufficed for complete removal. The filtrate from the above 
was evaporated to about 10 c.c., transferred to a platinum crucible, 
and the alkali metal estimated as sulphate in the usual way. 

Compounds of Quinquevalent Molybdenum.—The procedure 
adopted for the preparation of the complex oxysulphates of quin- 
quevalent molybdenum was similar to that used for the isolation of 
the complex oxysulphates of tervalent molybdenum, except that 
in this case the solution of molybdic acid was only reduced to the 
quinquevalent stage, platinised platinum electrodes replacing those 
of polished platinum. The valency was tested by withdrawing a 
known amount of the brown solution and following the procedure 
of Wardlaw and Sylvester (J., 1923, 123, 969). 

For isolation of the pyridinium complex oxysulphate the reduced 
solution was not concentrated, but instead 2—2-5 c.c. of pyridine 
were added to and well shaken with 25 c.e. of the reduced solution 
before pouring into excess air-free alcohol [Found, in two samples : 
Mo, 30-71, 31-08; SO,, 28-95, 28-95; N, 3-66, 3-66. 

4(C;H,N),SO,,5(Mo0O,),8O,,16H,O 
requires Mo, 31-24; SO,, 28-13; N, 3-65%]. 

The complex salt is apricot-coloured and slightly hygroscopic. 
It is soluble in water, forming a brown solution which is rapidly 
oxidised and hydrolysed on standing. In concentrated hydrochloric 
acid the salt forms a vivid green solution, typical of solutions con- 
taining the salts of molybdenum, R,[MoOCI,]. Like sulphates of 
tervalent molybdenum, the new salt gives a precipitate with barium 
chloride or with lead acetate in acetic acid solution only on heating. 

In the case of the ammonium complex oxysulphate, ammonium 
sulphate (1-8 g.) was added to 200 c.c. of the reduced solution before 
concentration, and the same method of procedure was then followed 
as for the tervalent compounds [Found, in two samples : Mo, 36-53, 
36-59; SO,, 37-44, 37-38; NH,, 6-93, 6-88. 

(NH,).S0,,(MoO,),SO,,2H,O 
requires Mo, 36-91; SO,, 36-93; NH,, 6-94%]. The properties of 
this salt are similar to those of the pyridinium complex salt but it is 
deeper in colour. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, April 28th, 1931.] 
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CXCVII.—The Stability of Organic Molecular 
Compounds. 


By Tom Sipnry Moore, FLORENCE SHEPHERD, and EpITH 
GOODALL. 


COMPARATIVELY few determinations of the relative stability of the 
compounds of picric acid with hydrocarbons and of nitro-compounds 
with amines are recorded in the literature and it appeared desirable 
to carry out a series of measurements under comparable conditions. 
The partition method of investigating such equilibria was chosen 
since it has the advantage over the cryoscopic method (Brown, J., 
1925, 127, 345) that both solvent and temperature can be varied, 
and over the solubility method (Behrend, Z. physikal. Chem., 1894, 
15, 183; Kuriloff, ibid., 1897, 23, 90; Dimroth and Bamberger, 
Annalen, 1924, 438, 94) that equilibrium between the two phases 
concerned is atiained with greater ease and certainty. The present 
paper deals with the addition compounds of picric acid at 18°, and 
of aniline at 25°, in chloroform solution, and is intended as a survey 
of the possibilities of the method in these cases. 

If an aqueous solution of picric acid is shaken with chloroform 
containing a hydrocarbon at a concentration [Z] until equilibrium 
is reached, and we then determine the concentration of the picric 
_ acid [X] in the aqueous phase, and the total concentration of picric 

acid [Y] in the chloroform phase, we have [Y] = [C] + [P], and 
[Z|] = [(C] + [H], where [C], [P], and [H] represent the concen- 
trations of the addition compound, free picric acid, and the free 
hydrocarbon respectively in the chloroform phase, the hydrocarbon 
being assumed insoluble in water. If we have already determined 
the partition curve for picric acid between the two solvents, we can 
read off the value of [P] corresponding to [X]. The equilibrium 
constant for the reaction : picric acid + hydrocarbon = addition 
compound, can then be calculated as 

K = ((Y¥] — [P)(PM(Z] — [Y] + [P)) 
if it be assumed that one molecule of picric acid combines with one 
molecule of hydrocarbon. 

A similar method and formula, in which aniline and a nitro- 
compound insoluble in water replace picric acid and the hydrocarbon, 
give the equilibrium constant for the reaction: aniline + nitro- 
compound == addition compound. 

By using the potassium iodide—potassium iodate method for 
estimating picric acid, and finishing the titration with 0-01N-thio- 
sulphate after titrating nearly all the iodine by 0-1N-thiosulphate 
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from a weight pipette, it was found possible to ensure an accuracy 
of 1 part in 400 parts over the whole range covered, and the estim- 
ation was found to be unaffected by the various “ hydrocarbons ” 
used in the equilibrium experiments. (The term “ hydrocarbon ” 
is here intended to include the halogen and nitro-substitution 
products used.) The partition curve was constructed from the 
following numbers, where, as throughout this paper, concentrations 
are in g.-mols. per litre. 











Cone. of picric acid. Cone. of picric acid. 

H,O CHC], Cone. in CHCl, H,O CHCl, Cone. in CHCl, 
phase. phase. Conc. in H,O ~ phase. phase. Conc. in H,O ° 
0-01629 0-01601 0-983 0-02390 0-03169 1-326 
001915 0-02145 1-120 0-02584 0-03632 1-406 
0-02070 0-02482 1-194 0-02682 0-03891 1-451 
0-02153 0-02643 1:227 0-02912 0-04468 1-534 
0:02267 0-02883 1-272 


> 


For the partition in presence of a “ hydrocarbon,” water and a 
chloroform solution of picric acid were shaken together until they 
were approximately in equilibrium. The chloroform phase was 
used to make up a weighed quantity of the “‘ hydrocarbon ”’ to a 
suitable concentration in a standard flask, and this solution was then 
shaken with the aqueous phase to produce final equilibrium, after 
which the picric acid was estimated in each phase. Since the only 
concentration change taking place after addition of the “ hydro- 
carbon ”’ is a very small transfer of picric acid from water to chloro- 
form, there was no danger of volume change which, if it occurred, 
would alter the concentration of the “‘ hydrocarbon.” 

The values of K, which were constant within analytical error, are 
given on p. 1451. As an example, the details for picric acid and 
naphthalene are quoted below. 


[P}. [Y]. [Z]. [C}. K. 
0-0225 0-0298 0-1577 0-0073 2-15 
0-0263 0-0349 0-1577 0-0086 2-20 
0-0297 0-0374 0-1278 0-0077 2-16 
0-0312 0-0412 0-1577 0-0100 2-18 
0-0325 0-0408 0-1278 0-0083 2-14 
0-0333 0-0486 0-2267 0-0153 2-18 
0-0358 0-0521 0-2267 0-0163 2-16 
0-0398 0-0548 0-1876 0-0150 2-18 
0-0410 0-0565 0-1876 0-0155 2-20 


Aniline was estimated by bromination in acid solution with a 
solution of bromide and bromate. With the following procedure the 
error did not exceed 1 part in 300 parts and was usually much less. 
To the aniline solution in a stoppered bottle, 20 c.c. of 18% hydro- 
chloric acid were added, and the bromide—bromate solution was run 
in slowly with shaking. When the colour showed that there was 
excess of bromine, potassium iodide was added, and the iodine 
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titrated with 0-01N-thiosulphate. In the analysis of the chloroform 
phase it was necessary to shake the mixture for } hour to get com- 
plete bromination of the aniline. In all cases a parallel experiment 
with hydrochloric acid and potassium iodide was carried out, and 
the thiosulphate equivalent of any iodine liberated subtracted from 
the titre in the actual estimation. The partition curve for aniline 
was plotted from the following numbers. 











Cone. of aniline. Conc. of aniline. 

H,O CHCl, Cone.in CHCl, 4,0 CHCl, Cone. in CHCl, 
phase. phase. Conc. in H,O~ phase. phase. Conc.in H,O° 
001244 00-2957 23-8 0-01725 0-4125 23-9 
0-01336 0-3178 23-8 0-01749 0-4180 23-9 
0-01414 0-3370 23-8 0-01862 00-4465 24-0 
0-01552 . 0-3693 23-8 


For the partition of aniline in presence of nitro-compounds the 
procedure was similar to that described on p. 1448. The precaution 
of allowing the two phases to approach equilibrium before addition 
of the nitro-compound is here very important, since appreciable 
changes in volume accompany the passage of aniline from one phase 
to the other. The values of K were constant within experimental 
error and are given on p. 1451. The details for aniline and m-dinitro- 
benzene are given below, the concentrations of free and total aniline 
in the chloroform phase being represented by [A] and [ Y], and the 
total concentration of the nitro-compound by [J]. 


[A]. [Y]. [N}. [C]. K. 
0-3330 0-3464 0:2559 0-0134 0-17 
0-3352 0-3494 0-2736 0-0142 0-16 
0-3699 0-3909 0-3612 0-0210 0-17 
0-3877 0-4061 0-3038 0-0184 0-17 
0-4585 0-4765 0-2496 0-0180 0-17 


In the foregoing, it has been assumed (a) that the compounds are 
formed from one molecule of each constituent, (6) that the “ hydro- 
carbons ” in the picric acid series and the nitro-compound in the 
aniline series have no effect on the partition except in so far as they 
form compounds, (c) that no association of picric acid or of aniline 
occurs in chloroform, and (d) that neither picric acid nor aniline 
combines with chloroform. Assumption (a) is justified, since 
recalculation of the numbers for a 2: 1-or 3:2 combination gives 
values of K much less constant than those quoted. As regards (6), 
it is known that in aqueous solution considerable effects on the 
solubility or partition coefficient of a substance may: be produced by 
small addition of a second, these effects corresponding to Rothmund’s 
theoretical equation log (C,/C) = kC,, where, for partition experi- 
ments, Cy and C represent the concentrations of the first substance 
in the pure solvent and in a solution containing C, of the second 
substance, the two solutions being such as exist in equilibrium with 
3B2 
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the same aqueous solution of the first substance (Rothmund, Z. 
physikal. Chem., 1909, 69, 523; Dawson, J., 1901, 79, 493, 1069; 
Debye and McAulay, Physikal. Z., 1925,26, 22). It was necessary, 
therefore to see whether the magnitude of such “ solvent ”’ effects 
with un-ionised substances in organic solvents was such as to affect 
our results. The measurements were carried out as described 
on p. 1449, but, instead of the ‘‘ hydrocarbon ” or nitro-compound, 
substances not expected to combine with picric acid and aniline 
were used. Solubility depressions were found and “ depression 
constants ” were calculated as Ky = (C, — C)/CC,, a form of 
Rothmund’s equation applicable to the dilute solutions used. 
It is to be noticed that when the concentration change caused by an 
added substance is small compared with the original concentration, 
the expression for K (p. 1447) becomes identical with that for K, 
except for the sign of the numerator, which represents an increase 
in the concentration in the case of K, but a decrease for Ky. It is 
thus impossible to say whether a small value for K corresponds to 
the formation of a small amount of compound, or whether it repre- 
sents a small solubility exaltation. The values of Ky are collected 
on p. 1451; the details for picric acid and cyclohexane are given below. 


Ca. O. C. Ka. Ca: Cy. C. Ka. 
0-301 0-0311 0-0271 0-49 0-447 0-0415 0-0341 0-49 
0-379 0-0297 0-0252 0:47 0-454 0-0249 0-0206 0-46 
0-447 0-0336 0-0277 0-48 0-454 0-0360 0-0296 0-48 


As regards assumption (c), the molecular weights of picric acid 
and aniline in chloroform have not been determined, but our parti- 
tion results can be used to show whether there is appreciable poly- 
merisation in chloroform, if we know the proportion of un-ionised 
solute in the aqueous phase. Von Halban and Ebert (Z. physikal. 
Chem., 1924, 112, 359), on the basis of Bjerrum’s relation between 
activity and ionic strength, have arrived at values of the dissociation 
of picric acid which give a satisfactory interpretation of solubility 
and freezing-point data. Using their values in conjunction with 
the numbers on p. 1448, we find that the ratio of the concentration of 
picric acid in the chloroform phase to that of undissociated picric 
acid in the aqueous phase increases steadily with concentration from 
21-70 to 22-86. Thus picric acid is either slightly associated in 
chloroform or its activity coefficient decreases with concentration 
even in such dilute solutions (0-016—0-045N) as we used. If it is 
assumed that this effect is due wholly to association, the association 
constant, 7.e., 


(cone. of bimolecular form)/(conc. of unimolecular form)’, 


is found to be unity and constant within 10%. The effect of this 
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amount of association on the equilibrium constants would not be 
more than 4%, and is negligible. 

In the case of aniline the dissociation in the aqueous phase is 
negligible, and although the variation of the partition coefficient is 
slightly beyond the error of experiment, it is evident that such 
association as occurs in chloroform cannot affect our numbers. 

As regards assumption (d), although combination of solute with 
solvent would have a great effect on the actual values of the con- 
stants, it would not alter their relative order. 


Picric acid. _ Aniline. 
K K 
** Hydrocarbon.”’ K. (corr.). Nitro-compound. K. (corr.). 
DBO: © ecscctcseccssocess 0-08 0-09 2:4:6-Trinitrotoluene 0-56 
TOMMGMB  ccccccccrscesecees 0-09 0-12  1:5-Dinitronaphthalene 0-57 
CRYO arecscccrcesiccess 0-12 0-16 p-Dinitrobenzene......... 0-18 
Gi oh tendectanbebsseses 0-10 0-14 m- ‘: —..—«sCheewheene 0-17 
a ee 0-12 0-16 2:4-Dinitrotoluene ... 0:10 0-15 
EE, co caceessncesss 0-12 0-18 . m-Bromonitrobenzene 0-02 0-06 
Naphthalene ............ 2°17 p-Chloronitrobenzene ... 0-01 0-03 
a-Methylnaphthalene ... 2-76 a-Nitronaphthalene...... (see 0-02 
- - .. 3°44 Ka) 
Tetrahydronaphthalene 0-20 0:26 Nitrobenzene ............ (see 0-01 
Nitrobenzene ............ 0-56 Ka) 
m-Dinitrobenzene ...... 1-03 
o-Nitrotoluene ............ 0-41 Added substance. Ka 
p- eee 0-57 Kq. (corr.). 
2:4-Dinitrotoluene ... 0-67 a-Nitronaphthalene...... 0-04. [see K 
2:4:6-Trinitrotoluene 1-02 (corr.)] 
-a-Nitronaphthalene...... 1-02 Nitrobenzene .........+++ 0-01 [see K 
Bromobenzene ......... 0-06 0:09 (corr.)] 
o-Dichlorobenzene ...... 0:07 0-10  0.Nitrotoluene ........+++ 0-05 0-01 
p- tenia 0-00 O03 = p- 4g ceneneeenees 0-06 0-02 
a-Bromonaphthalene ... 0-17 0:23 p-Xylene .........eseseeees 0-19 0-15 
. a-Methylnaphthalene ... 0°15 0-09 
Ka. p- is ... O15 0-09 
PE eicbdccsssecasecee 0-54 Temes scsi ie cede 0-15 0-12 
cycloHexane —..........005 0-48 a-Bromonaphthalene ... 0-12 0-06 
Hexachlorobenzene ... 0-38 Carbon tetrachloride ... 0-12. 0-10 
Carbon tetrachloride ... 0:27 Naphthalene ............ 0-11 0-07 
p-Dichlorobenzene ...... 0:09 0-06 
O- ie ag sachs. ge 0:09 0-06 
Bromobenzene ........+ 0-08 0-05 


A correction should be applied to all the constants on account of 
the difference between the molecular volumes of chloroform and of 
the ‘‘ hydrocarbons ” and nitro-compounds. In the presence of the 
latter, which all. have greater molecular volume than chloroform, 
a smaller concentration of picric acid or aniline is required to produce 
a given molecular fraction than is necessary in chloroform alone, 
so that for equilibrium with a given aqueous solution, a smaller 
concentration of the solute is required in the mixed solvent than in 
chloroform alone, quite apart from any other physical or chemical 
effect of the ‘‘ hydrocarbon ”’ or nitro-compound on the solute. In 
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dilute solution this effect would give a depression constant equal to 
(V_ — V)/1000, where V, and V are the molecular volumes of the 
added substance and of chloroform respectively. Thus, to get the 
“specific effect of the added substance the depression constants must 
be diminished, and the equilibrium constants increased, by this 
quantity. The correction varies from 0-02 to 0-06 and is of import- 
ance only where very small constants are found. ' In particular, the 
depression constants found for nitrobenzene and «-nitronaphthalene 
with aniline become small equilibrium constants, since in these 
cases the depression of the aniline concentration found is less than 
that due to the molecular-volume effect. All the constants are 
collected in the table, K (corr.) and Ky (corr.) denoting values 
corrected for the molecular-volume effect. 


Discussion. 


No simple explanation of the depression constants is possible. 
The degree of polymerisation of picric acid and of aniline in chloro- 
form has been shown to be small, and is insufficient to account for 
the solubility depression as due to depolymerisation caused by the 
added substance. If the cause were dissociation of a compound 
between solute and chloroform, the maximum possible effect (i.¢., 
when the solute is almost completely combined with chloroform and 
the added substance does not combine with the solute at all) would 
produce a depression constant equal to V,/1000, e.g., 0-13 in the case 
of hexane, whereas the actual value of Kg (corr.) for picric acid and 
hexane is 0-48. Although in the aniline series the constants are of 
the order required by this explanation, practically complete com- 
bination of aniline with chloroform is incompatible with the vapour- 
pressure measurements of Weissenberger, Schuster, and Lielacher 
(Monatsh., 1925, 46, 303). 

Further, an additive solubility effect would also produce a maxi- 
mum Ky of V,/1000, and so is excluded for picric acid though not 
for aniline. Other possible causes for the depression effect are 
variation in the mutual solubility of water and chloroform in the 
presence of solutes, and departure from ideality in the mixtures of 
chloroform, picric acid or aniline, and added substance. As regards 
the former, it is known that such variations can have considerable 
effect (compare Beilstein’s Handbuch, Vol. VI, 267; Kendall, 
Proc. Roy. Soc., A, 1911, 204); and as regards the latter, the vapour- 
pressure curves for mixtures of chloroform with some of the addenda 
are known and show departures from ideality which are not likely 
to be diminished by the presence of a third substance. 

The existence of the depression effect makes it impossible to lay 
any stress on small variations in our constants. Nevertheless, 
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certain regularities appear from which it seems likely that less con- 
fusion is caused than might be expected. In the aniline series, 
excluding compounds containing more than one nitro-group, the 
constants for aromatic substances can be calculated with an average 
error of less than 0-01 from the values found for toluene and naphthal- 
ene, by assigning specific values to the substituent groups irrespective 
of their positions, viz. : 


NO,, + 0-10; Br, + 0-04; Cl, + 0-03; and CH, — 0-03. 


(E.g., K (corr.) for naphthalene = — Kg (corr.) = — 0-07; then 
K (corr.) for nitronaphthalene = 0-10 — 0-07 = 0-03. Found, 0-02. 
For «-methylnaphthalene XK (corr.) = — 0-03 — 0-07 = — 0-10, 


then Kg (corr.) = 0-10. Found, 0-09.] Moreover, it is to be 
noticed that these values are in practically the same order as the 
dipole moments produced by the groups when attached to a benzene 
nucleus, viz., — 3°8, — 1-4, — 1-5, and + 0-4. With two or more 
nitro-groups the calculated constants are much smailer than those 
found. 

Although the evidence is not sufficient to establish the additive 
relation with certainty, it does indicate that the same mechanism 
is operative in producing both small increases and small decreases 
of the aniline concentration. Since the latter must be due to 
physical causes, it appears that small values of X in the aniline series 


are probably measures of solubility exaltation, rather than of 


chemical combination. 

The results are best interpreted by the view that groups with a 
negative charge substituted in benzene or naphthalene, cause an 
increase in the solubility of aniline by their attraction for its posi- 
tively charged hydrogen atoms, while substitution of a methyl 
group, by increasing the number of positively charged hydrogen 
atoms in the hydrocarbon, has an opposite effect. With two or more 
nitro-groups a new influence appears—presumably combination. 
The production of colour by mononitro-compounds and aniline, ¢.g., 
nitrobenzene and aniline (Ostromisslensky, Ber., 1911, 44, 268), may 
be quoted against a purely physical interpretation of the constants 
for such cases; but it is now generally recognised that chemical 
action is not the sole cause of colour change (see also p. 1455). 

In the picric acid—‘ hydrocarbon ” series no additive relation 
appears. The methyl group, except in nitro-compounds, causes an 
increase in the constant—very small in benzene derivatives but 
large in derivatives of naphthalene. Halogens, up to two atoms, 
have little effect in benzene derivatives, but six atoms (hexachloro- 
benzene) change the positive constant for benzene into a large 
depression constant, while one halogen atom in naphthalene 
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diminishes the constant greatly. The constants for benzene and 
its methyl and mono- and di-halogen derivatives may, of course, 
be due to solubility exaltation, but there is no evidence for this 
view, such as there was in the aniline series. The nitro-group hasa 
large effect in increasing the constants for benzene derivatives, but 
an opposite effect in naphthalene, and among nitro-compounds, an 
ortho-methy] group causes a diminution in the constant but a para. 
methyl group has little effect. The comparatively large changes 
in the constant for derivatives of naphthalene are noteworthy, and 
indicate that any extension of this work should be with derivatives 
of naphthalene and other polynuclear hydrocarbons. 

The effect of the nitro-group is anomalous in that it produces in all 
benzene derivatives a change opposite in sign to that produced by 
halogens and of the same sign as that produced by methyl.. Further, 
although colour appears in solutions where certainly very little 
compound can be present, e.g., picric acid with benzene, the solutions 
of picric acid with nitro-compounds give practically no colour, 
though the constants found are comparatively large. On making 
up chloroform solutions of picric acid with m-dinitrobenzene, 
a-nitronaphthalene, and naphthalene in such concentrations that, 
according to our constants, equal amounts of compound were pro- 
duced, a barely perceptible tint was produced with the first, a faint 
colour by the second, and an intense colour by the last. Another 
difference is that, whereas solid compounds of picric acid with 
numerous benzenoid hydrocarbons have been isolated, where the 
amount of combination in solution is certainly small, we have been 
able to find in the literature no examples of compounds of picric 
acid with nitro-compounds. Our attempts to make them have 
failed except in the case of «-nitronaphthalene, where the compound 
can be made in the usual way and consists of pale yellow needles, 
m. p. 71° [Found: C,H,0,N;, 56:5. C,)H,-NO,,C,H,(NO,),-OH 
requires C,H,0O,Ns, 56:9%]. It is noteworthy that m-dinitro- 
benzene and 2 : 4: 6-trinitrotoluene, which do not form such com- 
pounds, have practically the same values of K as a-nitronaphthalene. 

These facts lead to the view that combination of picric acid with 
nitro-compounds is in general of a type different from that between 
picric acid and hydrocarbons (referred to later as “ nuclear ’’ com- 
bination). Since dipole association must occur to some extent in 
solutions of nitro-compounds, and does not necessarily produce 
colour [e.g., solutions of picric acid in several solvents are colourless 
(Beilstein’s Handbuch, Vol. VI, p. 268), and many polynitro- 
compounds are colourless (Hantzsch, Ber., 1906, 39, 1096)], it seems 
probable that our constants represent the dipole association between 
a nitro-group of the picric acid and a nitro-group of the added sub- 
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stance. A consistent view of our results is obtained by the assump- 
tion of two modes of combination of picric acid: (1) “nuclear ” 
combination, resulting in colour and leading generally to the isolation 
of solid compounds, and (2) dipole association, having neither of 
these effects. The nitro-group in the “hydrocarbon,” being 
strongly negative, acts like the halogens to diminish the nuclear 
combination and so hinders the development of colour, but increases 
K on account of dipole association. A methyl group para to a 
nitro-group should have little effect, but what there is should be in 
the same direction as for a methyl group in a hydrocarbon; but a 
methyl group ortho to a nitro-group should have a considerable 
diminishing effect on dipole association, since the two groups would 
weaken each other’s fields (compare o-nitrotoluene, 2 : 4 : 6-trinitro- 
toluene). Naphthalene, having a large power of nuclear combin- 
ation, would not lose it all on the substitution of one nitro-group, so 
that the production of some colour and the isolation of a solid 
compound in the case of «-nitronaphthalene are to be expected. 
In this case it appears from the K values that the diminution of 
nuclear combination more than compensates for the dipole associ- 
ation. 

The fact that the association constant we find for picric acid in 
chloroform (p. 1450) is of the same order as the values of K found for 
picric acid and polynitro-compounds, is in agreement with this view. 
Further, Jones and Bury (J., 1925, 127, 1950) state that their 


‘ eryoscopic results for picric acid, 2:4: 6-trinitrotoluene, and 


«-nitronaphthalene indicate slight association in benzene but none 
in nitrobenzene. This also is possible on our view, since very little 
combination would occur between these substances and benzene, 
whereas in nitrobenzene, greater combination with solvent would 
occur, which, though small, could mask the slight association. 

The results with picric acid have some bearing on discussions of the 
compounds formed by polynitro-compounds and bases, for they show 
that compounds of the nuclear type, involving an interaction 
between a nitro-group and an aromatic nucleus, are intensely 
coloured—colour being perceptible in solutions where, according to 
our experiments, the concentration of the eompound may be as low 
as N/1000. So that, in the case of nitro-compounds and bases, 
where more than one mode of action is possible, colour may be due 
to the existence of a small amount of nuclear combination, even if 
the greater part of the interaction is of another kind. On this 
account, Pfeiffer’s conclusion (Annalen, 1916, 412, 253), that 
compounds of nitro-compounds with bases are of the nuclear type, 
which depends wholly on arguments from colour, is open to some 
doubt. This objection does not apply to the evidence from colour 
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quoted by Bennett and Willis (J., 1929, 258, 259) in connexion with 
compounds formed by saturated bases, where nuclear combination 
is excluded. 

As regards the detailed formulation of the union between a nitro- 
group and an aromatic nucleus, the only deduction we can make is 
that the latter appears to act as donor, for the directions of the 
effects of methyl and of halogens in the picrie acid—‘ hydrocarbon ” 
series are such as would be expected on this view. The formulation 
proposed by Bennett and Willis is, to this extent, supported by our 
results. It seems possible that further work in the naphthalene 
series, where the larger constants diminish the uncertainty due to 
the solvent effect, and the constitutional effects are greatest, might 
throw light on this problem. 


Royat Hoittoway CoLiEeGeE, 
UNIVERSITY OF LONDON. [Received, April 22nd, 1931.] 





CXCVIII.—Universal Buffer Solutions and the Dis- 


sociation Constant of Veronal. 


By Husert THoomas STanLtEy Britton and Ropert ANTHONY 
ROBINSON, 


THE large number of satisfactory standard buffer solutions available 
for the colorimetric determination of pg values has been augmented 
in recent. years by a class of solutions known as universal buffer 
solutions. These consist of mixtures of acids of diminishing 
strength, by the successive neutralisation of which the p, values of 
the solutions are caused to vary continuously from about 2 to 12, 
the change in py being approximately proportional to the amount 
of alkali added. Two such buffer solutions containing phosphoric, 
acetic or phenylacetic, and boric acids have been described 
(Prideaux, Proc. Roy. Soc., 1916, 92,A, 463; Prideaux and Ward, 
J., 1924, 125, 426), having a py range of 2—12, but the present 
authors have shown (this vol., p. 458) that the graph of the px of 
the buffer solution containing phosphoric, phenylacetic, and boric 
acids against the degree of neutralisation is not a straight line but 
is undulatory in character, and that the use of a linear interpolation 
formula may lead to errors of as much as 0-2 unit in pg. 

This communication contains a more detailed study of the 
original mixture of phosphoric, acetic, and boric acids and also a 
description of a new universal buffer solution which throughout a 
considerable portion of its neutralisation gives a rigidly rectilinear 
change in py. This has been made possible through the fact 
(see Kolthoff, “‘ Gebrauch der Farbenindikatoren,” 1923, p. 163; 
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Michaelis, J. Biol. Chem., 1930, 87, 33) that veronal [sodium 
diethylbarbiturate] on neutralisation with hydrochloric acid behaves 
as the sodium salt of a monobasic acid whose dissociation constant 
is of the order of 10°. This reaction has also been reinvestigated. 


EXPERIMENTAL. 
Titration of 100 c.c. of a Solution of Phosphoric, Acetic, and Boric 
Acids, each 0-04M, with 0-2N-Sodium Hydroxide at 18°.—This titra- 
tion was performed with the hydrogen electrode against the normal 
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calomel electrode, a saturated solution of potassium chloride being 
used as the “ salt-bridge.” Measurements were made after the 
addition of each 2-5 c.c. of alkali. The py values so obtained are 
recorded in Table I and represented graphically by the thin line in 
Fig. 1. Only by following the neutralisation process at such small 
intervals can the fundamentally composite nature of the curve be 
brought out. As in the case of the other buffer mixture, in which 
acetic acid is replaced by phenylacetic acid (Britton and Robinson, 
loc. cit.), the neutralisation curve often diverges from Prideaux’s 
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straight line, which he obtained by plotting a much smaller number 
of points that happened to lie on or near it. Consequently, if this 
mixture is to be used in the colorimetric determination of py values, 
more satisfactory results will be obtained by referring to the 
complete curve. 

The values obtained in the initial stages of the neutralisation are 
not comparable with those determined by Prideaux, since he diluted 
the mixture at different stages in the neutralisation to a constant 
volume. However, beyond 20% neutralisation the effect of dilution 
becomes very small and the py values here recorded are in good 
agreement with those obtained by Prideaux. The broken line in 
Fig. 1, corresponding to 20—40% neutralisation, represents the 
contribution made by phenylacetic acid if used in place of acetic 
acid. 


TABLE I. 
NaOH, NaOH, NaOH, NaOH, 

c.c. Pu- c.c. Ppu- c.c. Pu- c.c. pu- 
0 1-81 27-5 4-35 52-5 7-00 77-5 9-91 
2-5 1-89 30-0 4-56 55-0 7-24 80-0 10-38 
5-0 1-98 32-5 4-78 57-5 7-54 82-5 10-88 
7-5 2-09 35-0 5-02 60-0 7-96 85-0 11-20 

10-0 2-21 37-5 5-33 62-5 8-36 87-5 11-40 

12-5 2-36 40-0 5-72 65-0 8-69 90-0 11-58 

15-0 2-56 42-5 6-09 67-5 8-95 92-5 11-70 

17-5 2-87 45-0 6-37 70-0 9-15 95-0 11-82 

20-0 3.29 47-5 6-59 72-5 9-37 97-5 11-92 

22-5 3-78 50-0 6-80 75:0 9-62 100-0 11-98 

25-0 4-10 


These titration curves illustrate in a marked manner their com- 
posite nature. The existence of the inflexions is due to the ratio 
of the dissociation constants of the acids involved being somewhat 
too great, since it can be shown on theoretical grounds that the 
ideal mixture, giving an absolutely straight line, should consist of 
acids whose respective px values differ from one another by 1-2. 
Although this does not present any great difficulty in regard to 
acids that undergo neutralisation below px 7, it does in the case of 
the weaker acids that are neutralised between py 7 and 14. Veronal 
has recently been shown to set up buffer action between pg 6-8 and 
9-6, so much so that Michaelis has incorporated it in a series of 
buffer solutions that are especially useful in the determination of 
pu Values of biological fluids. By using citric acid, phosphoric 
acid, veronal, and boric acid, it is possible to obtain what is probably 
the nearest approach to the ideal conditions, at least between py 3-5 
and 9-0, for the px values that are successively involved are px, of 
citric acid, 3-0; px, of citric acid, 4-6; px, of citric acid, 5-8; px, 
of phosphoric acid, 6-9; px of veronal, 7-96; px of boric acid, 9-2; 
and px, of phosphoric acid, 11-6. 
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The Dissociation Constant of Veronal.—As the values of the dis- 
sociation constant of diethylbarbituric acid obtained by Kolthoff 
and Michaelis are not in satisfactory agreement, it has been redeter- 
mined from the py values obtained by means of the hydrogen 
electrode at 18° during the decomposition of 100 c.c. of 0-04M- 
veronal by 0-2N-hydrochloric acid. The salt was obtained from 
the British Drug Houses Ltd. The px values deduced from 
measurements at intervals between one-eighth and seven-eighths 
decomposition ranged from 7-92 to 7-98, and the mean of four such 
determinations was 7-96, i.e., the dissociation constant of the acid 
is 1-1 x 10° at 18°, the px value being 0-1 -unit higher than that 
found by Michaelis at 25°. 

The following table gives the volumes of 0-2N-hydrochloric acid 
that must be added to 100 c.c. of 0:04M-veronal to set up pu vabass 
at intervals of 0-2 unit. 


bcsancerpeesosesesies 6-8 7-0 7-2 7-4 7:6 7:8 8-0 8-2 
0: ‘QN- a or 18-4 17-8 16-7 15:3 13-4 11-47 939 7-21 
secccevencscccoccgsts 8-4 8-6 8-8 9-0 9-2 9-4 9-6 
0: oN HCA, CB. saases 5:21 382 252. 1-65 1:13 0-70 0-35 


The Citric Acid—Phosphoric Acid—Veronal—Boric Acid Universal 
Buffer Mixture.—This buffer mixture consists of four acids 0-2N 
with respect to the total replaceable hydrogen, giving rise to seven 
stages of dissociation which are successively neutralised with sodium 


’ hydroxide. Each stage of dissociation corresponds to an acid 


concentration of 0-02857N. The solution contains potassium di- 
hydrogen phosphate, citric acid, veronal, boric acid, and hydrochloric 
acid dissolved in water and made up to a litre. The py values, 
determined by means of the hydrogen electrode, at stages in the 
titration of 100 c.c. of this mixture with 0-2N-sodium hydroxide are 
given in Table II under the heading py (T). Since in colorimetric 
work, a series of constant-volume mixtures is necessary, the py values 
of solutions of 100 c.c. of the buffer mixture with varying amounts of 
sodium hydroxide solution diluted to 200 c.c. have been determined. 
These values, given under the heading py (D), are slightly higher 
than those obtained by titration during the first 16% of the 
neutralisation; beyond this point, however, the effect of dilution 
is negligible. 

Fig. 1 shows by means of the thick curve, the relation between 
Pu and percentage neutralisation; between 16% and 64% neutralis- 
ation the points lie very close to the straight line corresponding to 
the interpolation formula 


Pu = 0-0853x 4- 2-686. 
Between 0 and 16% neutralisation the points lie below this line by 
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Taste II. 


Pu Values of mixtures of 100 c.c. of 0-0286.M-citric acid, 0-0286M- 
potassium dihydrogen phosphate, 0-0286M-boric acid, 0-0286M- 
veronal and 0-0286N-hydrochloric acid and x c.c. of 0-2N-sodium 
hydroxide at 18°. 


W clin dictisice 0 2 4 6 8 10 12 
Poa: (T) scccsrere 240 2:55 273 292 312 335 3-57 
9 (D)......000 258 2-72 286 303 321 343 3-66 
pu (cale.) 286 3:03 320 337 354 371 3-88 
2 lide. 14 16 18 20 22 24 26 
Pur (T)..<0cce00e 3:80 402 421 440 457 475 4-91 
pu (D)......00. 387 409 4:26 4-42 
Pa (cale.) ... 3:88 405 422 439 456 473 4-90 
2 EOL 28 30 32 34 36 38 40 42 
a (TandD) 5-08 525 540 6557 570 591 610 6-28 
Pe (calc.) ... 5°07 56:25 542 559 6576 593 610 6-27 
lelciadiniiinsibaie 44 46 48 50 52 54 56 58 
oe (TandD) 645 662 679 694 7:12 7:30 7:45 7-62 
pe (eale.) ... 644 661 678 695 7:12 7:29 7-46 17-63 


ccecececoegenes 60 62 64 66 68 70 72 74 
pe (T and D) 17-79 7:98 8-15 8-35 8-55 8-76 8-97 9-20 
- (cale.) ... 7-81 7-98 8-15 8-32 8-49 8-66 8-83 9-00 


eucvsceccepocds 76 78 80 82 84 86 88 
px GE and 3) 9-41 9-65 9-88 10-21 10-63 11-00 11-23 


ovecseseqecoses 90 92 94 96 98 100 
pu (Band D) 11-44 11-60 11-75 11-85 11-94 12-02 


0-3 pu, although this deviation is lessened somewhat if each solution 
is diluted to a constant volume of 200c.c. Beyond 64%, the experi- 
mental curve shows a very considerable inflexion, corresponding to 
the transition from the neutralisation of boric acid, pg = 9-2, to 
that of the third stage of phosphoric acid, px = 11-6. Only by 
the inclusion of an acid of pg = ca, 10-4 could this inflexion have 
been avoided. If such an acid could be obtained it would be 
possible to make a buffer mixture whose pq, value would vary 
linearly over the whole course of the neutralisation. 

If a buffer mixture of range py 3-85—12-0 should be required, 
the preparation may be simplified by omitting hydrochloric acid, 
the diethylbarbituric acid being liberated by interaction with the 
first hydrogen of citric acid. In these circumstances the titration 
begins at a point corresponding to 14-3 c.c. in the previous titration 
(B in Fig. 1), at which point py = 3-85. The titration curve is 
then identical with the curve given in Fig. 1. A solution of any 
Pu Value given in Table II can therefore be prepared by adding to 
100 c.c. of this modified solution y c.c. of 0-2N-sodium hydroxide, 
where y = x — 14-3, y being obtained by means of the interpolation 
formula, pg = 0-0853y + 3-91. (This mixture is being supplied as 
a powder by the British Drug Houses, Ltd.). 
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Discussion. 

As the titration curves of these two buffer mixtures are the 
resultant curves of a number of monobasic acids, at the middle 
point of any stage in the neutralisation, py = px, where K refers 
to the acid neutralised in that stage, and at the end of one stage 
and the beginning of the next pu = 4(px, + px,) where K, and 
K, refer to the two acids concerned. The agreement of the pu 
values so calculated with those observed is good in the case of the 
first buffer solution, as the following table shows : 


NaOH, 6.6. | ..cccece5 20 30 40 50 =~. 60 70 80 
Pt (ODS.) ...ccrececeeees 3°29 4-56 5:72 6-80 7-96 9-15 10-38 
Sa COE eesscecccoss 3°32 4-74 5-82 6-90 8-05 9-20 10-40 


In the case of the second solution good agreement is obtained until 
the veronal comes into play : 


Wa tithh |< sanetacasied 715 143 21-45 286 35:75 42-9 
tag MOND ceceseoneseterrnes 304 385 452 513 572 6-36 
Gas FOE Dicenceccccvensoses 3-0 3-8 4-6 5-2 58 6-35 
NaOH, 6.0. | s.cccesseeee 50 57-15 643 71-45 786 85°75 
sng MUIR sdstniicccinenbnce’ 694 755 $818 891 972 10:95 
Sin WOUND. aninicsterceess 690 743 7:96 858 920 10-40 


At 64:3 c.c. of sodium hydroxide, the point of half neutralisation 
of the diethylbarbituric acid, the pq value observed is about 6-2 
unit higher than that observed in the direct titration of the acid, 


. whilst at the half neutralisation of the boric acid the observed py 


is about 0-5 unit higher than the calculated. 

Much difficulty has been experienced in elucidating this anomaly. 
On neutralising a mixture of diethylbarbituric acid and boric acid 
with sodium hydroxide, the pg values at the half neutralisation of 
each acid gave px (veronal) = 7-85 and px (HBO,) = 9-25, whilst 
the py at the mid-point of the complete titration was 8-51 instead 
of py = 8-58, the mean of the two px values. Similarly, the 
titration curve of a mixture of potassium dihydrogen phosphate, 
diethylbarbituric acid, and boric acid gave px (H,PO,') = 6-8, 
Pr (veronal) = 8-0, and pz (HBO,) = 9-3, which again are in good 
agreement with the accepted px values, 6-9, 7-96, and 9-2 
respectively. 

When, however, a mixture of citric acid and boric acid was 
titrated with sodium hydroxide, the three px values calculated 
during the titration of citric acid were 3-00, 4-47, and 5-86 (accepted 
values 3-0, 4-6, and 5-8), showing that the neutralisation of the 
citric acid was proceeding without interference of the boric acid. 
The px value calculated at any point in the boric acid section of 
the curve was 0-3 of a px unit too high, apparently owing to the 
presence of the sodium citrate. This elevation in the px value of 
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boric acid in the presence of sodium citrate will explain the lack of 
agreement between the calculated and the observed py values in 
the latter portion of the titration of the new buffer mixture. 

The effect of an organic hydroxy-acid on the dissociation of 
boric acid seems to have an important bearing on the so-called 
* boric acid problem ”’ (see Bancroft and Davis, J. Physical Chem., 
1930, 34, 2479) to which we are giving further attention. 


The authors wish to thank the Advisory Council of the Depart- 
ment of Scientific and Industrial Research for a grant which was 
made to assist an investigation out of which the present work has 
arisen, and also the Chemical Society for a grant from the Research 
Fund. 
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CXCIX.—A Method for the Preparation of Some 
New Organo-thallium Halides. 


By FREDERICK CHALLENGER and BEeRTHA PARKER. 


It was shown by Michaelis and Becker (Ber., 1882, 15, 182) that 
phenylboric acid and mercuric chloride react in hot aqueous solution, 
giving insoluble phenylmercury chloride : 


PhB(OH), + HgCl, + HOH = PhHgCl + B(OH), + HCl 


In the course of a study of the mobility of alkyl and aryl radicals 
when attached to boron (Ainley and Challenger, J., 1930, 2171), 
the behaviour of phenylboric acid to the thallic halides has been 
investigated. The close relation of thallium to mercury and the 
great insolubility and stability to water of diphenylthallium halides 
(Goddard and co-workers, J., 1922, 121, 40, 257) suggested that 
the reaction in question might proceed similarly. In the analogous 
reaction with cadmium and zinc halides, only benzene was obtained, 
probably owing to the instability of the organo-halides of cadmium 
and zinc in presence of water. 

Thailic chloride and bromide react at once in hot aqueous solution 
with phenylboric acid, giving, according to the proportion of phenyl- 
boric acid employed, diphenylthallium halides (Goddard, loc. cit.), 
phenylthallium dichloride, m. p. 235°, and phenylthallium dibromide, 
m. p. 153° (decomp.). The mono- and di-chlorides are readily 
separated and purified owing to their widely differing solubility in 
water. This is also true of the monobromide, but the isolation of 
the dibromide presents more difficulty. The dihalides, which do 
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not appear to have been described, are decomposed by heating 
with water, the dibromide very readily, giving thallic halide and 
diphenylthallium halide : 


2PhTIX, = Ph, TIX + TIX, 


Numerous aryl mercury chlorides and acetates have been prepared 
by the use of arylboric acids (Michaelis and Richter, Annalen, 1901, 
315, 26; Konig and Scharnbeck, J. pr. Chem., 1930, 128, 153) and 
doubtless the reaction with thallium salts is capable of a similar 
extension. With p-tolylboric acid (2 mols.), di-p-tolylthallium 
bromide (Goddard and Goddard, loc. cit., p. 258) is readily obtained. 
It gives p-iodotoluene with iodine, but is unaffected by potassium 
iodide (see below). If p-tolylboric acid is boiled with a large excess 
of thallic bromide, p-bromotoluene is evolved and thallous thallic 
bromide deposited. This recalls the decomposition of phenylboric 
acid with bromine water (Ainley and Challenger, loc. cit.). p-T'olyl- 
thallium dibromide (m. p. 160—165° decomp.) is obtained along with 
some p-bromotoluene from 2 mols. of thallic bromide and one of 
p-tolylboric acid. 

Phenylthallium dichloride or dibromide gives an immediate 
yellow precipitate with potassium iodide which quickly turns black, 
eliminating iodobenzene. The corresponding iodide appears to 
decompose spontaneously according to the equations 


(a) 2PhTI, = TH + Ph, TI 
(6) 5PhTII, = STIL + 5PhI 


The black precipitate is the double salt 5 TII,TI, (Jorgensen, J. 
pr. Chem., 1872, 6, 82). With excess of potassium iodide it loses 
iodine, giving thallous iodide. Phenyl thiocyanate and seleno- 
cyanate are similarly obtained with the corresponding potassium 
salts. Potassium bromide gives no bromobenzene, thus recalling 
the stability of the dichloride and dibromide of triphenylbismuthine 
at the ordinary temperature, whereas the di-igdide, dithiocyanate 
and diselenocyanate immediately eliminate aryl halide or pseudo- 
halide (Challenger, Peters, and Halévy, J., 1926, 1648; Challenger 
and Wilson, J., 1927, 209). 

It was remarked by Berry, Lowry, and Gilbert (J., 1928, 1757) 
and by Krause and Dittmar (Ber., 1930, 63, 1953) that organo- 
thallium derivatives of the types RTIX, and R,Tl were unknown. 
Krause and v. Grosse (Ber., 1926, 59, 1712) attempted to prepare 
alkylthallium dibromides by using bromine and a pyridine solution 
of dialkylthallium halide, but obtained a compound of thallic 
bromide with alkylpyridinium bromide. Mendeléeff (Annalen, 
1872, Spl. 8, 152) regarded the existence of triethylthallium as 
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required by analogy with the other odd series elements in Group III. 
According to v. Grosse (Z. anorg. Chem., 1926, 152, 133) both these 
types should be capable of existence, since all three valency electrons 
of the thallium atom are contained in the same electron shell. 
Groll (J. Amer. Chem. Soc., 1930, 52, 2999) has prepared triethyl- 
thallium as a yellow liquid, the colour of which deepens with rise 
of temperature, but fades in liquid air. Sodium benzyl, tetra- 
methylammonium triphenylmethyl, and tetramethylammonium 
benzyl (Schlenk and co-workers, Ber., 1917, 50, 262, 274; 1916, 
49, 603) are coloured and the first two form conducting solutions 
and are doubtless ionised. With water decomposition occurs :— 


ahi 7 
Me,N—CPh, + H,O = Me,N-OH + CHPh, 


Triethylthallium and diethylthallium triphenylmethy] are similarly 
decomposed, giving diethylthallium hydroxide, and it appears 
probable that triethylthallium will exhibit electrical conductivity. 

Berry, Lowry, and Gilbert (loc. cit.) state that “the dialkyl 
(thallium) halides and the bases from which they are derived, as 
well as the corresponding trihalides and their bases . . . yield 
non-conducting molecules. . . . Spectroscopic evidence indicates 
that the non-conducting forms of these salts may be ionic doublets 
rather than covalent molecules. The existence of systems in 
which the thallium nucleus is surrounded by 84 electrons in... 
Me,TIBr and TIBr, is therefore less well established than in the 
case of mercury. . . . The doubt as to the real existence of the 
84 electron system . . . may furnish a clue to the reason why it has 
not been found possible to prepare the trialkyl derivatives of thallium 
since these could not be expected to exist in a form corresponding 
with the ionised molecules of Me,TII and could, therefore, only be 
produced if the 84 electron system were stable.” 

In view of Groll’s work (loc. cit.) these remarks are of much 
interest, since, although Berry, Lowry, and Gilbert seem to regard 
it as improbable that any ionised structure could be associated 
with TIEt,, they cannot envisage the compound apart from the 


+ — 
structure [TIEt,JEt, which has an 82 electron system (see also 
Chemistry and Industry, 1931, 180). 


EXPERIMENTAL. 

The Action of Thallic Halides on Phenylboric Acid.—Phenyl- 
thallium dichloride. Excess of thaliic chloride was used to prevent 
formation of diphenylthallium chloride. Thallic chloride (4-5 g.; 
3 mols.) in water (6—8 c.c.) was boiled with phenylboric acid (0-6 g.; 
1 mol.) for 1 minute, giving a precipitate (A, 1-6 g.; calc., 1-76 g.), 
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m. p. 234° (decomp.). On heating with water, all but a trace dis- 
solved, but on long boiling a solid (B) separated while still hot. 
The filtrate from (A) contained no phenylboric acid (mercury 
chloride test) (see p. 1462). After precipitation of the excess of 
thallium as the trihydroxide, the filtrate was shown to contain a 
borate. 

Recrystallisation from water yielded white needles, m. p. 235° 
(decomp.) (Found: Cl, 19-85; TI, 58-9. C,gH,Cl,Tl requires Cl, 
20:2; Tl, 57-95%). 

Phenylthallium dichloride is much more soluble in water and in 
most organic solvents than the diphenyl derivative. Its aqueous 
solution gives silver chloride with silver nitrate and a white pre- 
cipitate with potassium hydroxide, indicating the absence of thallic 
chloride. 

On cautious evaporation of an aqueous solution of phenylthallium 
dichloride on the steam-bath, it is unchanged, but on boiling it is 
slowly converted into diphenylthallium chloride (B, above) and 
thallic chloride (sodium hydroxide test). Diphenylthallium chloride 
is stable to potassium iodide, but not to iodine. 

Diphenylthallium chloride. Thallic chloride (1-5 g.; 1 mol.) in 
water (6 c.c.) was boiled with phenylboric acid (1:2 g.; 2 mols.), 
giving after 1 minute a white solid (C, 1-4 g.). This was mostly 
insoluble in hot water, the filtrate giving only a yellow turbidity 
and a faint odour of iodobenzene with potassium iodide. C was 
again boiled with water, recrystallised twice from pyridine, and 
washed with alcohol and ether. It was unmelted at 310° (Found : 
Cl, 8-7. Cy gH, CITI requires Cl, 9-1%). 

Diphenylthallium bromide. Thallic. bromide (1:9 g.; 1 mol.) 
and phenylboric acid (1-2 g.; 2 mols.) were heated in water for 
20 minutes on the steam-bath, and the solid (0-70 g.) separated ; 
after 4 hours at 100°, the filtrate gave a further 0-85 g. (calc., 1-84 g.). 
The solid was crystallised from pyridine (Found: Br, 17-8. Cale. : 
Br, 18-25%). | 

Phenylthallium dibromide. Phenylboric acid (1-2 g.; 1 mol.) in 
water (10 c.c.) was added to 10 e.c. of a thallic bromide solution 
obtained from thallous bromide (8-5 g.; 3 mols.) After 2 minutes’ 
boiling, a lemon-yellow solid (D, 2-4 g.) was deposited, m. p. 149°. 
On attempted recrystallisation of D from hot water, only a trace 
remained insoluble, but the clear filtrate on cooling deposited 
diphenylthallium bromide, which was unmelted at 320°. 

By washing D with very little ether to remove any thallic bromide, 
extracting the residue with much cold ether, and evaporating the 
solution in an air stream, a white solid, m. p. 152° (decomp.), was 
obtained, and found to be free from inorganic thallium. It was 
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not purified, being much more unstable than the corresponding 
chloride (Found: Br, 35-2; Ti, 46-0. C,H,;Br,Tl requires Br, 
36-3; Tl, 46-3%). 

Phenylthallium dibromide gradually decomposes to the mono. 
bromide on standing. It reacts with potassium iodide like the 
dichloride, giving iodobenzene and a black solid (see p. 1463). On 
heating, bromobenzene and thallous bromide are obtained, whereas 
diphenylthallium bromide gives an odour of diphenyl. The original 
filtrate from D was concentrated, giving yellow crystals (E). With 
water these became red (F). E and F were identical with the 
compounds T1Br,TIBr,, and 3TIBr,T1Br, obtained by Willm (Ann. 
Chim. Phys., 1865, 5, 4) and Cushman (Amer. Chem. J., 1900, 24, 
231). 

Formation of Phenylthalliwum Dibromide from Phenylmagnesium 
Bromide and Thallic Chloride.—Diphenylthallium bromide was 
prepared by the method of Goddard and Goddard (J., 1922, 121, 
257) by adding ethereal thallic chloride (107 g.; 0-3 mol.) to a solu- 
tion of magnesium (29-4 g.; 1-2 atom.) and bromobenzene (186 g.; 
1-2 mols.) in ether. After removal of solvent and addition of dilute 
acetic acid the separated solid was extracted with pyridine, giving 
crude diphenylthallium bromide (Found, after crystallisation from 
pyridine: Tl, 45-95. Calc.: Tl, 466%). The pyridine mother. 
liquor on dilution with water gave two deposits, G, m. p. 70—76°, 
and H, m. p. below 100°. These were not described by Goddard 
and were therefore examined after being freed from adhering 
pyridine. When G was heated, a mixture of pyridine and bromo- 
benzene distilled. With potassium iodide, G became yellow and, 
when warmed, gave iodobenzene, the presence of a phenylthallium 
dihalide thus being indicated. 

G was heated with 10% hydrobromic acid, giving an infusible 
solid which, on crystallisation from pyridine, was shown to be 
diphenylthallium bromide (M) (Found: Br, 18-5. Cale.: Br, 
18-25%). The main acid filtrate deposited pale yellow crystals, 
m. p. 172°. 

The pyridine mother-liquor from (M) was diluted with water, 
giving two deposits, K and L, m. p.’s 92° and 90°. These gave 
iodobenzene with potassium iodide. With hot dilute hydrobromic 
acid, K and L gave more insoluble diphenylthallium bromide, and 
a further deposit of yellow needles, m. p. 176°, was obtained from 
the acid filtrate. These and the product of m. p. 172° both gave 
pyridine and thallic hydroxide with potassium hydroxide. The 
compound 2T1Br,,3(C;H,N,HBr) melts at 174° (Renz, Ber., 1902, 
35, 2768) (Found : Tl, 30-0; Br, 52-7. Cale. : Tl, 29-9; Br, 52-6%). 
The decomposition of G was at first incomplete, doubtless owing 
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to formation of a layer of diphenylthallium bromide round the 
unattacked inner portion. 

A portion of G was washed with light petroleum to remove 
diphenyl. The residue had m. p. 82—84°. Volumetric analysis 
in dilute acid solution with silver nitrate gave Br = 21-0%. 

K and L were mixed and analysed by Goddard’s method (J., 
1922, 121, 488) (Found: Br, 21-5. C,H,Br,T1,3C;H;N requires 
Br, 23-6. CgH,;Br,T1,4C;H;N requires Br, 21:1%). Both sub- 
stances were probably slightly impure, but there is no doubt as to 
their nature. Further evidence was obtained by dissolving pheny!l- 
thallium dibromide in pyridine and diluting the solution with water. 
A solid, m. p. 92°, was deposited, which was decomposed by hot 
dilute hydrobromic acid in a similar manner to G. 

The presence of phenylthallium dibromide (m. p. 152°) was also 
detected in (H). Diphenyl was removed by light petroleum. The 
residue was fluid at 151°, and decomposed at 155°. It gave iodo- 
benzene with potassium iodide and after some months it had decom- 
posed and was unmelted at 300°. 

p-Tolylthallium Halides.—Thallic bromide (7-5 g.; 2 mols.) in 
water (27 c.c.) was added in one portion to a hot solution of 
p-tolyiboric acid (1-2 g.; 1 mol.) in water (55 c.c.). After cooling, 
the solid was separated and dried. Its m. p. depends on the rate 
of heating, but when it is placed in a bath at 160—165°, immediate 


fusion occurs; at 150° fusion is incomplete. On attempted crystal- 


lisation from acetone-light petroleum decomposition occurs, thallic 
bromide is produced (sodium hydroxide test), and di-p-tolylthallium 
bromide separates (Found: Br, 17-1. Cale.: Br, 17-2%). This 
was also obtained directly by using 2 mols. of p-tolylboric acid and 
thallic bromide. 

The crude p-tolylthallium dibromide was analysed without re- 
crystallisation (Found: Tl, 44-5; Br, 34-3. C,H,Br,Tl requires 
Tl, 44-9; Br, 35-1%). When kept, it becomes brown on the surface, 
the odour of p-bromotoluene is noticed, and a portion becomes 
insoluble in acetone. Potassium iodide and p-tolylthallium di- 
bromide give p-iodotoluene; with pyridine an additive compound 
is formed, as with the corresponding phenyl derivative. 


The authors are indebted to the Research Fund Committee of 
the Chemical Society for a grant which has partly defrayed the 
cost of this investigation and to Dr. E. Rothstein for carrying out 
some of the analyses. 
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CC.—Bases derived from Some Substituted Propenyl- 
benzenes, with a Note on the Preparation of Pure 
Methylamine. 


By Tuomas MARVEL SHARP and WILLIAM SoLomon. 


THE interaction of bases with halogenohydrins of the type 
Ar-CH(OR)-CHXR’, where R and R’ are hydrogen or methyl! and 
X is a halogen, has been the subject of much study, mainly with a 
view to the synthesis of derivatives of adrenaline and ephedrine 
(Fourneau, J. Pharm. Chim., 1904, 20, 481; Barger and Jowett, 
J., 1905, 87, 967; Pauly and Neukam, Ber.,- 1908, 41, 4159; 
Béttcher, Ber., 1909, 42, 259; Mannich, Arch. Pharm., 1910, 248, 
127, etc.). An example is the formation of p-methoxyephedrine by 
the following series of reactions (Koller, Monatsh., 1926, 47, 397) ; 


MeO-C,H,-CH:CH-CH, —> MeO-C,H,-CHBr-CHBr-CH, —> 

) MeO-C,H,-CH(OMe)-CHBr-CH, —> 
MeO-C,H,CH(OMe)-CH(NHMe)-CH, —> 

MeO-C,H,-CH(OH)-CH(NHMe)-CH,, 


In the same paper a series of reactions was described starting from 
isoeugenol, but in this case only amorphous products were obtained. 
It is noteworthy that in no case has a satisfactory result been 
obtained when the initial compound has contained a phenolic 
hydroxyl group. It is well known that dibromides, bromohydrins 
and methoxybromides of the types under discussion are very 
unstable substances which rapidly decompose on exposure to air 
(compare Hell and Portmann, Ber., 1895, 28, 2089; Auwers and 
Miiller, Ber., 1902, 35, 114). It appeared to the authors that the 
process, ¢.g., with isoeugenol, could be improved by starting with 
acetylisoeugenol dibromide, a colourless, crystalline, comparatively 
stable compound in which the «-bromine atom might be replaced 
by an acetoxy-group, by the action of silver acetate. The resulting 
acetoxybromide (I) is crystalline and is sufficiently stable for the 
required purpose. This on treatment with methylamine was 
expected to furnish the desired «-hydroxy-8-methylamino-«-4- 
hydroxy-3-methoxyphenylpropane (IT). 


OAc Br OH NHMe 


Ack CH—CHMe a 
MeO (I.) Me (IT.) 


Actually the compound formed in this reaction was a diamine, viz., 
«8-di(methylamino) - «-4-hydroxy-3-methoxyphenylpropane (III), 
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which was also obtained by the action of methylamine on acetyl- 
isoeugenol dibromide. This unexpected result led to the inves- 


NHMe NHMe OAc Br 


HK pe CHMe MeO¢ CH—CHMe 
Me (III.) AcO (IV.) 


tigation of similarly constituted acetoxybromides. For this purpose 
the acetoxybromides from acetylisochavibetol (IV) and isomyrist- 








MeO OAc Br NHMe NHMe 
: H—GHMe HO CH CHMe 
H,C (V.) (VI.) 


icin (V) were chosen. isoChavibetol yields by this process two 
isomeric monoamino-bases, and isomyristicin only one monoamino- 
base. The acetoxy-group in the side chain is not therefore the 


MeO NHMe OH NHMe OH 
CHMe 


o< CH—CHMe ae 
H,C—O (VIL.) Me (VIII.) 


determining factor in the formation of the diamine, and inspection 
of the formule of the three compounds isoeugenol, isochavibetol, 
and isomyristicin shows that the most obvious way in which 1so- 
eugenol differs from the other two is in the presence and position 





‘of the hydroxyl group. In order to test whether the formation of 


OH NHMe 
([X.) MeO CH—CHMe 
Me 


the diamine is due to the influence of a hydroxyl group in the 
para-position to the side chain, the above series of reactions: was 
performed with p-acetoxypropenylbenzene. Here again a diamine 
was obtained, the compound isolated being «$-di(methylamino)- 
a-p-hydroxyphenylpropane (VI). 

The constitutions of the monoamino-bases obtained from iso- 
chavibetol and from isomyristicin do not follow from the method 
of preparation; for Mannich (loc. cit.) has shown that bromohydrins 
of the type R-CH(OH)-CHBrR’ on treatment with bases first yield 


: | Fae | | 

internal oxides R-CH HR’, which then open to form either 
R-CH(OH)-CH(N=)-R’ or R-CH(N=)-CH(OH)R’ or both. It was 
therefore necessary in order to prove the constitutions of these 
bases to synthesise them by a method which would preclude the 
formation of intermediate oxides. This was done by the use of 
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methoxybromides in place of acetoxybromides, and demethylation 
of the resulting methoxy-bases (compare Koller, loc. cit.; Spath, 
Ber., 1925, 58, 1268, etc.). 

In the case of isomyristicin the bases obtained by the two pro. 
cesses were different. Each of these substances, however, contains 
two asymmetric carbon atoms, so that the «-hydroxy-$-methyl- 
amino-compound and the «-methylamino-$-hydroxy-compound can 
each exist in two diastereoisomeric (racemic) forms (a)(b) and (c)(d). 


R R R R 


lon Ho—|-H H—|—NHMe H NHMe 


oo ssh diane wait ee HO——H 


Me Me Me Me 
(a) (b) (c) (d) 
If the two isomeric bases obtained differed stereochemically only, 
they should be interconvertible by one of the processes of optical 
isomerisation; if, however, the difference were structural, the two 
bases would, on isomerisation, lead to two different diastereo- 
isomerides. Actually it was found that the base from the acetoxy- 
bromide gave, by a process of acetylation and hydrolysis, a diastereo- 
isomeric base differing from the base from the methoxybromide. 
The latter base‘is (a) or (b) and therefore the bases from the acetoxy- 
bromide are the other pair (c) and (d), viz., «-methylamino-f- 
hydroxy-«-3-methoxy-4 : 5-methylenedioxyphenylpropane (VII). 
Acetylisochavibetol acetoxybromide on treatment with methyl- 
amine yields two isomeric bases A and B. The former with diazo- 
methane, which methylates the phenolic hydroxyl group and leaves 
the alcoholic hydroxyl group and nitrogen intact, gives a methyl 
ether, m. p. 60—62°, identical with a compound to which Mannich 
(Apoth. Ztg., 1909, 24, 60; loc. cit.) ascribes the constitution (VIII); 
the evidence for this, although not conclusive, is strong. B similarly 
furnishes an isomeric methyl ether, m. p. 95—97°, which may have 
its methylamino-group on either the «- or the B-carbon atom. The 
synthesis of one of the possible diastereoisomerides of the con- 
stitution (IX) was effected, as in the case of isomyristicin, through 
the methoxybromide. This melts at 130—131° and is thus different 
from the methyl ethers of A and B. The method of isomerisation 
which had proved successful in the case of the «-methylamino- 
derivative of isomyristicin led to inconclusive results with the 
methyl ether of B. The action of phosphorus pentachloride and 
treatment of the product with alcoholic potassium hydroxide con- 
verted this compound into the base (IX), m. p. 130—131°. This 
result would appear to prove that the methyl ether of B was the 
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diastereoisomeride of (IX), but subsequent experiments showed 
that Mannich’s base, m. p. 62°, also yields the same base, m. p. 
130—131°, by this process. One of these methoxy-bases A and B 
must have its nitrogen on the a-carbon atom, since neither is 
identical with the compound derived from the methoxybromide, so 
that in effect a methylamino-group has passed from an «- to a 
8-carbon atom. The following mechanism, which it is proposed to 
submit to experimental verification as soon as sufficient material 
can be accumulated, would explain the anomaly : 
R-CH(NHMe)-CH(OH)-CH, —> R-CH(NHMe)-CHCI-CH, —> 
NMe , 
RCH CH-CH, —> R-CH(OH)-CH(NHMe):CH,. 

The possibility of such a reaction is indicated by the observations 
of Wolfheim (Ber., 1914, 47, 1450), who converted §-hydroxy- 
-phenylethylamine into the corresponding chloroamine, which with 
the calculated quantity of sodium hydroxide yielded phenylethyl- 

NH 








eneimine, PhCH CH,, and of Gabriel and Colman (7bid., p. 1869), 
who obtained the same imine from $-hydroxy-«-phenylethylamine. 
These authors did not study the action of an excess of alkali on 
their imine but record the formation of 8-chloro-8-phenylethylamine 
by the action of hydrochloric acid. 
4 
EXPERIMENTAL. 

The general procedure for the preparation of the bases described 
was the following, (a) via acetoxybromides, (b) via methoxybromides. 

(a) The dibromide from acetylisoeugenol, acetylisochavibetol, iso- 
myristicin, or p-acetoxypropenylbenzene was dissolved in a suitable 
quantity of acetic acid on a warm water-bath and treated gradually 
with finely powdered silver acetate (1 mol.). The mixture was 
then heated on a boiling water-bath for 20 minutes with continual 
agitation, and filtered from the precipitated silver bromide into a 
large volume of water. This was extracted with benzene, and the 
benzene extract washed with water, dried, and evaporated, leaving 
the acetoxybromide either in a crystalline condition or as a pale- 
coloured oil sufficiently pure for the next process. 

(b) The dibromide of tsomyristicin or itsoeugenol methyl ether was 
dissolved in cold methyl] alcohol, the calculated quantity of methyl- 
alcoholic sodium methoxide (15%) added, the solvent removed, 
water added, and the methoxybromide isolated by extraction with 
ether. Both the methoxybromides were oils. 

In the next stage the acetoxybromide (a) or the methoxy- 
bromide (b) was heated in a sealed tube (a) for 9 hours at 110°, 
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(b) for 24 hours (during 3 days) at 130°, with a considerable excess 
of a concentrated dry alcoholic solution of methylamine. After 
removal of the alcohol and excess of methylamine by distillation, 
the residual oil was treated with an excess of N-sulphuric acid and 
shaken with ether to remove non-basic material, then with chloro. 
form to remove acetylmethylamine (where necessary), and finally 
made alkaline and either extracted with ether to obtain the base, 
or, in the case of the bases from isochavibetol, concentrated; the 
bases then crystallised. Subsequent purification varied with the 
individual compounds. 
isoLugenol.—Acetylisoeugenol dibromide (36-5 g.) (Zincke and 
Hahn, Annalen, 1903, 329, 1), acetic acid (90 c.c.), and silver 
acetate (16-7 g.) gave an almost quantitative yield of the acetoxy- 
bromide (I) as a pale yellow oil, which on the addition of alcohol 
separated in colourless crystals (Found: Br, 22-8. C,,H,,0;Br 
requires Br, 23-2%). The crude oil (34 g.) with methylamine (25 g.) 
in dry alcohol (75 c.c.) furnished non-basic material (11-7 g.), which 
was not examined, and crude base (10-75 g.). The latter was con- 
verted into sulphate (9-05 g.), which was almost insoluble in alcohol, 
and was purified by solution in water (5 vols.) and addition of 
alcohol (10 vols.) ; it then separated in rosettes of colourless needles, 
melting at 254° (corr.) to two layers, the upper red and the lower 
yellow and cloudy; this behaviour is characteristic (Found: (C, 
44-6; H, 6-4; N, 87; S, 9-5; MeO, 9-7; NMe, 11-6, 12-2, 13:8, 
12-7.* C,H 0,N,,H,SO, requires C, 44-7; H, 6-9; N, 8-7; 8, 9-9; 
MeO, 9-6; 2NMe, 18-0%). The base, prepared from the pure 
sulphate, rapidly darkened on exposure to air and was not obtained 
crystalline. The same compound was obtained by the action of 
methylamine on acetylisoeugenol dibromide. It is therefore «{-di- 
(methylamino)-«-4-hydroxy-3-methoxyphenylpropane (III). 
isoM yristicin.—(a) isoMyristicin dibromide (23-5 g.) (Thoms, Ber., 
1903, 36, 3448), acetic acid (100 c.c.), and silver acetate (11-13 g.) 
yielded the acetoxybromide (V) (20-6 g.) as a pale yellow oil which 
crystallised on the addition of a little alcohol. It separated from 
petroleum (b. p. 90—120°) in colourless elongated hexagonal plates, 
m. p. 62—64° (corr.) (Found: C, 46-9; H, 48; Br, 244. 
C,3H,,0;Br requires C, 47-1; H, 46; Br, 241%). The crude 
product (9-6 g.; Br = 23-9%) was heated with methylamine (4-6 g.) 
in dry alcohol (40 c.c.). Non-basic material from the ethereal 


* The analytical figures for the methylimino-groups are neither concordant 
nor in agreement with the calculated value, and this is true for results obtained 
either by macro- or by micro-methods of analysis. No explanation of this 
anomaly can be given at present, but the other evidence provided leaves no 
doubt of the constitution of the salt. 
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extract of the acid liquor (0-6 g.) was not examined. The crude 
base (7:15 g.) was purified through its hydrochloride, which crystal- 
lised from alcohol in hard, almost colourless prisms (5-9 g.), m. p. 
233—235° (corr., decomp.) after previous sintering at 231° (Found : 
C, 52-3; H, 6:7; N, 5-7; Cl, 12-8; MeO, 10-9; NMe, 9-6. 
C,.H,,0,N,HCI requires C, 52-3; H, 6-6; N, 5-1; Cl, 12-9; MeO, 
11:3; NMe, 10-5%). The hydrobromide forms colourless prisms 
from alcohol, m. p. 239° (corr., decomp.) after previous sintering at 
219° (Found: C, 45-4; H, 5-5; N, 4:3; Br, 24-6. C,.H,,O,N,HBr 
requires C, 45-0; H, 5-7; N, 4-4; Br, 25-0%). The oxalate separates 
from alcohol in colourless prisms, m. p. 251° (corr., decomp.) 
[Found : C, 55-2; H, 6-2; N,5-5; MeO, 10-9. (C,,.H,,0,N),.,C,H,O, 
requires C, 54:9; H, 6-4; N, 49; MeO, 10-9%]. The picrate con- 
sists of yellow hemispherical aggregates of needles, m. p. 179—182° 
(corr.) (Found : N, 12-5. C,,H,,0,N,C,H,0,N; requires N, 12-0%). 
The base (VII), prepared from the pure hydrochloride, is a pale 
straw-coloured oil. 

(b) isoMyristicin dibromide (3-16 g.), dry methyl alcohol (30 c.c.), 
and sodium methoxide yielded $-bromo-«-methoxy-«-3-methoxy-4 : 5- 
methylenedioxyphenylpropane (2:70 g.) as a colourless varnish 
(Found: Br, 26-2; MeO, 19-3.; C,,.H,,0,Br requires Br, 26-4; 
MeO, 20-5%). The methoxybromide (12-3 g.) with methylamine 
(13 g.) in dry alcohol (50 c.c.) furnished non-basic material (5-25 g.) 
consisting mainly of 3-methoxy-4 : 5-methylenedioxyphenyl ethyl 
ketone (Scandola, Atti R. Accad. Lincei, 1912, 21, i, 47), and a pale 
yellow basic oil (4 g.), which afforded crystalline $-methylamino-«- 
methoxy-a-3-methoxy-4 : 5-methylenediozyphenylpropane hydrochloride 
(3-6 g.). This salt separates from alcohol in small colourless prisms, 
m. p. 252° (corr., decomp.) (Found: C, 53-6; H, 7-0; N, 5-3; Cl, 
12:1; MeO, 21-0; NMe, 8-0. C,3H,,0,N,HCI requires C, 53-9; H, 
70; N, 4-8; Cl, 12-2; 2MeO, 21-4; NMe, 10-0%). Demethylation 
was effected by allowing the hydrochloride (6-4 g.) to stand in cold 
hydrochloric acid (d 1:19, 65 c.c.) during 21 hours. The partially 
crystalline base (4:97 g.), which was obtained by extracting the 
alkaline solution with ether, yielded $-methylamino-«-methoxy-«-3- 
methoxy-4 : 5-methylenedioxyphenylpropane (2:3 g.) as colourless 
fragile prisms from acetone or from benzene-ether, m. p. 122— 
124° (corr.) (Found: C, 60-5; H, 7-5; N, 6-1; MeO, 13-0; NMe, 
11-2. Cy,H,,0,N requires C, 60-2; H, 7:2; N, 5-9; MeO, 13-0; 
NMe, 12:1%). The hydrochloride forms colourless prismatic aggre- 
gates from alcohol, m. p. 194—198° (corr.) (Found: Cl, 12-8. 
CH ,70,N,HCI requires Cl, 12-9°%). 

Isomerisation of «-Methylamino-$-hydroxy-«-3-methoxy-4 : 5-methyl- 
a (VII).—The hydrochloride (see above) (10 g.) 
c 
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was boiled under reflux for 2 hours with a mixture of acetic anhydride 
(90 c.c.) and acetyl chloride (10 c.c.). After removal of the reagents 
by distillation, the residual oil was boiled under reflux with 5%, 
alcoholic potassium hydroxide (100 c.c.) for 14 hours, water (95 c.c.) 
added, the alcohol removed, and the solution acidified with dilute 
hydrochloric acid. The non-basic matter (4:2 g.), obtained from 
the acid liquor by extraction with ether, was again treated with 
alcoholic potassium hydroxide in the same way. The two acid 
liquors so obtained were made alkaline and, on extraction with 
ether, afforded a pale yellow basic oil (8-45 g.), consisting of a 
mixture of the original base (VII) and its diastereoisomeride. After 
repeated fractional crystallisation of the hydrochlorides from alcohol, 
a specimen (0-6 g.) of constant m. p. 212—216° (corr.) was obtained 
(Found: C, 52-5; H, 6:2; N, 5-0; Cl, 13-0; MeO, 11-5; NMe, 9-0. 
C,.H,,0,N,HCl requires C, 52-3; H, 6-6; N, 5-1; Cl, 12-9; MeO, 
11-3; NMe, 105%). A mixture of this hydrochloride with the 
hydrochloride of the original base (VII) melted indefinitely at 190— 
210°. The behaviour of this mixture on heating closely resembles 
that of the crude hydrochloride obtained in this experiment. 
isoChavibetol.—(a) Acetylisochavibetol forms colourless platelets 
from alcohol, m. p. 101° (corr.) (Found: C, 69-6; H, 7-1; MeO, 
14-6. C,,H,,0, requires C, 69-9; H, 6-85; MeO, 15-05%). Treated 
in dry ethereal solution with the calculated quantity of bromine, it 
gives a crystalline dibromide, m. p. 109—111° (corr.) (Found: (, 
39-45; H, 3-9. C,,H,,0,Br, requires C, 39-35; H, 3-85%). The 
dibromide (167 g.) in acetic acid (320 c.c.) gave with silver acetate 
(76 g.) an almost quantitative yield of syrupy acetoxybromide (IV) 
(Found: Br, 22-5. C,,H,,O;Br requires Br, 23:2%). This was 
treated with methylamine (115 g.) in dry alcohol (350 c.c.). Non- 
basic substances, including acetylmethylamine, were removed from 
the reaction product in the usual manner (54 g.), but the bases 
were best isolated, not as usual by extraction with ether, but by 
concentration of the alkaline liquor; they then separated as a 
brown powder contaminated with potassium sulphate and oily 
impurity. The former was removed by washing with ice-cold water, 
and the latter with cold acetone. The crude base thus obtained 
(43 g.) was distilled, giving a fraction (35-55 g.), b. p. 200—202°/ 
11 mm. (corr.), consisting of a colourless oil which rapidly crystal- 
lised on cooling. This consisted of two bases, which were partially 
separated by fractional crystallisation of the normal oxalates from 
methyl alcohol. The oxalate of base A forms hemispherical aggre- 
gates of colourless needles, m. p. 222-5° (corr., decomp.), the oxalate 
of base B, soft colourless needles, m. p. 222-5° (corr., decomp.), m. p. 
of mixture about 209° (corr., decomp.); so that in order to effect 





SOME SUBSTITUTED PROPENYLBENZENES, ETC. 1475 


a separation it is essential to take a mixed melting point before 
uniting any two crops. The oxalate of A absorbs moisture, forming 
a hydrate (Found: loss on drying at 120° in a vacuum, 4:6. 
A,,CzH,O,4,1-5H,O requires loss 5-0%), the oxalate of B is not 
hygroscopic [Found for oxalate A: C, 55:8; H, 6-9. Found for 
oxalate B: C, 56-2; H, 6-9. (C,,H,,0,N),,C,H,O, requires C; 
56-2; H, 7:1%]. Base A from the pure oxalate forms colourless 
prisms from alcohol, m. p. 143—146° (corr.); base B is similar, 
m. p. 166—167° (corr.), mixture m. p. about 140—155° (Found for 
base A: CO, 62-4; H, 8-1; N, 6-4, 6-6; MeO, 14-6, 14-7; NMe, 10-2, 
10-0. Found for base B: C, 62-4; H, 8-1; N, 6-6, 6-7; MeO, 14-9, 
14:8; NMe, 10-4. C,,H,,0,N requires C, 62-5; H, 8-1; N, 6-6; 
MeO, 14-7; NMe, 13-75%). 

Methylation of base A. Base A (7:2 g.) was dissolved in alcohol 
(120 c.c.) and treated at room temperature with an ethereal solution 
(150 c.c.) of the diazomethane from nitrosomethylurethane (7 c.c.). 
After standing over-night, the solution was colourless; the solvents 
were evaporated, the residue was dissolved in 2% hydrochloric 
acid and made alkaline with potassium hydroxide, and the base 
shaken into ether. This gave 6-3 g. of crude base, which was con- 
verted into hydrochloride and crystallised from methyl alcohol. 
It was thus obtained in rosettes of colourless needles (5-5 g.), m. p. 
206—207° (corr.) (Found : Cl, 13-5, 13-55; MeO, 23-7, 23-8; NMe, 
91, 10-0. Cale. for C,,.H,g0,N,HCI: Cl, 13-55; 2MeO, 23-7; NMe, 
11:1%). The base (VIII), prepared from the pure hydrochloride, 
crystallised from ether in minute colourless prisms, m. p. 60—62° 
(corr.) (Found : C, 63-9; H, 8-15; N, 6-2,6-1. Calc. for C,,H,03N : 
C, 63-9; H, 8-5; N, 62%). Mannich (loc. cit.) records m. p. 63° 
for the base and 205° for the hydrochloride. The oxalate forms 
colourless crystals, m. p. 147° (corr., decomp.), from acetone. 

Methylation of base B. Base B (8-3 g.) in alcohol (125 ¢.c.) with 
the diazomethane from nitrosomethylurethane (7-75 c.c.) in ether 
(100 ¢.c.) gave 8-3 g. of crude methyl ether of B. This furnished 
7:3 g. of pure hydrochloride of the methyl ether of B, crystallising 
from dry alcohol in rosettes of colourless needles, m. p. 204—205°, 
which depress the melting point of the hydrochloride of the methyl 
ether of A to 184—193° (Found: Cl, 13-5; MeO, 23-7, 23-8; NMe, 
11-0, 10-6. C,,H,,0,N,HCI requires Cl, 13-55; 2MeO, 23-7; NMe, 
11-1%). The oxalate crystallises from acetone in colourless prisms, 
m. p. 147° (corr., decomp.), which depress the melting point of the 
corresponding salt of A to 140°.. The base, prepared from the pure 
hydrochloride, separates from ether in colourless square plates, 
m. p. 95—97° (corr.) (Found : C, 64-1, 64-2; H, 8-0, 8-0; N, 6-4, 6-4. 
Cj.H,,0,N requires C, 63-9; H, 8-5; N, 6:2%). 
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(b) Methylisoeugenol dibromide (Mannich, loc. cit.) (40 g.) in 
methyl alcohol (390 c.c.) gave, with the calculated quantity of 
sodium methoxide in methyl alcohol, the methoxybromide in prac- 
tically quantitative yield as a light brown syrup (Found : Br, 27-4; 
MeO, 31:2. C,,.H,,0,Br requires Br, 27-65; 3MeO, 32:2%). This 
was treated with methylamine (22 g.) in dry alcohol (80 c.c.) and 
furnished non-basic material (18-6 g.) as an amber-coloured oil, and 
crude base (10 g.) as a brown oil. The latter was purified as hydro. 
chloride, separating from acetone in colourless prismatic aggregates 
(7-65 g.), m. p. 167° (corr.), to a cloudy liquid clear at 190° (Found : 
C, 56-1; H, 80; N, 5-1; Cl, 12°95; MeO, 34:3; NMe, 9-0. 
C,3H,,0,N,HCl requires C, 56-6; H, 8-0; N, 5-1; Cl, 12-9; 3Me0, 
33-8; NMe, 10-5%). Demethylation was effected in the manner 
described for the corresponding derivative of isomyristicin (p. 1473). 
The hydrochloride (8-2 g.) furnished crude base (5-3 g.), from which 
on addition of acetone crystalline base (3-0 g.) was obtained. The 
base (1X) crystallises in colourless felted needles from acetone, m. p. 
130—131° (corr.) (Found: C, 63-7; H, 8-5. ©C,,H,,O,N requires 
C, 63-95; H, 8-5%). The oxalate forms thin colourless prisms from 
alcohol, m. p. 217—218° (corr., decomp.) [Found : C, 57-9; H, 7-4; 
N, 5-0; MeO, 22-8; NMe, 10-1. (Cy.H,,0,N).,C,H,O, requires C, 
57-7; H, 7-5; N, 5-2; 2MeO, 23-0; NMe, 107%]. 

Isomerisation of the methyl ethers of Aand B. The finely powdered 
methyl ether of base A (VIII) (0-7 g.) was added in small portions 
to a suspension of phosphorus pentachloride (1-4 g.) in cold dry 
chloroform (5 c.c.). The phosphorus pentachloride slowly dissolved 
and after standing for 2 hours with occasional shaking the solvent 
was evaporated in a desiccator. The residue was boiled under 
reflux for 30 minutes with alcoholic potassium hydroxide (25 c.c. of 
12%), water added, and the alcohol removed by distillation. Acid- 
ification of the residue and extraction with ether furnished a brown 
non-basic oil (0-45 g.), which was not examined ; subsequent extrac- 
tion with ether after the addition of alkali gave a colourless oily 
base which crystallised on standing. After recrystallisation from 
ether it was obtained in needles, m. p. 130—131° (corr.), which on 
admixture did not depress the melting point of 6-methylamino- 
a-hydroxy-«-3 : 4-dimethoxyphenylpropane (IX). 

‘The methyl ether of base B (0-5 g.) similarly gave a non-basic oil 
(0-15 g.) and a base (0-3 g.) which after crystallisation from ether 
had m. p. 129—130° (corr.), and was also identical with the above 
8-methylamino-compound. 

p-Acetoxypropenylbenzene.—For the preparation of this substance, 
which was not isolated, the directions given by Béhal and Tiffeneau 
(Bull. Soc. chim., 1908, 3, 303) for the preparation of p-propenyl- 
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phenol were adopted, and the crude product (4-85 g.), obtained by 
the latter method, which probably consists mainly of ethyl-p- 
hydroxyphenylearbinol, HO-C,H,-CH(OH)-C,H;, was heated in a 
sealed tube at 130° for 34 hours with a mixture of acetic anhydride 
(10 ¢.c.) and acetyl chloride (10 c.c.). The cold solution was then 
treated with bromine, the absorption, owing to incomplete dehydr- 
ation, being 0-9 c.c. (cale., 1-6 c.c.). The liquid was poured into 
water (200 c.c.) and shaken, the precipitate being dissolved in ether 
and dried over anhydrous sodium sulphate. The dry solid (9-1 g.) 
so obtained was substantially freed from unbrominated material by 
one recrystallisation from petroleum (b. p. 90—120°). Yield, 3-3 g. ; 
m. p. 112—122°. This product, which can be used for the next 
stage, is purified by recrystallisation from petroleum, p-acetoxy- 
propenylbenzene dibromide separating in short white needles, m. p. 





125—129° (corr.) (Found : C, 39-5; H, 3-6; Br, 47-5. C,,H,,O,Br, 
requires C, 39-3; H, 3-6; Br, 47-6%). The dibromide (2-64 g.), 
acetic acid (15 c.c.), and silver acetate (1-31 g.) yielded 8-bromo- 
a-acetoxy-a-p-acetoxyphenylpropane (2-4 g.), which did not crystallise 
(Found: Br, 25-4. C,,;H,,0,Br requires Br, 25-4%). 

The acetoxybromide (5 g.) with methylamine (4:0 g.) in dry 
alcohol (20 ¢.c.) furnished non-basic material (1-0 g.), which was 
not examined, and crude base (2-35 g.). The latter was converted 
into sulphate (1-5 g.), which was almost insoluble in alcohol, and 
was purified by solution in water (1 vol.) and addition of alcohol 
(15 vols.); the sulphate of «6-di(methylamino)-«-p-hydroxyphenyl- 
propane (VI) then separated in white needles, m. p. 211—213° 
(corr.) (Found in air-dried salt: loss at 110° in a vacuum, 8-4. 
C,,H,,0N,,H,SO,,1-5H,O requires H,O, 8-5%. Found in salt dried 
at 110°: C, 45-4; H, 7-1; N, 9-35; S, 10-8; NMe, 20-0. 
C,,H,,ON2,H,SO, requires C, 45-2; H, 6-9; N, 9-6; S, 11-0; 2NMe, 
19:9%). The anhydrous salt absorbs the equivalent of 1-5 mols. of 
water on exposure to air. 


The Preparation of Pure Methylamine. 
Methylamine hydrochloride of commerce usually contains ammon- 
ium chloride, which cannot easily be eliminated. As it was desirable 
to use pure methylamine for the preparation of the bases described 
above, and since standard methods, for example, that described in 
“ Organic Syntheses,” Vol. III, p. 67, gave an impure product, the 
following process of purification was devised, based on the fact that 
when a mixture of methylamine and ammonia reacts with an 
insufficient quantity of hydrochloric acid the methylamine is 
preferentially neutralised and the ammonia left free. 
The most practicable method of applying this principle is one 
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suggested to us by Mr. J. A. Goodson which is operated as follows, 
One-tenth of a weighed quantity of the crude methylamine hydro- 
chloride is decomposed by the addition of potassium hydroxide and 
the liberated bases are absorbed in water in a suitable apparatus, 
The resulting distillate is added to a cold aqueous solution of the 
remaining nine-tenths of the material and the gaseous bases are ex. 
pelled by boiling. The process is repeated, one-tenth of the residual 
solution of hydrochlorides being decomposed for this purpose. On 
concentrating the solution a product is obtained which does not re- 
spond to the Francois test for ammonia (Compt. rend., 1907, 144, 857) 
and therefore contains less than 0-5°, of ammonium chloride. The 
latter when present in quantities of this order is readily removed 
from methylamine hydrochloride by recrystallisation from water, 
as shown by the accumulation of the salt in the resulting mother- 
liquors, in which it is detectable by the Francois test. 

The proportion of the total hydrochlorides to be decomposed at 
each stage, as well as the number of stages, depends on the purity 
of the initial material, the procedure described above being suitable 
for methylamine hydrochloride containing about 5% of ammonium 
chloride. A product of this quality is obtainable in commerce and 
by the usual methods of methylating ammonium chloride. 


The authors wish to express their thanks to Dr. T. A. Henry for 
his valuable advice and criticism. Their thanks are also due to 
Messrs. W. A. Cowdrey and A. E. Thursby for assistance with the 
experimental work, and to Messrs..A. Bennett and H. C. Clarke for 
a number of microanalyses. They also desire to acknowledge a 
gift of isochavibetol from Mr. F. E. Stockelbach of Messrs. Fries 
Bros., New York. 
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CCI.—Optical Activity and the Polarity of Substituent 
Groups. Part XVIII. 1\-Menthyl and d-f-Octyl 
Esters of Picolinic, Quinaldinic, Nicotinic, and 
Cinchoninic Acids. 


By H. Gorpon Rute, Jonn B. Mizzs, Gorpon Smita, and 
Mary M. Barnett. 


In agreement with the theoretical considerations advanced in earlier 
communications (Rule, J., 1927, 54; Trans. Faraday Soc., 1930, 
328), it has been found that optically active menthyl and octyl 
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esters of acetic and ortho-substituted benzoic acids containing basic 
substituents have, in general, relatively low rotatory powers, which 
rise when the compounds are examined in the form of their hydro- 
chlorides. Exceptional behaviour in this respect is shown by 
8-octyl p-dimethylamino- and p-amino-benzoates, both of which 
possess unusually high rotatory powers when compared with the 
remaining p-derivatives. These values fall in the presence of acid, 
although still remaining relatively high (J., 1929, 401, 2274). 

In discussing the above optical changes it was noted that the 
exceptionally high rotations of the basic p-esters were accompanied 
by high boiling points, but the molecular weights in benzene solution 
proved to be normal and thus gave no support to the idea of inter- 
molecular association. Substituents in the 1:4-position may, 
however, be brought into close spatial proximity, as has long been 
recognised in formulz such as that advanced for diazobenzene- 
sulphonic acid. Hence it was concluded that the abnormal optical 
properties of the esters were possibly the result of interaction between 
the two groups in the | : 4-positions. 

On stereochemical grounds such a relationship between the para- 
positions would appear to be much less probable in the case of 
esters of the corresponding pyridine- and quinoline-carboxylic 
acids. Accordingly, derivatives of this type have now been examined 
in order to determine the influence of salt formation upon the optical 
rotation. Quinoline- and pyridine-carboxylic acids are difficult to 


obtain and give very poor yields of their menthy] and octyl esters. 


For this reason the octyl compounds were made the chief subject 
of investigation. J-Menthyl esters of m- and p-substituted benzoic 
acids have been shown by Cohen to differ little from the unsub- 
stituted ester in their optical properties ; the menthy] esters examined 
in the present case were therefore limited to those derived from 
picolinic and quinaldinic acids. 

The observed rotatory powers, [M];,,,, are summarised below; 
an analysis of these figures and others given in the experimental 
section shows that the dispersion of all the compounds under dis- 
cussion is normal and complex. 


l-Menthyl. d-B-Octyl. 
In EtOH. EtOH + HCl. In EtOH. EtOH + HCl. 
Picolinate ......... — 236° — 225° +107° + 97° 
Quinaldinate ...... — 252 — 292 +139 +113 
Nicotinate ......... _- — +103 +106 
Cinchoninate ...... — —- + 69 + 99 


The rotatory powers of the above basic esters are low in comparison 
with those of the corresponding benzoates and naphthoates, the 
figures for which are appended below. For this purpose picolinates 
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and nicotinates are to be compared with benzoates, quinaldinates 
with 2-naphthoates, and cinchoninates with 1-naphthoates. 


Rotatory Powers, [M]54,,, in Alcohol (c = 5). 


Benzoate. 1-Naphthoate. 2-Naphthoate. 
l-Menthyl ......... — 275° — 302° (in MeOH) ft ([M]p —288° in C,H,) 
d-B-Octyl * ......... +111 + 64:5 +157 


* Kenyon and Pickard, J., 1915, 107, 115. 

+ Rule and McLean, this vol., p. 674. 
The only exception to the above statement is found in octyl cin- 
choninate, in which the presence of the N-atom brings about a 
slight rise as compared with the l-naphthoate. This increase, 
however, is insignificant in comparison with that due to the basic 
groups in the p-dimethylaminobenzoate (+ 213°; hydrochloride 
-++ 147°) and the p-aminobenzoate (+ 163°; hydrochloride + 109°). 

In octyl nicotinate and cinchoninate, having the nitrogen in the 

3- and the 4-position respectively, the conversion of the basic ester 
into the hydrochloride is accompanied by a definite rise in rotation, 
which is of considerable magnitude in the case of the cinchoninic 
derivative. These compounds and their hydrochlorides therefore 
conform to the general rule covering the great majority of /-menthyl 
and 8-octyl esters so far examined, namely, that the presence of an 
electron-attracting group situated so as to withdraw electrons from 
the active ester complex results in an increased rotatory power. 


ON >—CO,R CL-CH,-CO,R 


(C1) HNC >—CO,R (Cl) HMe,N-CH,-CO,R 


Among the picolinic and quinaldinic esters, in which the nitrogen 
atom is closer to the ester complex, no general conclusion can be 
drawn as to the influence of ionisation. 1-Menthyl quinaldinate, 
the only solid ester in the group, possesses a much higher rotation 
in the form of its hydrochloride; but for d-octyl quinaldinate and 
the menthyl and octyl picolinates the change is in the reverse direction. 

The results in the case of the picolinic and quinaldinic esters are 
unexpectedly irregular, and appear to show that in these compounds 
the observed changes depend to a considerable degree upon the 
molecular constitution of the ester radical present, and also upon 
small modifications in the structure of the acid. Similar variations 
may be observed in other series and in the rotatory powers of the 
benzoates and naphthoates recorded above, among which the value 
for d-octyl 1-naphthoate is very low compared with that of the 
menthyl ester. The normal optical properties of d-8-octyl cin- 
choninate afford support for the earlier suggestion that the ex- 
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ro ceptionally high rotations of the p-dimethylamino- and p-amino- 
benzoates are the result of chemical interaction between the basic 
group and the ester complex. 
HT) EXPERIMENTAL. 
1-Menthyl quinaldinate was prepared by heating /-menthol (12 g.) 
with purified quinaldinyl chloride (12 g., m. p. 175—177°). The 
latter was obtained by treating the acid with thionyl chloride at 
‘in- 60° for 5 hours, dissolving the yellowish solid in fresh thionyl chloride, 
b a and precipitating the quinaldinyl chloride by the addition of benzene. 
se, The esterification is extremely slow, even at 150—170°, and the 
sic yield poor, 5 g. being the best obtained from the above quantities. 
ide -Menthyl quinaldinate, m. p. 141—142°, separates from light 
)°). petroleum in colourless crystals, which may be needles or cubical 
the in form, according to conditions. It is sparingly soluble in light 
ter petroleum and comparatively insoluble in alcohol (Found: C, 
on, 76-9; H, 8-4. C,)H,,0,N requires C, 77-1; H, 8-1%). 
nic d-6-Octyl quinaldinate was obtained in very small yield by the 
ore above method. It was therefore prepared from the crystalline 
yl acid chloride (the lower-melting variety, m. p. 97°; compare Ham- 
an mick and Dickinson, J., 1929, 214), which was converted into the 
ym methyl ester by the method of Besthorn and Ibele (Ber., 1906, 39, 
2332). The solid methyl ester (6 g.) was heated with d--octyl 
. aleohol containing a trace of sodium octyloxide, giving 4 g. of 
crude octyl ester, a4, — 1:28° (J=1). On fractionation this 
boiled at 168°/0-6 mm. and gave an oil having «544, — 1-32°, the 
rotation of which remained constant on further fractionation 
on [Found : N, 4-9 (ter Meulen’s method). C,,H,,0,N requires N,4:9%]. 
he The optical data for this and the above menthyl ester were con- 
le firmed by second preparations. 
ns The following esters were all prepared from the corresponding 
rd methyl esters (obtained from the acid by way of the purified acid 
a chloride). . 
re 1-Menthyl picolinate was obtained from methyl picolinate, m. p. 
ds 14° (Engler, Ber., 1894, 27, 1785, records m. p. 14°), as a colourless 
he odourless viscous oil, b. p. 170°/1 mm. (yield, 65°, of the theoretical) 
in (Found: N, 5-4. C,,H,,30,N requires N, 5-4%). 
- d-8-Octyl picolinate (25% yield) formed an odourless oil, b. p. 
he 170—173°/12 mm., which had a faint yellow colour (Found : N, 5:8. 


” C,4H,,0.N requires N, 5-95%). 

d-8-Octyl nicotinate, b. p. 142—145°/0-02 mm., was obtained as 
a colourless liquid in 35% yield (Found: N, 5-9. C,,4H,,0O,N 
requires N, 5-95%). 

d-8-Octyl cinchoninate was obtained from cinchoninic acid (m. p. 
302 
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240°), prepared by the oxidation of cinchonine. The methyl ester 
melted at 20° (Meyer, Monatsh., 1901, 22, 115, records m. p. 24°). 
Octyl cinchoninate formed a green-tinted viscous oil, b. p. 154— 
156°/0-3 mm. (yield, 22%) (Found: N, 4-9. C,,H,30,N requires 
N, 49%). 

Determinations of Rotatory Power.—The following determinations 





were made in a 1 dem. tube, except in cases marked with an asterisk, 
for which 1 = 2. Solvent alcohol was dried over calcium. 
Solvent. c. [M Tiros. [M }ses- [M]isse. 
1-Menthyl quinaldinate. 
dig ae 0-9856 — 182° — 216° —418° 
EtOH + 4HCI ......... 0-8696 — 192 — 252 — 540 
* It was only found possible to obtain a 1% solution of this ester in alcohol. 
d-8-Octyl quinaldinate. 
RE: crlisisssirinrtdis 3-808 +81-6 +112 +253 
EtOH + 1HCIl ......... 3-370 + 76-2 + 99-0 +232 
1-Menthyl picolinate. 
MEE Av stetedtinnebensiannd 4-368 — 162 —199 — 399 
EtOH + 1HC! ......... 4-363 —152 —192 — 376 
d-B-Octyl picolinate. 
tt ae OR A 5-240 + 70-0 + 89-3 +191 
EtOH + 1HCl ......... 6-810 +62-5 + 80-8 +176 
d-B-Octyl nicotinate. 
Homogeneous ......... (d}°'0-9887) +61-0 +81-0 +163 
| ae 5-016 +65-7 + 86:8 +179 
EtOH + 1HCI ......... 5-132 + 67-4 + 87-5 +184 
d-B-Octyl cinchoninate. 
Homogeneous ......... (dj: 1-0430) +17-7 +218 —~ 
MEE sntiiseaciindienscees 5-048 + 46-0 + 59-0 +121 
EtOH + 1HCl ......... 5-000 + 658-2 +861 +193 


The authors are indebted to the Department of Scientific and 
Industrial Research for a scholarship (to G. 8.), by the aid of which 
part of this work has been carried out. 


UNIVERSITY OF EDINBURGH. [Received, May 9th, 1931.] 





CCII.—Optical Activity and the Polarity of Sub- 
stituent Groups. Part XIX. 1-Menthyl Esters of 
Benzenesulphonic Acids, and of Benzoic Acids with 
Sulphur-containing o-Substituents. 


By H. Gorpon Rue and Gorpon Situ. 





In so far as they have been examined, the rotatory powers of 
l-menthyl and £-octyl esters of substituted acetic acids vary wit 
the polarity of the substituent, strongly electronegative groups 
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producing the maximum rise in value and electropositive groups 
tending to bring about a fall. Similar results have also been 
obtained for octyl esters of p-substituted benzoic acids (Trans. 
Faraday Soc., 1930, 321). 

On the other hand, the menthyl! and octyl esters of o-substituted 
benzoic acids present a number of unusual features. Although the 
highest rotations again result from the presence of the strongly 
electronegative nitro- and carboxyl groups, and electropositive 
groups in general cause a diminution in rotatory power, it has been 
observed that many substituents which are o0,p-directive in benzene 
substitution also lead to low values, even when electronegative in 
type. Hydroxyl and occasionally the amino-group form exceptions 
to this statement, resulting in a very small rise which has been 
attributed to chelation with the ketonic group of the ester 
complex. 

In order to obtain further evidence bearing on the abnormal 
behaviour of ortho-substituents, the /-menthyl esters have now 
been prepared of a number of methyl- and nitro-substituted sul- 
phonic acids, and of benzoic acids containing the ortho-substituents 
SH, SMe, SO,Me, SO,°OH, and SO,°OMe. 

Sulphonic Esters.—The instability of l-menthyl benzenesulphonate 
(Patterson and co-workers, J., 1906, 332; 1927, 349) is repeated in 
the toluene- and nitrobenzene-sulphonic esters. The toluene deriv- 
atives do not decompose appreciably at the ordinary temperature, 
but the nitro-compounds are extremely unstable, decomposing 
rapidly at temperatures far below their melting points and darken- 
ing in a couple of days on standing at room temperature.* 

An analysis of the rotatory powers shows the o- and p-toluene- 
sulphonates to have normal and approximately simple dispersion, 
whilst that of the m- and p-nitrobenzenesulphonic esters is normal 
and complex. 1-Menthyl o-nitrobenzenesulphonate, however, exhibits 
strongly anomalous dispersion, both in alcoholic and in benzene 
solution. The molecular rotations, [M],,4,,, of these compounds 
are summarised in Table I; values for other wave-lengths of light 
will be found in the experimental section. 

For the unsubstituted ester in alcohol, [M];4,,; = — 250° (Patter- 
son, loc. cit.). 

The results obtained for the toluenesulphonates resemble those 
recorded by Cohen for the corresponding toluic esters. In each 
case a methyl group in the ortho-position brings about a slight 
depression in rotatory power. ‘The somewhat low rotations of the 

* Prof. Patterson has informed the authors that he is continuing to in- 


vestigate the thermal decomposition of these esters ; the present communication 
therefore deals only with their optical properties. 
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TABLE I. 


Values of [M]}5;, for -Menthyl Esters of Substituted 
Benzenesulphonic Acids (c = 5). 


o-Compound. m-Compound. p-Compound. 
Substit. EtOH. C,H,. EtOH. C,H,. EtOH. C,H,. 
CH; — 228° — 202° _— — — 247° — 214° 
NO, — 129 — 92 — 232° — 204° — 231 — 201 


m- and p-nitro-derivatives also recall the properties of the m- and 
p-nitrobenzoic esters. On the other hand, the very high rotatory 
power of /-menthyl o-nitrobenzoate is not repeated in the case of 
the o-nitrobenzenesulphonic ester, the anomalous dispersion of which 
renders any comparison uncertain. 

Ortho-substituted Benzoic Esters.—Among previously known esters 
of this type, m-directive groups (NO,,CO,H,COMe) were found to 
raise the rotatory power, whereas the majority of the 0,p-directive 
groups led to a diminution. The values recorded in Table II for 
various sulphur-containing substituents reveal a number of further 
exceptions to this provisional classification. 


TABLE II. 

Values of [M}i§;, for 1-Menthyl o-Substituted Benzoates, 
Substituent ... S-CH, SH H SO,°CH, SO,°0°-CH, SO,°OH 
In alcohol ... —348° — 313° — 275° — 213° — 214° — 190°* 
In benzene ... —373 ~— — 280 — 207 —191 — 
Homogeneous —372 = = — 202 — — 


* This value was determined by adding hydrogen chloride to a solution 
of the potassium salt and does not represent the pure sulphonic acid. 


Thus it will be seen that the o,p-directive groups S‘CH, and SH 
both bring about a considerable increase in rotatory power, and 
that the m-directive groups SO,*CH;,SO,°0-CH, and SO,°OH result 
in a fall. Possibly co-ordination with the carboxyl group may 
contribute to the high rotation given by the thiol derivative, but 
the magnitude of the methylthiol value is in surprising contrast to 
the low rotation of /-menthyl o-methoxybenzoate. 

Pending further information regarding the reason for these differ- 
ences, the authors adopt an earlier suggestion (Rule, 7'rans. Faraday 
Soc., 1930, 333) and assume that the effects are related to the 
electrical constitution of the substituent group and to its spatial 
disposition with respect to the asymmetric complex. The low 


rotation resulting from the presence of Cl, -Br, ‘I, -O or -CO-O in 
the ortho-position has been attributed to the negative field exerted 
upon the menthyl complex by the negative end of the dipole present, 
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or by the negative ionic charge. In all the above compounds con- 
taining the sulphone group, a dominant factor would similarly 
appear to be the electrical influence of the S>O dipoles, which 
will presumably resemble that exerted by the phenolic and carb- 
oxylic ions. As will be seen in the next section, this depressive 





effect is further reinforced by the ionic charge on the ionised sul- 
phonic group. The high rotatory powers of the nitro- and non- 
ionised carboxylic derivatives are, however, not readily explained 
on this basis. 

Influence of Ionisation.—Two of the benzoic esters under con- 
sideration, namely the thiol and sulphonic derivatives, may undergo 
changes connected with the ionisation of the substituent groups. 
The effect of such changes upon the rotatory power is shown below. 


TABLE ITI. 
Rotatory Powers in Alcohol, c = 5. 
o-Substituent,.. SH SK H SO,‘OMe SO,‘OH* SO,-OK 
(TEE copicetitom —313° —196° —275° —214° —190° —175° 


* See Table IT. 


Ionisation of the thiol group thus converts an enhanced rotation 
into a diminished rotation, and, as was to be expected from the 
greater acidity of the group, the fall is of much greater magnitude 
than that undergone by the salicylic ester (Rule and McGillivray, 
J., 1929, 401), the molecular rotation [M];,,, of which only drops 
from — 299° to — 246° on the addition of an equivalent of potassium 
ethoxide. 

The lowest value recorded among the above compounds is that 
of the potassium sulphonate. After treatment of a solution of this 
salt with an equivalent of hydrogen chloride the rotation rises 
slightly, probably owing in the main to the formation of free sul- 
phonic acid which is in a somewhat less complete state of ionisation. 
A much greater rise in rotation occurs when ionisation is suppressed 
by converting the sulphonate into the methyl ester. These changes 
are all in the direction to be anticipated from the properties of 
previously investigated menthyl and octyl esters of benzoic acids 
containing carboxyl and hydroxyl groups in the ortho-position (J., 
1929, 401, 2274), among which it has been found that ionisation 
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leading to the retention of a negative charge on the active ion 
invariably depresses the rotatory power. 

Influence of Solvents.—In recent communications it has been 
indicated that the characteristic influence of a peri-substituent on 
the rotatory power of /-menthy] 1-naphthoate tends to be exhibited 
to the maximum degree in the presence of non-polar solvents, no 
matter whether the primary effect is to raise or lower the value 
(Rule, Bretscher, and Spence, J., 1929, 2516). Further, the influence 
of a large number of solvents on the rotatory power of /-menthyl 
methyl naphthalate has been found to vary with the polarity of 
the medium, the specific effect of the peri-substituent in raising the 
rotation being greatest in non-polar and least in highly polar 
solvents (Rule and McLean, this vol., p. 674). 

No extended examination has been made of solvent influence in 
connexion with the esters discussed in the foregoing pages, but 
where possible the molecular rotation of each compound was deter- 
mined in alcohol and benzene solutions.* 

It is in agreement with the polar nature of these solvents that 
whether the ortho-substituents in Tables I and II raise or lower the 
rotatory power, the maximum change is observed in benzene 
solution. This generalisation holds without exception for the nine 
esters for which both measurements are available. In the case of 
the o-substituted benzoates it is probable that this regularity is 
due to the electrical influence of the ortho-groups upon the menthyl 
ester complex being diminished through association with alcohol 
(compare Rule and McLean, loc. cit.). But among the toluene- and 
nitrobenzene-sulphonates the differences in the molecular rotations 
for benzene and alcohol solutions respectively approximate to a 
constant value, and suggest that the solvent changes are to be 
traced to the strongly polar sulphonic group which is common to 
all the compounds. In the latter esters, therefore, the optical 
changes may be considered to be due primarily to association 
between alcohol and the dipoles of the sulphonic group. 

The above relationship between the polarity of the solvent and 
the specific influence of the ortho-substituent appears to be repeated 
in the character of the dispersion. When the reciprocals of the 
rotations are plotted against the squares of the wave-lengths of the 
light employed, it is found that the deviations from the linear for 
the o-sulphomethoxy-derivative, which exhibits very complex dis- 
persion, are more pronounced in benzene than in alcohol solution. 
Similarly the anomalous dispersion of /-menthy] o-nitrobenzene- 
sulphonate is much more marked in benzene solution. The remain- 


* The present investigation was completed before the discovery of the 
above polar relationship. 
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ing esters show simple or only slightly complex dispersion, which is 
scarcely affected by the change of solvent. If, as has been assumed, 
the modifications in the optical properties are mainly due to the 
spatial influence of the ortho-substituent, it is to be expected that 
any anomaly in the dispersion will become more prominent in 
solvents of low polarity. 


‘ EXPERIMENTAL. 

The following sulphonic esters were prepared from the corre- 
sponding acids by way of the acid chlorides and combination of the 
latter with /-menthol at a low temperature, pyridine being used 
as a condensing agent (Patterson and Frew, J., 1906, 89, 332). 
The solids so obtained were purified by recrystallisation from 
methyl alcohol until of constant rotatory power. Patterson (loc. 
cit.) has already shown that esters of this type readily undergo 
decomposition. 

1-Menthyl tolwene-p-sulphonate was obtained from toluene-p-sul- 
phonic acid, prepared by sulphonating toluene by the method of 
Ray and Dey (J., 1920, 117, 1405). The ester separated in colour- 
less needles, m. p. 91—92° (yield, 25%) (Found: S, 10-4. C,,;H,,0,8 
requires S, 10-3%). 

1-Menthyl toluene-o-sulphonate, from toluene-o-sulphony] chloride, 
formed white prisms, m. p. 78° (yield, 50%) (Found: 8S, 10-4%). 

1-Menthyl o-nitrobenzenesulphonate was obtained in a similar 
manner from potassium o-nitrobenzenesulphonate. This salt was 
prepared from o-chloronitrobenzene by converting it into 0o’-di- 
nitrodiphenyl disulphide by treatment with sodium disulphide and 
then oxidising the disulphide with nitric acid (Wohlfahrt, J. pr. 
Chem., 1902, 66, 551). The ester crystallises in white needles, 
m. p. 66° (yield, 20%). Signs of decomposition become evident 
after the ester has remained for 2 days at the ordinary temperature 
in air or in a vacuum desiccator (Found: S, 9-4. C,gH,,0;NS 
requires 8, 9-4%). 

1-Menthyl m-nitrobenzenesulphonate was prepared from sodium 
m-nitrobenzenesulphonate and isolated as a yellowish-white crystal- 
line solid, m. p. 80°, which darkened slowly on standing (yield, 
50%) (Found: 8S, 9°5%). 

1-Menthyl p-nitrobenzenesulphonate was obtained from p-nitro- 
benzenesulphonic acid prepared in a similar manner to the o-com- 
pound (Woblfahrt, loc. cit.). Recrystallisation gave fine white 
needles, m. p. 70-5° (yield, 40%) (Found: 8, 9-5%). 

1-Menthyl o-thiolbenzoate, prepared by direct esterification of 
o-thiolbenzoic acid in the presence of hydrogen chloride, was 
isolated as a liquid of greenish tint, b. p. 202—205°/0-2 mm., which 
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oxidised very easily in air (yield, 10%) (Found : 8, 11-2. C,,H,,0,8 
requires S, 11-0%). 

1-Menthyl o-methylthiolbenzoate, prepared by the same method 
from o-methylthiolbenzoic acid (Friedlander, Annalen, 1907, 351, 
401), distilled as a pale greenish liquid, b. p. 210°/0-3 mm. (yield, 
20%), slowly turning solid on standing; m. p. 48-5° (Found: §, 
10-7. C,gH»g0,8 requires 8, 10-5%). 

T'he \-menthyl ester of o-carboxyphenylmethylsulphone. Oxidation 
of o-methylthiolbenzoic acid in glacial acetic acid with hydrogen 
peroxide, and purification of the product from water, gave white 
needles of o-carboxyphenylmethylsulphone monohydrate, m. p. 73° 
(yield, 80%). After drying for 2 days at 130°, the anhydrous 
substance melted at 137° (Found for monohydrate: H,O, 8-1; 8, 
14-7. C,H,0,8,H,O requires H,O, 8-2; 8, 147%). The ester, pre- 
pared by direct esterification in presence of hydrogen chloride, 
formed a green-tinted viscous solid, distilling at 190—193°/0-2 mm. 
with slight decomposition (Found: S, 9:3. C,,H,,0,S requires §, 
9-5%). 

l-Menthyl o-sulphobenzoate. No yield of the desired ester could 
be obtained by heating /-menthol with o-sulphobenzoyl chloride 
(prepared from saccharin by the method of Kramich, Ber., 1900, 
33, 3485). It was eventually prepared by treating the anhydride 
(15 g.) of o-sulphobenzoic acid (obtained by the action of acetyl 
chloride on the acid) with potassium menthoxide in warm toluene 
solution.. The potassium salt of l-menthyl o-sulphobenzoate (7 g.) 
was extracted from the reaction mixture by shaking with water 
and purified by recrystallisation from methyl alcohol (Found: K, 
10-3. C,,H,,0,SK requires K, 10-3%). 

Methyl 0-carbomenthoxybenzenesulphonate, 

Cy 9H y9°O°OC-C,H,SO,-0-CHs, 

was prepared from the silver salt of the corresponding acid by 
treatment with methyl iodide. After removal of silver iodide, the 
acid filtrate was washed with sodium carbonate and dried with 
anhydrous sodium sulphate, and the excess of methyl iodide 
removed at the ordinary temperature under reduced pressure. 
The resulting pale yellow syrup was examined in the crude state, 
since considerable decomposition occurred when a portion was 
distilled under a high vacuum (Found : 8, 9-3. C,,H,,0,S requires 
8, 90%). 

Measurements of Rotatory Power.—The following observations 
were made at room temperature except those marked *, in which 
case the readings were taken at 70°. Where reference to hydrogen 
chloride or potassium ethoxide is made, one molecular equivalent 
was employed. 














ee be 


— 





0,8 


10d 
51, 
Id, 


ion 
yen 
ite 
73° 


Jus 


re- 
de, 
mM. 


ald 
ide 
D0, 
ide 
tyl 
ne 
g.) 
ter 


K, 


by 
he 
ith 











POLARITY OF SUBSTITUENT GROUPS. PART XIX. 1489 


Solvent. lL. c. [Mere- ([M@]seos- [M]sacr- [Mlasss- 
1-Menthyl toluene-p-sulphonate. 
Aleohol ......... 200 2-406 — 165° — 215° — 247° —399° 
Benzene ......... 200 5-002 —137 —182 —214 — 353 
1-Menthyl toluene-o-sulphonate. 
WROGIEE  scvcskess 200 2-865 —145 — 196 — 228 — 376 
Benzene ......+.. 200 5-006 — 132 —176 — 202 — 339 


1-Menthyl o-nitrobenzenesulphonate. 


Alcohol ......... 200 4-995 — 95-5 —115 —129 (—81-3)T 
Benzene ......... 200 5-006 — 69-2 — 86:2 — 92-4 (—20-8)T 
1-Menthyl m-nitrobenzenesulphonate. 

Alcohol .......+. 200 1-006 —148 — 198 — 232 — 371 

Benzene ......... 200 5-008 — 132 —170 — 204 — 342 
1-Menthyl p-nitrobenzenesulphonate. 

Alcohol ......0.. 200 4-565 —151 — 195 —231 —372 

Benzene ......... 200 4-950 —131 — 168 —201 —321 


]-Menthyl o0-thiolbenzoate. 


Moot .csessei 100 4-856 — — —313 -- 
9 +KOEt 100 4-914 — —- — 196 me 
1-Menthyl o-methylthiolbenzoate. 
Homogeneous 50 DIP 1-0724 —229:3 —3076  —371-7 —678-5 
Aloohol 2.60.00. 200 5-000 — 216 — 288 — 348 —612 
Benzene ......... 200 4-827 — 232 — 308 — 373 — 675 


1-Menthyl ester of o-carboxyphenylmethylsulphone. 


Homogeneous* 50 Diy 1-107 —131 —174-8 —202-3 —372f 

Aleohol ......... 200 4-955 — 140 —178 —213 — 365 fT 

Benzene ......... 200 5-031 —134 —172 —207 — 359 

1-Menthyl o-sulphobenzoate. 

Alcohol ......... 200 2-001 —118 — 152 —175 — 292 

»  +HCl 200 2-002 — 126 — 167 — 190 —324 
Methyl o-carbomenthoxybenzenesulphonate. 
Aloohe? 6.020.000 200 5-820 — 137 —181 —214 — 380 
Benzene ......... 200 5-200 —135 — 150 —191 —375 


+ These figures are only approximate owing to the strong absorption of 
the violet light. 


Summary. 


The rotatory powers of a number of /-menthyl benzenesulphonates 
and o-substituted benzoates have been determined. 

1. Except for the o-nitro-derivative, the toluene- and _ nitro- 
benzene-sulphonic esters resemble the corresponding benzoates and 
differ little from the unsubstituted ester. /-Menthy]l o-nitrobenzene- 
sulphonate, however, has a low rotatory power and strongly 
anomalous dispersion. 
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2. Among the o-substituted benzoic esters the relative effects are 
given by SMe>SH>H>SO,Me>SO,-OMe>S0,-OH, of which 
the o-sulphomethoxy-compound exhibits very complex dispersion, 
The thiol and sulphonic derivatives have much lower rotations in 
the form of their potassium salts. 

3. In agreement with the regularities previously established, the 
characteristic effect of the ortho-substituents is in every case more 
pronounced in benzene than in alcohol. Similarly, the dispersions 
of the o-nitrobenzenesulphonate and the o-sulphomethoxybenzoate 
are more abnormal in the non-polar solvent. 


The authors are indebted to the Department of Scientific and 
Industrial Research for a Scholarship (to G. 8.), by the aid of 
which part of this work has been carried out. 


UNIVERSITY OF EDINBURGH. [ Received, May 9th, 1931.] 





CCIII.—The Reduction Products of Certain Cyclic 
Methyleneamines. 


By JoHN GRAYMORE. 


THE cyclic methyleneamines used in this investigation are those 
resulting from the condensation of formaldehyde with ammonia 
and the monoalkylamines. 

The reduction of hexamethylenetetramine with zinc in acid solu- 
tion is stated by Trillat and Fayollat (Compt. rend.,; 1893, 117, 
628) to give ammonia and methylamine and by Delépine (Bul. 
Soc. chim., 1895, 13, 136) to give ammonia and trimethylamine. 
It therefore seemed profitable to re-explore this field and to examine 
the allied compounds, the trialkyltrimethylenetriamines. 

Hexamethylenetetramine, heated under reflux with an excess of 
hydrochloric acid, decomposed with production of formaldehyde 
and the hydrochlorides of ammonia and methylamine. The hydro- 
chlorides were obtained in relatively small yield, increasing with 
the time of reaction. No trimethylamine could be detected. 

On the other hand, hexamethylenetetramine, reduced with zinc 
dust in presence of an excess of hydrochloric acid, gave ammonia 
and trimethylamine as main products. Where the reduction was 
allowed to proceed slowly, or under reflux, a varying quantity of 
methylamine was also obtained, with in some cases a little 
dimethylamine. 

It seems probable, therefore, that the reduction of hexa- 
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§ are methylenetetramine with zinc dust in acid solution proceeds as 
vhich follows, 
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trimethylenetriamine and trimethylamine being the initial products. 
The unstable cyclic compound would then break to give ammonia 
and and formaldehyde in equilibrium with methyleneimine and water : 


id of CH,O + NH, — CH,:NH + H,0. 


Reduction of methyleneimine by formaldehyde or by zinc and 
hydrochloric acid would yield methylamine with a small amount of 
dimethylamine (compare Werner, J., 1917, 111, 844). 

In order to discover whether any of the amines resulted from the 
; interaction of the liberated formaldehyde with the hexamethylene- 
yclic tetramine remaining, the latter substance in the form of its picrate 
was heated with formaldehyde in alcoholic solution. Dimethyl- 
pentamethylenetetramine picrate resulted. Formaldehyde did not 
appear to react further with this compound, as might be expected 
those (compare Knudsen, Ber., 1914, 47, 2694). 


31.] 





10nia The trialkyltrimethylenetriamines of general formula (-CH,"NR-), 
were prepared directly by treating the primary amine either in the 
solu- anhydrous state or in aqueous solution with a 40% solution of 
117, formaldehyde, with subsequent separation of the base by dehydration 
Bull. over caustic potash. 
nine. Reduction by means of zinc dust and hydrochloric acid gave in 
mine each case the corresponding secondary methylalkylamine as a main 
product together with a small proportion of the primary alkylamine, 
ss of the proportion of the latter decreasing with increasing molecular 


hyde weight. This would seem to indicate the greater stability of the 
ydro- higher alkylmethyleneimines. 
with The results suggest that reduction is brought about in the follow- 
ing manner, 
zine 


wie (-CH,*NMe-), —> 3CH,!NMe —> 3CH,*NHMe 


| was methylenealkylamine, CH,:NR, being first of all produced. Decom- 
ty of position of a portion of this would give the primary amine and 
little formaldehyde. 

Heated with hydrochloric acid alone, the cyclic bases break to 
give the corresponding primary amine together with formaldehyde. 
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In common with the trimethyl and the triethyl derivative, tri- 
propyltrimethylenetriamine exhibits a strong solvent action on uric 
acid, and also forms additive compounds with bromine and iodine. 

The reduction of these compounds appears comparable with the 
reduction of similar compounds of the type R-CH:NR obtained 
from the condensation of the higher aldehydes with alkylamines 
(Stoermer and Lepel, Ber., 1896, 29, 2110). 

Since the reaction would appear capable of general application, 
the preparation of other cyclic trialkyltrimethylenetriamines is 
being attempted with a view to the study of their reduction 
compounds. 

EXPERIMENTAL. 

Reduction of Hexamethylenetetramine.—Hexamethylenetetramine 
(20 g.) in cold aqueous solution was treated with zinc dust (60 g.), 
and cooled in ice while hydrochloric acid in slight excess of the 
calculated quantity (250 c.c.; d 1-16) was added slowly with shaking, 
continued for } hour. The mixture was then warmed slowly and 
finally boiled for 1 hour until the odour of formaldehyde had dis- 
appeared. An excess of caustic soda having been added, a mixture 
of ammonia and amines was distilled into hydrochloric acid. The 
hydrochlorides obtained from this solution, after removal of the 
bulk of the ammonium chloride by extraction with alcohol, were 
estimated by the method of Bertheaumé, the mean of several 
estimations being 8 g. of trimethylamine hydrochloride, 6 g. of 
methylamine hydrochloride, 20 g. of ammonium chloride, and a 
trace of dimethylamine hydrochloride. 

Hexamethylenetetramine Picrate—This was ebtained from its com- 
ponents in alcoholic solution or, better, by the addition of form- 
aldehyde to concentrated ammonia solution in the presence of 
alcoholic picric acid. It crystallised in long yellow needles, m. p. 
179° (decomp.) (Found: C, 39-0; H, 4-0. Cale. for C,,H,,0,N, : 
C, 39-0; H, 4-:1%). 

Action of Formaldehyde on Hexamethylenetetramine Picrate.—The 
picrate (5 g.) was dissolved in warm alcohol, an excess of form- 
aldehyde solution (40%) added, and the mixture heated on a 
water-bath for 4 hour; reddish crystals then began to separate. 
On cooling, dimethylpentamethylenetetramine picrate (5 g.) separ- 
ated in deep orange-red needles, m. p. 196° (decomp.) (Found: ©, 
40-5; H, 4-9. Cale. for C,H,gN,,C,H,0,N, : C, 40-5; H, 49%). 

Reduction of Trimethyltrimethylenetriamine.—The base was pre- 
pared by the slow addition to an ice-cold solution of methylamine 
(100 pts. of 33%) of an ice-cold solution of formaldehyde (70 pts. 
of 40%). It separated as an oily upper layer on addition of stick 
potash, the solution being cooled in ice. After 48 hours the layer 
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was removed and distilled (b. p. 166°) over barium oxide. Yield, 
80°% of the theoretical. 

A solution of the base in water (20 g. in 200 c.c.) was cooled, zinc 
dust (35 g.) added, followed by hydrochloric acid (160 c.c.; d 1-16), 
added slowly with cooling. The mixture was shaken at room tem- 
perature for } hour, heated gradually with continuous shaking to 
boiling (1 hour), boiled for 4 hour until no further formaldehyde 
was evolved, and then cooled and separated from undissolved zinc. 
The mixture of amines was isolated as crystalline hydrochlorides, 
which were estimated by Bertheaumé’s method. The yield of 
dimethylamine hydrochloride was 24 g., and of methylamine 
hydrochloride 10 g. 

Reduction of Triethyltrimethylenetriamine.—The base was prepared 
in 90% yield by the method described above, a 33% solution of 
ethylamine being used. It was reduced and the reduction products 
were collected in hydrochloric acid as before. Hardly any form- 
aldehyde was perceptible. The amines were liberated by addition 
of caustic soda to the solution cooled in a freezing mixture. Separ- 
ated, and distilled over barium oxide, they gave a little methyl- 
amine, b. p. 18°, followed by a good yield (80% of the theoretical) 
of methylethylamine, b. p. 35° (platinochloride, m. p. 208°). The 
picrate crystallised from alcohol in yellow needles, m. p. 196°, 
soluble in acetone and chloroform and insoluble in ether (Found : 
C, 37-4; H, 4-15. C,H,N,C,H,0,N, requires C, 37-5; H, 4:1%). 

Preparation of Tripropyltrimethylenetriamine.—The base was pre- 
pared by the gradual addition of an ice-cold solution of form- 
aldehyde (25 g. of 40% solution) to anhydrous propylamine (20 g.) 
cooled in a freezing mixture; it immediately began separating as 
an upper layer, considerable heat being developed. The base was 
also prepared from paraformaldehyde and anhydrous propylamine, 
the reaction being started by gentle warming, but the yield was 
much lower. The cyclic compound, the separation of which was 
completed by addition of stick potash, was distilled over barium 
oxide and obtained in theoretical yield (23 g.). 

Tripropyltrimethylenetriamine urate dissolves in 8 parts of water at 
15°. It is an amorphous powder which decomposes without melting 
when heated [Found: C, 53-5; H, 8-1. (C,3H,*N-*CH,*)3,C;H,O,N, 
requires C, 53-5; H, 8-1%]. 

Tripropyltrimethylenetriamine di-iodide was obtained when a solu- 
tion of the base in chloroform was added drop by drop to a saturated 
solution of iodine in chloroform until the colour just disappeared. 
Evaporation yielded colourless needles, m. p. 85° [Found: I, 54-3. 
(C3;H,*N-CH,"),I, requires I, 54.4%]. Excess of iodine produces a 
dark red oil of variable composition. 
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Tripropyltrimethylenetriamine dibromide was obtained when a 
solution of bromine in carbon disulphide was added gradually to a 
solution of the base in the same solvent. The orange-red oil which 
immediately separated was repeatedly washed with carbon disul- 
phide to remove uncombined bromine. It could not be induced 
to crystallise [Found: Br, 42-8. (C,H,-N-CH,:),Br, requires Br, 
42-8%]. 

Reduction of Tripropyltrimethylenetriamine.—No propylamine was 
obtained. The base yields an almost theoretical quantity of methy!- 
propylamine, m. p. 62—64°, identified by conversion into the nitroso- 
amine, b. p. 175° (Ber., 1896, 29, 2110), and platinochloride, m. p. 
200—202° (decomp.). 

Methylpropylamine picrate, obtained by the addition of picric 
acid to the base in dry ether, crystallised slowly from a syrup after 
removal of the ether, in squat needles, m. p. 43°, soluble in alcohol, 
acetone and water (Found: C, 39-7; H, 4:6. C,H,,N,C,H,0,N, 
requires C, 39-7; H, 46%). 

Methylpropylamine oxalate, prepared by adding an alcoholic solu- 
tion of oxalic acid to the anhydrous base, separated in pearly 
flakes, m. p. 155° (Found: C, 44:2; H, 7-95. C,H,,N,C,H,0, 
requires C, 44-2; H, 8-0%). 

Methylpropylamine hydrochloride, prepared in an ether, crystal. 
lised in deliquescent plates, m. p. 140° (Found: Cl, 32-4. C,H,,N,HCl 
requires Cl, 32-4%). 


The author wishes to express his indebtedness to Professor F. 8. 
Kipping, F.R.S., for his kind interest and helpful criticism during 
the progress of this research. 


Srockrortr COLLEGE. [Received, March 5th, 1931.] 


CCLV.—T'he Nitrosation of Phenols. Part XI. The 
Constitution of 3-Chloro-4-nitrosophenol. 





By Hersert Henry Hopason. 


THE 4-nitroso-structure assigned to the greenish-yellow derivative 
obtained by the direct nitrosation of m-chlorophenol (Hodgson and 
Moore, J., 1923, 123, 2499; Hodgson and Kershaw, J., 1929, 1553) 
has now been confirmed by reduction of the derivative to 3-chloro- 
4-aminophenol. 

All attempts to attack the phenolic hydrogen in 3-chloro-4- 
nitrosophenol have resulted in the formation either of the tauto- 
meride 3-chlorobenzoquinone-4-oxime or of the product which this 
affords under identical conditions. For instance, both substances 
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1a give the same silver salt: this on treatment with methyl iodide 
Oa yields 3-chlorobenzoquinone-4-oxime methyl ether, which is also 
ich produced from 3-chloro-4-nitrosophenol by the action of methyl 
sul- sulphate and alkali or of ethereal diazomethane. Both substances 
ced react with p-nitrophenylhydrazine hydrochloride to give the same 
Br, p-nitrophenylhydrazone. Further, dry hydrogen chloride imme- 
diately converts the nitrosophenol into the quinoneoxime in ethereal 
was solution. Also, aluminium chloride reacts vigorously with 3-chloro- 
ryl- 4-nitrosoanisole in dry ether, 3-chlorobenzoquinone-4-oxime being 
e0- formed. 
. ip. Further confirmation of the nitroso-structure of 3-chloro-4- 


nitrosophenol has been found in its great reactivity in comparison 
cric with the quinoneoxime. 


fter Hydroxylamine reacts with true nitroso-compounds (e.g., nitroso- 
hol, benzene) to give diazo-compounds (Bamberger, Ber., 1895, 28, 1218). 
“Ns In cold methyl- or ethyl-alcoholic solution or in aqueous suspension, 


3-chloro-4-nitrosophenol and 3-chlorobenzoquinone-4-oxime react 
lu. very slowly with hydroxylamine hydrochloride, but in boiling 


rly alcohol the former gives an appreciable amount of m-chlorophenol, 
20, formed by elimination of the diazo-group from the initial product, 

whereas the latter gives little if any: when a substance is also 
tal. present with which the diazo-compound can readily couple, e¢.g., 


Cl 8-naphthylamine, the nitroso-compound rapidly (in hot solution) 
yields 3-chloro-1-hydroxybenzene-4-azo-8-naphthylamine, whereas the 
quinoneoxime gives a mixture of products in which the azo-com- 





. . pound has not been detected. Again, when cold solutions of the 
“ two isomerides in aqueous methyl alcohol containing hydroxylamine 

hydrochloride and 8-naphthol are treated gradually with aqueous 
] sodium acetate, an azo-compound is almost immediately formed 


from the nitrosophenol, but none from the quinoneoxime. 

Yet another point in favour of the nitroso-structure for 3-chloro- 
‘he 4-nitrosophenol is the ready formation of a picrate. That such 
should be the case follows from electronic considerations (Hodgson 
and Kershaw, loc. cit.), since the activated nitroso-oxygen (I) will 
tend to attach the picric acid molecule, whereas the quinoneoxime, 





ive being a stabilised form, should be (and is) unreactive. This view 

und is supported by the facts that 3-chloro-4-nitrosoanisole also readily 

53) forms a picrate (I), whereas 3-chlorobenzoquinone-4-oxime methyl 

TO- ether crystallises unchanged from its solution in alcoholic picric 
acid. 






a ee ee ae 
(L) CHyH>0>€ >zN=O—>H>0>€ NO, 
a 0 
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The oximic structure for 3-chlorobenzoquinone-4-oxime follows 
from the formation of a p-nitrophenylhydrazone. This gives a 
brilliant pure blue colour when treated with aqueous or alcoholic 
caustic alkali or ammonia—a fact probably best explained by the 
structural mcr 


i ona =N-NH—<C ‘NO, —> 
Na{ (B= ane =N<p)N 
ig 


inasmuch as the formation of a double indamine structure ee. 
quinonoid) would account for the abrupt colour change from red to 
blue. In the anion above, the chromophoric group, =N-N=, the 
isomeride of the azo-group, would definitely appear to exist (com- 
pare Hewitt and Mitchell, J., 1907, 91, 1251). With concentrated 
sulphuric acid, the colour produced (cherry-red, changing to crimson 
on dilution) is that to be expected from an azo-dye (hydrazone 
form). 

The by-products formed during the preparation of 3-chloro- 
4-nitrosophenol (Hodgson and Kershaw, loc. cit.) include a small 
amount of 3-chloro-6-nitrophenol, indicating nitration in the ortho- 
position by nitrous acid (compare Hodgson and Kershaw, J., 1930, 
277), this being facilitated by the deactivating effect of the 3-chlorine 
atom on the 4-carbon in m-chlorophenol. When a large excess of 
nitrous acid is used, the yield of 3-chloro-4-nitrosophenol is only 
about 40%, the main product being a diazonium salt (Fischer and 
Hepp, Annalen, 1888, 243, 282, found that certain nitroso-com- 
pounds are directly converted into diazonium salts by three equiv- 
alents of nitrous acid). Oxidation of the mother-liquor after 
removal of the nitrosophenol yielded a small amount of chloro- 
benzoquinone, the main product being non-volatile in steam. 


EXPERIMENTAL. 


Note on the Reaction between Nitrous Acid and m-Chlorophenol.— 
The mother-liquor from the preparation of 3-chloro-4-nitrosophenol 
(Hodgson and Kershaw, loc. cit.) was divided into aliquot portions, 
which afforded: (a) a small quantity of 3-chloro-6-nitrophenol by 
steam distillation : that this was a product of the nitrosation, and 
not one formed subsequently by oxidation during the passage of 
steam, was proved by its presence in similar amount in a benzene 
extract of another portion of the original mother-liquor; (b) an 
azo-compound, by coupling with alkaline @-naphthol, in amount 
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corresponding to at least 50% of the original m-chlorophenol 
nitrosated ; (c) after removal of nitrous acid by prolonged contact 
with urea, a similar yield of an azo-compound with §-naphthyl- 
amine; (d) a small amount of chlorobenzoquinone, when steam- 
distilled after oxidation with cold chromic acid, and a large amount 
of a brown solid of indefinite m. p. 

Some Reactions of 3-Chloro-4-nitrosophenol.—After recrystallis- 
ation from methyl alcohol (the best solvent), the nitrosophenol 
has m. p. 135° (Hodgson and Kershaw, loc. cit., give 133°). The 
yellowish-green colour of the solution becomes a much deeper 
green on addition of a drop of concentrated sulphuric acid or oleum ; 
on keeping or on further addition of oleum, a deep red colour (due 
to isomerisation) is produced. 

When dry hydrogen chloride is passed into an ethereal solution 
of the nitrosophenol, 3-chlorobenzoquinone-4-oxime, m. p. 184° 
(decomp.), is immediately produced. 

When diazomethane (from nitrosomethylurethane) is distilled 
into solutions of the nitrosophenol in dry ether, either alone 
or after treatment with hydrogen chloride or a drop of concentrated 
sulphuric acid, in all three cases 3-chlorobenzoquinone-4-oxime 
methyl ether is produced, m. p. and mixed m. p. 113°. When the 
nitrosophenol is reduced with a cold solution of sodium hypo- 
sulphite containing sodium carbonate, 3-chloro-4-aminophenol is 
formed, m. p. and mixed m. p. 159—160° (Hodgson and Kershaw, 
J., 1928, 2703). 

Attempts to prepare the Silver Salt of 3-Chloro-4-nitrosophenol. 
(a) Molecular quantities of the nitrosophenol and silver nitrate in 
methyl-alcoholic solution remained unchanged for several days; 
on treatment with methyl iodide, all the silver nitrate was quan- 
titatively precipitated as iodide and the nitrosophenol was recovered 
unaltered. 

(b) Introduction of aqueous ammonia into a solution as (a) pro- 
duced a brick-red silver salt (Found: Ag, 40-6. C,H,O,NClAg 
requires Ag, 40-8°%): this was also formed even when ammonia 
was blown over the surface of the solution. A similar result was 
obtained by using sodium acetate instead of aqueous ammonia, 
and silver acetate reacted with the nitrosophenol in methyl-alcoholic 
solution to give the same silver salt. Similarly, 3-chlorobenzo- 
quinone-4-oxime gave the same salt. All the specimens reacted 
with methyl iodide in the cold to form 3-chlorobenzoquinone- 
4-oxime methyl ether, which was removed by steam distillation 
and crystallised from water, forming very pale yellow needles 
(elongated plates), m. p. and mixed m. p. 113° (Found for a mixture 
of specimens : Cl, 20-6. Cale. : Cl, 20-7%). 
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(c} Molecular quantities of the above silver salt and the nitroso. 
phenol were shaken together in methyl alcohol, and also warmed 
together in the same medium, but in both cases reaction with methy] 
iodide resulted in the formation of 3-chlorobenzoquinone-4-oxime 
methyl ether, the nitrosophenol being recovered unchanged. 

3-Chlorobenzoquinone-4-oxime-1-p-nitrophenylhydrazone.—When a 
methyl-alcoholic solution of 3-chloro-4-nitrosophenol or 3-chloro- 
benzoquinone-4-oxime and p-nitrophenylhydrazine hydrochloride in 
molecular proportion was boiled, the p-nitrophenylhydrazone rapidly 
separated as a microcrystalline powder, almost insoluble in methyl 
or ethyl alcohol and sparingly soluble in acetone or in glacial acetic 
acid, from which it crystallised in orange-red micro-plates of 
indefinite m. p. (slow decomp. about 200°) (Found for the two 
specimens: N, 19-4, 19-4. ©,,H,O,N,Cl requires N, 19-1%). 

Reactions of 3-Chloro-4-nitrosophenol and 3-Chlorobenzoquinone-4- 
oxime with Hydroxylamine Hydrochloride.—(a) In boiling methyl- or 
ethyl-alcoholic solution. Qualitative experiments established that 
the nitrosophenol gave an appreciable quantity of m-chlorophenol, 
whereas the quinoneoxime gave only a trace, being transformed 
into a brown substance which was not volatile in steam and decom- 
posed suddenly between 210° and 220°. 

The nitrosophenol (0-5 g.) and the quinoneoxime (0-5 g.) were 
each dissolved in methyl alcohol (20 c.c.) and treated with solutions 
of hydroxylamine hydrochloride (2-0 g.) in water (5 c.c.). The 
mixtures were boiled for 30 minutes on the same water-bath, kept 
over-night, and steam distilled until 300 c.c. of liquor had passed 
over. Bromine water (in excess) was added to each distillate, and 
the precipitates of 3-chloro-2 : 4: 6-tribromophenol (identified by 
m. p. and mixed m. p.) were dried and weighed; the nitrosophenol 
gave 0-154 g., and the quinoneoxime 0-013 g. A blank steam 
distillation of 0-5 g. of the nitrosophenol, followed by bromination 
as above, gave 0-055 g. of a substance, m. p. 135° [depressed by 
admixture with 3-chloro-2 : 4 : 6-tribromophenol (m. p. 105—106°)]. 

In one of the qualitative experiments referred to above, the 
m-chlorophenol solution on treatment with sulphuric acid and sodium 
nitrite deposited crystals of 3-chloro-4-nitrosophenol. 

(b) In presence of 8-naphthylamine. The nitrosophenol (1 g.), 
dissolved in methyl alcohol (20 c.c.), was treated with a solution of 
hydroxylamine hydrochloride (0-5 g.) in water (5 c.c.) and then 
with a solution of §-naphthylamine (1 g.) in methyl alcohol (20 c.c.). 
The mixture was boiled for 30 minutes, and the liquid filtered hot. 
A residue (0-4 g.) remained of dark red-brown needles with a strong 
green reflex, m. p. 210—212°, which analysis (Found: N, 144. 
C,g.H,,0ON,Cl requires N, 14-6%) indicated to be 3-chloro-1-hydroxy- 
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TOSo- benzene-4-azo-B-naphthylamine. The filtrate on cooling deposited a 
rmed further crop, m. p. and mixed m. p. 210—212° (Found : N, 14-5%). 
ethyl (c) In presence of 8-naphthol. The nitrosophenol (0-2 g.) was 
xime dissolved in methyl alcohol in presence of hydroxylamine hydro- 
chloride (0-2 g.) and £-naphthol (0-2 g.). No visible change occurred 


en a until an aqueous solution of sodium acetate was added; the mix- 
loro- ture then immediately became light red and an azo-compound 
de in subsequently separated. The quinoneoxime, prepared from the 


pidly § silver salt and therefore free from the nitrosophenol, did not give 
ethyl this azo-compound but was converted into the brown product 
etic ff previously mentioned. 

8 of Reaction of 3-Chloro-4-nitrosophenol with Picric Acid.— A mixture 
- two | of the nitrosophenol (0-5 g.) and picric acid (0-76 g.) was dissolved 
in hot methyl alcohol (15 c.c.), and the deep green solution was 
me-4. | filtered and allowed to cool slowly; it almost immediately deposited 
yl- or | a picrate in quantitative yield, which crystallised in large, bright 
that | greenish-yellow, hexagonal plates, m. p. 151° (decomp.) (Found : 
enol, § Cl, 9-1. CgH,O,NCI,C,H,O,N, requires Cl, 9-2%). This observ- 
rmed § ation was made in collaboration with Dr. A. Kershaw, 

com- 3-Chloro-4-nitrosoanisole similarly gave a picrate, which crystal- 
lised from 50% alcohol in sandy yellow micro-plates, m. p. 174-5° 
were | (decomp.) (Found: Cl, 8-7. C;H,O,NCI,C,H,0,N, requires Cl, 
tions J 8-9%). 

The The Action of Aluminium Chloride on 3-Chloro-4-nitrosoanisole.— 
kept § Aluminium chloride was added gradually to a solution of 3-chloro- 
assed § 4-nitrosoanisole in dry ether (and also in dry benzene) until the 
, and vigorous reaction subsided, and, after decomposition of the mixture 
<1 by § with ice and dilute hydrochloric acid, the ethereal (or benzene) 
henol § layer was allowed to evaporate gradually; crystals of 3-chloro- 
team § benzoquinone-4-oxime were deposited, m. p. 184° after recrystal- 
ation § lisation from alcohol. The silver salt obtained from it reacted with 
<d by § methyl iodide to give 3-chlorobenzoquinone-4-oxime methyl] ether, 
06°)|. | +m. p. and mixed m, p. ‘113°. 

, the 
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1 g.), § to Imperial Chemical Industries, Ltd. (Dyestuffs Group) for gifts of 
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then 
¢.¢.). 
1 hot. 
trong 
14-4. 
lroxy- 





TECHNICAL COLLEGE, HUDDERSFIELD. [Received, February 28th, 1931.] 








1500 HODGSON AND SMITH: THE NITRATION 





CCV.—The WNitration of Brominated 3-Hydroxy- 
benzaldehydes and the Bromination of Nitrated 
3-H ydroxybenzaldehydes, with Cases of Group 
Migration. 


By Hersert Henry Hopeson and Ernest WALTER SMITH. 


ONLY a single reference to 2 : 4-dibromo-6-nitro-3-hydroxybenzal- 
dehyde (Henry and Sharp, J., 1924, 125, 1049) appears to constitute 
the literature of this subject. The present investigation relates to 
the mono- and di-nitration of the 2-, 4-, and 6-bromo-, the nitration 
of 4:6-dibromo- and 2:4: 6-tribromo-, and the bromination of 
the 2-,4-, and 6-nitro- and of the 2 : 6- and 4 : 6-dinitro-3-hydroxy- 
benzaldehydes. 

In all cases when concentrated nitric acid reacts at the ordinary 
temperature with compounds containing a substituent in position 
4 and bromine in position 6, the bromine is displaced by the nitro- 
group and migrates to position 2, should that be unoccupied ; thus 
it is impossible to dinitrate 6-bromo-3-hydroxybenzaldehyde except 
at very low temperatures. The following scheme depicts the results 
obtained : 


CHO CHO CHO CHO 
Br NO. Br Br, Br NO Br 
Cox ; Ci OH ; Xi 
NO, NO, NO, 
CHO CHO CHO CHO 
Br NO, Br Br 
Cox ; Csi “hi ; OH 
Br Br Br 
CHO CHO 
Br, NO, NO NO, 
Cx: iis Cos 
Br Br 


From electronic considerations (Allan, Oxford, Robinson, and 
Smith, J., 1926, 401) it would appear that since the reactants with 
kationoid nitric acid are all highly ionised molecules, positions 2, 
4, and 6 will all be activated but the 6-position more frequently 
than 2- and 4- (Lapworth and Robinson, Mem. Manchester Phil. 
Soc., 1928, 72, 47). That such is the case during the mononitration 
of m-hydroxybenzaldehyde itself follows from the results of Hodgson 
and Beard (J., 1925, 127, 877), where the 6-, 4- and 2-nitro-3- 
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hydroxybenzaldehydes produced are in the ratio 48:32:5 re- 
spectively. Consequently, in the examples cited, kationoid attack 
(if any) will be preferentially at position 6 with electron-release 
from the bromine atom and formation of hypobromous acid, a 
product actually observed in all cases where displacement of bromine 
occurs. The kationoid hypobromous acid then attacks the much 
less activated 2-position, if this is free. The reactions, however, 
take place slowly, and appear ‘to be dependent on temperature, 
since it has been possible at low temperatures to dinitrate 6-bromo- 
3-hydroxybenzaldehyde without displacement of bromine, although 
4: 6- dibromo-3-hydroxybenzaldehyde is always nitrated in position 
6 whatever the temperature, a fact which may be due to the much 
greater activation of the 6-position in this more highly ionised 
molecule. 

Conversely, during bromination, with great excess of bromine, 
the nitro-group is displaced from 2-bromo-4-nitro-3-hydroxybenzalde- 
hyde and migrates to give 2 : 4-dibromo-6-nitro-3-hydroxybenzaldehyde, 
again showing the preference of the nitro-group for the 6-position. 
In this case a probable mechanism would be an initial tribromination 
in positions 2, 4, and 6 with production of the powerful kationoid 


reagent nitroxyl bromide, NO,Br, which would then seek the more 
strongly anionoid 6-carbon atom. This reaction explains the truly 
remarkable results of Henry and Sharp (loc. cit.), who obtained 
always the 2 : 4-dibromo-6-nitro-3-hydroxybenzaldehyde whichever 
of the dimercuri-compounds from the 2-, 4-, and 6-nitro-3-hydroxy- 
benzaldehydes was treated with bromine. 

Analogous with the above migration is the nitration of p-iodo- 
anisole to give o-iodo-p-nitroanisole (Robinson, J., 1916, 109, 
1078), where the more frequently activated 4-position is occupied 
by the iodine atom, which readily releases an electron on demand 
and so is displaced by the nitro-group with probable formation of 
hypoiodous acid, this subsequently attacking the 2-position. 

4-Nitro-3-hydroxybenzaldehyde cannot be directly monobrom- 
inated but is always dibrominated, and 4-bromo-3-hydroxybenz- 
aldehyde is dinitrated most readily under conditions which produce 
only mononitrated derivatives from the 6- and 2-bromo-3-hydr- 
oxybenzaldehydes respectively, whereas dilute nitric acid mono- 
nitrates 4-bromo-3-hydroxybenzaldehyde with ease, but does not 
react with either of the isomerides. The explanation would appear 
to be as follows: 4-Bromo-3-hydroxybenzaldehyde is the most 
ionisable of the three isomerides, as shown by the fact that it is 
the only one which dissolves in aqueous sodium carbonate (the 
others require caustic alkalis), and therefore will have its 2- and 
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6-positions much more activated than in the other two cases, and 
the molecule will be still further ionised when position 6 becomes 
substituted, with resultant increased activation of position 2. The 
same explanation holds for the facts that m-hydroxybenzaldehyde 
and phenol are always tribrominated in aqueous solution (compare 
Hodgson and Beard, J., 1925, 127, 875). 

2 : 4-Dibromo-6-nitro-3-hydroxybenzaldehyde crystallises. from 
aqueous alcohol or chloroform in stout colourless rhombs or needles f 
which melt at 148° with immediate decomposition, whereas pro- 
longed boiling (3 hours) of the substance in xylene solution produces 
an isomeride (elongated needles) which melts at 152-5° and decom- 
poses at 163°. After recrystallisation from chloroform the isomeride 
still melts at 152-5°, but now decomposes immediately afterwards. 
Recrystallisation of both forms from aqueous alcohol reproduces 
the substance of m. p. 148°. Distillation in steam, in which they 
are almost non-volatile, slowly transforms them likewise: after 
passage of steam for an hour, the more stable substance of m. p. 
152-5° changes into the less stable product of the same m. p., but 
further boiling for two hours completes the transformation to the 
148° product. It would appear that 3 isomeric forms are capable 
of existence, connected possibly with the two available cases of 
co-ordination between the bromo-hydroxy- and the nitro-aldehydo- 
groups (compare Tanasescu, Bull. Soc. chim., 1927, 41, 1497) and 
the third case of absence oi co-ordination. 2 : 4-Dibromo-6-nitro- 
3-methoxybenzaldehyde remains unchanged after 5 hours’ boiling 
in xylene solution. 

6 - Bromo -2 : 4-dinitro-3-hydroxybenzaldehyde - p - nitrophenylhydr- 
azone on treatment with aqueous sodium hydroxide develops a 
greenish-blue colour (compare the less green royal-blue of the 
6-chloro-analogue; Hodgson and Beard, J., 1926, 2031), whereas 
2-bromo-4 : 6-dinitro-3 - hydroxybenzaldehyde - p -nitrophenylhydrazone 
gives a red colour (compare the absence of colour in the cold, and 
claret-red colour only on warming, in the case of the 2-chloro- 
analogue; H. and B., loc. cit.). In both cases, the more powerful 
electron attraction of chlorine in comparison with bromine is shown 
by this hypsochromic and inhibition effect respectively. 
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EXPERIMENTAL. 


The initial materials were prepared by the methods of Hodgson 
and Beard (J., 1925, 127, 875) in all cases except where stated other- 
wise. 

The characteristic colours produced by addition of alcoholic 
potassium hydroxide to an alcoholic solution of the p-nitrophenyl- 
hydrazone and by the action of concentrated sulphuric acid on the 
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powdered solid are given in this order in consecutive parentheses 
after the m. p. 


Nitration of the Bromo-3-hydroxybenzaldehydes. 


(a) 2-Bromo-3-hydroxybenzaldehyde.—A more convenient method 
of preparation than that of Hodgson and Beard, which required 
the difficulty accessible 2-nitro-3-hydroxybenzaldehyde, is the 
following: A cold solution of 2-mercuriacetato-3-hydroxybenz- 
aldehyde (Henry and Sharp, J., 1922, 121, 1059) (8 g.) in acetic 
anhydride (23 c.c.) was treated with bromine (1 c.c.) in acetic 
anhydride (5 c.c.), poured on ice after 1 hour,-and left over-night. 
The product was collected and hydrolysed with boiling concentrated 
hydrochloric acid; the 2-bromo-3-hydroxybenzaldehyde obtained 
crystallised from 50° aqueous alcohol in colourless rhombs, m. p. 
148° (Hodgson and Beard give m. p. 141—142°) (Found: Br, 39-6. 
Cale.: Br, 39-8%). 

Mononitration. This was effected by adding 2-bromo-3-hydroxy- 
benzaldehyde (1 g.) to well-stirred nitric acid (12 c.c.; d 1-42) at 
16—17°. After an hour, the reaction mixture was diluted with 
water, and the solid product steam-distilled after filtration. ‘The 
volatile product, 2-bromo-4-nitro-3-hydroxybenzaldehyde, crystallised 
from alcohol in pale yellow, feathery needles, m. p. 176° (Found : 
Br, 32-4. C,H,O,NBr requires Br, 325%); the p-nitrophenylhydr- 
azone crystallised from glacial acetic acid in red-orange needles, 
m. p. 265° (blue-violet) (orange) (Found: Br, 20-8. C,,H,O;N,Br 
requires Br, 21-0%). The non-volatile product, 2-bromo-6-mitro- 
3-hydroxybenzaldehyde, crystallised from water in fine buff needles, 
m. p. 174° (Found: Br, 32:3%); the p-nitrophenylhydrazone crystal- 
lised from glacial acetic acid in orange needles, m. p. 230° (pale 
red) (no colour) (Found: Br, 20-9%%). 

2-Bromo-4-nitro- and 2-bromo-6-nitro-3-hydroxy benzaldehyde on 
further treatment with bromine in alcoholic solution both gave 
2 : 4-dibromo-6-nitro-3-hydroxybenzaldehyde, which crystallised from 
50°% aqueous alcohol in colourless rhombs or stout needles, m. p. 
and mixed m. p. together and with an authentic specimen, 148° 
(decomp.) (Henry and Sharp, loc. cit., give m. p. 152-5°; see 
introduction) (Found: Br, 49-3, 49-2. Cale.: Br, 49-2%); the 
p-nitrophenylhydrazone crystallised from glacial acetic acid in orange- 
yellow needles, m. p. 249° (decomp.) (red) (amber) (Found: Br, 
34:7. C,,H,O;N,Br, requires Br, 34-8%). 

2 : 4-Dibromo-6-nitro-3-methoxybenzaldehyde crystallised from 
alcohol in fine colourless needles, m. p. 119° (Found: Br, 47-0. 
C,H,O,NBr, requires Br, 47-2°%). 

Dinitration. 2-Bromo-3-hydroxybenzaldehyde (2 g.) was added 
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to nitric acid (9 c.c.; d 1-5) at 5—7° during 1 hour, and the mixture 
kept for 2 hours at the same temperature and then poured on 
ice. The precipitated 2-bromo-4 : 6-dinitro-3-hydroxybenzaldehyde 
crystallised from 10% aqueous alcohol in yellow iridescent prisms, 
m. p. 131° (Found: N, 9-8; Br, 27-4. C,H,O,N,Br requires 
N, 9-6; Br, 27-5%); the p-nitrophenylhydrazone crystallised from 
glacial acetic acid in scarlet needles, m. p. 242° (decomp.) (blue- 
violet) (pale yellow) (Found: Br, 18-7. C,,;H,O,N,;Br requires 
Br, 18-8%). 

(b) 4-Bromo-3-hydroxybenzaldehyde.—Mononitration. The alde- 
hyde (1-5 g.) was added to 10 c.c. of a mixture of nitric acid (7 c.c.; 
d 1-42) and water (3 c.c.) at 20—23° during 1 hour with stirring. 
After another hour, the mixture was diluted with water (30 c.c.) 
and the resinous solid which separated was distilled in superheated 
steam. The volatile product crystallised from aqueous alcohol in 
pale yellow needles, m. p. 167° (Found: Br, 32-4%) and proved to 
be identical with the product obtained by the monobromination 
of 2-nitro-3-hydroxybenzaldehyde (f), wiz., 4-bromo-2-nitro-3- 
hydroxybenzaldehyde, a conclusion supported by the identity of 
the p-nitrophenylhydrazones, orange needles, m. p. and mixed m. p. 
205° (purple) (yellow-brown) (Found: Br, 20-8. C,3H,O;N,Br 
requires Br, 20-9%). 

After filtration of the resinous solid above, 4-bromo-6-nitro-3- 
hydroxybenzaldehyde was salted out from the filtrate by means of 
sodium nitrate ; it crystallised from water in cream-coloured plates, 
m. p. 72° (Found: Br, 32:3. C,H,O,NBr requires Br, 32-5%); 
on treatment with bromine in alcoholic solution, 2 : 4-dibromo-6- 
nitro-3-hydroxybenzaldehyde was obtained, which crystallised 
from aqueous alcohol in colourless rhombs, m. p. and mixed m. p. 
with authentic specimen (see later), 148° (Found: Br, 49-19%). 
The p-nitrophenylhydrazone of 4-bromo-6-nitro-3-hydroxybenz- 
aldehyde crystallised from glacial acetic acid in red needles, m. p. 
271° (purple) (amber) (Found: Br, 20-7. C,,H,O;N,Br requires 
Br, 20-:9%). 

Dinitration. 4-Bromo-3-hydroxybenzaldehyde (2 g.) was added 
with stirring to nitric acid (10 c.c. ; d 1-42) at 17—19° during 1 hour; 
the mixture was kept for 2 hours at room temperature and diluted 
with ice-water. The 4-bromo-2 : 6-dinitro-3-hydroxybenzaldehyde 
obtained crystallised from 10% aqueous alcohol in iridescent, pale 
yellow plates, m. p. 128° and mixed m. p. with the bromination 
product of 2 : 6-dinitro-3-hydroxybenzaldehyde, 128°. The p-nitro- 
phenylhydrazone crystallised from glacial acetic acid in bright 
red needles, m. p. 226° (decomp.) (violet) (amber) (Found: Br, 
18-6. C,3;H,0O,N,Br requires Br, 18-8%). 
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ixture (c) 6-Bromo-3-hydroxybenzaldehyde——Mononitration. The alde- 
od on fF hyde (4-5 g.) was added to nitric acid (20 c.c.; d 1-42) at 20—23° 
lehyde with stirring during 1 hour, the mixture kept for another hour and 
risms, diluted with water, and the precipitate of 6-bromo-4-nitro-3-hydr- 
juires oxybenzaldehyde recrystallised twice from 50% aqueous acetic acid, 
from giving fine, deep yellow needles, m. p. 118° (Found: Br, 32-4. 
(blue- C,H,O,NBr requires Br, 32-5%). The p-nitrophenylhydrazone 
juires crystallised from glacial acetic acid in stout, deep red needles, 
m. p. 236° (blue) (red) (Found: Br, 20-8. C,,;H,O;N,Br requires 
alde- Br, 21:0%). On treatment with excess of bromine in alcoholic 
¢.c.; § solution, the above aldehyde gave 2 : 6-dibromo-4-nitro-3-hydr- 
rring. § oxybenzaldehyde identical with the product of the dibromination 
) cc.) § of 4-nitro-3-hydroxybenzaldehyde (see later). 
eated Dinitration. By the method described under 2-bromo-3-hydr- 
101 in | oxybenzaldehyde, 6-bromo-2 : 4-dinitro-3-hydroxybenzaldehyde was 
ed to § obtained ; it crystallised from water in yellow prisms, m. p. 129° 
ation § (Found: Br, 27-3. C,H,0,N,Br requires Br, 27-5%), and depressed 
Lro-3- the m. p. of the 4-bromo-2 : 6-dinitro-isomeride and of 4 : 6-dinitro- 
ty of | 3-hydroxybenzaldehyde. The p-nitrophenylhydrazone crystallised 
m.p. § from glacial acetic acid in bright red needles, m. p. 256° (greenish- 
N,Br | blue) (red) (Found: Br, 18-7. C,,;H,O,N,Br requires Br, 18-8%). 
When 6-bromo-4-nitro-3-hydroxybenzaldehyde is heated with 
tro-3- dilute nitric acid, it is converted into 2-bromo-4 : 6-dinitro-3- 
ns of | hydroxybenzaldehyde, m. p. and mixed m. p. with authentic speci- 
lates, | mens prepared by brominating 4 : 6-dinitro-3-hydroxy benzaldehyde 
3%); and by the action of nitric acid on 2 : 6-dibromo-4-nitro-3-hydr- 
no-6- § oxybenzaldehyde (see later), 131° (Found: N, 9-9; Br, 27-4%). 
llised (d) 4: 6-Dibromo-3-hydroxybenzaldehyde.—The aldehyde (3 g.) 
m. p. was added to nitric acid (15 ¢.c.; d 1-42) at room temperature during 
1%). 1 hour, an odour resembling that of hypobromous acid being per- 
benz- ceived as dissolution took place. On dilution, 2 : 4-dibromo-6- 
mn. p. § nitro-3-hydroxybenzaldehyde was precipitated, which crystallised 
uires § from aqueous alcohol in buff rhombs, m. p. and mixed m. p. with 
authentic specimen, 148° (Found: Br, 49-5%); the p-nitrophenyl- 
dded § hydrazone crystallised from glacial acetic acid in orange-yellow 






























































OUT ; needles, m. p. and mixed m. p. with authentic specimen, 249° 
luted (decomp.) (red) (amber) (Found: Br, 34-7%). 
hyde (e) 2:4: 6-Tribromo-3-hydroxybenzaldehyde.—The aldehyde (3 g.) 


pale was added to concentrated nitric acid as under (d); the odour of 

ition hypobromous acid was again perceived as the product slowly dis- 

vitro- solved to form a deep red solution. On dilution with water, 2 : 4- 

right dibromo-6-nitro-3-hydroxy benzaldehyde separated ; it was identified 
Br, as above. 
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HODGSON AND SMITH : 


Bromination of the Nitro-3-hydroxybenzaldehydes. 


(f) 2-Nitro-3-hydroxybenzaldehyde.— Monobromination. The alde. 
hyde (1 g.), dissolved in chloroform (30 c.c.), was treated with 
bromine (1 c.c.), and the mixture boiled under reflux for 12 hours. 
The resinous solid which remained after removal of the chloroform 
by distillation was partly recrystallised from hot water, the residual 
tar being distilled with superheated steam. Only 4-bromo-2- 
nitro-3-hydroxybenzaldehyde could be isolated, as pale yellow needles, 
m. p. and mixed m. p. with the product under (b) 167° (Found: 
Br, 32-4. C,H,O,NBr requires Br, 32-5%). 

Dibromination. 2-Nitro-3-hydroxybenzaldehyde (1 g.) was dis- 
solved in the minimum quantity of alcohol and excess of bromine 
added; 4: 6-dibromo-2-nitro-3-hydroxybenzaldehyde, obtained in 
theoretical yield, crystallised from alcohol in yellow-brewn prismatic 
needles, m. p. 140° (decomp.) (Found: Br, 49-0. C,H,0,NBr, 
requires Br, 49-2%). The p-nitrophenylhydrazone crystallised from 
glacial acetic acid in deep orange needles, m. p. 218° (decomp. 
(purple) (amber) (Found: Br, 34:5. C,,H,O;N,Br, requires Br, 
34-8%). 

Displacement of bromine by the nitro-grouwp. When 4 : 6-dibromo- 
2-nitro-3-hydroxybenzaldehyde was kept in contact with cold nitric 
acid (d 1-42), dissolution occurred and the odour of hypobromous 
acid became perceptible. The mixture, after dilution with water 
and saturation with sodium nitrate, deposited 4-bromo-2 : 6-dinitro- 
3-hydroxybenzaldehyde, which crystallised like the product under 
(b) and (i), m. p. and mixed m. p. 128° (Found: Br, 27-4%); the 


p-nitrophenylhydrazone [see (b)] has m. p. and mixed m. p. 226° | 


(decomp.) (violet) (amber) (Found: Br, 18-8%). 

(g) 4-Nitro-3-hydroxybenzaldehyde.—In non-aqueous media this 
aldehyde resists bromination ; in aqueous suspension, dibromination 
occurs solely, even with a deficiency of bromine, no monobromo- 
derivative being formed. 

The aldehyde (3 g.), suspended in a solution of potassium bromate 
(2 g.) and potassium bromide (8 g.) in water (50 c.c.), was treated 
gradually, with vigorous stirring, with concentrated hydrochloric 
acid (20 c.c.), the reaction being completed by gentle warming on 
the water-bath for 15 minutes. 2 : 6-Dibromo-4-nitro-3-hydroxy- 
benzaldehyde, which separated on cooling, crystallised from benzene- 
light petroleum in bright yellow plates, m. p. 95° (Found : Br, 48-9. 
C,;H,0,NBr, requires Br, 49-2%), identical with the product under 
(c). The p-nitrophenylhydrazone crystallised from glacial acetic 
acid in deep red needles, m. p. 242° (brown-purple) (yellow-brown) 
(Found: Br, 34-6. C,,H,0;N,Br, requires Br, 348%). 
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Displacement of bromine by the nitro-group. When 2 : 6-dibromo- 
4-nitro-3-hydroxybenzaldehyde (2 g.) was kept at room temperature 
alde. with nitric acid (10 c.c.; d 1-42) for 5 days, 2-bromo-4 : 6-dinitro-3- 
with hydroxybenzaldehyde crystallised in iridescent yellow prisms, m. p. 


ours, and mixed m. p. with the product obtained by bromination of 
form 4: 6-dinitro-3-hydroxy benzaldehyde, 131° (Found: Br, 27-4%). 
idual (h) 6-Nitro-3-hydroxybenzaldehyde.—The aldehyde (5 g.) was 


no-2- dissolved in alcohol (40 c.c.) and treated gradually (vigorous stirring) 
dles, with bromine (6 c.c.). 2: 4-Dibromo-6-nitro-3-hydroxybenzalde- 
und: § hyde, which separated, crystallised from aqueous alcohol in colour- 
less rhombs, m. p. 148° (decomp.) (Henry and Sharp, J., 1924, 125, 

dis- 1054, give m. p. 152-5°) (Found: Br, 49-3. Calc.: Br, 49-2%). 
mine § Specimens of this product have also been obtained by the bromin- 
1 in ation of 2-bromo-4-nitro-, 2-bromo-6-nitro-, and 4-bromo-6-nitro- 
natic § 3-hydroxybenzaldehyde and by the action of nitric acid on 4: 6- 
NBr, § dibromo- and 2:4: 6-tribromo-3-hydroxybenzaldehyde, all of 
from § which, after recrystallisation from aqueous alcohol, melted at 148°. 
mp. Henry and Sharp (loc. cit.) crystallised their product from chloroform, 





| Br, § but our product after crystallisation from chloroform still melted 
at 148°. 
omo- (i) Bromination of 2 : 6- and 4 : 6-Dinitro-3-hydroxybenzaldehydes.— 


ritric | According to Hodgson and Beard (J., 1927, 2378), when 6-nitro-3- 
mous ff hydroxybenzaldehyde is nitrated, a mixture of 2:6- and 4: 6- 
vater § dinitro-isomerides is obtained. Owing to an error in transcription, 





itro- ff} the former was stated to be the more soluble in water; actually, 
inder §f the 4: 6-isomeride is much more soluble than the 2 : 6. 
the The nitration mixture (loc. cit.) was diluted with water, and the 


226° § solution filtered and treated with excess of bromine. The product 
crystallised from aqueous alcohol in yellow iridescent prisms, m. p. 
this § 131° (Found : Br, 27-4%), and was identical (m. p. and mixed m. p.) 
ation § with the products obtained from the nitration of 2 : 6-dibromo-4- 
omo- § nitro-3-hydroxybenzaldehyde and of 6-bromo-4-nitro-3-hydroxy- 
benzaldehyde, namely, 2-bromo-4 : 6-dinitro-3-hydroxybenzaldehyde. 
mate § The nitration product more soluble in water must therefore be 
ated §f 4: 6-dinitro-3-hydroxybenzaldehyde. The less soluble 2 : 6-dinitro- 
lorie §} 3-hydroxybenzaldehyde was recrystallised several times from water 
g on § and obtained in long colourless needles, m. p. 106° (Hodgson and 
roxy- @ Beard, loc. cit., give m. p. 106° for the 4 : 6-isomeride), which, when 
ene- § brominated in alcoholic solution with excess of bromine, yielded 
48-9. 9 4-bromo-2 : 6-dinitro-3-hydroxybenzaldehyde, which crystallised 
nder § from 10% aqueous alcohol in iridescent yellow plates, m. p. 128° 
cetic (Found: Br, 27-3%), identical with the dinitration product from 
own) § 4-bromo-3-hydroxybenzaldehyde. 
The following method for the nitration of 6-nitro-3-hydroxy- 
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benzaldehyde gives better results than that described previously, 
The aldehyde (10 g.) was stirred into nitric acid (15 c.c.; d 1-42) 
at room temperature, and the mixture kept over-night; the clear 
solution obtained solidified when agitated. Treatment with water 
separated the isomerides. 

Nitration of 4-Nitro-3-hydroxybenzaldehyde.—The aldehyde (5 g.) 
was very gradually added with stirring to nitric acid (20 c.c.; 98%) 
at 5—10°, the temperature rising very rapidly at the outset. As 
the reaction proceeded, additions could be made in increasingly 
larger amounts without undue elevation of temperature, but towards J — 
the end the temperature was allowed to reach 22° before the mixture J | 
was poured on ice. 4: 6-Dinitro-3-hydroxybenzaldehyde, ob- § | 
tained in quantitative yield, crystallised from benzene-ligroin in | 
cream-coloured stellate clusters, m. p. 104° (Found: N, 13-4, 
Calc.: N, 13-2%). The p-nitrophenylhydrazone crystallised from | , 
glacial acetic acid in scarlet needles, m. p. and mixed m. p. with | | 
Hodgson and Beard’s specimen from the erroneously named 2 : 6- 
dinitro-compound, 240—242° (reddish-blue) (red-orange). M.p. 
and mixed m. p. of the p-nitrophenylhydrazone of the 2 : 6-dinitro- 
compound (H. and B.’s 4 : 6-compound) 282—283° (purple) (amber). fF , 

Bromination of a saturated solution of 4 : 6-dinitro-3-hydroxy- 
benzaldehyde in water gives 2-bromo-4 : 6-dinitro-3-hydroxy- 
benzaldehyde, m. p. 131°; p-nitrophenylhydrazone, m. p. 242° 
(blue-violet) (pale yéllow). 












The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (E. W. 8.), and the 
Imperial Chemical Industries Ltd. (Dyestuffs Group) for gifts of 
Chemicals. 
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CCVI.—The Action of Nitrous Acid on 3-Nitro- and 
4-Nitro-dimethylaniline and the So-called f-3:4- 
Dinitrodimethylaniline. 
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By Hersert Henry Hopcson and Ernest Water Smirtu. 





Swann’s a- and $-modifications of 3 : 4-dinitrodimethylaniline (J., 
1920, 117, 1) have been examined. The «-form, m. p. 176°, is the 
actual 3 : 4-dinitrodimethylaniline. The @-form, m. p. 154°, is a 
mixture of 3 : 4-dinitrodimethylaniline (needles) and a small quan- 
tity of 2 : 4: 5-trinitrodimethylaniline (rhombs) which is separable 
by fractional crystallisation from aleohol. Microscopic examination 
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—The hydrochloride (5 g.) was mixed with sodium nitrite (5 g.) 
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reveals the two crystalline forms. The analysis for nitrogen given 
by Swann is not a criterion of purity, as the presence of even 10%, 
of the trinitro-compound scarcely affects the percentage. If the 
preparation of the 6-form is attempted at a temperature initially 
higher (30°) than that employed by Swann (20°), the impurity 
becomes 2: 4: 5-trinitromonomethylaniline, m. p. 199°, which is 
even less soluble in alcohol than 2 : 4 : 5-trinitrodimethylaniline. 
Nitrous acid reacts with 3-nitrodimethylaniline to form mainly 
3 : 4-dinitrodimethylaniline (compare Kauffmann and Beisswenger, 
Ber., 1904, 37, 2615, Anm., K., Privatmitt.) under conditions 
under which it acts as a nitrating agent, whereas under other con- 
ditions N-nitrosation takes place with displacement of a methyl 
group and formation of N-nitroso-3-nitromonomethylaniline. 
Nitrous acid fails to react with 4-nitrodimethylaniline under the 
above conditions, but it does so with 4-nitrosodimethylaniline 
hydrochloride to form N-nitroso-4-nitromonomethylaniline. 


EXPERIMENTAL. 

3: 4-Dinitrodimethylaniline (Swann’s «-form, loc. cit.) was ob- 
tained by the action of 20% nitric acid on 3-nitrodimethylaniline 
and also by the following method. 3-Nitrodimethylaniline (1 g.), 
suspended in a solution of sodium nitrite (1 g.) in water (30 c.c.), 
was treated gradually (with stirring) with concentrated hydro- 
chloric acid (5 c.c.). It slowly dissolved, and 3 : 4-dinitrodimethyl- 
aniline separated gradually in fine orange-yellow needles, m. p 
(after recrystallisation from alcohol) and mixed m. p. (with Swann’s 
a-form) 176°. 

When 3-nitrodimethylaniline (1 g.), dissolved in 50% aqueous 
hydrochloric acid (100 c.c.), was treated portionwise during 30 
minutes with powdéred sodium nitrite (0-6 g.), bright yellow needles 
of N-nitroso-3-nitromonomethylaniline separated, m. p. 68° (Found : 
N, 23-4. Cale.: N, 23-2%). Hydrolysis of the product with boil- 
ing concentrated hydrochloric acid gave 3-nitromonomethylaniline, 
m. p. 65° (Found : N, 18-7. Cale. : N, 18-4%). 

The So-called 8-3 : 4-Dinitrodimethylaniline.—Prepared by Swann’s 
method, this melted at 154° after one recrystallisation from alcohol. 
By treatment with insufficient alcohol for complete solution, it was 
separated into 3 : 4-dinitrodimethylaniline, m. p. and mixed m. p. 
176°, and the less soluble 2: 4: 5-trinitrodimethylaniline, which 
formed orange-red rhombs, m. p. 196° (van Romburgh, Rec. trav. 
chim., 1887, 6, 253, describes it as cinnabar-red crystals, m. p. 
196°) (Found : N, 22-1. Calc.: N, 21-9%). 

Action of Nitrous Acid on 4-Nitrosodimethylaniline Hydrochloride. 
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and treated with 10% hydrochloric acid (100 c.c.). After 2 hours 
the liquid was filtered; it slowly deposited yellow needles of 
N-nitroso-4-nitromonomethylaniline, m. p. 100° (Found: N, 23:3. 
Cale. : N, 23-2%), which on boiling with concentrated hydrochloric 
acid or even on crystallising from boiling alcohol were converted 
into yellow-brown needles, with a violet lustre, of 4-nitromono.- 
methylaniline, m. p. 152°. 

Alternatively, when a mixture of 4-nitrosodimethylaniline hydro- 
chloride (1 g.), sodium nitrite (1 g.), concentrated hydrochloric acid 
(5 c.c.), and water (30 c.c.) was kept for 2 days, N-nitroso-4-nitro- 
monomethylaniline separated in yellow needles, m. p. 100°. 


The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (E. W. 8.), and the 
Imperial Chemical Industries Ltd. (Dyestuffs Group) for gifts of 
chemicals. 
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CCVII.—The Interaction of Anilides and Hypo- 
chlorous Acid. 


By Davip REGINALD PRYDE and FREDERICK GEORGE SoPER. 


THE rate of interaction of chlorine with anilides to form chloro- 
amines indicates that the reaction is bimolecular and simultaneous 
with the formation of C-chloroanilides (Orton, Soper, and Williams, 
J., 1928, 998). The general method of preparation of chloroamines 
from anilides by means of hypochlorite in the presence of bicar- 
bonate (Chattaway and Orton, J., 1901, 79, 244), avoids the simul- 
taneous formation of C-chloroanilides and the mechanism of the 
reaction is therefore quite distinct from that involving chlorine. 
The measurement of the rate of formation of NV-chloroacetanilide 
from acetanilide and hypochlorous acid is complicated by the fact 
that both this acid and the product liberate iodine from acidified 
potassium iodide. N-Chloroacetanilide may, however, be estimated 
by first removing the hypochlorous acid by addition of a phenol 
and dilute hydrochloric acid, in the presence of which the chloro- 
amine is sufficiently stable.* The iodine then liberated on addition 
of potassium iodide measures the chloroamine which has been 


formed. 
It was found that an aqueous solution could be prepared which 


* The time of 1% decomposition of N-chloroacetanilide in the presence of 
0-1N-hydrochloric acid is 9 mins. 
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did not react with acetanilide to give a C-chloro-derivative. The 
presence of a slight concentration of chloride is sufficient, however, 
to give chlorine, HCl + HClO = Cl, + H,O, which reacts rapidly 
with acetanilide in water (k = 17,000) to give a mixture of o- and 
p-chloroacetanilides. A very high degree of purity of hypochlorous 
acid is therefore required in order that a fall in iodine titre should 
not be observed on admixture with acetanilide solution. 

On examination, the rate of formation of N-chloroacetanilide 
from hypochlorous acid was found to vary with the method of 
purification of the acid. This inconsistency in the results was 
probably due to variations in the hydrogen-ion concentration of 
the mixture, since experiments in buffered solutions gave repro- 
ducible velocity coefficients. The results obtained for the velocity 
coefficient, k, given by the equation 


d{chloroamine]/dt = k{HOCI][anilide], 


in solutions where the hydrogen-ion concentration was varied from 
0-6 to 2-6 x 10, are given in Table I. 


TABLE I. 
Initial concentrations : [NH] = 0-02M; [HOCI] = 0-005M. 
Temp. = 25-0°. 
< De Be wttsiokcouicenténercansnis 0-69 1-00 1-35 2-04 
enddishsbdbebachsoesedssideccoedeeses 14-9 10-3 7:3 5-1 
t “{ : Ee” ere 10-3 10-3 9-85 10-4 


It will be seen that, within the limits examined, the speed of 
formation is inversely proportional to the hydrogen-ion concen- 
tration of the solution. This relation is also observed for the 
formation of the chloroamines of the isomeric chloroacetanilides 
and the acetamidobenzoic acids. 

The similar behaviour of hypochlorous acid in its chlorination of 
phenols (Soper and Smith, J., 1926, 1582) was shown to be due to 
an interaction of un-ionised hypochlorous acid and the phenoxide 
ion. Investigation of the formation of chloroamines over the wide 
range of alkalinity possible in the chlorination of phenols is pre- 
cluded in the present case, since in neutral and mildly alkaline 
media the speed is too rapid for measurement, whilst in strongly 
alkaline solutions the equilibrium, KOH + °-NCl=— KOCI + :NH, 
favours the production of hypochlorite and little chloroamine is 
formed. Also in these alkaline solutions, oxidation occurs, the 
chlorine appearing as chloride and the solution becoming brown. 

The observed relation between the speed of formation of the 
chloroamine and the hydrogen-ion concentration may be due to 
reaction taking place either between ionised acetanilide, NPh:CMe:0O’, 
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and un-ionised hypochlorous acid, or between the hypochlorite ion 
and acetanilide. A decision between these alternatives may be 
possible by a study of the rates of N-chlorination of amines in 
which the acyl group is absent, with consequent lapse of anion- 
forming ability. Such amines have hitherto been found, however, 
to react with hypochlorous acid too rapidly for measurement. 

A possible view of the mechanism is the replacement of the 
hydroxyl group of the aci-form of the anilide by the hypochlorite 
ion : 


PhNH-CO-CH, 


PhN:C(OH)-CH, + OCI’ —> PhN:C(OCl)-CH, + OH’ 


with the formation of an O-chloro-derivative. This formula would 
afford a ready explanation of the observed formation of carbylamine 
from N-chloroacetanilide in alkaline solution. It might also’ be 
related to the fact that the transformation of this substance in the 
dark into a nuclear chloro-derivative occurs definitely by the inter- 
mediate formation of chlorine and not by intramolecular migration 
of a chlorine atom (Orton and Jones, P., 1909, 25, 196; Brit. 
Assoc. Reports, 1910, 85). The benzidine and semidine conversions, 
and the rearrangement of arylhydroxylamines and nitroamines 
(Orton, Reed, and Thomas, ibid., 1912, 117; Bradfield and Orton, 
J., 1929, 915), where the migrating group is attached to nitrogen, 
are apparently true intramolecular changes. Work on the re- 
arrangement of chloroamines in which the acyl group is absent is 
in progress to examine this suggested cause for the contrasted 
mechanism of rearrangement of these substances. 

The velocity coefficients of N-chlorination at 25-0°, defined by 
the equation d[chloroamine]/dt = ky[OCI’][-NH], and related to the 
bimolecular coefficients k by the expression ky = k{HOCI}/[OCI’] = 
k[H"]/K,, are given, for the anilides examined, in Table II. The 
figures under kf refer to the rates of N-chlorination by chlorine 
in 40% acetic acid at 18-0° (J., 1928, 998). 


TaBLeE II. 
Temperature 25-0° + 0-02°. 
[H*} x 10°. ky. RR”. 
N-Chloro-acetanilide  ...........ccsscccesceee 0-69—2-04 1120 96 
a -o-acetamidobenzoic acid ...... 0-10—0-16 17 _ 
aire “ a Ee 0-68—1-00 44 arve 
ape ‘. w iil toosain 0-63—1-00 76 — 
N : o-Dichloroacetanilide ..................0s- 3-98—5-01 6440 286 
N :™- ggie TIRE Biesacebesenescebens 3-98—5-01 2970 172 
N :p- MAMA 1-00—1-35 2700 115 
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ANILIDES AND HYPOCHLOROUS ACID. 


EXPERIMENTAL. 


Materials —The hypochlorous acid was prepared by passing 
chlorine through water in which was suspended yellow mercuric 
oxide and distilling the solution at 50° under reduced pressure. 
In order to test the freedom of the acid from chlorine, the titres 
were compared of 2 c.c. treated with acidified potassium iodide 
(a) forthwith and (6) after 15 minutes’ standing in the dark with 
acetanilide solution. The difference in titres is due to C-chlorin- 
ation of the anilide which is to be attributed to the presence of 
traces of chlorine. Aspiration of air through hypochlorous acid 
(Richardson, J., 1903, 83, 380) reduced the fall of titre from 33-2% 
to 9-2% in 2 hrs. and to 7:1% in 40 hrs. After 4 hours’ aspiration, 
chlorine and hypochlorous acid appear to be removed from the 
solution at equal rates. 

Treatment of freshly distilled hypochlorous acid with roasted 
mercurous oxide shortly before use gave a sample of acid which 
showed no fall in titre on addition to acetanilide solution. It. is 
necessary, however, that water distilled from chromic acid and baryta 
(Moseley and Myers, J. Amer. Chem. Soc., 1918, 40, 1409) should be 
used in making up solutions, for otherwise, oxidation of impurity 
in the water may occur with the formation of hydrochloric acid. 

The acetyl derivatives, except acetanilide, which was recrystallised 
twice from water, were prepared from the purified amines. 

The p-cresol was redistilled and used in saturated aqueous solution. 

Stability of the Phosphate Buffer Solutions to Hypochlorous Acid.— 
The phosphate buffer solutions were prepared from potassium 
dihydrogen phosphate and sodium hydroxide solutions as described 
by Clark (“‘ Determination of Hydrogen Ions,” 1920, 76). No fall 
in titre of hypochlorous acid in such solutions was observed over a 
period of 1 hr. 

Velocity Measurements.—Sufficient hypochlorous acid solution to 
make 100 c.c. of 0-005M-solution was added at 25-0° to an aqueous 
mixture of anilide and phosphate buffer also at that temperature. 
10-C.c. portions were added at suitable intervals to 10 c.c. of 
saturated cresol solution and acidified with 1 c.c. of }N-hydrochloric 
acid, followed by addition of potassium iodide. The iodine liberated, 
corresponding to the chloroamine present, was titrated with thio- 
sulphate in the presence of a stream of nitrogen. Portions were 
also added at intervals directly to acidified iodide. The titres of 
these show, usually, a slow fall with time, indicating that some 
C-chlorination occurs. The values of the velocity coefficients of 
N-chlorination are calculated as described by Orton, Soper, and 
Williams (loc. cit.). 
3D2 
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The details of a typical experiment are given in Table III. 





TaB.e III. 
[Anilide) = 0-002; [HOCI] = 0-002; [NaOH] = 0-00574; [KH,PO,] = 0-05@, 





Time, mins. ......... 1-20 3-00 6-10 9-00 11-3 14-0 18-6 
Total titre of 10 c.c. — 14-30 — 14-18 — 14-10 ~ 
Titre of :NCI, c.c. 0-92 — 3-80 — 5-52 — 7-24 
iy “ detuststapansauienatetons 27-5 28-5 26-6 26-1 


In conclusion, the authors wish to acknowledge their indebtedness 
to the late Professor K. J. P. Orton, F.R.S., for the interest taken 
in this work, and one of them (D.R. P.) expresses his thanks to the 
Advisory Council of the Department of Scientific and Industrial 
Research for a maintenance grant. 


UNIVERSITY COLLEGE or NortTH WALES, 
BANGOR. [Received, February 14th, 1931.] 


COVIIL.—The Direct Interchange of Chlorine in the 
Interaction of p-Toluenesulphonamide and N- 
Chloroacetanilide. 





By Davip REGINALD PRYDE and FREDERICK GEORGE SoPER. 


On the mechanism advanced for the formation of chloroamines 
from hypochlorous acid and acylamines (previous paper), the funda- 
mental hydrolysis equilibrium of a chloroamine is 


kon 
R,R,NCI + OH’ < R,R,NH -- OCI’ . a . (1) 
kN 


The equilibrium constant, K,’, of this reaction is related to the 
hydrolysis constant, K, = [HOCI][-NH]/[°NCl], determined for a 
number of chloroamines (J., 1925, 127, 98; 1928, 138) by the 
expression 
K,’ = K,{OCI’]/(HOCIH[OH’] = K,/KX*°" .  . (2) 

For N-chloroacetanilide, K;, = 6-7 x 10-*, and K}*°", the hydro- 
lysis constant of sodium hypochlorite, is 1-0 x 10 (J., 1924, 125, 
2227), giving the value 0-67 for K;’, which is also the ratio of the 
velocity coefficients, kj, and ky, of hydrolysis and of formation 
respectively. Since ky has been found to be 1,020, kong = 7 x 10? 
and the velocity of hydrolysis in neutral solution at unit concen- 
tration = 7 x 10° mol./min. This speed corresponds to a 50% 
hydrolysis of N-chloroacetanilide in about 7 days or to 1% hydro- 
lysis in 2-3 hours. 

The rate of production of hypochlorous acid from N-chloroacet- 
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anilide in neutral solution thus appears to be slow. This is con- 
firmed by observation. In neutral solution, a mixture of N-chloro- 
acetanilide and p-cresol, which reacts rapidly with hypochlorous 
acid, shows no appreciable fall in titre over a period of 4 hours. 
In alkaline solution (p~ox = 2), the hydrolysis is, as would be antici- 
pated, very rapid, and is attended by other decomposition in which 
99% of the chlorine appears as chloride, with simultaneous color- 
ation of the mixture and formation of carbylamine. It is possible, 
however, by pouring a freshly prepared mixture of chloroamine 
and alkali into phenol and excess of N/10-hydrochloric acid 
solution, which removes the hypochlorite and in which the chloro- 
amine is sufficiently stable, to show that the equilibrium concen- 
trations required by equation (2) are satisfactorily complied with 
from whichever side the equilibrium is approached. 

In view of the slow formation of hypochlorous acid from N-chloro- 
acetanilide in neutral solution, many of the reactions of chloro- 
amines, e.g., that with iodides, must be regarded as direct and not 
as dependent on the intermediate formation of hypochlorous acid : 


Ae 

Ph-NClAc +- HI = Ph—N—Cl = Ph-NHAc + ICL. 
Y 
H—I 


Other experiments indicate that such direct interaction of the 
chloroamine is not confined to interaction with the halogen acids. 
In the presence of p-toluenesulphonamide, N-chloroacetanilide is 
converted into acetanilide, »-toluenesulphonchloroamide is formed, 
and the sulphondichloroamide separates if the initial concentration 
of the N-chloroacetanilide is not too small. A fairly rapid inter- 
change of chlorine occurs until equilibrium is attained, which, from 
the known hydrolysis constants, would correspond to 95% of 
sulphonchloroamide. 

To demonstrate the presence of p-toluenesulphonmonochloro- 
amide in solution, use may be made of its relatively rapid rate of 
hydrolysis into hypochlorous acid. Unlike N-chloroacetanilide, 
p-toluenesulphonchloroamide, when mixed with p-cresol in neutral 
solution, shows a rapid fall in iodine titre. This fall in titre is 
independent of the concentration of the cresol and therefore 
measures the rate of hydrolysis of the sulphonchloroamide rather 
than of a possible direct interaction with cresol. The velocity 
coefficients obtained are shown in Table I. The chloroamines of 
acetanilide and of p-toluenesulphonamide may thus be differentiated 
in solution by their behaviour in the presence of p-cresol. 














1516 PRYDE AND SOPER: DIRECT INTERCHANGE OF CHLORINE 


TABLE I. 


Hydrolysis of p-toluenesulphonchloroamide at 25° and py = 7-0. 
[p-Cresol] = 0-02M. {p-Cresol] = 0-06M. 

Time. [R-SO,-NHCI]. B. Time. [RSO,-NHCIl]. k. 

0 0-00434 a 0 0-00350 — 
3°20 0-00311 0-104 2-00 0-00280 0-113 
5-10 0-00245 0-110 4-00 0-00225 0-110 
6-80 0-00214 0-104 5-80 0-00190 0-106 
8-00 0-00191 0-102 8-20 0-00147 0-105 

11-00 0-00155 0-103 9-60 0-00126 0-106 


When a neutral aqueous solution of N-chloroacetanilide and 
p-toluenesulphonamide was kept at 25-0°, no change in the amount 
of titratable chlorine was observed over a period of 1 hour, but on 
introduction of p-cresol to test whether the sulphonchloroamide 
had been formed, a rapid fall in titre was observed, the velocity 
coefficients shown in Table II being similar to those obtained for 
the hydrolysis of p-toluenesulphonchloroamide. 


TABLE II. 

[Ph-NClAc] = 001M; [C,H,*SO,"NH,] = 005M; py = 7-0. 
Time, mins. 0 53 60 61-7 65-1 80-7 
Titre of l0c.c. 16-5 16-50 (cresol added ; 7-80 5-40 3:12 

calc. titre 
= 13-95) 
 sccdeennnnubacs — — — — 0-103 0-102 


Further indication of the ‘conversion of N-chloroacetanilide into 
acetanilide in a period of 1 hour, during which time only 0-45% 
of the chloroamine normally hydrolyses, is possible by adding one 
equivalent of chlorine in N/50-solution, to which both N-chloro- 
acetanilide and p-toluenesulphonamide are stable. The chlorine is 
immediately removed, showing that the stable N-chloroacetanilide 
has been replaced by some other substance which is readily 
C-chlorinated. 

Since the rate of hydrolysis of the p-toluenesulphonchloroamide 
in neutral solution is rapid, it is possible to estimate the rate at 
which this substance is formed by observing the rate at which 
hypochlorous acid can be removed from the mixture. By using 
p-cresol for this purpose, the bimolecular velocity coefficient of the 
formation of the sulphonchloroamide from N-chloroacetanilide and 
the sulphonamide was found to be 0-47 : 


Rate of interaction of C,H,SO,°NH, and Ph-NClAc. 
Initial cones.: [{NCl] = 0-01M; eel = 0-05M; [p-Cresol] = 
0-02M. 


ph” CELE ES eas UE ey eee) 13 0 6-0 14-3 22-0 
Titre Of 10. 6.6. <ci.ccscocesscesssees 14-62 12-70 10-55 8-95 
By eascteicsngescciesinovegenacconsqete — 0-0235 0-0228 0-0223 
Bg me BFPO eiecscccchsscccssesesies — 0-470 0-456 0-446 
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This rate of formation of p-toluenesulphonchloroamide appears 
to be approximately the same in N/10-hydrochloric acid although 
the hydrogen-ion concentration: is 10* times greater. Since the 
sulphonchloroamide reacts with hydrochloric acid to give chlorine 
more rapidly than does N-chloroacetanilide, the effect of the pre- 
sence of p-toluenesulphonamide on the rate of formation of chlorine 
from N-chloroacetanilide and hydrochloric acid is to increase it 
owing to the formation of the sulphonchloroamide. Since the 
sulphonchloroamide is not removed immediately it is formed, the 
reaction exhibits a period of induction, illustrated by the following 
results, in which the titre is that of 10 c.c. of solution against 
N/100-sodium thiosulphate : 


Rate of formation of chlorine from N-chloroacetanilide and 
N/10-hydrochloric acid. 


TIME: .occrrpraceoscogee 0 31 47 60 75:5 90 131 
In the absence of sulphonamide : 

TUG i osceakvccees’ 19:98 — 18-88 — 1855 — 17-03 
In presence of 0:02M-sulphonamide : 

THRE cevssecsconeeee 19-95 19:55 18:07 15:99 13-53 11-07 8-33 


The time of half reaction due to the simultaneous formation of 
the sulphonchloroamide is approximately 140 mins. Were the 
sulphonchloroamide so reactive with hydrochloric acid that it was 
removed as soon as it was formed, the time of half reaction, as 
calculated from the rate of formation in neutral solution, would be 
148 mins. 

Unless the sulphonamide exerts some very powerful catalytic 
effect on the hydrolysis of N-chloroacetanilide, this substance can 
N-chlorinate p-toluenesulphonamide some 104 times faster than it 
can form hypochlorous acid. This suggests that, when chlorine or 
hypochlorous acid results in nuclear chlorination, a chloroamine 
may be of use in the chlorination of side chains. 


Summary. 


1. The estimated rate of hydrolysis of N-chloroacetanilide into 
hypochlorous acid and acetanilide in neutral solution at 25° is 50% 
in 7 days, and is confirmed by the observed stability of aqueous 
solutions of this substance in the presence of phenols which remove 
rapidly hypochlorous acid. 

2. 50% Hydrolysis of p-toluenesulphonmonochloroamide, under 
similar conditions, occurs in 7 minutes. 

3. p-Toluenesulphonamide catalyses strongly the formation of 
hypochlorous acid from N-chloroacetanilide. This is interpreted 
in terms of a direct interchange of chlorine, whereby p-toluene- 
sulphonmonochloroamide is formed. 
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4. A similar interchange of chlorine,.and at approximately the 
same rate, occurs in acid solution, accounting for an increase in the 
rate of production of chlorine from N-chloroacetanilide and hydro. 
chloric acid. The effect of p-toluenesulphonamide on the latter 
rate is quite distinct from that of acetanilide and phenols (J, 
Physical Chem., 1927, 34, 1192), which also cause an increment in 
the apparent rate. 


UNIVERSITY COLLEGE oF NortH WALES, 
BANGOR. [ Received, February 19th, 1931.] 





CCIX.—Co-ordination Compounds of Phosphorus and 
Antimony Pentachlorides. 
By James C. Hutrron and Harry W. WEss. 


THE tendency of quinquevalent phosphorus to form co-ordination 
compounds in which the covalency of the element is six. is remark- 
ably slight in view of the ease with which the adjacent elements 
silicon and sulphur form such derivatives. Although compounds 
of the type PCl,,MoCl, and PCI,,CrCl, (Cronander, Bull. Soc. chim., 
1873, 19, 501) are known, it is reasonably certain that in these the 
covalency of phosphorus is four. 

The question is of particular interest in that it is not yet certain 
whether these pentachlorides have an outer shell of more than 
eight electrons. Holroyd, Chadwick, and Mitchell (J., 1925, 127, 
2492), for example, found evidence for the existence of an ionised 
form of phosphorus pentachloride, (PCI,)Cl, from conductivity 
measurements in nitrobenzene solution, and their suggestion receives 
some support from the results of Plotnikov and Jakubson (Z. 
physikal. Chem., 1928, 138, 235) on the conductivity of the penta- 
chloride in bromine. Prideaux (Chem. and Ind., 1923, 42, 348), 
on the other hand, maintains the octet theory by assuming that 
two singlet linkages are present, and this receives support from the 
numerical value of the parachor for the substance on the assumption 
that the parachor increment for a semipolar singlet linkage is one 
half that for a semipolar double linkage. 

Although the stability of three of the chlorine linkages apparently 
differs from that of the other two, the difference is not nearly as 
great as would be expected from analogy with compounds known 
to contain a singlet linkage. It is of interest, however, that Koli- 
towska (Rocz. Chem., 1930, 10, 743) has found that phosphorus 
tetrachlorobromide and phenol yield P(OPh),CIBr, suggesting that 
one bromine and one chlorine atom differ in the mode of combin- 
ation from the remaining three chlorine atoms. 
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y the The formation of co-ordination compounds of phosphorus penta- 
n the chloride in which the covalency of phosphorus is six, can be explained 
ydro. on the octet theory only by assuming that two further singlet links 
atter are formed, whilst a covalency of seven is not explicable on this 
8 (J. basis. 

nt in By the action of phosphorus pentachloride on dry pyridine, a 


co-ordination compound, PCl,*H:2C;H,;N, has been isolated in the 
course of the present work; there is evidence that the mechanism 


31.) of its formation is as follows : 
ae we 
C.H.N: + C,H,N,HCl = C,H,N: 
an ; . 
. — * \(PCI,)‘H-C;HN. 


For example, Reitzenstein and Breuning (J. pr. Chem., 1911, 83, 
105) showed that a number of substances containing a negative 


aon group formed addition products with pyridine in which the nitrogen 
ane atom was quinquevalent, and which yielded with primary and 
_— secondary amines a series of red dyes derived from glutacon- 
inds aldehyde formed by rupture of the pyridine ring. A solution of 


im., phosphorus pentachloride in pyridine when warmed with aniline 


the was shown to yield such red dyes, but the above authors were 
unable to isolate the intermediate addition product. There is pre- 





‘ain sumptive evidence of its formation, however, and the product 
han isolated in the present work is regarded as being a co-ordination 
—- compound of this addition compound with pyridine hydrochloride. 
sed A valency determination with potassium permanganate, with the 
rity usual precautions for the presence of hydrochloric acid, showed the 
_— phosphorus to be quinquevalent. 

(Z. The structure is analogous to that suggested for a similar com- 
ae pound obtained from molybdenum pentachloride and pyridine 
8), 


hat (Wardlaw and Webb, J., 1930, 2100), viz., CH NG 20C_H.N 
MOUs" oUgiig. 


the A similar derivative of antimony, SbCl,"H:2C,H;N, has been pre- 
on pared by Weinland and Schmid (Z. anorg. Chem., 1905, 44, 53) by 
eens the addition of an alcoholic solution of pyridine to one of chloro- 

metantimonic acid, HSbCl,. In this case, however, they showed 
tly clearly that the compound contained a stable complex, (SbCl,)’, 





= for it was soluble in water and gave with aqueous silver nitrate a 
pee yellow silver derivative, AgSbCl,,2Py, and when dissolved in 
i- ammonia it gave the corresponding ammonia derivative with 
od ammoniacal silver nitrate. Scarcely any of the chlorine was pre- 
a 


cipitated by silver nitrate from a solution of the substance in dilute 
nitric acid. No similar evidence was obtainable for the possible 
existence of a complex (PCI,)’ in the compound under examination, 












1520 HUTTON ‘AND WEBB: CO-ORDINATION COMPOUNDS OF 


and it was therefore considered desirable to examine the action of 


antimony pentachloride on dry pyridine. 

With chloroform as a diluent, two products were obtained, 
SbCl,,C;H,N and 2SbCI,,3C;H;N, the former when an excess of 
antimony pentachloride was continuously maintained, and the latter 
when pyridine was similarly in excess. With no diluent, the latter is 
obtained primarily, but at higher temperatures or on longer stand- 
ing, a third derivative, SbCl,H:2C,;H,;N, can be isolated. This 
substance appears to be different from Weinland and Schmid’s 
compound of similar formula. It is almost insoluble in water and 
gives with silver nitrate an immediate precipitate of silver chloride, 
but no yellow silver derivative. It cannot be crystallised unchanged 
from dry alcohol, and the whole of the chlorine is precipitated in 
alcoholic solution by alcoholic silver nitrate, and a similar result is 
obtained when a solution of the substance in aqueous tartaric acid 
is used. Dissolved in ammonia, however, it gives the yellow silver 
ammonia derivative with ammoniacal silver nitrate. 

Evidence obtained from antimony derivatives which do not con- 
tain the complex (SbCI,)’, with this ammonia reaction, however, 
showed that the yellow silver compound is probably formed from a 
decomposition product of the substance in ammonia. 

A valency determination by use of potassium iodide showed 
the antimony to be quinquevalent, and the derivative cannot 
therefore be represented as a co-ordination compound of antimony 
tetrachloride and pyridine hydrochloride. It is suggested that the 
compound has a structure similar to that proposed for the corre- 

Cl 


sponding phosphorus compound, viz., C;H,NC , in 

(SbCl,)-H-C,H;N 
which the co-ordination number of antimony is six; and further, 
that Weinland and Schmid’s compound is SbCl,"H-C;H;N, con- 
taining a molecule of pyridine of crystallisation. 

Support for this view was obtained as follows. By treatment of 
our substance with concentrated hydrochloric acid, a crystalline 
compound was obtained which appeared to be a mixture of Wein- 
land and Schmid’s compound together with a further substance 
SbCl,"H-C,H;N, which was also isolated by them. By fractional 
crystallisation from alcohol, Weinland’s dipyridyl derivative could 
be separated, and its behaviour in giving a yellow silver derivative 
with aqueous silver nitrate was confirmed. By continued heating 
of the mixture with concentrated hydrochloric acid, however, the 
pure monopyridyl derivative, SbCl,-H-C;H;N, was obtained. This 
substance does not give the yellow silver compound in aqueous 


solution, but does so in ammoniacal solution, a fact which does not 
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appear to have been recorded by Weinland. It was found, how- 
ever, that if pyridine is added to the aqueous solution the yellow 
silver compound is immediately obtained. This suggests that the 


Py 
silver compound has the structure + Agi(SbCl,), that of the 


ammonia compound being similar, and hence they are not formed 
unless free pyridine or ammonia is present. Weinland’s dipyridyl 
derivative yields this compound in aqueous solution owing to its 
partial dissociation with the production of pyridine. 

In support of this evidence it was shown that all the antimony 
derivatives obtained in the present work, whether containing the 
(SbCl,) or the (SbCl,)’ nucleus, on being warmed with water, gave 
small quantities of the yellow silver derivative with aqueous silver 
nitrate when pyridine was added to the solution, while all of them 
gave the corresponding ammonia derivative when dissolved in 
ammonia. The quinquevalency of antimony was established experi- 
mentally in all the compounds examined. 

The slow decomposition of the substances by alcohol yielded 
very complex mixtures on crystallisation. Two substances have 
been characterised, however, viz., a colourless crystalline compound 
2SbC1,;,3HC1,3Py, which had been prepared by Rosenheim and 
Stellmann (Ber., 1901, 34, 3377), and a red crystalline compound, 
2SbCl1,,2HC1,3Py. Both these are obtainable by the action of 
alcohol on the compound 2SbC1,,3Py. 

Phosphorus thus appears to be capable of exercising a covalency 
of six, a property which is firmly established in the case of antimony, 
but hitherto no clearly established example of a covalency of seven 
in the case of either of these elements appears to have been observed. 
For example, in derivatives of antimony such as SbCl,,MgCl,,10H,0O, 
aqueous silver nitrate precipitates rather more than one atom of 
chlorine, whereas in the derivative SbCl,;,2HCI,2C,H,N, alcoholic 
silver nitrate precipitates 14 atomic proportions of chlorine (Wein- 
land and Schmid, Z. anorg. Chem., 1905, 44, 50), indicating that 
only part of the chlorine forms a complex anion with antimony, 
The experimental evidence is still inconclusive, therefore, concern- 
ing the existence of singlet linkages in the pentachlorides under 
consideration. 

Co-ordination as a Preliminary to Chemical Action.—Sidgwick 
(Pres. Address, Brit. Assoc., 1927) expressed the view that “ chemists 
have tended to rely too much on supposed modification of linkages 
within the molecule and have not sufficiently considered the possi- 
bility of the formation of co-ordination compounds with the reagents 
employed.”’ The work carried out by the authors on the penta- 
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chlorides of molybdenum, phosphorus, and antimony indicates that 
Sidgwick’s suggestion may be applied with success to chlorination. 
It has been shown, for example, that molybdenum pentachloride 
and ether form a co-ordination compound, MoCl,,2Et,0, which on 
heating yields ethyl chloride, ether,and derivatives of MoOCI, (Ward- 
law and Webb, J., 1930, 2100). Similarly, it was found in the 
course of the present work that phosphorus pentachloride has a 
greater solubility in solvents likely to co-ordinate with it, such as 
aldehydes, ketones, and esters, than in solvents not containing a 
“donor” atom. Evaporation of such solutions in a ‘vacuum gives 
uncrystallisable residues which, on being heated, yield typical 
chlorination products of the solvent. Liebermann and Landshoff 
(Ber., 1880, 13, 169) obtained an addition compound 3PC1;,2Et,0, 
which was similarly decomposed to ethyl chloride and phosphorus 
oxychloride. A simple mechanism for this change would be 
Et,0-+> PC], = 2EtCl + O<PCl,. 

It is clear from this that phosphorus oxychloride should contain 
a semipolar linkage, which is in accord with other experimental 
evidence. The formation of the ethylphosphoric acids is capable 
of a similar explanation. Further evidence is available in the case 
of antimony pentachloride. Williams (Ber., 1876, 9, 1136) isolated 
a co-ordination compound SbCl,,EtOH, which on heating yields 
ethyl chloride and hydrogen chloride, and the corresponding ether 
derivative SbCl;,Et,O0 behaves similarly. Rosenheim (Ber., 1901, 
34, 3380) showed that antimony pentachloride forms co-ordination 
compounds with acetaldehyde, benzaldehyde, and acetone. Forster, 
Cooper, and Yarrow (J., 1917, 1141, 809) isolated a derivative 
FeCl,,Et,0 which gave ethyl chloride on heating, and Kuhlmann 
obtained a similar result with SnCl,,Et,0. The evidence suggests 
that the simple mechanism proposed in the case of the chlorination 
of ether by phosphorus pentachloride may be generally true for the 
chlorination of compounds such as aldehydes, alcohols, and ketones. 

It would be expected that a similar mechanism might be operative 
in the chlorination of other types of compound capable of co- 
ordinating with the chlorinating agent, and pyridine affords an 
instance of this, for all its co-ordination compounds with phosphorus 
and antimony pentachlorides isolated in the present work yield 
chloropyridines when warmed with the base itself, as does also the 
molybdenum compound previously referred to (Wardlaw and Webb, 
loc. cit.). Reitzenstein and Breuning (loc. cit.) showed that direct 
chlorination of pyridine gave an unstable product of the probable 
composition C;H;NCl, which, in the presence of moisture, yielded 
the hydrated hydrochloride of dichloropyridine. It is also of 
interest that antimony pentachloride with solutions of naphthalene 
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or anthracene in carbon tetrachloride gives coloured precipitates of 
an addition product prior to chlorination (Hilpert and Wolf, Ber., 
1913, 46, 2215). 

Sidgwick showed that his hypothesis explained the mechanism of 
hydrolysis of non-metallic chlorides, and also of acid chlorides of 
the type R°CO-Cl. Since sulphonyl chlorides containing two semi- 
polar linkages would not be expected to co-ordinate readily, it is 
noteworthy that the three nitrobenzenesulphonyl chlorides could 
be crystallised from water, and that, whereas carbonyl chlorides 
reacted readily with nitrosylsulphuric acid, the corresponding 
sulphony! chlorides were inert (Deverall and Webb, J., 1930, 720). 
Similarly, nitrosylsulphuric acid reacted with the chlorine atom in 
0 Cl Oo Cl 

‘S< ___ but did not attack S¢ (Jones, Price, and Webb, 
O° ‘OH Oo” Cl 
J., 1929, 312). It is considered that Sidgwick’s hypothesis is 
capable of extension to a wide field of chemical reactions. 


EXPERIMENTAL. 


The Action of Phosphorus Pentachloride on Pyridine.—Sell and 
Dootson (J., 1898, 73, 432) stated that phosphorus pentachloride 
does not react with pyridine at the ordinary temperature, and that 
even after pyridine has been boiled with a saturated solution of 
phosphorus pentachloride in phosphorus oxychloride for 14 days, most 
of the pentachloride can be crystallised unchanged from the solution. 
These observations appear to be erroneous. On the gradual addition 
of phosphorus pentachloride to cooled, dry pyridine, crystals of 
pyridine hydrochloride first separate. Inasmuch as analysis did 
not distinguish between pyridine hydrochloride and another possible 
product, er Aelts, the production of the former was con- 
firmed by a molecular-weight determination in chloroform. 

Further addition of phosphorus pentachloride causes separation 
of a colourless crystalline compound (Found: P, 7-58; Cl, 53-10; 
N, 6-70. PCl,H-2C;H,;N requires P, 7-69; Cl, 52-85; N, 695%). 
The substance is very hygroscopic and is immediately decomposed 
by water and hydroxylic solvents. It is insoluble in chloroform 
and benzene, and it should be washed repeatedly with hot chloro- 
form to remove pyridine hydrochloride. 

Antimony Pentachloride and Pyridine.—(1) 10 G. of pyridine in 
100 c.c. of dry chloroform were added slowly to a cooled solution 
of 50 g. of antimony pentachloride in 250 c.c. of chloroform, the 
temperature not being allowed to exceed 25°. The product was 
well washed with hot chloroform and dried in a vacuum (Found : 
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Sb, 32-10; Cl, 46-72; N, 3-79. SbCI;,C;H;N requires Sb, 31-90; 
Cl, 47-12; N, 3-79%). The compound forms colourless crystals, 
decomposed on heating. It is very slightly soluble in water, with 
decomposition, and is more slowly decomposed by ethyl alcohol, 
and more rapidly by ammonia. On warming with pyridine, it 
yields co-ordination compounds of tervalent antimony and pyridine 
hydrochloride. The antimony in this and the other similar com. 
pounds examined was estimated by solution of the substance in 
concentrated hydrochloric acid and precipitation as sulphide. 
Alternatively, and in order to determine the valency of the anti- 
mony present, the amount of iodine released from potassium iodide 
was determined with and without the intermediate oxidation of 
the antimony with potassium chlorate. Chlorine was estimated by 
solution of the substance in aqueous tartaric acid and subsequent 
heating for several hours with excess of silver nitrate and concen- 
trated nitric acid. 

(2) Conversely, 36 g. of antimony pentachloride in 150 c.c. of 
chloroform were added slowly to 60 g. of pyridine in 300 c.c. of 
chloroform, again below 25°. The colourless microcrystalline pro- 
duct was well washed with hot chloroform to remove pyridine 
hydrochloride, and dried in a vacuum (Found : Sb, 28-82; Cl, 43-24; 
N, 4:93. 2SbCI1;,3C;H,;N requires Sb, 28-88; Cl, 42-65; N, 5-05%). 

Unless the pyridine is in considerable excess, mixtures of the 
above substance and the monopyridyl compound previously 
described are obtained; these are. very difficult to separate, since 
they are slowly decomposed by alcohol and their solubility in 
other solvents is very small. Fractional crystallisation from acetone 
is possible, the monopyridyl compound being less soluble, but the 
process is tedious and not entirely satisfactory. 

By repeated crystallisation of the substance from alcohol two 
derivatives have been isolated, a red crystalline compound (Found : 
Sb, 26-41; Cl, 46-73; N, 4-60. 2SbCI;,3C;H;N,2HCI requires Sb, 
26-55; Cl, 46-70; N, 466%), and the colourless crystalline product 
28bC1,,3C;H,N,3HCI, already described by Rosenheim and Stell- 
mann (loc. cit.). The red compound is slightly hygroscopic, and all 
its chlorine is precipitated from alcoholic solution by alcoholic 
silver nitrate. 

On standing, the chloroform solution from the preparation of the 
original substances deposits further crystalline compounds in which 
the ratio Sb : Cl = 1 : 6, indicating that chlorination of the pyridine 
is taking place even in dilute solution. 

(3) 50 G. of antimony pentachloride were added slowly to 
150 g. of pyridine with cooling after each addition until the separ- 
ation of a light yellow crystalline compound began. The product 
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was separated by filtration, refluxed with chloroform until free from 
pyridine hydrochloride, and dried in a vacuum (Found : Sb, 24-40; 
Cl, 43-10; N, 5-70. SbCl,"“H-2C;H,N requires Sb, 24-42; Cl, 43-28; 
N, 5-69%). By cooling the reaction mixture in a freezing mixture 
during the addition of the pyridine, it is possible to isolate the 
substance 2SbC1;,3C;H,N [see (2), above]. 

The substance now described decomposed when warmed with 
water, and more slowly with alcohol. If it was warmed with concen- 
trated hydrochloric acid and cooled, small needle-shaped crystals 
separated which appeared from analysis to consist of an approxim- 
ately equimolecular mixture of the two substances SbCl,-H-C;H;N 
and SbCl,-H-2C;H,;N. After prolonged boiling, long, needle-shaped 
crystals of the former compound separated on cooling (Found : Sb, 
29:20; Cl, 51-32; N, 3-41. Cale. for SbCly-H-C;H;N : Sb, 29-04; 
Cl, 51-55; N, 3-38%). 


The authors desire to express their indebtedness to Dr. W. 
Wardlaw for his continued interest and very helpful advice during 
the progress of this work. 


TECHNICAL COLLEGE, 
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CCX.—The Intermediate-compound Theory of Hetero- 
geneous Catalysis. An Attempt at a Quanitit- 
ative Investigation of the Range of Validity of this 
Theory for the Reaction 2H, + O, —> 2H,O ona 
Copper Catalyst. 


By FREDERICK JAMES WILKINS and Stewart HENRY Bastow. 


THE intermediate-compound theory is almost as old as the study of 
heterogeneous catalysis itself. Suggested by De la Rive (Pogg. Ann., 
1839, 46, 489; 1841, 54, 386) in 1839, it was much used until 
comparatively recently in the interpretation of catalytic pheno- 
mena, particularly by Sabatier and his co-workers, At one point 
its success appeared to be so overwhelming that McLeod (B.A. 
Report, 1892, 663) was led to state that “ these catalytic actions 
are happily being explained (in terms of intermediate compounds) 
one after another so that soon the name itself will become obsolete.” 
During the last ten years, however, the study of catalysis has been 
completely revolutionised by Langmuir (Trans: Faraday Soc., 1922, 
17, 607). His theory, which may be called the activation theory, 
elaborated and modified by Rideal, Hinshelwood, and others, has 
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been so successful that it has tended to displace the older theory, 
which had become discredited owing to its indiscriminate applic. 
ation over too wide a range, necessitating the postulation of improb. 
able intermediate compounds; in fact, Hinshelwood (“ Kinetics of 
Chemical Change in Gaseous Systems,’’ 2nd Edn., p. 22) has con. 
cluded that “‘ intermediate compound formation between molecules 
of the gas and the catalysing surface is not usually a helpful 
hypothesis.” 

It is, however, certain that some catalytic reactions proceed, in 
part at least, through the formation of an intermediate compound. 
For instance, in the reaction 2H, + O,—» 2H,O on a copper 
catalyst at 200°, if we assume cuprous oxide to be the intermediate 
compound, then the catalysis will proceed in the following way : 
2Cu + O—>» Cu,0, Cu,0 + H,—> 2Cu + H,0. Now, since both 
the oxidation of copper and the reduction of its oxide by hydrogen 
take place at measurable and commensurate speeds at 200°, a part 
of the water resulting from the catalysis must be formed through 
the medium of the oxide. Arguments of this type are the chief 
support of the intermediate-compound theory; and, when these 
appear to be invulnerable, as in the present instance, it is often 
implied that the whole catalysis is accounted for. The purpose of 
this investigation is to find out how far this interpretation provides 
a quantitative description of the catalysis over the temperature 
range of 140—250°. 

The reaction has been studied by Bone and Wheeler (Phil. T'rans., 
1906, A, 206, 1), working at pressures of several hundred mm. and 
temperatures of about 400°. They noticed that independent oxid- 
ation of the catalyst always took place. From the kinetics of the 
system, they concluded that the catalysis was not dependent upon 
the formation of an intermediate compound, but that reaction 
occurred between oxygen activated at the catalyst surface and 
hydrogen. Pease and Taylor (J. Amer. Chem. Soc., 1922, 44, 
1637) have also investigated this problem, using a streaming method 
in which the hydrogen—oxygen mixture was passed over the granul- 
ated catalyst, and the water formed removed by absorption from 
the gas stream. They worked at atmospheric pressure and at 
temperatures between 100° and 200° with gas mixtures which con- 
tained not more than 5% of oxygen. The kinetics of the catalysis 
under these experimental conditions are very complicated, so it 
was not possible to elucidate them quantitatively ; they show that, 
even with gas mixtures containing so little oxygen, independent 
oxidation of the copper in general takes place. These authors were 
able to prove, however, that their results were not in agreement 
with the hypothesis of a purely activation catalysis, and they 
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suggested that they were not inconsistent with the view that all 
the water was formed through the oxide as an intermediate com- 
pound. The possibility of a mixed activation and intermediate- 
compound catalysis was not disposed of. 

Earlier work on the oxidation of copper (Wilkins and Rideal, 
Proc. Roy. Soc., 1930, A, 128, 394; Wilkins, this vol., p. 330) has 
demonstrated that at pressures below 10 mm. the rate of oxidation 
of the metal in the activated condition is dependent upon the rate 
at which oxygen reaches the cuprous oxide surface. The rate of 
fall of pressure for the oxidation in a closed system is given by 

—dpidt=kp'. .. ..*. (I) 
where k is a constant. The results indicate that the cuprous oxide 
surface is almost completely free from adsorbed oxygen. The rate 
of reduction of films of cuprous oxide formed on activated copper 
in a closed system and at pressures of the order of 10-? mm., and 
under conditions such that the water formed is immediately removed 
from the reaction chamber, is described by an equation of the same 
type. In this case it appeared that the rate of reduction was 
dependent upon the rate at which hydrogen evaporated into the 
body of the oxide (Wilkins, loc. cit.). It was, however, clear that 
the oxide surface could only be very sparsely covered with adsorbed 
hydrogen. Further, comparison of the two reactions showed that 
the rate of oxidation was much greater than the rate of reduction. 
The observations of Bone and Wheeler and of Pease and Taylor on 
the independent oxidation of copper during its catalysis of mixtures 
of hydrogen and oxygen are, therefore, such as would have been 
expected. 

This earlier work leads us to suppose that, when a mixture of 
oxygen and hydrogen is admitted to a copper catalyst at a pressure 
of about 10-2 mm., during the catalysis oxidation of the catalyst 
will occur and a film of oxide will be built up which will ultimately 
cover its surface. Moreover, once this stage is reached the oxid- 
ation of the copper and the reduction of the oxide will proceed 
independently of each other at rates given by equations of the 
type (1). The assumption of the independence of these two reac- 
tions is justified, since it has been shown that they both leave the 
oxide surface effectively bare. In order to permit equation (1) to 
be applied over the whole reaction, we shall discuss the case in 
which the gas mixture is admitted to a catalyst which has been 
already superficially oxidised. The rates of fall of the pressure of 
oxygen and of hydrogen are respectively 


—dpo,/dt=kpo, . - «. « « (2a) 
and — dpy, /dt = kspu, . . . . . (2b) 
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where py, and py, are the partial pressures of the corresponding 
gases at time ¢. Integrating, we have 
Po, = Po, e* and Pu, = Pu,'e*™* 
where po,’ and py,’ are the corresponding initial partial pressures, 
If the catalysis is of the intermediate-compound type already con- 
sidered, the only reactions occurring in the system are the oxidation 
and reduction. If, then, no other reaction takes place, the total 
pressure (P) in the system is given by 
P = Po, + Pu, = Po, e* + pu, e*™ « «.« (3) 

We have, therefore, a means of testing the range of validity of the 
intermediate-compound theory quantitatively. 


EXPERIMENTAL. 
In order to test equation (3), the following method was employed. 
A copper catalyst was alternately oxidised and reduced until it had 
reached a steady state of activation, and the value of k was deter. 
mined by oxidising it at a pressure of about 10% mm. It was then 
partially reduced in hydrogen at a pressure of the same order, and 
from the results &, was calculated. To this oxidised copper catalyst, 
a mixture of oxygen and hydrogen in known proportion was 
admitted, and the total pressure in the system measured as the 
catalysis proceeded. In most cases, k and k, were now redeter- 
mined. From the values of these coefficients and the known initial 
partial pressures, the theoretical values of P were calculated by 
using equation (3) and compared with the observed values. 
Apparatus.—A reaction vessel, heated in a suitable vapour bath, 
was connected to a liquid-air trap which served to prevent the 
entrance of mercury and also to freeze out the water formed during 
the reactions. The long tube emerging from the other side of the 
trap was furnished successively with (i) a side tube to a McLeod 
gauge, (ii) a tap T,, (iii) another tap T,, (iv) a connexion to a large 
bulb, (v) a third tap T,; the remote end of the tube then passed 
to connexions with the pumps and with a gas burette. For the 
catalysis, hydrogen and oxygen were mixed in known proportion 
in the gas burette and passed over into the space between the taps 
T, and T,;. The tap T, was then closed and the large bulb pumped 
out. The gas remaining between T, and T, was expanded into the 
bulb and the fraction left in this portion of the tube was admitted 
into the reaction vessel. By adjusting the amount of gas put into 
the burette and the number of expansions from the section of tube 
into the bulb, it was possible to obtain mixtures of oxygen at 
suitable pressures, and at the same time to ensure that the com- 
position remained the same as that measured in the burette. 
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The gases were prepared by the methods already described 
(Wilkins and Rideal, loc. cit.; Wilkins, loc. cit.). The mixtures of 
oxygen and hydrogen of the composition 2H, + O, were obtained 
directly by the electrolysis of baryta solutions. 

The catalyst was a sheet of pure electrolytic copper foil 1 sq. dm. 
in area. It was carefully cleaned in the way described before 
(Wilkins and Rideal, loc. cit.). 

Results —Two series of experiments were carried out with 
hydrogen-oxygen mixtures of the compositions 2H, -+ O, and 
H, + O,. Examples of the results obtained are given in the tables. 
They show that, in general, equation (3) is not obeyed: P (calc.) is 
greater than P (obs.), the difference, A, increasing as the reaction 
proceeds. In all cases the time is expressed in minutes and the 
pressure in hundredths of a millimetre. 


t. P (obs.). Po,’e™. pu,'e*t, P (cale.). A. 
Mixture 2H, + O,. Temp. 142°. k = 0-027; k, = 0-0014. 
0 9-35 3-12 6-26 9-35 -- 
0-67 9-08 3-06 6-25 9-31 0-25 
3-05 8-58 2-87 6-24 9-11 0°53 
8-10 7-92 2-51 6-19 8-70 0-78 

11-00 7°75 2-31 6-16 8-47 0-71 
15-15 7:36 2-07 6-13 8-20 0-84 
19-70 7-01 1-84 6-10 7-94 0-93 
24-35 6:75 1-61 6-06 7-64 0-91 
32-10 6-41 1-31 6-00 7-31 0-90 
37°25 6:17 1-14 5-94 7-08 0-91 
44-0 5:88 0-95 5-88 6-83 0-95 
55-00 5-56 0-71 5-81 6-52 0-96 
72-6 5-09 0-41 5°65 6-06 1-09 
Mixture 2H, + O,. Temp. 142°. k = 0-019; k, = 0-0014. 
0 9-40 3-13 6-27 9-40 — 
0:60 9-00 3-09 6-27 9-36 0-36 
3°95 8-74 2-90 6-24 9-14 0-40 
9-05 8-30 2-64 6-19 8-83 0-53 
16-30 7-85 2-30 6-13 8-43 0-58 
26-57 7°25 1-89 6-04 7-93 0-68 
37°75 6-68 1-53 5-94 7-47 0-79 
48-2 6-18 1-26 5-86 7-12 0-94 
60-3 5-76 1-00 5-75 6-75 0-99 
70-5 5-31 0-82 5-68 6-50 1-19 
85-6 4-97 0-62 5-56 6-18 1-21 
Mixture H, + O,. Temp. 142°. k = 0-:0169; k, = 0-0043. 

0 18-90 9-45 9-45 18-99 — 

1 18-21 9-29 9-41 18-70 0-49 

4 16-90 8-83 9-29 18-12 1-21 

7 16-02 8-40 9-17 17-57 1-55 

3 15-15 7-59 8-94 16-53 1-38 
19 13-82 6-85 8-71 15-56 1-74 
28 12-50 5-89 8-38 14-27 1:77 
37 11-16 5-06 8-06 13-12 1-96 
46 9-85 4-34 7°75 12-09 2-21 
55 8-70 3°73 7-45 11-18 2-48 
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t. P (obs.). = po ‘e™, Due. P (cale.). A. 
Mixture H, + O,. Temp. 190°. k = 0-156; k, = 0-022. 
0 18-60 9-30 9-30 18-60 — 
1 15-81 7-94 9-10 17-04 1-23 
3 12-52 5-82 8-70 14-52 2-00 
5 10-41 4-26 8-32 12-58 2-17 
7 8-80 3°13 8-26 11-39 2-59 
9 7-55 2-29 7-62 9-91 2-36 
11 6-45 1-67 7-30 8-97 2-52 
15 4-65 0-90 6-68 7-58 2-93 
19 3-52 0-48 5-85 6-33 2-81 
23 2-74 0-26 5-60 5-86 3°12 
27 2-17 0-13 5-32 5-45 3-28 
Mixture H, + O,. Temp. 203°. k = 0-176; k, = 0-034. 
0 17-50 8-75 8-75 17-5 — 
l 15-40 7:36 8-46 15-81 0-41 
3 12-51 5-16 7:90 13-06 0-55 
5 10-28 3-61 7°38 10-99 0-71 
7 8-39 2-55 6-90 9-45 1-06 
9 7-20 1-80 6-49 8-29 1-09 
11 5-40 1-26 6-03 7:29 1-89 
13 4-35 0-89 5-64 6-53 2-18 
15 3°61 0-63 5-26 5-89 " 2-28 
17 2-90 0-44 4:92 5-36 2-46 
Mixture H, + O,. Temp. 250°. k = 0-414; k, = 0-151. 
0-0 20-5 10-2! 10-25 20- 5 _— 
0-5 17-5 8-3 9-5 17-8 0-3 
2-0 12-9 4-4 8-9 13-3 0-4 
4-0 8-6 2-0 5-6 7:6 —1-0 
6-0 5-8 0-9 4-2 5-1 —0-7 
8-0 3-9 0-4 3-1 3°5 —0-4 
10 2-5 0-2 2-3 2-5 _— 
12 1-8 0-1 1-7 1-8 — 

The discrepancy between the theoretical and the observed values 
of P is considerable and (except at 250°) is much too large to be 
attributed to experimental error; in fact, in order to account for 
the observed values of P at 142°, the constants k and k, would 
need to be increased by about 100%. At 250°, however, the values 
of P(obs.) and P(calc.) agree within the limits of the experimental 
error, which, at this temperature, are very large owing to the rapidity 
of the reactions and also to the sintering of the surface. 

Discussion. 

The immediate deduction from the experimental results is that 

oxygen and hydrogen react more rapidly than is to be expected 





from equation (3). Two general hypotheses may be put forward 
to explain this fact. The first assumes that when the oxidation of 
copper and the reduction of the oxide occur at the same time and 
at the same interface they promote each other. This possibility is 
suggested by an earlier investigation of Palmer (Proc. Roy. Soc., 
1923, A, 103, 444), who measured the rate of oxidation of a sup- 
ported copper film by determining the change in its electrical 
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conductivity, and was thus able to follow the rate of oxidation of 
copper in a mixture of oxygen and hydrogen. The gas pressures 
used were of the order of several hundred millimetres, and more- 
over, the water vapour formed by the reduction of the oxide by 
hydrogen was not removed from the system. The results of these 
experiments showed that copper was oxidised at a greater rate in 
mixtures of oxygen and hydrogen than in pure oxygen. It has not 
been ‘possible to confirm this work: details of these experiments 
will be published later, but it may be stated here that the rate of 
oxidation of copper in hydrogen-oxygen mixtures at a pressure of 
the order of those used by Palmer either with or without the removal 
of water vapour is always very much slower than the rate in pure 
oxygen. 

The second general hypothesis assumes that the excess formation 
of water vapour is due to a second catalytic process, which may be 
either of the intermediate-compound or of the activation type. 
Now, G. P. Thomson (Proc. Roy. Soc., 1930, A, 128, 649), using 
the electron camera, has demonstrated that the oxide formed on 
copper at low temperatures is cuprous oxide. This would suggest 
that cupric oxide is the intermediate compound: Cu,0 + O—> 
2Cu0; 2CuO + H,—>» Cu,0 + H,O. Pease and Taylor (loc. cit.) 
have shown, however, that scarcely any formation of water takes 
place catalytically when hydrogen and oxygen mixtures are passed 
over cupric oxide at 200°. The hypothesis of a second intermediate- 
compound catalysis is consequently ruled out. 

We therefore assume that the excess formation of water vapour 
over the amount required by equation (3) is due to an activation 
catalysis at the cuprous oxide surface. With the experimental 
data available, it is not possible to test this theory quantitatively, 
for the solution of any set of kinetic equations deducible from this 
hypothesis demands a knowledge of the separate values of po, and 
Pu, throughout the whole course of the reaction, and we propose to 
continue the investigation in an apparatus designed for this purpose. 
Although the evidence in favour of the theory is, therefore, negative 
in character, it is not without interest to interpret the existing data 
in terms of it. These permit a rough comparison to be made of 
the relative amounts of water formed by the intermediate-compound 
and the activation catalysis. The rate of the former is equal to 
the rate of the reduction, and the amount of water formed is given 
very roughly from the figures in the fourth column of the tables. 
This will represent the maximum possible value, since the partial 
pressure of hydrogen is always less than that calculated from 
equation (2b), owing to the existence of the activation cata- 
lysis. The amount of water formed in the latter catalysis is 
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roughly measured by the value of A: this is a minimum value 
for reasons analogous to those given above. Hence, we con- 
clude that at 142° the activation catalysis preponderates; as the 
temperature is raised the intermediate-compound catalysis appears 
to become more and more important until at 250° it is greater than 
the activation catalysis. This result is perhaps to be expected, 
since on the surface there are two reactions competing for the 
oxygen, viz., the oxidation of copper and the surface reaction 
between oxygen and hydrogen. If the temperature coefficient of 
the oxidation is greater than that of the activation catalysis, then 
the latter would become of decreasing importance as the temper- 
ature is raised. This interpretation is not, we believe, inconsistent 
with the experimental results of Pease and Taylor. 

We conclude, therefore, that the catalysis by copper of the 
reaction between hydrogen and oxygen to form water is in part an 
intermediate-compound catalysis occurring through the formation 
of cuprous oxide, and in part an activation catalysis at the cuprous 
oxide film formed on the copper. 


Summary. 


A quantitative method has been devised to test the validity of 
the intermediate-compound theory of heterogeneous catalysis for 
the reaction 2H, -+- O,——> 2H,0 on an activated copper catalyst. 
It is found that when copper is heated in an atmosphere of hydrogen 
and oxygen, the reaction taking place exceeds that calculated on 
the assumption that only oxidation of the copper and reduction of 
the oxide are occurring in the system, and this excess reaction is 
attributed to the formation of water in an activation catalysis at 
the cuprous oxide surface. At 142°, the lowest temperature at 
which the reaction was studied, the activation catalysis preponder- 
ates, but as the temperature is raised it becomes of decreasing 
importance, and at 250° the intermediate-compound catalysis 
appears to account for practically the entire reaction. This pheno- 
menon is to be expected, since there are two reactions competing 
for the oxygen in the system. 


Our thanks are due to Prof. E. K. Rideal, F.R.S., for his advice 
and his kindly interest in the progress of this research. 


LABORATORY OF PHySICAL CHEMISTRY, 
CAMBRIDGE. [Received, April 29th, 1931.] 
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CCX1.—The Melting Points and Heats of Crystallis- 
ation of the Normal Long-chain Hydrocarbons. 


By Witt1amM Epwarp GARNER, KATHARINE Van BIBBER, and 
ANNIE MILLIcENT KING. 


In an earlier paper (Garner, Madden, and Rushbrooke, J., 1926, 
2491), it was suggested that the increment in the heat of crystal- 
lisation due to the addition of two methylene groups to the hydro- 
carbon chain might be the same for all normal homologous series. 
It was also pointed out that the convergence temperature for the 
melting point of homologous series, which depends on the heat of 
crystallisation of the methylene groups, should, in such circum- 
stances, be identical for all series. The increment in the heat of 
crystallisation for the higher members of the normal monobasic 
fatty acids was found to be 2-06 Cals. for the even acids, and 1-93 
Cals. for the odd acids. The small difference between the two 
values lies within the experimental error of the determination for 
the odd acids. The convergence limits were calculated to be 
115-5° for the even and 112-2° for the odd acids (Garner and King, 
J., 1929, 1849). The experimental convergence limit for the dibasic 
acids is approximately 120°. In the present investigation, the 
values for the increment in the heat of crystallisation and the con- 
vergence limit have been determined for the hydrocarbons with an 
even number of carbon atoms in the chain. 

The heats of crystallisation of the following aliphatic hydro- 
carbons have been determined : docosane, hexacosane, triacontane, 
tetratriacontane, and pentatriacontane. All of these exist in two 
enantiotropic forms, « and @, similar to those previously found for 
the odd fatty acids (Garner and Randall, J., 1924, 125, 881). The 
form stable at the melting point, «, passes into the 6-form at tem- 
peratures lying a few degrees below the melting point (Table I). 


TABLE I. 
T'ransition temperature of the hydrocarbons. 
No. of carbon atoms.........seeseeeeeeee 22 26 30 34 35 
Setting point ........ccccccccccsccscsccees 43-8° 56-1° 65-5° 72-4° 74-0° 
Transition temperature (degrees be- 
low setting POINt) .........ceeeeeeerees 3°6 6 6-5 4:5 2-5 


The «-form possesses a glass-like appearance, and this becomes 
white on transition to the 6-form. The transition can very readily 
he seen by melting and cooling the hydrocarbons in thin films 
between glass plates. In the case of the higher members of the odd 
acids, the transition 8 > « did not occur, but in the case of the 
Cs) hydrocarbon the transition was reversible. Miiller (J., 1925, 
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C,.H,, also gave two spacings. 
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127, 599) has previously recorded the existence of two X-ray 
spacings for C,, and Cy) hydrocarbons, and later he showed that 
These spacings very probably 


correspond to our «- and $-forms, at least in the case of C,,H,, 


(see later). 


The heats of crystallisation of the two forms of the even hydro. 


carbons and the heat of transition are given in Table II. 





The heat 


TaBLeE II. 
No. of carbon Heat of crystallisation, kg.-cals./mol. Heat of transition, 
atoms. a-Form. B-Form. kg.-cals./mol. 
22 11-70 18-60 6-90 
26 14-04 22-41 8:37 
30 16-45 25-17 8-72 
34 19-11 30-59 11-48 
Fie. 1. 
0°05 


0°04 


0°03 


Q/T. 


0°02 


0-01 





Calorié 











10 20 30 


Number of carbon atoms, n. 
II. Q-n Graph for even hydrocarbons. 


I. Q/T-n Graph for even hydrocarbons. 


of crystallisation, Q, and the entropy of crystallisation, Q/T,, for the 


«-forms are plotted against n in Fig. 1. 


Measurements of the slopes 


and intercepts of Curves I and II lead to the foilowing equations : 


Q = 0-6085n — 1-75 
Q/T = 0-00149I1n + 0-00404 


(1) 
(2) 
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It will be noted that the heat of crystallisation of two methylene 
groups for the «-forms is 1-22 instead of 2-06 found for the even 
acids. There are thus two very different modes of packing hydro- 
carbon chains in the crystals of straight-chain compounds. It is 
very remarkable that, in a molecule containing 34 carbon atoms, 
the nature of the terminal group should decide the mode of packing. 

The increment for the $-forms of the hydrocarbons is approxim- 
ately the same as that for the acids, and this may mean that the type 
of packing of the methylene groups is similar in the two cases. 

Miiller (Proc. Roy. Soc., 1930, A, 127, 417) finds that the short 
X-ray spacings of the two forms of the hydrocarbons are very dis- 
similar. Since these spacings correspond with molecular distances 
across the hydrocarbon chain, they are an indication of marked 
differences in the mode of association of the chains in the two types 
of crystal. Our results show that these differences are of such a 
radical character as to affect the heats of crystallisation. 

The heat of crystallisation of a terminal methyl group can be 
calculated from equation (1) if it be assumed that all of the methylene 
groups have the same heat of crystallisation; this gives Qcu, = — 
0:27. It was shown in the case of the acids that Qcou, + Qoo.un = — 
1:55. Therefore Qoo,n = — 1-28 Cals. It is considered that the 
negative values for the heat of crystallisation of the terminal groups 
are due to a lack of lateral contact between the carboxyl and the 
methyl group in the crystal. The heat of crystallisation of the 
former is more negative than that of the latter because, in the liquid 
state, the former groups are already associated in pairs. 

Equation for the Setting Points of Hydrocarbons.—Dividing 
equation (1) by (2), we obtain equation (3) connecting the setting 
point 7’ with the number of carbon atoms in the chain : 


T = (0-6085n — 1-75)/(0-001491n + 0-00404) . . (3) 


This is similar in form to the equation shown to fit the melting- 
point curves of the acids between C,, and C,,. It gives a con- 
vergence temperature of 135°, which is about 20° higher than for 
the monobasic and dibasic acids. Equation (3) has been used to 
calculate the setting points of the hydrocarbons from C;H,, to 
CrpH442. The degree of correspondencs between the calculated and 
the observed values will be seen from Table ITI, in which A denotes 
the difference between the two values. 

It will be noted that the agreement above C,, is good, but that for 
the hydrocarbons with shorter chains the experimental value is 
always higher than the calculated value. Similar discrepancies are 
found for all homologous series yet investigated. The melting 
points of the lower members of the series are not given accurately 
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Tas_Le III. 


Calculated and observed setting points (absolute temperatures) of 
hydrocarbons. 
No. Setting pt. No. Setting pt. 
of C of C ae ets, 


een, 
atoms. Ref. Obs. Calc. A. atoms. Ref. Obs. Cale. A. 
309-7° 307-7° —2-0° 











5 P 143-4° 112-4° —31-0° 20 P 
6 P 178-6 146-3 —32-3 22 K 3168 3160 —08 
7 P 182-2 1734 — 88 26 K 329-1 3286 —065 | 
8 P 215-6 195-2 —20-4 30 K. 338-5 3386 +0] ( 
9 I.C.T. 222-0 2134 — 8-6 34 K 345-4 3460 +06 
10 FLC.T. 241 228°8 —12-2 35 K 3470 347-77 +07 
ll LC.T. 2465 2419 — 4-6 36 G 349 349-2 +02 
i 63a, 2 253-2 — 7-8 40 C 353-8 3546 +0-8 . 
13 I.C.T. 266-8 263-1 — 37 50 C 365:1 365-0 —0O1 1 
14 I.C.T. 2785 271:'7. — 68 54 G 368 3679 —01 t 
15. ICT. 383 279:4 — 3-6 60 Cc 3719 371-8 —01 
16 I.C.T. 293 286-3 — 6-7 62 G 373: 3729 —046 t 
17 M 295 292-7 — 23 64 G 375 3740 —10 
18 M 301 298:0 — 3-0 70 Cc 378:3 377°2 —1-1 
19 M 304 303:1 — 0-9 
References : ; p 
P = Parks, Huffmann, and Thomas; Parks and Huffmann (locc. cit.). iF 
1.C.T. = International Critical Tables. ¥ 
M = Miiller, Proc. Roy. Soc., 1930, 127, 805. 
K = Ki t] 
= King, present research. h 


G = Gascard, Ann. Chim., 1921, 15, 332. 
C = Carothers, Hill, Kirby, and Jacobson, J. Amer. Chem. Soc., 1930, 52, 5279. C( 
by equations similar to (3); those of the lower acids have been 
discussed previously (King and Garner, this vol., p. 578), and it has 
been shown that the discrepancy is in part due to an effect which 
the length of chain has on the probability of crystallisation. It is J 
not possible te examine the hydrocarbons in this way on account of 
lack of knowledge of thermal data for the lower hydrocarbons. 

A possible cause of part of the deviation may be gathered from 
the work of Miiller, who shows that the form stable at the melting ef 
point is not the same for the short-chain as for the long-chain th 
paraffins. Also, from Table III, it appears that there is alternation 
in the melting points of the short-chain hydrocarbons. Thus, from be 
the experimental results available, it would appear unlikely that the Af 
melting points of the hydrocarbons can be represented by one of 
equation. This is confirmed by the alternation in the heats of 
crystallisation of hydrocarbons containing 5, 6, 7, and 8 carbon 
atoms (see p. 1537). ma 

The long X-ray spacings of the hydrocarbons used in this research - 
have been measured by Piper and Malkin (Nature, 1930, 126, 278), 
and are recorded below : 


No. of carbom atoms — .....c.ccecccccccecce 26 30 34 
oli sme: poi ~ atom daaantdds “ih 35-0 40:5 45-3 
Long spacings) 0737 31-05 sabi 40-00 


sul 
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The A-spacing agrees with that given by Miiller, and very probably 
corresponds with the «-form. It would appear that the @-form 




























s) of § sometimes gives the B- and sometimes the C-spacing. 
The heats of crystallisation of pentane, hexane, heptane, octane, 

and eicosane have been determined by Parks, Huffmann, and 
A. Thomas (J. Amer. Chem. Soc., 1930, 52, 1032) and by Parks and 
_2.99° Huffmann (ibid., p. 4385), and are given below : 
a+ a <i occiabeeaeenauedienes 5 6 7 s 20 
+ O-1 Q (Cals./mol.) ...... 2-001 3°004 3°381 4-796 14-68 
OT The hydrocarbons 5—8 give the B-spacing, and 20 gives both A- 
i: and B-spacings (Miiller). Since the above authors do not mention 
-0-1 the fact that eicosane occurs in two forms, it is not clear whether 
“ee their heat of crystallisation for this hydrocarbon refers to the «- or 
06 the §-form. 
"ha EXPERIMENTAL. 


The hydrocarbons were prepared by the electrolysis of the 
potassium salts of the respective fatty acids. For docosane, the 
lauric acid used in the measurements of the heat of crystallisation 
was converted into the potassium salt and electrolysed according to 
the method of Petersen (Z. Elektrochem., 1906, 12, 141).* The 
hydrocarbon was fractionally crystallised several times until a 
5279. | constant setting point of 43-8° was obtained. 
ie For hexacosane and tetratriacontane, Kahlbaum’s purest myristic 
thas | 224 stearic acids respectively were used as starting points. The 
vhich 4 ‘thy! esters were prepared and fractionated to a constant setting 

It is § Point. The hydrocarbons obtained from the respective acids were 
repeatedly crystallised and distilled, and further purified by heating 





” $ at approximately 130° for two hours with concentrated sulphuric 
pa * acid, in the manner suggested by Professor Chibnall. This had the 
elting effect of raising the setting point from 56-0° to 56-1° in the case of 
shale the former, and from 72-1° to 72-4° for the latter. 
wr Triacontane was kindly supplied by Professor Francis. This had 
fociia been prepared from Kahlbaum’s palmitic acid, and treated as above. 
+t the After several distillations in a vacuum, it gave a final setting point 
+ one of 655°. Neither this hydrocarbon nor docosane was treated with 
es a sulphuric acid before the heat of crystallisation measurements were 
tition made. Professor Chibnall, however, found that after treatment 
the setting point of the latter was raised by 0-2° and that of the 
saith former remained unaltered. 


278) The experimental procedure adopted in measuring the heats of 
7 crystallisation was that described in a previous paper (Garner and 
Randall, loc. cit.). The duration of the heating in the thermostat 






* Attempts to make C,,H,, by this method have as yet been unsuccessful. 
3E 
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varied from 8 or 9 hours to 80 minutes. Immediately below the 
melting point, equilibrium is established slowly, and hence a long 
period was necessary. For the 6-form, 80 minutes in the thermostat 
was long enough for equilibrium to be reached. 34 Hours were 
allowed for the transition 8 > « form, as this change proceeds slowly. 
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The experimental data are shown graphically in Fig. 2, where the I 
rise in temperature of the calorimeter is plotted against the initial 
temperature of the hydrocarbon; A indicates points obtained when 
the solid had been cooled to its initial temperature from above the 
melting point, and © points obtained when the solid acid was heated 
from room temperature to its initial temperature. It will be 

Docosane (Setting point = 43-8°). 
(Wt. of hydrocarbon = 4-547 g.; glass = 6-002 g.; platinum = 0-164] g.; ( 
nickel = 0-7253 g.) 
Expt. No. Upper temp. Fall in temp. Rise in temp. 
3 35-18° 18-00° 0-172,° 
5 41-33 23-70 0-510, 
7 40°33 23-26 0-498, 
10 39-00 21-75 0-215, 
12—14 48-60 30-10 1-103, 
15—18 73-89 56-02 1-398, 
I. From Expt. 3 (17-18—35-18°), osg = 0-4338 cal./g. 
II. » Expts. 3, 10 (35-18—39-00°), osg = 0-5572  ,, 
III. »  » 5, 7 (40-33—41-33°), os, = 1-030 __,, . 
IV. §e ‘ia 12—14, 15—18, and I, of, = 0-5590_ ,, 
Q, = 11-70 Cals./mol. nN 
*Q, = 18-60 ,, \ 
Heat of transition a—>B = 6-90 on 
* An earlier, independent series gave 18-42 Cals./mol. 
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| —- observed in the curve for tetratriacontane that the same values are 
re obtained at 36° and 56° irrespective of the side from which equili- 
pe ‘at F prium is approached. 
. a The heats of crystallisation were determined by a graphical 
tie method described in previous papers. In order to obtain the heat of 
crystallisation of the $-form, the specific heats from 20° to 40° 
approximately were employed. The results are given in the tables. 
‘ The temperature of the thermostat is given in col. 2, and the tem- 
perature of the calorimeter varied from 16° to 23°. The glass used 
wl in the container was the same as that used previously. 
Hexacosane (Setting point = 56-1°). 
(Treated with concentrated sulphuric acid.) 
(Wt. of hydrocarbon = 5-563 g.; glass = 6-036 g.; platinum = 0-1634 g.) 
Expt. No. Upper temp. Fall in temp. Rise in temp. 
2 40-07° 17:77° 0-192,° 
4 49-60 27-18 0-306, 
6 44-82 22-04 0-241, 
8 50-90 27-71 0-626, 
ll 53-82 31-10 0-688, 
2 17—20 61-20 38-35 1-430, 
21—23 85-32 63-01 1-750; 
I. From Expt. 2 (22-30—40-07°), Osg= 0-4419 cal./g. 
Il. ,,  Expts. 2, 6 (40-07—44-82°), Gsg== 0-4578 ,, 
the Foi ,, » 6, 4 (44-82—49-60°), ogg = 05554, 
itil J Iv. ,, 4, 8, 11 (50-:90—53-82°), og, = 00-9554, 
vhen % <« s 17—20, 21—23, andI, o,= 05614 ,, 
> the Q, = 14:04 Cals./mol. 
ated ai Qg = 22-41 re 
Heat of transition a—>f = 8-37 “ 
1 be 
Triacontane (Setting point = 65-5”). 
g.; (Wt. of hydrocarbon = 5-629 g.; glass = 6-112 g.; platinum = 0-1641 g.) 
Expt. No. Upper temp. Fall in temp. Rise in temp. 
2 37-64° 21-15° 0-237,° 
14 48-56 30-67 0-364, 
16 48-61 30°76 0-360, 
21 58-19 40-29 0-501, 
25 61-75 45-62 0-820, 
27 59-21 41-82 0-755," 
32—35 100-37 81-98 1-985, 
36—41 71-20 53°18 1-599, 
I. From Expt. 2 (16-49—37-64°), Osg = 0°4572 cal./g. 
Il. ,,  Expts. 2, 14, and 16 (37-64—48-58°), osg= 0-5512 ,, 
I. ,, 4 14, 16, and 21 (48-58—58-19°), osg = 0-6474__,, 
IV. , » 25, 27 (61-75—59-21°), os, = 0-9792 ,, 
2 ‘ 99 32—35, 36—41, and I, o,= 05722 ,, 
Q, = 16-45 Cals./mol. 
Qe = 25°17 ee 
Heat of transition a—>fB = 8-72 “s 
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Tetratriacontane (Setting point = 72-4°). 
(Treated with concentrated sulphuric acid.) 


(Wt. of hydrocarbon = 4-518 g.; glass = 5-918 g.; nickel = 0-7249 g.; 
platinum = 0-1371 g.) 


Expt. No. Upper temp. Fall in temp. Rise in temp. 

4 40-05° 20-02° 0-192,° 

3 49-42 29-73 0-296, 

2 59-64 40-58 0-429, 

23 67-26 48-63 0-540, 

8 70-83 51-57 0-791, 

25 69-48 50-04 0-762, 

9 —12 78-60 59-26 1-431, 

14—16 99-78 79-97 1-667, 

I. From Expt. 4 (20-03—40-05°), Oxg =. 04428 cal./g. 
Il. ,, Expts. 4, 3 (40-05—49-42°), osg= 05249 ,, 
IIT. * * 3, 2 (49-42—59-64°), osg= 06521 ,, 
EV. ss * 2, 23 (59-64—67-26°), sg = 0-7591 ,, 
We o» 99 8, 25 (69-48—70-83°), os, 1-264 - 

Wi. - - 9—12, 14—16, and I, CL 0-5725 


Q, = 19:11 Cals./mol. 
Q, = 30-59 ” 
Heat of transition a—>8 = 11-48 a 
Pentatriacontane (Setting point = 74-0°). 
(Wt. of hydrocarbon = 5-621 g.; glass = 6-026 g.; platinum = 0-1641 g.) 





Expt. No. Upper temp. Fall in temp. Rise in temp. 
2 41-04° 24-40° 0-267,° 
3 56-26 39-83 0-457, 
1 64-73 48-12 0-575, 
12 67-05 50-34 0-615, 
7 72-22 54-51 0-942, 
10 71-76 54:17 0-939, 
13—15 99-68 81-41 1-991, 
16—19 78-70 60-70 1-716, 
I. From Expt. 20 (41-04—16-64°), Osg= 0-4441 cal./g. 
ai, »  Expts. 20, 3 (41-04—56-26°), osg= 0-5220 ,, 
Ill. ” ie 3, 1 (56-26—64-73°), osg= 06324 ,, 
IV. “ “ 1, 12 (64-73—67-05°), osg= 08305 ,, 
V. ‘i - 7, 10 (71-76—72-22°), os, = 0°3369_,, 
VI. rm te 13—15, 16—19, and I, o,= 0-5656 , 


Q,, = 20-65 Cals./mol. 
Q_ = 30-47 < 
Heat of transition a—>fB = 9-82 pa 


The values for the specific heats of the liquid state, viz., 


Hydrocarbon ..........++ C,, Cag Cy Cy, C35 
j 0-57 0:57 (0-56) 
show that there may be a slight tendency to increase as the series 
is ascended, as was the case with the fatty acids. 
The heats of transition of the «- to the §-form are approximately 
four times as great as those of the fatty acids. 
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The specimen of pentatriacontane was kindly lent to us by 
Professor Chibnall. 

Summary. 

(1) The heats of crystallisation of the following hydrocarbons, 
all of which exist in two forms, « and 8, have been measured, and 
are given as kg.-cals./g.-mol. for the «-form : Cy,H4,, 11-7; CogHs4, 
14:04; CypH go, 16-45; C,H, 19-11; C3;H, 20-65. 

The heat of crystallisation, Q, and also Q/T', when plotted against 
n, the number of carbon atoms, give linear relationships. 

(2) The equation 7’ = (0-6085n — 1-75)/(0-001491n -+- 0-00404) 
has been obtained for the setting points of the hydrocarbons, and 
gives very good agreement with the observed values between Cy 
and Cz). The convergence temperature is 135°, as compared with 
116° for the even fatty acids, and 112° for the odd acids. 

(3) The increment in the heat of crystallisation for one methylene 
group is 0-608 Cal. for the «-form, and 1-0 Cal. for the $-form, as 
compared with 1-03 Cal. for the fatty acids. 

(4) The heat of transition of the « > 8 form is 6—11 Cals., and 
varies with the chain length. 


In the preliminary work in this investigation the presence of 
the two forms was overlooked, so that it was necessary to repeat 
the determinations. Our thanks are due to Professor Chibnall for 
advice on the final purification of the hydrocarbons, and to the 
Colston Society for a grant for the purchase of chemicals. 


THE UNIVERSITY, UNIVERSITY COLLEGE, LONDON. 
BRISTOL. [Received, May 7th, 1931.] 





OCXII.—The Condensation of a-Formyl phenylaceto- 
nitriles with Phenols. Part I. 


By IsHwAR CHAND BaDHWAR, WILSON BAKER, BALA KRISHNA 
MENON, and KRISHNASAMI VENKATARAMAN. 


THE condensation of «-formylphenylacetonitrile and derivatives 
with resorcinol or other phenols under the conditions of the Hoesch 
reaction leads to the production of 3-phenylcoumarins and not the 
isomeric 3-phenylchromones (isoflavones). The Hoesch reaction in 
these cases takes an abnormal course, condensation occurring 
between the cyano-group and a phenolic hydroxyl group to give a 
lactone (compare Fischer and Nouri, Ber., 1917, 50, 613). The 
yields are generally very poor. 

The condensation of «-formylphenylacetonitrile, CHO-CHPh-CN 
(I), with resorcinol in presence of phosphoryl chloride gives 7-hydr- 
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oxy-3-phenyleoumarin (II) (Baker, J., 1927, 2898), and under the 
conditions of the Hoesch synthesis it is now found that the same 
substance is produced as the only product isolable in the pure state, 
The Hoesch condensation between resorcinol monomethyl ether 
and (I) gave the methyl ether of (II), but in one experiment a trace 
of 7-methoxyisoflavone (Baker and Robinson, J., 1925, 127, 1981) 
was also isolated. Later experiments did not yield the isoflavone, 
and tlie conditions for the production of this substance cannot 
therefore be laid down. 

Phloroglucinol and (I) yielded 5 : 7-dihydroxy-3-phenyleoumarin 
(Bargellini, Gazzetta, 1927, 57, 460). Phloroglucinol dimethyl ether 
and «-formyl-p-methoxyphenylacetonitrile gave 5:7 : 4'-trimethoxy-3- 
phenylcoumarin (IIL), the analogue of genistein trimethyl ether (Bar- 
gellini, ibid., p. 464); and «-formyl-3 : 4 : 5- aE Ae se 
nitrileand 3 : 4: 5-trimethoxyphenol (antiarol) gave 5 : 6: 7:3’: 4:5’ 
hexamethoxy-3-phenylcoumarin (IV), the analogue of irigenin tri- 
methyl ether (Baker, J., 1928, 1028). No condensation occurred 
between «-formyl-3 : 4 : 5-trimethoxyphenylacetonitrile and 1 : 2:3 :5- 
tetr: ane benzene. 


O 
MeO, Meo’ \’ \co OMe 
A, > “< dome Me eK OMe 


MeO MeO CH OMe 
nl (IV.) 
A number of experiments were carried out with the O-benzoyl 
derivative of (I), benzoyloxymethylenephenylacetonitrile, 


CH(O-COPh):CPh-CN (V), which generally gave cleaner and more 
homogeneous products than ([). The condensation of (V) with 
resorcinol gave the coumarin (II) and a compound, m. p. 145— 
146°, of unknown constitution. The condensation of (V) with the 
dibenzoate, dimethyl ether, dibenzyl ether, and diethylearbonato- 
derivative of resorcinol led to no definite results, a trace of (II) 
being isolated in some cases. The product formed from (V) and 
pyrogallol was 7 : 8-dihydroxy-3-phenyleoumarin, and from (V) and 
orcinol was formed 7-hydroxy-3-phenyl-5-methyleoumarin (formerly 
described by Ghosh as the chromone, J., 1916, 109, 117). 

Under the conditions of the Hoesch reaction (V) did not react 
with quinol, catechol, or phenol, nor when the substances were dis- 
solved in concentrated sulphuric acid and poured into water. By 
condensing (V) with resorcinol diacetate, hydrogen chloride, and 
zinc chloride in acetic acid, 4 : 6-diacetylresorcinol was produced; 
a similar condensation between (V) and the acetyl derivative of 
resorcinol monomethyl ether gave 7-methoxy-3-phenylcoumarin. 
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CONDENSATION OF x-FORMYLPHENYLACETONITRILES, ETC. 1543 


EXPERIMENTAL. 


Condensation of Resorcinol with «-Formylphenylacetonitrile (I).—A 
mixture of resorcinol (7-6 g.), «-formylphenylacetonitrile (10 g.), 
and anhydrous zine chloride (4 g.) in dry ether (60 c.c.) was saturated 
at 0° with hydrogen chloride and again after 24 hours, and kept at 
0° for 3 days. The product was washed with dry ether, boiled for 
2 hours with water (100 c.c.), and filtered hot. The remaining red 
solid was boiled with 20% sulphuric acid for 3 hours and then 
refluxed for 2 hours with 20% alcoholic sulphuric acid and poured 
into water. The sticky product (5 g.) was dissolved in boiling 5% 
aqueous sodium hydroxide (70 c.c.), cooled, and filtered, and the 
filtrate saturated with carbon dioxide. The yellow precipitate 
(0-5 g.) could not be obtained crystalline; it had m. p. about 245— 
255°, gave a brown colour with ferric chloride in alcoholic solution, 
and a weak green fluorescence in concentrated sulphuric acid. Its 
non-crystalline acetyl derivative had m. p. 150—156°. The final 
filtrate on acidification gave a precipitate which after repeated 
crystallisation had m. p. 208° and was proved to be (IT). 

Condensation of Resorcinol Monomethyl Ether with (1).—This was 
done as in the preceding case, resorcinol monomethyl ether (8-5 g.) 
being used. After 5 days the red mass was washed with ether, 
boiled for 2 hours with water (200 c.c.), refluxed with 5% alcoholic 
sulphuric acid (200 c.c.) for 3 hours, and poured into water. The 
insoluble product was heated with excess of 2% sodium hydroxide 
solution for 2 hours and filtered. The very small amount of undis- 
solved residue was normally not crystalline but in one experiment 
was obtained crystalline from dilute alcohol. After repeated crystal- 
lisation it had m. p. 154—156°, which was not depressed on admix- 
ture with 7-methoxyisoflavone (Baker and Robinson, J., 1925, 127, 
1986; 1929, 1473). Acidification of the alkaline solution gave a 
solid, which after crystallisation had m. p. 121—122° and was 
identified as 7-methoxy-3-phenyleoumarin (Found: C, 75-9; H, 
4:5. Calc. for C,,H,.0,: C, 76-2; H, 4:8%). 

Condensation of Phloroglucinol with (I)—This was done under 
the conditions of the Hoesch reaction, phloroglucinol (10 g.), (I) 
(11-5 g.), zine chloride (2 g.), and ether (60 c.c.) being used. The 
product was boiled, with 10° aqueous sulphuric acid for 1 hour, 
and the filtered solution yielded 5 : 7-dihydroxy-3-phenylcoumarin, 
m. p. 260° (Found: C, 70-5; H, 4-1. Cale. for C,;H,,0,: C, 70-9; 
H, 39%). The acetyl derivative had m. p. 156° (Found : C, 67-2; 
H,4-4. Cale. for C,gH,,0, : C, 67-4; H, 4:1%) (compare Bargellini, 
loc. cit.). 
a-Formyl-p-methoxyphenylacetonitrile—To a solution of sodium 
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(2-4 g.) in absolute alcohol (75 c.c.) was added p-methoxypheny!- 
acetonitrile (14-7 g.) and then ethyl formate (8-2 g.). After 2 hours, 
the mixture was heated at 60° for 2 hours, water (400 c.c.) and a 
little sodium hydroxide solution were added, and the mixture was 
warmed to 45° and filtered. The acidified filtrate deposited a 
colourless oil which rapidly solidified (11-5 g.). The substance 
crystallised from benzene (200 c.c.) in small irregular prisms, m. p. 
120—121° (Found : N, 7-8. C,,H,O,N requires N, 8-0%). «-Formy/- 
p-methoxyphenylacetonitrile gives in concentrated sulphuric acid a 
pale greenish-blue solution. Its alcoholic solution becomes Prussian 
blue with a trace of ferric chloride, but the colour fades appreciably 
in a few minutes; excess of ferric chloride produces an emerald- 
green colour. 

5:7: 4'-Trimethoxy-3-phenylcoumarin (III).—A solution of the 
preceding compound (2-4 g.) and phloroglucinol dimethyl ether 
(2-1 g.) in dry ether (100 c.c.) was saturated with hydrogen chloride 
in presence of anhydrous zinc chloride. After 2 days, dry ether 
was added and the precipitated product was boiled with dilute 
alcoholic sodium hydroxide (5%) for 4 hour and reprecipitated by 
acidification. The viscous material slowly crystallised from a small 
amount of alcohol, and after it had been pressed on porous earthen- 
ware, washed with ether and alcohol, and crystallised from acetic acid 
and then from alcohol, there was obtained about 0-1 g. of exceed- 
ingly pale yellow needles, m. p. 166—168°, having the properties 
ascribed by Bargellini (loc. cit.) to 5:7 : 4'-trimethoxy-3-phenyl- 
coumarin. 

a-Formyl-3 : 4 : 5-trimethoxyphenylacetonitrile.—This was prepared, 
in the same way as the corresponding p-methoxy-derivative, from 
sodium (2-1 g.), alcohol (100 c.c.), 3: 4: 5-trimethoxyphenylaceto- 
nitrile (15-5 g.) (Baker and Robinson, J., 1929, 157), and ethyl 
formate (6-1 g.). It separated from benzene in colourless branching 
prisms (Found: N, 5-8. C,.H,,0,N requires N, 59%). The sub- 
stance is probably dimorphous, since it melts at 83—85°, then 
resolidifies slowly, and melts again at 114—115°. Its reaction with 
ferric chloride resembles that of the p-methoxy-derivative. In con- 
centrated sulphuric acid it gives a greenish-yellow solution, which 
slowly becomes emerald-green. 

5 :6:7:3':4':5’-Hexamethoxy-3-phenylcoumarin (IV).—«-Formy]- 
3: 4: 5-trimethoxyphenylacetonitrile (2-4 g.) and 3: 4: 5-trimeth- 
oxyphenol (1-9 g.) (Chapman, Perkin, and Robinson, J., 1927, 3028) 
were suspended in ether (200 c.c.), and hydrogen chloride was 
passed in without cooling till all had dissolved. Finally, anhydrous 
zine chloride was added and the mixture was cooled to 0° and 
rapidly saturated with hydrogen chloride. After 48 hours, water 
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was added, the mixture heated for 1 hour and cooled, the oily 
product washed with warm dilute sodium hydroxide solution, and 
the insoluble residue collected and crystallised from alcohol. It 
separated in bunches of pale yellow, minute needles (0-1 g.), m. p. 
157° (Found: C, 62:7; H, 5-6. C,,H,.O, requires C, 62:7; H, 
55%). The properties of the substance are distinct from those of 
the isomeric irigenin trimethyl ether. It is insoluble in boiling 
dilute sodium hydroxide solution, exhibits no basic properties 
towards concentrated hydrochloric acid, and gives a marked yellow 
solution in concentrated sulphuric acid. 

Benzoyloxymethylenephenylacetonitrile (V).—To a suspension of 
finely divided sodium (10 g.) in dry ether (250 c.c.) cooled in ice 
and salt, a mixture of phenylacetonitrile (52 g.) and ethyl formate 
(38 g.) was added in the course of an hour with occasional shaking. 
The whole was left for 12 hours, and benzoyl chloride (70 g.) was 
then added in small portions, the ice-cooled mixture being shaken 
and kept alkaline by the addition of concentrated sodium hydroxide 
solution. After 2 hours, the solid was collected, washed with water, 
and crystallised from alcohol ( 11.). The product had m. p. 117— 
118°; yield 65—70 g. (compare J. pr. Chem., 1897, 55, 340; 
Annalen, 1901, 316, 334). 

Condensation of Resorcinol with (V).—This was effected under the 
usual conditions, resorcinol (10 g.), (V) (22-6 g.), zine chloride (3 g.), 
and ether (100 ¢.c.) being used. The product was boiled with 5% 
sodium hydroxide solution (250 c.c.) for 4 hour, cooled, and filtered, 
and the yellow residue crystallised from 50% acetic acid (charcoal). 
It separated in colourless needles (0-1 g.), m. p. 145—146°, which 
were not obtained quite pure (Found: C, 77-9; H, 44%). The 
substance is non-phenolic and gives a weak greenish-blue fluorescence 
in concentrated sulphuric acid. The alkaline solution when satur- 
ated with carbon dioxide gave a yellow solid, which after crystallis- 
ation from dilute acetic acid was identified as 7-hydroxy-3-phenyl- 
coumarin, m. p. 209—210° (Found: C, 75:3; H, 4-6. Calc. for 
C,;H,90,: C, 75-6; H, 4:2%); acetyl derivative, m. p. 184° 
(Found : C, 72-5; H, 4:5. Cale. for C,,H,.0,: C, 72-7; H, 43%). 

Condensation of Pyrogallol with (V)—This was done under the 
usual conditions, pyrogallol (15 g.), (V) (30 g.), zine chloride, and 
ether (100 ¢.c.) being used. After hydrolysis with boiling water, 
the filtered solution deposited colourless needles, m. p. 212° (Found : 
C, 70-8; H, 4-1. Cale. for C,;H,,0,: C, 70-9; H, 39%). The 
diacetate had m. p. 180° (Found: C, 67-4; H, 42. Cale. for 
Ci9H,40,: C, 67-5; H, 4-1%) (compare Bargellini, loc. cit.). 

Condensation of Orcinol with (V).—Condensation readily occurred 
under the usual conditions, and after hydrolysis 7-hydroxy-3-phenyl- 

3E2 
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5-methylcoumarin separated, which crystallised from alcohol in 
small needles, m. p. 228° (Found: C, 71-5; H, 5-4. Cale. for 
C,,H,.0,,H,0: C, 71-1; H, 5-1%). The acetyl derivative separ- 
ated from alcohol in colourless needles, m. p. 158—159° (Found: 
C, 73-8; H, 5-0. Cale. for C,,H,,0,: C, 73-4; H, 47%). Both 
substances give blue fluorescent solutions in alcohol and in con- 
centrated sulphuric acid. The alcoholic solution when treated with 
a drop of ferric chloride becomes orange-yellow and the fluorescence 
becomes violet. 

Condensation of Resorcinol Derivatives with (V) in Acetic Acid.— 
The interaction of resorcinol diacetate and (V), with zinc chloride 
and hydrogen chloride in acetic acid first at room temperature and 
then on the water-bath, gave 4 : 6-diacetylresorcinol, crystallising 
from alcohol in pale yellow needles, m. p. 182° (Found: C, 61-5; 
H, 5:3. Cale. for C,,H,.90,: C, 61-9; H, 5:2%); diacetate, m. p. 
120° (Found: C, 60-8; H, 5-5. Cale. for C,,H,,0,: C, 60-4; H, 
51%). A small amount of 7-hydroxy-3-phenylcoumarin was also 
isolated. 

A similar reaction with the acetyl derivative of resorcinol mono- 
methyl ether yielded ultimately 7-methoxy-3-phenylcoumarin, m. p. 
120°. 

THE Dyson Perrins LaBoratory, ForMAN CHRISTIAN COLLEGE, LAHORE. 

OxForRD. [Received, April 10th, 1931.] 


CCXIII.—Synthesis of Substances analogous to Bile 
Acid Degradation Products. PartI. Preliminary 
Investigation of Methods of Attachment of Carb- 
oxylated Side Chains to the cycloPentane Nucleus. 


By Joun WILLIAM BAKER. 


DercGRADATION of cholesterol and of acids of the cholane group has 
now resulted in the isolation of several relatively simple products, 
particularly those in which the five-membered ring (ring IV) of the 
nuclear skeleton remains intact. Of these, the simplest is a cyclo- 
pentane acid, C,,H,,O, (Wieland and Vocke, Z. physiol. Chem., 
1928, 177, 68), for which comparatively few structural forms are 
probable. It was therefore considered desirable to commence attack 
on the problem of the structure of these degradation products from 
another angle, and to attempt to synthesise the more probable of 
the structures assigned to them in an endeavour to elucidate their 
true constitution. 

The present communication describes the results of some pre- 
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liminary work on the attachment of the appropriate side chains to 
a cyclopentane nucleus, the ultimate object of which is to effect the 
synthesis of compounds of the structures tentatively assigned to 
the acids C,,H,,0, and C,,H,,O, obtained as the ultimate products 
of the oxidative degradation of deoxybilianic acid (loc. cit.). When 
this investigation was commenced, Wieland had reduced the number 
of possible alternative structures of cholanic acid to twenty, of 
which eleven were favoured, and of these eleven, four especially so 
(compare Ann. Reports, 1928, 25, 162). One of these four, one 
which contains the quaternary methyl group, the carboxylated 
side chain, and an ethyl group in positions 11, 19, and 10 in ring IV, 
is unique in that it corresponds to a cholesterol skeleton divisible 
into a farnesene chain, linked end to end with two normal C, units, 
and this alternative would require that the acid C,,H,,O, should 
possess the structure (I). The same structure would be derived 


CH, CH, 
17 
HO,CMeCh Ww CH, HO,C-MeC if ‘ou, 
HO.C-EtC”’—"CH-CHMe —HO,C- -Hc-——cu- CHMe 
(I.) CO,.H — (Ia.) CH,°CH,-CO,H 


from the 10-17-11 combination. Attention was therefore directed 
in the first instance to the synthesis of an acid of this structure. 

A convenient starting point for such a synthesis is found in the 
cyclopentanone ester obtained by Ruzicka (Ber., 1917, 50, 1362) in 
his synthesis of fenchone. This ester is obtained by a Dieckmann 
condensation from ethyl 8-methylbutane-«$8-tricarboxylate. Ring 
closure can obviously occur in two ways, giving the cyclopentanone 
ester (II) or (III). Ruzicka did not determine the constitution of 


ACH, CO,H CH, y \eo .  /£CH,CO,H 
MH, < —> 


CHMe-CO,H EtO,C- wed Lke ‘H-CO,Et — CMe(OH)-CO,H 


(V.) a (I1.) (IV.) 
CH,°CO,H agen 


CH,°CO,H 
CH-CO,Et 
} vn, ‘CO,H CH,CO,H 
EtO tel’ GH, CMe(CO,H):CH,:CO,H —* CHMe-CO,H 
(I1T.) (VI.) 


this ester, since, on acid hydrolysis, either structure would yield 
2-methyleyclopentanone-2-carboxylic acid which was the required 
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intermediate in the fenchone synthesis. For the present purpose, 
however, it is essential that the ester should possess the struc. 
ture (II). That this is actually the case is proved by careful oxid. 
ation with potassium permanganate. The products of this oxidation 
have been identified as «-methylglutaric acid (V), a liquid acid, 
analysis of the silver salt of which corresponds with that of 
a-hydroxy-«-methylglutaric acid (IV), and a trace of succinic acid, 
Although carefully sought for, no trace of either $-methyltricarb. 
allylic acid (VI) or of methylsuccinic acid, the products which 
would result from oxidation of an ester of structure (III), could be 
detected. Hence the ketonic ester is definitely established to be 
ethyl 3-methyleyclopentanone-2 : 3-dicarboxylate (II). 

Alkylation of this ester will obviously occur at position 2, and 
the introduction of an ethyl group here affords a cyclopentanone 
ester with the required arrangement of alkyl and carboxyl groups, 
together with a reactive carbonyl group at the desired point of 
attachment of the side chain. Unexpected difficulty was encoun. 
tered in effecting complete ethylation of this ester. The product 
obtained by the action of alcoholic sodium ethoxide and ethyl 
iodide always contained up to 20% of the unethylated ketonic 
ester, which could not be removed by fractional distillation. The 
difficulty was finally overcome by the use of sodamide in dry ether 
and a large excess of ethyl iodide, any small trace of unethylated 
ester in the product being removed by shaking the ligroin solution 
with aqueous ferric chloride. The structure of the ethylated ester 
was confirmed by the preparation of a crystalline hydrazone- 
dihydrazide (VII) with hydrazine hydrate and by hydrolysis with 
alcoholic potassium hydroxide to y-methyl-n-hexane-xy8-tricarboxylic 
acid (VIII). 


CH, Pag CO 
HAC “IN-NH, ‘H, 
H,N*HN-OC-MeC'__'CEt-CO-NH-NH, CMe(CO,H)-CHEt-CO,H 
(VII.) (VIII.) 


It was anticipated that the required side chain, CHMe-CO,H, 
could be introduced (in position 1) into ethyl 3-methyl-2-ethylcyclo- 
pentanone-2 : 3-dicarboxylate by a Reformatsky reaction with ethyl 
a-bromopropionate. Owing to the difficulty of obtaining the parent 
cyclopentanone ester in quantity, however, the reaction was first 
investigated with an analogous open-chain compound, namely, 
ethyl dimethylacetoacetate. This condensed with ethyl «-bromo- 
propionate and zinc to give a moderate yield of ethyl 6-hydroxy- 
aaa’ -tetramethylglutarate (LX), converted by boiling with concen- 
trated hydrochloric acid and amalgamated zinc, or by treatment 
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with phosphorus pentachloride, followed by hydrolysis with alco- 
holic potassium hydroxide, into ««®y-tetramethylglutaconic acid (X). 
This was reduced by hydrogen and platinum-black in acetic acid 
to axa’B-tetramethylglutaric acid (XI), which is the open-chain 
analogue of the required cyclopentane acid. 


; ; an CMe(OH)-CMe,°CO,Et 

CO-CMe,-CO,Et + CHMeBr-CO,Et —> & a: 

Se eT), en, ons 

—> (X.) CMe-CMe,CO,H—> CHMe(CO,H)-CHMe:CMe,’CO,H (XI) 
CMe-CO,H 


When the same condensation process was applied to the ethylated 
cyclopentanone ester, however, most of the latter was recovered 
unchanged and no product containing the required side chain could 
be isolated. 

At this point in the investigation Wieland and Vocke published 
their paper (Z. physiol. Chem., 1930, 191, 68) in which it was clearly 
shown that the acid C,,H,,O0, does not contain an ethyl group in 
the ring, but that it is most probably represented by the struc- 
ture (IA). It was therefore considered advisable to postpone, for 
the present, further attempts to attach the side chain CHMe-CO,Et 
to ethyl 3-methy]-2-ethyleyclopentanone-2 : 3-dicarboxylate, and to 
undertake a preliminary investigation of methods by which the 
longer side chain CHMe-[CH,],°CO,H, and also the side chain 
CH(CO,H)-CH,°CO,H present in the C,,H,,0, acid (XIV) (loc. cit.), 
might be introduced into the cyclopentane nucleus. The intro- 
duction of the lengthened side chain with the two extra methylene 
groups obviously presents greater difficulties than does the similar 
introduction of the shorter one originally required, and, although 
work in this direction is proceeding, has not yet been accomplished. 
An attempt to condense ethyl y-bromo-n-valerate with the 5-sodio- 
derivative of ethyl 2-methyleyclopentanone-2-carboxylate obtained 
by the action of sodamide on the parent ester was unsuccessful. 

For the attachment of the succinic acid residue present in the 
C,, acid, two methods suggest themselves, (1) a Michael condens- 
ation between ethyl fumarate and a cyclopentanone-2-carboxylic 
ester, (2) condensation of the sodio-derivative of the latter with 
ethyl «-bromosuccinate. 

Little success has been obtained with ethyl cyclopentanone-2- 
carboxylate by the first method, but the sodio-derivative of this 
ester readily condenses with ethyl «-bromosuccinate to give the 
ester (XII). This is hydrolysed by hydrochloric acid to ketocyclo- 
pentyl-2-succinic acid (XIII), which contains the appropriate side 
chain of the C,, acid. This acid yields an anhydride when heated 
above its m. p. in the usual manner. A similar synthesis applied 
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to ethyl 3-methyleyclopentanone-2 : 3-dicarboxylate should afford a 
cyclopentanone ester from which it should be possible to build up 





CH, CH, CH, 
HC” CH, H.C’ \CH, HO,C-MeC/” \CH, 
Et0,C°C__Ico Hc__Ico HO _IcHR 
CH-CO,Et CH-CO,H CH-CO,H 
CH,-CO,Et CH,-CO,H CH,°CO,H 
(XII.) (XITT.) (XIV.) 


‘he acid C,gH,,0g, or its simpler degradation products in which the 
side chain CHMe-[CH,],.-CO,H (R) (XIV) has been shortened by 
suitable oxidation processes, and work in this direction is in hand. 

One further line of attack on the problem has also been initiated, 
Ethyl 3-methylcyclopentanone-2 : 3-dicarboxylate (II) was allowed 
to react with a large excess of phenylmagnesium bromide, and from 
the reaction product was isolated a very small amount of a crystal- 
line substance which probably has the structure (XV) or one of its 
two possible internal ethers (see experimental portion). On the 


CH, 


HAC CPh-OH 

HO-Ph,C-MeC CH-CPh,’OH 

assumption that the acid C,,H,,O, is correctly represented by 
structure (LA), it should be possible to prepare this derivative by 
removal of the CHMe-[CH,],°CO,H side chain from this C,, acid by 
means of alternate Grignard condensations and oxidations, in a 
similar manner to that used by Wieland, Schlichting, and Jacobi 
(Z. physiol. Chem., 1926, 161, 180) in the degradation of cholanic 
acid to wtiocholanone, and the further action of phenylmagnesium 
bromide on the cyclopentanone dicarboxylic ester so formed. It 
is hoped to extend the investigation in this direction also. 


(XV.) 


EXPERIMENTAL. 


Ethyl @-methylbutane-«88-tricarboxylate was prepared as de- 
scribed by Ruzicka (Ber., 1917, 50, 1362). Ethyl levulate was 
condensed with ethyl bromoacetate and zinc in benzene solution to 
give the lactone of ethyl 6-hydroxy-$-methyladipate. The lactone 
(125 g.) was heated with 60 g. of potassium cyanide for 8 hours at 
200—220°, and the product hydrolysed as described by Ruzicka 
with alcoholic sulphuric acid for 10 days at 120°. Careful control 
of the temperature at this stage was necessary and an attempt to 
shorten the time of hydrolysis by using alcoholic hydrogen chloride 
was unsuccessful. 

Ethyl 3-methyleyclopentanone-2 : 3-dicarborylate (IL) was prepared 
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by heating 79 g. of the tricarboxylic ester with 7-3 g. of ‘‘ mole- 
cular’ sodium in benzene for 1 hour on a steam-bath. The 
product was decomposed with ice and shaken with dilute sulphuric 
acid, and the benzene extract washed several times with dilute 
sodium hydrogen carbonate solution. Fractional distillation of the 
residue from the dried benzene solution gave the required ester, 
b. p. 130—134°/2—2-5 mm., in 75% yield (Found: C, 59-7; H, 
7-5. CygH,gO; requires C, 59-5; H, 7-4%). Attempts to prepare 
a semicarbazone were unsuccessful. 

Ethyl 3-Methyl-2-ethylcyclopentanone-2 : 3-dicarboxylate.—Ethyl- 
ation of the cyclopentanone ester was first attempted with alcoholic 
sodium ethoxide and ethyl iodide or ethyl sulphate. The ester 
(20 g.) was added to a cooled solution of 1-9 g. of sodium in 
25 e.c. of anhydrous alcohol and 13: g. of ethyl sulphate were 
added to the yellow solution formed. The mixture was heated on 
the steam-bath for 1 hour, a further small quantity of ethyl sulphate 
being added. The reaction mixture became colourless and neutral, 
but when the neutral product was worked up in the usual manner 
the main fraction, b. p. 157—157-5°/8 mm., still gave a colour with 
ferric chloride. Colorimetric determinations showed the presence 
of about 25% of the unethylated ketonic ester in this product 
(Found: C, 60-5; H, 8-0. C,,H,.0,; requires C, 62-2; H, 8-2%). 
tepeated extraction of a ligroin solution of this fraction with dilute 
aqueous ferric chloride removed the unethylated ester and gave a 
product, b. p. 165°/10 mm., which gave scarcely any coloration 
with ferric chloride (Found: C, 61-5; H, 81%). Subsequently 
ethylation was effected by the use of sodamide and ethyl iodide. 
The ester (28 g.), dissolved in an equal volume of ether, was added in 
small successive portions to 5-5 g. (1-2 mols.) of powdered sodamide 
under 30 c.c. of dry ether. A brisk evolution of ammonia set 
in after each addition. The mixture was heated on the steam- 
bath until ammonia ceased to be evolved and most of the ether 
had been removed. A large excess of ethyl iodide was added, and 
the whole gently refluxed for about 12 hours. After distillation of 
most of the excess of ethyl iodide, the separated sodium iodide was 
filtered off and washed with ligroin (b. p. 40—60°), and the ligroin 
extract of the product shaken with aqueous ferric chloride until no 
further colour was produced. Distillation of the residue from the 
dried ligroin solution gave the required ester, b. p. 135°/3 mm. 
(Found : C, 62-2; H, 8-2%). 

The hydrazone-dihydrazide (VII) was obtained by heating a small 
quantity of the ester with a slight excess of hydrazine hydrate in 
alcoholic solution for 20 hours. The mixture was evaporated over 
sulphuric acid in a vacuum at the ordinary temperature. The 
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residual gum partly crystallised on keeping and, after being drained 
on porous porcelain, the hydrazone-dihydrazide was obtained as a 
crystalline powder, m. p. 163°, by crystallisation from alcohol—ethyl 
acetate (Found: C, 46-8; H, 7-7; N, 32-3. C, 9H. 0.N, requires 
C, 46-9; H, 7-8; N, 32-6%). 

y-Methyl-n-hexane-wy8-tricarboxylic Acid (VIII).—The ethylated 
cyclopentanone ester was refluxed for 2—3 hours with absolute- 
alcoholic potassium hydroxide. The crystalline potassium salt was 
filtered off, washed with cold alcohol and ether, and dissolved in 
cold dilute hydrochloric acid, and the acid extracted with ether. 
After keeping, the gum obtained from the dried ethereal solution 
solidified when rubbed with a cold mixture of ether and ligroin 
(b. p. 40—60°) and the acid crystallised from ether—ligroin in small 
nodules, m. p. 155° (Found: C, 52-4, 52-1; H, 7-2, 7-0; equiv., by 
titration, 77-5. C,9H,,0, requires C, 51-7; H, 6:9%; equiv. as 
tribasic acid, 77-3). From the impure residues a silver salt, which 
was not quite pure, was prepared in the usual manner (Found : 
Ag, 55:2. C, 9H,,0,Ag, requires Ag, 58-6%). 

Attempt to condense the Ethylated Ester with Ethyl «-Bromopropion- 
ate.—The ester (30-5 g.) was boiled under reflux with 22 g. of ethyl 
a-bromopropionate and 8-2 g. of zinc in 100 c.c. of dry benzene 
until a brisk exothermic reaction set in, which was finally completed 
by heating for a further period of 1 hour. Distillation of the 
neutral product, isolated in the usual manner, afforded two main 
fractions, b. p. 156—162°/8-5 mm. and b. p. 162—174°/8-5 mm., 
which, however, consisted of the unchanged ethylated ester (Found : 
C, 62-4, 62:2; H, 8-2, 82%), since on hydrolysis with alcoholic 
potassium hydroxide they gave a specimen of y-methyl-n-hexane- 
ays-tricarboxylic acid, the m. p. of which was not depressed by 
admixture with the specimen obtained by similar hydrolysis of the 
parent ester. 

Oxidation of Ethyl 3-Methylcyclopentanone-2 : 3-dicarboxylate.— 
The ester (4-8 g.) was dissolved in a solution of 7-5 g. of potassium 
hydroxide in 20 c.c. of water, and a solution of 6-3 g. of potassium 
permanganate in 250 c.c. of water added in small successive portions 
at 30°. The reaction mixture was left for 1 hour at the ordinary 
temperature and then heated on the steam-bath for 2 hours. 
Sulphur dioxide was passed into the cooled solution, and the product 
extracted with ether. When the ethereal solution was extracted 
with aqueous sodium carbonate, the whole product passed into the 
aqueous layer (A), which was then re-acidified and again extracted 
with ether (B). The residue (0-51 g.) from the dried ethereal 
solution B crystallised and had m. p. 68—70° in the crude state. 
Crystallisation from benzene gave a-methylglutaric acid, m. p. 
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75—77° either alone or mixed with a genuine specimen of this acid. 
The aqueous liquor A was made alkaline and evaporated to dryness 
on the steam-bath, the residue acidified with a little concentrated 
hydrochloric acid and filtered, and the aqueous solution again 
extracted with ether (C). The solid residue was extracted with dry 
acetone (D). The last extract D gave only a small quantity of a 
brown oil, from which a few crystals, insufficient for investigation, 
separated. The residue (2-24 g.) from the second ethereal extract C 
deposited a further small quantity (0-05 g.) of a solid, m. p. 70—100°, 
which depressed the m. p. of «-methylsuccinic acid, m. p. 111°, and 
after crystallisation from ether—ligroin gave a small quantity of an 
acid, m. p. 182—184°, not depressed by admixture with succinic 
acid. The main portion of C would not crystallise. It was 
extracted with cold chloroform (in which §-methyltricarballylic 
acid is insoluble) and then with ether at 0°. Neither the insoluble 
residue nor the residues from the chloroform and ether extracts 
could be induced to crystallise, hence these fractions were united 
and distilled first at 50 mm. to encourage anhydride formation, and 
then almost completely at 180—220°/2 mm. The distillate (0-716 g.) 
was triturated with cold aqueous sodium carbonate to remove 
acid products from any anhydrides, but almost the whole product 
went into solution. The solution was extracted with ether to 
remove any non-acidic impurity, boiled to hydrolyse any anhydro- 
acids, acidified with hydrochloric acid, and carefully evaporated to 
dryness on the steam-bath. The residue was extracted with dry 
acetone, the solution concentrated, and benzene added. No crystal- 
lisation of 8-methyltricarballylic acid occurred. The whole of the 
liquid acid after evaporation of the solvents was therefore converted 
into its silver salt (0-75 g.) in the usual manner (Found: C, 19-0; 
H, 1-9; Ag, 57-7. C,H,O,Ag, requires C, 19-4; H, 2-1; Ag, 57-4%). 
The liquid acid is therefore, probably, «-hydroxy-«-methylglutaric 
acid. 

Ethyl 8-Hydroxy-x««' 8-tetramethylglutarate (IX).—Ethyl dimethy]l- 
acetoacetate (15-8 g.), ethyl «-bromopropionate (18-2 g.), and 6-5 g. 
of zinc were heated in 100 c.c. of dry benzene until the exothermic 
reaction commenced. The reaction was finally completed by heat- 
ing on a steam-bath for 1 hour, the product decomposed with ice- 
cold dilute sulphuric acid, and the neutral product isolated in the 
usual manner. Fractional distillation of this gave 10 g. of un- 
changed ketonic ester, b. p. 55°/4 mm., and 5 g. of the required 
ester, b. p. 125—127°/6 mm. (Found: C, 59-9; H, 9-2. C,,3H,,0; 
requires C, 60-0; H, 9-2%). Allowing for recovered ethyl dimethy]l- 
acetate, the yield is 50% of the theoretical. 
axby-Tetramethylglutaconic Acid (X).—The hydroxy-ester could 
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not be dehydrated to the unsaturated ester by distillation under 
atmospheric pressure. The unsaturated acid was obtained by 
several methods : 

(a) Clemmensen reduction. The ester was refluxed with concen. 
trated hydrochloric acid for 1—2 hours to effect hydrolysis and 
then amalgamated zinc was added in successive portions to the 
boiling solution during a further period of 1 hour. The product 
was extracted with ether, and the acid portion removed with sodium 
carbonate solution. The residue from the dried ethereal extract of 
the acidified sodium carbonate extract crystallised on keeping. 
After crystallisation from ether—ligroin the glutaconic acid had m. p. 
128° (Found: C, 58-0; H, 7-6; equiv., by titration, 93. CyH,,0, 
requires C, 58-0; H, 7-5%; equiv., 93). 

(6) When the hydroxy-ester (2 g.) was warmed with phosphorus 
pentachloride (2 g.), conversion into the chloro-ester did not seem 
to be complete, but hydrolysis of the product with a warm concen- 
trated solution of potassium hydroxide in anhydrous alcohol afforded 
a crystalline potassium salt from which, after washing with alcohol 
and ether, the same acid, m. p. 128°, was regenerated in the usual 
manner (Found: C, 58-2; H, 7:7%). The acid decolorised a 
solution of potassium permanganate in aqueous sodium hydrogen 
carbonate only very slowly. ‘The silver salt was prepared from the 
ammonium salt in the usual manner (Found: Ag, 54-0. C,H,,0,Ag, 
requires Ag, 540%). 

anc’ B-T'etramethylglutaric Acid (XI).—The glutaconic acid (0-197 
g.) was reduced with hydrogen and platinum-black in acetic acid. 
Absorption of the hydrogen was rapid, 26 c.c. being taken up in 
1 hour (theoretical for 1 double linking, 24-5 c.c.). After the 
catalyst had been filtered off and washed with acetic acid, the 
solution was evaporated over potassium hydroxide in a vacuum at 
the ordinary temperature. The residue crystallised completely and, 
after crystallisation from ether—ligroin, the glutaric acid had m. p. 
121°, depressed to 110—119° by admixture with a specimen of the 
original glutaconic acid (Found: C, 57-4; H, 85; equiv., by 
titration, 93-4. CyH,,0, requires C, 57-4; H, 8-4%; equiv., 94). 

Ethyl 2-Carbethoxy-1-ketocyclopentyl-2-succinate (XI1)—(1) Con- 
densation of ethyl cyclopentanone-2-carboxylate with ethyl fumarate. 
The cyclopentanone ester (10 g.) (Dobson, Ferns, and Perkin, J., 
1909, 95, 2015) was added to a cooled solution of 1-5 g. of sodium 
in 20 c.c. of anhydrous alcohol. The solid sodio-derivative separated 
immediately. This was refluxed on a steam-bath with 11 g. of 
ethyl fumarate for 2-5 hours; all the sodio-derivative had then 
passed into solution. After the product had been poured into 
water, the neutral fraction was isolated in the usual manner and 
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fractionally distilled. After unchanged ethyl fumarate had dis- 
tilled, two fractions were collected, b. p. 110—124°/8 mm. (2 g.), 
and b. p. 124—126°/8 mm. (2 g.); the latter gave scarcely any 
colour with ferric chloride, but analysis proved that it was not the 
required condensation product (Found : C, 58-9; H, 8-6. C,,H,,0, 
requires C, 58-5; H, 7-3%). It gave adipic acid on hydrolysis with 
alcoholic potassium hydroxide and was not further investigated. 

(2) Condensation of ethyl cyclopentanone-2-carboxylate with ethyl 
monobromosuccinate. The cyclopentanone ester (15-6 g.) was added 
to a cooled solution of 2:3 g. of sodium in 40 c.c. of anhydrous 
alcohol and the solid sodio-derivative which separated was refluxed 
with 25-3 g. of ethyl bromosuccinate for } hour. The bulk of the 
separated sodium bromide (7:8 g.) was filtered off and washed with 
ether, and the washings were added to an ethereal extract of the 
filtrate, which had been poured into a large volume of water. 
Fractionation of the residue from the dried ethereal solution of the 
neutral portion gave 22 g. of the required ester, b. p. 211—215°/ 
10 mm. (Found: C, 58:3; H, 7:3. C,gH,7O, requires C, 58-5; H, 
7:3%). 

1-Ketocyclopentyl-2-succinic Acid (XIII).—The ester was hydro- 
lysed by boiling with concentrated hydrochloric acid for 2 hours 
under reflux; the solution was poured into water and extracted 
with ether, and the acid fraction separated with aqueous sodium 
carbonate in the usual manner. The residue from the dried ethereal 
extract of the acid portion partly crystallised in a vacuum desic- 
eator. It was triturated with chloroform at 0° and drained on 
porous porcelain. The acid crystallised from acetone—chloroform 
or, better, ether—ligroin in small nodules, m. p. 138—139° (Found : 
C, 53-7; H, 6-05. C,H,.0; requires C, 54-0; H, 6-0%). A further 
yield of the acid was obtained by evaporation of the original acid 
aqueous liquor to dryness on the steam-bath. A small amount of 
the acid was converted into the anhydride by gentle heating above 
its m. p. for a few minutes. The product, crystallised from benzene, 
had m. p. 116° (mixed m. p. with parent acid, 110°) and was not 
quite pure (Found: C, 58-8; H, 5-8. C,H,,0, requires C, 59-4; 
H, 5-5%). 

Action of Phenylmagnesium Bromide on Ethyl 3-Methylceyclo- 
pentanone-2 : 3-dicarboxylate—The Grignard reagent (10 mols.) was 
prepared in the usual manner from 2-4 g. of magnesium, 15-7 g. of 
bromobenzene, and 50 c.c. of dry ether and was decanted from the 
slight residue. The cyclopentanone ester (2-4 g.) was then added 
with cooling. After the initial vigorous reaction was over, the 
mixture was refluxed on a steam-bath for 18 hours, decomposed 
with ice and ice-cold dilute sulphuric acid, and extracted with 
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ether, and the extract washed with sodium carbonate solution; 
the residue from the dried ethereal solution (5 g.) set to a glass 
when kept in a vacuum over concentrated sulphuric acid. After 
some months this was extracted with boiling ligroin (b. p. 40—60°). 
By cooling the ligroin solution in ice, a white solid was precipitated 
which, however, could not be crystallised. Extraction of this solid 
with cold ligroin (b. p. 40—60°) and spontaneous evaporation of 
the solution at the ordinary temperature afforded a gum which 
partly crystallised. After draining on a porous plate and crystal- 
lisation from ligroin, diphenyl was isolated, m. p. 70° (alone or 
mixed with a genuine specimen). After further prolonged keeping 
over sulphuric acid, the portion insoluble in ligroin solidified to a 
dry amorphous powder. This was triturated with cold dry ether, 
which left undissolved a small quantity of crystalline material. 
This substance, after crystallisation from acetone—methyl alcohol, 
had m. p. 231° (Found: C, 86-6; H, 6-8. C,gH,,0, requires C, 
84-5; H, 6-7. C,,H,,0, requires C, 87-3; H, 65%). -Although 
the constitution of this substance cannot yet be stated with cer- 
tainty, the high percentage of carbon present indicates that it is 
most probably a derivative of the type suggested. 


The author desires to thank the Government Grant Committee 
of the Royal Society for a grant with the aid of which some of the 
heavy expense incurred in this investigation has been met. 
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CCXIV.—Sorption of Ammonia on Chabazite. 

By MerepvitH GWYNNE Evans. 
Many workers have investigated the sorption of gases and vapours 
by the zeolite group of minerals, of which chabazite is a member. 
Rinne (Z. Krist., 1924, 60, 65) and Friedel (Bull. Soc. frang. Min., 
1896, 19, 14, 94) showed that dehydrated chabazite was capable of 
sorbing many gases and vapours, including bromine, iodine, and 
mercury; and Seeliger, using a torsion-balance method (Physikal. 
Z., 1921, 22, 563), has made a detailed study of the sorption of 
gases on this mineral. 

Chabazite was used as a sorbent for two reasons: (1) The time 
taken for sorption to reach equilibrium is very short, and this was 
a great advantage since it was desired to measure heats of sorption ; 
(2) the crystalline nature of the zeolites made it probable that some 
information might be obtained by an X-ray examination of the 
crystals before and after sorption. 
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The Sorbent.—There has been much conflict of opinion as to the 
true nature of “zeolitic water.” Rinne (loc. cit.) and Tammann (Z. 
physikal. Chem., 1898, 27, 323) have shown that the dehydration 
curves of the zeolites do not indicate the existence of definite 
hydrates, the vapour pressure varying continuously with the water 
content of the crystals. It has been shown also that the optical 
properties of the zeolites change continuously during dehydration, 
and are completely restored on rehydration. Beutell and Blascke 
(Centr. Min., 1915, 142, 195) and Stocklossa (Neues Jahrb. Min., 
Beil.-Bd., 1917, 42, 1), on the other hand, have obtained dehydra- 
tion curves for the zeolites which indicate the existence of a large 
number of hydrates. 

In view of this uncertainty concerning the nature of zeolitic 
water, and because of the important influence of moisture on the 
sorption process, the dehydration and rehydration processes of 
chabazite were examined. A quartz-fibre balance (see McBain, J. 
Amer. Chem. Soc., 1926, 48, 690) was used to follow the loss or regain 
of water by the chabazite, and the curves obtained by plotting this 
change of water content (1) against temperature at constant pressure 
of water vapour, or (2) against pressure of water vapour at constant 
temperature, were perfectly smooth and gave no indication of 
hydrate formation. Moreover, the rehydration was a complete 
reversal of the dehydration process at the same temperature, there 
being no hysteresis. 

From these results it is considered probable that the water in 
chabazite is present in a very loosely bound condition, and not in 
any definite chemical combination, especially as Vegard and Schel- 
derup (Ann. Physik, 1917, 54, 160) have shown that the removal 
of water from chabazite only changed the intensities, and not the 
positions, of the lines in an X-radiogram. 


EXPERIMENTAL. 
The apparatus is shown in Fig. 1, and is of the same design as 
that described by Herbert (7'rans. Faraday Soc., 1930, 26, 118). 
It consists essentially of a gas-measuring system, burette and 
manometer, B; a compensating bulb, C, and burette, A, to main- 
tain a constant pressure throughout a sorption experiment; and a 
sorption bulb S. This bulb was made of Jena glass and was joined 
to a spiral of glass tubing which was bathed in ice during an experi- 
ment, thus ensuring that the gas entering the sorption bulb was 
at O°. 
By means of tap 7’, the sorption bulb could be either connected 
to the gas-measuring system, or evacuated by means of mercury- 
vapour pumps and a charcoal bulb immersed in liquid air. 
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The manometer and gas burette were of the usual U-tube type, 
the burette being graduated in tenths of a c.c. The other limb of 
the manometer was evacuated, and the vacuum preserved by means 
of the charcoal bulb D; a constant check was kept on the vacuum 
in the manometer head by means of a McLeod gauge in this part 
of the system. 

A glass scale divided in millimetres was placed in front of, and 
as close as possible to, the limbs of the gas-measuring system, and 


Fig. 1. 
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the whole was enclosed in a jacket through which water was 
circulated from a thermostat. 

The pressure was maintained constant by decreasing the volume 
of the dead space of the apparatus as the sorption process proceeded. 
Known volumes of mercury were admitted to the compensating 
bulb C from the burette A. Mercury could be withdrawn from ( 
by applying suction to Z. On the upper stem of the compensating 
bulb a reference mark was etched so that it was possible to calculate 
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the volume of the dead space in C. Tap 7’, connected the system 
to the gas train. 

The burettes, and all connecting tubes, were calibrated by means 
of mercury before assemblage, and the diameters of the two limbs 
of the pressure-measuring system were determined at 2-cm. intervals 
along their lengths so as to correct for changes in capillary effect 
due to changes in diameter. 

Calibration of the Sorption Bulb.—Seeliger (loc. cit.) found that 
dehydrated chabazite was capable of sorbing even inert gases, such 
as argon, to a small extent. The following methods were used to 
determine the volume of the dead space of the sorption bulb. 

(1) The density of the chabazite was determined, so enabling us 
to calculate the dead-space volume. 

(2) The volume of the dead space was determined by means of 
nitrogen before the chabazite was dehydrated, it being assumed 
that hydrated chabazite did not sorb this gas to any appreciable 
extent. No time effect was observed during these measurements, 
equilibrium being instantly attained, and the same value of the 
dead space was given by measurements made at different pressures. 

(3) It was considered desirable, however, to measure the dead 
space volume after the chabazite had been degassed. This was 
done by admitting quantities of nitrogen to the chabazite at suc- 
cessively higher constant pressures, the disappearance of gas being 
due to the sorption effect and the dead-space volume. The low- 
pressure experiments showed a time effect of about 24 hours before 
equilibrium was reached, but at the higher pressures the process 
was instantaneous. In the later high-pressure experiments it was 
assumed that the chabazite was sorbing very little nitrogen, and 
that the gas disappearing could be accounted for by the volume of 
the dead space. In this way a value of the dead-space volume of 
the sorption bulb could be determined, and the results showed 
remarkable agreement with the values given by the other methods. 

It was now possible to calculate the true relationships between 
sorption and time or pressure for nitrogen on chabazite dehydrated 
at 350°. 

The Bunsen Ice Calorimeter.—The design of this calorimeter was 
the same as that described by Griffiths (Proc. Physical Soc., 1913— 
14, 26,1). The calorimeter (Fig. 1) was suspended in a transparent 
vacuum vessel and surrounded for 2 or 3 days by a well-lagged 
vessel packed with ice, the ice sheath being then formed by starting 
crystallisation by means of a small amount of solid carbon dioxide. 
The desired size of sheath could be obtained by blowing air through 
ether; it was very uniform and enabled reproducible measurements 
of heat to be made. 
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Drift.—After the formation of the ice sheath, the calorimeter 
usually exhibited a freezing drift which continued for a day or two; 
it then remained in a steady condition for 24 hours, during which 
heat measurements could be made without disturbing the equni- 
librium of the calorimeter. The insulating effect of the vacuum 
vessel reduces the drift of the calorimeter and in most cases elimin. 
ates it entirely. Occasionally, heat measurements were made when 
the calorimeter showed a slow constant freezing drift, and it was 
always possible to attain the same constant drift at the end of the 
heat exchange. It was found inadvisable to make heat measure. 
ments when the calorimeter was showing a slow thawing drift 
(compare Foresti, Gazzetta, 1923, 53, 487; 1925, 55, 185). 

It was convenient to measure the change of volume due to the 
melting of the ice by following the movement of the mercury along 
a capillary tube, since we desired to follow the relationship between 
time and heat of sorption, as well as between time and sorption. 
The capillary tubes were selected and calibrated with great care and 
no serious trouble due to sticking was experienced. 

The calorimeter was calibrated electrically in a way similar to 
that employed by Griffiths (loc. cit.). 

Procedure.—The chabazite was degassed for 3 days at 350°, and 
the calorimeter, after the formation of the ice sheath, was raised 
into position, and mercury (cooled to slightly below 0°) was poured 
into the inner tube of the calorimeter to ensure good contact 
between the sorption bulb and the calorimeter. A rubber stopper 
on the capillary tube above the sorption bulb fitted tightly into the 
neck of the calorimeter, and when the capillary scale was in position, 
the calorimeter and cooling spiral of the sorption bulb were well 
covered with ground ice. 

The experimental procedure was the same as that described 
by Herbert (loc. cit.), except that heat-time readings were made 
concurrently with those of the rate of sorption. When, at any 
particular pressure, equilibrium was reached, more gas at a higher 
pressure was admitted to the sorption bulb. In this way it was 
possible to obtain a series of relationships between (i) sorption and 
time, (ii) sorption and pressure, (iii) heat of sorption and time, and 
(iv) heat of sorption and sorption. 

Results.—The sorption rate of ammonia on hydrated chabazite 
was first determined, the result of one constant-pressure experiment 
being shown in Fig. 2, curve A. There is a peculiar bend in the 
log S—log ¢ curve at log S = 0-8, just where the general appearance 
of the curve begins to indicate an approach to equilibrium. A 
possible explanation of this peculiarity was discovered on removing 
the ice bath from the sorption bulb, for it was found that an appre- 
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ciable amount of water had collected in the latter. Since the only 
possible source of this water is the chabazite, it is highly probable 
that it had been displaced therefrom by the ammonia. 

As this peculiarity hampered measurements of sorption on 
hydrated chabazite, the sorbent was in all cases degassed at 350° 
for 3—4 days and used in this condition. Fig. 2 shows some of the 
log S-log ¢ curves obtained at different constant pressures. It is 
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seen that equilibrium is much more rapidly approached in the case 
of the dehydrated than in that of hydrated chabazite. The curves 
are very steep initially, and rapidly bend over, becoming nearly 
parallel to the log ¢ axis. It was found that chabazite thus treated 
was in a steady state, the same equilibrium sorption values being 
obtained at any constant pressure, whether the gas was added at 
successively increasing pressures, or ab initio at the one constant 
pressure. 

The change of rate of approach to equilibrium with pressure is 
seen from this series of curves. Equilibrium is approached more 
rapidly in the early (low-pressure) experiments than in those at a 

















1562 EVANS : SORPTION OF AMMONIA ON CHABAZITE. 


-TasieE I. 





p- S. h. p. S. h. p. S. h. 

92:2 22-20 16-68 164-4 23-10 17-03 373-0 24-08 17-39 
111-7 22-52 16-80 219-1 23-46 17-16 398-1 24-15 
125-9 22-65 — 251-2 23-60 — 585-0 24-53 — 
157-4 23-03 16-99 295-8 23-82 17-31 


higher pressure. Sorbents such as charcoal, silica gel, and glass 
similarly require a longer time for equilibrium to be approached 
the higher the pressure. The sorption—pressure curves rise very 
steeply and rapidly bend over, becoming nearly parallel to the 
pressure axis. Fig. 3 (Curve A), in which log S is plotted against 
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log p, shows the combined results (see also Table I); the curve is 
slightly concave to the log p axis, but an approximate estimate of 
the slope over a comparatively straight portion gives A log p, 
A log S = 23, whence the exponential in the Freundlich isotherm 
1/n = 0-044, as compared with the value 0-06 obtained by Seeliger 
(loc. cit.). It was found that the sorption—pressure results obeyed 
Langmuir’s equation S = abp/(1 + ap), as shown in Fig. 3 (Curve 
B), where p/S is plotted against p. The values of the constants 
are @a=0-08 and b = 25-0. (The significance of this will be 
discussed in a subsequent paper.) 

Simultaneously with these experiments, measurements of heat of 
sorption were carried out (see Table I). The curves showing its 
variance with time follow a course very similar to the sorption—time 
curves, and if we assume that there was very little time lag in the 
registering of heat by the calorimeter, we can correlate the heat 
and the sorption for the system as equilibrium is approached. 
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Since these values are not equilibrium values, the results cannot be 
treated thermodynamically, but we may obtain some idea of the 
change in “ activity ’’ of the sorbent as sorption occurs by con- 
sidering the dh/dS values for such curves. 


Fira. 4. 











17-2 


h, cals. 


17-0 





16-8 




















16-6 


bo 
bo 


23 24 25 


S, ¢.c. 


Fig. 4 shows the equilibrium values of the heat of sorption plotted 
against the sorption. This curve is composed of results obtained 
both by successive additions of gas and by sorption carried out ab 
initio. 

It is seen that the value of dh/dS is constant over the range of 
sorption considered, a result which is to be expected from a system 
obeying the Langmuir isotherm. 
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Summary. 


(1) The condition of the water in the zeolite chabazite is discussed. 

(2) The rates of sorption of ammonia on hydrated and dehydrated 
chabazite have been studied. 

(3) The pressure-sorption relationship obeys the Langmuir 
isotherm. 

(4) The heat of sorption is a linear function of the sorption. 
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CCXV.—Studies in Electro-endosmosis. Part VJ. 
The Electro-endosmosis and Surface Conductivity 
against a Glass Surface of Solutions of Hydrogen 
Chloride in Benzene and Other Solvents. 


By Frep FArRBROTHER and Mark BALKIN. 


In his research on the connexion between electro-endosmosis and 
dielectric constant, Coehn (Wied. Ann., 1898, 64, 217) found that 
pure benzene in a glass capillary tube showed no electro-endosmosis. 
He then dissolved in the benzene a trace of hydrochloric acid and 
obtained a small electro-endosmosis, the glass being positively 
charged. This result Coehn ascribed to the fact that the dielectric 
constant of benzene was less than that of the glass used by him, and 
stated that the addition of hydrochloric acid simply increased the 
conductivity, whilst the dielectric constant remained approximately 
the same. The experiment was repeated later by Coehn and Raydt 
(Ann. Physik, 1909, 30, 777), who found that the magnitude of the 
electro-endosmotic pressure developed was such as would be expected 
from the dielectric constant of pure benzene. 

This result is unsatisfactory in several respects. It seems much 
more likely that the electro-endosmosis was caused, not by the 
benzene, but by hydrogen chloride adsorbed in the interface. More- 
over, dry hydrogen chloride does not confer any appreciable bulk 
conductivity on benzene. From the statement of Coehn and Raydt 
that the benzene was “ geschiittelte ’’ with the hydrochloric acid, 
it would appear that the aqueous acid was used, which would give 
a solution in moist benzene of a single and unknown concentration 
of hydrogen chloride. 

If we assume that Coehn and Raydt used the ordinary concen- 
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trated aqueous acid, which is rarely much more than 10N, we can 
estimate from the partition coefficients given by Knight and 
Hinshelwood (J., 1927, 466) that the concentration of hydrogen 
chloride in the benzene could at the most have been 1—1-5 g. per 
litre, and was probably very much less, depending on the relative 
amounts of benzene and acid used. 

The electro-endosmosis of solutions of dry hydrogen chloride in 
dry benzene and other solvents, through a diaphragm of sintered 
glass powder, has now been examined, from low concentrations of 
hydrogen chloride to saturation. 

Surface Conductivity.—Closely associated with the phenomenon of 
electro-endosmosis is that of surface conductivity, where a liquid in 
a capillary tube or enclosed between the grains of a powder, exhibits 
a conductivity greater than that to be expected from its specific 
conductivity in bulk and the dimensions of its environment. Smolu- 
chowski (Physikal. Z., 1905, 6, 529) first predicted mathematically 
that such an augmentation of conductivity would result from the 
operation of electro-endosmosis. The phenomenon was first observed 
experimentaily by Stock (Anzeiger Akad. Wiss. Krakau, 1912, A, 635) 
in the case of several organic liquids in quartz powder, and later by 
other observers in solutions of electrolytes. 

The equation of Smoluchowski connected the surface conductivity 
with the € potential and the thickness of the double layer visualised 
by Helmholtz; according to this equation, the surface conductivity 
should vary in the same manner as the ¢ potential and become zero 
when there is no electro-endosmosis. 

The results of later observers, however, seem to show that surface 
conductivity may be observed in comparatively well-conducting 
solutions and other solutions which show very little or no electro- 
endosmosis. For instance, McBain and his collaborators (J. Amer. 
Chem. Soc., 1929, 54, 3294) have examined the surface conductivity 
shown by dilute solutions of potassium chloride in the neighbourhood 
of surfaces of fused silica, polished quartz, and polished glass; they 
found that the specific surface conductivity remained of the same 
order of magnitude in solutions varying from N/1000 to N, whilst 
a 1000-fold change in the bulk conductivity took place; other 
observers have shown that the electro-endosmosis decreases with 
increasing concentration of potassium chloride. Also, Briggs 
(Colloid Symposium Monograph, 1928, 6, 41) has shown clearly that 

the surface conductivity of aqueous solutions in a mass of cellulose 
fibres is not a function of the ¢ potentia! as measured by the stream- 
ing-potential method, the surface conductivity having a finite value 


even when the ¢ potential is zero. 


It seems, therefore, that whilst surface conductivity is a necessary 
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concomitant of electro-endosmosis, the converse is not the case in M 
aqueous solutions. 

The present results with some non-aqueous solutions likewise os 
show that surface conductivity is not dependent upon electro. 
endosmosis. Solutions of hydrogen chloride in non-polar solvents - 
are well adapted for the observance of surface conductivity, since 


the conductivity in bulk is very small whilst the hydrogen chloride 
provides suitable material for the production of ions by the forces he 

: ; y 
operating at the interface. 


EXPERIMENTAL. 


1. Electro-endosmosis. 
The arrangement of the apparatus is shown diagrammatically 
in Fig. 1. The apparatus was made in three parts, (i) the electro- ph 


Fig. 1. int 







ome Ho uh 





endosmosis apparatus A, (ii) the absorption vessel S and measuring 
pipette P, and (iii) the distillation flask D with attached condenser. 
The three parts were connected by ground-glass joints, which per- 
mitted of their being detached from one another and avoided any 
contact of the liquids with rubber tubing. 

The electro-endosmosis apparatus and method of measurement 
were essentially as previously described (this vol., p. 389). The 
same diaphragm and electrodes were used, but the “‘ bubble-tube ” 
was improved in that the actual capillary tube and the connecting 
tubes were made shorter and no detachable joint was used, the tubes, 
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after assembly of the apparatus, being sealed together at F. This 
joint required to be cut and re-made each time the apparatus was 
dismantled for cleaning; but the inconvenience thus caused was 
not great. 

The apparatus, with the exception of the diaphragm, was cleaned 
with chromic acid, washed, and dried. The diaphragm was cleaned 
and dried as previously described (loc. cit.). The electro-endosmosis 
apparatus and absorption vessel were further dried, after assembly, 
by the slow passage through them of heated air dried by phosphoric 
oxide. Throughout the experiments great care was taken to ensure 
the absence of moisture : taps were lubricated with a minimum of 
metaphosphorie acid, and all connexions to the atmosphere were 
provided with phosphoric oxide guard tubes. 

The solvents, previously purified and dried by long contact with 
phosphoric oxide, were distilled from phosphoric oxide in the flask D 
into the absorption vessel 8. The distillation was usually carried 
out under slightly reduced pressure, which assisted in the removal 
of dissolved air from the solvents. The benzene (Kahlbaum’s 
“cryst. thiophene free’) gave no indication of thiophen by the 
isatin test, and after repeated distillation and contact with phos- 
phoric oxide, did not colour the latter on standing in contact with it 
for many months (compare Greer, J. Amer. Chem. Soc., 1930, 52, 
4191). The cyclohexane was shaken vigorously for 8 hours with 
100% sulphuric acid, washed, dried, and fractionated; an ultra- 
violet spectro-photograph showed an almost complete absence of 
benzene. 

The phosphoric oxide used for the drying of the solvents was 
purified by volatilisation in a stream of oxygen. 

The hydrogen chloride was prepared from pure sulphuric and 
hydrochloric acids and A.R. sodium chloride, and was dried, first by 
sulphuric acid and then by phosphoric oxide, being passed through 
a tube tightly packed with glass wool, after leaving the sulphuric 
acid, in order to catch any spray. The gas was then passed into the 
vessel 8, for periods varying from a few minutes to several hours, 
according to the concentration required. ‘The unabsorbed gas was 
passed into water as shown in Fig. 1, the drying agents serving to 
protect the absorption vessel and solution from the diffusion of 
moisture against the hydrogen chloride stream. 

The solution was transferred from 8, by the application of pressure 
at C, into the electro-endosmosis apparatus and the pipette P. To 
permit of the emptying of the latter, air was admitted at R. 

Estimations of the hydrogen chloride content were made by 
running a measured volume of the solution from P into an excess of 
standard alkali contained in a conical flask, with the end of the 
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pipette nearly touching the surface of the alkali. Immediately 
after the delivery of the last drop of the solution the tap was closed 
and the flask withdrawn and closed by a ground-glass stopper. The 
flask was shaken carefully for some minutes to ensure complete 
neutralisation of the hydrogen chloride and the excess of alkalj 
estimated with standard hydrochloric acid. The neutralisation 
was not instantaneous, but by this procedure the loss of hydrogen 
chloride was reduced to a minimum even in the case of the lighter 
solvents which floated on the aqueous alkali. The pipette P was 
calibrated by weighing with water to deliver a fixed amount of 
solution, about 10 c.c. 

Some doubt having been felt at one stage as to the completeness 
of extraction of the hydrogen chloride from the solvent in the above 
method, an alternative procedure was also used in the case of 
solutions in benzene and carbon tetrachloride. In this second method 
a measured amount of the solution was run into excess of a 0-4% 
solution of sodium in ethyl alcohol, water being added in sufficient 
quantity to keep the solution clear and homogeneous. ° The organic 
solvents were then evaporated off on the water-bath, and after 
acidification, the sodium chloride was estimated volumetrically by 
Volhard’s method. The results were quite reproducible and almost 
identical with those obtained by the first method with the same 
solution of hydrogen chloride. In all subsequent estimations the 
neutralisation with aqueous alkali was used, as being more 
convenient. 

The electro-endosmosis apparatus, from which the air had been 
swept by the hydrogen chloride gas during the preparation of the 
solution, was filled with the solution up to the taps TT, a small 
bubble being left, which by inversion and manipulation of the 
apparatus could be brought into the tube B to serve for the measure- 
ments: after being detached from the other parts of the apparatus, 
it was immersed in a water thermostat at 20° -- 0-01° up to the 
level L, the attached phosphoric oxide tube being outside the 
thermostat. The large ground joints on the diaphragm tube, as 
before, were wound with strip rubber under tension, to prevent 
ingress of moisture. The applied voltage was 710 in each experi- 
ment; this was obtained in part from the 400-volt D.C. supply 
mains and in part from small accumulators. The electro-endosmosis 
was observed by a telescope through a window in the side of the 
thermostat. . 

After a series of measurements at one particular concentration, 
the electro-endosmosis apparatus was again connected to the rest 
of the apparatus and the solution forced back into ‘the vessel 8. 
The concentration of hydrogen chloride was then either increased 
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by the passage of more gas, or reduced by drawing purified and 
dried air through the solution. The new solution was then used 
as before. 

After the completion of measurements with one solvent, the liquid 
was drained from the apparatus as far as possible, care being taken 
to prevent the entry of atmospheric moisture. The remainder of 
the solvent was then removed by a slow current of dry air drawn 
through the apparatus for several hours by a water pump attached 
at W. A small quantity of the new solvent was then distilled into 
the apparatus, which was rinsed out with the liquid. This washing 
was applied particularly to the diaphragm through which the new 
solvent was allowed to drain, the electro-endosmosis apparatus 
being detached for this purpose. The apparatus was then again 
emptied, re-assembled, and dry air drawn through as before. It was 
then ready for use with the new solvent. 

The sulphuric acid and phosphoric oxide used for drying the 
hydrogen chloride and in the guard tubes, were changed from time 
to time, and always before experiments with a fresh solvent were 
commenced. Three pure solvents and their hydrogen chloride 
solutions were used in turn, viz., benzene, carbon tetrachloride, and 
cyclohexane. The apparatus was then dismantled, cleaned, and 
re-assembled for experiments with cyclohexene. 

The results with benzene and cyclohexene are summarised in 
Table I, in which c is the concentration of hydrogen chloride (in g. 
per litre of solution), and v is the velocity of electro-endosmosis (in 
c.c./sec./volt x 10’). The experiments are given in the order in 
which they were performed. 


TABLE I. 
Solvent. C. v. Solvent. Cc. v. 
Benzene ...... 0-00 0-00 Benzene ...... 16°33 9-35 
ae oe 17°12 8-91 i? ee 1-18 1-89 
‘<  \eaenee 6-02 7:93 cycloHexene 0-00 very slight 
ii. cot oleae 3-06 5-27 ne saturated ca. 1-0 


2-71 5-04 


Only in the case of solutions of hydrogen chloride in benzene was 
there any appreciable electro-endosmosis; the values with a parti- 
cular solution could be reproduced to within 1%. The variation of 
electro-endosmosis with concentration is shown graphically in Fig. 2. 
The first solution examined, owing to saturation at a lower tem- 
perature, was slightly supersaturated at the temperature of the 
experiment. 

Pure carbon tetrachloride and cyclohexane or their solutions gave 
no indication of any electro-endosmosis. Pure cyclohexene gave an 
extremely small movement which was too slow and irregular to be 
3y¥ 
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measured with any accuracy: the movement of the saturated 
solution was more definite and of the order given. 

In every case where electro-endosmosis was observed, the glass 
was positively charged with respect to the liquid. 

Even with a saturated solution in benzene, the velocity of electro- 
endosmosis was much smaller than that of many pure organic 
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solvents through the same diaphragm (Fairbrother and Balkin, 
loc. cit.). Its dependence on the concentration of hydrogen chloride 
shows that it is the latter, and not the relative dielectric constants 
of benzene and the glass, which determines the effect. The fact that 
Coehn and Raydt’s results with a moist benzene solution of hydrogen 
chloride agreed with their theory, must be regarded as accidental. 
A strict. comparison between the electro-endosmosis and the 
dielectric constants of the solutions used in the present work is not 
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possible, since no data are available for the latter. On the other 
hand, however, the molecules of hydrogen chloride in the gaseous 
form possess an appreciable permanent dipole moment (1-034 x 
10-18 ¢.s.u., according to Zahn, Physical Rev., 1924, 24, 400), whilst 
the molecules of benzene have hardly any moment: also the 
dielectric constant of liquid hydrogen chloride is 4-60 at 27-7° 
(Schaefer and Schlundt, J. Physical Chem., 1909, 13, 669), whilst 
that of benzene is 2-282 at 20° (Hartshorn and Oliver, Proc. Roy. 
Soc., 1929, A, 123, 664). It is probable, therefore, that the solutions 
used in the present work had dielectric constants greater than that 
of the pure solvent. Hence, according to the theory of Coehn and 
Raydt, the glass should become decreasingly positive with increasing 
concentration of hydrogen chloride, whereas, as is shown, the 
reverse takes place. 

Measurements of the current flowing through the diaphragm dur- 
ing electro-endosmosis, showed in each case the presence of surface 
conductivity, the magnitude of which agreed well with the results 
obtained by the method described in the latter part of this paper. 

Solubilities of Hydrogen Chloride.—During the course of this work, 
estimations were made of the solubilities of dry hydrogen chloride 
in the various solvents; the results are given below, S denoting the 
solubility as g. per litre of solution. The saturated solutions in 
benzene and carbon tetrachloride were made in a manner similar to 
that described above, but in a separate absorption vessel which was 
immersed in the thermostat at 20-00°. The measuring pipette 
delivered 12-20 c.c. Saturation was generally carried out for about 
48 hours, the gas escaping at atmospheric pressure. 


Solubility of dry hydrogen chloride in benzene at 20-00°. 


Pressure, 

mm. ... 753 747 753 $745 $758 #745 #752 761 747 #753 

veer © 16-83 16-67 16-83 16-68 16-80 16-67 16-70 16-82 16-58 16-67 
Mean at 760 mm., S = 16-91. 

[In the first five experiments, the estimation of hydrogen chloride was done 

by the first method (p. 1567), and in the last five by the second method.] 


The pressures given are those at the conclusion of the saturation. 
Knight and Hinshelwood (loc. cit.) found the solubility of hydrogen 
chloride in dry benzene at 20-00° and 760 mm. to be 16-80 g. per 
litre. 


Solubility of dry hydrogen chloride in carbon tetrachloride at 20-00°. 

Pressure, mm. 751 751 743 756 756 756 743 760 

i Scvacscadtabece 6-08 6-08 6-03 6-19 6-19 6-19 6-03 6-20 
Mean at 760 mm., S = 6-19. 

[In the first four experiments, the estimation of hydrogen chloride was done 

by the first method (p. 1567), and in the last four by the second method. ] 
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Solubility measurements in cyclohexane and cyclohexene were 
carried out at room temperature; the solutions were neutralised 
with sodium hydroxide (see p. 1567). 


cycloHexane. cycloHexene. 

Temp. Press., mm. S. Temp. Press., mm. S. 
17-0° 751 4-98 18-6° 765 12-29 
17-0 751 5-08 18-6 765 12-29 
18-0 752 4-79 17-1 765 12-29 
18-0 752 4-93 16-0 761 12-44 


2. Surface Conductivity. 

The materials and the preparation and estimation of the solutions 
were as already described. The apparatus was essentially the same 
as that shown in Fig. 1, but with the replacement of the electro. 
endosmosis apparatus and the absorption vessel and pipette (A, §, 
and P) by the apparatus shown in Fig. 3, consisting of the con- 
ductivity cell, absorption vessel, and pipette. These were rigidly 
clamped together by two parallel wooden strips, as shown by the 
broken line, to facilitate the subsequent manipulation of this unit 
as a whole without fracture. The conductivity cell was made of 
Jena 16 (normal) glass; the platinum electrodes were about 2-25 
sq. cm. in area, about 0-5 mm. thick, and were very rigid. They 
were separated by about 5 mm. and were rigidly held relative to 
one another by glass bridges sealed to the platinum at the edges. 
After being cleaned, steamed, and dried, the cell was partly filled 
with powdered Jena Gerate glass, “ grade 5—7,” supplied by 
Schott u. Gen. This was a sample of the same material used in the 
manufacture of sintered discs as used in the electro-endosmosis 
experiments. The powder was cleaned by repeated extraction with 
pure concentrated hydrochloric acid, washed, dried, and filled into 
the cell until the surface of the powder was about 2 cm. above the top 
edge of the electrodes. The cell was then attached to the rest of the 
apparatus by its hollow stopper, to which a trace of metaphosphoric 
acid was applied, the joint then being covered on the outside with 
wax to prevent the ingress of moisture. The tubes through which 
contact was made with the electrodes were filled completely with 
mercury and closed by small corks through which wires passed; 
the corks were coated on the outside with sealing wax. This was 
done in order to ensure that the lack of bulk conductivity shown by 
the solutions was not due to a break in the circuit on inverting the 
cell as described below. 

The cell was evacuated through the tap T, (Fig. 3) and then 
allowed to fill completely with the solution from the absorption 
vessel 8, dry air being admitted through T,. The conductivity 
measurements were made with direct current and an Einthoven 
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string galvanometer, the latter being calibrated each time immedi- 
ately before the measurement. The particular E.M.F. used (up to 
a maximum of 120 volts) was chosen to give a suitable deflexion of 
the galvanometer fibre. 

The cell was then inverted, the powder well shaken, and then 
(with the cell in an upright position) allowed to settle with occasional 
tapping for about 2 mins., by which time all the grains of the powder 
had settled below the bulk of the solution, and the resistance was 
again measured. This. was repeated several times, and measure- 
ments were also made after long settling (over-night). The resist- 
ances were reproducible to about 3—4%. 


Fia. 3. 
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The bulk conductivity of the solution was measured by keeping 
the cell inverted. The capacity of the cell and the volume of powder 
were so proportioned that when the cell was inverted the powder fell 
to the stopper end, leaving the electrodes in the clear solution, about 
2 cm. above the powder. In this position the ordinary bulk con- 
ductivity of the solution could be measured. Thus the surface 
conductivity and bulk conductivity were measured with the same 
solution in the same apparatus, obviating any errors due to trans- 
ference from one vessel to another or to the use of two vessels. 

The conductivity cell containing the dry glass powder was tested 
for electrical leaks before the introduction of the solvent into the 
apparatus. 

The “ cell constant ”’ of the glass powder and of the electrodes in 
the free liquid were measured at 20-00° with N /10-aqueous potassium 
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chloride solution. The ratio of surface conductivity to bulk con- 
ductivity in this solution is negligible compared with the same ratio 
in the other solutions. 

After measurements with a hydrogen chloride solution of a parti- 
cular concentration, the apparatus (Fig. 3) was evacuated through 
the tap T,, and the solvent distilled from the conductivity cell into 
S by surrounding these with rags dipped in hot and cold water 
respectively. 

In addition to the measurements with hydrogen chloride solutions, 
observations were made with the pure solvents. These were made 
first in each series to ensure the absence of hydrogen chloride. The 
whole apparatus was dismantled and cleaned before use with a new 
solvent. 

In order to compare the results with those previously obtained 
with pure organic liquids measured in the pores of a glass diaphragm 
during electro-endosmosis and with Stock’s (loc. cit.) results, an 
additional measurement was made with pure, dry, freshly distilled 
nitrobenzene. 

The conductivity measurements were carried out at room 
temperature which averaged about 17°. The results are summarised 
in Table II, in which “x x 101, in glass powder” refers to the 
apparent specific conductivity of the liquid in the powder, and may 
be called the “ surface conductivity.” Since the bulk conductivity 
was negligible, the observed conductivity could be regarded as 
wholly due to surface conductivity. We were unable to obtain an 
unambiguous estimate of the extent of the surface of the glass powder 
owing to the irregularity in shape of the particles. 

No bulk conductivity could be detected even in saturated solutions 
of dry hydrogen chloride in the solvents used, with the single excep- 
tion of the carbon tetrachloride solution noted below, and in this 
case it was probably due to moisture. The various factors involved 
were such that, when the maximum voltage of 120 was used, 0-5 div. 
of the eyepiece scale of the galvanometer corresponded, in the 
measurements of the bulk conductivity, to a specfic conductivity 
of 6-7 x 10°18. This was the lowest conductivity that could con- 
veniently be measured, and where no conductivity could be detected, 
the value is given as below this figure: in such cases the actual 
conductivity may be very much less. 

The experiments are given in the order in which they were carried 
out. Each of the series A, B, and C refers to a set of measurements 
with the same sample of solvent. In the case of benzene, three 
separate series of estimations were made, each with a fresh amount 
of solvent, and between each of which the apparatus, including the 
cell and glass powder, was dismantled, cleaned, and dried. It was 
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TaBeE IT. 
(All conductivities are expressed in reciprocal ohms.) 
xx 107°, x X10", 
Expt, HCl, in glass Expt. HCl, in glass 
No. Series. g./litre. powder. No, Series. g./litre. powder. 
Benzene ’ cycloHexene 
1 A 10-70 (9-72) ] A 0-0 0-097 
2 14-09 1-55 2 3-48 0-31 
3 B 0-0 <0:0067 3 8-02 0:44 
4 2-31 (0-98) 4 12°30 0-58 
5 3-50 0-37 , 
6 Cc 11-16 (14-6) Carbon tetrachloride 
7 12-99 (4:17) 1 A 0-0 <0-0067 
8 10-11 1-17 2 ' 3-08  (333-4)* 
9 16-83 1-64 3 5-12 79 
4 6-07 8-8 
eycloHezxane 5 1-76 51 
1 A 0-0 <0-0067 ; " 
2 4-97 0-097 Nitrobenzene («x in bulk, 147 x 107}°) 
1 A 0-0 250 


* For this solution, x in bulk = 2:30 x 10-!°: for all other solutions, « in 
bulk <6-7 x 10-!* mho. 


observed that the first measurement of a series, particularly in 
benzene and carbon tetrachloride, showed a very large surface 
conductivity, which in a continuous series of estimations with the 
same sample of solvent, was not reproducible, For example, in 
benzene, Expt. 6, which was the first experiment in Series C, gave a 
value for the surface conductivity of 14-6 x 10-! mho; when the 
solution had been distilled completely out from the cell under 
reduced pressure, whereby a considerable quantity of hydrogen 
chloride gas passed out to the pump and was absorbed, and the 
solution was re-made to a slightly higher concentration, a value of 
4:17 x 10-19 was obtained; this fell subsequently to 1-64 x 10-1° 
mho in a still stronger solution (Expt. 9). 

These anomalies could not be attributed to differences in concen- 
tration of the solution, since they disappeared after one or two 
fillings of the cell. The phenomenon was particularly marked in the 
case of the first experiment with a solution of hydrogen chloride in 
carbon tetrachloride (Expt. 2) where, not only was the initial 
surface conductivity very large, but the bulk conductivity was 
appreciable, It is suggested that the large values for the surface 
conductivity in the first, and sometimes the second, measurement in 
a series is due to the presence of traces of moisture still present in the 
glass powder which are removed by the hydrogen chloride, eventually 
passing away with the, otherwise dry, hydrogen chloride from the 
absorption vessel. The glass powder ultimately reached an equili- 
brium condition when no more moisture was removed. That a 
similar effect was not observed in the electro-endosmosis experi- 
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ments, must be ascribed to the more efficient preliminary drying of 
the diaphragm in the latter case, by the stream of warm, dry air and 
the hydrogen chloride gas. The glass powder in the conductivity 
cell was dried in situ to some extent by evacuation, and by leaving 
open for several days, prior to a measurement, the taps between 
the conductivity cell and the phosphoric oxide tubes, but this was 
not so efficient as the long passage of a current of dry air and 
hydrogen chloride gas used in the electro-endosmosis experiments. 

The results of Francis and Burt (Proc. Roy. Soc., 1927, A, 116, 
586) are interesting in this connexion. These authors showed that 
the shape of the sorption-rate curve of ammonia on glass depends 
on the dryness of the glass. The glass wool was heated in the 
presence of dry ammonia, and early experiments indicated higher 
values for the sorption of the ammonia than the later ones, which 
tended towards uniformity. The progressive change was ascribed 
to the gradual removal of moisture by the dry ammonia, which 
appeared to be more effective in reducing the water content of the 
glass than heating in a vacuum. 

Neglecting the obviously anomalous values, which are indicated by 
parentheses in Table II, the surface conductivity is plotted against 
the concentration of hydrogen chloride in Fig. 2 (full line). In 


cyclohexane the surface conductivity was very small even in saturated 
solution. 


Discussion. 

A consideration of these results shows that the surface con- 
ductivity is not caused by electro-endosmosis : its source must be 
sought in the changed properties of the hydrogen chloride molecules 
present in the interface. = 

McBain (J. Amer. Chem. Soc., 1929, 51, 3294) has suggested that 
surface conductivity in electrolytic solutions is due to the presence 
in the interface of an increased number of mobile ions, not neces- 
sarily all of one sign, corresponding to sessile ions on the fixed portion 
of the ‘“ double layer.”” This, however, is an augmentation of a 
condition of affairs already existing in the bulk of the solution, 
namely, ionisation : in the present instance we are not dealing with 
an ionising solvent ; moreover, in carbon tetrachloride, in which 
the surface conductivity was considerable, we were unable to obtain 
any evidence of a “ double layer.”” We must assume, on account of 
the absence of appreciable bulk conductivity in these solutions, that 
the hydrogen chloride molecules are present as un-ionised dipoles, 
as in the gaseous state. 

On the other hand, in the interface, the hydrogen chloride becomes 
conducting. The figures given are calculated for comparison pur- 
poses from the whole effective cross section of the pores, in the 
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absence of precise knowledge as to the dimensions of the conducting 
layer. The actual surface conduction takes place in a very thin 
layer on the solid, and is therefore enormously greater in that region 
than the apparent surface conductivity given in Table II. 

There are two possibilities which may account for this increase of 
conductivity. (1) When a dipole is adsorbed on a heteropelar solid 
surface, it may, if deformable, suffer a considerable distortion. 
This aspect of adsorption has been considered by several authors 
(see Rideal, ‘‘ Surface Chemistry,” 1930, p. 208). In particular, we 
may cite the work of Boer (Proc. K. Akad. Wetensch. Amsterdam, 
1928, 31, 906) on the adsorption of iodine on calcium fluoride, who 
has calculated the moment induced by polarisation of iodine 
adsorbed on calcium fluoride to be 2-3 x 10-18 e.s.u., which is of the 
same order of magnitude as the dipole moment of water. He also 
observed that the light-absorption band of the adsorbed iodine was 
shifted in the direction of shorter wave-lengths. The effect of 
adsorption of the iodine is therefore comparable with the effect of 
dissolution in a highly polar solvent. Now glass is not so obviously 
a heteropolar solid as calcium fluoride; but the polar nature of a 
glass surface has been demonstrated by Norrish (J., 1923, 123, 
3006 ; 1926, 56) by its catalytic effect on the halogenation of ethylene. 
In the present instance, therefore, it may be that the adsorbed 
hydrogen chloride molecules have undergone a distortion amounting 
to separation of the ions. : 

(2) Although the glass surface was “dry ” in the ordinary sense 
and in equilibrium with the dry hydrogen chloride solution, yet it 
does not follow that the whole of the adsorbed moisture had been 
removed from the surface. The tenacity with which glass retains 
traces of moisture even after being strongly heated in a vacuum is 
well known, and in the present experiments it is possible that part 
of the glass surface was covered with a layer of adsorbed water. 
Such strongly adsorbed water, however, must be regarded for the 
present argument as part of the solid, and not as a solvent in which 
the hydrogen chloride was dissolved and ionised. A hydrogen 
chloride molecule superimposed on the top of an adsorbed water 
molecule would tend to ionise according to the scheme Solid » H,O + 
HCl = Solid - H,O° + Cl’, which is similar to the scheme proposed 
by Brénsted for ionisation in aqueous solution. Such a scheme, 
moreover, would serve to explain the positive electrokinetic charge 
in benzene and cyclohexene, and is almost certainly the explanation 
of the large surface conductivity shown in the initial experiments 
of a series when the system was incompletely dried. 

The solvent also clearly exercises an important influence on both 
the cinetne-caemnasia and the surface conductivity; but there is 

3F2 











1578 RAE: CASIUM TETRABROMIDE. 





little evidence here to guide us towards an explanation of the 
mechanism. The influence of the solvent on the surface conductivity 
may be due to differences in adsorption of hydrogen chloride or to 
differences in surface ionisation, or to both. 


Summary. 


1. Measurements have been made of the electro-endosmosis 
through a diaphragm of sintered glass powder, and of the surface 
conductivity in glass powder of the same kind, of solutions of dry 
hydrogen chloride in benzene, carbon tetrachloride, cyclohexane, 
and cyclohexene. 

2. Solutions in benzene show the greatest electro-endosmosis, 
which increases with concentration of hydrogen chloride, the glass 
being positively charged throughout. 

3. Solutions in cyclohexene show a very small electro-endosmosis, 
the glass being positively charged. 

4. Solutions in carbon tetrachloride and cyclohexane gave no 
measurable electro-endosmosis. 

5. Solutions in all four solvents show surface conductivity, that 
in cyclohexane being much smaller than in the other solvents. 

6. It is shown that the surface conductivity is not caused by the 
electro-endosmosis. 

7. A mechanism is suggested to account for the surface con- 
ductivity by surface ionisation of the hydrogen chloride. 

8. Measurements have been made of the solubilities of dry 
hydrogen chloride in the four solvents used. 


In conclusion, we wish to acknowledge our indebtedness to a 
grant to this Department from Imperial Chemical Industries, Ltd., 
and to the Department of Scientific and Industrial Research for a 
maintenance grant to one of us (M. B.). 


THE UNIVERSITY, MANCHESTER. [Received, April 28th, 1931.] 





CCX VI.—Cesium Tetrabromide. 


By Norman Rag. 


Briaes, GREENAWALD, and Leonarp (J. Physical Chem., 1930, 34, 
1951) have recently demonstrated that the only solid caesium poly- 
iodides which exist at 25° are the tetra- and the tri-iodide. The 
former compound had previously been regarded as the penta-iodide, 
after the discoverers of these iodides (Wells and Penfield, Amer. J. 
Sci., 1892, 43, 17; Wells and Wheeler, ibid., 1892, 44, 43). It 
appeared to be of interest, therefore, to investigate the authenticity 















——_— ee ie 


as 


ee ee ee ee, | 


—>~_~ a> oe st se 2 fete Ge fe 





the 
vity 
r to 


Osis 
face 
dry 
ane, 


Isis, 
lass 


Sis, 

no 
hat 
the 
on- 


ry 


Se a 








RAE! CHSIUM TETRABROMIDE. 1579 


of the cesium pentabromide described, together with a tribromide, 
by Wells and his co-workers. 

Wells and Wheeler state “when a concentrated solution of 
cesium bromide is shaken up with a large excess of bromine there 
is no separation of cesium tribromide, as is the case when the 
theoretical amount of bromine is used. A large part of the cesium 
bromide goes into solution in the liquid bromine, and on taking up 
a sufficient quantity of cesium bromide this solution becomes 
lighter in colour than pure bromine.” They further state that 
spontaneous evaporation below 0° of the above solution of caesium 
bromide in bromine yielded a dark red solid: which was prepared 
for analysis by pressing with papers at the same low temperature 
and then contained Cs, 29-93°%. No doubt, in ascribing the formula 
CsBr, to this solid, Wells was influenced by the fact that at the 
time he was preparing the analogues of Filhol’s salt KICI,, in which 
the alkali metal is combined with five halogen atoms. His analysis, 
however, is in far better agreement with a tetrabromide (Calc. : 
C's, 29-35%) than a pentabromide (Calc. : Cs, 24-95%). 

Wells stated that, after removal of adhering bromine by filter- 
paper, the solid ‘‘ gave off bromine vapour very rapidly.” The 
compound is unstable but not to the extent that Wells indicates, 
for at 28° it lost less than 1°% of the polyhalide bromine in 3 hours 
over caustic soda. Experiments have now been made, using the 
method previously described (J., 1915, 107, 1286), in order to see 
what polybromides are indicated by the rate of loss of bromine 
over caustic soda. This rate depends on the vapour pressure of 
the compound and, although not entirely satisfactory in theory, 
the method has been shown to give correct indications in practice. 

4-27 G. of cesium bromide were weighed into a squat-form 
weighing bottle containing a stirring rod. Bromine corresponding 
to the formula CsBr, was added, and the contents of the bottle 
were left for two days with the stopper on to allow equilibrium to 
be established. The open bottle was then placed in a large desic- 
cator over caustic soda and was weighed at first every 2 hours and 
then at longer intervals; the contents were stirred with the rod 
before being replaced in the desiccator. 

No change was observed in the rate of loss when the composition 
CsBr; was passed through, and liquid bromine was present at this 
stage. Continuation of the process revealed two breaks in the 
curve: these, together with the experimental points, are shown in 
Fig. 1. At the fourth point on the upper curve the solid was still 
moist in appearance, but seemed quite dry at the fifth point. 

The slope of the first part of the curve is nine times that of the 
second, and leaves no doubt that czsium tetrabromide has a much 
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smaller vapour pressure than free bromine. The lower curve shows 
the change from the tetra- to the tri-bromide: the slope changes 
in the ratio 5:1 on account of the greater stability of the tri- 
bromide. After the tribromide has been formed, there is no further 
change in the slope of the curve until just before the composition 
of the monobromide is reached; i.e., there is no indication of a 
compound such as a dibromide. 
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In view of the instability of the tetrabromide and the difficulty 
of drying it without loss of bromine, an indirect analysis was made. 
The amount of cesium bromide available was small and it was 
desirable to recover it readily, so the usual method of analysis was 
somewhat modified. Into a small glass-stoppered bottle holding 
about 10 ¢.c., was introduced czsium bromide which, after drying 
in the bottle, weighed 3-765 g.; and 2-857 g. of water were added, 
the weight being found by weighing the bottle and its contents. 
Bromine was then added; with a small quantity a red solid was 
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formed with a light yellowish-red solution above and only a little 
bromine vapour. On the addition of a larger amount of bromine, 
the solid became dark red, as did also the solution (if more bromine 
was added two liquid layers were obtained as well as the solid) ; 
the amount of bromine added was 3-4945 g. The bottle was then 
shaken well and kept for 3 days, during which the crystals had 
become so compact that some of the liquid could easily be decanted 
for analysis without disturbing the solid. The liquid was poured 
into a 200-c.c. flask, and to this some ammonium iodide solution 
was at once added and the solution made up to the mark. The 
vapour pressure of the solution was not great enough to cause more 
than a little loss of bromine. Re-weighing of the bottle showed 
that 2-2365 g. of solution had been removed. One part of the 
solution was titrated with N /10-sulphurous acid standardised simul- 
taneously against a standard iodine solution. Another part was 
evaporated in a platinum dish on the water-bath, then heated to a 
low temperature in the electric furnace to drive off the ammonium 
salt, and finally converted to chloride by repeated evaporation with 
hydrochloric acid. In this way the solution was found to have the 
composition: Br (polybromide), 0-3292 g.; CsBr, 0-5662 g.; H,O, 
13411 g. The 2-857 g. of water originally in the bottle therefore 
contained 0-7015 g. of free bromine and 1-2066 g. of caesium bromide, 
whence the amounts in the solid were: polybromide bromine, 3-4945 — 
0-7015 = 2-793 g.; cesium bromide, 3-765 — 1-2066 = 2-558 g. 
The ratio, polybromide bromine : CsBr = 2-911: 1, is in as good 
agreement as can be expected with the tetrabromide formula, CsBr,. 

With a mixture made up in the molecular proportions CsBr : Br, : 
H,O = 1: 1-04:7, the tribromide was obtained, and when these 
were altered to 1 : 1-48 : 10-7 the second liquid phase was observed. 
Further work on this subject is projected. 


UNIVERSITY COLLEGE, 
CoLtomBo, CEYLON. [Received, May 11th, 1931.] 





CCXVII.—The Nuclear Alkylation of Aromatic 
Bases. Part I. The Action of Methyl Alcohol 
on the Hydrochlorides of o- and p-Toluidine, Mesi- 
dine, and Dimethylmesidine. 

By DonaLtD HoLrRoypeE Hey. 
HorMaANN and Martius showed that nuclear methylation of 


aromatic amines can be effected (a) by heating the amine hydro- 
chloride with methyl alcohol at 280—300° (Ber., 1871, 4, 742) and 

















1582 HEY: THE NUCLEAR 


(6) by heating the quaternary iodide, e.g., phenyltrimethylammon. 
ium iodide, at 220—230° or higher (Ber., 1872, 5, 704). The essen. 
tial reaction whereby nuclear methylation is effected is probably 
the same in both cases, since the primary action of the alcohol on 
the amine hydrochloride is to produce some secondary and then 
some tertiary base. It was later shown that nuclear methylation 
could also be effected by heating the hydrochlorides of either 
secondary or tertiary alkylarylamines and by heating alkylary]- 
amines with metallic salts such as the chlorides of zinc, cobalt, and 
cadmium (Calm, Ber., 1882, 15, 1642; Benz, ibid., p. 1646; Reilly 
and Hickinbottom, J., 1920, 117, 103}. These reactions formed 
the subject of a number of subsequent investigations by Hofmann 
(Ber., 1872, 5, 720; 1875, 8, 61; 1880, 13, 1729; 1882, 15, 2895; 
1884, 17, 1913; 1885, 18, 1821), and also by Eisenberg (Ber., 1882, 
15, 1011), Nélting and Baumann (Ber., 1885, 18, 1145), Nélting 
and Forel (Ber., 1885, 18, 2668), and Limpach (Ber., 1888, 21, 640, 
643). The extension of the reaction to include alcohols other porn 
methyl alcohol was investigated by Hofmann (Ber., 1874, 7, 526 
1877, 10, 528), Calm (loc. cit.), Benz (loc. cit.), Effront (Ber., 1884, 
17, 419, 2324), and Hodgkinson and Limpach (J., 1892, 61, 420). 
The primary object of the present investigation was to ascertain 
the extent to which nuclear alkylation can proceed in these reactions. 
The view seems to be prevalent that the p- and o-positions in 
the benzene nucleus are attacked by the entering alkyl groups in 
the Hofmann-—Martius reaction, and when these positions are occupied 
nuclear alkylation ceases. In most current text-books the possi- 
bility of m-alkylation is definitely denied. It is sometimes men- 
tioned that pentamethylaniline can be prepared by the Hofmann- 
Martius reaction, but, since the initial material is not stated, this 
need not involve m-alkylation, for s-m-xylidine, as Limpach (loc. cit.) 
and Dimroth, Leichtlin, and Friedemann (Ber., 1917, 50, 1534) 
have shown, can readily be converted into pentamethylaniline. 
One or two cases are recorded which apparently involve a methyl 
group entering the m-position with respect to the amino-group. For 
example, Nélting and Baumann (loc. cit.) claimed that on heating 
the hydrochloride of mesidine (I) with methyl alcohol at 200—300° 
they obtained isoduridine (II), identical with the base formed on 
heating the hydrochloride of y-cumidine (III) with methyl alcohol. 
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But Limpach (loc. cit.), with the object of studying the laws 
governing the nuclear alkylation, repeated the experiment of 
Nélting and Baumann on mesidine and isolated only mesidine 
itself, the initial material. He therefore concluded that an alkyl 
group is not substituted for hydrogen in the m-position with regard 
to the amino-group. 

In reviewing the work done at this time and earlier, ambiguous 
cases will necessarily be encountered, since some of the work was 
done at a time when the structure of benzene and the isomerism of 
its derivatives were imperfectly understood, and several of the 
earlier experimental examples are of little value, since the particular 
xylidine, or mixture of xylidines, used as initial material was not 
specified. More recently, Liebermann and Kardos (Ber., 1914, 47, 
1563), in studying certain by-products in the Hofmann—Martius 
reaction, claimed to have obtained from m-4-xylidine isoduridine (IT) 
probably contaminated with mesidine. On the other hand, these 
authors found that isoduridine (II) (obtained from y¥-cumidine, IIT) 
could not be further methylated, and Hofmann (Ber., 1884, 17, 
1913) came to a similar conclusion. 

It appears, therefore, that up to the present there has been little 
justification for supposing that an alkyl group can enter the 
m-position in the Hofmann—Martius reaction and so give rise to 
complete nuclear alkylation. It is now shown, however, that alkyl- 
ation can be effected at the m-position, and the statement that 
alkylation ceases after the p- and o-positions have been filled is 
therefore incorrect. 

From the theoretical aspect, alkylation at the m-position would 
appear to be by no means improbable. The mechanism of the 
Hofmann—Martius ‘“‘ rearrangement ”’ has been studied by Beckmann 
and Correns (Ber., 1922, 55, 852), who support the theory that 
alkylation is effected by means of alkyl halide, and also by Howard 
and Derick (J. Amer. Chem. Soc., 1924, 46, 166), who state that 
there is no indication of the synthesis of m-compounds by the 
Hofmann-Martius “ rearrangement ”’ and regard the quaternary 
halide as the essential compound which undergoes “ molecular 
rearrangement.” Both these investigations dealt with the action 
of heat on methylaniline hydrochloride. With regard to the 
“ rearrangement ” of free alkylarylamines in the presence of dry 
metallic salts, evidence has been obtained (Hickinbottom, J., 1927, 
64; Hickinbottom and Waine, J., 1930, 1558; Hickinbottom and 
Preston, J., 1930, 1566) which indicates that the mechanism here 
involved is one of true isomerisation, and further, that this re- 
arrangement is distinct from that obtaining when an alkylarylamine 
hydrochloride is heated. In o0,p-alkylation in the ordinary Hof- 
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mann—Martius reaction, it is now generally held, in accordance with 
the views of Hofmann and of Beckmann and Correns (loc. cit.), that 
nuclear alkylation does not of necessity involve true intramolecular 
migration, but is more probably the result of ordinary intermolecular 
action, as indicated below (compare Orton and Jones, Brit. Assoc. 
Reports, 1910, 85; Robinson and Robinson, J., 1917, 144, 965) : 


Me. /H Me 
e% 
+ MeCl —> || || — + HCl 
NM YC NM 
ee NMe,Cl “2 


In the above example the tertiary base only is represented, but 
any particular tertiary base, under the experimental conditions, 
will be in equilibrium with the corresponding secondary and primary 
bases, thus : 

H,0 H,0O 

R:-NMe,,HCl == R-NHMe,HCl = R-NH,,HCI 

MeOH MeOH 
If then, as seems most probable, alkylation at the p- and o-positions 
proceeds in this manner, there would appear to be no very cogent 
reason why alkylation should not. proceed until every nuclear 
hydrogen is displaced, but, after the p- and o-positions have been 
substituted, further alkylation would involve an intermediate 
quinonoid form containing two alkyl groups at one nuclear carbon 
atom and subsequent true intramolecular migration, as shown below : 


Me Me. /Me Me 
rh Me 
n@n + MeCl —> Me\ /)Me —> Me JMe + HCl 
NMe, N Me,Cl NMe, 
(IV.) (V.) (VI.) 


Several cases are recorded by Bamberger and his collaborators of 
the transformation of quinonoid systems into hydroxy-benzenoid 
compounds, involving the migration of a methyl group (e.g., Bam- 
berger, Ber., 1900, 33, 3600; Bamberger and Rising, ibid., pp. 3623, 
3636, etc.), and it is also well known that hydroaromatic systems 
containing the gem-dimethyl group can be readily transformed into 
derivatives of o-xylene (Crossley and Le Sueur, J., 1903, 83, 110; 
Crossley, J., 1904, 85, 264, etc.).* On these grounds there would 

* The conversion of santonin into desmotroposantonin in the presence of hydro- 
chloric acid, which has long been known as the transformation of a quinonoid 
into a hydroxy-benzenoid system, has recently been shown to involve at the 
same time the migration of a methyl group (Clemo, Haworth, and Walton, J., 
1929, 2368; 1930, 1110; Clemo and Haworth, J., 1930, 2579; Ruzicka and 
Richenberger, Helv. Chim. Acta, 1930, 18, 1117). 
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appear to be little objection to complete nuclear alkylation as 
envisaged above, even though it involves a mechanism, namely, 
true intramolecular migration, which may not be brought into 
play in the well-established cases of p- and o-alkylation. In 
brief, complete alkylation, on this basis, does not necessitate 
m-migration. 

In addition to the mechanism outlined above, two other possi- 
bilities by means of which alkylation could proceed at the m-position 
should also be mentioned, (a) by m-migration of the alkyl group, 
and (b) by direct substitution of alkyl chloride at the m-position. 
The former suggestion is regarded as highly improbable, involving, 
as it does, a mechanism of which there appears as yet to be no 
proven example (Ann. Reports, 1927, 154; Baker and Ingold, J., 
1929, 423). The second possibility, involving direct substitution 
at the m-position, cannot similarly be regarded as altogether improb- 
able when the o- and p-positions are already substituted (especially 
when the substituents are methyl groups), and, in the absence of 
the further evidence obtained in this investigation, would have to 
be regarded as a likely alternative mechanism. 

In the present investigation, originally undertaken to find definite 
proof whether alkylation can be effected in the m-position, the 
hydrochlorides of a number of bases were heated with an excess of 
the alcohol in an autoclave at 250—300°. 

The action of methyl alcohol on o-toluidine hydrochloride under 
these conditions gave rise to a high yield of primary methylated 
bases, mainly mesidine (I), and a smaller quantity of isoduridine (IT), 
thus suggesting that some alkylation at the m-position had taken 
place. The amount of m-toluidine present, after two distillations, 
in the o-toluidine used was estimated bromometrically (Callan and 
Henderson, J. Soc. Chem. Ind., 1922, 41, 1611) to be less than 2%, 
and the quantity of isoduridine formed in the above experiment 
gave indications of being considerably more than could arise from 
this proportion of m-toluidine in the initial material. 

This indication that m-alkylation occurs after the p- and 0-posi- 
tions have been filled was confirmed by the action of methyl alcohol 
on the hydrochloride of p-toluidine (which can be obtained effect- 
ively free from m-toluidine) and of mesidine: isoduridine was 
obtained in both cases, in the latter in considerable amount. In 
an attempt to effect complete nuclear methylation, by the action of 
methyl alcohol on dimethylmesidine hydrochloride, five methyl 
groups were introduced into the nucleus, but the product was not 
pentamethylaniline but pentamethylphenol. 

Some of the by-products obtained in these reactions may throw 
light on the mechanism by which the nuclear alkylation is effected. 
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Three types have been encountered: (a) hydrocarbons, (6) deriv. 
atives of acridine, and (c) phenols. 

(a2) A small quantity of hexamethylbenzene was obtained from 
the methylation of mesidine, its formation being favoured by a 
slightly higher temperature and a longer period of heating (compare 
Hofmann, Ber., 1872, 5, 704, 720; 1880, 13, 1729; Dimroth, 
Leichtlin, and Friedemann, loc. cit.). 

(6) The production of acridine derivatives has been extensively 
investigated by Liebermann and Kardos (Ber., 1913, 46, 208; 1914, 
47, 1563), who obtained a variety of methylated acridines by heat- 
ing the hydrochlorides of a number of aromatic amines with methyl 
alcohol at 250—260°. The products obtained from aniline, o0-toluid- 
ine and p-toluidine were not separated and identified, the authors 
concluding that in these cases other side reactions largely intervened. 
It is now shown that o- and p-toluidine both give rise, under the 
experimental conditions here specified, almost exclusively to one 
acridine derivative only, namely, 1 : 3:7 : 9-tetramethylacridine. 
This particular derivative was never encountered, at least in the 
pure state, by Liebermann and Kardos (loc. cit.), though they 
obtained from the methylation of m-4-xylidine, in addition to two 
hexamethyl derivatives, a tetramethylacridine, m. p. 93—99°, which 
they regarded as being 1:3: 7: 9-tetramethylacridine. The com- 
pound here obtained from o- and p-toluidine melts at 121°, which 
agrees with the melting point recorded by Senier and Compton (J., 
1907, 91, 1927), who obtained the base by a synthetic method. 
Further agreement is shown in the melting point of the picrate. 
Moreover the fact that the same tetramethylacridine is obtained 
from both o- and p-toluidine further indicates that the compound 
has the constitution cited above. 

(c) There appears to be no previous record of the formation of 
alkylated phenols during the Hofmann—Martius reaction. This is 
somewhat surprising, since the quantities formed are in many cases 
considerable and they are easily detected and isolated. For example, 
when o-toluidine hydrochloride was heated with methyl alcohol at 
260—280° in an autoclave, in addition to the methylated bases 
already mentioned, there was also isolated, by distillation with 
steam from acid solution, a phenolic solid, which consisted mainly 
of mesitol together with a small proportion of isodurenol. Further, 
when dimethylmesidine hydrochloride was heated with methyl 
alcohol in the same way, the phenolic product consisted almost 
exclusively of pentamethylphenol. No pentamethylaniline and no 
acridine derivatives could be isolated in this experiment, the basic 
product consisting mainly of isoduridine, together with some 
mesidine. This may possibly he due in part to the fact that a 
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larger quantity of water was present in this reaction (see experi- 
mental part), and also to the smaller scale on which it was carried 
out, since the acridine by-products, for example, under most favour- 
able conditions, only constitute 5—6% of the reaction product. 
The fact that, although pentamethylphenol was formed, no penta- 
methylaniline was isolated seems to indicate that with progressive 
methylation of the nucleus the replacement of the amino-group by 
hydroxyl is facilitated. It is well known that, in general, the 
successive introduction of methyl groups into the nucleus of a 
phenol decreases progressively the acidic strength (e.g., Boyd, J., 
1915, 107, 1540, 1546), until in pentamethylphenol a compound is 
obtained which does not dissolve in cold aqueous alkali and readily 
separates from hot alkaline solution as free phenol: Dimroth, 
Leichtlin, and Friedemann (loc. cit.) even considered its existence 
as a quinonoid ketone. The formation of phenols in the Hofmann— 
Martius reaction is here considered to involve the intermediate 
formation of such a quinonoid ketone, produced by hydrolysis of a 
quinoneimine derivative : 


Me. Me Me 
= Me(l — HCl = MeCl Me’ — HCl M Me 
*/3 NMe,C! am 
be 19 
Me, Me Me Me. Me Me 
Can M Me( \ Me’ \Me 
Me! 'Me —> Me. JMe Mel Me — > Me ‘)Me 
\Z \Z 
i OH O OH 


This is in entire agreement with, and is regarded as giving support 
to, the mechanism of m-alkylation outlined on p. 1584. Indeed, if 
the mechanism of nuclear methylation is here correctly represented 
as involving the intermediate formation of quinoneimine forms, it 
would be surprising if phenols were not formed at the same time 
by hydrolysis. With progressive methylation, the tendency for 
reaction (b), i.e., phenol formation, to take place at the expense of 
reaction (a) appears to become greater, so that when conditions are 
favourable to the formation of a pentamethylated derivative the 
product consists almost solely of the phenol. The reaction appears 
to be somewhat similar to the formation of trimethyl-y-quinol and 
cumoquinol from $-mesitylhydroxylamine, as shown by Bamberger 
and Rising (Ber., 1900, 33, 3636). Incidentally, the nuclear methyl- 
ation at the m-position in mesidine does not appear to be in agree- 
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ment with the theory put forward by Howard and Derick (loc. cit.) 
for the mechanism of the Hofmann “ rearrangement ”’ of methyl. 
aniline hydrochloride, which essentially involves the formation of a 
quaternary halide, since mesidine has long been known to be incap. 
able of forming such a compound. The two cases may not be 
strictly comparable, however, since Howard and Derick only studied 
the action of heat on the dry hydrochloride of methylaniline. 

In view of the fact that alkylated phenols had never before been 
encountered as products of the Hofmann—Martius reaction, it seemed 
desirable to look closely into experimental conditions. This ques- 
tion is discussed in the experimental part. Previous workers have 
observed the liberation of volatile bases on adding alkali to their 
reaction product, but this fact would not necessarily indicate that 
some phenol formation had taken place, since the formation of 
acridine derivatives also involves the separation of a nitrogen atom 
from the benzene nucleus. 


EXPERIMENTAL. 


Apparatus and Experimental Conditions.—The amine hydrochlor- 
ide and methyl alcohol were heated in electrically heated steel 
autoclaves, of about 250 and 1400 c.c. capacity. The product 
always contained iron in solution which was precipitated on the 
addition of alkali, and in order to minimise this the reactants were 
usually contained in an open Pyrex vessel, fitting loosely within 
the autoclave. At the conclusion of each reaction the tube and its 
contents were withdrawn and the inside of the autoclave was 
washed out with dilute acid and finally with aqueous alkali, the 
washings being added to the main reaction product. 

As the formation of phenols in the Hofmann—Martius reaction 
had not been previously recorded, it seemed necessary to find 
whether the iron took any essential part in their formation, as 
previous workers had often carried out their experiments in sealed 
glass tubes. Some reactions were therefore carried out in a Pyrex 
vessel, fitted with a loosely fitting cover, inside an enamel-lined 
autoclave, both with and without the addition of metallic iron. 
In the former case some iron had been acted upon during the 
reaction (2 g.), whereas in the latter the product was entirely free 
from iron, but in both experiments phenol formation took place to 
approximately the same extent. It was therefore concluded that 
the presence of the iron did not materially affect the course of the 
reaction. 

Gokhlé and Mason (J., 1930, 1757), in carrying out the V-methyl- 
ation of «-naphthylamine by heating the sulphate with methyl alcohol 
in a steel autoclave at 180°, found that the walls of the autoclave 
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were not attacked. Our experiments, however, were effected at 
rather higher temperatures. These workers observed the formation 
of some «-naphthol in their experiment, which, unlike the formation 
of the phenols in the present investigation, would not be entirely 
unexpected on account of the ready interchange between amino- 
and hydroxyl groups that is known to take place in the naphthalene 
series. 

The thermometer pocket of the autoclave must reach below the 
surface of the reactants, otherwise the temperatures recorded may 
be 30—50° too low. The temperatures given by previous workers 
vary somewhat, which may in part be due to-an underestimation of 
the autoclave temperature, as instanced above, or to the difficulty 
of ascertaining correctly the temperature inside a sealed tube. In 
agreement with Howard and Derick (loc. cit.), it was found that 
the main factor for nuclear methylation was temperature, the most 
suitable range in the examples studied being 260—280°. Six hours’ 
heating at this temperature was often sufficient, and prolonging 
the action to 40 hours did not materially affect the product, apart 
from slightly increasing the yield of by-products. Under the con- 
ditions of time, temperature, and concentration here adopted for 
the methylation of the toluidines, the product consisted of a high 
percentage of primary bases, substantially free from secondary and 
tertiary bases. On the other hand, in an experiment on the action 
of methyl alcohol on o-toluidine hydrochloride at 200—230°, the 
product consisted almost wholly of the tertiary base dimethyl- 
o-toluidine ; at 230—250° some mesidine was also formed. 

The Action of Methyl Alcohol on 0-Toluidine Hydrochloride.—380 G. 
of the hydrochloride of redistilled ‘‘ pure ” o-toluidine (containing 
less than 2% m-toluidine) (1 mol.) and 200 g. (ca. 2} mols.) of dry 
methyl alcohol were heated in the autoclave at 260—280° for 10 
hours. The reaction product was made strongly acid with sulphuric 
acid (to prevent distillation of appreciable quantities of the bases) 
and distilled with steam. An almost colourless oil, with a phenolic 
odour, solidified (36 g.; A) in the receiver. The residue was made 
alkaline with sodium hydroxide (a strongly ammoniacal and fishy 
odour was produced, and iron precipitated as hydroxide) and sub- 
jected to prolonged distillation with steam ; a slightly yellow, basic 
oil in the distillate was extracted with benzene and recovered 
(170 g.; B). The liquid containing the less volatile products was 
filtered from the ferric hydroxide and extracted with benzene, the 
ferric hydroxide also being washed with hot benzene; evaporation 
of the solvent left a dark oil (100 g.; C). 

Treatment of the distillate from acid solution (A). On distillation 
of the solid, the greater portion was collected at 220—222° as a 
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colourless oil with a characteristic odour, which solidified on cooling. 
Recrystallisation from dilute methyl alcohol gave mesitol (25 g.), 
m. p. 70—71°. Its feebly acidic properties were confirmed, it 
being to a large extent extracted from alkaline solution by organic 
solvents. Its identity was confirmed (a) by preparation of bromo. 
mesitol (Biedermann and Ledoux,’ Ber., 1875, 8, 250; Jacobsen, 
Annalen, 1879, 195, 270), m. p. 79—80° (Found: Br, 37-0. - Cale. 
for C,H,,OBr: Br, 37-2%); (b) by preparation of mesityl phenyl- 
urethane (Auwers, Ber., 1899, 32, 19), m. p. 141—142° (Found: 
C, 75:1; H, 6-7. Cale. for C,,H,,O,N: C, 75-3; H, 67%); and 
(c) by comparison and mixed melting point with mesitol prepared 
from mesidine by means of the diazo-reaction. A smaller quantity 
of a higher-boiling fraction was also collected (b. p. 230—250°), 
and after successive distillations the main fraction, which solidified 
on cooling, was recrystallised twice from light petroleum (b. p. 
80—100°), isodurenol being obtained, m. p. 79—81°. Its identity 
was confirmed (a) by brominating the phenol in glacial acetic acid, 
keeping the solution at room temperature and finally pouring it 
into water, and recrystallising the precipitated solid from aqueous 
alcohol, bromoisodurenol separating in long white needles, m. p. 
135° (Found: C, 52-5; H, 5:7. C,)H,,OBr requires C, 52-4; H, 
5:7%); (6) by acetylating the bromo-derivative with warm acetic 
anhydride and a few drops of concentrated sulphuric acid, pouring 
the solution into water, and recrystallising the precipitated solid 
from aqueous alcohol, bromoisodurenyl acetate separating in tufts of 
white needles, m. p. 98° (Found: C, 53-0; H, 5-3. C,,H,;0,Br 
requires C, 53-1; H, 5-5%); (c) by heating a slight excess of the 
phenol with phenyl isocyanate at 90—100° for 3—4 hours, washing 
the solid product with sodium hydroxide solution, and recrystallis- 
ing it from aqueous alcohol, isodurenyl phenylurethane being obtained 
in small white prisms, m. p. 178—179° (Found: C, 75-9; H, 7-2. 
C,,H,,O.N requires C, 75-8; H, 7-1%); (d) by benzoylation of 
the phenol by the Schotten—Baumann method, isodurenyl benzoate 
being obtained in white plates, m. p. 71—72°, from aqueous alcohol 
(Found: C, 80-5; H, 7-2. C,,H,,0, requires C, 80-3; H, 7-1%); 
and (e) by comparison and mixed melting point with isodurenol 
prepared from isoduridine by means of the diazo-reaction. 
Treatment of the distillate from alkaline solution (B). Practically 
the whole of the liquid distilled as an almost colourless oil between 
229° and 236°. Redistillation gave pure mesidine (approximately 
160 g.) (b. p. 232—233°), and acetylation of a small portion in the 
usual manner gave acetomesidide, m. p. 216° (Found: C, 74-4; H, 
8-4. Cale. for C,,H,,ON: C, 746; H, 85%). The p-toluene- 
sulphonyl derivative, obtained by shaking the base with p-toluene- 
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sulphonyl chloride in the presence of alkali, separated as a solid (it 
being insoluble in aqueous alkali), and crystallised from alcohol in 
white needles, m. p. 167° (Found: C, 66-6; H, 6-4. C,,H,,0O,NS 
requires C, 66-4; H, 6-6%). The picrate of mesidine, prepared in 
the usual manner, crystallised from alcohol—light petroleum (b. p. 
80—100°) in yellow prisms, m. p. 189—191° (decomp.) (Found: N, 
15-4. C,;H,,0,N, requires N, 15-4%). Asmall quantity of higher- 
boiling material from B was added to the less volatile bases C. 

Treatment of the non-volatile residue (C). The residual oil, together 
with the small quantity of higher-boiling material from the alkaline 
steam distillate (B), was distilled and three fractions were collected, 
(i) b. p. 240—280° (30 g.), (ii) b. p. 280-—350° (22 g.), and (iii) b. p. 
350—365° (35 g.). A small quantity of black tarry matter remained. 
Fraction (i) on redistillation gave mainly mesidine (20 g.), together 
with a small quantity of isoduridine; fraction (ii) gave a further 
quantity of isoduridine. The isoduridine, when pure, boiled at 
258—260°, solidified when cooled to 10°, and gave an acetyl deriv- 
ative, m. p. 217-5°, after crystallisation from alcohol (Found: C, 
75-2; H, 8-8; N, 7-5. Calc. for C,,H,,ON: C, 75-4; H, 8-9; N, 
73%). (N6lting and Baumann, loc. cit., and Limpach, loc. cit., 
give 210—211° and 215°, respectively, as the m. p. of acetovso- 
duridide.) On admixture with acetomesidide (m. p. 216°), the 
melting point was depressed to 195—200°. The picrate of iso- 
duridine, formed in the usual manner, crystallised from alcohol in 
yellow prisms, m. p. 199—200° (decomp.) (Found: N, 146. 
Ci gH,g0,N, requires N, 14:8%). Fraction (iii), which partly solid- 
ified, gave on trituration with alcohol | : 3 : 7 : 9-tetramethylacridine 
(18 g.), which crystallised from alcohol in fine long yellow needles, 
m. p. 120—121° (Found: C, 86-8; H, 7:3; N, 5-8. Cale. for 
C,,H,,N: C, 868; H, 7-2; N, 595%). Its picrate melted at 
210—211° (compare Senier and Compton, J., 1907, 91, 1927). Con- 
centration of the alcoholic mother-liquors gave further quantities 
of this tetramethylacridine, and finally a small quantity of a second 
acridine derivative was obtained, m. p. 73—74°, which may possibly 
be | : 3-dimethylacridine, for which Kaufmann (Annalen, 1894, 279, 
286) gives m. p. 71°. The total yield (about 180 g.) of mesidine in 
this experiment, from B and C, was more than 50%, calculated on 
the weight of o-toluidine hydrochloride taken. 

The Action of Methyl Alcohol on p-Toluidine Hydrochloride.—The 
p-toluidine hydrochloride was made from ‘ pure ”’ p-toluidine, pre- 
viously recrystallised from aqueous alcohol in the form of its hydrate, 
which melted finally at 43°. 40 G. of p-toluidine hydrochloride 
were heated in the autoclave with 25 g. of dry methyl alcohol 
(nearly 3 mols.) for 12 hours at 250—275°. Steam-distillation of 
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the product from strongly acid solution gave a phenolic distillate, 
which solidified (2 g.) and was almost wholly mesitol, identical 
with that obtained from the methylation of o-toluidine. When 
the residue was made alkaline, a strong ammoniacal smell was 
observed and ferric hydroxide was precipitated, and on distillation 
with steam a basic oil was obtained; this on redistillation was 
collected between 230° and 240° (20-5 g.) and consisted of almost 
pure mesidine. The residue from the second steam distillation was 
filtered from the ferric hydroxide and extracted with benzene, the 
ferric hydroxide also being washed with hot benzene. After removal 
of the benzene the residual oil was distilled, and two fractions were 
collected, (i) b. p. 250—340° (2 g.) and (ii) b. p. 340—360° (2 g.). 
The former was acetylated and after successive crystallisations 
acetoisoduridide was obtained, identical with that obtained in the 
previous experiment. The higher fraction partly solidified; the 
solid material was removed, drained, and crystallised twice from 
alcohol, 1 : 3 : 7 : 9-tetramethylacridine being obtained. 

The Action of Methyl Alcohol on Mesidine Hydrochloride.—5v G. 
of mesidine hydrochloride and 25 g. of dry methyl alcohol (approx- 
imately 2-7 mols.) were heated in the autoclave for 12 hours at 
240—270°. The product was diluted with water and made alkaline 
with sodium hydroxide solution; ammoniacal odours were evolved 
and the precipitated metallic hydroxide was filtered off. The fil- 
trate was extracted with benzene, and on distillation of the extract 
three fractions were collected, (i) b. p. 235—250° (20 g.), (ii) b. p. 
250—300° (7-5 g.), and (iii) b. p. 300—350° (5 g.). The aqueous 
alkaline layer was heated to remove benzene and when cold was 
acidified ; mesitol slowly separated in white needles. Fraction (i), 
treated with an excess of dilute sulphuric acid, left a small crystalline 
residue of hexamethylbenzene, m. p. 165°, after two crystallisations 
from alcohol (Found: C, 89-1; H, 11-2. Cale. for C,,H,,: C, 
88-9; H, 11-1%). Steam-distillation of the acid solution gave a 
further small quantity of mesitol, and when the residual acid 
solution was made alkaline a basic oil was liberated consisting of 
mesidine and isoduridine. The two bases were readily separated 
and identified by redistillation, followed by acetylation and succes- 
sive recrystallisations. Fraction (ii) was completely acetylated, the 
product consisting mainly of acetoisoduridide. Fraction (iii) con- 
tained tarry matter, probably together with some acridine deriv- 
atives, as indicated by the formation of a fluorescent solution on 
the addition of hydrochloric acid, but this was not further treated. 

The above method of working up the product is inferior to that 
adopted in the former two examples, since direct extraction of the 
product, made alkaline, with an organic solvent always removes, in 
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addition to the bases, a large proportion of the phenols which are 
present, owing to the feeble acidity of the latter. The better 
method is to remove the phenols first by distillation with steam 
from strongly acid solution. 

Preparation of N-Methyl- and N-Dimethyl-mesidine.—N -Dimethy]- 
mesidine, prepared by the method of Bamberger and Rudolf (Ber., 
1906, 39, 4289), was obtained as a colourless oil, b. p. 213—215°, 
which formed a picrate in the usual manner, obtained from hot 
alcohol in fine yellow needles, m. p. 182° (decomp.) (Found: N, 
13-9. C,H ,0,N, requires N, 14-3%). A little monomethylmesid- 
ine was also isolated (compare Bamberger and Rudolf, loc. cit.). 
With a reduced amount of methyl sulphate, the product was mainly 
the secondary base. The monomethylmesidine thus obtained was 
a colourless oil, b. p. 220—221°, which formed a picrate in the 
usual manner. Crystallisation from alcohol, in which it was more 
soluble than the picrate of the tertiary base, gave monomethyl- 
mesidine picrate in yellow rhombic prisms, m. p. 179° (Found: N, 
153. CygH,,0,N, requires N, 14:8%). On admixture with the 
picrate of dimethylmesidine (m. p. 182°) the melting point was 
depressed to 155—160°. By treating monomethylmesidine with 
p-toluenesulphonyl chloride in the presence of alkali, the p-toluene- 
sulphonyl derivative was obtained, which crystallised from alcohol 
in white needles, m. p. 145—146° (Found: C, 67-2; H, 7-2. 
C,,H,,0O,NS requires C, 67-3; H, 6-9%). 

The Action of Methyl Alcohol on Dimethylmesidine Hydrochloride.— 
37 G. of dimethylmesidine (1 mol.), 15 g. of methyl alcohol (2 mols.), 
and 38 ¢.c. of concentrated hydrochloric acid (approximately 12 g. 
of hydrogen chloride, 7.e., 14 mols.) were heated in the autoclave 
for 12 hours at 230—250°. The product was treated with sul- 
phurie acid and subjected to distillation with steam; the oil in the 
distillate was filtered off after solidifying (4 g.), and the filtrate 
extracted with ether, evaporation of which left a small quantity of 
a phenolic residue consisting mainly of mesitol. The solid was 
distilled, b. p. 260—265°, and then crystallised from light petroleum 
(b. p. 802—100°), pentamethylphenol being obtained in white needles, 
m. p. 126° (Found: C, 80-1; H, 9-4. Cale. for C,,H,,0: C, 80-5; 
H, 9:75%). By heating the phenol in slight excess with phenyl 
isocyanate and washing the product with warm sodium hydroxide 
solution, pentamethylphenyl phenylurethane was obtained ; it crystal- 
lised from aleohol—light petroleum (b. p. 80—100°) in small white 
needles, m. p. 215° (Found: C, 76-6; H, 7-3; N, 5-1. C,gH,,O,N 
requires C, 76°3; H, 7-4; N, 495%). Preparation of the benzoyl 
derivative by the Schotten-Baumann method gave pentamethyl- 
phenyl benzoate, which crystallised from 95%, alcohol in white 
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rhombic plates, m. p. 127° (Found: C, 80-35; H, 7-5. C,,H,,0, 
requires C, 80-6; H, 7-5%%). ‘ 

The residue from the acid steam-distillation was made alkaline 
by the addition of sodium hydroxide; a strongly ammoniacal and 
fishy odour was observed, and iron precipitated. The alkaline 
mixture was distilled with steam and the first distillate, collected in 
dilute hydrochloric acid, was shown to contain methylamines; 
subsequently mesidine (6 g.) was collected. The residue was 
extracted with benzene, and after evaporation of the solvent the 
residual oil was distilled and three fractions were collected, (i) b. p. 
200—250° (3 g.), (ii) b. p. 250—300° (5 g.), and (iii) above 300° 
(2 g.). Fraction (i) consisted mainly of mesidine, and fraction (ii) 
mainly of isoduridine, both bases being identified with the previous 
authentic specimens by acetylation, followed by fractional crystal. 
lisation. Fraction (iii) consisted of a dark viscous mass containing 
much tarry matter. It could not be acetylated and no acridine 
derivatives could be isolated from it. 


In conclusion the author desires to express his thanks to the 
Research Fund Committee of the Chemical Society for a grant, 
which has in part defrayed the cost of this investigation. 

THE UNIVERSITY, MANCHESTER. [Received, March 26th, 1931.] 





CCXVIII.—The Thermal Decomposition of Methane. 
Part II. The Homogeneous Reaction. 


By G. C. Hotimay and W. J. GoopERHAM. 


Tue work described in Part I (J., 1929, 1066) has been continued, 
and the results set out in the present paper indicate that the initial 
rapid decomposition of methane, for which no satisfactory explan- 
ation has hitherto been given, takes place throughout the body of 
the gas irrespective of the extent of surface. 

Static Experiments.—In Part I it was shown that the decom- 
position of methane in silica bulbs is incomplete at temperatures 
between 800° and 1200°, and that the final percentage decomposition 
at a given temperature decreases with increase of pressure. It was 
suggested that the reaction CH, = C + 2H,g, if a surface one, must 
be very strongly retarded by adsorbed hydrogen. 

Attention was drawn to the fact that hitherto the reaction has 
been assumed, on rather scanty experimental evidence, to take 
place entirely on the surface, at least up to 1300°. 

Bone and Coward (J., 1908, 93, 1201, 1208) held the view that 
the reaction was chiefly a surface one, on the grounds that methane 
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PART II. 





always gives a hard carbon and that when a porcelain tube was 
packed with lime the velocity of decomposition was considerably 
greater than that obtained in the plain tube. It is now well known 
that methane can give different types of carbon, and Slater (J., 
1916, 109, 160) has shown lime to be a catalyst. No previous 
worker, as far as we know, has investigated the reaction on different 
measured surfaces of the same material. The experiments described 
in Part I gave no information on this point, since they were carried 
out in bulbs of the same size. To study the effect of surface, silica 
bulbs of different sizes (Table I) have now been used, the decom- 
position being brought about as before, except that the pressure of 
gas admitted initially into the bulb was measured by the fall in 
pressure in a constant-volume reservoir and not by decrease of 
volume in a burette. 


TABLE I. 
Bulb. Surface, em.?. Volume, c.c. Surface/volume. 
3a 758-0 321-0 2-36 
1 266-0 152-3 1-75 
2 87-0 56-2 1-55 
3 240-0 . 429-5 0-56 


After being used for several experiments, bulb 3 was broken open 
at the capillary joint, 54 smooth clear silica rods, each 2-55 x 0-5 
em., were inserted, and the bulb was re-sealed: this is bulb 3a in 
the table. 

If the decomposition takes place wholly on the surface of the 
heated vessel, we should expect both the final amount and the 
velocity of decomposition to increase with increase in the ratio of 
surface to volume, i.e., bulb 3a should give more rapid decomposi- 
tion and higher “ equilibrium ” points than bulb 3. The results, 
however, showed that at the same final pressure the final concen- 
trations of methane and hydrogen were the same in all the bulbs 
after one hour’s heating at a given temperature. Some of the 
experiments in the large bulb 3 at the higher temperatures were 
carried out with a mixture of 70% methane and 30% hydrogen, 
since it was found that small amounts of polymerides, ¢.g., 
naphthalene, were condensing in the cooler capillary and, by being 
carried into the bulb with the initial methane, sometimes caused a 
discrepancy between gas analysis and pressure readings. The gas 
analyses and the final pressure readings in the bulb, however, give 
the true figures for the percentage decomposition, since the con- 
centrations of hydrogen and methane in the final gas at the same 
final pressure were always the same whether pure methane or the 
mixture had been used. 

The results definitely showed that the variation in the surface / 
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volume ratios had no effect on the end point, and Fig. 1 summarises 
the values obtained. The final percentage of methane is plotted 
against the total final pressure (py, + Pcu,). In examining these 
new data it was found that the constant C = pcx,/px, mentioned 
in Part I, did not represent the results accurately enough at the 
lower temperatures and pressures but that a new constant C’ = 
Piu,/Pu, gave close agreement at all temperatures and pressures 
studied. 

The broken lines are calculated from the constants 1-17 x 10° 
at 912°, 3-36 x 10-4 at 958°, 9-38 «x 10° at 1014°, and 4-61 x 10° 
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at 1052° (the partial pressures being expressed in mm.), and show 
the close agreement with the experimental data. Further, log (C, 
when plotted against temperature, gives a straight line, so the 
analogy with true equilibria still holds good. The significance of 
the constant C’ is discussed later. 

Effect on Initial Velocity—Curve A, Fig. 2, shows the results 
obtained in three different bulbs (Nos. 1, 2, and 3) at 912° with 
approximately the same initial pressures, viz., 472, 435, and 448 mm. 
respectively. The effect of increased surface appears to be negligible. 
Similar results were obtained with initial pressures of 130, 350, and 
600 mm. 

Curve B, Fig. 2, represents results obtained at 930° with a plain 
bulb (No. 1), and also with the same bulb packed with 6-8 g. and 
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with 11-8 g. of silica powder. The powder was ground to pass 
through an 80 and remain on a 100 mesh I.M.M. sieve, and the 
surface was calculated on the assumption that the granules were 
small spheres: this, no doubt, greatly underestimates the area 
exposed, apart from the possibility that the sharp edges might be 
more active than smooth silica. The calculated figures for the 
ratio surface/volume in the three cases were 1-75, 8-9, and 14:3, 
but these differences had little effect on the initial rate although 
the curves rise more steeply with the larger surfaces during the 
later part of the reaction (not shown). It should be noted that 
with the small weights of silica used in these experiments a negligible 
amount of hydrogen would dissolve in the powder (see Part I). 
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This was shown to be the case, since the final gas analyses and 
pressure readings agreed exactly, and this would not be so if 
hydrogen had been appreciably dissolved. 

These later experimients therefore prove that a four-fold variation 
in surface/volume ratio does not affect the initial velocity or end- 
point, and with silica powder an eight-fold variation does not affect 
the initial velocity but gives greater final decomposition with larger 
surface. The results suggest the presence of both a homogeneous 
and a surface reaction. In order to elucidate this further, experi- 
ments were carried out in a streaming apparatus. 

Streaming Experiments.—A number of tubes ranging from 2 mm. 
to 63 mm. in. diameter both packed and unpacked were used. As 
in the static experiments described in Part I, the reaction rate in 
all cases becomes negligible in the later stages before the true 
methane equilibrium is reached. The end-points, however, vary 
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with the surface employed but bear no simple relationship to it. 
Though the effect of surface on the later stages of the reaction is 
not yet clear, the presence of a homogeneous reaction is definitely 
shown by the results obtained during the initial decomposition. 
This is evident from the Table II, where the time of heating for 32°, 
decomposition at 1000° is seen to be practically constant although 
the surface/volume ratio varies from 0-8 to 93-0. 








TABLE II. 
Heated zone. 
Time 
Intl. (secs. ) 
Type of tube or diam., Length, Surface, Vol., for 32% 
packing. mm. cm. cem.?, em.?3, S/V. decomp. 
20—30-Mesh silica ...... 20-0 15 2139 23-0 93-0 12} 
20—30-Mesh silica ...... 20-0 7 896 11-7 76-6 12} 
10—20-Mesh silica ...... 5-0 14-5 79-5 1-47 54-1 11 
3—6-Mesh silica ......... 20-0 15-0 908 25-9 31-4 13 
2 Quill silica tubes ...... 5-0 14-5 61-6 2-12 29-1 13 
6—10-Mesh silica ......... 20-0 14-5 511 23-7 21-6 12 
6—10-Mesh retort carbon 20-0 14-5 497 24-3 20-4 10 
PODEFGE GUS acces cucdsccee 2-0 190-0 119-2 5-96 20-0 11} 
eee GING cc cccwwwcoesdeesss 2-0 14-5 9-36 0-465 20-0 12} 
TE TIED acchooenunancivses 2-7 14-5 12-34 0-825 14-9 12} 
GE DUD pacsccecccscece 5-6 137-0 240 33-6 7-1 11 
oe eee 14:7 48-0 222-1 81-7 2-7 12} 
8-mm. Sheath in centre 62-5 30-0 683 892 0-8 12 





It is a further indication of a homogeneous reaction that the 
initial velocities at 912° and 1013° in both static and streaming 
experiments were the same up to 250 secs. and 12 secs., respectively, 
since ‘‘ time” in the static method is the same as “ time of heat- 
ing ” in the streaming method. 

The rapid initial decomposition must be practically independent 
of surface, and further, any direct surface decomposition of methane 
to carbon and hydrogen must be extremely slow. Two important 
questions arise once the presence of a homogeneous reaction is 
assumed : Why does the reaction not proceed to the true methane 
equilibrium, and what is the mechanism of the decomposition ! 
The results can be satisfactorily explained on the assumption that 
at least one intermediate substance is formed in the gas phase. 
We believe that this substance is acetylene and that the homo- 
geneous reaction is bimolecular and represented by the equation 


2CH, == C,H, + 3H, — 91,000 cals. 
Most of the acetylene formed is then rapidly decomposed on the 
surface to carbon and hydrogen, leading to still further decom- 


position of methane. The accumulation of adsorbed hydrogen later 
retards the decomposition of the last traces of acetylene, which 
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are, however, sufficient to maintain the observed amounts of 
residual methane in equilibrium in the gas phase. 

The Order of Reaction.—For the following reasons we are led to 
believe that the acetylene is formed by the collision of two methane 
molecules. Homogeneous unimolecular reactions are rare, and a 
bimolecular reaction is much more probable than one of a higher 










Fie. 3. 














L.P. = Low pressure. 
He. = EGA x, 


order. The effect of pressure on the velocity of three theoretical 
equilibrium reactions at one temperature is shown in Fig. 3 (a), (6), 
and (c), from which it will be seen that it is only in the case of a 
bimolecular reaction with three or more molecules taking part in 
the reverse reaction (type c) that crossing curves would be obtained. 
Fig. 3 (d) shows that, notwithstanding the subsequent decomposi- 
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tion of the acetylene formed, the static and streaming results stil] 
exhibit crossing curves, thus pointing to a reaction of the type (c). 

Heat Effect and Carbon Formation.—The methane-acetylene 
reaction is endothermic, whereas the subsequent decomposition of 
acetylene to carbon and hydrogen is exothermic. It should there. 
fore be possible to control carbon deposition and, if the mass of gas 
is large, to detect these heat effects. 

With fast rates of flow in a wide tube of 62-5 mm. diameter at 
1000°, carbon was deposited only near the exit end of the heated 
zone. A sheathed thermocouple which could be passed down the 
middle of the tube showed that temperature rises of 7—30° occurred 
near the outlet with times of heating up to 50 secs., whilst the 
temperatures at the inlet end decreased by 14—20°. Blank experi- 
ments with hydrogen and nitrogen gave no such effects. In a 
tube of 5-8 cm. diameter with times of heating of 2-4, 3-8, 7-2, and 
13-7 secs., the carbon deposit commenced at 35, 18, 11, and 6 cm., 
respectively, from the inlet end of the heated zone. _ 

Presence of Acetylene.—Streaming experiments at 900° and 1000° 
have shown that, even with the slowest rates of flow, acetylene is 
always detectable in the outlet gases, as indicated by Schulze’s 
reagent (Z. angew. Chem., 1916, 29, 341). The fact that the char- 
acteristic colour change is much more quickly obtained when the 
gases are swept from the outlet zone by means of an auxiliary 
stream of nitrogen, shows that unless the acetylene is rapidly cooled 
it is almost completely decomposed or polymerised at the inter- 
mediate temperatures. The presence of ethane and ethylene in the 
gas must be attributed to hydrogenation of acetylene during cooling. 

Type of Carbon from Acetylene.—Experiments in both static and 
streaming apparatus have shown that with certain mixtures of 
hydrogen and acetylene the carbon deposited is of the glossy type 
and exactly similar to that formed when methane is decomposed. 
It should be noted, however, that soft types of carbon can be 
obtained from both methane and acetylene under other conditions. 

The Ratio pi;,/p2q,—It now remains to examine in the light 
of the theory outlined above the constant obtained in the static 
experiments. If the residual amounts of methane, hydrogen, and 
acetylene are in equilibrium in the gas phase then 

Pis,Po.u,/Pou, ae K). 
If the chemical constants for methane, hydrogen, and acetylene be 
taken as 2-8, 1-6, and 3-2 respectively, rough values of K, are given 
by the Nernst equation 


logy) K, = — 91,000/4-5717 — 3-5 log T + 2-4. 


At 912° the value for A, (in mm.) is 131-7. In one experiment at 
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this temperature the pressures of hydrogen and methane remaining 

in the bulb were 454 and 327 mm. respectively. From these 
figures the calculated pressure of acetylene required to maintain 
the observed amounts of methane and hydrogen in gaseous equi- 
librium is found to be very small, viz., 0-15 mm. Further, in the 
remaining experiments the calculated amounts of acetylene vary 
only between 0-14 and 0-16 mm. over the whole of the final pressure 
range from 200 to 800 mm. At 958°, 1014°, and 1052°, the average 
pressures of acetylene required by the above formula are 0-19, 0-35, 
and 0-55 mm. respectively, the variation with the total experi- 
mental pressures being again very small. The approximate con- 
stancy of the acetylene pressure has been experimentally proved at 
1014° by estimation with Schulze’s reagent after sweeping out the 
gas rapidly with nitrogen: the amounts of acetylene remaining 
after 30 mins. were found to be 0-25, 0-26, and 0-29 mm. at final 
pressures of 151, 371, and 964 mm. respectively. Thus, as the 
acetylene concentration varies only slightly, the constancy of the 
ratio py,/Pix, is explained on the basis of the acetylene—-methane 
equilibrium. 

It would appear also that the amount of acetylene prevented 
from appreciable decomposition by adsorbed hydrogen varies only 
slightly with the pressure of hydrogen over the range investigated. 
How far surface affects the amounts of residual acetylene is not yet 
understood. 

EXPERIMENTAL. 

The apparatus (Fig. 4) was designed to give a steady stream of 
gas and to enable a series of measured volumes to be passed through 
the reaction tube without causing any alteration in the rate of flow. 

When the temperature conditions of the furnace I were correct, 
an experiment was commenced by evacuating the reaction tube, 
filling it with methane, and allowing the gas in excess of atmospheric 
pressure to flow out into the burette K. Methane was then streamed 
at the desired constant rate from both the reservoir A and the 
calibrated burette B, of 50 c.c. capacity, through the sulphuric 
acid drier F, the flow gauge G, containing concentrated sulphuric 
acid, the reaction tube H, and via tap J to air, until the apparatus 
was thoroughly washed out and conditions were stabilised. Taps 
C and D were then closed, tap J opened to K, and the time taken 
for a measured quantity of methane to pass from B was noted ; 
the resulting gas was collected simultaneously at atmospheric pres- 
sure in K without causing any change in the rate of flow. The gas 
collecting in K was then measured and analysed. The overflow 
tube L corrected any rise in pressure in A, so that when taps C 
and D were opened at the close of each sampling period the acid 
3G 
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level in B fell without altering the pressure or rate of flow. During 
each experiment, several samples could thus be passed from B, 
which was flexibly fixed in order to allow for the rise in level in A. 
The rate was controlled by the head of 10° sulphuric acid in E and 
by one of the jets in the flow gauge C, which, with its five different 
capillaries, gave a range of steady flow of 2 c.c. to 20 litres per hour. 
For high rates of flow, B and K were replaced by larger vessels. 
Several double-wound nichrome furnaces, I, were made to give 
different lengths of heated zone constant to + 1° with steep gradients 
to room temperature at the ends. Temperatures were controlled 
by a platinum-—platinum-rhodium thermocouple with its cold 
junction in ice. 
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Gas analyses were made in a constant-volume apparatus, hydrogen 
being burnt on copper oxide at 290°, and methane with excess of 
oxygen on platinum foil in a silica tube at 950°. (In the gas samples 
analysed after reaction, there were always small amounts of un- 
saturated hydrocarbons absorbable by bromine water, varying from 
0-2% to 2:2% with the fastest rates of flow.) 

The methane used was 93—95%, pure, the remaining gas being 
nitrogen. 

The time of heating was calculated from the formula, 

Time of heating = v x 273 x t/(T’ x V) 
where v = volume of heated zone, i.e., zone constant to + 1°; 

¢ time taken to pass an average volume V ; 
T' = the absolute temperature of the heated zone; 
V = an arithmetical mean of the volumes, at N.7'.P., of the 
ingoing and outgoing gases. 
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uring Discussion. 

° B, Berthelot (Compt. rend., 1866, 62, 905) first suggested that 
7 A. acetylene plays an important part in the decomposition of methane 
and and our results strongly support this view. Other suggested 
rent mechanisms involving the formation of ethane, ethylene, or residues 
tees are less probable; residues such as ‘CH,, however, may have a 


* transitory existence, although it is not necessary to assume that 
give Ff they are stable. Acetylene begins to be thermodynamically stable 
ents as far as the gaseous equilibrium is concerned at about 750°, and it 
oiled is noteworthy that at this temperature the uncatalysed decom- 
cold position of methane becomes measurable. Ethylene and the other 
hydrocarbons are not stable above 750°. 

It is now well known that appreciable quantities of acetylene, 
benzene, naphthalene, and other polymerides are formed under 
certain conditions by the thermal decomposition of methane 
(Fischer, Brennstoff-Chem., 1928, 9, 309; Peters and Meyer, ibid., 
1929, 10, 324). In the absence of surfaces capable of catalysing 
the direct decomposition of methane to carbon and hydrogen, the 
acetylene yield will depend on the difference in velocity between 
the reaction 2CH,—~>C,H, + 3H, and the consecutive reaction 
, C,H,—>2C + H,. It is only at high rates of flow and at tem- 


‘ai peratures above 1000° that appreciable yields of polymerides are 
obtained. Under these conditions the acetylene formed is not 
wholly decomposed on the surface but is swept rapidly out of the 


zone of highest temperature and, on passing through the cooler 
zones, is able to escape or to polymerise. It is difficult to imagine 
— that hydrocarbons other than acetylene could be formed in the 
high-temperature zone, and it must be assumed that polymerisation 
takes place at lower temperatures. 

= Wheeler and Wood (Fuel, 1930, 9, 567) have published experi- 
sof FT ments in which varying surfaces have been used. We have care- 
ples fully considered their results, and although we find nothing in them 
wes: which contradicts our own hypothesis, it is difficult to understand 
the conclusions drawn by the authors. We cannot agree that the 
initial reaction is dependent upon surface, and a comparison of 
their streaming results with surface/volume ratios of 1-86 and 27 
corroborates this. Further, it is stated that “‘ all efforts to detect 
the presence of acetylene have failed,’ whereas we believe that our 
experiments have shown that this gas is definitely present. We 
cannot agree that acetylene plays a negligible réle in the decom- 
position. 


————— 4 





‘ing 


Summary. 
(1) Static and streaming experiments with silica surfaces suggest 
that at and above 900° methane decomposes via acetylene. 


the 
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(2) The acetylene is formed as a result of a homogeneous bimole. 
cular reaction. 

(3) The direct-surface decomposition of methane to carbon and 
hydrogen is practically negligible owing to surface retardation. 

(4) The subsequent surface decomposition of acetylene to carbon 
and hydrogen is also retarded at a later stage by adsorbed hydrogen: 
the traces of acetylene remaining are sufficient to prevent further 
decomposition of relatively large quantities of methane owing to 
the establishment of a gaseous equilibrium. 


Tue Gas Licut AND CoKE Co., 
LONDON. [ Received, February 19th, 1931.) 





NOTES. 


cycloHexane-spiro-cyclobutanone. By GEORGE ARMAND RoBeErt Koy. 


In a recent paper (this vol., p. 910) Vogel states that the author 
prepared cyclohexane-spiro-cyclobutanone (I) by the dry distillation 
of calcium cyclohexanediacetate, and that a similar ketone was not 
obtained from calcium cycloheptanediacetate; this statement is 
then used to support the theory developed in the paper. It is not 
proposed to criticise this theory in detail, but it is necessary to 
point out that Vogel’s quotation is incorrect and that (1) neither of 
the above calcium salts yields any trace of spiro-ketone, the ketonic 
product being in each case unsaturated, such as (II), a behaviour 


. CH,°CH,~ _,-CH.~ _, CH,°CH, ‘ 


(I.) (I1.) 


which appears to be general in 68-disubstituted glutaric acids (Kon, 
J., 1921, 119, 810); (2) the ketone (I) was prepared by the action of 
potassium on ethyl cyclohexanediacetate (Kon, J., 1922, 124, 513); 
no experiments have been carried out on the cycloheptane derivative 
and no comparison is therefore possible——ImPreRtIAL COLLEGE OF 
SCIENCE AND TECHNOLOGY, Lonpon, 8.W.7. [Received, May 9th, 
1931.] 





The Oxidation of N-Methylhydroxylamine by Iodine. By Oscar L. 
Brapy and Maracaret D. Porter. 


Krrpat (Ber., 1892, 25, 1715) suggested that N-methylhydroxyl- 
amine could be determined quantitatively by boiling it with Fehling’s 
solution and weighing the cuprous oxide produced, the reaction 
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NOTES. 


proceeding in accordance with the equation 3CH,;NH-OH + 
6CuO = 3Cu,0 + CH,-NH, + 2NH, + 2CO, + 2H,O. Brady and 
Goldstein (J., 1926, 2407) were unable to obtain concordant results 
by this method, but found that under regulated conditions V-methyl- 
hydroxylamine could be determined iodometrically. Two molecules 
of the base required one molecule of oxygen, and this suggested that the 
reaction proceeded thus : 2CH,-NH-OH + O, = 2CH,:NOH + 2H,0. 
Bamberger and Szolayski (Ber., 1900, 33, 3193) obtained benzald- 
oxime as one of the products of the oxidation of an aqueous solution 
of N-benzylhydroxylamine by air. No methylamine was formed, 
but, owing to the dilution at which the reaction had to be carried 
out to obtain concordant results and the difficulty of extracting 
formaldoxime, no evidence could then be obtained of the formation 
of the latter compound. 

We have now been able to isolate formaldehyde from the oxid- 
ation product in the form of its dinitrophenylhydrazone. 

N-Methylhydroxylamine hydrochloride (0-42 g.) was dissolved in 
water (100 c.c.). Solid sodium bicarbonate (0-315 g.) was added to 
25 c.c. of this solution, which was then titrated with N/10-iodine 
solution as described by Brady and Goldstein (loc. cit.). The 
resultant solution was neutralised with hydrochloric acid, and a 
further quantity of concentrated hydrochloric acid (16 c.c.) was 
added to make it approximately 2N in hydrochloric acid, followed by 
25 c.c. of a 1% solution of 2 : 4-dinitrophenylhydrazine in 2N-hydro- 
chloric acid (Brady and Elsmie, Analyst, 1926, 77). After 18 hours, 
the feathery crystals which had separated were collected and 
identified as formaldehyde-2 : 4-dinitrophenylhydrazone by com- 
parison with an authentic specimen. The reactions may be 
represented thus : 

CH,-NH-OH -+-I, = CH,:-NOH -+- 2HI. 

CH,:NOH + C,H,(NO,).*"NH*NH, == CHy:N-NH-C,H;(NO,). + 
NH,-OH.—University Cotiecr, Lonpon. [Received, April 30th, 
1931.] 











A Sensitive Colour Reaction for Certain Quinones. By REGINALD 


CRAVEN. 


p-BENZOQUINONE, p-benzoquinone dichloride, 0-toluquinone, chlor- 
anil, «-naphthaquinone, and thymoquinone all yield an intense 
bluish-violet coloration, changing to blue, green, and finally reddish- 
brown, on the addition of 2—3 drops of ethyl cyanoacetate and 
excess (2 to 3 c.c.) of alcoholic ammonia (1 part of absolute alcohol 
and 1 part of aqueous ammonia, d 0-880). The reaction is intense 
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with 0-1 mg. per c.c. and is recognisable with 0-01 mg. per c.c., the 
duration of the blue colour being shortest with p-benzoquinone. 

The reaction is not given with §-naphthaquinone, anthraquinone, 
1 : 5-dichloro-2 : 6-.diaminobenzoquinone (chloranilamide), or phen. 
anthraquinone. It requires the presence of a labile hydrogen or 
halogen atom adjacent to the carbonyl group of the quinone. 

The condensation products with p-benzoquinone, o-toluquinone, 
chloranil, and «-naphthaquinone have been isolated. Their pre- 
paration and constitution will form the subject of further communic- 
ations.—RoBERT GORDON’s COLLEGES, ABERDEEN. [Received, May 


15th, 1931.] 
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[Printed at the Request of the International Union of Chemistry.]} 





Definitive Report of the Committee for the Reform 
of Nomenclature in Organic Chemistry. 


Introduction. 
In the domain of organic chemistry, several names can be given to 
the same compound. This flexibility of nomenclature has the great 
advantage of facilitating clear expression of thought and the draw- 
ing of structural analogies, but is a serious obstacle in the compil- 
ation of indexes. ; 

This difficulty was felt as long ago as 1892, and the celebrated 
Congress of Geneva, at which 34 of the best qualified chemists of 9 
European countries created the Geneva nomenclature, endeavoured 
to overcome it by stating as Rule 1 of its memoir: “ Together 
with the customary name, there shall be given to every organic 
compound an official name under which it may be found in indexes 
and dictionaries.” As is well known, the intention of the Congress 
of Geneva has not been realised. The Geneva nomenclature has 
been sufficiently elaborated only for acyclic compounds, and for 
many of these, and still more for other compounds, the names 
resulting from its application are much too complicated. It is 
probably for this reason that the Commission of 1892 did not 
complete its work. 

An official nomenclature for indexes which was desirable 40 years 
ago has to-day become unnecessary for the following reasons : 

(1) A new edition of Beilstein began to appear in 1918; this 
admirable work renders bibliographical research extraordinarily 
easy. 

(2) The problem is solved by tables of formule, which are now 
in use in a number of chemical journals and also in Chemical 
Abstracts and Chemisches Zentralblatt. 

In the meantime, the Geneva system of nomenclature has been 
of very great value to organic chemistry. Its fundamental ideas 
are of the greatest importance from the systematic point of view 
throughout organic chemistry. For this reason, the classification 
in Beilstein is based upon it. 

It has already been mentioned that the Geneva names are fre- 
quently inconvenient and impracticable for ordinary use. The 
editors of Beilstein and other works of reference have rightly 
indexed them together with their common names. 

Now a revision of these names has become imperative, for the 
number of compounds has increased enormously and their dis- 
coverers, although adhering as much as possible to custom, have 
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not always been happy in their choice of names and have sometimes 
even adopted names that are obviously incorrect. 

With the object of terminating this unfortunate state of affairs 
the International Union of Chemistry in 1922, at the suggestion of 
Sir William Pope, appointed a working committee, selected from 
the editors of the most important chemical journals, to reform the 
nomenclature of organic chemistry : Messrs. Crane, Greenaway and 
Marquis, representing Chemical Abstracts, the Journal of the 
Chemical Society of London, and Le Bulletin de la Société chimique 
de France, respectively. This committee was instructed to prepare 
a report and submit it to the committee of the Union, for approval. 
In the following year the working committee was enlarged by the 
inclusion of representatives of Gazzetta chimica (Paternd), Hel- 
vetica Chimica Acta (Pictet), and Recueil des travaux chimiques 
des Pays-Bas (Holleman). The last was elected president, and 
M. Marquis secretary. 

In course of time the working committee underwent the following 
changes : Mr. Crane was replaced by Mr. Patterson, and Mr. Green- 
away (assisted by Professor Gibson) retired, his place being taken 
by Professor Barger. M. Paterndéd was soon succeeded by M. Pera- 
toner, who, however, was prevented by illness from taking part in 
the meetings. After his death, the Italian Chemical Society 
nominated M. Mario Betti, who took no part in the preparation of 
the report (see below) but attended the 8th meeting at Warsaw in 
1927, the 9th at The Hague (1928), and the 10th at Liége (1930), 
at which the report was discussed and to some extent modified. 
Herr Prager, the editor of Beilstein, appointed by the Verband 
deutscher chemischer Vereine as its representative on the working 
committee, was also present at Liége. 

The working committee met in Paris on several occasions during 
1924—28; the result of its work was a report which was presented 
at The Hague in 1928 to the committee for the reform of the nomen- 
clature of organic chemistry. This committee proposed several 
modifications, which were considered by the working committee. 
The amended report was discussed by the committee at the meeting 
at Liége in 1930 and was unanimously adopted. 

It is not the intention of this report to interfere with the systems 
of nomenclature employed in Beilstein and in Chemical Abstracts : 
these two publications have for many years adopted their own 
systems, which are quite similar to the rules now adopted. On the 
contrary, the object of the committee has been the preservation of 
common usage as much as possible (see rule 1 below) and its embodi- 
ment in print with some simplification and the removal of incorrect 
names. The committee hopes that the flexible nomenclature thus 
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created will be more and more used by authors of memoirs and of 
treatises on organic chemistry and also in teaching and that the 
editors of journals will recommend its use as much as possible. 


Rules. 

Index: I. General.—II. Hydrocarbons: (1) Saturated; (2) un- 
saturated; (3) cyclic.—III. Fundamental heterocyclic compounds. 
—IV. Simple functions.—V. Complex functions.—VI. Radicals.— 
VII. Numbering. 


I. General. . 

1. As little change as possible is to be made in terminology 
universally accepted. 

2. For the present, only the nomenclature of compounds of known 
constitution will be deait with, the problem of naming substances 
of imperfectly known constitution being reserved for later con- 
sideration. 

3. The precise form of words, endings, etc., prescribed by the 
rules may be altered by sub-committees to suit the requirements 
of individual languages. 


Il. Hydrocarbons. 

4. The names of saturated hydrocarbons will end in ane. Open- 
chain hydrocarbons will be known generally as alkanes. 

5. The names methane, ethane, propane and butane are retained 
for the first four saturated normal hydrocarbons. For those con- 
taining more than four atoms of carbon, names derived from Greek 
or Latin numerals will be used. 

6. Branched-chain hydrocarbons are regarded as derivatives of 
normal hydrocarbons; their names will be determined by the 
longest chain containing the maximum number of double or triple 
linkings (preference being given to the double linking where 
ambiguity arises), or,.in the case of saturated hydrocarbons, by 
the longest chain in the formula. In cases where there might be 
doubt as to the choice of the longest chain, that one will be selected 
which admits of the maximum of substitution. 

7. In cases where there are several side chains, the order in which 
these will be named will correspond to their degree of complexity. 
The chain having the greatest number of secondary and tertiary 
atoms is to be regarded as the most complex. The alphabetical 
order may also be followed in such cases. 

8. The names of open-chain unsaturated hydrocarbons containing 
only one double linking will be formed by substituting the termin- 
ation ene for the ane of the corresponding saturated hydrocarbons ; 
if —— two double linkings, the termination will be diene, and 

G 
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so on. These hydrocarbons will be known generally as alkenes, 
alkadienes, alkatrienes, etc. Examples: Propene, hexene. 

9. The names of hydrocarbons containing the triple linking will 
end in yne, diyne, etc. The class will be known as the alkynes, 
Examples : Propyne, heptyne. 

10. If double and triple linkings are both present in the funda- 
mental chain, the terminations enyne, dienyne, etc., will be used. 
The general name of these hydrocarbons will be alkenynes, alka- 
dienynes, etc. 

11. Saturated monocyclic hydrocarbons will be known generally 
as cycloalkanes and will take the names of the corresponding 
saturated open-chain hydrocarbons with the prefix cyclo. 

12. When they are unsaturated, rules 8—10 will be. applied. 
However, for partly saturated polycyclic aromatic compounds the 
prefix hydro, preceded by di-, tetra-, etc., will be used. Example: 
Dihydroanthracene. 

13. Aromatic hydrocarbons will be denoted by the termination 
ene and will otherwise retain their customary names. The name 
phene, however, may be used in place of benzene. 


Ill. Fundamental Heterocyclic Compounds. 


14. Customary names of substances having terminations which 
are not in accordance with the chemical nature of the substances 
will undergo the following changes, which, however, may be modified 
to suit the requirements of individual languages. 

(a) The termination ol will be changed to ole. Example: Pyrrole. 

(b) The termination ane will be changed to an. Example: Pyran. 

15. When a heterocyclic compound containing nitrogen but having 
a name not ending in ine gives basic compounds by progressive 
hydrogenation, such derivatives will be denoted by the successive 
terminations ine, idine. Examples: Pyrrole, pyrroline, pyrrolidine ; 
oxazole, oxazoline. 

16. The termination a is to be used for the hetero-atoms in a 
ring, oxygen thus being denoted by ova, sulphur by thia, nitrogen by 
aza, etc. The letter a may be omitted before a vowel. Examples : 
Thiadiazole, oxadiazole, thiazine, oxazine. 

The names of heterocyclic compounds which are universally 
adopted will be retained, but the names of other heterocyclic com- 
pounds will be derived from those of the corresponding homocyclic 
compounds by adding the names of the hetero-atoms ending in a. 

N 
* dill. 


Example : 2:7 : 9-triazaphenanthrene, NC >< N , 
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IV. Simple Functions. 

17. Substances of simple function are defined as those containing 
a function of one kind only, perhaps repeated several times in the 
molecule. 

18. Where there is only one functional group, the fundamental 
chain will be selected so as to contain this group. Where there 
are several functional groups, the fundamental chain will be selected 
so as to contain the maximum number of these groups. 

19. Halogenated derivatives will be designated by the name of 
the hydrocarbon from which they are derived, preceded by prefixes 
indicating the number and the nature of the halogens. 

20. Alcohols and phenols will be given the names of the hydro- 
carbons from which they are derived, followed by the suffix ol. In 
accordance with rule 1, names universally adopted will be retained ; 
phenol, cresol, naphthol, etc. 

The nomenclature may be applied to heterocyclic hydroxy- 
compounds. Example: Quinolinol. 

21. For the names of polyhydric alcohols and phenols, di, tri, 
tetra, etc., will be interposed between the name of the parent 
hydrocarbon and the suffix ol. 

22. The name mercaptan as a suffix is abandoned; this function 
will be denoted by the suffix thiol. 

23. Ether oxides are regarded as hydrocarbons in which one or 
more atoms of hydrogen are replaced by alkoxy-groups. For 
symmetrical ether oxides, however, the existing nomenclature will 
be retained. Examples: CH,*O-C,H, methoxyethane; CH,°O-CH,; 
methoxymethane or methyl ether. 

24. Oxygen linked, in a chain of carbon atoms, to two of these 
atoms will be denoted by the prefix epowy in all cases other than 
those in which a substance is named as a cyclic compound. 
Examples: ethylene .oxide = epoxyethane; epichlorohydrin = 
] : 2-epoxy-3-chloropropane; tetramethylene oxide = | : 4-epoxy- 
butane. 

25. Sulphides, disulphides, sulphoxides and sulphones will be 
named in the same way as the ether oxides, oxy being replaced by 
thio, dithio, sulphinyl, and sulphonyl respectively. Examples: 
CH,’SO,°C,H, methylsulphonylethane; CH,°S:C;H, methylthio- 
propane ; CH,*CH,*CH,°SO-CH,°CH,°CH,°CH, (1-propylsulphiny]l)- 
butane. 

26. Aldehydes are designated by the suffix al added to the names 
of the hydrocarbons from which they are derived; thioaldehydes 
by the suffix thial. Acetals will be named as 1 : 1-dialkoxyalkanes. 

27. Ketones are to receive the termination one. Diketones, 
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triketones, thioketones will be designated by the suffix dione, 
trione, thione. 

28. The name keten is retained. 

29. For acids, the rules of the Geneva nomenclature are retained. 
However, where the use of this nomenclature results in cumbrous 
names, the carboxyl group is to be regarded as a substituent and 
the name of the acid will be made by adding the suffix carbonic or 
carboxylic, according to language, to the name of the hydrocarbon. 

30. Acids in which an atom of sulphur replaces an atom of oxygen 
will be named according to the Geneva notation. Example: 
Ethane-thioic, -thiolic, -thionic, -thionthiolic. If the substituted 
carboxyl group is regarded as a substituent, the acids will be 
named carbothioic acids. The suffix carbothiolic is to be used if it is 
certain that the oxygen of the group OH is replaced by sulphur; 
the suffix carbothionic if oxygen of the group CO is so replaced; 
the suffix carbodithioic is to be used if the two oxygen atoms are 
replaced by sulphur. 

31. The existing conventions will be retained for salts and esters. 

32. Acid anhydrides will be named as anhydrides of the corre- 
sponding acids. For names formed according to the Geneva notation, 
amides, amidoximes, amidines, imides, and nitriles will be named 
in the same way as the acids, the terminations amide, amidine, 
amidoxime, imide, nitrile respectively being added to the name of 
the corresponding hydrocarbon. The acid halides will be named by 
combining chloride, etc., with the name of the radical. Examples: 
C,H,*COCI butanoyl chloride ; C,H,*-CO-NH, butanamide ; etc. 

When carboxyl is regarded as a substituent, the terminations 
carbonamide, carbonamidine, carbonamidoxime, carbonimide, carbo- 
nitrile are to be used. Examples: C,H,*COCI propanecarbonyl 
chloride ; C,H,-CO*-NH, propanecarbonamide. 

33. The termination ine is reserved exclusively for nitrogenous 
bases. The existing nomenclature for monoamines is retained. 
The names of polyamines will be those of the hydrocarbons followed 
by the suffixes di-, tri-amine. 

For aliphatic compounds containing quinquevalent nitrogen the 
termination ine will be changed to onium. For cyclic compounds 
containing quinquevalent nitrogen in the ring, the termination ine 
will be changed to inium; for those ending in ole, this will be 
changed to olium. Examples: Pyridine, pyridinium; imidazole, 
imidazolium. 

34. The nomenclature of derivatives of phosphorus, arsenic, 
antimony and bismuth, being very complicated, will be considered 
later. 

35. Compounds derived from hydroxylamine by replacement of 
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tone, hydrogen of the hydroxyl will be regarded as alkoxy-derivatives ; 
those in which an atom of hydrogen in the group NH, is replaced, 
as alkylhydroxylamines. Oximes will be named by adding the 
ined. suffix oxime to the name of the corresponding aldehyde, ketone, or 
rous quinone. Examples: C,H;-O-NH, ethoxyamine; C,H,;-NH-OH 
and ethylhydroxylamine. 





ic Or 36. The generic name urea is retained; it will be used as a suffix 
ON. for alkyl and acyl derivatives and acids of urea. Examples: 
ygen C,H,*-NH-CO-NH, butylurea ; C,H,-CO-NH-CO’NH, butyrylurea. 
ple : The bivalent radical NH-CO-NH is to be named urylene. 
uted 37. The generic name guanidine is retained. — 
| be 38. The name carbylamine is retained. 
it is 39. isoCyanic and isothiocyanic esters (RNCO, RNCS) will be 
1Ur ; named isocyanates and isothiocyanates. 
ed ; 4). The name cyanate is reserved for true esters which on hydro- 
are lysis yield cyanic acid or its products of hydration. The name 
thiocyanate will be substituted for sulphocyanate (ide). 
ers. 41. Nitro-derivatives : there is no change in the existing nomen- 
rre- clature. 
ion, 42. Azo-compounds : the notation azo, azovy is retained. 
ned 43. (a) Diazonium compounds R-N,X will be named by adding 
ine, the suffix diazonium to the name of the parent substance (hydro- 
» of carbon) : benzenediazonium chloride. 
| by (b) Compounds having the same empirical formula but containing 
les : tervalent nitrogen will be named by substituting diazo for diazonium 
(benzenediazohydroxide). 
ons (c) Compounds of the type R:N,°OM will be named diazoates. 
rbo- (d) Compounds in which the two atoms of nitrogen are linked 
nyl to a single atom of carbon will be denoted by the prefix diazo 
(diazomethane, diazoacetic acid). 
ous (e) The name diazoamino is retained ; these substances, however, 
ed. may be regarded as derivatives of triazene. 
ved (f) Derivatives of the compounds 
NH,*NH-NH-NH,, NH-N-NH-NH,, NH-N-NH-N-NH 
the will be named tetrazanes, tetrazenes, pentazdienes, etc. 
nds 44. Hydrazines will be designated by the name of the alcoholic 
ine radical from which they are derived, followed by the suffix hydrazine. 
be In the cases where the amino-group of a carbonamide is replaced 
dle, by the hydrazine-group the suffix hydrazide will be used. 


Hydrazo-compounds are to be regarded as derivatives of 
Lic, hydrazine. 
ved Examples : CH,*NH-NH, methylhydrazine; C,H,-NH-NH°C3H, 
l-ethyl-2-propylhydrazine ; C,H,-CO-NH-NH, butyrylhydrazine or 
propanecarbohydrazide. 
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45. Hydrazones and semicarbazones will be named in the same 
way as the oximes. The term osazone is retained. 

46. The name quinone is retained. 

47. Sulphonic and sulphinic acids will be designated by adding 
the suffix sulphonic or sulphinic to the name of the hydrocarbon. 

The analogous acids of selenium and tellurium will be named 
alkaneselenonic and alkaneseleninic acids; alkanetelluronic and 
alkanetellurinic. 

48. Organo-metallic compounds will be designated by the names 
of the organic radicals linked to the metal which they contain, 
followed by the name of the metal. Examples: Dimethylzinc, 
tetraethyllead, methylmagnesium chloride. However, if the metal 
is linked in a complex fashion, it may be regarded as a substituent. 
Example : HgCl-C,H,°CO,H chloromercuribenzoic acid. 

49. The nomenclature of cyclic compounds having side chains 
will be considered later. 

50. If it is necessary to avoid ambiguity, the names of complex 
radicals may be placed in parenthesis. Examples : (CH,),C,H,NH, 
(dimethylphenyl)amine ; C,H,*N(CH,), phenyldimethylamine. 


V. Complex Functions. 


51. For compounds of complex function, that is, compounds 
which contain several radicals of different chemical character, the 
termination of the name will express only one kind of function 
(the principal function); the other functions will be designated by 
appropriate prefixes. 

52. The following prefixes and suffixes will be used to designate 
the functions. 


Function. Prefix. Suffix. 
Acid and derivatives Carboxy carbonic (carboxylic), carb- 
onyl, carbonamide, etc.; 
or oic, oyl, ete. 


Alcohol Hydroxy ol 
Aldehyde Oxo, aldo (for O: al- al 

dehydic), or formyl] 

(CHO) 
Amine Amino amine 
Quinquevalent nitrogen onium, inium 
Carbonitrile (nitrile) Cyano carbonitrile or nitrile 
Ketone Oxo or Keto one 
Azo-derivative Azo 
Azoxy ,, Azoxy 
Nitro- ,, Nitro 
Nitroso- ,, Nitroso 
Sulphinated derivative Sulphino sulphinic 
Sulphonated os Sulpho sulphonic 
Ether oxide Alkoxy 
Halogenide Halogeno 
Hydrazine Hydrazino hydrazine 


Double linking ene 
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same Function, Prefix. Suffix. 
Triple linking yne 
Mercaptan Mercapto thiol 
Ethylene oxide, etc. Epoxy 
ding | Sulphones Sulphonyl 
Sulphoxides Sulphinyl 
a Sulphides Alkylthio 
med Urea Ureido urea 
and 


53. The names of derivatives of the fundamental heterocyclic 
compounds will be formed according to the preceding rules. 


mes 

re VI. Radicals. , 

etal 54. Univalent radicals derived from saturated aliphatic hydro- 

ent. carbons by loss of one atom of hydrogen will be named by substitu- 
tion of the termination yl for the termination ane of the hydrocarbon. 

sine 55. The names of univalent radicals derived from unsaturated 
hydrocarbons will end in enyl, ynyl, dienyl, etc., the positions of 

alex the double or triple linkings being indicated by numbers or letters, 


vH, where this is necessary. 

56. Bi- or ter-valent radicals derived from saturated hydrocarbons 
by loss of two or three atoms of hydrogen from the same atom of 
carbon will be named by substituting the termination ylidene or 


nds ylidyne for the termination ane of the hydrocarbon. For such 
the radicals derived from unsaturated hydrocarbons, these terminations 
ion will be added to the name of the hydrocarbon. The names iso- 
by propylidene and methene are retained. 

; 57. The names of bivalent radicals derived from aliphatic hydro- 
ate carbons by loss of one atom of hydrogen from each of the two 


terminal carbon atoms of the chain will be ethylene, trimethylene, 
tetramethylene, etc. 

58. Radicals derived from acids by loss of the hydroxyl greup 
wh- 29 : rr . ° 
be. will be named by changing the termination carbonic or carboxylic to 
carbonyl, or oic to oyl where the Geneva notation is used. 

59. Univalent radicals derived from aromatic hydrocarbons by 
loss of an atom of hydrogen from the ring will in principle be named 
by changing the termination ene to yl. However, the radicals C,H; 
and C,H,;°CH, will continue provisionally to be named phenyl and 
benzyl respectively. Moreover, certain abbreviations sanctioned by 
custom are authorised, such as naphthyl in place of naphthalyl. 

60. Univalent radicals derived from heterocyclic compounds by 
loss of hydrogen from the ring will be named by changing the 
termination to yl. In cases where this would give rise to ambiguity, 
the final e will be simply changed to yl. Examples: Pyridine, 
pyridyl; indole, indolyl; pyrroline, pyrrolinyl; triazole, triazolyl ; 
triazine, triaziny]. 
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61. Radicals formed by loss of an atom of hydrogen from a side 
chain of a cyclic compound will be regarded as substituted aliphatic 
radicals. 

62. In general, special names will not be given to multivalent 
radicals derived from cyclic compounds by loss of several atoms of 
hydrogen from the ring. In such cases prefixes or suffixes will be 
used. Examples: Triaminobenzene or benzenetriamine; dihydr- 
oxypyrrole or pyrrolediol. 

63. The order in which prefixes or radicals are to be named 
(alphabetical order or conventional) is optional. 





VII. Numbering. 


64. In aliphatic compounds the carbon atoms of the fundamental 
chain will be numbered from one end to the other, Arabic numerals 
being used. To avoid ambiguity the lowest numbers will be given 
(1) to the principal function, (2) to double linkings, (3) to triple 
linkings, (4) to atoms or radicals which are denoted by prefixes. 
The term “lowest number”’ signifies those which comprise it or 
the lowest individual numbers. For instance, 1 : 3: 5- is less than 
2:4:6-, 1:5:5- less than 2:2:6-, 1:2:5- less than 1:4:5., 
1:1:2:4- less than1:3:4:4-. 

65. Positions in side chains will be denoted by letters or numbers 
starting from the point of attachment. The letters or numbers 
together with the name of the chain will be given in parenthesis. 

66. In cases of ambiguity in the numbering of atoms or radicals 
which are denoted by prefixes the order will be that which would 
be chosen for the prefixes before the name of the fundamental 
compound or of the side chain of which they are substituents. 

67. The prefixes di-, tri-, tetra-, etc., will be used before simple 
expressions (for example, diethylbutanetriol) and the prefixes bis, 
tris, tetrakis, etc., before complex expressions. Examples : 
CH,°NH-[CH,],*-NH-CH, bis(methylamino)propane ; 

(CH,),N*CH,°CH,"N(CHs). 
bis(dimethylamino)ethane. 

The prefix bi will only be used to denote the doubling of a radical 
or compound. For example, biphenyl. 

68. A catalogue of cyclic systems and their numbering, based on 
the existing system and that of Mr. Patterson, is in course of pre- 
paration by the National Research Council of the United States of 
America and the American Chemical Society. 

In order to avoid any confusion, the Committee recommends 
that a scheme of numbering be given at the foot of each memoir. 
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First Report of the Committee on Atomic Weighis 
of the International Union of Chemistry. 


[G. P. Baxter (Sec.), Mme. M. Curte, O. HONIGSCHMID, 
P. Lepeav, and R. J. MEYER. ] 


In September, 1930, at the meeting of the International Union of 
Pure and Applied Chemistry at Liége, the Committee on Elements 
which has functioned since 1923 was replaced by three committees, 
on (1) Atomic Weights, (2) Atoms, including isotopy and atomic 
structure, and (3) Radioactive Constants. Hereafter the function 
of the first of these committees will be to prepare annually a table 
of atomic weights on the basis of the most recent evidence. 
National Committees on Atomic Weights are requested by the 
International Union to refrain from publishing tables of their own. 

While it was impossible for the new committee to issue a report 
earlier this year, it is the intention of the committee normally to 
issue its report so far as possible in the first (January) number of 
current chemical and physical periodicals. These reports will cover 
the twelve months from October to September preceding. 

Authors of papers bearing on the subject are requested to send 
copies to each of the five members of this committee at the earliest 
possible moment. 

Since the reports of the German and American committees (Ber., 
1930, 63, B, 1; J. Amer. Chem. Soc., 1930, 52, 857) adequately 
cover the ground of progress during 1929, only investigations 
published since January Ist, 1930, are reviewed in this report. 

Batuecas, Schlatter, and Maverick (J. Chim. physique, 1930, 27, 
36, 45) have published new determinations of (PV),/(PV), by the 
expansion method. In column I the assumption is made that the 
quantity varies linearly with the pressure ; in column II an equation 
of the second degree is used. 


I. II. 
Ts scenhieibigahedibiiaeoendiinnsiin 1:0040 
Ss: coschibbidihidetipininnitanns 101543 1-01515 
SI ccslapiedndadsnianbusadiianes 1-00787 1-00737 
ale. scccksenenicassetsaceuense 1-00048 
 STEIRA A h tal S 101031 1-01035 


Nitrogen.—Moles and Batuecas (Anal. Fis. Quim., 1930, 28, 871) 
have redetermined the density of ammonia at various pressures. 
The gas was prepared (1) from ammonium oxalate and potassium 
hydroxide, (2) by synthesis (technical) from the elements, and 
(3) by hydrolysis of magnesium nitride. After chemical purific- 
ation, and in most cases drying finally with phosphorus pentoxide, 
the gas was fractionally distilled. After correction for adsorption 
on the walls of the globes, the results are expressed in the weight 
of the litre at 0° and 760 mm. 
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Method of Globe No. 3, Globe No. 2, 
preparation. 773 ml. 647 ml. 
Preliminary series. 
1 0-77167 0-77196 
0-77234 0-77184 


0-77226 
0-77137 
Average 0-77191 


0-77174 
0-77168 
0-77113 
0-77160 


0-77170 
0-77184 
Average 0-77162 
0-77118 
0-77153 
0-77180 
0:77144 
0-77161 
Average 0-77151 


te 


0-77195 

0-77168 

0-77187 

Average 0-77183 

Average of all 0-77163 
1 

0-76758 

0:76734 

0-76839 

0-76803 

Average 0-76784 

0-76754 

0-76770 

0:76752 

Average 0-76759 

3 0-76743 

0:76737 

Average 0-76740 

Average of all 0-76736 


to 


1 0-76511 
0-76623 
0-76586 
Average 0-76573 
0-76592 
0-76582 
Average 0-76587 


to 


0-76641 

0:76577 

0-76610 

0-76605 

Average 0-76608 
Average of all 0-76592 
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1 Atmosphere. 


0-77207 
0-77219 
0-77202 


Final series. 


0-77130 
0-77190 
0-77158 
0-77168 
0-77166 
0-77149 
0-77212 
0-77168 
0-77185 
0-77207 
0-77119 
0-:77188 
0-77193 
0:77178 


0-77172 
Atmosphere. 


0-76770 


0-76769 
076770 


0-76770 


2 Atmosphere. 


0-76539 


0-76561 
0-76593 
0-76541 
0-76559 
0-76559 


Globe G, 
1007 ml. 


0-77169 
0-77165 
0-77193 
0-77170 
0-77206 
0-77181 
0-77181 


0-76763 
0-76773 
0-76842 
0-76844 
0-76806 


0-76729 
0-76758 
0-76744 
0-76785 


0-76624 
0-76597 
0-76557 
0-76593 
076606 
0-76592 
0-76599 


076595 


ATOMIC WEIGHTS 


Average. 


0-7718 
0-7721 
0:7722 
0-7718 
0-7720 


0-77152 
0-77179 
0-77136 
0-77164 
0-77166 
0-77160 
0-77198 
0-77165 
0-77152 
0-77180 
0-77149 


- 0-77166 


0-77177 
0-77165 
0-77169 
0:77165 
0-77194 
0-77169 
077197 
0-:77179 
0-77169 


0-76761 
076754 
0-76841 
0-76824 
0-76795 
0-76762 
0-76770 
0-76761 
0-76764 
0-76736 
0-76748 
0-76742 
0-76773 


0-76568 
0-77610 
0-76572 
0-76583 
0-76599 
0-76587 
0-76593 
0-76539 
0-76641 
0-76569 
0-76602 
0-76573 
0-76585 
0-76585 
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1/3 Atmosphere. 








































Method of Globe No. 3, Globe No. 2, Globe G, 
preparation. 773 ml. 647 ml. 1007 ml. Average. 
i 0-76328 0-76321 0:76325 
0-76378 0-76341 0-76360 
0-76395 0-76434 0-76415 
Average 0-76367 0-76365 0-76366 
2 0:76424 0-76314 0:76369 
0:76348 0:76348 
0-76400 0-76403 0-76402 
0:76416 0:76260 0-76416 
0:76444 0-76387 0-76416 
0:76387 0-76360 0-76374 
Average 0-76418 0-76362 076390 
3 0:76391 
0-76438 
0-76342 
0-76350 
0-76405 0-76426 0:76416 
Average 0-76385 0-76426 0-76392 
Average of all 0-76392 0-76370 0-76383 


From the densities at various pressures the limiting density of 
ammonia is calculated by the method of differences to be 0-75990. 
The corresponding molecular weight of ammonia is then 17-032, 
and the atomic weight of nitrogen 14-009. 

Phosphorus.—Ritchie (Proc. Roy. Soc., 1930, A, 128, 551) has 
determined the density of phosphine at different pressures. The 
gas was prepared from phosphonium iodide by means of potassium 
hydroxide and was fractionated. 


P, atm. Globe I, 336 ml. Globe II, 341 ml. Average. 





1 (1-5311) 1-5308 1-5308 
1-5308 1-5307 1-5308 

1-5307 1-5305 1-5306 

1-5307 1-5307 1-5307 

1-5308 1-5308 1-5308 

1-5306 1-5306 

Average 1-5307 1-5307 1-5307 

0-75 1-5274 1-5272 1-5273 
1-5273 1-5273 

1-5271 1-5272 1-5272 

Average 1-5273 1-5272 1-5272 

0-50 1-5241 1-5237 1-5239 
1-5242 1-5242 

1-5237 1-5236 1-5237 

1-5233 1-5238 1-5236 

1-5238 1-5238 1-5238 

Average 1-5238 1-5237 1-5238 

0-25 1-5204 1-5202 1-5203 
1-5202 1-5203 1-5203 

1-5201 1-5201 

1-5205 1-5205 1-5205 

Average 1-5204 1-5203 1-5203 


Assuming a linear relation between PV and pressure, (PV),)/(PV), 
is calculated to be 1-0091. 
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If the normal litre of oxygen weighs 1-4290 g. and the coefficient 
of deviation from Boyle’s law per atmosphere is — 0-00096, then 
PH, = 34:000 and P = 30-977. This value for phosphorus is 
appreciably lower than the chemical value. 

Sulphur.—Honigschmid and Sachtleben (Z. anorg. Chem., 1931, 
195, 207) have completed a synthesis of silver sulphide from its 
elements. The compound was stable up to 300° but lost sulphur 
by decomposition above this temperature when reheated in sulphur 
vapour. Partially decomposed sulphide takes up quantitatively 
the deficiency in sulphur. Excess sulphur is given up at 300°. To 
carry out a synthesis, weighed quantities of the purest silver were 
heated in sulphur vapour until the reaction was complete and then 
the excess of sulphur was eliminated in a current of pure nitrogen 
at 280°. Constancy in weight of the sulphide was readily attained. 
The sulphur was prepared by precipitation from thiostilphate and 
double distillation in vacuum. Weights are corrected to vacuum. 
In the twelfth analysis the materials of the eleventh were reweighed 
in exhausted receptacles. 


The Atomic Weight of Sulphur. 


Wt. of Ag. Wt. of Ag,S. E.atio, Ag,S : 2Ag. At. wt. of sulphur. 
7:90291 9-07742 1-148617 32-066 
9-42181 10-82209 1-148621 32-066 
9-74522 11-19355 1-148620 32-066 
9-59836 11-02489 1-148622 32-067 
9-20378 10-57166 1-148622 32-067 

10-75224 12-35021 1-148617 32-066 
8-28317 9-51424 1-148623 32-067 
9-86327 11-32913 1-148618 32-066 

10-43748 11-98871 1-148621 32-066 
7°21091 8-28265 1-148627 32-068 
9-84440 11-30749 1-148621 32-067 
9-84439 11-30748 1-148622 32-067 

Average 1-148621 32-067 


Since all recent determinations of the atomic weight of sulphur 
have yielded a value not far from 32-06, this value has been adopted 
for the table. 

Chlorine.—Scott and Johnson (J. Amer. Chem. Soc., 1930, 52, 
3586) call attention to an error in the solubility of silver chloride at 
0° assumed by Hénigschmid and Chan (Z. anorg. Chem., 1927, 163, 
315) in their syntheses of silver chloride which amounts to 0-002% 
in the weight of silver chloride. 

Calcitum.—H6nigschmid and Kempter (Z. anorg. Chem., 1931, 
195, 1) purified calcium nitrate from marble by 10 recrystallisations, 
and converted the product into chloride by precipitation of the 
carbonate and solution of the latter in hydrochloric acid (Sample I). 
Sample II was prepared from commercial nitrate by 15 crystallis- 
ations. After recrystallisation of the chloride it was prepared for 
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then allowed to solidify in nitrogen. 
chloride were corrected for deviations from the neutral point by 
titration with N/100-solutions of acid and base, and then were 
193] compared with silver in the usual way, and the silver chloride was 
collected and weighed. 
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weighing by dehydration and fusion in hydrogen chloride, and 
The solutions of the weighed 


Weights are corrected to vacuum. 























n its 
= Atomic Weight of Calcium. 
1 
P J Ratio, At. wt. of 
ively Sample. Wt. of CaCl, Wt. of Ag. CaCl, : 2Ag. calcium. 
To I 1-84526 3-58692 0-514441 40-082 
wai I 1-62314 3-15509 0-514451 40-084 
I 1-42216 2-76444 0-514447 40-083 
then I 2-21933 4-31400 0514448 40-083 
ogen I 1-03950 2-02064 0-514441 40-082 
I 1-45783 2-83364 0-514472 40-088 
ned. II 2-93786 5-71052 0-514464 40-086 
and iI 2-45368 4-76952 0-514451 40-084 
II 2-11276 4-10689 0-514441 40-082 
‘um. Average 0-514451 40-084 
shed Ratio, At. wt. of 
Sample. Wt. of CaCl, Wt. of AgCl. CaCl, : 2AgCl. calcium. 
[ 1-97942 5:11225 0-387191 40-083 
I 2-35393 6-07937 0-387199 40-086 
ar I 1-67385 4-32284 0-387210 40-089 
; I 1:62314 4-19217 0-387183 40-082 
I 1-42216 3-67297 0-387196 40-085 
I 2-21933 5-73153 0-387214 40-090 
Ratio, At. wt. of 
Sample. Wt. of CaCl, Wt. of AgCl. CaCl, : 2Ag. calcium. 
Il 1-03950 2-68467 0-387198 40-086 
II 1-45785 376499 0-387206 40-088 
Average 0-387200 40-086 
The average of both series, 40-085, is slightly higher than that 
found earlier by Richards and Hénigschmid, viz., 40-071. For the 
present, 40-08 is recommended. A. V. Frost and O. Frost (Nature, 
nur 1930, 125, 48) claim to have discovered a concentration of Ca*! in 
ted a potassium felspar containing 0-042% of calcium oxide. Only 
0-15 g. of calcium oxide was available. From the ratio CaCl, : CaBry 
52, the atomic weight of calcium was found in two experiments to be 
at 40-23. Similar experiments with ordinary calcium which had been 
33, purified in the same way gave 40-10. 
07, Hoénigschmid and Kempter (Z. anorg. Chem., 1931, 195, 1) 
attacked the same problem with calcium extracted from sylvine by 
31, von Hevesy. After preliminary purification the average atomic 
1s, | Weight through the chloride was found to be 40:22. Spectroscopic 
he investigation, however, revealed the presence of strontium. After 
I). removal of this impurity by fractional precipitation of the oxalate, 
_ the observed atomic weight was lowered to 40-093. The material 


still contained 0-015 atom °, of strontium, so that the value to be 
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expected is 40-091. Since the sylvine is a geologically younger 
mineral than the felspar, a smaller concentration of Ca! is to be 
expected, so the question as to appreciable variation of Ca‘! jp 
nature is still an open one. 

Vanadium.—Scott and Johnson (J. Amer. Chem. Soc., 1930, 52, 
2638) have analysed vanadyl trichloride. This was made by heat. 
ing purified vanadium trioxide in a current of chlorine, and the 
product was purified by vacuum distillation, after removal of excess 
chlorine with mercury and sodium. Portions for analysis were 
removed in sealed glass bulbs in the later stages of the distillation, 
After being weighed, the bulbs were broken under either nitric acid 
or ammonia. In the former case the glass was washed with nitric 
acid and collected on a filter. In the latter, after the supernatant 
liquid had been filtered, the precipitate was dissolved in nitric acid 
and the glass was washed and collected. The solutions were then 
compared with silver in the usual way, and in some cases the silver 
chloride was collected. The analyses are arranged in the order of 
decreasing volatility of the chloride samples. Weights are corrected 


to vacuum. 





The Atomic Weight of Vanadium. 


Ratio, At. wt. Ratio, At. wt. 
Wt. of Wt. of VOCI,: of van- Wt. of VOCI,: of van- 
VOCI,. Ag. 3Ag. adium. AgCl. 3AgCl. adium., 


Acid hydrolysis. 
8-15697 15-23143 0-535535 50-950 20-23483 0-403115 50-973 
8-29538 15:48986 0-535536 50-950 20-57872 0-403105 50-969 
760527 1420111 0-535541 50-951 i8-86755 0-403087 50-961 
701143 13-09218 0-535543 50-952 
Average 0-535539 50-951 0:403102 50-968 
Alkaline hydrolysis. 
7°75120 14-47384 0-535532 50-949 
7-88453 14-72386 0-535493 50-936 19-56218 0-403050 50-945 
9-19783 17-17614 0-535500 50-938 22-81924 0-403073 50-955 
6-69572  12-50344 0:535510 50-941 
804970  15-03136 0-535527 50-947 19-96976 0-403094 50-964 
7:62984  14-24666 0-535553 50-955 
Average 0°535519 50-945 0403072 50-955 
Experimental evidence was found that the nephelometric end- 
point was slightly affected by the presence of vanadic acid, but the 
effect on the atomic weight of vanadium is less than 0-005. The 
average of the comparisons with silver, 50-948, agrees almost exactly 


with the recent results obtained by McAdam, and by Briscoe and 
Little. 

Chromium.—Gonzales (Anal. Fis. Quim., 1930, 28, 579) has 
applied to chromy] chloride the recently developed method of pre- 
paring volatile inorganic compounds by fractional distillation in 
vacuum. The compound was prepared by the action of concen- 
trated sulphuric acid on a mixture of sodium chloride and potassium 
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unger dichromate and, after fractional distillation under low pressure, 
to be was collected in sealed glass bulbs. The bulbs were broken under 
41 in water and the halogen was determined by comparison with silver 
in the usual way. Ultimately the silver chloride was determined. 
), 52, Weights are corrected to vacuum. 
heat. , : : 
1 the The Atomic Weight of Chromium. 
xe Ratio, At. wt. Ratio, At. wt. 
— Wt.of Wt.of  CrO,Cl,: ofchrom- Wt.of Cr0O,Cl,: of chrom- 
were CrO,Cl,. Ag. 2Ag. ium. AgCl. 2AgCl. ium. 
ition. 9-56543 13-32143 0-718049 652-012 17-69786 0-540485 52-029 
| 954415 1383-29120 0-718080 52-019 17-65929 0-540640 52-022 
acid Average 0-718085 52-016 - 0540473 52-026 
litri . , wide 
; po The average result, 52-02, is only 0-01 unit higher than the current 
pa one, and no change is recommended for the present. 
in Arsenic.—Krepelka (Coll. Trav. chim. Czechoslov., 1930, 2, 255) 
eck has published details of the analysis of arsenic trichloride noted 
ao al earlier (Nature, 1929, 123, 944). Recrystallised arsenic trioxide 
was reduced with sugar charcoal, and the metal resublimed. Con- 
cted : : R 
version of the metal into chloride was followed by repeated vacuum 
distillation of the latter. Samples were collected for weighing in 
= sealed evacuated bulbs. Hydrolysis with ice water was followed 
an- by comparison with silver in the usual way. In two cases the 
7 silver chloride was collected and weighed. Vacuum weights are 
- given. 
69 The Atomic Weight of Arsenic. 
61 Ratio, At. wt. Ratio, At. wt. 
Wt. of Wt. of AsCl, : of Wt. of AsCl, : of 
68 AsCl,. Ag. 3Ag. arsenic.*  AgCl. 3AgCl.  arsenic.* 
398710 7-11681 0-560237 74-944 
4-81766 8-59961 0-560218 74-938 
45 6-27437 11-20020 0-560201 74-933 
55 2-42721 4-33242 0-560244 74-946 5-75672 0-421631 74-934 
386442 6-89796 0-560227 74-941 
34 5-09819 9-10041 0-560215 74-937 
546890 9-76222 0-560211 74-936 
55 5-10039 9-10415 0-560227 74-941 
5-71146 10-19540 0-560200 74-932 
nd- 3-05992 5-46180 0560240 74-945 
th 1-49994 2-67755 0-560191 74-929 3°55734 0-421646 74-941 
© Average 0:560219 74-938 0-421638 74-938 
The * Calculated with Cl = 35-457. The figures given by the author are 
tly calculated with Cl = 35-458. 
nd f This value is slightly lower than the value which has been in use 
for some time, and slightly higher than that found by Aston with 
_ the mass spectrograph after correction for the presence of O18, viz., 
wel 74-927. The value 74-93 is adopted in the table of atomic weights. 
- Tantalum.—Krishnaswami (J., 1930, 1277) has analysed the 





chloride and bromide of tantalum. Metallic tantalum was first 
obtained by reducing purified potassium tantalum fluoride with 
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sodium in an atmosphere of argon. When examined spectroscopic. 
ally the metal appeared to be free from impurities, although it 
contained a small percentage of oxide. The metal was converted 
to halides by the action of pure dry halogens, and the halides were 
twice distilled in vacuum and collected in sealed glass bulbs. After 
being weighed, the bulbs were broken under ammonia, and the 
solutions filtered to remove glass and tantalic acid. To find the 
weight of the glass, the tantalic acid was dissolved in oxalic acid 
and the glass was collected on a weighed crucible. The solutions 
were then compared with silver and the silver halides were collected 
and weighed. Weights are corrected to vacuum. 


The Atomic Weight of Tantalum. 


Ratio, At. wt. Ratio, At. wt. 
Wt. of Wt. of TaBr,;: of tant- Wt. of TaBr,: of tant- 
TaBr,. Ag. 5Ag. alum. AgBr. 5AgBr. alum. 
3°07127 496415 0-61869 181-36 
3°72095 6-01413 0-61870 181-37 


3°81890 3-54594 1-07698 181-34 6-17267 0-61868 181-35 
359654 3-33939 1-07700 181-36 5-81303 0-61870 181-37 
269071 2-49831 1-07701 181-37 4-:34926 0-61866 181-33 
2-61163 2-42488 1-07702 181-37 4-22133 0-61868 181-35 
3-92094 3-64064 1-07699 181-35 6-33750 0-61869 181-36 
2-04583 1-89956 1-07700 181-36 3°30681 0-61867 181-34 


Average 1-07700 181-36 0-61868 181-35 

Ratio, At. wt. Ratio, At. wt. 

Wt. of Wt. of TaCl,: oftant- Wt. of TaCl,: of tant- 
TaCl,. Ag. 5Ag. alum. AgCl. 5AgCl. alum. 


3°15350 4-:74301 0-66488 181-35 6-30152 0-50044 181-37 

2-96215 4-45549 0-66483 181-33 5-91874 0-50047 181-40 

4-08061 6-13756 0-66486 181-34 8-15438 0-50042 181-36 

3°21073 482972 0-66479 181-30 6-41613 0-50042 181-36 

349922 5:26278  0:66490 181-36 6-99201  0:50046 181-39 

Average 0-66485 181-34 0-50044 181-37 

The average value, 181-36, is lower than that found by Balke in 
1910, viz., 181-50. Balke’s method, in which the ratio TaCl, : Ta,0, 
was determined, has been found to be untrustworthy because of 
the uncertain composition of most oxides. The new value therefore 
has been adopted. 

Rhenium.—HG6nigschmid and Sachtleben (Z. anorg. Chem., 1930, 
191, 309) have taken advantage of the increased quantities of 
rhenium now available by analysing silver per-rhenate. Three 
specimens of material were prepared. (I) Potassium per-rhenate 
was recrystallised and the silver salt precipitated ; retained potass- 
ium was removed by reprecipitation and crystallisation. (II) Metallic 
rhenium was burned to heptoxide in oxygen, and after solution of 
the oxide in water silver per-rhenate was precipitated with silver 
nitrate. (III) The third sample was prepared by dissolving silver 
oxide in per-rhenic acid. 

The silver salt was prepared for weighing by fusion in air of a 
mixture of the per-rhenate with an excess of acid. Weighed 
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amounts of salt were dissolved in water and the silver was 
precipitated as silver bromide. Weights are corrected to vacuum. 


The Atomic Weight of Rhenium. 


Wt. of Wt. of Ratio, At. wt. of 

Sample. AgReQ,. AgBr. AgReO, : AgBr. rhenium. 
I 5-36365 2-81186 1-90751 186-34 
II 7-83577 4-10795 1-90747 186-33 
IT 8-55829 4-48684 1-90742 186-33 
II 6°34973 3°32894 1-90743 186-33 
ITE 8-90918 4-67111 1-90729 186-30 
If 6-95494 3-64684 1-90712 186-27 
[it 7°85704 4-11955 1-90726 186-30 
Average 1-90735 186-31 


This result is 2-4 units lower than the preliminary value found 
by W. and I. Noddack by analysis of the disulphide, but in view of 
the inferiority of the latter method and the small quantities weighed, 
the new value 186-31 is adopted for the table. 

Thallium.—H6nigschmid and Stribel (Z. anorg. Chem., 1930, 194, 
293) prepared thallous bromide by precipitation from a solution of 
the purified sulphate. After distillation in nitrogen the salt was 
weighed in a quartz tube. Solution in hot water was followed by 
hot precipitation with a nearly equivalent amount of silver. The 
end point was found with a nephelometer in the usual way. Weights 
are corrected to vacuum. 


The Atomic Weight of Thallium. 


Preliminary series. 


Wt. of TIBr. Wt. of Ag. Ratio, TIBr: Ag. At. wt. of thallium. 
386281 1-46582 2-63526 204-38 
3°78429 1-43583 2-63561 204-41 
3-96949 1-50639 2-63510 204-36 
394471 1-49669 2-63562 204-42 

Average 2-63540 204-39 

Final series. 

4-01222 1-52251 2-63527 204-377 
3:97142 1-50692 263546 204-397 
3°90498 1-48170 2-63547 204-399 
4-07193 1-54509 2-63540 204-391 
3°68886 1-39974 2-63539 204-390 
4-04739 1-53580 2-63536 204-387 

Average 2-63539 204-390 


This value agrees exactly with that found earlier by Honigschmid, 
Berkenbach, and Kothe through the analysis of thallous chloride. 

Lead.—Baxter and Bliss (J. Amer. Chem. Soc., 1930, 52, 4848) 
have determined the atomic weight of two specimens of Ra-G. 
The first was extracted from Swedish kolm, and the second from 
uraninite from Wilberforce, Ontario, Canada. Purification was 
effected by crystallisation as chromate, sulphate, nitrate, and 
chloride. After resublimation, the chloride was fused preparatory 
to weighing. Comparison with silver was carried out as usual. 
Weights are corrected to vacuum. 
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The Atomic Weight of Lead. 


Common 2-74332 2-12809 1-28910 207-222 
3-60741 2-79852 1-28904 207-209 

3:07537 2-38565 1-28911 207-224 

2-81471 2-18351 1-28908 207-218 

1-28909 207-218 

Kolm 1-61294 1-25678 1-28339 205-990 
1-60407 1-24983 1-28343 205-999 

2-56499 1-99842 1-28351 . 206-016 

1-83748 1-43167 1-28345 206-003 

3°32075 2-58729 1-28349 206-011 

3°07451 2-39530 1-28356 206-027 

1-28347 206-008 

Uraninite 3°74779 2-91608 1-28433 206-194 
5-63102 438436 1-28434 206-196 

1-28434 206-195 


The kolm lead has a lower atomic weight than any other specimen 
yet examined and seems to consist almost entirely of the isotope 
Pp206, 

Aston (Proc. Roy. Soc., 1930, A, 126, 511; 1931, A, 130, 302; 
Nature, 1930, 126, 200, 348) has extended the usefulness of the 
mass spectrograph to the determination of the chemical atomic 
weight of complex elements by micro-photometric measurements of 
the intensities of the isotopic lines in a mass spectrogram. The 
following table gives the percentages of the components, as well as 
the packing fractions and the atomic weight calculated on the basis 
of chemical oxygen. 













Isotopic Weights and Percentages. 
Packing At. wt. 
fraction (O : 
x 104. 16-000). 


Chromium 50 52 53 54 —10 52-011 
49 816 104 31 
Zinc 64 65 66 67 — 99 65-380 





480 25 259 5:3 
68 69 70 
17-1 0-85 0:38 
Molybdenum 92 94 95 96 — 55 95-97 
14-2 10:0 15:5 17:8 
97 98 100 
96 23:0 98 





Krypton 78 06=C 80s—si82ti SECC iC E—CiC — BC8B-77 
0-42 2-45 11-79 11:79 56-86 16-70 
Tin 112 114 #115 116 #117 #118 — 73 118-72 


1:07 0-74 0-44 14:19 9-81 21-48 
119 120 121 122 124 
11-02 27-04 2-96 5-03 6-19 
Xenon 124 126 128 129 130 — 53 131-27 
0-08 0-08 27-30 2-13 4-18 
131 132 134 136 
20:67 26°45 10-31 8-79 
Mercury 196 198 199 200 + 0-8 200-62 
0-10 9-89 16-45 23-77 
201 202 204 
25-27 6°85 





Sample. Wt. of Pb. Wt. of Ag. Ratio, PbCl,: 2Ag. At. wt. of lead, 
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OF THE INTERNATIONAL UNION OF CHEMISTRY. 





The close agreement of the calculated atomic weights with those 
found by chemical means in the case of chromium, zinc, molyb- 
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denum, tin, and mercury indicates that the method is capable of 
giving results of a high degree of accuracy. 
and xenon, the calculated and the experimental (density) values are 
discrepant, and, as pointed out by Aston, new determinations of 
the densities and compressibilities of these gases should be made. 


Aluminium ... 


Antimony 
Argon 


AFEONAG 00000000 
eee 


Beryllium 
Bismuth 

Boron 
Bromine 


Cadmium ...... 


Cesium 
Caleium 


CD cnsescncs 
COTTER cccccccce 


Chlorine 
Chromium 
Cobalt 


Copper ......... 
Dysprosium ... 


Erbium 
Europium 
Fluorine 


Gadolinium ... 


Gallium 


Hafnium 


Hydrogen 


ee 


Iodine 

Iridium 
Iron 
Krypton 


Lithium 


Manganese 
Mercury 
Molybdenum 


eeeeeeeee 


eeeeee 


eeeeeeees 


eeeeee 
eeeeee 


Germanium ... 
ae 
ee 
Holmium ...... 


Lanthanum ... 
J ee ae 


Lutecium ...... 
Magnesium ... 


Neodymium ... 


Sym- 
bol. 


Al 
Sb 


At. 


No. 


13 
51 
18 
33 
56 
4 
83 
5 
35 
48 
55 
20 
6 
58 
17 
24 
27 
29 
66 
68 
63 
9 
64 
31 
32 
79 
72 
» 


67 


1° 


49 
53 
77 
26 
36 
57 
82 

3 
71 
12 
25 
80 
42 
60 


At. wt. 
26-97 
121-76 
39-944 
74-93 
137°36 
9-02 
209-00 
10-82 
79-916 
112-41 
132-81 
40-07 
12-00 
140-13 
35°457 
52-01 
58-94 
63-57 
162-46 
167-64 
152-0 
19-00 
157-3 
69-72 
72-60 
197-2 
178-6 
4-002 
163-5 
1-:0078 
114-8 
126-932 
193-1 
55-84 
82-9 
138-90 
207-22 
6-940 
175-0 
24-32 
54-93 
200-61 
96-0 
144-27 


ATOMIC WEIGHTS 
1931 


’ Sym- 
bol. 
TR eiiinwesen Ne 
| peeerecee Ni 
Niobium Nb 
(Columbium) (Cb) 
Niton Nt 
(Emanation) (Em) 
Nitrogen ...... N 
Osmium ...... Os 
Oxygen ...... O 
Palladium Pd 
Phosphorus ... P 
Platinum ...... Pt 
Potassium K 
Praseodymium Pr 
Radium ...... Ra 
Rhenium ...... Re 
Rhodium ...... Rh 
Rubidium Rb 
Ruthenium ... Ru 
Samarium Sm 
Scandium ...... Se 
Selenium ...... Se 
NE. sccscsens Si 
Silver  assceosce Ag 
a Na 
Strontium Sr 
Sulphur ...... S 
Tantalum ...... Ta 
Tellurium ...... Te 
Terbium ...... Tb 
Thallium ...... Tl 
Thorium ...... Th 
Thulium ...... Tm 
, See Sn 
Titanium ...... Ti 
Tungsten ...... WwW 
Uranium ...... U 
Vanadium V 
pO errr Xe 
Ytterbium Yb 
Yttrium ...... ‘ 
re Zn 
Zirconium Zr 


At. 


No. 


10 


41 
86 
76 


46 
15 
78 
19 
59 
88 
75 
45 
37 
44 
62 
21 
34 
14 
47 
1] 
38 
16 
73 
52 
65 
81 
90 
69 
5( 

22 
74 
92 
23 
54 
70 
39 
30 
40 


In the case of krypton 


At. wt. 
20-183 
58-69 


150-34 
45-10 
79-2 
28-06 

107-880 
22-997 
87-63 
32-06 

181-4 

127°5 

159-2 

204-39 

232-12 

169-4 

118-70 
47-90 

184-0 

238-14 
50-95 

130-2 

173-5 
88-92 
65-38 
91-22 
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CAPILLARY ACTIVITY IN AQUEOUS SOLUTIONS. 1629 


CCX1X.—Capillary Activity in Aqueous Solutions. 
By HersBert Mis and Percy Lucock RosInson. 


THis investigation was undertaken primarily to discover whether 
any numerical relationship exists between the depression in surface 
tension brought about when certain substances are dissolved in 
water and the molecular properties of these solutes. A cursory 
examination of the existing data appeared to indicate that depres- 
sions in equimolecular solutions are related to the fourth power of 
the parachor (Sugden, J., 1924, 125, 1185) of the solute. It is 
generally assumed that the surface tension—concentration curves 
for solutes lowering the surface tension of water, although differing 
considerably, have a portion at extreme dilution where dy/dc is 
constant, and for reasons given below, it was necessary to measure 
this constant in a number of cases. As the value of dy/dc is fre- 
quently small, a method of surface-tension measurement sensitive 
to small differences and yet capable of giving trustworthy relative 
results had to be found. To this end, an endeavour to increase to its 
utmost limits the sensitivity of the capillary-rise method by the use 
of extremely narrow capillaries only served to demonstrate its 
unsuitability by reason of the uncertainty of the results. Recourse 
was had to the method of maximum bubble pressure (compare 
Sugden, J., 1922, 121, 808) which, after certain modifications, met 
all the requirements of precision and was, furthermore, extremely 
convenient in use. It appears to yield comparative values of a 
much higher order of accuracy than are obtainable by any other 
means. 

The examination of solutions of surface-active solutes by means 
of the apparatus devised indicated that these could be readily 
divided into two types, which seem to differ essentially in the 
relative values of surface and bulk concentrations of the dissolved 
materials. In those solutions in which the surface concentration 
is not greatly in excess of the bulk concentration, the relationship 
indicated above applies directly, whilst in those with a high surface 
concentration it would also appear to hold provided that the effect 
of the bulk concentration alone is considered. This second type 
displayed entirely novel phenomena which enabled the process of 
surface adsorption to be.followed at least semi-quantitatively, 
demonstrated the relationship between concentration and maxi- 
mum adsorption, and gave data for the preparation of the surface 
tension—concentration curve of a solution in which surface adsorp- 


tion had been allowed to attain its maximum value. 
3H 
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EXPERIMENTAL. 
Apparatus for Measurement of Surface Tension. 


Relative Accuracy attainable-—Differences of surface tension of 
the order of 0-05 dyne per cm. might be expected to be susceptible 
of measurement by means of a capillary tube of 0-2 mm. radius and 
a cathetometer reading to 0-02 mm. Such a tube was tried, but 
the results were untrustworthy when solutions were substituted for 
pure liquids. It was then found that the objections raised by 
Sugden (/oc. cit.) to the use in his method of jets of less than 0-05 mm. 
radius may be easily overcome, as may also those which he advanced 


Fre. 1. 









G 





against the use of water in the manometer (compare Hammick and 
Andrew, J., 1929, 754, who found water quite suitable). Jets with 
radii as small as 0-025 mm. have been successfully employed. These 
gave for surface tensions of the order of that of water a manometric 
head of that liquid of approximately 50 cm., measurable with an 
error of less than + 0-02 mm. Results with a relative accuracy 
of + 0-006 dyne per cm. were therefore to be anticipated, and were, 
in fact, actually realised. 

Procedure.—The apparatus was in three parts: the vessel carry- 
ing the jets, the manometer, and the device for regulating the 
pressure of air over the liquid. The first consisted of a piece of 
glass of the shape shown in the diagram (Fig. 1), the body A of which 
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was about 10 x 6 cm. and had in its upper surface two necks fitted 
with ground-in hollow stoppers carrying respectively the coarse and 
the fine jet. These necks were cupped to provide for a liquid seal, and 
were of different diameters so as to avoid misplacing the stoppers, 
the stems of which were of such a length that each jet was at the same 
level when the apparatus was in its normal working position. It was 
imperative that the air passing to the fine jet should be filtered, and 
to effect this a plug of cotton wool held in position by a constriction 
Bwasemployed. A similar device in the case of the coarse jet served 
to keep the liquid under examination in a dust-free condition. 

The coarse jets were cut directly from quill-tubing by a special 
steel cutting edge, and those which did not show a clean break were 
rejected. Fine jets were drawn from the same quill-tubing and 
were only attached to the apparatus after careful examination had 
shown them to be free from obvious fault. Preliminary experiments 
proved that jets having the walls very thick in relation to the orifice, 
and also those in which the capillary bore formed a long slow taper, 
were unsuitable. Jets in which the inner surface had become 
roughened through being drawn after the glass had cooled too far 
were also unsuitable. Final selection was made only after the jets 
had been tried under ordinary working conditions in an apparatus 
especially adapted for the purpose. The manometer, a U-tube of 
glass tubing of 8 mm. bore, was constructed so that the limbs were 
in contact over a length of about 65 cm., and was provided with a 
tap C. 

The pressure-regulating device consisted of a cylindrical vessel 
D of 50 c.c. capacity containing mercury and attached at its upper 
end to an inverted T-piece carrying three taps. Mercury, under the 
control of tap F, ran into the lower vessel G. Tap H led to the 
manometer, I to the water pump and J to the atmosphere, an arrange- 
ment which allowed of the raising of mercury from G to D, the 
attaining of a suitable approximate pressure in the system, and its 
reduction by small amounts. 

The general assembly of the apparatus, with the jet-vessel and the 
manometer almost submerged in the water of the thermostat, is 
sufficiently indicated by the diagram (Fig. 1), but some indication 
of the method of working is necessary. It was essential to ensure 
that the vessel carrying the jets and the jets themselves were clean 
and grease-free by steeping them in a chromic-—nitric acid mixture, 
followed by copious washing with redistilled water and, finally, 
immediately before use, repeated rinsing with a portion of the 
solution to be investigated. The manometer was similarly 
cleaned, and frequent repetition of this cleaning was found to be a 
condition of satisfactory working with water asthe gauge liquid. 
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In the actual determinations, the liquid under examination was 
placed in the jet vessel, and the pressure required for the wider jet 
was ascertained. With the large bubbles produced by such jets, an 
oscillating movement is induced in the manometer because the 
pressure increases up to a point after which the bubble bursts, but in 
practice the maximum pressure could readily be measured if the 
rate of bubble formation were one in 5—6 seconds. On the other 
hand, with fine jets the manometer difference decreases until the 
excess pressure used in starting the flow of bubbles is dissipated, 
whereupon, with pure liquids and solutions of solutes which are not 
appreciably adsorbed at surfaces, the formation of bubbles ceases. 
The final pressure reached is taken as a measure of the maximum 
bubble pressure. When, however, a solute which is adsorbed at the 
surface of the solvent is present, bubbles continue to be formed at 
ever-decreasing rates and pressures over a protracted period. 
Experience showed that, whatever the liquid, trustworthy results 
are more readily obtained immediately after the jet has-been sub- 
jected to two or three bursts of rapid streams of bubbles. 

Measurements of the height of liquid in the two limbs of the 
manometer were made by means of a cathetometer made by the 
Cambridge Instrument Company, and were of an accuracy of 
+ 0-02 mm. 

The surface tension of the liquid (L) was given by 

Li _ Jet pressure difference of standard liquid 
Pe Se Paentent tlt “ Jet pressure difference of L ; 





Relative Surface Tensions of Water, Benzene, and Ethyl Alcohol. 


Before using these extremely fine jets for definitive experiments, 
it appeared desirable to examine their behaviour with several pure 
liquids. These were prepared in the manner detailed below, 
precaution being taken, by preliminary cleansing and subsequent 
repeated washing with the liquid in question, to ensure that the 
jet-vessel introduced no contamination. 

Distilled water was redistilled froma trace of alkaline permanganate 
into a silica flask, with rejection of head and tail fractions. The 
middle fraction was twice distilled in the silica apparatus with further 
rejections, and the final middle fraction was distilled into the 
apparatus immediately before the measurements were made. 

Commercial benzene, described as thiophen-free, was fractionated 
at a rate of one to two drops per second, and the middle fraction 
was washed successively with concentrated sulphuric acid, water, 
caustic potash solution, and water, and subsequently treated with 
mercury. The washing process was then repeated. The resulting 
liquid was fractionally crystallised hree times with the rejection 
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of head and tail portions, and the main fraction was dried over 
phosphoric oxide for two days and again fractionally distilled. In 
the case of apparatus Nos. II and III the benzene used was distilled 
from phosphoric oxide through a small fractionating column directly 
into the bubbler and also into the capillary tube apparatus. The 
difference of these results from the accepted values indicated the 
presence of some impurity in the liquid, and as this was believed to 
be due to phosphoric oxide, the benzene used in apparatus Nos. I, 
IV, and V was refractionated and distilled a second time up a small 
column after leaving the phosphoric oxide. 

** Absolute ’’ alcohol was fractionated and refluxed for one day 
over freshly made quicklime, then for a similar period over metallic 
calcium, and fractionated. The main portion was further fraction- 
ated in the process of its transference to the apparatus. 


TABLE I. 


[The fundamental data were those of Mills and Robinson (J., 1927, 1823), 
viz.: Surface tension of water at 10° = 74-40 dynes/em. Temperature 
coefficient = 0-15 dyne/cm. per degree.] 

Jet diffce., H,/H, 
Liquid. Temp. mm.water(H). (=y7;/y2)- y: 


Apparatus I. 
1. Water 10-3° 434-90 1 74:36 (From data) 
2. Water 13-7 431-34 1-0082 73°75 
3. Benzene 10-3 175-68 2-4753 30-04 
4. Benzene 13-7 177-78 2-5164 29-55 
Apparatus ITI. 
1. Benzene 25 199-02 1 27:97 (y from App. IT) 
2. Alcohol 12-1 161-85 1-2279 22-77 


Jet diffce., Mean Variations 
mm. H, mm. from H,/H, 
Liquid. Temp. water(H). water. mean, %. (=y,/ye)- y- 


Apparatus II. 


Water 25° 525-37 | 
Water 25 525-46; 525-29 0-05 1 72:17 (From 
Water 25 525-05) data) 
Benzene 25 203-54 | 
Benzene 25 203-74 203-58 0-08 2-5802 27:97 
6. Benzene 25 203-46 
Apparatus IV. 
1. Water 10 475-32 
2. Water 10 475,80 475-25 0-05 1 74:40 (From 
3. Water 10 475-12 data) 
4, 
0. 


Benzene 10 *216-02 | 
Benzene 10 *215-98} *215-97 0-02 2-4758 30-09 
6. Benzene 10 *215-92 


Apparatus V. 

. Benzene 12 264-23 | 
2. Benzene 12 264-27 | 
3. Benzene 12 264-26 


* Mm. of benzene, this liquid being used in the manometer. 


~ 


264-25 0-01 — — 
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For apparatus Nos. II and III the values obtained for benzene 
(27-97 at 25°) and alcohol (22-77 at 12-1°) should be compared with 
those obtained with capillary tubes in the same samples, viz., 
27-96 and 22-76 respectively. 

If the datum value for water (74:40 + 0-04 dynes/cm.) is accepted, 
then the above data may be used to fix absolute values for benzene 
and alcohol, viz., 30-09 +- 0-01 and 22-96 +. 0-01, respectively, at 10°. 

The value for alcohol is almost identical with the 22-95 obtained 
previously by the authors (loc. cit.); that for benzene may be com- 
pared with the following values at 10°: Sugden, 30-18; Jaeger, 
30:10; Ramsay and Aston, 29-26; Richards and Carver, 30-18; 
Harkins and Brown, 30-10; mean, omitting Ramsay and Aston, 
30-14 dynes/cm. 

A consideration of the above results (Table I) indicates that fine 
jets with radii of the order 0-10—0-003 cm. may be used in this 
method. Results may be repeated with an error only slightly 
greater than that involved in the cathetometer readings, the effect 
of which on the surface-tension measurements depends both on the 
pressures involved and on the density of the liquid in the mano- 
meter : in practice it amounted to 0-02—0-03%. 


The Surface Tension of Capillary-active Aqueous Solutions 
(Solute only slightly adsorbed at the surface). 

A fairly satisfactory empirical formula expressing the relationship 
between surface tension and concentration has been suggested by 
Szyszkowski (Z. physikal. Chem., 1908, 64, 385), viz., 

A = (yu —_ yt) /yu =b log (C/e ot 1) 


where yy and y;, are the surface tensions of the solvent and the 


solution respectively, C is the molar concentration of the solute, . 


and 6 and ¢ are constants specific for each solute. The constant b 
varies very slightly, whereas c differs greatly from one substance to 
another, so much so, indeed, that the reciprocal 1/c, i.e., 6, is con- 
sidered to be a measure of the capillary activity and is termed the 
specific capillary activity. 

Table II shows the relationship between the specific capillary 
activities of a number of compounds calculated from Freundlich’s 
data (“ Colloid and Capillary Chemistry,” pp. 65, 66) and (i) the 
molecular weight (M), (ii) molecular volume (MV), (iii) the parachor 
(P), and (iv) the fourth powers of each of the last three functions 
expressed in terms of the corresponding function of formic acid as 
unity. It is evident that of these ratios only «/P* indicates any 
simple connexion between the terms involved. It appeared prob- 
able that more concordance might be achieved if some less general 
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TaBLeE II. 

M*/ vod V)*/ ae a/ 
Compound. M. MP. Pi 464. 7-14, 102-24. 0-73. 
Formic acid ......... 46 37-1 102-2 1-0 1-0 1-0 1-0 
Acetic acid ............ 60 56-6 141-2 2-9 5-4 3-6 3-9 
Propionic acid ...... 74 74:0 180-0 6-7 15:8 9-6 12-2 
Butyric acid ......... 88 90-7 219:2 13-4 35-7 21-1 26:9 
isoPropyl alcohol ... 60 75-0 171-0 2-9 16-7 8-9 9-6 
isoButyl alcohol ... 74 91-3 210-0 6-7 36-7 20:3 27'8 
Methyl acetate ...... 74 77-9 180-2 6-7 19-4 9-6 10-2 
Ethyl acetate ...... 88 95-6 219-2 13-4 44:1 21-1 28-7 
Propylamine ......... 59 «= 80-8) 180-9 = 27 28-5 98 145 
Allyl acetate ......... 100 107-5 247-2 22-3 70-5 34:3 32-9 


measure of capillary activity were substituted for o, which refers to 
all concentrations. In very dilute solutions the mutual effect of the 
solute molecules must be at a minimum, a fact which probably 
accounts for the direct proportionality between depression of 
surface tension and concentration then generally assumed to obtain, 
and hence a measure of capillary activity under these conditions is 
free from the complications inherent in the specific capillary activity 
cs. To meet this, a new measure of capillary activity has been 
introduced ; this is termed the ‘“‘ molar capillary activity ” (D), and 
is the depression, obtained by extrapolation, at a concentration of 
1 mol. per 1000 g.of solvent. Previously published experimental data 
were used in the preliminary survey of the effects of this change, 
which is given in Table ITI, whence it is apparent that whilst D/P4 
is not a constant, the results from such miscellaneous data are 
not unpromising. 


Taste III. 
Cone. (g.- Depn., 
mols, per dynes/ 108 x 
Substance. 1000 g.). y. em. PD. D/P". 
la (T).* Acetic acid ............ 0-0625 72-73 1-67 26-72 6°72 
3a (T). Butyric acid ......... 0-:0076 72-83 155 204-0 8-84 
4a (S). Methyl alcohol ...... 0:1294 73°22 1-18 9-12 12:1 
5a (S). Ethyl alcohol ...... 0:0544 73-06 1-34 24-64 8-07 
6a (S). isoPropyl alcohol ... 0-0333 72-03 2-37 71-16 8-09 
n-Propyl alcohol ... 0-0312 71-60 2-80 89-74 10-2 
7a (S). tsoButyl alcohol ... 0-0279 69-05 5:35 191-8 9-83 
130: (T). ACOtOMB o.5.050525000. 0-0312 72-55 1-85 59-29 9-01 
14a (T). Allylamine ............ 0-125 69-2 5-2 4160 5-00 
15a (T). Allyl alcohol ......... 0-0625 71-70 2-70 43-20 6-56 
l6a (T). Allyl acetate ......... 0-0039 72-65 1-75 48-6 12-0 
17(T). Propionic acid ...... 0-0156 73°17 1-23 78-86 7-51 
18 (T). Methyl acetate ...... 0-0312 71-81 2-59 83-00 7:95 
19(T). Propylamine ......... 0-0312 71-18 3°22 103-2 9-69 
Mean 8-7 


* T = Data due to Traube; S = data due to Seith. 


In order to obtain more accurate data, the method described 
above was used to determine the surface tension of solutions of the 
type under consideration, i.e., capillary-active solutes giving solu- 
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Cone. (g.- 
mols. per 
Substance. 1000 g.). 
0552 
. Acetic acid (pees 
M= 60° =} 0-08695 
P = 14h2 (0-13760 
. Formic acid {0-0772 
M= 46 + 0-1362 
P =1022 ~ |0-2725 
0-00745 
. Butyric acid 0-02501 
M= 88 0-04479 
P = 219-2 0-05002 
0-10030 
0-1040 
. Methyl] alcohol 0-1229 
M = 32 0-1275 
P = 93-2 0-1542 
0-2550 
0-0435 
‘0639 
. Ethyl alcohol [0-063 
oe | 0-0870 
P = 1822 [o-107s 
0-1741 
0-0413 
isoPropy! alcohol | 0-0660 
M= 60 0-1010 
P =1%71-2 0-1320 
0-1675 
0-0224 
. n-Butyl] alcohol 0-0372 
M= 0-0559 
P = 210-2 0-1118 
0-1229 
. Ethyl formate 0-03600 
M= 74 0-04479 
P = 180-2 0-05407 
nena 
. Ethyl acetate ene 
M = 86) 0-04894 
P = 2192 — | o-09788 
Butyl formate 0-00765 
M = 102 + 0-01531 


P —258-2 |0-01949 








67-21 


TaBLeE IV. 
Depn., 
dynes/ 

y. em. 
72:23 2-17 
71:86 2-54 
72-30 2-10 
70-73 3-67 
73-76 0-64 
73°31 1-09 
72-46 1-94 
73-11 1-29 
69-60 4-80 
66:36 8-04 
65-61 8-79 
61-23 13-17 
73:76 0-64 
73-81 0-59 
73°64 0-86 
73-23 1-17 
72-47 1-93 
73°45 0-95 
72-76 1-64 
72:63 1-77 
72-45 1-95 
72:00 2-40 
70:34 4-06 
71:39 3-01 
69-59 4-81 
67:23 «7°17 
65-76 8-64 
66-10 8-30 
70:15 4:25 
67:55 6°85 
63°88 10-52 
57-11 17-29 
55-66 18-74 
71-26 3-14 
70:69 3-71 
69-90 4-50 
70:26 4-14 
67:15 7-25 
66:00 8-40 
62-47 11-93 
71-57 2°83 
68-73 
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tions behaving in a manner similar to pure liquids in the bubbler. 
The commoner substances, taken from laboratory stock, were used 
after being subjected to the usual purifying processes, whilst others 
(B.D.H., A.R. materials) were used as received. 
different low concentrations were employed and the results (Table IV) 
are believed to have an error of less than -- 0-1 dyne/cm. 


D, 
mean. 
39-31 
29-20 
24-14 
26-68 


8-29 
8-00 | 
7-12) 

173-2 

191-9 

179-5 

175-7 

131-3* 
6-154) 
4-802 
6-745' bt 
7-589 
7-587 

21-84) 

25-67 

26-03 | 

22-4] 

23-32} 

23-32 

72-86 | 

72-49 

70-99 

05-45% 

49-56* 


189-7 
184-2 
187-4 
84-43 


29-83 


7-80 


180-1 


ou 


I 
t 


23-60 


72-25 


188-2 
154-6* 
152-5* 


87-22 
82-84 
83-22) 


169-2 } 
186-0 
171-7 
121-9* | 
369-9 
370-3 
368-9 


“1 
~t 
~~ 


369-7 


At least three 


108 x 
D/P. 
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Cc 
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9-61 
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TaBLE IV (continued). 


Cone. (g. Depn., 
mols. per dynes/ D, 10° x 
Substance. 1000 g.). y- cm. , mean. D/P‘. 


52. —— malonate 
= 160 
P = 365-1 


D 

0-00207 71:90 2-50 120-8 

0-00241 71:36 3:04 126-2 
6-2 


+0-003885 69:54 486 126: 123-3 6-95 
0:00414 69:43 4:97 120-1 
0-:00928 63-71 10:69 115-2* 


‘0-00310 «72:00 «2-40-7741 
12. Methyl nameener 0-00311 72-00 2-40 771-5 sale _ 
M= 10-00622 69:63 4:77 766-8 | 769-9 7-92 

P= = 314 1 0-00901 67:38 7-02 7791 


13. Acetone 0-05711 71-65 2-75 48-16 
M 0-08168 70:26 4-14 50-68 49-70 7-56 


0:10030 69:36 5-04 50-26 ! 


001477 73:32 1:08 73-12 

002215 7284 1:56 70-42 | ,.., 
)0-02280 72:87 1:53 67-12 a3 
0-02790 72:80 1-60 57-34* 

002607 73-21 1:19 46-64 ) 
002824 73:09 1:31 4640 | 4.5. 2.93 
0-03020 73:01 1:39 46-02 . 

005215 72:38 2-02 38.74" 


P = 160-2 


14, Allylamine 
M= 57 
P = 169-8 


8-44 


15. Allyl alcohol 
M= 58 
P = 160-2 


16. Allyl acetate 0-00692 72:39 2-01 290°5 
M = 100 4 0-01178 71-01 3:39 28771 287-9 7-69 

P = 247-2 0-01384 70-45 3:95 285-5 
Mean 7:91 


Values of D marked * are excluded from means. 


Graphs have been made and indicate that there is always 
a region of direct proportionality in the surface tension—concen- 
tration curve. This has been generally accepted, but does not 
appear to have had such an exhaustive experimental confirmation 
hitherto. 

In the case of a number of substances, previous work has not 
been confirmed, and it is significant that the present values have 
all resulted in lessening the differences between individual results 
for D/P*. Table IV shows that for some score of capillary-active 
substances, including. acids, alcohols, esters, ketones, and amines, 
the “ molar capillary activity’ D = KP‘, where K is approximately 
7-9 x 10°. Thus it would appear that this function is directly 
connected with constitution. 

General rules already applying to such solutions (see Freundlich, 
op. cit., pp. 65—77) are not invalidated by the above relationship. 
Thus, isomeric substances which have been shown to possess the 
same parachor, 7.e., to have identical bond values, are found to 
possess almost the same specific capillary activity. Again, the 
effect produced by a mixture of two capillary-active solutes on the 
surface tension of water may be calculated from the specific capillary 


activity of each provided that the values for 6 in Szyszkowski’s 
3H2 
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equation are approximately equal. In dilute solution this may be 
neglected, and the effect calculated from A = K(D,x, + D,%2) 
where A is the total depression, x, and x, the concentration of 
each solute in g.-mols. per 1000 g., and D, and D, the molar 
depressions. 

Freundlich (op. cit., p. 66), using Traube’s experimental data for 
calculating 6 and c, has shown that the introduction of a double bond 
considerably diminishes the specific capillary activity. Such a large 
change in the molar capillary activity is hardly to be expected, since 
the double bond should cause a reduction of only 11 units in the 
parachor. This is well shown in Table V, where D has been calcul- 
ated from the appropriate part of Freundlich’s data, and it is obvious 
that the ratio D,/D, is much nearer P,*/P,* than is o,/0. 


TABLE V. 

Sub- D, P, 
stance. b. Cc. a. @,/0,. Conc. Depn. D. D, P. P,* 
n-Propyl ' 
alcohol 0-1973 0-1515 6-60 0-0312 2-80 89-74 171-2 
Allyl 4:07 2-08 1-31 
alcohol 0-3514 0-6180 1-62 0-0625 2-70 43-20 160-2 
Propyl 
acetate 0-1792 0-0157 63-7 0-0039 2-90 743-0 253-2 
Allyl 2-65 1-66 1-110 
acetate 0:2197 0-0417 24-0 0:0039 1-75 448-6 247-2 
Propyl- 
amine 0:1459 0-0941 10-6 0-0312 3-22 103-2 180-8 

: 7-65 2-48 1-28 
amine 0-4007 0-7420 1-35 0-1230 5-20 41-6 169-8 


Thus it would appear that the specific capillary activity, which 
comprises activities over a considerable concentration range, has 
less structural significance than the molar capillary activity, which 
is deduced from phenomena in dilute solutions. 


The Effect on Apparent Capillary Activity of the Adsorption of the 
Solute at the Gas—Liquid Interface. 

The parachor-activity relationship developed above is not 
incompatible with most of the features of capillary solutions, but 
is at variance with Traube’s (Annalen, 1891, 265, 27) view of a 
constant ratio between the concentrations necessary for the pro- 
duction of equal changes in surface tension in successive homologues. 
Thus, in the fatty acids each requires about one-third the concen- 
tration of its immediate predecessor for a similar depression, whereas 
the parachor rule would require the ratio between successive acids 
to be [(P + 39)/P]*, which decreases with ascension of the series. 
The ratio between successive capillary activities, however, shows a 
fall closely adhering to that required by the parachor (Table VI; 
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data from Freundlich, op. cit., p. 65), but from the third member of 
the series this similarity disappears. A comparison of the first and 
the last acid in the table shows the great difference between the 
ratios o(nonoic)/o(formic) = 9786 and P4(nonoic)/P4(formic) = 297. 


TABLE VI. 

Acid. a. On+1/On- P. (Penal Fn)‘. 
nme 0-73 — 102-2 —— 
MEE cesta duascecesesetes 2-84 3:9 141-2 3:7 
gee mee 8-93 31 180-2 2-7 
SRS ewisscceeverien 19-60 2-2 219-2 2-2 
TROND vc ncccceaccceses 68-50 3-5 258-2 1-9 
OOO 233-00 3-4 297-2 1-8 
M-Heptoic ........0cceee. 555-00 2-4 336-2 1-7 
ED. ca panassccneasaeen 2222-00 4:0 373-2 1-6 
EEE |. Sadeesdescceaan 7144-00 3-1 314-2 1-5 


A saturated solution of nonoic acid, approximately 0-8 millimol. 
per litre, gives a depression about 33 times greater than would be 
anticipated from the parachor rule, which is undoubtedly due to 
the surface concentration considerably exceeding that in the bulk. 
Rayleigh ‘showed that the surface tensions of soap and saponin 
solutions measured by the vibrating jet method were hardly dis- 
tinguishable from that of water, but with a “ static ’ method about 
one-third of that value. It may, therefore, be assumed that the 
former refer to surfaces containing only the bulk concentration of 
the solute. It is generally considered that the rate of adsorption 
is extremely rapid, although several investigators have obtained 
results which point to rates which are measurable. For instance, 
in the case of the drop-weight method, Forch (Ann. Phys. Chem., 
1899, 68, 810), Rayleigh (Proc. Roy. Soc., 1899, 48, 321), Donnan and 
Barker (ibid., 1911, 85, 557), and Berczeller (Imp. Z. phys. Chem. 
Biol., 1914, 379) have all shown that the apparent surface tension 
of a solution decreases as the time allowed for the formation of drops 
increases, but no attempt to compare rates of adsorption appears 
to have been made on these lines, although the data of Berczeller 
for 0-1°% sodium oleate solution fall on a smooth curve and indicate 
that adsorption is far from complete even after four seconds: 


Time (secs.) for formation of ldrop 0 0-71 2-08 3°65 
Reciprocal value of drop number ... 0-0228 0-0163 00-0139 0-0122 

Considered as a curve giving the rate of surface adsorption, it may 
be used for estimating the tension of a surface of approximately the 
same concentration as the bulk of the liquid, viz., at infinitely fast 
rates of formation. 

Hiss (Diss., Heidelberg, 1913), from the time necessary for a spray 
of solution to assume a static meniscus, obtained data for an aqueous 
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0-284M-amyl alcohol solution at 14° which are represented 
graphically in Fig. 2 : 
Time (secs.) for development of 


UID eidbi di civecckadsctsblclidee 0-:0000 0-:0047 0-0110 0-0189 
SUG, Snecewesaicnceimessvians 54-9 45-7 40-2 36-6 34:8 


Thus the depression in the surface tension due to a surface con- 
centration of 0-284 mol. per 1. of amyl alcohol is 18-7 dynes/cm., 
whilst with maximum surface adsorption it reaches 38-8 dynes per 
cm. It is not anticipated that the parachor rule would apply at a 
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concentration of 0-284 mol. per 1., but it is interesting to observe 
the change in D/P* when these findings are used to modify Seith’s 
data for amyl alcohol (Z. physikal. Chem., 1925, 117, 257). Seith 
observed a depression of 1-42 dynes/cm. with a 0-00227M-solution 
of amyl alcohol at 10°, which gives D/P* = 16-2 x 10°. If it be 
assumed that the ratio of surface- to bulk-concentration is constant, 
then a bulk concentration of 0-00227 mol. is roughly equivalent 
to a totally adsorbed surface concentration of 
0-00227 x (73-6—34-8)/(73-6—54-9), 
i.e., 000471 mol. This being taken as the concentration to which 
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the depression of 1-42 dynes per cm. is attributable, a value of 
7-82 x 10-8 for D/P* is obtained, which is near the value 7-91 x 10° 
previously obtained (p. 1637). 

Similarly, Freundlich found a 0-005M-solution of heptoic acid 
gave surface tensions of 66 dynes per cm., as measured by the 
method of vibrating jets, and of 52-5 dynes per cm. when measured 
by capillary rise. These results give values for D/P* of approxim- 
ately 11-5 x 10-8 and 34-0 x 10° respectively. Bohr (Proc. Roy. 
Soc., 1909, 82, 146) has shown, however, that in the dynamic methods 
the surfaces involved must be considered as persisting for a finite 
time; hence, 11-5 x 10-° may hardly be taken as representing the 
depression of an absolutely fresh surface. 

Apparently, therefore, if the parachor-molecular capillary 
activity relationship is to be critically examined for substances 
which are subject to considerable adsorption, it would be helpful 
if some method of obtaining the rate of adsorption were available ; 
for hence the tension of surfaces at the instant of formation might 
be obtained by extrapolation. A phenomenon similar to that 
displayed by the drop-weight method evidently should occur in the 
bubble-pressure method, and was actually observable in appropriate 
solutions. Mention has been made (p. 1632) of the progress of a 
stream of bubbles and particularly of how such streams cease 
sharply with pure liquids and certain solutions, whilst with other 
solutions the intervals between consecutive bubbles gradually 
increase so that before the stream finally ceases they may be as 
great as three minutes. This effect is attributable only to adsorp- 
tion at the air—liquid interface, and incidentally supplies data from 
which a rate of adsorption curve can be constructed. The pheno- 
menon seems to occur in lower members of homologous series than 
has been apparent from other methods, having been observed with 
both butyric acid and butyl alcohol. Where the considerable 
decrease in bubble rate has not been observed, it is assumed that 
adsorption effects are negligible. Reduction of adsorption rate 
to one susceptible of observation is due, in all probability, to the low 
concentrations which may be used with the bubble method. 

Hiss (loc. cit.) has shown for amyl-alcoholic solutions that the 
depression of the surface tension of water at maximum adsorption 
is about double the values found at minimum adsorption, or the 
increase of the concentration at the surface due to adsorption is 
equal to the concentration of the bulk. 

By using Gibbs’s equation A = (C/RT) .dy/dC, it may be shown 
that in solutions of butyl or amyl alcohol having equal values of C, 
the surface excesses are in the approximate ratio 2/7, since this is 
the ratio of the values of the respective dy/dC deduced from Szysz- 
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kowski’s o values (Freundlich, op. cit., p. 65, Table 22). Therefore, 
in the case of butyl alcohol the excess concentration in the surface 
must be approximately 2/7 of the bulk concentration, and hence 
only 7/9 of the depression observed by static methods is attributable 
to the bulk concentration. If this assumption be granted, allow- 
ance ought to be made in calculating the constant K. Although 
the change in bubble rate was observable with butyl-alcoholic 
solutions, it occurred over a very short space of time and hence the 
value of K in Table IV is high, but if it is corrected by the above 
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factor, 7/9, it falls from 9-61 x 10-8 to 7-49 x 10° and is then much 
nearer the general mean 7:91 x 10°. 

The adsorption effect increases rapidly as a homologous series is 
ascended, and it may be anticipated that, for such solutions, the 
rate of adsorption will depend (i) upon the ratio of surface to bulk 
concentration at maximum adsorption, and (ii) upon the bulk 
concentration itself. 

Nonoic acid was chosen for the investigation of the second of 
these points. The time between the detachment of two consecutive 
bubbles was measured with a stop-watch, the tap on the mano. 
meter being closed so that the pressure giving rise to the bubbles 
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could be read at leisure. At the beginning of bubbling, when the 
rate was too fast for the time taken in the formation of one bubble 
to be estimated, the mean period for a series was measured, the tap 
leading to the manometer being closed after the passage of half the 
bubbles in order to ascertain the mean pressure. The pressures 
involved in the use of the wide jets were determined in the manner 
described above, and since these are small they are not sensibly 
affected by adsorption. Table VII gives specimen data for one 
concentration of nonoic acid solution, and the results for other 
concentrations in the same apparatus are presented graphically in 
Fig. 3. The jets employed gave a manometer difference of 477-48 
mm. when used with water, and the surface tensions are calculated 
on this basis. 


Tas.E VII. 
Aqueous solutions of nonoic acid. 


Change in surface tension at various low concentrations against time. 
(For water at 10°: Press. = 477-48 mm.; y = 74-40 dynes/cm.) 


No. 6. Concentration = 6-868 x 10-* mol. per litre. 


Time Time Time Time 
y. (secs.). y. (secs.). y. (secs.). y. (secs.). 
72-89 0:5 63-30 2-32 47-59 22°3 44-93 60-0 
72-82 0-55 61-83 3°10 47-00 28-2 44-34 70-0 
72-74 0-60 60-58 3-60 45-83 43-8 43-80 101-6 
72°33 0-66 59-48 3°95 45°35 49-4 43-40 133-0 
71-68 0-80 48-99 16-3 45-19 58-0 43°33 140-0 
66-75 1-55 48-26 19-0 


The curves (Fig. 3) show a distinct decline in the rate of adsorption 
with dilution; e.g., solution No. 6 almost reaches surface saturation 
after 30 secs., whilst in the same time the surfaces in solutions No. 2 
and No. 3 are only about half saturated. It is difficult to estimate 
surface tensions at zero time with any precision from the graphs, 
because the method obviously requires a slight excess pressure to 
start the bubble stream, and in any case the difference from water 
is so small as to be almost unobservable even with fairly concen- 
trated solutions. However, curves of the form shown in Fig. 4 are 
obtained by plotting log y against log ¢, and it is evident that for a 
brief interval after adsorption commences the curves approach the 
time axis asymptotically. Apparently, during this short period 
the effect of adsorption is very small, and the value of y is sub- 
stantially that of a fresh surface and as such has been used to 
determine D and K (Table VIII). The mean value of X is in fair 
agreement with that already found. 

A comparison of the y-C curve obtained from a plot of the surface 
tensions at maximum adsorption for the six concentrations (Fig. 3) 
with that given by Donnan and Barker (Proc. Roy. Soc., 1911, 85, 
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557) reveals points of interest. 
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For this purpose the data of these 
workers, which relate to 16-3°, have been recalculated for 10° by 
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Yo: 
74-40 
74:27 
74:18 
73°76 
73-62 
72-97 
72-88 


Depn., 
dynes/cm. 


0-13 
0-22 
0-64 
0:78 
1-43 
1-52 


2-0 
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2083 
1922 
2795 
2271 
3122 
2213 
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assuming an alteration proportional to the change in the surface 
tension of water. The data for the two curves are given in Table IX 
and are plotted in Fig. 5, curve 1 being from Donnan and Barker's 
data (as recalculated) and curve 2 from ours. 


Fig. 5. 





Dynes /em. 
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TaBLE IX. 
Donnan and Barker. Present investigation. 
Conc., g./litre x 10°. y: Conc., g./litre x 10?. y: 

0 74-40 0 74-40 
0-98 73-30 0-99 72-92 
1-26 73-14 1-81 67-93 
2-43 69-35 3-62 59-29 
3-29 66-35 5°43 53-45 
5-00 58-50 7-24 49-55 
6-81 53-89 10-85 43-32 
7-59 51-26 

8-06 50-10 ° 


The difference between the two sets of values is no doubt due to 
Donnan and Barker’s measurements having been made under 
conditions of incomplete adsorption. These authors set the time 
between drops at about 7 seconds, in the drop-weight method used, 
but it is obvious from curve 3 (a graph of our values at 7 secs.) that 
adsorption after this period is incomplete when the bubble method 
is used, and the difference is undoubtedly due to the extent to which 
adsorption has taken place at the surfaces under consideration. The 
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speed at which adsorption proceeds is different in the two methods, 
but it is of interest that the present data give a curve identical 
with that of Donnan and Barker (Fig. 5, curve 1) if a particular 
degree of adsorption be arbitrarily chosen. 

In order to observe the effect of jet size on the apparent rate of 
adsorption, four different sizes were used with a single solution of 
nonoic acid. The data so obtained are given in Table X and set out 
graphically in Fig. 6, from which it is evident that the apparent rate 


Fia. 6. 
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of adsorption increases with jet size, although the reason for this has 
not been discovered. 

An interesting and possibly relevant observation is that, although 
with all liquids when wide jets are used, and with pure liquids and 
fine jets, the bubble develops and detaches itself without being pro- 
jected into the liquid, yet with adsorbed solutes the bubble does 
not develop gradually but appears suddenly after a period and is 
ejected with such force that it actually travels downwards into the 
solution. 

Inference (i) (p. 1642), viz., that the rate of adsorption at a gas— 
liquid interface will increase as the ratio of concentration at maximum 
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TABLE X. 
Adsorption and jet size (0-125 g. litre nonoic acid solution). 
Jet l.r = Jet2r= Jet 3. r = Jet4.r = 
0-0021 cm. 0-0038 cm, 0-0065 cm. 0-0154 cm. 
y- i. Ye t. Ye t. Ye i. 
66-50 0:6 63:60 0-9 60°50 0-6 58°38 0-7 
62-70 1-0 60-00 1-6 61-42 2-2 56-32 0:8 
56-00 1-4 51-72 3:7 47°67 48 51-30 1-4 
61-82 39 47-12 7-0 45-70 7-2 48-14 2-4 
48-13 6-8 45:73 8-9 43°40 17-4 46-00 4-0 
45:41 11-8 43-40 16-7 42-20 25-0 44-78 6-2 
44-56 15-4 42-36 26-2 43-20 12-2 
43-68 20-3 42-30 24-8 
43°15 25-6 
Fia. 7. 
74:3 
74-2 
74-1 
74:0 
73-9 
73-8 
= 67°8 
=, 
$ 67:7 
a 67-6 uM 
67:5 
63-7 
63-6 
63-5 
63-4 ES x 197? moles/litre ‘ 
63-3 ‘ at 1 
20 30 36 


0 10 
Time (secs. 


~~ 


adsorption to the bulk concentration increases, was confirmed by 
constructing from data obtained with one piece of apparatus y—C 
curves for solutions of n-butyric, n-valeric, and n-nonoic acids. The 
concentrations were chosen so that the changes of surface tension 
from no adsorption to total adsorption were approximately the same 
in the three cases, for this facilitates comparison of the curves 
obtained. The data are incorporated in Table XI and plotted in 
Fig. 7, where it will be seen that, although the concentrations used 
decrease rapidly from butyric acid to nonoic acid, the adsorption 
rate increases to a much greater extent, an effect which would be 
emphasised if equimolecular concentrations were employed. 
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TABLE XI. 





Rates of adsorption with different solutes. 


Butyric acid, 


0-046 mol. /litre. 


y: 
67-88 
67-80 
67-66 
67-60 
67-59 
67-58 
67-57 


CE EOS & 
SaorOSORO 


Cho 


Valeric acid, 
0-65 x 10-* mol./litre. 


Y- t. 
63-6 1: 
63-58 2- 
63-50 4- 
63-42 0- 
63-39 4- 
63-38 6- 


ome 
PAXAAW SO 


Nonoic acid, 
0-624 x 10-* mol./litre. 


y: 
74:34 
74-25 
74-17 
74-08 
73-98 
73-80 
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The Experimental Verification of Gibbs’s Adsorption Law. 

The work of Donnan and Barker (loc. cit.) was undertaken 
specifically to afford an experimental verification of Gibbs’s law 
(“‘ Collected Papers,” Vol. 1, p. 233). In Table XII, along with the 
original data, are given values for the surface excess derived from 
our y—C curve, and it will be seen that these more nearly approach 
the observed surface excess than do the original calculated values. 


TaBLE XII. 
Gibbs’s equation. 


D. and B. D. and B. M. and R. 
Conc., A (obs.), A (cale.), A (cale.), 
mols./e.c. mols./em.? dy/dC = mols./em.? dy/dC__mols./em.? 
x 107. <x 10%. x 107. x 10%, x 107. x 10". 
A. 1-54 6-0 5-52 3°5 7-96 5-16 
B. 3°16 9-6 5-54 7-2 4-84 6-43 
Cc, 4-80 6-9 4-05 8-0 2-98 6-01 
D. 5-09 5:8 — —- 2-62 5-61 


The authors are indebted to the Research Committee of this 
College for a grant towards the cost of the cathetometer used 
throughout this investigation. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, January 16th, 1931.] 





CCXX.—The Solubility of Sodiwm Fluosilicate wn 
Aqueous Sodium Sulphate Solutions, and_ the 
Activity Coefficients of Sodium Fluosilicate and 
the Fluosilicate Ion. 


By ANNIE GwyNETH REEs and Lawson JoHN HUDLESTON. 


In connexion with work to be published shortly, the activity 
coefficients of fluosilicate ion in solutions of various ionic strengths 
were required, and we have found it possible to determine these 
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from measurements of the solubility of sodium fluosilicate in 
solutions of sodium sulphate. 

The sodium fluosilicate employed was a high-grade commercial 
product, the purity of which was tested (a) by converting it into 
sodium sulphate by evaporation with sulphuric acid and (b) by 
titrating it with sodium hydroxide; these methods showed purities 
of 99-30 and 99-83% respectively. The sodium sulphate was pre- 
pared anhydrous by evaporation of solutions at the boiling point 
and strong ignition of the product. It was tested by direct 
estimation of sulphate. 

Solutions of sodium sulphate were made up by weight and 
agitated with excess of solid sodium fluosilicate. In series A this 
was done at room temperature, 17°, and in series B in a thermostat 
at 20-8°. In the latter case, filtration was carried out in the ther- 
mostat according to the method of Campbell (J., 1930, 179), and 
saturation was proved by filtration after different times of contact. 
The filtrate was titrated hot by sodium hydroxide, prepared from 
well-washed sticks and standardised against succinic acid with 
phenolphthalein as indicator. The results are in Table I. Here 
My,,s0, is the molarity (g.-mols. per 1000 g. of water) of the sodium 
sulphate in the solvent solution, my,,s:r, the molarity of the sodium 
fluosilicate as found by titration, p is the ionic strength, and m., is 
the cube root of mi,- X mMgy,-, Where the molarities of the ions 
are taken stoicheiometrically (from all sources) irrespective of 
possible combination. 

; TABLE I. 
MNa,80,° MNa,SiF, Vv p. —log Mi. ™ya,s0 + MNa,SiF,- Vp. — log m,. 
Series A, at 17°. Series B, at 20-8°. 

0-000 0-0329 0-314 1-282 0-0000 0-0363 0-330 1-240 

0-050 0-0143 0-439 1-209 0-0045 0-0336 0-338 1-236 

0-125 0-0068 0-629 1-109 0:0050 0-0336 0-340 1-233 

0-250 0-0042 0:874 0-988 0-0075 0-0320 0-344 1-233 

0-375 0-0034 1-066 0-906 0-0100 0-0309 0-350 1-229 

0-500 0-0029 1-229 0-842 0-0150 0-0284 0-361 1-224 

0-0250 0-0242 0-384 1-210 
0-0375 0-0201 0-416 1-191 
0-0500 0-0168 0-447 1-173 

In all saturated solutions at constant temperature the activity of 
the salt as a whole, dy,,s,, is constant, and it is always equal to 
Ax,: X Aur, = a*, where a is the geometric mean activity of the 
ions, usually called “the activity” of the salt. The activity 
coefficient y is equal to a/m,, whence we have log y = — log m, + 
log a (1) (see Brénsted and LaMer, J. Amer. Chem. Soc., 1924, 46, 
555). It is to be expected that y would be sensibly the same at 
the two temperatures studied, although a, like the solubility, would 
vary appreciably. 
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The variation of the activity coefficient of a salt with the ionic 
strength of the solution is most conveniently represented by a 
graph of log y against /z. The course of the curve is determined 
from the following considerations : 

(1) It begins at the origin, since y is arbitrarily set equal to 
unity at infinite dilution, where Vy = 0. 

(2) The initial slope must conform to the Debye—Hiickel expres- 
sion (Physikal. Z., 1923, 24, 305) log y = — 0-5Z,Z_Vu, where 
Z, and Z_ are, respectively, the numerical values of the valencies 
of the kation and anion. This, for sodium fluosilicate, becomes 
log y = — Vu. 

(3) For small and moderate values of V/u the curve should closely 
resemble that of any other salt of the same valency type, ¢.g., 
potassium sulphate. 

(4) In solutions of the ionic strength studied by the solubility 
measurements the curve must be exactly parallel to that of 
—log m, against ~/u in the saturated solution, as shown; by 
equation (1). 

The concentrations here studied have values of /p far in excess 
of those for which condition (2) is valid. In consequence we have 
to make use of condition (3). The values of yx,s0, have been cal- 
culated by Lewis and Randall (“‘ Thermodynamics,” pp. 344, 362) 
from freezing-point measurements. The curve obtained for log y 
against Vu lies so closely parallel to our curves (at 17° and at 
20-8°) for — log m,(Na,SiF,) over that range of ionic strength for 
which both sets of figures are available, that there is no difficulty 
in drawing a curve for log yy,,sr, Which satisfies both the conditions 
(3) and (4). 

There remains, however, a slight correction to be applied to the 
figures for potassium sulphate. The freezing-point measurements 
in themselves give, of course, only the relative activity coefficients 
at the concentrations studied. To adjust these to the convention 
that y = 1 for the infinitely dilute solution, some extrapolation 
formula has to be employed to cover the range too dilute for experi- 
mental measurement. That adopted by Lewis and Randall was 
directly related to the freezing points but is mathematically equiv- 
alent to the postulate that, in dilute solution (up to C = 0-01), 
log y = — 0-9310°%41, Remembering that for potassium sulphate 
wu = 30 (where C is the concentration in g.-mols. per 1000 g. of 
water), it is seen that this equation is entirely incompatible with 
that of Debye and Hiickel. If Lewis and Randall’s figures are 
used, the graph of log y against Vu first falls more rapidly than 
the Debye—Hiickel curve and then runs parallel to, but 0-014 
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below, it over the range Vp = 0-025—0-060. After this it begins 
to slope less steeply as the range in which the experimental measure- 
ments were made is approached. Clearly, all the figures given for 
Yx,s0, Should be multiplied by 1-033, thus making log y greater by 
0-014, in order to combine the experimental figures with the 
Debye-—Hiickel extrapolation formula. 

From these considerations Fig. 1 was drawn. It shows that the 
points given by log yx,so, (L. and R.) + 0-014, — log m,(17°) — 
1-524, and — log m, (20-8°) — 1-492 plotted against Vz afford data 
for drawing a smooth curve for log Ywa,sir, which satisfies all the 
conditions laid down. 
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It was fortunate that series A, which was originally intended for 
preliminary measurements only, gave such concordant results as 
the smooth curve implies, since no precautions were taken as to 
temperature : the temperature coefficient of the solubility is quite 
small and the resulting log y is affected only by 2% for a temper- 
ature interval of about 4°. 

The values recorded in Table II were obtained by interpolation 
from a large-scale graph. Where the ionic strength is small, as in 
unsaturated solutions of sodium fluosilicate alone, the values are 
probably trustworthy, but for solutions of greater ionic strength, 
such as can only be obtained by the addition of another salt, they 
cannot be strictly applied unless the second salt be sodium sulphate. 
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Our work required a knowledge of the individual activity co- 
efficients of the SiF,’’ ion. This we have obtained from the 
relationship +*x,,ciw, = "Na: X Yair,» Gividing the cube of our 
own values for yya,sir, by the square of yy,- for the corresponding 
ionic strength given by Lewis and Randall (op. cit., p. 382). 
Although there are grave objections to the assumption underlying 
this calculation, namely, that the activity coefficients are deter- 
mined solely by the ionic strength, yet the authors quoted have 
shown that such treatment affords fairly consistent numerical results 
and it is at present the only method open to us for getting even 
approximate figures. 


TABLE II. 
log yNa,8iFe log sir. 
MNaSiF,- fe ~V pb. Y Na,SiF,: “a Be YSiF.”* 
<0-0010 a _ — _— — 
0-0010 0-0030 1-945 0-881 1-873 0-747 
0-0025 0-0075 1-909 0-811 1-789 0-615 
0-0050 0-0150 1-889 0-775 1-775 0-569 
0-010 0-0300 1-851 0-710 1-675 0-473 
0-0250 0-0750 1-782 0-605 1-526 © 0-336 
— 0-1000 1-756 0-570 1-476 0-299 
— 0-2500 1-652 0-449 1-228 0-169 
— 0-5000 1-540 0-347 a a 
— 0-7500 1-470 0-295 _— — 
— 1-0000 1-420 0-263 —- — 
THE Epwarp Davies LAaBoRATORIES, UNIVERSITY COLLEGE OF WALES, 
ABERYSTWYTH. [Received, April 21st, 1931.] 





CCXXI.—The Action of Light on Mixtures of Ozone 
and Chlorine. Part I. Experimental. Results 
with Low Ozone Concentrations. 


By ArtHuR JoHN ALLMAND and JoHN WILLIAM TRANTER 
SPINKS. 


THE sensitisation of the photo-decomposition of ozone for blue light 
by chlorine was discovered by Weigert (Ann. Physik, 1907, 24, 243; 
Z. Elektrochem., 1908,14,591). He found the kinetics of the reaction 
to present one striking feature: the order in respect of ozone was 
zero until just before complete decomposition, whereat the rate of 
reaction rapidly rose. Weigert further showed that, under his 
conditions (quartz-mercury lamp light filtered through a glass plate; 
[O,] up to 4%; [Cl,] = 5—70%), the rate was proportional to J), and 
the temperature coefficient was 1-17. The value of y was estimated 
later by Bodenstein (Z. Elektrochem., 1913, 19, 840) from Weigert’s 
results to be about 1-7. Further experimental work, more par- 
ticularly on the energetics of the reaction, was carried out by Bon- 
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hoeffer (Z. Physik, 1923, 13, 94). He employed Uviol-lamp light 
filtered through an ammoniacal copper sulphate solution (mean 
2 416 wu), measured the incident energy by thermopile and galvano- 
meter, and calculated the absorbed energy by the aid of absorption 
measurements on chlorine—air mixtures. Using 0-5—5% ozone and 
40—75% chlorine, he confirmed Weigert’s observation on the linear 
nature of the decomposition-time curve, and obtained for y the 
value of 2 + 0-2. 

Although no really satisfactory explanation of these results has 
been put forward, the facts as described have generally been accepted 
without question. We undertook a reinvestigation of the reaction, 
primarily to test the relation between y and 2. The results obtained 
suggested experiments with higher ozone concentrations, and the 
whole forms a more complete study of the reaction than has yet 
appeared. 

Apparatus and Method. 

Principle of Method.—For following the reaction, we used essen- 
tially the same technique as did Bonhoeffer. Our apparatus con- 
sisted of two similar vessels filled with the same gaseous mixture, 
one kept dark and the other insolated, and each connected with one 
of the limbs of a sulphuric acid U-manometer. The movement of 
the latter measured the reaction velocity, and any disturbances due 
to thermal reaction, provided, of course, that they occurred to the 
same extent in the two vessels and were independent of the photo- 
reaction, were automatically eliminated. By cleaning out the cells 
several times with the gaseous mixture before starting an experi- 
ment, the thermal reaction at our working temperature of 25° was 
usually reduced to a very small figure. Its order of magnitude could 
be estimated by completely decomposing the ozone in one vessel by 
light and then observing the movement of the manometer liquid with 
the whole apparatus darkened. On one occasion this rate of move- 
ment was 0-5 mm. (of concentrated sulphuric acid) in 15 hours, or 
less than 1% of the figure usually observed during insolation. That 
even such small effects essentially balanced out was shown by the 
fact, frequently noticed, that no change in manometer level occurred 
over-night when an insolation was interrupted after partial decom- 
position had taken place. This was usually not the case with 
concentrated ozone mixtures, but only work using relatively dilute 
ozone is described in the present paper. 

Preparation of Ozone.—Oxygen was prepared by the electrolysis of 
20% sodium hydroxide containing a little baryta, nickel gauze elec- 
trodes being used. The electrolysers, provided with central bell- 


[jars containing the anodes, were used in series; a current of 4 amps. 


produced about 1-7 litres/hour of oxygen. This gas passed 
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successively over palladised asbestos at 180°, through a sulphuric 
acid bubbler, a calcium chloride tube, a phosphoric oxide tube, and 
then into the ozoniser. Connexions throughout were glass-sealed, 
and all taps were lubricated with concentrated. sulphuric acid. 

The ozoniser was of the design and dimensions recommended by 
L. E. Smith (J. Amer. Chem. Soc., 1925, 47, 1844), three parallel 
generating tubes being contained in a single large Exide battery jar. 
Alternating current of 500 cycles was obtained from a small 500-volt 
alternator; this could be stepped up to 50,000 volts by a suitable 
transformer. Further regulation was effected by a lamp resistance 
in the field of the motor, and 16,000 volts were normally employed 
on the ozoniser. In most of the work, one generating tube only was 
used, giving 8% ozone by volume for indefinite periods. 

Preparation of Ozone-Chlorine Mixtures.—The ozone was collected 
by displacement of concentrated sulphuric acid from a 3-litre gas- 
holder. The latter (A) was made from a large flask by sealing off 
the neck, and simultaneously adding an entry tube (B) and a siphon- 
tube (C) which led to the bottom of the vessel. It was supported 
inside a deep sand-bed and blackened to exclude light. The 
incoming gas displaced the acid through C into the bottom of a 
large jar (D), communicating with the atmosphere by a tube packed 
with solid sodium hydroxide. The pressure furnished by the oxygen 
generator was ample to secure the movement of the sealing acid 
backwards and forwards between Aand D. The chlorine came from 
a cylinder, passed through a silver-plated reducing valve and a metal- 
glass joint, streamed through a sulphuric acid bubbler, and thence 
was led to the gas-holder. A scale on D gave an indication of the 
volume of gas in A at any moment, and thus allowed of the 
preparation of chlorine-ozone mixtures of roughly the desired 
composition. 

Analysis of Gaseous Mixture.—For this purpose, a bulb of volume 
77 ¢.c., with a tap at each end lubricated with sulphuric acid, was 
used. This was attached to the apparatus at a side tap, and filled 
simultaneously with the reaction cells. Its contents were then 
swept out by an air-stream into neutral potassium iodide solution 
contained in two absorption flasks, and titrated with 0-1N-sodium 
thiosulphate after addition of dilute sulphuric acid. When com- 
mencing the work, we first determined the ozone content of the 
ozonised oxygen, and then made a second similar analysis after 
addition of chlorine. A combination of the two results gave the 
chlorine content of the final mixture to within about 1%. Later, 
we adopted the method, involving the use of potassium iodate, 








suggested by Bodenstein, Padelt, and Schumacher (Z. physikal. 
Chem., 1929, B, 5, 209) for the simultaneous determination of ozone 
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and of chlorine. This procedure proved both more accurate and 
more convenient than the former one. 

Reaction Celis.—For the main experiments, two pairs of cells with 
fused circular plane-ends, made by Schott of Jena, were employed. 
The first pair was of “Suprax” glass, about 10 cm. in depth and 
5 em. in diameter. After considerable use, the end plates of the 
illuminated cell began to deteriorate, becoming visibly attacked and 
etched. On this account, we resorted to the second pair, made of 
‘ Geriite ”’ glass, about 5 cm. both in depth and in diameter. These 
withstood the experimental conditions far better. Each cell had 
an inlet tube in its side, to which was sealed a special glass—soda. 
glass graded joint. Extensions from these joints led to the mano- 
meter interposed between the cells. The reaction system thus con- 
stituted was isolated by taps from the rest of the apparatus, to 
which were connected the gas-holder, a supply of pure dry electro- 
lytic oxygen for washing out the reaction system, the side tube for 
the attachment of the sampling bulb, and a tube leading through 
two potassium iodide wash-bottles to the water pump used for 
evacuation. All connecting tubes were blackened over, and the 
sides of the cells covered with tin foil to exclude stray light. 

A single fused-quartz cell (depth 10 cm., diameter 5 cm.) with 
plane ends was employed in certain experiments, primarily with the 
313 uz mercury line. It was used in conjunction with a ‘dark ” 
cell of Suprax glass, and was joined up by a quartz-soda glass graded 
joint just as before. As will be seen, it gave rise to specific irregular 
effects. 

Thermostat.—The reaction was carried out in an electrically heated 
thermostat, fitted with a 10-cm. crystal quartz window, and regulated 
in the usual fashion to within 0-005°. The majority of the work was 
done at 25°, 20° and 30° being used for temperature-coefficient 
measurements. The cells were supported in a copper frame which 
hung from an optical bench erected above the thermostat. The 
taps were above the water level, as were also the side connexions 
leading to the manometer outside the thermostat. The volumes of 
dead space between cell taps and manometer liquid were the same in 
the two cases; the volume outside the thermostat was only 1:5% 
of the total, and errors due to inequality of temperature were 
negligible. However, all connecting tubes outside the thermostat, 
save the capillary leads to the manometer, were lagged with cotton 
wool, and the thermostat itself was enclosed in a wooden cover. 
Manometer, and Calculation of Reaction Rate-—The manometer 
with its connecting leads was of 1-15-mm. internal-diameter tubing. 





ikal. 
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A tap at the base of the U permitted of the admission or with- 
drawal of the indicating strong sulphuric acid. The illuminated 
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meniscus levels were measured by a cathetometer and extemporised 
reading microscope, mounted on a concrete pillar and placed in 
focus 44’’ from the manometer. The meniscus image was of high 
magnification, and measurements could be rapidly made. The 
reproducibility and accuracy of the readings (0-03 mm.) were satis- 
factory. Where height differences exceeding 16 mm. were involved, 
the cathetometer was used in conjunction with a scale behind the 
meniscus. 

The volume of the cells and connecting tubes (V) was measured 
before the apparatus was sealed together. From a knowledge of 
Ap, the pressure increase, the degree to which the reaction had 
proceeded was calculated by the relation Ap. V = An. RT, from 


which figure, by introduction of the equation 20, —> 30, and the | ‘ 


relation N = 6-07 x 10?8, the number of ozone molecules decom- 
posed was obtained. A correction was applied for the slight volume 
change due to the movement of the manometer liquid. 

Optical Train.—A quartz-mercury lamp was used, which burnt 
very constantly (Tirrill voltage regulator) at 4 amps. and 55 volts. 
Close up against the arc was placed a diaphragm with a 9-mm. 
circular aperture, the whole being outside the wooden cover sur- 
rounding the thermostat. The beam entered this cover through a 
suitable aperture (shutter), passed the light filter, and fell on a quartz 
lens (10 cm. focal length) placed immediately outside the window of 
the thermostat. The resultant convergent ray passed through the 
window, through the reaction vessel, and finally was brought to a 
focus on a surface thermopile contained in a water-tight case 
provided with a quartz window. 

Filters.—The following were employed (transmissions in per- 
centages): _ 


313 wu. (i) Potassium chromate (0-2034 g./l.), 0-5 cm.; 
(ii) p-nitrosodimethylaniline (0-014 g./1.), 0-5 cm., contained between 
quartz plates. Two solutions of potassium chromate were used, the 
second from specially purified material. The figures below show the 
great importance of this purification. 


Re, SM coepeepaseneses 303 313 365 405 436 546 
Transmissions (a) ... 3 21 0 0-2 53 788 
(6)... — 484 0 02 2 a 
365 wu. Corning Filter G. 586 A; 3-6 mm. 
Rae ecii. 313 365 8=6405 
Transmission ......... 1 71-6 20 


365 yu. Corning Filter G. 586 AW; 7-7 mm. 


Passed 11-4°% of 365 ux; no detectable trace of other lines. 












me So a 





20rised 
ced in 
f high 

The 
» satis- 
olved, 
id the 


ysured 
ige of 
n had 
. from 
id the 
ecom- 
olume 


burnt 
volts. 
-mm., 
r gur- 
igh a 
uartz 
ow of 
h the 
to a 
case 


per- 


em.; 
ween 
, the 
y the 


6 
18-8 








ON MIXTURES OF OZONE AND CHLORINE. PART I. 1657 


420 up (circa). Corning Filter G. 552 PY; 4-2 mm. 
eg EDEL. socqenseconsqes 365 405 436 546 
Transmission ......... 4 60 71-4 2 

420 wu (cirea). Corning Filter G. 40 D; 8-24 mm. 

My MERE “suntadinccseses 405 436 
Transmission ......... 28:9 45-4 


436 wu. (i) Quinine sulphate in 2N-sulphuric acid (20 g./l.), 
0:5 em.; (ii) Victoria-blue (0-425 g./l.), 0-5 cm., made up between 
glass plates. These are preferable to quartz, as most of the short 
wave-length light, which assists photo-oxidation of the quinine 
sulphate by dissolved oxygen, is thereby cut out. Much use of 
Victoria-blue filters in this laboratory has shown them very liable 
to changes in extinction. Three different preparations gave the 
following results : 


Di MEG — cecenscsdongese 405 436 492 
Transmissions (@) ... 43 307 — 
a. 47-5 5 
(e) ... 1 49-4. — 


Thermopile and Energy Measurements.—The majority of the 
measurements were done with a 2-cm. Moll surface thermopile, of 
which the outer cone had been removed and the inner stepped down 
and blackened (Allmand and Beesley, J., 1930, 2701). As already 
stated, it was enclosed in a brass case provided with a quartz window, 
and could thus be immersed in the thermostat. Any zero correction 
was thereby eliminated, the #.M.F. in absence of incident light 
being definitely zero. The thermopile case was attached to a long 
rod, pivoting on a support mounted on the optical bench, the beam 
roughly focused on the thermopile surface by the aid of a small 
mirror, and the final adjustment made by means of a screw on the 
pivoted arm. When the thermopile was once thus set for maximum 
deflexion, the same readings were always reproduced if it were 
removed and replaced. The instrument was calibrated against a 
Hefner candle and also against some standard metal-filament lamps 
from the U.S.A. Bureau of Standards. Its sensitivity was 40-3 x 
10° volt per H.K. at 1 metre. When in use, the #.M.F. was 
measured by a micro-potentiometer reading to 1 x 10-? volt. 

The actual measurements during an experiment were (i) reading 
with cell full of air or oxygen = A, (ii) reading with cell full of 
gaseous mixture = B; A was redetermined at the end of the experi- 












ment, and furnished a check on the constancy of the light source. 
The optical conditions of the experiment are shown diagrammatically 
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in Fig. 1. There are six reflexion surfaces involved between the 
first face of the cell and the thermopile, and the contributions of two 
of these (c and f) to the absorbed light have been taken into account. 
If a, b, c, etc., represent the fractional transmissions of these same 
surfaces for the light beam, and ~ the fractional transmission of the 
layer of gas, we can calculate (neglecting absorption by glass and 
quartz plates) the total absorbed light to be 
“ag {1 + Gl — 6) + 1 — fetae') 

The values of c, d, e, f were determined by the usual formula, using 
the appropriate refractive indices, and the correction was applied 
where necessary. ‘This, of course, was primarily the case where the 
values of 2(B/A) were high (blue light and low chlorine concen- 
tration), when each of the two correction terms might amount to as 


Fie. 1. 


i 








ooo 


1 
I 

















much as 3—3°5%. With 365 pp and 313 yy, and with high chlorine 
pressures, the simpler formula 


Absorbed light = (A — B)/cdef 
could be used. 
Course of an Experiment. 


The lamp was allowed to burn for an hour, and then, with the 
light filters in position and the reaction system filled with air or 
oxygen, the thermopile 7.M.F. was measured (reading A). The 
cell was darkened, evacuated by the water-pump, and filled with the 
reaction mixture. This operation was repeated a number of times, 
and a sample of gas taken for analysis. A sufficient time having 
elapsed for the setting up of thermal equilibrium, the manometer 
taps were closed, the gaseous mixture illuminated, and manometer 
readings immediately commenced. At the same time, the thermo- 
pile reading was again taken (B), this being repeated from time to 
time during the course of the experiment. Any change would denote 
an alteration either in light intensity or in chlorine concentration. 

The pressure readings were made at intervals of a minute or 
longer, depending on the rate of reaction, and were plotted on 4 
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pressure-time graph. At the end of the experiment, whether 
carried through or not to the stage of complete decomposition, the 
light was cut off and the pressure readings were followed for some 
time longer until constant. The apparatus was then several times 
alternately evacuated by the water-pump and refilled with dry 
oxygen, and a final thermopile reading (A’) taken. 

The pressure changes observed during the course of a run were 
complex, and depended on the experimental conditions. They will 
first be described qualitatively for the case of a dilute ozone mixture 
(up to about 7% ozone) in glass vessels. 

When the gas was first insolated, the pressure rapidly rose by an 
amount of the order of 1 mm. (of sulphuric acid). This rapid initial 
rise (Fig. 2) was normally immediately sueceeded by a considerably 
lower rate of increase of pressure, which rose somewhat and soon 
became constant. The result is a curve showing a slight induction 
period (Fig. 2). The constant rate of pressure increase (constant 
slope, see Fig. 2) remained substantially the. same until shortly 
before the stage of complete decomposition, whereupon the curve 
began to turn up rapidly (final rise, see Fig. 3). The cessation of 
reaction was sometimes very abrupt, the curve suddenly becoming 
horizontal, frequently after exhibiting a small depression; some- 
times the flattening of the curve set in just before decomposition was 
complete and on other occasions the curve was irregular in this 
region. When the light was subsequently cut off, the pressure 
sharply dropped (final fall, Fig. 3) by an amount which was perhaps 
half of the initial rise, and remained’ constant. 

If insolation were interrupted whilst appreciable amounts of ozone 
were still present, the pressure rapidly fell (final fall, Fig. 2) by an 
amount equal to the initial rise, and then increased again by a 
variable but usually considerably lesser amount, and slowly (after- 
effect, Fig. 2). The curve was frequently irregular at this stage. 
Re-insolation reproduced the same phenomena, the constant slope 
having the same value as previously. 

When glass cells were used, the above phenomena were in general 
very reproducible (for instance, the values of the constant slopes 
under identical conditions varied by 4—5% only), with the exception 
that an unusually marked induction period was sometimes observed 
during the first experiment after the cells had been cut down, cleaned 
with chromic acid and distilled water, and re-erected. 

The initial rise, for a given cell; was proportional to the rate ‘of 
energy absorption and, for example, was about 1'mm. (of acid) per 
100 microvolts absorbed in the case of the 10-cm. Suprax glass cell. 
The importance of the induction period varied from one experiment 
to another. It was: particularly marked with mixtures: low in 
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chlorine and with 365 uy light, a ray sufficiently absorbed even under 
these conditions to give an appreciable rate of reaction. ‘Two 
related phenomena were noticed during such experiments, which 
will be referred to later. The transmission of the gaseous mixture 


Fic. 2. 





(One division = 1 mm. of sulphuric acid.) 


Pressure scale. 














Time scale. (One division = 10 minutes.) 
(a) Expt. 195—365 py; (6) expt. 21—365 pp, then 420 up; (c) expt. 62— 
365 py ; (d) expt. 30—365 py ; (e) expt. 54—420 up; (f) expt. 133—365 pp. 
L = light started. D = light cut off. 


at 365 uu, measured by the thermopile, was found to increase during 
the first ten minutes or so of insolation, subsequently remaining 
constant. Simultaneously, marked formation of a mist, which 
gradually disappeared, was noticed to occur in the insolated gases. 
The pressure changes attending the decomposition of the last 
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traces of ozone were studied in detail in a few cases. If the light 
were cut off in the middle of the final rise, the normal final fall 
resulted, followed by no further change in the dark. On re-insol- 
ation, the original curve was continued. On one occasion, two such 
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Fie. 3. 
Time scale. (One division = 10 minutes.) 
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Time scale. (One division = 5 minutes.) 
(a) Expt. 47—365 py; (b) expt. 40—365 yp; (c) expt. 53—365 py; (d) 

expt. 182—365 py; (e) expt. 134—365 py; (f) expt. 200—365 wy; (g) expt. 

203—365 pp. 

interruptions were made during the final rise; the three sets of light 

readings, allowance being made for the initial rise and final fall 

pressure changes and for the slight after-effect, could be plotted as a 

continuous curve (Fig. 3, 9,, go), indicating that the final rise is a 

photochemical effect. 

' 31 
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With the quartz cell, exceptional and unexpected phenomena were 
noticed. The dark reaction was sometimes considerable. Mist 
formation was unusually pronounced. The induction effects were 
very marked. Sometimes no perceptible pressure increase took 
place for some time after the initial rise (Fig. 4, c), or the pressure 
actually fell off (Fig. 4,a, e). The p-t curve was frequently irregular 
(Fig. 4, a), and sometimes, after normal behaviour at the start, the 
pressure would suddenly decrease (Fig. 4, a), even to figures below its 
initial value (Fig. 4, 6). The end of the reaction was not abruptly 











Fie. 4. 
3 em 
> _ 
8 oe 
>) ? - 
= 
3 P \ - 
Ss a A 
= ¥ \ 7 a 
e | Z : [ el 
° ‘2 4 —— 
Fa \ - 
= 4h 
=f Ae oi 
“ \ / 
* > / 
3] 2. ff /¥ 
2 . / / 
= — Fy : 
< Hie dae alll 
4 \ 
» A 
3 i Ya (e) 
® Pl \ 
S / -_ ‘D 
S Z —— LK aa 
fe a oe Pd 
a u| - . = he 








Time scale. (One division = 10 minutes.) 
(a) Expt. 237—365 pp; (b) expt. 232—313 pp; (c) expt. 240—365 pp ; 
(d) expt. 231—313 wp ; (e) expt. 230—365 pp. 

apparent, as when working in glass. Instead, the slope of the p—t 
curve gradually became less as complete decomposition was 
approached, and sometimes this happened at an earlier stage 
(Fig.4,c). Very large after-effects were noticed (Fig. 4, d, e), perhaps 
even continuing until all the ozone had been decomposed. In 
addition, the values of y, calculated, as was usual, from the constant 
slope of the main p-t curve, were much lower than when working in 
glass; and the rate was not proportional to the intensity under 
conditions when this would have been the case in glass. 

After the cell had been cut down, cleaned, re-erected, and used 
many times with chlorine—-ozone mixtures, the results became more 
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regular and reproducible. But the after-effects still remained large, 
and y (calculated as above) low. 


Results with Mixtures containing less than 7% of Ozone. 

Effect of Intensity—Using 365 uy light, a number of experiments 
were carried out in the glass cells, the intensity being varied in a 
ratio of 2/1—3/1 by means of perforated zinc gauze screens, of which 
the transmissions were determined in each case by thermopile read- 
ings made on the cell filled with air. For mixtures containing <7% 
of ozone and at least 2—3% of chlorine, the constant slopes were 
proportional to the intensities. The results are in Table I, where the 
fraction of light absorbed is given by the thermopile readings 
(A—B)/A. With mixtures containing <2—3% of chlorine, this 
relation no longer holds, the velocity increasing less rapidly than the 
intensity (Table IT). 


TABLE I. 
Depth of cell (cm.).... 10 10 10 10 5 5 5 5 
Chlorine, % ......... 45 12 4 — 296 296 3 3 
Fraction of light ab- 
ee 0-91 0-88 0-66 0-60 O85 0-85 0°30 0-26 
Ratio of intensities 2-32 2-21 2-32 2:32 2-69 2-69 2-29 2-40 
Ratio of velocities 2-36 2:21 2:32 2:34 2:58 2:57 2:28 2-47 
TaB_e IT. 
Depth of cell (cm.) ...........008- 10 10 10 5 5 
Fraction of light absorbed ...... 0-48 0-24 0-06 0-16 0-16 
Ratio of intensities ............... 2-40 2-24 2-20 2-33 2-33 
Ratio of velocities ............... 2°17 1-99 1-77 2-07 2-00 
Depth of cell (cm.) ............... 5 5 5 5 5 
Fraction of light absorbed ...... 0-10 0-10 0-08 0-06 0-06 
Ratio of intensities ............... 2-28 2-23 2-32 2-33 2-29 
Ratio of velocities ............... 1-88 1-77 1-92 1:77 2-14 


Our intention had been to do similar experiments with blue light, 
using the 10-cm. Suprax cell; but by this time the latter had 
deteriorated too far, and measurements with the shorter “‘ Gerate- 
glas ’’ cell were not undertaken, in consequence of the low velocities 
to be anticipated. 

Measurements with the 420 wy group of lines, as well as with 
365 wu, were, however, carried out with the quartz cell. As already 
stated, the latter was usually associated with abnormal results. 
For example, in this matter of intensity, a mixture containing 4% 
of chlorine, and therefore absorbing about 0-7 of the incident 365 uy 
light, did not obey the J, law. This was also the case in the other 
experiments. Table III contains the results. 

Effect of Chlorine Concentration.—Seven experiments were carried 
out in glass cells with 436 uy light. The percentages of chlorine 
varied between 40 and 65, and the fractions of absorbed light between 
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TaBxeE III. 
EOI, BE 60scadcceseseiccscinssss 365 365 365 420 420 420 
iy, SEERA ae — 4 12 39 29 25 
Ratio of intensities ...............04. 2:32 236 2-5 6-9 2°38: 2-25 
BRMEED CE WORGOIMIOE. ons ccccdccccascccsess 1:97 1-85 1:83 4-89 2:08 1-74 
Square root of velocity ratio ...... 152 1-54 1:58 2-63 154 1:50 


0-35 and 0-45 in the 10-cm., and between 0-20 and 0-31 in the 5-cm. 
cell; y fluctuated between 1-92 and 2-39, the mean being 2-09. 
No dependence on [Cl,] was observable. Thirteen similar experi- 
ments, all in 10-cm. cells, were carried out with one or another of 
the 420 uy filters. The chlorine percentages varied between 4 and 
57, and those of absorbed light between 11-6 and 61-6; y fell between 
the limits of 2-02 and 2-73, the mean being 2-40. Here again [Cl,] 
seemed to be without effect. 
Fie. 5. 
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This was, however, not the case with 365 uy light, with which the 
majority of the experiments were carried out (11 with 5-cm. cells, 
chlorine percentage 0-5—42, fraction of absorbed light 0-043—0-88 ; 
37 with 10-cm. cells, chlorine percentage 0-7—45, fraction of 
absorbed light 0-14—0-91). The y values obtained in these measure- 
ments are plotted in Fig. 5 against the percentage of incident light 
absorbed. In order to make the results with the 5-cm. (triangles) 
and 10-cm. (squares) cells more comparable with one another, the 
experimental figures for absorption in the 5-cm. cell have been 
recalculated on a 10-cm. basis. Down to about 55% absorption of 
light (roughly 2-5—3%, of chlorine), y is seen to vary between 
extreme limits of 2-32—2-90, the mean value of the figures obtained 
with the 10-cm. cell being 2-58, and with the 5-cm. cell 2-62. It is 
difficult to say whether the tendency to a minimum figure at about 
50% absorption represents a real effect. We are inclined to think 
that it does not. No y values below 2-47 were obtained with the 
5-cm. cell, and in this case the lowest values were found at the 
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highest and not at intermediate [Cl,] figures. Further, all the low 
figures given by the 10-cm. cell were observed at about the same 
time, relatively early in the work. 

For [Cl,] values <2-5—3% (<50% absorption in a 10-cm. cell), 
the curve definitely changes in direction, y increasing as the absorp- 
tion decreases, the maximum value actually observed being 3-71. 
It is significant that the [Cl,] figure below which this effect sets in is 
the same as that at which the J, law commences to break down. 

The results given by the quartz cell are too irregular to be analysed 
in the above way. The actual figures obtained for y, assuming that 
these can be calculated from the constant slopes, are given in the 
following table, in which, for each wave-length, the experiments are 
arranged in the order in which they were carried out. As already 
stated, experiments in the quartz cell became steadily more repro- 
ducible as time went on. In spite of this, they remained abnormal 


TABLE IV. 

; 313 yp. 
PL, dcpinccumredevceeiin Total in every case 
Quantum efficiency ......... 2-36 2:32 2:0 2-67 2-66 2-62 

365 pp. 
Percentage absorption ...... 74 82:5 71 31 31 23 87 
Quantum efficiency ......... 1:63 1:55 168 2:10 192 1:77 2:3 
Percentage absorption ...... 62 56 73 85 
Quantum efficiency ......... 2-2 2-33. 2-3 2-23 
420 pp. 436 pp. 

Percentage absorption ...... 42 42 51 37:5 34 
Quantum efficiency ......... 1:31 1:30 1:35 61:5 1-69 


compared with those obtained in glass. Thus, the values for ys, 
found at the end of the work, though considerably higher than those 
first measured, were still about 10—15% less than those shown in 
Fig. 5. 

Effect of Wave-length.—The average values of the figures recorded 
above, as found in glass vessels for conditions under which the J, 
relation holds, are 2-1 for 436 uy, 2-4 for 420 uy, and 2-6 for 365 wy. 
The figures suggest a dependence on frequency of the usual type, 
i.e., an increase of y with decreasing 4. This conclusion was con- 
firmed by experiments with 365 uy and 420 uy light, in which the 
two different filters were used successively with the same gas mixture, 
and the constant slopes compared (Fig. 2). The values found for the 
ratio 365/429 Were, in eight such experiments, 1-12, 1-19, 1-19, 1-07, 
1-04, 1-13, 1-07, and 1-06, giving a mean value of 1-11, compared 
with 1-08 from the preceding section. Twosimilar experiments with 
313 wu and 365 uy, carried out towards the end of the work with the 
quartz cell, when the latter was giving reproducible results, yielded 
1-16 and 1-19 for y513/73g5- We therefore feel justified in concluding 
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that y decreases with increasing 4, and in approximately the following 
fashion 

Ys13 : Ys65 : Ya20 : Ya3¢ = 1 : 0-84: 0-77 : 0-67 ( 2). 
The relative magnitudes of the respective quanta concerned are as 
1 : 0-86 : 0-75 : 0-72. 

Effect of Temperature.—These experiments were carried out in the 
5-em. glass cell on mixtures with 16-3% and upwards of chlorine. 
The value of the constant slope was first determined in the neighbour- 
hood of 20°. The temperature of the thermostat was then raised to 
30°, a similar measurement made, the bath cooled once more to 20°, 
and the first measurement repeated. The mean of the almost 
identical first and second readings at 20° was compared with the 
value for 30°. The incident intensity was maintained constant 
throughout. In one case (436 uy), it altered by about 10% when 
passing from 20° to 30°; for this reason, the 20° measurement was 
not repeated, but the intensity change was allowed for on the assump- 
tion of the J, relation. The results are in Table V. 


TABLE V. 
Working Ratio of quantum Temp. coeff. 
Wave-length. temperatures. efficiencies. for 10°. 
365 pp 20 —29-7° 0-986 0-985 
21 —30°1 0-970 0-967 
420 py 19-9—29-4 0-998 0-998 
436 pp 20-3—29-5 1-021 1-023 


We conclude that y is independent of temperature within our 
experimental error over the wave-length range covered. 

Part II of this work will contain the results of work with more 
concentrated ozone mixtures, and a discussion of the whole. 


UNIVERSITY OF LONDON, 
Kine’s COLLEGE. [ Received, May 6th, 1931.] 





CCXXIT.—Influence of Poles and Polar Linkings on 
Tautomerism in the Simple Three-carbon System. 
Part II. Prototropy in Bis-quaternary ay-Pro- 
penylenediammonium Salts. 

By CHRISTOPHER KeELK INGOLD and EvGENE RoTusTEIN. 


In Part I (J., 1929, 8) the first evidence was advanced that the three- 
carbon system can exhibit prototropy without the occurrence of co- 
valency changes beyond the limits of the system itself; or, 
expressing the matter in terms of the ionic-electromeric mechanism, 
which may now fairly be claimed as established, the evidence given 
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was that the simple three-carbon system * could itself hold the 
anionic charge necessary for mobility. The example, however, 
was not a simple one, the phenomenon of chief interest being overlaid 
by others, and, in point of fact, the instance was fortuitously 
encountered during an attempt to produce an elementary three- 
carbon system of the form 
{R1R?*R®N-CH,:CH:CH-NR‘RSRY} 

Here there is no unsaturation of any kind (e.g., multiple link- 
ings, potential double linkings as in aryl groups, atoms with 
unshared electrons or expansible octets) beyond the limits of the 
—~CH,°CH:CH- group itself. This system has been discussed on 
several occasions since 1926 (see Part I; also Burton and Ingold, 
J., 1928, 904), and it has been anticipated from theoretical con- 
siderations that it would be mobile, although less strongly so than 
analogous carbonyl-containing systems of the type of the glutaconic 
esters; but only quite recently have we been able to realise the 
elementary system formulated and test these expectations. 

Our experiments on the formation of this system included the 
exploration of three possible routes (in addition to that which led to 
the results recorded in Part I) characterised respectively by inter- 
mediate salts derived from (a) §-chlorotrimethylenediamine, (b) 
8-hydroxytrimethylenediamine, (c) 8-methoxytrimethylenediamine. 





Only route (a) led to the desired structures, but the others, (6) and (c), 
were carefully examined for reasons additional to the purely 
synthetical objective. For we expected the unsaturated salts to be 
mobile in the presence of hydroxide and alkoxide ions, and, had 
these salts been capable of production by dehydration of 8-hydroxy- 
trimethylenediammonium salts, for instance (route 5), the question 
would at once have arisen whether the isomeric change was proto- 
tropic at all, or whether, on the contrary, it proceeded by prior 
hydration of the double linking. Since the case of the dizsobutylenes 
comes naturally to mind in this connexion, it may be remarked that, 
whilst hydroxide ions cannot cause hydration of an olefinic linking 
in the absence of an attached electron-sink (only hydrions, or their 
equivalent, can do that), alkaline hydration of the system ESN 
is theoretically possible on account of the $-reactivity towards basic 
reagents expected to be induced by the electron-attraction of the 
positive pole. A similar argument applies to route (c): had the 
unsaturated salts been capable of production from $-methoxytri- 








* As here used, the phrase connotes a system in which unsaturation ceases 
beyond the limits of the group -CH-C:C-. We do not regard the interconver- 
sion of the diisobutylenes as prototropic, because the conditions of catalysis 
show that this reaction is initiated by addition to the double linking. 
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methylenediammonium salts, then the observation of mobility in 
the presence of methoxide or other alkoxide ions might have been 
susceptible of two interpretations. 

The experimental work covering the examination of routes (b) 
and (c) requires little comment. The compounds examined and their 
modes of formation are indicated in Tables II and III. Neither by 
alkalis, nor, so far as we were able to discover, by any other ordinary 
reagent, could the tertiary or quaternary bases of either the hydroxy- 
or the methoxy-series be converted into the desired unsaturated 
substances. 

Route (a) opened with the observation that it was possible to 
replace the hydroxyl group in tetraethyl-§-hydroxytrimethylene- 
diamine (which is easily prepared from diethylamine and epichloro- 
hydrin) by chlorine, without undue polymerisation (intermolecular 
quaternary ammonium salt formation), by the action of phosphoryl 
chloride in a suitable diluent. It was impossible to eliminate 
hydrogen chloride from the chloro-base by treatment with either 
solid or dissolved alkalis, and, in particular, hot methyl-alcoholic 
potassium hydroxide replaced the chlorine atom by a methoxyl 
group; but, the chloro-base having first been methylated to give a 
bis-quaternary diammonium salt, this salt on treatment with 
alcoholic alkali did not undergo alkoxylation but passed smoothly 
into the unsaturated salt with elimination of hydrogen chloride (see 
Table I, centre column). This difference of behaviour between the 
tertiary and the quaternary bases is in excellent accord with the 
general theory of elimination reactions. 

Confirmation of the structure of this salt was obtained by 
degradation. Reduction of the chloride in acetic acid with hydrogen 
and platinum-black yielded the corresponding saturated trimethyl- 
enediammonium salt, which was independently prepared for com- 
parison from trimethylene dibromide via tetraethyltrimethylene- 
diamine; and oxidation of the unsaturated salt with permanganate 
gave methyldiethylamine and the betaine formulated below, which 
also was independently prepared for comparison from ethyl chloro- 
acetate via ethyl diethylaminoacetate : 


& a Se ~— oe 8 @ 
{MeEt,N-CH,-CH:CH-NMeFt,}X, ——-> MeEt,N-CH,CO, + [CO,-NMeEt,] 


Mn 
H, | Pt | 
Y 


{MeEt, N-CH,-CH,-CH,-NMeEt,}X, CO, + NMeEt, 

The above unsaturated salt, being symmetrically alkylated on 
its two nitrogen atoms, cantiot be investigated with regard to its 
mobility, and in order to obtain a pair of isomeric salts suitable for 
this purpose it was necessary to effect monoalkylation of the 
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TABLE I. 
Et,N-CH,*CH(OH)-CH,'NEt, 


o 
tH 


Ocl, 


o 


Et,N-CH,-CHt 1-CH,NEt, 
< 
ROY +> 


(Mel) 


as Sin eae eames a e Eta X 
{Et,N-CH,-CHCI-CH,-NMeEt,}X {Et,;N*CH,"CHCI-CH,-NEt,}X 











bs @ ¥ ® 8 = 

S {MeEt,N-CH,-CHCI-CH,NMeEtX, 9 | 
¥ ® e > ® Y 9 
{Et,N-CH,-CH:CH-NMeEt,}X 5 {Et,N*-CH:CH-CH, NEt,}X 

Y st 

s| : 

= ® ¥ ® So A 

3 {MeEt,N-CH,‘CH:CH-NMecEt,}X, = 
a E @ AY Ou mei 8 
{Et,N-CH,-CH:CH:NMeEt,}X, = (Et,N-CH:CH-CH,"NMeEt,}X, 


(I.) noe, (II.) 

ditertiary chloro-base with two different alkyl groups. Suitable 
conditions were found for the introduction of a single methyl and a 
single ethyl group, and the quaternary ammonium poles thus 
formed then determined the elimination of hydrogen chloride with 
the production of unsaturated salts when the tertiary-quaternary 
chloro-compounds were treated with methyl-alcoholic potassium 
hydroxide. All that now remained was to introduce the same alkyl 
groups in the reverse order into the tertiary-quaternary unsaturated 
salts (Table I, lateral columns), in order to obtain the required 
isomerides. 

The isomeric bis-quaternary unsaturated salts (Table I, bottom) 
are generally similar to each other, but the picrates, which were 
employed for purification and identification (and, as is shown later, 
for separation), differ markedly in appearance and in solubility in 
acetone ; and each increases the solubility of the other on admixture. 
(They melt with decomposition at the same temperature, and, as is 
usual with the bis-quaternary diammonium picrates encountered in 
this investigation, do not depress each other’s m. p. on admixture ; 
it was therefore necessary in dealing with these and other bis- 
quaternary salts to use solubility and mixed-solubility determin- 
ations for the purposes for which m. p.’s and mixed m. p.’s are 
usually employed.) In their chemical properties the two salts 
closely resembled their symmetrical analogue. Catalytic reduction 
gave the appropriate saturated diammonium salt. Oxidative 

312 
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fission by permanganate led in each case to the betaine corresponding 
to the ascribed constitution. These experiments, which are 
illustrated in their application to one of the isomerides by the 
following formule, i 7 
git (Et,N-CH,-CH,-CH,-NMeEt,}X, 
% e = 
{Et,N-CH,CH:CH:NMeEt,}X, 
«yy, a “ ; —_— 
790% ~Et,N-CH,°CO, + CO, + NMeEt, 


serve to confirm the deduction from the physical evidence (mixed 
solubility exaltation) that the salts are isomerides having separate 
individuality, and they also show that the isomerism is structural 
rather than stereochemical; finally they confirm the conclusion, 
derived from the synthetical evidence already cited, and supported 
by the theory of elimination reactions, that in the preparation of the 
two salts the doubie linking is formed (and when formed remains) 
on that side of the molecule whose nitrogen atom first becomes 
quaternary (Table I). 

The salts having been synthesised and their constitutions con- 
firmed by degradation, the way was clear to investigate their 
interconversion; and it was found that each underwent moderately 
rapid partial conversion into the other in the presence either of cold 
0-1N-aqueous alkali hydroxide or of cold 0-1N-isopropyl-alcoholic 
sodium isopropoxide (Table I). We have not yet attempted to 
determine the proportion in which the isomerides are present at 
equilibrium, but we have isolated from mixtures obtained from either 
starting point some 40—48% of isomeride (II), and 10—14% of 
isomeride (I), the incompletely separated portions in all cases 
consisting mainly of compound (1). 

We may add that a careful study of the action of the reagents used 
as catalysts in the above interconversion experiments was included 
in the investigation already mentioned of the possibility of forming 
unsaturated diammonium salts from the @-hydroxy- and 6-methoxy- 
saturated salts formulated in Tables II and III. The results 
absolutely exclude the theory that interconversion is initiated by an 
addition of water or alcohol to the unsaturated linking, and thus 
confirm the view that the change is prototropic. 

The results of this investigation may, then, be summarised 
qualitatively in the statement that the tautomerides examined, 
although isolable as separate individuals, undergo facile proto- 
tropic interconversion in the presence of moderate concentrations of 
hydroxide and alkoxide ions. The case therefore differs in the 
expected sense from that of the glutaconic esters, since Feist showed 
by ozonolysis (Annalen, 1922, 428, 51, 71) that unsymmetrical esters 
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TABLE II. 


8 ®@ 8 
Et,N-CH,-CH(OH)-CH,-NEt, —> {(MeEt,N-CH,-CH(OH)-CH,"NMeEt,}X, 
C3) 8 
CH,Cl-CH(OH)-CH,I —>  {CH,Cl-CH(OH)-CH,-NMe,}X 


B 8 is2) B 8 
{CH,Cl-CH(OH)-CH,-NEt,}X —> {Me,N-CH,-CH(OH)-CH,NEt,}X, 
SOC, .¢ ° 
{CH,(OH)-CH(OH)-CH,"NEt,}X <—  CH,(OH)-CH(OH)-CH,Cl 
TABLE III. 
CH,Cl-CH(OMe)-CH,Cl 


®@ 8 @ is) 
{Et,N-CH,CH(OMe)-CH,"NMeEt,}X<, | —>{Et,N-CH,*CH(OMe)-CH,-NEt,}X 


@ D S ® @ 8 
MeBtN-CH,-CH(OMo}CH, NMeEt)X, {Et,N-CH,"CH(OMe)-CH,"NEt,}X, 


- 

nD 
a 

» 


ic 


Et,N-CHY-CH(OMe)-CH,-NEt, 





(MeT) 
(MePic) 
(Etl) 











is) & 8 
{(C,H,)Et,N-CH,°CH(OMe)-CH,-NEt,(C,H,)X, 
VW i) 8 
{Et,N-CH,°CH(OMe)-CH,-NEt,(C,H,Br?)}X 
| 
Y @ ° 
{Et,N-CH,"CH(OMe)-CH,:NEt,(C,H,)}X 
| 





Y  @ Y. @ 9 
{(C,;H, )Et,N-CH,-CH(OMe)CH,NEt,(C,H,Br’)}X, 


of the series do not maintain their individuality as separate 
isomerides but pass into tautomeric mixtures. Since the theoretical 
significance of these results and comparisons has, as it were, been 
discussed in advance of the facts, this introductory statement may 
be concluded with a reference to Burton and Ingold’s explanation 
(loc. cit.), based on the distinctive behaviour of permanent and time- 
variable polarisations, of why that group which attracts electrons 
the more powerfully gives the stronger m-orientation in aromatic 
substitution but yet was expected to be the less effective group for 
the induction of prototropic mobility. 


EXPERIMENTAL 
(A) Derivatives of 8-Hydroxytrimethylenediamine. 
(Formule in Table II.) 


a-Chloro-«’-iodoisopropyl alcohol was prepared (compare Reboul, 
Annalen, Suppl., I, 225, 228) by gradual addition of 66% hydriodic 
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acid to epichlorohydrin. The product, extracted with ether after 
addition of water, was washed with water and aqueous sodium 
thiosulphate and sodium carbonate, dried, and distilled (b. p. 
110°/9 mm.). 

The alcohol reacts vigorously with diethylamine, yielding tetra- 
ethyl-8-hydroxytrimethylenediamine (vide infra), and it was not 
found possible to prepare diethyl-y-chloro-8-hydroxypropylamine in 
this way. 

The chloroiodo-alecohol (20 g.) was heated with 33% alcoholic tri- 
methylamine (15 c.c.) in a closed tube for 12 hours at 75—80°. The 
trimethyl-y-chloro-8-hydroxy-n-propylammonium iodide thus obtained 
separated from ether—alcohol in prisms (12 g.), m. p. 140—150° 
(decomp.) (Found : C, 25-3; H, 5-4. C,H,,ONCII requires C, 25:8 ; 
H, 5-4%). 

NNN-Trimethyl-N’N'N'’ -triethyl-@-hydroxytrimethylenediammonium 
picrate was prepared by boiling the above iodide (5-0 g.) with 
anhydrous triethylamine (2-5 g.) for 12 hours under reflux, and 
converting the bis-quaternary chloride iodide (m. p. 237° decomp.) 
(yield 66°) into the picrate by means of aqueous sodium picrate. 
The salt separated from dilute alcohol in needles, m. p. 230° (Found : 
C, 43-3; H, 5-3. C,,H,,0,;N, requires C, 42-8; H, 5-0%). 

Triethyl-y-chloro-8-hydroxy-n-propylammonium iodide was ob- 
tained from the chloroiodo-alcohol (20 g.) by boiling with anhydrous 
triethylamine (8-7 g.), and converted into the picrate (m. p. 223°) 
with sodium picrate. 

The above iodide (10 g.), when heated in a closed tube at 100° with 
33% alcoholic trimethylamine (6 c.c.), yielded a salt (m. p. 237°), from 
which a diammonium picrate was obtained identical with that 
described above (Found : C, 43-0; H, 49%). 

The reaction product (30 g.) from anhydrous triethylamine and 
«-chlorohydrin was heated under reflux with thionyl chloride (14 g.) 
and chloroform. The residue obtained on evaporation of the chloro- 
form, when mixed with aqueous sodium picrate, yielded triethyl- 
y-chloro-8-hydroxy-n-propylammonium picrate identical with that 
described above. 

Tetraethyl-6-hydroxytrimethylenediamine.—This base was prepared 
by a modification of Reboul’s method (Compt. rend., 1883, 97, 1488, 
1556). A mixture of epichlorohydrin (30 c.c.) and diethylamine 
(100 ¢.c.) was kept under reflux until a brisk reaction had set in 
(2—3 hours) and subsided. The next day the semi-solid product was 
dissolved in water and acidified. After two extractions with ether 
to remove non-basic compounds, the solution was made alkaline and 
again extracted, the diamine, b. p. 114°/9 mm., being thus obtained 
in 82% yield. The picrate separated from water or 95% alcohol in 
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prisms, m. p. 163° (Found: C, 41-7; H, 5-0. Cy3H3.0,,N, requires 
C, 41-8; H, 4.9%). The benzoyl derivative prepared by the 
Schotten—Baumann method was a colourless oil, b. p. 185—190°/10 
mm., and its picrate crystallised from water in needles, m. p. 198— 
200°. 

NNN- Methyldiethyl-N'N'N’ -methyldiethyl-8-hydroxytrimethylenedi- 
ammonium picrate was prepared by methylation of the hydroxy- 
ditertiary base with methyl iodide and conversion of the diquaternary 
iodide into the picrate with aqueous sodium picrate. The salt 
separated from water in needles, m. p. 259—260° (decomp.) (Found : 
C, 43-6; H, 5-2. C,;H;,0,,N, requires C, 43-4; H, 5-2%). 

Methyldiethyl-y-diethylamino-8-hydroxy-n-propylammonium picrate 
was isolated as a by-product from an unsuccessful experiment in 
which a sample of tetraethyl-8-methoxytrimethylenediamine con- 
taining some $-hydroxy-compound (see below) was incompletely 
methylated with methyl iodide. The salt separated from water or 
acetone in prisms, m. p. 205° (decomp.) (Found : C, 42-5; H, 5-2. 
C.,H3,0,;N, requires C, 42-7; H, 5-2%). 


(B) Derivatives of 6-Methoxytrimethylenediamine. 
(Formule in Table TIT.) 


Tetraethyl - 2 - methoxytrimethylenediamine.—ey - Dichloro - 8 - meth- 
oxypropane, prepared in 67% yield from «-dichlorohydrin, methyl 
iodide, and silver oxide, was heated with a slight excess of diethyl- 
amine in a sealed tube at 100°. After basification and extraction 
with ether the methoxy-base was obtained as an oil, b. p. 988—101°/9 
mm. ‘The same compound was also obtained by pouring tetraethyl- 
8-chlorotrimethylenediamine (see below) in a thin stream (30 g.) 
into a boiling solution of potassium hydroxide (60 g.) in methyl 
alcohol (60 g.), the product being extracted with ether after addition 
of water (Found: OMe, 12-8, 13-0. C,,.H,,ON, requires OMe, 
14-4%). The picrate separated from dilute alcohol in prisms, m. p. 
110° (Found: C, 42:8; H, 5-4; OMe, 4-2. C,,H;,0,;O, requires 
C, 42:7; H, 5-0; OMe, 46%), and the chloroplatinate was obtained 
as a microcrystalline powder, m. p. 215° (decomp.) (Found : C, 23-2; 
H, 5-0. Cy.Hg9ON,C],Pt requires C, 23-2; H, 4-9%). 

Methyldiethyl-y-diethylamino-8-methoxy-n-propylammonium Salis. 
—The methoxy-diamine (1-1 g.) was warmed on the steam-bath with 
a solution of 2: 4: 6-trinitroanisole (1-32 g.) in benzene until the 
liquid picrate was no longer precipitated. The salt was washed with 
benzene and ether, and converted into the chloride by treatment 
with hydrochloric acid, filtration of the picric acid, extraction with 
benzene, and complete evaporation of the aqueous solution. The 
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chloride was a stiff syrup which, on addition of chloroplatinic acid, 
gave a chloroplatinate, which separated from water in bright orange 
prisms, m. p. 217—218° (decomp.) (Found: C, 24-4; H, 5-0. 
C,3H3,0N,Cl,Pt requires C, 24-4; H, 5-0%). Treatment of the 
picrate with a further quantity of trinitroanisole led to the formation 
of the bis-quaternary compound described below. 

NNN- Methyldiethyl-N'N'N'-methyldiethyl-8-methoxytrimethylenedi- 
ammonium Salis.—The methoxy-diamine (10 g.) was boiled for 1 hour 
with methyl] iodide (17 g.); water was then added and the reactants 
were removed by extraction with ether. The aqueous solution was 
concentrated by evaporation, treated with excess of silver oxide, 
filtered, acidified with hydrochloric acid, and evaporated at the 
ordinary temperature over potassium hydroxide in a vacuum. The 
diammonium chloride was thus obtained as a clear glass, which 
yielded a chloroplatinate rather sparingly soluble in water, from 
which it separated in prisms, m. p. 237—238° (decomp.) (Found : C, 
25-4; H, 5-1; OMe, 3-4. C,,H,,ON,Cl,Pt requires C, 25-7; H, 5-2; 
OMe, 4:7%). The picrate separated from acetone-alcohol in plates 
or flattened prisms, m. p. 160—161° (Found: C, 44:2; H, 5:3. 
CygH3,0,,N, requires C, 44-4; H,5-4%). Ifthe methylation of the 
a-dichlorohydrin has been incomplete, the circumstance is readily 
revealed in the preparation of this, since the corresponding hydroxy- 
trimethylene salt (above) is much less soluble in acetone and is 
readily separated. 

When the methoxy-diamine (5 g.) was heated with methyl iodide 
(17 g.) in nitromethane (10 c.c.) under reflux for 2 hours, the product 
obtained, on treatment with a large excess of ether, yielded a syrupy 
iodide, which was finally obtained as a very hygroscopic solid by 
repeated precipitation from absolute alcohol by means of ether. 
From this iodide the picrate was obtained as an oil, which crystallised 
from acetone in prisms, m. p. 164—167° (Found : C, 44-4; H, 5-5; 
OMe, 4:1. C,,H3,0,;N, requires C, 44-4; H, 5-4; OMe 4-4%). 

Triethyl-y-diethylamino-8-methoxy-n-propylammonium Salts.—The 
methoxy-diamine (20 g.) was boiled under reflux for 16 hours with 
ethyl iodide (30 g.), and the aqueous solution of the ammonium 
iodide obtained by addition of water and extraction of the unchanged 
reactants with ether was concentrated and treated with excess of 
silver oxide. Addition of picric acid to the filtered solution caused 
the precipitation of a picrate, which separated from hot water in 
prisms, m. p. 220° (Found : C, 44-5; H, 5-5. C,,H,,0,;N, requires 
C, 44-4; H, 54%). The same picrate was obtained when the 
methoxy-diamine was treated with one equivalent of trinitro- 
phenetole in benzene solution. The corresponding chloroplatinate 
crystallised from water in needles, m. p. 224—225° (decomp.) 
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(Found: C, 24-7; H, 5-2. C,,H,,ON,Cl,Pt requires C, 25-7; H, 
52%). The analysis suggests that the specimen of methoxy- 
diamine from which this salt was prepared may have contained 
some hydroxy-diamine (compare preceding paragraph). 

NNN-Triethyl - N’'N'N’- triethyl -8- methoxytrimethylenediammonium 
Salts —The methoxy-base (2-0 g.) was heated on the steam bath in 
well-dried apparatus for 50 hours with ethyl sulphate (5-0 g.). The 
mixture, to which water was added, was then heated to boiling, and 
a boiling solution of barium chloride added. The filtered aqueous 
solution was extracted with chloroform and evaporated to dryness, 
and the residue was dissolved in alcohol and recovered by evaporation 
of the filtered solution. The syrupy chloride thus obtained yielded 
a chloroplatinate, which separated from water in orange prisms, m. p. 
236° (decomp.) (Found : C, 27-5; H, 5-4. C,gH;gON,Cl,Pt requires 
C, 28-2; H, 5-6%). 

Benzyldiethyl-y-diethylamino-8-methoxy-n-propylammonium Salts. 
—The methoxy-diamine (5 g.) was boiled under reflux with benzyl 
chloride (3-2 g.) in absolute alcohol (20 c.c.). Water was added, the 
residual benzyl chloride extracted with ether, and the alkaline 
aqueous layer acidified with hydrochloric acid and evaporated. 
The residue thus obtained yielded a chloroplatinate moderately 
easily soluble in water, from which it crystallised in prisms, m. p. 
201° (decomp.) (Found : C, 31-6; H, 5-3. C,,gH,,O0N,Cl,Pt requires 
C, 31:8; H, 5-0%). 

NNN-Benzyldiethyl-N'N'N’ -benzyldiethyl -8-methoxytrimethylenedi - 
ammonium Salts —The methoxy-amine (5 g.) was warmed with 
benzyl bromide (12 g.). The white solid formed was dissolved in 
water, extracted with ether, and the residual syrup, obtained by 
evaporation of the aqueous layer to dryness, was treated with 
chloroplatinic acid. The chloroplatinate crystallised from boiling 
water, in which it was slightly soluble, as a pale yellow solid, m. p. 
195° (decomp.) (Found : C, 38-4; H, 5:3. C,H ON,Cl,Pt requires 
C, 38-7; H, 5-2%). The picrate and the chloroaurate were obtained 
only as syrups, and the above chloroplatinate liquefied under boiling 
water. 

p-Bromobenzyldiethyl-y-diethylamino-8-methoxy-n-propylammonium 
Salts.—2 : 4 : 6-Trinitrophenyl p-bromobenzyl ether (10 g.), which 
has not previously been described, was prepared by the action of 
silver picrate on p-bromobenzyl bromide and crystallised from 
alcohol (prisms, m. p. 125°), and was added in small portions to the 
methoxy-diamine (5 g.) dissolved in benzene (100 c.c.). The 
reaction was completed by warming on the steam-bath over-night, 
and the liquid picrate was separated, washed with benzene, and con- 
verted into the chloride by the addition of hydrochloric acid, removal 
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of picric acid by filtration and extraction with benzene, and evapor- 
ation of the solution. The residue yielded a chloroplatinate; this 
was very slightly soluble in boiling water, under which (as with the 
other benzyl derivatives of this series) it liquefied, and crystallised 
from water in prisms, m. p. 210° (decomp.) (Found : C, 29-0; H, 4-5. 
C,,H,,ON,Cl,BrPt requires C, 28-7; H, 4:4%). 

NNN- p- Bromobenzyldiethyl - N’N'N'- benzyldiethyl - 8 - methoxytri - 
methylenediammonium Salts.—The preceding chloride was converted 
by silver oxide into the hydroxide, and this was warmed at 45° with 
excess of benzyl iodide for 48 hours. The excess of benzyl iodide 
was removed with ether, and the ammonium salt in the aqueous 
layer was converted into the hydroxide and thence into the chloride. 
On treatment with chloroplatinic acid, a chloroplatinate, insoluble in 
the usual solvents, m. p. 156—160° (decomp.), was obtained (Found : 
C, 35-5; H, 43. C,,H,,ON,Cl,BrPt requires C, 35-3; H, 46%). 
The same compound was obtained by the action of p-bromobenzy] 
bromide in alcoholic solution on benzyldiethyl-y-diethylamino-f- 
methoxy-n-propylammonium hydroxide. 


(C) Derivatives of 8-Chlorotrimethylenediamine. 
(Formule in Table I.) 


T'etraethyl-f-chlorotrimethylenediamine.—A solution of phosphorus 
oxychloride (25 c.c.) in chloroform (25 ¢.c.) was added to a solution 
of tetraethyl-8-hydroxytrimethylenediamine (50 g.) in the same 
solvent (50 c.c.) as rapidly as the ‘vigorous reaction would allow. 
The product was heated for 10 minutes under reflux, cooled, and 
poured into water. After removal of the chloroform by distillation 
from a steam-bath, the aqueous residue was basified and extracted 
with ether whilst still slightly warm (to avoid crystallisation of 
sodium phosphate). The chloro-amine had b. p. 109°/10 mm. 
(yield 40 g.), and its picrate crystallised from dilute alcohol in prisms, 
m. p. 153° (Found: C, 40-7; H, 4:7; Cl, 5-1. C,3Hs;,0,,N,Cl 
requires C, 40-7; H, 4-6; Cl, 5-2). Attempts were made to eliminate 
hydrogen chloride from this base both by dissolved and by sclid 
alkalis, and by distillation of the hydroxide solutions obtained by 
the action of silver oxide and water on the product of the action of 
the chloro-base on itself (in nitromethane) and on trimethylamine. 
When unchanged chloro-base was not recovered, deep-seated decom- 
position occurred, the only definitely recognised product being 
diethylamine. The only exception to this statement is that in an 
experiment in which the chloro-base was distilled with soda-lime a 
small amount of tetraethyl-8-hydroxytrimethylenediamine was 
obtained. 
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NNN - Methyldiethyl - N'N'N’- methyldiethyl - 8 - chlorotrimethylenedi- 
ammonium Salts.—The above chloro-base (10 g.) and methyl iodide 
(15c.c.) were mixed under an efficient reflux condenser. The mixture 
at once became turbid and shortly afterwards boiled and a syrup 
separated which solidified as the mixture cooled. It was dissolved 
in water, extracted with ether to remove non-saline impurities, and 
the aqueous solution was evaporated to dryness. The crystalline 
iodide thus obtained yielded a picrate, which separated from 80% 
alcohol in plates, m. p. 215° (decomp.) (Found: C, 42-6; H, 5:3. 
Cy5H;,0,,N,Cl requires C, 42-5; H, 5-0%). The corresponding 
bromide was formed by the action of methyl bromide in nitro- 
methane on the ditertiary chloro-base; it was a colourless solid 
moderately easily soluble in methyl alcohol, and with sodium picrate 
solution gave the above picrate. 

Methyldiethyl-8-chloro-y-diethylamino-n-propylammonium Salts.— 
The ditertiary chloro-base (10 g.) was shaken for 15 minutes with 
methyl iodide (25 c.c.), and the whole product immediately dissolved 
in alcohol and treated with 500 c.c. of ether. An iodide which 
separated as a yellow solid having an alkaline reaction yielded with 
sodium picrate and picric acid a dipicrate, which crystallised from 
dilute alcohol in needles, m. p. 133° (Found: C, 41-7; H, 4-9. 
Cy4H330,,N,Cl requires C, 41-6; H, 48%). The corresponding 
bromide, which was found a more convenient intermediate for the 
preparation of unsaturated salts, was prepared directly from the 
ditertiary chloro-base (20 g.), methyl bromide (18 c.c.), and nitro- 
methane (18 c.c.). The mixture was kept over-night, dissolved in 
water, and extracted with ether, and the aqueous solution neutralised 
with hydrochloric acid and evaporated to dryness, desiccation being 
completed in a vacuum over sulphuric acid. 

Triethyl-8-chloro-y-diethylamino-n-propylammonium Salts.—A mix- 
ture of the ditertiary chloro-base (20 g.), ethyl iodide (14 g.), and 
nitromethane (20 c.c.) was kept for 3 days, filtered from a small 
amount of by-product (m. p. 213—214°, decomp. Found: ©, 42-1; 
H, 8-0; N, 8-7; I, by titration, 41-2. Corresponding picrate, m. p. 
184°, C, 50-1; H, 6-9%), mixed with water, and extracted with 
ether. The alkaline aqueous extract was neutralised with hydro- 
chloric acid and evaporated to dryness, the desiccation being com- 
pleted over sulphuric acid in a vacuum. 


(D) Formation of «y-Propenylenediammonium Salts. 
(Formule in Table I.) 


NNN- Methyldiethyl-N’N’N’-methyldiethyl-ay-propenylenediammon- 
ium Salts,—The corresponding £-chlorotrimethylenediammonium 
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bromide (38 g.), dissolved in ethyl alcohol (250 c.c.), was heated 
under reflux for 30 minutes with a solution of “ A.R.” potassium 
hydroxide (5-7 g.) in ethyl alcohol (50 c.c.). The slightly alkaline 
liquid was acidified with hydrochloric acid, filtered, and evaporated 
to dryness, and the residue was treated with excess of sodium picrate 
solution. The unsaturated picrate (yield, 19 g.) usually contained a 
little of the tertiary-quaternary salt formed by the loss of methyl 
rom one of the nitrogen atoms during the above alkali treatment, 
but this was readily removed by extracting the more soluble di- 
quaternary salt with acetone and precipitating it with alcohol. The 
pure salt separated from acetone—alcohol in prisms, m. p. 234° 
(decomp.) (Found : C, 44-8; H, 5-2. C,;H,,0,,N, requires C, 44'8; 
H, 5-1%). 

Methyldiethyl-y-diethylamino-A*-propenyl-«-ammonium Salts.—The 
appropriate tertiary-quaternary $-chlorotrimethylene salt (chloride- 
bromide, 24-7 g.), dissolved in ethyl alcohol (100 ¢.c.), was heated 
under reflux for 20 minutes with a solution of potassium hydroxide 
(10 g.) in the same solvent (100 ¢c.c.). The picrate (yield, 23-5 g. 
after two crystallisations), isolated as described in the preceding 
paragraph, crystallised from acetone in prisms, m. p. 198° (Found : 
C, 44-2; H, 4-9. C,H .0,,N, requires C, 43-9; H, 4:9%). Cold 
moist silver oxide had no action on the hydroxide of the base and 
the original salt was recovered unchanged. 

N¢N?N?- Methyldiethyl-NYN’N?-triethyl-A*-propenylene-xy-diammon- 
ium Salts.—The preceding tertiary-quaternary picrate was dissolved 
in a small excess of dilute hydrochloric acid and the picric acid was 
removed by filtration and subsequent extraction with benzene. 
The chloride solution thus obtained was mixed with excess of sodium 
carbonate and evaporated to dryness, and the residue was extracted 
with nitromethane. The filtered extract was treated at intervals of 
4 hours with two successive portions of ethyl sulphate (4 g. each) 
and anhydrous sodium carbonate (2 g. each) and with one of 
ethyl sulphate (5 g.), the mixture being heated throughout and for a 
further 16 hours on the steam-bath with precautions against access 
of atmospheric moisture. Water was then added and the aqueous 
solution, after being washed with ether, was evaporated to dryness. 
The residue on treatment with aqueous sodium picrate yielded the 
unsaturated diquaternary picrate (12 g. after two crystallisations), 
which separated from acetone in groups of stout plates, m. p. 229— 
230° (decomp.) (Found: C, 45-8; H, 5-2. CygHsg0,,N, requires 
C, 45-6; H, 53%). 

Triethyl -y -diethylamino -A*- propenyl-a-ammonium  Salts.—The 
appropriate saturated chloro-salt (chloride-iodide, 27 g.), dissolved in 
ethyl alcohol (100 c.c.), was heated for 20 minutes under reflux with 
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a solution of potassium hydroxide (8-0 g.) in ethyl alcohol (80 c.c.). 
The product was acidified with concentrated hydrochloric acid, 
filtered, and evaporated completely to dryness. The residue on 
treatment with aqueous sodium picrate yielded a syrupy picrate, 
which on solution in acetone and precipitation by alcohol gave the 
crystalline tertiary-quaternary dipicrate, together with some syrupy 
residues the nature of which was not elucidated. The crystalline 
picrate separated from acetone—alcohol in needles, m. p. 167—168° 
(yield, 17 g. after two crystallisations) (Found: C, 44-4; H, 5:3. 
Cy5H340,,N, requires C, 44-8; H, 5-1%). 

N¢N‘N?- Triethyl-NYNYNY- methyldiethyl - A*- propenylene - wy - diam - 
monium Salts.—The preceding picrate was converted into the amino- 
ammonium chloride by treatment with sodium carbonate as described 
in the case of the isomeride. The nitromethane solution of the base- 
salt was boiled under reflux with methyl iodide for 24 hours and 
treated with water. The aqueous extract was washed with ether 
and evaporated to dryness, and the residue was converted into the 
picrate, which crystallised from acetone in feathery clusters of 
slender needles, m. p. 230° (decomp.) (Found: C, 45-7; H, 5-4. 
CygHsg014N, requires C, 45-6; H, 5-3%). This salt and the 
isomeride described above have the same m. p. and there is no 
depression on admixture; they are nevertheless distinct individuals 
as is proved by (a) their mixed-solubility exaltation (Section G), 
(6) their oxidative fission (Section F). Moreover, they are instantly 
distinguishable by their characteristic and very different crystalline 
forms, and as each crystallises in its own form even when mixed 
with the isomeride the presence of one as an impurity in the other 
can usually be detected visually. 


(E) Reduction of xy-Propenylenediammonium Salts. 
Reduction of NNN- Methyldiethyl-N'N'N'-methyldiethyl-«y-propenyl- 
enediammonium Salts to Corresponding Trimethylenediammonium 
Salts.—The unsaturated picrate (7 g.) was dissolved in hydrochloric 
acid, and, after removal of the picric acid with benzene, the 
aqueous solution was completely evaporated. The residue, dissolved 
in a small amount of glacial acetic acid, was shaken with platinum- 
black (1 g.) in hydrogen (1 atm.) for 5-5 hours, during which 245 c.c. 
of the gas were absorbed (= 2-00 atoms). The filtered solution was 
evaporated to dryness and the picrate, prepared from the residue by 
means of aqueous sodium picrate, was crystallised twice from 
acetone and obtained as needles, m. p. 282° (decomp.) (Found : C, 
44-6; H, 5-6. C,;Hs,0,,N, requires C, 44-6; H, 5-4%). 
Independent Preparation of NNN-Methyldiethyl-N’N'N’'-methyldi- 
ethyltrimethylenediammonium Salts—Trimethylene dibromide (1 














1680 





INGOLD AND ROTHSTEIN: INFLUENCE OF POLES AND 


mol.) was condensed with diethylamine (2 mols.) in nitromethane and 
the product was treated with water and alkali and extracted with 
ether. The tetraethyltrimethylenediamine, which after rectification 
had b. p. 81-9°/9 mm., was treated with excess of methyl iodide in 
nitromethane. Heat was evolved and part of the diquaternary 
iodide crystallised; the remainder was precipitated with ether. 
The picrate (Found: C, 44-4; H, 5-4%) obtained from this iodide 
was compared with that prepared by reduction, and since the 
absence of a mixed m. p. depression is not evidence of identity when 
as in this case melting is attended with decomposition, we determined 
the individual and mixed solubilities in acetone (see Section G) and 
showed that there was no mixed-solubility exaltation. The solu- 
bility of the salt at 30-3° in “ A.R.” acetone is 0-0087 g./c.c. Asa 
check on the utility of this test the salt was similarly compared with 
its higher homologue N VN V-methyldiethyl-N’ NN’ -triethyltrimethy]- 
enediammonium picrate (see below). The solubility of this salt is 
0-0126 g./ce.c., and a mixture of the two salts had the solubility 
0-0156 g./e.c. 

Reduction of N¢N«N«- Methyldiethyl-NYNYN’-triethyl-A*-propenyl- 
ene-xy-diammonium Salts to Corresponding Trimethylenediammonium 
Salis.—This reduction was carried out like that described at the 
commencement of this Section. The saturated picrate separated 
from acetone in rhombs, m. p. 263—264° (decomp.) (Found: C, 
45-5; H, 5-8. CygHs.0,,N, requires C, 45-5; H, 5-5%) (solubility 
above). 


(F') Oxidation of «y-Propenylenediammonium Salts. 
Oxidation of NNN-Methyldiethyl-N'N'N’ -methyldiethyl-xy-propenyl- 
enediammonium Salts.—A solution of the chloride in hydrochloric 
acid, prepared in the usual manner from the picrate (10 g.), was 
neutralised with sodium hydrogen carbonate, and treated gradually 
at the boiling point with 650 c.c. of a 1% solution of potassium 
permanganate, sodium hydrogen carbonate being added from time 
to time to maintain the solution as nearly neutral as possible. The 
faintly acid solution was filtered and evaporated, the residue 
extracted with alcohol, and the filtered alcoholic solution again 
evaporated. The residue on treatment with aqueous sodium picrate 
yielded methyldiethylammonium picrate, which separated from water 
in prisms, m. p. 185° (Found : C, 42-0; H, 4-9; N,17-9. C,,H,,0,N, 
requires C, 41-8; H, 5-1; N, 17-7%). The same picrate was pre- 
pared from methyldiethylamine for comparison (Found: C, 42:1; 
H, 5:2%). 
A neutral solution of the unsaturated chloride (prepared from 10 g. 
of picrate) was treated with sodium carbonate (2 g.), cooled to 0°, 
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and mechanically stirred while a solution of sodium permanganate 
(8 g.) in water (100 c.c.) was slowly added. Decolorisation was 
immediate and an odour of acetaldehyde was developed by the 
solution. The filtered liquid was neutralised with hydrochloric acid 
and a portion was tested for aldehydes by distilling its lighter 
fraction into a hydrochloric acid solution of 2 : 4-dinitrophenyl- 
hydrazine. The acetaldehyde-2 : 4-dinitrophenylhydrazone which 
separated was identified by comparison and mixed m. p. The bulk 
of the filtered liquid was evaporated to dryness, and the residue 
taken up in dilute acid. On basification an odour of methyldiethyl- 
amine (see above) was developed, and the liquid was extracted with 
ether to remove organic substances other than quaternary salts. 
The solution was again neutralised and completely evaporated and 
the residue was extracted with absolute alcohol, the residue obtained 
by evaporation of the filtered extract being again extracted with a 
smaller amount of the same solvent. Treatment of the residue 
obtained on evaporation of the second extract with saturated sodium 
picrate solution yielded a sparingly soluble picrate, which was 
identified as the original picrate by its m. p., by analysis (Found : 
C, 44-7; H, 5-1%), and by its solubility and mixed solubility with the 
original specimen (0-182 g./c.c. in ‘ A.R.”’ acetone at 30-3°). The 
filtrate from the precipitated picrate was acidified with excess of 
hydrochloric acid and the picric acid was extracted with benzene. 
The aqueous solution was completely evaporated, the residue 
extracted with absolute alcohol, and the filtered extract again 
evaporated. The syrupy chloride thus obtained yielded a picrate, 
which separated from water in plate-like aggregates of needles, m. p. 
146°, and was identified as carboxymethylmethyldiethylammonium 
picrate (Found: C, 41:5; H, 4:8. Cale.: C, 41-7; H, 48%). 
Willstatter records (Ber., 1902, 35, 608) m. p. 153—154° for this 
picrate, and it was therefore prepared by his method (Found : C, 41-6; 
H,4-9%); but our preparation had m. p. 146° and this m. p. was not 
depressed by admixture with the sample obtained by oxidation. 
Oxidation of N*N*N:-Methyldiethyl-NYNYN’-triethyl-A*-propenyl- 
ene-xy-diammonium Salts.—The picrate (4 g.) was converted into a 
neutral solution of the chloride, which was mixed with sodium 
carbonate (2 g.) and a solution of sodium permanganate (6 g.) in 
water (100 c.c.) Decolorisation was somewhat slower than in the 
preceding experiment, but faster than in the oxidation of the 
isomeride described below. An odour of aldehyde developed and 
after being kept at 30° for 1 hour the solution was filtered and worked 
up for quaternary ammonium picrates as before. Two picrate 
fractions were obtained. The less soluble (small amount) had m. p. 
182—184° and appeared from its analysis to be a mixture of the 
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unchanged unsaturated salt and the betaine salt described below. 
The more soluble separated from water in prisms, m. p. 193—194°, 
and was identified by analysis (Found: C, 43-3; H, 5-2. C,H ON, 
requires C, 43-3; H, 5:2%) and comparison with the specimen 
prepared as described below. 

Carboxymethyltriethylammonium Picrate-——Ethyl diethylamino- 
acetate (3 g.) was boiled under reflux with ethyl iodide (6 g.) and 
nitromethane (10 c.c.) for 12 hours, the product was mixed with 
water and extracted with ether, and the aqueous solution was 
evaporated to a small bulk. The residual solution was mixed with 
an excess of silver oxide, filtered after 1 hour, strongly acidified with 
hydrochloric acid, and evaporated to dryness. The betaine hydro- 
chloride thus obtained as a colourless solid was purified by solution 
in alcohol and precipitation with ether and then converted into the 
picrate with sodium picrate (Found : C, 43-2; H, 5-3%). 

Oxidation of N¢N*N?-T'riethyl-NyYNyNv-methyldiethyl-A*-propenyl- 
ene-xy-diammonium Salis —A neutral solution of the chloride 
(prepared from 3-7 g. of picrate) was treated at 30° for 2-5 hours with 
sodium carbonate (2 g.) and a solution of sodium permanganate 
(6 g.) in water (100 ¢.c.). The residue was worked up as in the 
preceding cases for the soluble quaternary ammonium picrate, and 
this was identified as carboxymethylmethyldiethylammonium 
picrate by direct comparison (see above), mixed m. p. and analysis 
(Found: C, 41-8; H, 4:8. Cale.: C, 41-7; H, 48%). 

Note.—Evidence of the possible mode of formation of acetaldehyde 
in some of these oxidations is contained in the observation that both 
methyldiethylamine and triethylamine are oxidised with the 
formation of acetaldehyde by permanganate under the conditions 
used. 


(G) Reversible Interconversion of NeN¢*N*- Methyldiethyl-NYNYN’-tri- 
ethyl-A*-propenylene-xy-diammonium Salts and N*N¢N:-T'ri- 
ethyl-NYNYN’-methyldiethyl-A*-propenylene-xy-diammonium Salts 
in the Presence of Alkalis. 

Identity and Purity Criteria.—Since with these salts m. p.’s and 
mixed m. p.’s are no guide to identity or purity, solubility and 
mixed-solubility determinations were used, the solvent throughout 
being the same sample of purchased “ A.R.” acetone, and the 
thermostat temperature 30-3°. The crude batches of the two salts 
(picrates) which were prepared for these experiments were first 
crystallised from acetone until each had developed its charac- 
teristic crystalline form, and then the crystallisation was continued 
under control by solubility determinations until the solubilities 
remained constant. These solubilities were as follows : 
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(1.) {Et;N-CH,-CH:CH-NMeEt,}"Pic’,, stout plates, 0-0194 g./c.c. 
(IL) {Et,N-CH:CH-CH,-NMeEt,}"’Pic’,, slender needles, 0-0072 g./c.c. 


Mixtures of (I) and (II) had solubilities of upwards of 0-0300 g./c.c., 
i.e., more than the sum of the separate solubilities. 

Interconversion with 0-1N-Sodium isoPropoxide.—The picrate (I) 
(2-5 g.) was converted in the usual way into the chloride, which was 
dissolved in isopropyl alcohol and treated with sodium isopropoxide 
solution made from 0-23 g. of sodium, the volume being adjusted to 
100 c.c. After being kept over-night at 30°, the solution was acidified 
with hydrochloric acid and evaporated and the chlorides were 
reconverted into picrates. These were fractionally crystallised from 
acetone, the process being controlled in the first instance by the 
differing appearance of the two salts, and for the terminal fractions 
in the later stages by solubility determinations, final confirmation of 
identity being obtained by mixed solubility with the original speci- 
mens. The results of the separation were :—salt (I) 0-3 g., salt (II) 
1-0 g., unseparated fractions 1-2 g. The picrate (II) (2-5 g.) was 
treated in precisely the same way, and the yields on separation were : 
salt (1) 0-35 g., salt (II) 1-2 g., unseparated fractions 0-9 g. 

Interconversion with 0-1N-Aqueous Alkali.—The picrate (1) 
(2-5 g.) was converted into the chloride and this was kept over-night 
at 30° in a 0-1N-solution of potassium hydroxide. The product, 
isolated as picrate, was not separated but was shown qualitatively 
to contain both isomerides by the fact that its saturated solution in 
acetone was saturated with respect to each isomeride. The picrate 
(II) was treated similarly except that the temperature was 20° and 
the alkali was introduced by adding silver oxide to a solution of the 
chloride. The product was tested in the same way with the same 
results. 

Stability of the 8-Hydroxy- and $-Methoxy-bis-quaternary Salts.— 
A number of these salts [see Sections (A) and (B)] were tested, and 
were found to be wholly or largely unaffected on treatment with 
aqueous hydroxide or isopropyl-alcoholic isopropoxide under the 
conditions of the above interconversions. Prolonged treatment, or 
the use of high temperatures, caused some decomposition, but 
careful search did not reveal the presence in the recovered materials 
of even small quantities of the unsaturated salts. 


We wish gratefully to acknowledge that this work has been assisted 
by grants from the Chemical Society and from Imperial Chemical 
Industries Limited. 
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CCX XIII.—Stereoisomerism of Disulphoxides and Re- 
lated Substances. Part VII. Some Further Pairs 
of Isomeric Dioxides. 


By G. MacponaLp Bennett and F. SypNry STATHAM. 


In Part I (J., 1927, 1798) the oxidation of dimethyldithiolethane 
was found to give rise to two diastereoisomeric dioxides. The 
closely related diethyldithiolethane, studied by Beckmann in 1878 
(J. pr. Chem., 1878, 17, 409), has now been investigated. By the 
action of hydrogen peroxide a single dioxide of m. p. 150° resulted. 
As this was not in agreement with the m. p. (170°) given by Beck- 
mann, the oxidation was repeated, nitric acid being used as oxidant 
as in Beckmann’s experiment ; for the possibility was realised that 
different substances might preponderate in the products from two 
different methods of oxidation (compare preparation of the thi- 
anthrene dioxides; Fries and Vogt, Ber., 1911, 44, 756). The 
same dioxide of m. p. 150° was, however, again obtained, so the 
figure was presumably recorded erroneously by Beckmann. In 
neither oxidation could any second isomeride be detected. 

On the other hand, the dioxide of m. p. 138—139° of ethylene- 
dithioldiacetic acid reported by Ramberg and Tiberg (Ber., 1914, 
47, 730) has been found to be a mixture of an «-dioxide, m. p. 147°, 
with a small proportion of a more soluble 8-diowide, m. p. 133°. 

The oxidation products from pp’- and o0o’-dinitrodiphenyldithiol- 
ethane (Fromm, Benzinger, and Schafer, Annalen, 1912, 394, 325) 
were next examined. The former yielded an «-dioxide, m. p. 195— 
197°, and a much more soluble 8-dioxide, m. p. 174°, which alone 
tended to separate in combination with acetic acid. Both dioxides 
form unstable compounds with hydrochloric acid, and both are 
reduced to the parent disulphide by means of hydrogen bromide. 
Further oxidation produces the disulphone, m. p. 303°. 

A disulphoxide of m. p. 145° derived from the 0o’-dinitro-di- 
sulphide was described by Fromm and his colleagues. This was 
doubtless a mixture: our product was readily separated into an 
a-dioxide, m. p. 174°, and a more soluble $-dioxide, m. p. 160-5°. 
Each yielded the disulphide on reduction with hydrogen bromide. 
The disulphone has m. p. 265° : that described by the earlier authors, 
m. p. 164°, may have been incompletely oxidised. 

The new disulphide, p-nitrodiphenyldithiolethane, prepared from 
thiophenol and p-nitrophenyl 8-chloroethy] sulphide, yielded in the 
same way an «-dioxide, m. p. 173°, and a more soluble 8-dioxide, 
m. p. 155°, both reducible by hydrogen bromide. The correspond- 
ing disulphone has m. p. 238°. 
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For the purpose of the study described in the following paper 
(Part VIII) 1: 4-diethylthiolbenzene and its two dioxides were 
prepared. 

The isolation of crystalline oxidation products from 1 ; 3-dithiolan 
has been found to require careful attention to details owing to the 
ease with which the ring may be ruptured. The substance is a 
mercaptal and both it and its sulphoxides are sensitive to hydrolytic 
agents. The disulphide was prepared by the method of Gibson 
(J., 1930, 13), to whom we are indebted for advance information 
on this point. In addition to an amorphous substance melting at 
130° (decomp.), presumably of high molecular. weight, a crystalline 
dioxide, m. p. 158°, and a crystalline trioxide, m. p. 126°, both of 
which have been examined crystallographically, were obtained when 
the entire experiment was carried out at laboratory temperature. 
A careful search in several oxidations did not lead to the detection 
of a second dioxide, but the formation of by-products was evident, for 
the odour of a sulphide or mercaptan was apparent and, although 
no definite substance was identified in the mother-liquors, they 
were strongly acid. 

A compound prepared by Gibson (loc, cit.) by the action of 
hydrochloric acid on dithiolan monoxide, having the carbon and 
hydrogen content of a dioxide, was insoluble and amorphous. It 
may be assumed that this is of higher molecular weight and therefore 
does not constitute the second isomeride expected. 

The bis-sulphilimines of four disulphides have been prepared. 
They are all highly crystalline and apparently unaccompanied by 
any second substance. The sulphilimine of phenylpenthianol was 
found (J., 1929, 2838) to be similarly homogeneous. The bis- 
sulphilimines of dithian (Part IIT; J., 1928, 86) thus remain for the 
present the only case of this kind in which diastereoisomerism has 
been detected. 

EXPERIMENTAL, 

Oxidation of Diethyldithiolethane with Hydrogen Peroxide.—The 
disulphide (20 g.) in glacial acetic acid was oxidised by the cal- 
culated amount of 25% hydrogen peroxide. After 24 hours, dis- 
tillation in steam and evaporation of the residue to dryness on the 
steam-bath gave the oxidation product in quantitative yield. The 
disulphoxide crystallised from ethyl acetate in radiating bunches of 
small monoclinic plates with straight extinction, m. p. 150° (decomp.) 
(Found: S, 35-3. C,H,,0,8, requires S, 35-2%). Careful frac- 
tional crystallisation failed to reveal the presence of a second 
substance. 

Oxidation of Ethylenedithioldiacetic Acid—The disulphide acid, 
prepared as described by Ramberg and Tiberg (loc. cit.) and recrys- 
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tallised from a little hot water, had m. p. 109°. The acid (42 g.), 
dissolved in acetic acid (400 c.c.), was oxidised by hydrogen peroxide 
(2 mols. of 25% solution in 200 c.c. of acetic acid). The solid 
which separated was collected after 2 days, and after several 
recrystallisations from 50% aqueous alcohol yielded the «-dioxide 
(20 g.), m. p. 147° (decomp.) (Found : S, 26-4. C,H,.0,S, requires 
S, 26.4%). It crystallises from warm water in biprisms with the 
extinction along the main axis. The crystals tend to develop 
serrated edges. 

The mother-liquor of the crude «-dioxide was subjected to steam 
distillation and evaporated on the steam-bath. By fractional 
crystallisation from ethyl alcohol a relatively small amount of 
8-dioxide was isolated (1 g.), m. p. 133° (decomp.) (Found: §, 
26-4%). It is much more soluble in water than the «-isomeride 
and crystallises in small blade-shaped plates often radiating from 
a point and having an oblique extinction. 

Crystals with water of crystallisation were not obtained when 
either dioxide was recrystallised from warm water (compare Ram- 
berg and Tiberg, Joc. cit.). 

Oxidation of pp'-Dinitrodiphenyldithiolethane to a Pair of Disulph- 
oxides.—The disulphide (20 g.) was boiled with 500 c.c. of nitric 
acid (d 1-2) until the evolution of brown fumes ceased. On cooling, 
7-8 g. of a compound containing solvent of crystallisation were 
obtained. The remaining oxidation product was precipitated when 
the solution was neutralised with potassium carbonate (total yield, 
9-75 g.). The product was separated into a pair of isomeric disulph- 
oxides by fractional crystallisation from glacial acetic acid. The 
a-disulphoxide (yield of pure substance, 1-5 g.) crystallised from 
acetic acid in yellow needles, m. p. 195—197° (decomp.) (Found : 
N, 7-9; 8S, 17-3. C,,H,,.0,N,S, requires N, 7-6; S, 17-4%). It 
gave an unstable monohydrochloride when dry hydrogen chloride 
was passed through its solution in glacial acetic acid (Found: HCl, 
7-2. C,H ,,0,N,8,,HCl requires HCl, 90%). The @-disulphoxide 
(yield, 1-8 g.) crystallised from acetic acid in bright lemon-yellow 
prisms as an unstable diacetate (Found: loss at 100°, 20-2. 
C,,H,,0,N,8,,2C,H,O, requires loss at 100°, 240%). The non- 
solvated dioxide was a pale yellow powder, m. p. 174° (decomp.), 
and was approximately five times as soluble in glacial acetic acid 
as the «a-isomeride (Found: N, 7-7. C,,H,,0,N,8, requires N, 
7-6%). The 8-isomeride yielded an unstable dihydrochloride (Found : 
HCl, 13-7. C,,H,,0,N,8,,2HCI requires HCl, 16-5%). 

Isolation of the Tetroxide of pp'-Dinitrodiphenyldithiolethane.— 
The disulphide (1 g.) was oxidised in boiling glacial acetic acid with 
an excess of chromium trioxide (3 g.) as described by Fromm, 
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Benzinger, and Schafer (Annalen, 1912, 394, 325). The disulphone, 
precipitated by dilution with water as a mass of almost white 
needles, was recrystallised from m-cresol; m. p. 303° (decomp.) 
(Found : N, 7-0. C,,H,,0,N,S, requires N, 7-:0%). 

Oxidation of 00'-Dinitrodiphenyldithiolethane to a Pair of Disulph- 
oxides.—The disulphide (7-8 g.) was oxidised by addition to 
boiling concentrated nitric acid, and the crude dioxide (yield, 2-4 g.), 
obtained by neutralisation of the solution with potassium carbonate, 
was separated by fractional crystallisation from 50% acetic acid 
into a pair of isomeric disulphoxides. The «-disulphowide (yield of 
pure substance, 0-5 g.) crystallised from 50% acetic acid in arbor- 
escent, bright yellow needles, m. p. 174° (decomp.) (Found: C, 
45-8; H, 3-5; 8, 17-7. C,4H,.0,N,S, requires C, 45-7; H, 3:3; 
S, 17-4%). The 6-disulphoxide (yield, 0-4 g.) crystallised from 50% 
acetic acid in clusters of bright yellow needles, m. p. 160-5° (de- 
comp.), and was approximately four times as soluble in this solvent 
as the «-isomeride (Found: C, 46-0; H, 3-4; 8, 17-5%). Both 
the «- and the 6-disulphoxide showed a tendency to burn explosively 
in oxygen during analysis. 

Isolation of the Tetroxide of 00'-Dinitrodiphenyldithiolethane.—The 
disulphide (1 g.) was oxidised by boiling with excess of chromium 
trioxide in glacial acetic acid. The disulphone appeared as colour- 
less needles crystallising from glacial acetic acid; m. p. 265° (Fromm 
records the substance as crystallising from 75% acetic acid; m. p. 
164°) (Found: N, 7-3. C,,H,,0,N.S8, requires N, 7-0%). 

Preparation of p-Nitrodiphenyldithiolethane.—Alcoholic solutions 
of thiophenol (7-3 g. in 100 c.c.) and potassium hydroxide (3-75 g. 
in 50 c.c.) were mixed, p-nitropheny! 6-chloroethyl sulphide (14-5 g. 
in 50 c.c. of ethyl alcohol) was added, and the whole heated for 
} hour on the steam-bath. The p-nitrodiphenyldithiolethane was 
obtained on cooling and dilution with water. It was soluble in 
ligroin, aleohol and acetic acid and was purified by repeated crystal- 
lisation from ethyl alcohol and finally from 75% acetic acid, giving 
pale yellow needles, m. p. 79—80° (Found : §S, 22-1. C,,H,,0,NS, 
requires 8, 22-0%). 

Oxidation of p-Nitrodiphenyldithiolethane to a Pair of Disulph- 
oxides.—The disulphide (8-15 g.) was oxidised at 30—40° by the 
calculated amount of 20°% hydrogen peroxide in glacial acetic acid 
solution. The mixture was left for 2 days, and the product obtained 
by neutralisation with potassium carbonate (yield, 8-8 g.). It was 
separated into a pair of isomeric disulphoxides by fractional crystal- 
lisation from 50% acetic acid and from ethyl alcohol. The «-di- 
sulphoxide (yield of pure substance, 1-5 g.) crystallised from 50% 
acetic acid in pale yellow, matted needles, m. p. 173°, not appre- 
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ciably soluble in cold ethyl alcohol (Found : 8, 20-0. C,,H,,0,NS, 
requires S, 198%). The §-disulphoxide (yield, 2 g.) could be 
crystallised either from 50% acetic acid or from ethyl alcohol; 
m. p. 155° (Found : S, 20-1%). 

Isolation of the Tetroxide of p-Nitrodiphenyldithiolethane.—The 
disulphide (1 g.) was oxidised by chromium trioxide in boiling 
glacial acetic acid to a disulphone, which crystallised from acetic 
acid in two habits (plates and needles), m. p. 238° (Found: N, 3-9. 
C,,H,,;0,NS, requires N, 3-9%). 

Ethylation of 1 : 4-Dithioquinol.—Dithioquinol (5 g.) was ethylated 
by heating with potassium hydroxide (4 g. in 500 e.c. of ethyl 
alcohol) and ethyl iodide (11 g.) on the steam-bath for 4 hour. 
The alcohol was removed by fractional distillation and, on cooling, 
1 : 4-diethylthiolbenzene crystallised, m. p. 46-5° (Found: 8, 32-3. 
C19H,,8, requires 8S, 32-3%). 

Oxidation of 1 : 4-Diethylthiolbenzene to a Pair of Disulphoxides.— 
The disulphide (3-4 g.) was oxidised in glacial acetic.acid by the 
gradual addition of the calculated amount of 20% hydrogen per- 
oxide. The mixture was left for 24 hours, and the acetic acid 
removed by distillation in a current of steam; the solution was 
evaporated to dryness on the steam-bath (yield, 4 g.). The product 
was separated into a pair of isomeric disulphoxides by fractional 
crystallisation from ethyl acetate. The «-disulphowxide (yield of 
pure substance, 0-3 g.) crystallised from ethyl acetate in shining 
rhomb-shaped plates, m. p. 155° (Found: S, 28-0. C,)H,,0,8, 
requires 8, 27:8%). The 8-disulphoxide (yield, 0-4 g.) was approxi- 
mately four times as soluble in ethyl acetate as the «-isomeride, 
and crystallised in small dull nodular aggregates, m. p. 134° (Found : 
S, 28-:0%). 

Isolation of a Di- and a Tri-oxide of 1 : 3-Dithiolan.—(a) Oxid- 
ation of 1 : 3-dithiolan by hydrogen peroxide. Dithiolan (10 g.) was 
oxidised in glacial acetic acid solution (100 c.c.) by the addition of 
25% hydrogen peroxide in amount calculated to give a disulphoxide. 
The acid was removed by distillation in a current of steam, and 
evaporation of the residue gave an amorphous, almost insoluble, 
white compound, m. p. 128° (decomp.) (Found : 8, 63-2. C,H,0,8, 
requires 8, 46-4%). 

(b) Oxidation of 1 : 3-dithiolan with perhydrol. Dithiolan (30 g.) 
was oxidised in pure, mineral acid-free glacial acetic acid solution 
by the addition of 25°% perhydrol in amount calculated to give a 
dioxide. The mixture was left for 24 hours, and the acid removed 
by evaporation at laboratory temperatures under reduced pressure. 
The resulting white crystalline solid was extracted with cold water, 
leaving an amorphous residue, Evaporation of the aqueous solution 
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at laboratory temperature in vacuum desiccators gave deposits of 
a crystalline dioxvide, m. p. 157—158-5° (decomp.) (Found: §S, 
46-2. C,H,0,S, requires 8, 46-4%). It crystallised from benzene in 
flakes and from water in crystals suitable for goniometric measure- 
ment. The crystals were monoclinic with axial ratios a:b:c = 
1-4835 : 1 : 0-7072, and axial angle 8 = 58° 56’. The following is a 
list of forms and mean angular values obtained with four crystals : 


a(100). m(100). c (001). p (111). 
dU iho) os 0° 0’ 51° 48’ 0° 0’ 86° 5’ 
He EERE AS I 90° 0’ 90° 0’ 31° 4’ 35° 20’ 


The usual habit of crystals from water is shown in Fig. 1, a com- 
bination of forms m, c, and p being observed. 

Further deposits of crystals proved to be the trioxide, m. p. 128° 
(decomp.) (Found : S, 41-5. C,H,O0,8, requires 8, 41-5%). A few 


Fia. 1. Fia. 2. 








crystals of what was apparently a third substance were noticed, 
but goniometric examination showed that they were identical with 
the trioxide. The trioxide is orthorhombic with axial ratios a:b:¢ = 
0-6156 : 1: 1-0319. The forms and mean angular values observed 
with three crystals were : 


a (100). m (110). o (111). s (122). 
| DAR Pe EO 9° 9 31° 37’ 31° 37’ 50° 54’ 
ENT RELI 90° 0’ 90° 0’ 63° 0’ 53° 3’ 


The habit of some crystals from water was octahedral (Fig. 2) with 
a, m, and s equally developed. In other crystals the habit was 
prismatic with m large and s forming a terminal pyramid, o being 
minute and a absent. The extinctions were found to be straight 
on a and m. 
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CCX XIV.—Stereoisomerism of Disulphoxides and Re- | ° 
lated Substances. Part VIII. Isomeric Tetra- 
bromides of a Disulphide. 


By G. MacponaLp BENNETT and F. SypNry STATHAM. 


DIBROMIDES of organic sulphides have long been known (Cahours, 
Annalen, 1865, 135, 355), but the usual formulation R,S,Br, gives 
no information as to their structure. From the modern point of 

J 
view the most probable structures are RS — BryBr and Ro dl - 
in the latter of which the two bromine atoms would be identical in | + 
function and the sulphur atom would have ten electrons in the outer | ¢: 
shell. If the former is correct, the dibromides are bromo-sulphon- | ¢! 
ium bromides and should be stereochemically analogous to the 
sulphonium salts and sulphoxides. 

The investigation of stereoisomerism with such substances is al 
difficult owing to their instability, but the tetrabromide of p-di- | W 
methyldithiolbenzene (Zincke and Frohneberg, Ber., 1909, 42, 2721) d 
has given positive results. These authors had described this tetra- | * 
bromide as dimorphous, but we have now shown that the two forms 
are isomeric chemical individuals by observations of their separate 
and joint effects in depressing the freezing point of benzene. De 

In addition to the usual method of preparation from bromine and 
the disulphide, the dibromides are formed when hydrogen bromide § p, 
acts on the two stereoisomeric dioxides (Part III; J., 1928, 3189), 
and they are converted into these dioxides by the action of moist 
silver oxide. The $-dioxide yields the pure 6-tetrabromide, and the ch 
a-dioxide a mixture of the «- and the 8-tetrabromide, the conditions 
being inevitably such as are known to promote the conversion of the ths 
a- into the $-isomeride. In the opposite change of tetrabromides ch 
into dioxides, the «-tetrabromide furnished «-dioxide almost ex- th 
clusively and the $-tetrabromide gave a mixture of about equal th: 
amounts of the two dioxides. These results afford further support of ~ 
the idea that the two pairs of substances are stereochemically a 
analogous. 8c 

Attempts to find other cases of such isomeric polybromides have at 
so far been unsuccessful. The tetrabromides of diethyldithiol- 
benzene and of dibenzyldithiolethane were isolated, but appeared to 
be single substances. The tetrabromides of diphenyldithiolethane 
and 1 : 3-dimethyldithiolbenzene and the hexabromide of 1 : 3 : 5- 
trimethyltrithiolbenzene were too unstable for isolation, substitution 
with evolution of hydrogen bromide occurring very readily. The 
tetrabromide of dithian could not be recrystallised. 





wel 
sily 
rec 
Th 
me) 












DISULPHOXIDES AND RELATED SUBSTANCES. PART vil. 1691 































It would seem that there must be some special factor which 
Re- renders the tetrabromide of p-dimethyldithiolbenzene relatively 
stable—possibly a mutual attraction between the outer fields of a 


Ta- , ‘ 
bromine atom and the adjacent methyl group. 
EXPERIMENTAL. 
urs, Reinvestigation of the Tetrabromides of p-Dimethyldithiolbenzene.— 
ives | [he 6-tetrabromide, formed from the sulphide by direct combination 


t of | With dry bromine in chloroform, crystallises from that solvent in 
-Br garnet-red monoclinic needles which melt with dissociation at from 
~Br’ | 86° to 90° with different specimens. It is unstable in the air and the 
4lin | bromine content (Found: Br, 65-1. Cale.: Br, 65-3%) falls when 
uter | the substance is kept in a desiccator for a few hours. Exposed to 
hon- | the atmosphere, it passes fairly rapidly, with evolution of hydrogen 
the | bromide, into the dioxide. 

The £-isomeride, crystallised from pure dry chloroform, gives the 
.s is | almost black, stout prisms of the «-isomeride, melting at 105—110° 
y-di- | With different specimens (Found: Br, 65-2%). The striking 
721) | difference in colour is due to the massiveness of the crystals of the 
stra- | %-isomeride. The two substances are similar in colour when crushed, 
rms The depression of the freezing point of benzene by saturation with 
rate | these two substances was observed :— 





Depression produced by saturation with the a-tetrabromide ......... 0-145° 
and [| Depression after addition of the 8-tetrabromide also ..................... 0-200° 
; Depression produced by saturation with the f-tetrabromide ......... 0-169° 
mide Depression after addition of a-tetrabromide also ...........sesseeeeeeees 0-209° 
doe ' These experiments were repeated with similar results, and there 
ithe | 22 be no doubt that the «- and the §-tetrabromide are distinct 
.___ | chemical individuals. 
om Action of Hydrogen Bromide on the Dioxides of p-Dimethyldi- 
. thiolbenzene.—The «-dioxide gave with dry hydrogen bromide in dry 
seer chloroform first a yellowish precipitate of monoxide dibromide and 
sa! then a dark mass of tetrabromide. Microscopic examination showed 
q this to be a mixture of about equal parts of the «- and the 8-tetra- 
mrt of bromide. When this was kept in contact with the chloroform (now 
eally moist), it was soon converted into pure £-tetrabromide. The 
sad $-dioxide in similar circumstances furnished the red crystals of pure 
hiol- b-tetrabromide at once. 
ad 6 Hydrolysis of the Tetrabromides to the Dioxides.—The isomerides 
hong Be separately mixed with water containing an excess of fresh 
3 — silver oxide, the solution was filtered after a time, and the material 


recovered by evaporation in a vacuum at laboratory temperature. 
The product from the «-tétrabromide, once crystallised from alcohol, 
melted at 177—180° and was therefore nearly pure «-dioxide (m. p. 
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183°). The 8-tetrabromide yielded a dioxide mixture of m. p. 145— 
167°, which indicates the presence of the two dioxides in about 
equal proportion, their mixtures showing no depression of m. p. 
Tetrabromide from p-Diethyldithiolbenzene.—Bromine combines 
with the disulphide in benzene solution to give red needles of the 
tetrabromide, m. p. 73—78° (decomp.), having the appearance of 
chromic anhydride (Found: Br, 62-1. C, H,,Br,8, requires Br, 
61-8%). This substance was recrystallised from chloroform, but 
no evidence was found of a second form. This tetrabromide is 
definitely less stable than those from dimethyldithiolbenzene. 
Experiments on the action of hydrogen bromide on the two di- 
oxides (preceding paper) gave products which were somewhat 
different in melting point but appeared to be identical under the 
microscope, so that no conclusive indication was obtained of iso- 
merism. 
Tetrabromide of Dibenzyldithiolethane.—The tetrabromide, prepaicd 
from benzene solution, was an orange-red crystalline solid, m. p. 
80—85° (decomp.) (Found: Br, 54-7. C,,H,,Br,S,' requires Br, 
53-9%). It decomposed rapidly and could not be recrystallised. 
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CCXXV.—Studies in the Penthian Series. Part IV. 
The Four Stereoisomeric Oxides of Benzamido- 
benzpenthiene. 

By G. MacponaLtD BENNETT and W. BERTRAM WADDINGTON. 


In Part IIT (J., 1929, 2832) an account was given of the cis-trans 
isomerism of certain penthian-4-ol oxides (1), of which the molecules 
are symmetrical about a plane. The investigation has now been 


CR(OH) H NHBz 
CHR NC/ 
CH, oH, H 
: C,H, ‘ 
*\o 


- + 
(I.) _ ais)? 
extended to a similar case where this element of symmetry was 
absent, so that enantiomorphism could arise, a suitable substance of 
the type (II) being selected which should give rise on oxidation to 
two sulphoxides each resolvable into a pair of optically active forms. 
An attempt to prepare the hydroxy-carboxylic acid from thia- 
chromanone (benzpenthienone) through its cyanohydrin was un- 
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successful, for the ketone did not, even under the most favourable 
conditions, combine with hydrocyanic acid to an appreciable extent, 
thus resembling «-ketotetrahydronaphthalene (Lapworth and 
Manske, J., 1928, 2548). 

A substance of the required type was finally obtained as follows. 
Thiachromanone was converted by reduction of its oxime into amino- 
benzpenthiene, which was resolved into its optical antipodes by 
means of d- and J-«-bromocamphor-z-sulphonic acids. The crystal- 
line d- and 1-benzamidobenzpenthienes each yielded by oxidation with 
hydrogen peroxide a pair of stereoisomeric oxides (III), which were 
separated in a state of optical purity. The.two dl-oxides were 
similarly prepared by oxidation of dl-benzamidobenzpenthiene. 

The m. p. of each di-compound is lower than that of the active 
form except in the case of the sulphone derived from acetamido- 
henzpenthiene (see table). 


Benzamidobenzpenthienes (rotatory powers in 


1% chloroform solution). Acetamidobenzpenthienes. 
d, dl, l. dl. i, 

M. p. ... 170° 158° 170° 159° 199° 
Cy Spee + 100-5° — —99-6° — — 190-5° * 

d-a-Oxide. dl-a-Oxide. 1-a-Oxide. 
Bs De eos 220-5° 210-5° 220-5° 
aly occas +176° lon —177° 

d-B-Oxide. dl-B-Oxide. 1-B8-Oxide. 
M.p. ... 204° 180-5° 204° 
BUI sncses — 106° — + 105-5° 

d-Dioxide. dl-Dioxide. J[-Dioxide. dl-Dioxide. /-Dioxide. 
i 237° 202-5° 237° 240° 239° 
Falls soscse 4+ 44-5° seat — 43° sas — 69° * 


* In ethyl alcohol. 


EXPERIMENTAL. 


Action of Hydrocyanic Acid and of Hydroxylamine on Thia- 
chromanone.—Thiachromanone (m. p. 28°; see Arndt, Ber., 1923, 
56, 1269) was recovered unchanged after several attempts to con- 
vert it into the cyanohydrin, in one of which a large excess of hydro- 
cyanic acid was distilled into a cold concentrated alcoholic solution 
of the ketone containing potassium cyanide, and the mixture was 
acidified after standing for several hours. 

An aqueous-alcoholic solution of thiachromanone (16-2 g.), 
hydroxylamine hydrochloride (7 g.), and potassium hydroxide 
(30 g.) was kept over-night. Unchanged ketone was extracted with 
ether, and the oxime then removed in ether after acidification with 
acetic acid. The product (18-5 g.) recovered by evaporation of the 
dried ethereal solution was crystallised successively from 50% alcohol 
and petroleum (b. p. 70—80°), thiachromanoneoxime being obtained 
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in colourless plates, m. p. 98—100° (Found: N, 7-9. C,H,ONS 
requires N, 7-8%). 

Reduction of Thiachromanoneoxime.—A solution of the oxime 
(25 g.) in glacial acetic acid (250 c.c.) was violently agitated during 
the addition of zinc dust (70—80 g.). Next day, most of the acetic 
acid was removed from the filtered solution in steam, an excess of 
ammonia added, the base extracted with ether, and the extracts 
dried over sodium sulphate and evaporated. 4-Aminobenzpenthiene, 
thus isolated as a brown oil which could not be distilled unchanged, 
was characterised by the preparation of the picrate, which formed 
small yellow granules from water or monoclinic plates from alcohol, 
m. p. 220° (decomp.) (Found: N, 14:2. C,,;H,,0,N,S requires N, 
14-2%). The hydrochloride, obtained from the base and hydrogen 
chloride in dry benzene (yield, 77% of that calculated from the oxime), 
was an almost colourless, microcrystalline powder, very soluble 
in alcohol and in water; it could not be purified and the crude salt 
was used for subsequent experiments. dl-4-Acetamidobenzpenthiene 
crystallised from petroleum (b. p. 90—120°) in fine needles with a 
straight extinction; m. p. 157—159° (Found: N, 6-9. C,,H,,ONS 
requires N, 6-9%). Oxidation of this substance with hydrogen per- 
oxide in boiling glacial acetic acid furnished dl-4-acetamidobenz- 
penthiene dioxide, which was crystallised successively from xylene, 
methyl ethyl ketone, and water, from which it separated in colourless 
monoclinic prismatic needles, m. p. 238-5—240° (Found: C, 55-2; 
H, 5-5. C,,H,,0,NS requires C, 55-2; H,5-4%). This substance is 
somewhat easily soluble in water or ethyl alcohol. 

dl-4-Benzamidobenzpenthiene crystallised from alcohol in fine 
colourless needles with a straight extinction; m. p. 158° (Found : 
C, 71:9; H, 5-8; N, 5-1; S, 12-1. C,,H,,ONS requires C, 71-4; 
H, 5-6; N, 5-2; 8, 11-9%). It was oxidised by hydrogen peroxide 
in boiling acetic acid to the corresponding sulphone, dl-4-benz- 
amidobenzpenthiene dioxide, which crystallised from methyl ethyl 
ketone or xylene in colourless needles, m. p. 201—202-5° (Found : 
N, 4-9. ©,,H,,0,NS requires N, 4-7%). 

Oxidation of dl-4-Benzamidobenzpenthiene to a Pair of Oxides —To 
the sulphide (3-35 g.) in the minimum of glacial acetic acid, hydrogen 
peroxide (1-71 g. of 24-8% solution) was slowly added with agitation. 
The mixture, after standing over-night, was freed from acetic acid, 
and the crude product (3-5 g.) was separated very easily by crystal- 
lisation from alcohol into two isomeric sulphoxides. dl-4-Benz- 
amidobenzpenthiene «a-oxide separated first; it crystallised from 
methyl ethyl ketone in minute needles resembling cotton-wool 
(1-2 g.), m. p. 210-5° (Found: C, 67-6; H, 5-5. C,,H,,0,NS 
requires C, 67-4; H, 5-3%). 
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dl-4- Benzamidobenzpenthiene B-oxide was obtained by evaporation 
of the alcoholic mother-liquor. It crystallised in contact with 
methyl] ethyl ketone, was fractionally crystallised from this solvent, 
and finally obtained in small prisms (0-5 g.) from xylene; m. p. 
180-5° (Found : C, 67°3; H,5-6%). It was very readily soluble in 
ethyl alcohol, but less soluble in cold methyl ethyl ketone. Mixed 
with an equal weight of the «-isomeride, it melted at 163—181°. 

Resolution of dl-Aminobenzpenthiene into its Active Components.— 
The tartrate, malate, and camphor-10-sulphonate of the base did not 
give a ready resolution, but the d-«-bromocamphor-z-sulphonate was 
found to be suitable. ; 

The hydrochloride of the dl-base (60 g.) and ammonium d-bromo- 
camphorsulphonate (97-5 g.) were separately dissolved in hot water 
and mixed (2900 c.c.). A little oily deposit was removed by 
filtration, and the solution concentrated to half its bulk; a salt 
(30 g.) then separated having [«]) + 41-5° in 0-903% aqueous 
solution, and a further crop (16-3 g.) had [«]) + 63-4°. By fractional 
crystallisation to constant rotation the pure l-aminobenzpenthiene 
d-bromocamphorsulphonate was isolated, which formed highly re- 
fractive, orthorhombic plates from water (Found: N, 2-9. 
C,9H,,O,NBrS, requires N, 2:9%). In water (c 1:01), [«]b = 
+ 27-2°, unchanged on recrystallisation. 

Benzoylation of the liberated levo-base yielded 1-4-benzamido- 
benzpenthiene, which crystallised from ethyl alcohol in colourless 
needles, m. p. 170° (Found: N, 5-4. O©,,H,,ONS requires N, 
52%); [«]o — 99-6° in 1-316% chloroform solution. This benzoyl 
compound was oxidised by hydrogen peroxide in hot glacial acetic 
acid to 1-4-benzamidobenzpenthiene dioxide, which crystallised from 
xylene in colourless needles, m. p. 237° (Found: N,4-7. C,gH,,0,NS 
requires N, 4:7%); [«]p — 43-0° in 0-562% solution in chloroform. 
The liberated /-base was also acetylated : 1-acetamidobenzpenthiene 
crystallised from petroleum (b. p. 90—120°) in colourless needles, 
m. p. 199° (Found: N, 6-8. C,,H,,ONS requires N, 6-8%); [a]p 
— 190-5° for a 0-698% solution in ethyl alcohol. It was oxidised by 
hydrogen peroxide in hot glacial acetic acid to l-acetamidobenzpenthiene 
dioxide, which separated from water in fine needles, m. p. 239° (not 
depressed by admixture of the dl-compound) (Found: C, 55-4; 
H, 5:3. C,,H,,0,NS requires C, 55:2; H, 5-4%); [«]o — 69-0° in 
1-372% alcoholic solution. 

The crops of salt from the crystallisation having [«]) > -++ 60° 
were shaken with aqueous ammonia and the base was removed in 
ether, recovered by evaporation, dissolved in benzene, and thrown 
out as the hydrochloride. This was mixed with an equivalent of 
ammonium /-bromocamphorsulphonate in aqueous solution and the 
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salts were fractionally crystallised as before. d-Aminobenzpenthiene 
l-bromocamphorsulphonate was then isolated quite readily, [«]p 
— 27:2°. 

After several weeks’ standing, there was collected from the mother- 
liquor a small quantity of l-aminobenzpenthiene 1-bromocamphor- 
sulphonate, which crystallised in stout prisms or prismatic needles 
from water (Found: C, 47-9; H, 5-9. C,gH,,0,NBr8, requires C, 
47-9; H, 55%); [«]»p — 90-0° in 0-6892% aqueous solution, in 
agreement with the value to be expected for this salt. The antipode 
of this sait was not isolated. 

The d-base was liberated from the pure salt and readily converted 
into d-4-benzamidobenzpenthiene, which crystallised in fine needles, 
m. p. 190°, from paraffin (b. p. 90—120°) (Found : C, 71-9; H, 5-7; 
N, 5-3. C,,H,,ONS requires C, 71-4; H, 5-6; N, 52%); [a}p 
+ 116-0° in 0-856% solution in alcohol and + 100-5° in 2-2808% 
solution in chloroform. 

Oxidation of this benzoy] derivative by hydrogen peroxide in hot 
glacial acetic acid yielded d-4-benzamidobenzpenthiene dioxide, which 
crystallised from absolute alcohol and from xylene in colourless 
needles, m. p. 237° (Found : N, 4-8. C,gH,,;0,NS requires N, 4-7%) ; 
[«]p + 44-5° in 0-788% chloroform solution. 

Oxidation of d-4-Benzamidobenzpenthiene to a Pair of Sulphoxides. 
—d-Benzamidobenzpenthiene (7:1 g.) was oxidised in glacial acetic 
acid by addition of hydrogen peroxide (3-9 g. of 22-9% solution) with 
agitation. After 12 hours, the mixture was diluted and neutralised, 
giving 6-7 g. of product; a further 0-95 g. was obtained by extraction 
of the liquid with chloroform. The mixture after crystallisation 
from xylene melted at 177—205°. Separation of the two isomerides 
was effected by crystallisation from 33% aqueous alcohol and from 
water. 

d-Benzamidobenzpenthiene «-oxide (yield, 1-5 g.) crystallised from 
water in elongated plates with a straight extinction; m. p. 220-5° 
(Found : C, 67-4; H, 5-25; N, 5-1. C,,H,;O,NS requires C, 67-4; 
H, 5:3; N, 49%); [«]> + 176° in 2-006% chloroform solution. 
This substance is more soluble in cold water than the isomeride, 
which is also much less soluble in chloroform. Both are far more 
soluble in alcohol than the dl-compounds. 

d-Benzamidobenzpenthiene -oxide was isolated (yield, 1 g.) by 
crystallising the lower-melting crops of crystals from methyl ethyl 
ketone. It formed long plates with straight extinction; m. p. 204° 
(Found: ©, 67-0; H, 5:3; N, 5:2; 8S, 110%); [e]> — 106° in 
0-7264% solution in chloroform. A mixture with the «-oxide melted 
at 177—198°. The proportion in which these two substances were 
formed appears to be «: 8 = 3:1. 
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Oxidation of |-Benzamidobenzpenthiene.—This was carried out as 
with the enantiomorph. Crystallisation from methyl ethyl ketone 
did not separate the products readily, but these were finally obtained 
by crystallising the separate crops from water. 1-4-Benzamido- 
benzpenthiene «-oxide crystallised from water, methyl ethyl ketone 
or ethyl acetate in long plates with a straight extinction; m. p. 
220-5° (Found : C, 67-2; H, 5:2%); [«]p — 177° in 1-211% solution 
in chloroform. 1-4-Benzamidobenzpenthiene B-oxide (Found : C, 67-2; 
H, 5-6%) had [«]p + 105-5° in 1-003% solution in chloroform. From 
4-25 g. of sulphide, 1-8 g. of «- and 0-9 g. of 8-oxide were isolated. 


THE UNIVERSITY, SHEFFIELD. [Received, May 21st, 1931.] 





CCXXVI.—Derivatives of the Aliphatic Glycols. 
Part III. 


By G. MacponaLp BENNETT and A. NEVILLE MosssEs. 


THE preparation of unsymmetrical derivatives of the lower glycols 
(J., 1927, 472; 1929, 268) has now been extended to the glycols 
with six to ten carbon atoms. 

The chloroacetin of hexamethylene glycol is readily obtained by 
the action of acetyl chloride on the glycol. From the higher glycols 
the chlorohydrins have been prepared by heating them with hydro- 
chloric acid in presence of petroleum under conditions such as to 
remove the product continuously as it is formed. The isolation of 
decamethylene chlorohydrin was recorded by Alberti and Smiecius- 
zewski (Monatsh., 1903, 24, 618; 1906, 27, 411), but we found it 
difficult to obtain the substance pure by the method they describe. 
The hepta-, nona-, and deca-methylene chlorohydrins were purified 
by crystallisation from petroleum at a low temperature; they melt 
at 10—11°, 28°, and 10—11° respectively. All the chlorohydrins 
were characterised by the preparation of their phenylurethanes. 

These derivatives of the glycols have been applied to the pre- 
paration of a series of w-hydroxyalkyl sulphides, Ph-S-[CH,],°OH 
(n=6—10), and from each the corresponding chlorosulphide was also 
obtained. 

EXPERIMENTAL. 


Preparation of the Glycols—The improved yields in the reduction 
of the dibasic esters must be attributed to details of technique. The 
alcohol used was kept in a closed vessel over quicklime for several 
months and was syphoned out for use. Careful drying of the 
alcohol and exclusion of moisture from the apparatus are well- 
recognised precautions in such reductions, but the preparation of the 
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sodium was found to be an equally important factor. The metal 
was cut and weighed under dry xylene, the surface layer being 
completely removed; it was then quickly transferred (without 
drying) to the flask, and the alcoholic solution of the ester at once 
added. 

Heptamethylene glycol, for example, was prepared as follows. 
A solution of methyl pimelate (0-1 mol.) in absolute alcohol (300 c.c.) 
was quickly run down the condenser (1’’ copper tube, 3’ long, water- 
jacketed) on to sodium (30 g., cut as described) in a 1 litre Pyrex 
flask. When the temperature had risen sufficiently, the sodium was 
dispersed by vigorous shaking. After the initial reaction had 
subsided (30 mins.), the mixture was heated at 130° for } hour and, 
after addition of water (10 c.c.), boiled for a further 20 minutes to 
bring all into solution and hydrolyse any remaining ester. The 
flask was then cooled, and concentrated hydrochloric acid (160 g.) 
added down the condenser. The mixture was cooled, the sodium 
chloride removed, and the filtrate kept with potassium carbonate 
(150 g.) to free it from water and acid. The alcoholic solution was 
again filtered from the solid, and the latter twice extracted with 
boiling alcohol. The combined solutions were then distilled, salts 
being removed if necessary towards the end of the process by addition 
of acetone, filtration, and evaporation. The residue from two 
reductions was distilled under diminished pressure, yielding the 
glycol, b. p. 151°/14 mm., m. p. 18° (average yield from 4 reductions, 
72%). 

The yields of other glycols, obtained in repeated preparations, 
were: tetramethylene glycol, b. p. 134°/18 mm., from ethyl suc- 
cinate, 62%; hexamethylene glycol, b. p. 145—149°/17 mm., from 
methyl adipate, 56%; octamethylene glycol, b. p. 167—168°/18 
mm., m. p. 63°, from methyl suberate, 77%; nonamethylene 
glycol, b. p. 162—167°/13 mm., m. p. 46°, from methyl azelate, 
65%; decamethylene glycol, m. p. 74:5° (not distilled but crystal- 
lised from benzene), 85%. These yields are better than those 
recorded by other workers (Bouveault and Blanc, Compt. rend., 
1903, 137, 129, 329; Scheuble and Loebel, Monatsh., 1904, 25, 345, 
1085; Franke, ibid., 1929, 54, 577). 

Preparation of the Chlorohydrins.—Alberti and Smiecuiszewski’s 
method (loc. cit.) for obtaining the chlorohydrin from decamethylene 
glycol by heating with concentrated hydrochloric acid tended with 
the lower glycols to yield the corresponding dichloride. The reaction 
with hydrochloric acid was therefore carried out in a flask kept at 
95°, petroleum (b. p. 90—120°), introduced by a dropping-funnel 
the tip of which reached the bottom of the vessel, being con- 
tinuously passed up through the reaction mixture. The petroleum 
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removed the chlorohydrin as it was formed, collected on the surface, 
and overflowed down a side-tube through a condenser and a drying 
tube containing potassium carbonate. The residue from the 
evaporation of this solution was fractionated under diminished 
pressure with the aid of a glass spiral column. The glycol chloro- 
hydrin was thus obtained in a sufficiently pure condition for synthetic 
purposes, but it usually contained a small amount of the dichloride 
which could not be completely removed by repeated fractionation. 
The pure substances were obtained in three cases by crystallising 
them at low temperatures. 

Derivatives of Hexamethylene Glycol.—The glycol was heated for 6 
hours at 100° in a sealed tube with acetyl chloride (1-2 mols.), the 
two being allowed to mix only after sealing. A small amount of 
dichlorohexane and hexamethylene diacetate having been removed 
by fractionation, ¢-chlorohexyl acetate was obtained as a colourless 
liquid of pleasant odour, b. p. 113—116°/17 mm. (yield, 43%). 
The substance has d*% 1-0371, n%° 1-44163, whence [R;]p 45-50 
(calc., 45-54) (Found : Cl, 19-3. C,H,,0,Cl requires Cl, 19-8%). 

A mixture of the chloroacetin with an excess of thiophenol and 
aqueous sodium hydroxide was heated for 3 hours; it was then 
acidified with acetic acid, and steam passed through it. The oily 
product solidified on cooling; the phenyl ¢-hydroxyhexyl sulphide 
thus obtained crystallised from light petroleum in colourless plates, 
m. p. 43° (yield, 85%) (Found : 8, 14-8. C,,H,,OS requires S, 15-2%). 

To the hydroxy-sulphide (3 g.), dissolved in diethylaniline (3 c.c.), 
thionyl chloride (1-25 c.c. in an equal volume of carbon tetrachloride) 
was added at 60°, and the mixture heated on the steam-bath for 45 
minutes. Water was added and the carbon tetrachloride extract 
was washed twice with concentrated hydrochloric acid, once with 
aqueous sodium carbonate, once with water, dried over sodium 
sulphate, and evaporated under reduced pressure at 100°. Phenyl 
¢-chlorohexyl sulphide was thus obtained as a brown oil which could 
not be distilled without decomposition but solidified in a freezing 
mixture and then melted at 7—8° (Fourtd: Cl, 15-4. C,,H,,CIS 
requires Cl, 15-5%). 

Derivatives of Heptamethylene Glycol_—By the action of hydro- 
chloric acid under the conditions described above, 4-chloroheptyl 
alcohol was obtained, b. p. 150°/20 mm. (yield, 43%). It was freed 
from a trace of the dichloride by crystallisation from light petrol- 
eum and had m. p. 10—11° (Found: Cl, 23-4. C,H,,OCI requires 
Cl, 23-55%). The liquid has d% 0-9998, n}° 1-45367, whence 
[Rr\> 41-43 (cale., 41-0). The phenylurethane crystallised from 
petroleum or dilute alcohol in colourless needles, m. p. 76° (Found : 
N, 5:2. ©,4H 90,NCI requires N, 5-2%). 
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Condensation of chloroheptyl alcohol with sodium thiophenoxide 
yielded phenyl y-hydroxyheptyl sulphide, crystallising from petroleum 
in flat needles, m. p. 49° (Found: S, 14:0. C,,H OS requires 8, 
143%). 

The hydroxy-sulphide reacted with thionyl chloride as described 
above and phenyl »-chloroheptyl sulphide was isolated, after solution 
in light petroleum, cooling, filtration and evaporation, as a brown 
oil (Found: Cl, 14-1. C,,H,,CIS requires Cl, 14-6%). 

Derivatives of Octamethylene Glycol.—The chlorohydrin 6-chloro- 
octyl alcohol was obtained (yield, 80%) ina slightly impure condition, 
b. p. 125—140°/18 mm. (Found: Cl, 22-8. C,H,,OCl requires 
Cl, 21-6%). The phenylurethane formed colourless needles, m. p. 
77°, from aqueous alcohol (Found: N, 4:9. C,;H,.0,NCI requires 
N, 49%). 

Condensation with sodium thiophenoxide yielded phenyl 0-hydroxy- 
octyl sulphide, which crystallised from light petroleum in colourless 
plates, m. p. 55° (Found: S, 13-3. C,,H,.OS requires 8, 13-4%). 

Thionyl chloride reacted with the latter substance to give phenyl 
6-chloro-octyl sulphide as a brown oil solidifying in a freezing mixture. 
After crystallisation from aqueous alcohol at a low temperature the 
substance had m. p. 16° (Found: Cl, 13-7. C,,H,,CIS requires Cl, 
13-8%). 

Derivatives of Nonamethylene Glycol_—The crude v-chlorononyl 
alcohol (obtained in weight equal to that of the glycol used) was 
fractionated, two-thirds of it boiling at 140—145°/20 mm. This 
solidified and, crystallised from light petroleum, had m. p. 28° 
(Found: Cl, 20-0. C,H, OCI requires Cl, 19-9%). The phenyl- 
urethane, crystallised from dilute alcohol, had m. p. 67° (Found : 
N, 4-7. C,gH,,O.NCI requires N, 4-7%). 

Phenyl t-hydroxynonyl sulphide, obtained by condensation of the 
foregoing chlorohydrin with thiophenol, was crystallised from light 
petroleum and had m. p. 60° (Found: S, 12-5. C,;H,,0S requires 
S, 12-7%). The action on it of thionyl chloride furnished phenyl 
t-chlorononyl sulphide, which had m. p. 5° after crystallisation from 
aqueous alcohol at low temperatures (Found: Cl, 13-5; C,;H,,CIS 
requires Cl, 13-1%). 

Derivatives of Decamethylene Glycol.—The chlorohydrin partially 
purified by fractional distillation solidified in a freezing mixture, 
and the solid x-chlorodecyl alcohol was crystallised from petroleum 
at a low temperature; m. p. 10—11° (Found: Cl, 18-7. C,)H,, OCI 
requires Cl, 185%). The liquid has d% 0-9630, n% 1-45796, 
whence [Rz]p 54:5 (cale., 54-9). The phenylurethane separated 
from aqueous alcohol in colourless needles, m. p. 72° (Found: N, 
4-4. C,,H,,0,NCI requires N, 4:5%). 
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Condensation of the chlorohydrin with thiophenol yielded phenyl 
x-hydroxydecyl sulphide, which crystallised from light petroleum in 
colourless needles, m. p. 66-5° (Found : 8, 12-1. C,,H,,O8 requires 
S, 12-0%). The action of thionyl chloride on the latter furnished 
phenyl x-chlorodecyl sulphide, which solidified, and after crystallis- 
ation from ethyl alcohol had m. p. 27-5° (Found: Cl, 12:1. 
C,gH,;CIS requires Cl, 12-4%). 


THE UNIVERSITY, SHEFFIELD. | Received, May 21st, 1931.] 


CCXXVII.—Studies in the Coumarin Series. Part II. 
The Conversion of Substituted Coumarins into 
Benzopyrylium Salts. 


By Istpor Morris HEmsron, Dovctas WILLIAM HILL, and 
HaroLtp Norman WALLS. 


THE action of excess of phenylmagnesium bromide on hot con- 
centrated solutions of coumarins substituted in the 3- and 4-positions 
has been shown by Heilbron and Hill (J., 1927, 2005) to lead re- 
spectively to formation of 2 : 4-diaryl-A*-chromens (I) and 2: 2- 
diaryl-A*-chromens (II). 
GC ne: ‘CR CR:CH 
(I.) oH —OR’ CH te, (II.) 

A study has now been made of the reaction in dilute solution at 
room temperature, under conditions closely analogous to those 
employed by Willstatter, Zechmeister, and Kindler in the conversion 
of 3:5: 7-trimethoxycoumarin into pelargonidin (Ber., 1924, 57, 
1938). With 3-methyl-, 3-phenyl-, and 3-methoxy-coumarins, re- 
action proceeds smoothly, giving good yields of the corresponding 
2-phenylbenzopyrylium salts. On the other hand, with 4-methy]l- 
and 4-phenyl-coumarins, only small quantities of the monoary] salts 
are produced, unreacted coumarin being recovered in both cases 
from the reaction mixture. Attempts to increase the yield of the 
benzopyrylium salts by employing more concentrated solutions 
resulted in the formation of considerable quantities of 2 : 2-diphenyl- 
4-methyl-A®-chromen (Heilbron and Hill, loc. cit.) and 2:2: 4- 
triphenyl-A®-chromen, without any corresponding increase in the 
amount of the monoaryl derivatives. The effect of methoxyl in 
position 4 is especially marked, for neither from 4-methoxy- nor 
from 4: 7-dimethoxy-coumarin have we been able to isolate any 
benzopyrylium salt whatsoever. Reaction either fails to occur or 
under more drastic conditions leads solely to the production of the 


substituted A®-chromens. 
3K2 





1702 HEILBRON, HILL, AND WALLS: 


In the preparation of 4-phenylcoumarin, which was carried out as 
described by Stoermer and Friderici (Ber., 1908, 41, 324), a hitherto 
undescribed modification (m. p. 92°) has been isolated which is 
converted into the ordinary form (m. p. 105°) when heated above its 
melting point. 

EXPERIMENTAL. 

3-Methoxycoumarin.—A mixture of sodium methoxyacetate (56 g.), 
salicylaldehyde (20 g.), and acetic anhydride (84 g.) was heated for 
6 hours at 160°. Unchanged salicylaldehyde was removed in steam, 
and the tarry residue repeatedly extracted with boiling water. The 
crude compound, which crystallised from the cold solution, was 
recrystallised from alcohol in presence of animal charcoal, pure 
3-methoxycoumarin separating in colourless needles (16 g.), m. p. 
162° (Found : C, 68-5; H,4-6. C, 9H,O, requires C, 68-3; H, 4-5%). 

3-Methoxy-2-phenylbenzopyrylium Chloride. — Phenylmagnesium 

bromide (prepared from magnesium, 1-5 g., and bromobenzene, 9 g., 
in dry ether, 300 c.c.) was slowly added to 3-methoxycoumarin (3 g.) 
in dry benzene (600 c.c.). After some hours the reaction mixture 
was shaken with concentrated hydrochloric acid (100 c.c.) and the 
deep orange aqueous layer was run off, washed with ether, and 
neutralised with dilute aqueous ammonia. The carbinol base was 
extracted with ether, and the dried solution saturated with dry 
hydrogen chloride; dark reddish-brown needles of the pyrylium 
chloride then separated. As the salt proved to be extremely hygro- 
scopic, it was converted into its ferrichloride, which separated from 
glacial acetic acid in yellow needles (Found: C, 43-9; H, 3:3. 
C,gH,,0,Cl,Fe requires C, 44-1; H, 3-0%). 

2-Phenyl-3-methylbenzopyrylium chloride was prepared in an 
analogous manner. The addition of hydrogen chloride to the dry 
ethereal solution of the carbinol base precipitated the pyrylium 
salt in yellow flocks, which were collected, dissolved in glacial acetic 
acid, and heated with a solution of ferric chloride in the same solvent. 
The ferrichloride separated on cooling in yellow-green plates with 
metallic reflex, m. p. 132° (Found: C, 45-8; H, 3-3. C,g,H,,0CI,Fe 
requires C, 45-8; H, 3-1%). 

"2: 3-Diphenylbenzopyrylium Chloride——When 3-phenylcoumarin 
(3 g.) in dry benzene (600 c.c.) was treated with the Grignard reagent 
as previously described, a copious precipitate was immediately 
formed. After 1 hour concentrated hydrochloric acid (120 c.c.) was 
added and the deep yellow acid layer was separated, washed once 
with ether, and neutralised with solid sodium carbonate. The 
carbinol base was extracted with ether, and the dried ethereal 
solution saturated with dry hydrogen chloride ; the pyrylium chloride 
then separated in yellow needles, which rapidly discoloured on ex- 
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posure to air. The ferrichloride crystallised from glacial acetic 
acid in long yellow needles (Found: C, 52-8; H, 3-4; Fe, 12-2. 
C,,H,,OC1,Fe requires C, 52-4; H, 3-1; Fe, 11-6%). 

2-Phenyl-4-methylbenzopyrylium chloride was prepared in the 
usual manner from 4-methylcoumarin (compare Peters and Simonis, 
Ber., 1908, 41, 830) and obtained in small yield (7%) as dark green 
needles which rapidly liquefied on exposure to moist air. The 
ferrichloride separated from glacial acetic acid containing hydrogen 
chloride in greenish-brown needles (Found: C, 46-1; H, 3-5; 
Fe, 13-4. C,,H,,0CI,Fe requires C, 45-8; H,3-1; Fe, 13-4%). 

Unchanged 4-methylcoumarin (1 g.=33%) was recovered from 
the washed and dried ether—benzene solution after decomposition 
of the reaction mixture with concentrated hydrochloric acid. 

In a second experiment more concentrated solutions were employed 
for the same quantities of materials (ether, 200 c.c.; benzene, 400 
c.c.) without, however, effecting anyincrease in the yield of pyrylium 
chloride. From the ether—benzene solution, 2 : 2-diphenyl-4-methyl- 
A’-chromen (1 g.), m. p. 88°, was obtained in place of the 4-methy]- 
coumarin. 

4-Phenylcoumarin.—A solution of 8-o-anisylcinnamic acid (4 g. of 
isomeric mixture, m. p. 122—130°) in acetyl chloride (50 g.) was 
kept for 17 hours at room temperature (compare Stoermer and 
Friderici, loc. cit.), the reaction mixture was then poured into water, 
and the solution made alkaline with sodium carbonate and extracted 
with ether. The dried concentrated solution gradually deposited 
a pale yellow solid, from which, after twice crystallising from 
alcohol, 4-phenyleoumarin separated in colourless needles, m. p. 
92°. This new modification was also obtained in a similar manner 
from the pure «-modification of the acid melting at 153° (Found : 
CU, 81-1, 81:1; H, 4-9, 4-7. C,;H,)0, requires C, 81-1; H, 45%). 

The new low-melting form of 4-phenyleoumarin was heated just 
above its melting point: the solid material formed on cooling 
remelted at 104—105°, the melting point of ordinary 4-phenyl- 
coumarin. The same result was obtained when the 92° modification 
was heated in presence of a trace of the high-melting form. In 
subsequent experiments demethylation of either the pure «-form of 
8-0-anisylcinnamic acid or the isomeric mixture of acids gave only the 
104—105° variety of the coumarin. 

2:4-Diphenylbenzopyrylium Chloride—This salt was obtained 
by Léwenbein (Ber., 1924, 57, 1517) by oxidation of either 2 : 4- 
diphenyl-A?-chromen or the isomeric 2 : 4-diphenyl-A*-chromen 
with ferric chloride. We have now prepared it in poor yield directly 
from 4-phenylcoumarin by treatment with phenylmagnesium 
bromide, and characterised it by the formation of its ferrichloride, 
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which crystallises from glacial acetic acid in golden-yellow plates 
[Found (micro) : C, 52-6; H, 3-4; Fe, 11-3. Cale. for C,,H,;0CI,Fe : 
C, 52-4; H, 3-1; Fe, 11-6%]. 

2:2:4-Triphenyl-A®-chromen.—A solution of 4-phenyleoumarin 
(3 g.) in ether (80 c.c.) was treated with phenylmagnesium bromide 
(bromobenzene 12 g., ether 80 c.c.), and the reaction mixture gently 
boiled under reflux for 2 hours. After standing over-night, the 
product was decomposed with ice-cold ammonium chloride solution 
and steam-distilled. The resinous semi-solid residue crystallised on 
trituration with alcohol and was purified by recrystallisation from 
the same solvent, from which the chromen separated in small colour- 
less needles, m. p. 130° (Found : C, 90-0; H, 5-8. C,,H, 90 requires 
C, 90-0; H, 56%). Attempts to bring about scission of the chromen 
by refluxing it either with 50% aqueous potassium hydroxide 
according to the method of Heilbron and Hill (loc. cit.) or with amyl- 
alcoholic potash were unsuccessful; the unchanged chromen was 
not, however, recovered as such but in what is presumably a stereo- 
isomeric form, m. p. 162—163° (Found: C, 89-7; H, 5-7%). 
Neither modification was altered on prolonged boiling with glacial 
acetic acid, a reaction whereby, according to Lowenbein (loc. cit.), 
certain A3-chromens are converted into coumarone derivatives. 

3-Methoxy-2 : 4-diphenyl-A?-chromen.—This compound was pre- 
pared by an analogous method to that described above. The non- 
volatile residue left after steam distillation, probably a mixture of 
3-methoxy-2 : 4-diphenylchroman-2-ol and the A*-chromen, could 
not be induced to crystallise and was distilled under reduced pressure. 
The crystals which separated from the oily distillate were recrystal- 
lised from alcohol, and the chromen isolated in fine needles, m. p. 
172° [Found (micro): C, 840; H, 5-8. C,.H,,0, requires 
C, 84:1; H, 5-7%]}. 
Our thanks are due to the Department of Scientific and Industrial 


Research for a maintenance grant to one of us (H. N. W.) which has 
enabled this investigation to be completed. 


THE UNIverRsity, LIVERPOOL. | Received, May 14th, 1931.] 





CCXXVIII.—Natural Glucosides. Part III. The 
Position of the Biose Residue in Hesperidin. 
By Freperick E. Kine and ALEXANDER ROBERTSON. 


THE discovery by Will (Ber., 1887, 20, 1186) that hesperidin on 
hydrolysis gives rise to rhamnose in addition to glucose and hesper- 
itin led Tanret (Bull. Soc. chim., 1888, 49, 20) to propose the 
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empirical formula C; 9H, 0,, for the glucoside. This complex 
molecule he considered to break down on hydrolysis thus : 


CspH g99g7 + 2H,O = 2Cyg¢H 40, + 2CH,,0, + CoH,,0;. 


Asahina and Inubuse (J. Pharm. Soc. Japan, 1929, 49, 11) have 
shown, however, that hesperidin invariably forms a very stable 
hydrate which has the formula C,,H,,0,;,H,O and that it is a 
simple rhamnoglucoside of hesperitin, analogous to naringin. 

Our preliminary experiments on the constitution of the glucoside 
were similar to those described by Asahina and Inubuse and entirely 
confirmed their results. It is reasonable to assume that the com- 
pound is a bioside and not a diglucoside and therefore a study of 
the constitution must, to be exhaustive, now take into consideration 
the two points, (a) the position of the biose residue and the nature 
of the linking involved, and (b) the structure of the biose. In this 
communication proof is given of the position of the biose residue. 

On methylation by means of methyl sulphate and sodium 
hydroxide hesperidin gave a product which did not contain a free 
phenolic group and in which the biose residue was partially methyl- 
ated. Hydrolysis of the crude material with dilute sulphuric acid 
gave rise to 4-hydroxy-2 : 6-dimethoxyphenyl 3 : 4-dimethoxystyryl 
ketone (IV). 


0 OH 
Rs 
ROY GHC ome Roc Deorenieng Yow 
Te QOH 
OH CO OH 
(I.) (II.) 
RO \OMe H OMe 
CO-CH:CHE OMe ais CO-CH: pe 
OMe OMe 
(IIT.) 
MeO, OH HO OMe 
CO-CH,-CH, OMe CO-CH,°CH, OMe 
OMe OMe OMe OMe 
(VI.) (V.) 
[R = Cy,H,,05] 


The methylation of glucosides of polyhydric phenols by the methyl 
iodide—potassium carbonate method has been shown to attack only 
the phenolic groups (J., 1930, 21, 2434), and when hesperidin was 
treated in this way a thick syrup was obtained which on hydrolysis 
afforded the styryl ketone (IV). It is likely that the intermediate 
product of methylation consisted mainly of (III) and hence hesperidin 
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may be represented by either formula (I) or (II). Asahina, Shinoda, 
and Inubuse (J. Pharm. Soc. Japan, 1928, 48, 207) suggest that 
hesperitin is normally a flavanone which readily isomerises to 
a chalkone when submitted to methylation or acetylation. By 
analogy we consider it probable that the bioside has the flavanone 
structure (1). 

The orientation of the styryl ketone (IV) is conclusively estab- 
lished by its synthesis from 4-hydroxy-2 : 6-dimethoxyacetophenone 
(Canter, Curd, and Robertson, this vol., p. 1249) and veratraldehyde. 
Catalytic reduction of (IV) with hydrogen in the presence of palladium 
gave rise to the ketone (V). The latter compound was prepared by 
an independent method : condensation of phloroglucinol dimethyl 
ether and 8-3 : 4-dimethoxyphenylpropionitrile by the method of 
Hoesch produced a mixture of ketimine hydrochlorides, which on 
hydrolysis and separation gave (V) and the isomeride (VI). To 
effect a separation of the ketones (V) and (VI) advantage was 
taken of the different rates of hydrolysis of the ketimine hydro- 
chlorides (compare Johnson and Robertson, loc. cit.). 


EXPERIMENTAL. 


Hesperidin.—The commercial glucoside supplied by Merck of 
Darmstadt gave a purple coloration with alcoholic ferric chloride. 
The impurity responsible for this was readily removed by washing 
with hot water and the pure glucoside was obtained by extracting 
the washed material in a Soxhlet apparatus with 95% methyl 
alcohol. Crystallised from this solvent or from acetic acid, it 
formed colourless needles, m. p. 251—252°, decomposing at 254° 
(Found: C, 53-4; H, 5-7. Cale. for C,,H,,0,;,H,O: C, 53-5; H, 
5-7%. Found in a specimen dried at 135°: C, 55:1; H, 5:7. 
Cale. for C.gH,,0,;: C, 55-1; H, 56%. Found: loss on drying, 
3:3. Monohydrate requires loss, 2-9 %). 

Acetylation by means of acetic anhydride and sodium acetate on 
the steam-bath during 4 hours gave an acetyl derivative. At first 
this compound separated from warm methyl alcohol as a gel which 
gradually crystallised, but ultimately it readily formed colourless 
slender needles, m. p. 175—176° (Found: C, 55:8; H, 5:3. The 
octa-acetate, C,,H;.0.3, requires C, 55-8; H,5-3. The nona-acetate, 
CygH5.0.,, requires C, 55-9; H, 5-3%). It is sparingly soluble in 
alcohol and easily soluble in ethyl acetate. 

Methylation of Hesperidin.—(A) Methyl sulphate (35 c.c.) was 
gradually added to a solution of the glucoside (10 g.) in 5% aqueous 
sodium hydroxide (40 c.c.); the temperature was maintained at 
40—45° and the solution was kept alkaline by the addition of 20% 
aqueous sodium hydroxide. When the greater part of the methy! 
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sulphate had been added, the product separated as a yellow viscous 
mass; this was dissolved in alcohol, and the solution treated with 
charcoal, filtered, and evaporated to dryness. The amorphous 
residual solid was more soluble in cold than in warm water and 
insoluble in sodium hydroxide. [«]}}° — 84-5° in 50% acetone (c = 
0-5914 g. in 50 c.c.) (Found: OMe, 32-4%). Acetylation of this 
substance gave rise to an amorphous product (Found : OMe, 23-0°%). 

The methylated glucoside (6-5 g.) was hydrolysed by boiling with 
50% aqueous methyl alcohol (75 c.c.) containing 5% of sulphuric 
acid for 2 hours. The cooled mixture was diluted with water and 
next day the reddish gum (3 g.) which separated was collected and 
dissolved in 3% aqueous sodium hydroxide. After filtration the 
solution was acidified with acetic acid and the semi-solid precipitate 
was collected and repeatedly crystallised from methyl alcohol. 
4-Hydroxy-2 : 6-dimethoxyphenyl 3 : 4-dimethoxystyryl ketone (IV) was 
finally obtained in lemon-yellow, prismatic needles, m. p. 194° 
[Found : C, 66-2; H, 5-6; OMe, 35-4. C,;H,O,(OMe), requires C, 
66:3; H, 5:8; OMe, 36-0%]. This substance dissolves in concen- 
trated hydrochloric or sulphuric acid, forming a bright red solution 
which becomes colourless on extreme dilution with water. In dilute 
aqueous sodium hydroxide, it forms an orange to orange-yellow 
solution, and it does not give a ferric chloride reaction. Acetylation 
with acetic anhydride and sodium acetate on the steam-bath during 
3 hours afforded the acetate, which crystallised from alcohol in almost 
colourless needles, m. p. 175° (Found: C, 65-0; H, 5-7. C,,H,.0, 
requires C, 65-3; H, 5-7%). 

(B) A suspension of hesperidin (5 g.) and well-ground potassium 
carbonate (5 g.) in a mixture of acetone (100 c.c.) and methyl 
iodide (10 c.c.) was heated under reflux on the steam-bath for 65 
hours; after 25 hours, methyl alcohol (50 c.c.) and further quan- 
tities of iodide (10 c.c.) and carbonate (5 g.) were added. The 
solution was filtered from inorganic salts and evaporated in a 
vacuum. The resulting pale yellow syrup was readily soluble in 
warm water but insoluble in cold sodium hydroxide solution. It 
was hydrolysed by refluxing with 50°/, aqueous ethyl alcohol (50 c.c.) 
containing 5°, of hydrogen chloride on the water-bath for 1-5 hours 
and the styryl ketone (IV) was isolated and purified as described in 
method (A), forming lemon-yellow prismatic needles, m. p. and 
mixed m. p. 194° (Found : C, 66-4; H, 5°7%). 

Synthesis of 4-Hydroxy-2 : 6-dimethoxyphenyl 3 : 4-Dimethoxystyryl 
Ketone (IV).—4-Hydroxy-2 : 6-dimethoxyacetophenone (Canter, 
Curd, and Robertson, loc. cit.) (4 g.) and veratraldehyde (3-5 g.) 
were added to a solution of sodium ethoxide (3 g.) in alcohol 
(40 c.c.), and the mixture refluxed on the steam-bath for 1 hour. 
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After cooling, the orange-red solution was acidified with acetic 
acid, and the ketone precipitated by the addition of water. Crystal- 
lised from methyl alcohol, it formed pale yellow, prismatic needles, 
m. p. 194° alone or mixed with a specimen prepared from hesperidin 
(Found: C, 66-4; H, 58%). The acetate had m. p. and mixed 
m. p. 175° (Found : C, 65-2; H, 5-7%). 

4-Hydroxy-2 : 6 : 3’ : 4'-tetramethoxy-8-phenylpropiophenone (V).— 
The foregoing styryl ketone (1 g.) was dissolved in alcohol (150 c.c.) 
containing palladium (0-1 g.) in suspension and shaken in an atmo- 
sphere of hydrogen: absorption was almost theoretical and com- 
plete in 15—20 minutes. After the greater part of the solvent had 
been evaporated, the residual solution was filtered and the ketone 
precipitated with water, forming a mass of colourless needles, m. p. 
104°. After repeated crystallisation from dilute alcohol it had m. p. 
109° (Found: C, 65-9; H, 6-8. C,,H,.O, requires C, 65-9; H, 
6-4°%). This compound is readily soluble in ether and alcohol and 
does not give a ferric chloride reaction. 

2-Hydroxy-4 : 6 : 3’ : 4’-tetramethoxy-8-phenylpropiophenone (V1). 
—2-Hydroxy-4 : 6-dimethoxyphenyl 3 : 4-dimethoxystyryl ketone 
was obtained by condensing 2-hydroxy-4 : 6-dimethoxyacetophenone 
(Canter, Curd, and Robertson, loc. cit.) (4 g.) and veratraldehyde 
(3-5 g.) by means of sodium ethoxide (3 g.) in boiling alcohol. It 
crystallised from alcohol in orange-yellow plates (6-2 g.), m. p. 157° 
(Found: C, 65-4; H, 5:7%) (compare Kostanecki and Tambor, 
Ber., 1904, 37, 793). The acetate had m. p. 118°. 

The styryl ketone (1 g.) was quantitatively reduced in ethyl 
acetate (100 c.c.) by means of palladium (0-1 g.) and hydrogen; 
absorption was complete in 10—15 minutes. The product (VI) 
crystallised from alcohol in colourless hexagonal plates, m. p. 127° 
(Found : °C, 66-1; H, 6-7%) (compare Freudenberg and Cohn, Ber., 
1923, 56, 2127). 

Condensation of 8-3 : 4-Dimethoxyphenylpropionitrile and Phloro- 
glucinol Dimethyl Ether.—8-3 : 4-Dimethoxyphenylpropionamide was 
prepared by the method of Haworth and Perkin (J., 1926, 1775), 
but the yield (88% of the theoretical) was improved by extracting 
the compound from the aqueous solution with chloroform. De- 
hydration of the amide (22 g.) in boiling chloroform (150 c.c.) by 
means of phosphorus pentachloride (22 g.) during 15 minutes 
afforded the nitrile (10 g.) as a colourless thick oil, b. p. 220°/20 mm. 
Attempts to dehydrate the amide with thionyl] chloride were entirely 
unsuccessful. 

A solution of the nitrile (10 g.) and phloroglucinol dimethyl ether 
(7 g.) in dry ether (75 c.c.) was saturated with hydrogen chloride in 
the presence of zine chloride (3 g.). The semi-solid mixture of 
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etic ketimine hydrochlorides gradually separated and after 2 days a 


tal- further quantity was precipitated by the addition of ether (150 c.c.). 
les, A suspension of the product in water (100 c.c.) was heated on the 
din steam-bath for 20 minutes, and after cooling, the aqueous layer was 
xed decanted. A solution of the residual solid in warm alcohol on 


cooling deposited 2-hydroxy-4 : 6: 3’ : 4’-tetramethoxy-8-phenyl- 
= propiophenone (5-4 g.), m. p. and mixed m. p. 127° after purific- 
:.C.) ation (Found: C, 65:8; H, 65%). With alcoholic ferric chloride 


mo- this ketone gives a brownish-red coloration which changes to brown 
om- on dilution with water. 
had The alcoholic mother-liquor from the foregoing crude ketone was 
one evaporated to small bulk and on addition of ethyl acetate (200 c.c.) 
.p. the isomeric ketimine (1:5 g.) separated. It was hydrolysed by 
Pp. boiling for 20 minutes with water (50 c.c.) and on cooling 4-hydroxy- 
H, 2:6:3': 4’-tetramethoxy-8-phenylpropiophenone solidified, m. p. 
and and mixed m. p. 109° after crystallisation from dilute alcohol 


(Found : C, 66-3; H, 65%). 
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hyl CCX XIX.—Natural Glucosides. Part IV. The Con- 

en ; stitution of Euxanthic Acid. 

VI) By ALEXANDER ROBERTSON and Roy Bast. WATERS. 

27° sf 

er., By the interaction of a diacetylbromoglycuronolactone and the 
potassium derivative of euxanthone, Neuberg and Neimann (Z. 

"rO- physiol. Chem., 1905, 44, 114) obtained euxanthic acid, 

vas CyoH¢019,H,O, together with isoeuxanthic acid, C,9H,,0,9. This 

15), synthesis confirms the suggestion of Fischer and Piloty (Ber., 

ing 1891, 24, 521) that this glycuronate is structurally analogous to a 

De- glucoside. Evidence regarding the position of the glycuronic acid 

by residue is afforded by the experiments of Herzig and Stanger 

hes (Monatsh., 1914, 35, 47). On treating euxanthic acid with diazo- 

m. methane, these authors obtained a crystalline compound which 

ely appeared to be a dimethyl derivative containing a molecule of 
methyl alcohol of crystallisation. In addition they isolated an 

her amorphous compound which had unexpectedly the composition of 


a tetramethyl derivative. On hydrolysis with dilute sulphuric acid 
both substances gave rise to 1-O-methyleuxanthone, a fact which 


in 
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indicates that in euxanthic acid the glycuronic acid residue is 
attached at the 7-position. Direct experimental evidence concern- 
ing the structure of the glycuronic acid residue itself, however, 
does not appear to have been described. 

Euxanthic acid is doubtless a product of animal metabolism and 
is probably formed in a manner common to all “ paired glycuron- 
ates.”” It seemed to us of interest, therefore, to determine the 
exact structure of the uronic acid residue in this compound. 

On methylation by means of methyl iodide and silver oxide 
euxanthic acid was converted into methyl O-tetramethyleuxanthate 
(II). Hydrolysis of this ester with hydrochloric acid gave rise to 
1-O-methyleuxanthone and a trimethylglycuronic acid (III) which 
could not be crystallised. This uronic acid was carefully oxidised 
with nitric acid and the products were isolated and esterified accord- 
ing to the procedure of Hirst and Purves (J., 1923, 123, 1357). 
Distillation of the resulting mixture afforded a small amount of an 
oil which appeared to consist mainly of methyl dimethoxysuccinate. 
The main fraction of the distillate was a crystalline solid which we 
consider to be the methyl ester of the liquid 2 : 3 : 4-trimethy]l- 
saccharolactone (IV) (Haworth and Leitch, J., 1919, 115, 809; 
1922, 121, 1929; Irvine and Dick, J., 1919, 115, 593). The pro- 
perties of this compound are in close agreement with those of the 
8-lactones derived from methylated sugars (for references, see 
Haworth, “ Sugars,” 1929, pp. a 


a | 
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In order to confirm the structure ascribed to this lactone it was 
considered essential to prepare the compound from an authentic 
specimen of 2:3: 4-trimethyl glucose. For the preparation of the 
latter substance 6-triphenylmethyl «-methylglucoside (Helferich and 
Becker, Annalen, 1924, 440, 1; Helferich, Klein, and Schafer, ibid., 
1926, 447, 19) appeared to be a convenient starting material. On 
methylating this compound with methyl iodide and silver oxide 
without the use of an extraneous solvent, we obtained 2 : 3 : 4-tri- 
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le is methyl-6-triphenylmethy! «-methylglucoside (V) as a crystalline 
sern- solid (compare Helferich and Becker, loc. cit.). Contrary to the 
aver, experience of Helferich and Becker we were able to isolate the 

liquid 2 : 3 : 4-trimethyl «-methylglucoside (VI) after removing the 
and triphenylmethyl group by means of methyl-alcoholic hydrogen 
ron- chloride. In addition to this glucoside a small amount of a crystal- 
the line by-product was obtained. Simultaneous hydrolysis and oxid- 


ation of (VI) with nitric acid gave, after esterification of the product, 
xide a good yield of the lactone (IV). 


thate Since it is thus shown that the hydroxyl group taking part in 
e to the lactone formation is attached to the 5-C atom, it follows that 
hich the trimethylglycuronic acid which on oxidation gives rise to this 
ised lactone must have the pyranose structure (ITI). The compound 
ord- (III) would thus appear to be identical with the trimethylglycuronic 
57). acid described by Challinor, Haworth, and Hirst (this vol., p. 258). 
f an Further, methyl O-tetramethyleuxanthate may be represented 
ate. by formula (II) and consequently euxanthiec acid has formula (1). 
| we The structure (I) is analogous to the anhydro-form of the acid, 
hyl- CyoH 1,019, which Graebe and his co-workers (Ber., 1900, 33, 3360; 
09 ; Annalen, 1901, 318, 345) maintain is common only to certain 
pro- derivatives—the silver salt, and the methyl and ethyl esters. For 
the the acid itself they propose a formula of the alcoholate type, 
see R-CH(OH)-[CH(OH)],-CO,H (where R is the euxanthone residue), 


and in support of this they state that the potassium salt, which 
they consider to have the formula C,)H,,0,,K,H,0, lost only one 
molecule of water even when heated to 160—170°. On the other 


} hand, Neuberg and Neimann (loc. cit.) give cogent reasons for 
believing that euxanthic acid exists as a stable hydrate, 
Me C19H019,H,0. We find that the potassium salt on drying at 


120° in a high vacuum loses two molecules of water. Therefore 
the conclusions of Graebe and his co-workers are not supported. 
With regard to the type of glucosidic linking present in euxanthic 





)s acid Neuberg and Neimann (loc. cit.) state that the compound is 
hydrolysed by emulsin and by kephir lactase, the presence of a 

hs 8-linking thus being indicated. We were unable to obtain a 
decisive result with emulsin, but the synthesis of the compound by 

vas these authors affords strong evidence that the linking is of the 

tic 8-type. 

ihe EXPERIMENTAL. 

nd Methyl O-Tetramethyleuxanthate (I1).—Euxanthic acid was methyl- 

d., ated in three successive stages. Methyl iodide (30 c.c.) and silver 

On oxide (60 g.) were added to a suspension of the acid (20 g.) in methyl 


de alcohol (300 c.c.), and the mixture refluxed for 24 hours. After 


filtration from silver salts (wash with alcohol), the solution was 
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evaporated to dryness under diminished pressure, and the residue 
was dissolved in acetone (300 c.c.) and again methylated for 24 
hours with the same quantities of the reagents. On isolation the 
product was soluble in methyl iodide and the methylation was 
completed without the aid of an extraneous solvent by means of 
iodide (125 c.c.) and silver oxide (30 g.) during 48 hours. After 
the methyl iodide had been distilled off, the residue was extracted 
with warm acetone (400 c.c.), the filtered extract evaporated, and 
the residue dissolved in warm methyl alcohol. On cooling, methyl 
O-tetramethyleuxanthate separated in colourless needles (20 g.), m. p. 
168° [Found: C, 60-7; H, 5-5; OMe, 32-1. C,,H,,0;(OMe) 
requires C, 60-8; H, 5-5; OMe, 32-7%]. 

Hydrolysis of Methyl O-Tetramethyleuxanthate—A suspension of 
the compound (5 g.) in a mixture of methyl alcohol (100 c.c.) and 
20%, hydrochloric acid (100 c.c.) was heated under reflux. The 
solid gradually dissolved and after 4 hours the reddish-brown solu- 
tion was neutralised with 10% aqueous sodium hydroxide, Congo- 
red being used as an indicator. Next day the precipitate of 
7-hydroxy-l-methoxyxanthone was collected, washed with water, 
and dried. Crystallised from benzene, it formed pale straw-coloured, 
rectangular plates, m. p. 235° alone or mixed with a synthetic 
specimen * (J., 1929, 2239) (Found: C, 69-4; H, 4-2. Cale. for 
C,4H,90,: C, 69-4; H, 4:1%). The acetyl derivative crystallised 
from methyl alcohol in almost colourless plates, m. p. and mixed 
m. p. 176° (Found : C, 67-6; H, 4:3. Cale. for C,,H,,0; : C, 67-6; 
H, 4:2%). 

The aqueous-alcoholic filtrate from the crude 1-methyleuxanthone 
was evaporated at 30° in a vacuum, and the dried residue extracted 
several times with chloroform. Removal of the solvent left tri- 
methylglycuronic acid as a viscid syrup which could not be crystal- 
lised. It was partially purified by being dissolved in ethyl acetate 
and reprecipitated with light petroleum. An aqueous solution of 
the purified compound was acid to litmus, liberated carbon dioxide 
from sodium bicarbonate, and readily reduced ammoniacal silver 
nitrate solution and Fehling’s solution. 

2:3: 4-Trimethyl-6-triphenylmethyl «-Methylglucoside (V).—6-Tri- 
phenylmethyl «-methylglucoside (Helferich and Becker, loc. cit.) 
(3 g.) was methylated by means of methyl iodide (15 c.c.) and 
silver oxide (3 g.) during 10 hours in the usual manner, and the 


5 


* A specimen of the monomethy] ether, prepared by partial demethylation 
of O-dimethyleuxanthone according to the directions of Graebe and Aders 
(Annalen, 1901, 318, 365), was found to melt at 235° (these authors give 
m. p. 240°). This ether is identical with the synthetic compound (loc. cit.), 
m. p. and mixed m. p. 235°; acetyl derivative, m. p. 176°. 
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product isolated by extraction with warm acetone. The operation 
was repeated three times and the final product was crystallised 
from light petroleum. The glucoside formed colourless hexagonal 
plates (2-5 g.), m. p. 166—167°, [«]3;, + 88-86° in acetone (c = 0-76) 
[Found : OMe, 25-6. Calc. for C,;H,.0,(OMe), : OMe, 25-9%]. 
2:3:4-Trimethyl «-Methylglucoside (V1).—A solution of the fore- 
going triphenyl derivative (20 g.) in methyl alcohol (400 c.c.) con- 
taining 0-5°% of hydrogen chloride was heated under reflux for 5 
minutes and then kept at room temperature for 3 hours. The 
mixture was neutralised with silver carbonate and after filtration 
the solvent was removed in a vacuum. The residual syrup was 
extracted with warm water, the filtered extract evaporated at 50° 
under diminished pressure, and the residue distilled in a high 
vacuum. The main fraction (6 g.) consisted of 2:3: 4-trimethyl 
a-methylglucoside, b. p. 130°/0-1—0-2 mm., [«]3i -+ 175-3° in 
methyl alcohol (c = 1-2) (Found: OMe, 52-3. Cale. for C9H 90, : 
OMe, 52:-5%). A small amount of a second fraction (b. p. 160— 
162°/0-2 mm.) was obtained which solidified. Recrystallised from 
carbon tetrachloride and then from light petroleum, this compound 
formed colourless hygroscopic plates, m. p. 79°, [a]: -+ 172-5° in 
methyl alcohol (c = 0-41) (Found: C, 49-4; H, 8-7; OMe, 43-9%). 
In moist air the crystals quickly change to a syrup. It is readily 
soluble in alcohol, acetone, or water. The substance does not 
reduce Fehling’s solution, but a solution in 10% hydrochloric acid 
after being boiled for 5 minutes exhibits active reducing properties. 
Methyl 2:3 : 4-Trimethyl-8-saccharolactonate (IV).—(A) A solu- 
tion of crude trimethylglycuronic acid (5 g.) in nitric acid (40 c.c., 
d 1-42) was cautiously warmed on the steam-bath until oxidation 
commenced. When the first reaction had almost ceased, the mix- 
ture was again gently heated for } hour, the temperature being 
adjusted so that the evolution of oxides of nitrogen never became 
rapid, and then kept at 90° for 2 hours. The oxidation product 
was isolated and esterified by boiling with methyl alcohol (50 c.c.) 
containing 4% of hydrogen chloride according to the procedure of 
Hirst and Purves (loc. cit.). On distillation of the resulting viscous 
oil under diminished pressure the main fraction was a thick colour- 
less oil, b. p. 170—180°/10 mm., which crystallised. The small 
first fraction had b. p. 130—150°/10 mm. and appeared to consist 
mainly of methyl d-dimethoxysuccinate, which was characterised 
by conversion into the corresponding diamide by means of methyl- 
alcoholic ammonia (Purdie and Irvine, J., 1901, 79, 960). This 
fraction did not appear to contain methyl xylotrimethoxyglutarate. 
The crystalline solid was freed from traces of oil by washing with 
ether and then recrystallised several times from the same solvent. 
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Methyl trimethyl-8-saccharolactonate formed colourless hexagonal 
plates (2-5 g.), m. p. 106°, [a]%;, + 175-34° in benzene (¢ = 0-762) 
[Found : C, 48-2; H, 6-6; OMe, 49-6. C,H,O,(OMe), requires C, 
48-4; H,6-5; OMe, 500%. Titration: 0-0486 g. required 19-8 c.c. 
of N/100-NaOH; theory, 19-6 ¢c.c.]. The lactone is readily soluble 
in ethyl or methyl alcohol, chloroform, and benzene. It is sparingly 
soluble in ether and almost insoluble in light petroleum. An 
aqueous solution of the substance is acid to litmus. 

(B) 2:3: 4-Trimethyl «-methylglucoside (5 g.) was oxidised with 
nitric acid (30 c.c., d 1-2), and the product isolated and esterified 
in the manner described above. On distillation of the product 
under diminished pressure two main fractions were obtained, (a) a 
colourless oil, b. p. 150—178°/10 mm., and (b) a solid, b. p. 178— 
184°/10 mm., which was almost pure methyl 2: 3 : 4-trimethyl- 
saccharolactonate. Fraction (a) crystallised when seeded with a 
specimen of (b) and appeared to consist mainly of this compound. 
After purification the lactone had m. p. and mixed m. p. 106° 
(Found: C, 48-7; H, 6:7; OMe, 49-4%). Determinations of the 
rotation of the substance were recorded as follows : 


In benzene (c = 0-984), [a]5°, +-176-05°. 

In water (c = 0-701): 

Time in hours 0-17 0-5 1 2 4 6 24 
{a} aqucegngesee +182:6° 168-4° 142-1° 107-2° 76-2° 68-9° 68-9° 


Potassium Euxanthate.—A specimen of the salt was prepared by 
the method of Graebe (Ber., 1900, 33, 3360) (Found in air-dried 
material: C, 48-8; H, 3-8; K, 8-1. Cale. for C,)H,;0,)K,2H,0 : 
C, 47-7; H, 40; K, 82%. Found in material dried in a high 
vacuum at 120° over phosphoric oxide: C, 51-4; H, 3-5. Calc. 
for C,5H,;0,,K : C, 51-6; H, 3-4%). 


The authors wish to express their thanks to the Department of 
Scientific and Industrial Research for a maintenance grant, which 
enabled one of them (R. B. W.) to take part in this investigation, 
and to the Chemical Society for grants which have partly defrayed 
the cost of the materials. 
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CCXXX.—The Dissociation Constants of Organic Acids. 
PartIV. The Mobilities of the Sodium, Potassium, 
and Hydrogen Ions at 25°, and the Determination 
of Cell Constants at 25°. 


By Grorer Harotp Jerrery and ArTHuR IsRAEL VOGEL. 


For the accurate determination of the dissociation constants of 
dibasic acids at 25°, at least three constants are necessary, viz., the 
mobilities of the sodium, potassium, and hydrogen ions at this 
temperature. In order to calculate these, data for the variation of 
conductivity with dilution (up to 000011) for iodic acid, potassium 
chloride, potassium iodate, and sodium chloride at 25° are required. 
Apart from the work of Kraus and Parker (J. Amer. Chem. Soc., 
1922, 44, 2429) on iodic acid, no trustworthy conductivity measure- 
ments over an extensive range of concentration are available for 
these substances. The present research was therefore undertaken. 
The measurements on potassium chloride are of particular interest 
in view of their bearing upon the determination of cell constants at 
25°, at which temperature most conductivity determinations are now 
carried out. Since the publication of Kohlrausch, Holborn, and 
Diesselhorst’s absolute data for N’/10-, N/50-, and N/100-potassium 
chloride solutions at 18° (Wied. Ann., 1898, 64, 417; Ges. Abh., 
1911, 2, 737; Kohlrausch and Holborn, “‘ Das Leitvermégen der 
Elektrolyte,” 1916, p. 77), these have formed the basis of all accurate 
conductivity work, and have been almost exclusively employed for 
the determination of cell constants. In view of the limited range 
of conductivity cells, workers in dilute solutions have preferred to 
determine the cell constant over the same range of concentration as 
the actual measurements. For this purpose Kohlrausch and Malt- 
by’s data for potassium chloride at 18° (Wiss. Abhandl. Phys.- 
Techn. Reichsanstalt, 1900, 3, 156; Ges. Abh., 1911, 2, 826) have 
been utilised by Hartley and his collaborators (compare Frazer 
and Hartley, Proc. Roy. Soc., 1925, 109, A, 351), the equation 
Ae = 129-91 — 80-75 C®, valid up to 0-002N, being employed for 
the computation of the specific conductivity. Davies (Trans. 
‘araday Soc., 1929, 25, 129) has suggested the equation A, = 
129-85 — 79-8 0%5, The disadvantages of this procedure for 
accurate work at 25° are that (1) it necessitates troublesome adjust- 
ments of thermostats and (2) the formula is applicable only over a 
limited range. Both of these are overcome by the experimental 
figures for potassium chloride at 25° now available over the con- 
centration range 0-0001—0-01N. 


















1716 JEFFERY AND VOGEL: THE DISSOCIATION 










































































































Potassium chloride at 25°. 





For the determination of the cell constant, Frazer and Hartley’s \e 
procedure (loc. cit.) was adopted for the dilute solutions at 18°, the : 
specific conductivity being computed from their formula and also | 
by Ferguson and Vogel’s formula, A, = 130-04 — 61-26 C%4® y 
(Phil. Mag., 1925, 50,971). Both formule gave results in excellent 
agreement over their common range of applicability; the latter, C 
however, has the advantage of being valid over the whole range . 
0-0001—0-01N with an accuracy of about 0-:03%. The cell constant . 
was also determined at 25° by Parker and Parker’s method (J. ‘ 
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Amer. Chem. Soc., 1924, 46, 312) with 0-01.N-potassium chloride, and 
differed from that determined in dilute solution by approximately 
0-15%. Asmall difference is to be expected, for Parker and Parker 
have shown (loc. cit.) that the conductivity of 0-01N-potassium 
chloride as determined by Kohlrausch and Maltby is 0-15% too 
high. The cell constant employed in the calculations was the mean 
of both methods. The absolute accuracy is therefore probably 
about 1 part in 1000 parts, but the relative accuracy is greater 
than this. 

The collected results for potassium chloride at 25° are shown in 
Fig. 1, the equivalent conductivity A, being plotted against the 
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concentration; the figures of previous workers (Melcher, quoted by 
Noyes and Falk, J. Amer. Chem. Soc., 1912, 34, 470; Lorenz and 
Michael, Z. anorg. Chem., 1921, 116, 161; Grindley and Davies, 
Trans. Faraday Soc., 1929, 25, 129) are also indicated. 

Lorenz and Michael’s data are inaccurate owing to their use of the 
Ostwald method of dilution; it is surprising that their results are 
expressed to 1 part in 14,000 parts when the cell constant as deter- 
mined with N/50-potassium chloride is given as 0-2580. Grindley 
and Davies’s figures are confined to the range 2—15 x 10-*N and 
are shown in the enlarged inset. Our data are considered to be more 
trustworthy for the following reasons : (1) the accuracy in the actual 
conductivity measurements was greater, and the general technique 
better; (2) two conductivity cells were used, and consequently the 
presence of any systematic error is unlikely; (3) five series of 
determinations were made representing 36 concentrations distributed 
over the whole range; (4) a run carried out at 18° (the cell constant 
determined by Parker and Parker’s method only was employed) for 
concentrations over the range 1-5—78 x 10-* gave results in good 
agreement with Kohlrausch and Maltby’s figures. These are shown 
below, A, (cale.) being computed from the equation A, = 130-04 — 
61-26 C452, 

Potassium chloride at 18°. 
Cell constant 0-034003. « = 0-651 gemmho. 


( BP” kxevosics 1-556 6-578 15-14 28-63 52-81 77-83 
he (GMB cesccsces 129-10 127-95 126-80 125-66 124-10 123-19 
Be COMEB.)  ..008- 128-88 127-81 126-78 125-70 124-31 123-22 


The electrical conductivity of aqueous solutions of sodium 
chloride at 25° has been measured over limited ranges of concen- 
tration by Melcher (loc. cit.), by Lorenz and Michael (loc. cit.), and 
by Thomas and Marum (Z. physikal. Chem., 1929, 143, 198). The 
present authors’ results, which cover the complete concentration 
range 0-0001—0-01N, are plotted in Fig. 2, which includes the 
figures of previous workers. The results for a run at 18° are given 
in Table II. 

Potassium iodate was similarly investigated at 25°. One run was 
carried out at 18° in order to compare the results directly with those 
of Kohlrausch (Berl. Ber., 1900, 1002; Ges. Abh., 1911, 2, 943) (see 
Table II). The agreement was satisfactory. 

The extrapolation to infinite dilution possesses particular import- 
ance since A, is required for the calculation of x in the Debye- 
Hiickel-Onsager equation, which is of the type A, = Aj — x0. 
For water at 25° the equation reduces to A, = Ay — (0-228 Ay + 
59°8) C®> for uni-univalent electrolytes (Onsager, Physikal. Z., 
1927, 28, 292; Hartley, Ann. Reporis, 1931, 27,331). Four formule 
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electrolytes, viz., 

(1) Ag = A, + 2C%5 (Kohlrausch). 

(2) Ag = A, + A? C% (Kohlrausch, Berl. Ber., 1900, 1002; Ges. 
Abh., 1911, 2, 944). 

(3) Aj = A, + BC" (Ferguson and Vogel, loc. cit.). 

(4) Ay = A, + a0%5 4+ BC (Debye and Hiickel, Physikal. Z., 
1923, 24, 305). 

Formula (1) is valid up to 0-002N and its form has been deduced 
theoretically by the Debye—Hiickel-Onsager theory for very low 
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Sodium chloride at 25°. 


concentrations. Formula (2) holds up to 0-1N for uni-uni- and 
uni-bi-valent electrolytes and was introduced by Kohlrausch in 
order to calculate A, from data in relatively concentrated solutions 
(compare Kohlrausch and Griineisen, Berl. Ber., 1904, 1215; Ges. 
Abh., 1911, 2, 1078): it has the disadvantage that the constants 
are determined with relative difficulty. Equation (3) holds for 
uni-univalent electrolytes up to about 0-01N and the constants 
Band nare readily determined by a graphical method (Ferguson and 
Vogel, loc. cit.). Its theoretical basis is at present obscure, but it is 
possible that it may be correlated with deviations from Coulomb’s 
law owing to association and other factors (compare Williams, Chem. 





of importance are available for the calculation of A, for strong 
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Reviews, 1931, 8, 319). Recently, Ferguson and Vogel (Trans. 
Faraday Soc., 1931, 27, 285) have expressed equation (3) in the 
form A, = A, + BC*®®+é owing to the significant clustering of the 
values of n about 0-5, the value of 8 being zero under the conditions 
of the Debye—Hiickel-Onsager theory. The constants in formula (4) 
were determined by Debye and Hiickel by the method of least 
squares and these values of A, were employed by them and by On- 
sager (loc. cit.) in testing the agreement of the theoretically deduced 
equation (1) with experiment. The type of results for A, for uni- 
univalent electrolytes computed with the aid of the four formule 
from Kohlrausch and Maltby’s data at 18° can be seen by reference 
to Table I. 


TABLE I, 

Electrolyte. (1). (2). (3). (4). 
ES Cr ee 129-91 130-10 130-04 129-93 
MENEEE  Genapathosseneesswcta 108-87 108-99 109-02 108-89 
| “Giiasendentanemaecaans 98-99 98-88 99-07 98-93 
PAM Dasienssesvicncuncene 126-40 126-50 126-39 126-46 
WOE és dcubensescassce 105-30 105-33 105-48 105-34 
PPE br ctkcetesnaceavececes 95-18 95-18 95-40 95-24 


It is apparent that, where data for strong electrolytes extend to 
about 0-0001N, the values of A, determined by independent methods 
agree to about 0-1%. Only formule (1) and (3) have been employed 
in the present work. 

The equations for the conductivity—concentration curves at 25° 
over the whole observed concentration range (up to 0-01N) are : 


KCl, A, = 149-83 — 101-6047 . . 2... (5) 
*NaCl, A, = 126-18 — 117407551 . |. . (6) 
KI0O,, Ac = 115-45 — 58-7078 . |... (7) 


* For NaCl at 25° the equation holds with accuracy up to a concentration 
of 0-006N only. 


Equations (5) and (6) are put forward for use in the determination 
of cell constants at 25°. The specific conductivity at any concen- 
tration is calculated from the appropriate value of the equivalent 
conductivity computed from equation (5) or (6) and compared with 
the conductivity observed in the cell, and the cell constant obtained 
by division. For 18° the corresponding equations are (Ferguson and 
Vogel, loc. cit.) : 
KCl, A, = 130-04 — 61-26C%#? . 2. 2. (8) 
NaCl, A, = 109-02 — 54-2404 . . . . (9) 
By plotting the equivalent conductivity against the square root 


of the concentration, satisfactory straight lines were obtained from 
the lowest measured concentration up to about 0-002N, and the 
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values of A,’ have been determined by direct extrapolation of these 
straight lines. The slopes of these lines (x, obs.) are here compared 
with those calculated (x, calc.) from the Debye—Hiickel—Onsager 













equation 
A, = Ag — (0-228 A, + 59-8) C®®: 
Salt. A,’. 2, obs. x, cale. A. 
|) eee ore ree 150-05 79-2 94-0 —19-8 
SEE. atscnscegivabsivesties 126-18 83-5 87-3 — 44 
WEG, ses conscnntsecsccenss 114-57 100-3 85-9 + 16-8 


A is the percentage deviation of the observed value from the 
theoretical, i.e., A = 100(z, obs. — x, cale.)/%, cale. (compare 
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C x 10°. 
Todic acid at 25°. 
Copley, Murray-Rust, and Hartley, J., 1930, 2497). It will be 
observed that A is negative for sodium and potassium chlorides, and 
positive for potassium iodate. 

Measurements have also been made of the electrical conductivity 
of aqueous solutions of iodic acid at 25° over the range 1—100 x 
10-*N. These results are plotted in Fig. 3. The conductivity- 
concentration curve passes through a maximum at a concentration 
of about 10°N. Similar results were obtained by Kraus and 
Parker (J. Amer. Chem. Soc., 1922, 44, 2429) with lime-glass cells, 
but the maximum was lower. Unfortunately, apart from two 
isolated observations at concentrations of 1-6 and 3-6 x 10-%, no 
figures are available for comparison for Pyrex-glass cells. Kraus and 
Parker, however, investigated the conductivity in quartz cells 
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chiefly in dilute solutions up to a concentration of about 2 x 10°N 
(their results are indicated by triangles in Fig. 3; for the sake of 
clarity only a few of these are shown at low concentrations); no 
maximum was observed, indicating that the latter is largely due to 
impurities dissolved from the containing vessels. 

Onsager (Physikal. Z., 1927, 28, 292) has shown that the square- 
root relation A, = A, + xC®® does not hold for iodic acid, a para- 
bola being obtained on plotting A, against C5, so that this method 
cannot be employed for extrapolation to Ay. Ferguson and Vogel 
(Trans. Faraday Soc., 1931, 27, 285), however, find that the 
equation 
Ay = Ac + 2187 C%880 
accurately represents Kraus and Parker’s results, and this leads to a 
mean value of A, of 389-6 for iodic acid at 25°. It appears that 
results in Pyrex-glass cells do not differ appreciably from those in 
quartz cells at concentrations greater than 0-002N (compare Randall 
and Scott, J. Amer. Chem. Soc., 1927, 49, 636); hence, by the use of 
an extrapolation formula which holds over a large concentration 
range, extrapolation to Ay should be possible although, owing to 
the limited concentration range, too great an accuracy cannot be 
expected, nor can any great significance be attached to the values of 
the other constants of the formula. Equations (2) and (3) are 
available. We have applied equation (3) to our results at concen- 
trations exceeding 2 x 10° and find that A, = A, + 910-3 C%7®, 
leading to 389-8 as the value for the conductivity at infinite dilution. 

In view of the good agreement with A, deduced from Kraus and 
Parker’s observations in dilute solution, we have carried out a series 
of measurements upon iodic acid at 18° in Pyrex cells over the con- 
centration range 0-0001—0-01N. The results were similar to those 
at 25° (see Experimental). At concentrations above 0-002N, the 
conductivity—concentration curve can be expressed by the equation 
Ay = Ac + 384-1 C%5?’, which gives a mean value of A, of 351-0 
for iodic acid at 18°. Measurements will be made in the near future 
in silica cells in order to obtain trustworthy values for conductivities 
at low concentrations and also for A, at 18°. 

These experiments indicate clearly that silica cells should be 
employed for measurements with acids at concentrations below 
2x 10°°N.* The work on dibasic acids of one of us (J., 1929, 
1476, 1487) will therefore require revision and will be repeated in 
quartz cells. The early work is regarded as preliminary in 
character owing to the many assumptions made in the calculations 
* No difficulties of this character seem to have been experienced by Murray- 


Rust and Hartley (Proc. Roy. Soc., 1929, 126, A, 85) in their work with acids 
in methyl and ethy! alcohol. 
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and the use of constants which the present research shows to be 
appreciably in error. 

The mobilities of the potassium, sodium, chloride, iodate, and 
hydrogen ions at 25° can be computed from the values of A, deduced 
from the relation Aj = A,-+ BC" for sodium and potassium 
chlorides, potassium iodate, and iodic acid with the aid of the trans- 
port number for potassium chloride. The following table contains 
the results for a transport number for the potassium ion in potassium 
chloride of 0-497 (Kohlrausch and Maltby, Ges. Abh., 1911, 2, 892; 
this forms the basis of all the calculations of Kohlrausch and of 
Ferguson and Vogel) and of 0-490 (MacInnes and Dole, J. Amer. 
Chem. Soc., 1931, 53, 1362). 


Kation trans- Mobilities of ions. 

port number ee 
of KCl. K’. Na’. cr’. 10,’. H’. 
0-497 74-5 50-8 75-4 41-0 348-6 
0-490 73-4 49-8 76°4 42-0 347-6 


A preliminary value for the mobility of the hydrogen ion at 18°, 
based on the value of A, of 351-0 for iodic acid deduced in the 
present work and of 34-0 for the mobility of the iodate ion (Ferguson 
and Vogel, Phil. Mag., 1925, 50, 971), is 317-0. 

Parker (J. Amer. Chem. Soc., 1923, 45, 2017) has described 
measurements with aqueous solutions of hydrochloric acid in 
silica cells at 25°. These have been discussed by Ferguson and 
Vogel (Trans. Faraday Soc., 1931, 27, 285). New data for 
hydrochloric acid will be published in the near future. 


EXPERIMENTAL 


Conductivity Water.—This was prepared as described by Jeffery 
and Vogel (this vol., p. 1201). 

Preparation of Materials and Solutions.—Potassium chloride. 
Kahlbaum’s purest salt was recrystallised twice from conductivity 
water, the separated crystals being removed in the first crystallis- 
ation by filtration through a Jena-glass Biichner funnel with a glass 
filter disc, and in the second recrystallisation the mother-liquor was 
decanted, the crystals partially dried at 100°, and then fused in 
platinum. Two specimens were prepared. All the operations in 
this and the following purifications were conducted in Pyrex-glass 
vessels which had been soaked in chromic-sulphuric acid mixture 
and steamed for 12 hours with steam generated from distilled water, 
before use. 

Sodium chloride. Kahlbaum’s purest material was dissolved in 
conductivity water, precipitated with redistilled absolute alcohol, 
and filtered through a Jena-glass filter. This operation was repeated 
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and the product fused in platinum [Found : Cl, (1) 60-68, (2) 60-64. 
Cale. : 60-66%]. 

Potassium iodate. Kahlbaum’s “ pure for analysis”’ salt was 
recrystallised twice from hot water (neutral solutions were always 
obtained), dried in the steam oven, and stored in a vacuum desiccator 
over concentrated sulphuric acid until required. The substance was 
analysed by precipitation as silver salt, the silver iodate dissolved in 
the filtrate being estimated by the addition of excess of potassium 
iodide and sulphuric acid and titration of the liberated iodine with 
standard sodium thiosulphate (Kraus and Parker, J. Amer. Chem. 
Soc., 1922, 44, 2431) (Found: 0-2394,g. Taken: 0-2392, g.). 

Iodic acid. Kahlbaum’s iodic acid “ for analysis ” was purified by 
three crystallisations from conductivity water in the presence 
of a little pure nitric acid as recommended by Kraus and Parker 
(loc. cit.) [Found : (1) 0-3043, g., (2) 0-2133, g. Taken: (1) 0-3041;, 
(2) 0-2133, g.]. 

All solutions were made up by weight as described in Part I (J., 
1929, 1480). 

Measurement of Conductivity—The experimental procedure was 
the same as described by Vogel (Joc. cit.), the only modifications being 
the use of the new type of low-inductance decade resistance box 
made by the Cambridge Instrument Co., and a Sullivan valve 
oscillator adjusted to a frequency of 1000 cycles. Successive addi- 
tions of weighed amounts of solution were made to a known weighed 
amount of water in the cell, and the resistance was determined 
after each addition. The same sample of conductivity water was 
employed for the preparation of the solutions as that contained in 
the cell. 

Temperature Control.—The thermostats were filled with distilled 
water (a little thymol was added to minimise the growth of alge) 
and were electrically controlled by mercury-toluene thermo- 
regulators: the temperature was constant at 18° + 0-01° and at 
25° +. 0-01°. Temperatures were measured on standard thermo- 
meters recently calibrated at the N.P.L. 

Calculation of the Concentrations.—All the concentrations are 
expressed in g.-mols. per litre of solution at the temperature at 
which the run was carried out. The concentrations are known, in 
the first instance, in weight normalities, and in order to convert them 
into volume normalities, the density at the temperature of the run 
of the final solution in the cell was determined with a carefully 
calibrated pycnometer, and a linear variation of density with concen- 
tration was assumed, 

Conductivity Cells.—Two cells of the Hartley and Barrett type (J., 
1913, 103, 789) were employed in the runs, and a small Kohlrausch- 


> 
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type cell of about 35 c.c. capacity (compare Vogel, loc. cit.) was used 
for the measurement of the specific conductivity of the solvent, since 
this was outside the range of the other cells. All the electrodes were 
coated with grey platinum. 

Cell Constants.—These were determined for the Hartley cells by 
measuring the resistance of aqueous solutions of potassium chloride 
at 18° over a concentration range from about 0-0002 to about 0-002. 
The value of the specific conductivity at the concentrations employed 
was calculated from the data of Kohlrausch and Maltby using both 
the equation 

A, = 129-91 — 80-75 C%5 . . . . (A) 
(Frazer and Hartley, Proc. Roy. Soc., 1925, 109, A, 355) and the 
equation 

A, = 130-04 — 61-26 C4? . . . . (B) 
(Ferguson and Vogel, loc. cit.). Typical sets of results for the two 
cells are shown below. 


Cell. C x 104. Equation A. Equation B. 

8 2-386 0-034235 0-034226 
6-570 0-034261 0-034252 

23-14 0-034241 0-034259 

Mean 0-034246 0-034246 

V 2-764 0-027815 0-027805 
8-647 0-027819 0-027810 

24-63 0-027833 0-027847 

Mean 0-027822 0-027820 


The cell constants were also determined by Parker and Parker’s 
method (loc. cit.) with 0-01N-potassium chloride at 25°; typical 
results were : Cell S, 0-034003 (before resealing) and 0-034208 (after 
resealing) ; Cell V, 0-027804. 

The values used throughout in the calculations were: Cell §, 
for runs with potassium chloride only, 0-03401,, and for other 
substances, 0-03422, (this change was due to resealing of the Pyrex- 
glass supports at the four corners of the platinum plates); Cell V, 
0-02781;. The ceil constant of the Kohlrausch cell, determined at 
25° with 0-01N-potassium chloride by Parker and Parker’s method 
only, was 0-2390. 

The cell constants were determined at frequent intervals through- 
out the research but no appreciable variation was detected. 

Solvent Correction.—The solvent correction for the salts was applied 
by subtracting the specific conductivity of the water from that of the 
solution in each case. No correction for solvent conductivity was 
made for the solutions of iodic acid. 
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Results.—The following tables give the experimental values for the 
squivalent conductivity A, of the substances investigated at various 
concentrations C, expressed in g.-equivs. per litre. Entirely inde- 
pendent solutions were used for each series of measurements of the 
same electrolyte. The letter in parenthesis refers to the Hartley 
cell employed. 

The mean values of A,’ and x deduced from the square-root 
relation A, = A,* — xC®®, which holds up to about 0-002N, for each 
salt are given at the head of the appropriate section of the table. 
Likewise the mean values of A," evaluated from the equation A,” = 
A. + BC", the constants of which are also given, are included at 





Series, K. C x 10%. A, obs. A, cale. Diff. Ag". 
Potassium chloride at 25° (M = 74-56). 
Ag’ = Ae + 79-2 CFS. Ay* = 150-05. 
Ag" = Ae + 101-6 C%47, A." = 149-83. 

1 (8) 0-779 1-029 149-19 149-22 —0-03 149-86 
3-649 148-41 148-54 —0-13 149-76 
12-00 147-24 147-31 —0-07 149-81 
First 23-76 146-20 146-19 +001 149-93 
specimen ~ 40-05 144-80 _- = 149-83 
58-69 143-69 pee = 149-82 
78-84 142-64 a — 149-84 
115°3 140-96 a — 149-82 
2 (S) 0-781 0-977 149-21 149-27 —0-06 149-86 
3-984 148-45 148-47 —0-02 149-86 
First 18-26 146-61 146-67 —0-06 149-84 
specimen 31-10 145-51 145-09 —0-42 149-84 
| 46-78 144-35 state oe 149-76 
103-7 141-40 ome —_ 149-76 
3(V) - 0-802 2-474 148-81 148-80 —0-01 149-90 
6-517 147-99 148-03 —0-04 149-83 
First 12-23 147-23 147-28 —0-05 149-83 
— : 20-41 146-41 146-47 —0-06 149-85 
eon 29-26 145-60 145-76 —0-16 149-79 
45-00 144-48 _ ons 149-78 
\ 65-33. 143-25 ~— — 149-75 
4(S) 0-802 1-582 149-01 149-05 —0-04 149-86 
4-600 148-40 148-35 —0-05 149-92 
11-00 147-40 147-42 —0-02 149-85 
Second 20-63 146-40 146-45 —0-05 149-86 
specimen 34-18 145-20 145-42 —0-22 149-80 
48-31 144-27 — ~_ 149-78 
76-24 142-77 — =~ 149-84 
\ 104-6 141-39 om ome 149-79 
5(V) , 0-821 1-405 149-11 149-11 0-00 149-91 
4-351 148-30 148-40 —0-10 149-78 
~~ 10-58 147-438 147-43 0-00 149-83 
: ; 16-98 146-70 146-79 —0-09 149-79 
qpecunen 27-41 145-81 145-90 —0-09 149-85 
55-01 143-86 one a 149-77 
\ 71-72 142-93 _ _ 149-76 


31 
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the head of the tables.* Col. 1 gives the values of «, the specific 
conductivity of the solvent, expressed in gemmho, determined with 
the Kohlrausch cell; col. 2 gives the value of the concentration; 
col. 3, the observed equivalent conductivity A,; col. 4, the values of 
A, calculated from the given values of A,‘ and x; col. 5 is the differ- 
ence between A, obs. and A, calc.; and col. 6 contains the values of 
A," computed for each concentration from the appropriate constants 
B and n. 









Series. K. Cx 10%. = A, obs. A, cale. Diff. A,*. 
Sodium chloride at 25° (M = 58-45). 
Ag’ = Ac + 83-5 C®®. a.? = 126-18. 
Ag* = Ae + 117-4 C&S, A.* = 126-18. 























1(V) , 0-819 2-952 124-82 124-74 +0-08 126-15 
9-045 123-67 123-67 0-00 126-14 

12-30 123-29 123-25 + 0-04 126-22 

First 25-44 121-68 121-97 —0-29 126-05 
specimen 1 48-60 120-10 — — 126-34 
70-20 118-82 _ —_ 126-46 

89-96 118-10 _ — (126-86) 

109-7 117-85 — _ (127-62) 

2(V) , 0-845 1-111 125-30 125-30 0-00 125-92 
5-542 124-21 124-21 0-00 126-09 

11-66 123-29 123-33 —0-04 126-13 

Second 23-48 121-81 122-13 —0-32 125-99 
specimen } 33-46 121-05 _ oo 126-13 
42-30 120-54 ot —_ 126-32 

61-25 119-42 _ a (126-55) 

\ 79-05 118-40 nae on (126-56) 

3 (V) , 0-802 1-193 125-25 125-27 --0-02 126-06 
9-210 123-61 123-65 —0-04 126-11 

18-03 122-33 122-63 —0-30 125-94 

First 35-90 120-71 fone _ 125-99 
specimen ‘ 47-74 120-01 — — 126-19 
61-05 119-30 oe _ (126-86) 

72-41 118-65 — _ 126-42 

\ 96-33 117-99 — ome (127-09) 

4 (S) 0-748 1-424 125-21 125-18 +0-03 126-10 
5771 12410 12417 —0-07 126-03 

Second 10-53 123-50 123-47 +-0-03 126-19 
specimen | 24-13 121-90 122-08 —0-18 126-14 
| 63-22 119-12 _ a 126-33 

80-35 118-53 — — (126-76) 

5 (S) 0-811 1-404 125-28 125-19 +0-09 126-16 
( 6-788 124-19 124-00 +0-19 126-30 

16-31 122-80 122-81 —0-01 126-22 

= 25-82 121-46 121-94 —0-48 125-87 
First — ; 36-93 120-68 -_ ae 126-05 
specimen 47-49 120-14 — a 126-30 
57-94 119-60 _— — 126-48 

71-39 118-92 — — (126-71) 

\ 86-38 118-21 ani =e (126-81) 

















* The values in parenthesis were not employed in the calculations. 
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recific Series. K. Cx 10‘. A, obs. A, cale. Diff. Ay". 
| with Potassium iodate at 25° (M = 214-03). 
ation: Ag = Ae + 100-3 05, A," = 114-57. 
ues of Ay” = c ae 58-7 Crsss, A,” => 115-45. 
lifer. 4 | (S) 70-800 *0-776 «= «114-21 113-29 40-92 (115-78) 
5-331 112-13 112-23 —0-13 115-39 
ues of 9-670 111-36 111-47 —0-11 115-39 
teats 19-91 11007 11009  —002 115-48 
) 37-06 108-66 108-46 +0-20 115-53 
54-41 107-43 — —- 115-42 
74-13 106-30 — — 115-26 
e \ 88-84 105-58 — --- 115-18 
| 2(V) , 0-760 1-905 113-20 113-19 . +0-01 115-40 
7-448 111-66 111-83 —0-17 115-37 
15-49 110-71 110-62 +0-09 115-62 
27-71 109-49 109-29 +0-20 115-63 
44-61 108-08 — — 115-45 
B+ 15 63-11 106-91 — — 115-33 
B14 77-47 105-88 — — 114-99 
5-29 \ 95-81 104-98 — —_ 114-90 
6-05 3 (V) 0-801 *1-054 114-00 113-54 + 0-46 (115-75) 
6-34 3-188 112-91 112-71 +0-13 115-58 
6-46 37-89 108-60 108-40 +0-20 115-52 
6-86) : 48-79 107-75 --- -— 115-38 
7°62) 55-26 107-38 ~~ — 115-38 
99 66-66 106-72 ~~ _- 115-32 
5-92 92-58 105-31 — — 115-06 
6-09 
: 2 ; * The minima were not very sharp. 
6-13 : A 
5-39 LIodic acid at 25° (M = 175-94). 
ee, Ag" = Ac + 910-3 C%732, Ay" = 389-8. 
1(V) 0-752 1-170 373-98 — _— —_ 
3-06 6-088 383-38 — — 
11 11-60 382-62 _- _- — 
5°94 First 19-87 379-93 — — 389-51 
5°99 specimen 31-33 376-20 — — 389-57 
5-19 41-96 373-33 = — 389-89 
5-86) 60-03 368-46 — — 389-98 
3°42 \ 85-24 361-80 -- — 389-62 
1-09) ff 2s) 0-773 3-266 382-14 — — — 
10 13-18 382-67 — — oa 
:.03 24-57 378-42 ne ia 389-61 
19 Second 44-75 372-05 aa on 389-42 
3-14 specimen } 50-01 371-20 — — 390-03 
33 60-94 367-71 —_ am 389-48 
3-76) 84-12 362-32 — -— 389-87 
16 \ 113-3 355-66 — —— 389-93 
30 3(V) , 0-856 = $2-551 381-71 _ — — 
29 17-52 381-22 me _ 389-96 
87 29-97 376-88 -— — 389-83 
05 Second 42-95 373-17 — _ 390-01 
30 specimen 55-12 369-65 — — 389-87 
48 70-29 365-92 a = 390-08 
71) 76-64 364-09 _ ~- 389-83 
-81) \ 95-74 359-05 a“ ~ 389-85 





+ After the first addition only there was a gradual decrease in conductivity 
during the first half hour and then it attained a constant value. 
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Cx10%. A, obs. A, cale. 
Iodic acid at 18°. 
Ag” = Ac + 384-1 C%577, A.” = 351-0. 
1(V) 0-709 1-281 338-43 _— _- -—- 
6-829 344-23 —- -- -— 
12-19 343-62 — os _- 


Series. Ag". 























First 20-15 341-55 — — 351-27 
specimen } 30-90 337-56 -- -— 351-28 
44-29 334-19 — — 351-1] 
67-42 329-21 -- — 350-73 
86-33 325-96 — — 350:77 

2 (V) , 0688 $2395 340-95 ~ — 


5-844 343-53 — — 
15-17 341-89 — — 


It] 


Second 25-34 338-88 ~- — 351-12 
specimen * 35-82 335-98 — — 350-92 
48-13 333-25 ~- -- 350-97 
65-88 330-01 _- — 351-24 
\ 89-43 325-70 — — 351-02 

3 (8) ; 0-688 71-630 338-27 — - — 


4-271 343-44 — — — 
9-316 343-06 _-- -—— _— 





First 21-46 339-59 -— —" 350-71 
specimen * 34-19 336-55 - — 351-09 
50-06 332-89 —- — 350-91 

66-73 329-27 ~- —- 350-65 

\ 107-0 322-92 -- — (349-34) 


TaBLeE II. 
Sodium chloride at 18° (Second specimen). 
Cell constant 0-02781;. « = 0-560. 
A, cale. was computed from the formula A, = 109-02 — 54-24 C443, 


FX. BO scsees 6-198 11-51 21-25 34-00 46-75 68-31 86-97 
Mig OBB. veces 106-91 106-65 105-45 104-67 103-97 102-95 102-49 
A, calc. ...... 106-96 106-32 105-47 104-65 103-99 103-06 102-39 















Potassium iodate at 18°, 
Cell constant 0-02781,;. « = 0-471. 
A, calc. was computed from the formula A, = 98-54 — 61-07 Co4®, 
ie _ eae ee 5-753 15:38 29-31 63°87 96-70 
PORE  ciscebenemaues 96-65 95-57 94-33 92-55 90-87 
stesin iidoniasbaialaicis 96-57 95-44 94°36 92-59 91-31 















TABLE III. 








Cx10% = KCL. NaCl. KIO;. _HIO, (25°). HIO, (18°). 
1-0 149-20 125-30 113-60 pie one 
5-0 148-25 124-34 112-25 one an 
10-0 147-50 123-48 111-25 nn — 

20-0 146-45 122-20 109-98 380-06 340-22 
30-0 145-55 121-25 109-10 376-80 337-52 
40-0 144-80 120-47 108-40 373-77 335-06 
50-0 144-15 119-83 107-70 370-98 332-80 
60-0 143-55 119-30 107-05 368-30 330-80 
70-0 143-02 118-80 106-48 365-70 328-95 
80-0 142-50 118-38 105-94 363-20 327-20 
90-0 142-02 118-05 105-44 360-80 325-55 
100-0 141-55 117-80 104-95 358-50 323-96 
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A, at Round Concentrations.—The values of the equivalent con- 
ductivity at round concentrations are given in Table III. Inter- 
polation was carried out ona A,—C graph drawn with a flexible spline. 
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CCOXXXI.—The Molecular Lowering of Freezing Point 
for Camphor. 


By Raymonp James Woop L& Fivre and (Miss) CATHERINE 
Gunn TIDEMAN,. 


Two widely divergent values for the molecular lowering of freezing 
point of camphor, viz., 400 (Rast, Ber., 1922, 55, 1051, 3727) and 
498 (Jouniaux, Bull. Soc. chim., 1912, 11, 722), have coexisted in 
the literature for some years. As the former value was deduced 
from a m. p. diagram (salol-camphor, Caille, Compt. rend., 1909, 
148, 1458) which Le Févre and Webb (this vol., p. 1211) have 
shown to be inaccurate, the opinion was expressed by these authors 
that the apparently carefully determined value of Jouniaux was 
the more correct. 

Jouniaux plotted cooling curves both for pure camphor and for 
a number of solutions of substances in this solvent, and from the 
resulting depressions of m. p. obtained the following very consistent 
values for the molecular-depression constant of camphor : 


Solute. K. Solute. K. 
Naphthalene ..............0+6+ 494 Pyrogallol ........ssssesseseees 500 
a-Nitronaphthalene ......... 505 Benzoic acid .........eeeeeeees 492 
p-Naphthylamine .......... »- 499 


This author further pointed out that the value 498 received an 
independent confirmation from the coincidence of the latent heat 
of fusion (viz., 8-24 cals.) calculated either from van ’t Hoff’s equa- 
tion, K = 0-027?/Z, or from Clapeyron’s formula 
L=T/E . (vy, —v,) .dp/dT 

(using data given by Ramsay and Young, Phil. T'rans., 1884, 175, 
45; Allen, J., 1900, 77, 413; and Vanstone, J., 1910, 97, 429). 

However, in view of the fact that, by taking Kampnor = 400, 
satisfactory molecular-weight determinations are frequently per- 
formed cryoscopically in camphor, the correctness of Jouniaux’s 
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figure seemed suspect. Our original intention was, therefore, to 
verify and extend his experimental results quoted above. 

Freezing Points of Various Dilute Solutions in Camphor.—The 
camphor used throughout the following experiments was commercial 
“pure camphor.” Its f. p., found in the apparatus used below, 
was 178-7°. Since the highest recorded value for the m. p. is 
178-5—179° (corr.) (Kempf, J. pr. Chem., 1908, 78, 259), whilst 
Foerster (Ber., 1890, 23, 2983) observed a solidification point of 
178-7° (corr.), further purification of our specimen was considered 
unnecessary. 

The f. p.’s of the solutions referred to in Table I were ascertained 
from cooling curves constructed from half-minute temperature read- 
ings. In each case the melt was contained in a closed boiling tube, 
fitted with a glass stirrer and a thermometer graduated in 0-2° but 
easily readable to 0-1°, and surrounded by a wide glycerol-filled 
jacket of such a size that when the whole was immersed in a 1-5-litre 
glycerol bath the rate of cooling (between 150° and 200°) did not 
greatly exceed 1° in 2 minutes. No attempts were made to obtain 
absolute f. p.’s, since only a difference of two temperatures was 
required in each case; the thermometer was therefore not standard- 
ised before use nor were any exposed stem corrections applied to 
the observations made with it. Very little supercooling was noticed 
even when the melts were not stirred. The temperatures at which 
the first changes of direction of the cooling curves occurred were 
identical with those when first separation of solid was observable. 

The data so obtained and the values for Kempor calculated 
therefrom are given in Table I. 

The mean value for Kempnor is thus found to be 396, which differs 
greatly from that obtained by Jouniaux (Bull. Soc. chim., 1912, 11, 
546). It is difficult to reconcile our figure with that of this worker. 
The apparently convincing mathematical verification advanced by 
him (ibid., p. 993) contains arithmetical errors, and has been 
shown elsewhere (Le Févre and Tideman, Nature, 1931, 127, 972) 
to be useless as evidence in support of his experimental work. 

The System Camphor-Salicylic Acid.—From Table I it will be 
observed that as the concentration of salicylic acid increases so 
does the magnitude of K. Examination of the literature relating 
to these two substances showed that Léger (Compt. rend., 1890, 
411,110; Bull. Soc. chim., 1890, 4, 726) had described a compound, 
m. p. ca. 60°, the composition of which was represented by the 
formula “ C1#H®0*,2C°H1602.”” No definite physicochemical evid- 
ence was offered in support of its existence, but the above result 
with salicylic acid (see Table I) would suggest that the steeper arm 
of the fusion point-composition curve for this system should be 
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LOWERING OF FREEZING POINT FOR CAMPHOR. 


Wt. of 
Solute. solute. 
Naphthalene ...............+.. 0-3936 
a-Nitronaphthalene ......... 0-3233 
a 0-2663 
B-Naphthylamine ............ 0-3086 
POUNNE escevcsincconggap gets 0-4623 
Pe Fk 0-3256 
Beneoic acid. .......ccsececosee 0-2475 
ee eee 0-2811 
Salicylic acid —.............08. 0-1641 
oo i  ‘Siececencesce 0-2414 
i i(t«éCR Rac og 0-3957 
~~ sbdenntengucnes 1-0001 
CE. catinrnrveticcesianeis 0-3706 
eS. _. BOpeeeesececcasescinases 0-2815 
Acenaphthene ............... 0°3257 
See os = ~ Renee 0-3950 
p-Nitrophenol ............+6. 0-4246 
PURE DOU, cscciscscsscxcciveess 0-4643 
3 : 3’-Dinitro-4 : 4’-di- 
piperidinodipheny]- 
ee eee, Me 0-5243 
Ethyl 3-nitro-6-piperidino- 
DORMORES  ceccsesencssescocs 0-7496 


TABLE I. 


Wt. of 
solvent. 
8-6013 
9-9811 
8°8157 
8-5036 
9-8610 
10-2013 
87870 
8-9901 
8-9821 
9-9288 
9-1005 
8-:9948 
9-9810 
10-0110 
8-7758 
9-1010 
9-6871 
9-1360 


6-9011 
9-9810 


Depres- 
sion of 
f. Bi 
14-3° 
7:4 


— 


—- 


— a CD 
SIH OSOKYASINSSORON 


m C2 C2 Cm NS OO Cm RDN O ae Oe 
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6-3 
10-7 





M. 


128 
173 


110 
154 
139 
229 
474 
278 
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K. 
400 
395 
407 
390 
379 
383 
390 
398 
393 
403 

(422) 

(438) 
391 
395 
407 
401 
390 
410 


393 


396 


Mean value for K, results in parentheses being omitted, = 396. 


that which inclines towards the 100% camphor axis rather than 
towards the 100% salicylic acid axis. 

We have therefore carried out a series of f. p. determinations of 
mixtures of salicylic acid and camphor; details are given in Table II, 
and from these the freezing point-composition curve shown in 
Fig. 1 is plotted. The thermometer employed for these experiments 
coincided with a standard instrument between 0° and 100° but from 
100° to 180° its readings became lower than the correct figures. The 
correction at 180° was + 0-8°. The fourth column (Table IT) contains 
uncorrected f. p.’s, however, since the accuracy of the higher f. p.’s 


is not very material. 


TABLE II. 
Freezing Points of Mixtures of Salicylic Acid and Camphor. 


Salicylic 
Camphor, Salicylic acid, 

g. acid, g. mols.%. F. p. 
173-2 
171-0 
165-0 
158-0 


8-9821 0-1641 
9-9288 0-2414 
9-1005 0-3957 
9-5644 0-5891 
8-9948 1-0005 
8-5139 1-5937 
8-1162 2-1652 
7-7951 2-3032 
7-5754 2-5770 
7-4206 2-5682 
7-4663 2-6783 
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178-0° 


Camphor, 


g. 
7-4265 
7-2798 
72920 
7-1019 
7-1605 
61382 
50936 
4:1049 
3-0700 
2-:0964 
1-1189 


Salicylic 
Salicylic acid, 

acid, g. mols.%. 
2-8095 29-4 
2-7661 29-5 
2-9000 30-5 
2-9008 31-0 
3:0620 32-0 
4/1151 42-5 
5-0814 52-4 
6-1407 62-2 
77-4174 72-7 
8-3828 81-3 
9-0534 89-9 
_- 100-0 


F. p. 
55-3° 
55-2 
54-3 
54-1 
55-1 
92-0 

110-9 

126-0 

136-3 

143-1 

148-0 

157-3 
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The curve shown in Fig. 1 definitely indicates the existence of a 
compound, 2C,,H,,0,C,H,O,, m. p. 56°. The melts containing the 
two constituents in about the proportion required for this com- 
pound crystallised well on cooling, forming at first feathery crystals 
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throughout the mass and then solidifying to a white cake with the 
appearance and feel of soap. This is in complete accordance with 
the description given by Léger (Compt. rend., 1890, 111, 109). 

Tue Ratren Forster LABORATORIES OF ORGANIC CHEMISTRY, 


UNIVERSITY COLLEGE, 
UNIVERSITY OF LONDON. [Received, June 3rd, 1931.] 








CCXXXII.—The Dimorphism of Certain Higher 
Aliphatic Compounds. 






By Jonn WittiaM CoLe PHILLips and Stantey Avaustus 
MUMFORD. 






In a paper on the evaluation and interpretation of parachors (J., 
1929, 2112), the present authors concluded from an examination of 
existing values that the CH,-increment of 39 units adopted by 
Sugden (J., 1924, 125, 1177) was too small, and should be replaced 
by one of 40 units. In continuation of this work, a number of 
cetyl and allied derivatives were prepared, and several of them 
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were found to be capable of assuming more than one crystalline 
form. Pressure of other work prevented a thorough investigation 
being made, but, in view of the recent appearance of a paper deal- 
ing, inter alia, with the dimorphism of the ethyl esters of palmitic 
and stearic acids (Smith, this vol., p. 802), it is thought advisable 
to record our preliminary observations. 

Enantiotropic dimorphism has been inferred from X-ray spacing 
data in the case of the higher members of many series of com- 
pounds, and has been directly observed with certain aliphatic acids 
by Garner and his co-workers (J., 1924, 125, 881; 1926, 2491; 
1929, 1849), but, at least so far as the simpler aliphatic compounds 
are concerned, the monotropic dimorphism noted by Smith and by 
the present authors appears to have escaped observation hitherto, 
apart from somewhat vague references in the early literature to 
change of crystalline form on standing. 

In addition to the instances referred to by Smith, such mono- 
tropic dimorphism has been observed in the case of cetyl acetate (I), 
cetyl chloride (IV), and diethyl cetylmalonate (X), the rather large 
and transparent crystals first obtained on cooling the liquid being 
converted, by continued rubbing or seeding with crystals which 
had been cooled to below 0°, into a finer, more opaque, and higher- 
melting modification with considerable rise of temperature. The 
lower-melting or «-form in every case crystallised without super- 
cooling (see Fig. 1). 

With cetyl bromide (VI), cetyl iodide (VII), and margaronitrile 
(VIII), no «-modification could be obtained, the stable §-form 
crystallising from the supercooled liquid at a temperature apparently 
higher than the freezing point of the former (see Fig. 1). As, how- 
ever, in the case of each compound, incidence of crystullisation in a 
number of freezing-point determinations occurred at approximately 
the same temperature, it is possible that the lower-melting forms 
were momentarily produced but spontaneously transformed into 
the B-varieties. 

With octadecyl acetate (II), on the other hand, as with the 
isomeric ethyl stearate (XIII) (compare Smith, loc. cit.), great 
difficulty was experienced in effecting the change from « to 8. 
The 8-form appeared to be deposited from alcoholic solution, and 
the transformation to be favoured by rapid cooling, but the growth 
of 8-crystals in the liquid ester at a temperature slightly above the 
melting point of the «-form was too slow for the freezing point of 
the 6-variety to be determined in the ordinary way. 

In the case of ethyl margarate (IX), and also of ethyl cetyl 
ether (V), only one modification was obtained, corresponding in 
transparent appearance and in crystallisation without supercooling 
3L2 
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to the «-form of the above. The margaric ester, however, when 
further cooled was found to change enantiotropically to a more 
opaque form, the transition temperature being 14-5° + 3-0° (see 
Fig. 2). No such transformation was observed in the case of ethyl 
palmitate and stearate, or hexadecyl and octadecyl acetates when 
cooled to below 0°, but cetyl alcohol itself exhibited an analogous 
discontinuity in the vicinity of 40° (see Figs. 2 and 3). It is evident 
that these observations, if substantiated, have an important bearing 
on the problem of alternation of melting points in aliphatic series. 
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Finally, in view of the fact that two modifications of n-octadecane 
and eicosane have been inferred by Miiller and Saville (J., 1925. 
127, 599) from X-ray spacing data, it is somewhat surprising that 
the cooling curve of n-hexadecane (XI), the parent of the cetyl 
series, showed no sign of an arrest from 17-6° (its f. p.) to — 10° 
(see Fig. 2). 

EXPERIMENTAL. 

(I) Cetyl Acetate —Crude cetyl alcohol, obtained by hydrolysing 
spermaceti, was converted into the acetate, which was purified by 
repeated fractionation under reduced pressure (Krafft, Ber., 1883, 
16, 1721). The large transparent «-crystals, f. p. 18°7° (no super- 
cooling), first obtained on cooling, changed, when rubbed or further 
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vhen § cooled, to a pearly white mass, with rise of temperature to 21—22°. 
nore § The f. p. of the latter, by seeding at 20°, was 22-3° (Krafft, loc. cit., 
(see gives m. p. 22—23°; Youtz, J. Amer. Chem. Soc., 1925, 47, 2252, 
thy] m. p. 22-7°). No discontinuity was observed in the cooling curve 
rhen of the «-form down to 12°; at this temperature conversion to the 
yous 8-form took place spontaneously, and no change in this form was 
dent noted down to — 10°. 

ring (II) Octadecyl Acetate —This was obtained as a by-product in the 
es. purification of the above, and recrystallised from alcohol. The 
transparent «-variety, f. p. 29-7° (no supercooling), when seeded 
5 with crystals which had been recrystallised from alcohol or cooled 
to below 0°, changed slowly to a pearly white mass, m. p. 31-3° 
(Krafft, loc. cit., gives m. p. 31°). No discontinuity was observed 
in the cooling curve of either form down to 0°. 

(III) Cetyl Alcohol_—By the hydrolysis of the acetate, cetyl 
alcohol, f. p. 49-1°, unchanged by recrystallisation from methyl 
alcohol or benzene-light petroleum, was obtained (Smith, loc. cit., 
gives f. p. 49-27°). The cooling curve exhibited a well-defined 
arrest at about 40°, corresponding with a change in appearance 
from glassy to white and opaque. 

(IV) Cetyl Chloride——This compound was prepared from the 
alcohol with phosphorus pentachloride. The transparent «-variety, 
f. p. 7-4° (no supercooling), changed when seeded with crystals 
which had been cooled to 0°, to a fine white modification, f. p. 
? 12-1° (seeded at 11°) [Norris and Taylor, J. Amer. Chem. Soc., 1924, 
N 46, 753, and Clark and Streight, Trans. Roy. Soc. Canada, 1929, 
(3), 23, Sect. 3, 77, give m. p. 13°]. 

(V) Ethyl Cetyl Ether —From the chloride by the action of alco- 
' holic potash, only the transparent variety, f. p. 19-9° (no super- 
S cooling), could be obtained, despite vigorous rubbing and seeding 

with crystals which had been cooled to — 10° (Becker, Annalen, 
1857, 102, 220, gives m. p. 20°). The cooling curve showed no 
arrest down to — 10°. . 
~ (VI) Cetyl Bromide.—The liquid prepared from the alcohol with 
phosphorus pentabromide was supercooled to 11—12°, and then 
crystallised, with rise of temperature, in a white opaque form, f. p. 
0° 16-3° (Fridau, Annalen, 1852, 83, 15, gives m. p. 15°). Numerous 
attempts were made to obtain a lower-melting variety, by cooling 
slowly without stirring and so on, but in every instance crystal- 
lisation as above set in before the temperature fell below 11°. The 
cooling curve showed no discontinuity down to — 10°. 

(VII) Cetyl Iodide.—Here, again, this substance (from the bromide 
by the action of sodium iodide in acetone) yielded only the higher- 
melting variety, f. p. 22-5° (with supercooling to 16—17°) (Krafft, 
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Ber., 1886, 19, 2219, and Gascard, Ann. Chim., 1921, 15, 332, give 
m. p. 23°; Smith, this vol., p. 251, m. p. 23-3°). 

(VILL) Margaronitrile—As with the two previous compounds 
only the 8-modification was obtained, f. p. 31-7° (with supercooling 
to 24—25°) (v. Braun and Sobecki, Ber., 1911, 44, 1464, give m. p. 
29°). This nitrile was prepared from cetyl bromide by the action 
of potassium cyanide. 

(IX) Ethyl Margarate.—The ester (from the nitrile by the imino- 
ether method) crystallised on cooling in large transparent plates, 
f. p. 25-2° (no supercooling), which could not be induced to assume 
a higher-melting $-form by continued rubbing, by seeding with 
ester which had been cooled to 0°, or by recrystallisation from 
alcohol (m. p. 25-8°). (Holde, Ber., 1902, 35, 4306, gives m. p. 
24—25°; Bodmer and Limprich, Z. Unters. Nahr. Genussm., 1912, 
23, 641, m. p. 26-7°; Ruttan, 8th Intern. Cong. Appl. Chem., 1912, 
25, 431, m. p. 27:5°; and Le Sueur, J., 1904, 85, 827, m. p. 28°.) 
On cooling, the solid changed enantiotropically to a more opaque 
y-modification, the transition temperature being 11—12° from the 
cooling curve and 17—18° from the heating curve. 

(X) Diethyl Cetylmalonate.—This was prepared from the bromide 
with sodiomalonic ester. The transparent «-variety, f. p. 12-7° (no 
supercooling), when seeded with ester which had been cooled to 0°, 
changed to a white powdery mass, f. p. 25-1° (Brigl, Z. physiol. 
Chem., 1915, 95, 161, gives m. p. 22°). 

(XI) n-Hexadecane.—The liquid, prepared by the action of sodium 
on n-octyl bromide in ether, solidified on cooling to a wax-like 
mass, f. p. 17-6° (no supercooling) (Krafft, loc. cit., and Landa, Bull. 
Soc. chim., 1928, 43, 1086, give m. p. 18°; Waterman, van ’t Spijker, 
and van Westen, Rec. trav. chim., 1929, 48, 1103, m. p. .17-8°). 
The cooling curve of the solid showed no discontinuity down to 
— 10°. 

(XII) Ethyl Palmitate and (XIII) Stearate—These esters were 
obtained by esterification of commercial “ purified’ acids, and 
purified by fractionation under reduced pressure. Their dimorphism 
has been described in detail by Smith (loc. cit.). For the palmitate, 
the observed f. p.’s were: «-form 19-2° (no supercooling), 6-form 
23-2°, m. p. 24-1° (Smith gives m. p.’s 19-4 and 24-18°, respectively). 
With the stearate, the «-form had f. p. 30-4° (no supercooling), and 
the 8-form, obtained by seeding with ester recrystallised from 
alcohol and keeping over-night, had m. p. 32-9° (Smith gives m. p.’s 
30-9° and 33:4°, respectively). With both these esters the cooling 
curves of the 8-forms were continuous down to — 10°. Those of 
the «-forms could not be realised owing to spontaneous transform- 
ation to the 8-variety occurring, rapidly with rise of temperature 
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in the case of the palmitate, but slowly with only retardation of 
the rate of cooling in the case of the stearate. 

It is hoped to present the results of the parachor determinations 
on these and other compounds in a subsequent communication, 
but it may be mentioned here that they appear fully to substantiate 
our conclusion regarding the value of the CH,-increment. 


FaRLEY, SALISBURY, WILTS. [Received, June 3rd, 1931.] 





CCXXXIII.—The Condensation of . Dichloroacetalde- 
hyde with p-Hydroxybenzoic Acid. 


By Freperick DANIEL CHaTtaway and LARKIN HUNDLEY 
FARINHOLT, 


It has been shown (Chattaway, J., 1926, 2720 ; Chattaway and Calvet 
y Prats, J., 1927, 685; 1928, 1088, 2915; Chattaway and Morris, 
J., 1927, 2013) that certain para-substituted phenols react with 
chloral in the presence of concentrated sulphuric acid to form the 
benzdioxin ring. Ina similar manner the condensation of dichloro- 
acetaldehyde with p-nitrophenol and phenol-p-sulphonic acid has 
been accomplished (Chattaway and Morris, J., 1928, 3241), also with 
the formation of substituted benzdioxins. That this appears to be 
a general reaction between phenols and aldehydes which can be 
kept in contact with concentrated sulphuric acid for some time 
without decomposition is further shown by the condensation of 
p-hydroxybenzoic acid with dichloroacetaldehyde. 

In the presence of concentrated sulphuric acid, two molecules of 
dichloroacetaldehyde condense with one molecule of p-hydroxy- 
benzoic acid with the loss of one water molecule to form 6-carbozry- 
2 : 4-bisdichloromethyl-1 : 3-benzdioxin (I). This acid is a colourless 
well-crystallised compound which yields similarly constituted esters, 
acid chloride, amide, and anilide without the rupture of the hetero- 
eyclic ring. Alcoholic potash removes one molecule of hydrogen 
chloride from the 4-dichloromethyl group, giving an unsaturated 
product (II) which combines readily with bromine (III). 


/ Ov «CHCl, /O. «CHCl, /O. «CHCl, 
CoH KOH Xx He, - CH 


y ! 
H’ CHCI, CHCl Br CHCIBr 
(I.) (II.) (III.) 
The action of chlorine, even in the absence of sunlight, upon the 
unsaturated compound (II) does not form a substance analogous to 
that obtained with bromine, but breaks down the dioxin ring and 
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produces ww-dichloro-5-carboxy-2-hydroxyacetophenone (compare 
Chattaway and Calvet y Prats, J., 1927, 691), which must be pro- 
duced by hydrolysis, addition of chlorine, and the splitting off of a 
molecule of hydrogen chloride, thus : 





OH | OH 
Cl, OH ‘ — HO ‘CHC! 
CO,H | COH (IV.) 


This establishes the constitution of the original unsaturated acid and 
shows that the double bond must occur at the 4- and not at the 
2-position. 

The corresponding ester is not formed when 6-carboxy-2-dichloro- 
methyl-4-chloromethylene-1 : 3-benzdioxin (II) is refluxed in ethyl 
alcohol saturated with hydrogen chloride. It is easily obtained, 
however, by treating the ester of 6-carboxy-2 : 4-bisdichloromethy]l- 
1 : 3-benzdioxin with the calculated amount of alcoholic potassium 
hydroxide. 

EXPERIMENTAL. 


6-Carboxy-2 : 4-bisdichloromethyl-1 : 3-benzdioxin (I).—To a solu- 
tion of p-hydroxybenzoic acid (13-8 g.; 1 mol.) in 125 c.c. of con- 
centrated sulphuric acid, dichloroacetaldehyde alcoholate, 

CHCl,-CH(OH)-OEt 

(31-9 g.; 2 mols.) was slowly added, with vigorous stirring and 
cooling to about 5°. The liquid was kept at room temperature 
for 2 hours, becoming slightly brown, and was then poured 
over crushed ice. 6-Carboxy-2 : 4-bisdichloromethyl-1 : 3-benzdioxin, 
which separated as a grey viscous mass, was heated for several hours 
on a water-bath with excess of water and repeatedly crushed; it 
then became solid and granular (yield, 14-5 g.). It is insoluble in 
water, easily soluble in alcohol, acetic acid, ether and aqueous 
alkaline solutions, and sparingly soluble in light petroleum. The 
compound is best crystallised from a mixture of 2 parts of acetic 
acid and | part of water, in which it is moderately easily soluble, 
and separates in minute colourless plates, m. p. 181—183° (Found: 
C, 38-0; H, 2-4; Cl, 40-9. C,,H,O,Cl, requires C, 38-2; H, 2:3; 
Cl, 41-0%). 

When the acid was gently heated with an excess of phosphorus 
pentachloride, the acid chloride was formed as a yellow semi-solid 
which was scraped into a mixture of ice and water and extracted with 
ether. The solution was dried over calcium chloride for 10 minutes, 
and on concentration the acid chloride separated as colourless 
flattened prisms, which were recrystallised from light petroleum- 
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ether; m. p. 110° (Found: Cl, 48-5. C,,H,0,Cl; requires Cl, 
48-65%). 

The amide was obtained by gently heating the acid chloride with a 
mixture of concentrated ammonia solution and alcohol in equal 
parts and pouring the solution into water. The oily liquid 
obtained solidified on standing ; it was extremely soluble in alcohol, 
from which it crystallised in minute six-sided prisms, m. p. 177° 
(Found : Cl, 41-2. C,,H,O,NCl, requires Cl, 41-1%). 

When the acid chloride was heated with aniline, and the product 
treated with dilute hydrochloric acid, the anilide was obtained. It 
separated from alcohol, in which it was very soluble, in tufts of 
flattened prisms, m. p. 145° (Found: Ci, 33-7. C,,H,,0,NCl, 
requires Cl, 33-7%). 

When the acid chloride was boiled with ethyl alcohol, or when an 
alcoholic solution of the acid saturated with hydrogen chloride was 
heated for 8—10 hours in a sealed tube at 100°, the corresponding 
ethyl ester was formed. It crystallised from alcohoi, in which it was 
very soluble, in colourless, compact, six-sided prisms, m. p. 114— 
115° (Found : Cl, 38-2. C,,H,.0,Cl, requires 37-9%). 

The methyl ester, obtained in like manner by boiling the acid 
chloride with methyl alcohol, separated from alcohol in colourless 
flattened prisms, m. p. 113° (Found: Cl, 39-6. C,.H,,0,Cl, 
requires Cl, 39-4%). 

6-Carboxy-2-dichloromethyl-4-chloromethylene-1 : 3-benzdioxin (II). 
—To a solution of potassium hydroxide (23 g.; 8 mols.) in 200 c.c. 
of alcohol kept at about 70°, 6-carboxy-2 : 4-bisdichloromethyl-1 : 3- 
benzdioxin (14 g.; 1 mol.) was gradually added. Potassium 
chloride soon separated and when no further action took place, 
water was added to the mixture and the clear solution was poured 
into dilute hydrochloric acid. After 1 hour, an easily filterable, 
white solid, 6-carboxy-2-dichloromethyl-4-chloromethylene-1 : 3-benz- 
dioxin, was obtained which crystallised from alcohol, in which it 
was extremely soluble, in clusters of colourless flattened prisms 
(10 g.), m. p. 183° (Found: Cl, 34:5. C,,H,O,Cl, requires Cl, 
34-4%). 

This compound was also prepared by hydrolysis of 6-carbethoxy- 
2 : 4-bisdichloromethyl-1 : 3-benzdioxin with hot aqueous sodium 
hydroxide and precipitation with dilute hydrochloric acid. 

To a solution of 6-carboxy-2-dichloromethyl-4-chloromethylene- 
1 : 3-benzdioxin (II) in acetic acid, bromine was gradually added 
until the colour persisted. On careful addition of water 4-bromo- 
6-carboxy-2-dichloromethyl-4-chlorobromomethyl-1 : 3-benzdioxin (III) 
separated as a yellow crystalline solid. It crystallised from light 
petroleum (b. p. 60—80°) in clusters of long, slender, pale yellow 
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prisms, m. p. 116° (Found: Br, 33-9. 
341%). 

6-Carbethoxy-2-dichloromethyl-4-chloromethylene-1 : 3-benzdioxin.— 
To a solution of 6-carbethoxy-2 : 4-bisdichloromethyl-1 : 3-benz- 
dioxin (18 g.; 1 mol.) in 100 c.c. of aleohol was added an alcoholic 
solution of potassium hydroxide (2-8 g.; 1 mol.), and the mixture 
heated to about 50°. Potassium chloride separated, water was 
added, and the resulting solid ester was washed with dilute sodium 
hydroxide solution. It crystallised from alcohol in clusters of , 
colourless, slender, flattened prisms, m. p. 102° (Found: Cl, 31-7. 
C,3H,O,Cl, requires Cl, 31-6%). 

On treatment of this ester with hot aqueous sodium hydroxide, the 
unsaturated acid (II) was obtained by hydrolysis. 

Action of Chlorine on 6-Carboxy-2-dichloromethyl-4-chloromethylene- 
1 : 3-benzdioxin (Il) and the Formation of ww-Dichloro-5-carboxy- 
2-hydroxyacetophenone (IV).—Chlorine was passed through a 
solution of 10 g. of the unsaturated acid (II) in 150 c.c. of glacial 
acetic acid in the dark, heat being evolved. When the solution 
was saturated with chlorine, it was poured into cold water. The 
white precipitate obtained crystallised from alcohol—water in thin 
plates, m. p. 163—165°, in every way identical with we-dichloro- 
5-carboxy-2-hydroxyacetophenone (Chattaway and Calvet y Prats, 
loc. cit.) (Found: Cl, 28-7. Cale. for C,H,O,Cl, : Cl, 28-5%). 

The osazone, prepared by boiling an alcoholic solution of the 
acetophenone with excess of phenylhydrazine, agreed with that 
prepared by Chattaway and Calvet y Prats (loc. cit.) in every 
particular. 


C,,H,0,Cl,Br, requires Br, 


THE QUEEN’s COLLEGE LABORATORY, 
OxFoRD. [Received, May 7th, 1931.] 


CCOXXXIV.—2: 4: 6-T'richlorophenylhydrazine. 


By Freprerick DaNnieL CHATTAWAY and Harry Irvine. 





ALTHOUGH several derivatives of 2 : 4 : 6-trichlorophenylhydrazine 
have been prepared (J., 1915, 107, 1508; 1923, 123, 3053; 1925, 
127, 1690, 2408 ; 1928, 2758 ; etc.), the compound itself and its more 
characteristic derivatives have never been described. 

It is most easily prepared by reducing 2 : 4 : 6-trichlorobenzene- 
diazonium chloride with stannous chloride, reduction by sulphite 
not giving a good yield. 

2:4: 6-Trichlorophenylhydrazine forms a very stable hydro- 
chloride, and colourless 8-acetyl-, B-benzoyl-, and @-benzoyl-a-acetyl- 
hydrazides. With aldehydes, ketones, and ketonic acids, it forms 4 
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series of well-crystallised hydrazones, which frequently have lower 
melting points than the corresponding phenylhydrazones. 


EXPERIMENTAL. 

2:4: 6-Trichlorophenylhydrazine Hydrochloride.—30 G. of 2 : 4 : 6- 
trichloroaniline (1 mol.), dissolved in 80 c.c. of boiling acetic acid, 
were added with vigorous stirring to 220 c.c. of concentrated hydro- 
chloric acid. The trichloroaniline hydrochloride which separated as 
a thin paste was diazotised slowly at 0° to —5° (mechanical stirrer) 
with 10-5 g. of sodium nitrite (1 mol.) dissolved in 40 c.c. of water 
(1—1} hours). The diazonium solution was filtered to remove any 
unchanged trichloroaniline and added slowly to a mechanically 
stirred solution of 70 g. of stannous chloride in 220 c.c. of concen- 
trated hydrochloric acid maintained below 5°(1 hour). Trichloro- 
phenylhydrazine hydrochloride, which separated gradually as a 
colourless solid, was collected and recrystallised from boiling 10% 
hydrochloric acid (1100 c.c.). Yield, 27—30 g. (70—80%). 
2:4:6-Trichlorophenylhydrazine hydrochloride crystallises from 
boiling water, in which it is rather sparingly soluble, in colourless, 
six-sided leaflets. When strongly heated, it volatilises corapletely 
without previously melting. Heated in a sealed capillary tube, it 
does not darken or melt even at 350° (Found: Cl, 57:15. 
C,H;N,Cl,,HCl requires Cl, 57-1%). 

2: 4: 6-Trichlorophenylhydrazine separates at once as a colourless 
solid when a concentrated solution of sodium acetate is added to a 
solution of the hydrazine hydrochloride in boiling water. It 
crystallises from boiling light petroleum (b. p. 80—100°), in which it 
is rather sparingly soluble, in slender colourless prisms, m. p. 143— 
144° (decomp.). It can be preserved unchanged in a sealed tube, 
but oxidises and turns brownifkeptintheair. Itis rapidly oxidised 
by alkaline permanganate, or Fehling’s solution, yielding nitrogen 
and 1 : 3 : 5-trichlorobenzene. 

8-Acetyl-2 ; 4 : 6-trichlorophenylhydrazide is formed with evolution 
of heat when the hydrazine reacts with an equivalent amount of 
acetic anhydride. It crystallises from boiling acetic acid, or alcohol, 
in which it is easily soluble, in colourless short prisms, m. p. 157° 
(Found: Cl, 40-1. C,H,ON,Cl, requires Cl, 40-2%). 

8-Benzoyl-2 : 4 : 6-trichlorophenylhydrazide, prepared by the 
Schotten—Baumann method, crystallises from boiling alcohol, in 
which it is. moderately easily soluble, in slender colourless 
prisms, m. p. 163-5° (Found: Cl, 33-7. C,3H,ON,Cl, requires Cl, 
33°7%). 

8-Benzoyl-«-acetyl-2 : 4 : 6-trichlorophenylhydrazide is formed when 
the above is boiled with acetyl chloride for several minutes. It 
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separates from boiling alcohol, in which it is very soluble, in 
small colourless compact prisms, m. p. 156° (Found: Cl, 29-5. 
C,;H,,0,N,Cl, requires Cl, 29-8%). 

Citraconyl-2 : 4 : 6-trichlorophenylhydrazide separates from boiling 
alcohol, in which it is moderately easily soluble, in colourless six- 
sided prisms with domed ends, m. p. 166—167° (decomp.) (Found : 
Cl, 34:6. C,,H,0,N,Cl, requires Cl, 34-85%). This hydrazide 
dissolves in dilute alkali solution and is precipitated unchanged by 
acids. It reduces ammoniacal silver nitrate in the cold. 

Cinnamaldehyde-2 : 4 : 6-trichlorophenylhydrazone separates from 
boiling alcohol, in which it is somewhat sparingly soluble, in very 
pale yellow, almost colourless, long, slender prisms, m. p. 104— 
105° (Found : Cl, 32-65. C,;H,,N,Cl, requires Cl, 32-7%). 

Benzaldehyde-2 : 4 : 6-trichlorophenylhydrazone crystallises from 
boiling acetic acid, in which it is moderately easily soluble, in fine 
long colourless prisms, m. p. 91—92° (Found : Cl, 35-5. C,,H,N,Cl, 
requires Cl, 35-6%). Although this hydrazone is less sensitive to 
light than benzaldehydephenylhydrazone, a specimen which had 
been kept exposed to the light of a laboratory for several months 
developed a deep red colour and partly decomposed. 

Salicylaldehyde-2 : 4 : 6-trichlorophenylhydrazone separates from 
boiling alcohol, or acetic acid, in which it is easily soluble, as a felt of 
colourless hair-like needles, m. p. 98-5—99-5° (Found: Cl, 33-4. 
C,3;H,ON,Cl, requires Cl, 33-7%). 

2 : 4-Dinitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone crystal- 
lises from boiling acetic acid, in which it is sparingly soluble, in 
scarlet flattened prisms, m. p. 109—110° (Found: Cl, 27-4. 
C,3H,0,N,Cl, requires Cl, 27-3%). 

2 : 4:6-Trinitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone crys- 
tallises from boiling alcohol, in which it is moderately easily soluble, 
in brick-red flattened prisms, m. p. 145—146° (Found: Cl, 24-65. 
C,3H,gO,N;Cl, requires Cl, 24-5%). 

Acetone-2 : 4 : 6-trichlorophenylhydrazone separates from alcohol, 
in which it is very easily soluble, in colourless hair-like prisms, m. p. 
58—59° (Found : Cl, 42:2. C,H,N,Cl, requires Cl, 42-3%). 

Benzophenone-2 : 4 : 6-trichlorophenylhydrazone crystallises from 
boiling alcohol, in which it is moderately easily soluble, in long 
slender colourless prisms, m. p. 106—107° (Found: Cl, 28°5. 
C,9H,3N.Cl, requires Cl, 28-3%). 

Mesoxalic acid 2 : 4 : 6-trichlorophenylhydrazone is readily soluble in 
boiling alcohol and separates in pale yellow, slender prisms of rather 
indefinite melting point. Placed in a bath at 175° and heated 
rapidly, it melts at 183° (decomp.) (Found : Cl, 34-0. C,H,0,N,Cl, 
requires Cl, 34:2%). 
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Pyruvic acid 2:4: 6-trichlorophenylhydrazone crystallises from 
boiling alcohol, in which it is readily soluble, in short six-sided 
prisms with domed ends, m. p. 126—127° (Found: Cl, 37:5. 
CyH,O,N,Cl, requires Cl, 37-8%). 


THE QUEEN’S COLLEGE, OXFORD. (Received, May 15th, 1931.] 





CCXXXV.—New Derivatives of p-Arsanilic Acid. 
Part II. p-Arsonomalonanilic Acid and Related 
Compounds. . 


By GitBert T. Morean and Eric Watton. 


THE object of this investigation is a study of derivatives of p- 
arsanilic acid having the general formula (I) similar to tryparsamide. 
Members of the succinyl series (I; x = 2) have been described (this 
vol., p. 615); the present paper deals with the synthesis of malonyl 
compounds (I; x= 1). When treated in a variety of ways with 
ethyl malonate, p-arsanilic acid failed to yield p-arsonomalonanilic 
acid (D.R.P. 191,548), but the corresponding ethyl p-arsonomalon- 
anilate (II), which was prepared by condensing p-arsanilic acid with 
carbethoxyacetyl chloride, readily gave malonanilomethylamide- 
p-arsonic acid (I; x= 1, R, = H, R, = Me) with cold aqueous 
methylamine, whereas under pressure at 75° with aqueous ammonia, 
dimethylamine and ethylamine, this ester yielded respectively the 
corresponding amide (R, = H, R, = H), dimethylamide (R, = Me, 
R, = Me) and ethylamide (R, = H, R, = Et). 


AsO,H, AsO.,H, 
(I.) (IT.) 


NH-CO-[CH,],"CO-NR, R, NH-CO-CH,°CO,Et 
Attempts to obtain the piperidide by heating either the ester (II) 
or its hydrolytic product, p-arsonomalonanilic acid, with piperidine 
under a variety of conditions failed, but malonanilopiperidide-p- 
arsonic acid (1; x = 1, NR,R, = Pip.) was eventually prepared by 
treating the ester (II) with piperidine at 0°. Similar attempts to 
obtain the anilide by heating (II) or the corresponding acid with 

aniline yielded only complex products of ill-defined character. 
Ultimately the anilide was prepared as follows: p-arsonomalon- 
anilic acid was reduced with sulphur dioxide in the presence of 
concentrated hydrochloric acid to p-dichloroarsinomalonanilic acid, 
from which p-arsinomalonanilic acid (III) was obtained by addition 
of alkali. By the action of thionyl chloride on either the preceding 
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dichloride or (in larger proportion) on p-arsonomalonanilic acid, 
p-dichloroarsinomalonanilyl chloride was. obtained, and, with 
aniline, the trichloride furnished p-arsinomalonanilide, which was 
readily oxidised by hydrogen peroxide to malonanilide-p-arsonic acid 
(Il; z=1, R, = H, R, = Ph). 


AsO AsO.H, AsO,H, 













(IV.) 







NH-CO-CH,CO,H NH-CO-CH,-CO-NH 





Malonanilide-pp'-diarsonic acid (IV) was obtained by condensing 
malonyl! dichloride with p-arsanilic acid. 

A summary of the pharmacological reports from Professor 
Warrington Yorke of The Liverpool School of Tropical Medicine on 
the sodium salts of several of the new acids is tabulated below. The 
therapeutic activity of the malonyl series is, on the average, slightly 
lower than that of the succinyl series (compare Part I, loc. cit.), but 
it may be significant that malonanilethylamide-p-arsonic acid and 
succinanilomethylamide-p-arsonic acid—the most active members of 
their respective series—are compounds with identical molecular 



































weights. 
Tr. equip. Chemother. 
M.L.D., M.C.D., index, 
mg. per mg. per M.L.D. 
Sodium salts. g. mouse. g. mouse. M.C.D.° 

Amide (13 2% = 1) .ciecvsccceceee about 65 4 1-25 
Methylamide (I; x = 1) ...... >5 4 >1-25 
Dimethylamide (I; x = 1) ... 5 2-5 2 
Ethylamide (I; x = 1) ...... >5 1 >5 
Piperidide (I; @ = 1) .«........ 1 >0-75 <1-33 
Anilide (I; % = 1)  .....eceeee. 0-75 >0-5 <15 
ENED thtgiscmssdssicscgacess 0-75 0-5 1-5 
Diarsonic acid (IV) ............ 0-02 >0-02 <1-0 


M.L.D. = Minimum lethal dose. M.C.D. = Minimum curative dose. 


EXPERIMENTAL. 


Carbethoxyacetyl chloride was prepared in improved yield (70%) 
from 20 g. of potassium ethyl malonate (Freund, Ber., 1884, 17, 
780) by slow addition of the equivalent quantity of thionyl chloride 
(14 g.) at 0°, and immediate fractionation ; the acid chloride (12-5 g.) 
was then obtained as a colourless oil, b. p, 75—77°/17 mm. (Stau- 
dinger and Becker, Ber., 1917, 50, 1023). 

Ethyl p-Arsonomalonanilate (I1).—2N-Sodium hydroxide (20 c.c.) 
and carbethoxyacetyl chloride (6 g.) were added alternately in small 
equivalent proportions to a solution of atoxyl (12 g.) in water 
(80 c.c.) at 10°. The liquid was well shaken throughout this addition 
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and then poured into a slight excess of hydrochloric acid and ice; 
after 2 hours, the precipitated ethyl p-arsonomalonanilate was 
crystallised from hot water, containing a few drops of hydrochloric 
acid, forming long silky needles (6-5 g.), soluble in warm alcohol 
(Found: As, 22-6, 22-7. C©,,H,,0,NAs requires As, 22-7%). 

The sodium salt, an ill-defined crystalline solid, gave an aqueous 
solution of py 6 (Found: As, 20-2. C,,H,,0,NAsNa,H,O requires 
As, 20-2 %). 

) Malonanilomethylamide-p-arsonic Acid (I; x = 1, R, = H, R, = 
Me).—The ester (II) (5 g.) and 33% aqueous methylamine (8 ¢.c.) 
were stirred together and warmed at 100° for 1: minute. When cold, 
the solution was acidified with hydrochloric acid. The methylamide 
crystallised from hot water in small leaflets (3-2 g.), insoluble in 
= alcohol (Found : hydrolysable N, 4-4, 4-5. ©, 9H,,0;N,As requires 
wn hydrolysable N, 4-4%). 

he The sodium salt gave a solution of pq 6—6-5 (Found: As, 20-6; 
hydrolysable N, 3-9. C,9H,.0;N,AsNa,H,O requires As, 21-1; 
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tail Malonanilamide-p-arsonic Acid (I; x = 1, R, = H, R, = H).— 
‘of The ester (IL) (2 g.) and concentrated aqueous ammonia (8 C.c.) 
me were heated in a sealed tube at 75° for 2 hours, and, after removal of 


most of the ammonia by evaporation, the solution was diluted with 
water (5 ¢.c.) and acidified with hydrochloric acid. The amide 
crystallised from hot water in long prisms (1 g.), insoluble in alcohol 
(Found : hydrolysable N, 4-5.. C,H,,0;N,As requires hydrolysable 
N, 46%). 

The sodium salt crystallised from dilute alcohol in rhombic prisms, 
pu 6-0—6-5 (Found: hydrolysable N, 3-6. C,H,,0;N,AsNa,3H,O 
requires hydrolysable N, 3-7%). 

Malonanilodimethylamide-p-arsonic acid (I; w=1, R, = Me, 
R, = Me), prepared in similar yield by substituting 33% aqueous 
dimethylamine for ammonia in the preceding experiment, crystallised 
from hot water in elongated prisms, insoluble in alcohol (Found : 
hydrolysable N, 4-2, 4:1. C,,H,,;0;N,As requires hydrolysable 
: N, 4.2%). 

- The sodium salt, obtained by evaporation of its aqueous solution, 
showed py 6-5 (Found : hydrolysable N, 3-7. C,,H,,0;N,AsNa,H,O 
requires N, 3-8%). 





de 






Malonanilethylamide-p-arsonic acid (I; x=1, Ry =H, R, = 

Et), prepared by heating the ester under pressure with aqueous 
- ethylamine, crystallised from hot water in minute needles, soluble 
ll in warm alcohol (Found: hydrolysable N, 4-2. C,,H,,0;N,As 
a requires hydrolysable N, 4:2%). 






The sodiwm salt crystallised from dilute alcohol in silky prisms, 
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Pu 7°5 (Found: hydrolysable N, 3-95. C,,H,,0;N,AsNa requires 
hydrolysable N, 4-0%). 

Malonanilopiperidide-p-arsonic Acid (I; x = 1, NR,R, = Pip.).— 
A solution of the ester (II) (9-5 g.) in piperidine (20 c.c.) was left at 
0° for 3 days, until two layers appeared; the excess of piperidine 
was then removed, and the residual yellow syrup acidified with very 
dilute hydrochloric acid. The precipitated piperidide crystallised 
from hot water in leaflets (3-8 g.), soluble in warm alcohol (Found : 
hydrolysable N, 3-8. C,,H,,0;N,As requires N, 3-8%). 

The sodium salt was ill-defined and deliquescent, giving a solution 
having py 7-3 (Found : hydrolysable N, 3-4. C,,H,,0;N,AsNa,H,0 
requires hydrolysable N, 3-4%). 

p-Arsonomalonanilic acid was prepared by boiling 3 g. of the 
ester (II) with 2N-caustic soda (15 c.c.) for 2 minutes, cooling the 
solution, and acidifying it with dilute hydrochloric acid. The 
arsonic acid crystallised from water in prisms (2-5 g.), decomp. 188— 
193° (Found: As, 24-9. Calc. for C,H,,O0,NAs: As, 248%). 

p-Dichloroarsinomalonanilic acid, obtained by saturating a solution 
of p-arsonomalonanilic acid (5 g.) in concentrated hydrochloric acid 
(35 c.c.) containing a trace of iodine, with sulphur dioxide, crystallised 
from benzene in prisms, decomp. 128—133° (Found: Cl, 20-9. 
CyH,O,NCI,As requires Cl, 21-9%). 

p-Arsinomalonanilic acid (III), prepared by acidifying a filtered 
solution of p-dichloroarsinomalonanilic acid in a little dilute caustic 
soda, separated from water as an ill-defined crystalline solid (Found : 
As, 28:3. C,H,O,NAs requires As, 27-9%). 

Malonanilide-p-arsonic Acid (I; x= 1, R, = H, R, = Ph).—A 
mixture either of p-arsonomalonanilic acid (12 g.) and thionyl 
chloride (12 c.c.) or of p-dichloroarsinomalonanilic acid (12 g.) and 
thionyl chloride (7 c.c.) was left at 20° for 2 hours, and the resulting 
yellowish-red solution poured into excess of aniline at 0° with 
vigorous stirring. The mixture was acidified with very dilute hydro- 
chloric acid, and the precipitate purified by boiling with aqueous 
sodium carbonate, acidifying its filtered caustic soda solution with 
dilute hydrochloric acid and finally boiling the precipitate with 
water. p-Arsinomalonanilide (6 g.) was thus obtained as a pale 
buff-coloured compound, indefinitely crystalline and practically 
insoluble in water (Found: As, 21-4. C,;H,,0,N,As requires As, 
21-:8%). 

An alkaline solution of the p-arsinomalonanilide was treated with 
1 c.c. of hydrogen peroxide (100 vol.) and, after a few minutes, 
acidified with hydrochloric acid. The precipitated malonanilide- 
p-arsonic acid crystallised from hot water containing 1 or 2 drops of 
hydrochloric acid, in minute colourless prisms (2 g.), insoluble in 











mam ea aso _—— an an. _ 








ires 


t at 
line 
yery 
ised 
nd : 


tion 
HO 


the 
the 
The 


tion 
acid 
ised 
0-9. 


pred 
istic 
nd: 


—A 
onyl 
and 
ting 
with 
dro- 
20us 
with 
with 
pale 
ally 

As, 


with 
ites, 
lide- 
s of 
e in 








NEW DERIVATIVES OF p-ARSANILIC ACID. PART Il. 1747 


alcohol (Found: As, 20-1. C,;H,,0;N,As requires As, 19-8%). 
The sodiwm salt crystallised from dilute alcohol in prisms, py 8-5 
(Found: As, 17-1, 16-7. C,;H,,0;N,AsNa,2$H,O requires As, 
16-85%). 

Malonanilide-pp'-diarsonic Acid (IV).—It was ultimately found 
that, owing to the reactivity of malonyl dichloride, this compound 
could best be prepared, in the absence of water, when p-arsanilic 
acid (0-2 g.) and malonyl dichloride (1 drop) were vigorously 
stirred together, warmed at 100° for } minute, and water (8 c.c.) 
added. The pp’-diarsonic acid thus obtained was purified by acidi- 
fying its hot aqueous solution, containing 2 or 3 drops of ammonia, 
and filtering it if necessary. On cooling, malonanilide-pp’-diarsonic 
acid separated as a pale buff-coloured solid, which darkened on 
drying (yield from 7 g. of malonyl dichloride, 2 g.) (Found: As, 
29-95. C,;H,,0,N,As, requires As, 29-9%). 

The sodium salt is yellow and deliquescent. 

Note on the Preparation of Malonyl Dichloride.—In conformity with 
the observations of Black, Shaw, and Walker (this vol., p. 276), 
attempts to prepare malonyl dichloride by the method of Staudinger 
and Bereza (Ber., 1908, 41, 4463) yielded only traces of the di- 
chloride. However, by leaving a mixture of powdered malonic acid 
(10 g.) and thionyl chloride (32 g.) for 2 months, and then fraction- 
ating the product, malonyl dichloride was obtained in improved 
yield (6 g.) as a yellow fuming oil, b. p. 53—58°/25 mm., which 
slowly darkened and became fluorescent. 

Addendum.—Since the foregoing results were written the Com- 
mittee for Chemotherapy has suggested the preparation of the 
n-propylamides of the malonanilo- and succinanilo-series. 

Malonanilo-n-propylamide-p-arsonic acid (I; x=1, R, =H, 
R, = n-C,H,) has been prepared by leaving a solution of 2 g. of the 
ester (II) in n-propylamine (1 g.) and water (14 c.c.) at room temper- 
ature for 2 days. The product separated on acidification with 
dilute hydrochloric acid and crystallised from water in needles 
(1-2 g.), soluble in warm alcohol (Found: hydrolysable N, 4-3. 
C,2.H,;O;N,As requires hydrolysable N, 41%). The sodium 
salt separated as a microcrystalline solid from dilute alcohol, py 
6-5 (Found: hydrolysable N, 3-8. C,.H,,0;N,AsNa requires 
hydrolysable N, 3-8%). 

Succinanilo-n-propylamide-p-arsonic acid was formed when a 
mixture of succinanilo-p-arsonic acid (2 g.), n-propylamine (2 c.c.), 
and alcohol (3 c.c.) was left for 24 hours at room temperature. 
Water (40 c.c.) was added, and the solution acidified with dilute 
hydrochloric acid. The propylamide crystallised from water in 
large needles (1-3 g.), practically insoluble in alcohol (Found : hydro- 
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lysable N, 3-8. C,3;H,,0;N,As requires hydrolysable N, 3-9%). 
The monosodium salt was ill-defined, but the disodium salt crystal- 
lised from dilute alcohol in small needles, pg 10 (Found : hydro- 
lysable N, 3-2. C,;H,,0;N,AsNa,,2H,O requires hydrolysable N, 
3-2%). 
CHEMICAL RESEARCH LABORATORY, 

TEDDINGTON, MIDDLESEX. [Received, May 18th, 1931.] 
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CCOXXXVI.—The Structures of the Oxalates of 
Sexavalent Molybdenum. 


By Henry Mits Spirrte and WiLLiamM WARDLAW. 


WHEN a boiling aqueous solution of oxalic acid or a normal or acid 
oxalate is treated with molybdenum trioxide, salts of the type 
MoO,,R,C,0,,.7H,O are obtained. These are stable substances 
which can be recrystallised from water unchanged in composition. 
Physicochemical measurements have indicated that the molybdenum 
and the oxalate radical are present as a complex ion and that the 
substances are ternary electrolytes (Rosenheim and Bertheim, Z. 
anorg. Chem., 1903, 34, 436). An insight into the constitution of 
these substances is obtained by applying the electronic theory of 
valency. In all probability the molecule of molybdenum trioxide 
is represented as O<—Mo—>0, for X-ray analysis has disclosed that 


in Ag,[MoQ,] the connate oxygen atoms are tetrahedrally dis- 
tributed round the central molybdenum atom (Wyckoff, J. Amer. 
Chem. Soc., 1922, 44, 1994). The co-ordination of a molecule of 

oxalic acid then takes place in accordance with the 


O~™~ Pal annexed scheme, whereby a five-membered ring 
jMo<O—CO is formed and molybdenum has a covalency of 


O O—CO six. If, however, excess of molybdenum trioxide 

: is used in the preparation, then it is possible to 
isolate the acid (MoOQ,).,H.C,0,,2-5H,O and a series of salts 
(MoO,).,RC,0,,.2H,O. The members of this series are relatively 
unstable, their cold aqueous solutions slowly depositing molybdenum 
trioxide. To these substances Rosenheim (Z. anorg. Chem., 1893, 
4, 361; 1899, 21, 15) gave the configuration oe a 
accounting for their instability by the reasoning that “a compound 
which contains two strongly acidic MoO, residues with the oxalic 
acid residue cannot be very stable.”” It is much more probable, 
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however, that the additional molecule of trioxide forms the group 
MoO, and that the complex oxalate has the configuration 


This replacement of oxygen atoms by the group Mo0, is clearly 
seen in the co-ordination compounds 


Hi] As Mo, | Hl As Mtooy,| HL A® Atoo,)| 


The isolation of these two series of compounds might lead one to 
infer that the reaction between molybdenum trioxide and oxalic 
acid was invariably one of molecular addition. That this is not so, 
has been demonstrated by the present research. It has been shown 
that, when a saturated aqueous solution of molybdenum trioxide 
(1 mol.) in oxalic acid (2—3 mols.) is treated with suitable bases, a 
new series of oxyoxalates of sexavalent molybdenum can be obtained 
of the general formula R,[Mo0O,(C,0,).], where R = C,H,N, 
CipH oN, C.,H,3N,0,. These substances are of special interest, for, 
from the space diagrams, it can be seen that they may occur in three 
forms, two of which should be optical isomerides. 





trans-. cis- (active). 


After the preparation of the strychnine derivative, attempts were 
made to resolve it inte two optically active forms, but with no 
positive results. 

EXPERIMENTAL. 


Molybdenum Trioxide Solution.—Hydrated molybdenum trioxide 
(4 g. of MoO,,H,O) was heated with 60 c.c. of a solution of oxalic 
acid (14 g.) till dissolved. After filtration and cooling, water was 
added in quantity sufficient to keep the oxalic acid in solution. 
This solution (solution A) was prepared as required. 

For precipitation of double molybdenum oxyoxalates from 
solution A, it was necessary to find a base giving adoublemolybdenum 
oxyoxalate more insoluble than either the corresponding oxalate or 
oxalic acid. Owing to the inability to use alkali or alkaline-earth 
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salts, advantage was taken of the knowledge that some organic 
bases, notably pyridine and quinoline, form well-defined, stable, 
normally hydrated, complex salts with molybdenum compounds. 
Pyridine failed to give any precipitate with solution A in water or in 
95% water-alcohol. Quinoline and quinaldine, though possessing 
soluble oxalates, had relatively insoluble double oxalates, and later, 
during the investigation on the optical properties of this series of 
salts, strychnine and brucine were found to have similar properties. 
Amongst other bases investigated, no suitable example was dis- 
covered. 

Diquinolinium Molybdenum Dioxydioxalate.—To solution A, pure 
quinoline, in quantity insufficient to cause precipitation of all the 
molybdenum, was added slowly with constant stirring. The white, 
nearly insoluble, crystalline solid precipitated was dried in a 
vacuum over calcium chloride, after washing with cold water 
{Found: Mo, 17:1; C,Q,, 31-1; N, 5-0. (C,H,N).[MoO,(C,0,),] 
requires Mo, 17-0; C,O,, 31-2; N, 5-0%}. The substance was quite 
stable and could be recrystallised unchanged from water or from a 
concentrated solution of molybdenum trioxide in oxalic acid (Found : 
Mo, 17:0; C,O,4, 31-:1%). 

Quinaldinium Molybdenum Oxyoxalates.—Pure quinaldine (1— 
2 g.) was added slowly with constant stirring to solution A (40 c.c.). 
At first no precipitation occurred, but after some minutes’ standing, 
a small amount of an oil separated and slowly solidified. Agitation 
accelerated the rate of crystallisation. The product, after collection, 
was washed with cold water and dried over calcium chloride in a 
vacuum (Found : Mo, 23-8; C,0,, 22-9%; Mo: C,0, = 1-00 : 1-05). 
The solid was therefore a mixture, consisting probably of compounds 
with Mo : C,O, ratios of 1 : 1 (95%) and 1: 2 (5%). 

The precipitation from similar solutions of molybdenum trioxide 
in oxalic acid, of molybdenum oxalates with Mo : C,O, ratios of 1 : 2 
and 1 : 1 (impure) by quinoline and quinaldine respectively, indicated 
the existence of an equilibrium in the solution. The precipitation 
and stability of quinolinium molybdenum dioxydioxalate is evidently 
due to its insolubility, whilst the mixture of salts obtained with 
quinaldine indicated that two salts of similar solubility occur. 
To prepare these in a pure state, the effect of mass action was 





used. 
Quinaldinium Hydrogen Molybdenum Trioxymonoxalate.—The 


mixture of quinaldinium salts (4—5 g.) resulting from treatment of 
solution A with quinaldine was recrystallised twice from separate 
quantities (40 c.c.) of solution A. The white crystalline solid, which 
separated in excellent yield, was washed with cold water and dried 


over calcium chloride in a vacuum {Found : Mo, 24-2; C,O,, 22:3; 
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nie N, 3:5. (CygHj9N)H[MoO,,C,0,,H,O] requires Mo, 24:3; C,0,, 
rle, 22-3; N, 35%}. 

ds. The formation of this salt is in accordance with the lowering of the 
>in ionic concentration of quinaldine in the recrystallising medium. 
ing § In agreement with the above formula the salt shows acid reactions. 
ter, | The solubility is much higher than that of the quinolinium salt, and 
of | the temperature coefficient of solubility extremely high. 
ies. Diquinaldinium Molybdenum Trioxymonoxalate.—The above acid 
dis- quinaldinium salt (2-5 g.) in water (10 c.c.) was heated with excess 
quinaldine under reflux for 2 hours. The filtrate from undissolved 
ure | quinaldine was concentrated to a thick syrup over phosphoric oxide 
the [| in a vacuum till crystallisation commenced. Treatment with dry 
ite, acetone induced crystallisation, and the solid, after being washed with 
1 & § acetone, was dried over calcium chloride in a vacuum. Analysis of | 
iter | several samples showed that in each case mixtures of normal and 
aol acid salts were present, and a pure normal salt has not yet been 
nite | obtained. 









































m a Diquinaldinium Molybdenum Dioxydioxalate—For preparation 
nd: | of this salt it is necessary to increase the ionic concentrations of 

quinaldinium oxalate relative to the molybdenum concentration. 
1— ]| To a solution of quinaldine (4 g.) and oxalic acid (6 g.) in water 


€.). | (3 ¢.c.), solution A (20 c.c.) was added slowly with rapid stirring. , 
ing, | The white solid, which separated slowly in granular crystals quite 
tion § distinct from the flakes of the acid salt, was washed with cold water 
ion, § and dried in a vacuum over calcium chloride {Found : Mo, 15-8; 
ina § 0,0,, 28:8; N, 4:6. (C,H, N).[Mo0,(C,0,),.JH,O requires Mo, 

05). ff 157; C,O,, 28-8; N, 46%}. 

nds The extra molecule of water was quite loosely held and was re- 

moved by drying over phosphoric oxide in a vacuum for 24 hours 

xide | {Found : Mo, 16-1%. Mo:C,0,:N = 1-00: 1-99: 2-00. 





1:2 (CypHypN)o[MoO,(C,0,)o] 
ated #f requires Mo, 16-2%}. | 
tion To verify further the equilibrium existing between solutions of the 


ntly § two quinaldinium molybdenum oxyoxalates, a pure sample of di- 
with quinaldinium molybdenum dioxydioxalate was converted to 
cur. @ quinaldinium hydrogen molybdenum trioxymonoxalate by a double 
was @ recrystallisation from solution A (Found: Mo, 24:3; C,O,, 22-4. 
Cale. : Mo, 24:3; C,O,, 22-3%). 
The Distrychnine Molybdenum Dioxydioxalate—Strychnine oxalate 
it of B solution (strychnine, 7 g.; oxalic acid, 4 g.; water, 100 c.c.) was 
irate slowly added to molybdenum trioxide solution (50 c.c.) containing | 
hich hydrated molybdenum trioxide (5 g.) and oxalic acid (10 g.). The 
Iried resulting white precipitate, which at first was somewhat viscid, 
123; changed to a granular condition on digestion with hot water. It 
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was washed with cold water, and dried in a vacuum over calcium 

chloride {Found : Mo, 9-8; C,O,, 18-0; N, 5-7. 
(CyyH»30,N.)9{[Mo00,(C,0,)e] 

requires Mo, 9-8; C,O,, 18-1; N, 58%}. The substance was quite 

stable and could be recrystallised unchanged from water or 

solution A. 

Brucine Molybdenum Oxyoxalates—Brucine molybdenum oxy- 
oxalates, prepared either by the addition of a deficiency of brucine 
oxalate to solution A or by addition of a deficiency of solution A to 
brucine oxalate solution, appear to be mixtures of two or more of 
the four possible compounds. 

Analytical Methods—Molybdenum was estimated by direct 
ignition to the trioxide at 350°, and nitrogen by the method of 
Dumas. With quinolinium and quinaldinium salts, oxalate was 
estimated by titration with standard potassium permanganate after 
removal of the organic base by steam distillation from alkaline 
solution. With strychnine and brucine derivatives the following 
method was used. A solution of the salt (0-5 g.) was treated with 
ammonia solution (d 0-880 ; 25 c.c.) ; after filtration from precipitated 
organic base, excess of calcium chloride was added, and the pre- 
cipitated calcium oxalate was washed, and titrated with standard 
potassium permanganate. 

General Properties—The complex oxalates investigated were all 
colourless crystalline substances. The examples prepared were 
necessarily fairly insoluble in water, but were soluble in concentrated 
hydrochloric acid. By the action of hydrogen sulphide on aqueous 
solutions or suspensions of the oxalates, molybdenum trisulphide 
was formed. 

Molecular-conductivity Determinations.—Investigation of the con- 
stitution of solutions of the complex oxalates was made by means of 
conductivity determinations. Owing to their insolubility, it was 
necessary to measure the conductivity with high accuracy, and a 
modified conductivity bridge was used (Angell, Drew, and Wardlaw, 
J., 1930, 367). The values of » obtained at 18° are shown below : 

v= 1555. 2043. 2217. 2682. 2772. 
(A) (C,,H,).N)H[MoO,(C,0,)H,O] ... 299-4 318-4 
(B) (CyHgN) (MoO, (C,0,)o] «-.--2000++- 389-7 403-7 
(C) (CyoHioN al MoO0,(C,0,)] -2.0000- 407-0 
The values obtained for salt (A) compare well with those given by 
Rosenheim (Z. anorg. Chem., 1896, 11, 225) for other salts of the 
type RH[MoO,(C,0,)H,O]. Similar values are recorded for acid 
salts of certain dibasic acids. Hydrolysis does not occur to any 
great extent, since the oxalic acid liberated by such a process would 
greatly increase the molecular conductivity. 
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With salts (B) and (C) the higher conductivities obtained are in 
accordance with the hydrolysis of the complex acid into oxalic acid 
and the monoxalate : 


R,[MoO,(C,0,)s] + 2H,O == R,[Mo0,(C,0,)H,0] + H,C,0,. 


The authors wish to express their thanks to the Department of 
Scientific and Industrial Research for the award of a grant to one 
of them (H. M. 8.). 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Reeeived, May 11th, 1931.] 


CCOXXXVII.—The Ternary System Zinc Oxide—Nitric 
Acid—Water. 


By Henry Grorce DEenHAM and Davip ANDREW DICK. 


ALTHOUGH at least sixteen basic nitrates of zinc have been described 
(Mellor, ‘‘ Treatise on Inorganic and Theoretical Chemistry,” Vol. 
IV, pp. 654 et seq.), the methods adopted by the various workers 
have generally been such as to render it highly improbable that 
the conditions were likely to lead to the separation of a solid in 
stable equilibrium with the solution. The systematic application 
of the phase rule to ternary systems—basic oxides, acid, water— 
has generally proved conclusively that many of the reported basic 
compounds of the metals are merely mixtures, the presence of 
mother-liquor or incipient decomposition of the solid through 
injudicious washing causing an analytical result which was likely 
to lead to a fallacious conclusion. It was therefore decided to 
make such a study of the above system at 25° and 50° in order to 
fix the identity of the basic nitrates which were capable of existence 
in stable equilibrium with the solutions chosen. The graphical 
method of representation used is the equilateral triangular diagram 
originally suggested by Gibbs. The composition of the solid phases 
was found by Schreinemakers’s “residue” method (Z. physikal. 
Chem., 1898, 11, 76). 


EXPERIMENTAL. 


The method of estimating the zinc was as described by Holland 
(J., 1930, 643) except that, in order to prevent reaction of nitric 
acid with the diphenylbenzidine indicator, it was found advis- 
able to expel the acid by evaporation with sulphuric acid as 
subsequently described. Nitric acid was determined by the Kjel- 
dahl method, reduction to ammonia being effected by powdered 
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Devarda’s alloy in the presence of an excess of nitrogen-free sodium 
hydroxide. All solutions were standardised in triplicate and 
repeatedly checked throughout the work. Chemicals of A.R. 
quality were used, and all volumetric apparatus standardised before 
use. 

Complexes were never made up from zinc nitrate, but always 
from zinc oxide, nitric acid, and water. A stock of solution of nitric 








Fie. 1. 
ZnO. 
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25° ISOTHERM: 
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N,0,, %. 


acid neutralised with zinc oxide of known concentration was first 
prepared and a definite volume of this solution together with a 
calculated quantity of zinc oxide and water was used to make up 
a series of well-spread complexes containing convenient quantities 
of wet solid. Each complex was calculated to give 10—15 g. of 
wet solid and 20—30 c.c. of solution. Care had to be exercised to 
prevent the formation of lumps during the mixing. In some cases 
cautious sprinkling of the oxide into the solution sufficed, but in 
the dilute solutions it was generally found advisable to add 4 
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thoroughly incorporated thin paste of oxide and water to the 
nitrate solution. Occasionally it was found necessary to warm the 
mixture and after vigorous shaking to decant the milky liquid with 
its fine precipitate of oxy-nitrates into another bottle which was 
then cooled and sealed. The bottles containing the complexes 
were then shaken in a thermostat at 25° or 50° for 3 days. That 
the contents had reached a state of real and not apparent equi- 
librium was proved by the agreement obtained between complexes 
prepared at atmospheric temperature and in boiling solution and 
then shaken for another day at the final temperature, also by the 
agreement given in tests run for 3 and for 5 days. The solutions 
were then filtered in a small filtering apparatus immersed in the 
thermostat, a convenient quantity of the filtered solution delivered 
into a weighing bottle, and used for the density determination and 
for analysis. The residual solid still containing roughly twice as 
much solution as solid was similarly treated. Generally about 
10 g. of the wet solid were weighed out, dissolved in a little sulphuric 
acid, and diluted to 250 c.c. Of this, 25 or 50 c.c. were taken 
according to concentration, and used in the estimation of nitrate; 
a similar quantity was placed in an evaporating dish with 5--10 c.c; 
of concentrated sulphuric acid, and the nitric acid expelled by 
heating in an air-bath, so constructed that the heat was radiated 
on to the solution from above. The nitrate-free solution was then 
diluted to 200 c.c. and a convenient portion taken for the zinc 
titration. From the weights of zinc and nitrogen thus found by 
analysis in a known weight of residue or of solution, their percentage 
composition was readily calculated. 


Solution. Residue. 
No. D. N,O,. ZnO. H,0. N,0,;. ZnO. H,0. 
Data at 25°. 

] 1-015 1-0 0:8 98-2 5:3 21-0 73-7 

2 1-047 3°2 2-5 94-3 6-2 25-2 68-6 

3 1-094 5:7 4-6 89-7 9-0 25-0 66-0 

4 1-218 12-7 9-7 77°6 13-6 28-4 58-0 x 
5 1-302 16-9 12-7 70-4 16-7 31-4 51-9 

6 1-380 20-3 15-5 64-2 17-6 42-3 40:1 

Ff 1-438 22-5 17-2 60-3 21-2 30-5 48°3 

8 1-545 26-5 20-4 53-1 23-9 34-8 41-3 

9 1-585 27-9 21-5 50-6 24-9 41-2 33-9 X,Y 
10 1-615 28-9 22-0 49-1 30-5 31-1 38-4 

1] 1-657 30-6 22-0 46-5 31-0 27-2 41-8; Y 
12 1-680 31-2 23-3 45:5 31-7 29-2 39-1 

13 1-695 31-8 23-5 44-7 36-5 28-0 35°56 Y,Z 
14 1-674 33-5 22-0 44-5 35-0 24-0 410 Z 
14 1-679 39-6 20-2 40-2 38:7 

15 1-736 42-7 21-4 36:1 40-6 

16 1-737 42-6 21-4 36-0 40-4 

17 1-737 42-6 21-3 36-1 42-2 

1-695 45-6 18-6 35:8 44-0 

























Solution. 
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Residue. 










No. N,O,. ZnO. H,O. N,0;. ZnO, 4H,O. 
Data at 50°. 
] 1-022 1-6 1-4 97-0 6-2 24-0 69-8 
2 1-116 7-5 5-9 86-6 10-6 32-1 57-3 
3 1-401 21-6 16-9 61-5 20-0 34-1 45:97 X 
4 1-476 24-7 19-0 56:3 22-3 35-0 42.7| 
5 1-503 25-6 19-9 54-5 23-7 30-1 46-2 
6 1-544 26°7 20-8 52-5 27-8 31-0 41-2 X,Y 
7 1-571 27-4 21-3 51-3 29-2 30-0 40-8 
8 1-613 29-5 22-6 47-9 30-8 31-0 38-2 
9 1-660 31-1 23-8 45-1 31-6 31-7 36-7 Y 
10 1-750 34-4 26-4 39-2 34-5 30-0 35°5 
11 1-793 36-0 27-2 36-8 35-5 31-4 33°1 
12 1-941 40-8 30-9 28-3 39-0 35-5 25-5 
Fie. 2. 
ZnO. 
20 





50° ISOTHERM 





20 40 60 80 
N,0;, %- 

From the points of intersection of the tie-lines in the diagrams 
the composition and hence the formula of the solids may be 
inferred. In both diagrams X = Zn(NO,),.,5Zn0,3H,O and Y = 
Zn(NO3;).,Zn0,3H,O. These are the only basic nitrates of which 
any indication has been given by the experiments carried out under 
the conditions specified. ‘The diagrams for both temperatures bear 
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a strong resemblance to each other, the only difference being that 
the area Ybe for the higher temperature is considerably enlarged, 
indicating that Zn(NO,),.,ZnO,3H,O may exist at 50° in stable 
equilibrium with solutions considerably stronger in zinc nitrate 
than is the case at 25°. The above basic nitrates have already 
been described, the pentoxy-nitrate by Ordway (Amer. J. Scet., 
1859, 32, 14) and Bettels (Mitt. Laborat. von Hilger, 1874, 11), 
and the monoxynitrate by Wells (Amer. Chem. J., 1887, 9, 304). 
At 25° definite evidence was obtained concerning the existence 
of a hexahydrate [Z = Zn(NO,).,6H,O], colourless four-sided prisms, 
and of a tetrahydrate [V = Zn(NO,),,4H,O], thin rhomboidal crys- 
tals. The tetrahydrate was described by Wasilieff (J. Russ. Phys. 
Chem. Soc., 1909, 41, 744), and the hexahydrate by Graham (Phil. 
Trans., 1837, 127, 47) and Millon (Compt. rend., 1842, 14, 905), 
and their results were confirmed by Mylius and Funk’s solubility 
measurements of zinc nitrate (Z. anorg. Chem., 1897, 30, 1718). 


Summary. 

1. The composition of the solid phases in equilibrium with solu- 
tions in the three-component systems ZnO-HNO,—-H,0 has been 
studied at 25° and 50° by the “ residue ’’ method of Schreinemakers. 

2. Definite evidence of two basic nitrates only was obtained in 
the range of solution studied, viz., Zn(NO,;),,5ZnO,3H,O and 
Zn(NO,),,Zn0,3H,0. 

3. The existence of a normal hexahydrate and tetrahydrate has 
been confirmed. 


CANTERBURY COLLEGE, NEw ZEALAND. (Received, June 8th, 1931.] 





CCXXXVIII.—The Ternary System Lead Oxide- 
Nitrogen Pentoxide-Water. 


By Henry Grorce DenHaM and JoHN OxLey Kuipson. 


As in the case of many other heavy metals, numerous basic nitrates 
of lead have been described in the literature; Mellor (“‘ Treatise on 
Inorganic and Theoretical Chemistry,” Vol. VII, p. 867) reports the 
methods of preparation and properties of the following : 


6PbO,N,O;,H,0 ; 4PbO0,N,0;,xH,0 ; 3PbO,N,0,,3H,0 ; 
2PbO,N,0;,H,O; 10PbO,3N,0,,4(or 5)H,O; 10Pb0,3N,0,,H,0; 
3PbO,N,0,,H,O; 2PbO,N,0;,24H,O; 5PbO,N,0;; 3PbO,N,0;; 
3PbO,2N,0;. 

None of the above compounds has been prepared according to 


phase-rule principles, and many of these probably represent merely 
3M 
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mixtures of variable ratios of the components. Attempts to free the 
basic compourd from adhering mother-liquor by washing, to elimin- 
ate water by drying in a water-bath, etc., have so often led to falla- 
cious conclusions concerning the identity of basic salts that a system- 
atic investigation of the three-component system lead oxide- 
nitrogen pentoxide—water at 25° and 50° was undertaken. The 
compositions of the solid phases were found by the “ residue ” method 
of Schreinemakers (Z. physikal. Chem., 1893, 11, 76), and Gibbs’s 
triangular method was used in plotting results. 


EXPERIMENTAL. 


In the estimation of the lead, the solution was first neutralised with 
sodium hydroxide and then faintly acidified with acetic acid. The 
precipitation of lead chromate was then effected according to stan- 
dard procedure. In the analysis of wet solids, solution was first 
effected in nitric acid and the above method subsequently followed. 
The nitric acid content was determined as in the preceding paper. 
Owing, however, to the precipitation of the lead in a very spongy 
form by Devarda’s alloy, low results were at first obtained in blank 
tests. In order to overcome this the following procedure was 
adopted. The solution of lead salt was run into an excess of satur- 
ated sodium sulphate solution. Immediate coagulation of the lead 
sulphate ensued and the volume was then brought up to 200 c.c. by 
addition of water. Rapid settling took place. The supernatant 
clear liquid was decanted into a distilling flask, the precipitate 
washed with another 200 c.c. of water, and the filtrate added to the 
flask. The nitrate reduction then proceeded smoothly and quantit- 
atively. 

In making up complexes on the acid side of the graph, in many 
cases a saturated solution of lead nitrate was prepared at a temper- 
ature lying 40—50° above the final temperature of the experiment. 
To this hot solution sufficient nitric acid was added to bring the 
concentration approximately to the desired point. The bottle 
containing the complex was then sealed off, placed in the thermostat 
at 25° or 50°, and the shaker started. In other cases, a solution 
saturated with lead nitrate at the temperature of the thermostat was 
used, the necessary amount of nitric acid being then added to give 
the desired concentration. In such experiments the bottles were 
shaken for several days longer than usual. In all cases the solid- 
solution tie-lines intersected at the same point, irrespective of the 
method used in the preparation of the complex. Basic complexes 
were prepared from lead nitrate solution, saturated at a slightly 
higher temperature, to which freshly precipitated lead hydroxide had 
been added. The duration of the shaking varied from 3 days for the 
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described in the preceding paper. 


nitrogen found by analysis in a known weight of solution or of 
residue, the solution density (D) and percentage composition were 


calculated. 
No D. 
1 1-022 
2 1-134 
3 1-223 
4 1-287 
5 1-433 
6 1-452 
7 1-408 
8 1-387 
9 1-328 
10 1-257 
11 1-194 
12 1-192 
13 1-236 
14 1-243 
15 1-290 
1 1-022 
2 1-059 
3 1-117 
4 1-133 
5 1-229 
6 1-322 
7 1-436 
8 1-480 
9 1-562 
10 1-590 
ll 1-511 
12 1-443 
13 1-420 
14 1-357 
15 1-323 
16 1-279 
17 1-258 
18 1-234 
19 1-221 
20 1-211 
21 1-233 
22 1-244 
23 1-261 
24 1-308 


Solution. 


N,0,. 


PbO. 


2-09 
9-77 
15-03 
18-39 
25-70 
26-38 
23-61 
22-61 
18-88 
14-09 
8-16 
7-40 
1-59 
1-38 
0-49 


2-69 
5-28 
8-99 
10-27 
15-81 
20-47 
25-45 
27°16 
29-92 
31-00 
26-05 
24-72 
23-42 
19-77 
17-69 
15-64 
12-79 
10-08 
7-93 
4:27 
2-41 
1-74 
0-51 
0-04 


H,0. 


Data at 25°. 


96-20 
85-56 
77-29 
72-81 
62-10 
61-35 
64-85 
65-69 
69-29 
73°85 
77-54 
78-00 
67-82 
67-92 
59-46 


Data at 


96-71 
92-71 
86-62 
85-01 
76-95 
69-98 
62-95 
60-57 
56-13 
54-53 
59-73 
61-09 
62-25 
66-01 
67-51 
69-28 
71-13 
72-00 
72-89 
71-98 
67-64 
65-94 
63-58 
54-63 
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more concentrated solutions to a fortnight for the dilute solutions. 
The method of obtaining samples for analysis was substantially as 


From the weights of lead and 


50°. 


N,O;. 


15-64 


15:77 © 


15-39 
15-98 
16-63 
23-06 
26-93 
24-45 
28°77 
27-00 
27°32 
28-84 
32-25 
32-06 
35-56 


15-50 
16-00 
17-00 
15-67 
16-10 
17-22 
16-53 
17-10 
17-21 
23-00 
28-84 
29-20 
30-10 
29-52 
29°35 
29-97 
27-73 
30-09 
29-00 
28-92 
31-07 
32-04 
33-35 
37-69 


Residue. 
Solid 
PbO. 4H,0. phase 
65-64 18-72 A 
63-98 10:25 A 
60-71 23:90 A 
62-98 21:04 A 
61-35 22:02 A 
67-63 931 A,B 
58°31 14-76 B 
52-90 22-65 B 
59-74 11-49 B 
55-50 17-50 B 
51-91 20-77 B 
56-60 14:56 B 
56-74 11-01 B 
25-26 42-68 B 
40-73 23:71 B 
64-64 29°86 A 
64-00 20:00 A 
67°47 15°53 A 
62-56 21-77 A 
63-27 20:63 A 
72-15 10:63 A 
65-67 17-80 A 
64-60 18:30 <A 
63-43 19-36 <A 
66-23 10-77 A,B 
61-10 10:06 B 
60°83 9-97 B 
63-40 650 B 
59-28 11-20 B 
61-20 945 B 
62-13 790 B 
53°35 18-92 B 
62-00 7-91 B 
54°94 16:06 B 
44:04 27:04 B 
44°81 24:12 B 
51-30 16-66 B 
46-16 20-49 B 
39-00 23:31 B 


The only solid phases which the graph indicates as capable of 
existence in stable equilibrium in the system at 25° and 50° are 
therefore Phase A (2PbO,N,0,,24H,O) and Phase B, Pb(NO,),. 


The basic nitrate has been described by Senderens (Bull. Soc. chim., 
1894, 11, 426; 1896, 15, 214), who obtained it in the form of mono- 
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clinic needles by acting on a solution of lead nitrate with lead. 
Though it is possible that a temperature nearer the boiling point of 
the solution might lead to the appearance of another basic nitrate, 
the methods of preparation used by other workers do not suggest 
that the solids separated are likely to have been definite chemical 
compounds. This point will, however, be further tested. No 
evidence of the existence of a hydrated form of lead nitrate is to be 


Fie. 1. 





60 
N,O;, %- 


obtained from the graph, in agreement with the fact that no record 
in the literature of any such hydrate is to be found. The specific 
gravity-N,O; graphs for the solutions show a well-defined break at 
the point of transition of the basic nitrate into the normal salt 
(Figs. 3 and 4). 


Summary. 
1. The composition of the solid phases in equilibrium with solu- 


tions in the system PbO-N,O,—H,0 has been determined at 25° and 
50°, the “ residue ” method of Schreinemakers being used. 
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2. The only basic nitrate at these temperatures is 
2Pb0,N,0;,24H,0. 
3. No evidence of the existence of a hydrate of the normal nitrate 
at these temperatures has been obtained. 


CANTERBURY UNIVERSITY COLLEGE, 
CHRISTCHURCH, NEw ZEALAND. [Received, June 8th, 1931.] 





CCXXXIX.—Muconic and Hydromuconic Acids. 
Part V. Ester-addition to Ethyl Muconate. 


By Ernest HAROLD FARMER and THAKORBHAI NARANJI 
MEBRTA. 


Ir was previously found (Farmer, J., 1922, 121, 2015; 1923, 123, 
3324) that when alcoholic ethyl sodiomalonate or ethyl sodio- 
cyanoacetate was heated with ethyl muconate a complex mixture of 
unidentifiable cyclised products was obtained; when, on the other 
hand, the reactants were kept for several days at room temperature 
in an ethereal medium (or in an ethereal medium containing only 
a very small proportion of alcohol) addition took place without the 
occurrence of serious cyclisation. Under the latter conditions, 
however, the addition product had suffered double-bond displace- 
ment and a considerable proportion thereof consisted of the substance 
(II) * instead of the normal «$-addition product (I). It was pointed 
out that equilibration of the three forms (I), (III), and (IIL) had 


EtO,C*CH:CH-CHX:CH,CO,Et  EtO,C-CH,-CH,*CX!CH-CO,Et 


(I.) (II.) 
EtO,C-CH,CH:CX-CH,CO,Et Et0,C-CH,-CHX-CHX-CH,*CO,Et 
(III.) (IV.) 


X = CH(CO,Et), or CH(CN)-CO,Et 


doubtless taken place (I —= III == II), but no direct evidence of 
the presence of (I) and (III) was obtained. 

Recently, owing to the very numerous ester-additions successfully 
carried out under “ catalytic” conditions, i.e., with the employ- 


ment of only a small proportion of sodium ethoxide (1/6 to 1/10 mol.), 
it has seemed advisable to re-investigate the addition in order to 
discover if the normal «$-addition product (I) is not indeed obtainable 
and to prepare, if possible, the double-addition product (IV), which 
has interesting synthetic applications, 





* Since this substance is an af-substituted glutaconic ester, it doubtless 
existed alongside and in equilibrium with its A8-(glutaconic) isomeride. 
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By employing as condensing agent a fractional molecular pro- 
portion of sodium dissolved in the minimal quantity of alcohol, the 
cyclising tendency was entirely checked. The product from ethyl 
muconate and ethyl malonate was the normal addition product (I), 
since from both of its fission products (obtained by the action of 
either neutral permanganate or ozone) good yields of oxalic and 
tricarballylic acids were obtained. The addition product was, 
however, not quite free from one or both of the compounds (II) and 
(III), since its ozone fission product gave a colour with ferric chloride ; 
nevertheless no appreciable amount of either of these was present, 
since none of the §-keto-esters EtO,C*CH,-CO-CH(CO,Et),, 
Et0O,C-CH,°CH,°CO-CH(CO,Et),, and EtO,C-CH,°CH,*CO-CH,°CO,Et 
or their derivatives proved to be isolable. 

The normal addition product was easily obtained in good yield, 
but it could not be induced to combine with a second molecule of the 
ester-addendum under “ catalytic ’”’ conditions. 


EXPERIMENTAL, 


Addition of Ethyl Malonate to Ethyl Muconate——Ethyl malonate 
(16 g.) was added to a solution of sodium (0-375 g.) in absolute 
alcohol (5 c.c.), and the product diluted with dry ether (150 o.c.). 
Ethyl muconate was then introduced, and the whole refluxed for 5 
hours on a water-bath. After cooling, a solution of acetic acid 
(1 g.) in water (10 c.c.) was added with rapid shaking. The ethereal 
liquor was thoroughly washed with sodium carbonate solution and 
with water, dried, and distilled. It yielded ethyl A+-butene-a3-di- 
carboxylate-y-malonate as a colourless oil which on redistillation 
boiled at 175—180°/2 mm. (Found: C, 56-9; H, 7:2. C,,H,,0, 
requires C, 57-0; H, 7-2%). Yield, 70%. The constitution of this 
addition product, which contained a trace of an isomeric ester, 
followed from the nature of its degradation products (below). 

Ozonolysis of the Addition Product.—This was carried out by sub- 
mitting a chloroform solution of the addition product (10 g.) to a 
stream of ozonised oxygen until ozone was no longer absorbed. 
On removal of the solvent from the product a viscous colourless 
ozonide remained which was not easily decomposed by water except 
on boiling. The aqueous decomposition product gave a deep colour 
with ferric chloride, indicating that to some extent double-bond 
displacement to the By- or «8-position (yielding ethyl A* * &-butene- 
«$-dicarboxylate-8-malonate) had taken place. The amount of 
such displacement was, however, very small, since on complete 
oxidation of the aldehydic material in the ozonolysis product to the 
carboxylic acid stage by keeping it for 2 days with perhydrol (30 c.c.) 
(i.e., until it no longer gave a colour with Schiff’s reagent), no neutral 
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material—and consequently no appreciable quantity of either of the 
ketonic esters which should be formed from the respective A+- or 
A8.form of the addition product—remained. This was ascertained 
by making the oxidation liquor alkaline with sodium carbonate 
and extracting it with ether. The dissolved acidic esters were 
hydrolysed by heating with alkali and then decarboxylated by re- 
fluxing with 25% hydrochloric acid for 20 hours. By extraction with 
ether first of the acid liquor, and then of the residue left on evapor- 
ation of the latter to dryness, a mixture of acids was obtained from 
which oxalic acid was removed as calcium oxalate. The residual 
acid after regeneration from the mother-liquor was found to be 
crude tricarballylic acid. This was most conveniently purified by 
converting it into the lead salt and regenerating the acid therefrom 
with hydrogen sulphide. The tricarballylic acid thus obtained in 
good yield melted at 160° [mixed m. p., 160°; M (tribasic), 175-5). 
The residues were acidified and re-extracted, but no trace of another 
acid was obtained. ; 

Oxidation of the Addition Product with Permanganate.—To the 
addition product (9-7 g.), dissolved in acetone and cooled to 0°, 3% 
permanganate solution (containing excess of magnesium sulphate) 
was gradually added with mechanical stirring. Reduction of 
permanganate was very rapid until the equivalent of 4 atoms of 
oxygen per molecule of the addition product (i.e., 500 c.c.) had been 
added. At this stage reduction ceased and the product was freed 
from manganese mud in the usual way. The aqueous liquor was 
evaporated to dryness, and the residue acidified and extracted with 
ether. The oil so obtained was hydrolysed with alkali, and after- 
wards decarboxylated by boiling with 25%, hydrochloric acid for 
24 hours. The acid liquor was evaporated to dryness, and the 
residue extracted thoroughly with acetone. A viscous liquid was 
obtained which soon solidified ; this was a mixture of oxalic and tri- 
earballylic acids, from which the individual acids were economically 
separated in fairly good yield by the method described above. 


The authors desire to thank the Chemical Society for a grant to 
one of them (T. N. M.) which has defrayed a considerable portion of 
the cost of this investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, June 10th, 1931.] 
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CCXL.—Cyclic Esters of Sulphuric Acid. Part I. 
The Reactions of Methylene Sulphate. 


By Witson BAKER. 


THE methods available for the methylenation of aromatic o-di- 
hydroxy-compounds to the methylenedioxy-compounds are unsatis- 
factory. The reaction has invariably been carried out by the 
action of dihalogenomethanes on the alkali salts of catechol and 
derivatives. The so-called methylene sulphate is here shown to 
be a satisfactory agent for the methylenation of o-dihydric phenols, 
monohydric phenols, alcohols, and glycols. 


Methylene sulphate, to which the formula CH,<?>80, has been 


ascribed, was first prepared by Delépine (Compt. rend., 1899, 129, 
831; Bull. Soc. chim., 1899, 21, 1055) by the action of paraform- 
aldehyde on fuming sulphuric acid. He described it as a colourless 
crystalline solid, m. p. about 155° (decomp.), which was hydrolysed 
to formaldehyde and sulphuric acid by heating with water or 
aqueous alkaline solutions and gave acetals of formaldehyde, 
CH,(OR),, when heated with alcohols. Methylene sulphate figures 
incidentally in certain patents for the preparation of aromatic 
hydroxy-aldehydes (Eng. Pats. 160765, 157850, 161679, 164715), and 
Delaby (Bull. Soc. chim., 1926, 39, 1612) has prepared the methylene 
ether of thymol, (C,9H,,;0),CH,, by the interaction of sodium 
thymoxide and methylene sulphate in acetone solution. This 
author refers to a thesis by Darrigarde (Paris, 1912) in which certain 
methylene ethers are prepared by means of methylene sulphate, but 
the work has apparently not been published. 

Methylene sulphate has now been prepared by a modification 
of the methods described by Delépine and Delaby in a yield of 
over 60%. It is completely stable, can be kept indefinitely, and 
can be used in much the same way as methyl sulphate. The 
reactions of this compound may be summarised as follows. 

Reaction with o-Dihydric Phenols.—Catechol reacts readily with 
methylene sulphate in 50° acetone solution in presence of sodium 
hydroxide to give catechol methylene ether (methylenedioxy- 
benzene) (I), which thus becomes a readily accessible substance. 
Protocatechuic aldehyde in dilute alcoholic solution similarly gives 
piperonal, but the yield in this case is not so satisfactory. It was 
not found possible to effect the methylenation of protocatechuic 





acid. 
Reaction with Monohydric Phenols—Monohydric phenols react 


with methylene sulphate under specific conditions to give ethers of 
3M2 
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the type PhO-CH,‘OPh. The methylene ethers of phenol, o-, m-, 
and p-cresols, and o-, m-, and p-nitrophenols are prepared by heating 
with methylene sulphate and anhydrous potassium carbonate in 
benzene. The methylene ethers of guaiacol, and p-methoxyphenol 
are best prepared by the action of methylene sulphate and sodium 
hydroxide in dilute acetone. The methylene ethers of phenol 
and the cresols have previously been prepared from the sodium 
phenoxides and dihalogenomethanes (Henry, Ann. Chim. Phys., 
1883, 30, 269; Arnhold, Annalen, 1887, 240,201; Bently, Haworth, 
and Perkin, J., 1896, 69, 166; Bischoff and Fréhlich, Ber., 1907, 40, 
2789). »-Acetamidophenol yields its methylene ether when warmed 
with methylene sulphate in dilute sodium hydroxide solution. 
Hydrolysis of the acetyl groups by boiling with dilute alcoholic 
sodium hydroxide yields di-p-aminophenyl methylene ether, 
NH,‘C,H,°0-CH,°0-C,H,-NH,; acid hydrolysis causes partial 
demethylenation. 

Reaction with Alcohols.—This yields acetals, CH,(OR), (Delépine, 


loc. cit.). 
O-CH, 
0 Me,S—OW oy 
(I.) (CHa >CHe Me,0—O7 2 
(II.) (III.) 


Reaction with Glycols—Ethylene and trimethylene glycols, when 
distilled with water and methylene sulphate, readily yield the volatile 
methylene ethers (II; »=2 and 3), and pinacol yields (III). 
Compounds (II) are totally miscible with water, but (III), which has 
a strong camphoraceous odour, is only very sparingly soluble. 

Reaction with Saligenin.—A case of the methylenation of a 
phenolic alcohol is afforded by saligenin (o-hydroxybenzyl alcohol). 
This substance reacts with methylene sulphate in a dilute aqueous 
(or, better, aqueous acetone) solution of sodium hydroxide, or with 
potassium carbonate in benzene to give 1 : 3-benzdioxin (IV).* A 
derivative of 1 : 3-benzdioxin appears to have been first made by 
Borsche and Berkhout (Annalen, 1903, 330, 91), who prepared the 
6-nitro-derivative (5-nitrosaligenin methylene ether) by acting upon 
p-nitrophenol with formaldehyde in presence of sulphuric acid. 
Highly halogenated derivatives of homologues have been prepared 
in the same manner by Chattaway and co-workers by the action of 
halogen derivatives of acetaldehyde on p-substituted phenols (J., 
1926, 2720; 1927, 685, 2013; 1928, 1088, 2913, 3241). A second 

* (Note added in proof) The author’s attention has been directed toa 
paper by Chattaway and Calvet y Prats (Anal. Fis. Quim., 1928, 26, 417) in 


which they describe the preparation of 1 : 3-benzdioxin (b. p. 21 1-212°/758 mm.) 
from 6-nitro-1 : 3-benzdioxin (Borsche and Berkhout, loc. cit.). 
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non-phenolic product can be isolated from the interaction of saligenin 
and methylene sulphate, and has proved to be di-(o-hydroxymethyl- 
phenoxy)methane (V). 


ee CH,— 
(IV.) ie H,OH HO-CH 
H, 


The constitution of methylene sulphate will be considered in a 
later communication, but it may be stated that evidence is available 


to show that it does not possess the simple formula CH,<P>80, 
as has previously been supposed. 


EXPERIMENTAL. 


Methylene Sulphate (compare Delépine and Delaby, locc. cit.).—To 
stirred molten fuming sulphuric acid containing 50% of sulphur 
trioxide (500 g.), finely powdered paraformaldehyde (100 g.) is added, 
the temperature being kept between 60° and 70° (2 hours). After 
12 hours the pasty product is drained on a sintered glass filter 
and, air having been sucked through it for a short time, dropped in 
portions into a stirred mixture of water and ice. The methylene 
sulphate is collected, washed with cold water till almost neutral, 
and dried in the air and finally in a vacuum over calcium chloride ; 
it now consists of small colourless crystals (228 g.), m. p. 155° 
(partial decomp. ; rapidly heated : much lower when slowly heated). 
Washing the product with alcohol and ether as recommended by 
Delépine is only necessary for purposes of analysis [Found: C, 
11-0; H, 1-9; S, as H,SO, by hydrolysis with water for 1 hour on 
the water-bath, 29-2. Calc. for (CH,SO,),: C, 10-9; H, 1-8; 8, 
29-1%]. Methylene sulphate in small quantities may be crystallised 
from acetone, paracetaldehyde, methylal, glycol methylene ether, 
and dioxan; the hot solutions are not very stable. 

Catechol Methylene Ether—The methylenation of catechol in 
benzene containing potassium carbonate, or of its disodium salt 
in acetone, gave very poor results. 

To a mixture of catechol (80 g.) in acetone (300 c.c.) and sodium 
hydroxide (80 g.) in water (300 c.c.), air being excluded by a current 
of coal gas, methylene sulphate (80 g.) was added in portions with 
vigorous stirring, so that the temperature kept at about 45°. 
After 1 hour’s stirring, water was added, acetone and catechol methy]- 
ene ether were distilled in steam, and the latter was extracted with 
ether; it was obtained as a colourless oil (22 g.), b. p. 170—175°, 
mainly at 173—174°/756 mm. 











1768 BAKER: CYCLIC ESTERS OF SULPHURIC ACID. 


































ether; m. p. 37° after crystallisation from ligroin. 


16 mm., m. p. 30°. 


9-7. Cy3H,0O,N, requires N, 9-7%). 


m. p. 147° (Found : N, 9-5%). 





aqueous-alcoholic sodium hydroxide. 





PART I. 


Piperonal.—Protocatechuic aldehyde (1-4 g.) in alcohol (10 c.c.) 
was treated with potassium hydroxide (4-9 g.) in water (10 c.c.) and 
methylene sulphate (4-4 g.), and warmed till a vigorous reaction set 
in. After further heating on the water-bath for 5 minutes, cooling, 
and dilution with water, crude piperonal (0-15 g.) was extracted with 


Methylene Ethers of Phenol, o-, m-, and p-Cresols—The methylen- 
ation in aqueous alkaline solutions gave unsatisfactory results. 
the phenolic compound (21-6 g.) in benzene (100 c.c.) were added, 
with shaking, potassium carbonate (40 g.) and methylene sulphate 
(12-1 g.). The mixture was rapidly heated and shaken till the 
evolution of carbon dioxide almost ceased, then heated on the water- 
bath for 1 hour, and water added. In the case of diphenyl methylene 
ether the benzene layer was separated, shaken with aqueous sodium 
hydroxide solution, then with water, dried, and distilled, leaving a 
colourless oil (8 g.), b. p. 293—295°. This was best distilled under 
diminished pressure, b. p. 187—188°/42 mm., and solidified to a 
crystalline mass, m. p. 16°. Di-m- and -p-tolyl methylene ethers 
were isolated by distilling the benzene in steam, cooling the residue 
in ice after addition of sodium hydroxide, and collecting the solid 
product. Di-m-tolyl methylene ether (4-5 g.) had b. p. 187—188°/ 
19 mm. and m. p. 44°; di-p-tolyl methylene ether (5-2 g.), b. p. 
191—192°/18 mm. and m. p. 40°. Di-o-tolyl methylene ether was 
isolated by extraction with ether, shaking the extracts with aqueous 
sodium hydroxide, and drying and distilling them; b. p. 178—179°/ 


To 


Di-m-nitrophenyl Methylene Ether —A mixture of m-nitrophenol 
(13-9 g.) in benzene (100 c.c.), potassium carbonate (20 g.), and 
methylene sulphate (6-1 g.) was heated on the water-bath with fre- 
quent shaking for 2 hours. After addition of water and distillation 
of the benzene, the solid product was collected, washed with aqueous 
sodium hydroxide, then with water, dried (2-4 g.), and crystallised 
from alcohol (charcoal); long needles were collected from the warm 
solution and recrystallised from alcohol; m. p. 112° (Found: N, 


Di-p-nitrophenyl methylene ether, prepared in the same way as the 
preceding compound (yield, 0-7 g.) and crystallised twice from 
alcohol (charcoal), was obtained in faintly pink, prismatic needles, 


Di-o-nitrophenyl methylene ether, similarly prepared (but 1-5 times 
the quantity of methylene sulphate being used) (yield, 1 g.) and 
crystallised, formed pale yellow, branching crystals, m. p. 129° 
(Found: N, 9-9%). It was slowly hydrolysed by hot dilute 
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Guaiacol Methylene Ether —Methylene sulphate (25 g.) was added 
in portions to a stirred mixture of guaiacol (25 g.), acetone (100 c.c.), 
and sodium hydroxide (25 g.) in water (100 c.c.) at 50°. The whole 
was kept for an hour at 50°, water added, the acetone distilled off, and 
the oily product, which solidified, washed with dilute sodium 
hydroxide solution, then with water, and crystallised twice from 
alcohol (charcoal). The ether separated in thin leaf-shaped plates 
(2-7 g.), m. p. 83° (Found: C, 69-3; H, 6-1. Calc. for C,;H,,0, : 
C, 69-2; H,6-6%). It formed a cherry-red solution in concentrated 
sulphuric acid. Marfori (Jahresber. Chem., 1890, 1197) gives m. p. 
83—84°, and Bouveault (Bull. Soc. chim., 1897, 17, 950), m. p. 79°. 

Di-p-methoxyphenyl Methylene Ether—This was prepared from 
p-methoxyphenol as in the preceding case, but further equal amounts 
of methylene sulphate and alkali were added after an hour. The 
alkali-washed product, crystallised twice from alcohol, formed fiat 
cigar-shaped crystals (8 g.), m. p. 54° (Found: C, 69-2; H, 6-2. 
C,;H,,.0,4 requires C, 69-2; H, 6-1%). 

A similar experiment with resorcinol monomethyl ether gave a 
thick, pale yellow oil, b. p. 119—121°/16 mm. It could not be 
obtained crystalline, and analysis showed it to be impure (Found : 
C, 70-0; H, 66%). It is probable that some nuclear condensation 
may take place in this case. 

Di-p-acetamidophenyl Methylene Ether.—p-Acetamidophenol 
(15 g.) (Hewitt and Ratcliffe, J., 1912, 101, 1766; Woroshzow, 
J. Russ. Phys. Chem. Soc., 1911, 43, 787), alcohol (50 c.c.), sodium 
hydroxide (16 g.) in water (50 c.c.), and methylene sulphate (22 g.) 
were stirred at 30—35° for 3 hours, the temperature was then raised 
to 50° for 1 hour, the solution diluted with water (200 c.c.), and the 
product collected, washed, and dried (1-3 g.). The methylene ether 
separated from methy] alcohol in colourless needles, m. p. 191—192° 
(Found: C, 65-0; H, 6-1; N, 8:5. C,,H,,0,N, requires C, 65-0; 
H, 5-8; N, 8-9%). 

Di-p-aminophenyl Methylene Ether—The preceding diacetyl 
derivative (0-85 g.) was refluxed for 4 hours with alcohol (25 c.c.) and 
20% aqueous potassium hydroxide (25 c.c.), the solution diluted with 
water, and the alcohol distilled off; on cooling, the oily drops 
obtained solidified. The product was washed, dried, and recrystall- 
ised from benzene, forming colourless compact prisms, m. p. 103° 
(Found: N, 12-1. C,,H,,0,N, requires N, 12-2%). Di-p-amino- 
phenyl methylene ether yields a very sparingly soluble sulphate, and 
is readily tetrazotised and coupled. 

Ethylene Glycol Methylene Ether (II, n = 2).—Ethylene glycol 
(15-5 g.), water (100 ¢.c.), and methylene sulphate (27-5 g.) were 
gently agitated and the reaction was started by heating. When 
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boiling ceased, the liquid was distilled, the distillate saturated with 
potassium carbonate, and the upper layer separated, dried over 
calcium chloride, and redistilled over sodium; b. p. 76°/752 mm, 
(yield, 7-5 g.). Henry (Compt. rend., 1895, 120, 107) and Delépine 
(ibid., 1900, 131, 745) give b. p. 78°; Verley (Bull. Soc. chim., 1899, 
21, 275) gives b. p. 745°. 

Trimethylene glycol methylene ether (II, » = 3) was obtained 
from crude trimethylene glycol (7-6 g.), water (100 c.c.), and methy]- 
ene sulphate (11 g.) as in the preceding case. The yield of dried 
redistilled product from two such experiments was 7:5 g.; b. p. 
105°/754 mm. (compare Henry, Bull. Acad. roy. Belg., 1902, 460; 
Clarke, J., 1912, 101, 1803). 

Pinacol Methylene Ether (I11).—This was prepared from pinacol 
(13 g.), water (100 c.c.), and methylene sulphate (11 g.) as in the two 
preceding experiments (yield, 10-3 g.). Redistilled over sodium, 
it had b. p. 125°/752 mm. and readily solidified to very soft, ice-like, 
branching crystals, m. p. 12°. (Found: C, 64:2; H, 10°6. C,H,,0, 
requires C, 64:5; H, 10°8%). 

1 : 3-Benzdioxin (I[V).—A mixture of saligenin (3-1 g.) (Hart and 
Hirschfelder, J. Amer. Chem. Soc., 1920, 42, 2679), sodium hydroxide 
(5 g.) in water (20 c.c.), acetone (10 c.c.), and methylene sulphate 
(5-5 g.) was heated and agitated under reflux, the vigorous reaction 
being controlled by occasional cooling. The mixture was finally 
heated for a few minutes on the water-bath, water (75 c.c.) added, 
and the whole distilled till the. distillate became clear. Ether 
extracted from the distillate a colourless oil (1-‘0—1-1 g.). After two 
distillations under diminished pressure, 1 : 3-benzdioxin was obtained 
as a colourless, highly refracting oil, b. p. 101°/20 mm., 208—209°/ 
749 mm., which solidified in a freezing mixture; m. p. 12-5° (Found : 
C,70-9; H,6-1. C,H,O, requires C, 70-6; H,5-9%). The isolation 
may be effected by seeding the original distillate at 0°, and collecting 
the solid. The substance is oxidised by cold alkaline potassium 
permanganate, the methylene group in position 4 probably being 
converted into a carbonyl group (compare Borsche and Berkhout, 
loc. cit.). 

Di-(0-hydroxymethylphenoxy)methane (V).—A mixture of saligenin 
(3-1 g.), sodium hydroxide (4 g.) in water (50 c.c.), and methylene 
sulphate (5-5 g.) was stirred at 40° for 4 hours, the temperature being 
finally raised to 50°. After addition of water and distillation of a 
trace of 1 : 3-benzdioxin, the residual solution was extracted with 
ether, the extracts were shaken with aqueous sodium hydroxide and 
dried, and the ether removed, leaving a colourless crystalline residue 
(0-2 g.), which separated from benzene-ligroin in boat-shaped plates, 
m. p. 118° (Found: C, 69:0; H, 62; M, in camphor, 256. 
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C,5H 160, requires C, 69-2; H, 62%; M, 260). Di-(o-hydroxy- 
methylphenoxy)methane separates in needles from hot water, in which 
it is sparingly soluble. Its aqueous alkaline suspension is readily 
oxidised by cold aqueous potassium permanganate. 


The author wishes to record his thanks to Miss E. 8. Hutton for 
help with the experiments on the methylenation of saligenin. 


THe Dyson PERRINS LABORATORY, 
OXFORD. (Received, April 21st, 1931.] 





CCXLI.—The Synthesis and Orientation of Trichloro- 
anthraquinones and Amino-disulphonates of 
Anthraquinone. Part I. 


By Atan AuGust GOLDBERG. 


Or the fourteen theoretically possible trichloroanthraquinones, only 
three are known and the constitution of one of these has not been 
satisfactorily established. 

Ullmann and Conzetti (Ber., 1920, 53, 826) obtained from phthalic 
anhydride and 2 : 4-dichlorophenol a dichlorohydroxybenzoylbenzoic 
acid which, after closure of the anthraquinone ring and replacement 
of the hydroxyl group by chlorine, gave a trichloroanthraquinone, 
m. p. 186°; they obtained the same substance by the chlorination 
of 1-chloro-4-hydroxyanthraquinone and replacement of hydroxyl 
by chlorine in the dichlorohydroxyanthraquinone formed. This 
substance must therefore be | : 2: 4-trichloroanthraquinone. The 
authors of the French patent 384471 state that chlorine at high 
temperatures reacts with both anthraquinone-«- and -$-mono- 
sulphonate to give dichloroanthraquinone-«- and -8-monosulphonate 
respectively. Fusion of the latter with boric acid, it is claimed, 
gave a “‘ quinizarinmonosulphonic acid,” but their method of 















identifying this product and also which monosulphonic acid of 
quinizarin they obtained are not stated. They are, however, 
subsequently designated ‘ chloranthraquinone-«-monosulphonate ”’ 
and ‘1 ; 4-dichloranthraquinone-$-monosulphonate.” Later, the 
patentees of D.R.-P. 214714 replaced the sulpho-groups in the 
above substances, which they refer to as “1 : 4-dichloranthra- 
quinone-«- and -$-monosulphonates,” by chlorine and obtained 
two trichloroanthraquinones, m. p. 254° and 236° respectively. 
No mention is made in the German specification concerning the 
positions occupied by the chlorine substituent in these trichloro- 
anthraquinones, but Houben (“Das Anthracen und die Anthra- 
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chinone,” p. 278) refers to them, and apparently correctly, as 
1:4:5- and 1:4: 6-trichloroanthraquinone respectively. Later, 
Meyer and Egerer (Monatsh., 1913, 34, 69) condensed 4-chloro. 
phthalic anhydride with p-dichlorobenzene and obtained a trichloro- 
anthraquinone, m. p. 236°, which must be 1 : 4 : 6-trichloroanthra- 
quinone. 

The present work describes the synthesis of 1:2:3-, 1:2:5., 
1:2:6-,1:2:7-,1:3:6-,1:3:7-,1:4:5-, and 1: 4: 6-trichloro. 
anthraquinones and the determination of their orientation by a 
method which it is believed is superior to the benzoylbenzoic acid 
synthesis, because of the limited applicability of the latter and the 
tendency to halogen migration during the fusion of the phthaloy| 
and the benzene residue (Heller, Ber., 1912, 45, 792). Although 
chlorine atoms substituted in the «-positions in anthraquinone may 
be caused to shift to the adjacent 8-positions under the influence of 
sulphuric acid at high temperatures (Atack and Clough, Eng. Pat. 
169732) and the «-halogen atoms in homonuclear halogenoamino. 
anthraquinones migrate to the $-position contiguous to the amino- 
group if this position is unoccupied (D.R.-P. 275299), no such 
wandering of halogen takes place under the experimental conditions 
of the present work. 

It is highly desirable to have available a set of trisubstituted 
anthraquinones of known constitution to serve as standards in the 
examination of new substances and of derivatives of anthraquinone 
of uncertain constitution. The trichloroanthraquinones are ideal 
in this respect, for not only are they well-defined, sharp-melting 
substances, but also many substituents in the anthraquinone nucleus 
may with ease be replaced by chlorine—nitro- and amino-groups by 


The Trichloroanthraquinones. 
Position of sub- 


stituents ......... 1:2:3- *1:2:4- 1:2: 5- 1:2: 6- 1:2:7-— 
Melting point ...... 194—195 186° 235—236° 222—223° 225—226 
Position of sub- 

stituents ......... 1:3:6- 1:3: 7- 1:4: 5- 1:4: 6- 

Melting point ...... 212—-213° 216—217° 258° 236° 


* Ullmann, loc. cit. 


the usual methods, hydroxyl by the action of phosphorus penta- 
chloride, which does not attack the ketonic groups (D.R.-P. 290879; 
Ullmann, Ber., 1920, 53, 826), and sulpho-groups by the action of 
nascent chlorine. 

The synthetic method employed consists essentially in sulphonat- 
ing «-chloroanthraquinone and selected dichloroanthraquinones, 
separating isomeric chloroanthraquinonedisulphonates and dichloro- 
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anthraquinonemonosulphonates, and replacing the sulpho-groups in 
these by chlorine. 

According to Schilling (Ber., 1913, 46, 1066) the sulphonation 
of chloroanthraquinones gives chloroanthraquinonemonosulphonic 
acids in the absence of mercury and only chloroanthraquinonedi- 
sulphonic acids in its presence. He made no attempt to orient his 
products, or indeed to separate the isomeric compounds which 
would be expected to be formed in a reaction of this nature, but 
assumed that the entrance of the sulpho-group or groups follows 
the laws of Schmidt and Iljinsky—an assumption which ignores 
the directive influence exerted by the chlorine substituents and, 
moreover, has been shown to be erroneous by the present work. 
The sulphonation of «-chloroanthraquinone and selected dichloro- 
anthraquinones was therefore investigated from first principles. 
The results show that the sulphonating agent first attacks both 
8-positions in the chlorine-free nucleus, giving rise to two isomeric 
heteronuclear chloroanthraquinonemonosulphonic acids; this also 
happens in the sulphonation of the homonuclear dichloroanthra- 
quinones. In the presence of mercury, however, only the «-position 
in the chlorine-free nucleus, which is 5 to the chlorine atom, is 
attacked, giving an «-chloroanthraquinone-«-monosulphonic acid. 
The mercury therefore exerts its usual «-directing influence. On 
further sulphonation of these heteronuclear chloroanthraquinone- 
monosulphonates, a second sulpho-group enters the molecule in the 
chlorine-containing ring in position 2 or 4 or both, i.e., respectively 
8- and «-positions which are 2- and 4- to the chlorine substituent. 
The presence of mercury inhibits entrance at the 2-position. The 
sulphonation of the two heteronuclear dichloroanthraquinones bears 
resemblance to this. Hence it can be deduced that the para- 
directing influence of chlorine is greater than the meta-directing 
influence of the carbonyl groups, and the «-directing influence of 
the catalyst, mercury, is more powerful than the combined {- 
directive influence of carbonyl and chlorine. It is of interest to 
compare with this the sulphonation of mono- and di-hydroxy- 
anthraquinones. 

Sulphonation of «-chloroanthraquinone gives two isomeric chloro- 
anthraquinonemonosulphonic acids which are easily separable 
through their sodium salts; the less soluble is sodiwm 1-chloro- 
anthraquinone-6-sulphonate (1) (sulphonyl chloride, m. p. 205°), and 
the more soluble is sodium 1-chloroanthraquinone-7-sulphonate (II) 
(sulphonyl chloride, m. p. 200—201°). Neither of these reacts with 
alkyl mercaptans, a reaction diagnostic of «-sulpho-groups (Reid, 
Mackall, and Miller, J. Amer. Chem. Soc., 1921, 43, 2104). The 
constitutions of (I) and (II) are shown by replacement of the sulpho- 
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group by chlorine, 1: 6- and 1-7-dichloroanthraquinones (Ia and 
IIa) respectively being produced, identical with those obtained 
from Claus’s a- and §-nitroanthraquinonesulphonic acids (Claus, 
Ber., 1882, 15, 1514; Schmidt, Ber., 1904, 37, 66; Fierz-David, 
Helv. Chim. Acta, 1927, 10, 209). 

Sulphonation of «-chloroanthraquinone in the presence of mercury 
gives only one monosulphonic acid (III) (sulphonyl chloride, m. p. 
244°). Replacement of the sulpho-group by chlorine yields 1 : 5- 
dichloroanthraquinone; it is therefore 1-chloroanthraquinone-5- 
sulphonic acid. No trace of 1-chloroanthraquinone-8-sulphonic acid 
is formed. The mercury catalyst not only exerts its specific 
a-directive influence but also facilitates the entrance of the sulpho- 
group into the molecule, since under the same conditions under 
which only monosulphonic acids are formed in its absence, a con- 
siderable amount of 1-chloroanthraquinone-4 : 5-disulphonic acid (as 
IV) is produced in its presence. 
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Sulphonation of sodium  1-chloroanthraquinone-6-sulphonate 
yields two isomeric chloro-disulphonates of anthraquinone, (V) and 
(VI), which have been shown to be sodium 1-chloroanthraquinone- 
2 : 6-disulphonate and sodium 1-chloroanthraquinone-4 : 6-disulphon- 
ate respectively. Nascent chlorine reacts with these to give 1 : 2 : 6- 
trichloroanthraquinone (VA), m. p. 222—223°, and 1 : 4: 6-trichloro- 
anthraquinone (VI), m. p. 236°. 

Sulphonation of sodium 1-chloroanthraquinone-7-sulphonate (II) 
gives sodium 1-chloroanthraquinone-2 : 7-disulphonate, which on 















Quo Se be 45 ft he 


2° 8 








and 
ned 
aus, 
vid, 


ury 
» Pp. 


e-5- 
acid 
cific 
oho- 
ader 
pon- 


1 
: 


Cl 


nate 
and 


hon- 
oro: 


(I) 
on 









ORIENTATION OF TRICHLOROANTHRAQUINONES, ETC. PART I. 1775 





treatment with nascent chlorine yields | : 2 : 7-trichloroanthraquin- 


one, m. p. 226—-227°. 
Ze We 
aa Nan! 
Vv.) x (VI.) 
\co/ Vow 
; aN | Ae: 
(Va.) qq] Cl 00. (VIa.) 


Sulphonation of sodium i iaaaearlialia gives 
a product which apparently contains more than one substance but 
from which only sodium 1-chloroanthraquinone-2 : 5-disulphonate 
ean be isolated in quantity. An appreciable amount of sodiwm 
1-chloroanthraquinone-4 : 5-disulphonate is simultaneously produced, 
but owing to the insolubility of its barium salt this is almost com- 
pletely lost during the process of isolation. It is, however, obtained 
with ease by the prolonged catalytic sulphonation of «-chloro- 
anthraquinone. Replacement of the sulpho-groups in sodium 
1-chloroanthraquinone-2 : 5- and -4 : 5-disulphonates gives 1 : 2 : 5- 
trichloroanthraquinone, m. p. 237°, and 1: 4: 5-trichloroanthraquin- 
one, m. p. 258° (IVa). 

Orientation : Proof of the position taken wp by the second sulpho- 
group. The second sulpho-group—the only group in the above 
chloroanthraquinonedisulphonates whose position is unknown— 
must enter the chlorine-containing nucleus for the following reasons. 
A review of the chemistry of the sulphonates of anthraquinone 
shows that the presence of a sulpho-group enhances the stability of 
the ring that contains it to such an extent that further entrance of 
substituents into that ring is inhibited or (more usually) completely 
suppressed. No homonuclear disulphonates of anthraquinone are 
known; both anthraquinone-«- and -8-monosulphonate are nitrated 
and chlorinated only in the unsubstituted nucleus (Claus, Ber., 1882, 
15, 1514; Fierz-David, Helv. Chim. Acta, 1927 10, 206; French 
Pat. 384471) and neither chlorine nor the nitro-group can enter the 
molecule of any of the disulphonates of anthraquinone (Houben, 
op. cit., p. 298; see pp. 1779, 1793). By the sulphonation of 
selected dichloroanthraquinones, and treatment of the dichloro- 














1776 GOLDBERG : THE SYNTHESIS AND 


anthraquinonemonosulphonates produced with nascent chlorine, 
various new trichloroanthraquinones have been synthesised. The 
establishment of an identity between one of these and one obtained 
from the above chloroanthraquinonedisulphonates supplies the 
necessary information to prove its structure. The orientation of the 
trichloroanthraquinones consequently shows the positions occupied 
by all the substituents in the chloroanthraquinonedisulphonates 
and in the aminoanthraquinonedisulphonates derived from them. 

1 : 2-Dichloroanthraquinone and its Sulphonation.—The prepar- 
ation of 1: 2-dichloroanthraquinone from 3 : 4-dichlorophthalic 
anhydride and benzene (Ullmann and Billig, Annalen, 1909, 381, 
11) is attended with difficulties. 

Condensation of phthalic anhydride and o-chlorophenol yields a 
chlorohydroxybenzoylbenzoic acid (D.R.-P. 148110; Tanaka, Proc. 
Imp. Acad. Tokio, 1927, 3, 82; Hayashi, J., 1930, 1521) which on 
closure of the anthraquinone ring gives a chlorohydroxyanthra- 
quinone. This is, as assumed by Hayashi, 2-chloro-3-hydroxy- 
anthraquinone, for 2 : 3-dichloroanthraquinone has now been ob- 
tained from it by the action of phosphorus pentachloride. 

1 : 2-Dichloroanthraquinone can be prepared rapidly and in large 
quantities from 2-aminoanthraquinone. Sulphonation gives two 
isomeric sulphonates : these are sodium 1 : 2-dichloroanthraquinone-6- 
and -7-sulphonates, for these are converted on treatment with 
chlorine into 1 : 2 : 6- and 1 : 2 : 7-trichloroanthraquinone respectively. 

1 : 3-Dichloro-2-aminoanthraquinone on deamination gives 1 : 3- 
dichloroanthraquinone (Junghaus, Annalen, 1913, 399, 316); by 
the Sandmeyer reaction it is converted almost quantitatively 
into 1:2: 3-trichloroanthraquinone, m. p. 194—195°. Sulphon- 
ation of 1 :3-dichloroanthraquinone gives likewise two isomeric 
dichloroanthraquinonemonosulphonic acids, the sodium salt of one 
of which is considerably less soluble than that of the other. Because 
of this analogy between these products and those obtained from 
the sulphonation of both «-chloroanthraquinone and 1 : 2-dichloro- 
anthraquinone (also compare the sulphonation of 1 : 4-dichloro- 
anthraquinone), the acids are probably 1 : 3-dichloroanthraquinone-6- 
and -7-sulphonic acids respectively. Hence the trichloroanthra- 
quinone derived from the less soluble acid, m. p. 213°, is 1:3: 6- 
trichloroanthraquinone and that from the more soluble acid, m. p. 
216—217°, is 1 : 3 : 7-trichloroanthraquinone. 

Sulphonation of 1 : 4-dichloroanthraquinone, in accordance with 
the views expressed above, yields only one dichloroanthraquinone- 
monosulphonate. As this gives 1: 4: 6-trichloroanthraquinone, 
m. p. 236°, on treatment with chlorine, it is sodiwm 1 : 4-dichloro- 
anthraquinone-6-sulphonate. 
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The Sulphonation of Heteronuclear Dichloroanthraquinones.— 
Sulphonation of 1 : 8-dichloroanthraquinone gives only one mono- 
sulphonic acid (VII), which yields 1 : 4 : 5-trichloroanthraquinone 
([VA). Sulphonation in the presence of mercury gives, besides 
this monosulphonic acid, a dichloroanthraquinonedisulphonic acid 
(VIII), which yields 1 : 4 : 5 : 8-tetrachloroanthraquinone, m. p. 341°. 
Sulphonation of 1 : 5-dichloroanthraquinone, on the other hand, 
gives two isomeric dichloroanthraquinonemonosulphonic acids, the 
sodium salt of one of which (IX) is less soluble than that of the 
other (X). The less soluble salt gives a trichloroanthraquinone, 
m. p. 237°, and the more soluble salt yields 1 : 4: 5-trichloro- 
anthraquinone. Consequently (X) is sodium 1 : 5-dichloroanthra- 
quinone-4-sulphonate; the compound (VII) is sodium 1 : 8-dichloro- 
anthraquinone-4-sulphonate, and the structure of (IV) is as before 
stated. Hence the monosulphonic acid with the less soluble sodium 
salt (IX) must be 1 : 5-dichloroanthraquinone-2- or -3-sulphonic acid, 
and in consideration of the views expressed above, it is accorded 
the former constitution. The trichloroanthraquinone derived from 
it is therefore 1 : 2 : 5-trichloroanthraquinone. Since the trichloro- 
anthraquinone of m. p. 237° (p. 1775) is identical with this, the 
structure of the chloroanthraquinonedisulphonic acid from which 
it is obtained is established. Besides these two monosulphonic 
acids, a dichloroanthraquinonedisulphonic acid (XI) is simultane- 
ously produced which yields a tetrachloroanthraquinone, m. p. 
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monosulphonic acid with the less soluble sodium salt ([X) but also 
gives rise to another dichloroanthraquinonedisulphonic acid (XII), 
which yields the tetrachloroanthraquinone of m. p. 340—341°. It 
therefore appears that (VIII) and (XII) are sodium 1 : 8-dichloro. 
anthraquinone-4 : 5-disulphonate and 1 : 5-dichloroanthraquinone-4 : 8- 
disulphonate respectively, and the tetrachloroanthraquinone derived 
from them is 1 : 4: 5 : 8-tetrachloroanthraquinone, which is appar- 
ently identical with that obtained by Schilling (loc. cit.). To the 
substance (XI) is assigned the constitution sodium 1 : 5-dichloro- 
anthraquinone-2 : 8-disulphonate, and the tetrachloroanthraquinone 
derived from it is considered to be 1 : 2: 5 : 8-tetrachloroanthraquinone. 

The Semi-chlorination of Anthraquinonedisulphonic Acids.—The 
chlorination of potassium anthraquinone-2 : 6- and -2 : 7-disulphon- 
ates gives potassium 2-chloroanthraquinone-6- and -7-sulphonates 
respectively (Fierz-David, loc. cit.), both of which are very sparingly 
soluble and resistant to further attack by nascent chlorine. Also, 
according to Fierz-David, the partial chlorination of both potassium 
anthraquinone-1 : 6- and -1 : 7-disulphonates gives rise to the corre- 
sponding intermediates, potassium 1-chloroanthraquinone-6- and 
-7-sulphonates. This is to be expected, since it has been found 
during the present work that an «-sulpho-group is approximately 
20 times as easily replaced by chlorine as a 8-sulpho-group. It is, 
however, stated both in the English patent 1822/08 and by Fierz- 
David that by the partial chlorination of potassium anthraquinone- 
1 : 5-disulphonate the intermediate potassium 1-chloroanthraquin- 
one-5-sulphonate can be isolated in nearly theoretical yield; this is 
surprising, since the solubility of the intermediate is of the same 
order as that of the parent and, moreover, there is no reason to 
suppose that the chlorine will attack one of the «-sulpho-groups in 
the parent substance in preference to the «-sulpho-group in the 
intermediate potassium 1-chloroanthraquinone-5-sulphonate, which, 
presumably, is initially formed. The partial chlorination of potass- 
ium anthraquinone-1 : 5-disulphonate has been carried out several 
times, but the product, after separation of considerable amounts of 
1 ; 5-dichloroanthraquinone, invariably was a mixture of potassium 
1-chloroanthraquinone-5-sulphonate and unchanged parent material, 
which do not admit of easy separation. It is accordingly believed 
that the catalytic sulphonation of «-chloroanthraquinone is the 
only satisfactory method for synthesising 1-chloroanthraquinone- 
5-sulphonic acid. 

The Amino-mono- and -di-sulphonic Acids of Anthraquinone.— 
The mono- and di-sulphonates of «-chloroanthraquinone resemble 
certain negatively substituted halogenobenzenes, notably picryl 
chloride, dinitrochlorobenzene, etc., inasmuch as the «-chlorine atom 
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is reactive and can be replaced with ease by amino- and by sub- 
stituted amino-groups. This is effected by heating, at temperatures 
which are not necessarily high, with ammonia or the requisite 
primary or secondary amines in the presence of a catalyst. The 
reaction serves as a more convenient method of obtaining hetero- 
nuclear aminoanthraquinonemonosulphonic acids which have pre- 
viously been described (Claus, Ber., 1882, 15, 1514; Schmidt, Ber., 
1904, 37, 66; Ullmann, Ber., 1919, 52, 545) and for synthesising 
aminoanthraquinonedisulphonic acids, none of which has hitherto 
been known. The amino-disulphonic acids of anthraquinone, as 
are the amino-monosulphonic acids, are intensely coloured sub- 
stances, and although they are extremely soluble in water—in some 
cases in less than their own weight—they attach themselves directly 
to animal fabric and cannot then be removed by the agency of 
water. The n-alkylamino-mono- and -di-sulphonic acids are more 
deeply coloured, i.e., their colour tends more towards the violet 
end of the spectrum, than the parent amino-compound, a fact in 
accordance with the views of structure and colour of Hartley. It 
is believed that it is not possible to obtain aminoanthraquinone- 
disulphonic acids by nitration of disulphonates of anthraquinone 
and reduction of the product. Claus and Schneider (Ber., 1883, 16, 
907) claim to have nitrated sodium anthraquinone-2 : 6-disulphonate 
and to have isolated a mononitro-compound. Later, Iljinsky 
(Houben, op. cit.,p. 298) stated that both sodium anthraquinone-2 : 6- 
and -2 : 7-disulphonates are too stable to be nitrated, an observation 
which is in agreement with the author’s repeated experiments and 
moreover also applies to the sodium 1 : 5- and 1 : 8-disulphonates. 


EXPERIMENTAL. 


The Sulphonation of «-Chloroanthraquinone. Sodium 1-Chloro- 
anthraquinone-6- and -7-sulphonates.—Pure «-chloroanthraquinone 
(200 g.) was heated with 20% fuming sulphuric acid (160 c.c.) at 
160° for 4 hours. The dark red melt, after cooling, was poured 
into ice-water (3000 c.c.), and the unchanged «-chloroanthraquinone 
(ca. 40 g.) removed. The dark filtrate was boiled for a short time 
with nitric acid (50 c.c.) until it was light orange, and a solution of 
sodium hydroxide (160 g. in 400 c.c. of water) then added. The 
canary-yellow precipitate produced was collected after some time 
and extracted with boiling water (1000 c.c.). The residue, after 
being washed with boiling water (1000 c.c.), was sodiwm 1-chloro- 
anthraquinone-6-sulphonate (96 g.). It required about 300 parts of 
boiling water for complete solution, and crystallised in pale yellow 
spangles (Found in dehydrated salt: S, 9-5. C,,H,0,CISNa re- 
quires S, 9-3%). The combined filtrate and washings were con- 
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siderably evaporated and the hot liquid was filtered from a little 
sodium 1-chloroanthraquinone-6-sulphonate, well concentrated, and 
cooled. The thick glutinous precipitate obtained was crystallised 
twice from the minimum amount of boiling water (ca. 400 c.c.), 
small head fractions being rejected each time. The product (112 g.), 
sodium 1-chloroanthraquinone-7-sulphonate, was soluble in about 4 
parts of boiling water and crystallised in long, silky, deep yellow 
needles of gelatinous appearance (Found in anhydrous salt: §, 
9-7%). 

Salts. The barium, calcium, and lead salts of 1-chloroanthra- 
quinone-6-sulphonic acid are precipitated almost quantitatively in 
white flocks when the ions of these metals are added to a solution 
of the sodium salt. The first is insoluble and the others are diffi- 
cultly soluble in mineral acids. Barium 1-chloroanthraquinone-7- 
sulphonate is similarly insoluble, but the calcium and lead salts 
crystallise well from water and dilute nitric acid respectively. 

Sulphonyl chlorides. An intimate mixture of sodium 1-chloro- 
anthraquinone-6-sulphonate (10 g.) and phosphorus pentachloride 
(10 g.) was heated with phosphoryl chloride (40 c.c.) at 110—115° 
for 4—5 hours, the phosphoryl chloride distilled off, the residue 
ground, kept under cold water for 1 hour, dried, and dissolved in 
benzene (charcoal), and the filtered solution evaporated. The 
1-chloroanthraquinone-6-sulphonyl chloride (7 g.) obtained crystallised 
from ligroin (b. p. 110—120°) in pale yellow prisms, m. p. 207—208° 
(decomp.) (Found: Cl, 20:7. C,,H,0,C1,S requires Cl, 20-8%). 

The 7-sulphonyl chloride, similarly obtained, crystallised from 
benzene in lemon-yellow plates, m. p. 200—201° (decomp.) (Found : 
Cl, 20-6%). A mixture of the two chlorides melted below 180°. 

The Chlorination of Sodium 1-Chloroanthraquinone-6- and -7-sul- 
phonates. 1:6- and 1:7-Dichloroanthraquinones.—The 6-sodium 
salt (6 g.), suspended in water (1500 c.c.) containing hydrochloric 
acid (30 c.c.) and potassium chlorate (6 g.), when heated on the 
water-bath for 15—20 hours, gradually dissolved and 1 : 6-dichloro- 
anthraquinone was deposited as a yellow microcrystalline flocculent 
precipitate. This crystallised from glacial acetic acid in long, pale 
citron needles, m. p. 203—204° (yield, almost theoretical) (Found : 
Cl, 25-7. Cale. for C,,H,O,Cl, : Cl, 25-6%). Depressions in m. p. 
were observed in admixture with 1: 2-, 1:3-, 1:4-, 1:5-, 1:7-, 
and 1 : 8-dichloroanthraquinones but not with 1 : 6-dichloroanthra- 
quinone obtained from Claus’s «-nitro-sulphonic acid (Fierz-David, 
loc. cit.). 

1 : 7-Dichloroanthraquinone, similarly obtained from a solution 

of sodium 1-chloroanthraquinone-7-sulphonate (10 g.) in water (800 
c.c.) containing hydrochloric acid (50 c.c.) and potassium chlorate 
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(10 g.), crystallised from acetic acid in stellate clusters of small 
feathery needles, m. p. 213—214° (Found: Cl, 25-6%). Depres- 
sions in m, p. in admixture with 1: 2-, 1:3-, 1:4-, 1:5-, 1:6-, 
and 1: 8-dichloroanthraquinones were observed but not with 
1 : 7-dichloroanthraquinone (Fierz-David, loc. cit.). 

Reduction to 1 : 6- and 1 : 7-dichloroanthracenes. Either dichloro- 
anthraquinone (4 g.) was heated on the water-bath with zinc dust 
(16 g.), aqueous ammonia (160 c.c.; d 0-880) and an equal quantity 
of water until the blood-red colour which developed was discharged 
(3—4 hours). The liquor was then evaporated to dryness, the 
residue extracted with boiling absolute alcohol, and the extract 
evaporated. 1 : 6-Dichloroanthracene crystallised from acetic acid 
in golden rectangular plates, m. p. 149—150° (Found: Cl, 28-5. 
C,,H,Cl, requires Cl, 28-7%), and 1 : 7-dichloroanthracene in deep 
yellow, feathery needles, m. p. 160—161° (Found : Cl, 28-5%). 

The Catalytic Sulphonation of «-Chloroanthraquinone. Sodium 
1-Chloroanthraquinone-5-sulphonate and -4 : 5-disulphonate—A solu- 
tion of «-chloroanthraquinone (100 g.) in 20% fuming sulphuric 
acid (80 c.c.) containing mercuric sulphate (12 g.) or red mercuric 
oxide (14—15 g.) was heated at 155—160° for 44 hours, being 
shaken at intervals. When cold, the dark melt was decanted from 
the red sediment (mercuric oxide) into water (1500 c.c.), and the 
solution was filtered from a little unchanged «-chloroanthraquinone 
and decolorised by boiling for a short time with a little nitric acid. 
Sodium hydroxide (80 g. in 200 c.c. of water) was added, the still 
clear solution (contrast the non-catalytic sulphonation) was evapor- 
ated to small bulk and cooled, and the yellow precipitate (ca. 150 g.) 
collected (the filtrate, which was rejected, had a volume of 300 c.c.). 
This was dissolved in the minimum amount of boiling water, and 
the solution evaporated slightly, and kept after removal of the first 
small precipitate. The yellow precipitate now obtained, on re- 
crystallisation from the minimum volume of boiling water, gave 
sodium 1-chloroanthraquinone-5-sulphonate (40 g.), soluble in about 
6 parts of water at 100° and crystallising in yellow leaves (Found : 
8, 9-7. C,,H,O,CISNa requires 8, 93%). The combined filtrates 
from the two previous crystallisations were well concentrated and 
cooled. The precipitate thus obtained, on recrystallising twice from 
water, small head fractions being removed each time, gave sodium 
1-chloroanthraquinone-4 : 5-disulphonate (38 g.) (Found: S, 14-2. 
C,4H,O,CIS,Na, requires S, 14-4%). 

Barium 1-chloroanthraquinone-5-sulphonate is a white gelatinous 
substance almost insoluble in dilute mineral acids, and the calcium 
and lead salts are soluble with difficulty. Barium 1-chloroanthra- 
quinone-4 : 5-disulphonate is insoluble in water and mineral acids. 
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1-Chloroanthraquinone-5-sulphonyl chloride crystallises from tolu. 
ene in small yellow lustrous plates, m. p. 243—244° (decomp.) 
(Found : Cl, 20-5. C,,H,O,C1LS requires Cl, 20-8%). 

Chlorination of Sodium 1-Chloroanthraquinone-5-sulphonate and 
-4 : 5-disulphonate. 1 : 5-Dichloro- and 1 : 4 : 5-Trichloro-anthraquin. 
ones.—A solution of sodium 1-chloroanthraquinone-5-sulphonate (10 
g.) in water (800 c.c.) containing potassium chlorate (10 g.) and 
acidified with hydrochloric acid (45 c.c.) was gently boiled. The 
precipitation of 1: 5-dichloroanthraquinone was complete in 1} 
hours (contrast 1 : 6- and 1 : 7-dichloroanthraquinones). It crystal. 
lised from acetic acid in elongated, pale yellow needles, m. p. 244° 
alone and in admixture with an authentic specimen (Found: Cl, 
25-7. Cale. for C,,H,O,Cl, : Cl, 25-6%). 

A dilute solution of sodium 1-chloroanthraquinone-4 : 5-disulphon. 
ate, heated in the same manner with double the quantities of acid 
and chlorate, gave 1 : 4 : 5-trichloroanthraquinone, which crystallised 
from acetic acid in long needles, m. p. 254° (Found: Cl, 33-8. 
C,,H,;0,Cl, requires Cl, 34-1°%). 

1- Aminoanthraquinone-6-sulphonic Acid.—Sodium 1-chloroanthra- 
quinone-6-sulphonate (12 g.), hydrated copper sulphate (2 g.), 
aqueous ammonia (60 c.c.; d 0-880), and water (300 c.c.) were 
heated in a closed vessel at 100° for 30 hours. The intensely red 
product was evaporated to remove the excess of ammonia and 
heated with just more than sufficient sodium hydroxide solution to 
decompose the ammonium chloride formed during the reaction. 
(Without this procedure the product is contaminated with ammonium 
chloride and gives high nitrogen analyses.) After acidification of 
the solution with dilute hydrochloric acid the copper was removed 
as sulphide, and the filtered solution evaporated to small bulk. 
On cooling, sodium 1-aminoanthraquinone-6-sulphonate separated in 
lustrous black micro-needles. Crystallisation from water, in which 
it was very soluble, gave the pure salt (7 g.) [Found : loss at 150°/ 
20 mm., 2-7; S (in anhydrous salt), 9-6; N,4-0. C,,H,O;NSNa,3H,0 
requires loss, 2:7%. C,,H,O,;NSNa requires S, 9-8; N, 43%]. 
The free acid crystallises in carmine spangles when concentrated 
hydrochloric acid is added to a concentrated solution of the sodium 
salt (Found: 8, 10-3. C,,H,O;NS requires S, 106%). There was 
no residue on ignition on platinum. Both the free acid and the 
sodium salt, in aqueous solution, have an intense blood-red colour 
and are directly substantive to animal fabric. 

1. Diethylaminoanthraquinone-6-sulphonic Acid.—Sodium 1-chloro- 
anthraquinone-6-sulphonate (8 g.), suspended in water (200 c.c.) 
containing hydrated copper sulphate (1 g.), was heated with diethyl- 
amine (20 e.c.) at 100° for 40 hours. The purple solution produced 
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was evaporated to dryness, the residue taken up in water, and the 
insoluble copper—diethylamine complex removed. The filtrate was 
rendered slightly acid with hydrochloric acid, freed from the last 
trace of copper as sulphide, and well concentrated. Addition of 
a little saturated sodium chloride solution precipitated sodium 
]-diethylaminoanthraquinone-6-sulphonate (6 g.). The salt crystal- 
lises from its purple aqueous solution in dark violet, micro-needles 
[Found : loss at 140°/20 mm., 2-7; (in anhydrous salt) Na, 6-3; 
N, 3-9. C,,H,,0;NSNa,$H,O requires loss, 2:3%. C,,H,,0;NSNa 
requires Na, 6-0; N, 3:7%]. The free acid is precipitated in violet 
leaves when a concentrated aqueous solution of the sodium salt is 
rendered strongly acid. 

1-Piperidinoanthraquinone-6-sulphonic acid, obtained as above by 
using piperidine (20 c.c.) instead of diethylamine, was precipitated 
by hydrochloric acid (25 c.c.) in almost theoretical yield. It was 
dissolved in dilute sodium hydroxide solution (the sodium salt is 
very soluble) and precipitated with hydrochloric acid (Found : 
N, 4:3; 8, 7-8. C,,H,,O,SN requires N, 3-8; S, 8-6%) (see footnote 
on p. 1785). 

1-Aminoanthraquinone-7-sulphonic acid was prepared in the same 
manner as the 1 : 6-isomeride and obtained as a dark red, micro- 
crystalline powder very soluble in water, giving a blood-red solution 
(Found : 8, 10-1; N,4-6. C,,H,O;NSNa requires 8, 9-8; N,4-3%). 

1-Diethylaminoanthraquinone-7-sulphonic acid is a dark violet, 
microcrystalline substance very soluble in water with an intense 
purple colour (Found: N, 3-9. C,,H,,0;NSNa requires N, 3-7%). 

Sulphonation of Sodiwm  1-Chloroanthraquinone-6-sulphonate. 
Sodium 1-Chloroanthraquinone-4 : 6- and -2 : 6-disulphonates.—An- 
hydrous sodium 1-chloroanthraquinone-6-sulphonate (80 g.) was 
heated at 155—160° with 20% fuming sulphuric acid (250 c.c.) for 
ll hours. The red liquid was then poured into ice-water (1000 c.c.) 
and heated with a little nitric acid until its colour faded to a light 
orange. Hot water (4000 c.c.) was added, and the sulphuric acid 
removed by the slow addition of barium carbonate (800 g., made 
into a milk with water). After standing on the steam-bath for 
some time, the yellow supernatant liquor was separated from the 
barium sulphate, which was thoroughly extracted with boiling 
water containing a little dilute sulphuric acid until it was white. 
The combined mother-liquor and washings were evaporated to 
dryness, the yellow residue (98 g.) dissolved in boiling water (ca. 
400 c.c.), a solution of sodium hydroxide (20 g.) added, and the 









solution concentrated and cooled. The yellow precipitate was 
filtered off (volume of filtrate, 300 c.c.), dissolved in the minimum 
amount of boiling water, and, after the addition of a saturated 
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solution of sodium chloride (10 g.), allowed to stand. The pre. 
cipitate (40 g.) was sodium 1-chloroanthraquinone-4 : 6-disulphonate. 
It crystallised from water in long yellow leaves (Found in dehydrated 
salt: S, 14:8; Na, 10-0. C,,H,;O,CIS,Na, requires 8, 14-4; Na, 
10-3%). From hydrochloric acid (1:1), the sodiwm hydrogen salt 
separates in small needles (Found: Na, 6-0. C,,H,O,CIS,Na re- 
quires Na, 5:5%). The combined mother-liquors were evaporated 
and the first precipitate was removed and rejected. When well 
concentrated, the filtrate set, on cooling, to a mass of sodium 
1-chloroanthraquinone-2 : 6-disulphonate. This was drained and re- 
crystallised (28 g.) (Found in the dehydrated salt: 8S, 149%. 
C,,H,0,CIS,Na, requires 8, 14.4%). The barium and calcium salts 
of both sulphonic acids are easily soluble in water. Calcium car- 
bonate may be substituted for barium carbonate for the removal of 
sulphuric acid: it has the advantage that less has to be used and 
calcium sulphate is much more easily removed by filtration than 
barium sulphate, but its use suffers from the serious defect that 
calcium 1-chloroanthraquinone-6-sulphonate, which is appreciably 
soluble, finds its way into the final product. This is also the case 
with the sulphonation of the isomeric sodium chloroanthraquinone- 
sulphonates. 

Chlorination of Sodium 1-Chloroanthraquinone-4 : 6- and -2 : 6-di- 
sulphonates. 1:4: 6-and 1 : 2: 6-Trichloroanthraquinones.—A solu- 
tion of sodium 1-chloroanthraquinone-4 : 6-disulphonate (10 g.) in 
water (1000 c.c.) containing potassium chlorate (20 g.) and acidified 
with hydrochloric acid (80 c.c.) was heated on the steam-bath until 
a test portion, on filtration, gave a colourless filtrate (10 hours). 
The precipitated 1 : 4: 6-trichloroanthraquinone crystallised from 
glacial acetic acid in long golden needles, m. p. 236° (Found: Cl, 
34-2. Calc. for C},H;O,Cl, : Cl, 34-1%). Reduction with zinc dust 
and ammonia gave 1: 4: 6-trichloroanthracene, which crystallised 
from acetic acid in plates, m. p. 158—159° (Found: Cl, 37:8. 
C,,H,Cl, requires Cl, 37-9%). 

1 : 2: 6-Trichloroanthraquinone was obtained in an _ identical 
manner from sodium 1-chloroanthraquinone-2 : 6-disulphonate. It 
crystallised from acetic acid in lustrous, attenuated, pale yellow 
needles, m. p. 222—-223°; this m. p. was considerably depressed in 
admixture with 1 : 4 : 6-trichloroanthraquinone (Found : Cl, 34-2%). 

Sodium 1-Aminoanthraquinone-4 : 6-disulphonate.—This was ob- 
tained from the 4 : 6-disulphonate (20 g.) (water 500 c.c., hydrated 
copper sulphate 2-5 g., aqueous ammonia 100 c.c.; 100°; 48 hours), 
in the same way as 1-aminoanthraquinone-6-sulphonic acid (p. 1782), 
as a mass of dark micro-needles (14 g.). The anhydrous salt is 
brick-red and is very soluble in water with a fine crimson colour; 
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it crystallises in small black needles containing water of crystallis- 
ation which is not removed even by prolonged heating at 100° 
[Found : loss at 140°/20 mm., 9-6. Found in anhydrous salt (two 
preparations): 8S, 15-3, 14:7; Na, 10-7, 10:9; N, 3-5, 3-4. 
C,4H,O,NS,Na,,2$H,O requires loss, 95%. C,,H,O,NS,Na, re- 
quires 8, 15-0; Na, 10-8; N,3-3%]. The monosodium salt crystal- 
lises from strongly acidified solutions of the disodium salt (Found : 
§, 15-9. C,,H,O,NS,Na requires S, 15-8%). 

1-Diethylaminoanthraquinone-4 : 6-disulphonic Acid.—A solution 
of sodium 1-chloroanthraquinone-4 : 6-disulphonate (8 g.) in water 
(180 ¢.c.) containing copper sulphate (1-5 g.) was heated with 
diethylamine (20 c.c.) at 100° for 50 hours. The purple solution 
produced was filtered from the copper—diethylamine complex, heated 
with sodium hydroxide (4 g.) to remove the excess of diethylamine, 
slightly acidified, and well concentrated. The dark violet, crystal- 
line mass which separated (6 g.) was taken up in a small volume of 
water and rendered strongly acid with hydrochloric acid; 1-diethyl- 
aminoanthraquinone-4 : 6-disulphonic acid then separated in violet- 
brown leaves (4 g.). It was recrystallised from dilute hydrochloric 
acid, in which it was not very soluble [Found: N, 3-6, 3-8; 58, 
11-6, 10-9 (alkali fusions), 10-2 (micro-Carius). C,,H,,O,NS, re- 
quires N, 3-2; S, 14-6%].* 

Sodium 1-aminoanthraquinone-2 : 6-disulphonate was obtained in 
thesame manner as its isomeride from the chloro-2 : 6-disulphonate. 
It is much more soluble than the 1 : 4 : 6-isomeride and is obtained 
in the pure state with great difficulty (Found: S, 16-4; N, 4-0. 
C,,H,O,NS,Na requires S, 15-8; N, 3-5%). 

The Sulphonation of Sodium 1-Chloroanthraquinone-7-sulphonate. 
Sodium 1-Chloroanthraquinone-2 : 7-disulphonate.—Sodium 1-chloro- 
anthraquinone-7-sulphonate (80 g.) was heated with 20% fuming 
sulphuric acid (240 c.c.) for 10 hours at 155—160°. The liquor was 
poured into water, decolorised by boiling with a little nitric acid, 
its volume made up to about 3 litres, and the sulphuric acid removed 
by addition of milk of barium carbonate (850 g.). The mother- 
liquor and washings from the barium sulphate were concentrated 
and sodium hydroxide (10 g.) was added. ‘The solution was evapor- 
ated to very small bulk; on cooling, it had the consistency of glue. 
An excess of absolute alcohol was added and after a considerable 
time the precipitate was collected and dissolved in the minimum 
amount of boiling water, and the solution evaporated, the head 
fractions being removed. The filtrate on evaporation to dryness 


* Better sulphur analyses could not be obtained; moreover, consistent 
results were not given by the alkali-fusion method even with the same specimen. 
Carius’s method invariably gives low results with anthraquinone derivatives. 
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gave an ochreous residue of sodium 1-chloroanthraquinone-2 : 7-di- 
sulphonate (70 g.). The substance is extremely soluble even in 
cold water and cannot be crystallised; for analysis it was pre- 
cipitated from its concentrated aqueous solution with alcohol 
(Found for the anhydrous salt: S, 15-6. C,,H,O,CIS,Na requires 
S, 15-51%. C,,H,0,CIS,Na, requires 8, 14-4%). 

Chlorination of Sodium 1-Chloroanthraquinone-2 : 7-disulphonate. 
1:2:7-Trichloroanthraquinone.—A dilute aqueous solution of 
sodium 1-chloroanthraquinone-2 : 7-disulphonate was treated with 
nascent chlorine at 100° in the manner previously described for 
isomeric substances. 1 :2:7-T'richloroanthraquinone, which was 
completely precipitated in about 20 hours, crystallised from glacial 
acetic acid in small feathery needles, m. p. 225—226° after several 
crystallisations (Found: Cl, 34-0. C,,H;0,Cl, requires Cl, 34-19%). 
Reduction with zinc dust and ammonia gave 1 : 2: 7-trichloro- 
anthracene, which crystallised from acetic acid in long needles, m. p. 
208—209° (Found : Cl, 37-3. C,,H,Cl, requires Cl, 37-8%). 

Sodium 1-aminoanthraquinone-2 : 7-disulphonate, obtained by con- 
densing thecorresponding sodium chloro-disulphonate with ammonia, 
was an amorphous carmine powder soluble in less than its own 
weight of cold water with a fine red colour. It could not be obtained 
in the pure form (Found: S, 16-5. C,,H,O,NS, requires S, 16-7. 
C,,H,O,NS,Na requires 8, 15-8%). 

Sulphonation of Sodium  1-Chloroanthraquinone-5-sulphonate. 
Sodium 1-Chloroanthraquinone-2 : 5-disulphonate.—The 5-sulphonate 
(30 g.) was heated for 11 hours at 155° with 20% fuming sulphuric 
acid (100 c.c.). The product was treated as for previous sulphon- 
ations, 400 g. of barium carbonate being used. The mother-liquor, 
combined with the washings, was well concentrated, sodium hydr- 
oxide (5 g.) added, and the solution evaporated to very small bulk. 
Sodium 1-chloroanthraquinone-2 : 5-disulphonate slowly separated in 
yellow leaves (17 g. after recrystallisation) (Found: S, 13-9. 
C,,H;0,CIS,Na, requires S, 14-4%). 

Treatment of a boiling aqueous solution of the salt with nascent 
chlorine gave 1 : 2 : 5-trichloroanthraquinone, which crystallised from 
acetic acid in needles, m. p. 228—230°, and was shown by the usual 
method to be identical with the 1 : 2: 5-trichloroanthraquinone 
obtained from 1: 5-dichloroanthraquinone (Found: Cl, 33%. 
C,,H,;0,Cl, requires Cl, 34:1%). 

*3'-Chloro-4'-hydroxybenzoylbenzoic Acid.—To phthalic anhydride 
(20 g.) and o-chlorophenol (20 g.) in dry acetylene tetrachloride 

* This condensation, together with the subsequent closure of the anthra- 
quinone ring, was carried out a considerable time before the appearance of 
Hayashi’s paper. 
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(100 ¢.c.), anhydrous aluminium chloride (50 g.) was added in three 
portions at }4-hour intervals, and the mixture was then heated at 
80° for 1 hour and at 105—110° for 1 hour and poured into dilute 
hydrochloric acid. The heavy white precipitate produced was 
pressed on a tile and dissolved in dilute caustic soda solution, and 
concentrated hydrochloric acid added; 3'-chloro-4'-hydroxybenzoyl- 
benzoie acid was then obtained in almost theoretical yield. It is 
exceedingly soluble in methyl alcohol; when this solvent is removed 
in a vacuum the substance is deposited in large hard white cubes, 
m. p. 224—225° (Found: Cl, 12-8; M, by titration (dibasic), 280. 
0,,H,O,Cl requires Cl, 12-89%; M, 276-5]. 

2-Chloro-3-hydroxyanthraquinone.—3'-Chloro - ve hydroxy benzoyl- 
benzoic acid (40 g.) was dissolved in sulphuric acid (400 c.c.) and 
heated with pulverised anhydrous zine chloride (40 g.) at 130° for 
54 hours. The mixture was poured into an excess of water and, 
after being coagulated on the steam-bath, the precipitated 2-chloro- 
3-hydroxzyanthraquinone (30 g.) was filtered off and crystallised from 
dry xylene, forming silky yellow needles, m. p. 267—268° (Found : 
Cl, 13-7. C,,H,O,Cl requires Cl, 13-7%). It is soluble in hot 
aqueous sodium bicarbonate, from which solution blood-red needles 
are deposited. 

2 : 3-Dichloroanthraquinone.—2-Chloro - 3 - hydroxyanthraquinone 
(3 g.) was dissolved in anhydrous xylene (50 c.c.) and refluxed with 
phosphorus pentachloride (3 g.), more of which (3 g.) was added 
after 2 hours. After being heated for another 2 hours, the xylene 
was distilled off and the crystalline residue extracted with several 
small quantities of glacial acetic acid. The extracts were oxidised 
with chromic acid, and the 2 : 3-dichloroanthraquinone precipitated 
with water (0-2 g.). It crystallised from acetic acid in lemon 
needles, m. p. 258—259°. 

1 : 2-Dichloroanthraquinone.—To a solution of 1-chloro-2-amino- 
anthraquinone (15 g.) (Junghaus, Annalen, 1913, 399, 316) in 
sulphuric acid (75 c.c.) at 0°, sodium nitrite (5:1 g.) was added 
during 5 minutes, followed after 15 minutes by ice (150 g.); a grey- 
yellow precipitate of 1-chloroanthraquinone-2-diazonium sulphate 
was thrown down. The sulphate gives in water a scarlet stable 
solution which decomposes slowly at the boiling point; it erystal- 
lises in brick-red micro-needles. In aqueous solution it couples 
with sodium $-naphthoxide with the production of a carmine dye 
completely insoluble in, and fast to, acids and alkalis. With R-salt 
it gives a soluble red compound which dyes animal fabric mordanted 
with ferric salts a bright red. 

The above suspension of the diazonium sulphate was poured into 
4 solution of cuprous chloride (30 g.) in hydrochloric acid (150 ¢.c.), 
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and the whole stirred vigorously at the ordinary temperature for 
15 minutes and at 90° for a further 15 minutes (this is essential to 
obtain a good yield). It was then poured into water (600 c.c.) and 
heated on the steam-bath for 14 hours with stirring. The pre- 
cipitate was collected, dissolved in acetic acid, and treated at the 
boiling point with chromic acid; addition of water precipitated 
1 : 2-dichloroanthraquinone, which crystallised from acetic acid 
(charcoal) in long stout yellow needles (9-2 g.), m. p. 203° (Found : 
Cl, 25-5. Cale. for C,,H,O,Cl, : Cl, 25-6%). 

Sulphonation of 1: 2-Dichloroanthraquinone. Sodium 1 : 2-Di- 
chloroanthraquinone-6- and -7-sulphonates.—1 : 2-Dichloroanthraquin- 
one (5 g.) dissolved in 20% fuming sulphuric acid (7 c.c.) was heated 
at 155—160° for 5} hours. The dark red melt was poured into 
water (200 c.c.), in which it was completely soluble, and its dark 
colour was discharged by heating with a little nitric acid. Sodium 
hydroxide (15 g. in 45 c.c. of water) was added and after some 
time the yellow precipitate was filtered off and dissolved in the 
minimum amount of boiling water, and the solution evaporated; 
golden spangles then began to separate. When the liquor was 
reduced to about half its volume, it was cooled and the crystalline 
precipitate of sodium 1 : 2-dichloroanthraquinone-6-sulphonate was 
collected (1-9 g.). This substance is sparingly soluble in water, 
from which it separates in golden spangles (Found: 8, 8-7. 
C,,H;0;Cl,SNa requires S, 8-45%). The filtrate was further 
evaporated and the first small precipitate was removed. When 
the filtered solution was concentrated to small bulk and kept, 
sodium 1 : 2-dichloroanthraquinone-7-sulphonate came down in golden 
leaves (2 g.). Crystallised from water, in which it was very soluble, 
it gave the pure salt (Found: S, 8-9%). 

Chlorination of Sodium 1 : 2-Dichloroanthraquinone-6- and -7-sul- 
phonate. 1:2:6- and 1:2: 7-Trichloroanthraquinones.—Sodium 
1 : 2-dichloroanthraquinone-6-sulphonate (2 g.), suspended in water 
(800 ¢.c.) containing potassium chlorate (2 g.) and acidified with 
hydrochloric acid (10 c.c.), gradually dissolved when heated on the 
steam-bath, with the simultaneous precipitation of 1 : 2 : 6-trichloro- 
anthraquinone in microcrystalline flocks. These, collected after 20 
hours and crystallised from acetic acid, formed long lemon needles, 
m. p. 221—223° alone and in admixture with the trichloroanthra- 
quinone obtained from sodium 1-chloroanthraquinone-2 : 6-disul- 
phonate (Found : Cl, 34:1. C,,H,0,Cl, requires Cl, 34-1%). The 
m. p. was depressed in admixture with specimens of 1 : 2 : 7-tt- 
chloroanthraquinone obtained from sodium 1 : 2-dichloroanthra- 
quinone-7-sulphonate and from sodium 1-chloroanthraquinone-? : 7- 
disulphonate. 
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A dilute aqueous solution of sodium | : 2-dichloroanthraquinone- 
7-sulphonate, treated in the same manner with nascent chlorine, 
gave 1 : 2: 7-trichloroanthraquinone, which crystallised from acetic 
acid in long pale needles, m. p. 224°, which did not depress the 
m. p. of 1:2: 7-trichloroanthraquinone obtained from sodium 
1-chloroanthraquinone-2 : 7-disulphonate (Found : Cl, 340%). 
1:3-Dichloro- and 1:2: 3-Trichloro-anthraquinone.—2-Amino- 
anthraquinone was chlorinated by the two methods described by 
Ullmann and Junghaus (loc. cit.), but their high yields of 1 : 3-di- 
chloro-2-aminoanthraquinone could not be obtained. The crude 
products melted below 185° and required to be recrystallised 4 or 5 
times to raise the m. p. to 224°, the figure given by these authors. 

A solution of 1 : 3-dichloro-2-aminoanthraquinone (20 g.) in sul- 
phuric acid (100 c.c.) was slowly treated at 0° with sodium nitrite 
(7 g.). When a test portion was completely soluble in an excess of 
water (ca. 20 minutes), the mixture was poured into ice-water 
(200 g.). The diazonium sulphate was thrown down as a grey- 
brown precipitate. This substance is easily soluble in water, giving 
a pink solution which is moderately stable at the boiling point. 
The sulphate couples with sodium £8-naphthoxide, yielding a 
crimson dye. For the deamination, it was suspended together 
with dry cuprous oxide (4 g.) in absolute alcohol (800 c.c.) and 
gently heated. When the vigorous reaction was over (2 hours), 
the alcohol was removed by evaporation, the residue heated with 
nitric acid to remove copper oxide, and the 1:3-dichloroanthra- 
quinone dissolved in acetic acid, treated with chromic acid, and 
precipitated with water. After crystallising twice from acetic acid, 
it was obtained in long, stout, yellow needles (8 g.), m. p. 208° 
(Junghaus gives 203°). 

For the synthesis of 1 : 2: 3-trichloroanthraquinone, 1 : 3-di- 
chloro-2-aminoanthraquinone (20 g.) was diazotised as above, and 
ice (100 g.) added to the sulphuric acid solution. The whole was 
poured with stirring into a solution of cuprous chloride (40 g.) in 
hydrochloric acid (200 c.c.). The frothy mass was stirred vigorously 
for 15 minutes at room temperature and at 90° for $ hour, water 
(160 c.c.) added, and the mixture heated on the steam-bath for 14 
hours. The | : 2: 3-trichloroanthraquinone was then filtered off, 
treated in boiling acetic acid with chromic acid, and precipitated by 
the addition of water. After crystallising twice from acetic acid, it 
was obtained in long, lustrous, pale yellow needles (7:4 g.), m. p. 
194—195° (Found: Cl, 34:0. C,,H,;0,Cl, requires Cl, 34:1%). 

Sulphonation of 1:3-Dichloroanthraquinone. Sodium 1 : 3-Di- 
chloroanthraquinone-6- and -7-sulphonates.—1 : 3-Dichloroanthra- 
quinone (10 .g.) was sulphonated in the same way as | : 2-dichloro- 
3N 
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anthraquinone (p. 1788), and the product treated as there described. 
The solution of the product (19-1 g.) in the minimum amount of 
boiling water (700 c.c.), on cooling, set to a transparent jelly, 
which became opaque but still unfilterable on the addition of a 
little hydrochloric acid. The solution was therefore evaporated 
considerably (volume ca. 300 c.c.) at 100°, and the granular pre- 
cipitate of sodium 1 : 3-dichloroanthraquinone-6-sulphonate (5°6 g.) 
removed from the hot liquor (Found in recrystallised salt : S, 8:8. 
C,,H,0,Cl,SNa requires S, 845%). The filtrate was further 
evaporated, and the first precipitate (nearly 2 g.) removed; the 
filtered solution on evaporation to small bulk gave a crystalline 
precipitate of sodium 1 : 3-dichloroanthraquinone-7-sulphonate (2-4 g.), 
which was obtained pure after one recrystallisation (Found: 
8, 90%). 

Chlorination of Sodium 1 : 3-Dichloroanthraquinone-6- and -7-sul- 
phonates. 1:3:6- and 1:3: 7-Trichloroanthraquinones.—A solu- 
tion of sodium 1 : 3-dichloroanthraquinone-6-sulphonate (4 g.) in 
water (500 c.c.) containing potassium chlorate (4 g.) and acidified 
with hydrochloric acid (20 c.c.) was heated on the steam-bath until 
a test portion, on filtration, gave a colourless filtrate. The 1] : 3: 6- 
trichloroanthraquinone was collected, washed with dilute sodium 
hydroxide solution, and crystallised from acetic acid, forming long 
yellow needles (1:7 g.), m. p. 212—213° (Found: Cl, 34:1. 
C,,H,0,Cl, requires Cl, 34:1%). 

Chlorination of sodium 1 : 3-dichloroanthraquinone-7-sulphonate 
(1 g.) in the same manner gave 1 : 3 : 7-trichloroanthraquinone, which 
crystallised from acetic acid in starry clusters of lemon needles, 
m. p. 216—217° (Found: Cl, 33¢83%).* A mixture of the two 
trichloroanthraquinones melted below 195°. 

Sulphonation of 1:4-Dichloroanthraquinone. Sodium 1 : 4-Di- 
chloroanthraquinone-6-sulphonate.—1 : 4-Dichloroanthraquinone (3 
g.) (Ullmann and Conzetti, loc. cit.) was heated with 20% fuming 
sulphuric acid (3 c.c.) at 160° for 4 hours. After cooling, the dark 
liquor was poured into water (75 c.c.), in which it dissolved com- 
pletely, the dark colour was removed with nitric acid, and a solution 
of sodium hydroxide (4 g.) added. When the solution was evapor- 
ated to small bulk and cooled, sodium 1 : 4-dichloroanthraquinone- 
6-sulphonate separated in small yellow leaves (Found in the 
anhydrous salt : 8, 8-8. C,,H;O;Cl,SNa requires S, 8-45%). 

Chlorination of Sodium 1 : 4-Dichloroanthraquinone-6-sulphonate. 
1 : 4: 6-Trichloroanthraquinone.—A solution of sodium 1 : 4-dichloro- 
anthraquinone-6-sulphonate (2 g.) in water (300 c.c.) containing 
potassium chlorate (2 g.) and hydrochloric acid (10 c.c.) was heated 
* Micro-analysis by Dr. Schoeller, Berlin. 
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at 100° until precipitation of the 1 : 4 : 6-trichloroanthraquinone 
was complete. This crystallised from acetic acid in long golden 
needles, m. p. 236° alone and in admixture with the specimen 
obtained from sodium 1-chloroanthraquinone-4 : 6-disulphonate. 
The m. p. was depressed by the addition of 1 : 4 : 5-trichloro- 
anthraquinone (Found : Cl, 34-3. Cale. for C,,H;O0,Cl, : Cl, 34:1%). 

Sulphonation of 1: 8-Dichloroanthraquinone. Sodium 1 : 8-Di- 
chloroanthraquinone-4-sulphonate.—1 : 8-Dichloroanthraquinone was 
prepared by the chlorination of the corresponding potassium anthra- 
quinone disulphonate (Fierz-David, loc. cit.). It was found prefer- 
able to use this salt in a state of high purity, as then the 1 : 8-di- 
chloroanthraquinone was precipitated in pale lemon needles, nearly 
1 cm. in length, m. p. 201°. A solution of technical sodium anthra- 
quinone-1 : 8-disulphonate was treated with concentrated potassium 
chloride solution and the relatively insoluble potassium sa!t, which 
separated in golden spangles, was recrystallised from a large volume 
of water. 

1 : 8-Dichloroanthraquinone (50 g.) was dissolved in 20% fuming 
sulphuric acid (75 c.c.) and heated for 8 hours at 155—160°. The 
product was poured into water (1000 c.c.) and, after the unchanged 
1 : 8-dichloroanthraquinone (8 g.) had been removed, the filtrate 
was decolorised with nitric acid (50 ¢.c.). Sodium hydroxide (50 g. 
in 200 c.c. of water) was added, and the solution evaporated to 
small volume (ca. 300 c.c.) and cooled. The bulky precipitate was 
collected and on crystallisation from the minimum amount of 
boiling water gave 24 g. of pure sodium 1 : 8-dichloroanthraquinone- 
4-sulphonate (Found: S, 8-7. C,,H;0,Cl,SNa requires 8, 8-45%). 
The filtrate, after removal of a further crop of the above mono- 
sulphonate, was well concentrated and cooled; yellow leaves of 
sodium 1 : 8-dichloroanthraquinone-4 : 5-disulphonate were precipit- 
ated (5 g.). 

Chlorination of Sodium 1 : 8-Dichloroanthraquinone-4-sulphonate 
and -4:5-disulphonate. 1:4:5-Trichloro- and 1:4:5:8-Tetra- 
chloro-anthraquinones.—A dilute aqueous solution of sodium 1 : 8- 
dichloroanthraquinone-4-sulphonate (4 g.) was treated with nascent 
chlorine at 100°, in the manner previously described, until pre- 
cipitation of 1:4: 5-trichloroanthraquinone was complete. This 
crystallised from acetic acid in long yellow needles, m. p. 258° alone 
and in admixture with the specimen obtained from sodium |-chloro- 
anthraquinone-4 : 5-disulphonate (Found: Cl, 34:3. C,,H,;0,Cl, 
requires Cl, 34-1%). 

In the same manner, double the quantities of potassium chlorate 
and hydrochloric acid being used, sodium 1 : 8-dichloroanthra- 
quinone-4 : 5-disulphonate gave 1 : 4: 5 : 8-tetrachloroanthraquinone, 
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which crystallised from acetic acid in very pale, small needles, m. p. 
341—342° (Maquenne block) (Found : Cl, 40-3. Cale. for C,,H,O,Cl,: 
Cl, 41-0%). 

Sulphonation of 1:5-Dichloroanthraquinone. Sodium 1 : 5-Di- 
chloroanthraquinone-2- and _ -4-sulphonates.—1 : 5-Dichloroanthra- 
quinone was prepared by the chlorination of the highly purified 
sodium salt of the corresponding disulphonic acid; it was pre- 
cipitated in long needles, m. p. 245°. 50 G. were dissolved in 20% 
fuming sulphuric acid (50 ¢.c.) and heated at 155—160° for 4 hours. 
The liquor was poured into water, the unchanged 1 : 5-dichloro- 
anthraquinone removed (28 g.), and the filtrate, after being de- 
colorised with a little nitric acid, treated with a solution of sodium 
hydroxide (40 g.). The solution was evaporated to small bulk and 
cooled, and the yellow precipitate was collected and dissolved in 
the minimum amount of boiling water, a saturated solution of 
sodium chloride (5 g.) added, and the solution allowed to cool. 
The precipitated sodium 1 : 5-dichloroanthraquinone-2-sulphonate (9 g.) 
crystallised from water in small pointed leaves (Found: §, 8-9. 
C,,H;0O;Cl,SNa requires S, 8-45%). The filtrate from the above 
had deposited after 12 hours a thick glutinous yellow precipitate 
which, after crystallising twice from water, gave sodium 1: 5- 
dichloroanthraquinone-4-sulphonate in the pure form (10-5 g.). It 
crystallised from water, in which it was very soluble, in long needles 
which had a gelatinous appearance (Found : 8, 9-0%). The filtrate 
was well concentrated and cooled; sodium 1 : 5-dichloroanthra- 
quinone-2 : 8-disulphonate then came down. This, treated with 
nascent chlorine in boiling aqueous solution, gave 1 : 2 : 5: 8-tetra- 
chloroanthraquinone, which, after two crystallisations from acetic 
acid, was obtained in long felted needles, m. p. 282—283° (Found : 
Cl, 40-6. C,,H,O,Cl, requires Cl, 41-0%). 

1:2:5- and 1:4: 5-Trichloroanthraquinones.—A dilute solution 
of sodium | : 5-dichloroanthraquinone-2-sulphonate (6 g.) was heated 
overnight at 100° with potassium chlorate (6 g.) and hydrochloric 
acid (28 c.c.). The 1 : 2 : 5-trichloroanthraquinone obtained crystal- 
lised from acetic acid in long stout yellow needles, m. p. 235—236° 
(Found : Cl, 34-0. C,,H,O,Cl, requires Cl, 34-1%). 

In the same manner, sodium 1 : 5-dichloroanthraquinone-4-sul- 
phonate gave 1 : 4 : 5-trichloroanthraquinone, which was precipitated 
very rapidly. It crystallised from acetic acid in yellow needles, the 
m. p. of which was raised by several recrystallisations to 256—257° 
(Found: Cl, 34-4%). In admixture, it depresses considerably the 
m. p. of 1: 2: 5-trichloroanthraquinone, but not that of 1: 4:5- 
trichloroanthraquinone obtained from sodium 1 : 8-dichloroanthra- 
quinone-4-sulphonate. 
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Catalytic Sulphonation of 1 : 5-Dichloroanthraquinone.—The above 
sulphonation was carried out with the addition of red mercuric 
oxide (5—6 g.). The product was worked up as before, and the 
yellow substance obtained crystallised in fractions from water. 
The first fraction (11 g.) was pure sodium 1 : 5-dichloroanthraquin- 
one-4-sulphonate; on treatment with nascent chlorine it gave 
1: 4: 5-trichloroanthraquinone, m. p. 256° after one crystallisation 
from acetic acid. The last fraction (3 g.) was sodium | : 5-dichloro- 
anthraquinone-4 : 8-disulphonate; treatment with nascent chlorine 
gave 1:4:5:8-tetrachloroanthraquinone, m. p. 337°, which did 
not depress the m. p. of that obtained from sodium | : 8-dichloro- 
anthraquinone-4 : 5-disulphonate. 

Attempted Chlorination of Sodium Anthraquinone-1 : 5-disulphon- 
ate-—The disulphonate (10 g.) was dissolved in sulphuric acid (35 
c.c.), @ erystal of iodine added, and the mixture heated at 160° for 
3 hours while dry chlorine was passed in (from 60 g. of potassium 
permanganate and 440 c.c. of hydrochloric acid). The product was 
poured into water and salted out with sodium chloride. The yellow 
precipitate (10 g.) was separated by fractional crystallisation from 
water into 4 portions, each of which was separately treated with 
nascent chlorine in boiling aqueous solution. They all gave pre- 
cipitates of 1: 5-dichloroanthraquinone, m. p. 244°. The same 
negative result was obtained when 20% fuming sulphuric acid was 
used as solvent. 

The Attempted Nitration of Sodium Anthraquinone-1 : 5-disulphon- 
ate—The following is a typical experiment. Anhydrous sodium 
anthraquinone-1 : 5-disulphonate (20 g.), dissolved in sulphuric acid 
(60 ¢.c.), was heated to 100°, fuming nitric acid (20 c.c.) slowly 
dropped in with shaking, and the mixture heated on the water- 
bath over-night. The liquid was cooled and filtered through 
asbestos. The residue on the filter was dissolved in water, a little 
sodium hydroxide added, and the substance in solution separated 
into 3 portions by fractional crystallisation. All these fractions 
when treated in boiling aqueous solution with nascent chlorine 
precipitated 1: 5-dichloroanthraquinone in the pure state. The 
same result was obtained when 20% fuming sulphuric acid or 40% 
oleum was used as solvent in place of ordinary sulphuric acid. 
Sodium anthraquinone-1 : 8-sulphonate was treated similarly with 
negative results; moreover, although repeated experiments were 
made, no nitrogenous substance could be detected in the product 
obtained by treating either sodium anthraquinone-2 : 6- or -2 : 7- 
disulphonate with fuming nitric acid. 

The Semi-chlorination of Potassium Anthraquinone-1 : 5-disulphon- 
ae.—The following is a typical experiment. Potassium anthra- 
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quinone-1 : 5-disulphonate (30 g.) was dissolved in water (1125 c.c.), 
acidified with hydrochloric acid (150 c.c.), and heated on the steam. 
bath to 90°. A solution of sodium chlorate (15 g.) in water (150 
c.c.) was slowly dropped in during 15 minutes, and the temperature 
maintained at 90° for a further 1} hours. The precipitated 1 : 5- 
dichloroanthraquinone (7-9 g.) was filtered off, the filtrate evaporated 
slightly, a saturated aqueous solution of potassium chloride (80 zg.) 
added, and, after standing, the yellow precipitate collected (12 g.). 
This was converted into sulphony] chloride, an excess of the reagents 
being used. The crude sulphony] chloride melted below 100° (con- 
trast that obtained from the catalytic preparation which had crude 
m. p. above 200°). On treatment with benzene, part was soluble 
with ease, leaving a residue (ca. one-third of the whole) which was 
soluble only with great difficulty in benzene. This residue after 
several recrystallisations had m. p. 230—235°, which was depressed 
in admixture with authentic 1-chloroanthraquinone-5-sulphony! 
chloride but not by anthraquinone-1 ; 5-disulphony] chloride (Found: 
S, 15-2. Cale. for C,,H,O,C1,S,: 8S, 15-8%). It was therefore 
impure antbraquinone-| : 5-disulphonyl chloride. The portion easily 
soluble in benzene was recrystallised several times from this solvent 
and obtained (1-8 g.) in small crystals, m. p. 204—215° (Found: 
8, 10-5. Cale. for C,,H,0,C1,S : 8, 9-4%). It was therefore impure 
1-chloroanthraquinone-5-sulphony] chloride. 

In another experiment the reaction was arrested when only 2 g. 
of 1 : 5-dichloroanthraquinone had been formed. The filtered solu- 
tion was salted out, and the product treated with phosphorus 
pentachloride; anthraquinone-l ;: 5-disulphonyl chloride was then 
obtained, which crystallised from nitrobenzene in dark yellow 
tablets, m. p. 260—262°. 


In conclusion, the author wishes to thank Professor J. F. Thorpe, 
F.R.S., and Dr. H. King for their valuable advice and kind interest 
in this work; also the Department of Scientific and Industrial 
Research for permission to publish the results, and for a grant 
which made the investigation possible. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
‘ Lonpon, S.W. 7. (Received, May 11th, 1931.) 
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eam- | CCXLII.—Syntheses of Cyclic Compounds. Part IX, 
a The Reduction of Ethyl 3-Methylcyclopentylidene- 
1:5 l-cyanoacetate with Moist Aluminium Amalgam 
ated and its Bearing wpon the Configuration of the 
0 g.) 3-Methylcyclopentane Ring. 

at By Arruur IsRaEL VOGEL. 


con- | PuRE 3-methylceyclopentanone being now readily available (Vogel, 
rude this vol., p. 907), the present research was carried out along the 
uble | lines described in Part III (J., 1928, 2010) in order to compare the 
was | 3-methylcyclopentane ring with the other ring systems already 
1fter | studied and thereby to obtain evidence as to the influence of the 
ssed methyl group upon the properties of the 5-carbon ring. The method 


onyl consists in the reduction of the cyano-esters (I) with aluminium 
und: amalgam in moist ether under standard conditions (J., 1927, 594), 
fore (I.) CR,R,:C(CN)-CO,Et CR, R,*CH(CN)-CO,Et (IIT.) 
se (II.) CHR,R,*CH(CN)-CO,Et CR, R, -CH(CN):CO,Et 

yen 

nd: whereby a mixture, readily separable by distillation, of the uni- 


molecular compound (II) and the bimolecular compound (III) is 





nies produced. Owing to the practical non-volatility of (III) in ether 
2 g. vapour and its almost complete insolubility in water, the yield of 
ole- the bimolecular ester is employed for comparative purposes. It 
a must be emphasised that the method is regarded merely as one to 
ben be compared ultimately with the results obtained by physical 
low methods, such as the determination of the dissociation constants of 
appropriately substituted dibasic acids, which forms the basis of a 
concurrent series of investigations. 
pe, 3-Methyleyclopentanone condenses readily with ethyl cyanoacetate 
nest in the presence of piperidine to yield the cyano-ester (IV), which 
rial exists in a solid («) and a liquid (8) form, both of which are pro- 
ant duced in approximately equal quantities in the condensation. The 
i 7 CH, CH(CN)-CO 
—CH, ->C:C(CN)-CO,Et Oar coo NE >CH(CO,H), 
] (IV.) (V.) (VI.) 
Me Me 
H, CH,-CO,H H, CO,H 
(VIT.) (VIII.) 
H H 
» H, CO,H H, H,CH,*CO,H 





liquid form has all the properties of an «$-compound : it exhibits 
an exaltation of molecular refraction, condenses readily with alco- 
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holic potassium cyanide (compare Lapworth and McRae, J., 1922, 
121, 2741) to give an excellent yield of a succinic acid which has the 
configuration (VII) or (VIII), and is completely reduced by moist 
aluminium amalgam in ether in 6—7 hours. The solid ester like- 
wise condenses with alcoholic potassium cyanide to give a good 
yield of the same succinic acid, which is accompanied by another 
acid, the quantity of which, however, was too small for isolation 
in a state of purity. Both forms yield 3-methylcyclopentanone on 
oxidation with aqueous potassium permanganate at 0°, and give 
the dicyano-imide of 3-methylcyclopentane-1 : 1-diacetic acid (V) 
on condensation with ethyl cyanoacetate and ammonia in alcoholic 
solution. They differ, however, in their solubility in alcohol (the 
a-form is the less soluble) and in the rate of reduction by moist 
aluminium amalgam. The solid ester (IV) is incompletely reduced 
after 6—7 hours but completely after 20 hours. The yield of the 
bimolecular compound (III) is 13% for the liquid and 16% for the 
solid form. The same unimolecular compound (II) is produced 
from the two forms, since hydrolysis with alcoholic potassium 
hydroxide yields the same malonic acid (VI) in nearly quantitative 
yield. 

The results of the reduction, together with all the results thus 
far obtained (J., 1928, 2010; 1930, 768), are in Table I. 


TABLE I. 
CR,R,CH(CN)-CO,Et. 
CR,R,:C(CN)-CO,Et. CHR,R,-CH(EN)-CO,Et. CR,R,"CH(CN)-CO,Et 


R,R, = gem-dimethyl ... 63 21 
CR,R, = cyclopentane ...... 79 13 
= 3-methylcyclo- 
pentane (liquid) 75 13 
= cycloheptane ...... 72 12 
= trans-hexahydro- 
8-hydrindene* 75 15 
= cyclohexane ...... 84 6 
= 3-methyleyclo- 
hexane ......... 83 6 
= 4-methyleyclo- 
DOMED cccescise 87 4 
- trans-decahydro- 
B-naphthalene 78 7 


* The values for trans-hexahydro-8-hydrindene are due to Kandiah (this 
vol., p. 930), and have been computed from his actual experimental results; 
his figures for relative yields of 82% and 18% are erroneous. 


The yield of bimolecular compound in the 3-methylcyclopentane 
series is almost identical with that of cyclopentane and cycloheptane, 
both of which are strainless rings. It is reasonable, therefore, to 
conclude that the 3-methylcyclopentane ring is likewise strainless 
and its influence upon the tetrahedral angle is similar to that of 
cyclopentane and other strainless rings. Support for this view is 
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given by parachor measurements on 3-methylcyclopentanone (see 
Experimental). By substituting Sugden’s values of 2H for :O, the 
parachor of the methylceyclopentane ring can be evaluated and by 
further replacing the value for CH, by that of H, the contribution 
per CH, group, [P’,/n], which is an important criterion of the 
configuration of the ring (Vogel, J., 1928, 2018; 1930, 770), can be 
calculated. This leads to a value of [P’,/n] of 40-9, which agrees 
well with the figure (41-0) previously obtained for the simple 
cyclopentane ring. 

Table I has some features of interest. The cyclohexane ring, 
either alone or substituted by one methyl group or fused to another 
like ring, gives a yield of 6—7°% of bimolecular compound, whereas 
the cyclo-pentane and -heptane rings (now accepted as strainless) 
give approximately twice this yield. It appears that the behaviour 
of ring systems in this reaction falls into two classes: (1) cyclo- 
hexane, 3- and 4-methylcyclohexane, and trans-decahydro-8-naphth- 
alene, (2) the accepted strainless rings, viz., cycloheptane and cyclo- 
pentane, and also 3-methylcyclopentane and trans-hexahydro-f- 
hydrindene. 

The inference for trans-hexahydro-$-hydrindene is in accord with 
the experiments of Kandiah (this vol., p. 952) upon the stability of 
the trans-spiro-acid (IX) towards hydrochloric acid and upon the 
equilibrium (X) == (XI) in concentrated alkali solution. The 


; H-CO,H CO-CO,H 
IX. . 2 (X.) 
(IX.) CoH >C< for co} e Hu>CC oH 06H 
(OH)-CO,H 
C o 2 (XI.) 
oH u> Cc ‘CO,H 


result for trans-decahydro-$-naphthalene is, however, diametrically 
opposed to the conclusions of Rao (J., 1930, 1162), who, by methods 
analogous to those just mentioned, deduced that it simulated the 
cyclopentane ring in behaviour and was therefore strainless and 
consisted of two multiplanar 6-carbon rings. No explanation is at 
present offered of this serious anomaly. 


EXPERIMENTAL 


Condensation of 3-Methylcyclopentanone with Ethyl Cyanoacetate : 
Ethyl 3-Methyleyclopentylidene-1-cyanoacetate (IV).—A mixture of 
49 g. of the ketone, b. p. 143—145°, prepared from pure 6-methyl- 
adipic acid, m. p. 96—97° (Vogel, this vol., p. 912), 57 g. of ethyl 
cyanoacetate, and | g. of piperidine was kept at room temperature 
for 54 hours, then heated on the steam-bath for 3 hours, cooled, 
and poured into water. The heavy oil produced was isolated by 


means of ether (two extractions), washed with dilute hydrochloric 
3N2 
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acid and then with water, dried with anhydrous sodium sulphate, 
and distilled; 3-methylcyclopentanone and ethyl cyanoacetate 
passed over first (39—40 g.), followed by a small fraction at 145~— 
156°/13 mm. (4 g.), partially solidifying on cooling, and the pure 
cyano-ester (IV) at 155—157°/12 mm. (41-5—43 g.), the last-named 
solidifying to a somewhat sticky solid on cooling. The sticky solid 
was spread on a large porous plate during 4 days; the resultant 
crystalline solid (20—21 g.), after two crystallisations from 80% 
alcohol, from which it separated in lustrous plates, had m. p. 70° 
(light petroleum, b. p. 40—60°, may also be employed). This was 
the «-form of (IV) (Found: C, 68:1; H, 7-6. C,,H,,0,N requires 
C, 68:3; H, 7-°8%). The porous plate was extracted with a large 
volume of boiling ether during 3 hours, the ether evaporated and 
the residue distilled. The (-form of 3-methylcyclopentylidene-1- 
cyanoacetate (16—17 g.) passed over at 155—156°/12 mm. as a 
colourless viscid liquid, which had dj 1-039, ni’ 1-484 (Abbé 
refractometer), whence [#,;]p 53-18 (calc., 51-59) (Found: C 68-2; 
H, 76%). It solidified in ice. Treatment of the low b. p. fraction 
with piperidine and keeping at the room temperature for 2 days 
results in the separation of a considerable quantity of solid, which 
on dissolution in ether and working up as described above, gives 
further quantities of the solid and liquid unsaturated cyano-esters. 

Oxidation with potassium permanganate. 3 G. of the ester (IV) 
were treated with the required amount of ice-cold 3% aqueous 
potassium permanganate and the solution was kept for one hour 
at 0°. 3-Methylcyclopentanone, isolated by the addition of excess 
of semicarbazide acetate to the first 25 c.c. of the steam distillate, 
was identified in the form of the semicarbazone (m. p. and mixed 
m. p. 184—185°). The yield of semicarbazone from the liquid 
form was greater than that from the solid form. 

Reduction of (IV) with Moist Aluminium Amalgam. Preparation 
of Ethyl r-3-Methylcyclopentyl-1-cyanoacetate.—Liquid form. 9-41 G. 
were reduced with 20 g. of aluminium amalgam in moist ether 
under the usual conditions (J., 1927, 594). The product was worked 
up in the usual manner after 7 hours and distilled; ethyl r-3-methyl- 
cyclopentyl-1-cyanoacetate (7-08 g.) passed over at 135—137°/12 mm. 
The residue solidified when left in a vacuum over calcium chloride 
after previous trituration with dry light petroleum, b. p. 40—60°; 
yield, 1-23 g. It had m. p. 69—76° and was probably a mixture of 
isomeric bimolecular cyano-esters (Found: M, in camphor, 392. 
Co.H3.0,N, requires M, 388). The liquid reduction product on 
redistillation boiled at 140°/14 mm., and had dj}? 1-0067, njj° 1-448, 
whence [Rz]p 51-93 (calc., 52:21) (Found: C, 68-0; H, 8. 
C,,H,,0,N requires C, 67-6; H, 8:8%). 
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ate, Solid form. 6-65 G., m. p. 69—70°, were similarly reduced with 
tate | 15 g. of moist aluminium amalgam. There was very little action 
45— § during the first 7 hours although the ether was saturated with 
pure | water. It was worked up after 20 hours (when most of the amalgam 
med § had reacted) and yielded 4-82 g. of ethyl r-3-methylcyclopentyl-1- 
solid | cyanoacetate, b. p. 135—136°/11 mm., d2” 1-0006, nz" 1-448, whence 
tant | [R,]jp 52:17 (Found: C, 67-7; H, 86%), and 1-10 g. of the solid 
30% | bimolecular compound, m. p. 69—77° (Found: M, in camphor, 390). 
70° If the reduction product is worked up after 7 hours, it solidifies 
was | to a sticky mass when left in a vacuum and yields the unchanged 
lires | cyano-ester, m. p. 69—70°, when spread on porcelain. 
arge r-3-Methylcyclopentyl-1-malonic Acid (VI).—Solutions of ethyl 
and | r.3-methylcyclopentyl-l-cyanoacetate (7-5 g.), from the liquid form 
e-1- f of (IV), in rectified spirit (15 g.), and of potassium hydroxide (12 g.) 









































is a | in water (24 g.) were mixed, refluxed for 36 hours (the evolution of 
.bbé | ammonia had then ceased), and evaporated to dryness on the 
8-2; | steam-bath. The residue was triturated with ether to remove any 


tion | unchanged ester, and cautiously acidified with dilute sulphuric 
lays | acid; 3-methylcyclopentyl-l-malonic acid (5-1 g.), m. p. 151—153° 
hich | (decomp.), was precipitated and after one crystallisation from 
ives | benzene, from which it separated in rectangular plates, had m. p. 
ers. | 153—154° (decomp.) (Found: C, 58-3; H, 7-4. C,H,,0, requires 
IV) | C,58-0; H, 7-6%. Found for the silver salt: Ag, 54-0. C,H,,0,Ag, 
ous § requires Ag, 538%). Ether extracted an additional 0-45 g. of the 
our § acid after saturation of the filtrate with ammonium sulphate. The 
cess — presence of an isomeric acid could not be detected. 

ate, Similar hydrolysis of ethyl r-3-methylcyclopentyl-1-cyanoacetate 
xed — (4-5 g.) derived from the solid ester (IV) yielded r-3-methylcyclo- 
uid } pentyl-1-malonic acid (3-0 g.), m. p. and mixed m. p. with the 
above acid, 153—154° (decomp.). 





Lion Condensation of the Ester (IV) with Ethyl Cyanoacetate.—3-0 G. of 
LG. the ester (IV) (liquid form) were treated with ethyl cyanoacetate 
her § (1-8 g.) and absolute ethyl alcohol saturated with ammonia at — 5° 
ked (25 c.c.) and kept in the ice-chest for 4 days. No solid separated, 
byl- & but when the product was worked up in the manner previously 


im. described (Vogel, this vol., p. 913), the w-imide of 3-methylcyclo- 
ide pentane-1 : 1-dicyanoacetic acid was obtained in satisfactory yield. 
0°; The m. p. previously given (loc. cit.) was raised to 193—194° by 
> of crystallisation from dilute alcohol. E 


92. The solid cyano-ester (3-0 g.) condensed similarly with 1-8 g. of 
on ethyl cyanoacetate and 75 c.c. of ethyl-alcoholic ammonia (this 
48, volume was necessary owing to the smaller solubility in ethyl 





0. alcohol) to the w-imide (V), but the yield was less than that obtained 


from the liquid ester. 
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Condensation of Ethyl 3-Methylcyclopentylidene-1-cyanoacetate with 

Alcoholic Potassium Cyanide. Preparation of 1-Carboxy-3-methyl. 
cyclopentane-l-acetic Acid.—Liquid form of (IV). The pure liquid 
ester (3-0 g.) in 15 g. of rectified spirit was treated with a solution 
of 2:1 g. of potassium cyanide in 4:6 g. of water. The mixture, 
which became warm, was kept for 60 hours, the alcohol was then 
distilled off, very large excess of concentrated hydrochloric acid 
added, and the liquid heated under refiux for 4 hours, cooled, 
diluted with water, and extracted three times with ether after 
addition of ammonium sulphate. The residue, after evaporation 
of the ether, was a viscid oil which on dissolution in a mixture 
of ether—benzene-light petroleum (b. p. 40—60°)—all sodium dried 
—and keeping for 12 hours, deposited 2-85 g. of the crude acid, 
m. p. 111—113°. 1-Carboxry-3-methyicyclopentane-1-acetic acid separ- 
ated from concentrated hydrochloric acid in prisms, m. p. 117° 
(Found: C, 58:1; H, 7-7. C,H,,0, requires C, 58-0; H, 76%. 
Found for the silver salt: Ag, 54:0. C,H,.0,Ag, requires Ag, 
538%). 

The anhydride, readily prepared by refluxing the acid for 4 hours 
with 4 mols. of pure acetyl chloride (Vogel, J., 1928, 2010), was a 
liquid, b. p. 156—158°/11 mm. (Found: C, 58-0; H, 7-7. C,H,,0, 
requires C, 58-0; H, 7:6%). It yielded the original acid, m. p. 
117—118°, on boiling with aqueous potassium hydroxide for 30 
minutes, followed by acidification. 

Solid form of (IV). The condensation of the solid ester (3-0 g.) 
was carried out as above, except that 30 g. of rectified spirit were 
employed. The resultant viscid oil was kept for 48 hours until 
most of the mixed solvents had evaporated spontaneously. The 
crude solid acid (2-3 g.), after trituration with benzene, melted at 
115—116°, and at 117—118° after one crystallisation from concen- 
trated hydrochloric acid. It was identical (mixed m. p.) with the 
acid obtained from the liquid ester. The benzene extract yielded 
ca. 0-1 g. of a somewhat sticky acid on evaporation, but the quantity 
was too small for investigation. 

Surface-tension and Density Measurements on 3-Methylcyclopentan- 
one.—The apparatus and procedure employed in these determin- 
ations were those already described (Vogel, J., 1928, 2027). The 
correction for the meniscus was 0-24 mm. and the mean constant 
‘K, 1-8638. The symbols in the table have already been defined 
(Vogel, loc. cit.). The 3-methylcyclopentanone was prepared from 
8-methyladipic acid, m. p. 96—97°, and was regenerated from the 
bisulphite compound; it then boiled at 143-5—144°/759 mm. 
M = 98-08. 
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Densities determined : d}!* 0-9155, d%* 0-8775, d#* 0-8550. 


t. h. H. di. y- Parachor. 
20-0° 18-00 17-76 0-9132 30-23 251-8 
60-6 16-37 16-13 0-8784 26-41 253-1 
81:8 15-33 15-09 0-8593 24-17 253-1 


Mean 252-7 


Correction. In Part VIII (this vol., p. 910), the first paragraph 
should be deleted, since the distillation of the calcium salts of cyclo- 
hexane- and cycloheptane-1 : 1-diacetic acids (Kon, J., 1921, 119, 810) 
has, the author regrets, been confused with the action of potassium 
on the corresponding esters (Kon, J., 1922, 124, 513, and unpub- 
lished observations). This in no way affects either the theory 
developed in the paper or the conclusions deduced from the experi- 
mental results. 


The author’s thanks are due to the Chemical Society for a grant 
towards the cost of materials, to the Dixon Fund Committee of 
the University of London for a grant for the purchase of the micro- 
scope, and to Imperial Chemical Industries for a grant to the 
Chemical Department. 


UNIVERSITY COLLEGE, SOUTHAMPTON. [Received, May 9th, 1931.] 


Addendum. Since the above was written, a paper has appeared 
by Desai (this vol., p. 1216) describing the preparation of ethyl 
3-methylcyclopentylidene-1-cyanoacetate and its reduction by moist 
aluminium amalgam. The existence of the liquid cyano-ester, which 
forms about 50% of the condensation product between ethyl cyano- 
acetate and pure 3-methylcyclopentanone (from #-methyladipic acid, 
m. p. 96—97°; Desai’s acid had m. p. 90—91°) in the presence of 
piperidine, has been overlooked. For the solid cyano-ester, no 
weights of the amounts of the uni- and bi-molecular reduction 
products isolated are recorded ; it is stated (pp. 1217, 1222) that the 
yield of the latter, no evidence of its bimolecular character being 
adduced, is 12% (the true yield is 16%). 

Pure 1-carboxy-3-methy!cyclopentane-1-acetic acid, prepared from 
the liquid unsaturated cyano-ester and purified through the 
anhydride, has m. p. 117—118°. Desai records a m. p. of 125°, 
which would suggest that the separation of the isomeric acid was 
incomplete. 

[Added, June 14th, 1931.] 
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CCXLITI.—The Selenates of Neodymium and their 
Solubilities in Water and in Selenic Acid Solutions. 


By Joun ALBERT NEWTON FRIEND. 


A DESCRIPTION has already been given (Friend and Round, J., 
1928, 1820) of neodymium selenate and its penta- and octa- 
hydrates.* Evidence was obtained of the existence of a dodeca. 
hydrate. The quantity of material at the disposal of the authors 
was very small, and as larger quantities of neodymia have now 
been obtained it seemed desirable to check and extend the earlier 
work, and to determine the solubilities of the salts in water and 
selenic acid solutions. 

The neodymium selenate was prepared by dissolving ignited 
neodymia in diluted selenic acid and crystallising it on the water- 
bath. The mother-liquor was poured off and the crystals washed 
in boiling water, in which they are only slightly soluble. 

The neodymia was prepared in a similar manner to that already 
described (Friend, J., 1930, 1633). It contained traces of praseo- 
dymium as indicated by a slight brown tint, but the quantity is 
believed to have been very much too small to affect the results 
obtained. The selenic acid was purchased as pure, and was found 
to be free from sulphuric acid and from halogen derivatives. 

Several difficulties have been encountered, not the least of which 
is the tendency of neodymium selenate to undergo hydrolysis in 
solution, Even in the cold after several hours of vigorous agitation 
in the saturation bottle during solubility determinations in neutral 
solution, the solid residue was invariably slightly basic. 

Hot aqueous solutions of neodymium selenate tend to become 
turbid. This appears to be due in part to formation of a basic 
salt, the solution becoming slightly acid; but some acid solutions 
on warming gave an appreciable deposit of insoluble neodymium 
selenite, as though some catalyst were present accelerating the 
reduction. One batch of material had to be discarded for this 
reason, although it appeared to be quite pure. That the deposit 
consisted essentially of selenite was demonstrated in one case by 
dissolving it in a little very dilute nitric acid. On passage of sulphur 
dioxide there was an immediate precipitate of selenium, whereas 
neodymium selenate gives no precipitate under such conditions. 
Analysis showed the ratio Nd,O, : Se was 1-3068 [Nd,(SeO,), requires 


* Meyer and Kittelmann (Z. anorg. Chem., 1931, 195, 121) have since 
prepared these two hydrates, apparently in ignorance of the above-mentioned 
research. 
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SOLUBILITIES IN WATER AND IN SELENIC ACID SOLUTIONS. 1803 





14164). The solid was thus distinctly acid, which suggests the 
absence of any appreciable amount of basic salt. 

The rate of transformation of one hydrate into another is often 
very slow, and some of the hydrates are very persistent in their 
metastable regions. Some of the hydrates appear to have very 
restricted regions of stability, and in some cases it has been found 
difficult to ensure that the same hydrate will appear in two succes- 
sive crystallisations under what appear to be identical conditions. 
This was particularly the case with the acid salts. 

Method of Analysis.—One of the most convenient and accurate 
methods of estimating neodymium consists in precipitation with 
slight excess of oxalic acid and ignition to oxide, with observance 
of the precautions already given (Friend, loc. cit.). The selenium 
was usually determined in separate samples by boiling them with 
concentrated hydrochloric acid to reduce them to selenite, pre- 
cipitating the element with sulphur dioxide, and collecting it on a 
sintered glass filter. The selenium was washed with alcohol and 
dried at 110°. 

When the supply of a batch of crystals was small, both neodymia 
and selenium were estimated in the same sample. It was ascer- 
tained that this could be effected with sufficient accuracy in either 
of two ways. (1) After removal of neodymium as oxalate, the 
filtrate was taken almost to dryness on the water-bath, washed 
into a beaker with the minimum quantity of water, and boiled with 
an equal volume of concentrated hydrochloric acid. Selenium was 
precipitated with sulphur dioxide; the oxalic acid did not interfere 
with the reduction, but careful washing of the selenium was essential 
to remove adsorbed material. Even then the results were invari- 
ably very slightly higher than with direct precipitation from the 
pure selenate solution, as shown by the following results : 

a. b. c. 
Direct pptn. from selenate (g. Se) ............ 0-1066 0-1930 0-1616 


Pptn. after removal of Nd as oxalate (g. Se) 0-1085 0-1960 0-1649 
(2) After precipitation of selenium from the original selenate 
solution, the filtrate was taken almost to dryness on the water- 
bath to expel sulphur dioxide. It was then diluted, and neodymium 
precipitated as oxalate in the usual way. The following results 
are typical : 








a. b. c. d. 
Direct pptn. from selenate (g. 
WIEN”. sl percscsencameranssoess 01460  0-2483  0-1706  0-2689 
Pptn. after removal of Se (g. 
on ee ee 0-1479 0-2503 0-1700 0-2690 


Either procedure could therefore be used with confidence. The 
second was usually more convenient. These methods, however, 
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destroy the selenate, and in the case of the solubility determinations 
it seemed desirable, in view of the high cost of selenic acid, to 
ascertain whether or not the amount of salt in solution could be 
estimated with sufficient accuracy either by evaporation on the 
water-bath to the pentahydrate or by conversion at 180—230° to 
the anhydrous salt. In neutral solution very satisfactory results 
could be obtained by the former method when a platinum dish was 
used, and no free selenic acid was present; but attempts to obtain 
the anhydrous salt were not satisfactory owing to decomposition of 
the selenate before complete expulsion of the water. 

In the following table are given several series of comparative 
results obtained by the three methods. As the errors involved in 
the second method were small, this was occasionally used, in order 
to conserve material, to gain a general idea of the shapes of the 
solubility curves. All the data given in Tables IT and IIT, however, 
were obtained gravimetrically. 


TABLE I. 


Analyses of Solutions of Neodymium Selenate. 


Result, as g. of Nd,(SeO,),, 
for three solutions. 
a. b c. 


1. Gravimetric estimation as oxalate ...... 1-0880 0-5068 0-5933 


2. Solution evaporated on water-bath to 

PUTRI. isis siiedias scanty sieein ens 1-0945 0-5097 0-5887 
3. Pentahydrate heated to 180—230° and 

weighed as anhydrous salt ............ 1:0968 0-5141 0-5968 


Many other analyses were carried out in a similar manner and 
showed corresponding differences. 

When heated to redness, neodymium selenate is gradually con- 
verted to neodymia. It was found somewhat difficult to expel the 
last traces of selenium, but the expulsion was facilitated by alter- 
nately heating it to redness and cooling it in air many times until 
the weight was constant. The process is tedious, but fairly accurate. 
Thus, in one case, neodymia from oxalate precipitation was 0-1457 g., 
and by direct ignition 0-1452 g. 

Neodymium Sulphate Pentahydrate, Nd,(SeOQ,)3,5H,0.—The 
method of preparing the pentahydrate has already been given 
(Friend and Round, loc. cit.), but a slight amplification is necessary. 
It was stated that, on concentration on the water-bath, a good 
crop of pink crystals separated from the hot mother-liquor and 
were dried between filter-paper and stored over sulphuric acid, 
after which analysis showed them to be the pentahydrate, although 
in every case the amount of water found was slightly higher than 
theory demands. 
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It has now been ascertained, however, that the crystals, so long 
as they remain in contact with the hot solution, are those of the 
hexahydrate, but on being dried whilst still warm are more or less 
converted to the pentahydrate. By evaporating a neutral solution 
to dryness on the water-bath, a quantitative yield of pentahydrate 
is obtained. Complete analyses of the salt have not hitherto been 
published. The following data refer to four different batches pre- 
pared by crystallisation on the water-bath, pouring off the mother- 
liquor, and heating the crystals on the water-bath to constant 
weight. 


a. b. Rie. d. Cale. 
eer erer aren 41-73 41-78 41-32 41-78 41-64 
i, eee 46-83 47-14 46-63 47-00 47-22 
5H, 0 (by diff. +), Ra Ghasedane 11-44 11-08 12-05 11-22 11-14 
Ratio Nd,O,: 38e ......... 1-431 1-423 1-423 1-428 1-416 


Hewtigtvat: Nd,(SeO,)3,6H,O.—On heating a concentrated solu- 
tion of the neutral or slightly acid salt above 60°, pink crystals of 
the hexahydrate separate on the walls of the containing vessel. 
The whole is rapidly cooled, the mother-liquor poured off, and the 
crystals thoroughly dried between filter-papers. The following data 
refer to four different batches prepared in this manner : 


a. b. c. d. Cale. 
| DS Rane eee 40-84 40-94 40-38 40-62 40-73 
eg rere 45-22 46-05 46-21 45-41 46-19 
6H,O (by diff.), % ......... 13-94 13-01 13-41 13-97 13-08 
Ratio Nd,O, : 3Se ......... 1-450 1-428 1-403 1-436 1-416 


All the salts except c proved to be slightly basic, having undergone 
hydrolysis during their preparation. 

Octahydrate, Nd,(SeO,),,8H,0.—This salt may be obtained in 
several ways, viz., (i) by prolonged exposure of the saturated solu- 
tion or of a higher hydrate over concentrated sulphuric acid (analyses 
a and b, below); (ii) by crystallisation from fairly concentrated 
acid solution (analyses c, d, and e). The salt crystallises as well- 
defined, rose crystals. The following are typical analyses : 


a. b. c. d. é. Calc. for 
Nd,(SeO,);,8H,O. 
|, Se 39-22 38-97 38-64 38-51 39-65 39-03 
ge a 44:12 43-96 45-66 44-36 44-42 44-26 
Water (by diff.), % 16-66 17-07 15-70 17:13 15-93 16-71 
Ratio Nd,O, : Se. 1-428 1-424 1:359 1-394 1-434 1-416 


Specimen c was crystallised from solution containing 48-2% selenic 
acid, and probably contained a little acid salt. Salt e was obtained 
as follows: Some neodymia was dissolved in excess of diluted 
selenic acid and allowed to crystallise in air. Very fine needles 
were obtained which it was intended ultimately to analyse, as they 
were believed to be a new acid salt. The mother-liquor was poured 
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off and the crystals set on one side; but in the course of four 
months the crystals began to disintegrate, yielding an acid liquid 
and compact rose-coloured crystals. 

On addition of alcohol to a concentrated solution of neodymium 
selenate a viscous liquid is obtained, which on agitation rapidly 
crystallises. Upon exposure to air the salt rapidly loses in weight 
and the odour of alcohol gradually vanishes. Analysis, however, 
invariably agreed more closely with that calculated: for an ennea- 
hydrate than for the octahydrate. Thus: 


Cale. for 
a. b. Nd,(SeO,)3,9H,0. 
I i ee 38-57 37-55 38-23 
i Rs Cl 43-16 43-52 43-35 
Water (by diff.), % ............ 18-27 18-03 18-42 
Ratio Nd,O,:3S8e  ............ 1-435 1-386 1-416 


Whilst the formation of a metastable hydrate of this composition 
is easily possible, the excess water may be simply due to adsorption. 
By no other method were crystals of this composition ever obtained. 

The dodecahydrate, Nd,(SeO,)3,12H,O, is obtained when a solution 
is allowed to evaporate in the open air at the ordinary temperature 
until practically constant weight is attained. It is a pale pink 
powder. Analyses of different batches are as follow : 





a. b. c. Cale. 
| hy: Se Re ete 36-34 35-79 36-14 36-02 
BETES,  Matnhniertiduiiemeyencieds 40:77 40-38 40-66 40-84 
12H,0 (by diff.), % ... 22-89 23-83 23-20 23-14 
Ratio Nd,O,: 38e —........cveecses 1-431 1-423 1-428 1-416 


Higher Hydrates.—The higher hydrates do not crystallise easily. 
The putty-like residues from the saturation bottle, after deter- 
mination of the solubilities at various temperatures below 60°, were 
dried between filter-papers and analysed. In general, the analyses 
agreed with either Nd,(SeO,),,18H,O or 22H,O. A few typical 
analyses are as follow : 


Cale. for Cale. for 

DR d enh etteicconsees 0° 18H,0. 8-6° 9-0° 45-6° 22H,0. 
2°77 32-29 30-44 30-52 29-06 30-20 

7-01 36-61 34:27 34°13 33-58 34-25 

H,O (by diff.), % ... 30-22 31-10 35:29 35-35 37°36 35-55 
Ratio Nd,O,:Se ... 1-422 1-416 1-426 1-436 1-390 1-416 
The salt at 45-6° agrees more closely with 24H,O (Calc.: H,0, 
37-58%), but it was slightly acid and possibly imperfectly dried as 
selenic acid is hygroscopic. On the other hand several: small 
irregularities have been repeatedly encountered in the solubility 
determinations below 50° to which reference is made below, and it 
is possible that two or more hydrates may be co-existent in the 
solid phase over prolonged periods. The supposed 22-hydrate might 
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conceivably, for example, be a mixture of the 24- and the 18- 
hydrate. Owing to their putty-like condition, the hydrates do not 
appear to exhibit any distinctive characteristics. 

Anhydrous Neodymium Selenate, Nd,(SeO,)3.—It does not appear 
possible to prepare this salt in a perfectly pure condition by mere 
heating, as slight decomposition occurs before the whole of the 
water has been expelled. In this respect it resembles the sulphate. 
The best result was obtained by maintaining it at 170—190° for 14 
hours in an electric oven, whereupon the weight became practically 
constant. The product still contained 1-:36% of water, but dis- 
solved almost completely in water, leaving only: a trace of insoluble, 
brown residue. 

Acid Selenates—Neodymium readily yields acid selenates, 
NdH(SeO,),,aq., in various states of hydration. Upon two occa- 
sions different batches of neodymium selenate in acid solution 
deposited on prolonged standing in air during summer months, 
rose-red crystals of 2NdH(SeO,),,15H,O. They were larger crystals 
than usual, apparently monoclinic, with the c axis measuring 0-5—1 
em. The analyses (below) agreed satisfactorily with the above 
formula, but all attempts to prepare further crops of such crystals 


have failed. 
(i). (ii). Cale. 


| ee eee eT ee 30-00 29-22 29-69 
ae Ee lL he iaecd 44-91 45°34 44-88 
16H,O (by diff.), % ....ssccssceeeeeeeee 25-09 25-44 25-43 
AME TC SIIER  ccenscesetrannwnnees 1-073 1-035 1-062 


On another occasion, when it was hoped to prepare the above 
erystals by concentrating a solution of selenate in diluted selenic 
acid by prolonged exposure over concentrated sulphuric acid, rose- 
red crystals separated in the course of a month or two, the com- 
position of which approximated to 2NdH(SeO,),,7H,O. 

Determination of Solubility—The apparatus used was similar to 
that described in connexion with neodymium sulphate (Friend, J., 
1930, 1633), a sintered glass filter of the finest grade (No. 4) being 
employed. In almost every case the amount of selenium in solution 
was determined as well as of neodymium. 

Owing to hydrolysis the saturated solutions were usually slightly 
acid when crystals of pure neutral salt had been initially taken. 
The results are given in Table II, in which S represents the solu- 
bility as g. of anhydrous neodymium selenate per 100 g. of solution. 
The theoretical value for the ratio Nd,O, : 3Se is 1-416. 

The parentheses indicate that the solubility in neutral solution 
has been calculated from the curve and not determined directly. 

It will be noted that, when the ratio Nd,O,:Se does not quite 
reach 1-416, the observed solubility is slightly higher than in per- 
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Taste II. 
(Crystals initially neutral or very slightly basic.) 


Temp. S. Nd,O,:Se. Temp. S. Nd,O,:Se. Temp. S. Nd,O;:Se. 
0° 31-10 1-414 18-4° 27-91 1-437 58-4° 30-67 1-444 


0 30-84 1-360 23-6 28-92 1-423 61-6 26-14 1-442 
8-6 30-79 1-376 26-2 29-38 1-385 63-2 19-44 _— 
12-6 30-30 1-394 30-0 29-46 1-391 64:6 17-13 1-319 
13-0 29-25 1-371 30-8 28-34 1-428 65-2 16-8 1-383 
13-4 28-27 1-417 43-4 27-90 1-426 77-0 8-33 1-411 

15-0 29-81 1-394 51-5 29-44 1-430 79-4 6-98 — 
17-0 30-85 1-431 54-0 29-30 — 92-4 3-19 1-370 

17-6 29-16 1-364 55-4 30-00 1-432 
TABLE III. 
(Free selenic acid added to solution.) 
H,SeO,, H,SeO,, H,SeO,, 

Temp. %. a. Temp. %. S. Temp. %. 8. 
oe oO 31:10 176° 12-4 23-72 45:6° 1:34 28-27 
0 3:84 2954 240 0 (288) 456 1:60 28-61 
86 0 (30-3) 240 414 2635 45:6 547 27-35 
86 587 2629 300 0 (285) 456 639 27-18 

13-0 0 (30-0) 30-0 4-52 25-32 55-4 0 (29-8) 
13-0 460 27-46 400 0 (28-3) 55-4 166 27-29 
13-0 5-93 24-92 40-0 60 7:9 84-8 0 (5-2) 
176 0 (296) 456 0 (28-5) 848 44 7-55 
17°6 8-6 25-23 


fectly neutral solution, although, as is shown in Table ITI, a marked 
increase in acidity due to intentional addition of free selenic acid 
causes, as usual, a fall in solubility. This suggests that a small 
amount of acid may tend to raise the solubility, perhaps by retard- 
ing hydrolysis, as was found to be the case with neodymium 
sulphate. As a result of this hydrolysis the residue in the satur- 
ation bottle was invariably basic. This probably accounts, in part 
at any rate, for the slight irregularity of the results to which refer- 
ence has already been made, and for the difficulty of obtaining 
accurate “ repeat ” results, since the extent of hydrolysis depends 
partly upon the proportion of undissolved residue in the saturation 
bottle. 

The data in Table II are shown in the figure, crosses and circles 
indicating that the Nd,O, : Se ratio either exceeded or fell below 1-4. 
The solubility curve indicates the mean values. Between 0° and 
60° the solubility varies but slightly : apparently a minimum occurs 
near 40°. At about 60° a break occurs with the appearance of the 
hexahydrate, the solubility of which rapidly falls with rise of 
temperature. 

Comparison of Neodymium Selenate and Sulphate.—Although neo- 
dymium selenate is much more soluble in water, the solubility 
curves of the two salts are similar in appearance. The selenate 
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shows a break at 60° and the sulphate at about 80°, although in 
the latter case the change is polymorphic and not due to a change 
in hydration ; the solubilities above these points fall rapidly with 


Fig. 1. 


Nd, (Se Oy)s, ay. 





to a 
oS So 


— 
o 


Nd,(SeQ,)5, g. per 100 g. of solution. 





0 | i = ™ nM 7 
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rise of temperature. Free acid in small amounts tends to raise the 
solubility, but in larger quantity the acid reduces the solubility. 
Both salts tend to hydrolyse. 
THE TECHNICAL COLLEGE, 
BIRMINGHAM. [ Received, June 2nd, 1931.] 


CCXLIV.—The Kinetics of the Oxidation of Hydrogen 
Sulphide. Part I.* 
By HaroLp Warris THOMPSON and NoRMAN STANLEY KELLAND. 


It has recently been shown (Z. physikal. Chem., 1930, B, 10, 273) 
that mixtures of carbon disulphide and oxygen exhibit similar 
properties to those shown by mixtures of hydrogen and oxygen at 
low pressures (Proc. Roy. Soc., 1929, 122, A, 610) : at any temperature 

* In discussion with Dr. L. Farkas, of the Kaiser Wilhelm Institut fir 
physikalische und Elektrochemie, Berlin-Dahlem, after this paper had been 
written, it was ascertained that he also had obtained some of the results 
now described. So far as we can see, his results are in general agreement 
with ours, but only involve the induction period and the explosion. They 
will be published by him later in the Zeitschrift fiir Elektrochemie. 
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ignition only occurs between two pressure limits outside which the 
measurable reaction is very slight and apparently largely dependent 
on the vessel walls. By using clean vessels, fairly reproducible 
values for the pressure limits can be obtained, but the existence of 
sulphur deposits on the wall leads to much irregularity. In most 
cases, again, an induction period varying from seconds to minutes, 
in which no measurable change occurs, precedes the ignition, and 
this is markedly dependent on the nature of the wall surface. The 
facts would indicate an initiation of chains on the wall, and this idea 
is supported by the lack of explosion until far higher temperatures 
in the absence of wall. 

Further investigation has shown that this reaction is of peculiar 
interest, and it seemed desirable to examine other processes of a 
similar type. Amongst those which suggested themselves, the 
oxidation of hydrogen sulphide was chosen. The kinetics of this 
exothermic reaction have never been examined in detail, though 
determinations of the ignition temperature of hydrogen sulphide 
in oxygen and in air have been made (see reference to Meyer and 
Freyer, Dixon and Coward, in Bone and Townend’s “ Flame and 
Combustion in Gases ”’). 

The values of these ignition temperatures deduced from the 
experiments to be described agree satisfactorily with those of Dixon 
and Coward, at any rate in so far as ignition in oxygen is concerned. 





































EXPERIMENTAL. 


Method.—The reaction was followed by the static method usually 
employed in measurements of this kind (Fig. 1). The reaction 
vessel A was enclosed in an electrically heated furnace B, and 
connected by means of capillaries to a capillary three-way tap C, 
and to a mercury manometer M, the dead space being negligible. 

Condensation of water during the course of an experiment was 
prevented by wiring the capillaries with electrically-heated resistance 
wire, maintained at about 120°. The tap C was connected to vessels 
DD and E containing respectively hydrogen sulphide and oxygen, 
and via tap G to a mercury-vapour pump, manometers being suitably 
interposed. The reaction was followed by pressure changes recorded 
on the manometer M, which was not wired, the vapour pressure of 
the mercury thus being reduced, and reaction between hydrogen 
sulphide and mercury being diminished to negligible proportions. 
The temperature of the furnace was measured by a subsequently 
calibrated mercury thermometer, placed so that its bulb was in 
contact with the reaction vessel. 

Several reaction vessels of different dimensions were employed 
in the work (see Table I); I, III, V, and VI were soda-glass cylinders 
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75—8-5 cm. in length and of 3-2 cm. internal diameter, VIII was 
14 cm. long and of 1-5 cm. internal diameter, II was 12 cm. long but 
only 1-1 cm. in diameter, IV was identical with V but packed with 
45 pieces of glass tubing each 5 cm. long, 2 mm. internal and. 3 mm. 
external diameter; VII was also identical with V but packed with 
glass wool. 
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TABLE I. 
Gaseous volume, Surface area, 
No. Width, cm. c.c. em.?. Surface/volume. 
I 3-2 56 73 1: 

II 1-1 11-5 40 3°5 
III 3-2 60 80 1-33 
IV 3-2 45 350 7:8 

V 3-2 56 73 1-3 
VI 3:2 56 73 1-3 

VII 
VIII 1-5 25 65 2-6 


After the series of experiments in the smallest (narrow) vessel II 
had been completed, doubts arose as to whether here the dead-space 
had become relatively important. An entire repetition of the work 
in vessel VIII showed that the results in vessel II were quite valid, 
and indeed, as will be shown, gave assistance in their interpretation. 

The hydrogen sulphide was prepared by digesting a mixture of 
calcium sulphide and magnesium chloride with water (Moser, “‘ Die 
Reindarstellung von Gasen”’). After bubbling through water, it 
passed through potassium bisulphate, was dried by phosphoric 
oxide, and finally was frozen out in liquid air and fractionated twice. 

Results —Preliminary. Although the results of the investigation 
are not definitive and the kinetics of the reaction cannot yet be 
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precisely formulated, the main characteristics of the process are 
sufficiently well established to justify description. 

After earlier experiments had shown that hydrogen sulphide~ 
oxygen mixtures sometimes exploded at about 220°, whereas at 
190° there was scarcely any pressure change, the reaction was studied 
in the relatively wide vessel I. At first, the gases were used in the 
ratio H,S :20,, which would suffice for the oxidation of sulphur to 
trioxide, and, although “end-points” and analyses indicate that 
the reaction proceeds according to the equation 2H,S + 30, = 
2H,0 + 2S80,, yet the excess of oxygen would appear to facilitate 
its progress. 

The procedure was as follows: Hydrogen sulphide to the desired 
pressure was introduced into the previously evacuated reaction 
vessel, the temperature of which was constant to within 1°; at the 
temperatures employed, i.e., 200—300°, it was not noticeably decom. 
posed over long periods. Oxygen was then introduced, the pressure 
read, and subsequent changes observed on the manometer. In all 
the experiments performed, an induction period, in which no change 
could be detected, succeeded the introduction of the oxygen. This 
period varied in extreme cases between a few seconds and some 
minutes. A very slight rapid increase of pressure (I—3 mm.) was 
then noticed, followed by either an explosion or a decrease in pressure 
which could be followed. The decrease in pressure consequent upon 
an explosion was usually approximately 52% of the original hydrogen 
sulphide pressure; that produced by the measurable reaction was 
not in general appreciably different, although occasionally it varied 
in an apparently anomalous manner, a fact which has made certain 
comparisons of data difficult. These variations in pressure decrease 
could be explained by the occurrence of varying amounts of some 
surface process in the different cases; and, in addition, subsidiary 
reactions, such as the interaction of hydrogen sulphide and sulphur 
dioxide or partial oxidation of the hydrogen sulphide itself, giving 
hydrogen and sulphur dioxide, might cause deviations from the 
general rule. Although a small quantity of sulphur was always 
formed in the oxidation, whether it occurred explosively or not, 
its amount did not seem to warrant the belief that it was the direct 
product of an important intermediate reaction. It is, of course, 
probable that a complicated series of changes occurs, each having 
different rates, the net effect of which produces the pressure change 
corresponding to the equation given above, i.e., 50% of the original 
hydrogen sulphide pressure, but it seems likely that the slight 
difference from this theoretical pressure decrease is of subsidiary 
origin. This matter will be further examined. 

The preliminary experiments in vessel I were carried out between 
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210° and 260°. At the lower of these temperatures explosion was 
never observed, and the measurable change, which occasionally 
did not occur at all, only proceeded slowly after an induction period 
of several minutes. At 220°, on the other hand, mixtures at a 
higher total pressure than about 450 mm. exploded, the induction 
period being somewhat erratic. The pressure above which explosion 
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always occurred decreased with increasing temperature, falling from 
approximately 400 mm. at 220° to 210 mm. at 240° and 170 mm. at 
260°. 

The induction period appeared to decrease for any particular 
temperature with increase in pressure, and at any particular pressure 
with increase in temperature. 

The “ order *” of the measurable reaction, as deduced from the 
influence of total pressure upon its rate, appeared to be low, even at 
pressures just below that required for ignition. Fig. 2 indicates 
this, the order here being rather more than unity. 
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The Measurable Reaction. 


“‘ Total Order.””—The preliminary experiments described above 
were repeated in a similar vessel III. The pressure above which 
explosion occurred at any given temperature agreed roughly with 
that previously found, though measurements were not strictly 
reproducible. Ignition could never be observed below 220°. The 
reaction which occurred below about 200° did not appear to be 
precisely that which occurred above this temperature. At the lower 
temperatures the decrease in pressure for complete reaction was 
considerably in excess of that noticed at the higher ones, was 
especially variable, and seemed to arise much more slowly. If 
disturbing wall effects are involved, it is very likely on the basis 
of our observations that they will become prominent in this region 
of lower temperature. The “order” of the measurable reaction 
which comes into prominence above about 200° in the region of 
pressure required for explosion appeared to increase from less than 


TaBLeE II. 
Temperature 261°. 


(1) 50mm. H,O (2) 29 mm. H,S (3) 28 mm. H,S 
103 mm. O, 60 mm. O, 55 mm. O, } 
Press. decrease, Press. decrease, Press. decrease, 
Time. mm. %.- Time. mm. %. Time. mm. » 
0’ 26” expans. — 0’ 50” expans. — 1’ 0” expans. — 
0 30 0 0 1 26 2 13-3 2 45 6 40 
0 48 6 22-2 1 50 4 26-6 5 10 66-7 
1 2 10 37-0 2 3 5 33°3 7 12 80 
1 $l 15 55-5 2 18 6 40:0 ll 13-5 90 
2 18 20 74:0 2 38 7 46-7 14 15 ~=—:100 
3. (0 23 85-1 3 68 8 53-3 
3 30 24 89-2 3 40 9 60 
4 30 26 96-3 5 1] 73-3 
10 27 100 8 13 86-7 
20 15 100 
Temperature 240°. 
(1) 74mm. H,8\ (2) 50 mm. H,S)\ 
144mm. QO, J 103 mm. O, f 
Press. decrease, Press. decrease, 
Time. mm. %. Time. mm. %. 
1’ 50” expans. —_ lV’ 0” expans. — 
1 55 0 0 4 15 0 0 
S 4 5 11-9 4 31 3 11-5 
2 26 10 23-8 4 48 5 19-2 
2 62 15 45:8 5 40 10 38-4 
3 30 20 47-6 6 650 15 57-6 
4 22 25 69-6 8 650 20 76-8 
7 65 35 93-4 1l 20 24 92-3 
10 30 40 95-2 12 26 25 96-1 
13. =O 41 97-8 14 45 26 100 
0 42 100 
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unity at 220° to rather more than two at 280°, although the some- 
what variable rate of the process did not enable a precise value to 
be obtained. Table II gives examples of the course of the reaction 
at different temperatures and pressures, and Table III summarises 
some evaluations of the order, in the estimation of which, by com- 
puting the effect of total pressure upon the period of half-change, 
or by comparing the ratio ts, to t,,., the values of these respective 
times were measured from an origin at the end of the induction 
period when the net pressure change was zero. This procedure may 
not be quite legitimate, depending really upon what is occurring 
during the induction period, but for our present purpose it is ade- 
quate, and will be employed whenever periods of half-change are 
to be compared. 


TaB_eE III. 
Pressure, mm. Induction 
Temp. H,S. O,. period. ty. Order. 
220° 200 394 Yr we e eo; } 0-45 
103 209 1 35 3 25 J 
222 157 306 1 40 4 25 \ 13 
104 204 2 30 3 55 Jj 
230 80 161 1 57 2 0 1 9.4 
60 123 2 0 3 10 j=" 
232 101 205 1 30 130. \ ey 
50 107 1 52 3: 37 —™ 
240 75 144 1 28 149 Lrg 
50 102 3 40 212 f 
261 50 103 0 30 0 50 } 
29 60 1 10 1 40 - 26 
28 55 1 10 3.0. J 
280 36 73 0 30 40° 1 oe 
20 41 1 15 1 25 Jj 


Influence of Separate Reactant Concentrations.—In the earlier 
experiments the separate influence of the respective reactants upon 
the rate of the reaction was not in general investigated, although a 
few experiments indicated that excess of oxygen accelerated the 
reaction markedly and often led to explosions which would otherwise 
not have occurred. This was examined in the vessel VIII. In 
measurements of this kind it is necessary always to have a volume 
of oxygen at least twice as great as that of hydrogen sulphide; the 
end-point in these circumstances does not vary appreciably. Fig. 3 
shows the course of three experiments from which the accelerating 
effect of oxygen is apparent. 

The experiments in vessel VIII are probably more trustworthy, 
and are summarised in Table IV, which shows, for differently 
constituted mixtures at different pressures and temperatures, 
(1) the period of half-change and (2) the induction period for each 
run. Here again the half-value periods are measured from an 
instant at the end of the induction period. 
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Although detailed study of these results discloses many anomalies, 
yet several facts are clear: the time for half-change at any tem. 
perature and total pressure always decreases as the proportion of 
oxygen increases, and always increases as the proportion of hydrogen 
sulphide increases. The total order of the process as measured from 
the influence of total pressure upon ¢, would appear to vary between 
1 and 2 as a rule, attaining the higher values at the higher tem. 
peratures and pressures. At the lower temperatures the data at 


Fie. 3. 
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1 2 3 4 
Time, minutes. 


I. 98mm. H,S, 401 mm. O,. 
II. 101 mm. H,S, 323 mm. O,. 
III. 104mm. H,S, 224mm. O,. 


higher pressures would suggest an order of less than unity, but it is 
not certain how much importance should be attached to this result. 

As judged from the “ initial rates,” the reaction velocity seems to 
be roughly proportional to the second power of the oxygen con- 
centration, and is either independent of, or inversely proportional to 
a small power of, the hydrogen sulphide concentration. The latter 
alternative provides an explanation for the relatively low total 
order. 

If it be assumed that the reaction velocity is given by k{H,S}[0,}, 
typical values of x and y are given in Table V. 
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TABLE V. 


Pressure, mm. Initial rate, 


Temp. HS. O,. mm. per sec. Zt. Yy. 
250° 50 100 0-13 
51 201 0-31 Lathe 
50 304 0-45 ' 
270 53 110 0-24 
53 150 0-42 gf 4 
53 219 0-625 2 
280 99 200 0-60 1, 
100 300 1-26 p Aes 
250 50 200 0-31 ¥ 
75 201 0-33 0-4} —0°4 
100 200 020 =~ % 
250 100 400 ae 
201 400 0-5 
9 205 . 
aed st 202 e-4 0-14) 
15 201 0-72 _ gst —Orl4 
100 202 0-60 


The Influence of Nitrogen.—The effect of adding nitrogen to the 
reaction mixture was also studied, although for experimental reasons 
it could not be used in as great a proportion as exists in air. The 
measurable reaction appears to be slightly retarded under these 
conditions, the end-point not being affected (see Table VI). 





TaB.E VI. 
Pressure, mm. ’ 
“~ - Induction 
Temp. HS. O,. N3. period. tj. 
230° 91 184 -- 1’ 30” 1’ 26” 
90 180 = 1 30 1 30 
92 187 195 1 34 3 0 
90 180 400 2.40 4 0 
270 50 98 -— 0 30 0 55 
50 103 205 0 35 1 13 
49 99 400 0 45 1 3 
290 31 64 —- 0 30 0 28 
31 60 — 0 30 0 30 
31 62 152 0 38 0 42 
31 60 300 1 30 1 15 


Temperature Coefficient—An estimate of the temperature co- 
efficient, and of the heat of activation of the process, has been made, 
although if a chain process be involved it is, of course, difficult to 
attach any precise significance to these quantities. The ease of 
explosion at the higher pressures in the wider vessel makes it 
impossible to obtain sufficient data here, but in the narrower vessels 
VIII and II averages can be made. The results in the former case 
are shown in Fig. 4. The values obtained in the two cases for the 
heat of activation are 18,000 and 17,600 cals. respectively, and, 
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although extensive averaging makes this close agreement fortuitous, 
yet there is no doubt as to the order of magnitude. 

Influence of the Vessel Dimensions.—Decisive evidence as to the 
nature of the measurable reaction was obtained by studying it in 
narrow and in packed vessels (II, IV, and VII). In vessel II no 
explosion of hydrogen sulphide and oxygen could be observed at 
300°—some 80° above the lowest explosion temperature in the wider 
vessel. At 220° as a rule hardly any change could be noticed with 
total initial pressures of 300 or 600 mm., although occasionally a 
slow reaction did occur. At higher temperatures and pressures, the 
decrease in pressure accompanying complete reaction was rather 
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less than that in the wider vessel, i.e., approximately 49% of the 
original hydrogen sulphide pressure. At all temperatures, narrow- 









ing the vessel considerably diminished the reaction velocity. ‘The 
majority of the results are summarised in Table VII, in which they 
are placed alongside those in the wider vessels. It is noteworthy that 
the slight increase of pressure after the induction period, which was 
almost always observed in the wider vessels, was usually absent here. 

It will be seen from this table that the reaction occurring in the 
narrower vessel has an order which, though difficult to estimate, is 
low, and lies between 1 and 2. The frequent failure to react at the 
lower pressures is not, however, accounted for on this basis. 

Table VII also gives values of the induction periods (I.P.) observed 
in the various cases. 
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The Explosive Reaction. 


Table VIII summarises the average of the ignition pressures at 
the various temperatures in the wider vessels, from which it is 
possible to test the validity of the relationship, log p/T =A/T + B, 
derived by Semenov for gaseous explosions, and tested by Sagulin 
for various explosion mixtures (Z. physikal. Chem., 1928, B, 1, 275). 
As Fig. 5 shows, the present data conform closely to this relationship, 
the value of A being approximately 2400. 






































Fig. 5. 
0-2 
© 
0:0 
% 1°8 
& a 
g P ai 
~ 16 ry 
; a a 
1°4 rs 
‘ is 
1-76 1°82 1-90 1°98 2°06 
10°/7’. 
TaBLeE VIII. 
Abs. temp., Explosion pres- 
Temp. 1 sure, p mm. 103/T. log p/T’. 
210° 483° >600 2-070 0-0942 
220 493 500 2-028 0-0061 
230 503 270 1-988 1-7299 
240 513 215 1-949 16222 
250 523 190 1-912 775602 
260 533 150 1-876 1°4493 
270 543 140 1-842 14114 
280 553 110 1-808 {°2986 
290 563 96 1-776 {°2318 


The exact interpretation of this result in the light of the facts 
already outlined is postponed until more precise data about the 
reaction have been obtained. 

Like the measurable reaction, the explosion is also inhibited by 
nitrogen, to such an extent that it often gives way to a measurable 


combination. The effect, however, is not very marked. These 
30 
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experiments are peculiar in that, whereas the end-point in a measur. 
able change is independent of the concentration of the diluent, on 
the other hand, the decrease in pressure accompanying an explosion 
is always considerably diminished by the presence of nitrogen, falling 
to some 42% of the original hydrogen sulphide pressure and even less 
in some cases. It is not yet certain whether this phenomenon is to 
be explained by a combustion of only part of the hydrogen sulphide 
or by the occurrence of different processes in the two cases ; but later 
considerations (see p. 1824) favour the former explanation. Typical 
examples of the results with nitrogen are given in Table IX. 


TABLE IX. 
I'he influence of nitrogen (“ wide ”’ vessel III). 





Press. Press. 
Press. (mm.) of decr., Press. (mm.) of decr., 
P \—umm Re- % of ————., Re- % of 
Temp. H,S. O,. N,. sult.* H,S. Temp. H,S. O,. N,. sult.* HS. 
250° 68 137 — E 51 270° 58 938 — M 60 
ii . 50 49 99 205 ,, 58 
70 148 204 5 42 50 103 400 a 55 
70 137 201 M 55 73 146 — E 52 
85 6169-201 K 42 70 «6141 «#193 os 42 
86 176 298 - 43 70 143 353 o” 36 
280° 29 59 — M 54 290° 31 64 — M 52 
47 es — on 53 30 oo 20: . 52 
63 101 — 1D 50 100 206 — E 53 
51 104 99 + 42 100 197 200 *» 46 
52 108 191 M 54 
50 97 303 = 52 


70 146 297 +E 40 
* E = explosion; M = measurable reaction. 


Experiments were also made in the packed vessels IV and VII; 
no explosion could be observed in either vessel at 300°. At any 
given temperature and pressure, the reaction proceeded somewhat 
faster than in vessel II, but much slower than in vessels I, ITI, or V. 
A slight increase of pressure was observed after the introduction of 
the hydrogen sulphide into the tubular-packed vessel. This might 
conceivably have been caused by a partial catalytic decomposition 
of the hydrogen sulphide, but its effect on the process as a whole 
does not appear to be important. 

A Phenomenon of ‘* Successive Explosions.’’—That the hydrogen 
sulphide really inhibits the reaction is demonstrated in a striking 
way by the following discovery. It has already been stated that, 
in the widest vessels used, complete explosive combustion of the 
hydrogen sulphide occurred, provided the requisite pressures were 
used, above about 220°, whereas in the narrowest vessel no ignition 
could be observed at 300°. In vessel VIII ignition could be observed 
above about 260°, although not as a rule below about 270°, but 
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under these conditions the explosion was never complete. In an 
explosion the hydrogen sulphide was oxidised to steam and sulphur 
dioxide, but all of it was not burnt in this way in any one explosion. 
In order to complete the combustion, one of two alternatives ensued 
after the primary ignition: either, after an appropriate induction 
period, a further explosion occurred, or, again after an induction 
period, a rapid measurable reaction was noticed, which proceeded 
in the same manner as it would have done had the products of the 
first explosion not been present. Under the proper conditions 
(primarily, increase in the proportion of oxygen) it has been possible 
to observe as many as five explosions of the same mixture, each 
preceded by an induction period which lengthened as the mixture 
was exhausted.* Examples of the phenomenon are given in Table 
X, in which M. R. denotes measurable reaction, and A. P. D. denotes 
additional pressure decrease. 


TABLE X. 


(1) Temp. 280°. H,S 100 mm. \ (2) Temp. 280°. H,S 196 mm.) 
O, 400 mm.f O, 404 mm./ 
Press. Press. 
Time. decr., mm. Time. decr., mm. 
0’ 3” Exploded 25 0’ 5” Exploded 25 
0 8 Exploded again 15 0 15 Exploded again 16 
0 15 Exploded again 10 0 20 M.R. starts 
Total 50 0 50 A.? DD. 10 
: 'S¥ aA 20 
(3) Temp. 280°. H,S 146 mm. | Ss ls i 30 
O, 304 mm.f 3 20 a 40 
0 8 Exploded 34 5 35 . 55 55 
0 12 MR. starts Total 96 
0 37 A.P.D. 5 
1 33 ” 10 
8 O - 19 
20 Stopped at 42 42 
Total 76 


It is clear from examples (1) and (2) in this table that the hydrogen 
sulphide must, to some extent at least, function as an interrupter 
of the reaction chains, and the occurrence of these successive incom- 
plete explosions in the relatively narrow vessel further substantiates 


* The suggestion that the phenomenon of successive explosions here de- 
scribed arises by virtue of temperature gradients in the vessel A is for a 
variety of reasons considered improbable. The temperature of the furnace 
B was constant, except at the extreme ends, to 1—2°; temperature gradients 
of this magnitude could hardly give rise to the effect observed, which is not 
in general noticed in other reactions of a similar nature examined in the 
same way. Further, the interpretation of the phenomenon seems a perfectly 
satisfactory one, in agreement with other characteristics of these chain 
reactions. The rise in temperature registered consequent upon an explosion 
was about 1°. 
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the original result that the reaction chains are broken at the vessel 
walls. We have here, furthermore, a probable interpretation of the 
influence of nitrogen previously mentioned, when it reduces the 
pressure decrease consequent upon explosions in the relatively 
wide vessels. It seems that the nitrogen, by breaking the reaction 
chains, behaves as a deactivator in the same way as, but less effi- 
ciently than, the vessel walls or the hydrogen sulphide itself. It 
should, however, be remembered that, whereas the deactivation by 
the wall or by nitrogen would in all probability be a physical process, 
interruption of the chains by the hydrogen sulphide might well be 
due to some chemical reaction. 


The Induction Period and General Discussion. 


For a consideration of the mechanism of the whole process, it is 
essential to discover the significance of the induction period. 
Different samples of the reactants appeared to have no noticeable 
influence upon this, and for this reason its explanation as a period 
during which some inhibiting impurity is being removed (as in the 
case of amino-compounds in the combination of hydrogen and 
chlorine) is considered improbable. The occasional variability 
observed in this connexion in the earlier experiments suggested that 
it involved some surface process. In a few experiments the order 
of introduction of the hydrogen sulphide and the oxygen was 
reversed, but no significant change resulted in either the induction 
period or the subsequent reaction. This result makes the alternative 
idea more probable, namely, that the process occurring in the initial 
stages after mixing is not fundamentally dependent upon the surface, 
since a change in the order of introduction would ‘be expected to 
affect the rate at which adsorption equilibria are set up. But there 
is other evidence for the belief that the process occurring during the 
induction period takes place in the gas. 

Table IV shows how the induction period varies with temperature, 
pressure, and the composition of the mixture in vessel VIII. It is 
considerably shortened by increasing the proportion of oxygen in the 
mixture and somewhat lengthened by increasing that of hydrogen 
sulphide. For a given hydrogen sulphide—oxygen ratio, it is always 
noticeably decreased by an increase of the total pressure. The data 
already given show that addition of nitrogen lengthens it, and toa 
greater extent as the proportion of nitrogen increases. Narrowing 
the vessel acts in the same manner. Thus it seems almost certain 
that the process occurring during the induction is a gaseous one. 

It is difficult to state whether the process occurring is of precisely 
the same nature as the subsequent chain reaction. One fact 
militates against this suggestion, namely, that in those cases where 
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an increase in the total pressure causes an increase in the time for 
half-change, the induction period is not lengthened but markedly 
shortened by the increase in pressure. 

The slight increase in pressure often observed after the induction 
period might conceivably be caused by a slight heating of the 
mixture consequent upon some primary reaction, but no change in 
temperature was recorded by the thermometer. Indeed, a rapid 
decrease of pressure in the initial stages of the reaction might be 
partially discounted by such a rise in temperature, and therefore the 
observed fall of pressure at the start might be rather illusory. How 
far the nature of the induction period complicates the matter is a 
question for further investigation. 

The experiments in vessels of relatively large dimensions, whilst 
suggesting that the measurable change involves the same process as 
the explosion and passes continuously into the latter on increase of 
pressure, do not entirely preclude another interpretation of the 
facts. The relatively low order of the measurable process might 
have been thought to imply a surface reaction rather than one in the 
gas, involving reaction chains. The occurrence of explosion in a 
pressure region of predominantly surface reaction could then have 
been accounted for by supposing that reaction chains of the branch- 
ing type are successfully propagated at a certain pressure by reaction 
centres which leave the wall. The somewhat erratic nature of the 
induction period preceding the explosion might appear at first sight 
to favour this idea, and the fact that for no apparent reason mixtures 
at the lower temperatures occasionally failed to react at all might 
be deemed to substantiate it. 

The results obtained by using the different reaction vessels, 
however, make the conception of the measurable low-order reaction 
between hydrogen sulphide and oxygen as a surface reaction in 
entirety impossible, for the reaction is much retarded rather than 
accelerated by an increase in the surface exposed to the reacting 
gases. Ifasmall percentage of the total reaction takes place on the 
surface, the true retardation’ of the non-surface process by the 
packing is all the greater. To regard it as a chain reaction which 
passes continuously into explosion would appear most reasonable. 
In this case the total order of the reaction would seem rather lower 
than that usually found for chain reactions. This result is, however, 
explained in that the reaction velocity is lowered by an imerease in 
the hydrogen sulphide concentration. That nitrogen inhibits the 
progress of the reaction is not at all contrary to this idea, since it 
could behave as a physical deactivator of products carrying large 
amounts of energy. 

Thus the general picture of the process appears to be roughly as 
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follows. Some undetermined process occurs, probably in the gas 
phase, during the induction period; sufficient active products of 
some kind have by that time been produced to start a chain reaction ; 
the propagation of the chains is favoured by impact of the products 
of an elementary change with oxygen, and collision with hydrogen 
sulphide molecules often interrupts the chain. From the nature of 
the experiments so far performed it is impossible to state the precise 
nature of the active products, radicals, etc., involved in the chain, 
nor is it possible to conjecture whether the hydrogen sulphide 
breaks the chain by reacting with hydrogen atoms, or sulphur atoms, 
or any other product which might be suggested. Further investig- 
ations of this and other analogous reactions are being undertaken 
with this problem in mind, but it is clear that any hypothesis must 
take into account the above-described effect of oxygen and hydrogen 
sulphide on the rate, and no differential equation has yet been found 
to connect the rate of reaction with the concentrations of these 
substances. ° 

The measurable reaction appears to pass continuously into 
ignition as the pressure increases, 7.e., when the rate of loss of heat 
is not large enough to balance its rate of production. 

The reaction is now being studied in silica vessels, in the hope that 
diminished variability will yield more conclusive data. The photo- 
chemical reaction is also being studied. 


Summary. 

The reaction between hydrogen sulphide and oxygen is a chain 
reaction at temperatures in the vicinity of the ignition points, 7.e., 
220--300°. The propagation of chains appears to be favoured by 
excess of oxygen and diminished by excess of hydrogen sulphide. 

The reaction is very markedly retarded by a decrease in the 
dimensions of the vessel in which it is occurring. It is concluded 
that the chains are interrupted by a physical deactivation at the 
wall and probably by a chemical reaction of activated products with 
hydrogen sulphide. Nitrogen also appears to retard the reaction 
by breaking reaction chains. 

A peculiar phenomenon of successive incomplete explosions of 
the same reaction mixture which can be observed under certain 
conditions has been described. 

The reaction or explosion is preceded by an induction period in 
which a process is involved which would appear to occur “in the gas.” 

The heat of activation of the principal process is of the order of 
18,000 cals. 

The conditions for explosion seem to comply with a relationship 
discussed by Semenov. 
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We should like to express our sincere thanks to Mr. C. N. Hinshel- 
wood for his helpful advice and criticism in the interpretation of 
the results. 
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CCXLV.—A Simple Cell for Conductometric Titrations. 
By Joun Massey PRESTON. 


Tue type of cell generally used (see, e.g., Robbins, J. Amer. Chem. 
Soc., 1917, 39, 646; Kolthoff, “‘ Konduktometrische Titrationen,”’ 
1923, p. 17; Treadwell, J. Soc. Dyers Col., 1924, 40, 399; Callan 


Fie. 1. 











Fie. 2. 


and Horrobin, J. Soc. Chem. Ind., 1928, 47, 3397) is a somewhat 
cumbersome and delicate piece of apparatus, which, owing to its 
form, requires mechanical stirring arrangements. An equally 
efficient cell of simpler construction, however, is described below, 
and it possesses the further advantage of being much easier to clean. 
Although arbitrarily chosen, the dimensions will probably be found 
suitable for most purposes. 
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The titration cell is made from a 250-c.c. Pyrex conical flask, Lau 
which the electrodes are introduced through a hole blown in the 
side near the base and formed into a tubulure to take a 15/16” 
rubber bung B (Fig. 1). The electrode system has been made in two 
forms—that shown in Fig. 1, and a modification of this suggested by 
H. Lempert as shown in Fig. 2. The latter type is easier to make and 
more robust, yet one of the former type has been in use for three 
years without breakage even though a flask in which it was mounted 
got broken. For convenience, the platinum electrodes EE are 
welded on to lengths of copper wire CC before the electrodes are 
fused in place in the glass tubes GG, and the copper wires are either 
arranged to dip in mercury cups or soldered to terminals 7'7' as in 
Fig. 1. The latter method is justifiable since the absolute con- 
ductivity is of no consequence, and only the changes of conductivity 
on addition of reagent are important in analytical work. After the 
electrode system has been inserted in the rubber bung this is then 
pushed into the side tubulure of the flask. The cell is then ready 
for use, and when desired, the electrodes can be taken out for re- 
placement, cleaning, or replatinising without any difficulty. 

Sufficient liquid must be placed in the flask to cover the electrodes 
completely, and stirring is effected by shaking the flask in the same 
way as in an ordinary volumetric titration. 


Dept. or TEXTILE CHEMISTRY, COLLEGE OF TECHNOLOGY, 
MANCHESTER. [ Received, June 13th, 1931.] 


CCXLVI.—The Condensation of Dichloroacetaldehyde 
with Anisic Acid and with p-Nitroanisole. 


By Freperick Danie, CaHaTtaway and LARKIN HUNDLEY 
FARINHOLT. 


THE condensation of anisic acid with chloral in the presence of 
concentrated sulphuric acid (Chattaway and Calvet, J., 1928, 2913) 
gives 5-carboxy-2-methoxy-1-888-trichloro-«-hydroxyethylbenzene 
(I), which can be isolated during the first stages of the reaction. If 
the reaction mixture, however, is saturated with hydrogen chloride 
and left for several days, 5-carboxy-2-methoxy-1-«888-tetrachloro- 


ethylbenzene (IT) is produced. 
OMe OMe OMe 
JHO-COly CH(OH):CCl, xo CHC1-CCl 
onsion, ( : : on C) 3 (IL) 
CO,H CO,H CO,H 


p-Nitroanisole condenses with chloral in a similar manner, but the 
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/ v:. 
K, Liu § termediate product, 5-nitro-2-methoxy-1-888-trichloro-«-hydroxy- 
in the § sthylbenzene, has not been isolated. 
5 / 16” Dichloroacetaldehyde, when similarly condensed with anisic acid 
in two f in concentrated sulphuric acid saturated with hydrogen chloride, 
ted by yields mainly 5-carboxy-2-methoxy-1-«88-trichloroethylbenzene (IV; 
ke and | R — OMe:’C,H,°CO,H) together with a small amount of 88-dichloro- 
three au-di-(5-carboxy-2-methoxyphenyl)ethane (V) (compare Baeyer, Ber., 
unted § 1872, 5, 25, 280, 1094; 1873, 6, 220; 1874, 7, 1181). In sulphuric 
E are | acid not previously saturated with hydrogen chloride, the latter com- 
es are pound is the sole product. 5-Carboxy-2-methoxy-1-8$-dichloro- 
either «-hydroxyethylbenzene (III), which must be formed as an inter- 
as 10 | mediate stage in both reactions, has not been isolated, being almost 
> COn- fF completely transformed into (IV) or (V) under the conditions 
tivity | employed. 
er the OMe-C,H,CO,H HO! 
} then | R,CH-CHCl, <- —— [R-CH(OH)-CHCI,] —> R-CHCI-CHCl, 
(V.) (IIT.) (IV.) 
[R=OMe-C,H,°CO,H or OMe’C,H,-NO,. |] 
5-Carboxy-2-methoxy-1-«88-trichloroethylbenzene (IV) and £8- 
rodes | dichloro-««-di-(5-carboxy-2-methoxyphenyl)ethane (V) are colour- 
same | less well-crystallised acids which yield corresponding esters, acid 
chlorides, amides and anilides. In both, the methoxy-group is very 
stable and is not easily affected by strong acids or alkalis. When 
31.] heated with alcoholic potassium hydroxide, each loses a molecule 
of hydrogen chloride to form «$-dichloro-5-carboxy-2-methoxy- 
styrene (V1) and §-chlorodi-(5-carboxy-2-methoxyphenyl)ethylene (VII) 
hyde respectively. 





ready 
or re- 


(Iv) “"S R-CORCHCI (VE); (V) ——"S R,C:CHCI (VIL) 


KOH KOH 





When oxidised by an alkaline solution of potassium permanganate, 
5-carboxy-2-methoxy-1-«$8-trichloroethylbenzene (IV) yields 4- 
methoxytsophthalic acid, a reaction which establishes the position 
of the entering group. 
nzene | p-Nitroanisole condenses with dichloroacetaldehyde in a similar 
4 if manner. With sulphuric acid alone, §$-dichloro-a«-di-(5-nitro- 
loride 2-methoxyphenyl)ethane (V; R = OMe-’C,H,°NO,), and with sul- 
loro- | phurie acid in the presence of hydrogen chloride, 5-nitro-2-methoxy- 
1-x88-trichloroethylbenzene (as IV), areformed. When oxidised with 
potassium permanganate in boiling acetone, the latter yields 
5-nitro-2-methoxybenzoic acid, showing that the ~CHCIl-CHCl, 


ce of 
2913) 


(it) group occupies the ortho-position. 
When refluxed with alcoholic potassium hydroxide, 6£-dichloro- 
“0 aa-di-(5-nitro-2-methoxyphenyl)ethane (V) undergoes profound 
1€ 


decomposition, but 5-nitro-2-methoxy-1-«88-trichloroethylbenzene 
302 
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(LV) loses one molecule of hydrogen chloride and yields «-dichloro. 
5-nitro-2-methoxystyrene (V1). This compound combines directly 
with two atoms of chlorine, forming 5-nitro-2-methoxy-1-aaB8-tetra- 
chloroethylbenzene (VIII), which, when heated with alcoholic potass- 
ium hydroxide, itself loses a molecule of hydrogen chloride to 
produce «$8-trichloro-5-nitro-2-methoxystyrene (IX). 

alcoholic 


(VIEL) R-CCl,-CHCl, — > R-CCICCl, (IX.) 


In the elimination of hydrogen chloride from 5-nitro-2-methoxy-]- 
«$8-trichloroethylbenzene (IV), the hydrogen atom must come from 
the «-position and the chlorine from the 8-position, since the dichloro- 
addition product of this unsaturated compound melts more than 30° 
lower than the other possible isomeride, 5-nitro-2-methoxy-1-«$68- 
tetrachloroethylbenzene. The latter compound, formed by the 
action of p-nitroanisole upon chloral in the presence of concentrated 
sulphuric acid, also yields (IX) on treatment with alcoholic potassium 
hydroxide (Chattaway and Calvet, loc. cit.). 

When 5-nitro-2-methoxy-1-«88- sinitsetatbaniann (IV) is dis- 
solved in concentrated sulphuric acid and p-nitroanisole added, 
88-dichloro-««-di-(5-nitro-2-methoxyphenyl)ethane (V) is slowly 
formed. 











= Re SS bee & 


—o eb 


EXPERIMENTAL. i 

Condensation of Anisic Acid with Dichloroacetaldehyde in the | § 
Presence of Sulphuric Acid saturated with Hydrogen Chloride.— } § 
Dichloroacetaldehyde alcoholate (22:5 g.; 1 mol.) was slowly 


added, with vigorous shaking, to a solution of 20 g. of anisic acid in [ * 
200 c.c. of sulphuric acid to which 10 g. of sodium chloride had been | © 
added; a further considerable excess of sodium chloride was then 
added to ensure complete saturation with hydrogen chloride. J 
After 1} hours the mixture was poured over ice. The colourless | ° 
0 


solid obtained was fractionally crystallised from boiling alcohol, 
giving two products. The less readily soluble portion (1-2 g.) | * 
crystallised in compact prisms, m. p. 315°, and was shown to be 
86-dichloro-««-di-(5-carboxy-2-methoxyphenyl)ethane (V; R= al 
OMe’C,H,°CO,H), described below. The more soluble portion was — © 
5-carboxy-2-methoxy-1-«88-trichloroethylbenzene (IV), long slender 
flattened prisms (32 g.), m. p. 189—190° (Found : C, 42:2; H, 33; — ® 
Cl, 37-4. C, 9H,O,Cl, requires C, 42-3; H, 3-2; Cl, 37-5%), very 
soluble in alcohol and glacial acetic acid, moderately easily soluble 
in ether and benzene, insoluble in light petroleum and water, and 
readily soluble in aqueous alkaline solutions. 

Condensation of Anisic Acid with Dichloroacetaldehyde in the 
Presence of Sulphuric Acid Alone.—Anisic acid (20 g.; 2 mols.) was 
dissolved in 200 c.c. of concentrated sulphuric acid and 13-5 g. of 
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dichloroacetaldehyde alcoholate (1-3 mols.) were slowly added with 
shaking. After standing at 20° for 15 hours, the solution was 
poured over ice. The white precipitate of {-dichloro-«a-di-(5- 
carboxy-2-methoxyphenyl)ethane (V) thus formed (26 g.) crystallised 
from acetic acid, in which it was quite soluble, in short compact 
prisms, m. p. 315° (Found : C, 54-2; H, 3-9; Cl, 17-6. C,gH,,0,Cl, 
requires C, 54-1; H, 4:0; Cl, 17-8%). This compound dissolves 
readily in aqueous alkalis, from which it may be precipitated 
unchanged by acids. 

Action of Alcoholic Potash on 5-Carboxy-2-methoxy-1-«88-trichloro- 
ethylbenzene (1V).—Alcoholic potash was added in excess to 10 g. 
of 5-carboxy-2-methoxy-1-«88-trichloroethylbenzene dissolved in 
100 c.c. of aleohol. When the clear solution was heated, potassium 
chloride separated. On acidification with an excess of very dilute 
hydrochloric acid, a white precipitate of «-dichloro-5-carboxy- 
2-methoxystyrene (V1) came down, which crystallised from alcohol, 
in which it was moderately easily soluble, in bundles of long slender 
flattened prisms, m. p. 227—228° (Found : Cl, 28-6. C,)>H,O,Cl, re- 
quires Cl, 28-75%). 

The trichloroethylbenzene (IV) was also heated nearly to boiling 
with concentrated aqueous sodium hydroxide, whereupon a thick 
precipitate of the sodium salt of «$-dichloro-5-carboxy-2-methoxy- 
styrene separated. It crystallised from alcohol, in which it was very 
soluble, in clusters of long slender needles which do not fuse at a high 
temperature. This compound, moderately easily soluble in hot 
water, was readily converted into the acid (VI), prepared above, by 
treating the aqueous solution with dilute hydrochloric acid. 

Preparation of the Ethyl Ester, Acid Chloride, and Amide of 5-Carb- 
oxy-2-methoxy-1-«88-trichloroethylbenzene (1V).—A solution of 10 g. 
of 5-carboxy-2-methoxy-1-«$8-trichloroethylbenzene (IV) in 100 c.c. 
of ethyl alcohol containing several c.c. of concentrated hydrochloric 
acid was refluxed for 3} hours. The resulting solution was concen- 
trated and the ethyl ester which separated was crystallised from 
alcohol, in which it was extremely soluble, forming bundles of 
colourless needles, m. p. 69° (Found: Cl, 34:3. C,.H,,0,Cl, 
requires Cl, 34-15%). This ester was also readily obtained from the 
acid chloride, described below, by boiling with ethyl alcohol. 

The acid chloride was produced when the acid (IV) was heated 
with phosphorus pentachloride. On pouring over ice, extraction 
with ether, and quick drying over anhydrous calcium chloride, a 
solution was obtained which yielded the acid chloride on concen- 
tration. It crystallised from light petroleum (b. p. 60—80°) in 
slender flattened prisms, m. p. 94° (Found: Cl, 47-2. C, 9H,0,Cl, 
requires Cl, 47-0%). 
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The amide was readily formed when the acid chloride was gently 
heated with a mixture of concentrated ammonia solution and 
alcohol. It crystallised from alcohol in clusters of long slender 
flattened prisms, m. p. 156° (Found: Cl, 37-8. C,)H,)0,NCi, 
requires Cl, 37-7%). 

Oxidation of 5-Carboxy-2-methoxy-1-«88-trichloroethylbenzene (IV) 
and Isolation of 4-Methoxyisophthalic Acid.—5-Carboxy-2-methoxy- 
1-«88-trichloroethylbenzene (10 g.) was dissolved in 300 c.c. of 
boiling water containing sodium carbonate in excess and to this 
solution were added about 9 g. of finely powdered potassium perman- 
ganate gradually until the colour persisted on continued boiling. 
The manganese dioxide was filtered off, and the colourless filtrate 
acidified with dilute hydrochloric acid ; a white solid then separated. 
On crystallisation from acetic acid, 4-methoxyisophthalic acid, 
m. p. 275°, was obtained (Chattaway and Calvet, J., 1928, 2916). 

Action of Alcoholic Potash on £8-Dichloro-««-di-(5-carboxy-2- 
methoxyphenyl)ethane (V) with the Formation of the Ethylene Deriv- 
ative (VII).—The diphenylethané derivative (V) was dissolved in f | 
excess of alcoholic potash and refluxed for 10 hours. Potassium f | 
chloride separated and when the mixture was poured into an excess 
of very dilute hydrochloric acid, @-chloro-««-di-(5-carboxy-2-methoxy- 
phenyl)ethylene (VI1) separated as a white solid. It crystallised 
from glacial acetic acid in small compact crystals, m. p. 339° 
(Found: Cl, 10-0. C,,H,,O,Cl requires Cl, 9-8%), sparingly 
soluble in alcohol but more readily in glacial acetic acid. 

The Methyl and Ethyl Esters, Acid Chloride, Amide, and Anilide 
of 8-Dichloro-a«-di-(5-carboxy-2-methoxyphenyl)ethane (V).—The 
ethyl ester, prepared by refluxing for 15 hours an alcoholic suspension 
of the acid (V) to which several c.c. of concentrated hydrochloric acid 
had been added, and obtained by concentration of the resulting 
solution, crystallised from alcohol, in which it was very soluble, in 
flattened prisms, m. p. 117° (Found : Cl, 15-7. C,,H,,0,Cl, requires 
Cl, 15-6%). It was also obtained by boiling the acid chloride with 
ethyl alcohol. 

The methyl ester, prepared by boiling the acid chloride with methy! 
alcohol, separated from methyl alcohol, in which it was quite soluble, 
in colourless slender flattened prisms, m. p. 154° (Found : Cl, 16:8. 
CyopH50,Cl, requires Cl, 16-6%). 

Both esters are extremely difficult to hydrolyse and were recovered 
unchanged after boiling for several hours with aqueous sodium 
hydroxide solution. 

The acid chloride was prepared in the usual manner by heating the 
acid (V) with phosphorus pentachloride. On pouring over ice, 
extraction with ether, and drying for 15 minutes over anhydrous 
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calcium chloride, the solution yielded the acid chloride on concen- 
tration. This crystallised from ether, in which it was quite soluble, 
in colourless hexagonal plates, m. p. 134° (Found: Cl, 32-4. 
C,gH4O,Cl, requires Cl, 32-5%). 

The amide was formed by gently heating the acid chloride with a 
mixture of concentrated aqueous ammonia and alcohol. It was 
moderately easily soluble in alcohol, from which it crystallised in 
quadrilateral plates, m. p. 257° (Found: Cl, 17-9; N, 7-0. 
(gH g0,N,Cl, requires Cl, 17:7; N, 7-05%). 

The anilide was obtained in a similar manner by heating the acid 
chloride with aniline. After treatment with’ dilute hydrochloric 
acid to dissolve the excess of aniline, the anilide separated from 
alcohol, in which it was moderately easily soluble, in colourless micro- 
crystals, m. p. 209° (Found: Cl, 12-8. Cj 9H,,0,N,Cl, requires Cl, 
12-9%). 

Condensation of p-Nitroanisole with Dichloroacetaldehyde in the 
Presence of Sulphuric Acid saturated with Hydrogen Chloride.—To 
a solution of 15 g. of p-nitroanisole (1 mol.) in 150 c.c. of cold concen- 
trated sulphuric acid were added 16 g. of dichloroacetaldehyde 
alcoholate (1 mol.), followed by 10 g. of sodium chloride. The 
mixture was thoroughly shaken and kept for 2 hours, more sodium 
chloride being added to ensure complete saturation with hydrogen 
chloride. A thick, apparently crystalline solid separated in the 
yellowish mixture, which was then poured over ice. A white solid 
was obtained, which, when fractionally crystallised from boiling 
alcohol, gave §$-dichloro-««-di-(5-nitro-2-methoxyphenyl)ethane 
(Vv; R=OMe’C,H,°NO,) (see below), slightly soluble, compact 
prisms (1 g.), m. p. 237°, and 5-nitro-2-methoxy-1-«88-trichloro- 
ethylbenzene (IV), which crystallised from alcohol or glacial acetic 
acid, in which it was readily soluble, in colourless rectangular prisms, 
m. p. 140° (Found: Cl, 37-4. C,H,0,NCI, requires Cl, 37-4%). 

Condensation of p-Nitroanisole with Dichloroacetaldehyde in the 
Presence of Sulphuric Acid Alone.—p-Nitroanisole (20 g.; 1 mol.) 
was dissolved in 200 c.c. of cold concentrated sulphuric acid and 10 g. 
of dichloroacetaldehyde alcoholate (1 mol.) were slowly added with 
shaking to the clear yellow solution. After 2} hours, it was poured 
over ice, whereupon £§-dichloro-a«-di-(5-nitro-2-methoxyphenyl)- 
ethane (V) separated. It is easily soluble in acetic acid, less soluble 
in aleohol, and crystallises in colourless short compact prisms, m. p. 
237° (Found: Cl, 18-0. C,¢H,,0,N,Cl, requires Cl, 17°7%). 

Action of Alcoholic Potash on 5-Nitro-2-methoxy-1-«88-trichloro- 
ethylbenzene (IV).—When_ 5-nitro-2-methoxy-1-«$$-trichloroethyl- 
benzene, suspended in an excess of alcoholic potash, was heated to 
60°, potassium chloride separated. Water was carefully added, and 











1834 THE CONDENSATION OF DICHLOROACETALDEHYDE, ETC. 


a white precipitate of «8-dichloro-5-nitro-2-methoxystyrene (V1) came 
down. This was very soluble in hot alcohol, from which it crystallised 
in clusters of colourless needles, m. p. 66° (Found: Cl, 28-4. 
C,H,0O,NCl, requires Cl, 28-6%). 

Chlorination of  «$-Dichloro-5-nitro-2-methoxystyrene (V1).— 
Chlorine was passed for } hour through a saturated solution of the 
styrene in acetic acid, whereupon the solution became warm and 
compact crystals separated. The product, 5-nitro-2-methoxy-1- 
ax8-tetrachloroethylbenzene (VIII), crystallised from glacial acetic 
acid, in which it was easily soluble, in colourless octahedra, m. p. 165° 
(Found : Cl, 44-2. C,H-,O,NCl, requires Cl, 44-45%). 

Action of Alcoholic Potash on 5-Nitro-2-methoxy-1-««88-tetra- 
chloroethylbenzene (VIII).—On heating this compound (VIII) with 
alcoholic potash in excess, potassium chloride was deposited. On 
careful addition of water, «$6-trichloro-5-nitro-2-methoxystyrene 
(IX) separated as a white solid, which crystallised from acetic acid, 
in which it was easily soluble, in colourless plates, m. p. 94°, identical 
with the compound described by Chattaway and Calvet (J., 1928, 
2917). 

Oxidation of 5-Nitro-2-methoxy-1-«88-trichloroethylbenzene (IV) and 
Isolation of 5-Nitro-2-methoxybenzoic Acid.—To 5 g. of 5-nitro-2- 
methoxy-1-«$8-trichloroethylbenzene dissolved in 100 c.c. of boiling 
acetone, potassium permanganate (25 g.) was added over a period of 
30 hours. After 10 hours’ boiling, the solid was separated from the 
cooled liquid and extracted with 100 c.c. of alcohol. On concen- 
tration of this solution, needles of potassium 5-nitro-2-methoxy- 
benzoate separated, from which 5-nitro-2-methoxybenzoic acid was 
obtained on acidification, m. p. 161° (Chattaway and Calvet, 
loc. cit.). 

Action of p-Nitroanisole upon 5-Nitro-2-methoxy-1-«88-trichloro- 
ethylbenzene (IV), in the Presence of Concentrated Sulphuric Acid with 
the Formation of 68-Dichloro-x«-di-(5-nitro-2-methoxyphenyl)ethane 
(V).—To a solution of 6 g. of p-nitroanisole in 60 c.c. of concentrated 
sulphuric acid was added a suspension of 10 g. of 5-nitro-2-methoxy- 
1-«88-trichloroethylbenzene in 60 c.c. of sulphuric acid. This 
mixture was shaken at intervals during 20 hours. Hydrogen 
chloride was evolved, but the initial material did not dissolve com- 
pletely. The solution was filtered and poured over ice whereupon 
a solid separated which contained, besides uncombined p-nitroanisole, 
88-dichloro-««-di-(5-nitro-2-methoxyphenyl)ethane, m. p. 237°, 
identical with the compound described above. 


THE QUEEN’s COLLEGE LABORATORY, 
OXFORD. [ Received, May 14th, 1931.] 
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CCXLVII.—Substituted Aromatic Aldehydes in 
Hantzsch’s Pyridine Condensation. Part II. 
Methyl- and Nitro-benzaldehydes. 


By LEONARD ErRIc HINKEL, ERNEST EDWARD AYLING, and WILLIAM 
Henry Moraan. 


THE general effect of substituents in carbonyl compounds and the 
direct dependence of the activity of the carbonyl group on the 
electronic character of the substituent have been elucidated mainly 
by Robinson and Lapworth and their co-workers. The failure of 
the ester and amide groups to exhibit normal carbonyl activity has 
been explained by Ray and Robinson (J., 1925, 127, 1618; compare 
also Allan, Oxford, Robinson, and Smith, J., 1926, 404, Case 4) 
as being due to the combination of the carbonyl group with the 
strongly electron-donating group, OEt or NH,, which causes the 
kationoid character of the carbon atom (compare Lapworth, Nature, 
1926, 115, 625) to diminish to a minimum. This conception has 
been extended by Lapworth and Manske (J., 1928, 2538) to the 
general case, AJCR—X, in which, as Ay is replaced successively by 
NMe,, OMe, CH;, H, COR, and NO,, the compound becomes more 
kationoid. The sequence thus obtained corresponds with that 
previously deduced by Ingold, Shoppee, and Thorpe (J., 1926, 1482) 
for the enhancement of three-carbon prototropic mobility. 

This view of the activity of substituted carbonyl compounds also 
affords an adequate explanation of the results of Stewart (J., 1905, 
87, 185, 410) on the formation of bisulphite compounds. The 
gradation in properties of C,H;-CHO, CH,°CHO, and H-CHO can 
similarly be correlated with the order, Cg—H;>CH,>H, established 
by Burton and Ingold (J., 1928, 909) for the facilitation of three- 
carbon anionotropy. 

The influence of the substituent on the behaviour of a substituted 
benzaldehyde has been discussed for the benzoin reaction by 
Hodgson and Rosenberg (J., 1930, 14), who consider that the 
presence of a meta-directing group will deactivate and that of an 
ortho-para-directing group will activate the carbonyl group of the 
molecule of aldehyde reacting with the initially formed cyano- 
hydrin. Since in this reaction the possibility of condensation is 
regarded (Lapworth, J., 1903, 83, 1004) as dependent on the mobility 
of the hydrogen atom of the cyanohydrin, these conclusions can only 
be applied to such a reaction, in which there is proton addition to 
the carbonyl group, the facility of internal ionisation of the carbony] 
group being therefore the primary factor. In the case of anion 
addition, the general considerations outlined above must be applied, 
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and since the primary reaction with aromatic aldehydes consists 
normally of anion addition to the side-chain kationoid carbonyl 
carbon atom, this class of reaction comes within the scope of the 
classification proposed by Ingold and Rothstein (J., 1928, 1217; § co 
Type B,) and a substituent which supplies electrons will tend to § o- 
inhibit the reaction and one which withdraws electrons to facilitate J al 
it. The effect of substituent groups cannot, however, be directly } us 
inferred from their orienting effects in benzene substitution. | dk 
Shoppee has shown (J., 1930, 969) that the facilitation of prototropy f al 
does not run parallel with retardation of benzene hydrogen-sub- | a 
stitution, due to different demands for electron transference in the } p 
two cases. With aromatic aldehydes, the “ tautomeric effect” of a | is 
substituent can only have a second-order effect on the carbonyl | al 
carbon, since a free path for electron transference is not present when | p 
the substituent is in the meta-position, and when it is in the ortho- or 
para-position it forms a “ continuous system ”’ with the carbonyl | o 
group, the polarisation of which is enhanced or depressed with but | n 
little effect on the kationoid character of the carbon atom. a 
In Part I (J., 1929, 750), the effects of three substituents, Cl, OMe, | 1 
and OH, on the behaviour of benzaldehyde in the Hantzsch pyridine | e 
condensation were described, but as all three substituents are of a | p 
Cc 

e 





ce 


mixed electronic type (—J + 7’; compare Ingold and Shaw, J., 
1927, 2918) it became necessary to study the effects of substituent 
groups of less complex types, and the methyl (+ J) and nitro- 
(— I — T) groups were chosen as the most suitable. 

With the methyl group, the permanent electron repulsion will 
depress the kationoid character of the carbonyl carbon atom. 
According to Ingold and Shaw (loc. cit.) the coefficients of activation 
for the three nuclear positions in toluene for nitration are in the 
ratio o:m:p::27-6: 2-1 : 34-6, with benzene as unity, so that the 
order of kationoid activity in the tolualdehydes can be taken as 
o- and p- <m-, and with the operation of any ortho effect, the anticip- 
ated order of yield of product in the Hantzsch condensation should 
be o- <p-<m-<benzaldehyde, and this theoretical order has now 
been established experimentally. 

In the case of the nitro-group, the permanent electron affinity of 
the group will lead to enhancement of kationoid character, which 
will, however, be modified in the case of the o- and p-compounds 
owing to conjugation and the operation of the “ Thiele factor” 
(Lapworth and Manske, loc. cit.). The order of kationoid activity 
should thus be: m->unsubstituted, and m->o- and p-. The 
behaviour of the nitrobenzaldehydes in the Hantzsch condensation 
has previously been studied by Lepetit (Ber., 1887, 20, 1338), who 
states that while the m-compound gives a 65%, yield of the dihydro- 
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onsists § pyridine derivative, the p- gives a poor yield and the o- gives a 
rbonyl § mixture of the corresponding pyridine derivative with a compound, 
of the § the constitution of which he did not determine. The experimental 
1217; § conditions described for each aldehyde vary, notably so with the 
nd to § o-nitro-compound, with which equimolecular proportions of nitro- 
ilitate | aldehyde and ethyl acetoacetate were employed, instead of the 
rectly | usual ratio of 1:2 mols. respectively. Employing the conditions 
ution. | described in the experimental portion, we find that all three nitro- 
‘tropy | aldehydes yield over 60%, of dihydropyridine derivative, the order 
n-sub- J agreeing with the above theoretical order. With both o- and 
in the | p-nitrobenzaldehydes, about 1% of a “second compound” was 
” ofa | isolated and under suitably modified conditions all three nitro- 
bonyl | aldehydes can be made to yield the corresponding ‘‘ second com- 
when } pound,” the nature of which is under investigation. 

ho- or In these Hantzsch condensations, it has been found that the yields 
bonyl | of dihydropyridine derivative vary considerably with the experi- 
h but | mental conditions and that in order to obtain reproducible quantit- 
ative results it is necessary to adhere strictly to uniform conditions. 
OMe, | The conditions finally adopted as standard are described in the 
ridine | experimental portion and, for comparison, the condensations 
> of a | previously studied in Part I have been repeated under these 





v, J., | conditions. The results obtained with the five substituents are 
tuent | embodied in the following table. 
nitro- 
TABLE I. 
1 will Percentage yields of dihydropyridine derivative. 
tom. Substituent. 0. mM. p- 
ation WIS cia ccatadecestertdneions 62 88 64 
n the DR setticinsccctmivnand 62 76 73 
t the BIEN. a sansa ne wagpesesiis — 67 68 
on as TENGE cevesccssnccsccsasase 57 75 64 
‘icip- Methyl ceeteeesseeeeeneeeeeees 9 57 37 
Unsubstituted ............ 74 
ould 
now From a consideration of these results several general conclusions 


can be drawn, apart from the agreement, already noted, between 
ty of the experimental results and the anticipated orders of yields with 
hich the methyl and nitro-aldehydes. 
unds With each substituent, the yield is lowest for the o-compound 
tor” and, while the anomalous effect of the o-hydroxyl group may be 
ivity attributed to chelation (compare Sidgwick and Callow, J., 1924, 
The 125, 527) and the difference between the o- and p-nitro-compounds 
tion is small, there is definite evidence of the operation of a steric or 
who ortho-effect. This observation is not incompatible with that made 
dro- by Lapworth and Manske (loc. cit.), that an o-substituent increases 
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the stability of the benzaldehydecyanohydrin, as similar phenomena 
have been observed with benzoic acid derivatives, an o-substituent 
retarding both the esterification of benzoic acid and the hydrolysis 
of the pre-formed benzoic ester (compare, inter alia, Meyer, Ber., 
1895, 28, 1255; Kellas, Z. physikal. Chem., 1897, 24, 221). 

The sequence of yields obtained with the m-compounds : NO,, Cl, 
OMe, (H), OH, Me, corresponds, with the exception of hydroxyl, to 
the inductive polar sequence of the groups and is also in substantial 
agreement with the sequence obtained by Tasman (Rec. trav. chim., 
1927, 46, 653, 922) for 5-substituted phthalides in his experiments 
on the velocity of opening of the phthalide ring. The initial stage 
in the latter reaction must be regarded (Ingold, Ann. Reports, 
1927, 24, 157) as consisting in the addition of hydroxide ions at the 
carbonyl carbon atom. The position of hydroxyl in our sequence 
of yields may be attributable to ionisation (compare Ingold, ibid., 
1928, 25, 148, footnote), but, on the other hand, a similar displace- 
ment does not occur with the p-compounds, the three substituents 
of similar electronic type, Cl, OH, OMe, being placed in their normal 
polar sequence. 

Except for the hydroxyl group, with which the m- and p- yields 
are almost identical, the yield is highest with the m-compound and 
this must correspond to the possible operation of the tautomeric 
effect of the substituent from the o- and p-positions, giving secondary 
effects, but not from the m-position. 

In addition to the above monosubstituted aldehydes, six alde- 
hydes containing more than one methyl or nitro-group have been 
examined, the results being collected in Table IT. 


TABLE IT. 
Benzaldehyde. % Pyridine derivative. 
St Se a ceccciccestscsasccscvscssees 35 
SF 5 RIN. cecctcssccescsciecsdiavedcecns 33 
Ft BI Si iviiccaccccdvncccsesnacecvses 44 
F545 Ge. csiccccsidecscesceoncsss 0 
3: 5-Dinitro-4-methyl- — .............0000. 68 
3 : 5-Dinitro-2 : 4 : 6-trimethyl- ......... <I 


The three dimethyl compounds give yields lying between the 
extreme values for the tolualdehydes and although two contain an 
ortho-substituent, the yields are appreciably greater than that with 
o-tolualdehyde, indicating that the retarding influences due to each 
methyl group do not act independently, but that some neutralisation 
must occur. It would be expected that this interference would be 
at a maximum when the methy] groups are para to one another, and 
this is shown by the 2 : 5-compound giving the highest yield. The 
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lowest yield is given by the 2 : 4-compound, with methyl groups o- 
and p- to the aldehyde group. With the introduction of a further 
o-group, asin 2 : 4 : 6-trimethylbenzaldehyde, the condensation fails. 

Since the nitro-group acts oppositely to the methyl group in its 
effect on the carbonyl group, and the introduction of a m-nitro- 
group into benzaldehyde causes the largest increase in yield, the 
introduction of m-nitro-groups into p-tolualdehyde should cause a 
marked increase in yield. With 3 : 5-dinitro-4-methylbenzaldehyde 
the yield is nearly doubled and the increase in yield is approximately 
double the increase caused by one m-nitro-group in benzaldehyde. 
The total inhibition of the condensation with 2 : 4 : 6-trimethyl- 
benzaldehyde is emphasised by the almost complete inaction found 
with its dinitro-derivative, the presence of the two m-nitro-groups 
failing to cause any real condensation. 


EXPERIMENTAL. 

Standard Method of Condensation.—The requisite aldehyde 
(0-05 g.-mol.) was mixed with ethyl acetoacetate (13-5 g.; in slight 
excess of 0-1 g.-mol.), and ammonia (0-85 g.; 0-05 g.-mol.) in 
alcohol (26 c.c.) added. The mixture was kept overnight in a screw- 
stoppered pressure bottle of 300 c.c. capacity and then heated for 
7 hours in a steam-bath. When cold, the contents of the bottle, 
which in some cases partly separated as a solid, were transferred to 
a glass basin and stirred until crystallisation started. (In those cases 
where the yield of dihydropyridine compound was small and 
separation of the solid did not occur on stirring, the liquid was 
evaporated to a small bulk and small quantities of methyl alcohol 
were added from time to time, with stirring, until separation began.) 
The crystals deposited were drained by suction and washed free from 
sticky material with small quantities of methyl alcohol ; the washings 
were added to the filtrate and allowed to evaporate in the air, with 
occasional stirring, any solid which separated being treated as before. 
The process of evaporation after addition of methyl alcohol to the 
filtrate was continued until no more solid was obtainable. The 
melting point of each solid portion was determined in order to 
ascertain that the last portions did not consist of any secondary 
product, and only with o- and p-nitrobenzaldehydes was there any 
indication of such a product. 

In all cases the condensations were carried out in duplicate, the 
mean of the two yields being the value given in the tables. In the 
condensations where low yields were obtained, good agreement 
between the duplicate experiments was not always obtained, owing 
to the difficulty of isolating the product free from sticky material 
without loss. This difficulty was most marked with the dimethyl- 
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benzaldehydes and to a lesser extent with the tolualdehydes, all of 
which, except m-tolualdehyde, give less than a 50% yield. 

Condensations with o-, m-, and p-Tolualdehydes.—Ethyl 4-0-tolyl. 
2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5-dicarboxylate crystallised 
from aqueous alcohol in small colourless plates, m. p. 114° (Found: 
C, 69-5; H, 7-3. C,9H,;0,N requires C, 70-0; H, 7-3%). Yields: 
1-6 and 1-35 g., 9-3 and 7-9%. 

Ethyl 4-m-tolyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5-dicarbozyl- 
ate crystallised from aqueous alcohol in colourless needles, m. p. 138° 
(Found : C, 70-2; H,7-3%). Yields: 9-4and 10-0g., 54-8 and 583%. 

Ethyl 4-p-tolyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5-dicarbozyl- 
ate crystallised from aqueous alcohol in colourless sword-shaped 
needles, m. p. 140° (Found: C, 70-0; H, 7-4%). Yields: 6-1 and 
6-5 g., 35-6 and 37-9%. , 

Condensations with o-, m-, and p-Nitrobenzaldehydes.—Ethy| 
4-0-nitrophenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5-dicarboxyl- 
ate crystallised from alcohol in yellow plates, m. p..125° (Lepetit, 
loc. cit., records m. p. 119—120°), which were phototropic, rapidly 
turning brown in sunlight (Found: C, 60-7; H, 5-8. Cale.: C, 
61-0; H, 59%). Yields: 11-5 and 11-6 g., 61-5 and 62-0%. 
Evaporation of the final residue to a very small bulk yielded 0-3 g. 
of a more soluble compound, m. p. 171°. This compound is being 
investigated. 

Ethyl 4-0-Nitrophenyl-2 : 6-dimethylpyridine-3 : 5-dicarboxylate.— 
The above dihydro-ester (1 g.) was heated under reflux with N-nitric 
acid (50 c.c.) until solution was effected. The cooled and filtered 
solution was neutralised with sodium carbonate; the light brown 
solid which separated crystallised from alcohol in colourless needles, 
m. p. 75° (Found: C, 61:3; H, 5-6. Cj, 9H ,0,N, requires C, 61:3; 
H, 5-4%). 

Ethyl 4-m-nitrophenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 
dicarboxylate was almost entirely deposited immediately on wr 
and crystallised from alcohol in thick, pale yellow prisms, m. p. 164° 
(Lepetit records m. p. 161°) (Found: C, 60-6; H, 6-2; N, 7-2. 
Cale. : N, 7-5%). Yields: 16-6 and 16-2 g., 88-8 and 86°6% 

Ethyl 4-p-nitrophenyl-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5- 
dicarboxylate crystallised from aqueous alcohol in light yellow 
plates, m. p. 136° (Lepetit records m. p. 118—122°) (Found: (, 
60-5; H, 5-9%. Lepetit gives only N, 7:9%). Yields: 12-0 and 
11-8 g., 64-2 and 63-1%. As in the case of o-nitrobenzaldehyde, 
about 0-3 g. of a more soluble compound, m. p. 140°, was isolated 
from the concentrated residue. 

Condensations with Chloro-, Methoxy-, and Hydroxy-benzaldehydes. 
-—-The corresponding dihydropyridine esters having already been 
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described in Part I (loc. cit.),,only the yields under the present 
standard conditions are therefore given : 

o-Chloro-, 11-1 and 11-3 g., 61-1 and 62-2%. 

m-Chloro-, 13-8 and 13-7 g., 75-9 and 75-4%,. 

p-Chloro-, 13-2 and 13-2 g., 72-6%. 

o-Methoxy-, 10-4 and 10-2 g., 57-9 and 56-8%. 

m-Methoxy-, 13-5 and 13°5 g., 75-2%. 

p-Methoxy-, 11-3 and 11-6 g., 63-0 and 64-6%. 

m-Hydroxy-, 11-5 and 11-5 g., 66-7%. 

p-Hydroxy-, 11-6 and 11-7 g., 67-3 and 67-:8%. 

The o-hydroxy-aldehyde gradually yields only small quantities of a 
mixture of compounds, in which it has not yet been possible to identify 
the Hantzsch derivative and which is being further investigated. 

Condensation with Benzaldehyde—vYields: 12-1 and 12-3 g., 
73-6 and 74:8%. 

Condensations with Dimethylbenzaldehydes.—Ethyl 4-(8' : 4’-di- 
methylphenyl)-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5-dicarboxylate 
crystallised from aqueous alcohol in light yellow needles, m. p. 114° 
(Found : C, 70-3; H, 7-7. C,,H,,0,N requires C, 70-6; H, 7-6%). 
Yields : 6-2 and 6-15 g., 34:7 and 34-5%. 

Ethyl 4-(2' : 4'-dimethylphenyl)-2 : 6-dimethyl-1 : 4-dihydropyridine- 
3 : 5-dicarboxylate crystallised from aqueous alcohol in small colour- 
less prisms, m. p. 157° (Found: C, 70-4; H, 7-8%). Yields: 6-4 
and 5-4 g., 35-9 and 30-3%. 

Ethyl 4-(2’ : 5'-dimethylphenyl)-2 : 6-dimethyl-1 : 4-dihydropyridine- 
3 : 5-dicarboxylate crystallised from aqueous alcohol in small colour- 
less needles, m. p. 140° (Found: C, 70-0; H, 7-7%). Yields: 7-4 
and 8-15 g., 41-5 and 45-7%. 

Condensation with Dinitro-p-tolualdehyde.—Ethyl 4-(3’ : 5’-dinitro- 
4'-methylphenyl)-2 : 6-dimethyl-1 : 4-dihydropyridine-3 : 5-dicarboxyl- 
ate crystallised from aqueous alcohol in yellow needles, m. p. 166° 
(Found: C, 54-9; H, 5-2. C,. 9H,30,N; requires C, 55-4; H, 5-3%). 
Yields: 14-4 and 15-0 g., 66-5 and 69-3%. 

Condensations with 2:4:6-Trimethyl- and 3: 5-Dinitro-2 : 4: 6- 
Trimethyl-benzaldehydes.—Even after prolonged treatment no separ- 
ation of solid occurred in the case of the trimethyl-aldehyde. With 
the dinitro-trimethylaldehyde (Hinkel, Ayling, and Morgan, this 
vol., p. 1170), a solid, m. p. 273°, separated after some days, the yield 
(0:17 g.; <1%) being too small to allow of further purification and 
examination. 


The authors wish to express their thanks to the Chemical Society 
for a grant which partly defrayed the cost of this investigation. 


University COLLEGE, SWANSEA. [ Received, May 16th, 1931.] 
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CCXLVIII.—The Direct Formation of Quinones from 
2 : 6-Disubstituted Derivatives of 4-Nitrophenol. 


By Epwarp CHARLES SNELL Jones and JAMES KENNER. 


In extension of previous researches in the diphenyl series, it was 


desired to examine the behaviour of triphenyl derivatives, and in 
this connexion 4-nitro-2 : 6-diphenylphenol (I) was selected as a 
suitable material for exploratory purposes. When, however, the 
compound was dissolved in hot glacial acetic acid solution, the 
originally colourless concentrated solution rapidly became red, 
oxides of nitrogen were evolved, and, after completion of the re- 
action, red needles of pure 2 : 6-diphenyl-1 : 4-benzoquinone (II) 
were deposited on cooling. 

The conditions requisite for this remarkable reaction, and its 
nature, have therefore been studied more closely. In the first place, 
it is very liable to inhibition by small amounts of impurity, ¢.g., 
hydrochloric acid, and, possibly for this reason, was not quantitative 
in a number of the instances to be referred to later. Acetic acid 
plays no part in the change, since this also occurs when the nitro- 
phenol is heated alone, and also when its solution in benzene is 
exposed to the light from a mercury vapour lamp. 

Then, in considering the mechanism of the decomposition by heat 
alone, or in solution, it was natural to assume that the nitrophenol 
reacted in the aci- or quinonoid form, particularly when it was 
observed that the yellow sodium salt of 4-nitro-2 : 6-diphenylphenol 
became scarlet when its temperature was slightly raised. We were 
thus led to compare the reaction with the formation of aldehydes or 
ketones, together with nitrous oxide, on acidification of solutions of 
the sodium salt of aliphatic nitro-compounds (Nef, Annalen, 1894, 
280, 266; Ber., 1896, 29, 1223) : 

2| Y>CNO, lH —> 2%>C=0 + N,0 + H,0. 
But when the gaseous products were examined in the present 
instance, by carrying out the reaction in an atmosphere of carbon 
dioxide, nitric oxide was found to be the sole gaseous product from 
4-nitro-2 : 6-diphenylphenol, and the quinone was accompanied by 
an equimolecular proportion of a colourless material. The latter 
was readily isolated, since it crystallised when the reaction was 
carried out in acetic acid solution. Analysis and molecular-weight 
determinations indicated it to be a six-fold polymeride of (III) in 
combination with two extra oxygen atoms. 

Apparently the oxygen atoms of (III) serve to connect aromatic 
nuclei, since the polymeride is very easily oxidised to 2 : 6-diphenyl- 











ys oo — 


_- 


_. 2 


—_~-*s mi _ 








from 


yl. 


rR. 


it was 


and in 
| asa 
r, the 
n, the 
> red, 
he re- 
e (II) 


id its 
place, 
+ CBs 
tative 
> acid 
nitro- 
ne is 


heat 
henol 
, was 
henol 
were 
es or 
ns of 
1894, 


sent 
rbon 
from 
1 by 
itter 
was 
ight 
‘) in 


atic 












QUINONES FROM 2: 6-DISUBSTITUTED DERIVATIVES, ETC. 1843 


benzoquinone by chromic acid. In a special experiment, water was 
actually collected as a product of the decomposition of 4-nitro- 
2: 6-diphenylphenol by heat. 
O "} 
" O 
JN | 


OH 
’ — hi tg a | + 2NO + H,O. 


NO, 0 | 

(I.) (IL.) (III.) 

The probable dependence of the reaction on the aci-form is 

illustrated in an interesting manner by the work of Meisenheimer 

and Connerade (Annalen, 1903, 329, 133), who obtained nitro- 

anthrone in two forms, to which they assigned the formule (IV) and 
(V), which both undergo decomposition when heated. 


LO. /* CO. 
(LV.) | ) (V.) 
NC’ C 


H/\NO, NO,H 


A. G. Perkin and Mackenzie, who first isolated nitroanthrone, re- 
corded its decomposition by heat into anthraquinone and oxides of 
nitrogen (J., 1892, 61, 869). These instances, therefore, appear to 
conform to the type now under discussion, but we have not yet 
examined them more closely, and we have so far confined ourselves 
to simpler derivatives of p-nitrophenol. 

Apparently at least two substituents are necessary, at any rate for 
facility of reaction, and these should occupy the 2- and 6-positions. 
The synthesis of 3: 5-diphenylphenol having only recently been 
achieved (Kenner and Shaw, this vol., p. 769), we have not yet 
examined its 2-nitro-derivative, but 2-nitro-s.-xylenol proved to be 
quite stable, whereas 2 : 6-dimethyl-, -methylethyl-, and -diethyl- 
4-nitrophenols all underwent smooth decomposition in acetic acid 
solution. On the other hand, the 2-phenyl and 2-ethyl derivatives 
only yielded oxides of nitrogen when heated alone and somewhat 
strongly, and no odour of quinone was detected. Pursuing this line 
of inquiry, it was found that Armstrong and Brown (Ber., 1874, 7, 
926) had studied the thermal decomposition of 2 : 6-dichloro- and 
-dibromo-4-nitrophenols (Brunck, Z. Chem., 1867, 204) just above 
their melting points, and recorded the production of nitrogen, 
nitric oxide, and nitrogen peroxide as gaseous products, together 
with quinones and other substances (compare Post and Brackebusch, 
Annalen, 1880, 205, 91). In our experiments, a certain amount of 
nitrosyl chloride and bromide were respectively obtained, and 
relatively somewhat drastic thermal conditions were necessary 
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before 2:6-dichloroquinone was obtained. Further, Armstrong 
recorded the decomposition of 4 : 6-dichloro-2-nitrophengl, with 
formation of gases composed of 98-6% of nitric oxide and 1-4% of § 
nitrogen, surmising also the formation of 4 : 6-dichloro-o-benzo. § 4, 
quinone (J., 1871, 24, 477). We were unable to bring about af 4. 
similar change in the case of 2 : 6-dicarbethoxy-4-nitrophenol, and it § Je 
would seem that 0,p-directive substituents are requisite. 

The manner in which the character of the second product may vary § 4g 
with the nature of the substituents in the 2- and 6-positions was well 
illustrated by the behaviour of the 2: 6-di-m- and -p-tolyl-4-nitro- § 6 
phenols (V1) and (VII), whether heated alone or in glacial acetic acid | 4; 
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In the latter case 2 : 6-di-p-tolylbenzoquinone was only separated 
with difficulty from the resulting mixture, and in the former, purific- 
ation could not be achieved. In both cases the second product also 
appeared to be red and possibly (though this remains to be demon- J 4 
strated) a tetratolyl derivative of diphenoquinone. The reaction § 4 
could not be induced in 2 : 6-di-o-tolyl-4-nitrophenol (VIII), whether 
by heating alone or in glacial acetic acid solution, and correspondingly J p 
the sodium salt of this compound does not undergo a change of p 
colour when warmed. We therefore sought to overcome the 
difficulty in the last case by introducing a hydrogen acceptor. Lead 
tetra-acetate was selected for this purpose, since Dimroth had 
demonstrated the efficiency of a suspension of this reagent in glacial 
acetic acid for the oxidation of quinols to quinones (Ber., 1920, 53, 
484, 487; 1921, 54, 3058; 1922, 55, 1231; 1923, 56, 1375). The 
device proved to be valuable, since it not only renders possible the 
decomposition of the oo’-derivative just mentioned, but also causes 
that of 4-nitro-2 : 6-diphenylphenol, and of the other compounds 
already mentioned, to occur quantitatively even at a temperature 3 
little above the ordinary. Under these conditions also, halogen was 
eliminated from 2 : 6-dichloro- and -dibromo-nitro-phenols, and this 
prevented us from isolating the corresponding quinones in these cases. 
Remarkably enough, however, 2: 6-dibromo-4-nitro-3 : 5-di- 
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methylphenol (IX) is readily converted by this means into the 
corresponding quinone, so that the two methyl groups exert a well- 
marked protective effect on the halogen atoms. Our attention’ was 
drawn to this compound, because Lindemann had shown it (as well 
as 1-nitro-6-naphthol and its 3 : 5-dibromo-derivative) to undergo 
decomposition in glacial acetic acid solution, and to furnish quinones 
in presence of nitric acid (compare Fries and Oehmke, Annalen, 1928, 
462, 1). 

Qualitative experiments have also shown that lead tetra-acetate 
causes the elimination of oxides of nitrogen from o- and p-nitrophenols 
and from picric acid as well as from 2-phenyl--and -ethyl-4-nitro- 
phenols, but reaction occurred much less readily than in the other 
cases and the mixture in each case required to be heated. 

The formation of nitric oxide, whilst apparently suggesting a 
fundamental difference between the reaction now discussed and that 
already cited in the aliphatic series, provided a basis for a second 
comparison—with the formation of quinols (XI) from quinitrols 
(X)—of which numerous instances were recorded by Zincke and by 
Auwers and their collaborators :— 


OH O .¥ 
Br’ “Br x/ \x X/ Sx 
Me Me | | mene | | 
, ret? be Pi 
NO, NO,’ ‘R OH’ SR 
(IX.) (X.) (XI.) 


Although this change proceeds when the quinitrols are heated above 
their melting point, alone or with a solvent (which need not be 
glacial acetic acid, but can be an indifferent medium) (Auwers and 
Rapp, Annalen, 1898, 302, 156), it is evident that hydrogen must be 
provided from some external source, and the reaction has therefore 
been regarded as essentially one of hydrolysis (compare, for example, 
Auwers, Ber., 1902, 35, 454). The gaseous products appear never 
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to have been examined, and when mentioned are somewhat vaguely 
referred to as “‘ Stickoxyde ’’ (compare, for example, Fries, Ber., 
1906, 39, 437, 445, 448). In the case of the quinitrol from 3 : 5-di- 
chloro-p-cresol, however, we found the gas evolved from its decom- 
position in glacial acetic acid solution to be nitric oxide, as in the case 
of the nitrophenols, but accompanied by a very small proportion of 
nitrogen, The second comparison was thus justified, and the two 
reactions are therefore closely connected. Incidentally confirmatory 
evidence is supplied in favour of the nitro- as against the nitrite 
formula for the quinitrols. 

Fries and Oehmke (loc. cit.) also refer to the connexion between 
quinitrol and quinone formation, surmising in the latter case a 
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primary formation of the quinol. In our view, however, and in 
spite of the divergence already indicated, these reactions are related 
to those of the aliphatic series. The latter were regarded by Nef as 
instances of “intramolecular oxidation,” and the same process is 
exemplified by the isolation of acethydroxamic acid (XII) (Bam. 
berger, Ber., 1902, 35, 45) and of its mono- and di-benzoyl deriv. 
atives (Nef, loc. cit.) from the decomposition of the sodium salt of 
aci-nitroethane by acid and by benzoyl chloride, respectively. 
These changes are simply explained in terms of Kuhn and Albrecht’s 
formula for the aci-nitroethane anion (Ber., 1927, 60, 1297) as due 
in the first place to the transference of a co-ordinated oxygen atom 
from a positive nitrogen to the adjoining negative carbon atom; a 
more satisfactory distribution of electrons is thus achieved : 


ke 
A Me:C:N:0O°:H 
Ys oe ef 


0: 0: H 
Me!C:N:0:+ H—> Me!C:N!0:+H H 
H — a “a 


~~ ee ee 
Me:C:N:0: —> 
H *  * (XT) 


Me-C<}} + H-NO(->H,0 + N,0) 


Nef also compared his results with the formation of dinitrosostilbene 
from p-nitrotoluene (Fischer and Hepp, Ber., 1893, 26, 2231; 
compare Green and Baddiley, J., 1908, 93, 1722) and with Baeyer’s 
synthesis of indigotin from o-nitrobenzaldehyde and acetone. 
These reactions involve a transference of co-ordinated oxygen to the 
fifth carbon atom from the nitro-group, whilst the formation of 
o-nitrosobenzyl alcohol from o-nitrotoluene (Kalle and Co., D.R..-P. 
194811) depends on transference to the third carbon atom (compare 
also B.A.S.F., D.R.-P. 114839; Bamberger and Elger, Annalen, 
1910, 371, 322; 1929, 475, 288) :— 


CH : CH \CH,-O CH,-OH 
C) mae op OC) gob E+ (oH, > @:; 
\NO \ZSNO 4 
i ‘ 
0 "\6 
The necessity of postulating a mechanism of this kind also becomes 
clear when it is remembered that the familiar condensation reactions 
of p-nitro-, 2: 4-dinitro-, and 2: 4: 6-trinitro-toluenes all involve 


replacement of hydrogen by a kationoid, rather than by an anionoid 
group like hydroxyl. 
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On the other hand, hydroxylation or alkoxylation occurs on the 
fourth, rather than on the third or fifth carbon atom, in the formation 
of 4-nitroso-«-naphthol-2 : 5-disulphonic acid from «-nitronaphthal- 
ene-3 : 8-disulphonic acid in presence of boiling aqueous sodium 
hydroxide (Friedlaender, Ber., 1895, 28, 1535; compare D.R.-P., 
127295; Graebe, Ber., 1899, 32, 2876; Friedlaender, ibid., p. 3526), 
and of the potassium salt of anthraquinoneoxime dimethylacetal 
(XVII) from methylanthracene nitrate (XIV) in presence of methyl- 


alcoholic potassium hydroxide (Meisenheimer, Annalen, 1902, 323, 
205) :-— 
H. /OMe H. “OMe "+ OMe 
Y C | C 1 “A 
M1 A, | 
NO,K OH NO NO 
(XIV.) (XV.) (XVI.) 
OMe. /OMe 
‘ C 
CoHy< co >CeHy (XVIT.) 
tl 
NOK 


Now the additive compound of trinitrobenzene with potassium 
methoxide is analogously constituted to (XIV) (Meisenheimer, 
loc. cit.) and is converted into 3 : 5-dinitroanisole when boiled with 
methyl alcohol (Lobry de Bruyn and van Leent, Rec. trav. chim., 
1890, 9, 214, 218; 1894,13, 148; 1895,14, 150). The formation of 
3: 5-dinitro-oxazine from 2 : 4 : 6-trinitro-2-hydroxydiphenylamine 
(Turpin, J., 1891, 59, 722; Kehrmann, Ber., 1899, 32, 2605) is an 
essentially similar reaction, and it seems possible to reconcile the 
results of these three reactions only by postulating in each case an 
intermediate product of the type (XV), in which migration of an 
oxygen to the adjacent carbon atom has occurred. In the instance 
illustrated, this appears preferable to the assumption made by 
Meisenheimer of a direct conversion of (XIV) into (XVI). 

This body of evidence in regard to aromatic nitro-compounds 
renders it highly probable that the initial course of the decomposition 
of the nitrophenols is analogous to that of the aliphatic aci-nitro- 
compounds, and in the case of the oxidation by lead tetra-acetate 
the following scheme shows that the observed evolution of nitric 
oxide would be an almost necessary consequence of migration of the 
co-ordinated oxygen atom :— 
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The fact that this does not depend on transition to the aci-forn §( 
explains its applicability to 4-nitro-2 : 6-di-o-tolylphenol. Thefj¢ 
series of changes in‘absence of an oxidising agent would berepresentej 
as follows :— 





OH fr ¥ g 
| / 
re 2 fy 5 Phy ‘YPh ) 
NA a 
2 NO NO’ ‘OH 
(XVIII.) (XIX.) | 
9 Q 0 
/X% 4 \ ti 
No +. | Phy \Pb Ph( Ph, Ph \Ph i 
il A * 
OH O +H,0 r 
th 


Acceptance of this scheme is, however, conditional on an explanation Jak 
of the production of nitric oxide by the decomposition of (XTX), 
which is the formal analogue of (XIII). 

In our opinion, this is to be found in the “ heterogeneity ”’ of the 
conjugation in (XIX) (Lapworth, Mem. Manchester Phil. Soc., 1920, 
64, 7; Allan, Oxford, Robinson, and Smith, J., 1926, 404). The §,. 
cases of the hexa-arylethanes, tetra-arylhydrazines, and similar J), 
compounds, of the sulphonium iodide, (Et,S‘SEt)I (Hilditch and fo 
Smiles, J., 1907, 91, 1394; compare Davis, Ber., 1891, 24, 3548: C, 
Jackson, Annalen, 1875, 179, 18), of hydrazoethane dihydro- fp} 
chloride (Harries, Ber., 1894, 27, 2276) and the benzidine change 2 
(compare Robinson and Robinson, J., 1918, 113, 639), and of f © 
8-amino-ketones and -hydroxy-acids all illustrate the tendency of f; 
heterogeneous systems to seek relief by such dissociation as is 
postulated for (XIX). This reaction thus appears as the organic 
analogue of the dissociation of the oxides of nitrogen, and the 
diminishing tendency to dissociation of the structures (XX), (XX1I), 
and (X XII) (compare Wieland, Ber., 1921, 54, 1776; Battegay and 
Kern, Bull. Soc. chim., 1928, 41, 1336) in the order given is in accord 
with the greater affinity of the nitroso- than of the nitro-group for 
proton : 

















O Oo O 
O—N—N—O Q=N—N—O O—N—N—O 
(XX.) (XXI.) (X XII.) 





The mutual agreement of these various facts suggests it is no longer 
true that, in nitric oxide and nitrogen peroxide, nitrogen exhibits 
valencies which “‘ cannot be explained in the present state of our 
knowledge ” (Sidgwick, “‘ Theory of Valency,”’ 1927, 279; compare 
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(j. N. Lewis, “‘ Valence and the Structure of Atoms and Molecules,” 
1923, 128). 

These considerations further indicate that decomposition of the 
nitrophenols might also proceed directly by dissociation of nitrogen 

roxide from their aci-forms. Not only, however, would such,a 
mechanism differentiate this reaction from all the others which have 
been cited, but in another communication it will be shown that 
dissociation of this character probably occurs among the quinitrols, 
ina reaction the outcome of which differs essentially from the results 
now communicated. 

Although the constitution of the quinitrols prevents any assump- 
tion of complete ionisation corresponding to (XVIII), their conver- 
sion into quinols can be adequately explained in terms of a similar 
mechanism involving incipient ionisation. A close parallel is 
provided by comparing the oxidation of tertiary hydrocarbons to 
the corresponding alcohols, with the formation of o-nitrosobenzyl 
alcohol already discussed. 


EXPERIMENTAL. 
(A) Preparation of Materials. 


Ketones.—Di-o-tolylacetone resulted from the dry distillation of 
calcium o-tolylacetate (95 g.) previously dried at 140°. From the 
crude product (59 g.) the pure ketone was isolated by distillation at 
201°/16 mm.; it melted at 50—52° (Found: C, 85-8; H, 7-7. 
(,,7H,,0 requires C, 85-7; H, 7:6%). Its semicarbazone was 
obtained in fine white prisms, m. p. 142—143° (Found: N, 14:8. 
C,,H,, ON, requires N, 14-6%). 

Di-m-tolylacetone was prepared from calcium m-tolylacetate in 
70% yield, b. p. 204/16 mm., and could not. be obtained in the solid 
state (Found: C, 85:4; H, 7:-6%). Its semicarbazone crystallised 
in well-formed prisms, m. p. 92—93° (Found: N, 14-6%). 

Di-p-tolylacetone, previously described by Errera (Gazzetta, 1891, 
21, 102), was characterised by its semicarbazone, white needles, 
m. p. 84—85° (Found: N, 14:5%). 

Nitrophenols.—Certain of the 2-mono- and 2: 6-di-substituted 
4-nitrophenols required for this investigation had been obtained 
previously by other workers, indicated in the notes appended to 
the table below, but for our purpose it was more convenient to 
employ the general method. of condensing the appropriate derivative 
of acetone with the sodium salt of nitromalonaldehyde according 
to the method of Hill (Amer. Chem. J., 1900, 24; 1). The product 
was conveniently isolated, after removal of alcohol by distillation 
fom a steam-bath, by collecting the sodium salt fromthe cooled 
residue, and gradually adding an aqueous solution of the salt to 
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ice-cold dilute hydrochloric acid. The product was purified by 
crystallisation, usually from alcohol, and finally from glacial acetic 
acid to which a drop of concentrated hydrochloric acid had been 
added to inhibit decomposition. The actual proportions of material 
employed in the various preparations are summarised in Table I. 





TABLE I. 
Sodio- 
nitro- 
malon- Sodium 
Substituents. Derivative Alco- _alde- hydr- Time of 
Derivatives of of acetone, hol, hyde, Water, oxide, Water, condens- Yield, 
{-nitrophenol. g. C.Lo g. C.c, g. e.c. ation. %. M. p. 
1, 2: 6-Di- Diphenyl- 300 42 400 21-4 100 5days 81 137° 
phenyl- 60 
2. 2:6-Di- Di-o-tolyl- 500 27-7 140 14-4 10 2hrs. 744 192—193 
o-tolyl- 42 30—35° 
3. 2: 6-Di- Di-m-tolyl- 150 24 210 12 60 idays 86-5 146 
m-tolyl- 36 
4, 2: 6-Di- Di-p-tolyl- 500 17 175 10 50 4 days 92-5 137 
p-tolyl- 25 
5. 2: 6-Di- Dimethyl- 15 7-3 45 O-4 45 lday 94 171 
methyl- 5 
6, 2-Methyl- Methylethyl 120 18-8 170 2 10 I-day 74:2 135—13§ 
6-ethyl- 15 
7. 2; 6-Diethyl Diethyl 10 14 190 1-6 10 lday 77 150—131 
10 
8. 2: 6-Dicarb- Ethyl acetonc- 42 3-3 10 0-55 10 lday 84-6 61 
ethoxy- dicarboxylate 
10-8 
9. 2-Ethyl Ethyl 40 10 90 l lu lday 69-5 79—8) 
5-5 


Description and Analysis.—With the exception of 4-nitro-2 : 6-di- 
o-tolylphenol and 2: 6-dicarbethoxy-4-nitrophenol, the sodium 
salts of the following nitrophenols are either red at the ordinary 
temperature, or if yellow, rapidly become bright red on warming. 
The sodium salt of the di-o-tolylnitrophenol is colourless even at 
100°, and the nitrophenol when heated alone tends to distil rather 
than undergo decomposition. 

1. 4-Nitro-2 : 6-diphenylphenol has been described by Hill (loc. cit.). 

2. 4-Nitro-2 : 6-di-o-tolylphenol was obtained in vitreous prisms, 
moderately easily soluble in alcohol, chloroform, and_ benzene, 
sparingly in ether and ligroin (Found : C, 75-2; H, 5-5. C. H,,0,N 
requires C, 75-2; H, 5-4%). 

3. 4-Nitro-2 : 6-di-m-tolylphenol, well-formed needles, moderately 
easily soluble in alcohol, chloroform, and glacial acetic acid (Found: 
C, 75-1; H, 53; N, 4:5. OC. 9H,,0,N requires C, 75-2; H, 5-4; 
N, 4:4%). 

4. 4-Nitro-2 : 6-di-p-tolylphenol, feathery white needles, very 
soluble in ether and chloroform, moderately easily in alcohol 
(Found : C, 75-3; H, 5-3; N, 45%). 

5. 5-Nitro-m-2-xylenol was also prepared from m-2-xylenol, and 
we are able to supplement the account given by Auwers ani 
Markovits (Ber., 1908, 41, 2335) by recording as a subsidiary 
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product of the operation of nitration, 2 : 6-xyloquinone. This was 
identified by its melting point, 72—73°, and conversion into the 
corresponding quinol, m. p. 149—151°, and the agreement of these 
data with those recorded by Noelting and Baumann (Ber., 1885, 
18, 1150) (Found: C, 70-5; H, 6-0. Cale. for C,H,O,: C, 70-6; 
H, 5-9%). 

6. Auwers and Wittig (Ber., 1924, 57, 1273) prepared 4-nitro- 
2-methyl-6-ethylphenol by oxidation of the nitrosophenol with 
alkaline potassium ferricyanide, recording the melting point 133— 
134°. The composition of our product was confirmed by analysis 
(Found: N, 7-8. Cale. for CjH,,0,N : N, 7-7%). 

7. 4-Nitro-2 : 6-diethylphenol is very soluble in most organic 
solvents. It was obtained in crisp, pale yellow needles from glacial 
acetic acid (Found : N, 7-2. C, 9H,,0,N requires N, 7-2%). 

8. 2: 6-Dicarbethoxy-4-nitrophenol separated as the sodium salt 
within a few minutes of the preparation of the condensation mixture 
as a mass of light yellow needles. The free nitrophenol crystal- 
lised from alcohol in long lustrous needles, moderately easily soluble 
in the usual organic solvents (Found: N, 5-3. C,,H,,0,N requires 
N, 50%). 

9. 4-Nitro-2-ethylphenol, minute needles very soluble in all the 
usual organic solvents, crystallised most satisfactorily from a very 
small amount of formic acid (Found: N, 8-4. C,H,O,N requires 
N, 84%). 

Other nitrophenols used in this work were prepared as follows :— 

2-Nitro-s.-xylenol was prepared by the method of Auwers and 
Borsche (Ber., 1915, 48, 1714). Careful addition of light petroleum 
to a solution of the crude material caused the precipitation of 
uncrystallisable gummy material. The nitrophenol then separated 
in a pure condition, m. p. 110—111°. Auwers and Borsche (loc. cit.) 
record m. p. 107—108°. 

4 : 6-Dibromo-m-5-xylenol (Miihlhaus, Dissert., Brunswick, 1924 ; 
compare Fries, Annalen, 1928, 462, 1) was readily prepared by 
adding bromine (32 g.), drop by drop, to a solution of 2-nitro- 
s.-xylenol (16-7 g.) in chloroform (170 ¢c.c.) and cooling the mixture 
inice. Long clear needles crystallised, m. p. 175—178°. This was 
raised to 182—183° by recrystallisation from glacial acetic acid 
(Found: N, 4:4. Cale. for C,H,O,NBr,: N, 4:3%). Mihlhaus 
records m. p. 177°. 


(B) Preparation of 2: 6-Disubstituted p-Quinones by Oxidation of 
the Nitrophenols with Lead Tetra-acetate. 


The method consists in treating the nitrophenol in the presence 
of glacial acetic acid with lead tetra-acetate (4 mol.), prepared by 
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the method of Dimroth and Schweisse (Ber., 1923, 56,1377). It was 
found ‘to be unnecessary either to effect solution or to apply heat. 
The reaction proceeded smoothly when the reactants were mixed 
and was not accompanied by the development of heat, the un. 
dissolved material going gradually into solution. In some cases it 
was possible to isolate the quinone directly from the reaction mixture, 
but generally the mixture was treated with ether and water, acid and 
lead salt being removed by aqueous extraction, and any unchanged 
nitrophenol by means of sodium hydroxide solution. The pure 
quinone remained in the ether, from which it was isolated by 
evaporation of the solvent. 
Excellent yields were obtained in the following seven instances :— 
2 : 6-Diphenyl-1 : 4-benzoquinone, m. p. 135°, did not depress the 
melting point of a specimen prepared by oxidation of the correspond. 
ing aminophenol (Hill, loc. cit.). 
2 : 6-Di-o-tolylbenzoquinone, yellow needles from alcohol, m. p. 
124°, very soluble in ether and chloroform, sparingly in benzene and 
aleohol (Found: C, 83-3; H, 5:7. Cy gH,,0, requires C, 83:3; 
H, 5-6%). This quinone was also prepared in the usual manner. 
4-Amino-2 : 6-di-o-tolylphenol was obtained by treating a solution 
of the nitro-compound (12-5 g.) in glacial acetic acid (120 c.c.) witha 
solution of stannous chloride (56 g.) in concentrated hydrochloric 
acid (42 c.c.). After the mixture had been boiled under reflux for 
30 minutes, the tin salt of the hydrochloride of the base separated 
when the liquid was cooled in a freezing mixture. Tin was re- 
moved from a solution of the salt in hot water (1000 c.c.) by treat- 
ment with hydrogen sulphide, and the aminophenol (8-5 g.) isolated 
by pouring the liquor into ice-cold dilute sodium carbonate solution. 
The substance, m. p. 215°, crystallised from chloroform in pure. white 
needles which assumed a purplish tint on exposure to air (Found: 
C, 83-2; H, 6-6. Cj 9H,,ON requires C, 83-0; H, 66%). A 
solution of the aminophenol (8-5 g.) in water (55 c.c.) and sulphuric 
acid (11 g.) was oxidised by addition of a solution of sodium di- 
chromate (5 g.) in water (14 c.c.). After prolonged heating on the 
water-bath, the deep red intermediate indamine gave place to 
the yellow quinone, which was isolated in excellent yield, m. p. 
124°. 
2 : 6-Di-p-tolylbenzoquinone, bright red needles from alcohol, 
m. p. 161°, soluble in ether and chloroform, sparingly soluble in cold 
alcohol, benzene, and glacial acetic acid, but moderately easily in the 
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hot solvents (Found : C, 83-1; H, 5-6. C,. 9H,,0, requires C, 833; 
H, 5-6%). It was converted by reduction into the corresponding 
quinol, m. p. 105°, stellate clusters of prismatic needles from benzene 
(Found : C, 82-8; H, 6-4. C.9H,,0, requires C, 82-7; H, 6-2%). 
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2: 6-Dimethylbenzoquinone, m. p. 72—73°, as described by 
Néelting and Baumann (loc. cit.), identical with the product obtained 
from the nitration of m-2-xylenol. 

2-Methyl-6-ethylbenzoquinone, bright yellow needles from light 
petroleum (b. p. below 40°), m. p. 40—41°, freely soluble in most 
organic solvents (Found: C, 71-9; H, 6-7. C,H,,0, requires C, 
72:0; H, 6-7%). The corresponding guinol, m. p. 99—100°, 
obtained by reduction of the quinone with sulphurous acid, crystal- 
lised from benzene in long needles (Found: C, 71:0; H, 7-9. 
CyH,,0, requires C, 71-0; H, 7-9%). 

2:6-Diethylbenzoquinone, fine yellow needles from light petroleum 
(b. p. below 40°), m. p. 35°, freely soluble in most organic solvents. 
On reduction it yielded the corresponding quinol, m. p. 102—103° 
after crystallisation from ether (Found : C, 72-4; H, 8-6. C, 9H,,0, 
requires C, 72-2; H, 8-5%). 

2 : 6-Dibromo-3 : 5-dimethylbenzoquinone, m. p. 174°, as re- 
corded by Miihlhaus (loc. cit.) (Found: C, 32-6; H, 2-1. Cale. for 
C,H,O,Br, : C, 32-7; H, 2-1%). 

2 : 6-Di-m-tolylbenzoquinone was prepared in a similar manner to 
the above. Although the reaction seemed to pursue the normal 
course, the quinone was only isolated in a pure condition with some 
difficulty, by triturating the crude product with glacial acetic acid 
and finally crystallising it from this solvent. It formed orange-red 
needles, m. p. 103—105°, moderately easily soluble in the usual 
organic solvents (Found: C, 83-2; H, 5-6. C,)H,,0, requires C, 
83:3; H, 5-6%). 

Unsuccessful attempts were made to obtain quinones by means of 
this reaction from 2 : 6-dichloro-4-nitrophenol and from 2: 6-di- 
carbethoxy-4-nitrophenol. In the former case, reaction proceeded 
with more than customary vigour, and was accompanied by re- 
moval of halogen, whilst in the latter instance there was no 
reaction. 


(C) Decomposition of 2 : 6-Disubstituted-4-nitrophenols in Boiling 
Glacial Acetic Acid Solution. 

For the purpose of determining the nature and proportion of the 
gaseous products of the reaction, definite quantities of the nitro- 
phenol and glacial acetic acid were placed in a small flask, connected 
on the one side to a carbon dioxide generator, and on the other 
through a reflux condenser and a Wéhler tube containing potassium 
bicarbonate solution to a nitrometer charged in the normal manner 
with potassium hydroxide solution. The washing tube was in- 
serted in order to remove any higher oxides of nitrogen, but it was 


found at the end of the reaction that, except in the cases of the 
3P 
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halogenated nitrophenols, where to a certain extent the nitrosyl 
halide was formed, no iodine was liberated when a mixture of the 
bicarbonate solution with potassium iodide was acidified. It thus 
appeared that higher oxides of nitrogen were not produced by the 
reaction. 

Air having been completely displaced from the apparatus, the flask 
was heated by means of an oil-bath. The purity of the nitric oxide 
collected was in all cases checked by transference to a eudiometer 
and then, in the first experiments, by its complete absorption in 
aqueous ferrous sulphate solution, and in later experiments by its 
complete solubility in water when oxygen was gradually added. 
The results of the typical experiments are summarised in Table II. 


TaBLeE II. 
NO evolved 
Substituents. Concentration. percentage. Remarks. 
2 : 6-Diphenyl- ................++ 2-91 g./10 c.c. 80 
2: 6-Di-m-tolyl-  ............665 3-19 g./10 c.c. 45-5 
° nfaaly oertcnennn 6-4 g./5 c.c. 91-6 
2 ¢ O-D-O-4GlG le crccrcccssccsccese ao —- No reaction. 
2 : 6-Di-p-tolyl- ..........0ece000 3°19 g./10 c.c. 67 
2 : 6-Dimethyl- ............0++++ 0-83 g./5 c.c. 30 
2-Methyl-6-ethyl- ............... Nitric oxide evolved, quantitative experiment 
not carried out. 
2: OcDisthyl- .....cccecscossseceee ¥ om - jo o 
Zs GS-Diehare> .nccccrccessoccese 4-2 g./5 c.e. 23 Brown fumes 
also evolved. 
: 6-Dibromo- .........+eeeeees 2-97 g./10 c.c. 40 


: 5-Dimethyl.- ...........-e0.000 — - No reaction. 
: 6-Dicarbethoxy- ............ — — P a 
: 6-Dibromo-3 : 5-dimethyl- Nitric oxide evolved, quantitative experiment 
not carried out. 


te bo Ge be 


General Remarks.—Isolation of the products of reaction was 
achieved by the method used in the case of the lead tetra-acetate 
decomposition. In the case of 4-nitro-2 : 6-diphenylphenol, de- 
composition was accompanied by the separation of a white micro- 
crystalline neutral substance, m. p. above 500°. This was almost 
insoluble in alcohol and ethyl acetate, sparingly in ether and glacial 
acetic acid, though remarkably soluble in benzene and _nitro- 
benzene. It could not be crystallised from these solvents, and 
precipitation was effected by diluting the solutions with glacial 
acetic acid. However, alteration of the substance resulted from 
this treatment, since the precipitated material was no longer soluble 
in that solvent. The material used for analysis was that obtained 
directly from decomposition of the nitrophenol in acetic acid 
solution. It was collected on a hardened filter paper, and washed 
first with glacial acetic acid, and then with pure ether to remove the 
last traces of quinone. It consisted of an almost white, sandy 
powder (Found: C, 86-5, 86-7, 86:3; H, 4-9, 4:9, 4:7; M, 1668, 
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1581, 1950, using chloroform). The following results of micro- 
analysis were communicated by Dr. Schoeller:—C, 87-0; H, 
49%; M, 1360, 1640. These results agree best with a molecular 
formula C,)5,H.0,, which requires C, 86-6; H, 4:85%; M, 1496-6. 

The material was immediately converted into 2 : 6-diphenylbenzo- 
quinone by treatment with aqueous sodium dichromate solution and 
dilute sulphuric acid. 

4-Nitro-2 : 6-di-p-tolylphenol yielded a red mass which was 
obviously a mixture. The second constituent was precipitated 
in a gummy condition by suitable dilution with water of a solution 
of the mixture in glacial acetic acid, and the pure quinone could 
then be isolated from the solution. The same general phenomena 
were observed in the decomposition of 4-nitro-2 : 6-di-m-tolyl- 
phenol, but in this case the quinone could not be isolated from the 
resulting orange-red mixture. In each instance, therefore, the second 
product seemed to differ in character from the compound described 
above, and its colour suggested the possibility that diphenoquinone 
derivatives might have been produced. 

In each case the amount of neutral material (quinone and second 
product) was found to be proportional to the percentage of nitric 
oxide evolved, the residue consisting of unchanged nitrophenol. 
Careful examination of this residue, both in the case of 2 : 6-diphenyl- 
and 2 : 6-di-p-tolyl-4-nitrophenols, gave no indication that quinol 
was formed. 

From 2 : 6-dichloro- and 2 : 6-dibromo-4-nitrophenols, no quinone 
could be isolated, and steam distillation of the neutral fraction in 
the former case failed to yield the quinone. Not merely were the 
proportions of nitric oxide evolved somewhat small, but decom- 
position in these cases was not confined to the formation of this gas. 
The red fumes of nitrosyl halide were readily observed, and in both 
cases the bicarbonate solution liberated iodine from acidified 
potassium iodide solution. Reduction of the acidified bicarbonate 
washings by means of sulphurous acid, and titration of the neutral- 
ised solution with N /10-silver nitrate solution, showed that from the 
dichloro-compound 5-5%, and from the dibromo-compound 9-0%, 
of the available halogen had been removed. 

The products from the nitroxylenol were not closely examined. 

The reactive nitrophenols also lose nitric oxide quite readily when 
heated with benzoic acid, but the reaction is less facile in the presence 
of propionic or n-butyric acid, and decomposition did not occur in 
presence of formic acid. Positive results were obtained in adipic 
acid solution, no doubt by virtue of its high boiling point, but 
charring occurred in all cases. 








THE DIRECT FORMATION OF QUINONES, ETC. 
(D) Thermal Decomposition of Dry 2 : 6-Disubstituted 
4.Nitrophenols. 


This was studied in the apparatus employed for the acetic acid 
decomposition. 


TaBiE III. 
Percent- 
Substituents. Quantity. Temp. age of NO. Remarks, 

2:6-Diphenyl ...... 2-91 g. 180° 94 

ie oo 8-7 g. 160 90-5 — adapted to 

etect water. 
2: 6-Di-m-toly]- ae) | g- 200 32 ” ” ” 
> 6-Di-p-toly]- eccece 6-4 g- 160 97-7 ” ” ” 
2:6-Dichloro- ...... 2-08 g. 140 54 Nitrophenol somewhat 
volatile. 

2: 6-Dimethy]l- ...... 1-67 g. 200 25-2 Nitrophenol and quinone 


both volatile. 


The products from the typical experiments above were isolated 
in the manner previously described. 

In the first three cases the formation of water as a product of 
reaction was demonstrated by modifying the apparatus. The 
reflux condenser was removed and the substance was heated in a 
small flat-bottomed distillation flask, with its side tube as low as 
possible. The water was collected in a tube, protected from access 
of water vapour from the bicarbonate washer by means of a calcium 
chloride tube, and immersed in a freezing mixture. In each case 
the water collected was identified by its behaviour towards anhydrous 
copper sulphate, and by its freezing point. 

No quinone could be obtained from the 2 : 6-dichloro-4-nitro- 
phenol under the conditions outlined in Table III, but when the 
compound was strongly heated in a test-tube, the quinone vaporised 
as described by Armstrong (Joc. cit.) and was identified by its melting 
point, 120°, odour, and crystalline form, as well as by direct com- 
parison with an authentic specimen. 

The volatility of 4-nitro-2 : 6-dimethylphenol was inimical to its 
complete decomposition under the experimental conditionsemployed. 
The greater volatility of the xyloquinone, however, permitted it to 
be easily isolated and identified as a product of the reaction by its 
odour and melting point, 72—73°, and comparison with an authentic 
specimen. 


(H) Decomposition of 3 : 5-Dichloro-4-methylquinitrol. 

3 : 5-Dichloro-p-cresol was prepared by the method of Zincke 

(Annalen, 1903, 328, 278), but was more conveniently isolated by 

distillation under diminished pressure, b. p. 125°/16 mm. The 
fraction thus obtained crystallised immediately. 

By the action of nitric acid (very slight excess over the calculated 

quantity) on 3 : 5-dichloro-p-cresol (1 part) in glacial acetic acid (4 
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parts), 3 ; 5-dichloro-4-methylquinitrol was readily prepared and 
crystallised at once: after dilution with an equal amount of water, 
the product was filtered and washed first with dilute acetic acid, then 
with water, and obtained in a yield amounting to 92% of the theo- 
retical. Under Zincke’s conditions (loc. cit.), using 1 ¢.c. of nitric acid 
per gram of cresol, the yields are lower, and negligible if the mixture 
is kept for } hour. The melting point of this reactive substance, 
74—-76°, was raised to 80—82° when taken in a warm bath. 

When treated under the conditions described under section (C), 
the quinitrol evolved nitric oxide, to the extent of 58-5%, whilst at 
85° (external temp.) 45°% of the gas was liberated. Also, as in the 
case Of the halogenated nitrophenols, nitrosyl halide was evolved, 
in both experiments the amount of chlorine removed amounting to 
9-8% of that available. 


(F) Qualitative Examination of Other Nitrophenols. 

4-Nitro-2-phenylphenol (Hill, Amer. Chem. J., 1905, 33, 8; 
compare also Borsche and Scholten, Ber., 1917, 50, 596, 600), 
4-nitro-2-ethylphenol, p-nitrophenol, o-nitrophenol, and picric acid 
each yielded oxides of nitrogen (identified by means of starch— 
iodide paper) when treated in hot glacial acetic acid solution with 
lead tetra-acetate, but the reaction took place much less readily 
than in the cases described above. The first three compounds gave 
a similar result when heated alone, but the boiling point of o-nitro- 
phenol is apparently too low to permit the reaction to occur under 
atmospheric pressure. m-Nitrophenol does not react when heated 
in the dry state, but in glacial acetic acid reaction with lead tetra- 
acetate ensues. It is, however, preceded by effervescence, which 
indicates that there is a prior reaction. 


The authors are pleased to acknowledge their indebtedness to 
Imperial Chemical Indusiries, Ltd., for a grant towards the cost of 
the materials used in this work, and to Messrs. Graesser-Monsanto, 
Ltd., for a gift of vic.-m-xylenol. 
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CCOXLIX.—A Study of the Polyhalides. Part I. 
Methods of Preparation. 


By HERBERT WILLIAM CREMER and DoNnaLp RussELL Duncan. 


Previous investigators of the polyhalides have dealt mainly with 
methods of preparation or some selected physical property; in 


fact, systematic knowledge of the groupislacking. The experiments 
3P2 
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now described were initiated with the object of obtaining this 
knowledge and deal with various types of polyhalide, particular 
attention being given to the dibromoiodides. These are readily 
obtained in a state of purity, and, whilst presenting no outstanding 
difficulties in manipulation, exhibit the more salient characteristics 
of the class. Attention is here directed to the most suitable methods 
of preparing these substances in a state of purity, with a view to 
examining their physical and chemical properties. 

All the earlier investigators prepared their products by wet 
methods, crystallising their materials from aqueous or alcoholic 
solutions. Dry methods were employed successfully by Rae (J., 
1915, 107, 1286; 1918, 113, 880) for the preparation of the dibromo- 
iodides and tetrachloroiodides of the alkali metals, and the method 
has now been considerably extended. By employing dry methods 
of preparation, theoretical yields may be frequently obtained and 
the resultant materials are free from water and products of hydro- 
lysis (such as iodate). The main disadvantage of dry methods is 
that they are usually slower than wet methods, but they frequently 
yield products which cannot be obtained by other processes. The 
general dry method of preparation consists in leaving the dry, 
finely powdered monohalide in a vessel containing a halogen or 
halogen halide, so that it may absorb the vapour evolved by the 
latter. In some cases absorption ceases when the theoretical gain 
in weight has occurred. In other cases an excess of halogen is 
taken up, owing to adsorption or to solution formation. The excess 
halogen may be removed by means of a current of dry air, by 
diminished pressure, by standing over alkali, or, in some cases, 
over iodine, or by washing with carbon tetrachloride or ether, 
according to the stability of the product and the volatility of the 
halogen. 

Methods of Analysis —When a metallic polyhalide is obtained by 
dry methods, the ratio of the mass of the product to that of the 
original monohalide directly gives the percentage of metal in the 
product, or the metal may be determined by conversion into mono- 
halide by the action of heat. The percentage of metal or other 
kation may also be deduced from the volumetric determinations of 
the oxidising and total halogen. In the present investigations, the 
oxidising halogen (halogen in excess of that present in the mono- 
halide) was determined by addition of a weighed quantity of the 
polyhalide to an excess of aqueous potassium iodide and titration 
with sodium thiosulphate solution. When iodate was present, it 
was determined by adding acid to the final solution and continuing 
the titration. The number of c.c. of N-thiosulphate equivalent to 
one gram of material provides a convenient constant for checking 
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the purity of products and this figure is recorded in connexion 
with the compounds to be described. The total halogen may be 
determined by reducing the polyhalide to monohalides by means of 
aqueous sulphur dioxide, destroying the excess of the latter by 
addition of hydrogen peroxide, and estimating,the halides gravi- 
metrically or volumetrically by means of silver nitrate. At least 
one analytical determination was carried out on each compound 
isolated, but, for brevity, figures will be recorded only in cases of 
special inttrest. 

All the melting points given are temperatures at which melting 
begins when the materials are heated in a sealed tube. 


Dibromoiodides, RIBry. 

Owing to their importance in the present research, the preparation 
of the compounds of this series will be discussed first and in greatest 
detail. The wet methods used by previous investigators have been 
carefully examined and, in the case of the less stable dibromoiodides 
(such as those of the alkali metals), owing to their high solubility 
and to the formation of hydrolytic products, have been found 
inferior to dry methods. Extension of the latter to other cases has 
been investigated. Thus, by the action of bromine upon the iodides 
in question, quantitative yields of pure product have been obtained 
in the case of the dibromoiodides of monomethylammonium, mono- 
ethylammonium, tetraethylammonium, and isopropylammonium, as 
well as evidence of the existence of dibromoiodides of n-propyl- 
ammonium and triethylammonium. 

All the dibromoiodides investigated form red crystals which are 
orange-yellow when finely powdered, and the possibility of isomer- 
ism suggested by Ephraim (Ber., 1917, 50, 1082) has not been 
confirmed. 

Sodium dibromoiodide. By the action of iodine bromide vapour 
on sodium bromide in a desiccator, a reddish-brown solid was 
produced, and a similar material was obtained by shaking sodium 
bromide with a solution of iodine monobromide in carbon tetra- 
chloride for 5 months. Although it would appear probable that 
some compound of sodium, iodine, and bromine exists, it cannot be 
considered as established that the compound has the formula NaIBr,. 

The most suitable method for preparing the dibromoiodides of 
potassium, rubidium, and cesium is a modification of that used by 
Rae (loc. cit.), in which the solid iodide is left in contact with 
bromine vapour or mixed with liquid bromine, excess of the latter 
being afterwards removed where necessary by standing in a desic- 
cator over solid sodium hydroxide or iodine. The latter substance 
was found preferable, since it does not bring about decomposition 
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of the dibromoiodide. The time required in the case of the potass- 
ium salt (m. p. 58°) was approximately 3 days, but this period is 
greatly prolonged by excessive drying. The rubidium salt (m. p. 
225°) required 2 days, and the cesium salt (m. p. 247°) only 3 
hours. i 

Ammonium dibromoiodide has been prepared by a new method, § ¢ 
viz., by dissolving ammonium bromide in a solution of iodine § t 
monobromide in absolute alcohol and leaving the solution to crystal- 
lise in a desiccator containing calcium chloride. The cr¥stals were | | 
washed with alcohol and afterwards with carbon tetrachloride- } J) 
ether. The m. p., not previously recorded, was 198°. 

All the organic dibromoiodides previously known appear to have J t 
been derived from completely alkylated bases—quaternary ammon- | 4 
ium and phosphonium and tertiary sulphonium bases—or from | ¥ 
bases containing cyclic nitrogen. Dibromoiodides of primary, | 
secondary, and tertiary amines have now been prepared : they are 
less stable and more soluble than the quaternary compounds. n 

Monomethylammonium dibromoiodide was prepared in theoretical | §' 
yield from the solid iodide and bromine vapour (Found: thiosul- | 4 
phate titration, 6-30 c.c. of N-Na,S,0, per g. MeNH,IBr, requires | 2 
6-27 c.c.). It is deliquescent and unstable; m. p. 71°. 

Dimethylammonium dibromoiodide was prepared by precipitation, | W 
the correct quantity of bromine being added to an aqueous solution | 4 
of the iodide. Yield, 50% (Found : thiosulphate titration, 6-00 c.c. § |: 
Me,NH,IBr, requires 6-00 c.c.). M. p. 136°. Stable compound, J © 
readily soluble in alcohol, and exceptional in being soluble in ether, § { 
from which it can be recrystallised. d 

Trimethylammonium dibromoiodide was precipitated when solu- | 4 
tions of iodine monobromide and of trimethylamine in hydrobromic J ™ 
acid were mixed. Yield, 60% (Found: thiosulphate titration, 5-72 | Pp 
c.c. Me,NHIBr, requires 5-77 c.c.). M. p. 67—68°. Readily § Pp 
soluble in alcohol. 

Tetramethylammonium dibromoiodide, Me,NIBr, (Dobbin and 
Masson, J., 1886, 49, 848; Chattaway and Hoyle, J., 1923, 123, 
654), was obtained by the former method in 80% yield after re- 
crystallisation from alcohol. M. p. 190°. 

Monoethylammonium dibromoiodide was prepared in the dry way 
from the iodide and bromine. Yield, theoretical (Found :  thio- 
sulphate titration, 5-99 c.c. EtNH,IBr, requires 6-00 c.c.). M. p. 
49°. Deliquescent and unstable. 

Diethylammonium dibromoiodide was prepared in the same way 
as the trimethylammonium derivative (Found : thiosulphate titra- 
tion, 5-62 c.c. Et,NH,IBr, requires 5-54 c.c.). M. p. 46—47°. 
Triethylammonium dibromoiodide, Et,NHIBr,, could not be 
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definitely isolated. Wet methods failed completely, and dry 
methods gave a red liquid, the composition of which agreed with 
the above formula. There is, however, reason to believe that this 
compound would melt below room temperature. 

Tetraethylammonium dibromoiodide (Chattaway and Hoyle, loc. 
cit.) was prepared in quantitative yield by the action of bromine on 
the solid iodide. M. p. 119°. 

Ethyltrimethylammonium dibromoiodide, EtNMe,IBr,, was pre- 
pared in the same way as the dimethylammonium salt. Poor 
yield. M. p. 145°. Very stable compound. 

n-Propylammonium dibromoiodide, Pr7NH,IBr,, could not be ob- 
tained by wet methods. An impure product was obtained in the 
dry way from the iodide and bromine, but considerable difficulty 
was encountered, owing to the difficulty of removing the excess of 
bromine and to the extremely deliquescent nature of the product. 

isoPropylammonium dibromoiodide could be prepared without 
much difficulty by this method. Yield, theoretical (Found : thio- 
sulphate titration, 5-77 c.c. Pr®NH,IBr, requires 5-77 ¢.c.). M. p. 
54°. Deliquescent, but more stable and easier to handle than the 
normal derivative. 

The compound of pyridine and iodine monobromide, C;H;NIBr, 
was prepared by mixing alcoholic solutions of its constituents, as 
described by Mouneyrat (Compt. rend., 1903, 136, 1471; 1904, 139, 
1470). Yield, 60%. A larger yield can be obtained by using 
carbon tetrachloride as solvent. M. p. 115—117°. The product 
forms golden-yellow crystals, which are decomposed by water, and 
dissolves readily in methyl and ethyl alcohols, less readily in ether, 
and sparingly in carbon tetrachloride, the solubility in the last 
amounting to 0-297 g. per 100 c.c. of solution at 25°. This com- 
pound is not a dibromoiodide, but was used for comparative pur- 
poses and for the preparation of the next compound. 

Pyridinium dibromoiodide, C;H;NHIBr,, was prepared by cooling 
a solution of 5 g. of the above compound in 15 g. of hot concen- 
trated hydrobromie acid (d 1-7) in ice and sal’. The crystals which 
separated were washed with cold water’and dried in a vacuum 
desiccator containing phosphoric oxide. Yield, 86%. M. p. 174°. 
It was first isolated by Trowbridge and Diehl (J. Amer. Chem. 
Soc., 1897, 19, 558), who prepared it in the wet way from bromine 
and the iodide, and obtained the m. p. 172—175°. 

N-Methylpyridinium dibromoiodide, C;H;,NMelIBr,, was obtained 
in the same way by Trowbridge and Diehl, who also prepared the 
ethyl homologue. M. p. of methyl derivative, 61—62°. 

Hydrogen dibromoiodide, HIBr,. During the present investig- 
ation, considerable evidence has been accumulated pointing to the 
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existence of the free acid, HIBr,, in aqueous solution. Although 
iodine monobromide is decomposed by water with separation of 
iodine, aqueous hydrogen bromide will dissolve an equivalent 
amount of iodine monobromide without liberation of iodine and 
with considerable absorption of heat. In this way a liquid of the 
composition 94% HIBr,, 6% H,O, may be obtained. This 94% 
acid is a dark red, very dense, viscous liquid. It may be mixed 
with water in all proportions without separation of iodine, and 
behaves chemically as the compound HIBr,. Physical determin- 
ations will be described later in support of the view that the iodine 
is present in the same state as in an aqueous solution of potassium 
dibromoiodide, suggesting that hydrogen dibromoiodide is a strong 
acid ionising into H* and IBr,’. The dilute acid may be obtained 
free from an excess of iodine bromide or hydrobromic acid by 
decomposing potassium dibromoiodide solution with the calculated 
quantity of fluosilicic acid : 2KIBr, + H,SiF, = K,SiF, + 2HIBr,. 
Perchloric acid acts similarly : KIBr, + HClO, = KClO, + HIBr,. 
When hydrogen bromide gas, prepared very conveniently by drop- 
ping bromine into tetralin, was passed over iodine monobromide, 
no change occurred uniess a trace of moisture was present, in 
which case a syrup was formed similar to that described above. 
The 94% acid gives no solid on cooling in ice and salt, and the 
anhydrous acid has not yet been isolated. 


Bromodi-iodides, RI,Br. 


The only inorganic member of this series known is the cesium 
salt, CsI,Br. The authors have prepared this compound by the 
method of Wells and Penfield (Z. anorg. Chem., 1892, 1, 83), and 
have confirmed the melting point as 208°. They have obtained 
definite evidence, which will be given later, that potassium bromide 
does not form any compound with iodine stable at 25°. 


Shlorobromoiodides, RC1BrI. 


No evidence could be obtained by the authors for the existence 
of sodium chlorobromoiodide, NaCIBrI. 

Potassium chlorobromoiodide has been obtained by exposing 
potassium chloride to the vapour evolved by iodine monobromide, 
in the manner already described (p. 1858) (Found: K, 13-87. 
KCIBrI requires K, 13-90%. Thiosulphate titration: found, 7:10 
c.c.; cale.,7-10¢.c.). Six months were required for the preparation, 
which, however, is considerably accelerated by evacuating the 
apparatus. A pure product was obtained by grinding potassium 
ch oride and iodine monobromide together in the theoretical pro- 
portion, and leaving the mixture in a sealed vessel for slow com- 
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bination to take place. The compound does not melt sharply, but 
incipient melting occurs at 40°. 

Rubidium and cesium chlorobromoiodides were prepared by 
Wells and co-workers by wet methods, but the authors have found 
the dry method described under the potassium salt more suitable. 
The cesium salt may also be obtained by fusing together in a 
sealed tube an equimolecular mixture of cesium dibromoiodide 
and dichloroiodide: CsIBr, + CsICl, = 2CsIBrCl. By whichever 
method it is prepared, cesium chlorobromoiodide melts sharply at 
238°, which is also the melting point of the dichloroiodide. These 
two compounds form a complete series of solid solutions, all melting 
sharply at 238°. Mixtures of the dibromoiodide and chlorobromo- 
iodide melt less sharply at temperatures between 238° and 247°, 
the melting point of the dibromoiodide. Rubidium chlorobromo- 
iodide melts at 205°. 

Ammonium chlorobromoiodide was prepared by Chattaway (J., 
1915, 107, 105) by a wet method, and the authors have obtained 
quantitative yields by the dry method used for the alkali-metal 
salts, 2—3 months being required. M. p. 95—100°. 

Hydrogen chlorobromoiodide, HCIBrI. The anhydrous acid is 
unknown, but the authors find that iodine monobromide is readily 
soluble in hydrochloric acid, it being possible to obtain a liquid of 
the composition 83% HIBrCl, 17% H,O. Evidence will be given 
later for supposing that the red corrosive liquid so obtained contains 
the compound HCIBrI in solution. 


Dichloroiodides, RICI,. 


The dichloroiodides form a series of compounds which differ from 
the dibromoiodides in being yellow, less stable, more readily hydro- 
lysed, and in combining with chlorine to form tetrachloroiodides, 
no tetrabromoiodides being known. They are, consequently, more 
difficult to prepare. 

An orange compound, which is probably sodium dichloroiodide, 
is formed when the vapour of iodine monochloride is absorbed by 
solid sodium chloride, but has not yet been obtained in a state of 
purity. It is very unstable and deliquescent. 

The potassium salt was obtained by Ephraim (Ber., 1917, 50, 
1086) by crystallisation from water, but, owing to the ease with 
which it is hydrolysed, it is best obtained by dry methods. Thus, 
it is most readily obtained by grinding together potassium dibromo- 
iodide and tetrachloroiodide in the proportion required by the 
equation KIBr, + KIC], = 2KICl, + Br,, the bromine being re- 
moved by the methods already described for the removal of uncom- 
bined halogen. It is also prepared very conveniently by the action 
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of chlorine on dry potassium dibromoiodide: KIBr, + Cl, = 
KICl, + Br,. If the material be in a thin layer, this reaction is 
complete at the end of 5 minutes. Further absorption of chlorine 
takes place far more slowly : KIC], + Cl, = KICl,. If, on analysis, 
the product be found to contain dibromoiodide or tetrachloroiodide, 
an equivalent quantity of tetrachloroiodide or dibromoiodide 
respectively may be added in order to convert the impurity into 
dichloroiodide. Potassium dichloroiodide begins to melt rather 
below 60°, but the melting point is far from sharp. 

Rubidium dichloroiodide has been obtained by a new method, 
viz., crystallisation from a solution obtained by adding an excess of 
the aqueous acid, HICI,, to one of rubidium chloride. M. p. 208°. 

The cesium salt was prepared by the action of iodine mono- 
chloride vapour on solid cesium chloride or bromide. Under experi- 
mental conditions, the action CsCl -+- IC] = CsICl, required 10 days, 
the action CsBr + 2ICl = CsICl, + IBr only 7, for completion. 
M. p. 238°. 

Ammonium dichloroiodide was prepared in the wet way by 
Chattaway (loc. cit.). The authors have also employed the dry 
method, using ammonium chloride and iodine monochloride, but 
this was less satisfactory. M. p. 162°. 

Earlier investigators have suspected the existence in solution of 
the free acid, HICI,; further evidence will be put forward support- 
ing its existence, although Philbrick (J., 1930, 2254) has recently 
expressed the contrary view. By dissolving iodine monochloride 
in hydrochloric acid, one may obtain a dark brown liquid of the 
composition 80% HICl,, 20% H,O. This gives no solid on cooling 
in ice and salt. All attempts to prepare the anhydrous acid have 
been unsuccessful (see, however, Hannay, J., 1873, 26, 851). 


Tetrachloroiodides, RICI,. 


The tetrachloroiodides are a stable, well-defined, and easily obtain- 
able series of pentahalides. Of the many methods available for 
the preparation of the potassium salt, one originally used by Filhol 
(J. Pharm., 1839, 18, 457) has been found most satisfactory, viz., 
by passing chlorine through a solution of potassium iodide acidified 
with hydrochloric acid. Yield, 70%. Excess of chlorine must be 
avoided, since, owing to the occurrence of the reaction KICl, + 
Cl, + 3H,0 —= KIO, + 6HCl, the product tends to become con- 
taminated with iodate (probably present as the compound 
2KI10,,HCl). Hence, it is not advisable to crystallise it in a desic- 
cator containing chlorine, as sometimes recommended. Absolute 
freedom from iodate, together with quantitative yield, may be 
ensured by the employment of dry methods, but these are generally 
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much slower. The action of chlorine on potassium dibromoiodide 
forms the quickest dry method, only a few hours being needed for 
complete conversion. M. p. 110—115°. 

Rubidium tetrachloroiodide was prepared by the wet method 
just described for the potassium salt, but the yield was only 30%. 
M. p. 163°. 

A quantitative yield of pure cesium tetrachloroiodide was ob- 
tained by the action of iodine trichloride vapour on solid cesium 
bromide, a process requiring about a fortnight. M. p. 228°. 

In the case of the ammonium salt, the standard wet method 
described above gave a 30% yield of product free from iodate, 
m. p. about 125°. 

A solution of the free acid, HICI,, may be obtained by dissolving 
the theoretical quantity of iodine trichloride in hydrochloric acid. 
On cooling this solution in ice, a crystalline hydrate, HICI,,4H,O, 
separates. This acid, which is the first and only solid hydrogen 
polyhalide to be isolated, was first obtained by Caglioti (Atti R. 
Accad. Lincei, 1929, 9, 563) by passing chlorine through an ice- 
cooled suspension of iodine in hydrochloric acid. The authors have 
also prepared it by passing chlorine through a cooled aqueous 
solution of hydrogen dichloroiodide, this reaction being evidence 
that the compound HICl, exists in solution: HICI, + Cl, + 
4H,O = HICl,4H,O. By Caglioti’s method the authors obtained 
a 26% yield. The orange-yellow plates obtained are very deliques- 
cent and destructive to the skin, paper, etc. Hence the material 
is difficult to manipulate, but a specimen was dried on a porous 
plate, and a solution prepared and analysed. 0-5588 G. was made 
up to 100 c.c., so the solution should be 0-0163M in HIC1,,4H,0, 
It was found to be 0-0643N to thiosulphate (= 0-0161M), and 
0-0817N to silver nitrate solution (= 0-0163M/), confirming Caglioti’s 
formula. The acid thus resembles its more unstable salts in crystal- 
lising with four mols. of water per atom of iodine. All attempts 
by the authors to prepare the anhydrous acid have been 
unsuccessful. 


Polyhalides containing no Iodine. 


Examination of the following compounds has confirmed the con- 
clusions of previous investigators concerning their existence, com- 
position, and properties, but it has been found preferable to employ 
dry methods in their preparation: cesium tribromide, cesium 
chlorodibromide, and cesium dichlorobromide. Careful investig- 
ation failed to yield evidence for the existence of any anhydrous 
polybromide of ce#sium other than CsBr, (compare Rae, this vol., 
p. 1578), or of any polychlorides of cesium or polybromides of 
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potassium. Rae’s analytical data do not prove that his cesium 
tetrabromide is anhydrous; the break in the loss curve (p. 1580) 
is not very pronounced, and no corresponding break is noticeable 
in curves obtained by the authors. 


Summary. 


Methods are given for preparing the various types of polyhalide 
in a state of purity with a view to subsequent examination of their 
physical and chemical properties. The compounds investigated 
include the dibromoiodides of the alkali metals, alkyl-ammonium 
and -pyridinium bases, but in the other series of polyhalides, only 
the alkali-metal salts have been examined. The existence of the 
acid HICl,,4H,O is confirmed, and the view is expressed that the 
acids HIBr,, HIBrCl, and HICI, exist in aqueous solution. 


Kinea’s CoLLeGe, LONDON. [ Received, May 20th, 1931.] 





CCL.—The Photochemical Oxidation of Alcohols by 
Potassium Dichromate. Part III. 


By EpmMunD JoHN Bowen, THomas ARTHUR PEACOCKE, and 
EpcaR RoBERT WELLBURN. 


In earlier papers of this series (Bowen and Bunn, J., 1927, 2353; 
Bowen and Yarnold, J., 1929, 1648) it has been shown that the 
quantum efficiency of the photochemical oxidation of alcohols to 
aldehydes or ketones by solutions of potassium dichromate is 
independent of the light intensity, temperature, and wave-length 
between 5000 and 3660 A. at high hydrogen-ion concentrations, 
and that it varies with the alcohol, hydrogen-ion, and dichromate 
concentrations. 

This paper describes further work on the effect of hydrogen-ion 
and dichromate concentration on the photochemical rate. Bowen 
and Yarnold’s measurements were made only at high hydrogen-ion 
concentrations, obtained by adding sulphuric acid, and _ their 
accuracy was affected over part of the range by the precipitation 
of chromium chromate during the reaction. Their conclusion that 
no ion other than HCr,0,’ was photoactive depended also on the 
use of a constant obtained by Sherrill (J. Amer. Chem. Soc., 1907, 
29, 1641) which now appears to be incorrect. In this work measure- 
ments have been made at lower hydrogen-ion concentrations, kept 
constant by means of buffer solutions, and even down to [H’] = 10° 
no difficulties due to precipitate formation occurred in the early 
stages of the reaction. 
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EXPERIMENTAL. 


The experimental arrangements were similar to those used by 
Bowen and Yarnold. A quartz mercury lamp running off the 
mains, the voltage being kept constant by hand control, served as 
the light source. Monochromatic light was obtained by using the 
special glass filters made for isolating the mercury lines by the 
Corning Glass Company, U.S.A. The photochemical cells were of 
quartz with plane parallel sides 1 cm. apart, and held about 20 c.c. 

The hydrogen-ion concentrations were fixed by means of the 
standard sodium acetate—acetic acid mixtures of Walpole (J., 1914, 
2501) and the potassium dihydrogen phosphate-sodium hydroxide 
mixtures of Clark and Lubs (J. Bact., 1917, 2, 1, 109, 191). Experi- 
ments were made with methyl, ethyl, and isopropyl alcohols at 
different dichromate and alcohol concentrations, in two wave-lengths 
from the mercury lamp, and between hydrogen-ion concentrations 
of 10-+* to 10-7. The solutions were exposed for a series of different 
times, the amount of change measured, and the initial rate obtained 
from the almost linear change-time curves. The thermal reaction 
between the dichromate and alcohol was in all cases found to be 
negligible. 

Two distinct methods of estimating the amounts of change were 
employed. Method I, which was applicable to all the alcohols, 
consisted in measuring the amount of dichromate left by adding 
the solution to potassium iodide solution and titrating the iodine 
liberated with sodium thiosulphate. This method was not capable 
of great accuracy, as the results show. The results depended on 
the small difference, less than 10%, between the initial and final 
dichromate concentrations. To effect a rapid reaction between the 
potassium iodide and the dichromate, acid must be added to pro- 
duce a high hydrogen-ion concentration, and errors are introduced 
by the action of air on acid iodide solutions. These difficulties 
were minimised by careful choice of acidity and time of the iodide 
dichromate reaction, depending on the alcohol used. The solutions 
were then diluted to reduce the acidity for the thiosulphate 
titration. 

Method II was a micro-colorimetric method of estimating acetone, 
based on the formation of a straw-yellow colour with vanillin 
(Alyea and Backstrém, J. Amer. Chem. Soc., 1929, 51, 90), and was 
therefore applicable only to experiments with isopropyl alcohol. 
The acetone content of the isopropyl alcohol used was first reduced 
to a very low value by refluxing it with p-nitrophenylhydrazine in 
an atmosphere of nitrogen for six hours, followed by distillation in 
a current of nitrogen, the treatment being repeated. Measurements 
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were then carried out as follows. Two reaction mixtures of potass- 
ium dichromate and buffer solutions and isopropyl alcohol after 
exposure to the light were treated with barium acetate solution to 
precipitate the dichromate. Two standard solutions of different 
acetone concentrations of the same order as the amount of change 
expected (between 0-0005 and 0-002M-acetone) were prepared. 
2 C.c. of potassium hydroxide solution (100 g. in 60 c.c. of water) 
were added to each of the four mixtures, followed, after shaking, 
by 1 c.c. of vanillin solution (10% in methyl alcohol, freed from 
acetone as above). The mixtures, contained in test-tubes, were 
then placed immediately in a thermostat at 65° for exactly 20 
mins.; they were then withdrawn, cooled with ice, the precipitates 
of barium chromate filtered off, sodium carbonate added to pre- 
cipitate the excess barium ion, and the solutions again filtered. 
The solutions were then each diluted to 50 c.c. and the colours of 
the unknowns and standards compared immediately in a Duboscq 
colorimeter. The results could be duplicated to within 3—5%. 

In the case of the faster reactions taking place in light of wave- 
length 3660 A., it was found that considerable errors were introduced 
if the solutions were not stirred; this effect was due to the almost 
complete absorption of the light in the first thin layer of solution, 
leading to local exhaustion of hydrogen ion uncorrected by diffusion. 


Discussion of Results. 


Bowen and Yarnold accepted the value 0-016 for the equilibrium 
constant [HCrO,’]?/[Cr,0,’’], as given by Sherrill (loc. cit.), for the 
interpretation of their results. There is strong evidence, however, 
for rejecting this value. Sherrill’s conclusions were based on cal- 
culations from measurements such as the freezing points of solutions 
uncorrected for the modern conceptions of activity. Viterbi and 
Krausz (Gazzetta, 1927, 57, 690) have shown that solutions of 
potassium dichromate between M/100 and //1,000 approximately 
obey Beer’s law of light absorption over a long range of wave- 
length. Between these dilutions, therefore, the above equilibrium 
must lie substantially over to one side—a condition not fulfilled by 
Sherrill’s value of the equilibrium constant. Britton (J., 1924, 
125, 1572), from a study of the electrometric titration of chromic 
acid by alkali, concluded that the ion Cr,0,” did not exist in dilute 
solution, and that the ion in a solution of potassium dichromate 
was HCrO,’. The value of the equilibrium constant, [HCrO,']*/ 
[Cr,0,’] = 2-5, found by Beck and Stegmiiller (Arbeiten Kaiserl. 
Gesundheit, 1910, 34, 446) from solubility measurements on lead 
chromate, satisfies the condition that ordinary dilute solutions of 
potassium dichromate contain practically only the HCrO,’ ion, and 
























MICAT, 


Otass- 
| after 
ion to 
fferent 
hhange 
pared. 
water) 
aking, 
| from 
were 
lly 20 
itates 
D pre- 
tered. 
urs of 
boseq 
/ 

ae 

wave- 
duced 
Imost 
ution, 
usion. 


brium 
r the 
rever, 
1 cal- 
itions 
i and 
ns of 
ately 
vave- 
rium 
od by 
1924, 
omic 
lilute 


mate 
>,’ F/ 
iserl. 
lead 
ns of 
and 








1869 


is the only experimental value which fits all the facts. We therefore 
assume that the values of the extinction coefficients for potassium 
dichromate solutions given by Viterbi and Krausz refer to the 
HCrO,’ ion, and that those for potassium chromate refer to the 
CrO,”’ ion. 

When solutions of potassium dichromate are buffered to low 
hydrogen-ion concentrations, they will contain the CrO,” ion in 
equilibrium with the HCrO,’ ion according to the equation 


[H"][CrO,"]/[HCr0",] = K . (1) 


Both ions absorb light, and if the HCrO,’ ion only is photoactive, 
the CrO,” ion will act as an inner filter to an extent depending on 
the extinction coefficients and the concentrations. Since the 
reaction cells had parallel walls 1 cm. apart, the fraction of the 
incident light absorbed, scattering losses being neglected, is 1— 
10-%~¢s%, where ¢€,, €), and ¢,, C. are respectively the extinction 
coefficients and concentrations of the ions HCrO,’ and CrO,”. The 
fraction of the light absorbed by the former ion is 


(1—10-%1%~%%)[e,c,/(e,0; + yn)} »- - - « (2) 


and this quantity should be proportional to the photochemical 
rate. 

The following tables give the results. Column A gives the experi- 
mental photochemical rates, expressed relatively to the values in 
thick type, each value being the mean of at least three rate curves. 
Column B gives the values of the expression (2). The extinction 
coefficients e, and e, are taken from the results of Viterbi and 
Krausz (loc. cit.) as: at 4 = 3660 A., e, = 1137-5, e, = 3990; at 
4= 4360 A., e, = 197, eg = 224. The corresponding concentra- 
tions c, and c, of the two ions are calculated from the equation (1) 
with K = 3-9 x 10°’, the actual values recorded for this constant 
being 3-7 x 10-? (Beck and Stegmiiller, loc. cit.), 4-4 x 10-7 (Britton, 
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loc. cit.), and 10-? (Hughes, J., 1928, 491). 


TaBLE I (Method I). 
K,0r,0, = 0-02. K,0r,0, = 0-01N. 
—————,7 


K,Cr,0, = 0-005. 
—_— oe 


Ontie. A= A= A= A= A= A=, 
% by 3660 A. 4360 A. 3660 A. 4360 A. 3660 A. 4360 A. 
Alcohol. ‘vol. [H’]. A. Bo A. B. Ss i& & & a 2h & & 
MeOH 40 10* 1-04 1:0 119 1:23 10 10 10 210 #«§4108 10 0-70 068 
HOH 25 10 10 10 4116 123 10 10 £410 1:0 10 1:0 075 0-68 
PYOH «825 #10 10 410 4118 123 10 #10 #10 1-0 10 1:0 079 0-68 
MeOH 40 10 0:77 0-66 1:05 1:13 0-70 0-66 0-84 0-93 0-65 0-66 0:54 0-59 
ROH 25 10* 065 0-66 1-11 1:13 0-66 0-66 091 0-93 065 066 0-55 0-59 
PYOH 25 10-8 0-67 0:66 1:02 1:13 0-68 066 0-81 0-93 0-72 0-66 0-61 0:59 
MOH 40 10 0-14 0:07 0-35 0:23 O11 0-07 0:20 0-19 0:09 0-07 0-20 0-14 
ROH 25 10-7 0-08 0-07 O17 0-28 0-07 0-07 0-13 0-19 0-065 0-07 0-09 0-14 
POH 25 10-* O18 0:07 027 0:23 O11 007 O18 O19 0:09 007 O18 0-14 
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TaBLE II (Method II). 
K,Cr,0, = 0-02N. 


Pr80OH, % by vol. Pr8OH, % by vol. 
[H’}. 5. 25. [H’}. 5. 25. 
A. A. B. A. A. B. 
10- 1 1 1 190-*° 0-47 0-50 0-495 
105 0-91 0-87 0-90 10-4 0-20 0-28 0-24 
i7 0-76 0-77 0:77 10 — 0-12 0-07 


Though the errors of measurement were high, for reasons already 
explained, the agreement between columns A and B for two wave- 
lengths and three alcohols is sufficient to show that the simple 
inner-filter theory is probably correct for hydrogen-ion concen- 
trations between 10- and 10-*. The further increases of reaction 
rate at much higher hydrogen-ion concentrations can still be 
explained by the formation of appreciable amounts of the ion 
HCr,0,’ in that range, although a quantitative treatment cannot 
at present be given for lack of precise data. 


Summary. 

1. Measurements have been made of the rate of photochemical 
oxidation of methyl, ethyl, and isopropyl alcohols by solutions of 
potassium dichromate in light of two different wave-lengths and at 
hydrogen-ion concentrations between 10 and 10-’. 

2. The results in this range can be quantitatively accounted for 
on the assumption that the photoactive ion is HCrO,’ and that the 
CrO,” ion also present acts as an inner filter. 

3. Bowen and Yarnold’s conclusion that the HCr,0,’ ion is the 
only photoactive ion in potassium dichromate solutions is shown to 
be based on the acceptance of incorrect constants for the equilibria 
in dichromate solutions, but their results are still qualitatively to 
be explained by the appearance of the HCr,O,’ ion at the higher 
hydrogen-ion concentrations (ca. 10-*) used by them. 

[ Received, June 12th, 1931.] 


CCLI.—The Labile Nature of the Halogen Atom 
Organic Compounds. Part XIV. The Reactivity 
of Halogen Derivatives of 5-Alkylbarbituric Acids. 


By Atwyn Brrcumore Cox, ALEXANDER KILLEN MACBETH, 
and Stuart WoORTLEY PENNYCUICK. 


THE difference in reactivity of the two halogen atoms in 5: 5-di- 
bromobarbituric acid pointed out by Baeyer (Annalen, 1864, 130, 
133) has been supported by the reduction of a series of such acids 
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by hydriodic acid (Backes, West, and Whiteley, J., 1921, 119, 377). 
Macbeth, Nunan, and Traill (J., 1926, 1248) showed that similar 
considerations hold when hydrazine hydrate is the reducing agent, 
and that 5 : 5-dichloro-compounds behave ina similar way. Spectro- 
scopic examination proved that the 5-monohalogeno-derivatives 
existed in the enolic modification, and the stability of such com- 
pounds is thus in agreement with other cases, all the substances 
being characterised by the presence of a double bond at the carbon 
adjacent to the halogen atom. In the 5-halogeno-5-alkylbarbituric 
acids the existence of the enolic form is excluded, and reactivity of 
the halogen atom is therefore to be expected. - Easy reduction by 
hydrazine has been observed in the cases now examined, the reaction 
taking place quantitatively according to the general equation 


2RBr +-NH,"NH, = 2RH + 2HBr + Nj. 


The instability of 5 : 5-dibromobarbituric acids in the presence 
of platinised electrodes, especially in aqueous-alcoholic solutions 
(Graham, Macbeth, and Orr, J., 1927, 740), is also shown by the 
5-bromo-5-alkylbarbituric acids examined. With polished platinum 
electrodes, the decomposition of such acids is, in general, slow; 
and the molecular conductivities may thus be determined. The 
following values were obtained : 


Acid. Ap. K x 10°. 
5-Bromo-5-methylbarbituric .............ssseeesseeessees 1-35 1-08 
5-Bromo-5-ethylbarbituric .............ceeseeseseereeeenees 1-95 2-25 
5-Bromo-5-n-propylbarbituric  ...........ceeeeeeeeeeevees 2-06 2-51 
5-Bromo-5-isopropylbarbituric  .............eceeeeeeeeeees 1-82 1-96 
5-Bromo-5-butylbarbituric ............sssscessessseeseeeees 2-16 2-76 
5-Bromo-5-isoamylbarbituric ..........sccseeeeeeeeseeeeees 3°17 2-98 


The values of A, given above are the values measured when 
temperature equilibrium was reached, usually 10—-15 minutes after 
the filling of the conductivity cell. These were considered to be 
identical with those at zero times, as subsequent change in con- 
ductivity was slow. 5-Bromo-5-methylbarbituric acid was excep- 
tional, and extrapolation of the graph of molecular conductivities 
against time was relied on to give the initial value. The value A” 
for the series was taken as 412. Triibsack (Z. physikal. Chem., 
1895, 16, 708) gives the value of A®’ for 5 : 5-dichloro- and 5 : 5-di- 
bromo-barbituric acids as 358 (Siemens units), which corresponds 
with A®° 381 (reciprocal ohms). This agrees with the value for 
d-ethyl- and 5: 5-dimethyl-barbituric acids (International Critical 
Tables). By applying the Kohlrausch expression for temperature 
coefficient, « = 0-0136 -+ 0-67/(18-5 + LZ) (where « = temperature 
coefficient, and Z = conductivity), separately to the components 
of \. the value of A*” was deduced. A®’ H* was taken as 347, and 
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that for the substituted barbituric radical as 34 (381—347). This 
led to the value A*” 412, which was used in the calculation of the 
dissociation constants by the formula 


K = A2/(A, — A,)A, . 0. 


EXPERIMENTAL. 


The hydrazine estimations referred to below were carried out in 
a Van Slyke nitrometer with excess of hydrazine hydrate (50%): 
the removal of bromine was quantitative in all cases. The con- 
ductivity measurements were made in a cell containing polished 
platinum electrodes (cell constant 0-1555). All conductivities were 
determined at 30°, the specific conductivity of N/50-potassium 
chloride at this temperature being taken as 3-036 x 10-. 

5-Methylbarbituric acid was prepared by a modification of 
Fischer and Dilthey’s method (Annalen, 1904, 335, 355). Sodium 
(20 g.) in alcohol (250 c.c.) and ethyl methylmalonate (50 g.) and 
urea (26 g.) were heated in a pressure bottle at 110° for 3 hours. 
The filtrate obtained after cooling was repeatedly washed with 
alcohol, dissolved in hot water, and acidified. 5-Methylbarbituric 
acid crystallised on cooling, and was twice recrystallised from water 
and finally from water-alcohol. M. p. 198°. 

5-Bromo-5-methylbarbituric acid. Bromine was gradually added 
to the parent acid (5 g.) in hot water (50 c.c.) until a permanent 
colour was produced. The bromo-compound, which crystallised 
on cooling, was recrystallised from hot water and dried in a desic- 
cator. Yield, 75%; m. p. 190°. 

On treatment with hydrazine hydrate the bromo-compound 
(0-2348 g.) liberated nitrogen quantitatively (13-2 c.c. at 20° and 
7443 mm.). The hydrazide of 5-methylbarbituric acid separated 
from the reaction mixture as flat rectangular plates, m. p. 240° 
(decomp., complete at 245°) [Found: N (hydrazine),16-0. C;H,,0,N, 
requires N, 16-1%]. 

In the reduction of the other 5-bromo-5-alkyl acids examined, the 
hydrazides were too soluble to separate in the nitrometer. 

The following conductivities (J//100-solution) were observed, and 
were used graphically to determine the initial conductivity of the 
bromo-acid. 

Resistance 11,430 11,160 11,040 10,600 9820 9440 8680 7730 7050 


Mol. cond. 1-36 1-39 1-41 1:47 1:59 1:65 1:79 2-01 221 
Time(mins.) 5 10 15 30 65 80 120 180 240 


5-Ethylbarbituric acid was prepared in the same way as the 
methyl acid, but the yields obtained were not so good as those 
recorded by Volwiler (J. Amer. Chem. Soc., 1925, 47, 2236). 
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5-Bromo-5-ethylbarbituric acid, m. p. 202°, was prepared in 77% 
yield by direct bromination of the parent acid in hot water (Found : 
Br, 33-8. C,H,O,N,Br requires Br, 33-9%). 

The bromo-compound (0-279 g.) on reduction by hydrazine 
liberated 14-2 c.c. of nitrogen at 19° and 749-3 mm. 

The conductivity measurements show a change in the molecular 
conductivity (M/100-solution) from the initial value 1-95 to 2-10 
after 5 hours. 

5-Propylbarbituric acid was prepared by heating under pressure 
at 110° for 3 hours a mixture of sodium (17 g.) in alcohol (300 c.c.) 
with urea (22-5 g.) and ethyl propylmalonate-(50 g.). The yield 
was of the same order as those obtained by Fischer and Dilthey 
(loc. cit.) and Volwiler (loc. cit.). 

5-Bromo-5-propylbarbituric acid was obtained in practically 
quantitative yield when the parent acid (8 g.), suspended in warm 
water (100 c.c.), was gradually treated with excess of bromine. The 
excess of bromine was removed by boiling, and white crystals of 
the bromo-compound separated on cooling. Recrystallised from 
water, it had m. p. 163-5° (Found: Br, 32-1. C,H,O,N,Br requires 
Br, 32-1%). 

The bromo-compound (0-2105 g.) on reduction liberated 10-3 c.c. 
of nitrogen at 17-1° and 744 mm. 

The molecular conductivity (M/100-solution) showed a change 
from an initial value of 2-02 to 2-25 after 15 hours. 

5-Bromo-5-isopropylbarbituric acid. The parent acid was pre- 
pared in 75% yield by a method similar to those described above. 
The bromo-derivative was obtained in 85% yield by direct bromin- 
ation of the parent acid suspended in warm water. It crystallised 
from water in small white prisms, m. p. 163° (Found: Br, 32-0. 
C,H,O3N,Br requires Br, 32-1%). 

0-2295 G. on treatment with hydrazine yielded 11-3 c.c. of 
nitrogen at 18° and 737 mm. 

The molecular conductivity (M/100-solution) is lower than that 
of the corresponding n-propyl derivative, and changes from an 
initial value of 1-74 to 1-83 after 4 hours. 

5-Bromo-5-n-butylbarbituric acid. The parent acid was prepared 
by heating under reflux the required reagents (Volwiler, loc. cit.), 
but our yield never exceeded 54%. Better results (74% yield) 
were obtained when the reaction was carried out under pressure 
at 115° for 3 hours. In the bromination we were unable to obtain 
satisfactory results with methyl alcohol as a solvent (J. Amer. Chem. 
Soc., 1922, 44, 1564, 1578), but the reaction gave moderately good 
yields when bromine was gradually added to a suspension of the 
parent acid in warm water (30—40°). The product was repeatedly 
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crystallised from alcohol—water, but the m. p. 109° did not agree 
with that (114°) previously recorded (Found: Br, 30-3. Cale. for 
C,H,,0,N,Br: Br, 30-4%). 

0-271 G. of the bromo-compound on reduction liberated 12-6 c.c. 
of nitrogen at 18° and 744 mm. 

The molecular conductivity (M/100-solution) was 2-14. 5-Bromo- 
5-isoamylbarbituric acid. The parent acid was obtained in more 
than 50% yield by a pressure method similar to those employed 
above. The parent acid (10 g.), dissolved in much warm water, 
was treated with excess of bromine. On cooling, the bromo-deriv- 
ative separated in long silky needles, m. p. 175° after recrystallis- 
ation from dilute alcohol (yield, 90%) (Found: Br, 28-9. 
CgH,,;0,N,Br requires Br, 28-85%). 

0-303 G. of the bromo-compound when reduced by hydrazine 
liberated 13-4 c.c. of nitrogen at 17-5° and 738-7 mm. 

The molecular conductivity (M/200-solution) varied from an 
initial value of 3-16 to 3-30 after 6 hours. 

5-Bromo-1 : 3-diphenyl-5-benzylbarbituric acid. 1: 3-Diphenyl- 
barbituric acid (Whiteley, J., 1907, 91, 1342) was dissolved (4 g.) 
in glacial acetic acid (40 c.c.) on the water-bath, and excess of 
bromine (1-6 g.) in glacial acetic acid added; after a few minutes 
the bromo-derivative began to separate. The mixture was poured 
on ice, and the precipitated acid recrystallised from chloroform- 
alcohol, forming white micro-crystalline octahedra, m. p. 195°, 
sparingly soluble in hot alcohol, and easily soluble in chloroform 
(Found: Br, 17-6. C,,H,,0,N,Br requires Br, 17-8%). 

0-425 G. of the bromo-acid on treatment with hydrazine gave 
11-6 c.c. of nitrogen at 16-5° and 751-5 mm. This corresponds with 
14-3 g. of nitrogen per g.-mol., and the reaction may be regarded as 
quantitative within the limits of experimental error. 


THE UNIVERSITY OF ADELAIDE, 
SoutH AUSTRALIA. [ Received, May 27th, 1931.] 
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Oxidation by Permanganate of an Unsaturated Substance, Cinnamic 
Acid. By Eric Maurice SToppart. 


Crynamic acid, in boiling 1% aqueous solution neutralised with 
caustic soda, was oxidised by the gradual addition of 2% aqueous 
potassium permanganate, of which the amount added was equivalent 
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to 350 per molecule of the acid. The benzaldehyde that 
volatilised corresponded (in the form of its phenylhydrazone) to 
oxidation of about 70% of the acid according to the equation : 


C,H,CH:CH-CO,H + 40 = C,H,-CHO + 2CO, + H,0; 


about 20% of the acid was recovered unchanged; and pheny!l- 
glyceric acid was obtained in amount (crude) corresponding to 
oxidation of about 10% of the cinnamic acid according to the 
equation : 


C,H;*CH:CH-CO,H + O + OH, = C,H,-CH(OH)-CH(OH)-CO,H. 


The formation of phenylglyceric acid in so considerable amount is 
interesting in view of the general impression that cooling with ice is 
necessary in order to effect oxidation by permanganate of an un- 
saturated substance without splitting its chain of carbon atoms at 
the double bond. 

Among the products of oxidation carbonate was detected in 
abundance, but no oxalate. The absence of oxalic acid is remarkable 
in view of statements to the contrary in the literature, for the 
350 employed, though in excess of the 30 required to effect 
oxidation to oxalic acid, 


C,H,*CH:CH-CO,H + 30 = C,H,;-CHO + OH-CO-CO,H, 


was in deficit of the 40 required to effect complete oxidation to 
carbon dioxide.—TECHNICAL COLLEGE, SUNDERLAND. [Received, 
May 12th, 1931.] 


The Conversion of 7-Hydroxy-3 : 4-dimethylcoumarin into 2 : 4-Di- 
methoxy-«8-dimethylcinnamic Acid. By FREDERICK W. CANTER 
and ALEXANDER ROBERTSON. 


Simonis and ReMMERT -(Ber., 1914, 47, 2229) assumed that the 
product of the condensation of resorcinol and methyl* «-methyl- 
acetoacetate in the presence of phosphoric oxide was 7-hydroxy- 
2: 3-dimethyl-1 : 4-benzopyrone. In collaboration with Curd (this 
vol., p. 1255) we have shown that the compound obtained is 
i-hydroxy-3 : 4-dimethyleoumarin (I) (Pechmann and Duisberg, 
Ber., 1883, 16, 2119). Conclusive proof that this compound is a 


* Owing to an error in transcription, Robertson and Curd (this vol., p. 1257) 
stated that Simonis and Remmert had used ethyl a-methylacetoacetate in this 
condensation. Actually, they used the methyl ester, and the former authors 
found that both esters gave the same result. 
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coumarin is now afforded by its conversion into 2 : 4-dimethozy. 
«B-dimethyleinnamic acid (1). 


HO CO__. MeO/ OMe MeO/ ‘OMe 
pre CMe:CMe:CO,H OMe 
(IL) Me (II.) (IIT.) 


The methyl ether of (I) (6 g.) was prepared by means of methyl] 
sulphate and sodium hydroxide and dissolved in a boiling mixture 
of methyl alcohol (50 c.c.) and 20% aqueous sodium hydroxide 
(50c.c.). After cooling to 50°, the solution was agitated, and methy]| 
sulphate (30 g.) gradually introduced. 20% Aqueous sodium 
hydroxide (100 c.c.) and a further quantity of methyl sulphate were 
then added. The reaction mixture was made faintly alkaline and 
the product was isolated by means of ether and hydrolysed by 
boiling with 75% alcohol (100 c.c.) containing potassium hydroxide 
(10 g.) for 2 hours. On cooling, the solution was diluted with water 
(200 c.c.) and acidified with concentrated hydrochloric acid. Next 
day the solid was collected and dissolved in aqueous sodium bi- 
carbonate, and the solution filtered from unchanged 7-methoxy- 
3: 4-dimethylcoumarin (1-8 g.). Acidification with hydrochloric 
acid gave the cinnamic acid (II) (4 g.), which crystallised from water 
in colourless rectangular plates or from benzene-ligroin in squat 
prisms, m. p. 133° [Found : C, 66-0; H, 6-9; OMe, 25-0; CO,H (by 
titration), 19-3. C,,H,)0,(OMe), requires C, 66-1; H, 6-8; OMe, 
26-3; CO,H, 19-1%]. The substance is easily soluble in alcohol or 
benzene and sparingly soluble in water. It decolorises bromine 
water and aqueous potassium permanganate. 

The acid (2 g.) was dissolved in warm acetone (80 c.c. at 50°) and 
oxidised by the addition of 1-4% solution of aqueous potassium 
permanganate (200 c.c.). The cooled mixture was cleared with 
sulphur dioxide, and the product isolated by means of ether. 
Removal of the solvent left 2 : 4-dimethoxyacetophenone (III) as 
an oil which partly solidified. The semicarbazone crystallised from 
methyl alcohol in tiny plates, m. p. 202—203° after slight sintering 
at 198°, and was identical with the semicarbazone prepared from an 
authentic specimen of the ketone.—LonpDOoN ScHooL oF HYGIENE 
AND Tropica Mepictnz, University or Lonpon. [Received, 
May 21st, 1931.] 
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CCLII.—H ydroxy-carbonyl Compounds. PartIV. The 
Preparation of Coumarins and 1: 4-Benzopyrones 
from Pyrogallol. 


By FRrepERIcK W. CANTER, ALFRED R. Martin, and 
ALEXANDER ROBERTSON. 


In Part III of this series (this vol., p. 1255) it was shown that the 
condensation of resorcinol and of phloroglucinol with esters of 
acylacetic acids according to the method of Simonis (Ber., 1913, 
46, 2014) gives rise to coumarins and not to the expected 1 : 4- 
benzopyrones. This investigation has been extended to pyrogallol, 
with similar results. 

The products from the interaction of pyrogallol with ethyl 
acetoacetate, a-methylacetoacetate, and benzoylacetate in the 
presence of phosphoric oxide have been shown to be respectively 
the coumarins (I; R = H, R, = Me) (Pechmann and Duisberg, Ber., 
1883, 16, 2127), (I; R = Me, R, = Me), and (I; R = H, R, = Ph) 
(Kostanecki and Weber, Ber., 1893, 26, 2906). Compared with 
those from resorcinol or phloroglucinol, the yields obtained from 
pyrogallol were poor. A similar contrast was observed on applying 
the Hoesch reaction. The condensation of pyrogallol with aceto- 
nitrile, with propionitrile, and with benzonitrile in the presence of 
zinc chloride, and subsequent hydrolysis of the ketimines, gave 
meagre yields of respective ketones. 


OH O OH O OH O 
n OO nO: HO Me 
o: R hs 
K, «oO 0 
(I.) (II.) (III.) 


By ring closure of gallacetophenone with acetic anhydride and 
sodium acetate at 160—170°, Venkataraman (J., 1929, 2219) claims 
to have obtained a mixture of 7 : 8-dihydroxy-2-methyl-1 : 4- 
benzopyrone (II; R = H) and its O-diacetate, but on attempting to 
prepare the pyrone by this method, we found that the product 
(isolated as the diacetate) was not identical with an authentic 
specimen (Blumberg and Kostanecki, Ber., 1903, 36, 2192). The 
same lack of identity was observed on comparing the respective 
diacetates and dimethyl ethers. The only other product which we 
were able to isolate from the reaction mixture was O-triacetyl- 
gallacetophenone. The compound obtained by us appears to contain 
a C-acetyl group and, by analogy with resacetophenone (Nagai, Ber., 
1892, 25, 1284; Kostanecki and co-workers, Ber., 1901, 34, 102, 
3Q 
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2942; compare Part II of this series, this vol., p. 1245), we consider 
that ring closure of gallacetophenone is accompanied by acetyl- 
ation in the 3-position, yielding the 1 : 4-pyrone (III). On the other 
hand, for reasons already enumerated (this vol., p. 1247), we believe 
that gallopropiophenone furnishes the 1 : 4-pyrone (II; R = Me) 


on ring closure with sodium acetate and acetic anhydride. 


EXPERIMENTAL. 


7 : 8-Dihydroxy-4-methylcoumarin (I; R= H, R, = Me).—An 
excess of phosphoric oxide was added in small portions with stirring 


to a mixture of pyrogallol (1 g.) and ethyl acetoacetate (1 g.), and 
the reaction completed by heating on the steam-bath for 10 minutes, 
The mixture was kept at room temperature for 1 hour and then ex- 
tracted with water, and the insoluble product collected. Crystal- 
lised from dilute alcohol, the coumarin formed clusters of colourless 
needles (0-5 g.), m. p. 238° (Found, in specimen dried at 120°: C, 
62-6; H, 4:5. Cale. for C,jH,O,: C, 62-5; H, 4:2%). Mixed 
with 7 : 8-dihydroxy-2-methyl-1 :4-benzopyrone (Blumberg and 
Kostanecki, loc. cit.), it showed a depression of about 40°. 

An authentic specimen of the coumarin was prepared by the 
method of Pechmann and Duisberg (loc. cit.) and found to melt at 
237° (these authors give m. p. 235°). A mixture of the two specimens 
melted at 237—238°. The diacetate prepared from either specimen 
crystallised from alcohol in rhombic plates, m. p. 178°. 

7 : 8-Diacetoxy-3-acetyl-2-methyl-| : 4-benzopyrone.—A mixture of 
gallacetophenone (5 g.), sodium acetate (10 g.), and acetic anhydride 
(50 g.) was heated at 160—170° (oil-bath) for 6 hours. After 
removal of excess of anhydride in a vacuum, the residue was poured 
into water, and next day the semi-solid product was crystallised 
from alcohol. The diacetate formed almost colourless plates (2 g.), 
m. p. 132°, which did not lose weight on heating at 110° for 24 hours 
(Found: C, 60-4; H, 4:6. C,,H,,0, requires C, 60-4; H, 4-4%). 
The compound did not give a ferric chloride reaction. Mixed witha 
specimen of 7 : 8-diacetoxy-2-methyl-1 :4-benzopyrone (needles, 
m. p. 122°) (loc. cit.), it melted at 95—100°. After the separation of 
the diacetate, the alcoholic mother-liquors were diluted with water 
and O-triacetyl gallacetophenone gradually separated, m. p. 85° 
after crystallisation from dilute alcohol. Mixed with an authentic 
specimen, it gave an undepressed melting point. 

When the ring closure was effected at 170—180° during 20 hours, 
the same diacetate, m. p. and mixed m. p. 132°, was obtained. 

7 : 8-Dihydroxy-3-acetyl-2-methyl-1 : 4-benzopyrone (III).—(A) The 
foregoing diacetate was hydrolysed by boiling with a mixture of 
methyl alcohol (45 c.c.) and concentrated hydrochloric acid (5 ¢.¢.) 
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for 1 hour. After distillation of the greater part of the alcohol in a 
vacuum, the mixture was diluted with water, and the precipitate 
was collected and washed with water. Crystallised from alcohol 
(charcoal), the pyrone formed colourless needles, m. p. 247° (Found, 
in a specimen dried at 110°: C, 61-1; H, 4:7. C,,H,)0; requires 
C, 61-5; H, 43%). Unlike 7 : 8-dihydroxy-2-methyl-1 : 4-benzo- 
pyrone (loc. cit.), this compound is sparingly soluble in cold ethyl or 
methyl alcohol and in hot water. With alcoholic ferric chloride it 
gives a green coloration. Mixed with 7 : 8-dihydroxy-2-methyl- 
1: 4-benzopyrone and with 7 : 8-dihydroxy-4-methylcoumarin, it 
showed m. p. depressions of about 35° and 45° respectively. Acetyl- 
ation with acetic anhydride and sodium acetate (or pyridine) re- 
generated the diacetate, m. p. and mixed m. p. 132°. 

(B) A solution of the diacetate (1 g.) in 5% methyl-alcoholic 
potassium hydroxide was boiled for 3 minutes, cooled, and neutral- 
ised with mineral acid (Congo-red). After 12 hours the precipitate 
of 7 : 8-dihydroxy-3-acetyl-2-methyl-1 : 4-benzopyrone was collected 
and crystallised from alcohol, forming needles, m. p. 245°. Mixed 
with a specimen prepared by method (A), it melted at 245—246°. 
The same product, m. p. and mixed m. p. 245°, was obtained in poor 
yield when the deacetylation was effected by means of warm 5% 
aqueous sodium hydroxide for ?-hour. 

7 : 8-Dimethoxy-3-acetyl-2-methyl-1 : 4-benzopyrone.—The pyrone 
(0-5 g.) was dissolved in acetone (30 c.c.), and methylated by means 
of methyl iodide (2 c.c.) and anhydrous potassium carbonate (1 g.) 
during 5 hours on the steam-bath. On isolation, the dimethyl ether 
crystallised from water in colourless elongated, rectangular prisms, 
m. p. 148° [Found : C, 64-2; H, 5-2; OMe, 23-6. C,,H,0,(OMe), 
requires C, 64-1; H, 5-3; OMe, 23-7. Calc. for C,)>H,0,(OMe), : 
C, 65-5; H, 55; OMe, 28-2%. Loss on drying at 110° for 15 
hours: nil]. This ether is readily soluble in methyl or ethyl alcohol 
and does not give a ferric chloride reaction. Mixed with 7 : 8-di- 
methoxy-2-methyl-1 :4-benzopyrone (Blumberg and Kostanecki, 
loc. cit.), it showed a depression in m. p. of about 60°. 

7 : 8-Dihydroxy-2 : 3-dimethyl-1 : 4-benzopyrone (Il; R = Me).— 
A mixture of gallopropiophenone (5 g.), sodium acetate (5 g.), and 
acetic anhydride (40 c.c.) was heated at 170—180° for 20 hours. 
On isolation in the usual manner, the diacetate crystallised from 
dilute acetic acid in almost colourless rectangular prisms (2-5 g.), 
m. p. 150° (Found: C, 62-2; H, 5-0. C,;H,,0, requires C, 62-1; 
H, 48%). The compound is readily soluble in alcohol and insoluble 
in ether. 

A solution of the acetyl derivative (2 g.) in 5% methyl-alcoholic 
potassium hydroxide (60 c.c.) was kept at room temperature for 2 
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hours, and then acidified with acetic acid. The pyrone was pre- 
cipitated by the addition of water (200 c.c.) and, on crystallisation 
from dilute alcohol (charcoal), formed colourless needles, m. p. 234° 
(Found in material dried at 130°: C, 64:2; H, 5-2. C,,H,,0, 
requires C, 64-1; H, 4:9%). The compound is readily soluble in 
alcohol and sparingly soluble in water. It forms an orange-yellow 
solution in dilute sodium hydroxide, and with aqueous-alcoholic 
ferric chloride gives a green coloration. 

7 : 8-Dihydroxy-3 : 4-dimethylcoumarin (I; R = Me, R, = Me).— 
(A) The condensation of pyrogallol (5 g.) and ethyl «-methylaceto- 
acetate (5-5 g.) was effected by means of concentrated sulphuric 
acid (14 c.c.) at 0° during 12 hours. Addition of ice precipitated the 
coumarin, which crystallised from alcohol in microscopic, pale 
yellow, rhombic plates (2-5 g.), m. p. 272—273° (Found: C, 64:5; 
H, 5:0. C,,H 0, requires C, 64:1; H, 4-9%). The compound is 
insoluble in ether and benzene and gives a green ferric chloride re- 
action. It forms an orange-yellow solution in dilute sodium 
hydroxide. The diacetate separated from alcohol in tiny, colourless, 
rhombic prisms, m. p. 202° (Found: C, 62-4; H, 4-9. C,;H,,0, 
requires C, 62:1; H, 48%). This derivative does not give a ferric 
chloride reaction. 

(B) Excess of phosphoric oxide was added in portions with stirring 
to a mixture of pyrogallol (2 g.) and ethyl «-methylacetoacetate 
(2-2 g.). After having been heated on the steam-bath for 4 hour, 
the mixture was kept at room temperature for 1 hour and then 
extracted with water. The product, which was obtained as a reddish 
oil, gradually solidified, and after 3 days was collected and washed 
with water. Crystallised from alcohol, it formed pale yellow, 
rhombic plates, m. p. and mixed m. p. 272° (Found: C, 64-2; H, 
5:2%). The diacetate had m. p. and mixed m. p. 202°. 

Mixed with a specimen of the isomeric 1 : 4-pyrone (II; R = Me), 
the coumarin (prepared by either method) showed an m. p. de- 
pression of about 55°. A mixture of the corresponding diacetates 
melted at about 140°. 

7 : 8-Dihydroxy-4-phenylcoumarin (I; R =H; R, = Ph).—The 
condensation of pyrogallol (1-2 g.) and ethyl benzoylacetate (1-8 g.) 
was effected by means of phosphoric oxide (5 g.). At intervals 
during the addition of the reagent, the mixture was heated for short 
periods on the water-bath. The reaction was finally completed by 
heating for 10 minutes, and after having been kept for 1 hour at 
room temperature, the mixture was extracted with water. The 
insoluble oily product partly solidified and, on crystallisation from 
dilute alcohol, gave the coumarin as the hydrate in pale yellow, 
prismatic needles, m. p. 189—190° (Found : C, 66-3; H, 4-7. Cale. 
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for C,;H,,0,,H,0: C, 66-2; H, 4.4%). Mixed with an authentic 
specimen (Kostanecki and Weber, Ber., 1893, 26, 2906), it showed 
no depression in m. p. The diacetate had m. p. and mixed m. p. 
127°. 

Methylation of this coumarin by means of methyl iodide and 
potassium carbonate in boiling acetone afforded the dimethyl ether, 
which separated from 70% alcohol in almost colourless prisms, m. p. 
138° (Found: C, 72:3; H, 5-1; OMe, 22-5. C,,H,,0O, requires 
(, 72-4; H, 5-0; OMe, 22-0%). 

The ring closure of gallobenzophenone with sodium acetate and 
acetic anhydride was effected by Bargellini and Leonardi (Gazzetta, 
1911, 41, 742), but they did not state the temperature employed. 
On repeating the acetylation at 170—180°, the only product which 
we obtained was O-triacetyl gallobenzophenone, m. p. and mixed 
m. p. 119°. We found, however, that when the temperature of the 
mixture is maintained at about 215° for 20 hours, the diacetyl 
derivative of the coumarin is obtained, m. p. 127°, which, on 
hydrolysis, furnished the coumarin, m. p. and mixed m. p. 190°. 


Our thanks are due to the Department of Scientific and Industrial 
Research for a maintenance grant to one of us (F. W. C.), and to the 
Chemical Society for grants in aid of the investigation. 
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CCLITI.—Syntheses of Glucosides. Part VIII. The 
Synthesis of Monotropitoside (Gaultherin). 


By ALEXANDER RosBEerTsON and Roy Bast. WATERs. 


THE glucoside monotropitoside * was first isolated in the pure state 
by Bridel (Compt. rend., 1923, 177, 642; 1924, 179, 991; 1925, 180, 
1421), who showed it to be a primeveroside of methyl salicylate 
which is hydrolysed by the specific enzyme primeverosidase, yielding 
primeverose. With mineral acids the hydrolytic decomposition 
proceeds further, resulting in the decomposition of the biose into 
glucose and xylose. In collaboration with his co-workers, Bridel 
(J. Pharm. Chim., 1924, 30, 400; Compt. rend., 1925, 180, 1864; 
1928, 187, 609) has found that this bioside, which he obtained in the 
first instance from Monotropa hypopitys, also occurs in Betula lenta, 
Gaultheria procumbens, and in the three species of Spirea, S. ulmaria, 


* The name monotropitin, first given to the bioside by Bridel, was subse- 
quently changed to monotropitoside (Bull. Soc. Chim. biol., 1925, 7, 52). 
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S. filipendula, and S. gigantea. Asa result, therefore, it is considered 
that monotropitoside is identical with the glucoside gaultherin 
(Procter, Amer. J. Pharm., 1844, 15, 249; Schneegans and Gerock, 
Arch. Pharm., 1894, 232, 437; Bourquelot, J. Pharm. Chim., 1896, 
3, 577). The latter compound, which apparently had not been 
obtained in a pure condition, was generally believed to be a simple 
a-glucoside of methyl salicylate. 

In attempting the synthesis of monotropitoside, the most obvious 
method was to prepare hexa-acetylprimeverosidyl bromide from 
synthetic primeverose hepta-acetate (Helferich and Rauch, Annalen, 
1927, 455, 168) and to condense this bromide with methy] salicylate. 
In view of the difficulties involved in preparing a sufficient quantity 
of the hepta-acetate, and as the required bromide had not been 
described, we decided to effect the synthesis in the first instance by a 
route analogous to that used by Helferich and Rauch in their pre- 
paration of primeverose. This method seemed to be all the more 
feasible since the procedure described in Part VI of this series (J., 
1930, 2739) rendered possible the preparation of the starting 
material (the 8-glucoside of methyl salicylate) in quantity. 

The tetra-acetyl 6-glucoside of methyl] salicylate was obtained in 
excellent yield by the quinoline-silver oxide method (compare 
Mauthner, J. pr. Chem., 1918, 97, 217), and on deacetylation with 
methyl-alcoholic ammonia it afforded the $-glucoside (I). Although 
deacetylation of methyl 3-tetra-acetyl-8-glucosidoxyindole-2-carb- 
oxylate by means of this reagent gave rise to a mixture of the 
corresponding glucoside and 3-8-glucosidoxyindole-2-carboxylamide 
(J., 1927, 1937), yet in the present instance amide formation was 
almost completely avoided by reducing the time of contact with the 
reagent to 6 hours. This glucoside (I), m. p. 196—197°, is probably 
identical with the compound, m. p. 105°, described by Karrer and 
Weidmann (Helv. Chim. Acta, 1920, 3, 252), which they obtained by 
an indirect method. Both compounds appear to yield the same 
tetra-acetate. 


R-0: CH: [CH(OH)],* CH: CHyOH R-O-CH- (c ‘H(OH)],°CH-CH,-O-CPh, 
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The glucoside (I) on treatment with triphenylmethyl chloride in 
presence of pyridine formed the 6-triphenylmethyl ether (I1), which 
was converted into the triacetate (III). Removal of the tripheny]l- 
methyl residue from the latter by careful treatment with hydrogen 
bromide in acetic acid gave rise to the 2 : 3 : 4-triacetyl 6-glucoside 
of methyl salicylate (IV). The conclusion that in (II) and (III) 
the triphenylmethyl group is attached at the 6-position in the 
glucose residue, and consequently that in (IV) the 6-hydroxyl group 
is free, depended mainly on the behaviour of analogous compounds 
(Helferich and co-workers, Annalen, 1924, 440, 1; 1926, 447, 19; 
Haworth and co-workers, J., 1927, 2443). The ultimate success of 
our synthesis, however, affords confirmation of this view. 

The interaction of (IV) and O-triacetylxylosidyl bromide (Levene 
and Sobotka, J. Biol. Chem., 1925, 65, 465) in the presence of silver 
oxide in chloroform solution gave only traces of monotropitoside 
hexa-acetate (V). When the reaction was carried out in benzene 
solution at 33—35° (excess of the bromide being used), a com- 
paratively good yield of (V) was obtained (compare Robertson and 
Robinson, J., 1928, 1460; Robertson, J., 1929, 1820). The 
synthetic hexa-acetate was directly compared with a specimen 
prepared from the natural glucoside and found to be identical in all 
respects. The crystallisation and purification of synthetic mono- 
tropitoside (VI), which was obtained as a gum on deacetylating (V), 
caused a considerable loss of material. A specimen was ultimately 
obtained which was identical with the natural product. Sufficient 
material was not available to enable us to make an accurate determin- 
ation of the rotation of synthetic monotropitoside, but the rotations 
of the natural and the synthetic hexa-acetate were found to be 
identical. 

Since it is a general rule that acetobromo-sugars always furnish 
8-glucosides when silver oxide or caustic alkali is used as the con- 
densing agent (compare Levene and Sobotka, loc. cit.), the synthesis 
of primeverose by Helferich and Rauch (loc. cit.) indicates that in 
monotropitoside and in other primeverosides the xylose is present as 
a 8-xylopyranose residue. The present synthesis affords confirm- 
ation of this, and proves that in monotropitoside the glucose residue 
has the normal pyranose structure and that the biose is united to the 
aglucone by a 6-linking. 

The preparation of the rhamnoside and xyloside of methyl salicylate 
is described. The former is unaffected by emulsin (supplied by 
British Drug Houses, Ltd.), but the latter is partially hydrolysed in 
aqueous solution at 37°. After three days this solution, which had 
the smell of methyl salicylate, gave a positive ferric chloride reaction 
but a control was unchanged. This result is in agreement with the 
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experiments of Bridel (Compt. rend., 1925, 181, 523), who found 
that monotropitoside is slowly hydrolysed by emulsin with 
simultaneous decomposition of the biose into glucose and xylose. 
Since both «- and $-methylxylosides (Fischer, Ber., 1895, 28, 1429, 
1158) and 8-«-naphthylxyloside (Ryan and Ebrill, Sci. Proc. Roy. 
Dublin Soc., 1908, 11, 247) are unaffected by emulsin, the action of 
enzymes on other synthetic xylosides is being investigated. 


EXPERIMENTAL. 


O-Tetra-acetyl 8-Glucoside of Methyl Salicylate—Dry “ active ”’ 
silver oxide (5 g.) was added with stirring to a paste of methyl 
salicylate (4 g.), O-tetra-acetyl-«-glucosidyl bromide (10 g.), and 
quinoline (10 c.c.), and the vigorous reaction was controlled by 
cooling the vessel in tap water. The mixture, which at first became 
less viscous, was agitated for 10 minutes, and the resulting stiff paste 
was then kept in a desiccator for } hour. A solution of the product 
in acetic acid (30 c.c.) was filtered from silver salts and poured into 
water (500 c.c.). The solid tetra-acetate was collected, washed with 
water, and crystallised from methyl alcohol (charcoal), forming 
colourless, rectangular prisms (12 g.), m. p. 158—160°, [a], 
— 48-35° in acetone (c, 1-72) (Found: C, 54-7; H, 5-7. Cale. for 
CygHy.01.: C, 54:8; H, 5-4%) (Mauthner, loc. cit., gives m. p. 154— 
155°, and Karrer and Weidmann, Joc. cit., m. p. 154°). 

8-Glucoside of Methyl Salicylate (1).—A solution of the foregoing 
tetra-acetate (5 g.) in methyl alcohol (50 c.c.) cooled to 0° was 
saturated with ammonia and then kept in ice-water for 6 hours. 
After removal of the ammonia and alcohol in a vacuum, the residue 
was dissolved in warm moist ethyl acetate, and on cooling, the 
glucoside gradually separated in clusters of colourless prisms (2:5 g.). 
Recrystallised from the same solvent, it had m. p. 196—197°, 
[a]24s. — 68-83° in water (c, 1-61) (Found, in air-dried material: C, 
52-0; H, 5-9. Cale. for C,,H,,0,,4H,O: C, 52-0; H, 5-9. Found, 
in specimen dried at 130°: C, 53-7; H, 5-7. Calc. for C,,H,,0,: 
C, 53-5; H, 5-7%). The compound is readily soluble in alcohol 
or water, and does not give a ferric chloride reaction. It is rapidly 
hydrolysed by emulsin at 37°. 

6-O-T riphenylmethyl-8-glucoside of Methyl Salicylate (I1).—Tri- 
phenylmethyl chloride (0-9 g.) was added to a solution of the 
8-glucoside of methyl salicylate (1 g.) in dry pyridine (6 c.c.), and 
the mixture was heated on the steam-bath for 1 hour, and then kept 
at room temperature for 3 days. Sufficient water was added to 
form a slight turbidity, and after 1 hour the reaction mixture was 
poured into ice-water (200 c.c.) (agitate). Next day the aqueous 
solution was decanted, and the residual gum was washed with water 
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and dissolved in chloroform (200 c.c.). The chloroform solution 
was once washed with water and, on keeping, gradually deposited 
the triphenylmethyl ether as a mass of voluminous, slender needles 
(1 g.), m. p. 149° after recrystallisation, [«]%,. — 5-14° in acetone 
(c, 0-49) (Found, in specimen dried at 110°: C, 71-1; H, 6-0. 
C'sgH 3.0, requires C, 71-2; H, 5-8%). The compound is readily 
soluble in methyl or ethyl! alcohol and is insoluble in water. 

6-0-Triphenylmethyl 2:3: 4-O-Triacetyl 8-Glucoside of Methyl 
Salicylate (III).—The foregoing triphenylmethyl ether (1 g.) was 
acetylated by means of acetic anhydride (1 c.c.) and pyridine (2 c.c.) 
during 18 hours at room temperature. Addition of ice-water 
(30 c.c.) to the mixture precipitated the triacetate as a colourless 
amorphous solid which crystallised from methyl alcohol in colourless, 
hexagonal prisms (1 g.), m. p. 125°, [«}%%, — 34:84° in acetone 
(c, 0-61) (Found, in specimen dried at 110°: C, 68-7; H, 5-6. 
CygH3,0,, requires C, 68-6; H, 56%). The compound is easily 
soluble in alcohol and is quickly decomposed by warm, 10% hydro- 
chloric acid. 

In subsequent experiments the triacetate was prepared directly 
without isolation of the triphenylmethyl ether (II). A mixture of 
the 6-glucoside of methyl salicylate (5 g.), triphenylmethyl chloride 
(4-5 g.), and pyridine (40 c.c.) was heated on the steam-bath for one 
hour. Next day acetic anhydride (40 c.c.) was added and the 
mixture kept at room temperature for 3 days. Isolated by means 
of ice-water (500 c.c.), the triacetate crystallised from methyl 
alcohol in prisms (7 g.), m. p. 125°. 

2:3:4-O0-Triacetyl @-Glucoside of Methyl Salicylate (IV).—A 
solution of the foregoing glucoside (1 g.) in acetic acid (6 c.c.) was 
cooled to 0°. A saturated solution of hydrobromic acid in acetic 
acid (1 c.c.) was then introduced with stirring, and after 2 minutes 
the mixture was filtered and poured into ice-water. A solution of 
the gummy precipitate in chloroform (100 c.c.) was washed several 
times with water and dried, and the solvent removed in a vacuum 
at 30°. The residual solid was dissolved in ethyl acetate-ligroin and, 
on cooling, the triacetate separated in colourless, rectangular prisms, 
m. p. 152—153°, [«]}3%;, — 50-87° in acetone (c, 0-8) (Found : C, 54-6; 
H, 5-7. CygH,,0,, requires C, 54-5; H, 55%). The substance is 
readily soluble in alcohol (ethyl or methyl), acetone, chloroform, 
and benzene. Acetylated by means of pyridine and acetic anhydride, 
it gave the tetra-acetate, m. p. 158—160°. 

Hexa-acetyl Monotropitoside (V).—To a solution of 2 : 3 : 4-triacetyl 
8-glucoside of methyl salicylate (3 g., dried in a high vacuum at 90° 
for 5 hours), and O-triacetylxylosidyl bromide (10 g.) in dry benzene 
(50 — he active silver oxide (7 g.) was added, and the mixture 

Q 
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vigorously agitated for } hour. After refluxing for 15 minutes, the 
solution was filtered from silver salts (wash with benzene), and the 
solvent removed in a vacuum at 30—35°. To remove the last traces 
of benzene, the almost colourless syrup was triturated with light 
petroleum and (after the solvent had been decanted) was dissolved 
in acetone (200 c.c.). The acetone was distilled under diminished 
pressure, and a solution of the residue in the same solvent (100 c.c.) 
was poured into water (400 c.c.). The crude product was triturated 
with water until it became semi-solid, and a solution of this material 
in warm methyl alcohol deposited the hexa-acetate in colourless 
needles (1-4 g.), m. p. 189°, [«]?3, — 85-8° in chloroform (c, 0-46) 
(Found: C, 53-1; H, 5-4. C,,H,,0,, requires C, 53-3; H, 5-4%). 
The compound is readily soluble in chloroform or acetone, and 
sparingly soluble in céld alcohol. It was rapidly hydrolysed by 
warm 10% alcoholic hydrochloric acid, and the resulting mixture, 
which smelt of methyl salicylate, gave positive orcinol and phloro- 
glucinol reactions for a pentose. 

A specimen of the hexa-acetate was prepared mine the natural 
glucoside by acetylation with acetic anhydride and pyridine at 
room temperature for 24 hours. It crystallised from methyl alcohol 
in colourless needles, m. p. 189°, [«]?;, — 85-67° in chloroform (c, 
0-46) (Found: C, 53-3; H, 56%). A mixture of the natural and 
the synthetic compound gave an undepressed m. p. 

Monotropitoside (V1).—Dry methyl alcohol (300 c.c.) containing 
the finely powdered hexa-acetate (2 g.) in suspension was saturated 
at 0° with ammonia. The glucoside quickly dissolved and the 
solution was kept at 0° for 6 hours. After removal of the ammonia 
and methyl alcohol in a vacuum, the gummy residue was dissolved 
in warm 90% aqueous acetone, and on slow evaporation of the 
solvent, monotropitoside gradually separated in clusters of slender 
needles. Recrystallised twice from 99% acetone, it formed colour- 
less needles, m. p. 180° alone or mixed with a specimen of the natural 
compound (Found, in material dried at 110° in a high vacuum: 
', 51-1; H, 6-0. Caic. for C,gH,,0,.: C, 51-1; H, 5-8%) [Bridel 
and Piccard, Compt. rend., 1925, 180, 1864, give m. p. 179-5° (bloc 
Maquenne)]. The properties of the synthetic glucoside were identical 
with those of the natural compound described by Bridel and his 
co-workers (loc. cit.). Examined under the microscope, the appear- 
ance and habit of crystallisation were identical. 

O-Triacetyl 8-Xyloside of Methyl Salicylate-——The vigorous inter- 
action between methyl salicylate (1 g.) and O-triacetylxylosidyl 
bromide (2-4 g.) in the presence of quinoline (5 c.c.) and silver oxide 
(1-5 g.) was moderated by cooling under tap water. The reaction 
mixture, having been kept in a desiccator for 15 minutes, was ex- 
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tracted by grinding with cold 20% acetic acid (150 c.c.), and the 
extract rejected. The solid was dissolved in hot methyl! alcohol, and 
the solution filtered to remove silver salts (charcoal). Addition of 
water (200 c.c.) precipitated the triacetate, which crystallised from 
60% methyl alcohol in colourless, elongated, rhombic prisms (2-5 g.), 
m. p. 109—110°, [«]3i,, — 62-3 in acetone (c, 1-61) (Found: C, 55:8; 
H, 5°4. Cy gH .0j9 requires C, 55-6; H, 5-4%). 

8-Xyloside of Methyl Salicylate——Removal of the acetyl groups 
was effected by means of methyl-alcoholic ammonia at 0° during 6 
hours. The zyloside (yield, 90% of the theoretical) separated from 
moist ethyl acetate in colourless prisms, m. p. 173°, [«]#;, — 46-01° 
in water (c, 2-05) (Found, in air-dried material: C, 53-2; H, 5-5. 
C,3H,.07,5H,O requires C, 53-2; H,5-8. Found, in specimen dried 
at 130°: C, 54:9; H, 5-7. C,,H,,0O, requires C, 54-9; H, 5-6%). 
The compound is very soluble in alcohol and insoluble in benzene or 
chloroform. From concentrated aqueous solutions it separates in fine 
needles. The xyloside does not reduce ammoniacal silver nitrate 
solution, but it is decomposed by boiling Fehling’s solution. 

O-Triacetyl Rhamnoside of Methyl Salicylate—The semi-solid 
obtained from methy] salicylate (7 g.), triacetylrhamnosidyl bromide 
(Fischer, Bergmann, and Rabe, Ber., 1920, 53, 2372) (10 g.), silver 
oxide (6 g.), and quinoline (10 c.c.) was extracted with chloroform, 
and the extract filtered from silver salts. After being washed with 
0-5N-sulphuric acid to remove quinoline and then with water, the 
chloroform solution was dried over calcium chloride. Distillation 
of the solvent in a vacuum left a syrup which on keeping at 0° 
gradually solidified. Recrystallised from benzene-ligroin, the 
triacetate formed colourless, rod-like prisms, m. p. 109°, [a] 
— 11-36° in acetone (c, 2-29) (Found: C, 56-6; H, 5-8. Cy 9H 4049 
requires C, 56-6; H, 5-7%). 

Rhamnoside of Methyl Salicylate-——Deacetylation of the fore- 
going acetate (5 g.) was effected by means of methyl-alcoholic 
ammonia at 0° during 6 hours. The trihydrate of the rhamnoside 
separated from moist ethyl acetate in colourless slender needles 
(3-2 g.), m. p. 233° (decomp.), [a]fis, ++ 22-64° in water (c, 1-23) 
(Found, in air-dried material: C, 47-7; H, 6-8. C,,H,,0,,3H,O 
requires C, 47-7; H, 6-8. Found, in specimen dried at 130°: C, 
56-4; H, 6-1. C,,H,,0, requires C, 56-4; H, 64%). The com- 
pound is readily soluble in water or warm alcohol and is quickly 
hydrolysed by warm 10% hydrochloric acid. It is unaffected by 
boiling Fehling’s solution. 


We have pleasure in acknowledging our indebtedness to Professor 
M. Bridel, who kindly sent us a specimen of monotropitoside isolated 
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from Gaultheria procumbens. Our thanks are due to the Chemical 
Society for grants in aid of this investigation, and to the Department 
of Scientific and Industrial Research for a maintenance grant to one 
of us (R. B. W.). 

LONDON ScHOOL OF HYGIENE AND TROPICAL MEDICINE, 


UNIVERSITY OF LONDON. 
East LoNDON COLLEGE. [Received, June 18th, 1931.] 





CCLIV.—The Alkaloids of Ergot. Part II. Ergotinine 
and -Ergotinine. 


By SypNey SmirH and Grorrrey Mittwarp TimMis. 


In Part I (J., 1930, 1390) we described some properties of ergotoxine 
and ergotinine, two alkaloids obtained from ergot. The isolation 
of a third alkaloid, having a close relationship to these, enables us to 
clear up some discrepancies between the experimental results of 
earlier workers and those obtained by ourselves. The specific 
rotation recorded in our first paper for ergotinine is [«];4,, -+ 513° 
(c = 1 in chloroform), that given by Barger and Carr (J., 1907, 91, 
337) being [«]p + 396° (c = 0-514 in chloroform), which corresponds 
to [«]54g, -- 495°. The alkaloid now described has the specific 
rotations [«]) ++ 365° and [«]54.,; + 459° (c = 0-4 in chloroform). 
It is evident that the specific rotation for the solution in chloroform 
recorded by Barger and Carr corresponds with that of a mixture 
consisting predominantly of the alkaloid with the specific rotation 
[«]sag1 + 513°. On the other hand, the specific rotation recorded by 
these authors for the solution in alcohol is + 338°, a figure that is 
close to the value +- 348° which we find for the alcoholic solution of 
the alkaloid now described. This figure, moreover, is near to the 
specific rotations of + 334° and + 336° (in alcohol) given by Tanret, 
who first isolated ergotinine. 

On this ground, and because of the analytical data, we think it 
desirable to describe the alkaloid of lower rotation as ergotinine, 
and to give the name ¥-ergotinine to the alkaloid of higher rotation 
described in our first paper. y-Ergotinine, like ergotinine, is con- 
verted into ergotoxine by boiling with alcohol and phosphoric acid, 
and the relationship is further established by the partial conversion 
of y-ergotinine into ergotinine by boiling with methyl alcohol. 
Elementary analysis suggests that the two alkaloids differ in com- 
position by the elements of one molecule of water. It seems 
probable that y-ergotinine is isomeric with ergotoxine, whilst 
ergotinine contains the elements of one molecule of water less, as 
first suggested by Kraft and confirmed by Barger and Carr. The 













mical 
[tment 
(0 one 


31.] 


nine 


oxine 
ation 
us to 
ts of 
ecific 
513° 
, 91, 
onds 
ecific 
orm). 
form 
<ture 
ation 
od by 
iat is 
on of 
» the 





PART Il. ERGOTININE AND ¢-ERGOTININE. . 1889 


formula C,,H,,O,N, proposed for ergotoxine by Barger and Carr 
requires N, 11-2%; for y-ergotinine we find N, 11-8%, and a 
similar value (11-8—12-0%) for ergotoxine. These analyses being 
regarded as correct, the formula C,;H,,O,N; requires modification. 
In view of the difficulties of the experimental work, we postpone 
discussion of alternative formule to a later communication. 

The two alkaloids when heated melt and decompose at the same 
temperature; both give the colour reaction of Keller and the recent 
modification of the Van Urk test described by M. I. Smith (U.S. 
Public Health Reports, 1930, 45, 1466), and both have similar 
absorption spectra showing a well-defined band with a maximum at 
318 uu, and a hitherto unrecorded less pronounced inflexion with a 
maximum at 242 wz. The two alkaloids are best distinguished by 
their specific rotations and by the solubility differences. 


EXPERIMENTAL. 

Crude ergotinine, separated as described in Part I (loc. cit.), was 
purified by fractional crystallisation from dilute acetone. The less 
soluble fractions with the lower specific rotation were fractionally 
crystallised from dilute acetone until specimens of constant specific 
rotation were obtained. The fractions containing the alkaloid of 
higher rotation may be purified by solution in chloroform and 
fractional precipitation with ether. 

The relative proportions of the two alkaloids vary in different 
specimens of ergot, some containing mainly ergotinine and others 
mainly ¥-ergotinine as the subsidiary alkaloid, ergotoxine being 
invariably the predominant alkaloid. 

Ergotinine crystallises in long, stout, colourless prisms free from 
solvent; 1 g. is soluble in 471 g. of absolute alcohol or in 34 g. of 
acetone, at 15-5° in each case. Barger and Carr (loc. cit.) record the 
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following solubilities for ergotinine : 1 g. in 312 g. of absolute alcohol 
at 10°, 1 g. in 26 g. of acetone at 18°. The specific rotations in 
various solvents are compared in the following table with those of 
Barger and Carr for ergotinine. 


Barger and Carr. Smith and Timmis. 
Solvent. D line. D line. Hg-green line. 
Chloroform ........csseees +396° (c = 0-514) + 365° +459° (c = 0-35) 
Aleohol (absolute) ...... +338 (c = 0-257) +348 +439 (c = 0-15) 
AOSEONB, -ascaqeccssssespesis +367 (c = 0-234) +381 +478 (c = 1:13) 


Tanret (J. Pharm. Chim., 1906, 24, 397) also gives a specific rotation 
in chloroform, [«]p -++ 357-5° (c = 0-42), and states that this varies 
with the concentration. We confirm this observation, our results 
being as follows : 


¢,in chloroform ... 8-358 1-69 0:8472 0°4195 0-2180 
SU Sie hcdinekoeaincies 377°5° 373°3° 369-2° 364-8° 365-9° 
Dialer dctsasnincceun 473-2 467-7 463-4 459-2 457-6 
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For analysis the substance was crystallised from dilute acetone 
(Found :* C, 69-05; H, 6-5; N, 119%). The figures are close to 
those recorded by Barger and Carr, viz., C, 68-7; H, 6-5; N, 11-6%. 

The Conversion of 4-Ergotinine and Ergotinine to Ergotoxine.— 
2-0 G. of each alkaloid were suspended in 25 c.c. of absolute alcohol, 
the mixture was heated to boiling, and in each case 0-30 c.c. of 
phosphoric acid (d 1-75) was added slowly. The solutions were 
boiled under reflux for 14 hours, a trace of ergotoxine phosphate 
was added to promote precipitation, and boiling was continued for 
another 4 hour. After 16 hours’ standing, the precipitates from 
y-ergotinine and ergotinine amounted to 1-3 g. and 1-4 g. respectively. 
Their decomposition points and that of a mixture of the two were 
respectively 195°, 196°, 196°. The corresponding bases were isolated 
by basification with sodium bicarbonate and extraction with ether, 
and had [«]s,; — 210° and [a]s; — 207° respectively. The two 
bases were then converted to the ethanesulphonates, which were 
recrystallised twice and then reconverted to the bases, which had 
respectively [«]%,, — 226° and [a]%;, — 225°, identical with that of 
ergotoxine (c = 1 in chloroform). The two samples of base were 
recrystallised from benzene, and each formed the characteristic 
prisms of the benzene compound of ergotoxine. 

The Conversion of 4-Ergotinine to Ergotinine.—1 G. of 4-ergotinine 
({o]2% +- 512°, ¢ = 1 chloroform) was boiled with 75 c.c. of methyl 
alcohol for 1} hours. After standing for 16 hours, well-formed 
needles (0-15 g.) were deposited, and after two recrystallisations 
from acetone had [«]%,, + 466° (ce = 0-8 in chloroform). The 
crystals had the same m. p. as y-ergotinine and ergotinine; their 
identity was confirmed by the solubility in acetone and by analysis 
(Found: C, 69-0; H, 6-2%). 

y-Ergotinine—The specific rotation has been determined in 
acetone (that in chloroform for the green line was reported in our 
previous paper) : 


Solvent. D line. Hg-green line. 
CR eGNNM oni sdececsceccsiessascsssccncsers +410° + 513° (c = 0-353) 
ACOCONE ...cccrcccrccccccccccrccccccccccccccees +403 +509 (c = 1-04) 


¥-Ergotinine is considerably more soluble than ergotinine in the 
common organic solvents. For analysis the substance was crystal- 
lised from dilute alcohol [Found (mean of 7 analyses for C and H and 
3 for N, extremes being given in parentheses) : C, 66-6 (66-3—67-1); 
H, 6-7 (6-5—7-0); N, 11-8 (11-7—11-9)%]. 


* Mean of 2 macro-analyses for C, H, and N, and 6 micro-analyses for C 
and H and 2 for N; extremes for C, 68-8—69-3; for H, 6-3—6-6; for N, 
11-8—12-0%. 
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The authors are indebted to Mr. A. B. Bennett and Mr. H. C. 
Clarke for most of the analyses, of which those quoted represent 
typical series of results. 


WELLCOME CHEMICAL WoRKS, 
DARTFORD. [Received, June 27th, 1931.] 





CCLV.—The Alleged Existence of Triphenyldialkyl- 
pentaphosphines. 
By Bertie KENNEDY BLOUNT. 


In a recent paper (Compt. rend., 1931, 192, 592) Grignard and Savard 
described the preparation of compounds of type (III) by means of 
the following series of reactions : 

(I.) (II.) 


(C,H;),PCl, + 2RMgX = (C,H;)sP(MgX), + 2RCl. . (B) 
(C,H;);P(MgX), + 2R’OH = (C,H;),;PR’,-+2MgXOH. . (C) 
(ITT.) 


(R = CH, or C,H;; X = Lor Br; R’ = CHs, C,H,;, or n-C,H,) 


The products are stated to be white crystalline solids, apparently 
perfectly stable. 

The existence of such compounds, having five ordinary hydro- 
carbon groups attached to one phosphorus atom, would have great 
theoretical interest in connexion with problems of valency and 
stereochemistry, and an attempt was accordingly made to repeat 
this work. The authors describe the conversion of triphenyl- 
phosphine oxide (I) into the corresponding dichloride (II) as being 
accomplished by means of phosphorus pentachloride in toluene, 
the product separating as an oil which was washed with water and 
sodium bicarbonate solution and crystallised from benzene or 
alcohol. The yield of the triphenylphosphine dichloride (described 
as white crystals, m. p. 176°, hydrolysed by boiling water) is not 
stated. On attempting to repeat this preparation, a chlorine-free 
product was obtained, which proved to be the regenerated oxide. 
This raised the question as to whether a compound of the type of 
triphenylphosphine dichloride would tolerate the action of water 
and of sodium bicarbonate solution, and it was therefore prepared 
by an independent method in order that this point might be investi- 
gated. Grignard and Savard state that triphenylphosphine dichloride 
has not previously been described, and appear therefore to have 
overlooked the work of Michaelis and Soden (Annalen, 1885, 229, 
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302), who, by the direct action of chlorine on triphenylphosphine, 
obtained it as a syrup, which they were unable to purify owing to 
the extreme readiness with which it was hydrolysed by moisture. 

The compound has now been obtained by a modification of 
Michaelis and Soden’s method as white crystals, which are exceed- 
ingly sensitive to moisture, and become sticky on standing in the 
air for a few seconds, hydrogen chloride being evolved. This 
property made it difficult to prepare the substance in a condition 
suitable for analysis, but its constitution is adequately proved: by 
the facts (1) that a solution of triphenylphosphine in carbon tetra- 
chloride instantaneously decolorises a solution of chlorine in the 
same solvent up to (but not exceeding) an equimolecular proportion, 
a precipitate of the dichloride separating, and (2) that on hydrolysis 
it yields triphenylphosphine oxide. It appears, therefore, that 
Grignard and Savard’s compound, m. p. 176°, cannot have been 
triphenyldichlorophosphine. 

Attempts to carry out reactions (B) and (C) with triphenyl- 
phosphine oxide showed that it did not react. With authentic 
triphenylphosphine dichloride, a complex reaction took place (see p. 
1893), and reactions of this type will be studied in greater detail later. 
No evidence was obtained of the formation of the triphenyldialkyl- 
pentaphosphines described by Grignard and Savard. 


EXPERIMENTAL. 


Attempted Repetition of Grignard and Savard’s Preparation.— 
Triphenylphosphine oxide (4 g.) was dissolved in toluene (100 c.c.), 
and finely powdered phosphorus pentachloride (5 g.) was added 
gradually, with shaking. After standing for a time, the toluene 
was decanted from the oil, which was washed with ether and treated 
successively with ice and sodium bicarbonate solution. The oil 
soon solidified to a white crystalline mass, which was filtered off 
and washed with a little ether; yield 1-6 g. The substance was 
chlorine-free, and on recrystallisation from toluene it gave pure 
triphenylphosphine oxide, identified by its m. p. and mixed m. p. 

Preparation of Triphenylphosphine Dichloride by a Modification of 
Michaelis and Soden’s Method.—Triphenylphosphine (2-62 g.) was 
dissolved in pure dry carbon tetrachloride (10 c.c.) and treated 
with the theoretical amount of chlorine in the same solvent. Heat 
was evolved, and the compound separated either in a crystalline 
condition or as an oil which soon crystallised. It could also be 
prepared by leading a stream of chlorine on to the surface of a 
solution of triphenylphosphine in benzene, in which case it separated 
as an oil. The purest sample obtained melted indefinitely at 90— 
100°. 
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Hydrolysis of Triphenylphosphine Dichloride to Triphenylphosphine 
Oxide—A small quantity of the dichloride was kept under cold 
water for an hour, with occasional stirring, and filtered off; on 
crystallising the residue from toluene, pure triphenylphosphine 
oxide was obtained. A further small quantity of the dichloride 
was exposed to the air on a watch-glass for 24 hours, the lumps 
being occasionally broken up. Crystallisation of the product from 
toluene gave the pure oxide. 

Subjection of Triphenylphosphine Oxide to the Reactions described 
by Grignard and Savard.—Triphenylphosphine oxide (2-78 g.) was 
added to an excess of ethylmagnesium iodide in benzene, and the 
mixture boiled for some hours, during which no apparent reaction 
took place. After addition of alcohol and heating for a further 
} hour, the product was decomposed by means of dilute acid, and 
the benzene layer separated and dried. The residue left on evapor- 
ation solidified at once, and, after being pressed on porous plate, 
melted at 148—152°. Crystallisation from toluene gave 1-7 g. of 
pure oxide, m. p. 154° [Grignard and Savard give 155—157°, but 
during the present work an m. p. higher than 154° (uncorr.) was 
never obtained]. 

Reaction between Triphenylphosphine Dichloride and Ethylmagnesium 
Iodide under the Conditions described by Grignard and Savard.—A 
benzene suspension of triphenylphosphine dichloride, prepared from 
triphenylphosphine (2-62 g.), was added to an excess of ethyl- 
magnesium iodide in benzene, and the mixture treated as described 
above. The product, after treatment with dilute acid, separated 
into three layers: an upper benzene layer, an aqueous layer, and 
a heavy oil, insoluble in water and benzene, which separated partly 
at the bottom and partly at the benzene—water interface. The 
oil at the bottom was run off, and as much as possible of the-oil 
at the interface was removed by alternate shaking and separation. 
The benzene layer was then separated and dried. If any of the 
compound described by Grignard and Savard as triphenyldiethyl- 
pentaphosphine (III; R’ = C,H;) had been formed in the reaction, 
it would have passed into the benzene layer, since they describe 
it as soluble in this solvent. Evaporation of the benzene solution, 
however, gave only a small quantity of material which consisted 
of triphenylphosphine oxide mixed with a trace of a pungent oil. 
The latter was separated by stirring with cold ether, in which 
triphenylphosphine oxide is sparingly soluble. 

The insoluble oil was dissolved in alcohol, filtered from suspended 
impurities, and precipitated by addition of much ether. The 
ethereal mother-liquors on partial evaporation deposited a very 
small quantity of glistening, dark brown, rectangular leaflets, m. p. 
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129°, which were not further examined. On standing with ether, 
the insoluble portion crystallised, and, after being pressed on porous 
plate to remove a dark-coloured oil, was twice recrystallised by 
dissolving it in alcohol and gradually precipitating it with ether, 
and finally crystallised from acetone-light petroleum (b. p. 80— 
100°). It formed aggregates of compact prisms, m. p. 162—163°, 
and, dissolved in hot water, gave with silver nitrate a precipitate 
of silver iodide. It was proved by mixed m. p. not to be triphenyl- 
ethylphosphonium iodide (m. p. 164—165°, Michaelis and Soden, 
loc. cit.). Analysis indicated that the substance was either very 
complicated or impure. 


THE Dyson PERRINS LABORATORY, 
OXFORD. [Received, June 22nd, 1931.] 


CCLVI.—A Preparation of Sarcosine. 
By Westry Cocker and ArTHuR LAPworTH. 


Tue literature dealing with the synthetic preparation of sarcosine 
(N-methylglycine) is voluminous. Eschweiler (Annalen, 1894, 279, 
40 et seq.) and Staudt (Z. physiol. Chem., 1925, 146, 286) obtained 
sarcosine from methylamine and formaldehyde by the Strecker 
synthesis. Volhard (Annalen, 1862, 263, 261) used ethyl chloro- 
acetate and methylamine. Scheibler and Neef (Ber., 1926, 59, 2) 
reduced a methyleneglycine ester and also methyleneaminoaceto- 
nitrile. Décombe (Compt. rend., 1930, 191, 945) made N-alkylated 
amino-acids by catalytic reduction of the esters of simple amino- 
acids in presence of aldehydes. In all these cases the methods were 
somewhat awkward and the yields of pure product often very 
unsatisfactory. 

Fischer and Bergmann (Annalen, 1913, 398, 117) investigated the 
methylation of arylsulphonyl derivatives of glycine by means of 
dilute alkali and methyl iodide at 67° in closed vessels. They 
hydrolysed the alkylated products by means of hydrochloric acid at 
100°, again using closed vessels. Good yields of sarcosine were 
obtained by hydrolysis of its p-toluenesulphonyl derivative in this 
way, without further complications, as most of the toluenesulphonic 
acid formed crystallised on cooling. When the benzenesulphonyl 
derivative was used, the isolation of sarcosine was accomplished 
only by use of phosphotungstic acid as precipitant. 

Johnson and Ambler (J. Amer. Chem. Soc., 1914, 36, 371) evaded 
the difficulties inherent in separation of sarcosine and sulphonic acid 
by synthesising the N-«-toluenesulphonyl derivative ; on hydrolysis 
of this compound by hot mineral acid, the «-toluenesulphonic acid, 
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A PREPARATION OF SARCOSINE. 


which accompanied the sarcosine formed, broke down readily with 
evolution of sulphur dioxide and products easy to separate from the 
accompanying sarcosine. 

The present authors have worked out a scheme for the preparation 
of sarcosine from glycine which is very simple in operation, obviates 
the use of closed vessels at any stage, and gives satisfactory yields. 

The glycine is first converted into its N-benzenesulphony] deriv- 
ative by means of benzenesulphonic chloride in cold dilute alkali. 
As the presence of a considerable proportion of impurities, such as 
salts of the alkali metals or calcium, does not interfere seriously with 
this conversion, or with purification of the product, special pre- 
cautions to exclude traces of these during the preparation of 
the glycine (compare this vol., p. 1392) are not necessary. The 
sulphonyl derivative is very readily methylated in cold dilute 
alkaline solution by means of methyl sulphate. Ullmann (Annalen, 
1903, 327, 110) methylated the p-toluenesulphonyl derivative of 
aniline under similar conditions, but the authors have not found in 
the literature any reference to a successful application of the method 
to sulphonyl derivatives of the simpler amino-acids. 

The resulting N-benzenesulphonyl derivative of sarcosine is 
hydrolysed by heating for 3 hours at 125° with 60° aqueous sul- 
phuric acid. The method of removing the benzenesulphonic acid 
formed is apparently quite novel and is based on the fact that 
many salts of sulphonic acids, especially those with bivalent metals, 
are very sparingly soluble in 30—50% sulphonic acid (Lapworth and 
Morris, B.P., 1915, 14,402), if excess of the sulphate of the 
metal be present. In the patent, the objective was the salt of 
a sulphonic acid. In the present instance the objective is a second 
compound which is very difficult to isolate until the sulphonic acid 
has been removed from the system. The sulphate selected in the 
present instance was that of zinc, as it was found that the excess of 
zinc remaining in the solution after separation of the zinc benzene- 
sulphonate, can be quantitatively removed by means of barium 
carbonate, which is also the most suitable agent for removing the 
sulphuric acid. 

Owing to complications likely to arise in the application of ferrous 
or magnesium sulphate as precipitants, the possibility of using 
either of these in place of zinc sulphate has not yet been explored. 


EXxPERIMENTAL.* 


A. Preparation of N-Benzenesulphonylglycine.—(1) From pure 
glycine. Glycine (1 mol.), dissolved in excess of cold N-sodium 


* Melting points were taken as described in a previous paper (this vol., 
p- 1398). 
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hydroxide, is shaken with benzenesulphony] chloride (1} mols.) until 
the odour of the latter has disappeared, and the solution, filtered if 
necessary, is then acidified with dilute hydrochloric acid. The 
benzenesulphonyl derivative is at once precipitated, separated by 
filtration, and washed with water. The yield of dry product is 
2-8 g. from 1 g. of glycine (93%). Once recrystallised from water it 
has m. p. 165° (compare Ihrfelt, Ber., 1889, 22, 692), and the material, 
at least when prepared from high-grade glycine, need not be further 
purified before proceeding as in Section B. 

(2) From aminoacetonitrile hydrogen sulphate. ‘‘ Aminoaceto- 
nitrile hydrogen sulphate ”’ (1 mol.) is hydrolysed by 40% aqueous 
sulphuric acid at 125°, the product being treated with lime and cal. 
cium carbonate as described elsewhere (this vol., p. 1395). In the 
present instance, however, the presence of salts of alkali metals in 
any of the agents used has no objectionable effect. The filtrate and 
washings from the sludge of calcium sulphate and carbonate are 
evaporated to a small bulk, filtered, and shaken -with alkali 
and benzenesulphonyl chloride (1} mols.). When the sulphonyl 
chloride has disappeared, the resulting solution is saturated 
with common salt and either strongly acidified with hydrochloric 
acid or poured into excess of the dilute acid. In these circumstances, 
all the caleium normally remains in solution and nearly pure 
N-benzenesulphonylglycine (m. p. 165°) is precipitated; it is 
separated by filtration and waghed thoroughly with water. In 
case the product proves still to contain a trace of calcium, it may be 
dissolved in a little spirit containing hydrochloric acid and repre- 
cipitated by water. The crude product may be purified by recrys- 
tallisation from hot water prior to methylation (Section B). The 
yield of nearly pure N-benzenesulphonylglycine obtainable by this 
method is at least 88° of the theoretical. 

B. Preparation of N-Benzenesulphonylsarcosine.—The N-benzene- 
sulphonylglycine is dissolved in 3N-sodium hydroxide (3 mols.), and 
to the cold clear solution is then added, in about 6 portions and with 
constant agitation, methyl sulphate (2 mols.). The temperature 
rises somewhat, but when working with quantities of sulphonyl 
derivative not larger than about 40 g., cooling is not necessary. 
When the whole of the ester has disappeared (5—10 minutes), the 
clear liquid is cooled and acidified with hydrochloric acid, and the 
precipitated solid collected and washed with water. The crude 
N-benzenesulphonylsarcosine, thus obtained in 95% yield, has 
m. p. 173—174°, and appears quite homogeneous. Recrystallis- 
ation from hot water yields a product of correct m. p. (179°) (com- 
pare Johnson and McCollum, Amer. Chem. J., 1906, 35, 59, who 
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prepared this compound by quite a different process) (Found : 
N, 6-3. Calc. for C,H,,0,N,: N, 6-1%). 

C. Hydrolysis of N-Benzenesulphonylsarcosine and Isolation of 
Sarcosine.—The N-benzenesulphonyl derivative (35 g.; 1 mol.) is 
suspended in a mixture of 45 c.c. of concentrated sulphuric acid 
(54 mols.) and 53 c.c. of water, and the whole heated under reflux 
at 125—130° with frequent agitation during the first hour. After 
about 4 hours’ heating, a clear solution is obtained, and this is 
thoroughly mixed with a solution of hydrated zinc sulphate (37 g. = 
13 equivs.) in the minimum amount of cold water. The whole is 
cooled to 0°, and after a few hours is filtered through glass wool 
contained in a well-cooled funnel. The residue of zinc benzene- 
sulphonate is well pressed, and washed with 5—10 c.c. of 40% 
aqueous sulphuric acid saturated with zinc sulphate. The united 
filtrate and washings are diluted with water, nearly neutralised 
(Congo-red paper) with barium carbonate or aqueous barium 
hydroxide, then heated to boiling for about 10 minutes with addition 
of pure barium carbonate (about 50 g.), the precipitate being 
separated by filtration and washed thoroughly. 

The clear filtrate and washings contain a little barium but no 
appreciable quantity of zinc. The barium may be removed by 
addition of the requisite amount of dilute sulphuric acid, or by 
treatment with excess of this acid, then with lead carbonate, and 
finally with hydrogen sulphide (compare this vol., p. 1397). 

Little but sarcosine remains in solution, and this may be obtained 
by evaporation (if desired, after treatment with “ norite”’) and 
collection in successive crops, each of which is washed with alcohol ; 
the last mother-liquors are concentrated and stirred with alcohol, 
whereupon further deposits are obtained. In this manner 10-0 g. 
(74% of theory) of crude crystalline sarcosine, free from mineral 
residue or acidity, are isolated, and by careful recrystallisation of 
this product from 95% alcohol, at least 8-9—9-0 g. of material having 
the properties (m. p. 212—213°, decomp.) of the best authentic 
samples of sarcosine can be obtained (Found: N, 15-75. Cale. for 
C;H,0,N : N, 15-75%). 

N-Benzoylsarcosine (N-methylhippuric acid) was obtained by 
Paulmann (Arch. Pharm., 1894, 232, 601) only as an oil. It may be 
prepared in crystalline form by the following process. A solution of 
sarcosine (3-85 g.) in water (30 c.c.) is warmed to 40° and shaken 
with benzoyl chloride (20 g.) and sodium hydrogen carbonate (40 g.) 
for about an hour. After cooling, addition of excess of hydrochloric 
acid, and filtration from benzoic acid, the liquid is extracted with 
chloroform, the extract being freed from benzoic acid by means of 
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light petroleum. On recrystallisation from benzene-light petroleum, 
the benzoyl derivative separates as short prisms which are freely 
soluble in ether, alcohol, and water and melt at 103-5—104° 
(decomp.); yield ca. 50% (Found: N, 7-2. Calc. for C,,H,,0,N : 
N, 7-:25%). The product had the same properties whether made 
from sarcosine prepared in the manner above described or from 
sarcosine purchased from Schuchardt. No depression in m. p. was 
observed on admixture of the two specimens. 


THE UNIVERSITY, MANCHESTER. [Received, June 16th, 1931.] 





CCLVII.—Stereoisomerism in Polycyclic Systems. 
Part VIII. 


By Marcery Mary CARTWRIGHT and SypNEY GLENN PRESTON 
PLANT. 


In Part V (J., 1928, 2583) it was shown that the reduction of 
2:3:4:5-tetrahydroheptindole (1; » = 3) with tin and alcoholic 
hydrochloric acid gives essentially one form (m. p. 77°) of 
2:3:4:5:11: 12-hexahydroheptindole (II; = 3) (two forms are 
theoretically possible from the cis- and trans-unions respectively 
of the two reduced ring systems). Owing to the fact that the 
trans-configuration is the more highly strained, the form which was 
isolated was presumed to be the cis-compound. By reducing a 
much larger quantity (62 g.) of the indole it has now been possible 
to isolate a small amount (1 g.) of a second form (m. p. 92°) of the 
hexahydro-base, which undoubtedly has the trans-configuration. 


rat ABn soa law 
(I.) he tes (CH,)n w 3 ae (IT.) 
\4 CH,/ NH + H, 


It then became of interest to extend these investigations to a 
study of the reduction of 5 : 6-dihydro-«$-naphthacarbazole (ITI). 
Theoretical considerations indicate that the trans-modification (IV) 


one ? 


(III.) —~ (IV.) (V.) 


of 5: 6: 12 : 13-tetrahydro-«$-naphthacarbazole is again much more 
highly strained than the corresponding cis-form (V). It has been 
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found that the action of tin and alcoholic hydrochloric acid on the 
indole (III) leads to a mixture of the two forms of the tetrahydro-base, 
and that these can be separated by the fractional crystallisation of 
the corresponding acetyl derivatives. One modification, undoubtedly 
the cis-, constitutes almost the entire product, and only a relatively 
small quantity of the trans-base was obtained. 

During this series of investigations the reduction of three members 
of the polycyclic indole type, viz., tetrahydrocarbazole (I; » = 2) 
and the two cases now under consideration, has been studied. Since 
the trans-form of the reduced base in every instance is by far the 
more highly strained, there can be no doubt that the modification 
which greatly preponderates in the reduction product has the cis- 
configuration. It is well known that in cases of simple geometrical 
isomerism associated with a double linkage or a single reduced ring 
system, the trans-modification melts, as a general rule, at a higher 
temperature than the corresponding cis-form, and it is interesting 
to consider whether this generalisation can be extended to the more 
complex fused ring systems now under investigation. Table I 
indicates quite definitely that it does, in fact, apply, so far without 
exception, not only to the reduced indoles, but to their simple 
derivatives. 


TABLE I. 
M. p. of 

ae. 
trans-. Ccis-. 
Hexahydrocarbagple (IIs 9. = 2) ...cccciscessesccccccces 127° 99° 
9-Acetylhexahydrocarbazole ..........cscccsssccsssceeeses 113 98 
9-Benzoylhexahydrocarbazole  ............secesecesceeees 133 106 
Picrate of hexahydrocarbazole ............sssecseeseesees 179 166 
Hexahydroheptindole (IT; m = 3) .......ceeseeseeeeees 92 77 
Picrate of hexahydroheptindole ................0eeeeeeeeee 191 176 
Tetrahydro-aB-naphthacarbazole (IV and V) ............ 102 48 
11-Acetyltetrahydro-aB-naphthacarbazole  .........00.005 140 118 
11-Benzoyltetrahydro-aB-naphthacarbazole ............++ 151 135 
11-Nitrosotetrahydro-aB-naphthacarbazole .........0.0006 87 83 


During the reduction of polycyclic quinoline derivatives of the 
type (VI), in which the strain in the trans-configuration of the 
corresponding tetrahydro-base (VII) is not greatly different from 
that in the cis-, relatively considerable quantities of both forms of 


H 
CH. 2 CH, 
Pl \ : 2 \ 
(VL) q = H,), (CH), (VII.) 
CO | 4 


the product have been isolated. It is impossible in such cases to say 
from strain considerations which of the two products has the cis- 
and which the trans-configuration, and in this series of communic- 
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ations the higher-melting form has been called (A), and the lower. 
melting (B). A study of Table IT shows that, with very few excep. 
tions, the derivatives of the (A) form of a given compound also melt 
at a higher temperature than the corresponding derivatives of the 
(B) form. It thus appears probable that the above generalisation 
applies to the reduced polycyclic quinolines, and that the forms 
previously designated by (A) have the trans-configuration. 





TaBe II. 
M. p. of 

¢ — 

(A). (B). 
Hexahydro-f-quinindene (VIL; nm = 1) ......eeseeeees 67° Liquid 
5-Acetylhexahydro-B-quinindene .............ssseseeees 102 87° 
5-Benzoylhexahydro-8-quinindene _ ...............ss008 174 161 
Picrate of hexahydro-8-quinindene  .............0.0s0008 193 158 
Octahydroacridine (VII; 1 = 2) .....ccccsccssscccsscees 82 72 
10-Acetyloctahydroacridine  ..........ccecseccescceeeccees 86 136 
10-Benzoyloctahydroacridine — ..ccccccceccseceeceeceeseeeees 185 86 
10-Nitroso-octahydroacridine ....ccccsecseccereeeceesensees 125 - 95 
Picrate of octahydroacridine .............cccseseeesesseees 195 175 
Octahydroheptaquinoline (VII; nm = 3) ............55+ 61 Liquid 
Hydrochloride of octahydroheptaquinoline ............ 245 145 
5-Phenylcarbamyloctahydroheptaquinoline ............ 144 112 
5-Benzoyloctahydroheptaquinoline ................020++ 140 146 
Picrate of octahydroheptaquinoline .............seeeee0 168 196 


This view is confirmed when it is considered how far this generalis- 
ation applies to other cases of stereoisomerism dependent upon the 
cis- and trans-unions of two fused ring systems, and in Table III the 
m. p.’s of the best known examples, in which the configurations of 
the various forms have been established by their method of prepar- 
ation or by their degradative reactions, have been collected. 


TasxeE IIT. 
M. p. of 
emia. 
trans-. Cis-. 
IIS civcddccisntidcspadsnanteuescsdbcnaisastncacxdtxnsens 33° 2° 
RPI sic cconngitadéeiasiberctcabassterseessieantnecsterees 6 —14 
Hexahydro-B-hydrindone  ............sseeeseeesseseereeees —12 10 
Hexahydrohomophthalic anhydride .................+++ 83 59 
Anhydride of cyclohexane-1 : 2-dicarboxylic acid ... 144 32 


It will be seen that, in general, a given trans-modification melts 
at a higher temperature than its cis-isomeride, although there is 
apparently one notable exception. Hiickel and Friedrich (Annalen, 
1927, 451, 132) state that cis-hexahydro-§-hydrindone melts at 
-+ 10°, whilst the m. p. of the trans-form is — 12°. It is important 
to note, however, that the semicarbazone of the former melts at 
215—216° and the oxime at 80°, whilst the m. p.’s of the analogous 
derivatives of the trans-modification are respectively 243° and 161’. 
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It is apparent, therefore, that this generalisation can be used with 
reasonable safety for the allocation of the configurations of reduced 
polycyclic types, especially when the m. p.’s of some simple deriv- 
atives are also taken into consideration. 


EXPERIMENTAL. 


trans-2:3:4:5:11:12-Hexahydroheptindole——A mixture of 
2:3:4:5-tetrahydroheptindole (62 g., prepared as described by 
Perkin and Plant, J., 1928, 2586), alechol (200 c.c.), concentrated 
hydrochloric acid (200 c.c.), and granulated tin (200 g.) was boiled 
for 5 hours and then filtered. The tin residues were washed with 
hot aleohol, and as much alcohol as possible was removed from the 
united filtrates by heating on the steam-bath. The solution was 
then made alkaline with sodium hydroxide (200 g. in concentrated 
aqueous solution), and, after being cooled, the product was collected 
by filtration through asbestos. Both the filtrate and the solid were 
twice extracted with ether, and the united ethereal solutions were 
dried with potassium carbonate. After the solvent had been 
removed, the base (55 g.) solidified, and, on being crystallised from 
alcohol, it yielded cis-2:3:4:5:11:12-hexahydroheptindole (30 
g.,m. p. 77°) ina pure condition. When the mother-liquor had been 
concentrated, a further quantity (5-5 g., m. p. 69—70°) of the cis- 
base was obtained almost pure. The alcoholic filtrate was then 
completely evaporated, the residue was dissolved in ether and 
extracted with dilute sulphuric acid. The ethereal solution, after 
being dried and evaporated, gave no appreciable residue, so the 
reduction of the tetrahydroheptindole had been completed. After 
the aqueous sulphuric acid solution had been made alkaline with 
ammonia, the base was extracted with ether, the solvent removed, 
and the base recrystallised from a small amount of alcohol. A 
further quantity (2 g.) of rather impure cis-base (m. p. 59—66°) was 
obtained. When the mother-liquor had been completely evaporated, 
the residue was dissolved in benzene and shaken with dilute aqueous 
sodium hydroxide and benzoyl chloride (20 g.). After an hour, the 
benzene layer was dried with calcium chloride, and then evaporated. 
The residual oil was crystallised from alcohol, and practically pure 
10-benzoyl-cis-2 : 3:4: 5:11: 12-hexahydroheptindole (2 g., m. p. 
112—114°) separated. The mother-liquor was then boiled with 
charcoal, filtered, and evaporated, and, when the residue was again 
crystallised from a little alcohol, a further quantity (2-5 g., m. p. 
106—109°) of the almost pure cis-benzoyl derivative was obtained. 
The alcoholic filtrate was treated with potassium hydroxide (10 g. 
in concentrated aqueous solution); the mixture was boiled under 
reflux for 54 hours, and then shaken with ether and water. The 
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ethereal layer was extracted with dilute sulphuric acid, and then, 
after being dried and evaporated, it yielded only a small quantity 
(1 g.) of a thick brown oil. The aqueous sulphuric acid solution was 
made alkaline with ammonia and the base was collected in ether. 
When the extract had been dried and evaporated, the residual oil 
was distilled under reduced pressure, and, after being twice recrystal- 
lised from light petroleum, trans-2:3:4:5: 11: 12-hexahydro- 
heptindole (1 g.) was then obtained in colourless silky needles, m. p. 
92° (Found : C, 83-4; H,8-9. C,,H,,N requires C, 83-4; H, 9-1%). 
A mixture with the cis-modification was completely liquid at 64°. 
The picrate of the trans-base separated from alcohol in small 
yellow plates, m. p. 190—191° (decomp.). 
Reduction of 5: 6-Dihydro-«8-naphthacarbazole—A mixture of 
5 : 6-dihydro-«$-naphthacarbazole (50 g., prepared from the phenyl- 
hydrazone of 1-keto-1 : 2 : 3 : 4-tetrahydronaphthalene as described 
by Bryant and Plant, this vol., p. 103), alcohol (500 c.c.), and 
granulated tin (350 g.) was boiled under reflux for 20.hours, whilst 
concentrated hydrochloric acid (800 ¢.c.) was added in portions from 
time to time. The whole was filtered, the tin residues washed with 
boiling alcohol, and the alcohol removed from the united filtrates by 
distillation in steam. After the mixture had been made alkaline 
by the addition of sodium hydroxide (800 g. in concentrated aqueous 
solution), the product was extracted with ether, and the ethereal 
solution dried with potassium carbonate. The solvent was then 
removed, and the residual oil was distilled under reduced pressure. 
Almost the entire product distilled at 215—220°/14 mm. as a nearly 
colourless oil (38 g.). Since a test portion, on treatment with dilute 
sulphuric acid, was found to contain a very small quantity of non- 
basic, insoluble material, the whole was dissolved in ether and 
extracted with dilute sulphuric acid. The basic product was 
recovered from the aqueous solution by making it alkaline and 
extracting it with ether. It was then boiled in acetic anhydride 
solution for } hour, and the whole was well shaken with much water 
and left for 12 hours. The solid product was extracted with ether, 
and the ethereal solution shaken with aqueous sodium carbonate, 
dried, and evaporated. When the residue was crystallised from 
methyl alcohol, 11-acetyl-cis-5 : 6 : 12 : 13-tetrahydro-«8-naphtha- 
carbazole (27 g.) separated in colourless needles, m. p. 118° (Found: 
C, 82-1; H, 6-6. C,,H,,ON requires C, 82-1; H, 6-5%). The 
mother-liquor, on being concentrated, yielded a solid (9 g.) which 
melted at 110—115°, but its m. p. was depressed by admixture with 
the acetyl compound described above. When this product was 
recrystallised from alcohol, a substance (2 g.), m. p. 134—139°, was 
obtained, and, on further recrystallisation from glacial acetic acid, 








is 


fre 


—- © © the @ a 


ae 


a ie eo 6 





. then, 
antity 
mM was 
ether. 
nal oil 
rystal- 
hydro- 
m. p. 
1%), 
64°, 
small 


re of 
lenyl- 
ribed 
, and 
vhilst 
from 
with 
es by 
‘aline 
1e0Us 
ereal 
then 
sure. 
sarly 
ilute 
non- 
and 
was 
and 
ride 
ater 
her, 
ate, 
rom 
tha- 
nd : 
The 
‘ich 
‘ith 
vas 
yas 


‘id, 








STEREOISOMERISM IN POLYCYCLIC SYSTEMS. PART VIII. 1903 


11 - acetyl - trans- 5 : 6 : 12 : 13 - tetrahydro-«8-naphthacarbazole was 
isolated pure in colourless prisms, m. p. 140° (Found: C, 82-0; 
H, 62%). The alcoholic and methyl-alcoholic mother-liquors 
from the separation of the above products were united and evaporated. 
The residual syrup was treated with boiling aqueous-alcoholic 
potassium hydroxide for 6 hours, the alcohol distilled off, and the 
remainder shaken with ether and water. The ethereal layer was 
extracted with dilute sulphuric acid, and, on subsequent evapor- 
ation, it yielded a small quantity of a thick, dark brown oil. The 
aqueous sulphuric acid solution was made alkaline with ammonia, 
and, after the basic material had been extracted with ether and the 
extract evaporated, the residue was acetylated, as before, by boiling 
its solution in acetic anhydride for } hour. An investigation of the 
product by the method used for the original mixture yielded a 
further quantity (8-5 g.) of the pure cis-acetyl compound, but no 
additional amount of the trans-isomeride was obtained. 

cis-5 : 6 : 12 : 13-T'etrahydro-«8-naphthacarbazole.—The _cis-acetyl 
compound, the m. p. of which was unchanged by further recrystal- 
lisation, was hydrolysed by boiling its solution in aqueous-alcoholic 
potassium hydroxide for 6 hours. The alcohol was distilled off, and, 
after the addition of water, the base was extracted with ether. 
After the ethereal solution had been dried with potassium carbonate 
and evaporated, the residual oil was crystallised from light petrol- 
eum, and cis-5 : 6: 12 : 13-tetrahydro-«8-naphthacarbazole was isolated 
in colourless prisms, m. p. 47—48° (Found: C, 86-9; H, 6-9. 
C,,H,;N requires C, 86-9; H,6-8%). Its picrate separated from 
toluene in red prisms, m. p. 158° (decomp.). 

A solution of the cis-base (2-2 g.) in benzene was shaken for 5 

minutes with dilute aqueous sodium hydroxide and benzoyl] chloride 
(1-5 ¢.c.). The benzene solution was washed with water, dried with 
calcium chloride, and evaporated. When the residue was crystal- 
lised from methyl alcohol, 11-benzoyl-cis-5 : 6 : 12 : 13-tetrahydro- , 
«8-naphthacarbazole was obtained in colourless prisms, melting at 
135° to a cloudy liquid which became clear at 142° (Found : C, 85-0: 
H, 6-0. C,3H, ON requires C, 84-9; H, 5-8%). 
When a solution of the cis-base (1°5 g.) in iced dilute sulphuric 
acid was treated with an aqueous solution of sodium nitrite (0-5 g.), 
11-nitroso-cis-5 : 6 : 12 : 13-tetrahydro-«8-naphthacarbazole separated. 
It crystallised from alcohol in yellow needles, m. p. 83° (Found : 
N, 11-2. C,,H,,ON, requires N, 11-2%). 

trans-5 : 6: 12 : 13-Tetrahydro-«8-naphthacarbazole.—The _ trans- 
acetyl compound described above was hydrolysed by a process 
similar to that used for the cis-isomeride, and, after the product had 








been crystallised from methyl alcohol, trans-5 : 6: 12 : 13-tetra- 
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hydro-«8-naphthacarbazole was obtained in colourless needles, m. p, 
102° (Found : C, 87-1; H, 7-0%). 

11-Benzoyl-trans-5 : 6 : 12 : 13-tetrahydro-«8-naphthacarbazole, pre- 
pared from the trans-base by a process analogous to that used for the 
cis-isomeride, separated from alcohol in colourless needles, m. p. 
150—151° (Found: N, 4:5. C,,H,,ON requires N, 4:3%). When 
admixed with the cis-benzoyl compound, it melted at 112—117°. 

11-Nitroso-trans-5 : 6 : 12 : 13-tetrahydro-«8-naphthacarbazole, pre- 
pared like the corresponding cis-compound, was obtained from 
alcohol in yellow prisms, m. p. 87° (Found : N, 11-4%). A mixture 
with the cis-isomeride melted at 53—58°. 

Derivatives of the Octahydroacridines.—The two stereoisomeric 
octahydroacridines (A) and (B), were prepared and separated by 
the method described in Part V (J., 1928, 2589). A solution of the 
base (A) in a mixture of equal volumes of alcohol and dilute hydro- 
chloric acid was treated, whilst cold, with aqueous sodium nitrite, 
After the product had been crystallised from alcohol, 10-nitroso- 
octahydroacridine (A) was obtained in yellow needles, m. p. 125° 
(Found: N, 13-0. C,,H,,ON, requires N, 13-0%). 10-Nitroso- 
octahydroacridine (B), obtained by a similar process from a solution 
of the base (B) in dilute hydrochloric acid, separated from alcohol 
in pale yellow plates, m. p. 95° (Found : N, 13-1%). 

A solution of the base (A) in benzene was shaken with benzoyl 
chloride and dilute aqueous sodium hydroxide, washed with water 
and dried. After the solvent had been distilled off, the residual 
solid was crystallised from alcohol, and 10-benzoyloctahydroacridine 
(A) was obtained in colourless plates, m. p. 185° (Found: N, 4:9. 
Cy9H,,ON requires N, 4:8%). 10-Benzoyloctahydroacridine (B), 
obtained by an analogous procedure, separated from light petroleum 
in colourless prisms, m. p. 86° (Found : N, 5-0%). 

THE Dyson PERRINS LABORATORY, 

OxForRD. [Received, June 6th, 1931.] 





CCLVIII.—Properties of Conjugated Compounds. 
Part XII. The Addition of Esters to Butadiene 
Esters and Ketones: the Effect of Constitution on 
the aB,ad-Ratio. 


By Ernest Harotp Farmer and THAKORBHAI NARANJI MEHTA. 


Tue study of ester addition is a useful means of determining the 
extent to which the additive mode of butadienoid compounds is 
dependent on constitutive factors. The Michael reaction affords 
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the advantages of fairly constant conditions of operation over a wide 
range of examples, and a high degree of stability in the end products ; 
consequently it seemed possible to follow experimentally the vari- 
ation in additive mode with (1) change in the alkyl (or other) substi- 
tuent in the butadiene chain, (2) modification of the activating group 
attached to the «a-carbon atom of the butadiene chain, and (3) 
graduated modification of the addendum. The utility of the process 
as a source of accurate comparative data has, in practice, been 
greatly diminished by the difficulty of separating, estimating, or 
even recognising the presence of the isomeric compounds which 
should result from the simultaneous occurrence of different additive 
modes; indeed, owing to this difficulty, the concurrent production 
of both «f- and «d-ester-addition products has only recently been 
demonstrated (Farmer and Mehta, J., 1930, 1610). The compounds 
which should arise by interaction of the simpler butadiene esters and 
ketones with common ester- or keto-addenda are for the most part 
unknown and difficult of synthesis; consequently, separative 
mthods offer at present the only practicable means of computing 
the ratio of isomeric addition products. The present paper describes 
an attempt to overcome the experimental difficulties (compare 
Farmer and Mehta, loc. cit.) sufficiently to obtain reasonably accurate 
estimates of the «$,«3-ratio holding for a number of alkylated 
butadiene esters and ketones. 

Of the two methods previously employed in computing the ratio, 
viz., (a) the quantitative estimation of the proportion in which acids 
of the glutaric and pimelic series can be obtained from the catalytic- 
ally reduced addition products, and (b) the separation of suitable 
derivatives of the ozonolytic degradation products of the respective 
additive compounds, only the first could be successfully applied to 
the product from methyl sorbate and methyl malonate. The same 
method, however, proved unsuitable when applied to the product 
from ethyl y-methylsorbate and ethyl cyanoacetate, the presence 
of the y-methyl group in the addition product appearing effectively 
to inhibit the catalytic reduction of fy- and y3-double-bonded 
addition products under conveniently accessible conditions of 
temperature and pressure. A similar resistance to catalytic reduc- 
tion appears from recent work to characterise the presence of a 
8-methyl group in the addition product; therefore, as no type of 
simple derivative generally suited to the separation of isomeric 
addition products has been discovered, it has been necessary, in 
order to deal with instances in which the reductive method fails, 
to improve the ozonolytic method. 

This method of estimation, being degradative, requires the 
employment of much larger quantities of starting material than the 
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reductive method; moreover, the «$-addition products of the series 
yield ultimately by degradation, acids of the tricarballylic group 
which are extremely liable to escape isolation. By improving the 
method of extracting these acids, whilst employing larger quantities 
of addition product than formerly, it has been possible to increase 
the total yield of separated degradation products, but this yield 
does not exceed 63%. There is a possibility, therefore, that the 
figures obtained by the two methods are not comparable, i.e., that 
the losses incurred by employing the ozonolytic method apply 
unequally to the respective degradation products of «- and «8-forms, 
This does not appear, however, to be generally or seriously the case, 
since the values of the o,«8-ratio determined by the two methods 
for the additions of methyl malonate to methyl sorbate and to 
crotylideneacetone are almost identical in each case. The table 
shows the effect on the percentage of the «$-addition product of 
(a) methyl substitution at the 6- and y-atoms of the butadiene chain 
in sorbic ester * and (b) change of the activating group from carbo- 


methoxyl to acetyl. 
Yield of Proportion 


Method of isolated of 
Reaction. treatment. material, %. af-form. 
1. Methyl sorbate + (i) Ozonolysis 60 9 
methyl malonate (ii) Hydrogenation 90 7—10 
2. Ethyl B-methylsorbate Ozonolysis 62 <e" 
+ ethyl malonate 
3. Ethyl y-methylsorbate (i) Hydrolysis and 64 74:5 
+ ethyl cyanoacetate ozonolysis 
(ii) Ozonolysis 76 70 
4. Crotylideneacetone + (i) Ozonolysis 67 27 
methyl malonate (ii) Hydrogenation 90 29 


* Farmer and Mehta, loc. cit. 


The numerical values appear to have a well-defined constitutional 
significance. At present, however, it is difficult to correlate the low 
ratios found for the ’-methyl and 88-dimethylbutadiene esters, and 
the high ratios for the analogous y3-dimethyl compound, with such 
detailed views on the relative activating and modifying powers of 
groups situated at the different carbon atoms of the three-carbon 
system as have been expressed in connexion with the principle of 
mobile ion tautomerism (see Ingold, Ann. Reports, 1928, 25, 127). 
Further comment on this question is, therefore, postponed pending 
investigation of the way in which the ratio varies with changes in 
the activating group attached to the butadiene system. It is clear 

* Methyl substitution at both B- and 8-carbon atoms of sorbic ester totally 
inhibits addition, so that the joint effect of B- and 8-alkyl substituents has 
been unascertainable. It seems probable from recorded observations (Kohler 
and Butler, J. Amer. Chem. Soc., 1926, 48, 1036; Farmer and Healey, J, 
1927, 1060) that the amount of the af-isomeride from the parent butadiene 
ester (8-vinylacrylic ester) amounts at most to one or two units %. 
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that the nature of the activating group is not without some effect in 
determining the proportion between isomeric forms of the addition 
product ; indeed, the alteration in the ratio consequent on change 
from CO,Et to COMe is so great that comparisons between different 
types of butadienoid compounds (esters, ketones, nitriles, etc.) 
would seem to be invalidated. 

It should be noted that the addendum in the instance of ethyl 
y-methylsorbate was ethyl cyanoacetate and not ethyl malonate. 
Presumably the «$,«3-ratio of an alkylated sorbic ester is inde- 
pendent of the constitution of the particular ester- or keto-addendum 
employed in its determination, but the point is- being tested experi- 
mentally. It should also be noted that the ester additions described 
in this series of papers have all been carried out under “ catalytic ” 
conditions of operation, t.e., with only a small proportion of sodium 
alkoxide as condensing agent. 





HO,C-CH,-CHMe-CH,-CH,-CH,CO,H — PrCH< (Hs CO. 
A ; 
| AcCl 
NaoBr HO,C-CH,CHPr-CH,-CO,H 
NaOBr 
HO,C*CH,-CHMe-CH,°CH,-CH,-COMe HO,C-CH,-CHPr-CH,-COMe 
eas iroly “ - ; May lrogenation 
7 iy 7 | and hydrolysis 


(MeO,C),CH*CHMe-CH:CH-CH,:COMe 
(25-product) CHMe:CH-CH(CH,°COMe)-CH(CO,Me), 





0, (aB-product) 
Y lo, 
(MeO,C),CH-CHMe-CHO + CHO-CH,*COMe Y 
Ae CH,°CHO + CHO-CH(CH,*COMe)-CH(CO,Me), 
a bydrelyeis and 
HO,C-CH,*CHMe-CO,H HO,C-CH,°CH(CO,H)-CH,*COMe 
| acct | waoBr 
CHMe-CO ‘ ‘ 
(H,—co>? HO,C-CH(CH,-CO,H), 


Since the more important details connected with the reduction 
and degradation of the addition products from methyl sorbate and 
ethyl y-methylsorbate have already been described, it is only 
necessary to refer to the method of dealing with the products from 
crotylideneacetone and ethyl $-methylsorbate. The «§,«8-ratio 
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for the former was determined (a) by weighing the amount of 
8-propylglutaric acid (isolated from its mixture with @-methyl. 
pimelic acid) derivable from a weighed amount of the catalytically 
reduced addition product, and (b) by estimating the proportions of 
tricarballylic acid and methylsuccinic anhydride obtainable by the 
decomposition of a weighed amount of the addition product. The 
stages passed through in attaining the end products are indicated 
in the scheme on p. 1907. 

The addition products from ethyl 8-methylsorbate should yield by 
degradation §$-methyltricarballylic acid and methylsuccinic acid. 
The latter was readily isolated, but the presence of @-methyltri- 
carballylic acid remained undetected. This acid is doubtless 
produced in very small amount, since its complementary degradation 
product, acetaldehyde, is detectable, but in view of the fact that it 
should be more readily extracted from the oxidation residues than 
tricarballylic acid and that the latter has been isolated in a propor- 
tion corresponding to 7°% of an «$-addition product, there is every 
reason to believe that the proportion of «$-addition product in this 
instance does not exceed, and is probably considerably less than, 7°. 


EXPERIMENTAL. 


Addition of Methyl Malonate to Methyl Sorbate-—The mixture of 
addition products (compare Farmer and Mehta, loc. cit.) (32 g.), 
dissolved in chloroform, was ozonised at 0° until no more ozone was 
absorbed. Removal of the solvent from the product yielded a 
viscous ozonide which was gently heated with water (40 c.c.) to 
about 70°, the vapours generated in the reaction vessel being swept 
by a slow stream of carbon dioxide into a saturated solution of 
5 : 5-dimethylcyclohexane-1 : 3-dione. After a few minutes a pre- 
cipitate began to form in the latter solution; this, after being washed 
with water, melted at 139° and was found to be the acetaldehyde 
derivative of dimethylcyclohexanedione (mixed m. p. 139°). 

The aqueous reaction product, which gave an intense colour with 
ferric chloride, indicating the presence of formylacetic ester or its 
polymeride, y-formylglutaconic ester, was ultimately heated for 2 
hours on a sand-bath in order to decompose any residual ozonide. 
The aldehydic esters contained in the product were oxidised with 
30% hydrogen peroxide (40 c.c.), the mixture being kept at room 
temperature with occasional shaking until the product no longer 
gave a coloration with Schiff’s reagent (2 days). The acid reaction 
product, when made alkaline with sodium carbonate and shaken 
with ether, yielded no neutral (unoxidised) material. The dissolved 
acid esters were hydrolysed by heating with the calculated quantity 
of caustic soda solution and then decarboxylated by refluxing for 
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12 hours with approximately 20% hydrochloric acid. The resulting 
liquor was extracted 10 times with ether, evaporated to dryness, and 
the residue exhaustively extracted with ether. The final residue 
was heated for some time at 180° to convert any polybasic acids 
into their anhydrides, and then thoroughly extracted with ether. 
The first and second of these extracts yielded crude methylsuccinic 
acid; the third contained no dissolved material. Since in none of 
the degradations of the sorbic ester addition product previously 
carried out had separation of even a small quantity of tricarballylic 
acid from the crude methylsuccinic acid been achieved by fractional 
crystallisation, the whole of the acid material was heated with acetyl 
chloride for 3 hours. Removal of excess acetyl chloride by distill- 
ation, and of acetic acid by keeping the residue over caustic soda in 
a vacuum desiccator, yielded an anhydride which was separated 
by distillation into two portions, (i) b. p. 112—115°/7 mm. and 
(ii) b. p. 220—225°/7 mm. The first fraction yielded methylsuccinic 
acid on boiling with water (m. p. and mixed m. p. 111°; equiv., 66), 
and the second, which solidified in the receiver (m. p. 131° after 
recrystallisation from acetic acid-chloroform), gave tricarballylic 
acid (m. p. and mixed m. p. 160°; equiv., 58-3) on boiling with water. 
Yields : methylsuccinie acid, 9 g.; tricarballylic acid, 1-2 g. 
Addition of Methyl Malonate to Crotylideneacetone.—The additive 
process. The addition product was obtained by warming gently on a 
steam-bath for 7 hours the mixture obtained by adding successively 
methyl malonate (50 g.), sufficient dry ether to produce turbidity 
(about 10 c.c.), and crotylideneacetone (24 g.) to a solution of sodium 
(06 g.) in the minimal quantity of methyl alcohol (about 6 c.c.). 
The product was cooled, poured into water, and extracted with ether. 
The dried ethereal extract yielded (i) unchanged reactants which 
distilled below 100°/18 mm., (ii) the addition product, a colourless 
ol, b. p. 170—175°/18 mm., and (iii) high-boiling material which 








constituted only a small proportion of the whole except when the 
additive process was unduly prolonged. The addition product, 
obtained in 66% yield, was shown as described below to be a mixture 
of the isomeric substances methyl ®-acetonyl-Ay-pentene-x«-dicarb- 
oxylate and methyl  £6-methyl-c-acetyl-Ay-pentene-««-dicarborylate 
(Found : C, 59-3; H, 7-3. C,,H,,0; requires C, 59-5; H, 7-4%). 

Hydrogenation of addition products. The addition product (24 g.) 
was dissolved in aqueous methyl] alcohol and shaken with hydrogen 
in the presence of colloidal palladium and gum arabic: it was 
necessary to renew the catalyst several times in order to ensure the 
absorption of a molecular proportion of hydrogen. The reduction 
product, worked up in the usual way, was a colourless oil, b. p. 
158—163°/12 mm.; yield quantitative. 
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Acids derived from the hydrogenation product. The reduction 
product was boiled for 12 hours with 4 times its volume of 20% 
hydrochloric acid. The resulting solution was first extracted 6 
times with ether and then evaporated to dryness, the residue being 
taken upinether. From the ethereal liquors an almost quantitative 
yield of syrupy ketonic acid was obtained. 

Since the ketonic hydrolysis product could not be directly resolved 
into its component acids, it was oxidised by dissolving it (17 g.) in 
cold dilute potash solution and gradually adding it with shaking to 
a hypobromite solution (bromine, 20 c.c.; potassium hydroxide, 
45 g.; water 250 c.c.). The resulting solution, from which bromo. 
form soon separated, was kept over-night, treated with sodium 
sulphite, evaporated to dryness, acidified with hydrochloric acid, 
and extracted thoroughly with ether. From the ethereal extract 
a syrupy mixture of isomeric acids was ohtained in about 90% yield, 
Separation of the acids was achieved by distillation, the portion 
distilling at 163—165°/10 mm. consisting of $-propylglutaric 
anhydride admixed with a little @-methylpimelic acid, and that 
distilling at 195—200°/10 mm. consisting of @-methylpimelic acid, 
m. p. 47° (mixed m. p. 47°); the calcium salt of the latter readily 
yielded, on heating, 3-methylcyclohexan-l-one, b. p. 160—165° 
(semicarbazone, m. p. 191°). The 8-propylglutaric acid was purified 
by converting it into its anhydride by means of acetyl chloride and 
boiling the pure anhydride (b. p. 181—183°/23 mm.) with water; 
the regenerated acid, after recrystallisation from dilute hydrochloric 
acid, melted at 52° (mixed m. p. 52°), and its anilic acid at 128° 
(mixed m. p. 128°). The total yield of $-propylglutaric acid from 
15 g. of the mixed acids was 4-4 g., corresponding to a proportion 
of «8-addition products of 29-3%. 

Ozonolysis of the addition product. A further portion of the addi- 
tion product (37 g.) was ozonised as described above. Considerable 
acetaldehyde was generated (dimethone, m. p. and mixed m. p. 
139°), and the aqueous reaction product gave, as would be expected 
if an a3-addition product were present originally, a deep colour with 
ferric chloride. The aldehydic esters were oxidised with hydrogen 
peroxide as described above, and then heated with 15% hydrochloric 
acid for 24 hours. The aqueous acid liquor was thoroughly extracted 
with ether, and then evaporated to dryness, and the residue taken up 
inether, The dried ethereal liquors yielded an acid syrup which was 
heated with acetyl chloride for 3 hours, and then, after removal of 
the reagent and aceticacid, distilled, giving methylsuccinic anhydride, 
b. p. 113—120°/10 mm., and acetonylsuccinic anhydride, b. p. 200— 
210°/10 mm., as colourless oils. The former was identified by 
conversion into the anilic acid (white crystalline powder, m. p. 156°; 
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Kohler and Butler, J. Amer. Chem. Soc., 1926, 48, give m. p. 147°. 
Found : C, 63-55; H,6-1. Calc. for C,,H,,0,N : C, 63-3; H, 6-3%) 
and into methylsuccinic acid (colourless prisms, m. p. and mixed 
m. p. 111°; equiv., 66); the acetonylsuccinic anhydride, which 
could not be induced to crystallise, or give a semicarbazone, a 
nitrophenylhydrazone, or a crystalline specimen of its acid (Emery, 
J. pr, Chem., 1896, 53, 305, describes the anhydride and the acid as 
solids melting at 95° and 107—109° respectively), was identified by 
conversion into tricarballylic acid (m. p. and mixed m. p. 160°). 
This conversion was accomplished by the action of potassium 
hypobromite, the tricarballylic acid being precipitated as the lead 
salt and regenerated by means of hydrogen sulphide. 

Addition of Ethyl Malonate to Ethyl §-Methylsorbate.—LEthyl 
-methylsorbate. The preparation of this substance in pure con- 
dition and good yield is difficult. Our experiments showed that, in 
the usual method of preparation from ethylideneacetone and ethyl 
bromoacetate (compare Burton and Ingold, J., 1929, 2029), (1) it is 
not advantageous to employ excess of the ketone in the preliminary 
Reformatski reaction, and (2) of the numerous methods which have 
been applied to dehydration of Reformatski products, the action of 
thionyl chloride is preferable in this instance. The hydroxy-ester 
(85 g.) (ethyl @-hydroxy-8-methyl-Ay-hexenoate) is dissolved in 
pyridine (40 g.), and into the solution, cooled in a freezing mixture, 
thionyl chloride (35-4 c.c.) is dropped slowly with shaking; the 
product is kept at room temperature for 3 hours, then poured into 
water, and worked up in the usual way. The conjugated ester, 
b. p. 115—116°/36 mm., is thus obtained in 64% yield (Found : 
C, 63-7; H, 8-9. Calc. for C,H,,0,: C, 63-6; H, 9-1%). 

The additive reaction. Ethyl malonate (50 g.) was added to a 
solution of sodium (0-5 g.) in ethyl alcohol (7 c.c.). Ether (about 
10 c.c.) and the conjugated ester (23 g.) were then added, and the 
mixture heated in a steam-bath for 7 hours. The reaction product, 
worked up in the usual way, gave unchanged reactants and a colour- 
less oil, b. p. 170—175°/10 mm. The latter proved to be a mixture 
of ethyl ®-methyl-Av-hexenoate-B-malonate and ethyl (8-dimethyl-A°- 
pentene-ace-tricarboxylate (Found : C, 61-0; H, 8-3. C,,H,,0, requires 
C, 61-1; H, 83%). Yield, 39-42%. The reduction of this 
mixture (in the presence of colloidal palladium or platinum) was 
attempted, but at room temperature only very small amounts of 
hydrogen were absorbed under 1 or 2 atm. 

Ozonolysis of the addition product. The operation was conducted 
as previously described. The addition product (36 g.) gave a very 
viscous ozonide whieh decomposed to form acetaldehyde (dimethone, 
m. p. 139°) and a mixture of aldehydic esters. The latter, which 
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gave the expected deep colour with ferric chloride due to the presence 
of acetoacetic ester, were further oxidised with hydrogen peroxide 
(see above) and subsequently hydrolysed with alkali and decarb. 
oxylated by boiling with 20% hydrochloric acid for 12 hours (direct 
hydrolysis with hydrochloric acid caused gross decomposition through 
charring). From the hydrolysis product an acid syrup was obtained 
which was immediately converted by acetyl chloride into a mixture 
of anhydrides. This distilled, with the exception of a few drops of 
high-boiling material, at 115—120°/10 mm. and consisted almost 
entirely of methylsuccinic anhydride. The anhydride was converted 
into methylsuccinic acid (m. p. and mixed m. p. 111°), the total 
yield being 9-4 g. (62% yield); no 8-methyltricarballylic acid derived 
from an «$-addition product was isolated, and repetition of this 
experiment, with careful examination of the methylsuccinic acid, 
failed to establish the presence of the former acid. 

The «8,«3-Ratio of the Addition Products from Ethyl Cyanoacetate 
and Ethyl» y-Methylsorbate—The method previously employed in 
attempting to determine the composition of the addition product 
from ethyl y-methylsorbate (Farmer and Mehta, loc. cit.) was 
modified as described in (a) and (6) below. By this means inde- 
pendent approximate estimates of the «,«3-ratio were obtained. 

(a) The addition product, b. p. 190—195°/18 mm. (20 g.), was 
dissolved in concentrated sulphuric acid (50 g.) and kept over-night. 
The solution wa: diluted with water (120 c.c.) and then refluxed for 
9 hours on a sand-bath. The hydrolysis product, a mixture of 
Gy-dimethyl-Ay-pentene-a<-dicarboxylic acid and _ §-zsobutenyl- 
glutaric acid, was extracted with ether and worked up in the usual 
way. Yield 90%. This acid mixture was ozonised, and the 
ozonide decomposed as previously described. The decomposition 
products were extracted with ether and distilled, giving (1) 8-methyl- 
levulic acid (2 g.), b. p. 140—TF50°/20 mm., and (2) the dilactone of 
8-acetylglutaric acid (7 g.), b. p. 200—210°/20 mm. (compare 
Farmer and Mehta, loc. cit., p. 1615). The proportions of these 
substances corresponded to the presence initially of 25-5°% of the 
«5- and 74-5% of the «$-addition product. On this basis the total 
yield of the pure decomposition products was 64-3%. 

(6) Ozonolytic decomposition of the original addition product 
(15 g.) was carried out as described above. The subsequent pro- 
cedure differed from that formerly employed by the authors (Joc. cit.) 
in that the ketonic esters first produced (ethyl «-cyano-§-methyl- 
levulate from the «3- and ethyl «-cyano-$-acetylglutarate from the 
«8-addition product) were not converted for purposes of estimation 
into substances (1) and (2) [see (a) above] respectively. The esters 
differed sufficiently in b. p. from one another and from the original 
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addition product to allow of reasonably good fractionation. It 
being assumed that these fractions were homogeneous, the «f, «5-ratio 
of the original addition products was 7 : 3; on this basis the yield of 
isolated decomposition products was 76%. The ketonic esters were 
subsequently shown to be respectively convertible into the acid and 
dilactone named above. 


The authors desire to thank the Government Grant Committee of 
the Royal Society and the Chemical Society for grants which have 
defrayed a considerable part of the cost of the investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [ Received, June 12th, 1931.] 





CCLIX.—The Reactions of Divinyl Sulphide, 
Sulphoxide, and Sulphone. 


By JAMES RANALD ALEXANDER and Hamitton McComBie. 


It has been shown by Bales and Nickelson (J., 1922, 124, 2137; 
1923, 123, 2486) that when divinyl sulphide is treated with hydrogen 
chloride, ««’-dichlorodiethyl sulphide, (CHCIMe),S, results. The 
constitution of this substance is established by its preparation 
from «-trithioacetaldehyde and either sulphur monochloride or di- 
chloride (Mann and Pope, J., 1923, 123, 1175). In the same way, 
Bales and Nickelson showed that divinyl sulphide added on hydrogen 
bromide, and the present authors have established that this is also 
an «-compound because it passes to trithioacetaldehyde very readily 
on treatment with alkali. Bales and Nickelson found it impossible 
to isolate an additive compound from divinyl sulphide and dry 
hydrogen iodide. The authors, however, by using aqueous hydriodic 
acid, obtained an addition compound which proved to be @@’-di- 
iododiethyl sulphide. Another substance with which divinyl sulphide 
yielded a 8-addition product was thiophenol, which readily gave 
di--phenylthioldiethyl sulphide, (SPh-CH,°CH,),8, previously pre- 
pared by Helfrich and Reid (J. Amer. Chem. Soc., 1920, 42, 1231). 

Diviny] sulphoxide, in contrast to the sulphide, yields no additive 
compounds with the halogen acids, but with aqueous sodium 
hydroxide it yields the oxide of 1 : 4-thioxan, SO(CH,°CH,),0, and 
with sodium methoxide £8’-dimethoxydiethy] sulphoxide, 

(MeO-CH,°CH,),SO. 

In both these cases $-addition products result. 

Divinylsulphone. proves to be extremely reactive, and readily 
yields additive compounds with a large number of different sub- 
stances. The compounds resulting may be either straight-chain 
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compounds or six-membered rings; in all cases, however (except 
with bromine), a hydrogen atom is added in the «-position. 
Hydrogen bromide and hydrogen iodide yield the §-halogeno. 
sulphones; phenol, thiophenol, and aniline also yield open-chain 
8-derivatives. The case of aniline is interesting because Helfrich 
and Reid (loc. cit.) found that 68’-dichlorodiethylsulphone when 
treated with p-toluidine yielded 4-p-tolyl-1 : 4-sulphonazan, 
CoH MeN< oa? cH >SO., whereas the present authors have 
found that divinylsulphone and aniline readily yield 68’-dianilino- 
diethylsulphone, (NHPh-CH,°CH,),SO,. Examples of ring form. 
ation with divinylsulphone are furnished by the behaviour of this 
substance towards aqueous alkali, glycine ester, hydrogen sulphide, 
and phenylhydrazine. 

The action of tertiary amines on £§’-dichlorodiethyl sulphide, 
sulphoxide, and sulphone has been studied by Lawson and Reid 
(J. Amer. Chem. Soc., 1925, 47, 2821). In most cases quaternary 
ammonium salts were formed. The attention of the authors was 
drawn by Dr. E. Walker to the fact that, when 68’-dichlorodiethyl- 
sulphone is treated with triethylamine, the hydrochloride of this 
amine separates rapidly, and with his consent we have investigated 
the action of this base on various halogeno-sulphides, -sulphoxides, 
and -sulphones. With 6$’-dichlorodiethyl sulphide and sulphoxide, 
triethylamine has practically no reaction in the cold; §’-di-iodo- 
diethyl and «88’-trichlorodiethyl sulphoxide, however, react readily 
with the formation of the divinyl sulphoxides. With triethyl- 
amine, $$’-dichlorodiethylsulphone reacts almost instantaneously 
in the cold, and divinylsulphone, (CH,:CH),SO,, can be readily 
prepared by this method. 

The reaction between $8’-dichlorodiethyl sulphide and potassium 
cyanide was studied by Davies (J., 1920, 117, 297). A compound 
was obtained to which the formula CN-[CH,],°S*[(CHg],*S-[CH,],°CN 
was given. This reaction with the sulphoxide and sulphone has 
been found to yield respectively divinyl sulphoxide and dicyano- 
diethylsulphone, (CN-CH,*CH,),.SO,, which was converted into 
88’-dicarboxyethylsulphone, m. p. 210°, previously prepared by 
Lovén (Ber., 1896, 29, 1138). 


EXPERIMENTAL. 
A. Reactions of Divinyl Sulphide. 
The diviny] sulphide employed in these experiments was prepared 
by the method of Bales and Nickelson (J., 1922, 121, 2137). 
Addition of Halogens.—x«8-Dichloroethyl vinyl sulphide, 
CH,Cl-CHCI‘S:CH:CH,, 
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was prepared from divinyl sulphide by the addition of the calculated 
quantity of chlorine in carbon tetrachloride solution. It was a 
brownish oil, b. p. 84—85°/20 mm. (Found: C, 30-8; H, 3-8; Cl, 
44-9. C,H,CI,S requires C, 30-6; H, 3-8; Cl, 45-2%). 

When this compound was treated with alcoholic potassium 
hydroxide it yielded 8-chlorodivinyl sulphide, CHCI°CH-S-CH°CH,, 
b. p. 123—124°/760 mm. (Found: S, 26-3; Cl, 29-3. C,H,CIS 
requires S, 26-6; Cl, 29-5%). 

afa’B’-T'etrachlorodiethyl sulphide, (CH,Cl-CHCl),S, was prepared 
by treating divinyl sulphide with 2 mols. of chlorine. It was a pale 
yellow liquid, b. p. 132—133°/15 mm. (Found :. Cl, 62:2. C,H,C1,8 
requires Cl, 62-39%). When dissolved in benzene and treated with 
slightly more than | mol. of triethylamine, it yielded «8-dichloroethyl- 
8’-chlorovinyl sulphide, CH,Cl-CHCI-S-CH°CHCl, b. p. 103—104°/ 
20 mm. (Found : Cl, 55-2. ©,H;Cl,S requires Cl, 55-6%). 

With bromine and with iodine, divinyl sulphide yielded undistill- 
able fuming oils. 

Addition of Halogen Acids.—It has been shown by Bales and 
Nickelson (loc. cit.) that with hydrogen chloride and hydrogen 
bromide, divinyl sulphide yields di-«-halogeno-diethyl sulphide. 
We have now found that when it is warmed in alcoholic solution 
with a concentrated aqueous solution of hydriodic acid, it affords 
88’-di-iododiethyl sulphide, m. p. 56—60°. 

Other Additive Reactions.—When divinyl sulphide was warmed 
with two molecular proportions of thiophenol, there resulted di- 
8-phenylthioldiethyl sulphide, (SPh-CH,°CH,),8, m. p. 57°, identical 
with the compound prepared by Helfrich and Reid (loc. cit.). In 
the same way phenol gives an additive compound with divinyl 
sulphide. 

Diviny] sulphide when treated with aniline, with sodium hydroxide, 
or with sodium methoxide gave only polymerisation products. 


B. Reactions of Divinyl Sulphoxide, (CH,:CH),SO. 


This compound was prepared by the following method: §§’-Di- 
iododiethy! sulphoxide (40 g.) was dissolved in dry benzene (600 c.c.) 
and treated with slightly more than 2 molecular proportions of 
triethylamine. The mixture was kept for 8 days, the triethylamine 
hydriodide removed, the benzene distilled off, and the residual oil 
distilled in a vacuum. Divinyl sulphoxide was obtained in 75% 
yield as a colourless stable oil, b. p. 86—87°/18 mm. This compound 
is identical with that obtained by Lewin (J. pr. Chem., 1930, 127, 
77) by oxidation of divinyl sulphide with perbenzoic acid. 

aBe’B’.Tetrachlorodiethyl sulphoxide, (CH,CIl-CHCl),SO, was pre- 
pared in carbon tetrachloride solution, and when crystallised from 
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alcohol gave white needles, m. p. 121° (Found: 8, 13-1. C,H,OCL,S 
requires S, 13:1%). Similarly, «8«’8’-tetrabromodiethyl sulphoxide, 
when recrystallised from carbon tetrachloride, gave hard white 
needles, m. p. 119° (Found: C, 11-2; H, 1-5. C,H,OBr,S requires 
C, 11-3; H, 1-4%). 

Divinyl sulphoxide did not react under any conditions with 
hydrogen chloride; with hydrogen bromide it gave insoluble 
polymerisation products, and it was decomposed by hydrogen 
iodide. 

When divinyl sulphoxide was heated with 5% aqueous sodium 
hydroxide for 6 hours it yielded the oxide of 1 : 4-thioxan, m. p. 30°. 
This compound has been described by Cashmore (J., 1923, 123, 
1738) as being formed when $§’-dichlorodiethyl sulphoxide is treated 
with aqueous sodium hydroxide. 

Divinyl sulphoxide when boiled with sodium methoxide in dry 
methyl alcohol gave 68’-dimethoxydiethyl sulphoxide, a colourless 
oil, b. p. 164—165°/17 mm. The constitution of this compound 
was established by preparing it by the action of methyl-alcoholic 
sodium methoxide on £8’-dichlorodiethyl sulphoxide. In a similar 
manner it was found that divinyl sulphoxide and sodium ethoxide 
interacted to give the corresponding diethoxy-compound (compare 
Cashmore, loc. cit.). 

No reaction occurred between divinyl sulphoxide and thiophenol, 
phenylhydrazine, or aniline. 

8-Chlorodivinyl sulphoxide, CH,-CH-SO-CH:CHCI, was prepared by 
the action of triethylamine on trichlorodiethyl sulphoxide (Pope 
and Mann, J., 1922, 121, 603) in ethereal solution. It is a liquid 
boiling at 73—74°/15 mm. (Found: C, 35-2; H, 3-5. C,H,OCIS 
requires C, 35-2; H, 3-6%). 


C. Reactions of Divinylsulphone, (CH,:CH),SO,. 

This compound was prepared by the following method: £88’-Di- 
chlorodiethylsulphone (20 g.) was dissolved in dry benzene (250 c.c.), 
and triethylamine (21 g.) added. The triethylamine hydrochloride 
separated immediately, and the reaction was completed in 24 hours. 
After removal of the hydrochloride and the benzene, the sulphone 
was obtained in 80% yield as a colourless oil, b. p. 120—121°/18 mm. 
This compound was prepared by Lewin (/oc. cit.) by the oxidation 
of divinyl sulphide with perbenzoic acid. It polymerises on stand- 
ing for several months. 

Addition of Halogens.—It was impossible to obtain an additive 
compound from chlorine and divinylsulphone. With bromine, 
however, this sulphone readily yielded «$«’8’-tetrabromodiethyl- 
sulphone, which, when crystallised from carbon tetrachloride, gave 
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white needles, m. p. 138° (Found: C, 11-1; H, 1-4. C,H,O,Br,S 
requires C, 11-1; H, 1-4%). 

Addition of Halogen Acids.—Divinylsulphone and hydrogen 
chloride do not react under any conditions. On the other hand, 
when the sulphone was heated with a concentrated aqueous solution 
of hydrogen bromide, 68’-dibromodiethylsulphone, m. p. 110—111°, 
was obtained. The constitution of this compound is established by 
the fact that the same substance was obtained by Lewin (loc. cit.) by 
oxidising $8’-dibromodiethyl sulphide with perbenzoic acid. In a 
similar manner, divinylsulphone and hydrogen iodide react to give 
99’-di-iododiethylsulphone. 

When divinylsulphone was heated with 5% aqueous sodium 
hydroxide there resulted the dioxide of 1: 4-thioxan, m. p. 130° 
(compare Baumann and Walter, Ber., 1893, 26, 1124). 

88’-Dimethoxydiethylsulphone, (MeO-CH,°CH,),SO,, was prepared 
by boiling either divinylsulphone or £8’-dichlorodiethylsulphone 
with sodium methoxide in dry methyl alcohol. It is a colourless 
oil, b. p. 170—171°/17 mm., which solidifies to a very hygroscopic 
crystalline mass, m. p. 35° (Found: C, 39-4; H, 7:6. C,H,,0,8 
requires C, 39-5; H, 7-7%). 

In a similar manner, divinylsulphone yields the diethoxy- and 
the ditsoamyloxy-diethylsulphone when treated with the sodium 
alkyloxide in the appropriate alcohol. 

With phenol, divinylsulphone condenses readily to yield 68’-di- 
phenoxydiethylsulphone, m. p. 105—106° (Helfrich and Reid, loc. 
cit.). Similarly, thiophenol and divinylsulphone react in the cold 
to give 68’-diphenylthioldiethylsulphone. 

88’-Dianilinodiethylsulphone, (NHPh-CH,*CH,),SO,, was prepared 
by warming divinylsulphone and aniline for 6 hours on a water- 
bath, pouring the mixture into water, and shaking it with acetic 
acid; the substance solidified slowly, and after recrystallisation 
from alcohol melted at 94—95° (Found: C, 62-6; H, 6-6; S, 10-6. 
C,gH,)0,N,S requires C, 63-1; H, 6-6; S, 10-5%). 

When divinylsulphone is warmed with glycine ester in alcoholic 
solution, ethyl 1 : 4-sulphonazan-4-acetate (m. p. 67°;  picrate, 
m. p. 190°) resulted (compare Cashmore and McCombie, J., 1923, 
123, 2884). 

4-Anilino-1 : 4-sulphonazan was obtained when divinylsulphone 
or $8’-dichlorodiethylsulphone and phenylhydrazine were warmed 
for 3 hours in alcoholic solution. When recrystallised from alcohol, 
it melted at 192° (Found: S, 14-2. C,,H,,0,N,S requires S, 14:2%). 

Divinylsulphone reacted neither with acid chlorides, such as 
acetyl chloride, thionyl chloride, and carbonyl chloride, nor with 
—* hydrazine, phthalimide, benzaldehyde, or formic acid. 

R2 
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When divinylsulphone is treated with hydrogen sulphide, a small 
quantity of the dioxide of 1 : 4-dithian, SO,<(CH,’CH,). >S, was 
formed, together with a large quantity of polymerisation products. 
This substance when crystallised from alcohol melted at 206°; its 
constitution was established by its preparation from the interaction 
of 68’-dichlorodiethyl sulphide and sodium sulphide (Found: C, 
31-6; H, 5-4. C,H,0,S, requires C, 31-6; H, 5:3%). 

8-Chloroethylvinylsulphone, CH,Cl*CH,SO,°CH°CH,, was pre. 
pared from the dichloro-sulphone by treatment with one molecular 
proportion of triethylamine in benzene solution; b. p. 152—154°/ 
17 mm. (Found : Cl, 22:7; 8, 21-1. Cale. for C,H,O0,CIS : Cl, 22-9; 
8, 20:8%). This compound has been prepared by Kretov (J. Russ. 
Phys. Chem. Soc., 1930, 62, 1) by the reduction of 88’-dichloro. 
diethylsulphone. 

8-Chloro-B’-iododiethylsulphone, CH,Cl-CH,°SO,°CH,°CH,I, was 
obtained from the chloroethylvinylsulphone by treatment with 
aqueous hydriodic acid. It melted at 125—126° (decomp.) (0-1247 
G. gave 0-1653 g. AgCl + AgI. C,H,O,CIIS requires 0-1669 g.). 
The constitution of this substance was established by its ready 
conversion, by means of sodium iodide, into $8’-di-iododiethyl- 
sulphone. 

88’-Dichlorodiethylsulphone reacts with potassium cyanide to 
give §§’-dicyanodiethylsulphone, plates from alcohol, m. p. 84° 
(Found: C, 40-9; H, 4:5; N, 16-23. C,H,O,N,S requires C, 41-7; 
H, 4-4; N, 16-3%). This compound on hydrolysis with dilute acid 
yields @8’-dicarboxyethylsulphone, previously obtained by Lovén 
(loc. cit.), plates, m. p. 210°. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, June 2nd, 1931.] 











CCLX.—A New Reaction of Certain Diazosulphonates 
derived from fB-Naphthol-l-sulphonic Acid. Part 
VII. The 3’-Nitro- and 3’-Amino-derivatives of 
3-Phenyl-4-methyl phthalaz-l-one, and the Nitro-3- 
phenyl-l-methyl phthalaz-4-ones. 

By Freperick Maurice Rowk and ARNOLD THORNTON PETERS. 


In Parts V and VI of this series (this vol., pp. 1067, 1073), the 
4’-nitro- and -amino-3-phenyl-4-methylphthalaz-l-ones and_ their 
2’ : 6’-dihalogeno-derivatives were discussed. The investigation 
of 3’-nitro- and -amino-derivatives (J., 1928, 2556) has now been 
extended to include the corresponding derivatives of 3-phenyl-4- 
methylphthalaz-l-one. 
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The action of cold acid dichromate on 1-hydroxy-3-(3' -nitro- 
phenyl)-1 : 3-dihydrophthalazine-4-acetic acid gives 3'-nitro-3- 
phenyl-4-methylphthalaz-1-one in about the same yield as was obtained 
with the 4’-nitro-isomeride. The reaction is best conducted so 
that a solution is obtained after the addition of the dichromate, 
but it is difficult to obtain concordant results and, if a solid separates 
after a solution has been obtained, it is almost impossible to crystal- 
lise the product, although it is reduced satisfactorily by sodium 
sulphide to 3’-amino-3-phenyl-4-methylphthalaz-l-one. Carefully 
dried solvents are essential for the crystallisation of 3’-nitro-3- 
phenyl-4-methylphthalaz-l-one, which is acid and dissolves in 
sodium hydroxide with a yellow colour; also it is basic and dis- 
solves readily in mineral acids forming well-crystallised salts, stable 
to water; it forms a picrate. The oxygen atom can be methylated, 
but the methylation product behaves differently from the 4’-nitro- 
isomeride ; it could not be crystallised and was not obtained pure. 
This led us to repeat the methylation of 3’-nitro-3-phenylphthalaz- 
l-one (2bid., p. 2562), and the earlier results were confirmed. We 
found, however, that it is not essential to crystallise the methylated 
base from an alcohol, prior to conversion into 4-keto-1-methoxy-3- 
(3’-nitrophenyl)-3 : 4-dihydrophthalazine by heating first at 100° 
and then at 140°, as this change occurs equally readily with the 
methylated base itself under similar conditions. 

1-Hydroxy «3 - (3’ - aminophenyl)tetrahydrophthalazine - 4 - acetic 
acid is decarboxylated in similar ways to the 4’-amino-isomeride 
and 3’-amino-3-phenyl-4-methylphthalaz-l-one (I) is formed. The 
product obtained from it by reduction varies with the conditions 
used. Thus, reduction with alkaline hydrosulphite (hyposulphite), 
or preferably rapid reduction with zinc dust and dilute hydro- 
chloric acid, gives the intermediate 1-keto-3-(3'-aminophenyl)-4- 
methyltetrahydrophthaiazine (II), whereas zinc dust and more con- 
centrated hydrochloric acid give 3’-amino-N-phenyl-3-methyl- 
phthalimidine (III); the former is best converted into the latter 
by zinc dust and aqueous sulphuric acid : 
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Attempts to reoxidise (II) to (I) were unsuccessful. An inter. 
mediate substance is also formed by the reduction of 3’-amino-3- 
phenylphthalaz-l-one with alkaline hydrosulphite, or rapidly with 
zine dust and dilute hydrochloric acid, but it was impossible to 
determine the formula analytically, owing to the presence in it 
of variable amounts of alcohol of crystallisation, although its con. 
version into 3’-amino-N-phenylphthalimidine indicates that it is 
probably the corresponding 1-keto-3-(3’-aminophenyl)tetrahydro- 
phthalazine. The demonstration of the existence of a compound 
intermediate between a 3’-phenylphthalaz-l-one and an N-phenyl. 
phthalimidine is of interest, because 4’-amino-3-phenylphthalaz-|. 
one and its 4-methyl derivative under similar conditions are re. 
covered unaltered, whilst the halogeno-derivatives did not definitely 
give such an intermediate (loc. cit.). 

For purposes of comparison, we have also prepared the nitro-3- 
phenyl-1-methylphthalaz-4-ones by condensing acetophenone-o- 
carboxylic acid with o-, m-, or p-nitrophenylhydrazine. There is 
an interesting difference between the ease with which this con- 
densation occurs in the various cases. Thus, with p-nitrophenyl- 
hydrazine the intermediate 0-carboxyacetophenone-p-nitrophenyl- 
hydrazone (IV) (or its lactone form) is formed, but is converted 
readily into 4’-nitro-3-phenyl-1-methylphthalaz-4-one (V) in a variety 
of ways: 


CH CH, 


bi (. 
, Ly NHK NO, __, .. Ny 
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(V.) 





(IV.) 


o-Nitrophenylhydrazine also gives the intermediate o0-carboxy- 
acetophenone-o-nitrophenylhydrazone (or its lactone form), which 
is much more stable than the p-nitro-isomeride and is best con- 
verted into 2'-nitro-3-phenyl-1-methylphthalaz-4-one by the method 
of Aggarwal, Darbari, and Ray (J., 1929, 1942). m-Nitrophenyl- 
hydrazine, on the other hand, gives 3'-nitro-3-phenyl-1-methyl- 
phthalaz-4-one directly, and the intermediate hydrazone appears 
to exist only momentarily. This is also the case with phenyl- 
hydrazine, and nitration of the resulting 3-phenyl-1-methylphthalaz- 
4-one gives mainly the 4’-nitro-derivative, identical with 
that obtained from p-nitrophenylhydrazine. 1-Methylphthalaz-4-one 
is very difficult to condense with p-chloronitrobenzene, but a little 
4’-nitro-3-phenyl-1-methylphthalaz-4-one was prepared in_ this 
way. A double compound crystallises from an alcoholic solution 
of equimolecular proportions of 1-methylphthalaz-4-one and p- 
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Finally, the nitro-3-phenyl-1-methylphthalaz-4-ones possess the 
properties anticipated: they are insoluble in sodium hydroxide, 
and do not form salts either with mineral acids or with picric acid. 


EXPERIMENTAL. 


3'-Nitro-3-phenyl-4-methylphthalaz-1-one.—A_ solution of finely 
powdered 1-hydroxy-3-(3’-nitrophenyl)-1 : 3-dihydrophthalazine-4- 
acetic acid (12 g.) (J., 1928, 2559) in cold concentrated sulphuric 
acid (110 ¢.c.) was poured on ice (220 g.), the mixture stirred for 
4 hours, and powdered potassium dichromate (3 g.) added in portions 
during the first hour. The green solution was almost neutralised 
by slowly adding concentrated sodium hydroxide with cooling so that 
the temperature remained below 30°, and the pale yellow precipitate 
produced was washed with water and dried. 3’-Nitro-3-phenyl-4- 
methylphthalaz-1-one crystallised from a mixture of dry ethyl acetate 
and dry ethyl alcohol (10:1) in small yellow prisms, m. p. 249° 
® (yield, 6-1 g. ; 59-1%) (Found: C, 63-9; H, 4-0; N, 14:7. C,,H,,0O,N, 
requires C, 64-1; H, 3-9; N, 14-:9%). It was obtained also in 
very much lower yield by the gradual addition of saturated aqueous 
potassium permanganate to a suspension of 1-hydroxy-3-(3’-nitro- 
phenyl)-1 : 3-dihydrophthalazine-4-acetic acid in dilute sulphuric 
acid at 5|0—60°. The mixture was filtered, sodium hydroxide added 
to the pale yellow filtrate until the colour was just orange, the liquid 
extracted with chloroform, and the latter removed. 

3’-Nitro-3-phenyl-4-methylphthalaz-l-one is insoluble in sodium 
carbonate solution, but dissolves in warm sodium hydroxide solution 
with a yellow colour; with mineral acids it forms salts (hydro- 
chloride, colourless prisms), which are not decomposed by water. 
With an alcoholic solution of picric acid it forms a picrate, small 
yellow needles, m. p. 197° (Found: C, 49-2; H, 2-9. C,,H,,0, .N, 
requires C, 49-4; H, 2-7%). 

Action of Methyl Sulphate on 3'-Nitro-3-phenyl-4-methylphthalaz-1- 
one.—Methylation was carried out as described for the 4’-nitro- 
isomeride (this vol., p. 1071), except that the mixture was preferably 
kept at 100°. The colourless aqueous residue gave, when rendered 
alkaline with sodium carbonate, a brown semi-crystalline precipitate, 
m. p. about 70°, which was very soluble in most organic solvents, 
but could not be purified (Found, in crude product: OMe, 8-2%). 
This substance was insoluble in sodium hydroxide, but dissolved 
in dilute mineral acids. 

3'-Amino-3-phenyl-4-methylphthalaz-l-one (I).—(a) 1-Hydroxy-3- 
3’-aminopheny]l)tetrahydrophthalazine-4-acetic acid (20 g.) (J., 
1928, 2559) was treated as described for the 4’-amino-isomeride 
this vol., p. 1071), except that a solution of sodium dichromate 
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(7 g.) in water (30 c.c.) was used. No transient colour was produced 
by the dichromate. The yellowish-green solution was left over. 
night, neutralised cold with 20% aqueous sodium hydroxide, and 
the orange-brown precipitate produced was washed with hot water 
and dried. After crystallisation from dry alcohol (charcoal), 3’. 
amino-3-phenyl-4-methylphthalaz-l-one formed brownish-yellow 
plates or prisms, m. p. 271° (yield, 11-6 g.; 69-1%) (Found: C, 71-9: 





H, 5:3; N, 16-5. C,,;H,,ON, requires C, 71:7; H, 5-2; N, 16-7%), 

(6) A solution of  1-hydroxy-3-(3’-aminopheny])tetrahydro. 
phthalazine-4-acetic acid (3 g.) in saturated alcoholic potassium 
hydroxide (50 c.c.) was refluxed for 8 hours and the product then 
separated in orange needles (yield, 0-45 g.; 17-99%). It was obtained 
also in similar yield by almost boiling a solution in aqueous sodium 
hydroxide for 2 days. 

(c) 3’-Nitro-3-phenyl-4-methylphthalaz-l-one (10 g.) was reduced 
with sodium sulphide as described for the 4’-nitro-isomeride (lov, 
cit.). No colour change occurred, and, after filtration of the hot 
solution, orange-yellow needles separated from the cold filtrate 
(yield, 5-7 g.; 63-8%). The products in all cases melted at 271° 
and were identical in every respect. Acetyl derivative. A solution 
of 3’-amino-3-phenyl-4-methylphthalaz-l-one (1 g.) in acetic 
anhydride (6 c.c.) and a little pyridine was boiled. After a few 





minutes the acetyl derivative separated ; it crystallised from alcohol 
in colourless plates, m. p. 274°, which soon became pink on the 
surface on exposure to light (Found: C, 69-9; H, 5-3; N, 141. 
C,,H,,0,N, requires C, 69-6; H, 5-1; N, 14:3%). 
1-Keto-3-(3’-aminophenyl)-4-methyltetrahydrophthalazine (II).—A 
solution of 3’-amino-3-phenyl-4-methylphthalaz-l-one (3 g.) in 
dilute hydrochloric acid (50 c.c. of 1:4) was boiled, and zinc dust 
(2-5 g.) added in small portions during 10 minutes. The solution 
gradually became colourless and was then filtered, the filtrate 
rendered alkaline with sodium hydroxide, the dry precipitate 
extracted with alcohol, and the alcohol distilled. 1-Keto-3-(3' 
aminophenyl)-4-methyltetrahydrophthalazine crystallised from alcohol 
in colourless glistening rhombohedral plates, m. p. 188° (yield, 
2g.; 66%) (Found : C, 71-3; H,6-2; N, 16-7. C,,H,,ON, requires 
C, 71:1; H, 5-9; N, 166%). Treatment with acetic anhydride 
did not give the acetyl derivative, but a substance, colourless 
plates, m. p. 147° (decomp.), was obtained. 
3’-Amino-N-phenyl-3-methylphthalimidine (III).—A solution of |- 
keto-3-(3’-aminopheny])-4-methyltetrahydrophthalazine (2 g.) in 
aqueous sulphuric acid (30 c.c. of 1:3) was boiled, and zinc dust 








(2 g.) added in small portions during } hour. The base was isolated 
as described for the preceding compound. 3’-Amino-N-phenyl-3- 
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methylphthalimidine crystallised from alcohol in almost colourless 
prisms, m. p. 165° (yield, 0-6 g.; 31:9%) (Found: C, 75-4; H, 
58; N, 11-5. C,;H,,ON, requires C, 75-6; H, 5-9; N, 11-8%). 
The acetyl derivative crystallised from alcohol in colourless prisms, 
m. p. 181° (Found: N, 10-2. C,,H,,0,N, requires N, 10-0%). 

Reduction of 3'-Amino-3-phenylphthalaz-1-one.—A fine suspension 
of 3’-amino-3-phenylphthalaz-l-one (5 g.), obtained by dissolution 
in dilute hydrochloric acid and reprecipitation with sodium hydroxide, 
was boiled, and sodium hydrosulphite (50 g.) added in portions 
during ?-hour, the mixture being kept alkaline throughout by 
addition of sodium hydroxide. The mixture was cooled, filtered, 
and the base crystallised from ethyl alcohol; it formed pale straw- 
coloured hexagonal prisms, m. p. 225°, which slowly became opaque 
on keeping or more rapidly when heated (yield, 3-3 g.) (Found : 
C, 67-2, 68-6; H, 5-7, 53; N, 160%). No definite conclusions 
as to the composition of the compound after crystallisation from 
ethyl alcohol could be based on these analyses, however, as speci- 
mens contained variable amounts of alcohol of crystallisation, and 
attempts to remove this completely by heating at 120° or 140° 
resulted in some decomposition. The same substance was obtained 
by the action of zinc dust and hot dilute hydrochloric acid on 3’- 
amino-3-phenylphthalaz-l-one for a short time, and as the base, 
m. p. 225°, was converted into 3’-amino-N-phenylphthalimidine 
by vigorous reduction with zinc dust and more concentrated hydro- 
chloric acid, it was probably 1-keto-3-(3'-aminophenyl)tetrahydro- 
phthalazine. 

4'-Nitro-3-phenyl-1-methylphthalaz-4-one (V).—(a) Phthalylacetic 
acid (19 g.) was dissolved in warm N-sodium hydroxide (300 c.c.), 
N-hydrochlorie acid (200 c.c.) was added, and the mixture heated 
on the water-bath with gradual addition of boiling water until the 
evolution of carbon dioxide had ceased (Gabriel and Neumann, 
Ber., 1893, 26, 705). The resulting solution of acetophenone-o- 
carboxylic acid was filtered, and a concentrated alcoholic solution 
of p-nitrophenylhydrazine (15-3 g.) added to the hot filtrate. After 
about one minute’s warming on the water-bath, 0o-carboxyaceto- 
phenone-p-nitrophenylhydrazone (IV) (or its lactone form) separated 
as an orange-yellow precipitate, which does not melt but becomes 
colourless above 155°, owing to formation of 4’-nitro-3-phenyl-1- 
methylphthalaz-4-one, and then melts at 214° (yield, 26-9 g.; 90%) 
(Found: C, 600; H, 4:55. C,;H,,0,N, requires C, 60-2; H, 
43%). It dissolved in cold sodium carbonate with an orange 
colour and in cold sodium hydroxide with a deep brownish-red 
colour, and was reprecipitated on acidifying the alkaline solution. 
It crystallised from warm alcohol in orange needles, but boiling 
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with alcohol or toluene, heating with glacial acetic acid, nitro. 
benzene, dilute mineral acids, or even sodium hydroxide (partial 
conversion), or heating alone at 160—170°, resulted in conversion 
into 4’-nitro-3-phenyl-1-methylphthalaz-4-one. The latter compound 
was prepared most conveniently by heating a glacial acetic acid 
solution for a short time; after cooling, it crystallised in colourless 
silky needles, m. p. 214° (Found: C, 64:2; H, 4:1; N, 14-95. 
C,;H,,0,N, requires C, 64-1; H, 3-9; N, 149%). It is insoluble 
in sodium carbonate or hydroxide, and in hydrochloric acid, and 
does not form a picrate. 

(6) Attempts to condense 1-methylphthalaz-4-one (stout, colour. 
less, prismatic needles, m. p. 224°. Gabriel and Neumann, /oc. 
cit., give m. p. 222°) with p-chloronitrobenzene were mainly un- 
successful. By heating an alcoholic solution of equimolecular 
proportions in presence of fused sodium acetate and a little aqueous 
copper sulphate in a sealed tube at 180° for 2 hours, however, 
although most of the starting materials were recovered unaltered, 
a little 4’-nitro-3-phenyl-1-methylphthalaz-4-one, m. p. 214°, was 
isolated by repeated fractional crystallisation from alcohol. A 
mixture of equimolecular proportions of 1-methylphthalaz-4-one 
and p-chloronitrobenzene crystallised completely from alcohol in 
long, colourless silky needles, softening at 130° and melting at 140° 
when freshly prepared. On addition of a crystal of 1-methyl- 
phthalaz-4-one to such a solution, however, the whole of this crystal- 
lised and the p-chloronitrobenzene remained dissolved. 

2’-Nitro-3-phenyl-1-methylphthalaz-4-one.—A similar condensation 
of acetophenone-o-carboxylic acid with o-nitrophenylhydrazine 
(15-3 g.) gave o-carboxyacetophenone-o-nitrophenylhydrazone (or its 
lactone form) as a brownish-yellow precipitate, which crystallised 
from benzene in orange needles, becoming amorphous when dry, 
m. p. 184° (yield, 23-9 g. ; 80%) (Found : C, 60-4; H, 4-5. C,;H,,0,N, 
requires C, 60-2; H, 4:3%). It dissolves in sodium carbonate with 
an orange colour, and in sodium hydroxide with a deep brown 
colour. It is much more stable than the p-nitro-isomeride, but 
when a solution in concentrated sulphuric acid was warmed and 
poured on ice, it was converted into 2’-nitro-3-phenyl-1-methyl- 
phthalaz-4-one. The latter compound was prepared most con- 
veniently by refluxing the hydrazone (5 g.) with dry amyl alcohol 
(60 c.c.), which had been saturated with hydrogen chloride at 0°, 
for 2 hours (Aggarwal, Darbari, and Ray, loc. cit.) ; after removal 
of amyl alcohol, it crystallised from ethyl alcohol in almost 
colourless leaflets, m. p. 202° (Found: C, 63-9; H, 3-9; N, 149. 
C,,;H,,0,N, requires C, 64-1; H, 3-9; N, 14:9%). | It possesses similar 
properties to the 4’-nitro-isomeride. 
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3’-Nitro-3-phenyl-1-methylphthalaz-4-one.—A similar condensation 
of acetophenone-o-carboxylic acid with m-nitrophenylhydrazine 
(15-3 g.) did not result in the isolation of the intermediate hydrazone, 
but 3’-nitro-3-phenyl-1-methylphthalaz-4-one separated immediately 
in almost colourless needles, and crystallised from alcohol in colour- 
less leaflets or needles, m. p. 167° (yield, 22-5 g.; 80%) (Found: 
N, 14:8. C,,H,,0,N, requires N, 14:9%). It possesses similar 
properties to the 4’-nitro-isomeride. 

3-Phenyl-1-methylphthalaz-4-one-—A_ similar condensation of 
acetophenone-o-carboxylic acid with phenylhydrazine (10-8 g.) 
also resulted in the separation of 3-phenyl-1-methylphthalaz-4-one, 
which crystallised from alcohol in almost colourless rectangular 
prisms, m. p. 102° (yield, 18-9 g. ; 80%) (Found : N, 12-1. C,;H,,ON, 
requires N, 11-9%). It was nitrated by dissolving 1 g. in fuming 
nitric acid (5 c.c.) at O°. After standing at air temperature for 
2 hours, it was poured on ice. The white precipitate (1 g.) was 
fractionally crystallised from alcohol and consisted mainly of 4’- 
nitro-3-phenyl-1-methylphthalaz-4-one, which separated first in 
colourless silky needles, m. p. 214°, identical with that described 
above. ; 


CLOTHWORKERS’ RESEARCH LABORATORY, 
LEEDS UNIVERSITY. [ Received, June 4th, 1931.] 





CCLXI.—The Action of Chlorine upon Chloro- 
substituted Hydrazones. 


By Freperick DanrieL CHaTTaway, THomas DEIGHTON, and 
ALLAN ADAIR. 


2:4: 5-TRICHLOROANILINE is easily obtained by the chlorination of 
2 : 5-dichloroacetanilide, followed by hydrolysis. 2:3: 4 : 6-Tetra- 
chloroaniline is prepared by the regulated chlorination of 2 : 5-di- 
chloroaniline, the presence of moisture being carefully avoided. 

When diazotised and reduced with stannous chloride, these 
anilines give the corresponding hydrazines, which yield character- 
istic hydrazones with o-, m-, and p-nitrobenzaldehydes. 

The first action of chlorine upon m- or p-nitrobenzaldehyde- 
2:5-dichlorophenylhydrazone (I) effects introduction of one 
chlorine atom into the 4-position of the hydrazine nucleus and one 
into the w-position of the side-chain to give w-chloro-m (or p)-nitro- 
benzaldehyde-2 : 4 : 5-trichlorophenylhydrazone (II), continued action 
giving w-chloro-m(or p)-nitrobenzaldehyde-2 : 3 : 4 : 6-tetrachlorophenyl- 
hydrazone (III). 

In the chlorination of o-nitrobenzaldehyde-2 : 5-dichloropheny]- 
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hydrazone, the intermediate hydrazone (II) is so soluble that its 
isolation is difficult, and the final product at the ordinary temper. 


NH-N:CHR NH-N:CCIR NH:N:CCIR 


l 1] l 
Cl l 


(R = o-, m-, or p-Nitropheny]l.) 


ature is the fully chlorinated «-chloro-o-nitrobenzaldehyde-2 : 3: 4 : 6- 
tetrachlorophenylhydrazone (III). On vigorous reduction, these 
«-chloro-hydrazones yield the corresponding 2:4:5-tri- or 
2:3:4:6-tetra-chloroaniline. Their constitution is further estab. 
lished by their production in the regulated chlorination of nitro. 
benzaldehyde-2 : 4 : 5-trichloro- or -2: 3: 4: 6-tetrachloro-phenyl. 
hydrazone. The presence of an w-chlorine atom in the «-chloro- 
m- (or p)-nitrobenzaldehydephenylhydrazones is shown by their 
reactivity with ammonia to give basic hydrazidines (IV) : 


Cl, NH, 
X-NH-N‘CHR —~> X:NH:N:CCIR —-~> X:-NH:N-CR-NH, 
(IV.) 
(X = 2:4: 5-Trichloro- or 2: 3 : 4: 6-tetrachloro-phenyl.) 


When, however, the nitro-group is in the ortho-position, the 
explosive isodiazole oxides (V) are given, which on reduction yield 
the isodiazoles (VI) : 


, CO CO 
CCIN-NHX /OO—\n ( ya \N 
Or —> Cc cor A >NX 


(V.) ais 


ExPERIMENTAL. 


Although some difficulty appears to have been experienced in 
preparing 2:4: 5-trichloro- and 2:3: 4: 6-tetrachloro-aniline (J., 
1926, 3044), they are, as might be expected, readily obtained by the 
chlorination of 2: 5-dichloroacetanilide and 2 : 5-dichloroaniline 
respectively. 

Preparation of 2:4: 5-Trichloroaniline.—7 G. of 2 : 5-dichloro- 
acetanilide were dissolved in 30 c.c. of hot acetic acid and thoroughly 
saturated with chlorine; on cooling, 2 : 4 : 5-trichloroacetanilide 
separated as colourless needles, m. p. 184°; yield 7g. 2:4: 5-Tri- 
chloroaniline is obtained in theoretical amount by boiling the fore- 
going compound with alcohol containing one-eighth of its volume of 
concentrated hydrochloric acid. It separates from aqueous alcohol 
in colourless needles, m. p. 96°. 
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Preparation of 2:3:4:6-Tetrachloroaniline.—20 G. of 2: 5-di- 
chloroaniline, dissolved in 250 c.c. of dry chloroform, were saturated 
with chlorine, moisture being carefully excluded. The temperature 
rises, but cooling is undesirable. 2: 3:4: 6-Tetrachloroaniline 
hydrochloride, which separates, is collected and washed with dry 
chloroform, and the base is liberated by suspending the hydro- 
chloride in water. 2:3:4:6-Tetrachloroaniline crystallises from 
light petroleum in white needles, m. p. 88°. Yield 25 g. 

Preparation of 2:3:4: 6-Tetrachlorophenylhydrazine.—12 G. of 
2:3:4: 6-tetrachloroaniline, dissolved in 20 c.c. of hot acetic acid, 
were poured into 70 c.c. of concentrated hydrochloric acid and 
diazotised at 0—5° by 4 g. of sodium nitrite in 15 c.c. of water, added 
during } hour. The solution was filtered and added during # hour 
to a well-cooled mixture of 23 g. of stannous chloride and 30 c.c. of 
concentrated hydrochloric acid, whereupon 2: 3 : 4 : 6-tetrachloro- 
phenylhydrazine hydrochloride separated. This was collected at 
the pump, washed with a little concentrated hydrochloric acid, and 
recrystallised from a boiling mixture of 500 c.c. of water and 35 c.c. 
of concentrated hydrochloric acid; 8 g. of the pure hydrochloride 
were thus obtained, and the base was liberated by the action of 
aqueous sodium acetate. 

The analogous trichloro-compound was similarly prepared. 
2:4:5-Trichlorophenylhydrazine forms small colourless prisms 
from alcohol, m. p. 132° (Found: Cl, 50-1. C,sH,N,Cl, requires Cl, 
50-4%). 2:3:4:6-Tetrachlorophenylhydrazine, short colourless 
prisms from alcohol, has m. p. 162° (Found : Cl, 58-24. C,H,N,Cl, 
requires Cl, 57-7%). 

The following hydrazones were obtained when hot alcoholic 
solutions of equimolecular amounts of the base and the nitro- 
benzaldehyde were mixed. o0-Nitrobenzaldehyde-2 : 5-dichlorophenyl- 
hydrazone crystallises in two polymorphic forms from acetic acid, 
separating first as the labile form (orange hair-like needles), which 
is transformed slowly into the stable form (short six-sided orange 
prisms with domed ends) ; both forms melt at 156° (Found : Cl, 22-8. 
C,3H,O,N,Cl, requires Cl, 22-9%). o-Nitrobenzaldehyde-2 : 4 : 5-tri- 
chlorophenylhydrazone, orange needles, m. p. 230°, from acetic acid. 
0 - Nitrobenzaldehyde - 2 : 4: 5 : 6 - tetrachlorophenylhydrazone, short 
yellow prisms from acetic acid, m. p. 184° (Found: Cl, 37-35. 
C,3H,0O,N,Cl, requires Cl, 37-59%). m-Nitrobenzaldehyde-2 : 5-di- 
chlorophenylhydrazone, small yellow plates from toluene, m. p. 172° 
(Found: Cl, 22-75%). m-Nitrobenzaldehyde-2 : 4 : 5-trichloro- 
phenylhydrazone, short orange prisms from nitrobenzene, m. p. 234° 
(Found: Cl, 30-8. C,,;H,O,N,Cl, requires Cl, 30-9%). m-Nitro- 
benzaldehyde-2 : 3 : 4 : 6-tetrachlorophenylhydrazone, yellow irregular 
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plates from nitrobenzene, m. p. 211° (Found : Cl, 37-4%). _p-Nitro- 
benzaldehyde-2 : 5-dichlorophenylhydrazone, small orange prisms from 
acetic acid, m. p. 221° (Found: Cl, 22-8%). p-Nitrobenzaldehyde- 
2:4: 5-trichlorophenylhydrazone, small orange prisms from nitro- 
benzene, m. p. 268° (Found: Cl, 30:7%). p-Nitrobenzaldehyde- 
2:3:4: 6-tetrachlorophenylhydrazone, short yellow needles from 
acetic acid, m. p. 219° (Found : Cl, 37-45%). 

When o-, m-, and. p-nitrobenzaldehyde-2 : 5-dichlorophenyl- 
hydrazones were suspended in acetic acid and saturated with chlorine 
below 20°, o-, m-, and p-nitrobenzaldehyde-w-chloro-2 : 4 : 5-tri- 
chlorophenylhydrazones were obtained. Chlorination in hot acetic 
acid gave nitrobenzaldehyde-w-chloro-2 : 3 : 4 : 6-tetrachlorophenyl- 
hydrazone. These hydrazones were crystallised from acetic acid. 

w-Chloro-o-nitrobenzaldehyde-2 : 3 : 4: 6-tetrachlorophenylhydrazone, 
yellow prisms, m. p. 129° (Found : Cl, 42-7. C,,H,O,N,Cl, requires 
Cl, 42-9%). w-Chloro-m-nitrobenzaldehyde-2 : 4 : 5-trichlorophenyl- 
hydrazone, pale yellow needles, m. p. 195° (Found: Cl, 37-7. 
C,,H,0,N,Cl, requires Cl, 37-5%). w-Chloro-m-nitrobenzaldehyde- 
2:3: 4: 6-tetrachlorophenylhydrazone, nodules of minute colourless 
crystals, m. p. 174° (Found : Cl, 428%). «-Chloro-p-nitrobenzalde- 
hyde-2 : 4 : 5-trichlorophenylhydrazone, small yellow prisms, m. p. 
252° (Found : Cl, 37-6%). «-Chloro-p-nitrobenzaldehyde-2 : 3 : 4 : 6- 
tetrachlorophenylhydrazone, pale yellow needles, m. p. 165° (Found : 
Cl, 42-85%). 

The following basic hydrazidines were prepared by boiling the 
corresponding w-chloro-nitrobenzaldehydephenylhydrazones with 
alcoholic ammonia. m-Nitrobenzaldehyde-2 : 4 : 5-trichlorophenyl- 
hydrazidine, brick-red needles from xylene, m. p. 210° (decomp.) 
(Found: Cl, 29-6. C,,H,O,N,Cl, requires Cl, 29-6%). m-Nitro- 
benzaldehyde-2 : 3 : 4 : 6-tetrachlorophenylhydrazidine, pale yellow 
prisms from alcohol, m. p. 175° (decomp.) (Found: Cl, 36-1. 
C,,H,O,N,Cl, requires Cl, 36-0%). p-Nitrobenzaldehyde-2 : 4 : 5-tri- 
chlorophenylhydrazidine, red prisms from nitrobenzene, m. p. 250° 
(decomp.) (Found: Cl, 29:7%). p-Nitrobenzaldehyde-2 : 3: 4 : 6- 
tetrachlorophenylhydrazidine, dark brown needles from xylene, m. p. 
230° (decomp.) (Found : Cl, 36-0%). 

THE QUEEN’S COLLEGE LABORATORY, 


OXFORD. [Received, June 4th, 1931.] 
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CCLXII.—Optical Activity and the Polarity of Sub- 
stituent Groups. Part XX. Some Aliphatic and 


Aromatic Ethers of \1-Menthol. 


By H. Gorpon Rute and Henry Top. 


IN its effect upon the rotatory power of optically active compounds, 
the general polar influence of electropositive and electronegative 
substituents has been clearly demonstrated in derivatives of the 
type of Schiff’s bases (Betti, Trans. Faraday Soc., 1930, 337) and in 
the l-menthyl and 8-octyl esters of aliphatic and aromatic acids 
(Rule, ibid., p. 321). Comparatively little information is available 
concerning substances of other types. 

The present communication deals with /-menthyl ethers, among 
which the homologous alkyl derivatives have been examined by 
Tschugaev (Zentralbl., 1902, II, 1238) and Lander (J., 1900, 77, 
731), the chloromethyl ether by Wedekind (Ber., 1901, 34, 814), 
and menthoxyacetic acid and its propyl ester by Frankland and 
O'Sullivan (J., 1911, 99, 2329). The preparation of /-menthoxy- 
acetic acid has now been repeated in order to determine the nature 
of the dispersion and the optical properties of the methyl and the 
menthyl ester, and of the sodium salt and amide ; the phenyl, picryl, 
and 2 : 4-dinitrophenyl ethers have also been prepared and studied. 

All the aliphatic ethers examined in the present investigation 
proved to have normal and simple dispersion over the range of 
wave-length employed. From a survey of the molecular rotations 
of the derivatives, C,,H,,O°CH,X (Table I), it will be seen that the 
influence of the substituent X on the optical activity is similar to 
that observed among the acetic esters: the more electronegative 
the substituent, the higher is the negative rotation. Owing to the 
lack of necessary data, the polar changes in this case are not readily 
determined by reference to the dipole moments characteristic of the 
substituent groups, but some idea of the variations may be gained 
by making use of the dissociation constants, K, of the corresponding 
substituted acetic acids, X-CH,*CO,H. 


TABLE I. 


Rotations, [M]%, of the Homogeneous |-Menthyl Ethers, 
X = H CH, Et Allyl CONH, CO,H CO,Me CO,Pr{ Clt 
[M]p —163° —179° —183° —193° —194°* —218° —233° —234° —353° 
Kx10° 1-8 1-4 1-5 2-1 -- 161 45-1§ 45-1§ 155 
* In benzene, c = 5. +t Wedekind, loc. cit. { Frankland and O’Sullivan, 
loc. cit. § These figures refer to CO,Et (ethyl hydrogen malonate) as no 
values have been recorded for the acids in question. 
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On this basis of comparison, the rotatory power of the methyl 
ether (X = H) occupies a slightly lower position than would be 
anticipated, and menthoxyacetic acid has suffered a considerable 
displacement in the same sense. There are, however, good grounds 
for believing that in the latter case the dissociation constant gives 
an untrustworthy estimate of the polarity. The observed rotatory 
power is in very good agreement with the relatively low rotation 
of menthyl hydrogen malonate (Rule, Thompson, and Robertson, 
J., 1930, 1887) and with the low dipole moments (0-6—1-4 x 10-18) 
which have been recorded for simple carboxylic acids. 

As the normal influence of the carboxyl group is to increase the 
rotatory power, it is to be expected that ionisation of the acid will 
tend to produce the reverse effect. This change may be followed 
by converting the acid into the sodium salt and also by the addition 
of dry hydrogen halide to the free acid, which represses the degree 
of ionisation. The molecular rotations, [M]%;,, for the menthoxy- 
acid, its salt, amide, and methyl ester under various conditions are 
summarised in Table IT. 


TABLE II. 
Values of [MJ%,, for the Ethers, C,,H,,O°CH,X. 
Solvent. Cc. CO,H. CO,Me. CONH,. UH. CO,Na. 
(Homog.) ...... — — 258° — 276° _- — 192° — 
igMG’ - dosedcidssoe 5 — 239 — 255 — 230° — 195 — 
ot arr 5 —231 — 259 —243-5 —199* — 180° 
EtOH + 4HCl 5 —241 -- — 245 -- 
* In MeOH. 


Among menthoxyacetic derivatives, the relative polar influences 
of the various substituents may be expressed by CO,H>CO,Me> 
CONH,>H>CO0, this sequence representing a continuous change 
from strongly electron-attracting groups to one of electron-repelling 
type. On the whole, the rotatory powers are also in this order, the 
chief displacements being those of the free acid in benzene and in 
alcoholic solution. The low values in the latter cases appear to be 
due in part to partial ionisation; the rotation in alcohol (unlike 
those of the ester, amide, or menthyl methyl ether) is lower than 
in benzene, and rises considerably in the presence of dry hydrogen 
chloride, which may be expected to repress ionisation. 

In agreement with the theoretical sequence given above, it is 
found that the ionised acid in the form of its sodium salt has a 
definitely lower rotation than menthyl methyl ether. 

As was to be anticipated, the fall on converting the acid into its 
sodium salt, A = 51° (for alcoholic solutions), is much greater in 
this case than was previously observed for /-menthyl hydrogen 

















thyl 
Ll be 
able 
inds 
ives 
tory 
tion 
son, 
)-18 ) 


the 
will 
wed 
tion 
yree 
Xy- 

are 


ices 
e> 
nge 
ing 
the 
| in 

be 
ike 
an 
yen 


is 
3a 


its 


en 














POLARITY OF SUBSTITUENT GROUPS. PART XX. 1931 


malonate, C,y»H,,0-CO-CH,°CO,H, and its salt, for which under 
similar conditions, A = 8° (Rule and Harrower, J., 1930, 2319). 
In the latter compound the carboxyl group is one remove further 
away from the active complex, and its characteristic influence is 
consequently diminished. 

The rotatory power of the amide was also measured in the presence 
of hydrogen chloride, since any appreciable combination with the 
amino-group should become evident in a small rise in rotation 
(compare J., 1930, 1887). The observed increase of 1-5°, although 
confirmed by repetition, is of the order of the experimental error 
involved in the determination («54,, — 5-09°; 1 = 1, c = 5). 

l-Menthyl menthoxyacetate gave the following values for 
[M]2% : in ethyl alcohol (c = 5), —474:2°; in benzene (c = 5), 
—468-1°. 

In spite of numerous attempts, it was not possible to prepare any 
of the mononitrophenyl ethers, owing to preferential formation of 
coloured by-products from which the ether could not be separated. 
The molecular rotations of the benzyl, phenyl, 2 : 4-dinitrophenyl, 
and picryl ethers are given in Table III. 


TaBLeE III. 
Values of [M]% for 1-Menthyl Ethers, C,>H,,0°X (in CgHg, c = 5). 
teenie’ C,H,°CH, CoH, CoH,(NO, )s CoHy(NOy)s 
Ss cesenasis —233°* —301 


* In homogeneous state (Tschugaev, loc. cit.). 


For the picry] and phenyl ethers, the dispersion appeared to be 
normal and simple, but the 2: 4-dinitrophenyl ether exhibited 
strongly anomalous dispersion both in benzene and in alcoholic 
solution. In these circumstances no definite conclusions can be 
drawn from the rotatory power of the dinitro-compound. The 
molecular rotation of the benzyl] ether is already comparatively high, 
and this value is considerably increased when the phenyl group is 
brought nearer to the menthyl radical, as in the phenyl ether. A 
remarkable change occurs on passing to the picryl ether, in which 
the powerfully electronegative picryl complex raises the rotation to 
[M]» — 1082°. The optical influence of the picryl group has also 
been observed by Peacock (P., 1914, 30, 275) in the case of cincho- 
nicine (cinchotoxine), [M]p + 165°, and of picrylcinchonicine, 
[M]p — 1968° (both in acetone, c = 5). 

It may therefore be concluded that the polar influences of sub- 
stituents in l-menthyl ethers resemble those previously established 
in the esters, electronegative groups causing an increased negative 
rotation, and electropositive ones a diminished value. In both 
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series the ionisation of a carboxy] group results in a decreased 
rotation. 

Solvent Influence.—Rotatory powers of the ethers were also deter- 
mined in a large number of solvents. The regularities observed in 
the case of /-menthyl methyl naphthalate (Rule and McLean, this 
vol., p. 674) were repeated in values obtained for /-menthyl picry] 
ether, the high rotation of which is at a maximum in non-polar 
solvents ([M];4,, — 1597° in carbon disulphide) and at a minimum 
in highly polar media (— 1075° in acetonitrile). A similar tendency 
was noted for the phenyl ether, but only small and irregular vari- 
ations were obtained with the methyl ether. 

The 2: 4-dinitrophenyl ether, which exhibits anomalous dis- 
persion and abnormally low rotatory power, was influenced by 
solvents in the reverse sense. For this compound the highest rota- 
tions were observed in highly polar solvents ([J];4,, — 301° 
acetonitrile) and the lowest in those of non-polar type (—159° in in 
carbon disulphide). 

The experimental data and detailed discussion relating to solvent 
influence are withheld for a later communication, which will deal 
also with a number of other /-menthy! derivatives. 


EXPERIMENTAL. 


l-Menthoxyacetic acid was prepared by the method of Frankland 
and O'Sullivan (loc. cit.) from chloroacetic acid (25 g.), sodium 
(20 g.), and menthol (100 g.). Instead of purifying the crude syrupy 
menthoxy-acid by repeated (6-fold) recrystallisation, it was found 
much more economical to distil it under diminished pressure. In 
this way a first fractionation gave an acid of [M]p — 195-8° (in 
methyl alcohol, c = 5), which was obtained optically pure (— 198-8°) 
on repeating the process; b. p. 163—164°/10 mm., yield 44g. The 
alcoholic solution of the sodium salt required for polarimetric 
measurements was prepared by adding an equivalent of sodium 
ethoxide to a solution of the acid in alcohol. 

Methyl |-menthoxyacetate was obtained from the acid (20 g.) by 
converting it into the acid chloride (22 g.) and treating this with 
methyl alcohol. The methyl ester, b. p. 131°/8 mm., was frac- 
tionated until of constant rotation in the homogeneous state (yield 
30%) (Found: C, 68-3; H, 10-6. C,,;H,,0, requires C, 68-4; H, 
10-5%). 

A portiou of the acid chloride in dry benzene was treated with 
dry ammonia gas to give l-menthoxyacetamide, which was recrystal- 
lised from light petroleum (b. p. 60—80°) until of constant rotation. 
It forms white needles, m. p. 93°, dissolving readily in alcohol, ether, 












co 








ased 


ter- 
d in 
this 
cryl 
olar 
lum 
ney 
‘ari- 


dis- 
by 
ota- 
in 


° in 


rent 


leal 





POLARITY OF SUBSTITUENT GROUPS. PART XX. 1933 





acetone, and carbon tetrachloride. It is less soluble in light 
petroleum or benzene, and practically insoluble in water [Found : 





N, 6:50 (ter Meulen). C,,H,,0,N requires N, 6:57%]. 

1-Menthyl |-menthoxyacetate was obtained in 70% yield from the 
acid chloride and /-menthol. It is sparingly soluble in methyl 
alcohol, from which it separates in colourless prisms (Found : 
C, 75-0; H, 11-4. C,H 4 0, requires C, 75-0; H, 11-4%). 

In the preparation of l-menthyl picryl ether, hot toluene solutions 
of picryl chloride (1 mol.) and potassium menthoxide (2 mols.) were 
mixed. A considerable evolution of heat occurred, and after being 
cooled, the mixture was filtered and the salid product washed 
thoroughly with benzene. The resulting dark red complex of 
l-menthy] picryl ether and potassium menthoxide (compare Jackson 
and Boos, Amer. Chem. J., 1898, 20, 449) was dried and decomposed 
by careful trituration with dilute hydrochloric acid and ether, 
whereupon the colour changed to orange. After the ethereal solu- 
tion was dried and the solvent removed, the picryl ether was 
obtained as a yellow solid. After preliminary solution in hot 
benzene and precipitation with light petroleum, the compound was 
purified by several recrystallisations from the latter solvent, giving 
pale yellow needles, m. p. 133° (violent decomp. at 150°). The 
ether is moderately soluble in light petroleum or alcohol, and readily 
soluble in acetone, benzene, or chloroform. From benzene or 
acetone, it separates as yellow plates (Found: N, 11-2. C,,H,,0,N, 
requires N, 11-4%). 

Light appears to effect decomposition of the picryl ether, leading 


| to the formation of a dark brown substance. A small amount of 


the latter is also a normal by-product when the ether is recrystallised 
under ordinary conditions; it is soluble in alcohol and acetone, but 
insoluble in benzene or light petroleum. Unfortunately, the solu- 
tions in acetone or alcohol possessed such an intensely red colour 
that it was not possible to examine them polarimetrically. Probably 


they were inactive, for a thin layer of the powdered ether, when 


placed between glass plates and exposed to sunlight, rapidly turned 
brown and viscous; at the same time a strong odour of menthone 
became apparent. On account of the difficulty of preparing reason- 
ably large quantities of the ether, this decomposition was not further 
investigated. 

|-Menthyl 2 : 4-dinitrophenyl ether was prepared from chlorodinitro- 
benzene (20 g.) and a cold benzene solution of potassium menthoxide 
(2 mols.). A brownish precipitate of potassium chloride was de- 
posited, and the pale yellow mother-liquors were then removed and 
concentrated. On extraction with cold light petroleum, the 
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crystalline product gave the required ether (8 g.) as pale yellow 
fibrous crystals, m. p. 88° (Found: N, 8-65. C,,H,,O,;N, requires 
N, 7:0%). This ether resembles the picryl compound in turning 
brown on exposure to light. It dissolves readily in benzene and 
acetone, but is only sparingly soluble in alcohol. 

1-Menthyl Phenyl Ether—Potassium (7:8 g.) was dissolved in 
menthol (100 g.) at 100°, and iodobenzene (40 g.) added. The 
mixture was maintained at 100° for 18 hours, and subsequently raised 
to 180° until no further deposition of potassium iodide occurred. 
The product was then filtered and distilled in a vacuum., After a 
preliminary fractionation, a second distillation gave the phenyl 
ether, b. p. 144°/12 mm., which solidified on cooling (yield 5 g.). It 
was recrystallised from alcohol until optically pure, [«]54., — 154° 
(in benzene, c = 5). It forms colourless needles, m. p. 49-5°, dis- 
solves freely in benzene, ether, and acetone, and is less soluble in 
alcohol and light petroleum (Found: C, 82-7; H, 10-4. Cy 9H,,0 
requires C, 82-8; H, 10-35%). 

Preparation of Sodium and Potassium Menthoxides.—The alkali 
menthoxides used in the above preparations were at first obtained 
by Beckmann’s method (J. pr. Chem., 1897, 55, 16), in which 
equivalent proportions of sodium and /-menthol are heated at a 
temperature not exceeding 200° in an atmosphere of pure dry 
hydrogen. About 3 hours’ heating is necessary before the bulk of 
the metal passes into solution as menthoxide. 

By working in the following manner, the reaction may be com- 
pleted in about half the time, and at a temperature of 150° or lower. 
Menthol (4 or 5 mols.) is placed in a distilling flask, the side tube of 
which is stoppered, and the neck fitted to a long air-condenser ; the 
flask is heated to 150° in an oil-bath, and the metal (1 mol.) added 
in small pieces through the condenser. In this way 8 g. of potassium 
may be dissolved in about 35 minutes. The excess of menthol is 
then distilled off in the usual way under diminished pressure and in 
a current of hydrogen. After 45 minutes, with the oil-bath at 
150—160°, the contents of the flask suddenly solidify. Subsequent 
weighing of the distilled menthol shows that little free menthol 
remains in the flask. This process not only saves time, but 
diminishes the risk of chemical change. 


Measurements of Rotatory Power. 

The following determinations were made at 20° in a 1-dem. tube. 
In a few cases (marked with an asterisk) a 2-dem. tube was employed. 
Values for [M], and [M];,,, will be found in Tables I, II, and II. 
Figures in parentheses are somewhat uncertain owing to the 
absorption of light. 
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1-Menthoxryacetic acid (d%" 1-033). 


Solvent. c. 26708° Q5893- 25780° 5461° M4358: 
Homog. — ....seeee — —79-72° —105-3° —109-8° —124:5° —207-3° 
BREE, - pactprsnget 5-165 — 3-67 — 4-70 — 4-93 — 5-57 — 9-28 
peal SP 5-285 — 7:36 —9-81 —10-:16 —1149 —19-10 
CeHe® oddsseis.cs 5-135 — 7-40 —9-66 —10:14 11-45 —18-91 
EtOH + 4HCl 5-335 — sans <e —6-01 pie 
EtOH + EtONa 5-220 — -- a — 4-40 -- 

1- Menthoxryacetamide. 
OEE 4:45 —3-42 —4-25 —4-49 —509 (—8-03) 
2 RS 3-73 —264 -—339 -—353 -—402 (—6-59) 
Methyl 1-menthoxyacetate (di 0-9804). 
ere 5-115 — 3-69 — 4-83 —5-14 —5-81 — 9-64 
aE 5020 —367 —472 -—499 -—562 —9-28 
Homog. —....v.e0ee -—— —76-25 -—1000 —1045 -—118:5 —197:1 
1-Menthyl 1-menthoxyacetate. 

BEE csciiccecies 5-000 — 8-79 —11-46 -—1189 -—13:47 —22-42 
CeHg® siesirveri. 5-000 —848 —11-29 —11-:74 —13:30 —22-01 
1-Menthyl phenyl ether. 

CGPe shceascaccngens 5-000 — 5-00 — 6-49 — 6-80 —7:69 —12-38 
1-Menthyl 2 : 4-dinitrophenyl ether. 
isin sntssoomnceoces 5-000 — 1-88 — 2-31 — 2-35 —2-41 +1-08 
BENE Sccsescnccas 2-340 — 2-68 — 3-29 — 3-36 — 3-68 — 2-69 
COMe, ............ 5-00 —3-14 —3-72 —3-89 —4-21 —3-70 
1-Menthyl picryl ether. 
ie ccctcanesecadus 4-400 —900 —12:98 —13:909 —16-68 
COMe sg. cvecchecves 2-340 — 5-89 — 8-44 —8-92 —10-53 — 

Summary. 


A number of /-menthyl ethers have been examined, with the 
following results. 

1. Among ethers of the type, C,,H,,O°-CH,X, the influence of X 
upon the rotatory power is given by Cl>CO,Pr>CO,Me>CO,H> 
CONH,>Allyl>Et>Me>H>COO’. This sequence is in close 
agreement with the polarity of the substituents, e.g., as deduced 
from the dissociation constants of the correspondingly substituted 
acetic acids,’or from dipole moments. The optical changes therefore 
resemble those previously established among the menthylacetic 
esters, strongly electronegative substituents producing the maximum 
rise in value. 

2. Sodium /-menthoxyacetate has a rotation considerably lower 
than that of the unsubstituted methyl ether. When, however, the 
degree of ionisation of the acid in alcoholic solution is repressed by 
the addition of hydrogen chloride, the rotation rises. These changes 
are in agreement with the polar changes involved. 

3. The comparatively high rotation of the phenyl ether becomes 








1936 WILSON : 2-0-AMINOBENZYLPYRIDINE. 


very much greater in the picryl compound. J/-Menthyl 2 : 4-dinitro. 
phenyl ether has anomalous dispersion and an abnormally low 
rotatory power. 

4. Polar solvents depress the rotatory power of the phenyl and 
picryl ethers, but raise that of the 2 : 4-dinitropheny] ether. 


The authors desire to acknowledge their indebtedness to Imperial 
Chemical Industries, Ltd., for a grant by the aid of which these 
investigations are being continued. 


EDINBURGH UNIVERSITY. [ Received, June 6th, 1931.] 





CCLXIII.—2-0-A minobenzyl pyridine. 
By Rosert Huex WILson. 


SIncE tricyclic compounds can be readily formed from o-amino- 
diphenylmethane, it seemed desirable to prepare 2-0-aminobenzyl- 
pyridine, with a view to synthesising similar compounds from it. 

Bryans and Pyman (J., 1929, 549) have reported that direct 
nitration of 2-benzylpyridine gives only 2-m-nitro- and 2-p-nitro- 
benzylpyridines. It was found that heating pyridine with o-nitro- 
benzyl chloride, either alone or in the presence of copper powder 
or aluminium chloride, gave only black tars from which no o0-nitro- 
benzylpyridine could be isolated. 

2-0-Nitrobenzylpyridine was obtained by reducing the 4-nitro- 
group of 2-(2’ : 4’-dinitrobenzyl)pyridine (Tschitschibabin, Kuindshi, 
and Benewolenskaja, Ber., 1925, 58, 1584) and eliminating the 
resulting amino-group. The intermediate 2-0-nitro-p-aminobenzy/- 
pyridine was identical with that produced by nitrating 2-p-amino- 
benzylpyridine in concentrated sulphuric acid, whence the orient- 
ation of the amino-group is known. 

Reduction of 2-0-nitrobenzylpyridine gave 2-o-aminobenzylpyrid- 
ine, and oxidation with potassium permanganate gave first 2-0- 
nitrobenzoylpyridine, and then o-nitrobenzoic acid, whence the 
orientation of the nitro-group is known, and the configuration of 
2-(2’ : 4’-dinitrobenzyl)pyridine assumed by Tschitschibabin and 
his co-workers is shown to be correct. 


EXPERIMENTAL. 
2-0-Nitro-p-aminobenzylpyridine.—2 - (2’ : 4’ - Dinitrobenzyl)pyrid- 
ine (5 g.) was suspended in alcohol (25 c.c.), and ammonia (d 0-880; 
3 c.c.) added. Hydrogen sulphide was passed in for 2 hours at 0° 
and 1 hour at 80°. The product was evaporated to dryness, the 
residue extracted three times with hydrochloric acid, and the 
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extract made alkaline and extracted with much ether. The base 
crystallised from alcohol in reddish-brown prisms, m. p. 118-5°, 3+5 g. 
(Found : C, 63-0; H, 4-9. C,,H,,0,N, requires C, 62-9; H, 4-8%). 

2-0-Nitrobenzylpyridine.—2-o-Nitro-p-aminobenzylpyridine (10 g.) 
was dissolved in hydrochloric acid (20%; 30 c.c.), and diazotised 
at 0°. The resulting solution was treated with sodium hypophos- 
phite (20 g.) dissolved in hydrochloric acid (10%; 60 c.c.) for 12 
hours, and the product basified and extracted with ether. The 
base was distilled at 165—185°/0-06 mm. (2-6 g.). The hydro- 
chloride crystallised from alcohol in pale yellow plates, m. p. 204° 
(Found: C, 57-5; H, 4-4; Cl, 14-4. C,,H,,0,N,,HCl requires C, 
57-5; H, 4:4; Cl, 14.2%). The base regenerated from the hydro- 
chloride had m. p. 29-5°. 

2-0-Nitrobenzoylpyridine was prepared by heating the above base 
(0:2 g.) with potassium permanganate (0-4 g.) in 1% aqueous 
solution for 2 hours at 80°, evaporating the product to dryness, 
and extracting the residue with alcohol. It crystallised from water 
in needles, m. p. 118°, the yield being 0-06 g. (Found: C, 63-0; 
H, 3-7. C,,H,O,N, requires C, 63-2; H, 35%). By 5 hours’ 
heating with potassium permanganate at 90°, a small yield of 
o-nitrobenzoic acid was obtained (m. p. 145°; mixed m. p. 144°). 

2-0-Aminobenzylpyridine.—2-(2’ : 4’-Dinitrobenzyl)pyridine (40 g.) 
was reduced as above. The product was evaporated to dryness, 
the residue extracted with hydrochloric acid, and the extract 
evaporated to dryness. The solid product was dissolved in water, 
hydrochloric acid (50 c.c.) added, and the solution diazotised with 
10-7 g. of sodium nitrite and treated with sodium hypophosphite 
(120 g.) in hydrochloric acid (10%; 300 c.c.) over-night. Stannous 
chloride (120 g.) and concentrated hydrochloric acid (100 c.c.) were 
then added, and the whole was heated for 4 hours on a water-bath, 
basified, and extracted with ether. The base distilled at 138—165°/ 
0:1 mm. or 185—210°/10 mm., the yield being 8—12 g. The 
dihydrochloride crystallised from water in needles (decomp. 280°) 
(Found: C, 56-3; H, 5-6; Cl, 27-5. C,,H,.N,,2HCl requires C, 
56-0; H, 5-5; Cl, 27-6%); the base regenerated therefrom had 
m. p. 69—70°. 

2-(2’ : 4’- Diaminobenzyl) pyridine was prepared by reducing 2-(2’ : 4’- 
dinitrobenzyl)pyridine with stannous chloride. It crystallises from 
alcohol in white prisms, m. p. 161° (Found: C, 72-4; H, 6-6. 
C,H,,N, requires C, 72-4; H, 65%), and is almost insoluble in 
other solvents. 


THE UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, May 23rd, 1931.] 
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CCLXIV.—Quinoline Compounds containing Arsenic. 
Part III. Synthesis of 0-5'-Nitro-8’-quinolyl- 
aminophenylarsonic Acid, 12-Chloro-10-nitro-5 : 12- 
dihydroquinbenzarsazine, and 10-Nitroquinbenz- 
arsazinic Acid, 

By Rosert HENRY SLATER. 


Part II of this series (Slater, this vol., p. 107) describes the synthesis 
of o-6’-methoxy-2’-methyl-4’-quinolylaminophenylarsonic acid (I) 
and its quinbenzarsazine derivatives. 0-5’-Nitro-8’-quinolylamino- 
phenylarsonic acid (II) and its corresponding derivatives have now 
been prepared. Evrforts to effect the direct condensation of o-amino- 
phenylarsonic acid with 8-bromo-5-nitroquinoline (prepared from 
8-aminoquinoline by a modification of the method of Dikshoorn, 
Rec. trav. chim., 1929, 48, 550) were unsuccessful. When amyl 
alcohol and potassium carbonate were used either with or without 
the addition of traces of copper-bronze and iodine (compare Part II, 
loc. cit., p. 110), only a small amount of what was probably impure 
o-5’-nitro-8’-quinolylaminophenylarsonic acid (II) was isolated, the 
main product being 5-nitro-8-hydroxyquinoline. When the re- 
actants were heated together in the dry state, or in pyridine, they 
were either recovered unchanged or decomposed by prolonged 
heating. o-Bromophenylarsonic acid and 5-nitro-8-aminoquinoline, 
however, condense in presence of amy] alcohol to give small yields of 
the desired o-5’-nitro-8’-quinolylaminophenylarsonic acid (II) in a 
pure state. The otherwise rather inaccessible 5-nitro-8-amino- 
quinoline was conveniently prepared from 8-bromo-5-nitroquinoline 


Me 


N -NH-C,H,'As0,H,(0-) NO, _NH-C,H,As0,H,(0-) 
(I.) N (i) 
Me 


by treatment with methyl-alcoholic ammonia. By reduction in 
boiling alcohol-hydrochloric acid solution by means of sulphur 
dioxide in presence of a trace of iodine, compound (IL) was converted 
into the dark red hydrochloride of 12-chloro-10-nitro-5 : 12-dihydro- 
quinbenzarsazine (III), which, on oxidation with hydrogen peroxide, 
gave 10-nitroquinbenzarsazinic acid (IV) (compare Part II, loc. cit., 
p- 111). The sodium and potassium salts of this amphoteric acid 
show remarkable colour changes on dilution and addition of alkali: 
these colour reactions are similar to those described by Gibson and 
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Johnson (J., 1929, 1254, 1262) for certain nitrophenarsazinic acids 
in which the nitro-group occupies the same (meta-) position relative 
to the arsenic atom. 


Zaee ~ 


On treatment with 4 molecules of warm N/10-sodium hydroxide, 
the chlorine atoms in compound (III) are readily split off with 
production of an orange compound, which is presumably 10-nitro- 
12-hydroxy-5 : 12-dihydroquinbenzarsazine (V), m. p. 275—277° 
(decomp.). This compound is also formed when (III) is boiled with 
water for a few minutes; and (IIT) can be regenerated from it either 
(a) by the action of boiling hydrochloric acid, or (6) by oxidation 
with hydrogen peroxide in presence of acetic acid to compound (IV) 
and subsequent reduction in alcohol—hydrochloric acid with sulphur 
dioxide as described above. The fact that (V) can be oxidised to 
(IV) in presence of acetic acid appears to exclude the possibility that 
it possesses the arsenoxide structure (VI), since boiling acetic acid 
is itself unable to convert the open-ring arsonic acid (II) into the 
closed-ring arsazinic acid (IV). 


AsOH Me AsCl 
NH 
| a Fn’ 


1X 
( | Nu 
No, 


(V.) (VI.) Me (VII.) 


The ease with which the chlorine atoms in (III) are hydrolysed by 
boiling water is of especial interest in view of the fact that the 
analogous 12-chloro-7-methoxy-11-methyl-5 : 12-dihydroquinbenz- 
arsazine (VII; see Part II, p. 111) can be recrystallised unchanged 
from water. The chlorine atom in the simple chlorodihydro- 
phenarsazines is highly labile (private communication from Prof. 
C. §. Gibson), so it is the chlorine atom in compound (VII) which 
appears to exhibit abnormally low reactivity ; it is possible, however, 
that the reactivity of this chlorine atom may be influenced by the 
close proximity of the strongly polar quinoline nitrogen atom: in 
(III), these two atoms are much farther apart. This may have a 
bearing on the structure of these compounds, which, for convenience, 
have been formulated here as dihydroarsazine derivatives without 
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prejudice to the alternative arsazinium chloride formulation (com- 
pare Gibson and co-workers, J., 1929, 1238, et seg.; Kappelmeier, 
Rec. trav. chim., 1931, 50, 44). 

The above quinoline compounds of arsenic are being tested by the 
Joint Committee on Chemotherapy (formed by the Medical Research 
Council and the Department of Scientific and Industrial Research) 
in respect of their chemotherapeutic actions in malaria and 
trypanosomiasis. The results of these tests will be published later. 


EXPERIMENTAL. 


8-Bromo-5-nitroquinoline.—To a solution of 8-aminoquinoline 
(30 g.) in hydrobromic acid (150 c.c. of d 1-49 acid and 300 c.c. of 
water), crushed ice (400 g.) was added, and the cold stirred mixture 
diazotised with a solution of sodium nitrite (15 g.) in water (30 c.c.). 
The diazo-solution was added gradually to a solution of cuprous 
bromide (40 g.) in hydrobromic acid (400 c.c.; d 1-49) at 60—70°. 
After standing over-night at room temperature, the orange-red 
crystalline precipitate of the cuprous bromide salt of 8-bromo- 
quinoline was filtered off, washed with water, added in small portions 
at a time to well-stirred sodium hydroxide solution (100 c.c. of 50%), 
and the liberated base extracted several times with ether. To the 
oil obtained after removal of the ether, nitric acid (50 c.c.; d 1:5) 
was carefully added so that the temperature did not rise above 
80—90°, and then concentrated sulphuric acid (50 c.c.) was poured 
in. The reaction mixture was warmed on the water-bath for 1 hour, 
cooled, and added to water (4 litres); the copious, pale yellow pre- 
cipitate of pure 8-bromo-5-nitroquinoline was filtered off, washed 
with water, and dried at 100°; m. p. 136—137°, yield 36—38 g. 

Condensation of 8-Bromo-5-nitroquinoline with o-Aminophenyl- 
arsonic Acid.—8-Bromo-5-nitroquinoline (8-4 g.) and o-aminophenyl- 
arsonic acid (7-3 g.) were dissolved in dry amyl alcohol (50 c.c.), 
anhydrous potassium carbonate (6-3 g.) and traces of finely divided 
copper-bronze and iodine were added, and the mixture was kept at 
140—150° for 8 hours. The products isolated were (a) about | g. 
of a dark reddish-brown solid, m. p. ca. 200°, which was difficult to 
purify [Found : As, 13-4. Cale. for C,;H,,0;N,As (II) : As, 19-3%]; 
(6) 5-nitro-8-hydroxyquinoline (2-5 g.), m. p. 172—173°; and (ce) 
unchanged initial material. The same products were obtained 
when the reaction was carried out in the absence of traces of copper- 
bronze and iodine. 

5-Nitro-8-aminoquinoline.—A mixture of 8-bromo-5-nitroquinoline 
(14 g.) and saturated methyl-alcoholic ammonia (100 c.c.) was heated 
in a sealed tube at 140° for 4 hours. After cooling, the contents of 
the tube were added to excess of water, and the orange-red pre- 
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cipitate was filtered off and dried at 100°. It crystallised from 
benzene (yield 9-2 g.) in fine orange needles, m. p. 196—197° 
(compare Dikshoorn, Rec. trav. chim., 1929, 48, 520). 

0-5’-Nitro-8’-quinolylaminophenylarsonic Acid  (I1).—5-Nitro- 
8-aminoquinoline (6-3 g.) and o-bromophenylarsonic acid (9-4 g.) 
were dissolved in dry amy] alcohol (60 c.c.), and anhydrous potassium 
carbonate (6-3 g.) and traces of finely divided copper-bronze and 
iodine added. The mixture was kept at 140—150° for 10 hours, 
cooled, and the amyl alcohol removed by distillation in steam. The 
residual dark reddish-brown sotution was filtered, and the solid 
residue (A) extracted several times with small. amounts of boiling 
dilute sodium carbonate solution. The py, of the combined filtrates 
was adjusted with hydrochloric acid to 3—4; the bright yellow 
arsonic acid thereby precipitated recrystallised from acetic acid 
(70%) in stellate clusters of fine, flat, yellow needles, m. p. 264—265° 
(decomp.); yield 3-2 g. (Found: As, 19-5. C,;H,,0;N,As requires 
As, 19-39%). The solid residue (A) and the solid precipitated by 
water from the mother-liquors from the above crystallisation 
consisted chiefly of unchanged 5-nitro-8-aminoquinoline and 
o-bromophenylarsonic acid, respectively. 

The arsonic acid is practically insoluble in water and in the usual 
neutral organic solvents, but is readily soluble in a mixture of alcohol 
and hydrochloric acid and moderately soluble in acetic acid. It 
dissolves readily in dilute sodium and ammonium hydroxides to 
give orange-coloured solutions, and in mineral acids to give yellow 
solutions; the arsonic acid is reprecipitated from the acid solutions 
on dilution with water. Its acetic acid solution gives a brown 
precipitate with N/1000-iodine. The arsonic acid is not converted 
into the arsazinic acid (IV) by hydrochloric acid even on prolonged 
boiling (compare Gibson and Johnson, J., 1927, 2501). 

The sodium salt is very slowly precipitated in orange rectangular 
plates when concentrated sodium hydroxide solution is added to a 
solution of the arsonic acid in dilute alkali. The ammonium salt is 
slowly precipitated in sheaves of fine, orange, sharp-pointed needles 
in a similar way. The following salts are precipitable from an 
aqueous solution of the ammonium salt : calcium salt, bright yellow, 
gelatinous, insoluble in hot water; barium salt, bright yellow, 
crystalline, slightly soluble in hot water, sheaves of fine needles on 
cooling. The addition of magnesium sulphate solution causes the 
orange solution of the ammonium salt of the arsonic acid to become 
orange-red, but no precipitate is formed in the cold; the gelatinous 
orange magnesium salt is, however, precipitated on boiling. The 
following salts are precipitated in an amorphous condition and are 


insoluble in hot water : zinc salt, reddish-brown; silver salt, blood- 
3s 
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red, soluble in ammonium hydroxide solution to give an orange 
solution; lead and mercuric salts, bright red; ferric salt, dark 
brown; copper, nickel, and cobalt salts, vermilion. 

12-Chloro-10-nitro-5 : 12-dihydroquinbenzarsazine | Hydrochloride 
(II1).—o-5’-Nitro-8’-quinolylaminophenylarsonic acid (II; 2-5 g.) 
was dissolved in a mixture of alcohol (20 c.c.) and hydrochloric acid 
(15 c.c.; d 1-19), and a small crystal of iodine added. The clear 
reddish-brown solution was gently boiled, and sulphur dioxide 
bubbled through. In a few minutes the quinarsazine hydrochloride 
crystallised in stellate clusters of dark red feathery needles, which 
turned yellowish-brown at about 200° and melted at 258—260° 
(decomp.) (Found: N, 9-9; Cl, 16-8; As, 18-5. C,;H,)0,N,Cl,As 
requires N, 10-2; Cl, 17-3; As 18-3%). “Yield, 2-4 g. 

10-Nitroquinbenzarsazinic Acid (IV).—Finely powdered 12-chloro- 
10-nitro-5 : 12-dihydroquinbenzarsazine hydrochloride (2 g.) was 
boiled in acetic acid (10 c.c.) for a few minutes, cooled rapidly, and 
hydrogen peroxide (20 c.c.; 10-vol.) added. No reaction appeared 
to take place in the cold, but when warmed, the fine red suspension 
was gradually converted into a bright yellow compound, and the 
mixture was kept on the water-bath for 15 minutes to complete the 
oxidation. When cold, the yellow solid was filtered off (1:7 g.); 
it crystallised from much acetic acid in clusters of fine, small, 
yellow needles, which darkened slightly at about 300° but were 
unmolten at 310° (Found: As, 20-4. C,;H,,0,N,As requires As, 
20-2%). 

The arsazinic acid is practically insoluble in water and in the 
usual neutral organic solvents, but slightly soluble in acetic acid. 
It dissolves readily in dilute sodium or potassium hydroxide solution 
to give a bright yellow solution, which changes to red and then toa 
brilliant purple on the addition of concentrated caustic alkali; 
this change is reversible on dilution. In ammonium hydroxide 
solutions the corresponding colours are orange and bright red. In 
acetic acid solution, the arsazinic acid gives a dark brown precipitate 
with N/1000-iodine. The acid is readily soluble in sulphuric and 
nitric acids (yellow solutions), but is reprecipitated on dilution with 
water. It is slightly soluble in hydrochloric acid. On reduction 
in boiling alcohol-hydrochloric acid with sulphur dioxide it is con- 
verted into the dark red chlorodihydroquinbenzarsazine hydro- 
chloride (ITT). 

The gelatinous, purple potassium salt is precipitated from con- 
centrated alkali solution, and the purple sodium and the orange 
ammonium salt can be precipitated (the latter very slowly) in the 
same way. The following salts are precipitable from an aqueous 
solution of the ammonium salt : magnesium salt, yellow, gelatinous, 
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slightly soluble in hot water, crystallises on cooling in long, sharp- 
pointed needles ; the barium and calcium salts are yellow, gelatinous, 
soluble in hot water, and crystallise on cooling in sheaves of 
rectangular prismatic needles and clusters of fine, small needles, 
respectively. The following are insoluble in hot water : silver salt, 
violet, amorphous, soluble in ammonium hydroxide to a red solution ; 
mercuric salt, bright red, amorphous; lead salt, yellow, gelatinous, 
changes to red in boiling water and remains red on cooling; cupric 
salt, deep brick-red, amorphous; ferric salt, orange, gelatinous; 
zine salt, red, gelatinous ; nickel salt, brown, gelatinous; cobalt salt, 
reddish-brown, gelatinous. ; 


The author desires to express his thanks to the Court of the 
Grocers’ Company, London, for a scholarship which has enabled this 
work to be carried out. 


RoyaL COLLEGE oF PHySICIANS’ LABORATORY, 
EDINBURGH. [Received, May 28th, 1931.] 





CCLXV.—The Interaction of 2: 6-Dichloro-4-methyl- 
quinitrol with Methyl and Ethyl Alcohols. 


By Epwarp CHARLES SNELL JONES and JAMES KENNER. 


In a recent paper dealing with the decomposition of 2 : 6-diphenyl- 
6-nitrophenol (this vol., p. 1842), it was shown, on the one 
hand, that a substance of high molecular weight accompanied 
2 : 6-diphenyl-p-benzoquinone as a product of the reaction, and on 
the other, that the reaction was comparable with the decomposition 
of quinitrols. Our interest was, therefore, aroused by a well- 
crystallised compound, C,;H,O,Cl,, described by Zincke (Annalen, 
1903, 328, 261) as resulting from the decomposition of 2 : 6-dichloro- 
4-methylquinitrol (I) in boiling methyl-alcoholic solution, and which 
separated when the solution was allowed to cool. Not only had 
the nitrogen been entirely removed from the quinitrol in the form of 
methyl nitrite, but also two molecules of the quinitrol had been 
concerned in the formation of the new substance. A closer examin- 
ation by Suhl (Diss., Marburg, 1906; compare Zincke, Ber., 1911, 
44,186) revealed the presence of a methoxyl group, which apparently 
had taken the place of one of the four chlorine atoms originally 
present in the two molecules of the quinitrol. Taking into account 
Zincke’s preparation of what was regarded as a_ tetrachloro- 
methylene-p-benzoquinone (III) from (II), also by treatment 
with methyl alcohol, Suhl therefore concluded that the product 
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represented a bimolecular compound in some way derived from 


(III). 


Q q Q 
cl’ yc ci” Nor, ci’ \c 
ey, cl Jer ch a 

K pa 1 
NO, Me NO,” “Me CH, 
(L.) (II.) (III.) 


A repetition of Zincke’s preparation enabled us to isolate, in 
addition to the compound in question, no fewer than four other 
products which remained in solution in the methyl alcohol, and 
could be separated owing to their different acidities. The first 
remained unidentified—it was a strongly acidic substance, which 
yielded purple solutions with the weakest alkali. The second was 
soluble in sodium bicarbonate solution, and was easily identified as 
2 : 6-dichloro-4-nitrophenol (IV). The third, soluble in sodium 
carbonate, was 3 : 5-dichloro-4-hydroxybenzyl methyl: ether (V), 
whilst the fourth, extracted by sodium hydroxide, was identical with 
the quinol (VI) prepared in the usual manner from the original 
quinitrol. From the neutral residue a further small quantity of 
Zincke’s compound could then be isolated. 


OH OH 0 
cv » i ns cl’ Yl 
% Sy 
No, CH,OMe 

(IV.) (V.) (VI.) 


Analysis indicated that the molecule of this last compound con- 
tained two more hydrogen atoms than Zincke and Suhl had sug- 
gested, and, indeed, Zincke’s own analyses favour the same con- 
clusion. Furthermore, when Zincke’s compound was treated with 
concentrated hydriodic or hydrobromic acid, iodine or bromine, 
respectively, was liberated at temperatures below 100°. This 
indicated the presence of a quinonoid oxygen atom, since not merely 
can quinone itself be determined quantitatively by means of dilute 
hydriodic acid (compare Willstatter and Majima, Ber., 1910, 43, 
1172), but quinols also, e.g., (VI), are reduced by both hydriodic and 
hydrobromic acid (Auwers, Ber., 1912, 35, 443). Further treatment 
with hydriodic acid yielded a small amount of 3 : 5-dichloro-p-cresol, 
and as main product a phenolic compound which was further charac- 
terised by its benzoyl derivative. These facts led us to regard 
Zincke’s compound as 3’: 5’ : 6-trichloro-2-p-tolylory-2-methoxy- 
4-methylcyclohexa-3 : 5-dienone (VII), which would pass on reduction 
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in the first place to (VIII). From this, either 3 : 5-dichloro-p-cresol 
or methyl alcohol could be eliminated, and in the latter case 
3: 3’ : 5’-trichloro-5-p-tolyloxy-p-cresol (IX) would be produced. 
The elementary composition of our phenol and of its benzoyl deriv- 
ative were in agreement with this formula. 


Cl OH 
Me OH 4 MeO Cl 
Cl (X.) 
t Me 
_H OH 
Cl MeO Cl MeO p< 
MeK > —0- yal , Me oS yc (VIII.) 
Cl \Y/ Cl YZ 
(VII.) Me Me 
Cl OH 
MeOH + MeK >—0- cl 
Cl 
(IX.) Me 


The only product unaccounted for in this scheme is (X), which 
would be produced in only small amount corresponding to that 
of the dichloro-p-cresol, and then undergo demethylation to a 
chloromethyleatechol, and so not be readily isolated from the 
mixture. 

Zincke also studied the action of ethyl alcohol on his quinitrol, 
but merely recorded the formation of an oil in place of the crystalline 
product derived from methyl alcohol. A repetition of his experi- 
ment, however, has shown that an exactly parallel series of com- 
pounds is formed, the two methyl ethers being represented by the 
corresponding ethyl ethers. Of these, one agreed in properties and 
composition with those recorded for 3 : 5-dichloro-4-hydroxybenzy] 
ethyl ether by Mettler, who obtained it by electrolytic reduction of 
3: 5-dichloro-4-hydroxybenzoic acid in alcoholic solution (Ber., 
1906, 39, 2940). The composition of the second compound agreed 
with that of the ethyl ether corresponding to (VIII), and this 
constitution followed from the isolation of 3 : 5-dichloro-p-cresol, 
together with (IX), after treating the compound with hydriodic acid. 

Our conclusion agrees with that recorded by Pummerer and Cher- 
buliez (Ber., 1914, 47, 2964; 1919, 52, 1395) in regard to Zincke’s 
compound. The fact that its oxidising power is only half that 
required by the formula (III), and its agreement in properties with 
those of the dehydrophenols prepared by them by direct oxidation 
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of phenols, led them to regard this compound as dehydrotetrachloro- 
p-cresol (XI). 
C1Cl Me CICl 
sini 1 Ne | , 
= AO Me (XI.) 
‘4 Cl Cl 
The behaviour of the di- and tetra-chloroquinitrols is, therefore, 
initially the same, and the results only differ in the points of attach- 
ment selected by the respective radicals. 'The comparison shows that 
when a choice is possible, an ortho-quinolic is preferred to a para- 
quinolic structure, and this conclusion is further illustrated by the 
behaviour of 2:3: 6-trichloroquinitrol (XII), from which Zincke 
(loc. cit.) obtained a crystalline product; Suhl (loc. cit.) assigned a 
molecular formula C,;H,Cl,O, to this product, and converted it by 
treatment with hydriodic acid into a phenol, C,,H,Cl,O,. Allow- 
ance being made for the addition of two hydrogen atoms to the 
molecular formula of the initial product, as was shown to be necessary 
in the case of the dichloro-derivative, the results accord with the 
scheme : 


O Oo ad a O OMe Cl 
cl’ Nol os ‘ho Me cl Zo— Me 
‘ | ‘ 
cl i Ta 7 hy TC! 
Me NO - - 

(XIL)- 


OH J} Cl 
cl’ \-0< Me 
(XIII) 
a) Cre 


Me 


It should be added that Suhl characterised his phenol, to which we 
assign the formula (XIII), by its acetyl derivative. 

Since these three products, obtained directly from quinitrols, are 
dehydrophenols, it is highly probable that, just as the usual mode 
of formation of such compounds depends on the generation of a 
residue with an odd electron from phenols by loss of a hydrogen 
atom, so in the present instances the initial reaction is one of dis- 
sociation into nitrogen peroxide and a similar residue (compare also 
Pummerer, Ber., 1914, 47, 2964). The marked difference of the 
products in orientation and type from the quinones derived from 
nitrophenols, therefore, indicates that decomposition of these last 
does not proceed by direct dissociation. 

The formation of 2 : 6-dichloro-4-nitrophenol (IV) represents an 
exchange of hydrogen for methyl, and this, so far as we are aware, 
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has not previously been observed as a mode of transition from the 
quinonoid to the aromatic condition. We regard the methyl ether 
(V) as arising from 2 : 6-dichloro-4-methylenequinone, and since 
(VII) does not exhibit the same tendency to dissociation as Pum- 
merer and Cherbuliez observed in the case of (XI), it would seem that 
the methylenequinone must then be formed directly from the 
quinitrol in the manner contemplated by Zincke (II —> IT]). 


EXPERIMENTAL 


Decomposition of 2 : 6-Dichloro-4-methylquinitrol in Methyl-alcoholic 
Solution.—A mixture of the quinitrol (67-9 g.) with methyl alcohol 
(670 c.c.) was boiled for 2 hours in a reflux apparatus. By con- 
ducting the vapours evolved through a receiver at —40°, methyl 
nitrite (8 c.c.) was collected (compare Zincke, loc. cit.), and identified 
by its odour and b. p., — 12°. The cooled solution gradually 
deposited the compound described by Zincke (11-2 g., m. p. 155°), 
and a further quantity (6 g.) was isolated after concentrating the 
solution. Methyl alcohol and hydrogen chloride having been 
removed as completely as possible from the liquor by distillation on 
the steam-bath, the ethereal solution of the residue was washed with 
water, and then treated with dilute aqueous disodium hydrogen 
phosphate solution. The purple extract thus obtained became straw- 
coloured on acidification, and on extraction with ether provided a 
material which has not been closely examined, owing to the small 
quantities obtained. It may be remarked, however, that the purple 
colour characteristic of its alkaline solutions also developed when 
the material was shaken with ordinary distilled water. When the 
ethereal solution was successively extracted after this treatment with 
dilute aqueous sodium bicarbonate, sodium carbonate, and sodium 
hydroxide solutions (the last in an atmosphere of hydrogen), products 
of decreasing acidity were isolated. In order to make the separation 
sharper, each alkaline extract was acidified and shaken with ether, 
the ethereal solution so obtained again being then treated with the 
alkali appropriate to removal of any more strongly acidic material. 

The material extracted by sodium bicarbonate in this manner 
(5 g.) melted at 127° (decomp.) after crystallisation from ligroin, 
and did not depress the m. p. of an authentic specimen of 2 : 6-di- 
chloro-4-nitrophenol. 

The product soluble in aqueous sodium carbonate (14-0 g.) was 
purified by repeated crystallisation, and so obtained from ligroin in 
oblique, creamy-white plates, m. p. 68—71°, free from nitrogen, but 
containing chlorine. Its composition agreed with that of 3 : 5-di- 
chloro-4-hydroxybenzyl methyl ether (Found: C, 46-4; H, 3-9. 
C,H,O,Cl, requires C, 46-4; H, 3-9%). Its constitution follows by 
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analogy with that of the ethyl ether, isolated from a corresponding 
experiment with ethyl alcohol. The material soluble in aqueous 
sodium hydroxide melted at 123° after crystallisation from ligroin, 
and did not depress the m. p. of an authentic specimen of 2 : 6-di- 
chloro-4-methyl-y-quinol. The ethereal solution remaining after 
removal of these various products yielded a residue (7-0 g.) on 
evaporation, from which a further quantity of the compound, m. p., 
155°, could be isolated by treatment with methyl] alcohol. 

It should be mentioned that whilst the operation just described is 
representative, the actual yields depend very much on the conditions 
under which the original decomposition is carried out. As indicated 
by Suhl (loc. cit.), the proportion of the material, m. p. 155°, is 
greater under mild conditions of reaction. The most favourable 
yield (17 g.) was obtained when the quinitrol (38 g.) was warmed with 
methyl alcohol (190 c.c.) at the lowest temperature necessary to 
maintain evolution of methyl nitrite, and finally boiled for one hour, 
Solution was not complete at any stage of this experiment. Pum- 
merer and Cherbuliez (loc. cit.) record a similar experience in the case 
of the reaction with tetrachloromethylquinitrol. 

Investigation of Zincke’s Compound.—The material obtained from 
the preceding experiment melted at 157° after repeated crystallisation 
from methyl alcohol, and did not decompose or darken in the 
manner described by Zincke, but evolved gas when heated to 250° 
| Found : C, 51-4; H, 3-8; Cl, 30-6; OMe, 9-25, 8-9. C,,H,O,Cl,(OMe) 
requires C, 51-8; H, 3-8; Cl, 30-6; OMe, 8-9%]. The data recorded 
by Suhl (loc. cit.) are C, 51-8, 52-1; H, 3-8, 3-8; Cl, 30-7, 30-6; 
OMe, 8:8, 8-9%. 

When the compound (2 g.) was boiled in a stream of carbon 
dioxide with hydrobromic acid (b. p. 125°; 10 c.c.), bromine was at 
once liberated, and a crystalline material was deposited in a reflux 
condenser attached to the flask. This melted at 35—40°, and 
furnished a benzoyl derivative, m. p. 91°, and both were identified 
by direct comparison respectively with authentic 3 : 5-dichloro- 
p-cresol and its benzoyl derivative. The acid solution, however, 
darkened considerably on boiling, and the other products of the 
decomposition were more satisfactorily obtained when the original 
compound (5 g.) was heated with hydriodic acid (d 1-7; 20 .c.) ina 
stream of carbon dioxide at 80° until evolution of methyl iodide was 
complete. As in the previous experiment, 3 : 5-dichloro-p-cresol 
volatilised into the condenser together with iodine. After decant- 
ation of the acid from the gummy residue, the latter was dissolved 
in ether and treated successively with aqueous sodium thiosulphate 
solution and then with just sufficient aqueous sodium hydroxide to 
discharge the colour of the ethereal solution. When this was dried 
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and evaporated, the residue (4-2 g.) crystallised. It separated from 
methyl alcohol in well-formed colourless prisms, which melted at 
78—80° with loss of methyl alcohol, and then at 98—100° (Found, 
after the attainment of constant weight: C, 52-7; H, 3-5. 
C,,H,,0,Cl, requires C, 52-9; H, 35%). This 3: 3’ : 5’-trichloro- 
5-p-tolyloxy-p-cresol was very easily soluble in organic solvents, but 
with difficulty in aqueous sodium hydroxide owing to the sparing 
solubility of its sodium salt. It gave no colour with ferric chloride, 
and was characterised by its benzoyl derivative, which crystallised 
from alcohol in transparent well-formed prisms, m. p. 173° (Found : 
C, 59-8; H, 3-7. C,,H,,O0,Cl, requires C, 59-8; H, 3-6%). 

Decomposition of 2 : 6-Dichloro-4-methylquinitrol in Ethyl-alcoholic 
Solution.—A mixture of the quinitrol (5 g.) with ethyl alcohol 
(50 c.c.) was boiled for one hour in a reflux apparatus. Ethy] nitrite 
was collected as a product of the reaction, and identified by its b. p. 
18-5°, and odour. In agreement with Zincke’s observation (loc. cit.), 
no solid material separated from the resulting solution, and this was 
worked up in the manner described in the case of the reaction in 
methyl-alcoholic solution. A similar strongly acid material having 
been removed, 2 : 6-dichloro-4-nitrophenol (0-6 g., m. p. 127°) was 
isolated. The product soluble in sodium carbonate (1-3 g.) crystal- 
lised from ligroin in well-formed plates, m. p. 86° (Found : C, 48-9; 
H, 4-6. Calc. for CgH,,0,Cl,: C, 48-9; H, 4-55%). Its composi- 
tion was therefore that of 3: 5-dichloro-4-hydroxybenzyl ethyl 
ether, and a sample of this material prepared according to the direc- 
tions of Mettler (loc. cit.) agreed with our product in crystalline form, 
and did not depress its m. p. 2: 6-Dichloro-4-methyl-y-quinol 
(1-2 g.,m. p. 123°) was then isolated as before, and finally the neutral 
residue (0-9 g.) was purified by crystallisation from ligroin. In this 
manner, well-formed oblique plates, m. p. 125°, were obtained 
(Found: C, 53-15; H, 4:2. C,gH,,O,Cl, requires'C, 53-1; H, 4-2). 
The yield of this product was not improved when the proportion of 
ethyl alcohol used was halved, and the reaction carried out at the 
lowest possible temperature. 

In order to establish the constitution of this 3’ : 5’ : 6-trichloro- 
2-p-tolyloxy-2-ethoxy-4-methylcyclohexa-3 : 5-dienone, it (4 g.) was 
heated with hydriodic acid (d 1-7; 20 c.c.) in a stream of carbon 
dioxide at 110° until the evolution of ethyl iodide was complete. 
As in the other instance, iodine and 3: 5-dichloro-p-cresol were 
volatilised, whilst the residue in the flask yielded the same phenol 
(3 g.) as the parallel compound derived from methyl alcohol. As 
before, the m. p.’s, 78—80° and 98—100°, were observed after 
crystallisation from methyl alcohol, and identity of the two products 
was established in the usual manner. 

382 
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CCLXVI.—Adsorption of Nitrogen by Condensed 
Atomic Platinum. 


By 8S. H. Bastow. 


WuEN metallic wires undergo vaporisation by heating to high 
temperatures, the phenomenon termed ‘“‘ clean up” is frequently 
noted, in that a steady diminution of the pressure of any residual 
gas occurs. The cases of tungsten and molybdenum in the presence 
of nitrogen have been investigated by Langmuir (Z. anorg. Chem., 
1914, 85, 265; J. Amer. Chem. Soc., 1918, 41, 1139), and that of 
iron by Frankenburger (Z. physikal. Chem., 1928, 139, 386; Z. 
Elektrochem., 1929, 35, 9, 591). In the case of tungsten, a nitride, 
WN,, is formed in the gas phase; this condenses to a brown solid, 
decomposing thermally only at very high temperatures and reacting 
with water to give ammonia. With molybdenum two “ nitrides ” 
are apparently formed in the gas phase. On condensation, one, 
present in larger quantity, is found to be stable up to 360°, but 
the other liberates its nitrogen at room temperatures; the molyb- 
denum left on the glass undergoes a sintering process, and as a 
result the liberated nitrogen is not readsorbed on cooling. 

Frankenburger noted no “clean up” of nitrogen by iron, but 
hydrogen readily disappeared. Under optimum conditions, one 
atom of iron condensing on the liquid-air-cooled glass surface 
removes one molecule of hydrogen. When the “hydride ” is 
warmed to — 80° or to 0°, liberation of most of the hydrogen takes 
place and the iron undergoes a sintering process, so that, on re- 
cooling, a smaller quantity of ‘‘ hydride ”’ is re-formed or less hydrogen 
is occluded. 

The reaction mechanism differs from that of tungsten and molyb- 
denum in that the process is not a gas-phase reaction but occurs 
on condensation of the atomic iron. No “clean up”’ of nitrogen 
was noted by Frankenburger in the case of iron, and no synthesis of 
ammonia occurred in nitrogen—hydrogen mixtures, and he concluded 
that some activation of the nitrogen was necessary for this reaction. 

We can depict these processes by the formal equations 


(1) Fe (atom adsorbed) + H, —~> FeH, 
(2) FeH, —> Fe (sintered) + H, 
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and it follows that the source of the energy change in the two 
reactions is the energy set free in the sintering of the iron, which 
evidently depends on the initial and the final state of aggregation 
of the iron. 

In an investigation on the combustion of platinum (Wansbrough 
Jones and Rideal, Proc. Roy. Soc., 1929, A, 123, 202), it was noted 
that a slow clean up of nitrogen took place. It seemed of interest 
to examine this phenomenon in more detail because the formation 
of complexes of platinum with hydrogen is well known, and it 
seemed possible that an opportunity would be found in this case 
for examining how far the energy derived from the sintering of a 
metal could be rendered available for chemical reaction, either as 
energy of activation or, in addition, energy of reaction. 


EXPERIMENTAL. 


Apparatus, etc.—A looped platinum filament (A) was sealed with 
heavy platinum leads into a cylindrical glass bulb (B). The filament 
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was connected, in series with a lampboard and a rheostat, to a 
constant electric supply, and could thus be raised to any desired 
temperature. 

The bulb, into which nitrogen, hydrogen, or water vapour could 
be introduced from separate gas lines, could be evacuated through 
a high-vacuum line, consisting of a Langmuir mercury pump backed 
by a “Hyvac” pump. The pressure of gas in the system was 
measured by a sensitive McLeod gauge. The bulb and the gauge 
could be isolated from the rest of the apparatus by a mercury 
cut-off (C’), and together they served as the reaction chamber. It 
Was necessary to place a liquid-air trap (/) between the bulb and 
the rest of the system to prevent condensation of mercury and tap 
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grease on the filament. Small depositions of hydrocarbon on the 
filament, which were sometimes unavoidable, made the filament 
glow unevenly. A small quantity of oxygen, admitted while the 
filament was hot, burnt off the hydrocarbons. By expanding 
nitrogen at a known pressure into the system from the bulb (£), of 
accurately-known volume, the volume of the system isolated by 
the cut-off could be determined. A Dewar vessel full of liquid air 
was placed round the trap F; from the fall in pressure, the cor- 
rection due to cooling by the liquid-air trap was measured, and 
similarly for the bulb B. 

The nitrogen, prepared from sodium nitrite and ammonium 
chloride, bubbled through sulphuric acid and passed successively 
over red-hot palladised copper, calcium chloride, and phosphoric 
anhydride, and was finally stored in a bulb over the last reagent. 
Hydrogen, prepared by electrolysis of baryta, was purified and 
stored in the same way. 

The water vapour was obtained from a small bulb (D), partly 
filled with conductivity water. 

The resistance of the hot filament, which was balanced against 
that of a coil of known resistance immersed in an oil-bath, was 
measured by a Wheatstone’s bridge, operated by the heating current. 
A correction was made for the resistance and cooling effect of the 
leads, by using Langmuir’s figures (Physical Rev., 1930). The 
temperature of the filament is given by the equation 


R, = Ry (1 — 0-00398¢ — 0-00000058#") 
where R, = resistance of filament at ¢°, 
Ry _ ”? ? 99 9 0°. 


A check on these temperature measurements was made with an 
optical pyrometer, which was calibrated for reading the temperature 
of a glowing filament by observing the known melting points of 
various substances on a similar filament. From Langmuir’s figures 
for the vapour pressure of platinum (Physical Rev., 1914, 11, 377), 
the amount of platinum evaporated during each experiment could 
be calculated. 

Procedure.—The bulb B was evacuated and baked out for 3 hours 
at 300°, for 20 mins. at 400°, and then kept at 300°. When emission 
of gas had ceased, the filament was heated to about 1500° till it 
was completely out-gassed. The liquid-air trap was also baked 
out and then immersed in liquid air. 

The bulb was cooled to room temperature, a small amount of 
nitrogen admitted, and its pressure measured. The bulb was then 
immersed in a Dewar flask full of liquid air, and the pressure agail 
measured. The filament was heated to a suitable temperature, 
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and the fall in pressure of nitrogen recorded. The liquid air in the 
Dewar flask was kept at a constant level by adding fresh liquid air 
every 5 mins. during arun. Thus the amount of nitrogen adsorbed 
could be calculated, and its relation to the amount of platinum 
evaporated determined. The initial diameter of the platinum fila- 
ment was in all cases 0-075 mm., and its thinning during an experi 
ment was generally less than 5%. The rate of thinning, and thus 
the increase of resistance with constant current, was calculated for 
each temperature. By decreasing the current appropriately, the 
temperature of the filament was kept approximately constant. 

The results obtained are shown in Table I- It will be noticed 


TABLE I. 
Abs. temp. *Press. No. of mols. of No. of atoms of 
of filament decrease, N, adsorbed, Pt evaporated, N, adsorbed 
(approx.). mm. x 10-. x ig, a sere, Pt evaporated 
1600° 5-6 8-393 4:83 1-736 
1660 2-65 3°97 2-91 1-37 
1660 1-45 2-175 1-83 1-19 
1610 1-83 2-745 1-88 1-46 
1610 0-50 0-75 0-603 1-25 
1610 2°35 3-525 3°89 0-905 
1690 1-80 2-73 4-63 0-59 
1690 5-63 8-44 7-83 1-078 
1720 8-8 13-2 6-56 2-01 
+1650 1-80 2-77 4-10 0-676 
+1630 1-24 1-87 3-56 0-53 
+1680 2-24 3°37 6-37 0-53 


* Several bulbs were employed during the course of the experiments. 
+ In these experiments the nitrogen was admitted after the film had been 
laid down in a vacuum. 


that the ratio of platinum evaporated to nitrogen adsorbed is 
variable. This may have been due to one or both of two factors 
affecting the experimental error. 

(1) It was never possible to start an experiment with a clean 
glass surface, for a thick layer of platinum (probably some 50 
molecules thick) was deposited during the out-gassing of the 
filament. 

(2) The measurement of temperature was not precise. As the 
filament thinned considerably and unevenly during out-gassing and 
during an experiment, resistance-temperature curves could not be 
trustworthy, and checking with the optical pyrometer was unsatis- 
factory as it could not be read accurately to within 10—15°. Such 
a variation would mean a possible error of + 50% in the calculated 
amount of platinum evaporated. Nevertheless, the ratio of the 
nitrogen to platinum deposited is extraordinarily high and approx- 
mates to the value obtained by Frankenburger for iron and hydrogen. 

If the nitrogen in the system is completely cleaned up by the 
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platinum, and the bulb is kept in liquid air, no measurable desorp. 
tion of nitrogen takes place; but if the Dewar vessel containing 
the liquid air is removed from the bulb for only 30 secs., which 
allows of only very slight warming of the film through the glass, 
‘an appreciable quantity of nitrogen is liberated which is not re. 
adsorbed on cooling. If, on removal of the liquid air, the bulb is 
immersed in a water-bath and allowed to attain room temperature, 
all the nitrogen is given off, and less than 50% is readsorbed on 
cooling. More prolonged warming decreases the amount readsorbed, 
and if the bulb is baked out for 10 mins. at 200°, none of the nitrogen 
is readsorbed. 

There are, apparently, two distinct stages in the sintering of a 
film. On allowing the film to warm to a definite sintering temper. 
ature, above that at which it is condensed but still well below 0°, 
a certain definite amount of the nitrogen adsorbed is liberated 
irreversibly. This corresponds to a collapse of the presumably 
spongy structure of the film. 

On warming the bulb to room temperature for, say, a minute, 
and then re-immersing it in liquid air, only about two-thirds of the 
nitrogen is readsorbed, and practically the same net amount of 
nitrogen is readsorbed if the above process be repeated. Prolonged 
warming, however, sinters the film slowly, and after about one 
hour’s sintering only about one-fifth of the nitrogen is readsorbed 
on immersion in liquid air. The following figures were obtained 
for the fall in pressure in terms of 10-° mm. ‘of mercury : 


N, readsorbed after sintering at room temp. (15°) for 





N, adsorbed in - Sates 
forming the film. 1 min. 10 mins. 60 mins. 
4-48 1-28 1-20 0-82 
6-4 5-0 3-4 2-9 (16 mins.) 
7-60 4-4 2-8 2-0 
7-07 5-5 3-9 1-9 
3°56 1-83 0-40 0-10 


Similar experiments on films deposited successively on the same 
surface indicated that, although the first very rapid collapse still 
occurred, yet the second stage was slower. The following two series 
of three experiments were made successively on the same glass 
surface, the bulb being baked out between each experiment; the 


units are as before. 
Period of sintering. 





N, adsorbed. 1 min, 10 mins. 60 mins. 
6-13 2-43 2-0 1-3 
6-50 3-13 2-60 2-05 
4-83 2-65 2°20 1-90 
6-50 2-70 2-52 2-03 
7-10 3°46 3-02 2-62 


6-86 3°36 
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Experiments with unimolecular films of platinum were not suc- 
cessful, owing to the fact that considerable amounts of platinum 
were deposited during the out-gassing of the filament. A small 
movable glass shield was used to screen half the glass surface, but 
the heating effect of this screen during an experiment, and the 
slowness with which it cooled in the low gas pressures used, made 
the reading unsatisfactory. There were, however, indications that 
unimolecular platinum films sintered in much the same way as the 
thicker films. 

Effect of Adsorption on Chemical Behaviour.—The following experi- 
ments were made to test the effect of the active surface on the 
chemical behaviour of the adsorbed nitrogen. 

1. Action of water on adsorbed nitrogen. A large amount of 
nitrogen was adsorbed as before, and while the bulb was immersed 
in liquid air, a relatively large amount of water vapour was admitted 
to the reaction chamber, and condensed and frozen on to the film 
surface. The bulb was then sealed off from the rest of the apparatus 
and opened while still immersed in liquid air. The sides of the 
bulb were washed with conductivity water squirted in by a pipette, 
and after about 4 hour the water was removed and tested for 
traces of ammonia. Fresh Nessler solution was used, and the 
colour produced was measured by a sensitive colorimeter. This 
was checked against the colour given by standard solutions of 
ammonium chloride of approximately the same concentration. In 
all cases but one, ammonia was detected in measurable quantity : 
the following table shows the amount formed, together with that 
which would have been formed if all the adsorbed nitrogen had 
been reduced. The ratio between these two quantities (last col.) 
may be termed the “ efficiency factor.” 








NH,, g. x 10°. NH,, g. X 10°. 
Expt. Expt. = ~ 
No. Found. Cale. Ratio. No. Found. Cale. Ratio. 
l 2-59 4-42 0-59 5 14:6 17-65 0-83 
2 Nil 3°44 — 6 10-5 19-3 0-54 
3 9-0 16-3 0-55 9-3 13-6 0-68 
4 5-88 17-4 0-34 


In Expt. 2, the glass tubing was sucked in while being sealed off 
under a vacuum; a blast of hot air would thus be admitted to the 
film, which probably sintered. 

The most probable chemical reactions involved in the synthesis 
of ammonia from nitrogen and water in the presence of sintering 
platinum are 


(1) N, + 6H,O —> 2NH, + 3H,0, 
(2) N, + 6H,O + 3Pt —> 2NH, + 3Pt(OH), 
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It is possible that part of the oxygen is liberated in a reactive : 
form because, when the ammoniacal solution was tested with a V 
solution of potassium iodide and starch, a faint blue coloration was 
frequently observed, indicating the presence of an oxidising agent. c 
It was not possible to estimate this, for the colour was very faint, I 
but it was regarded as indicating that hydrogen peroxide or a higher 
oxide of platinum had been formed during the reaction. V 


In Expts. No. 5 and 7 the bulbs were already coated inside with I 
a thick platinum film. In fact, bulbs that had been used in previous ( 
experiments were washed, baked out, and used again. The average a 
of the efficiency ratio in these cases is higher than in the other I 
cases, in which only platinum condensed on the bulb during out- 
gassing was present before the run was started. 

(2) Action of hydrogen on adsorbed nitrogen. Experiments on the 
adsorption of hydrogen by the platinum film could not be rendered 
quantitative. On admission of a known quantity of hydrogen, 
there was an instantaneous adsorption of a small fraction of the 
gas. If the bulb was immersed in liquid air as soon as the filament 
glowed, there was a sudden large adsorption of gas, many times 
greater than in the case of nitrogen in any one experiment. A 
slower, but still large, adsorption followed. 

When the temperature of the filament was raised to a white 
heat, and the bulb baked out, the hydrogen could be desorbed. 
This would point to the filament adsorbing most of the hydrogen 
itself. Baking out of the bulb while the filaments were kept cold, 
however, resulted in the desorption of a large quantity of hydrogen, 
pointing to the definite combination of the volatilised and con- 
densed platinum with hydrogen. There was thus a possibility a 
that, if nitrogen and hydrogen were adsorbed by the cold platinum, § E 
ammonia would be formed. al 

Purified hydrogen was, therefore, admitted to the film, on which 
a large amount of nitrogen was adsorbed. As before, ammonia 
was estimated by Nessler solution, comparison being effected with 
solutions from blank experiments carried out with no nitrogen 
present at all (these gave values of 2 x 10-’ g.). The results are 
expressed as before in the accompanying table. 


aS me S&S et oO 





NH;, g. x 105. 


ae 





Expt. No. Found. Cale. Ratio. m 
l 1-0 1-86 0-54 se 
2 0-86 2-3 0-37 SI 
3 0-45 1-13 0-40 | 








On introduction of nitrogen and water vapour into the bulb, at 
liquid-air temperature, with the platinum film completely sintered, 
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no trace of ammonia was obtained; nor were similar experiments 
with hydrogen and nitrogen successful in producing ammonia. 

To test whether the nitrogen adsorbed by the spongy structure 
of the film was more active than that adsorbed by the more solid 
parts of the film, the following experiments were carried out. 

Nitrogen was adsorbed in the usual way, and the bulb was 
warmed to room temperature for 1 min. and then re-immersed in 
liquid air. Only a small fraction of the nitrogen was readsorbed. 
On adding water and testing for ammonia, only about 20% of the 
available re-adsorbed nitrogen had reacted to give ammonia. 
Results of two experiments are given below : 


N, readsorbed 


N, originally after collapse of NHsg, NHs, cale. from 
adsorbed, spongy structure, found, N, readsorbed, 

a. x 38". g. X 30°. a. x, 30%, g. x 10%, Ratio. 
1-65 1-03 4-6 12-5 0-37 
1-73 0-93 3-3 11-3 0-29 

Discussion, 


The experiments described indicate that platinum atoms adsorbed 
on a cooled surface in an unsintered or partially sintered state, 
possess the power of occluding or combining with both nitrogen 
and hydrogen at low temperatures. On elevation of the temper- 
ature, sintering takes place, resulting in the liberation of the gases. 
The reaction in the case of nitrogen may thus be formulated 


(1) Pt (atom adsorbed) + N, —~+> PtN,, 
(2) PtN, —~> Pt (sintered) + Ng, 


and is in every way analogous to the case of iron and hydrogen. 
Even partially sintered platinum may retain nitrogen and liberate 
and readsorb it reversibly. 

Whilst these two reactions are coupled, the energy set free is 
dependent’on the initial and the final state of division of the platinum. 
It is clear that even isolated platinum atoms adsorbed on a glass 
surface are not completely unsaturated, and that the sintered 
material is not in a macro-crystalline state. 

The heat evolved in (1) and (2) will thus be variable, and it is 
difficult to decide, in calorimetric experiments on heats of adsorp- 
tion, how far the second reaction does not occur with reactive 
metals. It is certain that the critical energy increment for the 
second reaction when the original platinum is highly disperse is 
small, for gas liberation and sintering will occur at temperatures 
well below 0°, and it is possible that the heat evolution would be 
by no means inconsiderable. No information has been obtained as 
to how far the assemblage of platinum atoms may proceed to the 
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crystalline state and still retain the power of taking up nitrogen in 
the stoicheiometric ratio. In the presence of hydrogen, ammonia 
is formed. If Frankenburger’s experiments with iron may be taken 
as analogous, the hydrogen must also be adsorbed. Since thie 
process is exothermic, the reaction 
(3) PtN, (adsorbed) + PtH, (adsorbed) + 2H, —~> 

Pt (sintered) -+ 2NH, 
might be imagined to proceed with a critical energy increment 
identical with that necessary for decomposition according to 
reaction (2), one much less than for the direct catalytic formation 
of ammonia. . 

The experiments with water vapour indicate, however, that 

endothermic reactions can take place, for the reaction 

N, + 6H,O + 3Pt —> 2NH, + 3Pt(OH), 
requires some 92-6 kg.-cals. per g.-mol. of nitrogen, a direct con- 
firmation that the free-energy change on sintering in reaction (2) 
in no way differs from the free energy of an ordinary chemical 
reaction. 

The finely divided platinum is thus not acting in a catalytic 
manner, but as a source of energy resulting from the process of 
sintering. Under suitable conditions this energy may supply the 
critical energy increment for a catalytic reaction, or the critical 
energy increment and the necessary energy for an endothermic 
reaction. 

Although the efficiency factors for the ratio of nitrogen adsorbed 
to ammonia formed cannot be regarded as strictly reproducible, 
yet the factor is some 60°% with the most active unsintered deposits, 
and only some 30% with those partially sintered, thus supporting 
the contention that the energy changes involved in reactions (1) 
and (2) are dependent on the initial and the final state of aggregation 
of the platinum, and that the chemical reactions necessary for the 
formation of ammonia require a definite minimum amount of energy, 
which may or may not be attained in the elementary reaction, viz., 
the partial sintering of platinum. 


Summary. 


It is shown that platinum, when condensed in a thin film on 4 
very cold glass surface, adsorbs nitrogen strongly. A roughly 
quantitative relation is established. 

The structure of the film and the effect of heat upon it are 
examined. 

The adsorbed nitrogen is shown to react with hydrogen or water 
to form ammonia. 
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CCLXVITI.—Influence of Directing Groups on Nuclear 
Reactivity in Oriented Aromatic Substitutions. 
Part II.* Nitration of Toluene. 


By CHRISTOPHER KerLtk INGoLD, ARTHUR LAPWoRTH, EUGENE 
RorTHstern, and Dents WarRD. 


Untit four years ago, data for the proportions in which isomerides 
are simultaneously formed in aromatic hydrogen-substitutions 
contributed the only direct, quantitative experimental basis for the 
numerous theories of the process which had at various times been 
advanced. At the period mentioned the broad lines of the modern 
view had been laid down; and not only was this view no exception 
to the preceding statement, but also many theoretical details which 
have subsequently been filled in have arisen from the determination 
of further data of the same type. In 1927, however, the view that 
continued development of the theory would require the consideration, 
not only of proportions of isomerides, but also of relative velocities 
of substitution, led to the publication of Part I (Ingoid and Shaw, 
J., 1927, 2918), in which data of the latter kind were submitted for a 
number of benzene derivatives having single orienting substituents 
of widely differing structural types. 

Proportions of isomerides, which are also ratios of their rates of 
formation, are regarded as giving only the ratios of magnitudes 
which individually relate to the effect of the substituent on reactivity 
at the different nuclear positions. The speed of total substitution 
relatively to that of benzene, in short, the “‘ reduced ”’ velocity of 
substitution, yields the sum of such magnitudes. Only when both 
the ratios and the sum are known can the individual effects be 
defined, and the influence of the substituent on nuclear reactivity 


* The first of these studies, called Part I in the text, was published in 
another series under the specific title ‘‘An Attempt further to define the 
Probable Mechanism of Aromatic Substitution.”’ 

+ This is true provided that the simultaneous substitutions are reactions 
of the same order and are irreversible, which are the conditions contemplated ; 
it is known that normally these conditions are fulfilled for nuclear nitration 
and halogenation. 
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be described. As an example, quantitative data have long been 
available which show that, on nitration, for instance, toluene and 
chlorobenzene both give very greatly preponderating amounts of 
op-isomerides ; but velocity measurements show that the effects 
are nevertheless not parallel, op-reactivity being increased by the 
orienting substituent in the one case and diminished by it in the 
other; moreover, the compound with smaller op-reactivity gives 
the higher proportion of op-isomerides. The examples illustrate 
two of the very small number of recognised modes of genesis of 
orientation (each corresponding with a distinctive form of nuclear 
reactivity) which were discussed in Part I, where conclusions con- 
cerning their space- and time-relations will be found.* 

In order to obtain a numerical measure of the influences of an 
orienting substituent on reactivity in relation to substitution at an 
individual nuclear carbon atom, a quantity, called the “ coefficient 
of activation,” was defined in Part I as the factor by which the 
introduction of the directing group increases the probability of 
substitution at that atom during a small element of time under the 
conditions of comparison. We now suggest the alternative term 
“* partial rate factor ” as a designation less likely to cause a confusion 
of ideas when it becomes necessary to consider the relation of these 
factors to critical energy increments (energies of activation). Statis- 
tical requirements must be borne in mind, but these factors are 
readily calculated from the proportions of simultaneously-formed 
isomeric substitution products and the reduced velocity of the total 
substitution. 

In Part I, no attempt was made to establish standard values for 
the reduced velocities or partial rate factors, because these were 
found to vary so greatly from case to case as to render that unneces- 

* These have since been developed, in that the idea, which was only lightly 
touched upon in Part I (p. 2918, footnote), of regarding the external field as 
contributing, along with the internal field, to the permanent state of polaris- 
ation, was made definite a few months later (Ingold and Vass, J., 1928, 417; 
compare Lapworth and Robinson, Mem. Manchester Phil. Soc., 1928, 72, 
No. 4), and has been explicitly embodied in subsequent restatements (¢.9., 
Ree. trav. chim., 1929, 48, 797). Pursuing the examples in the text, the 
nuclear activation of toluene and deactivation of chlorobenzene are now 
attributed to the collaboration of the internal and external contributions 
to the permanent polarisation + (IJ + D). 

One further amendment, also in the nature of according explicit recognition 
to a factor which in 1927 was only suspected, is now necessary. This concerns 
the time-variability of the electromerie (tautomeric) effect (7'), and arises 
from the circumstance that the possibility (indicated in parentheses in Part I, 
p. 2923, line 25) of a static residuum has since become a very definite 
probability (dipole moments, recent data). 

The authors of Part I wish it to be understood that their present views 
embody these developments. 

















_—A ait 


‘E OF 


been 
and 
ts of 
tects 
r the 
1 the 
ives 
trate 
is of 
clear 
con- 


f an 
it an 
sient 

the 
y of 
* the 
berm 
sion 
hese 
atis- 

are 
med 
otal 


; for 
vere 
CeS- 


zhtly 
ld as 
laris- 
417; 
, 22, 
(€.9+ 
. the 
now 
tions 


ition 
-erns 
rises 
rt 4 
inite 


iews 



























































DIRECTING GROUPS ON NUCLEAR REACTIVITY, ETC. PART II. 1961 


sary in a preliminary general survey of the field. The case of 
toluene, however, is of rather special interest from a theoretical 
view-point, and it has since been studied in some detail. 

The definition of partial rate factor clearly implies the possibility 
of the variation of this magnitude with experimental conditions of 
the substitution, and one of the general questions we hoped to 
answer by a detailed study of the nitration of toluene concerns the 
extent of this possible dependence on conditions. The experimental 
conditions which are most likely to be of importance in this con- 
nexion are : (1) the nature of the nitrating agent, (2) the composition, 
and relative quantity, of the solvent, and (3) the temperature; and 
although the whole of the intended ground has not yet been covered, 
we are able to submit the following evidence. 

First, we have determined the reduced velocity, and the partial 
rate factor, to the limits of accuracy of the available analytical 
methods for one particular group of experimental conditions, 
namely, for nitration by acetyl nitrate, either in acetic acid alone 
as solvent, or in the presence of various excesses of acetic anhydride, 
at 30°. We find that there is little if any change in these constants 
to correspond with the changes in the composition and proportion 
of solvent within the range indicated (condition 2, above). Secondly, 
treating the above group of conditions as a point of departure for 
more extended alterations, we have (a) changed the nature of the 
nitrating agent and solvent altogether (conditions 1 and 2), retaining 
the above temperature, and (b) changed the temperature (condition 
3), retaining the original nitrating agent and solvent; but, at 
present, we are able to submit only approximate determinations 
corresponding to these changes. It will be understood that the 
necessity for maintaining homogeneous solutions in measurements 
of velocity considerably limits the choice of solvents, whilst the 
stabilities of reagent-solvent mixtures and the reaction velocities 
themselves both limit the available temperature range. As to (a), 
the reagent and solvent were altered to nitric acid in nitromethane, 
and as to (6), the temperature was changed to 0°. Alteration (a) 
led to the reduced velocity, and to coefficients of activation which 
were identical with those pertaining to the standard conditions to 
well within the presumed limits of precision. Alteration (b) yielded 
a slightly higher reduced velocity and generally higher coefficients 
of activation; but the differences were small, and are revealed most 
clearly by a statistical consideration of the results. In this con- 
nexion, mention may be made of a speculation, which, to some 
extent, is encouraged by the discovery (Bradfield and Jones, J., 
1928, 1006, 3073; Bradfield, Jones, and Orton, J., 1929, 2810) that 
in o- or p-substituted alkyloxybenzenes the two substituents con- 









1962 INGOLD, LAPWORTH, ROTHSTEIN, AND WARD: INFLUENCE OF 


tribute characteristically and additively to the logarithm of the 
velocity of nuclear halogenation ; it is that the partial rate factor (F) 
may vary with temperature in such a way that AH = RT log, F is 
constant or approximately constant. The hypothesis implies that 
the AH’s might be interpreted as differences between the activation 
energies of the partial reactions (e.g., of toluene and benzene) to 
which the F’s relate, or, in other words, that they measure the 
“internal activation’ by the substituent (e.g., methyl) for the 
partial nuclear reactions of the benzene derivative (e.g., toluene). 
Our results are not inconsistent with this suggestion, but more 
accurate data will be required finally to prove or disprove it. For 
the present, the conclusion is merely that the investigated alterations 
in the nitrating agent, in the solvent, and in the temperature, lead 
to no great change either in the values of F or in those of AE. 

For the most fully investigated group of conditions (nitration by 
acetyl nitrate at 30°) the reduced velocity was found to be 23. The 
derived values of F and of AE (the latter in kg.-cal.) are as follows : 


F ortho = 40 Feta = 3-0 Pyare = 51 
AE ortho = + 2-21 AE meta = + 0-66 AE para =+ 2-36 


For the other sets of conditions all values are identical with the 
above, except the last significant figure, which in these cases may 
not be accurate (see Table X VIII). 

From the figures in the table, it is seen that the speed of substitu- 
tion in all the nuclear positions of toluene, including the m-positions, 
is increased (the corresponding speculative statement is that all 
positions, including meta, are internally activated by the methyl 
group); and to this extent the results support the conclusion in 
Part I relating to the origin of the meta-substitution product to 
which the nitration of toluene gives rise. 


(By ArtHUR LAPWORTH.) 


The writer, with one of his pupils, had been carrying out experi- 
ments on nitration of toluene for nearly a year on lines somewhat 
similar to those adopted by Ingold and Shaw when their communic- 
ation (Part I, loc. cit.) appeared. A generous offer was made to him 
that further work on the subject should be done in collaboration, 
but he has to confess that his contribution towards the laborious 
and careful work described in the experimental section has been but 
slight. He approaches the theoretical aspects of such work from a 
standpoint appreciably different from that of his colleagues, and in 
the circumstances some statement of his attitude to certain points 
raised in this paper and in Part I seems necessary. 

Dimethylaniline is but incompletely sulphonated when heated 
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f the with 5 molecular proportions of ordinary sulphuric acid for 12 hours 
wr (PF) at 180° (Evans, P., 1895, 11, 235). Yet, as is well known, benzene 
Fis is readily sulphonated by this agent even at 100°. In order to bring 





that about substitution in dimethylaniline in presence of excess of 
ation sulphuric acid at 100°, the potency of the sulphonating agent must 
e) to be raised by addition of sulphuric anhydride, in which case a large 
>» the proportion of meta-sulphonic acid is formed. 
- the This clearly shows that conversion of the dimethylamino-group 
ene). into the salt-constitution, where it functions mainly as a meta- 
more directive group, is associated with a complete or almost complete 
For deactivation of the meta-positions as well as the ortho- and para- 
tions positions towards ordinary sulphuric acid, which is quite incompatible 
lead with any doctrine demanding that introduction of a substituent 


into the nucleus of benzene gives rise to an alternate increase and 
n by decrease in the speed of substitution at the positions taken in order 
The round the nucleus. 

Armstrong, in discussing these and other data (P., 1899, 15, 178), 
did not specifically direct attention to this self-evident conclusion. 
If, however, his brief statement be read in conjunction with Miss 
36 Evans’s statement, to which he makes precise reference, it will 
the hardly be doubted that his idea was substantially the same as that 
which is probably held by most authorities on aromatic substitu- 


Ws : 


ne tion at the present time, namely, that meta-directive substituents 
titu- may exercise a depressant effect on substitution at all positions in 
ions: the aromatic nucleus, but less at the meta-positions than elsewhere. 
t all Whilst it is true that those monosubstitution derivatives of 
thyl benzene which are most highly resistant to substitution yield large 
7+ proportions of meta-diderivatives, and that those which most 
ate readily suffer substitution yield mainly ortho- and para-derivatives, 

evidence is lacking that any exact parallelism exists between velocity 

of substitution and “ directive power.” There is, in fact, proof to 

the contrary, as some halogeno-derivatives of benzene are attacked 
-" more slowly than benzene but nevertheless yield only very small 
vhat proportions of meta-nitro-derivatives. Explanations have been 
ihe offered of their apparent departure from a general rule (compare 
him Ingold and Shaw, loc. cit., pp. 2918, 2922, 2923; Shoppee, J., 1930, 
ne 96s /), and the present author favours the idea that both in toluene and 
aes inchlorobenzene the inherent tendency of all the nuclear carbon atoms 
but to react with a substituting agent which comes within their sphere of 
ola influence is greater than in benzene, but that the field external to the 
din molecule of chlorobenzene opposes the outward movement of the 


electrons in the first stage of the actual process of substitution. 
These ideas are speculative; but the circumstance that no other 
kind of explanation can be offered at the present juncture makes it 


ints 
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desirable to maintain reserve in deducing from “ partial rate factors ” 
of orders so small as 2, 3, or even 100, any conclusions relating to 
the electron density, or fugacity at the atoms in the aromatic nucleus. 

The writer follows Conant and his co-workers (J. Amer. Chem. 
Soc., 1925, 47, 480) in believing that comparison of reaction velocities 
of two different molecules with a given agent is at present of little 
service from the theoretical standpoint unless the ratio of velocities 
is very large. 

Nevertheless, any comprehensive theory of the relationship 
between reaction velocity, temperature coefficients, and “‘ directive 
effects ” must ultimately be qualitatively and quantitatively con- 
sistent with data such as are submitted in the present paper, and, 
for this reason, these data will have a value which is not in the least 
affected by any divergence of opinion as to their present theoretical 
tractability. 

EXPERIMENTAL. 
(1) General. 

(1, i) Preliminary Considerations—The measurements here 
recorded are designed to yield two kinds of data applying to cor- 
related experimental conditions. The first relates to the ratio of 
the rates of substitution of toluene and benzene in simultaneous 
nitration. This is, in general, not the same as the ratio of the 
quantities of the mononitration products of toluene and benzene 
formed simultaneously in a finite time-period, but it may be calcul- 
ated therefrom if certain auxiliary data are known. The principal 
experimental measurement is, however, the quantity-ratio, and this 
was made by two completely independent methods. The first 
(Section 2) involved measurements of a physical property, viz., 
density, of the mixed mononitration product; and the second 
(Section 3) consisted in observations of the amount of bromine taken 
up by the mixed amines formed from this product by reduction. 

The second group of data relates to the ratios of the speeds of 
formation of the isomeric mononitrotoluenes, and these are the same 
as the ratios of the quantities of isomerides simultaneously formed. 
These measurements were also made by two completely independent 
methods. The first (Section 4) involved oxidation of the mixtures 
of nitrotoluenes to nitrobenzoic acids, and analysis of these by 
determination of their solubility in solutions saturated with respect 
to two isomerides; and the second (Section 5) consisted in the 
application of thermal analysis, after a preliminary study of the 
ternary freezing-point diagram for the three isomeric nitrotoluenes. 

With regard to the experimental conditions of nitration, we have 

studied the effect of alterations of the nitrating agent, the medium, 
and the temperature. Practical considerations render these factors 
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ors” | tosome extent interdependent. For instance, the solvent employed 
ig to fin conjunction with a given nitrating agent must be such as to ensure 
leus. | a homogeneous solution at all stages of nitration, since otherwise 
‘hem. | ratios of quantities can yield no information as to ratios of rates. 
sities | One nitrating agent used was acetyl nitrate, which was employed in 
little | conjunction with acetic acid only as solvent, and also with various 
sities | amounts of acetic anhydride. Absolute nitric acid was taken as a 
second nitrating agent, but some difficulty was experienced in the 
ship ff choice of a solvent for it, since many are attacked or fail to maintain 
ctive | homogeneity, and some, like acetic acid, promote side reactions in 
con. | which the nitric acid oxidises, and/or nitrates, toluene in the side 
and, — chain. Two solvents, viz., acetonitrile and nitromethane, were, 
least | however, found which led to smooth, homogeneous nuclear nitration, 
tical] —| without side reactions; but in the first of these the velocities were 
rather inconveniently low, and therefore only nitromethane was used 
in the quantitative experiments. Reaction velocities, and the 
stability of nitration solutions, restrict the available temperature 
range, and we found 30° and 0° near the limits of convenience for 


here 

cor. | our reagents and solvents. 

i of (1, ii) Materials—Benzene and toluene, both free from sulphur, 
eous | Were purchased. The former was stated to be pure and suitable 


the | for direct use in M.W. determinations, and it had a sharp f.p. It 
was, therefore, used without further treatment. All our samples of 


zene 
Icul. | toluene, however, although purchased as pure, had distinct b. p. 
sipal f T@nges (usually exceeding 1-0°), and they were therefore purified by 


this | Partial freezing; the recovered material, about one-quarter of the 
first original, was dried with calcium chloride and with sodium, and 
redistilled. This greatly improved the b. p., and we have experi- 





viz., 

‘ond — mental evidence that without this purification our results would 
iken — have been much less consistent than they are. The precaution was 
‘ion. | deemed necessary for a reason which may be illustrated by the 


is of | Statement that, if in the experiments recorded in Section 3 the 
ame — ‘luene had contained 0-1% of a much more rapidly substituting 
slik impurity (e.g., a homologue), the nitrotoluenes produced might have 
Jent | Contained up to 2-5% of unrecognised impurities. 

The purchased nitric acid was free from sulphur and halogens, and 
. by had d 1-52. In some experiments it was used directly, whilst for 
pect others it was redistilled with excess of pure sulphuric acid before use. 
the | Lhe acetic anhydride, which was purchased, was free from phos- 
the phorus, whilst the nitromethane, prepared by ourselves, was care- 
fully purified and dried. Possible effects due to nitrous acid are 


ures 





nes. 
rave | “alt with specially in Section 3 (vi). 
‘um, (1, iii) Nitrations.—(a) By acetyl nitrate. The acetyl nitrate 





solution was prepared below 0° using either anhydrous nitric acid or 
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acid of d 1-520. If no excess of acetic anhydride was to be present, 
the amount of this taken was the equivalent of the anhydrous nitric 
acid or of the nitric acid and water present in the aqueous acid of 
d 1-520; and predetermined excesses of acetic anhydride were 
calculated, in either case, on the same basis. The nitration reagent 
mixture was kept at 0° until just before it was required, and then 
(after a partial temperature adjustment for nitrations at the higher 
temperature) was added as rapidly as possible either to a mixture 
of benzene and toluene (in the experiments of Sections 2 and 3), or 
to toluene alone (in those of Sections 2, 4, and 5). During the 
addition, and for 2 hours thereafter, the mixture was rapidly stirred 
and the temperature was adjusted by surrounding the flask with 
water, ice, or a freezing mixture, as required. The product was 
worked up as described in Sections 2—5. The temperatures usually 
varied by a few degrees, but we endeavoured to maintain a constant 
upper limit of temperature, and it is that which is quoted in the 
relevant tables. 

(6) By nitric acid. A mixture of anhydrous nitric acid and dry 
nitromethane was used for nitration in the same manner as the 
acetyl nitrate solution (Section 1, iii, a), except that 20 hours were 
allowed for the progress of nitration. The product was worked up 
as described in later sections. During the course of these nitrations 
a deep red colour was developed which could be destroyed at any 
time by the addition of water. This appears to be a general 
phenomenon in the nitration of aromatic hydrocarbons by nitric 
acid and nitromethane, which, without the hydrocarbons, give no 
colours or marked thermal effect on admixture. A similar, but 
less pronounced colour accompanies nitration by nitric acid in 
acetonitrile, and this also disappears as soon as the reaction is 
arrested by the addition of water. It is hoped later to investigate 
these colours in relation to the part played by such solvents in 
nitration. 


(2) Relative Rates of Nitration of Toluene and Benzene (Density 
Method). 


(2, i) Preparation of Samples.—(2, i, a). The nitration product 
(Section 1, iii, a) was poured on ice, and the mixture, after being 
kept over-night to ensure decomposition of the acetic anhydride, 
was extracted three times with pure ether. The extract was washed 
with water and with sodium hydrogen carbonate until free from acid, 
and then twice more with water. All aqueous washings were 
extracted with a little ether, and the extract was washed with a 
little sodium hydrogen carbonate and water, and combined with the 
main extract. After being dried, the bulk of the ether was removed 
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by slow distillation through a tall column, and the residue was 
distilled to constant density (Section 2, ii). 
(2, i, 6). The nitration product (Section 1, iii, b) was poured into 











water, and extracted well with pure ether. The extract was treated 
as described in the preceding paragraph, except that the washing 
with sodium hydrogen carbonate was replaced by three washings 
with 10% sodium hydroxide in order to remove the nitromethane. 

(2, ii) Distillation to Constant Density.—-This method was used by 
Ingold and Shaw (loc. cit.), but we have improved the process with 
the aid of a special still-head, which permits a more accurate isolation 
of the mononitration product. The mixture, consisting of a little 
ether, much benzene and toluene, smaller amounts of nitrobenzene 
and nitrotoluenes, and a little ‘‘ residue ” (coloured matter possibly 
containing dinitro-products), was distilled under reduced pressure. 
The still consisted essentially of a Claisen flask, the bent limb of 
which was replaced by a sealed-on water-jacketed fractionating 
column. The lower half of this was an ordinary jacketed column, 
but the upper portion was a double-surface column and both the 
inner and the outer surface were furnished with jackets. Through 
these jackets constant-temperature water could be passed, and, for 
each distillation pressure, suitable jacket temperatures were known. 
The distillations occupied about 2 hours, during which the flask 
was immersed up to the bottom of the single-surface column in 
glycerol at 70—90°; the pressures were usually between 13 and 
18mm. By weighings and density measurements it was shown that 
this process completely eliminates ether, benzene, and toluene, 
without any appreciable loss of nitro-compounds. These nitro- 
compounds (containing “ residue ”’) were now distilled, at 5—9 mm., 
from a small Claisen flask through a long water condenser, which 
was furnished with a means of rapidly altering the temperature of 
the water, and was cleared at the end of the process with warm 
water from the crystallised p-nitrotoluene. In order to avoid loss 
of the latter, the flask, whilst still in the glycerol bath, was at this 
stage swept out with dry carbon dioxide at about 0-5 atm., and for 
the same reason the side arm and condenser were finally washed out 
with the whole distillate. The density was found, and the process 
repeated until it remained unaltered by further repetition. In the 
case of the nitrations at 0° the “‘ residue ’’ was seen, after the first 
distillation at 5—9 mm., as a dry dark stain; in nitrations at 30°, 
it appeared as a small patch of tar, but a second distillation reduced 
it to a dry stain. 

(2, iii) Density Determinations.—Glass pyknometers (10 c.c.) were 
used with similar counterpoises. The settings were made in a 
thermostat, which throughout the whole series of measurements 








worked within the range 30-25° + 0-05°. The standard of reference 
was boiled-out distilled water at the same temperature. Since all 


that was required from these measurements was an empirical 
analytical index, we did not correct for buoyancy and have not 
reduced the observations to the standard form dy. 

(2, iv) Density-composition Relation.—Benzene and toluene were 
nitrated under the conditions indicated in cols. 3, 4, and 5 of Table], 
and the products were distilled to constant density (col. 6). The 
products of nitrations 4, 5, and 6, and that of nitration 1, were used 
to make mixtures, the densities and compositions of which are given 


in Table IT. 
TABLE I. 
Expt. No. Hydrocarbon. Reagent. Solvent. Temp. d.® 
l Benzene AcNO, Ac,O 0° 1-1986 
3 - HNO, MeNO, 30 1-1989 
3 Toluene AcNO, Ac,O 0 1-1524 
4 ” ” ” 0 1-1524 
5 na a Pa 0 1-1520 
6 ” ” ” QO: 1-1523 
7 ” ” ” 30 1-1523 
8 ” ” ” 30 1-1524 
9 is HNO, MeNO, 30 1-1529 
10 # i - 30 1-1528 
* Uncorrected (see above). 
TABLE II. 
C,H,'NO,, weight % 0-00 1-40 3°84 6-39 9-60 
DORIA | saicgonecvecenps 1-1523 1-1528 1-1539 1-1550 1-1565 
C,H,;'NO,, weight % 10-69 17-23 23-21 59-60 100-00 
DORBIGY . cccssvvcccesece 1-1570 1-1599 1-1626 1-1701 1-1986 


The data contained in Table II give an accurately linear plot 
(d = 1-1523 + 0-000463 p), of which the portion utilised in this 
work is that between 0% and 15% of nitrobenzene. Strictly, the 
curve applies only to nitrations with acetyl nitrate at 0°, but refer- 
ence to Table I, nitrations 7 and 8, shows it can also be used to 
analyse products of nitration by the same reagent at 30°. Similarly, 
the curve can be used for the products of nitrations with nitric acid 
in nitromethane at 30°, provided that the correction, 1-2°%,, deduced 
from nitrations 9 and 10, be subtracted. 

(2, v) Constancy of Composition.—It was necessary to show, not 
only that the process of distillation to constant density eliminated 
all substances other than the mononitro-hydrocarbons, but also that 
it did not create some systematic alteration in the internal com- 
position of the latter. The following tests may be quoted as evidence 
of this. 

The artificial mixture (18 g.) having d 1-1550 (Table II) was mixed 
with 18 g. of benzene and 1 g. of toluene, and the whole was then put 
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through the standard distillation process. The densities were : 
lst dist., 1-1548; 2nd dist., 1-1550; 3rd dist., 1-1550. 

The artificial mixture (10 g.) having d 1-1599 (Table I1) was mixed 
with 1 g. of benzene and 10 g. of toluene, and the whole was similarly 
distilled. The densities were: Ist dist., 1-1597; 2nd dist., 1-1597. 

(2, vi) Results: Yields and Compositions of Mononitro-products 
(Density Method).—These are recorded in Table IIT, cols. 2, 3, and 4 
of which relate to the conditions of nitration (reagent, solvent, 
temperature). Col. 5, in conjunction with the footnote, indicates 
the quantities of benzene and toluene which were nitrated together. 
(ol. 6 records the yields of total mononitro-products, col. 7 their 
densities after distillation to constant density, and cols. 8 and 9 the 
compositions calculated therefrom in accordance with the data of 
Section 2, iv. 

TaseE III. 
Mononitro-products. 


Excess Initial : 
Ac,O benzene* Total Nitrobenzene. 
Expt. Re- (g.- (g.- (g.- —-- 

No. agent. mols.). Temp. mols.). mols.). d, Wt. %. Mols. %. 
11 AeNO, 1-00 °° 1-00 0:48 1-1542 4:3 4-8 
12 $9 1-00 0 1-00 0-52 1-1543 4-4 4-9 
13 es 1-00 0 1-00 0-50 1-1541 4-2 4-6 
14 “ 1-00 0 1-00 0-50 1-1544 4:6 5-1 
15 * 0-10 30 1-00 0-16 1-1544 4-6 5-1 
16 “ 1-00 30 1-00 0-63 1-1550 5-1 6-7 
17 * 1-00 30 1-00 0-66 1-1550 5-1 6-7 
18 os 1-00 30 100 0-64 1-1554 6-9 7-6 
19 - 1-00 30 1-00 0-67 1-1556 7-3 8-0 
20 a 1-00 30 1-00 0-66 1-1551 6-6 7:2 
21 * 1-00 30 4-00 0-20 1-1587 14-3 15-6 
22 - 1-00 30 4-00 0-20 1-1587 14-3 15-6 
23 * 1-00 30 4-00 0-18 1-1588 14-5 15-8 

MeNO, 

(g.-mols.). 

24 HNO, 0-75 30 1-00 0-25 1-1549 4-6 5-1 
25 ™ 0-75 30 1-00 0-25 1-1550 4:8 5-3 
26 “i 1-50 30 1-00 0-15 1-1548 4-4 4-8 


* Initial toluene = 1-00 g.-mols. throughout. 


(2, vii) Calculations: Relative Speeds of Nitration (Density 
Method).—If x mols. of benzene and y mols. of toluene are nitrated 
together, in time t, to form Y mols. of total nitration product, con- 
taining 100P mols.% of nitrobenzene, then the equation 


ky/kz = (log y/y:)/(log x/2.) 
where x, = « — PY, and y = y— Y + PY, holds independently 
of whether or not the reaction is complete at time ¢ (Ingold and 


Shaw, loc. cit., gave the special case of this for t = o ). The sub- 


stances to which the velocity coefficients, k, refer are denoted by the 
subscripts. 
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In order to facilitate appreciation of the errors involved, we have, 
in the first instance, calculated the velocity ratio in the percentage 
form 100k,/(k, ++ ky), because the error in this is approximately the 
same as in the experimentally determined percentage quantity 
100P, where, as in the majority of these experiments, equal molar 
quantities of benzene and toluene are taken initially. When a 
excess of benzene is taken, the calculated velocity percentag 
becomes correspondingly more accurate. 

Cols. 3, 4, and 5 of Table IV contain the observational quantities 
x, P, and Y (y= 1 throughout) for the nitrations studied by the 
density method; and col. 6 gives the calculated values of 100k,/ 
(ke + ky). An examination of these yields no evidence that the 
velocity ratio is appreciably affected by the different degrees of 
dilution of the nitration solutions, and therefore the experimental 
conditions are grouped in col. 2 into three sets according to the 
nitrating agent and the temperature. For each of these three sets 
of conditions we give, in cols. 7 and 8, the weighted averages of 
100k,/(kz + ky) and the probable errors in this function. Of the 
two major alterations of conditions shown in col. 2, namely, the 
alteration in the nitrating agents and the alteration in temperature, 
only the change of temperature affects the velocity ratio by a 
amount which appears to be in excess of the presumable error. 


TABLE LY. 





Con- 











No. ditions. x. 10#Y. 10?P. 10°k,/(kz+k,). Mean. — Error. 
11} AcNO, I 48 4-8 3-7) 

12 in l 52 4-9 3-7 
13 Ac,O | 1 50 4-6 3-5 7 £01 
14) at 0° l 50 5-1 3-9 

15 fl 16 51 4:7 

16 l 63 6-7 4-6 

17| AcNO, 1 66 6-7 4-6 

18 in l 64 7-6 5:1 

19) Ac,O /1 67 8-0 5-4 445 «+01 
20] at 30° I 66 7:2 4-9 

21 4 20 15-6 4-0 

22 4 20 15-6 4-0 

23 4 18 15:8 4°1 

24) HNO,in (1 25 5:1 4-5) 

25; MeNO, l 25 5:3 4:7 4-5 £01 
26) at 30° l 15 4-8 4-4} 


The two experiments recorded in Part I for nitration with acety! 
nitrate at 30° gave 5-7 and 6-2 for the percentage k-ratio. 


(3) Relative Rates of Nitration of Toluene and Benzene 
(Reduction Method). 


(3, i) Reduction of Nitro-compounds.—Titanous chloride was usel. 
The incomplete recoveries which were initially experienced wel 
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traced partly to slow and incomplete reduction in the presence of 
excess of benzene and toluene, and partly to the absorption of 
material in the rubber employed; and this necessitated rapid 
mechanical stirring throughout reduction, and the elimination of 
rubber from the principal joints. 

Two 5-litre Pyrex flasks were transformed as follows. <A glass 
spiral-ribbon stirrer, of moderately large surface and steep pitch, 
was inserted into the flask, the neck of which was then drawn out 
to form the mercury seal, and lower bearing, of the stirrer. The 
neck below the mercury seal was provided with a water jacket. 
Into the flask, near the original neck, a second neck was sealed, the 
upper end of which supported a double-surface condenser by a well- 
fitting ground-glass joint. The upper end of the condenser sup- 
ported a small gas-washing bulb. 

The nitration products (Section 1, iii, a) were reduced without 
isolation of the nitro-compounds. Artificial mixtures of nitro- 
benzene and nitrotoluenes were also reduced, and in these cases 
benzene and toluene were added to the reduction mixtures in order 
to simulate the conditions of the reduction of nitration products. 
For artificial mixtures containing g grams of nitro-compounds, 
(50g + 200) c.c. of titanous chloride (150 g./l.), and the same 
volume of concentrated hydrochloric acid, were used; and for the 
reduction of nitration solutions the quantities of reagents were 
calculated on the same basis, allowance being made for the maximum 
amount of nitration theoretically possible. Water was circulated 
in the condenser jackets, and the flasks were heated on water-baths 
for 48 hours with continuous stirring. The gas-washing bulbs 
contained a little aleohol, which was returned to the flasks after 24 
hours, and again after 36 hours. 

(3, ii) Preparation of Samples.—The contents of the reduction 
flasks were transferred to 5-litre Pyrex distillation flasks, washed in 
with 1 1. of water, and distilled in steam in such a way as considerably 
to reduce the volume. The fitting which closed the flask was pro- 
vided with a mercury-sealed stirrer and a delivery funnel, by means 
of which excess of concentrated sodium hydroxide was now added to 
the well-stirred liquid, the lower end of the inclined condenser 
having previously been fitted with an adapter dipping under 200— 
300 c.c. of concentrated hydrochloric acid. The passage of steam 
was then resumed and continued for 1 hour after the complete dis- 
appearance of milkiness in the condenser. The distillate was now 
distilled from a water-bath nearly to dryness in a stream of carbon 
(dioxide under reduced pressure, basified, with stirring and efficient 
cooling, under ether, and extracted 6 times with ether. After being 
dried, the ether was removed by slow distillation through a tall 
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column, and the residue was completely distilled under reduced 
pressure. 

(3, iii) Bromine Equivalent of Bases.—Francis and Hill’s method 
(J. Amer. Chem. Soc., 1924, 46, 2498) was used, but it was found 
necessary to adopt very definite conditions in order to obtain correct 
results in the present application. 

A mixture of a solution (15 c.c.) of potassium bromate and bromide 
(about 3-5 and 15 g./l. respectively), pure alcohol (10 c.c.), ice, 65°, 
sulphuric acid (5 c.c.), and concentrated potassium iodide solution 
(4 c.c.) was titrated with 0-1N-sodium thiosulphate solution. When 
the colour of the iodide had nearly disappeared starch was added and 
the titration continued until the purple colour changed to brown. 
A standard solution (10 c.c.) of freshly distilled aniline (6—10 g./l.) 
in pure alcohol was treated with ice and a quantity of the bromide- 
bromate solution calculated, on the basis of a preliminary titration, 
to leave an excess of this reagent equivalent to 2—3 c.c. of the 
thiosulphate solution. The mixture was acidified with 10 c.c. of 
50% sulphuric acid, kept, with shaking, in ice and water for 25 mins., 
treated with a further 2 c.c. of bromate solution, and, after addition 
of potassium iodide, titrated with thiosulphate as rapidly as 
possible (adding starch as usual) to the point at which purple dis- 
appeared from the tint of the solution. The experimental sample 
of bases was titrated in the same way, except that about 1-3 g. were 
taken, and that the amount of bromate taken was adjusted (also on 
the basis of a preliminary titration) to make the final thiosulphate 
titre 5—6c.c. It may be noted (a) that, if the titration with thio- 
sulphate is continued beyond the tint which throughout these 
experiments we accepted as an indication of the end-point, a brown 
colour persists for some 0-3—0-5 c.c., (b) that if the adjusted solution 
is kept for a short time the purple colour returns, (c) that the end- 
point is more easily discerned in the titration of mixed bases of high 
aniline content (e.g., 15°) than if the aniline content is low (e.g., 5%). 

A mixture, consisting of 100« % by weight of aniline, together 
with toluidines containing 100p % of the meta-isomeride, should 
reduce {2-987 + 2-169 + 1-493 (1 — «)y} times its own weight 
of elemental bromine. Hence « can be evaluated if » is known; 
and the determination of » is described in Sections 4 and 5. (A 
knowledge of » was in any case necessary for the calculation of 
coefficients of activation.) 

(3, iv) Error of Analysis —The above procedure (Section 3, iii) 
depends to some extent on visual judgment, and it was therefore 
felt necessary to ensure that the standard technique, once estab- 
lished, should not suffer undetected change during the period 
occupied by the measurements. To this end the latter were inter- 
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spersed throughout this period by analyses of artificial mixtures, 
and the results of these tests, in chronological order, are given in 
Table V, all percentages being by weight. In order that each test 
should embrace the whole analytical procedure, nitro-compounds 
(not amines) were mixed, and benzene and toluene were also added 
before reduction. The mixtures were made in two ways; either 
carefully purified purchased specimens of nitrobenzene and the three 
nitrotoluenes were mixed, the nitrotoluenes being taken in approxim- 
ately the proportions in which they would be formed in nitration, or 
nitrobenzene and mixtures of the nitrotoluenes, each prepared by 
nitration of our own benzene or toluene (Section 2, iv), were employed. 
Purchased materials were used for Expts. 31—34, 40, 42—44, 47 
and 48; Expts. 35—-39 were carried out with the products of Expts. 
1 and 3—6 (Section 2, ii); and Expts. 41, 45, and 46 with the 
products of Expts. 1, 7, and 8 (Section 2, ii). 


TABLE V. 

BEB. NO. occccredcercccccccces 31 32 33 34 35 36 
Nitrobenzene (Fd.)............ 48-3 6-9 6:7 4:5 6-4 9-4 

in | eee 49-2 7-2 7-0 5-9 5:7 8-5 
NE acs teatdcinnescnnstins —09 -—03 —03 —14 +407 +09 
BEL BI. -Shcccvesencssicuanres 37 38 39 40 41 42 
Nitrobenzene (Fd.)............ 9-7 9-2 9-0 5-4 3-3 3-9 

om a 9-8 9-2 7-9 6-2 3-8 4:3 
EES) hisessoveveiiciesest —0-l1 +00 +11 -—-08 -—-05 —04 
BE. TAGs iidscecedsiscecceddes 43 44 45 46 47 48 
Nitrobenzene (Fd.)............ 6-6 4-2 18-0 13:3 12-4 9-4 

i |S ese 7:5 3-7 18-6 12-6 13-5 9-4 
MUNN. écaticnsecsesaccscisgs —09 +05 —06 40-7 -—l11 +00 


A large number of the samples of mixed bases obtained in the 
experiments of this and the following sections were tested for 
chlorine (sodium-fusion and Carius methods), but all were com- 
pletely free from this element. 

(3, v) Results: Yields and Compositions of Amines (Reduction 
Method).—These are in Table VI, the headings of which require no 
explanation. The nitrating agent was acetyl nitrate and the initial 
quantity of toluene was 1 g.-mol. throughout. 

(3, vi) Effect of Oxides of Nitrogen.—Special experiments were 
made to determine whether the presence in the nitration solution of 
nitrogen trioxide or of the oxides into which it dissociates was an 
essential factor determining the results. The data given by these 
experiments are included in Table VI. 

Three parallel nitrations were carried out, one (No. 66) in the 
ordinary way, one (No. 65) in the presence of urea, and one (No. 67) 
in the presence of a copious stream of oxides of nitrogen, stoicheio- 


netrically equivalent to nitrogen trioxide, generated from arsenious 
3T 
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TABLE VI. 
Monoamino-products. 
Excess Initial Aniline. 
Expt. Ac,O benzene Total — 
No. Temp. (g.-mols.). (g.-mols.). (g.-mols.). Weight %. Mols. %. 
51 0° 0-00 1-00 0-24 3-9 4:5 
52 0 0-00 1-00 0:24 2-9 3°4 
53 0 1-00 1-00 0-66 4-8 5-4 
54 30 0-00 1-00 0-28 3-2 3-7 
55 30 0-00 1-00 0-24 3°9 4-5 
56 30 0-00 1-00 0-26 4:3 4-9 
57 30 0-00 1-00 0-30 3°5 4-0 
58 30 0-00 1-00 0°34 4°6 5-2 
59 30 0-00 1-00 0-36 3°8 4-4 
60 30 1-00 1-00 0-66 6-1 6-9 
61 30 1-00 1-00 0-64 5-9 6-7 
62 30 1-00 1-00 0-66 6-1 6-9 
63 30 2-00 1-00 0-24 4-9 5-7 
64 30 2-00 1-00 0-56 4-5 5-2 
65 30 3-00 4-00 0-17 11-3 12-8 
66 30 3-00 4-00 0-10 9-8 11-3 
67 30 3-00 4-00 0-06 11-7 13-2 
68 30 5-00 4-00 0-09 14:3 16-2 
69 30 5-00 4-00 0-04 10-0 16-4 
70 30 6-00 5-00 0-10 16-3 18-3 
71 30 6-00 5-00 0-07 16°6 18-7 
72 30 6-00 5-00 0:07 16-7 18:8 


oxide and aqueous nitric acid. The results are not noticeably more 
diverse than are those of other parallel sets shown in the table. 

A pair of parallel nitrations (Nos. 68 and 69) were carried out, to 
one of which (No. 69) urea was added. The results are almost 
identical. 

These experiments, therefore, reveal no effect due to oxides of 
nitrogen. 

(3, vii) Calculations: Relative-Speeds of Nitration (Reduction 
Method).—The formule of Section (2, vii) are used, in which Y is 
now interpreted as the molar yield of total amines, and P as the 
mol.-fraction of aniline contained therein. The values of the 
percentage velocity ratio, 100k,/(k, + k,), are shown in col. 6 of 
Table VII, the headings of which correspond with those of Table IV 
(y = 1 throughout). Examination of the long set of velocity values 
relating to the temperature 30° (the set relating to 0° is too short to 
be of service in this connexion) reveals no definite effect due to 
different degrees of dilution of the nitration solution or to the 
presence or absence of free acetic anhydride, and, accordingly, the 
experimental conditions are broadly grouped as is shown in col. 2. 
In explanation of the figures in col. 4, it should be stated that, if Y 
is small, the velocity ratio is not sensitive to its absolute magnitude, 
and one significant figure, where only one is quoted, is quite sufficient 
for the calculation of the k-ratio to two significant figures. Cols. 7 
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and 8 contain the weighted average values of 100k,/(k, + k,) and 
the probable errors in these quantities. 


TABLE VII. 
Con- 

No. ditions. 2. 107 Y, 10°P.. 10°k,/(kz+ky). Mean. Error. 
51) AcNO,in {1 24 45 4-0 

52 Ac,O {1 24 3-4 3-0} 3-5 +03 
53) ato? (1 66 5-4 3-6) 

54 ‘1 28 3-7 3-2 \ 

55 l 34 4:5 3-8 

56 1 26 4-9 4:3 

57 1 30 4-0 3-5 | 

58 l 34 5-2 4:5 | 

59 l 36 4:4 3-8 | 

60 l 66 6-9 4:8 | 

61 1 64 6-7 4-7 

62| AcNO, l 66 6-9 4:8 | 

63 \ in Ac,O l 24 5-7 Bl | 3-95 +01 
64/ at30° )1 56 5-2 4-1 | 

65 4 17 12-8 3-3 

66 4 ll 11-2 2-9 | 

67 4 6 13-2 3-6 

68 4 9 16-2 4-4 | 

69 4 4 16-4 3-1 

70 15 10 18-3 4:1 

71 5 7 18-7 4-2 

72 5 7 18-8 4-2) 





(4) Proportions of Isomerides Formed in Nitration of Toluene 
(Oxidation Method). 


(4, i) Oxtdations.—Since the principal aim of this group of experi- 
ments was to estimate the percentage of m- and o- plus p-isomerides 
to an accuracy approaching + 0-1%, it was necessary to establish 
a method of oxidation which should be non-selective to within 
+ 2%. The mixture of nitro-compounds was boiled with 100 parts 
of water in a large flask, the well-ground condenser of which sup- 
ported at its upper end a small gas-washing flask containing a little 
acetone. A small excess of potassium permanganate solution (3%) 
was added little by little over a period of 12 hours, the additions being 
timed to keep pace with the decolorisation. The acetone was 
returned to the flask, and the heating continued with further 
additions of permanganate for 6 hours, after which the solution 
was completely decolorised by adding alcohol, and filtered. The 
oxides of manganese were extracted thrice by treatment with steam, 
and the combined filtrates and washings were acidified whilst hot, 
basified with ammonia, and treated with a few c.c. of calcium 
chloride solution. The next day the solution was filtered, and the 
combined filtrate and washings were made alkaline with potassium 
hydroxide, evaporated to a small bulk, acidified, and extracted 6 
times with pure ether. 
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Pure o-, m-, and p-nitrotoluene were separately oxidised in this 
way. The acids obtained on removal of ether and drying in a 
vacuum had m. p.’s 3—5° below those of the pure compounds, and 
this necessitated the procedure referred to in Section (4, ii). Several 
mixtures of isomerides were treated in the same way. The yields, 
given in Table VIII, show that the condition of non-selectivity is 
fulfilled to the necessary degree of approximation. 


TaBLe VIII (Expts. 81—90). 


IE ccncccmsndens o- mMm- p- o- + p- m- 
ROME E Fe) ccsssinccses 78-4 79-0 80-6 78:5 81-0 
CUMENOE sssenssseseces m- p- o- o- + m- m--+ p- 
pi ky. 8 erecore 82-2 80- 80-1 80-9 81-6 


(4, ii) Solubility Determinations.—The method used was that of 
Holleman (Rec. trav. chim., 1899, 18, 268), but, since the nitro- 
benzoic acids obtained by oxidation are not quite pure, as is shown 
by the m. p.’s of the acids derived from pure nitrotoluene (Section 
4, i), Baker’s procedure (J., 1927, 568) was followed for eliminating 
error due to small amounts of acid impurities. 

Several flasks, each containing the same known volume (V c.c.) 
of solutions saturated at 25° with respect to both o- and p-nitro- 
benzoic acids, together with crystals of both acids, were closed with 
accurately fitting ground-glass stoppers bearing thin films of grease 
on the ground surfaces, and rotated in a thermostat at 25°. To 
each flask, except the first, a weighed sample of mixed nitrobenzoic 
acids had been added containing insufficient m-isomeride to saturate 
the liquid; and, after 24 hours, equal samples (v c.c.) of the solutions 
were withdrawn through a filter for titration (titres t, ... . 
c.c.). To each flask, including the first, pure m-nitrobenzoic acid 
was now added in quantity more than sufficient to saturate the 
liquid; and, after rotation in the thermostat for another 24 hours, 
samples of the same volume (v c.c.) were again withdrawn and 
titrated (titres t’, ...t, ... ¢.c.). The alkali was approxim- 
ately 0-01N-barium hydroxide, and, if 1 c.c. of this is equivalent to 
z mg. of nitrobenzoic acid, the number of mg. of meta-acid con- 
tained in the sample added to the nth flask is given by the formula 

(t, — ty) rs — (ts — Ae — 1}: 


v 


the second term of which represents the correction for the acid 
impurities introduced during oxidation. The volumes V and v were 
75-06 c.c. and 10-00 c.c. throughout. 

Correction is necessary also for the circumstance that the isomeric 
nitrobenzoic acids affect each other’s solubility. This was applied 
on the basis of data obtained by carrying through the preceding 
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process as far as the first series of titrations with different quantities 
of pure m-nitrobenzoic acid as the added samples. By compating 
the weights calculated from the expression (f, — t,)Vz/v with those 
added, the differences shown in Table IX were obtained, and from 
the smoothed curve of these the correction figures, given in the lower 
part of the table, can be read. 


TaBLe IX (Expts. 91—99). 


AGAeE (iAg:)  ocievcssesee 71 19-6 25-9 35-2 44:8 
POmee GE) cccesscccess 6:1 18-0 24-6 34-5 45-0 
ee +1-0 +1-6 +13 +0°7 —0-2 
Apparent m- (mg.) ... 10 20 20 — 25 30 
Correction (mg.) ...... +1:3 +15 +1-4 +13 +11 
pe tS eee 51-0 54-6 58-2 64-7 

POU CRB gecccccecese 51-2 55-6 59-8 67-9 

DEIOOIOS cn seccccssccse —0-2 —1-0 —1-6 —3-2 

Apparent m-(mg.) ... 40 50 60 70 

Correction (mg.) ...... +03 —0-6 —1-9 —3°5 


(4, iii) Error of Analysis.—As the above method has never pre- 
viously been used to obtain percentages as small as those of the 
proportion of the m-nitration product of toluene, it was tested by 
application to artificial mixtures containing the isomeric nitro- 
toluenes in approximately the proportions in which they are formed 
in nitration. The results are in Table X. 

In Expt. 101 the addition of calcium chloride to the oxidation 
solution was omitted, and, probably for this reason, the titre differ- 
ence representing foreign acids (row 9) bears an unusually high ratio 
to the main titre difference (row 8). The corrections applied in 
row 12 are taken from Table IX. 


TABLE X. 
Fem. FIG... duarashoranivegess 101 102 103 104 105 
Nitro- ortho (%) ... 59-4 58-7 58-0 56-2 61-4 
~ toluenes } ™et® (%) ... 30 4-0 5-2 4-5 2-6 
para (%) ... 37:6 37-3 36-8 39-3 36-0 
Oxidation yield (%) ...... 76-6 77-9 80-8 77-6 79:1 
Acids analysed (mg.) ...... 834-2 627-9 532-5 830-0 815-2 
Baryta (z in mg.)  .....+0+. 1-782 1-782 1-782 1-822 1-822 
(t, — t,)V/w (c.c.)  ......... 19-6 15-8 16-8 22-6 16-1 
(t’n — t’:)(V — v)/v (e.c.) 6:1 2-0 1-8 3-6 3-0 
Difference (c.c.) ........000. 13-5 13-8 15-0 19-0 13-1 
Meta, found (uncorr.)(mg.) 24:5 24-6 26-7 34-7 23-9 
” » (corr.) (mg.) 25-8 26-9 28-0 35-4 25-2 
Percentage meta ............ 3-1 4-1 5:3 4:3 31 
PT cccsceamassalascecdebe +0-1 +0-1 +01 —0-2 +0°5 


(4, iv) Results—Nitrations nos. 111—119 were carried out with 
1-0 g.-mol. of toluene, and 0-25—0-5 g.-mol. of acetyl nitrate, with 
or without an excess of acetic anhydride as is shown in col. 2 of 
Table XI, the third col. of which indicates the temperature of 
nitration. The products of Expts. 112—114 and 118—120 were 
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distilled to constant density (Section 2, ii), and those of Expts. 111 
and*115—117 were completely distilled once under the conditions of 
distillation to constant density. The yields of acids obtained by 
oxidation are in col. 4, and an indication of their purity is given by 
the figures in cols. 7 and 8, from which the acid value of the impurities 
relatively to that of the meta-acid can be deduced. Cols. 5—8 
contain the observational data from which the percentages of meta- 
compound (col. 9) are calculated. 

















TABLE XI. 
Excess Oxid- 
Ac,O ation Acids Baryta &— 4; tn — ty. 

Expt. (g.- yield analysed Zz v/V_—_-v/(V—v) Meta, % 
No. mols.). Temp. (%). (mg.). (mg.).  (ce.e.). (c.c.). (corr.). 
111 0-0 81-6 827-5 1-822 17-4 2-6 3°4 
112 1-0} o° . 78:8 762°7 1-822 17-1 2-3 3°6 
113 1-0 | 76-8 842-1 1-822 17-8 2-4 3-4 
114 1-0 | 79-9 836-0 1-822 18-4 2:1 3°6 

Mean meta-content = 3-5 
115 0-0 -76-0 764-3 1-822 17:1 1-9 3°7 
116 0-0 | 79-9 840-0 1-869 20-9 3-6 3-9 
117 oO} 30° 80-7 832-7 1-869 25:5 5-7 4-6 
118 1-0 , | 80-0 743-6 1-822 17-5 2-7 4-2 
119 -0| [77-4 845-7 1-869 21-5 4-1 3-9 
120 1-0 78:4 800-5 1-869 24-3 3°7 4:8 


Mean meta-content = 4-2 


(5) Proportions of Isomerides formed in Nitration of Toluene 
(Freezing-point Method). 

(5, i) Method.—Holleman’s method (Rec. trav. chim., 1914, 33, 1) 
was used, but we interpreted our ternary freezing-point diagram 
without assuming empirical relations between the depressing effect 
of added m-nitrotoluene on the f. p.’s of pure and mixed o- and 
p-isomerides, and this necessitated a detailed study of the small 
region of the diagram required. Advantage was taken of the 
dimorphism of o-nitrotoluene to obtain in all cases two “ second 
freezing points,’ and hence two sets of values for the percentage 
composition of the mixtures. 

The f. p.’s were measured by the cooling-curve method, with the 
usual precautions against too great supercooling and too rapid heat- 
transfer. They are uncorrected, but were all measured under 
standardised conditions with the same thermometer. Dewar 
vessels were used, and (except at the moments when the liquid was 
being inoculated) atmospheric moisture was excluded. 

(5, ii) Freezing Points of Artificial Mixtures.—The first three 
columns of Table XII show the compositions. The figures in the 
col. headed y are “ first freezing points,” in which the solid phase is 














| 


oe, Za fF 





E OF 


. 111 
ns of 
1 by 
n by 
rities 
5—8 
1eta- 


ve 
~o 
S 


Poa | Oho ST 


| DOwS 


bo 


3, 1) 
ram 
ffect 
and 
mall 

the 
‘ond 
tage 


the 
eat- 
ander 
war 
was 


hree 
the 











DIRECTING GROUPS ON NUCLEAR REACTIVITY, ETC. PART I. 1979 


‘ 


p-nitrotoluene; those under the heading @ are “ second freezing 
points ’’ in which the $-modification of o-nitrotoluene accompanies 
the p-isomeride in the solid phase; and those under the heading « 
are “‘second freezing points” in which p-nitrotoluene and the 
x-modification of o-nitrotoluene together constitute the solid phase. 
Individual f.-p. readings were read to 0-05°, and each recorded 
f. p. is the mean of several such readings (usually three). 


TABLE XII. 





Composition (%). Freezing points. 

Expt. ——_ -—--~ _ —— 
No:  Ortho-. Meta-. Para-. y- B. a. 
121 61-47 0-00 38-53 + 2-73° — 15-25° — 21-00° 
122 59-60 3-15 37-25 +1-03 — 17-05 — 22-55 
123 58-92 4-32 36-76 +0-65 —17-70 — 23°20 
124 58-13 5-58 36-29 —0-02 — 18-47 — 23°77 
125 59-31 0-00 40-69 + 5-03 — 15-23 — 20-87 
126 56-65 4-47 38-88 2-95 — 17-85 — 23-45 
127 57-23 0-00 42-77 + 7-50 — 15-10 — 21-10 
128 55-68 2-86 41-46 + 6-00 — 16-95 — 22-27 
129 55-03 3°92 41-05 + 5-43 — 17-45 — 23-00 
130 54-30 5-20 40-50 + 4-80 — 18-23 — 23-63 


(5, iii) Freezing-point Surfaces.—Within the limited range of 
compositions to which the data of the preceding section relate, the 
three sets of f. p.’s lie on plane surfaces to a sufficient degree of 
approximation. The introduction of quadratic terms was tried, 
but did not noticeably improve the general consistency of the results. 

The following mean planes are adopted : 


y= 7155-1120 — 1ldp 
8=—131ll— 35a— 6ly 
a= — 2253+ 250 — 475yu 


Here, 100 w and 100 respectively represent the percentages of the 
ortho- and the meta-isomeride, and y, 8, and « correspond with the 
headings of Table XII (explained in Section 5, ii). The freezing 
points calculated from these equations to correspond with the 
compositions of the mixtures used in Expts. 121—130 are shown in 
Table XIII, together with the deviations of the observations from 
these calculated values. Only 5 of the 30 deviations fall outside 
-+ 0-1° and these appear to be casual in sign and distribution. 

(5, iv) Freezing Points of Nitration Products.—These are in Table 
XIV, the 2nd, 3rd, and 4th cols. of which indicate the conditions of 
nitration (1 g.-mol. of toluene was used throughout). The products 
of Expts. 132, 133, and 136—139 were distilled to constant density, 
whilst those of Expts. 131, 134, and 135 were distilled to the correct 
density although its constancy was not, in these cases, proved by a 
further distillation. The f. p.’s contained in cols. 5—7 are each a 
mean of several independent readings. 
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TABLE XIII. 
Compositions Calculated f. p.’s and deviations. 
as in ———-—__—. oF 
Expt. No. y. Ay. B. AB. a. Aa. 
121 +2-70° +0-03° —15-26° +0-01° —20-99° —0-01° 
122 +1-18 — 0-15 —17:12 +0-07 —22-53 —0-02 
123 +0-60 +0-05 —17-830 +0-10 — 23-11 —0-09 
124 +0-03 — 0-05 — 18-55 +0-08 — 23-72 — 0-05 
125 +6512 — 0-09 — 15-19 —0-04 — 21-05 +0-18 
126 + 2-96 —0-01 —17-81 —0-04 — 23-24 —0-21 
127 +7:45 +0-05 — 15-21 +0-02 — 21-10 +- 0-00 
128 + 5-90 +0-10 — 16-81 —0-14 — 22-49 + 0-22 
129 +5-41 + 0-02 — 17-43 —0-02 — 23-01 +0-01 
130 +4-75 +0-05 —18:18 —0-05 —23-63 -+0-00 
TaBLeE XIV. 
Freezing points. 
Expt. Free Ac,O -—— -- —_—_-~— 
No. Reagent. (g.-mols.). Temp. y- p. a. 
131 AcNO, 0-00 0° + 2-70° —17-30° — 22-80 
132 "0 1-00 0 + 2-55 — 17-47 — 22-95 
133 99 1-00 0 + 2-40 — 17-40 — 22-90 
134 am 0-00 30 +1-30 — 17-83 — 23-30 
135 os 0-00 30 + 1-50 17-77 — 23-30 
136 a 1-00 30 +1-05 17-80 — 23-30 
137 -" 1-00 30 +0-80 — 17-90 — 23-45 
MeNO, 
(g.-mols.). 
138 HNO, 1-00 30 +1-03 —17-77 — 23-10 
139 ‘i 2-00 30 +0-90 — 18-02 — 23-13 


(5, v) Proportions of Isomerides.—The equations for y, 8, and « 
(Section 5, iii) might theoretically be used in pairs, but the «$-pair 
is obviously useless for the evaluation of w, and of little worth for 
determining 1, owing to the small differences (6 and 13-5, respectively) 
between the coefficients of these variables. We have therefore used 
the ®y-pair and the «y-pair to obtain two sets of values for the 
composition. The pairs of equations used are indicated by the 
Greek letters in the headings of cols. 3—8 of Table XV, which also 
shows the calcuiated compositions, and the mean values of these, for 
the nitrating agents and nitration temperatures indicated in col. 2. 
The general agreement with Holleman’s results (loc. cit.) is satis- 
factory. 

(6) Summary of Data. 

(6, i) Ratio of Velocities of Nitration of Benzene and Toluene.— 
The mean values for 100k,/(k, + k,) obtained from Tables IV and 
VII are assembled in Table XVI. The figures for the most 
thoroughly studied set of nitration conditions (nitration by acetyl 
nitrate at 30°) show a discrepancy of 0:5 between the results yielded 
by the two methods of analysis. The numerous checks carried out 
on these make it difficult to ascribe the difference to any known fault 
of analytical procedure, and its cause may therefore be sought in 
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TABLE XV. 
Percentage compositions. 
Ortho. Meta. Para. 

Con- ————, a , “ 

No. ditions. By. af. By. af. By. af. 
131 AcNO, 58-0 57-8 3°6 3°6 38-4 88-6 
132; in Ac,O 4 58-1 57°8 3:9 3-9 38-0 38-3 
133 at 0° (58-4 58-0 3-8 3-9 37°8 38:1 
1 AR 58-2 57-9 3°8 3°8 38-0 38°3 
ed AcNO, (58:4 57-9 4-5 4-7 37:1 37-4 
1351 in Ac,O | 58-3 57-8 4-3 4-6 37-4 37-6 
rod at 30° tee 58-8 4-3 4-7. 37-0 36-5 
137 58:8 57-9 4:5 5-0 36-7 37-1 
Means ......... 58°5 58-1 4-4 4-7 37-1 37-2 
138 | HNO. im [58-8 58-1 4-3 4-3 36-9 37-6 
139 | — 30° 58-4 58-9 4-7 4-3 36-9 36-8 
Means .......+ 58-6 58-5 4:5 4-3 36-9 37-2 


some constant error attending the nitrations. It has been noted 
that the results are expected to be extremely sensitive to traces of 
rapidly nitrating impurities in the toluene, and a possible cause of 
the discrepancy is the not quite complete removal of such impurities 
from the toluene by the partial freezing to which it was subjected. 
This suggestion receives support from some special experiments 
showing that when unpurified toluene was used, the results exhibited 
much larger (about four-fold) discrepancies in the same direction ; 
but the means of these diverse results, obtained by the two methods, 
approximate to the values we obtain using purified toluene. This 
suggests that the means of final results obtained by the density and 
the reduction methods will represent more probable values than 
either set of data taken separately, and these means (for nitration 
with acetyl nitrate) are given in Table XVI, col. 4. Col. 5 contains 
the corresponding values for the reduced velocity of nitration of 
toluene (k,/k,) under the three sets of nitration conditions investig- 
ated; the figure for nitration with acetyl nitrate at 30° should be 
tolerably accurate, but it must be remembered that the other values 
depend on much smaller numbers of experiments, and that the 
second significant figures, shown in italics, are therefore of doubtful 
accuracy. 
TaBLe XVI. 
100kz/(kz + ky). 





7 


Method. 
Conditions of ee Ktotuene 
nitrations. Density. Reduction. Mean. | nents 
ROT, BEEP vcncinissins 3-7 3°5 3-6 27 
- te Uh ee 4-45 3°95 4:2 23 
HINO, G6 30° c..0..000000 4:5 — 4:5 21 


3T2 
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(6, ii) Proportions of Isomerides formed in Nitration of Toluene.-~ 
The mean values, obtained by oxidation, by freezing point in 
conjunction with the eutectic surface given by the $-modification 
of the ortho-compound, and by freezing point in conjunction with 
the surface corresponding to the «-modification of the ortho-com- 
pound, for the three sets of nitration conditions studied, are 
assembled in Table XVII. The finally adopted mean values, also 
given in the table, are in some cases arbitrarily modified by not more 
than 0-1% to make the various groups of percentage figures total 
100-0. 





TaBLe XVII. 
Nitration conditions. 
Nitro- Analytical ; 4 

toluene. method. AcNO, at 0°. AcNO, at 30°. HNO, at 30°. 

{*: p., B-surface 58-2 58-5 58-6 

Ortho »  a-surface 57-9 58-1 58:5 

| Mean 58-1 58-4 58-5 

[Fo be 3°5 4-2 — 

F. p., B-surface 3°8 4-4 4:5 

Meta »  a-surface 3-8 4-7 4-3 

Mean 3-7 4-4 4-4 

F. p., B-surface 38-0 37-1 36-9 

Para »  a-surface 38-3 37-2 37-2 

Mean 38-2 37-2 37:1 


(6, iii) Coefficients of Activation for Toluene.—These are calculated 

from the data in Tables XVI and XVII by using the formule 
Fortho = 30k, /k,, Facts ona 3uk,/ke; F neve = 6k, /k, 

where 100 w, 1004, and 100 x represent the percentages of simultane- 
ously formed o-, m-, and p-nitrotoluenes, and k,/k, is the reduced 
velocity of nitration of toluene. The values of F for the various 
nitration conditions studied, together with those of the derived 
quantity AE = RT. log, F, are given in Table XVIII, where those 
significant figures which at present are of doubtful value are shown 


in italics. 
TaBLeE XVIII. 


we AE (Cals.). 

Nitration ; appanage pantl eee 
conditions. Ortho. Meta. Para. Ortho. Meta. Para. 
AcNO, at 0° ...... 47 3-0 62 2-10 0-60 2-24 
-  —_— 40 3-0 51 2-21 0-66 2-36 
HNO, at 30° ...... 37 2-8 47 2°17 0-62 2-30 


We wish to thank the Chemical Society for a grant in aid of this 
work. 
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POLYSULPHIDES OF THE ALKALI METALS. PARTS IV AND Vv. 1983 


CCLXVIII.—The Polysulphides of the Alkali Metals. 
Part IV. Miscellaneous Reactions. Part V. 
Discussion of Molecular Structures. 


By Tuomas Gipson PEARSON and Percy Lucock RosInson. 


AN attempt has been made systematically to investigate the poly- 
sulphides of the alkali metals (J., 1930, 1473; this vol., pp. 413, 
1304), and certain additional experimental data are here presented, 
which, although not included in the earlier papers in this series, are 
necessary before a review of the whole subject (see Part V, p. 1986) 
can be made. 

(I) The Reaction between Rubidium Hydrosulphide and Sulphur.— 
This reaction has not previously been examined. The method 
employed was to measure the amount of hydrogen sulphide evolved 
when various proportions of sulphur were dissolved in a solution 
of rubidium hydrosulphide. Table I shows that the hydrosulphide 
suffered considerable hydrolysis, and in interpreting the results 
this must receive due consideration. An accurate correction is 
not obtainable, but an approximate one may be deduced. Free 
hydrosulphide is strongly hydrolysed during the period of boiling 
(Table 1, Expt. 1). At the same time, when excess of sulphur is 
added, the amount of hydrogen sulphide evolved is greater than 
that required for the complete transformation of the hydrosulphide 
to polysulphide, indicating that the polysulphides also suffer some 
hydrolysis. Hence, in any given experiment, the amount of hydro- 
gen sulphide evolved is greater than that actually produced by the 
reaction of sulphur with hydrosulphide to a degree depending upon 
(a) the quantity of unchanged hydrosulphide, (6) the extent of the 
hydrolysis of the polysulphide produced. Factor (a) is at a maxi- 
mum and (6) at a minimum when the hydrosulphide is boiled alone, 
and the converse obtains when all the hydrosulphide has been 
converted into polysulphide. Examination of the results in Table I 
shows that the whole of the hydrosulphide is not decomposed until 
3 or 4 atoms of sulphur have been added. By assuming that the 
whole of the hydrosulphide is decomposed when 4 atoms of sulphur 
have been added (whether 3, 4, or 5 are taken makes little difference 
to the correction), a graph can be drawn (No. 1, Fig. 1) from which 
the necessary adjustment may be obtained. 

The corrected curve is remarkably similar to that obtained in 
the case of potassium hydrosulphide and sulphur, and indicates 
the formation of only higher sulphides in the solution, doubtless 
either tetra- or penta- and, by analogy with potassium, most probably 
penta-sulphide. 
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(II) The Action of Rubidium on Sulphur.—By allowing molten 
rubidium to react with sulphur under toluene, we have now shown 
that the product of the reaction is rubidium tetrasulphide, thus 
bringing out the essential similarity between this element and 
potassium. 

(II1) The Reaction of the Alkali-metal Polysulphides with Water.— 
It is shown below that polysulphide materials of high sulphur con- 
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Number of S atoms added to 2 g.-mols. of MHS. 


1. Correction for hydrolysis. eT 
2. Theoretical evolution of hydrogen sulphide when only pentasulphide ts 


produced. pies 
3. Theoretical evolution of hydrogen sulphide when only tetrasulphide 18 


produced, 

4. Curve given by potassium hydrosulphide. 

5. Uncorrected curve for rubidium hydrosulphide. 

® Corrected values for rubidium hydrosulphide. 
tent, either in the solid state or in concentrated alcoholic solution, 
react with excess of water to give penta-sulphide solutions. In 
the case of lithium, and less so in the case of sodium, the solutions 
on standing tend to deposit sulphur, leaving solutions with a slightly 
lower ratio of sulphur to alkali metal than is required for M,§;. 

(IV) The Action of Carbon Disulphide on the Polysulphides.—In 
an endeavour to prepare lower sulphides by the extraction of sulphur 
from higher sulphides, we treated various polysulphides with carbon 
disulphide, both in the liquid and in the vapour state. The pro 
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cesses led to some removal of sulphur, but the issue was confused 
by the formation of thio- and perthio-carbonates. 

(V) The Action of Alkali-metal Polysulphides on Anhydrous Formic 
Acid.—It seemed likely that the polysulphides of the alkali metals 
would behave precisely as ammonium pentasulphide (Mills and 
Robinson, J., 1928, 2326) towards formic acid. Our experiments 
so far indicate that this is not so, and it would appear that these 
compounds are not convenient sources of pure hydrogen persulphides, 

(VI) The Action of Alkali-metal Polysulphides on Certain Organic 
Liquids.—Alkali-metal polysulphides react in the cold with many 
organic liquids, e.g., nitrobenzene, pyridine, aldehydes, and ketones, 
to give intensely coloured solutions, which, when filtered from 
unchanged polysulphide, deposit sulphur on standing, and appear 
to contain complexes of the polysulphide with the respective liquid. 
It is proposed to investigate this matter more fully. 


EXPERIMENTAL. 


(I) 1-5 G. of metallic rubidium dissolved in 100 c.c. of absolute 
alcohol were converted into the hydrosulphide by saturation with 
hydrogen sulphide, excess of the gas being removed by 45 mins.’ 
boiling in a stream of nitrogen. The solution was made up to 
500 c.c. with absolute alcohol, and the hydrogen sulphide evolved 
when 50 c.c. portions were treated with various amounts of sulphur 
was measured by the method used in the case of lithium (this vol., 
p. 415). The results are given in Table I and Fig. 1. 








TaBLeE I. 
G. of H,S evolved per g.-mol. of RbHS. 

Atoms § - : 
added. Expt.1. Expt.2. Expt.3. Expt.4. Expt. 5. Mean. 
0-00 4-90 — — — — 4-90 
1-12 10-34 — —— — — 10-34 
2-24 14-62 14-97 - — -— 14-80 
3°36 16-54 14-28 17-85 19-03 18-27 17-19 
4-48 17-88 18-39 — — —- 18-14 
5-60 17-75 18-42 ~- — --- 18-09 
oo 16-91 — —- — —- 16-91 


(Il) Metallic rubidium was melted under about 10 c.c. of toluene, 
and sulphur was added in small quantities. The reaction was 
similar to that with sodium and potassium, and the product was 
prepared for analysisin the same way. The rubidium was estimated 
by conversion into sulphate, and the sulphur as before (J., 1930, 
1475). The results are as follows. : 





é Product. 
Wt. of Rb, Sulphur added, ‘ 8/Rb, 
g- g. atoms. Rb, %. (8S), %. 8S, %, atoms. 
0-1868 large excess 54-0 35-0 44-5 2-20 


0-4650 0-5226 6 56-7 31:5 42-9 2-02 
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(III) 6—7 G. quantities of the required polysulphide (or con- 
centrated alcoholic solution of equivalent content) were added to 
a litre of freshly-boiled distilled water. When the sulphur had 
been deposited, it was allowed to coagulate, filtered off, washed, 
dried, and weighed. The results are summarised in Table II. 


TABLE II. 
Result on treatment with water of polysulphide of 
Sulphide. lithium. sodium. potassium. 
Tetra- Clear solution Clear solution Clear solution 
Penta- 0-04 Atom § Faint opalescence Clear solution 


deposited 
Hexa- 1 Atom S deposited 1 Atom S deposited 1 Atom S deposited 


Part V. Molecular Structures. 


The most acceptable of many attempts to ascribe structures 
according with the physical and chemical properties to the poly- 
sulphides of the alkali metals appear to be those of Spring and 
Demarteau (Bull. Soc. chim., 1889, 1, 11) and of Kiister and Heberlein 
(Z. anorg. Chem., 1905, 42,72). The former authors, after dismissing 
Dreschel’s conception (Bull. Soc. chim., 1871, 16, 238) of thio- 
substituted sulphite, thiosulphates, and sulphates, advance the 
view that these compounds behave with inorganic reagents as 
though constituted R,S,S,.,, and towards organic reagents as 
though the metal were attached to two sulphur atoms, R,S,,S,_. 
Kiister and Heberlein (loc. cit.) criticise the formula R,S,,8,-, as 
implying that all polysulphides are salts of H,S, and hence should 
all be hydrolysed to an equal degree in aqueous solution; they 
therefore advocate the formula R,S,S,_,, by analogy with polyiodides. 

Thomas and Rule (J., 1917, 141, 1085), whilst recognising the 
criticisms of Kiister and Heberlein, maintain that their own experi- 
mental results indicate that two of the sulphur atoms behave 
differently from the rest, and contend that disulphide is the unit 
from which by direct addition all other polysulphides result :— 


+41 eed —* R-S=8 R—S=8 


These attempts were made in the absence of such detailed inform- 
ation regarding the methods of preparation and the properties of 
the alkali polysulphides as is provided in the current series of 
researches, and before the general application of the electronic 
theory of valency. By taking advantage of the knowledge now 
available, it has been possible to show that the division into two 
structural types R,S,,S,-, and R,S.S,_, is probably illusory, and to 
ascribe tentative structures to these compounds, the full interpret- 
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ation of which leads to a better understanding of their methods of 
preparation and properties. 


TaBLeE III. 
Sulphide By melting metal 
formed by with sulphur. 
Action of S on desulphur- ——, 
————— ising Compn. 
Method metal M.S, giving highest Highest of satd. 
of under M,S,,yH,0. sulphides stable solid 
prepn. toluene: MHS. 2. y- in nitrogen. sulphide. _ soltn. 
Li Li,S Li,S, Li,S, 
Na NaS, NaS, 2 2, 5,6,  Na,S, NaS, Na,Sz5.o5 
3 3, 8 ; 
4 6, 8 
5 i, 8 
K K,S, K,S, 2 3 K,S, K,S, KS.¢.150 
3 0 
4 2,3 
5 l 
Rb Rb,S, Rb,S,; 3 ] Rb,S, Rb.S, Rb S¢.0¢6 
4 0, 2 
5 0 
Cs 3 1 Cs,8, Cs.8, Cs,S ¢.339 
+ 0, 1 
5 0 


Table III epitomises the available information on the preparative 
methods and their respective products, and Table IV summarises 
the properties of the compounds. 





TABLE IV. 
Solubility in Volatility 
C,1,0. H,0. Highest hydrate of of 

Property. —’—— o—_—— Most stable + ~~ ~ anhydrous 

M,S,. M.S, M,Sq. M,S,- sulphides. M,S. M,S,. M,S;. M,S,. M,8,. compound. 
Li ° - ” * Li,S,, Li,S, Too soluble for investig- 64 

A aN xR 4 _ ation 
Na | | | Na,S,, NaS, 9 6 8 8 8 
K | { E E K,S,, K,S,; 5 3 0 3 1 
Rb | H M_ RbS,RbS, 4 3 #1 2 O 
Cs | S N_ (Cs,8,,Cs8, 4 3 1 1 0 


* Arrows show direction of increased solubility or volatility. 
E = Extraordinarily hygroscopic. H = Highly hygroscopic. M = Moder- 


ately hygroscopic. S = Somewhat hygroscopic. N = Not hygroscopic. 


The following generalisations may also be made : 

(1) The polysulphides of (i) lithium and sodium, and of (ii) potass- 
ium, rubidium, and cesium resemble one another fairly closely, 
but a marked difference exists between the two groups. 

(2) There is an increase in the number of sulphur atoms in the 
highest polysulphide from lithium (Li,S,) to caesium (Cs,S,). (This 
is analogous to the polyoxides and polyiodides.) 

(3) From lithium to cesium, there is an increasing tendency to 
take up sulphur, as exemplified by (a) preparations from mono- 
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sulphides, (6) preparations from hydrosulphides, (c) the action of 
sulphur on the metals, and (d) the quantity of sulphur in the satur- 
ated solid solutions of sulphur in the highest polysulphides. 

(4) All the metals form two sulphides of relatively outstanding 
stability; one is invariably the disulphide, and the other, tetra- 
sulphide in the case of lithium or sodium, and pentasulphide in the 
case of potassium, rubidium, or cesium. 

(5) The amount of water of crystallisation and the solubility 
decrease with increase in atomic weight of the metal, the gradation 
being most marked between sodium and potassium. 

(6) Sulphur reacts with the monosulphides in solution to give 
a series of polysulphides, but with the bydrosulphides to give only 
the higher stable compound referred to in (4). 

(7) In ionised solution the polysulphides react as if one of the 
sulphur atoms were unique, and under all other ccenditions, as if 
two were bound differently from the rest. 

Mono- and Hydro-sulphides—The monosulphide and _ hydro- 
sulphide are best represented by the formulix.* 

m| 055 | M| S54 

Disulphide.—Here there are two possibilities : the sulphur atoms 
may be connected by a co-ordinating link (I), or by a covalent 
one (II). 


~| 28 S; Ml 28 more'gs jw 


M.{S—>8] MIS—S. I 
(I.) (II.) 

The behaviour of the organic disulphides supports (II), for oxid- 
ation gives quantitatively only one acid (A), and reduction gives 
two molecules of the mercaptan (B), gentle oxidation reconverting 
this into the disulphide (C). Again, the action of iodine on sodium 
mercaptide gives disulphide (D). All these reactions are concerned 
entirely with the making or breaking of the sulphur bond. 


0; 
o—-NO,°C,H,S‘S-C,H,-NO, 7 2NO,°C,H,SO,H . . . (A) 


H, 
HyS'S-C,H, > 20,H,SH 

(Hy SH, GHsS sa 6 
CH,-SH  C,H,S * 

2C.H.-SNa _*> CoHs'S 1 onal 
2C,HySNa > yg 4 


* In these formule the small letters indicate the element from which the 
corresponding electron is derived. 
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The stability of the inorganic disulphides and their behaviour 
under all conditions in which ionisation is prevented suggest the 
covalent linking, and are certainly in favour of structure (II). 

Trisulphide.—From the disulphide (iI) it is suggested that tri- 
sulphide is produced by co-ordination with one of the sulphur atoms 
as represented by (III), co-ordination to both being excluded by 
the strain inherent in such a structure. This formula implies no 








M, ree M,| 775 M,| $88 
ae S—>s 21S —>S 
(IIL.) (IV.) (V.) 


particular difficulty of formation, but a great readiness to acquire 
another acceptor, e.g., water or sulphur. This accounts for the 
ready formation and great stability of trisulphide monohydrate, 
and offers an explanation of the preferential formation of higher 
sulphides in preparative methods involving the addition of sulphur 
to hydro- and mono-sulphide. 

It seems also reasonable to suppose that the inherent instability 
of the trisulphide unit towards heat is accounted for by this un- 
balanced structure. 

In the case of ammonium, where no disulphide unit is found, 
the absence of any polysulphide below pentasulphide is significant 
(see below). 

Teirasulphide.—The tetrasulphide may be presumed to consist 
of the disulphide unit, to each sulphur atom of which another is 
co-ordinated, giving the balanced arrangement (IV). The mode 
and ease of formation and the stability of tetrasulphides bear out 
this conception. 

Penta- and Hexa-sulphides.—The formation of these by further 
co-ordination, giving (V) and (VI), fails to account either for the 
superior stability of the pentasulphides or for the frequent absence 
of a hexasulphide. With the pentasulphide, however, the closing 
of the sulphur chain becomes a possibility, giving (VII), since if the 
angle between the valencies of an atom whose valency is less than 
four remains the same as it would be if the full covalency were 
exerted (compare Sidgwick, ‘‘ The Electronic Theory of Valency,” 
p. 238) then such a ring would be almost without strain (see Table 
V). In such a configuration, the two co-ordinate links holding 


ee | | 

M,} | M 

') Siete $5978 
(VI.) (VII.) 


the fifth sulphur atom must be of the single-electron type if the 
octet is to be maintained and each atom to be neutral. Closure 
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Number of atoms inring ...... 3 4 5 6 
Strain per atom _ ...........sseeee. +49° 28’ +19° 28’ +1° 28’ —10° 32’ 


in the case of hexasulphides appears unlikely, and their instability 
is at once explicable in view of the length of the sulphur chain. 

The structures suggested accord very well with the properties 
of the compounds under consideration. Thus, a general increase 
would be looked for in the sulphur/metal ratio as the alkali-metal 
series is ascended, successive members of which, by losing an 
electron more and more easily, tend to increase the length of the 
chain of co-ordinated sulphur atoms. Without some modification 
of this chain, however, such as the ring formula here suggested, the 
peculiar stability of the pentasulphide would remain unexplained 
In this connexion the stability of ammonium and certain organic 
pentasulphides is significant. 

These structures indicate that, in the degradation of any higher 
polysulphide, fission should occur at the co-ordinate linkings, and 
actually disulphides are formed when the alkali polysulphides are 
heated or the organic pentasulphides are even kept in solution. 


The authors wish to thank Mr. J. H. Smith for his valuable 
assistance in the experimental work. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [ Received, June 5th, 1931.] 





CCLXIX.—The Action of Nitric Acid on Polycyclic 
Indole Derivatives. Part X. Further Derivatives 
of Dihydropentindole. 

By JosepH Pavutinus Massey and SypNEY GLENN PRESTON PLANT. 


In earlier parts of this series it has been shown that the 9-acyltetra- 
hydrocarbazoles (I; = 2) yield addition products when treated 
with nitric acid in acetic acid solution. Inthe majority of cases these 
products are of the type (II; m = 2), but occasionally nitric acid is 


CH, CH, CH, 
s ss ng cs, 
A - Hy)n LX Pas ~y s Hy)n 
NR CH, NR CH, NR CH, 
(I.) (II.) (III.) 


added on to the double linkage to give a substance of the formula 
(IIL; ~ = 2). It has been shown in Parts III and VIII (J., 1923, 
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123, 3242; 1929, 2493), however, that 8-acetyl-, 8-benzoyl-, and 
8-carbethoxy-dihydropentindole (I; R = Ac, Bz, and CO,Et; 
n = 1) all yield addition products of the type (III; » = 1), anda 
dihydroxy-compound analogous to (II) has not so far been detected 
in this series. Moreover, the carbazole derivatives (III; = 2) 
yield the corresponding dihydroxy-compounds (II; = 2) when 
their alcoholic solutions are boiled, but the related pentindole 
derivatives (III; » = 1) hitherto studied have ali proved to be 
stable towards boiling alcohol. 

In view of the very interesting transformations which the di- 
hydroxyhexahydrocarbazoles (Il; = 2) can undergo, e.g., the 
facile conversion into the 6-acyl-y-indoxylspirocyclopentanes (LV), it 
became of interest to extend the study of this reaction with nitric 
acid to other derivatives of dihydropentindole in the hope that a 
dihydroxy-compound of the type (II; » = 1) might be obtained, 
either directly or from the nitric acid addition product (III; » = 1) 
by treatment with boiling alcohol. Furthermore, the three com- 
pounds of the formula (III; » = 1) so far described differ so greatly 
in their reactions on treatment with alkalis that interest also attaches 
to a study of further examples from this point of view. 


CO NO 


(IV.) & Seem (Se (V.) 
\/\ / CH CH, oo ¢ 2 
NR NH, 
CO-CH°:CHPh 


8-Cinnamoyldihydropentindole (I; R = CHPh:CH:CO; n= 1) 
has now been prepared by the action of cinnamoyl chloride and 
potassium hydroxide on dihydropentindole in acetone solution, and, 
when it was treated with nitric acid under certain conditions 
(p. 1993), it yielded 4(or 6)-nitro-8-cinnamoyldihydropentindole (V) 
and 10-nitro-9-hydroxy-8-cinnamoylietrahydropentindole (III; R = 
CHPh:‘CH-CO; n= 1). The latter was, however, unchanged by 
boiling aleohol. It readily dissolved at room temperature in aqueous- 
alcoholic potassium hydroxide, and, on acidification, y-o-cinnam- 
amidobenzoylbutyric acid (VI; R = H) was obtained. 


(VI.) BC YCO{CH CO, ci) (VII.) 
At COC oe 1 6 . 
VY ; AY"? 
Nu Hi, 


A study was then made of some acyl derivatives of 5-chloro- 
dihydropentindole (VII). The action of nitric acid on the analogous 
6-chloro-9-acyltetrahydrocarbazoles has already been examined 
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(Part VI; J., 1928, 2454), and it was during the course of these 
latter investigations that the conversion of the nitric acid addition 
compounds to the corresponding dihydroxyhexahydrocarbazoles by 
the action of boiling alcohol was discovered. The indole (VII) was 
prepared by the application of the Fischer reaction to cyclopentanone- 
p-chlorophenylhydrazone, and it has been converted into its 8-acetyl, 
8-carbethoxy-, and 8-cinnamoyl derivatives; attempts to prepare the 
8-benzoyl compound have been unsuccessful. In order to establish 
the structures of some of the nitration products described below, the 
Fischer reaction was also applied to cyclopentanone-4-chloro-3-nitro- 
phenylhydrazone, and a mixture of the two indoles theoretically 
possible was obtained. In accordance with the procedure previously 
adopted in analogous cases, one of these (m. p. 167°) has been called 
5-chloro-4(or 6)-nitro- and the other (m. p. 182°) 5-chloro-6(or 4)- 
nitro-dihydropentindole. When these three acyl derivatives of 
5-chlorodihydropentindole were treated with nitric acid in acetic 
acid solution under various conditions (see p. 1995), essentially similar 
results were obtained in each case. The 4(or 6)-nitro-derivatives 
(VIII; R= Ac, CO,Et, and CHPh:CH:CO) and the addition 
products (IX; R = Ac, CO,Et, and CHPh:CH:CO) were isolated, 
but the last three were all stable towards boiling alcohol. The 


constitutions of the nitro-derivatives (VIII) were established by 


NO, 
Cf \—ro He C —xo— H, 

| OH H, las iH 

Ye YK 


2 
(x.) CO-CH:CHPh 


NR H, 
(VIII.) (IX.) 
hydrolysis, 5-chloro-4(or 6)-nitrodihydropentindole, identical with 
the synthetic product, being obtained in each case. Of the nitric 
acid addition compounds (IX), it was found that the cinnamoyl 
derivative yielded +y-5-chloro-2-cinnamamidobenzoylbutyric acid 
(VI; R=Cl) when its aqueous-alcoholic potassium hydroxide 
solution was heated, but attempts to obtain crystalline products 
from the analogous acetyl and carbethoxy-derivatives by treatment 
with potassium hydroxide under various conditions were unsuccess- 
ful. The nitration of 8-cinnamoyldihydropentindole has yielded, 
in addition, an interesting new type of product. From the ultimate 
acetic acid mother-liquors, on concentration, there separated a 
substance which analysis indicated was 5-chloro-10-nitro-9-acetoxy- 
8-cinnamoyltetrahydropentindole (X). This structure was confirmed 
by the fact that, like the normal addition compound (IX; R= 
CHPh:CH:CO), this substance gave y-5-chloro-2-cinnamamido- 
benzoylbutyric acid when its solution in aqueous-alcoholic potassium 
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hydroxide was boiled. It was also found to be unaffected by boiling 
alcohol. 

Although the experiments now described have not brought to 
light a compound of the dihydroxytetrahydropentindole type (II; 
n = 1), they serve to emphasise the remarkable differences which 
exist between the 8-acyldihydropentindoles (I; = 1) and the 
9-acyltetrahydrocarbazoles (I; » = 2) in their behaviour towards 
nitric acid. Thus, the formation of a nitric acid addition product 
(III; = 1) appears to be the invariable rule with the former 
derivatives, but, whilst this reaction sometimes occurs with the 
latter, the more normal course involves the addition of two hydroxyl 
groups at the double linkage. 

In the work hitherto described in this field the procedure has been, 
in general, to treat the acyl derivative in question with a relatively 
small amount of nitric acid (very little more than an equimolecular 
proportion), but experiments are now in progress involving the use 
of a considerable excess of the reagent. These have brought to 
light some interesting new compounds which will form the subject 
of a future communication. 


EXPERIMENTAL. 


Action of Nitric Acid on 8-Cinnamoyldihydropentindole.—A boiling 
mixture of dihydropentindole (4 g.), acetone (30 c.c.), and aqueous 
potassium hydroxide (7 g. of 66%) was treated with a solution of 
cinnamoyl chloride (6 g.) in acetone (5 c.c.), the whole being well 
shaken. After dilution with water, the product was crystallised 
successively from alcohol and acetone, and 8-cinnamoyldihydro- 
pentindole was obtained in yellow plates, m. p. 156° (Found : N, 4-6. 
C9H,,ON requires N, 4-9%). 

A suspension of 8-cinnamoyldihydropentindole (2 g.) in glacial 
acetic acid (50 c.c.) at 40° was treated with a solution of nitric acid 
(0-75 g., d 1-42) in acetic acid (3 ¢.c.), and, after the mixture had 
been heated to 70°, a clear solution was obtained. On cooling, 
4(or -6)-nitro-8-cinnamoyldihydropentindole separated, and, after 
crystallisation from acetone, it was isolated in pale yellow prisms, 
m. p. 230° (Found : N, 8-3. C,)H,,0,N, requires N, 8-4%). When 
a solution of this product in aqueous-alcoholic potassium hydroxide 
was boiled for an hour and then diluted with water, a:solid was 
obtained which, after crystallisation from chloroform, melted at 
153° and was proved (mixed m. p.) to be identical with the 4(or 6)- 
nitrodihydropentindole described by Plant (J., 1929, 2495). The 
alkaline filtrate, on acidification, yielded cinnamic acid. 

The same nitro-compound (m. p. 230°) was obtained from the 
cinnamoyl derivative when the experiment was repeated at 90° 
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with less acetic acid (25 c.c.), or by the use of fuming nitric acid 
(0-5 g., d 1:5) at 90°. The acetic acid mother-liquors from these 
experiments were concentrated to a very small volume under 
reduced pressure. On cooling, the residue set to a sticky brown 
solid, but, after rubbing with a little acetic acid, a product was 
collected by filtration. When this had been crystallised from acetic 
acid containing a small quantity of water, 10-nitro-9-hydroxy- 
8-cinnamoyltetrahydropentindole was obtained in colourless needles, 
m. p. 187° (decomp.) (Found : C, 68-5; H, 5-0; N, 8-5. C,9H,,0,N, 
requires C, 68-6; H, 5-1; N, 8-0%). When a solution of the latter 
product in alcohol was boiled for ? hour and then cooled, a large 
proportion of the substance separated unchanged, and the remainder 
was recovered on dilution with water. When the substance was 
shaken for a minute at room temperature with equal volumes of 
alcohol and aqueous potassium hydroxide (15%), an almost clear 
solution was obtained, and, after filtration and acidification with 
dilute hydrochloric acid, a solid product soon separated. After 
being crystallised from glacial acetic acid, y-o0-cinnamamido- 
benzoylbutyric acid was obtained in colourless prisms, m. p. 162° 
(Found: C, 70-7; H, 5-7. C,.9H,,0,N requires C, 71-2; H, 5-6%); 
this acid was readily soluble in aqueous sodium carbonate, from 
which it was reprecipitated on acidification. 

5-Chlorodihydropentindole and its Nitro-derivatives—When a 
solution of p-chlorophenylhydrazine (4-5 g.) and cyclopentanone 
(3-5 g.) in alcohol (20 c.c.) was boiled for 10 minutes and then 
allowed to cool, cyclopentanone-p-chlorophenylhydrazone separated 
in colourless plates, m. p. 99—100°. After the hydrazone (5 g.) had 
been treated with water (50 c.c.) and concentrated sulphuric acid 
(5-5 c.c.), and the mixture warmed on the steam-bath for } hour, 
5-chlorodihydropentindole separated. The product was obtained 
from glacial acetic acid in glistening colourless plates, m. p. 132° 
(Found: N, 7-3. C,,H, NCI requires N, 7-3%). 

cycloPentanone (1-5 g.) was added to a solution of 4-chloro-3-nitro- 
phenylhydrazine (2-5 g.; prepared by the method described by 
Plant and Rosser, J., 1928, 2461) in the minimum quantity of boiling 
alcohol, and, after the solution had been boiled for 10 minutes and 
then cooled, cyclopentanone-4-chloro-3-nitrophenylhydrazone separ- 
ated in orange-red plates, m. p. 106—107°. A mixture of this 
hydrazone (13 g.), sulphuric acid (260 c.c. of 30%), and cyclo- 
pentanone (8 c.c.) was boiled under reflux for 20 minutes, and the 
ketone was removed in steam. The solid product was then dis- 
solved in alcohol, and the solution boiled with charcoal for 10 minutes. 
After being filtered and cooled, the product was recovered by 
dilution with water. Separation of the two indoles was effected by 
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crystallisation from benzene; one crystallised first in clusters of 
yellow needles, and the other later in groups of red prisms. By 
decanting the solution when the second product started to separate, 
and recrystallising the first from benzene, 5-chloro-4(or 6)-nitrodi- 
hydropentindole was obtained in yellow needles, m. p. 167° (Found : 
N, 12-0. C,,H,O,N,Cl requires N, 11-89%). The isomeric 5-chloro- 
6(or 4)-nitrodihydropentindole, which separated later from the 
benzene solution, was recrystallised from glacial acetic acid and 
obtained in red plates, m. p. 182° (Found: N, 11-7%). 

cycloPentanone-4-chloro-2-nitrophenylhydrazone separated when a 
solution of the corresponding hydrazine (prepared as described by 
Plant and Rosser, loc. cit.) and an excess of cyclopentanone in alcohol 
was boiled for 15 minutes and then cooled. On recrystallisation 
from alcohol it was obtained in red needles, m. p. 128° (Found : 
N, 16-5. C,,H,.0.N,Cl requires N, 16-6%), but attempts to convert 
it into the corresponding indole have so far been unsuccessful. 

Action of Nitric Acid on 5-Chloro-8-acetyldihydropentindole.— 
When a solution of 5-chlorodihydropentindole (3 g.) in acetic anhy- 
dride (10 c.c.) was boiled for 6 hours and then allowed to cool, 
5-chloro-8-acetyldihydropentindole separated. After recrystallisation 
from glacial acetic acid it was obtained in colourless needles, m. p. 
142° (Found : N, 6-0. C,,;H,,ONCI requires N, 6-0%). 

When a solution of this latter product (4 g.) in glacial acetic acid 
(50 c.c.) at 69° was treated with nitric acid (2 g., d 1-42), dissolved in 
acetic acid (5 c.c.), the temperature rose to 74°, and, on cooling, a 
solid separated. After recrystallisation from glacial acetic acid, 
5-chloro-4(or 6)-nitro-8-acetyldihydropentindole was isolated in yellow 
prisms, m. p. 222° (Found: C, 56-4; H, 3-7. C,3;H,,0O,N,Cl 
requires C, 56-0; H, 4:0%). Its constitution was established by 
boiling its solution in aqueous-alcoholic potassium hydroxide for an 
hour and then diluting it with water; 5-chloro-4(or 6)-nitrodihydro- 
pentindole, identical with the product described above, was obtained. 
The acetic acid mother-liquor from the above nitration product was 
concentrated under reduced pressure to one-fourth of its volume, and, 
on cooling, a colourless substance separated. When this was recrys- 
tallised from acetone, 5-chloro-10-nitro-9-hydroxy-8-acetyltetrahydro- 
pentindole was obtained in colourless plates, m. p. 197° (decomp.) 
(Found: C, 53-2; H, 4:3; N, 9-5, 9-7. C,,;H,,0,N,Cl requires 
C, 52-6; H, 4-4; N, 9-4%). This product, unaccompanied by the 
above 4(or 6)-nitro-derivative, separated slowly, on standing, after 
nitric acid (3 g., d 1-42) in acetic acid (5 c.c.) had been added to a 
suspension of the acetyl compound (6 g.) in glacial acetic acid (30 c.c.) 
at 80°, and this procedure, therefore, constitutes a more convenient 
method than the former for preparing this addition compound. 
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A solution of this nitric acid addition compound in alcohol was 
boiled for an hour, but the product separated unchanged in colour- 
less plates on cooling. No crystalline substance has been obtained 
by the action of aqueous or aqueous-alcoholic potassium hydroxide 
on it under various conditions. 

Action of Nitric Acid on Ethyl 5-Chlorodihydropentindole-8-carb- 
oxylate——Prepared by a process similar to that used for 5-chloro- 
8-cinnamoyldihydropentindole, but by the use of ethyl chloroformate 
instead of cinnamoyl chloride, ethyl 5-chlorodihydropentindole- 
8-carboxylate separated from alcohol in practically colourless needles, 
m. p. 103—104° (Found: N, 5-4. ©,,H,,0,NCl requires N, 5-3%), 
When a solution of the ester (5 g.) in glacial acetic acid (50 c.c.) at 
70° was treated with nitric acid (2 c.c., d 1-42), dissolved in acetic 
acid (2 c.c.), ethyl 5-chloro-4(or 6)-nitrodihydropentindole-8-carboxylate 
separated on cooling and standing for several hours. After recrys- 
tallisation from alcohol, it was obtained in yellow needles, m. p. 
152—153° (Found: N, 9-0. C,,H,,0,N,Cl requires N, 9-1%), and 
its constitution was established by hydrolysing it to 5-chloro-4(or 6)- 
nitrodihydropentindole as described above for the analogous deriv- 
ative from 5-chloro-8-acetyldihydropentindole. When the acetic 
acid mother-liquor had been concentrated under reduced pressure, 
ethyl 5-chloro-10-nitro-9-hydroxytetrahydropentindole-8-carboxylate 
separated, and, after recrystallisation from benzene, it was obtained 
in colourless prisms, m. p. 163—164° (Found: C, 52-0; H, 4-4; 
N, 8-5, 8-6. C,,H,;0;N,Cl requires C, 51-5; H, 4-6; N, 8-6%). 
When the above nitration process was repeated, but in a smaller 
quantity of acetic acid (25 c.c.) and at 85°, this addition compound 
constituted the only product which separated from the resulting 
solution on standing for 3 days. A further quantity was then 
obtained by concentrating the mother-liquor.. It was recovered 
unchanged from its alcoholic solution after boiling for 1} hours, and 
no crystalline product has been obtained from it by the action of 
aqueous-alcoholic potassium hydroxide under various conditions. 

Action of Nitric Acid on 5-Chloro-8-cinnamoyldihydropentindole.— 
Prepared from 5-chlorodihydropentindole by a method analogous 
to that described for 8-cinnamoyldihydropentindole, 5-chloro- 
8-cinnamoyldihydropentindole was isolated from acetone in pale 
yellow plates, m. p. 185° (Found: N, 4:3. C9H,gONCI requires J alc 
N, 4-4%). A suspension of this product (4 g.) in glacial acetic acid | de 
(100 c.c.) at 70° was treated with nitric acid (2 g., d 1-42), and, after J po 
warming to 90°, a clear solution was obtained. On standing, a solid, § ai 
m. p. 200—210°, separated, and, after crystallisation from acetone, 
its m. p. was 2Z20—232°. Although further purification was not 
effected, this product was proved by hydrolysis to contain 5-chloro- 
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4(or 6)-nitro-8-cinnamoyldihydropentindole: the solid obtained 
when its solution in aqueous-alcoholic potassium hydroxide was 
boiled for 3-hour and then diluted with water was extracted with 
hot benzene, from which, after filtration, 5-chloro-4(or 6)-nitrodi- 
hydropentindole, identical with the synthetical product, was 
isolated. 

When the above experiment was repeated with a smaller quantity 
(50 c.c.) of acetic acid at 105°, the resulting solution deposited first 
a similar product, m. p. 205—215°, and then a colourless solid, 
m. p. 212° (decomp.). This was recrystallised twice from glacial 
acetic acid, and 5-chloro-10-nitro-9-hydroxy-8-cinnamoyltetrahydro- 
pentindole was obtained in colourless needles, m. p. 221° (decomp.) 
(Found: C, 61-8; H, 44; N, 7-4, 7°7. C, 9H,,0,N,Cl requires 
C, 62-4; H, 4:4; N, 73%). Similar results were obtained under 
experimental conditions analogous to the latter, but employing 
fuming nitric acid (1-9 g., d 1-5). When the various acetic acid 
mother-liquors in the above experiments were concentrated under 
reduced pressure, further quantities of the addition compound were 
obtained in every case. Finally, the ultimate mother-liquors were 
united and concentrated still further, and, after standing for 24 
hours, a considerable quantity of a brown solid, m. p. 158—167°, 
separated. When this was twice recrystallised from alcohol, it 
yielded 5-chloro-10-nitro-9-acetoxy-8-cinnamoyltetrahydropentindole in 
colourless needles, m. p. 169° (Found : C, 62:2; H, 4:5; N, 6-6, 6-5. 
Cy.H,g0;N,Cl requires C, 61-9; H, 4:5; N, 6-6%). 

5-Chloro-10 - nitro -9- hydroxy -8 -cinnamoyltetrahydropentindole 
was recovered unchanged from its solution in alcohol after 
being boiled for 2 hours. When treated with a mixture of 
equal volumes of alcohol and aqueous potassium hydroxide (15%), 
it dissolved to give a red solution, and, after this had been heated on 
the steam-bath for a minute, allowed to stand for 5 minutes, and then 
acidified with dilute hydrochloric acid, a sticky brown product was 
obtained. After recrystallisation twice from alcohol, y-5-chloro- 
2-cinnamamidobenzoylbutyric acid was isolated in colourless prisms, 
m. p. 164—165° (Found: N, 4-1. C,)9H,,0,NCl requires N, 3-8%). 
5-Chloro - 10- nitro - 9 - acetoxy - 8 - cinnamoyltetrahydropentindole, 
which separated quantitatively and unchanged from its solution in 
alcohol after being boiled for an hour, also gave this butyric acid 
derivative when its solution in equal volumes of alcohol and aqueous 
potassium hydroxide (15%) was boiled for 15 minutes and then 
acidified with dilute hydrochloric acid. 


THE Dyson PERRINS LABORATORY, 
OxForD, [Received, June 11th, 1931.] 
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CCLXX.—The Electrolytic Dissociation of Transitional- 
metal Salis. Part I. Copper, Zinc, and Nickel 


Malonates. 
By Davin James Gress Ives and Harry Lister RILEy. 


A PRELIMINARY study of the electrical conductivities of aqueous 
solutions of the malonates of magnesium, copper, zinc, and cadmium 
(Riley and Fisher, J., 1929, 2006) indicated that further work on 
the dissociation of “ transitional-metal ”’ salts was highly desirable, 
In this term we include all those metals which occupy the centre 
positions in the long periods of the periodic classification and readily 
form complex ions. In extending this work our aim is threefold, viz. : 

1. To determine whether or not there is any definite relationship 
between the dissociation of a simple salt, MA, and that of the 
corresponding complex anion, [M(A),|’.. Although it is well known 
that the anions of “ weak” acids co-ordinate more readily than 
those of “‘ strong ”’ acids, so few data on the electrolytic dissociation 
of transitional-metal salts are available, that it is impossible to say 
whether or not such a fundamental relationship exists. 

2. To determine the extent to which transitional-metal kations 
control the degree of dissociation of their salts. One of the most 
striking results of the preliminary study (Riley and Fisher, loc. cit.) 
was the great difference shown to exist between the degree of dis- 
sociation of copper and of zinc malonate, the latter having a dis- 
sociation constant at v = 800 approximately 100 times greater than 
the former. When it is remembered that copper and zinc sulphates 
are dissociated to approximately the same extent over a large range 
of dilution, and that copper and zinc are adjacent elements in the 
periodic classification, this great difference in the malonates appears 
anomalous. Any comprehensive theory of the mechanism of 
electrolytic dissociation must account, not only for the “ anomaly 
of strong electrolytes,” but also for this anomalous behaviour of 
copper malonate and the similar behaviour of certain mercury and 
cadmium salts, which are also feebly dissociated. 

3. To determine the effect of changes in the nature of the anion 
upon the degree of dissociation of transitional-metal salts. This 
phenomenon of feeble dissociation of certain transitional-metal salts 
is, in all probability, due, not only to the nature of the kation, but 
also to that of the anion. It is hoped, by studying various series 
of similar anions, to throw some light on the part played by the 
anion. In view of modern theories regarding the polarity of 
organic molecules, the effects of substitution on the electrolytic 
behaviour of organic acid ions is of particular interest. 
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Measurements have already been made (J., 1930, 1642) on the 
effect of alkyl substitution on the degree of dissociation of the 
dimalonatocupriate complex, so it was decided to commence the 
present studies with measurements of the dissociations of the same 
series of normal copper salts by the electrical conductivity method, 
and in view of the anomalous result already recorded in the case of 
copper malonate, to compare also a similar series of zinc salts. 


EXPERIMENTAL. 


Bridge.—As the extension of this work to a large number of salts 
is contemplated, a bridge capable of precise measurement has been 
assembled. It consists of a Leeds Northrup drum bridge, a Cam- 
bridge resistance box, a Sullivan oscillator and a two-valve, trans- 
former-coupled amplifier used in conjunction with the telephones. 
The use of the amplifier has many definite advantages: (a) it 
facilitates the attainment of extremely sharp minima—with the 
extension coils in use, readings reproducible to 0:001% of the total 
length of the bridge may be taken; (5) the oscillator voltage may be 
cut down so that difficulties due to heating effects and polarisation 
are greatly reduced ; (c) the working range of a conductivity cell is 
increased greatly as the ‘‘ minimum audibility current ” is reduced 
(compare Washburn, J. Amer. Chem. Soc., 1916, 38, 2431). An 
attendant disadvantage is, however, the increased sensitivity of 
the apparatus to external electrical disturbances, necessitating the 
removal of the oscillator to a distance, the enclosure of both oscillator 
and amplifier in earthed metal boxes, and the screening of as many 
connexions as possible. It was essential, also, to earth the water 
of the electrically heated thermostat, and to provide a master switch 
to isolate the entire apparatus from the mains whilst taking readings. 
The moving contact of the bridge was also earthed. 

For balancing the capacity in the cell arm of the bridge, a 0-0015 
micro-farad variable condenser, together with a range of fixed 
condensers, was used. — 

The Leeds Northrup bridge was carefully calibrated by a modi- 
fication of the method of Strouhal and Barus (Bull. U.S. Geol. 
Survey, II, 664). Ten approximately equal resistances were em- 
ployed to obtain the main calibration curve, and intermediate points 
were calibrated by the use of 9, 8, 7, and 6 resistances, which were 
matched as nearly as possible. Further intermediate points were 
obtained, and the above calibrations checked, by the Carey-Foster 
method. 

The Cambridge resistance box was also carefully calibrated, and 
all the calibrations were checked from time to time during the work. 
Thermostat.—The temperature of the water thermostat was con- 
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trolled by a spiral toluene regulator of 300 c.c. capacity, which 
worked an electrical relay attached to a long carbon-filament heating 
lamp. Temperature variations caused no perceptible change in the 
reading of a Beckmann thermometer. The temperature was 
adjusted, on a standard thermometer, to exactly 25°. 

Conductivity Cells.—The design and dimensions of the conductivity 
cells are shown in Fig. 1. Owing to the low conductivity and 
sparingly soluble nature of most of the salts studied in this first 
paper, cell II was used almost exclusively. Both cells were of 
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Pyrex glass, and the electrodes of stout grey platinised platinum. 
In cell II the electrodes were held rigidly by two Pyrex-glass struts 
sealed to the platinum. The cells were cleaned initially with nitric- 
chromic acid mixture, followed by prolonged steaming. During the 
course of the determinations, chromic acid was not used, the cell 
being cleaned between experiments by thorough rinsing with con- 
ductivity water, followed by prolonged steaming from_ boiling 
conductivity water. Alkaline permanganate was found to cause 
contamination unless very rigid precautions were taken, so its use 
was abandoned. 

Conductivity Water—The modified Bourdillon still described by 
Stuart and Wormwell (J., 1930, 85) was employed. The stream of 
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pure air required was provided by means of a water blower, which 
drew air from outside the laboratory through a long tube packed 
with cotton wool, and forced it through a purification train consisting 
of (a) a wash-bottle of concentrated potash solution, (6) a scrubber 
of the type described by Kraus and Parker (J. Amer. Chem. Soc., 
1922, 44, 2429), containing Nessler’s solution, (c) two 3-foot soda— 
lime tubes, (d) another scrubber containing phosphoric acid, and 
(e) a large wash-bottle containing water. 

Ordinary laboratory distilled water containing a little permangan- 
ate and potash was distilled from a 30-litre copper still, and the first 
third was boiled off before the conductivity water was collected. 
Water of x 0-3—0-5 gemmho was obtained in the general routine. 
Occasionally, x was as low as 0:18 gemmho. Excessive solution of 
air in the water, with the consequent trouble through air bubbles 
separating in the conductivity cell, was prevented by collecting the 
water at 35° in a Pyrex receiver, which was fitted with a syphon tube 
and completely filled at each distillation. 

It was found impracticable, possibly through unfavourable atmos- 
pheric conditions, to use “ equilibrium water ’’ as recommended, 
e.g., by Kendall (J. Amer. Chem. Soc., 1916, 38, 2460). The “ equili- 
brium water” obtained had a conductivity much higher than 
08 gemmho. Experiment showed that rapid transfer from one 
vessel to another, and standing for prolonged periods in well-seasoned 
and tightly stoppered Pyrex-glass flasks, caused only slight alter- 
ation in the conductivity of the water obtained direct from the still. 
Moreover, it was found desirable to reduce the water correction as 
far as possible, especially when dealing with feebly dissociated 
electrolytes. 

Determination of Cell Constants.—The values for the specific 
conductivity of solutions of potassium chloride determined by 
Melcher (see Noyes and Falk, J. Amer. Chem. Soc., 1912, 34, 454) 
were employed. “ A.R.’’ Potassium chloride was twice recrystallised 
in platinum from conductivity water, dried, and the requisite 
quantity fused in a weighed platinum boat in an electric furnace. 
After cooling in a desiccator, the boat was rapidly introduced into a 
weighing bottle, which was at once tightly stoppered, and the whole 
carefully weighed against a counterpoise after standing for some 
minutes in the balance case. The boat was then placed in a stoppered 
Pyrex flask containing water of measured specific conductivity. 
The flask was weighed after standing for }-hour in the balance case. 
When higher dilution was required, a second solution was prepared 
from the first by the weight dilution method. The exact volumes 
of the solutions at 25° were determined by density measurements. 

A long-arm “ atomic weight” Oertling balance, and a larger 
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Oertling balance sensitive to 1 mg. were used, and all weighings, 
which were corrected to vacuum, were carried out with the care and 
precautions employed in atomic-weight determinations. 

Measurement of Conductivity.—The following is the procedure 
adopted in carrying out the conductivity measurements. The 
pyknometer was filled with the required solution and placed in the 
thermostat. The cell, normally kept full of conductivity water, 
was emptied and refilled with the solution four times, and allowed to 
reach a steady conductivity in the thermostat. It was then emptied 
and rinsed twice more, and finally filled with the solution. After 
it had attained the temperature of the thermostat, the conductivity 
of the solution was measured with as little delay as possible. Mean- 
while, the pyknometer had been removed from the thermostat, dried, 
and allowed to remain in the balance case for 20 mins. before weigh- 
ing, its counterpoise having been treated in a similar manner. 
Between the measurements with different solutions the cell was 
rinsed, filled with conductivity water, and allowed to stand for 
10 mins. 

Cell I gave an excellent constant over a large range, but with 
cell II it was impossible to avoid a little contamination with the 
more dilute potassium chloride solutions which manifested itself by 
an apparent fall in the value of the constant. The results are 
tabulated in Table I. 


TABLE I. 

Cell I. Cell I. 

Milli- Resist- Milli- Resist- 
equiv./l. ance. K. equiv./I. ance. K. 

31-24 550 2-3325 2-24 233 0-07631 
15-51 1075 2-3297 1-54 336 0-07628 
13-61 1220 2-3286 1-14 452 0-07619 
10-03 1641 2-3291 0-80 643 0:07624 
9-83 1674 2-3288 0-69 745 0-07626 
6-50 2506 2-3297 0-55 929 0-07620 
5-15 3140 2-3297 0-50 1021 0-07620 


Preparation of Salts.—Copper malonates. Pure copper oxide was 
obtained by dissolving electrolytic copper in ‘‘ A.R.” nitric acid and 
strongly igniting the resulting nitrate. The malonic acids were 
purchased and recrystallised. Further quantities of the isopropyl- 
and diethyl-malonic acids required, were synthesised. The copper 
salts were prepared by digesting the copper oxide with a solution 
containing 10° excess of the malonic acid. The resulting solution 
was filtered, and the residual cake of sparingly soluble copper salt 
thoroughly extracted with conductivity water. The filtrate and 
extracts were evaporated in a large platinum basin on asteam-bath. 
When sufficient salt had separated, the mother-liquor was decanted, 
and the crystals of salt were well washed with conductivity water. 
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The monoalkylated salts were redissolved in conductivity water and 
again recrystallised. It was impossible to repeat the crystallisation 
in the case of the dialkylated salts, owing to hydrolysis occurring 
in the hot aqueous solutions. After crystallisation, the salts were 
dried in air, very finely powdered, washed three times by decantation 
with absolute alcohol and three times with conductivity water. The 
salts were dried on well-scrubbed porous tiles, finely ground a second 
time, and exposed to the air for two days before use. Experiment 
showed that drying in a vacuum or by heating was impracticable, 
owing to the very slow loss of water of crystallisation and the danger 
of decomposition. A complete analysis of each salt and conductivity 
measurements over a large range of concentration were made. A 
second treatment of grinding and washing and a further series of 
measurements on the conductivity of the solutions indicated that 
the above method of purification is extremely effective. The copper 
determinations were carried out by the salicylaldoxime method 
described by Ephraim (Ber., 1930, 63, 1928). The following is a 
brief description of the properties of the individual salts. 

Copper malonate is a blue crystalline salt more soluble in water 
than the other alkylmalonates. It contains 3 molecules of water of 
crystallisation, 2} of which are lost, very slowly, after several days 
in a vacuum over concentrated sulphuric acid (Found: Cu, 29-0; 
C, 16-5; H, 3-6. Cale. for CH,°C,0,°Cu,3H,O: Cu, 28-9; C, 16:5; 
H, 3-7%). 

Copper methylmalonate is rather less soluble and of a lighter 
shade of blue than the malonate. It contains only one molecule of 
water of crystallisation, which is not lost in a vacuum over con- 
centrated sulphuric acid (Found: Cu, 32:3; C, 24:2; H, 3-0. 
CHMe:C,0,°Cu,H,O requires Cu, 32-2; C, 24:3; H, 3-1%). 

Copper ethylmalonate is still a little lighter in shade and possesses 
a slight greenish tint. It contains 14 molecules of water of crystal- 
lisation, one of which is lost in a vacuum, with deepening of colour. 
The solubility is slightly less than that of the methylmalonate 
(Found : Cu, 28-8; C, 27-2; H, 4-0. CHEt-C,0,-Cu,14H,0 requires 
Cu, 28-8; C, 27-2; H, 4-1%). 

Copper n-propylmalonate has the same colour as the ethyl salt and 
approximately the same solubility. It contains one molecule of 
water of crystallisation which is slowly lost in a vacuum, the loss 
being accompanied by deepening of colour to a dark greyish-blue 
(Found : Cu, 28-2; C, 31-6; H, 4:5. CHPr«C,0,°Cu,H,O requires 
Cu, 28-2; C, 31-9; H, 4:5%). 

Copper isopropylmalonate crystallises anhydrous in soft, very deep 
blue lamin; its solubility is considerably less than those of the 
above malonates, being of the order of 2g. per 1. (Found: Cu, 30-7; 
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C, 34:5; H, 3-8. CHPr*C,0,Cu requires Cu, 30:8; C, 34:7; 
H, 39%). 

Copper dimethylmalonate, in colour, crystalline form, and solu- 
bility, is indistinguishable from copper isopropylmalonate. It also 
crystallises anhydrous, but, unlike the isopropy! salt, it is hydrolysed 
somewhat when its aqueous solution is heated for a prolonged period 
(Found: Cu, 32-8; C, 30-9; H, 3-1. CMe,°C,0O,°Cu requires Cu, 
32-8; C, 31-0; H, 3-1%). 

Copper diethylmalonate crystallises as monohydrate in bright 
grass-green laminz, which are not dehydrated in a vacuum over 
concentrated sulphuric acid. It is considerably less soluble than the 
dimethyl salt, and the solution is hydrolysed more readily on heating 
(Found: Cu, 26-5; C, 35-0; H, 5-0. CEt,°C,0,°Cu,H,O requires 
Cu, 26-5; C, 35-0; H, 5-0%). 

Copper dipropylmalonate is very similar to the diethylmalonate, 
but is of a slightly brighter green and even less soluble in water. 
A saturated solution of this salt is approximately 0-0005N. It 
contains one molecule of water of crystallisation which is not lost 
in a vacuum. The aqueous solution is also readily hydrolysed on 
boiling (Found: Cu, 23-8; C, 40-7; H, 6-1. CPr,°C,0,Cu,H,0 
requires Cu, 23-7; C, 40:3; H, 6-0%). 

It will be noticed that there is a general decrease in the solubility 
of these salts as the number of carbon atoms present increases. The 
isopropyl-, dimethyl-, diethyl-, and dipropyl-malonates are all very 
soft and difficult to powder. The diethyl- and dipropyl-malonates 
do not wet easily, forming a dry surface scum when water is added. 
On shaking solutions of the ethyl and propyl salts stable air emul- 
sions are formed, and it is necessary to subject them to reduced 
pressure in order to remove the air. Considerable foaming occurs 
during the process. 

Zinc malonates. The zinc salts were prepared in a similar manner 
by digesting “ A.R.” zinc oxide with a solution containing 10% 
excess acid. They were purified by the grinding and washing 
method already described. Again, this was found to be remarkably 
effective, the second treatment not once being found to have any 
appreciable effect on the conductivity. Complete analyses were 
again carried out and the results are summarised in Table II. 

In solubility these salts followed the same order as the copper salts, 
the malonate being more soluble than copper malonate and the 
diethyl- and dipropyl-malonates even less soluble than the corre- 
sponding copper salts. 

Nickel malonate was prepared by dissolving nickelous hydroxide 
in excess of malonic acid solution. The nickelous hydroxide used 
was made by adding a hot solution of ‘‘ A.R.” potassium hydroxide 













19 
col 


fre 
be 
col 
on 








4:7; 


olu- 
also 
ysed 
riod 

Cu, 


‘ight 
over 
| the 
ting 
1ires 


ate, 
ater. 
It 
lost 
1 on 


H,0 


ility 
The 
very 
ates 
ded. 
nul- 
iced 
curs 


ner 
0% 
1ing 
ably 
any 
vere 


alts, 
the 
rre- 


<ide 
ised 
cide 














DISSOCIATION OF TRANSITIONAL-METAL SALTS. PART I. 2005 


TaB_e II. 
Analysis. 
No. of mols. H,O Found, %. Required, %. 

Sub- of H,O of lost in — 7 —_———. 
stituent. cryst. vacuum. Zn. C. H. Zn. C. H 
ie. Senoneses 2 1—14 32-1 178 3-2 32:1 17:7 3:0 
Ci. Mi... l 0 33-0 23-7 3-0 32-8 241 3-0 
C.H,, H ... 24 2 27-3. 24:9 4-4 27-3 249 46 
n-C;H,, H 1 0 28-8 31:3 4-2 29-0 316 4-4 
iso-C,H,, H 1 0 29-0 31:6 4:4 29:0 316 4-4 
(CHlgds sess 1 0 30-5 28:1 83-7 30-6 281 3-8 
(C.H5). ... 2 1—1$ 25-2 32-1 = 5-0 25:2 32:4 5-4 
(C;5H,). ... 2 1 22-6 376 6-1 22:7 376 6-3 


to a boiling solution of excess of cobalt-free nickel sulphate. The 
precipitate was washed by decantation with hot water several times, 
and finally on the filter until the washings were free from dissolved 
salts. The purification of the nickel malonate was carried out in 
the manner described for the copper and zinc salts. It is a pale 
bluish-green crystalline solid containing two molecules of water of 
crystallisation which are not lost in a vacuum over concentrated 
sulphuric acid. It is fairly soluble in water and dissolves readily 
when the solution is heated, but only very slowly in the cold (Found : 
Ni, 29-7; C, 18-2; H, 3-0. CH,°C,0,°Ni,2H,O requires Ni, 29-8 ; 
C, 18-3; H, 3-1%). 

Conductivity Measurements.—The procedure was essentially the 
same as that described in the determination of the cell constants. 
Owing to the sparingly soluble nature of most of the salts studied, 
it was not possible to employ the weight method of preparing solu- 
tions advocated by Whetham (Phil. Trans., 1900, A, 194, 321). 
The Ostwald method of successive dilutions by weight, accompanied 
by density determinations, was employed. Except in the case of 
the copper and zinc malonates, prolonged shaking was necessary in. 
order to effect solution. The sparingly soluble diethyl- and di- 
propyl-malonates required shaking for periods up to a week in order 
to yield solutions containing an appreciable amount of dissolved salt. 
The uncertainty of the results consequent on the above experimental 
difficulties was countered by carrying out a much larger number of 
determinations over the restricted range of concentration available. 

Water Correction.—According to Wynne-Jones (J. Physical Chem., 
1927, 34, 1647), “the criterion of a true water correction is the 
constancy of the results obtained with different samples of solvent.” 
It was found that if half the normal water correction was subtracted 
from the conductance values, much closer agreement was obtained 
between the results of separate measurements with water of different 
conductivity. For example, a series of 41 measurements was made 
on solutions of copper isopropylmalonate, using water of specific 
conductivities 0-41, 0-64, 0-88, and 1:54 gemmhos. The values 
3U 
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obtained were corrected (a) by subtracting the full water correction, 
(b) by subtracting half the water correction, and then plotted against 
the concentration. Smooth curves were drawn through the two 
sets of points, and the differences between the ideal and the actual 
ordinates noted in the case of each point. The mean value of the 
differences when half the normal water correction was applied was 
0-08, and when the full correction was applied, 0-17. A similar 
procedure with no water correction at all gave a mean difference of 
0-24. These results support the above view that it is advisable to 
apply an empirical correction for the conductivity of the solvent. 

Calculation of Dissociation Constants.—For purposes of comparison 
of the various salts, the degrees of dissociation («) have been calcul- 
ated from the simple Ostwald dilution law, «?/(1 — «)v = K, where 
v = dilution in litres and « = 4/a,. Although an application of the 
Onsager—Debye-Hiickel corrections for interionic attraction to the 
more soluble salts brings about an improvement in the constancy of 
the mass-action constants, particularly in the more concentrated 
solutions, it is felt that the publication of such corrected results would 
be premature, for the following reasons. (a) It is not possible to 
apply the corrections to the sparingly soluble diethyl- and dipropyl- 
malonates with any certainty owing to the very restricted range over 
which conductivities can be measured accurately. (b) The accurate 
values of 2, of the salts studied are not known. (c) It is anticipated 
that the continuation of this work will lead to modifications in the 
interionic attraction theory, for, from a knowledge of the dissociation 
constants of the complex ions of the type [Cu(CH,°C,0,),] already 
measured (J., 1930, 1642), it is possible to calculate the percentages 
of complex ion in solutions of the normal salts. In the stronger 
solutions, these are considerable and probably account to a large 
extent for the increase in the value of the mass-action constant as 
the dilution decreases, particularly in the case of copper malonate 
and the mono-substituted copper malonates (i.e., those salts whose 
anions have the greater co-ordinating tendency). 

The values of 4, used in the calculations have been assumed to be 
equal to the sum of the mobilities of the constituent ions. The 
malonate ion mobilities are those recorded by Vogel (J., 1929, 1476), 
those of isomeric ions being taken as equal. The values for the 
mobilities of $Cu™, $Zn”, and 4Ni™ are those recorded in Landolt- 
Bérnstein “ Tabellen,” the values for 4Zn“ and }Ni™ at 25° having 
been calculated from those recorded at 18° by the use of the formula 

1 dl 
me a 
L = the mobility. 
The results at rounded dilutions are recorded in Tables IV, V, and 


Jee = 0-0254, where a = temperature coefficient and 
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DISSOCIATION OF TRANSITIONAL-METAL SALTS. PART I. 
TaBLe III. 
Zinc isopropylmalonate. 

v. x1. vr 100a. K x 10°. Os 1 1G, A 100a. 
274:8 2b 7 33:43 32-1 0-55 2,563 26-60 68-17 65-4 
431-4 106-1 36:21 34:7 0-54 3,629 20:49 74:35 71-3 
460-8 86-64 39-93 38:3 0-52 3,994 18:96 75:72 72:6 
652-3 69-27 45:19 43:3 0-51 5,013 15-81 79-25 76-0 
656-2 68-60 45-01 43-2 0-50 6,204 13-37 82-94 79-6 
898-5 55:66 50-01 48:0 0-49 6,540 12-64 82-67 79:3 
938-1 53-89 50:55 485 0-49 8,757 10-02 87:74 84-2 
1285 43-73 56:19 53:9 0-49 9,242 $50 87-80 84-2 
1316 42:89 56:43 541 0-49 11,669 7:73 90-20 86-5 
1599 37:31 59-66 57-2 0-48 14,388 6-52. 93-81 90-0 
2237 29:54 66:07 63:4 0-49 17,730 5:30 93:97 90-1 

TABLE IV. 
v «X10. A. 100a. KX10®% «x 10°, r. 100a. 
Copper malonate. Copper methylmalonate. 
20 «196-5 3-930 3:45 6-17 
50 80-90 4-045 3-55 2-62 

100 42-55 4-255 3-74 1-45 46-14 4-614 4-19 

200 23-82 4-764 4:18 0-91 25-77 5-154 4-68 

400 14-37 5-748 5:05 0-67 15-60 6-240 5:67 

600 10-98 6-585 5-78 0-59 11-91 7-146 6-49 

800 9-17 7-336 6-44 0-56 9-94 7-952 7°22 
1,000 8-05 8-050 707 0-54 8-70 8-700 7-90 
1,200 7°24 8-688 763 0-52 7°81 9-372 8-51 
1,400 6-62 9-268 8-14 0-62 7-16 10-02 9-10 
1,600 6-16 9-856 8-66 0-51 6-66 10-66 9-67 
1,800 5-78 10-40 914 0-51 6-25 11-25 10-21 
2,000 5-49 10-98 9-64 0-51 5-90 11-80 10-71 
2,500 4:92 12-30 10:80 0-52 5:25 13-13 11-92 
3,000 4:49 13-47 11:83 0-53 4:78 14-34 13-02 
4,000 3-95 15-80 13-88 0-56 4-15 16-60 15-07 
6,000 3-25 19-50 17-13 0-59 3-41 20-46 18-58 
8,000 2-84 22-72 19-96 0-62 3-01 24-08 21-86 
10,000 2:53 25-30 22-22 0-63 2:70 27-00 24-51 

w 113-85 110-15 

Copper ethylmalonate. Copper propylmalonate. 

100 47-90 4-790 .459 2-21 51-82 5-182 5-02 

200 26-59 5-318 5-10 =1-37 28-05 5-610 5-43 

400 15-75 6-296 6-04 0-97 16-23 6-492 6-29 

600 11-90 7-140 6-85 0-84 12-12 7-272 7:04 

800 9-91 7-928 7-60 0-78 9-98 7-984 7:73 
1,000 8-68 8-680 8:33 0-76 8-63 8-630 8-36 
1,200 7:78 9-336 8-96 0-73 7-71 9-252 8-96 
1,400 7-10 9-940 9-53 0-72 7:03 9-842 9-53 
1,600 6-59 10-54 10-11 0-71 6-53 10-44 10-11 
1,800 6-10 10-98 10-53 0-69 6-09 10-96 10-62 
2,000 5-80 11-60 11-13 0-70 5-75 11-50 11-14 
2,500 5-14 12-84 12-33 0-69 5-10 12-75 12-35 
3,000 4-70 14-10 13-53 0-70 465 13-95 13-51 
4,000 4:02 16-08 15-42 0-70 4:02 16-08 15-57 
6,000 3-24 19-44 18-65 0-71 3-26 19-56 18-94 
8,000 2:80 22-40 21-49 0-73 2:86 22-88 22-16 
10,000 2-50 25-00 23:98 0-76 2:53 25-30 24-50 

ea 104-25 103-25 

















2008 


v. 


100 
200 
400 
600 
800 
1,000 
1,200 
1,400 
1,600 
1,800 
2,000 
2,500 
3,000 
4,000 
6,000 
8,000 
10,000 
i) 





































1,000 
1,200 
1,400 
1,600 
1,800 
2,000 
2,200 
2,400 
2,600 
2,800 
3,000 
3,500 
4,000 
5,000 
6,000 
8,000 
10,000 


2) 


v. 


100 
200 
400 
600 
800 
1,000 
1,200 
1,400 
1,600 
1,800 
2,000 
2,500 
3,000 
4,000 
6,000 
8,000 
10,000 
) 













IVES AND RILEY : 


THE ELECTROLYTIC 


TaBLE IV (contd.). 
«x 10°. A. 100a. KX 10°. 
Copper dimethylmalonate. 


Kx 105. 


2-53 
1-34 
0-76 
0-58 
0:50 
0-45 
0-42 
0-41 
0-39 
0-37 
0-36 
0-35 
0-34 
0-34 
0-35 
0-37 
0-40 


0-85 
0-82 
0-81 
0-81 
0-81 
0-82 
0-83 
0-85 
0-86 
0:87 
0-89 
0-93 
0-98 
1-08 
1-17 
1-33 
1-51 


TABLE V. 
Kx 10°. 


0-51 
0-49 
0-46 
0-46 
0-46 
0-45 
0-45 
0-44 
0-45 
0-45 
0-45 
0-46 
0-46 
0-48 
0-51 
0-54 
0-59 


Kk X 108, A. 100a. 
Copper isopropylmalonate. 
50-63 5-063 4-09 
26-00 5-200 5-04 
13-85 5-540 5:37 
9-86 5-916 5-73 
7-88 6-304 6-11 
6-70 6-700 6-49 
5-91 7-092 6-87 
5°35 7-490 7-25 
4°89 7-824 7-58 
4-51 8-118 7-86 
4-22 8-440 8-17 
3-70 9-250 8-96 
3°31 9-930 9-62 
2-85 11-40 11-04 
2-31 13-86 13-42 
2:04 16-32 15-81 
1:86 18-60 18-02 
103-25 
Copper diethylmalonate. 
9-02 9-02 8°77 
8-07 9-68 9-42 
7-40 10°36 10-08 
6:89 11-02 10-72 
6-49 11-68 11-36 
6-18 12-36 12-02 
5-90 12-98 12-63 
5:69 13-66 13-28 
5-48 14-25 13-86 
5-31 14-87 14°46 
5-17 15°51 15-09 
4:85 16-98 16-51 
4-62 18-48 17-98 
4:26 21-30 20-72 
3°97 23-82 23-17 
3°56 28-48 27-70 
3:29 32-90 32-00 
102-8 
«xX 108. a 100a. 
Zinc malonate. 
232-6 23-26 20:3 
153-9 30°77 26:8 
99°59 39°84 34-7 
77-31 46:39 40-4 
64:32 51-46 44-8 
5552 55:52 48:3 
48:90 5868 51-1 
43:97 61-58 53-6 
40:20 64-32 56-0 
37-10 66-78 58-2 
34-42 68:84 59-9 
29-48 73:70 64-2 
25-80 77:40 67-4 
20°85 83-40 72-6 
15-22 91:32 795 
12:02 96-16 83-7 
10-00 100-00 87-1 
114-85 





53-80 5-380 5-16 
32-22 6-444 6-18 
20-30 8-120 7-78 
15-87 9-522 9-13 
13-45 10-76 10-31 


11-87 11-87 11-38 
10°75 12-89 12-36 
9-87 13-82 13-24 
9:16 14-66 14-05 
8-60 15-48 14-83 
8-13 16-26 15-58 
7-22 18-05 17-30 
6-57 19-71 18°89 
5-72 22-88 21-93 
4:67 28-02 26°85 
4:05 32-40 31-05 
3:62 36-20 34:69 
104-35 













Pat at et ft et ft ft ft et ff 
HADTAAAKR ARRAS 
Se i CE SO 


Copper di-n-propylmalonate. 


6-47 10°35 10°83 0-82 
6-02 10-84 11-34 0-81 
5:70 =11-40 11:93 0-81 
5-44 11-97 12-52 0-81 
5:22 12-53 13-11 0-82 
5-00 =13-00 13-60 0-82 
4:83 13-52 14:15 0-83 
4-69 14-07 14:72 0-85 
4:38 15-33 16:04 0-87 
4:15 16-60 17:36 0-91 


3:77 18-85 19-72 
3°50 21-00 21-97 
3:12 24-96 26-11 
2-88 28-80 30°13 
95-6 

xx 10°. A. 100a. K 

Zinc methylmalonate. 
301-0 30-10 27:1 
193-7 38-74 34-9 
123-2 49-28 44-3 
93-60 656-16 50-5 
76°52 61-22 55-1 
65:19 65-19 58-7 
57:03 68-44 61-6 
50-65 70-94 63:8 
45-81 73-30 66-0 
41:82 75-28 67°7 
38-49 76-98 69°3 
32:38 80-95 72:8 
27°83 83-49 75:1 
22:03 88-12 79-3 
15-79 94-74 85:3 
12-20 97-60 87-8 
10-11 101-1 91-0 


111-15 


x 10°. 


1-01 
0-93 
0-88 
0-86 
0-84 
0-83 
0-82 
0-80 
0-80 
0-79 
0-78 
0-78 
0-76 
0:76 
0-82 
0-79 
0-92 
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v. 
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TABLE V (contd.). 
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«x 108, A. 100a. Kx108. «x 10°. A. 100a. Kx 10%. 
Zinc ethylmalonate. Zinc propylmalonate. 
a “== “= oa 219-5 32-92 31:6 0-97 
—_ — — — 182-6 36-52 35-0 0-94 
165-3 41-32 39:3 1-02 — — — — 
121-0 48-40 46-0 0-98 115-5 46-20 44-3 0-88 
91-87 55-12 52-4 0-96 87:29 52:37 50-2 0-85 
74:92 659-94 57-0 0-94 71-47 57-18 54-9 0-83 
63-79 63-79 60-6 0-93 60:84 60-84 58-4 0-82 
55:78 66-94 63-6 0-93 53-39 64-07 61-5 0-82 
49-62 69-50 66-0 0-92 47-58 66-64 63-9 0-81 
44:80 71-68 68-1 0-91 43-00 68-80 66-0 0-80 
41-00 73-80 70-1 0-91 39-27 70-69 67-8 0-79 
37-73 75-46 71-7 0-91 36-20 ~ 72-40 69-5 0-79 
31-58 78-95 75-0 0-90 30-17 =75-43 72-4 0-76 
27-20 81-60 77-5 0-89 26-00 78-00 74:8 0-74 
21:50 86-00 81-7 0-91 20-53 82-12 78-8 0-73 
15-20 91-20 86-7 0-94 14-59 87-54 84-0 0-73 
11:87 94-80 90-1 1-02 11-41 91-28 87-6 0-77 
9-69 96-90 92:1 1:07 9-46 94-60 90-7 0-89 
105-25 104-25 
Zinc isopropylmalonate. Zine dimethylmalonate. 
128-9 32:23 30:9 0-55 216-2 54:05 51:3 2-16 
95:93 38:37 368 054 153-4 61:36 582 2-03 
73-02 43:81 420 0-51 1136 6816 64:7 1-98 
60:03 48-02 46-1 0-49 91:00 72:30 691 1-93 
51-74 51:74 49:6 0-49 76-31 76:31 72-4 1-90 
45-70 54-84 52:6 0-49 65-92 79:10 75-1 1:89 
41-1] 57-58 55-2 0-49 58:14 = 81-43 77:3 1-88 
37:40 59-84 57-4 0-48 52-09 83-34 79-1 1-87 
34:36 61-85 59-3 0-48 47:10 84-78 80-5 1-84 
31:90 63-80 61-2 0-48 43:00 86-00 81-6 1-81 
27-12 67-80 65-0 0-48 35-50 88-75 84-2 1-80 
23-69 71-07 68-2 0-49 30-20 90-60 86-0 1-76 
18:99 75-96 72-9 0-49 23:50 94-00 89-2 1-85 
13-63 = 81-78 78-5 0-48 16-21 97-26 92°3 1-85 
10-71 85-68 82-2 0-47 12:34 98-72 93-7 1-74 
8-81 88-10 84-5 0-46 9:95 99-50 94-5 1-61 
104-25 105-35 
Zine diethylmalonate. Zine dipropylmalonate. 
28-61 71-53 68:9 0-61 27-91 69-78 72-2 0-75 
24:57 73-71 71:0 0-58 24:00 72-00 74:5 0-73 
19-35 77-40 74-6 0-56 18-88 75-52 78-2 0-70 
13-69 82-14 ° 79-1 0-50 13:28 79-68 82-5 0-65 
10-64 85-12 82-0 0-47 10-29 82-32 85-2 0-61 
8-68 86-80 83-6 0°43 8-40 84-00 87-0 0-58 
103-8 96-6 
TABLE VI. 
Nickel malonate. 
xxid*. Ad. 100a. K x 104. v «xX10% A. 100a. K x 104. 
169-1 16-91 143 2-38 1,800 28-96 52:13 44:0 1-92 
111-4 22:29 188 2-18 2,000 27:09 54:18 45-7 1-93 
73-43 29-37 24-8 2-04 2,500 23-40 58:50 49-4 1-93 
57-58 34:55 29-2 2-00 3,000 20-82 62-46 52-7 1-96 
48:20 38-56 32-6 1-96 4,000 17:22 68-88 582 2:12 
42:00 42:00 35:5 1-95 6,000 12:98 77:88 65-7 2-10 
37-59 45-11 38-1 1-95 8,000 10-60 84-80 716 2-25 
34:06 47-68 40-3 1-94 10,000 8-71 87:10 73:5 2-04 
31-28 50:05 42:3 1-93 oo 118-45 
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TaBLeE VII. 


Summary of results. 
Dissociation constants. 








Copper malonate. Zine malonate. Nickel malonate. 


Substituent. K > K x 10°. K x 104. 
Tig. Vsttnascdgeudecessseuqete ie 0-45 1-9 
ee ere 0-65 0-79 
SE eras 0-70 0-91 
nant : Breer re 0-70 0-75 
CODA Tg, UB. & vecccccesoes 0-35 0-48 
| arene 1-44 1-81 
CEG sasinkktssecshinnes 0-81 0-58 
GUgREGIG  sKcecitiocccsetssots 0-81 0-70 


VI. These were obtained by interpolation from large-scale specific 
conductivity—concentration curves, plotted from approximately 
30 experimental results in each case. Table III gives, for comparison, 
a series of experimental values. 


Discussion. 


It should be remembered that the values of the dissociation 
constants obtained must be considered only relatively correct until 
the values of 4, of the various salts are known with more certainty. 

Apart from the diethyl- and the dipropyl-compounds, the values 
of the dissociation constants of the various copper salts follow the 
same order as the values recorded for the constants of instability of 
the corresponding dimalonatocupriate complex ions (J., 1930, 1642). 
In the normal salt, the substitution of Me, Et, and Pr causes a small 
increase, Me, a larger increase, and Pr’ a small decrease in the value 
of the dissociation constant. These effects are, however, not so 
pronounced as those recorded for the complex ions, but there can be 
little doubt that the underlying causes are the same in both cases, 
viz., alterations in the extent of the localisation of negative electric 
charge on the carboxyl oxygen atoms. It is somewhat surprising 
that the dissociation constants of the diethyl- and dipropyl-salts are 
so little different from that of copper malonate itself, particularly 
when it is remembered that the substitution of these groups brings 
about other profound changes in the nature of the malonate, e.g., 
change in colour of the copper salt, ease of hydrolysis with water, 
tendency to co-ordinate with the copper ion. This anomalous 
behaviour can be explained by the following theory. The electrolytic 
dissociation of copper malonate probably takes place in two stages : 

OH, <f >On == CB nook, = Coney + Ce” 
The degree of dissociation of copper malonate will therefore be 
governed to some extent by the effect which the free negative pole, 
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formed when one of the Cu—O bonds breaks, has upon the other 
carboxyl oxygen atom. It can be anticipated from this view that 
some parallel should be observable between the dissociation con- 
stants of this series of copper malonates and the secondary dis- 
sociation constants of the free malonic acids. It is highly significant 
that in the results recorded by Gane and Ingold (J., 1929, 1691), the 
secondary dissociation constants of diethyl- and dipropyl-malonic 
acids are from approximately 1/30th to 1/120th of the magnitude 
of the secondary dissociation constants of any of the other malonic 
acids in this series. That this same effect does not influence in the 
same manner the dissociation of the malonatocupriate complex ion, 
is probably due to the stability of the complex depending upon the 
completion of an additional electron grouping round the centre 
copper ion, and once this is broken, the whole complex ion dissociates 
readily. 

There is also a very close parallel between the effects of alkyl 
substitution in the copper series and those in the zinc series. This 
suggests that, if the variations observed are due to polar effects, 
then alkyl substitution causes a permanent alteration in the polar 
nature of the malonate ions, for in the feebly dissociated copper salts 
the effects would have been greatly enhanced, compared with the 
zine salts, had alkyl substitution caused an appreciable alteration 
in the polarisability of the ions. 

Another important aspect of these results is the great difference 
in the degree of dissociation of the copper and the zinc salts, and the 
intermediate character of the nickel salts. It has already been 
suggested (Riley and Fisher, loc. cit.) that the feeble dissociation 
of copper malonate is due to a high degree of localisation of the 
excess positive charge on the surface of the copper ion and to the 
co-ordinating tendency of the malonate ion, these two properties 
causing an intense electrostatic attraction between the two ions of 
this salt. Why, then, should copper sulphate and zine sulphate 
dissociate to approximately the same extent in aqueous solution ? 
Noyes and Falk (loc. cit.) record the percentage dissociations of these 
salts at 18° as follows : 


Milliequivs./l. 1 2 5 10 20 50 100 200 1000 
CuO, | ..s02008+ 86-2 80-4 709 62:9 55:0 45-5 39:6 35-1 30-9 
ps eee 85:4 79-9 71:0 63:3 55:6 464 40-5 36-0 30-9 


This different behaviour of the sulphates, compared with the 
malonates, can be explained as follows. Although no quantitative 
information is available, it is highly probable from qualitative 
knowledge of the instability of sulphato-compounds and double 
sulphates generally, that the co-ordinating tendency of the sulphate 
ion is considerably less than that of the malonate ion. Consequently, 
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the sulphate ion will be far less capable than the malonate ion of 
breaking down the solvated sheath of solvent molecules round the 
copper ion. The effects of the localisation of the excess positive 
charge on the surface of the copper ion will be considerably reduced 
by solvation, the charge becoming more evenly distributed over the 
surface of the solvated ion. It is only when the co-ordinating 
tendency of the anion is sufficiently great to break down the solvated 
ion system that the effect of the localised charge reaches its maxi- 
mum value. The behaviour of the copper and zinc sulphates is 
therefore explained by the view that in each case we are dealing with 
solvated kations possessing similar electrostatic properties. 

It is interesting to compare the variation of the dissociation 
constants of the malonates already studied : 

Mg. Cd. Zn. Ni. Cu. 
iscicason 04x 10% 13x 10% 0-45 x 10% 1-9 x 10 0-51 x 10° 
From the above, it can be anticipated that further work will show 
that the degree of localisation of the excess positive charge on the 
surface of a kation is dependent principally upon two factors, (a) the 
extent to which the ion departs from inert-gas structure, and (6) 
the ionic radius, localisation effects being greatest in smaller ions. 
These results indicate quite clearly that even with definitely metallic 
salts there is no sharp division between “strong” and “ weak ” 
electrolytes. It is highly probable that the localised charge on the 
surface of the copper ion is a contributory cause of the instability of 
cupric iodide. 

The extension of these studies should throw considerable light 
upon the electronic structure of metal ions. 


The authors wish to express their thanks to the Chemical and 
Royal Societies, grants from whom partially covered the cost of 
these researches. One of us (D. J. G. IL.) is also indebted to the 
Salters’ Institute for a maintenance grant. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, June 8th, 1931.] 





CCLXXI.—Polycyclic Aromatic Hydrocarbons. Part V. 
Preliminary Studies in the Synthesis of Chrysene 
Homologues. 

By JAMES WILFRED Cook and (in part) Ropert A. E. GALey. 


Ir has been shown in these laboratories that 1 : 2-benzanthracene 
has latent cancer-producing properties, which are developed by 
suitable substitution in the molecule. The observation of Twort 




















n of 
| the 
itive 
uced 
* the 
ting 
ated 
1axi- 
3 is 
with 


tion 


10-5 
how 
the 
the 
| (b) 
ons. 
allic 
uk ”’ 
the 
y of 


ight 


and 
t of 
the 


V. 


one 


EY. 


ene 
by 


ort 

















POLYCYCLIC AROMATIC HYDROCARBONS. PART V. 2013 


and Fulton (J. Path. Bact., 1930, 33, 119), that chrysene yielded 


cancers in a small proportion of the mice treated with this com- 
pound, has therefore suggested the examination of chrysene homo- 
logues. Furthermore, chrysene is very wide-spread as a constituent 
of cancer-producing tars and oils, and it may be that the active 
substances are chrysene homologues. Endeavours to devise general 
methods for the synthesis of chrysene derivatives, while less success- 
ful than was hoped, have nevertheless yielded results of some interest. 

| : 2-Chrysenequinone reacted normally with Grignard compounds 
yielding diols (I) from which «-pinacolins (II) were formed by 
dehydration. 

™ J R 
oy 


(II.) 


R = Ph or CH, ha . 


The diphenyl iia (II; R = Ph) was reduced by hydriodic 
acid and phosphorus to 1: 2-diphenylchrysene, but when the 
dibenzyl compound (I; R = CH,Ph) was reduced, the benzyl groups 
were eliminated so that chrysene was the only compound isolated. 
The pyrolysis of ketones of type (III) was next examined, for in 
the absence of any precise knowledge of the mechanism of the Elbs 
dehydration of o-methylbenzophenone derivatives, it was conceiv- 
able that chrysene derivatives might be obtained from (III) by 
dehydration. When 1-phenylacetylnaphthalene (III; R = H) was 
boiled gently for 3 hours it underwent intramolecular change, with 
the production of 2-phenylacetylnaphthalene, from which 2-naphthoic 
acid was obtained by oxidation. With 1-phenylacetyl-4-methyl- 





CO-CH,Ph Ph-CH-CO Ph-C—-C-OH 
. IV. —— V 
a) CO av, CO: 
R e Me 
C,>H,Me-CO-CPh(-NOH) Ph:CO CO,H Me:C—CHPh 
(VIII.) 
(VI.) (VII.) 
C,H Me-CO-COPh 
(IX.) Me 





naphthalene (III; R = Me), however, the pyrolysis took a different 
course, and resulted in dehydrogenation to 7-phenyl-3-methyl- 


3u2 
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8-acenaphthenone (IV), which still contained the group -CO-CH< 
as it yielded a colourless oxime and an orange acetate (derived from V). 

The structure of (IV) follows from its oxidation to 8-benzoyl- 
4-methyl-1-naphthoic acid (V1), which was converted by fused 
potassium hydroxide into a mixture of benzoic and 4-methyl- 
l-naphthoic acids. 1-Phenylacetylnaphthalene and methy!l- 
magnesium iodide yielded a carbinol which was easily dehydrated 
to the corresponding ethylenic hydrocarbon (VII). 

Scholl and Schwarzer (Ber., 1922, 55, 324) obtained phenanthra- 
quinone from benzil in 25° yield by means of aluminium chloride, 
and this method has recently been extended to substituted benzils 
by Brass and his collaborators (Ber., 1930, 63, 2613, 2617, 2621). 
It thus seemed feasible that chrysenequinone derivatives might be 
formed from diketones of type (IX). 

A substance of this structure was readily obtained from 1-pheny!l- 
acetyl-4-methylnaphthalene (III; R = Me) through the inter- 
mediate isonitroso-compound (VIII). Unfortunately, attempted 
dehydrogenation with aluminium chloride gave only a microscopic 
yield of a substance having the properties of a chrysenequinone 
derivative. 

EXPERIMENTAL. 
Compounds prepared from 1 : 2-Chrysenequinone. 

1 : 2-Dihydroxy-1 : 2-diphenyl-1 : 2-dihydrochrysene (1; R = Ph). 
—A Grignard solution was prepared from bromobenzene (16 c.c.) 
and magnesium turnings (3-6 g.), the ether removed on the water- 
bath, and the residue dissolved in benzene (75 c.c.). To the ice-cold 
solution was gradually added finely powdered chrysenequinone 
(7-8 g.), and the whole boiled for an hour, and then decomposed with 
ice and hydrochloric acid. The washed benzene solution was 
evaporated to small bulk and alcohol added. The resulting crystals 
were extracted with alkaline hydrosulphite to remove unchanged 
quinone, and recrystallised from ethyl acetate—alcohol (yield, 4-8 g.). 
For analysis, a sample of the diol was obtained from benzene-light 
petroleum as a colourless crystalline powder, m. p. 219—220° 
(Found: C, 86-4; H, 5-35. C,,H,.0, requires C, 86-9; H, 5-4%). 

1 ; 2-Diphenyl-1 : 2-dihydro-«-chrysapinacolin (Il; R = Ph).—A 
solution of the above diol (0-5 g.) in glacial acetic acid (15 ¢.c.) and 
concentrated hydrochloric acid (3 c.c.) was boiled for } hour. After 
cooling, the yellowish needles were collected, and recrystallised from 
benzene-light petroleum (Found: C, 90-6; H, 5-2. Cy H,.0 
requires C, 90-9; H, 5-05%). This «-pinacolin had m. p. 218-5— 
219-5°, depressed by the diol, and was not appreciably reduced by 
zinc powder and hydrochloric acid in acetic acid, by formic acid 
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and sodium formate, or by hydriodic acid in boiling glacial acetic 
acid. 

1 : 2-Diphenylchrysene.—The foregoing «-pinacolin (1-1 g.) was 
heated at 190—200° for 6 hours with hydriodic acid (d 1-9; 10 c.c.) 
and red phosphorus (0:6 g.). The product was extracted with 
benzene, and the concentrated extract treated with light petroleum. 
The resulting solid, recrystallised from benzene, formed a colourless 
microcrystalline powder, m. p. 208—209° (Found: C, 94:5; H, 
53. CH requires C, 94-7; H, 53%). 

1 : 2-Dihydroxy-1 : 2-dibenzyl-1 : 2-dihydrochrysene (I; R =CH,Ph). 
—Powdered chrysenequinone (7:8 g.) was added to an_ice- 
cold Grignard solution prepared from benzyl chloride (14 c.c.), 
magnesium turnings (3 g.), and anhydrous ether (75 c.c.). The 
whole was then boiled for 44 hours, during which a thick oil separated. 
The product was decomposed with ice and ammonium chloride, 
unchanged quinone removed by filtration, and the ethereal solution 
evaporated. The residual oil was treated with 2—3 volumes of 
alcohol, and the crystals which slowly separated (3 g.) were recrystal- 
lised from alcohol and then cyclohexane. The diol formed colourless 
needles, m. p. 184—185°, and yielded a cherry-red solution in 
concentrated sulphuric acid (Found: C, 86-8; H, 5-8. Cj .H,,0, 
requires C, 86-9; H, 5-9%). 

This diol was not changed by boiling acetic acid containing hydro- 
chloric acid or by 2 hours’ boiling with zinc powder and acetic acid. 
Hydriodic acid in acetic acid yielded no pure substance, but when 
the diol (1-5 g.) was heated at 170—180° for 7 hours with hydriodic 
acid (d 1-9; 12-5 c.c.) and red phosphorus (0-8 g.), chrysene was 
isolated from the reduction products by crystallisation from benzene. 

1 : 2-Dibenzyl-1 : 2-dihydro-«-chrysapinacolin (Il; R = CH,Ph). 
—A suspension of the diol (I; R = CH,Ph; 0-8 g.) in 80% sulphuric 
acid (10 c.c.) was heated on the water-bath for 2 hours. The product 
crystallised from alcohol and then from benzene-cyclohexane as a 
colourless crystalline powder, m. p. 162—163° (Found: C, 90-3; 
H, 5-6. C,3,H,,O requires C, 90-5; H, 5-7%). 

No crystalline compound could be isolated from the resinous 
products of the action of methylmagnesium iodide on 1 : 2-chrysene- 
quinone. 

Pyrolytic Experiments. 
2-Phenylacetylnaphthalene.—25 G. of 1-phenylacetylnaphthalene 
(111; R=H; Graebe and Bungener, Ber., 1879, 12, 1078) were 
boiled gently for 3 hours, and the product distilled. By treatment 
of the viscous oily distillate with light petroleum, a solid was pro- 
duced which, after two recrystallisations from cyclohexane, formed 
colourless leaflets, m. p. 99—100° (yield, 2-9 g.). This ketone gave 
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a yellow solution in alcoholic potassium hydroxide (Found: C, 
87-7; H,5-3. C,gH,,O requires C, 87-8; H,5-7%). It was oxidised 
by sodium dichromate in acetic acid at 100° to 2-naphthoic acid 
(identified by mixed m. p.). 

w-1-Naphthyl-w-methylstyrene (VII).—A Grignard solution prepared 
from methyl iodide (4-6 c.c.) and magnesium turnings (1-8 g.) was 
added gradually to a water-cooled solution of 1-phenylacetyl- 
naphthalene (12-3 g.) in anhydrous ether (50 c.c.). After 5 hours at 
room temperature, the product was decomposed with ice and 
ammonium chloride, the ethereal solution washed, dried with sodium 
sulphate, and the ether removed. The residual carbinol, which 
did not crystallise, was dehydrated by heating on the water-bath 
for 10 minutes with acetic acid (120 c.c.) containing hydrochloric 
acid (5 c.c.). The crystals which separated on cooling (2-9 g.) were 
recrystallised from benzene-alcohol, separating as large colourless 
plates, m. p. 139° (Found: C, 93-1; H, 6-4. C,,H,, requires C, 
93-4; H,6-6%). This hydrocarbon was converted by 2 hours’ boiling 
into an uncrystallisable resin. 

1-Phenylacetyl-4-methylnaphthalene (III; R = Me).—Anhydrous 
aluminium chloride (35 g.) was added gradually to an ice-cold 
mixture of 1-methylnaphthalene (28-4 g.), phenylacetyl chloride 
(30-8 g.), and carbon disulphide (200 ¢.c.). After standing in ice 
for 6 hours, the product was decomposed with ice and hydrochloric 
acid, steam-volatile substances removed, and the residue dried in 
ethereal solution and distilled. The fraction, b. p. 220—225°/4—5 
mm., solidified on cooling (yield, 22 g.), and recrystallisation from 
light petroleum and then from methyl alcohol gave 1-phenylacetyl- 
4-methylnaphthalene (Found: C, 87:5; H, 6-1. Cj, H,,0 requires 
C, 87-7; H, 6-15%), colourless rhombs, m. p. 59—61°. 

7 - Phenyl - 3 - methyl -8-acenaphthenone (IV).—1 - Phenylacetyl- 
4-methylnaphthalene (15 g.) was boiled gently for 3 hours, and the 
product distilled. The distillate was triturated with light petroleum, 
and the solid (4 g.) recrystallised from cyclohexane and then from 
alcohol. The new ketone formed colourless leaflets, m. p. 162—163°, 
and gave a purple solution in alcoholic potassium hydroxide [Found : 
C, 88-35; H, 5-5; M (ecryoscopic in ethylene dibromide), 255. 
C,,H,,0 requires C, 88-4; H, 5-4%; M, 258]. Reduction experi- 
ments with this ketone led to no pure substance. 

An oxime was formed when 7-phenyl-3-methyl-8-acenaphthenone 
(IV; 1 g.) in alcohol (50 c.c.) was heated on the water-bath for 2 
hours with a solution of hydroxylamine hydrochloride (1-5 g.) and 
sodium acetate (3 g.) in water (15 c.c.). It formed a colourless crys- 
talline powder (from alcohol), m. p. 195—197° (decomp.) (Found: 
C, 83-6; H, 5-4. C,,H,,ON requires C, 83-5; H, 55%). 
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By acetylation of 7-phenyl-3-methyl-8-acenaphthenone (1 g.) 
with acetic anhydride (1-5 c.c.) in pyridine (5 c.c.) at 100° there was 
formed an acetate of the enolic form (V), which separated from 
alcohol in deep orange plates, m. p. 113° (Found: C, 83-9; H, 5-2. 
(',,;H,,0, requires C, 84-0; H, 5-3%). 

8-Benzoyl-4-methyl-1-naphthoic Acid (V1).—A mixture of 7-phenyl- 
3-methyl-8-acenaphthenone (3 g.), sodium dichromate (3 g.), and 
glacial acetic acid (50 c.c.) was heated on the water-bath for 2 hours, 
and the solution cooled and diluted with water. The precipitate 
was extracted with warm dilute sodium carbonate solution, and the 
filtered solution acidified with hydrochloric acid. The resulting 
precipitate was recrystallised from aqueous alcohol (yield, 1-9 g.), 
methyl alcohol, and finally benzene. The keto-acid (V1) formed 
colourless needles, m. p. 194°, soluble in sulphuric acid with an 
orange colour (Found : C, 78-7; H, 4-9. C,,H,,0, requires C, 78-6; 
H, 48%). Its structure was confirmed by adding it (0-5 g.) to 
potassium hydroxide (3 g.) at 260°. The melt was kept at 260— 
280° for 10 minutes, cooled, extracted with water, and acidified. The 
precipitate, after recrystallisation from aqueous alcohol and benzene, 
melted at 175—176° alone or mixed with 4-methyl-l-naphthoic acid 
prepared synthetically from 1l-methylnaphthalene. The aqueous 
liquors were extracted with ether and yielded pure benzoic acid. 


Attempted Synthesis of 8-Methyl-1 : 2-chrysenequinone. 
(With R. A. E. GaALLey.) 

a-Phenyl-B-(4-methyl-1-naphthyl)glyoxal «-Monoxime (VIII).—To 
an ice-cold solution of sodium (2-4 g.) in absolute alcohol (60 c.c.) 
was added 1-phenylacetyl-4-methylnaphthalene (III; R = Me; 
30 g.) and then amyl nitrite (12 g.), drop by drop. The whole was 
kept at room temperature for 40 hours, and then treated with dilute 
alkali and extracted with ether. There remained an insoluble 
yellow compound (10 g.), which was recrystallised twice from xylene 
and then formed a lemon-yellow crystalline powder, m. p. 258—259° 
(decomp.). Analysis showed that this product was probably an 
anil formed by condensation between the original 1-phenylacetyl- 
4-methylnaphthalene (III) and its isonztroso-derivative (VIII) 
(Found: C, 85-9; H, 5-6; N, 2-6. C,,H,O,N requires C, 85-9; 
H, 5-5; N, 26%). The aqueous alkaline solution was acidified and 
extracted with ether, and the ethereal solution washed, dried with 
anhydrous sodium sulphate, and the ether removed. The residual 
solid (12 g.) was recrystallised from dilute alcohol and then from 
benzene (Found: C, 79-0; H, 5-5. C,,H,,;O,N requires C, 78-9; 
H, 52%). «-Phenyl- 8 -(4-methyl -1-naphthyl)glyoxal «-monoxime 
formed pale yellow crystals, m. p. 160—161°. 
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a-Phenyl-B-(4-methyl-1-naphthyl)glyoxal (IX).—To a solution ‘of 
the monoxime (5 g.) in a mixture of glacial acetic acid (35 c.c.) and 
concentrated sulphuric acid (5 c.c.) was added 35% formaldehyde 
(10 c.c.), the whole warmed on the water-bath for a few minutes, 
and the clear solution cooled. The crystals which separated were 
collected after some hours (yield, 4 g.) and recrystallised from cyclo- 
hexane. The nitrogen-free diketone (IX) formed yellowish plates, 
m. p. 111-5—112-5° (Found: C, 83-1; H, 5-2. Cy 9H,,0, requires 
C, 83-2; H, 5-1%). 

2-Phenyl-3-(4’-methyl-1’-naphthyl)quinoxaline.—This was formed 
from the diketone (IX; 1-5 g.) and o-phenylenediamine (0-75 g.) in 
acetic acid (10 c.c.) at 100°. It crystallised from cyclohexane as a 
colourless powder, m. p. 132—133° (Found: N, 8-2. C,;H,,N; 
requires N, 8-1%). 

When the diketone (IX) was heated with anhydrous aluminium 
chloride it was either recovered unchanged or converted into resinous 
products, according to the conditions. In one experiment, in which 
the reactants were heated at 150° for 10 minutes, a very small 
amount of material was extracted from the product by warming 
with alcohol and aqueous sodium bisulphite. The diluted filtered 
solution gave a precipitate when boiled with sulphuric acid, which 
after recrystallisation from acetic acid formed bright red needles, 
m. p. 217—218°. The yield was only about 0-1%. 


One of the authors (J. W. C.) is indebted to Dr. E. de Barry 
Barnett for a sample of chrysenequinone and to the South Metro- 
politan Gas Company for a special fraction of coal tar from which 
the remainder of the chrysenequinone used in these experiments was 
prepared. 


THE RESEARCH INSTITUTE OF THE CANCER HospItTAt (FREE), 
Lonpon, S.W. 3. [ Received, July 6th, 1931.] 





CCLXXII.—T he Configurations of the a-Oximinoketones. 


By Tuomas Weston JoHNS TAYLOR. 


AN oximinoketone of the general formula COR,°CR,(-NOH) should 
exist in two geometrically isomeric forms; these, from analogy 
with the best known case, that of the benzilmonoximes, will be 
designated in this paper as the «- and 8-forms, the configurations 
being 


R,-CO-C-R, Ry CO-C-R, 
N-OH HO-N 


(a-form). (8-form). 
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The most general method of deciding whether a given compound 
of this class is an «- or a $-oxime is by means of the Beckmann 
transformation, interpreted in accordance with Meisenheimer’s view 
that the groups involved in that transformation are those in the 
anti-position to one another. In addition to this, however, there 
are three properties of these oximes which give an indication of 
their configuration, and these indications are consistent with the 
result deduced from the Beckmann transformation in all cases 
where the necessary experimental evidence exists. These three 
sets of properties are as follows : 

(1) The formation of co-ordination complexes with certain metals, 
notably copper and cobalt, is typical of the «-configuration. This 
was established for the benzilmonoximes by Tschugaev (J. pr. 

Chem., 1907, 76, 88), and results given in this paper 


Te and others shortly to be published show that it is 
“ yNOH true generally. This property finds a reasonable 
Co explanation in the views of Pfeiffer and Richarz (Ber., 


1928, 61, 103) as to the structure of the complexes, 
since the first stage of the reaction is the formation of the appended 
complex. 

(2) Comparison of the reactivity of the carbonyl group and of 
the solubility relationships of the oximes gives an indication of the 
configurations. As was pointed out by Taylor and Ewbank (J., 
1926, 2818), the observations of von Auwers and V. Meyer (Ber., 
1889, 22, 540) on the relative ease of formation of the anils and 
hydrazones of the benzilmonoximes are consistent with their con- 
figurations as deduced from the Beckmann transformation. Further, 
the different types of solubility of the benzilmonoximes in benzene 
(Taylor and Marks, J., 1930, 2302) can be explained most easily if 
the same configurations are assumed true. 

(3) In the case of compounds which contain the group 
-~CO-CH:NOH, the observations of Borsche (Ber., 1907, 40, 742) on 
their coupling with aromatic diazo-compounds give an indication 
of configuration. For example, oximinoacetophenone couples with 
diazotised aniline to give «-benzilmonoxime. This is evidence for 
the «-structure of oximinoacetophenone, especially since «-benzil- 
monoxime is the less stable of the two benzilmonoximes. The 
result is in agreement with that deduced from the ready metallic 
complex formation of oximinoacetophenone. 

This body of consistent evidence leads to the conclusion that it 
is possible to allot configurations to oximinoketones with a reason- 
able degree of certainty. The methods have been applied to a 
series of compounds of this class; the results obtained are always 
consistent amongst themselves and are given in Table I. They are 
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not in every case in agreement with the configurations which have 
been proposed formerly ; the validity of the evidence in these cases 
is discussed in the experimental section. 








TABLE I. 
Substance, Beck- Metallic 
R,'CO-C(-NOH)R,. Configur- mann  com- Pro- _Borsche 
ation. transf. plexes. perties. reaction. 
Two forms known, £-form more stable. 
R, _ R, = 
. C,H, C,H, a and Bp a b,c c, d — 
2. CH,O-C,H, C,H; a and Bp e,f Ex. — —_— 
3. C,H, C,H,"OCH, a and B é —- —_ — 
4. CH,C,H, C,H; a and B Ex. Ex. Ex. — 
One form only known. 
5. C,H, CH, a —_— h — — 
6. CH; C,H, a Ex Ex. Ex. a 
7. CH, C,H,-OCH, a Ex Ex. — 
8. C,H, H a — c — g 
9. CH, H a — c — g 
10. CH; CH, a aeaaes c oun — 
ll. CH,0-C,H, {CH, a Ex. —/- — 
12. C,H,°CH, C,H, a Ex. Ex. — am» 


The letters in the columns indicate that the method has been applied, and 
they relate to the references below; Ex. is a reference to the experimental 
section of this paper. 


a, Beckmann and Sandal, Annalen, 1897, 296, 280; Beckmann and Koster, 
ibid., 1893, 274, 7. 

, Tschugaev, loc. cit. c, Taylor and Ewbank, loc. cit. 

, Taylor and Marks, loc. cit. 

, Meisenheimer, Lange, and Lamparter, Annalen, 1925, 444, 94. 

, Meisenheimer and Lange, Ber., 1924, 57, 282. 

g, Borsche, Ber., 1907, 40, 742. h, Hey, J., 1930, 20. 


qo 


“, o 


The results can be expressed in one generalisation, but this 
generalisation raises a difficulty which seems quite inexplicable. 
The table shows that oximes of a 8-configuration are found only 
when both the groups R, and R, are aromatic. There are, how- 
ever, two other substances of the class, indications of whose con- 
figurations exist, and the following discussion of these shows that 
a truer form of the generalisation is that two oximes exist, of which 
the f is the more stable if R, is an aromatic group and R, is attached 
to the rest of the molecule by a tertiary carbon atom. 

Now, in oximes of this class the «-form always passes over into 
the 8-form with ease. The change takes place on melting the 
substance or heating its solution; it is catalysed by hydrogen 
chloride (Meisenheimer and Heim, Annalen, 1907, 355, 281) and is 
very rapid in the presence of certain charcoals (Taylor and Marks, 
Nature, 1930, 125, 636). In those cases in Table I where only one 
oxime is known, that oxime has the «-structure and is completely 
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stable. None of the methods which produce such ready conversion 
of «-oximes into the 8-forms with members of the first class is 
found to have any effect at all on the «-oximes of the second class. 
The difficulty is the more pronounced because the greater stability 
of the 8-oximes finds a plausible explanation in the suggestion 
(Taylor and Ewbank, loc. cit.) that in such oximes the stereo- 
chemical arrangement enables co-ordination to take place between 
the hydrogen atom of the oxime group and the carbonyl group. 

The most surprising cases are those of oximinophenylacetone (I) 
and oximinodibenzylketone (II). 


CH,-CO-C-C,H, CoH yCHyCO-C-CHs 7) 
N-OH NOH ‘" 


Here the groups immediately attached to the carbon atom carrying 
the oximino-group are identical with those in the benzilmonoximes, 
and yet these compounds undoubtedly have the «-configuration 
and no $-oximes can be obtained. 

Of the two cases not included in the table which have been 
mentioned, the first is ethyl oximinobenzoylacetate. It was found 
earlier (Taylor and Ewbank, loc. cit.) that, whereas ethyl oximino- 
acetoacetate gives a series of metallic co-ordination complexes, 
ethyl oximinobenzoylacetate forms none at all. No explanation 
could be offered at the time, but it is clear now that the acetyl 
compound has the «-configuration (III) and the benzoyl compound 
the 8 (IV), a conclusion which is in agreement with the generalis- 
ation given above. The benzoyl compound seems to be the only 
case where there is only one oxime known and it is a 8-oxime. 


CH,-CO-C-CO, Et CH,"CO-C-CO, Et 
N-OH HO-N 


The second case is that of the isomeric oximinocamphors (V). 
The configurations which were allotted to these by Forster (J., 
1905, 87, 232) were based on the anhydride formation of the 
derivatives of them shown in (VI) and (VII). 


(I.) 


(III.) (IV.) 





CyHy4 CyHy, CyHi4 
—p gv, ———oaw, 
N O HON OH NOH OH 
OH (v.) (VI.) (VII.) 


The derivative of the stable oxime (m. p. 152°) gives an anhydride 
with ease and hence Forster allotted to it the $-configuration (VII). 
In view of work such as that of Meisenheimer and Lamparter (Ber., 
1924, 57, 276) on the relative ease of anhydride formation of the 
benzildioximes, this assumption would seem very doubtful, and 
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that it is indeed erroneous is shown by the fact that this stable 
oxime forms metallic co-ordination complexes and thus has the 
«-configuration, so that its derivative is (VI). This, therefore, is a 
case of two isomeric oximes of which that with the «-configuration 
is the more stable. It conforms with the generalisation given 
above, since R,, though united to the carbonyl group by a tertiary 
carbon atom, is not an aromatic group. 

Substances 5, 10, and 11 of Table I contain the grouping (VIII), 
which Raikowa (Ber., 1929, 62, 1626, 3142) has suggested can pass 
easily into the geometrically isomeric form (X) through the inter- 
mediate tautomeric form (IX). 


a “ee —C—CH,— 
N-OH ea NH-‘OH ”  +&#&«-HHON 
(VIII.) (IX.) (X.) 


If these tautomeric equilibria are really established in solution, the 
allotment of configurations to these three oximes by the test applied 
is valueless. No objection of this kind, however, is possible with 
the remaining five oximes of this group; these must possess the 
a-configuration. Hence it would appear probable that the three 
oximes 5, 10, and 11 also possess that configuration. 

It does not seem possible at the moment to advance any satis- 
factory explanation of the remarkable difference between the two 
classes of oximinoketone, those giving a stable $-form and those 
giving a stable «-form. The facts, however, are so clear that it 
seems desirable to put them on record. 


EXPERIMENTAL. 
(The numbers are those used in Table I.) 


6. Oximinophenylacetone (Kolb, Annalen, 1896, 291, 280) was 
obtained as colourless plates, m. p. 169—170° after several re- 
crystallisations from benzene. An alcoholic solution gives with 
aqueous copper acetate the deep grass-green colour characteristic 
of an «-oxime. In alcoholic solution with cobalt acetate, ammonium 
acetate, and a few drops of ammonia, deep red crystals of the cobalt 
complex R,Co are slowly formed; this can be recrystallised by 
dissolution in hot benzene, followed by addition of absolute alcohol 
(Found : Co, 10-6. C,,H,,O,N,Co requires Co, 10-8%). The oxime 
was recovered unchanged after being suspended in concentrated 
hydrochloric acid for 10 days; another sample was unchanged 
after being boiled in benzene solution with animal charcoal for 2 
hours. When the oxime in dry ethereal solution was treated with 
phosphorus pentachloride, the mixture poured into water, and the 
ether removed, a brown oil remained which refused to solidify. It 
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was rapidly hydrolysed by dilute sodium hydroxide solution, and 
from the resulting liquid benzoic acid was obtained in 85% yield; 
no aniline could be detected among the hydrolysis products. 

An alcoholic solution of the oxime containing the equivalent of 
phenylhydrazine and a little glacial acetic acid was heated to 40° 
for 4 hours. Yellow needles of the phenylhydrazone separated, 
which after recrystallisation from alcohol, in which it is readily 
soluble, formed very pale yellow needles, m. p. 146—147° (Found : 
C, 71-1; H, 5-8. C,;H,,ON, requires C, 71-5; H, 59%). These 
were the conditions used by von Auwers and V. Meyer (loc. cit.) in 
the case of the benzilmonoximes, and the hydrazone formation 
supports the «-configuration which can be deduced from the above 
observations. 

A 8-configuration has been allotted to this substance by Orékhov 
and Tiffeneau (Bull. Soc. chim., 1927, 41, 839) on the ground 
that with phenylmagnesium bromide it gives the compound 
CH,°CPh(OH)-CPh:NOH, which is identical with the product 
obtained by the action of methylmagnesium iodide on 8-benzil- 
monoxime. This conclusion is in disagreement with the above 
observations, but the argument used has no stereochemical value, 
since it was found that «-benzilmonoxime (6 g.) in dry ether reacted 
with methylmagnesium iodide (obtained from 15-2 g. of methyl 
iodide) to give a product (4 g.), m. p. 124° after two recrystallisations 
from benzene (Found: C, 74-4; H, 6-4. C,;H,;O,N requires C, 
74:7; H, 62%), which is identical (m. p. and mixed m. p.) 
with the product obtained from 8-benzilmonoxime. This methyl- 
benzoinoxime gives with solutions of copper salts a pale green 
amorphous precipitate similar to that given by «-benzoinoxime 
(Feigl, Ber., 1923, 56, 2083; 1925, 58, 2294). Hence it is probable 
that its configuration is similar to that of «-benzoinoxime. If this 
is so, the stereochemical inversion, which, since the products are 
identical, must have occurred in the action of the Grignard reagent 
on one of the benzilmonoximes, has taken place in the reaction 
with the 6-oxime. 

7. Oximino-p-methoxyphenylacetone was prepared partly accord- 
ing to Borsche (loc. cit.), but, since the yield was very low, mainly 
by the action of amyl nitrite and sodium ethoxide on an absolute- 
alcoholic solution of p-methoxyphenylacetone which had been 
obtained from anethole dibromide (Hoering, Ber., 1905, 38, 3469). 
It formed short colourless needles, m. p. 151°. Neither treatment 
in the cold for 4 days with concentrated hydrochloric acid nor 
boiling in benzene solution with animal charcoal caused any change. 
The compound gives the characteristic blue coloration with alkaline 
ferrous sulphate and green coloration with copper acetate. Its 
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cobalt complex, prepared as above, is R,Co (Found: Co, 9-4, 
Cy9Hgg0,N,Co requires Co, 9:3%). The Beckmann transformation, 
carried out as above, gave an 80% yield of anisic acid, and no 
anisidine could be detected. 

Borsche (loc. cit.), by the action of dilute sulphuric acid on this 
compound, obtained the diketone CH,0°C,H,°CO-CO-CHg, and a 
substance melting at 128° which he considered to be the product 
of a Beckmann transformation. On the ground of his analyses 
and the solubility in dilute alkali, he deduced that this compound 
was pyruvylanisidine, CH,-CO-CO-NH-C,H,-OCH,. If this con- 
clusion is correct, the oxime must have a §$-configuration, a result 
in contradiction to that deduced from the above observations. 

Borsche’s compound was obtained in the manner described by 
him. It could be boiled for long periods with aqueous alkali 
without any hydrolysis taking place, so the amide structure seemed 
unlikely. The yellow colour of the solution in alkalis suggested 
that it was an «-oximinoketone. It was proved to be the oxime, 
p-CH,°0°C,H,°CO-CMe:NOH, isomeric with the original oxime, by 
synthesising this oxime and by the m. p.’s and mixed m. p.’s of 
the two samples. The compound obtained by Borsche is not the 
product of a Beckmann change; its formation is due to hydrolysis 
of the original oxime to hydroxylamine and the diketone, followed 
by recombination of the two to give the structurally isomeric 
oxime. This mechanism is confirmed by the fact that the diketone 
was found to combine with hydroxylamine to give this second 
monoxime even in the presence of 25% sulphuric acid. The same 
compound was obtained by Wieland (Ber., 1903, 36, 3020), though 
he did not prove its structure, as the first stage in the hydrolysis of 
the dioxime of the diketone; a sample prepared by Wieland’s 
method was identical with the synthetic sample and with Borsche’s 
product. 

11. Oximino-p-methoxypropiophenone was prepared in small yield 
by the action of amyl nitrite and sodium ethoxide (or preferably, 
hydrochloric acid) on an absolute-alcoholic solution of p-methoxy- 
propiophenone obtained from anethole dibromide (Wallach and 
Pond, Ber., 1895, 28, 2714). The substance was recrystallised 
from benzene; m. p. 128° (Found: C, 62-2; H, 5-9. C,)H,,0,N 
requires C, 62-2; H, 5-7%). It was unaffected by treatment for 
3 days with cold concentrated hydrochloric acid or by boiling in 
benzene solution with animal charcoal. It gave the characteristic 
colours with copper and ferrous solutions, and formed a cobalt 
complex R,Co (Found : Co, 9-0. Cs 9H39O,N,Co requires Co, 9-3%). 

12. Oximinodibenzylketone was obtained by the action of amyl 
nitrite and sodium ethoxide on dibenzylketone in absolute alcohol; 
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itformsshining platesfrom benzene, m. p.114°(Found: C,75-2; H, 5-4. 
C,,H,,0,N requires C, 75-3; H, 5-4%). Its alcoholic solution gives 
with copper acetate a green colour which is distinctly yellower 
than that given by the other «-oximes; the solution slowly deposits 
a green insoluble complex which, for analysis, was well washed with 
alcohol and water; it is probably RCuOH (Found: Cu, 20:1. 
C,4H,,0,NCu requires Cu, 20-0%). With aqueous cobalt acetate 
and ammonium acetate, together with a little ammonia, a chocolate- 
brown cobalt complex separates from the alcoholic solution. This 
is freely soluble in benzene, but separates from this solution on the 
addition of light petroleum. Its constitution, R,Co (Found: Co, 
11-7. Cy gH, 90,N,Co requires Co, 11-6%), is different from that of 
the cobalt complexes formed by the other «-oximes described here, 
but is analogous to that of the complexes obtained by Ponzio 
(Gazzetta, 1922, 52, i, 285) from oximinoacetylacetone and oximino- 
benzoylacetone, which Taylor and Ewbank (loc. cit.) were unable to 
obtain. 

The oxime is unaffected by treatment with cold concentrated 
hydrochloric acid or by boiling in benzene solution with animal 
charcoal. The product of the Beckmann transformation carried 
out as above was a mixture of benzoic and phenylacetic acids; no 
aniline could be detected. 

2. The 4'-Methoxybenzil-x-oximes. (With Norman J. MawBy.)— 
The «-oxime has been described by Meisenheimer and Lange (loc. 
cit.) as melting at 87-5—89°. Our observations indicate that their 
sample was contaminated with the 6-oxime. 

Methoxydeoxybenzoin (7 g.) was suspended in absolute alcohol 
(150 ¢.c.), and sodium (0-72 g.) dissolved in alcohol (30 c.c.) added. 
The mixture was cooled in ice, and amyl nitrite (3-6 g.) added with 
stirring during 2 hours; the whole was then left for 12 hours. 
One litre of water was added together with 5 c.c. of 2N-sodium 
hydroxide solution, and the mixture was extracted twice with 
ether. The passage of carbon dioxide through the aqueous layer, 
which had been freed from ether, precipitated a solid which was 
extracted with ether. The solid obtained from the dried ethereal 
solution melted sharply after two recrystallisations from carbon 
disulphide at 95-5° (yield 3-5 g.). The extraction after dilution 
with water removed considerable quantities of the B-oxime, which 
seems to be a distinctly weaker acid than the «-oxime; if it were 
omitted, the resulting mixture of «- and §-oximes could not be 
separated completely by recrystallisation; our best samples of the 
«-oxime so obtained melted somewhat indistinctly at 87°. 

The «-oxime in alcohol gives the characteristic colour with alkaline 


ferrous solution and a green precipitate with copper acetate solution. 
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Its cobalt complex, obtained under the conditions described above, 
is R,Co (Found: Co, 7:4. C,;H3,0,N,Co requires Co, 7-2%); it 
is freely soluble in benzene and sparingly soluble in alcohol. The 
oxime resembles «-benzilmonoxime in being rapidly converted into 
the 8-form in the presence of animal charcoal. 

The 8-oxime was obtained partly from the pure «-oxime by boiling 
it in benzene solution with animal charcoal, and mainly from the 
ethereal extract mentioned above; this was heated under reduced 
pressure to remove ether, etc., and the residue was boiled in benzene 
with animal charcoal and then recrystallised twice from carbon 
disulphide (m. p. 130°). The §-oxime gives no coloration with 
ferrous or copper solutions, and treatment with cobalt acetate for 
2 days, as described above, gave no complex. 

4. The 4-Methylbenzil-«-oximes. (With Norman J. MAwsy and 
GWENYTH M. Price.)—4-Methyldeoxybenzoin (Mann, Ber., 1881, 
14, 1646) was treated with amyl nitrite as described in the fore- 
going section. The «-oxime was recrystallised from carbon disul- 
phide or from benzene-light petroleum; m. p. 111-5° (Found: C, 
75-3; H, 5-4; N, 5-7. C,;H,,0,N requires C, 75-3; H, 5-4; N, 
5-9%). This oxime does change into its §-form as readily as does 
the corresponding methoxy-compound, though here again the change 
is rapid in hot benzene solution in the presence of animal charcoal. 
It behaves as an «-oxime towards ferrous and cupric solutions; its 
cobalt complex, obtained as described above, is R,Co (Found: Co, 
7:3. C,;H;,0,N,Co requires Co, 7-6%). 

When the oxime (1 g.) was warmed to 40° with the equivalent 
of phenylhydrazine and five drops of glacial acetic acid in alcoholic 
solution, the phenylhydrazone separated; it was sparingly soluble 
in alcohol; m. p. 183° (Found: C, 76-4; H, 5-9. C,,H,,ON; 
requires C, 76-6; H, 5-8%). 

The anil was formed when the oxime was warmed with excess of 
aniline on the water-bath for 10 hours; it was recrystallised from 
alcohol; m. p. 215-216°. 

When submitted to the action of phosphorus pentachloride, the 
oxime afforded a product which on hydrolysis gave a mixture of 
benzoic and p-toluic acids; no aromatic amine could be detected. 

The 8-oxime was obtained as described in the case of the corre- 
sponding methoxy-compound. After recrystallisation from benzene 
and drying in the steam-oven, it melted at 123-5° (Found : C, 75:2; 
H, 5-5; N, 6:1%). It resembles 8-benzilmonoxime in forming a 
compound with benzene, but the composition, C,;H,,0,N,C,H,g, is 
different (Found : loss on heating, 24-6. C,,H,.0,N requires loss, 
24-6%) ; the compound, which begins to melt at 90°, loses its benzene 
on standing, or very readily at 100°. The oxime gives no coloration 
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with either ferrous or cupric solutions and no cobalt complex could 
be obtained. There was no formation of an anil or a phenyl- 
hydrazone under the conditions which sufficed for the «-oxime. 


THE Dyson PEerRRINS LABORATORY, 
OXFORD. [Received, May 23rd, 1931.] 





CCLXXIII.—A Note on the Calculation of the True 
Adsorption. 
By K. 8. G. Doss. 


THE formula developed by Williams (Medd. Vetenskapsakad. Nobel- 
Inst., 1913, 2, No. 23) for the calculation of the true adsorption is 
modified by Jones and Outridge (J., 1930, 1574) by taking advantage 
of the fact that the adsorbates are not subject to any considerable 
compression in the adsorption space. For the true adsorption of 
the first component, they get 


Uy = 2/m (obs.) + VDC/100. . . . (I) 


where 2/m is the apparent adsorption, V the internal volume per g. 
of gel, D the mean density of the liquid adsorbed, and C the con- 
centration of the first component in the equilibrium solution. In 
the special case of such liquids as exhibit an approximately linear 
variation of the density with concentration, they suggest an interest- 
ing but tedious method of successive approximations for finding 
the value of the true adsorption. A method is herein suggested by 
which the calculation is rendered easier. Also it can be applied 
even in the case of liquid mixtures of which the density—concen- 
tration curves do not approximate to a straight line. 

If C, is the concentration of the first component in the gel phase, 
and D is the density corresponding to the concentration, it can be 
easily shown that 

Uw=C,VD/100. . . . . . (2) 
So, by making use of the density—concentration curve of the mix- 
ture, it is easy to construct the curve connecting C,V.D/100 and D, on 
which Uy must lie (see Curve I and Table I). Also, we know that 
Uy must satisfy the relation (1); hence it must lie on the curve 
corresponding to the equation with D as the independent variable 
(see Curves II and Table II). Hence Uy must be given by the 
point of intersection of the two curves. Of course, D is to be 
plotted along a common axis in both cases; and the same units 
and scale must be employed in drawing both the curves. Table II 
gives some of the results obtained by adoption of the two methods ; 
even the slight differences would not have arisen but for the fact 
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that the curve connecting C,VD/ 100 and D had to be constructed 
from the very few points given by Jones and Outridge. Cols. 2 
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and 3 in this table are the calculated values of x/m + VDC/ 100 
for the two different values of D shown at the heads of the columns. 


TaB_e I. 
C,. D. C,VD/100. C,. D. C,VD/100. 
100-00 *0-8042 0:3614 - 44-83 0-8422 0-1699 
67°39 0-8245 0-2500 37°98 0-8470 0-1447 
64-59 0-8286 0-2408 0:00 *0-8787 0-0000 
60-85 0-8313 0-2277 
* From Landolt—Bérnstein Tables. 


TABLE II. 

x/m + VDC/100. 

" Uw Uw 
C. D = 00-8042. D = 0-8500. (new). (J. and O.). 
0-05 0-056 0-056 0-056 0-056 
9-93 0-168 0-170 0-169 0-169 

16°45 0-180 0-183 0-182 0-181 
38-30 0-226 0-234 0-230 0-231 
45-00 0-235 0-244 0-240 0-240 
48-84 0-244 0-254 0-249 0-251 
67-39 0-280 0-294 0-284 0-288 
70-59 0-288 0-302 0-292 0-293 
88-18 0-329 0-347 0-331 0-332 

100-00 0-362 0-382 0-362 0-362 


CENTRAL COLLEGE, BANGALORE. [ Received, May 22nd, 1931.) 
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CCLXXIV.—Studies in Complex Salts. Part IV. 
The Effect of Alkyl Substitution on the Tendency of 
the Aminoacetate Ion to Co-ordinate with Copper. 


By Harry Lister Ritzy and Victor GALLAFENT. 


In view of the results obtained in Part III of this series (J., 1930, 
1642), it was deemed advisable to extend the investigation of the 
polar effects of alkyl substitution to another series of compounds. 
It is highly probable that the effects already recorded are due, not 
to any inherent property of the alkyl groups concerned, but to an 
imposed effect due to the presence of two free negative poles in the 
malonate ion. The enhanced activity of the methylene group in 
this ion, which is a manifestation of an abnormal electron grouping, 
is due to the proximity of the two carboxyl groups. A study of the 
effect of alkyl substitution on the dissociation of copper amino- 
acetate, therefore, offered a means of determining how far the above 
effects are imposed upon, or inherent in, the alkyl groups studied. 
For the methylene group in the aminoacetate ion does not possess 
the enhanced activity of that in the malonate ion, being attached to 
only one carboxyl group. 

The aminoacetate ion is known to co-ordinate with copper, in the 
sense that it forms a very feebly dissociated salt. Several alkyl- 
substituted aminoacetic acids which form soluble copper salts have 
been reported, indicating that the dissociation constants of the 
copper salts could be measured by the method already described in 
Part IIT (loc. cit.). Abderhalden and Schnitzler (Z. physiol. Chem., 
1927, 163, 94) have already made a study of the electrical conductivi- 
ties of aqueous solutions of the copper salts of several amino-acids. 
Their results are, however, rather unsatisfactory from the present 
standpoint, in view of the fact that only specific conductivities and 
few experimental details are given. The temperature at which the 
measurements were made is not recorded. 


EXPERIMENTAL. 


The procedure is very similar to that described in Part III. 
Glycine (“ A.R.” quality), alanine, and di-valine (Kahlbaum’s pure) 
were purchased. According to Clark and Fittig (Annalen, 1866, 
139, 204), valine forms a copper salt difficultly soluble in hot water, 
but Barbieri (J. pr. Chem., 1883, 27, 355) states that it is a blue 
crystalline compound soluble in water. Since Kahlbaum’s acid 
gave a readily soluble copper salt, its purity was tested by analysis 
(Found: C, 51:17; H, 9-33. Cale. for C;H,,O,N: C, 51-24; 
H, 9-40%); its hydrochloride melted at 188° (Slimmer, Ber., 1902, 
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35, 401, gives m. p. 189°). There can therefore be little doubt that 
the above statement of Clark and Fittig is erroneous. 

Dimethylaminoacetic acid was prepared by the method of Zelinsky 
and Stadnikoff (Ber., 1906, 39, 1726) by converting acetone into the 
aminonitrile by the action of ammonium chloride and potassium 
cyanide in a pressure bottle at 60°. The aminonitrile was hydrolysed 
by fuming hydrochloric acid, and the amino-acid was obtained from 
the resulting hydrochloride by boiling it with silver oxide, decom. 
posing the separated silver’ salt with hydrogen sulphide, and 
evaporating the solution. The acid was purified by crystallising 
it three times from water. 

Diethylaminoacetic acid was prepared in a similar manner by 
Rosenmund’s method (Ber., 1909, 42, 4473). This acid crystallises 
with one molecule of water and was therefore air-dried on a porous 
plate before use. The above anhydrous acids were dried for several 
days in a vacuum over calcium chloride, before use. 

It was not found possible to carry out experiments with any other 
simple «-amino-acids, owing to the sparingly soluble nature of their 
copper salts. When 0-01M-copper sulphate solution was added to 
an excess of solutions of the sodium salts of the following acids, 
immediate dense precipitates resulted: leucine, tyrosine, ethyl- 
aminoacetic (Heintz, Annalen, 1879, 198, 65), monopropylamino- 
acetic (prepared by the method of Lipp, ibid., 1882, 211, 359), and 
«-aminophenylacetic. 

Solutions of the sodium salts of the acids studied were prepared 
by adding an exactly equivalent quantity of pure, carbonate-free, 
standard caustic soda solution to the required quantity of the acid. 
This procedure was necessary owing to the impossibility of isolating 
pure sodium salts in the manner previously described. All measure- 
ments of potential were made at room temperature, and the con- 
centrations employed were the same as with the malonates (the 
monobasic aminoacetates were, of course, of twice the molarity in 
order to be comparable with the dibasic malonate solutions). By 
the introduction of a third half-element, it was possible to carry out 
two simultaneous titrations, the results of which were, in every 
experiment, in excellent agreement. Each set of readings was also 
checked several times by repeating the titrations, freshly prepared 
solutions being used. The results obtained with the sodium salt of 
glycine are shown in Table I. 

The same assumptions are made in calculating the constants of 
instability, viz., (1) that [Cu] may be obtained from the expression 
E = 0-029 log 0-00629/C, where FZ is the potential of the concentra- 
tion cell; (2) that by reason of the relatively minute concentration 
of the free copper ions in equilibrium with the aminoacetate ions, the 
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STUDIES IN COMPLEX SALTS. PART IV. 


TABLE I. 


Sodium aminoacetate. 
Conc. of PD. 
Na salt, milli- 
m.-mols./l. volts. [Cu] 10, [X’}*x 10%. K, x10, K,< 10", K,x 101, 


6-0 3 50 x10 

11:8 24 0-94 x 10% 

17-4 54 0-086 x 103% 

23-0 273 24,000 2-2 

28-6 303 2,200 1-7 

34-0 316 800 0-00064 1-6 0-051 

39-2 321 540 0-00779 2-0 0:42 

44-4 332 220 0-0299 1:3 0-67 0-0084 
54-6 344 86 0-149 1-0 1:3 0-39 
64-2 352 46 0-400 0-89 1-8 1-6 
82-8 366 15 1-47 0-58 2-2 5-1 
100-0 375 7-4 3°43 0-47 2-5 9-6 
116-2 382 4:2 6-39 0-39 2-7 14 
145°4 392 1-9 15-4 0-30 2-9 24 
171-4 399 1-1 28-3 0-25 3-1 33 
200-0 401 0-94 49-1 0:30 4:6 61 


concentration of the undissociated complex will be equal to that 
of the total copper present, 7.e.,0-01M ; (3) that the concentration of 
the free aminoacetate ions will, to a first approximation, be equal to 
the total molarity of the aminoacetate added to the half-element, 
less that which is removed in the formation of the complex. Now 
this last assumption is not strictly accurate, owing to the incomplete 
dissociation of the sodium aminoacetate, so it can be anticipated 
that the mass-action “ constant ’’ calculated on this assumption will 
gradually increase owing to the error introduced becoming greater 
as the concentration of the aminoacetate increases. It will be 
noticed, however, that the value of 
Cu || NH,*CH,°COO’/?? 
[(NH,-CH,-COO),Cu| 
shows a progressive decrease as the concentration of the amino- 
acetate increases. The possibility that other complex ions were 
formed was therefore considered. Under K, are shown the constants 
calculated on the assumption that the complex ion 
[Cu(NH,°CH,°COO), |’ 
is formed, and under K, the values for the ion [Cu(NH,*CH,*COO),]’’. 
The recorded values afford strong evidence that the triamino- 
acetatocupriate anion is the one formed when excess of amino- 
acetate ions is added to a solution containing copper ions. Support 
was obtained for this view by experiments on the solubility of copper 
aminoacetate. This salt is considerably more soluble in a solution 
of sodium aminoacetate than in water. In fact, it was possible to 
evaporate a solution containing sufficient of the sodium salt to pre- 
vent the separation of the normal copper salt, to a thick syrup 


K, =! (Table T) 
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without any crystallisation occurring. This proves that a complex 
salt is formed, but gives no evidence as to its constitution. 

The results obtained by using other amino-acetates are shown in 
Table II. 


Conc. of Na salt, 
m.-mols./]. 
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millivolts. 


TABLE II. 


[Cu] x 10%, 


[xX’P x 104. 


Sodium methylaminoacetate. 


0-000640 
0-00779 
0-0299 
0-149 
0-400 
1-47 
3°43 
6-39 

15-4 

28-3 

49-1 


0-000640 
0-00779 
0-0229 
0-149 
0-400 
1-47 
3-43 
6-39 

15-4 

28-3 

49-1 


0-000640 
0-00779 
0-0229 
0-149 
0-400 
1-47 
3-43 

6-39 


mb 


5- 
8- 
9- 


— OO > 


5 4-2 x 101% 
ll 2-6 x 1035 
3 5-0 x 108 
205 5,400,000 
237 420,000 
254 110,000 
269 33,000 
286 8,600 
313 1,000 
326 360 
345 80 
354 39 
362 21 
373 8-6 
379 5-4 
386 3-1 
Sodium dimethylaminoacetate. 
4 4:6 x 10% 
21 12 x 10% 
57 0-068 x 10% 
277 18,000 
288 7,400 
325 390 
331 240 
340 120 
348 63 
358 28 
366 15. 
371 10 
379 5-4 
386 3-1 
389 2-4 
396 1-4 
Sodium diethylaminoacetate. 
2 54 x 10% 
17 1-6 x 10 
80 0-011 x 10'8 
211 3,300,000 
267 39,000 
287 8,000 
301 2,600 
312 1,100 
330 260 
343 94 
360 24 
369 12 
375 7-4 
385 3-3 
391 2-1 
395 1-5 
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STUDIES IN COMPLEX SALTS. PART IV. 


TABLE IT (conéd.). 


Conc, of Na salt, PD. 
m.-mols./1. millivolts. [Cu] x 10%. [x’}? x 10% K x 10%, 


Sodium isopropylaminoacetate. 


6-0 13 22 x 10" 

11-8 33 0-46 x 10% 

17-4 71 0-022 x 10% 

23-0 286 8,600 

28-6 322 500 

34-0 334 190 0-000640 0-012 
39-2 343 94 0-00779 0-073 
44-4 348 63 0-0229 0-19 
54-6 358 28 0-149 0-42 
64-2 360 24 0-400 9-97 
82-8 369 12 1-47 1-7 
100-0 371 10 3°43 3-5 
116-2 382 4-2 6-39 2-7 
145-4 394 1-6 15-4 2-5 
171-4 398 1-2 28-3 3-4 
200-0 405 0-68 49-1 3:3 


For comparison, a titration was also carried out with sodium 
oxalate. Owing to the sparing solubility of copper oxalate, it was 
necessary to commence with a sufficient concentration of sodium 
oxalate in the half-element to prevent the precipitation of the 
normal copper salt. The results obtained are shown in Table III. 


Tassie III. 


Sodium oxalate. 
Conc. of Na salt, is 


m.-mols. /l. millivolts. [Cu] x 10°. [X”]}* x 104. K x 10%. 
25-0 155 28 0-250 7-1 
26-9 166 12 0-476 5-7 
30-7 182 3°3 1-15 3-8 
341 193 1-4 1-99 2-8 
38-8 202 0-68 3°53 2-4 
44-4 209 0-39 5-96 2-3 
49-3 214 0-26 8-59 2-3 
58-4 219 0-18 14-8 2-6 
66-3 222 . 0-14 21-4 3-0 
75-0 225 0-11 30-3 3-3 

Discussion. 


The above results indicate that the aminoacetate ion and certain 
alkyl-substituted aminoacetate ions form extremely stable complex 
ions of the type [Cu(NH,*CH,-COO),]’. The constants of instability 
obtained show that these ions are considerably less dissociated in 
aqueous solution than the corresponding malonate and oxalate 
complexes. This is probably due, in part at least, to the excess 
positive charge on the copper ion being more nearly balanced by the 
negative charges on the three aminoacetate ions than is the case in 
the bivalent dimalonato- and dioxalato-complexes. 
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The constants of instability show that alkyl substitution has little, 
effect upon the tendency of the aminoacetate ion to co-ordinate with’ 
capper. Although the isopropyl group effects a pronounced increase, 
and the dimethyl, diethyl, and dipropyl groups pronounced decreases 
in this tendency in the case of the malonate ion, yet in the amino- 
acetate series, only methyl substitution shows any pronounced 
effect amongst the compounds studied. The increase of the constant 
in this case is of the same order as, but a little larger than, the 
corresponding effect of the methyl group on the malonate ion. It 
is unfortunate that the insolubility of certain amino-acid copper 
salts does not permit them to be studied by the above method. The 
results obtained, however, indicate that the effects of alkyl substiti 
tion are dependent upon the “ activation ” of the electron groupir 
of the adjacent carbon atom by the other powerfully negatiy 
groups in the molecule. It is interesting to note, in view of the 
different. effects which the substitution of the isopropyl group has 
in the two cases studied, that Morgan (J., 1924, 125, 755; 1925, 127, 
2613) has reported instances in which the substitution of an iso- 
propyl (or a sec.-butyl) group on the median carbon atom of acetyl- 
acetone compounds has completely inhibited the formation of the 
co-ordinated copper compounds of the type formed by other members 
of the series. 

The substitution of an amino-hydrogen to form phenylglycine 
causes a large decrease in the tendency of the ion to co-ordinate with 
copper, a preliminary titration having shown a fall of approximately 
200 millivolts in the potential of the concentration cell. This change 
in the stability of the co-ordinated ion is accompanied by a change 
in colour from deep blue to deep green. It is noteworthy that a 
similar change from blue to green, which is also accompanied by a 
large decrease in the stability of the co-ordinated complex, has 
been recorded in the case of the normal diethyl- and dipropyl- 
malonates of copper already studied (this vol., p. 2010). 


The apparatus used in this investigation was purchased out of a 
grant from the Royal Society, to whom we express our thanks. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpvon, 8.W. 7. (Received, May 22nd, 1931.] 
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THE. HYDROLYSIS OF CARBOXYLIC ESTERS. PART Iv. 2035 


CLXXV.—The Mechanism of, and Constitutional 
Factors controlling, the Hydrolysis of Carboxylic 
Esters. Part IV. Hydrolytic Stability Maxima 
of Some Dihydroxypropyl Esters of Aliphatic Acids. 


By CuRIsTOPHER Kuik INGoLD, ARTHUR JACKSON, and 
(Mrs.) Mrrtam Ivy KE Ly. 


THIS paper is a sequel to Part IT (J., 1930, 1039) which recorded 
hydrocatalytic data for the hydrolysis of a series of esters, ReCO,R’, 
in which R’ was varied whilst R was kept constant. We here submit 
‘ilar data for a series of esters, R,-CO,R,’, in which R,’ is kept 
‘nstant whilst R, is varied. In the former series, the groups R’ 
%ére alkyl groups; and in the present series, the groups R, are also 
dlkyl groups, in each ester identical with one of the groups R’ of 
the former series. In the earlier series, dihydroxyethyl was selected 
as the constant radical R, in order to ensure that the esters should 
be readily soluble in water over a wide range of variation of R’; 
and in the present series, for similar reasons, dihydroxypropy] is the 
chosen form of the constant radical R,’. Actually, it was found that 
isopropylidene-dihydroxypropyl] esters, which are more easily puri- 
fied than the parent dihydroxypropy] esters, are rapidly hydrolysed 
to the latter under the conditions of the dynamical investigation, 
and that this reaction can be completed before the first time-reading 
is taken; we therefore found it convenient to use isopropylidene 
derivatives throughout, but we regard the results as relating to the 
dihydroxypropyl parents. 

The method of measurement and computation, which is designed 
to yield the hydrocatalytic data free from disturbance due to primary 
and secondary buffer effects, was described in Part II. It consists, 
in brief, of determining the v-{H']-w relation * experimentally, and 
then expressing it in a form which permits the deduction of the 
{v-[H"}}u-9 relation by extrapolation. Six esters of the form 
indicated above were examined in this way, and a consideration of 
the results, which are given in the experimental portion, is included 
in the more general discussion contained in Part V. There is one 
point, however, which may be noted here. 

When the v-{H*] functions were used to calculate ky, it was 
observed that, for the four esters for which R, was a n-alkyl group, 
this quantity varied irregularly with homology. The nature of the 
variation may be expressed in the statement that if log ky is plotted 
against the number of carbon atoms in Ry, a line joining the points 
would* pass through a maximum at the second member and an 


* For nomenclature, see Part II (loc. cit.). 
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inflexion near the third. Direct measurements of ky were therefore 
made for the four esters at two temperatures both differing con- 
siderably from that to which the v,-[H"] relations apply. These 
showed that, for all four esters, k, exhibits the normal kind of 
variation with temperature, the log k,y-(1/7') functions having 
nearly rectilinear form ; furthermore, both sets of four measurements 
reproduced the anomaly revealed originally by the v,—[H’] functions 
(see Table VI). Despite this, but consistently with the consider. 
ations advanced in Part I (J., 1930, 1032), the values of pj exhibit 
no such anomaly (see below and Part V). 


EXPERIMENTAL. 


(A) Materials.—As explained above, the dihydroxypropy] esters 
were used in the form of their isopropylidene derivatives, which 
were prepared by Fischer’s method (Ber., 1920, 53, 1596) in accord- 
ance with details illustrated by the following example: A mixture 
of redistilled quinoline and freshly prepared, carefully fractionated 
isopropylideneglycerol (1 mol. each) was treated below 0° with 
pure freshly distilled propionyl chloride. After being kept over- 
night at 0°, the mixture was treated with ice and extracted with 
ether. The extract was washed at 0° as rapidly as possible suc- 
cessively with a slight excess of dilute sulphuric acid, a further small 
amount of the same reagent, water, dilute sodium hydrogen carbon- 
ate, and several portions of water. It was dried by shaking with 
anhydrous sodium sulphate, and the final fractionation of the ester 
(b. p. 98—99°/10 mm.) was controlled by quantitative saponification 
(Found : C,H,;°CO-, 30-46, 30-20. Cale. for C,H,,0, : 30-33%). 

(B) Hydrolytic Stability Maxima, Method.—The experimental 
method was essentially that described in Sections (B), (C), and (D) 
of the experimental portion of Part II (loc. cit.), except that a different 
procedure was followed in the preparation of the solutions for 
dynamical measurement. The object of the change was to bring 
about a complete elimination of the isopropylidene group before 
commencing the study of the fission of the acyl group; and for this 
purpose advantage was taken of the fact that the separation of the 
tsopropylidene group is rapidly effected by acids, but not by alkalis, 
whereas the acyl group is rapidly split off by alkalis, but only slowly 
by acids. As, however, the rate of fission of the acyl groups by 
acids is not negligible, it is necessary to ensure that the amount of 
this fission which occurs under the conditions established to hydrolyse 
the isopropylidene residue is small enough to be included in the 
amount which it is intended to bring about in order to establish the 
buffer conditions to which the experiment relates. The following 
example illustrates the matter. 











the 
of 1 
of | 
of ( 
to ' 
nec: 
este 
sha. 
reac 
the 
bec: 
hyd 
safe 
pro 
libe 
pos 
libe 
tha: 
alta 
diti 
the 
con 


by ' 


the 
acid 
of 1 
mol 
that 
is 0 

(¢ 
mer 
emf 
to v 
0-01 
ren¢ 
tion 
and 


and 
cent 
The 
is s¢ 





fore 


1ese 


l of 


nts 
ons 
ler- 
ibit 


ters 
ich 
rd- 


ted 
‘ith 
rer- 
ith 
uc- 
all 
on- 
ith 
ter 


tal 
D) 
ont 
for 
ng 
ore 
his 
he 
is, 
‘ly 
by 


"se 
he 
he 


ng 
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isoPropylidenedihydroxypropyl acetate (49-377 g.) was placed in 
the graduated flask A (Part II, loc. cit.) together with about 400 c.c. 
of water. The mixture was brought to 55°, shaken with 26-34 c.c. 
of 1-:0034N-hydrochloric acid for 4 minutes, mixed with 44-04 c.c. 
of 0:9746N-sodium hydroxide, placed in the thermostat, and diluted 
to the calibration mark. This procedure is known to satisfy the 
necessary conditions for the following reasons. The isopropylidene 
ester is insoluble in water and remains unaffected by prolonged 
shaking with it at 55°; the dihydroxypropyl ester is, of course, 
readily soluble in water. Therefore when, within 1 minute from 
the time of the addition of hydrochloric acid, dissolution of the ester 
became complete, it may be assumed that conversion into the di- 
hydroxypropyl ester was substantially complete. To give an ample 
safety margin, more than four times this period is allowed; and this 
procedure does not violate the second condition, viz., that the 
liberation of acetic acid shall be sufficiently small, because it is 
possible to estimate, from the data of Section (E), that the acid 
liberated could not, under the conditions stated, amount to more 
than 1 mol. %, and in this experiment the intention is to liberate 
altogether about 6 mols. % in order to establish the buffer con- 
ditions. The subsequently added sodium hydroxide first neutralises 
the hydrochloric and acetic acids, and then makes up the total 
concentration of sodium acetate to the required value (3N/100) 
by the almost instantaneous hydrolysis of a further quantity of the 
dihydroxypropylester. Very shortly after the addition of the alkali, 
the solution passes through the neutral point and becomes faintly 
acid. From the data given it can be calculated that, at the moment 
of neutrality (supposing the volume to have been adjusted), the 
molar concentration of the dihydroxypropyl ester is 0-4960; and 
that, from this moment onward, the buffer salt concentration (c) 
is 0-0300. 

(C) Hydrolytic Stability Maxima. Results.—-In these measure- 
ments it was found convenient to use more dilute buffers than were 
employed in those described in Part II, and our normal practice was 
to use three buffer series with salt concentrations 0-03, 0-02, and 
0-01. This gives a convenient separation of the v—pg curves and 
renders the v-c curves capable of linear extrapolation. As illustra- 
tion, the data for dihydroxypropyl acetate are assembled in Table I 
and plotted in Fig. 1 (full-line curves). 

The figure shows that, as c increases, the minimal velocity increases 
and becomes displaced towards regions of lower hydrogen-ion con- 
centration. From these curves the v-c curves can be plotted. 
They are shown in Fig. 2 for each 0-1 pg unit from 4-4 to 5-4, and it 
is mi points corresponding to the same pz lie on a straight 

x 
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line. Since the salt effects must approximate still more closely 
to linearity as c is further diminished, these lines may be produced 
to the axis c = 0, the intercepts on which will yield velocities 1 
pertaining to the buffer-free medium. These velocities are shown} | 























a . 4 D 
by means of the broken curve in Fig. 1, and are compared in P 
Pt 
: 1¢ 
Fie. 1. 1 
D 
‘8 : po r * . 
56 54 52 50 48 46 4-4 
Pu- 
TABLE I. 
ec = 0-0100. c = 0-0200. c = 0-0300. 

Z ——~. -_ 

Pu- 105y, Pu- - 105v. pu: 10°v. 

5-42 1-66 5:46 1-86 5-52 2-20 
5-35 1-45 5-37 1-57 5-42 1-82 es 
5:27 1-28 5-26 1-36 5-33 1-53 . 
5-19 1-11 5-18 1-22 5-23 1-38 or 

5-10 0-99 5-09 1-09 5-12 1-24 
5-01 0-96 5-01 1-03 5-06 1:17 : 
4-92 0-95 4:94 1-04 4-99 1-13 In 
4-84 0-94 4-86 1-03 4-93 1-11 ve 
4-76 1-00 4:78 1-07 4-86 1-13 T 
4-67 1-07 4-71 1-13 4-78 1-16 é 

4-56 1-24 4-63 1-24 4-70 1-22 
4-49 1-42 4-54 1-41 4-62 1-35 | 
4-40 1-66 4-46 1-60 4-54 1-50 er 
— — 4-38 1-82 4-46 1-70 pa 
; sr 
Table II with the requirements of equation (16) of Part II, tin 










which the values used are h, = 1:23 x 10°, wy = 0-85 x 10°, = 
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slope at low py’s, of the curves in Fig. 2, it is possible to make rough 





sely 
1ced 
ities 
own 
1 in 


} 


=e we Oe we me OS ee Os we —=g* 











THE HYDROLYSIS OF CARBOXYLIC ESTERS. PART Iv. 2039 





. TaBLeE II. 
UE daniasssinaneovasetaneda 5-40 5-30 5-20 5-10 5-00 4-90 
le. Be te OE eee 1-50 1-25 1-06 0-93 0-86 0-85 
RFs Coals), 00cp.0<95>>00 1-50 1-24 1-06 0-93 0-87 0-85 
pike ternt +0:00 +001 +4000 +000 —001 -+0-00 
GE dnetecdisidsngueasvoerves 4-80 4-70 4-60 4-50 4-40 
BOP Woo diced ed dZii dan 0-88 0-96 1-09 1-29 1-55 
105e, (calc.) ..;........- 0-87 0-96 1-09 1-28 1-57 
Stadbeie rae +0-:01 +000 +000 +001 — 0-02 
Fic. 2. 
——j 4-4 
1-9} be 
Pl 
j a an -" 
1-7} Pod Py vat 45 
Fa A wet 
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en =— 53 
4 1-5 pr see | 46 
= be —=- 4 5-2 
13h eet 47 
i ~ 5-1 
Le 4-8 
\ 
1-1 — \ ae 
~S 49 
Cc 
0-9 b PH 











0-01 0-02 0-03 0-04 


Cc. 


estimates (see Part II) of kp» and ky. It appears that k,, is of the 
order of 10 and k, of the order of 10-+. 

The vp, data (v x 10°) for the complete series of the esters 
investigated are summarised in Table III, and the extrapolated 
velocity values (v, x 10°) for buffer-free solutions are given in 
Table IV and shown graphically in Fig. 3. 

The curves shown in conjunction with the data in Fig. 3 are the 
graphs of equation (16) of Part II for certain assumed values of the 
parameters Up, hy, and wy. The values of wy are in all cases very 
small (of order not greater than 10-’) and the curves are not sensi- 
tive to their absolute’ magnitudes; it is sufficient in practice to 
ascribe to wy the uniform value of zero. The adopted values of uy 
and h, correspond to the co-ordinates of the minima of the curves. 
They are given in Table V together with the corresponding values of 
Pa and kow/kz. 
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Although the above figures are calculated by the method of 
Part II, it must be remembered that their significance is different 
from that attaching to the previous data. There it was noted that 
the velocities, even those pertaining to the buffer-free medium, 
relate, not to water as solvent, but to a 4M-solution of ester in 
water. In the present case, the buffer-free solvent is at once a 
}M-solution of ester, a }M-solution of acetone, and a 0:05M-solution 














Fig. 3. 
18 
1-5} 
r 
12+ 
2 z 3 
= 0-91 
0-6. 3D 
0-3}. 
0-0 rm 1 Aun 1 i rn ‘1 4 4 pt 1 i i 4 
67 55 6563 5&1 49 47 45 43 
Pu- 
1 = Acetate. 4 = isoButyrate. 
2 = Proptonate. 5 = n-Valerate. 
3 = n-Butyrate. 6 = isoValerate. 


of sodium chloride. The remarks in Part II on the subject of solutes 
present in uniform concentration throughout the series of measure- 
ments apply without essential change to the present case. 

(D) Catalytic Coefficients for Hydrion. Method.—These are cal- 
culable by known formulz from the results tabulated in the pre- 
ceding section, but in order to determine whether the peculiar 
position of the propionate, as revealed by these calculations, is an 
accidental result of the choice of temperature, direct determinations 
of kg for the acetate, propionate, n-butyrate, and -valerate were 
made at two other temperatures differing considerably from each 
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Taste IIT. 
100 ¢ = 1 2 3 1 2 3 1 2 3 
Ester Acetate. Propionate, n-Butyrate. 
Pu- A ET, 
5:5 —- — ~ 1:78 1:87 1-94 0-94 0-99 1-03 
5-4 158 1-65 1-73 1:47 1-56 1-63 0:79 0:84 0-88 
5:3 1:33 1-41 1-49 1:25 1:34 1-42 0-67 0-71 0-76 
5-2 1:15 1-23 1-32 1:09 1:18 1:26 0:59 0-63 0-68 
5-1 1:02 1-11 1-19 0-99 1:07 1-16 0:54 0-59 0-64 
5-0 0-95 1:04 1:13 0-94 1:03 1:12 0-52 0-57 0-62 
4-9 0-94 1:03 1-12 0-95 1:03 1:13 0-52 0-57 0-63 
4:8 0-97 1:06 1-15 100 1:08 1:17 0-56 0-61 0-66 
4-7 105 1-14 1-24 1:10 1:19 1:29 0-63 0-68 0-73 
4-6 1:19 1:29 1:39 1:26 1:36 1:46 0-72 0-78 0-83 
4-5 1:40 1:50 1-61 dag LET 0-83 0-89 0-94 
4-4 1:66 1:66 1-88 oi tie ie — i 
Ester isoButyrate. n-Valerate. isoValerate. 
Pu- rew7wn0reeee ~ a ~ 
5:7 —_— — — — — — 0-69 0-72 0-75 
5-6 0-79 0-82 0-85 0:75 0-78 0-80 0-55 0-58 0-61 
5-5 0:63 0-66 0-69 0:59 O61 0-64 0-44 0-47 0-50 
5-4 0:52 0-55 0-58 0-49 O51 0-54 0-36 0-39 0-42 
5-3 0-45 048 0-51 0-42 045 0-48 031 034 0-37 
5:2 0-41 0:44 0-47 0-37 0-40 0-43 0-27 0:30 0-33 
5:1 0:39 0-42 0:45 0-34 0:37 0-40 0-26 0-28 0-32 
5-0 0-38 0-41 0-44 0-33 0:36 0:39 0-25 0:28 0-31 
4-9 0-39 0:42 0-46 0:34 0-37 0-39 0:26 0-28 0-32 
4:8 0-41 0-44 0-48 0-35 0-38 0-42 0-27 0:30 0:33 
4-7 0-46 0-49 0-53 0-39 0-42 0-46 0:30 0:33 0:36 
4:6 0-52 0-56 —- 0-45 048 0-51 0:34 0-37 0-40 
4:5 o- —_ _ 0-53 0-56 0-60 0:40 0:44 0-48 
4-4 _— — — 0-66 0-69 0-73 0-48 0-52 — 
TABLE IV. 
pu 5-7 = 55-6 5-5 5-4 5-3 5-2 5. 
Ester. 
ARID. concccpenysosse — — — 1-50 1-25 1:06 0-93 
Propionate ..........+ —- ~- 1-72 1-39 1-17 1:00 0-90 
n-Butyrate ......... — — 0-90 0-74 062 054 0-49 
isoButyrate ......... — 0:77 0-60 0-49 0-42 0-38 0:36 
n-Valerate ............ — 0-74 O56 046 0-39 034 0-31 
isoValerate ......... 0-66 O62 041 O83 0-28 0-26 0:23 
Pu 4-9 4-8 4:7 4:6 4:5 4:4 

Ester. 
eee 0-86 O85 0-88 0-96 1-09 1-29 1-55 
Propionate ..........+. 0-85 0-86 0-91 1-01 1-17 — — 
n-Butyrate......... 0-47 0-47 0-51 0-57 0-66 0-78 — 
isoButyrate ......... 0-35 036 038 043 0-49 — — 
n-Valerate ..........++ 0:30 030 0-33 0-37 0-42 0-50 0-62 
isoValerate —.....+.+- 0-22 0-22 0-23 0:26 O31 0-37 0-45 

TABLE V. 

Ester. U, X 10°. aX 10°, py  kon/ka x 10-*. 
I ciiiscidascsiesnes 8-5 12-3 4-910 8-90 
Propionate ..........+. 8-5 11-0 4-960 7:10 
n-Butyrate ............ 4:7 10-7 4-970 6-85 
tsoButyrate ..........+. 3°5 9-9 5-005 5-75 
n-Valerate ..........+. 3-0 10-7 4-970 6°85 
isoValerate ........0.++ 2:2 10-6 4-975 6-60 
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other and from that of the measurements recorded above. As the 
source of hydrions, 0-1N-hydrochloric acid was used, and this was 
relied on to complete the elimination of the isopropylidene residue 
before the commencement of the time-readings. As a control on 
the fulfilment of this condition, the velocities were computed in a 
way which would at once reveal any initial disturbance due to its 
not being satisfied, viz., by plotting the logarithm of the ester 
concentration against time; in all cases accurate straight lines were 
obtained. In some cases the experiments were repeated in the 
presence of 0-05M-sodium chloride. This was done in order to 
justify comparison of the results with those recorded in Section (C), 
but it was found, in fact, that the addition of sodium chloride in 
this concentration made no perceptible * difference to the velocities. 

(E) Catalytic Coefficients for Hydrion. Results—These are 
recorded in the cols. 2, 3, and 4 of Table VI, from which it is apparent 
that at all these temperatures the propionate is hydrolysed more 
rapidly than its lower and higher homologues. These results, when 
plotted as logiky against 1/7’, show that the equation logjoky 
= A — B/T is very approximately fulfilled, and the argument of 
Part V will suggest reasons for supposing that in this equation A is 
primarily a steric function of constitution, whilst B is fundamentally 
a polar function. Accordingly, it seems of interest to calculate these 
constants, and this has been done from the data for the two extreme 
temperatures (25° and 70°). The numbers are in Table VI, cols. 5 
and 6. It will be seen that the peculiarity of the propionate dis- 
appears when these numbers are considered, both sets of figures 
showing unidirectional variation with homology. The critical 
energy increment can, of course, be calculated in the usual way 
(ZH = 4-571B g.-eals./g.-mol.). These matters were passed over in 
the introduction because it is hoped to discuss, in a later paper and 
on a broader basis, the constitutional significance of the high- 
temperature values, and the temperature derivatives, of velocities. 





TABLE VI. 
kg. 
a a 
Temp. 25°. 55°. 70°. B 
Ester. A?! eee) 
Acetate — ccccccccccee 4:10 x 10% 4-85 x 107% 3-47x 107 20-91 6650 
Propionate ......... 4:79 ,, 545 ,, 3-89 =i, 20-81 6600 
n-Butyrate ......... 208 3:00 _—s—=é, 219 « 20-10 6500 
n-Valerate ........- 2-24 ,, 2:09 ,, 1-38 _ =Cé, 19-37 6330 
THE UNIversity, LEEDs. 
UNIVERSITY COLLEGE, LONDON. [Received, June 29th, 1931.] 


* The difference is probably under 1%, the presumable limit of precision of 
the measurements of kg. 
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CCLXXVI.—The Mechanism of, and Constitutional 
Factors controlling, the Hydrolysis of Carboxylic 
Esters. Part V. The Effect of Alkyl Groups on 
Hydrolytic Stability Maxima. 


By Constance Mary Groocock, CHRISTOPHER KELK INGOLD, 
ARTHUR JACKSON, and Miriam Ivy KELLY. 


It has long been known that the speed with which carboxylic esters 
hydrolyse under the influence of a single catalyst is a highly com- 
plicated function of structure, and in Part I (J., 1930, 1032) it was 
shown that a certain simplification results from considering, not 
the simple speeds, but the hydrogen potentials of minimal speed 
(pi) in relation to constitution; the matter was further illustrated 
in Part IV (preceding paper). On the basis of data relating to 
specially simple cases, the original complexity was ascribed in Part I 
to the duplex control of velocities, by polar and spatial factors ; and, 
reasons were given for the assumption that, on the contrary, px is 
primarily a function only of polar variables. In Part III (J., 1930, 
1375) a possible form for this function was indicated inasmuch as it 
was shown that in the case of an ionic group (the primary electric 
constant of which is its net charge), the externally propagated polar 
effect, which for a large class of structures is the only polar effect of 
importance, is expressed in a linear relation between pi and the net 
charge on the group. By an analogous argument it follows that, 
for similarly situated non-ionic groups (whose primary electric 
constants are their electric moments), there will be a similar linear 
relation between p} and the electric moment. 

These and other special cases may be generalised by taking, as a 
measure of the polar effect of the substituent, that charge, g, which, 
if conferred by the substituent on the reactive group would give rise 
to the observed effect. of the substitution on any essentially polar 
function of velocity. This definition possesses the advantage that 
it has a meaning which can be visualised in relation to molecular 
polarisability as well as in relation to molecular polarisation. If the 
measuring charge, g, is located at a distance 7; from the ith 
charge in the catalyst at the collision-distance, then a com- 
bination of the methods of Parts I and III yields the relation 


log (Hey’leg"” /hey'hea’) = (Qa — 92)™ (0: /r") — (64 /ri')}/ DIRT 


where the dashes distinguish catalysts and the numerical suffixes 
esters. Remembering the mass-law connexion between px, ky, and 
kon, it follows that p¥ and q are linearly related. 
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The very direct polar significance which this inference appears to 
confer on p# illuminates consideration of the results, recorded in 
Parts II and IV (J., 1930, 1039; preceding paper), for the hydro. 
catalytic hydrolysis of the two series of esters C,H,(OH),*CO-OR and 
R’-CO-0-C;H;(OH),, where R and R’ are variable alkyl groups. 
These data are shown graphically in Figs. 1 and 2, inspection of 
which yields the following conclusions : (a) That two methyl groups 
in the same situation relatively to -CO,° in R’*CO,°R displace pi by 
roughly equal amounts. (6) That the displacement of pi by a 
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methyl group or by a gem-dimethyl group decreases approximately 
geometrically as successive carbon atoms are included normally 
between the group and the carboxyl nucleus. (c) That the displace- 
ment of pf caused by any group in R’ bears a nearly constant ratio 
to the displacement produced by the same group in R. 

The degree of precision with which this last relation holds 
may be exhibited by plotting the values of pf for each ester 
C,H,(OH),°CO-O-R against that of the ester R’*CO-O-C,H,(OH), for 
which R'= R. The points (Fig. 3) lie on or about a straight line, 
and similar lines result from analogous comparisons of the p% values 
of each of the above series with those of the series CH,*CO-0-R”, 
for which the requisite data are taken from the literature. The 
lines show that the displacement of pf by a group is given by the 
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product of two numerical factors separately dependent on the nature 
of the group and on its position. 
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Aromatic chlorination (logy, v). 





The suggested relation between p% and q, together with the wider 


interpretation of g already given, encourages the tentative generalis- 
3x2 
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ation of the above conclusion to embrace, as correlatives, reactions 
other than ester hydrolysis. As an illustration, we will attempt to 
collate p& for the hydrolysis of each of the series C,H,(OH),*CO,R, 
R’-CO,°C,;H;(OH),, and CH,*CO,R”, with Bradfield and Jones’s 
data (J., 1928, 1006, 3073) for the speeds of chlorination of the 
phenol ethers R”’-O-C,H,°CO,H and R’”’’’-O-C,H,Cl, on the assump. 
tion that for these nuclear substitutions the steric effect of R’”’ and 
R’’” is unimportant and that log v may therefore be taken as the 
measure of g. The comparison, shown graphically in Fig. 4, exhibits 
relations so closely similar to those shown in Fig. 3 as to implement 
considerably the above conception of the possibility of reaching the 
same quantitative measure of polarity from the dynamics of inde. 
pendent reactions. 


UNIVERSITY COLLEGE, LONDON. [| Received, June 29th, 1931.] 





CCLXXVII.—The Preparation of n-Decoic Acid. 
By C. H. Kao and SHao-yuan Ma. 


n-Dxcoic acid is difficult to obtain. Rochussen’s method of prepar- 
ation (Ber. Schimmel & Co. Akt. Ges., 1929, 181) from the scission 
of bromolauric acid esters by fusion with potassium hydroxide 
gives a mixture of two acids, which are separable only with difficulty. 

From the decomposition of bromolauric acid chloride with various 
alcohols, we have obtained seven esters in the pure state. A*-Dode- 
cenoic acid is obtained from these by heating them with alcoholic 
potash. If this acid is used instead of the bromo-ester, pure n-decoic 
acid can be easily obtained : 


CH,-[CH,],-CH=CH-CO,H + 2KOH —> 
CH,-[CH,],°CO,K + CH,*CO,K. 


EXPERIMENTAL. 


«-Bromolauric Esters.—Lauric acid (m. p. 43°) was first converted 
into the acid chloride by thionyl chloride, and then brominated 
according to Guérin (Bull. Soc. chim., 1903, 29, 1123); the action 
of the appropriate alcohol then afforded the required ester. The 
average yield from 100 g. of lauric acid was 120 g. The esters were 
purified by distillation under reduced pressure. They are colourless 
liquids, insoluble in water, but soluble in most organic solvents, 
such as chloroform, benzene, carbon tetrachloride, acetone, and 


alcohol. 
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Esters of «-bromolauric acid. 


B. p./ B. p./ Br Br 
3 mm. 12 mm. a", ne. (calc.). (found). 
i 

Methyl 135—137° 169—171° 1-113 1-4572 27-26% 27-16% : 
Ethyl 144—146 175—177 1-088 1-4547 26-04 26-17 
isoPropyl 146—148 179—181 1-056 1-4502 24-90 24-70 
Propyl 149—151 184—186 1-074 1-4549 24-90 25-03 
isoButyl 152—154 188—190 1-051 1-4530 23-85 23-85 
Butyl 154—156 193—195 ‘1-061 1-4552 23-85 23-86 
isoAmyl 158—160 197—199 1-050 1-4551 22-89 22-80 


At-Dodecenoic Acid and Some of its Derivatives—Dodecenoic acid 
was obtained by heating the bromo-esters with alcoholic potash in 
the usual manner, the yield from 100 g. of lauric acid being about 
93 g. The crude acid may be used directly for the preparation of 
n-decoic acid ; it may be purified by the sulphuric acid method of 
Fittig (Ber., 1894, 27, 2667). After redistillation under reduced 
pressure, it is a colourless liquid with a fruity odour, b. p. 186— 
189°/12 mm., m. p. 13—14°, d? 0-905, n# = 1-4470. It is in- : 
soluble in water but soluble in most organic solvents (Found: C, 
72:05; H, 11-45. Cale. for C,,H,,0,: C, 72-7; H, 11-2%). No 
change in physical properties was observed when the acid was 
further purified according to Harding and Weizmann (J., 1910, 97, 
301) by recrystallisation as the barium salt from boiling alcohol, 
although they do not agree with tle data by Zarr (Ber. Schimmel 
& Co. Akt. Ges., 1929, 299), who prepared the same acid from 
decanal and malonic acid and made no attempt to purify it. The 
ethyl ester boils at 144—145°/15 mm.; d? 0-8668, n= 1-4390 
(Found : C, 74-6; H,11-7. Cale. for C,4H,,0, : C, 74:3; H, 11-6%). 
The amide melts at 112-5—113-5° (Found: N, 7-1. C,,H,,0N 
requires N, 7-2°%), and the p-toluidide forms shining leaflets, m. p. 
85—86° (Found: N, 4:9. C,,H,ON requires N, 5:2%); both of 
these were purified by recrystallisation from light petroleum. 

n-Decoie Acid.—280.G. of dodecenoic acid were mixed in an open 
iron vessel with 900 g. of powdered potassium hydroxide and 50 c.c. 
of water, and heated with stirring until hydrogen ceased to be 
evolved (about 2 hours), the temperature reaching 300°. After 
cooling, water was added, the solution filtered, and acidified with 
hydrochloric acid. The layer of n-decoic acid was separated and 
distilled under reduced pressure; b. p. 161—164°/12 mm.; m. p. 
30—31°; yield 170 g. 

NatTionaL Tstnc Hua UNIVERsITy, 

PEIPING, CHINA. [Received, June 29th, 1931.] 
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CCLXXVIII.—Optical Activity and the Polarity of 
Substituent Groups. Part XXI. Growing Chain 
Effects among the 1-Menthyl Esters of n-Aliphatic 
Acids. 


By Joun HARROowER. 


In previous communications of this series it has been shown that 
certain electronegative substituents, I, Br, Cl, and especially OMe, 
which raise therotatory powers of the p-substituted benzoic esters and 
the monosubstituted acetic esters, lower the rotations of the benzoic 
derivatives when they are introduced into the ortho-position. Asa 
working hypothesis it was assumed that the abnormal effect in the 
ortho-position was the result of the usual substituent influence, as 
propagated through the chain of atoms, being reversed by that 
transmitted through space. 

Some support was lent to this suggestion by the results of an 
examination of the /-menthyl esters of peri-substituted naphthoic 
acids by Bretscher, Rule, and Spence (J., 1928, 1493). Further 
evidence bearing on this point was sought by Rule, Hay, and Paul 
(J., 1928, 1347), who prepared homologous series of esters of n-ali- 
phatic acids containing the substituent as a terminal group in the 
alkyl chain. By this means it*was anticipated that, as the chain 
returned on itself at regular intervals, anomalies in the rotatory 
powers of the esters would become apparent if the hypothesis of 
a spatial propagation of the “ ortho-effect ’’ was correct. The 
periodic influence of such groups as carboxyl and methoxyl, which 
give rise to similar ‘“‘ general polar effects,’ but opposite types of 
‘* ortho-effects,” would therefore be expected to be of opposite 
character in the w-substituted aliphatic derivatives. Unfortunately, 
these authors instituted their comparison between the w-carboxy- 
esters and a series of n-alkyloxyacetic esters, owing to the experi- 
mental difficulty of preparing a sufficient number of the correspond- 
ing «-methoxy-compounds. The comparison was therefore essentially 
between the influence of the w-carboxy-chain and that of a growing 
alkyl radical. Nevertheless, the results obtained lent some support 
to the original hypothesis. A subsequent investigation of the 
influence of gem-dialkyl groups on the rotatory powers of l-menthy! 
esters of the type X-CR,°CO,°C,)H,, (Rule and Harrower, J., 1930, 
2319) has provided further evidence that the characteristic ‘“ ortho- 
influence ”’ of the substituent X in the benzoic esters can be inter- 
preted as a spatial influence. 

Despite the laborious preparative work involved, it was decided 
to complete the required data by examining the series of /-menthyl 
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esters of w-methoxy-aliphatic acids, which offer a true comparison 
with the w-carboxylic derivatives already examined. 

The values obtained for the rotatory powers of these esters are 
tabulated below. 


1-Menthyl w-methoxy-n-aliphatic esters, CHsO0°[CH,],"CO,C 9H 49, 
Values of [M];4¢, at 20° (approx.) 


B eebqedoagerereeronsepens 1 2 3 4 5 6 
Homogeneous ...... *— 195-3° —194-3° —188-2° —184-8° —186-1° —187-2° 
Benzene (c= 5) ... t—183-8 —199-1 —192-1 —190-:0 —1925 —193-7 
Aleohol (¢ = 5) ...... ¢—195-8 —208-0 —204-9 —202-2 —203:7 —195-1 


* Rule and Smith, J., 1925, 127, 2188. 
¢ Rule and Harrower, J., 1930, 2321. 

Comparison of Rotation Curves.—In a previous communication on 
this subject (Rule, Hay, and Paul, loc. cit.) the growing chain of each 
series was numbered from 
and including the asym- id 
metric atom; J/-menthyl 
hydrogen malonate and 
l-menthyl methoxyacetate 
thus corresponding to n = 6 wodh 
on this scale. It is now 
proposed to denote the 
position of the substituent 
by «, 8, y, ete., a simplific- 
ation which does not affect 
the comparisons under the 
original numbering system. 

When the rotatory powers ol 
of the «-methoxy-esters 
under varying conditions are 
plotted (see Fig. 1) and com- 


Fig. 1. 
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pared with the results ob- ae / 
tained by Rule, Hay, and : - 

Paul, a bewildering array of Length of growing chain. 

curves emerges which serves Menthyl w-methoxy-n-aliphatic esters ; T 


: (homog.); II (in C,H,); III (in EtOH); 
to emphasise the fact that IV menthyl hydrogen dicarboxylates (in 
the effect produced by a C,H,); V dicarboxylates (sodium salt in 


given substituent is to some water). 
extent dependent on the nature of the medium in which the 
comparison is made. 

The investigation of the peri-substituted naphthoic esters (Bret- 
scher, Rule, and Spence, loc. cit.) has shown that the characteristic 
ortho-influence of a substituent tends to be produced to its maximum 
extent in the presence of non-polar hydrocarbon solvents. More 
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recently, Rule and McLean (this vol., p. 675), in studying the action 
of solvents on the optical activity of /-menthyl methyl naphthalate, 
concluded that the solvent exerts a very definite influence which is 
related to its polar character. Consequently, in the present case the 
most trustworthy comparisons will probably result from an examin- 
ation of the above methoxy-esters in dilute solution in benzene as a 
non-polar solvent. In addition, the values obtained for the esters 
in the homogeneous state may be assumed to be more normal than 
those observed in the presence of a highly polar solvent such as 
alcohol. 

The nature of the curves representing the homologous w-carboxy- 
and w-methoxy-esters in benzene is in general agreement with the 
hypothesis of an opposite spatial influence of the two substituents 
in the ortho-benzoates. The two diagrams are in complete con- 
trast, the former showing minima at the 8- and ¢-positions, whereas 
the latter exhibits maxima at these points. Between these 
extremes the rotatory powers of the carboxy-compounds remain 
high at y and 8, corresponding to the relatively low values of the 
methoxy-esters in these positions. An exact comparison is ren- 
dered somewhat difficult owing to the pronounced alternation of the 
curve representing the acid esters. 

In the homogeneous state the opposing influences of the two 
terminal groups are still evident, although the contrast is neither so 
obvious nor so complete as when the comparison is made in the 
presence of benzene as solvent. 

When alcohol is employed as a solvent, the maximum and mini- 
mum for the methoxy-series remain as before at the $- and 8-posi- 
tions respectively, but the former maximum at ¢ has now become a 
minimum. The latter difference is regarded as an abnormality 
caused by the polarity of the solvent. 

The values obtained by Rule, Hay, and Paul for the rotatory 
powers of the sodium salts of the carboxy-esters in water * reveal, 
except for small deflexions at the 8- and e-positions, an undeviating 
fall to the azelate, after which the curve starts to ascend. Whilst 
the anomaly at the -ester, if real, may be related to the effects 
already noted at this point, the pronounced minimum at the azelate 
is in remarkable contrast to the maximum obtaining at the corre- 
sponding point in the curve for the un-ionised carboxy-ester. This 
minimum can scarcely be explained except as a space effect caused 
by the negative ionic charge on the ionised carboxyl group. No 


* The a;,4,, recorded by these authors for the sodium menthyl azelate 
in water gives a molecular rotation of [M]54,, —169-6° instead of —181-0° 
as stated in their communication, thus changing the minimum point from 
the suberate to the azelate. 
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other interpretation is as probable, especially as the effect is pro- 
pagated from a point a considerable distance removed from the 
asymmetric group. The observed changes appear to be comparable 
with the influence of gem-dialkyl groups on the rotatory powers of 
l-menthyl hydrogen malonate and its sodium salt (Rule and Har- 
rower, loc. cit.). In the latter case, as the CO,H (or COO’) is forced 
into closer proximity to the carbomenthoxy-complex by replacing 
the methylene hydrogen atoms by bulky alkyl groups, it is found 
that the characteristic increase (or decrease) in rotatory power is 
greatly enhanced. 

A comparison between the rotation curve obtained for the 
l-menthyl alkyloxyacetates prepared by Rule, Hay, and Paul 
(loc. cit.) and that for the w-methoxy-derivatives affords a further 
illustration of what Lowry (T7'rans. Faraday Soc., 1930, 26, 266) has 
described as “ the fantastic idiosyncrasies of the growing chain in 
homologous series.” 

Whilst there remains the possibility that the carboxy-ester curves 
are entirely abnormal owing to combination between the carboxyl 
group and the ester half of the molecule (compare Kendall and 
Booge, J. Amer. Chem. Soc., 1916, 38, 1712), yet the considerable 
degree of uncertainty still existing concerning the electrical nature 
of such composite groups as the methoxyl and carboxyl is probably 
the chief obstacle to a satisfactory interpretation of these results. 

The magnitude of the effect produced by the methoxyl substituent 
in the n-aliphatic esters compared with that obtained in the corre- 
sponding o-substituted benzoic derivatives shows that the influence 
of the group is considerably greater in the latter case than in the 
former. This has already been pointed out by Rule, Hay, and Paul 
with respect to the carboxyl substituent, and has been considered to 
be largely due to the predominance of a rigid structure in the o-sub- 
stituted benzoic esters as compared with the , 
state of constant motion of the end of the ali- Va \="co,R 
phatic chain. The effect in the benzoic com- ¢ 
pounds may also be increased by the smaller angles \ Pui O-CH, 
(x) in the ortho-esters (compare Mills and Nixon, 

J., 1930, 2510), which will force the side chains closer together than 
would occur in the normal structure prevailing in the open-chain 
series (see annexed diagram). 

Notwithstanding some apparent exceptions, these results afford 
further support for the original hypothesis, and it is concluded that 
the characteristic ‘‘ ortho-effect ”’ of the electronegative substi- 
tuents un@er consideration is best explained as a spatial influence 
predominating over the normal effect propagated through the chain 
of atoms. 
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Ex PERIMENTAL. 

1-Menthyl 8-Methoxypropionate—From methyl §-iodopropionate 
the corresponding §-methoxy-derivative was obtained as an oil, 
b. p. 142—144°/760 mm. The /-menthy] ester was then synthesised 
by the sodium menthoxide process (compare Rule and Harrower, 
J., 1930, 2334). Methyl @-methoxypropionate (16 g.) gave only 
3 g. of the /-menthyl ester, a considerable proportion of a high. 
boiling liquid being left in the flask. The ester boiled at 135— 
137°/10 mm., and after two fractionations gave «%,, — 77-01° 
(Z = 100), which remained unchanged after a further distillation 
(Found: C, 69-4; H, 10-9. C,,H,,0, requires C, 69-4; H, 10-89%). 

1-Menthyl y-Methoxybutyrate—A number of different processes 
recommended in the literature for the preparation of the inter. 
mediate y-methoxybutyronitrile were tried, but none gave suff. 
ciently large yields to enable the final stages to be carried out. 
Attempts included the preparation of trimethylene chlorobromide, 
first from allyl chloride (Bruylants, Rec. trav. chim., 1909, 28, 244) 
and also from trimethylene glycol (Marvel and Calvery, “‘ Organic 
Syntheses,”’ VII, 113), and conversion of this into methyl y-chloro- 
propyl ether by the method of Haworth and Perkin (J., 1894, 65, 
597); the chloro-compound was then converted successively into 
the nitrile and methoxy-acid. 

The method by which y-methoxybutyric acid was eventually 
obtained consisted in converting trimethylene bromide (200 g.) into 
y-bromobutyronitrile (Derrick and Hess, J. Amer. Chem. Soc., 1918, 
40, 546) by refluxing it for 7—8 hrs. with anhydrous alcohol (500 c.c.) 
and dry, finely powdered potassium cyanide (32 g.). The precipit- 
ated potassium bromide was filtered off, and the alcohol removed 
by distillation from a brine-bath. On fractionation of the residual 
brown liquid, the butyronitrile, b. p. 100—104°/20 mm., was col- 
lected separately; yield 29 g. (20%). About 50 g. of trimethylene 
bromide were recovered. 

Sodium (5 g.) in the form of sodium methoxide dissolved in 60 c.c. 
of methyl alcohol was added in four portions to the butyronitrile 
(29 g.) and raised to the boil for a short time after each addition 
(compare Haworth and Perkin, loc. cit.). The copious precipitate of 
sodium bromide was filtered off, alcohol removed by distillation, 
and the residue dissolved in ether and dried over sodium sulphate. 
This gave, on fractionation, an oily distillate, b. p. 170—175°; 
yield 8 g. (41%) (Schlinck, Ber., 1899, 32, 948, gives b. p. 172—175°). 

The nitrile (8 g.) obtained from the preceding stage was mixed 
with potassium hydroxide (7-5 g.) dissolved in its own weight of 
water, and heated under reflux until no more ammonia was evolved 
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(8 hrs.). The product was acidified with concentrated hydrochloric 
acid, water added, the precipitated potassium chloride filtered at 
the pump, and the resulting clear solution extracted with ether in a 
continuous-extraction apparatus for 12—15 hrs. The ethereal 
solution, after drying over sodium sulphate, gave y-methoxybutyric 
acid, b. p. 216—220°; yield 4 g. (40%). 

1-Menthyl y-methoxybutyrate was prepared from the above acid 
(4 g.) by dissolving it in light petroleum and adding thiony] chloride 
(5g.). After the mixture had boiled gently for one hour, the solvent 
and excess thionyl chloride were removed by gentle heating under 
diminished pressure, and the residualacid chloridetreatedinthe usual 
way with /-menthol (6 g.). The menthyl ester distilled at 143— 
145°/10 mm., being obtained as a colourless liquid, yield 6 g. (60%). 
The rotation of the homogeneous liquid rose to «2%, — 70-28° on 
purification by repeated fractionation (J = 100) (Found: C, 70-0; 
H, 11-3. C,;H,,0, requires C, 70-3; H, 11-0%). 

|-Menthyl 8-M ethoxyvalerate.—The starting point in thepreparation 
of this ester was ethyl y-methoxypropylmalonate, which was 
obtained by the method outlined by Noyes (Amer. Chem. J., 1897, 
19, 778) for the corresponding ethoxy-compound. Methyl y-chloro- 
propyl ether (24 g.) was added to a mixture of malonic ester (34 g.) 
and methyl alcohol (70 c.c.) in which sodium (5 g.) had been dis- 
solved. After 3 hours’ boiling, alcohol was removed by distillation 
from a brine-bath, and the residue fractionated under reduced 
pressure. A colourless distillate was obtained which on a second 
fractionation gave 7 g. of y-methoxypropylmalonic ester (15% yield). 
This preparation had to be repeated several times in order to enable 
the next stage to be carried out. 

The foregoing ester (23 g.) was hydrolysed on the water-bath with 
potassium hydroxide (14 g.) in water (25 c.c.). After 3 hrs., an 
excess of hydrochloric acid was added, and the mixture was extracted 
with ether in a continuous-extraction apparatus for 9—10 hrs. 
After the extract had been dried and the ether distilled off, the crude 
y-methoxypropylmalonic acid (16 g.) was heated on an oil-bath to 
170° as long as carbonic acid escaped. The impure product was 
fractionated after a preliminary portion boiling up to 122°/12 mm, 
had distilled, and the 3-methoxyvaleric acid then boiled at 124— 
128°/12 mm. (compare Noyes, loc. cit.); yield 7 g. (53%). 

1-Menthyl 8-methoxyvalerate was obtained from the acid (9 g.) by 
way of the acid chloride, giving an oil of b. p. 155—165°/12 mm. 
(yield 9 g., 50%). After another fractionation, the rotatory power 
was a2, — 64-75° (1 = 100), unchanged on further fractionation 
(Found : C, 70-7; H, 11-5. C,gH3)Q, requires C, 71-0; H, 11-2%). 
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1-Menthyl ¢-Methoxy-n-hexoate.—Benzoylpiperidine was prepared 
from piperidine by the method of Marvel and Lazier (“ Organic 
Syntheses,” IX, p. 16), and thence pentamethylene dibromide was 
obtained by the method of von Braun (op. cit., IX, p. 70). Starting 
from 160 g. of benzoylpiperidine, and using the corresponding 
amounts of phosphorus tribromide and bromine, 91 g. of penta- 
methylene dibromide were obtained, b. p. 101—103°/17 mm. 
(yield 41%). 

e-Bromo-n-hexonitrile was prepared by a method similar to that 
adopted for y-bromobutyronitrile. Methyl alcohol (200 c.c.) was 
refluxed on the water-bath for 7—8 hrs. with finely powdered, dry 
potassium cyanide (13 g.) and pentamethylene dibromide (91 g.). 
The precipitated potassium bromide was filtered off, and the alcohol 
- removed by distillation. The residue was carefully fractionated, 
and the portion of b. p. 125—135°/14 mm. collected separately ; 
yield of e-bromo-n-hexonitrile 28 g. (78%). 

e-Methoxy-n-hexonitrile was synthesised from the above bromo- 
derivative by a process similar to that for the production of the 
y-methoxy-nitrile, sodium (5 g.), in the form of sodium methoxide 
dissolved in methy] alcohol (60 c.c.), being added in separate portions 
to e-bromo-n-hexonitrile (38 g.). After separation of potassium 
bromide and removal of alcohol, the brownish oily residue was 
fractionated under reduced pressure. Practically all the liquid 
distilled at 98—102°/23 mm., giving a yield of 16 g. (58%) of the 
methoxy-compound. 

The methoxy-acid was obtained by the hydrolysis of the nitrile 
(16 g.), which was heated on a brine-bath with potassium hydroxide 
(10 g.) dissolved in 15 c.c. of water, till no further evolution of 
ammonia took place (about 8 hrs.). The cooled product was 
acidified and extracted with ether, dried, and fractionated. A 
colourless liquid distilled between 135° and 145°/15 mm., yield 12 g. 
(87%). The e-methoxry-n-hexoic acid so obtained was further 
purified and analysed; b. p. peso mm. (Found: C, 57-5; 
H, 9-6. C,H,,0, requires C, 57-5; H, 9-7%). 

1-Menthyl ¢-methoxy-n- Seaside was obtained from the e-methoxy- 
acid (5 g.) by way of the acid chloride (see valerate); yield 8-5 g. 
(85%). Two fractionations gave an optically pure product, «2, 
— 61-:56° (1 = 100); b. p. 181—182°/16 mm. (Found: C, 71:8; 
H, 11-6. C,,H,.0, requires C, 71-8; H, 11-4%). 

1-Menthyl ¢-Methoxy-n-heptoate——Methyl «-bromo-n-amyl ether 
was the starting point for this ester. Pentamethylene dibromide 
(175 g.) was boiled for 14 hours with sodium (3-5 g.) dissolved in 
absolute methyl alcohol (60 c.c.). The products of reaction were 
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distilled from the precipitated sodium bromide, and fractionated 
under reduced pressure. A considerable proportion of dibromide 
was recovered and 25 g. of a liquid, b. p. 75—78°/12 mm., were 
collected. This fraction was found to be the required bromo-ether. 
The yield (25 g.) calculated on the dibromide used (61 g.) represented 
51% of the theory. Repeated fractionation gave the pure bromo- 
ether, b. p. 70-5°/10 mm. (Found: Br, 43-6. C,H,,OBr requires 
Br, 44:1%). 

Sodiomalonic ester (ethyl malonate, 25 g.; sodium, 3-5 g.; 
absolute alcohol, 40 ¢.c.) was condensed with methyl e-bromo- 
n-amyl ether (16 g.) as in the preparation of y-methoxypropyl- 
malonic ester. After 6 hours’ boiling, water was added; the 
e-methoxy-n-amylmalonic ester separated as an oil, which was 
extracted with ether, washed, and dried over calcium chloride. 
Removal of the ether left a clear liquid, b. p. 150—155°/10 mm. ; 
yield 22 g. (60°%). Hydrolysis of this ester (22 g.) was effected by 
heating with water (25 c.c.) containing potassium hydroxide (15 g.) 
to 120° on an oil-bath for 3 hrs. Excess of hydrochloric acid was 
added, and the mixture placed in a continuous ether extraction 
apparatus for 15 hrs. The extract was dried over anhydrous 
sodium sulphate, the ether removed, and the free dicarboxylic acid 
treated as in the preparation of 3-methoxyvaleric acid. On frac- 
tionation, a considerable volume distilled between 120° and 145°/12 
mm., but a definite fraction was collected at 155—160°/12 mm. ; 
this corresponded to the required heptoic acid; yield 4:5 g. (33% 
calculated on the ester used). The ¢-methoxry-n-heptoic acid was 
purified by further fractionation (Found: C, 59-8; H, 10-0. 
C,H, 40, requires C, 60-0; H, 10-19%). 

|-Menthyl ¢-methoxy-n-heptoate was obtained by treating the acid 
(4g.)intheusual way with thionyl chloride dissolved inlight petroleum 
and adding menthol to the crude acid chloride. The ester (yield 
5-5 g., 73%) had b. p. 178—183°/10 mm. after the usual purification 
and fractionation. Two further fractionations altered the rotatory 
power by only + 0-02°, so the value «3,, — 58-82° (1 = 100) was 
regarded as representing the pure substance ; b. p. 183—184°/10 mm. 
(Found: C, 72-4; H, 11-4. C,.H,,0, requires C, 72-4; H, 11-5%). 

Observed Rotatory Powers.—The rotations were all observed in a 
l-dem. tube, and the densities determined in a pyknometer holding 
1—2 c.c. of liquid. The reciprocals of the observed rotations in the 
homogeneous state plotted against the squares of the wave-lengths 
of the light employed gave in all cases a straight line. The dis- 
persions may therefore be assumed to be normal and simple over the 
range of wave-length employed. 
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Rotations in homogeneous state. 


Ester (w-methoxy) B y 5 € 4 
8° srcccrecesctccccecesees 20° 19-5° 19-5° 18° 20° 
) ) eee 0-9600 0-9565 0:9463 0-9406 0-9350 
Gingg crt tetteetseeceeeess —51-39° —45-22° —41-65° -—39-80° —37-99° By ( 
Giagg (eee teeeteeeeeseesees — 65-20 — 59-53 — 54-80 —52:12 —49-78 
ot RSM RES Ee —77-01 —70:28  —64-76 —61-56 —58-82 . 
def Fieaae rab een Ad —127-99 —116-66 -—107-52 —101-86 —97-68 | 6:7- 
dens 
Rotations in solution at 20° (approx.) (A = 5461). ation 
l-Menthy] ester. Solvent. lL. c. a. comy 
. C,H 100 5-206 —4:28° . 
re te 100 5-264 —4-52 0 
C,H 100 5-012 —4-01 
y-Methoxybutyrate C,H,OH 100 5-000 —375 | with 
fC,H 100 5-130 — 3-60 : 
3-Methoxyvalerate \ C.H,OH 100 5-106 — 3-89 give 
or C,H, 100 5156 —3-49 inter 
ae ae ws rete C,H,OH 100 5-316 —3-81 lear' 
eet eae ands C,H,OH 100 4-586 —3-00 metl 
Summary. MeO 


A number of I-menthy] esters of the type CH,0-[CH,],°CO,°C,,H,, | MeO 
have been prepared and their rotatory powers examined in the 
homogeneous state and in solution in benzene and alcohol. 

It is found that, for benzene solution, the maxima and minima in 
the rotation curve of the series correspond to minima and maxima 
respectively in the rotation curve obtained by Rule, Hay, and Paul 
(J., 1928, 1347) for the /-menthyl hydrogen dicarboxylates. It is qT 
also pointed out that the curve showing the variation of the values of B 
for the ionised sodium salts of the «s-carboxy-esters in water exhibits | to 
a pronounced minimum at the azelate, which corresponds to a and 
maximum in the rotation curve for the un-ionised hydrogen esters from 
at the same point. This evidence is considered to support the J ®V' 
hypothesis of a space effect exerted by these substituents when chlo 
present in the ortho-position in the active benzoic esters (compare | this 
Rule, Hay, Numbers, and Paterson, J., 1928, 178). alco 
This 
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CCLXXIX.—Kxperiments on the Synthesis of 
isoQuinoline Derivatives. Part I. 


By GuRcHARAN SrncH AHLUWALIA, KarTar SrncH NARANG, 
and JNANENDRA Natu RAy. 


6; 7-DIMETHOXY-3 : 4-DIHYDRO7soQUINOLINE METHIODIDE (I) con- 
denses easily with resorcinol in presence of alkali to give a condens- 
ation product (II; R= R’ = OH), probably analogous to the 
compound of uncertain constitution obtained by Liebermann (Ber., 
1904, 37, 2744) from cotarnine. Similarly, phloroglucinol and other 
phenols give related products. Cotarnine and also (I) condense 
with anisole in boiling toluene in presence of sodium ethoxide to 
give products such as (II; R= OMe, R’=H). It seemed of 
interest to compare the properties of these products with those of 
]-aryl-2-methyltetrahydroisoquinolines synthesised by unambiguous 
methods so that their constitutions might be placed beyond doubt. 


CH, CH, CH, 
OG ‘OH, Ol ‘CH, O46 ‘CH, 
Me( si JNMel MeO \ ms _/NMe BOK ¢ YN 

(I.) (II.) R’ (III.) 

R Me 


The benzoyl, cinnamoyl, and dimethoxyphenylacety! derivatives 
of 8-3 : 4-dimethoxyphenylethylamine have already been converted 
into the corresponding isoquinolines (E.P. 191233), and Spath 
and Béhm (Ber., 1922, 55, 2985) have prepared the isoquinoline 
from the trimethoxyphenylacetyl derivative. The anisoyl deriv- 
ative has now been dehydrated in toluene solution with phosphory] 
chloride, giving the dihydroisoquinoline (III). The methiodide of 
this substance when reduced with aluminium amalgam in aqueous- 
alcoholic solution gives the tetrahydro-base (II; R = OMe, R’ = H). 
This substance is identical with the condensation product isolated 
in minute amount from (I) and anisole, and should be identical 
with the methyl ether of dauricine if the structure assigned to the 
latter by Kondo and Marita (Ber., 1930, 63, 2420) is correct. We 
are engaged in synthesising the substance (Il; R= R’ = OH) 
from resorcylic acid by a similar method. 


EXPERIMENTAL. 


Condensation of 6: 7-Dimethoxy-3 : 4-dihydroisoquinoline Meth- 
iodide and Resorcinol.—A solution of the methiodide (3-3 g.) in 
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absolute alcohol (5 c.c.) containing potassium hydroxide (0-56 g.) 
was warmed with resorcinol (1-1 g.) on the steam-bath for 15 
minutes and left for 48 hours. The product (Il; R = R’ = OH), 
which separated slowly, was recrystallised from hot dilute alcohol; 
m. p. 188° (Found : N, 4:3. C,,H,,0,N requires N, 4-4%); more 
was obtained on dilution of the mother-liquor. 

Condensation of Cotarnine with Anisole.—A solution of cotarnine 
(4-7 g.) and anisole (2-2 g.) in toluene was treated with sodium 
ethoxide (from 0-5 g. of sodium), heated on the steam-bath for | 
hour, and boiled for } hour. The solvent was distilled off in a 
vacuum, and the residue triturated with cold alcohol and crystal- 
lised from hot 80% alcohol; m. p. 137° (decomp.). The amount 
was not sufficient for analysis. 

Anis-8-3 : 4-dimethoxyphenylethylamide was prepared from anisoyl 
chloride (8-5 g.) in benzene (35 c.c.) and a solution of 3 : 4-dimeth- 
oxyphenylethylamine (8-5 g.) in benzene (35 c.c.) and pyridine 
(3-5 c.c.); after 1 hour, the mixture was warmed on the steam-bath 
for } hour. The product was washed successively with water, 
sodium carbonate solution, and dilute hydrochloric acid, freed from 
benzene, and crystallised from hot benzene (yield, quantitative); 
m. p. 126° (Found : N, 4-7. C,,H,,0,N requires N, 44%). 

6:7: 4'-Trimethoxy-1-phenyl-3 : 4-dihydroisoquinoline (II1).—The 
above amide (3 g.; 1 mol.), dissolved in dry toluene (70 c.c.), was 
treated with phosphoryl chloride (1-5 mols.) with vigorous shaking, 
warmed on the steam-bath for } hour, and then gently boiled for 
} hour. The cooled mixture was shaken with ice-cold dilute hydro- 
chloric acid. The acid layer on basification gave the dihydroiso- 
quinoline (III), which crystallised from very dilute alcohol in colour- 
less needles, m. p. 107° (yield, 65°/, of the theoretical) (Found : N, 
4:8. ©,,H,,0O,N requires N, 4:7%). 

The methiodide was prepared from the isoquinoline and methyl 
iodide in benzene solution and crystallised in bright yellow prisms, 
m. p. 194—195° after recrystallisation from methyl alcohol by slow 
evaporation (yield, quantitative) (Found: I, 28-3. C,gH,.0,NI 
requires I, 28-9%). 

6:7: 4'-Trimethoxy-1-phenyl-2-methyltetrahydroisoquinoline (II; 
R = OMe, R’ = H).—The foregoing methiodide (1 g.), dissolved in 
methyl alcohol (10 c.c.), was diluted with water until a slight 
turbidity appeared. Amalgam prepared from aluminium (05 g.) 
was then introduced and the solution boiled for $ hour; after 
addition of a drop or two of concentrated hydrochloric acid the 
mixture was heated on the steam-bath for 4 hour. The filtered 
solution was diluted and basified with sodium hydroxide, and the 

product crystallised twice from dilute methyl alcohol, forming 
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colourless needles, m. p. 96—97° (yield, quantitative) (Found: N, 
4-7. C, gH,,0,N requires N, 45%). The base is stable to hydro- 
chloric acid and acetic acid. 


UNIVERSITY OF THE PUNJAB, 
LAHORE, INDIA. [Received, May 9th, 1931.] 





CCLXXX.—The Condensation of Aromatic Aldehydes 


with Malonanilic Acid and its Derivatives. 


By GuRCHARAN StInGH AHLUWALIA, MuHAMMAD ABDUL Haq, 
and JNANENDRA Natu RAy. 


CLeMo and Jounson (J., 1930, 2133) have indicated that the re- 
placement of the nitrogen atom in trimethoxytetrahydrozsoindeno- 
quinolines by oxygen by the method of von Braun (Ber., 1905, 38, 
850) offers possibilities for the synthesis of trimethylbrazilin. The . 
starting —_ in the synthesis of their isoindenoquinolines was 
4-keto-1 : 2: 3 : 4-tetrahydroquinoline (J., 1924, 125, 2608). 
Malonanilic acid (I) has now been condensed with certain aromatic 
aldehydes in pyridine solution at 40—50°, and the corresponding 
arylidene derivatives (III) and also cinnamanilides (II) have been 
isolated. The acids (III) are easily reduced to the corresponding 
dihydro-derivatives by sodium hp These substances cannot 
a NHPh:CO-CH:CHR (IL) 
\ NHPh-CO-C(:CHR): CO,H (IIT.) 


be dehydrated to give a quinolone, indenoquinolone, isoindeno- 
quinolone, or an anilide of a hydrindonecarboxylic acid. 


bo NH N 
\ ZCCO-NHR He 
CH 


The interaction of malonanilic acid or its asin with salicyl- 
aldehyde gives anilides of coumarin-3-carboxylic acid (IV), and its 
condensation with o-nitrated aromatic aldehydes gives o-nitro- 
arylidene derivatives analogous to (III). The latter substances 
on reduction are decarboxylated and converted by ring closure into 
2-arylaminoquinolines (V), the 3-cyano-derivatives of which have 
been prepared by Ishaq and Ray (J., 1930, 2740) and are very re- 
sistant to hydrolysis. 

EXPERIMENTAL. 

Malonanilic acid can be prepared in a greater yield than that 

obtained by Chattaway and Olmsted (J., 1910, 97, 940) if more 


(I.) NHPh-CO-CH,°CO, .— 
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ethyl malonate is taken (0-25 mol. in excess of that recorded) and 
the mixture heated for 40 minutes. The hydrolysis of ethyl malon- 
anilate is facilitated by the use of a more concentrated solution of 
sodium carbonate (8 g. in 70 c.c.). Malon-o- and -m-toluidic acids 
were prepared by similar modifications of the method. 

Condensation of Malonanilic Acid and Piperonal.—Malonanilic 
acid (1-8 g.), piperonal (1-5 g.), pyridine (4 c.c.), and piperidine 
(4 drops) were heated at 50—60° for 1 hour, and the product was 
poured into cold water (20 c.c.). 3 : 4-Methylenedioxycinnamanilide 
(Il), deposited as an oil which soon solidified, crystallised from 
alcohol in plates (1-3 g.), m. p. 158°, insoluble in water and sodium 
carbonate solution, soluble in chloroform, and sparingly soluble in 
hot water (Found: N, 5:5. C,,H,,0,N requires N, 5:3%). The 
anilide, when kept or exposed to light, undergoes a change, possibly 
partial transformation into the geometrical isomeride or an allo- 
. form, which affects its m. p. 

The aqueous filtrate on acidification gave piperonylidenemalon- 
anilic acid, which was recrystallised from 50% alcohol; yield, 
0-5 g.; m. p. 202° (decomp.) (Found: N, 4-5. C,,H,,0,N requires 
N, 45%). 

3 : 4-Dimethoxycinnamanilide, similarly formed from veratr- 
aldehyde at 30°, had m. p. 111° (varying with the rate of 
heating) (Found: N, 5-1. C,,H,,0,N requires N, 5-0%); 3: 4-di- 
methoxybenzylidenemalonanilic acid, isolated from the filtrate, had 
m. p. 222° (decomp.) (Found: N, 4-6. C,,H,,0;N requires N, 
43%. Found in the silver salt : Ag, 24-3. C,,H,,O;NAg requires 
Ag, 24:8%). 

p-Methoxycinnamanilide, m. p. 140° (Found : N, 5-7. C,,H,,0,N 
requires N, 5-5%), 3 : 4-methylenedioxycinnam-o-toluidide, m. p. 181° 
(Found: N, 5-1. C,,H,,0,N requires N, 5-0°%), p-methoxybenzyl- 
idenemalonanilic acid, m. p. 213° (decomp.) (Found: N, 4:8. 
C,,H,,0O,N requires N, 4-7°%,), piperonylidenemalon-o-toluidic acid, 
m. p. 213° (Found: N, 43. C,.H,,O;N requires N, 4-15%), 
veratrylidenemalon-o-toluidic «cid, m. p. 219° (Found: N, 4-2. 
C,,H,,0;N requires N, 4-1%), p-methoxybenzylidenemalon-o-toluidic 
acid, m. p. 217° (Found: N, 4:6. C,,H,,0,N requires N, 4-5%), 
and p-methoxycinnam-o-toluidide, m. p. 177° (Found: N, 5:l. 
C,,H,,0,N requires N, 5-2%), were prepared. 

«-Homopiperonylmalonanilic acid was prepared by reduction of 
sodium piperonylidenemalonanilate by 2% sodium amalgam, care 
being taken to keep the temperature low and the solution nearly 
neutral with acetic acid. The product, isolated after acidification, 
crystallised from dilute alcohol in colourless needles, m. p. 172° 
(decomp.) (Found: N, 4-6. C,,H,,0;N requires N, 45%). 
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a-Homoveratrylmalonanilic acid, similarly prepared, crystallised 
from dilute alcohol in silvery needles, m. p. 173°, rather easily soluble 
in hot water (Found: N, 4:5. C,,H,O;N requires N, 4-25%). 
«-Homopiperonylmalon-o-toluidic acid, m. p. 163° (decomp.) (Found : 
N, 4:5. ©,,H,,0O;N requires N, 43%), and «-homoveratrylmalon- 
o-toluidie acid, m. p. 128° (Found: N, 4:2. C,,H,,0;N requires N, 
41%), were similarly prepared by reduction of the appropriate 
acids. 

The foregoing acids were treated with phosphoric oxide in benzene, 
toluene, or xylene, with hot 80% sulphuric acid, zine chloride, 
sulphuric acid in acetic acid, and with phosphoryl chloride, but no 
ring closure took place; either the acids were recovered unchanged 
or profound decomposition took place. «-Homopiperonylmalon- 
anilic acid gave with phosphoryl chloride a chlorine-free product, 
m. p. 203°, which was not obtained in sufficient amount for further 
investigation. 

Condensation of Malonanilic Acid and Salicylaldehyde.—A mixture 
of malonanilic acid (1-8 g.), salicylaldehyde (1-3 g.), pyridine (3 c.c.), 
and piperidine (2 drops) was heated on the steam-bath for 1 hour, a 
pale yellow substance separating. ‘The product, poured into water 
(20 c.c.), deposited an oil mixed with crystals; the whole solidified 
when stirred with a few drops of alcohol. Cowmarin-3-carboxy- 
anilide (IV) crystallised from hot alcohol, in which it was sparingly 
soluble, in ‘small yellow needles, m. p. 247° (Found: N, 5:3. 
C,gH,,0,N requires N, 5-3%). The o-toluidide, m. p. 226° (Found : 
N, 5:2. Cj ,H,,0,N requires N, 5-0%), and m-tolwidide, m. p. 200° 
(Found: N, 5-2%), of coumarin-3-carboxylic acid were similarly 
prepared from salicylaldehyde and malon-o-toluidic and malon- 
m-toluidic acid respectively. 

o-Nitrobenzylidenemalonanilic acid was prepared in good yield 
from o-nitrobenzaldehyde and malonanilic acid, very little of the 
decarboxylated product being formed in the reaction at 100°. The 
substance, purified by dissolution in sodium carbonate solution and 
precipitation with acid, crystallised from dilute alcohol in almost 
colourless needles, m. p. 172° (decomp.) (Found: N, 91. 
C,,H,,.0,N, requires N, 9-0°%). 

0-Nitrobenzylidenemalon-o-toluidic acid, m. p. 221° (decomp.) 
(Found: N, 8-6. C,,H,,0;N, requires N, 8-6%), was similarly 
prepared from malon-o-toluidie acid. 

0-Nitropiperonylidenemalonanilic acid had m. p. 230° (Found : 
N, 7-9. C,,H,,0,N, requires N, 7-8%). 

2-Anilinoquinoline (V).—Into a mixture of zinc dust and boiling 
acetic acid, o-nitrobenzylidenemalonanilic acid was introduced in 
small portions, and after } hour’s boiling the liquid was filtered hot 
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and diluted with water. The orange-coloured precipitate was 
collected and treated with potassium hydroxide solution. The 
dirty white precipitate thus obtained was crystallised several times 
from alcohol; m. p. above 320° (decomp.). The substance was 
soluble in acetic acid and could be crystallised from hot pyridine, 
but it was not obtained analytically pure. Probably it was a 
ketonaphthiolin (compare Ishaq and Ray, loc. cit.). Basification 
of the acid filtrate furnished 2-anilinoquinoline, m. p. 98° (Fried- 
lander and Weinberg, Ber., 1885, 18, 1532, give m. p. 98°). This 
substance can also be obtained by reduction in hot acetic acid with 
stannous chloride, whereby the high-melting substance is formed in 
very small yield. 


UNIVERSITY OF THE PUNJAB, 
LAHORE, INDIA. [Received, May 28th, 1931.] 





CCLX XXI.—Studies in Dielectric Polarisation. Part I, 
Benzene Solutions of Furan, Ethyl Mercaptan, and 
Ethyl Sulphide. 


By Eric CHARLES Epwarp HUNTER and JAMES RIDDICK 
PARTINGTON. 


AccorDING to Debye, the polarisation of a dielectric in an electric 
field is the sum of two terms: (1) P;, the polarisation due to the 
induced dipoles, proportional to the polarisability; and (2) Po, the 
polarisation due to permanent dipoles, proportional to the square 
of the dipole moment pu, and inversely proportional to the absolute 
temperature : . 
Pow Ge. 2... ee 
N is Avogadro’s number, and & is Boltzmann’s constant. 

Ebert (Z. physikal. Chem., 1924, 113, 1) treats the molecule as an 
elastic body capable of deformation in an electric field, the dis- 
placement of electrons giving rise to an average moment fig, and 
a similar displacement of the atoms to an average moment jy. 
Corresponding with these are the polarisations P, and P,. The 
total polarisation is then given by 


P=P,+Ph:+Ph, . . . . . (2) 
and by the Clausius—Mosotti equation 
e—1 M 


where <¢ is the dielectric constant, p the density, and M the mole- 


cular weight. This equation holds strictly only for gases, where 
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the interaction between molecules is negligible. It has, however, 
been applied to dilute solutions of polar compounds in non-polar 
solvents (e.g., by Lange, Z. Physik, 1925, 33, 169; Errera, Physikal. 
Z., 1925, 27, 764). The polarisation of the mixture is then given by 
Pip = fi Pi + fePo Pte Se ke 

where f, and f, are the molar fractions, and P, and P, are the polaris- 
ations of solvent and solute respectively, P,,, the mixture polaris- 
ation, being given by: 
1 M,f,+ Mf, , 
Ti Vc (5) 
4 p 
where e and ep apply now to the solution. P,, is plotted against f,, 
and the curve extrapolated to f, = 0. A tangent to the curve at 
f, = 0, when produced to cut the axis f, = 1, then gives the polaris- 
ation at infinite dilution, P,,. To calculate the electric moment, 
it is necessary to know Py. This should be inversely proportional 
to T, hence the P-1/7' curve can be represented by P = a + 6/T, 
where 

b= 4rNy?/9k anda=P,p+P, .. . (6) 
This enables »p to be obtained without reference to Py, + P,, but 
at the same time it enables these magnitudes to be ascertained. The 
variation of dielectric constant with temperature is small, so the 
method is liable to some error. 

If the frequency of the field is sufficiently increased, the dipoles 
are unable to follow it, and the orientation polarisation disappears 
(P, =0). If the frequency is increased to optical frequencies, 
P, alone forms the total polarisation. P, can be found from the 
Lorenz—Lorentz equation for the pure polar compound, viz., 


n?>—1]1 M 
a nt + 2° . . . . . (7) 


in which » is the refractive index. It has been assumed that n 
should be extrapolated to infinite wave-length, but Debye (“ Polar 
Molecules,” p. 43, 1929) has criticised this on the ground that the 
dispersion in the infra-red is partly due to the permanent moment. 
He suggests that measurements of electron polarisation should be 
referred to the D sodium line. The contribution P, is left un- 
determined by Debye and by Williams; it is probably small in 
most cases, but Williams (J. Amer. Chem. Soc., 1928, 50, 2350) 
found the moment of s-trinitrobenzene to be 0:8, although the 
molecule possesses a centre of symmetry. Other such cases are 
known, the moment being due to the neglect of the term P,. In 
the present work P is determined from (3) and P, from refractivity 
measurements. 
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Morgan and Lowry (J. Physical Chem., 1930, 34, 2385) suggest 
that if the polarisation were measured at a frequency just above 
that at which P, disappears, it would give Py + P,, and Po could 
be obtained by difference from the total polarisation. Such a 
frequency would be outside the range of radio-frequencies, but by 
using viscous compounds, the frequency might be brought into 
the range of experiment. 

Ebert (loc. cit.) has used another method for determining P,, 
He obtains P, from refractivity data and assumes that P, + P, 
is the same in.the solid as in the liquid state. From the dielectric 
constant in the solid state, the polarisation is calculated by (3) and 
contains only the terms P,+ Py. P— (Pg + P,) then gives 
P.. The assumption that P, is the same for the two states is not 
altogether justified in view of the experiments of Morgan and Lowry, 
who measured the dielectric constants of methyl bromide and 
iodide in the solid state, obtained P,,, from the temperature 
effect, and calculated the corresponding dielectric constants for 
the solids. The two sets of values did not agree, although better 
agreement was found for methyl chloride, methylene chloride, and 
p-dichlorobenzene. Simons and Jessop (J. Amer. Chem. Soc., 
1931, 53, 1265) found the dielectric constant and conductivity of 
crystalline phosphorus pentachloride to be greater than for the 
liquid, this substance being found to be a non-polar molecule (com. 
pare Partington, J., 1929, 2573). If in this case P, is the same in 
the two states, P — P, must be negative. The cause of the abnorm. 
ality, it is suggested, is the distortion of the molecule by the crystal 
forces, leading to an increased polarisation in the solid state, and 
such an effect may well exist in other cases, 


EXPERIMENTAL, 


In the present communication, the measurements of the dielectric 
constants of benzene solutions of furan, ethyl mereaptan and ethy! 
sulphide are described, together with determinations of the mole- 
cular refractions. The purpose of the investigation was principally 
to determine the effect of replacing oxygen by sulphur in simple 
compounds, and to see how far the chemical and physical properties 
can be explained on the basis of the calculated dipole moments. 

Apparatus.—All measurements were made at 20°. The densities 
were determined with pyknometers (12 c.c.) fitted with ground 
caps. On account of the volatile nature of the substances, the 
densities are liable to an error of 2 units in the fourth place. The 
solutions were made up in 100-c.c. calibrated flasks, immersed in 
a thermostat at 20° + 0-05°. Refractivities were determined with 
a Pulfrich refractometer at 20° + 0-05° and are liable to an error 
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of one unit in the fourth place. The dielectric constants were 
measured with an apparatus based on the heterodyne principle 
(Physical Rev., 1920, 15, 243; 1924, 23, 345). The circuit (see 
Fig. 1) consisted of a valve oscillator maintained at a constant 
frequency, to which a stage of audio-frequency amplification was 
attached. Coupled to this circuit by the grid coils, was a valve 
oscillator the frequency of which could be varied by means of a 
Tinsley calibrated standard variable condenser of 300 pyfarads 
capacity, placed in parallel with the grid coil. The two oscillators 
were placed in separate earthed copper boxes, and the coupling 
coils were placed in an earthed copper screen. All external leads 
were of lead-covered cable, the outer covering of which was also 
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A = Dielectric cell. 
B = Standard condenser. 


earthed. Separate filament and plate batteries supplied the two 
circuits with current. Two glass cells, containing fixed multi- 
plate chromium-plated condensers, held in position by ebonite 
stoppers, of capacities 70 and 42 uyfarads were used. The cell 
was filled to a definite mark with the solution and placed in a paraffin- 
bath contained in the thermostat. The capacity of the cell was 
determined by bringing the two oscillators into resonance by means 
of the variable condenser, and the reading of the latter was taken. 
The empty cell was placed in circuit, and the resonance point 
obtained. These two readings were translated into true capacities 
by means of a large-scale calibration chart, and the difference gave 
the capacity of the cell. This procedure was repeated with the 
cell filled to the mark with the solution, and the capacity obtained 
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as before. The ratio of the two capacities gave the dielectric 
constant of the solution (air=1). Readings of the resonance 
point were taken with the cell alternately in and out of circuit, ten 
such readings being taken for each capacity result. The accuracy 
of the dielectric constant is estimated at + 0-5%. As an additional 
precaution, the standard condenser and the electrical apparatus 
were placed in an air thermostat at 20° + 0-1°. Capacity effects 
of the operator were eliminated by using a remote control on the 
variable condenser, and the oil-bath was of copper and earthed. 

Preparation of Materials.—Benzene. Kahlbaum’s benzene “ for 
analysis and molecular weight determinations’ was tested for 
thiophen, which was absent, dried for a fortnight over phosphoric 
oxide, fractionated, dried with sodium, and refractionated, head 
and tail portions being rejected; D? 0-8791, nf 1-5007, m. p. 
5-45° on Anschiitz thermometer standardised on ice (International 
Critical Tables give D7" 0-87910). 

Furan. The Kodak, Ltd., material was dried over anhydrous 
sodium sulphate for a week, and fractionated ; b. p. 31-6°/757 mm., 
Di 0-9365, n3®° 1-42136. Auwers (Annalen, 1915, 408, 212) gives 
D 0-9366 ; ni” 1-42157. 

Ethyl mercaptan. This substance was obtained from the same 
source and subjected to the same treatment as furan; b. p. 35-3°/768 
mm., D? 0-8398, n®* 1-43119. Nasini (Ber., 1887, 20, 3882) gives 
D® 0-83907 ; nf" 1-43055. 


Weight in 
100 c.e. DY. € Si Ss: Pq, ©.¢. 
Ethyl mercaptan. 

— 0-8791 2261 ° 1 — 26-28 
0-7576 0-8789 2-288 0.9892 0:0108 26-61 
1-8390 0-8783 2-331 0-9738 0-0262 27-16 
3°7444 0-8769 2-412 0-9469 0-0531 28-18 
5-7440 0-8758 2-480 0-9190 0-0810 28-93 

P,,. (extrap.) = 60-18; Pg =.19-07; » = 1:39 x 107° E.S.U. 
Ethyl sulphide. 

- 0-8791 2-261 1 — 26-28 
1-1720 0-8786 2-305 0-9882 0-0118 26-92 
2-2482 0-8779 2-348 0-9775 0-0225 27-45 
2-9302 0-8777 2-372 0-9710 0-0290 27-98 
4-1238 0-8771 2-398 0-9591 0-0409 28-40 
5-0026 0-8765 2-432 0-9502 0-0498 28-94 

P,,. (extrap.) = 80-68; Py = 28-46; » = 1°57 x 10718 E.S.U. 

Furan. 

— 0-8791 2-261 1 —~ 26:28 
4-5962 0-8819 2-275 0-9405 0-0595 26-20 
6-9156 0-8832 2-295 0-9111 0-0889 26-30 
9-5547 0-8849 2-322 0-8781 0-1219 26-55 


P,,, (extrap.) = 26-98; Py = 18-43; p» = 0-63 x 1078 E.S8.U. 
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Ethyl sulphide. The product from the action of sodium ethyl 
sulphate on potassium hydrogen sulphide was extracted with 
sodium hydroxide to remove mercaptan, shaken with mercury, 
dried over anhydrous sodium sulphate, and fractionated twice; 
b. p. 91-5°/759 mm., D?” 0-83679, n®° 1-44233. Nasini (loc. cit.) 
gives D? 0-83676; nj” 1-44233. 

Resulis.—These are given in the subjoined table. The symbols 
are as defined on pp. 2062 and 2063. In each case yp was calculated 


from the formula p = 0-0127 x 10-8 (P,, — P,)T. 


Discussion of Results. 
Values of u xX 1018 already recorded are given below, together 
with the references. 


H,S 1-101 H,O 1-874 1-705 

EtSH 1-39 EtOH 1-72 1-727 1-63 ° 
Et,S 1-57 Et,O 1-22° 1-22 10 1-24 3! 
Ph,S 1-47 ? Ph,O 1-02 12 1-12 38 

Bz,S 1-38 ? Bz,O 

Ph-S-CH, 1-27? PhOCH, 116 a 

CHS 0-633 C,H,0 0-63 


von Braunmiihl, Physikal. Z., 1927, 28, 141. 

Bergmann, Engel, and Sandor, Z. physikal. Chem., 1930, B, 10, 397. 
Hassel and Naeshagen, Tids. Kjemi, 1930, 10, 81. 

Jona, Physikal. Z., 1919, 20, 14. 

® Williams, ibid., 1928, 29, 204. 

-? Hojendahl, Thesis, Copenhagen, 1928. 

Krchma and Williams, J. Amer. Chem. Soc., 1927, 49, 2408. 
Lange, Z. Physik, 1925, 38, 169. 

10 Krchma and Williams, J. Amer. Chem. Soc., 1927, 49, 1676. 

11 See 8, 

* Estermann, Z. physikal. Chem., 1928, B, 1, 134. 

13 Bretscher, Helv. Phys. Acta, 1929, 2, 257. 

14 See °, 
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The sulphides possess higher moments than the corresponding 
ethers. The increase inp x 1018 on substituting sulphur for oxygen 
is shown in the following table : 


Et,S — Et,O = 0°35. 

Ph,S — Ph,O = 0°35 or 0-45. 
Ph-SCH, — Ph-OCH, = 0-11. 

C,H, —C,H,O =0 


The elements in a group in the periodic table show an increase in 
polarisability parallel with the increase in atomic volume, and this 
may be the reason for the larger moments of the sulphides. However, 
hydrogen sulphide and mercaptan have smaller moments than the 
oxygen compounds. The polarity of the alcohols is due to the 
hydroxyl group alone, since there is no alteration of moment with 
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length of the hydrocarbon chain, and the moments are the same 
as for water. Ethyl mercaptan has a higher moment than hydrogen 
sulphide, and the increase may be due to induction along the hydro- 
carbon chain. Measurements are in progress on »-propyl and n- 
butyl mercaptans to test this possibility. 

In view of the close similarity between the alcohols and the 
mercaptans, it is surprising to find that the latter are almost in- 
soluble in water. Sunier (J. Physical Chem., 1930, 34, 2582) finds 
that the solubility of naphthalene in a series of alcohols increases 
regularly from methyl to n-butyl, as would be expected. The 
measured solubilities differ considerably from the ideal, and if the 
deviation is due only to association of the solvent, it is necessary 
to postulate aggregates of 5 molecules for butyl, and even more 
complex molecules for lower alcohols. It is unfortunate that there 
are at present no data on solubilities in mercaptans, but if the 
internal pressure runs parallel with the moment, naphthalene should 
show a higher solubility in mercaptans than in alcohols. 

Bingham and Fornwald (J. Rheology, 1930, 372), by a comparison of 
the measured and calculated fluidities, find the degrees of association 
of 14 mercaptans to be given by the following empirical equation : 


a = 1-141 — 0-0115 N, — 0-036(N,SH). 


where NV, is the number of carbon atoms, and N, is a correction for 
the 1so-position. 

The following table gives the chemical and physical properties 
of corresponding oxygen and sulphur compounds : 


Degree of 

Bp. | px 10%. asstn., x. 
BERD caccescccrcancssonces 100° 1-70 2-20 
BED chatyncnassquncenaniatks — 60 1-10 — 
eee 78 1-70 1-74 
re 35 1-39 1-12 
MED Nbssccvisesseedeceess 35 1-22 —- 
Tht ecccelesisssesocssccssus 92 1-57 a= 


(The data for the oxygen compounds were taken from Turner, ‘‘ Molecular 
Association,’’ and were determined by the fluidity method.) 


The order of association is roughly the same as for the moments. 
The SH group appears incapable of association either with itself 
or with the hydroxyl group, the latter circumstance affecting the 
ease of solubility. 


The group moment in His-C must be such that the sulphur atom 
is negative and the carbon atom positive, and it is in the same 
sense as in the hydroxyl group. The directive influence on sub- 
stituents in the benzene ring should be ortho-para. No data are 
available for this. 
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The sulphides have higher moments than the ethers, and show 
greater tendency to form complexes, especially with metallic halides 
of the transition elements, mercury, and the platinum metals. 
They combine with alkyl halides to form ionised salts, which are 
converted by silver oxide into sulphonium hydroxides (von Ofele, 
Annalen, 1864, 132, 82). The valency of sulphur can increase by 
co-ordination of oxygen to give sulphoxides and sulphones, whereas 
oxygen can only assume a valency above two by co-ordination of 
hydrion when there is some activating group in the molecule. 

In view of the ease with which sulphur increases its valency, it 
would be of interest to determine if the sulphides show any anti- 
catalytic effect in the esterification of carboxylic acids in the presence 
of hydrogen chloride as catalyst (Goldschmidt and Udby, Z. physikal. 
Chem., 1907, 60, 728; Lapworth and Partington, J., 1910, 97, 19). 
The ethers show no such effect (Johnson and Partington, 
this vol., p. 86). 

Fie. 2. 











0-91 
59 ™ 
“= 2 2° Ale Sealc)= 1°68. 





That the symmetrical compounds of sulphur discussed in this 
paper are polar, can be explained on the basis of a V-shaped molecule, 
in agreement with Hund (Physikal. Z., 1925, 31, 81), who concluded 
from spectroscopic data that hydrogen sulphide had this shape, 
and calculated the apex angle to be 62°. A similar calculation for 
water gave 66°. From the moment for hydrogen sulphide the 


4-— 
group moment of HS is calculated as 0-65 x 10-18. This and the 
angle 31° can be combined with the moment of mercaptan to give 


the group moment of iS and the angle « (see Fig. 2). 

These values can be combined to give the moment of ethyl sulphide 
as 1-68 (1-57 experimental). The agreement is fairly good, in view 
of the fact that no account has been taken of interaction between 
the groups. Bergmann, Engel, and Sandor (loc. cit.) calculate the 
angle between the thiophenyl groups in phenyl] sulphide to be 142°. 

If the angle between the groups in ethyl sulphide is calculated, 
it being assumed that (i) the radius of the sulphur ion is 1-69 A., 
3Y 
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(ii) the distance between two carbon atoms is 1-5 A., and (iii) the 
two groups just touch, an angle of 38° is obtained, and a similar 
calculation for phenyl sulphide gives 56°. 

The moments of furan and thiophen are the same within the 
limits of experimental error. Furan (b. p. 32°) and thiophen (b. p. 
84°) are a little more volatile than ethyl ether and ethyl sulphide 
respectively. The great difference in the moments, compared with 
the diethyl open-chain compounds, is probably due to the presence 
of double bonds, the high density of electrification associated with 
a double bond causing induction, and a decrease in moment. 


me 
CH——CH+* 
™* 


—_°. 
cHO*cH/ 


Summary. 

(1) The dielectric constants and densities of dilute benzene 
solutions of ethyl mercaptan, ethyl sulphide, and furan have been 
measured, and the molecular refractions of the pure compounds 
determined. 

(2) The dipole moments have been calculated on the Debye 
theory, and compared with those of analogous oxygen and sulphur 
compounds. The sulphides have higher moments than the corre- 
sponding ethers, but the mercaptans have lower moments than the 
alcohols. 

(3) The chemical and physical properties of water, hydrogen 
sulphide, ethyl alcohol, ethyl mercaptan, ethyl ether, and ethyl 
sulphide have been discussed. The degrees of association of the 
alcohols are higher than for the mercaptans, and this is the order 
of the moments. 

(4) The group moments of HS and EtS, and the moment of 
ethyl sulphide have been calculated by the theory of vector moments. 
There is an increase in moment on substituting ethyl for hydrogen 
in the sulphur compounds which is not found in the oxygen series. 


The authors wish to express their thanks to the Chemical Society 
for a grant which partly defrayed the costs of the investigation, 
and one of the authors (E. C. E. H.) is indebted to the Department 
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CCLXXXII.—IJnvestigations on Hyponitrites. Part I. 
Sodium Hyponitrite : Preparation and Properties. 


By James Rippick PARTINGTON and CHANDULAL CHHOTALAL 
SHAH. 


Soprum hyponitrite required for the present work was prepared by 
a modification of the method of Divers (J., 1899, 47, 97). Three 
other methods (Joanis, Compt. rend., 1894, 118, 718; Weitz and 
Vollmer, Ber., 1924, 57, B, 1015; Scott, J. Amer. Chem. Soc., 1927, 
49, 986) were tried and found to give hyponitrite, but the method 
adopted here was found to be the most suitable, as regards both 
cost and purity of the product. We were not able to obtain it in 
the pure white form by the method of Weitz and Vollmer. 

Three solid hydrates of the salt have been reported, the penta- 
(Divers, loc. cit.), the hexa- (Menke, J., 1878, 33, 401), and the 
ennea-hydrate (Weitz and Vollmer, loc. cit.). We find that the 
solid salt exists in the form of two different hydrates. From a 
concentrated solution of sodium hydroxide, it separates on standing 
in a vacuum over sulphuric acid in the form of small granules of 
the pentahydrate. If this or the anhydrous salt is redissolved in 
water, and the solution concentrated over sulphuric acid in a 
vacuum, or the solid precipitated by a large excess of alcohol, the 
octahydrate is formed. In the first case, the octahydrate forms short 
thick needles, and in the second it appears as very small crystals. 
The hexa- and the ennea-hydrate could not be obtained, and very 
probably these have been mistaken for the above two hydrates. 
Divers could not obtain the salt in the crystalline form, and denied 
the statement made by Jackson (P., 1893, 12, 210), who obtained 
it as needles. 

Analysis.—The salt, in either the anhydrous or the hydrated 
state, has not been analysed previously, except one analysis each 
by Divers, Menke, and Weitz and Vollmer (locc. cit.). Menke 
estimated the nitrogen in the substance by heating it with soda— 
lime and determining the amount of ammonia formed. We found 
no trace of ammonia either under these conditions or when the salt 
was treated with Devarda’s alloy and potassium hydroxide. Nitro- 
gen in hyponitrites, in general, however, can be estimated by a 
modification of Dumas’s method. The dry salt is mixed with 
fused sodium hydrogen sulphate and heated in a combustion tube, 
the gases evolved being passed over hot reduced copper gauze, and 
the liberated nitrogen measured. Kirschner (Z. anorg. Chem., 1898, 
16, 424) used copper powder instead of sodium bisulphate. This 
method gives good results with other salts, but fails in the case of 
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the sodium compound, the results of the nitrogen analysis being 
always too low, apparently because some nitrogen as sodium nitrate 
remains undecomposed by sodium hydrogen sulphate, even at a 
red heat. The residue was, in fact, found to contain sodium nitrate. 
Since no suitable method could be found for the determination of 
nitrogen in the sodium salt, the hyponitrite radical was determined 
as the silver salt; but as silver carbonate and nitrite are also 
insoluble in a neutral solution, the sodium salt was examined for 
the presence of both of these. The amount of nitrite in the salt 
was found to be less than 0-001%, and no carbonate was detected. 

Action of Hydriodic Acid.—Various views are held as to the 
action of hydriodic acid on hyponitrites. A solution of the sodium 
salt does not immediately give any blue colour with hydriodic acid 
and starch, although this colour develops in 2—3 minutes. We 
believe that this result is due to small traces of nitrous acid present 
in the preparation. A solution which has been kept for 24 hours 
behaves similarly, showing that the amount of nitrous acid does 
not appreciably increase, though a sensitive colorimetric determin- 
ation with Griess reagent shows that nitrous acid does increase 
somewhat in such a solution. In a freshly prepared solution, the 
content of sodium nitrite was found to be 4-2 x 10%, and in the 
- same solution after 24 hours it was 6-3 x 10*%, which increased 
to 7:3 x 10*% at the end of one week. Probably in solution the 
salt decomposes according to the equation 

3Na,N,0, + 2H,O = 2NaNO, + 4NaOH + 2N, . (1) 

but the amount of nitrous acid formed is too small for macro- 
estimation. The solution does not give the diphenylamine test. 

Thermal Decomposition of the Solid.—The action of heat on the 
solid anhydrous salt has been studied by Divers (loc. cit.), who 
states that it is stable up to 300°, but at higher temperatures 
decomposes as follows 

3Na,N,0, = 2NaNO, + 2Na,0+2N, . . (2) 

Ray and Ganguli (J., 1907, 91, 1399) find that the products of the 
action of heat on the silver salt consist of silver, silver nitrate, 
nitrogen, and nitric oxide; and on the mercury salt, of mercury, 
mercuric oxide, nitric and nitrous oxides, together with some 
nitrogen and mercurous nitrate. In contrast to these two salts, we 
find that the sodium salt decomposes according to the equation 
given by Divers [(2) above] when heated in a vacuum, the decom- 
position occurring suddenly and explosively at 260—265°, leaving 
a red residue which becomes yellow on cooling. The solid on 
analysis was found to consist of equimolecular proportions of sodium 
nitrite and sodium oxide, while the gas evolved was pure nitrogen. 
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When the dry salt is heated with sodium hydrogen sulphate, the 
gaseous products consists of nitrous and nitric oxides and nitrogen, 
while, as stated above, even at a red heat some sodium nitrate 
remains in the solid residue. Probably the decomposition proceeds 
simultaneously according to the equations 

Na,N,O, + 2NaHSO, = 2Na,SO,-+H,O+N,0 . (3) 
3Na,.N,0, + 4NaHSO, = 2NaNO, + 4Na,.SO, + 2H,0 + 2N, (4) 
2Na,N,O, + 4NaHSO, = 4Na,SO, +- N, + 2H,O + 2NO . (5) 
3NaNO, + 2NaHSO, = 2Na,SO, + NaNO, + H,O + 2NO (6) 

Aqueous solutions of the salt instantaneously decompose in a 
vacuum to the extent of 50%, giving nitrous and nitric oxides and 
nitrogen, the main product being nitrous oxide (68-5%%). The action 
may be represented by equations (3) and (5), H,O being substituted 
for NaHSO,. If the pressure is not below 40 mm., the solution 
does not decompose abruptly, but does so slowly, the decomposition 
mainly proceeding according to equation (3). No nitrate or nitrite 
can be detected in the solution. 

Action of Acids.—Ray and Ganguli (J., 1907, 91, 1866) studied 
the action of dilute mineral acids on the silver and the mercurous 
salt, and showed that the former is completely decomposed by 
these acids, whilst the latter is only partly decomposed, except by 
hydrochloric acid. We have examined the action of dilute sulphuric 
and hydrochloric acids on the sodium salt, and find that the reaction 
is the same as in aqueous solution; the percentage decomposition 
is a little higher and the proportion of nitrogen and nitric oxide is 
slightly greater, thus showing that the reaction (5) is favoured by 
acids. No nitrate or nitrite appears to be formed during the 
reaction. 

The salt is completely decomposed by concentrated sulphuric 
acid. Nitric acid and traces of nitrous acid are formed besides 
nitrous and nitric oxides and nitrogen. The reaction is very 
vigorous and the whole vessel becomes filled with white fumes, the 
solid salt being so much heated at places that it glows. The main 
reaction (65%) is represented by equation (3). All the reactions 
(3), (4), (5), and (6) probably occur, and also probably, in addition : 
5Na,N,O, + 8H,SO, = 2NaNO, + 8NaHSO, + 4H,0 + 4N, (7) 

Oxidation with Potassiwm Permanganate.—Various workers have 
examined the oxidation of hyponitrous acid and of sodium and 
other hyponitrites in presence of sulphuric acid, by means of per- 
manganate, but have reached very different conclusions. Hantzsch 
and Sauer (Annalen, 1897, 299, 67) prepared a solution of the free 
acid by shaking N/100-hydrochloric acid with a weighed amount 
(excess) of silver hyponitrite; the amount of potassium perman- 
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ganate used by such a solution was less than that required by the 
equation 
H,N,O, + 40 =2HNO,... . . (8) 

Similarly, Kirschner (loc. cit.) treated weighed amounts of the 
barium, calcium, strontium, and silver salts with acid potassium 
permanganate and also obtained low values. On the contrary, 
Divers (loc. cit.), using N/20-solution of the acid, and Thum 
(Monatsh., 1893, 14, 294), using NV /100-solution of the acid, in both 
cases prepared from silver hyponitrite and hydrochloric acid, 
obtained values showing that the oxidation proceeds to completion 
according to equation (8). Recently, Raschig (‘‘ Schwefel- und 
Stickstoffstudien,’’ 1924) has shown that the action of acidified 
potassium permanganate proceeds according to the equation 


H,N,O, + 20=2HNO,. ... . (9) 


and differs from the action of subsequently acidified potassium 
permanganate (acid added 15 minutes after the permanganate 
solution), which proceeds according to equation (8) above. As is 
well known, nitrous acid is oxidised quantitatively to nitric acid by 
potassium permanganate in presence of acids. To avoid this diffi- 
culty, Raschig supposes that an anhydride, N,O,, different in con- 
stitution from the anhydride of nitrous acid and stable towards 
permanganate in acid solution, is formed. In his experiments 
he used a solution of the sodium salt obtained by shaking silver 
hyponitrite with saturated sodium chloride solution. 

We have repeated these experiments, using solutions of different 
concentrations and prepared in different ways, and we think that a 
portion of the hyponitrous acid is ‘always oxidised to nitric acid 
according to equation (8), the other portion decomposing into 
nitrous oxide and water according to equation (3). Owing to the 
spontaneous decomposition of solutions of hyponitrites and hypo- 
nitrous acid, the results obtained are invariably low as can be seen 
from Table II. Another cause for the low values is the fact that 
silver hyponitrite is not completely decomposed by shaking with 
hydrochloric acid (Ray, De, and Dhar, J., 1913, 103, 1562), or with 
sodium chloride (Divers, loc. cit.). 

Since aqueous solutions of the salt decompose in a vacuum, as 
shown above, they were not used for examining the products of 
oxidation formed in a vacuum. The results obtained with the 
solid sodium salt show that the above conclusion regarding the 
action of permanganate on hyponitrous acid, viz., that a portion of 
it is oxidised to nitric acid and the other portion decomposes into 
nitrous oxide, is correct. In the presence of acidified potassium 
permanganate, 65°, of the salt decomposes, giving nitrous oxide 
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and nitrogen. The remaining 35% is oxidised to nitric acid. But 
if the acid is added 15 minutes after the potassium permanganate 
solution, 48° of the salt decomposes into nitrous oxide and nitrogen, 
and the rest is oxidised to nitric acid. The formation of nitrogen 
probably occurs according to equation (5), the nitric oxide simul- 
taneously formed being oxidised to nitric acid. Thus the low 
values obtained by Raschig are to be attributed rather to the 
greater decomposition suffered by hyponitrous acid than to the 
formation of a hypothetical oxide, N,O,. In his attempt to separate 
this N,O,, he failed to account for one-third of the total nitrogen, 
which very probably escaped before he began his estimation. 

Reduction.—Among the products of reduction of hyponitrous 
acid, four substances, viz., nitrogen, hydroxylamine, hydrazine, and 
ammonia, are likely to be formed. By reduction with zinc and 
acetic acid, Devarda’s alloy and potassium hydroxide, aluminium 
amalgam, sodium bisulphite, stannous chloride, titanous chloride, 
and sodium hydrosulphite (hyposulphite), we find that none of the 
last three is formed, though von Brackel (Ber., 1900, 33, 2115) 
claims to have obtained hydrazine by reduction with zinc and 
acetic acid and also with sodium bisulphite. In the case of sodium 
hydrosulphite (alkaline), no nitrogen either appears to be formed. 
Coblens and Bernstein (J. Physical Chem., 1925, 29, 750) claim to 
have reduced silver hyponitrite to ammonia by the successive 
action of stannous chloride and titanous chloride. We were unable 
to obtain any ammonia by the action of these reagents on sodium 
hyponitrite solution. Traces of ammonia sufficient for colorimetric 
estimation by Nessler reagent were found in the solution, but this 
is probably due to impurities rather than to the reduction of the 
hyponitrite. 

Table I summarises the foregoing results in the form of a nitrogen 
balance. 

_ EXPERIMENTAL. 

Preparation of Sodium Hyponitrite—25 G. of pure sodium nitrite 
(Divers, J., 1899, 47, 85) are dissolved in 50 c.c. of water. Sodium 
amalgam, prepared by dissolving 25 g. of sodium in 140 c.c. of 
mercury, is slowly added to the above solution contained in a 
round-bottomed flask. During the addition the solution is kept 
cold by running water. After all the amalgam is added, the flask 
is vigorously shaken and cooled till no more heat develops. The 
whole is then transferred to a thick-walled separating funnel, the 
solid adhering to the flask being twice washed with very small 
amounts of water, and shaken continuously for one hour to reduce 
any nitrite which might have been precipitated along with the 
hyponitrite from the strongly alkaline solution. The amalgam is 
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then separated. The sodium hyponitrite is filtered off through 
asbestos, without unduly exposing the liquid to the action of air, 
which can best be done by passing a current of carbon dioxide-free 
air or nitrogen over the solution being filtered. The solid is then 
taken out and repeatedly triturated with alcohol till the pulp-like 
mass falls to a fine powder, which is then filtered and washed with 
the same reagent. It is redissolved in the least amount of water, 
and filtered from suspended impurities. The solution is then con- 
centrated over sulphuric acid in a vacuum. The vessel should 
preferably be covered, as considerable bumping occurs. On the 
third or fourth day thick short needles separate. These are crushed 
and triturated with alcohol, filtered, and washed with alcohol and 
ether. The salt so prepared is the octahydrate (Found: Na, 18-05; 
N,0,, 24:7; H,O, 55-5. Na,N,O,,8H,O requires Na, 18-4; N,0O,, 
24-0; H,O, 57-6%). When left for 24 hours over concentrated 
sulphuric acid in a vacuum, it becomes anhydrous (Found: Na, 
42-3; N,O,, 54:1. Calc. for Na.N,O,: Na, 43-4; N,O,, 56-6%,). 
The yield of the anhydrous salt is 19%. Its specific gravity is 
1-726 at 25°. 

For preparing the pentahydrate, the sodium nitrite is dissolved 
in 75 c.c. of water. After separation of the amalgam, the solution 
is filtered through asbestos, and the filtrate left in a vacuum over 
sulphuric acid. After about 25 days, small granules separate. 
These are filtered in a small Gooch crucible without asbestos and 
washed with alcohol. They are then taken out, triturated with 
alcohol, filtered, and washed with alcohol and ether (Found: Na, 
23-9; N,O,, 29-8; H,O, 45-1. Calc. for Na,N,O,,5H,O : Na, 23:5; 
N,0,, 30-6; H,O, 45-9%). 

In studying the action of various reagents in a vacuum, the 
apparatus shown in Fig. 1 was used. The substance was weighed 
out in the small tube A and carefully introduced into the flask. The 
solution, the action of which it was desired to study, was contained 
in the side tube B or D. In cases where it was necessary to study 
the action of two reagents in succession, these were separately 
introduced into B and D. The vessel was then attached to the 
Sprengel pump and evacuated, and the solutions added to the 
substance through the three-way tap E. A small amount of air 
remains in the tap (calculated, 1-1 c.c.) and in the analysis this 
volume is deducted from the amount of nitrogen. 

For studying the action of heat, the substance was weighed in 
the tube shown in Fig. 2. The spiral at the top, which contains 
some glass wool, prevents escape of solid when it suddenly decom- 
poses. This tube is heated in a Pyrex tube, having a ground-in 
glass thermometer and attached to the pump. 
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Action of Heat.—(i) 0-1006 G. of the hyponitrite gave 13-9 c.c. 
of nitrogen (at 8.T.P.). The residue weighed 0-0826 g. and required 
13-9 c.c. of 0-0935N-hydrochloric acid for neutralisation (phenol- 
phthalein) and 11-2 c.c. of 0-11N-potassium permanganate solution. 
(ii) 0-1236 G. left a residue weighing 0-0994 g. and required 17-0 c.c. 
and 14-4 ¢.c. of the above reagents respectively. 

The hyponitrite remains unchanged to 260°. At 260—265°, it 
begins to melt, effervesces, and suddenly decomposes, turning first 
yellow and then red. After cooling, the residue is yellow. 


Fig. 1. Fia. 2. 
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Action of Sodium Hydrogen Sulphate—The hyponitrite was 
weighed in a porcelain boat, mixed with 1 g. of sodium hydrogen 
sulphate, and introduced into a short length of combustion tubing, 
which was then evacuated. (i) 0-1730 G. gave 7-6 c.c. of nitrous 
oxide, 3-6 c.c. of nitric oxide, and 16-1 c.c. of nitrogen. The residue 
contained nitrate (diphenylamine test) and traces of nitrite (potass- 
ium iodide and starch). (ii) 0-1297 G. gave respectively 9-8, 2-2, 
and 13-2 c.c. of these three gases. The residue gave 4-0 c.c. of 
nitric oxide (estimation of nitric acid by Crum—Frankland method). 
In this experiment, and in the action of concentrated sulphuric 
acid, a washing tube containing potassium hydroxide was interposed 
between the pump and the apparatus, but no nitrate or nitrite was 

detected in it (diphenylamine test). 
Action of Water.—(i) 0-1038 G. of hyponitrite gave with 20 c.c. 
3¥2 








2078 PARTINGTON AND SHAH : 


of water 7-9 c.c. of nitrous oxide, 2-5 c.c. of nitrogen, and 1-0 c.c. 
of nitric oxide; on the next day 2-3 c.c. more of the first gas were 
evolved. (ii) 0-1142 G. gave with 10 c.c. of water 8-1, 2-7, and 
1-1 c.c. of these gases respectively. The solution did not give any 
test for nitrate or nitrite, but showed the presence of undecomposed 
hyponitrite by giving a yellow precipitate with silver nitrate. 

Action of Acids.—This is shown in the following table. With 
the dilute acids the resulting solution gave the same reactions as 
with water, but with concentrated sulphuric acid, it contained 
nitrate and nitrite (the latter too small for estimation) and gave 
1-6 c.c. of nitric oxide from the first solution. 


Na,N,0,, N,0, N,, NO, 

Acid. g- c.c. C.c. c.c. 
H,SO,(app. 3N), 20 c.c. ...... 0°1557 15-5 4:8 7-4 
0-1040 11-2 3-2 4-0 

HCl (app. 3N), 20 c.c. ......... 0-1060 11-5 3°5 4-2 
0-1270 14-0 3°8 3°5 

H,SO, (d 1-84), 20 c.c. ......... 0-1032 14-3 5-6 1:3 
0-1042 14-5 6-2 1-7 


Action of Acidified Potassium Permanganate.—The solution used 
contained 0-5 g. of permanganate in 20 c.c. of 2N-sulphuric acid. 
The results of a second experiment are in parentheses. 0-1000 
(0-1249) G. gave 12-3 (16-4) c.c. of nitrous oxide and 2-2 (2-5) c.c. 
of nitrogen. The solution was concentrated, and decolorised with 
oxalic acid, the excess of the latter being removed by slowly adding 
permanganate solution till a slight pink colour remained. An 
aliquot portion was taken for estimating nitric acid. The whole 
gave 14-0 (20-7) c.c. of nitric oxide. 

Action of Potassium Permanganate followed by Sulphuric Acid.— 
The acid (20 c.c. of 2N) was added after the gases evolved during 
the addition of the permanganate (0-5 g. in 20 c.c. of water) had 
been collected (about 30 mins.) : 0-1054 g. gave before addition of 
acid 2-1 c.c. of nitrous oxide and 2-1 c.c. of nitrogen; and after 
addition of acid 5-1 and 1-2 c.c. respectively. 

The solution gave 23-3 c.c. of nitric oxide. 

In examining the products of reduction, the presence of ammonia 
was tested with Nessler reagent, hydrazine by reduction of Fehling’s 
solution and benzalazin test, and hydroxylamine by the benzoyl 
chloride—ferric chloride test. 

Summary. 

It has been shown that sodium hyponitrite occurs in the form of 
two hydrates—the penta- and the octa-hydrate. The action of 
heat and various reagents on the solid salt in a vacuum has been 
studied. The anhydrous salt, when heated, decomposes into sodium 
oxide, sodium nitrite, and nitrogen. It is partly decomposed by 
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: TABLE I. 
j Percentages of the various products calculated in terms of nitrogen. 
y (Theoretical total, 26-4%.) 
1 Reaction : N,O. N;. NO HNO,. HNO. Total. 
TD cenrsisevenscnsinnes — 17-3 — 8-6 — 25-9 
os... RembbanmenbemiaNen a o _- 9-0 oo -— 
n WGP cccemistinininaaies 9-5 30 8©=— 06 oon rie 13°1 
g o._. eanadinreesenmiiciin 8-9 3-0 0-6 — -—- 12-5 
PAIR eoviaioieants 12-5 39 30 ~ won 19-4 
jor.  Saicanathataees 13-5 3°8 2-4 = —- 19-7 
p te eer ee 13-6 4-1 2-5 -- -—— 20-2 
i RRR Ee eemeenens 13-8 3:7 1-7 -- ~~ 19-2 
HBO sg COMG. 20006000060. 17-3 6-8 0-79 —_ 0-8 25-69 
as. ~. Aeanienens 17-4 7-4 1-0 — “= 25-8 
AMR <6560sssisscccoces 5-5 11-6 1-3 = — 18-4 
sy, semenaenecuciue 9-4 12-7 1-1 —- 1-9 25:1 
KMn0O,, acidified ...... 15-4 2-8 — _ 8-8 27-0 
- 99 «seks 16-4 2-5 -- -— 10-4 29-3 
KMn0Q, then acid ...... 8-5 3-9 —- — 13-8 26-2 
TaBxeE II. 
| Amount of 0-1N-KMn0O, 
required by 10 c.c. of 
' the sol. if its cone. 
) Cone. of was 0-1N. 
HNO, — 
g.-mol. Acid at Acid after 
1 per same time 15 mins. Ratio, 
' Source of solution. litre. (I). (II). (II) /(1). 
Solid Na,N,O, dissolved in f 0-050 16-7 32-2 1-93 
WEEE Siscceddsteosiicidsssnnissss 0-050 14-2 27-4 1-93 
Moist Ag,N,O, shaken with 
0-1N-NaCl and diluted ... 0-025 -—- 9-0 — 
BaN,O, shaken with 0-1N- 
Na,SO, and diluted ......... 0-025 2-1 6-6 3-1 
Moist Ag,N,O, shaken with f 0-0467 7-0 20-5 2-93 
: 0-0935.N-HCl and diluted ... 0-0701 15-7 31-1 1-98 
Moist Ag,N,O, shaken with f 0-1335 14-6 29-3 2-07 
satd. NaCl sol. and diluted | 0-0482 11-1 23-8 2-16 
water, dilute sulphuric acid, and dilute hydrochloric acid, forming 
nitrous oxide, nitric oxide, and nitrogen; and completely by con- 


centrated sulphuric acid, forming nitrous and nitric acids besides 
the above products. By the action of potassium permanganate, a 
portion of the salt is oxidised to nitric acid and the other portion 
decomposes into nitrous oxide and sodium hydroxide, the propor- 
tions of the two depending on the experimental conditions, thus 
explaining the variable results obtained by different workers under 
slightly different conditions. The salt could not be reduced by 
stannous chloride, titanous chloride, sodium hydrosulphite, etc. 
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CCLXXXIII.—The Synthesis of n-Propyl n-Amyl 
Ketone by Karrer and Co-workers. 
By STEPHEN ARNOLD Bryant and GEORGE RoGER CLEMO. 


THE first claim to have made n-propyl n-amyl ketone is that of 
Bouveault and Locquin (Bull. Soc. chim., 1904, 31, 1153), who, by 
treating the sodio-derivative of ethyl acetylcaproylacetate (acetyl- 
n-hexoylacetate) with ethyl iodide, obtained a 74% yield of ethy] 
ethylcaproylacetate. This on hydrolysis with concentrated sul- 
phuric acid gave n-propyl n-amyl ketone, b. p. 75—76°/10 mm., 
which gave correct analytical results. The semicarbazone, m. p. 
73—74°, was obtained in colourless lamine (Found: N, 21-43. 
Cale. for C,9H,,ON,: N, 21-11%). 

Karrer and co-workers (Helv. Chim. Acta, 1928, 11, 1062) reported 
having obtained this ketone as the key compound in the degradation 
of lupinine, and having synthesised it by condensing n-hexoyl 
chloride with zinc n-propyl iodide, although the yield from the 
condensation was only about 20% of the theoretical, and analyses 
of both the degradation and the synthetic ketone always gave a 
carbon value low by 2%. From each of the ketones a semicarb- 
azone, m. p. 60—61°,* was obtained. 

As an explanation of the discrepancy between the m. p.’s observed 
by Bouveault and Locquin and by themselves, Karrer and co- 
workers suggested that the ketone obtained by the former workers 
may have been isopropyl n-amyl ketone. They prepared an 


* Since writing the above, we have communicated our results to Professor 
Karrer, who has kindly sent us small specimens of his semicarbazones, made 
from the original degradation and synthetic ketones, which he now finds 
melt at 64—65°. The crystal habit of these specimens is somewhat different, 
and we find the mixed m. p. of his semicarbazone from the lupinine ketone with 
Bouveault’s compound to be 64—72°. When Prof. Karrer’s two specimens, 
however, and also Bouveault’s compound, m. p. 73°, and the semicarbazone 
we obtained after potassium hydroxide treatment, m. p. 73°, but which 
would not analyse correctly, are recrystallised under similar conditions, all 
form practically indistinguishable irregular, biaxial, acicular prisms with 
extinction 40—44°. The semicarbazone from isopropyl n-amyl] ketone under 
these conditions forms rather more plate-like prisms with extinction 40—44°, 
Our thanks are due to Mr. S. Tomkeieff for these observations. 
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| authentic specimen of the semicarbazone of this ketone and found 
that it did, in fact, melt at 75°, but they do not appear to have 
taken a mixed m. p. of this with the compound made by Bouveault 
and Locquin. 

We have repeated the synthetic work of Karrer and co-workers 
and that of Bouveault and Locquin and confirmed the latter. 
Further, we find the mixed m. p. of Karrer’s isopropyl n-amyl 
ketone semicarbazone and the n-propyl n-amyl ketone semicarb- 
azone of Bouveault and Locquin to be below 60°. 

We also find that the n-propyl n-amyl ketone semicarbazone as 
prepared by Karrer melts at 72° after a few crystallisations from 
light petroleum (b. p.' 40—60°), not raised by a further five 
recrystallisations. This product does not depress the m. p. of 
) Bouveault and Locquin’s compound, although it does not analyse 
correctly for a nonanone-semicarbazone (Found, by Schoeller : 
C, 55-5; H, 9-9; N, 25-4. Cale. for C,,)H,,ON, : C, 60-3; H, 10-6; 
N, 21-1%). 

‘ Karrer and co-workers explain the low carbon content of both 
their degradation and their synthetic ketone by the presence of a 
trace of water, but in view of the fact that the corresponding ketone 
of Bouveault and Locquin analyses correctly, it seemed to us that 
a more likely explanation in the case of Karrer’s synthetic ketone 
might be the presence of ethyl n-hexoate (b. p. 166°) formed during 
the organo-zince reaction in the presence of ethyl acetate. The 
correctness of this supposition was proved by refluxing some of the 
ketone with methyl-alcoholic potassium hydroxide, whereby potass- 
ium n-hexoate was formed, and identified by conversion to n-hexo- 
amide, m. p. 101—102° (unchanged by admixture with an authentic 
specimen). The ketone thus purified gave no more potassium 
n-hexoate on a second treatment, the formation of the latter by 
the alkaline hydrolysis of the ketone being thus ruled out, and 
further, it analysed correctly (Found : C, 75-9, 76-4, 76-4; H, 12:8, 
12-8, 13-0. Cale. for C,H,,0: C, 76-0; H, 12-7%). The semi- 
r carbazone prepared from this purified ketone gave colourless plates, 

m. p. 65—66° after two crystallisations from light petroleum (b. p. 
7 40—60°) (Found : C, 60-1; H, 10-4%). Recrystallisation, however, 
raises the m. p. finally to 73°, giving irregular lamine which are 
4 not distinguishable from Bouveault and Locquin’s compound under 
e the microscope and do not depress its m. p.; but now the substance 
h gives low carbon values (Found : C, 57-1, 57-4, 58-1; H, 10-1, 10-7, 
. 10:7%). These values, which show the maximum variations, are 
selected from over a dozen determinations done here and also by 
Schoeller. That these results are not due to combustion difficulties 
is proved by the fact that Bouveault and Locquin’s n-nonan-4-one- 
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semicarbazone has been analysed without difficulty, both by our- 
selves (Found : C, 60-0; H, 10-9%), and also by Schoeller (Found : 
N, 21-8%). 

So far we are unable to account for this anomaly, since an 
explanation based on the presence of some ethyl n-amyl ketone 
(Calc. for semicarbazone : C, 58-4; H, 10-3) appears to be excluded 
by the fact that its semicarbazone has m. p. 117°. 

It is necessary to bear in mind that semicarbazones should exist 
in two geometrically isomeric forms, for Mills and Bain (J., 1914, 
105, 64) resolved the semicarbazone of cyclohexanone-4-carboxylic 
acid into optically active components. Moreover, the m. p.’s 
recorded for many ketone semicarbazones are very diverse. 

We find, however, that the above-described anomalies shown by 
the semicarbazone of m-nonan-4-one do not appear in the case of 
the p-nitrophenylhydrazone, which, prepared from Karrer’s n-nonan- 
4-one (whether or not this is purified by potassium hydroxide) 
separates from ligroin (b. p. 60—80°) in yellow, irregular plates, 
m. p. 84—85° (Found: C, 65-0; H, 8-7. C,,;H,,0,N, requires C, 
65-0; H, 84%). An identical product is obtained from Bouveault’s 
nonanone (Found : C, 64:8; H, 8-6%). The compound decomposes 
on keeping. 

Like the normal ketone, isopropyl n-amyl ketone can be purified 
by treatment with methyl-alcoholic potassium hydroxide (Found : 
C, 76-4; H, 12:7%). 

We conclude that the n-propyl -amyl ketone semicarbazone of 
Bouveault and Locquin, m. p. 73—74°, is a pure compound and is 
correctly described, and that if -propyl n-amyl ketone gives a 
pure semicarbazone, m. p. 60—61°, it is a form which we have 
been unable to obtain after repeated attempts. We consider it 
desirable that the p-nitrophenylhydrazone should be made from 
the ketone obtained from lupinine so as to clear up the present 
ambiguity underlying this important structural question. 


We are indebted to Mr. C. R. 8. Tenniswood, B.Sc., for carrying 
out the analyses, which have been confirmed in the crucial cases, as 
indicated above, by Schoeller. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, July 1st, 1931.] 
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CCLXXXIV.—Germanium. Part IX. The Action of 
Amines and of Certain Other Organic Bases on 
Germanium Tetrachloride. The Structure of Ger- 
manium Imide.* 


By Joun SmeatH THomas and WiLFRED WaLL SouTHwoop. 


Ir has already been shown (Thomas and Pugh, this vol., p. 60) that 
the interaction of germanium tetrachloride with ammonia affords a 
mixture of one molecule of germanium imide with four molecules 
of ammonium chloride. The objects of the present investigation 
were (1) to determine to what extent substituted imides (or fully 
saturated amino-compounds) could be obtained by the action of 
amines and other organic bases, both aliphatic and cyclic, on 
germanium tetrachloride, and (2), by an examination of the pro- 
perties of the substituted imides so obtained, to deduce their 
structure and hence, by inference, that of germanium imide itself. 

On comparing the behaviour of the chlorides of other elements of 
the fourth group towards ammonia and organic bases with the 
results described in this paper, it is seen that germanium differs 
widely in this respect from all the other elements of this group, 
silicon excepted. An investigation of the interaction of titanium 
tetrachloride with ammonia and certain organic bases, carried out 
in this laboratory and shortly to be published, shows that germanium 
and titanium also closely resemble each other in this particular. 

In contrast to the readiness with which germanium tetrachloride 
and ammonia interact, there appears to be no reaction between this 
gas and carbon tetrachloride and, although compounds of carbon 
tetrachloride with organic bases, e.g., aniline, have been described 
(Hartung, J., 1918, 113, 163), they are only formed extremely 
slowly except at high temperatures or in the presence of suitable 
catalysts. The tetrachlorides of tin and lead, on the other hand, 
react fairly readily both with ammonia and with organic bases, 
forming compounds of two types, viz., MCl,,2NH, and MCl,,4NHs, 
but Matthews, who has investigated the lead compounds (J. Amer. 
Chem. Soc., 1898, 20, 815), considers them to be true ammines. 
Germanium does not appear to form compounds of this type. 

Silicon tetrachloride, however, when treated with ammonia and 
with organic bases, yields compounds which, whilst differing in some 
respects from those similarly obtained from germanium tetra- 
chloride, resemble them closely in other important particulars. In 
both cases on treatment with ammonia the tetrachloride yields a 


* The greater part of the subject matter of this paper was contributed 
to Section B of the British Association at its Cape Town meeting in 1929. 
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stable di-imide. In the formation of silicon di-imide, however, clear 
evidence of the formation of an amide Si(NH,),, stable below 0°, 
has been obtained (Lengfeld, Amer. Chem. J., 1899, 21, 531), whereas 
no analogous germanium compound has been prepared. Indeed, it 
has been shown (Thomas and Pugh, loc. cit.) that if such a compound 
exists it can only do so at temperatures below — 20°. 

The action of silicon tetrachloride on primary amines is similar 
to that on ammonia. According to Lengfeld (loc. cit.), silicon tetra- 
ethylamide, Si(NHEt),, is obtained as the first product of its inter- 
action with ethylamine, and a similar compound Si{(NHPh), was 
obtained by Reynolds (J., 1899, 75, 474) by its action upon aniline. 
Both these compounds are stable, but they tend to decompose when 
warmed, giving off the free base. In this way, Reynolds obtained 
the silicon analogue of triphenylguanidine (J., 1900, ' 77, 836), and, by 
heating this substance in a vacuum, thesubstituted di-imide, Si(NPh),. 
Germanium does not form an analogous stable fully-saturated 
compound. 

On treating germanium tetrachloride with excess of ethylamine, a 
substance of composition GeCl,,6C,H,*NH, was obtained, analogous 
to that formed by the action of ammonia on the chloride. This was 
proved to be a mixture of one molecule of germanium diethyldi-imide 
(soluble in ether) with four molecules of ethylamine hydrochloride. 

From aniline, a solid of composition GeCl,,4C,H,;"NH, was always 
obtained whether chloride or base was in excess. This, too, was 
separated by means of ether into aniline hydrochloride and a soluble 
portion, which yielded only primary amine on hydrolysis and con- 
tained germanium, chlorine, and nitrogen in the ratio 1:2:2; it 
was thought to be the hydrochloride of the di-imide, Ge(NPh,HC)),, 
but, as Harold (J. Amer. Chem. Soc., 1898, 20, 1329) has described 
a compound SiCl,(NHPh),, obtained by the action of one molecular 
proportion of silicon tetrachloride on four of aniline, the possibility 
that our compound might be dichlorogermanium dianilide had to 
be considered. This alternative was rejected when it was found 
that germanium diethyldi-imide reacts with ethylamine hydrochlor- 
ide, liberating ethylamine. It is more probable that the interaction 
of germanium tetrachloride with aniline takes place according to 
the equations 


(1) GeCl, + 6Ph‘NH, = Ge(NPh), + 4Ph-NH,,HCl 
(2) Ge(NPh), + 2Ph-NH,,HCl = Ge(NPh,HCl), + 2Ph-NH, 


In no case was it possible to prepare fully saturated compounds 
by the action of primary amines on germanium tetrachloride, though, 
from the nature of the reaction between piperidine and the tetra- 
chloride, it seems probable that unstable saturated compounds 
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are actually first formed. Germanium tetrachloride reacts with 
eight molecular proportions of the base: GeCl, + 8C;H,,.NH = 
Ge(NC;H,5), + 4C;H,,NH,HCl. The stability of this saturated 
compound is readily explained by the fact that its nitrogen atoms 
are an integral part of the cyclic piperidine radicals, and are com- 
bined externally with germanium only, so that the formation of an 
unsaturated compound would involve rupture of the stable piper- 
idine ring. Should such saturated compounds be formed, however, 
by the interaction of the chloride with bases such as primary amines, 
internal condensation can readily occur. It is presumed that this 
is the course actually taken by the reaction, and in the case of 
aniline the complete reaction would be represented by the equations 


(3) GeCl, + 8Ph‘NH, = Ge(NHPh), + 4Ph-NH,,HCl 
(4) Ge(NHPh), = Ge(NPh), + 2Ph-NH, 


followed by reaction (2). 

Of the many compounds which might theoretically be expected 
from the interaction of germanium tetrachloride with ammonia and 
primary amines, only the imides and their salts and the compound, 
germanam, have actually been isolated. 

The difference in behaviour between silicon and germanium is 
more pronounced when the interaction of their chlorides with 
secondary amines is considered. According to Michaelis and 
Luxembourg (Ber., 1896, 29, 711), a silicon compound of the com- 
position Et,NSiCl, is thus obtained from diethylamine, but the 
reaction in the case of germanium does not proceed in this way and 
appears to be more complicated than is the case when primary 
amines are used. The solid final product obtained by the inter- 
action of these substances in the gaseous state was found to contain 
5—6 mols. of base per mol. of germanium tetrachloride, the lower 
value for this ratio being obtained when the product was heated 
at 90° in a current of air for several hours. When the reaction was 
carried out in ether, the ratio chloride : base was very nearly 1 : 6, 
but here again, prolonged heating in a current of air increased the 
value to 1:5. By using ether as solvent, the product of the reaction 
could be separated into a soluble and an insoluble portion. The 
latter consisted of a mixture of diethylamine and triethylamine 
hydrochlorides. In the ether-soluble fraction the Ge : Cl ratio was 
invariably 1:1, but the Cl: N ratio varied between 1 : 2 and 1: 3, 
the former value being obtained when all traces of free base had 
been removed by heating in a vacuum or in a current of air at about 
85°. On hydrolysis, the ether-soluble portion yielded primary amine 
only; no trace of ammonia or of secondary amine could be detected. 
If it be assumed that an unstable fully-saturated compound is 
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first formed, the course of the reaction could be represented by the 
following series of equations : 


(1) GeCl, + 8Et,NH = 4Et,NH,HCl + Ge(NEt,), 

(2) Ge(NEt,), =Ge(7NEt)(NEt,), + NEt, 

(3) NHEt,,HCl + NEt, = NHEt, + NEt,,HCl 

(4) Ge(-NEt)(NEt,), +- NHEt,,HCl = Ge(NEt,).:-NEt,HCl 

+ NHEt, 

When moderated by cooling, or when carried out in ethereal solution, 
the reaction stops at this point, and the product contains, besides the 
germanium compound, a mixture of the hydrochlorides of di- and 
tri-ethylamine, the Ge : Cl: N ratio in the whole mass being 1 : 4: 6. 
When this mixture is heated for some time under reduced pressure at 
about 85°, however, a further molecule of base is lost and the ratio 
becomes 1:4:5. This loss of base may occur in two ways; either 


(5) (Et,N),GeNEt,HCl — Et,N-GeClINEt + NHEt, 
or (6) (Et,N),Ge!NEt,HCl = Ge<Npt yy + NEty 


On hydrolysis, the product of (5) should yield a mixture of primary 
and secondary amines, whereas primary amine only was actually 
obtained; hence, taking into account all the available evidence, 
we are of opinion that the last stage of the reaction is represented 
by equation (6). The variation in the Cl: N ratio between | :2 
and 1:3 is easily explained by the comparatively high b. p. of 
triethylamine (89°) and its strongly basic character. Except after 
prolonged heating, the following equilibrium would be set up : 


Ge(NEt),,HCl + NEt, = Ge(NEt), + NEt;,HC! 


In order to investigate the behaviour of tertiary bases, experi- 
ments were made with diethylaniline. No reaction could be detected 
between this and germanium tetrachloride, either at the ordinary 
temperature or when the substances were heated together at 160°. 
This is not surprising : in diethylaniline no hydrogen is directly 
attached to the nitrogen atom of the base and this seems to be a 
necessary condition for the interaction of germanium tetrachloride 
with organic bases. 

In general, except when the base used had a cyclic structure, 
the final product of the interaction was a compound containing 
germanium and nitrogen in the atomic ratio 1:2. Various struc- 
tures may be assigned to these compounds; for example, the 
ammonia derivative may be symmetrical, HN:Ge:NH, or unsym- 
metrical, NiGe-NH,. When ethylamine is the base used, in addition 
to these possibilities, the product may have any of the following 
structures: (1) NiGe-NEt,; (2) HN:Ge-NEt; (3) EtN‘Ge:NEt. 
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When the product contains no alkyl groups, it is difficult to dis- 
tinguish between the symmetrical and the unsymmetrical form, but 
when alkyl groups are present, the structure can be ascertained by 
examining the products of hydrolysis : a compound of structure (1) 
would yield one molecule each of ammonia and secondary amine ; 
structure (2) would yield one molecule each of ammonia and primary 
amine; and structure (3), two molecules of primary amine only. 

The ether-soluble products of the interaction of germanium tetra- 
chloride and ethylamine, diethylamine, and aniline were examined 
along these lines. In every case the base produced by hydrolysis 
consisted of primary amine only: no ammonia and no secondary 
amine could be detected. The compounds under discussion must, 
therefore, have the symmetrical structure RN:Ge:NR, and it may 
be concluded that germanium di-imide itself also has a symmetrical 
structure. 

Ethylamine and diethylamine thus react with germanium tetra- 
chloride to form the same substituted imide, which is symmetrical 
in structure and forms both mono- and di-hydrochlorides. From 
aniline, the dihydrochloride only was isolated. 


EXPERIMENTAL. 

The germanium chloride used was prepared by the method of 
Thomas and Pugh (J., 1926, 105). The redistilled material was 
stored in bulbs of about 1 ¢.c. capacity provided with a fine capillary 
tube 6—7 inches long. By means of this tube, the liquid could 
readily be introduced through a small opening into the reaction 
vessel without taking up moisture from the air. The estimation 
of germanium was carried out by precipitating the element as sulph- 
ide from solution in 6N-sulphuric acid. The sulphide was then 
dissolved in fairly concentrated ammonia and oxidised by means of 
6° hydrogen peroxide in a platinum dish to the dioxide, which was 
finally ignited to constant weight. 

The amines were supplied by Merck and were redistilled from 
freshly burnt lime before use. They were free from ammonia, and 
the primary and the secondary amine were also uncontaminated 
with each other. The aliphatic amines were estimated by distilling 
them into '’/2-sulphuric acid and then titrating the excess of acid 
with N/2-sodium hydroxide, methyl-red being used as indicator. 
Aniline was estimated by Koppeschaar’s method (Sutton, “ Volu- 
metric Analysis,” 1914, p. 367). Check experiments on pure 
material showed that this method gives trustworthy results. 


The Action of Aniline on Germanium Tetrachloride. 


Experiments were made using excess of each of the reactants in 
turn. Owing to its greater volatility, excess of germanium chloride 
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(b. p. 86°) is more readily removed than excess of aniline (b. p. 184-4), 
and the results obtained when the former was in excess are, there. 
fore, the more trustworthy. 

The reaction vessel consisted of a weighing bottle of about 75 c.c, 
capacity, for which a special stopper carrying two tubes had been 
made. The vertical inlet tube reached nearly to the bottom of 
the vessel, and to it, at a point about 1” above the stopper, 
a side tube was sealed. The inlet tube was fitted with a movable 
glass rod, held in position by a short piece of tightly fitting but 
flexible rubber tube. The purpose of this was to allow of the inlet 
tube being kept clear of the solid formed during the reaction. The 
side tube was sealed to the outlet of a small wash-bottle of about 
20 c.c. capacity. After the apparatus had been thoroughly dried, 
the tip of a sealed bulb of germanium chloride was broken and the 
liquid was rapidly transferred to the wash-bottle, the inlet tube 
being then immediately connected with drying vessels containing 
concentrated sulphuric acid. The exit tube from the reaction 
vessel was similarly connected with a drying train. In the reaction 
vessel, 30 c.c. of ether dried over sodium were placed, a known 
weight of dry aniline was added from a Lunge pipette, and the 
vessel attached to its stopper. The wash-bottle was then gently 
warmed in a water-bath, and a slow stream of dry air drawn through 
the apparatus. As the germanium chloride vapour came into 
contact with the aniline solution a thick white precipitate formed. 
As soon as all the germanium chloride had passed over, the ether 
was slowly evaporated, and the reaction vessel was then heated to 
80° for 2 hours in a slow stream of dry air. In this way the excess 
of germanium chloride was removed. The reaction vessel was 
disconnected, quickly stoppered and weighed, and the composition 
of the product determined. 

In a typical experiment of this series 0-48 g. of germanium 
tetrachloride and 0-74 g. of aniline were taken, and the solid product, 
a white powder almost insoluble in water but slowly soluble in 
dilute sulphuric acid, weighed 1-074 g. (Found: Ge, 12-6; Cl, 241; 
C,H;-NH,, 63:1%; Ge:Cl:C,H,NH, = 1:3-92:3-91). It is 
clear that under these conditions 1 mol. of germanium tetrachloride 
reacts with 4 mols. of aniline. 

This product is not analogous to that obtained under all con- 
ditions by the action of ammonia under atmospheric pressure on 
germanium chloride, and further experiments were therefore carried 
out in the same apparatus but without a solvent. In a typical 
case, 1-2 g. of germanium chloride and 5-2 g. of aniline (app. 10 mols.) 
were taken. A white solid mass, smelling strongly of aniline, was 
obtained. Excess of base was removed by heating for several 
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hours at 160° under 22 mm. The final product weighed 3-28 g. 
(Found : Ge, 12-6 ; Cl, 23-9; C,H,"NH,, 63:2% ; Ge: Cl: CgH,-NH, = 
1: 3-89: 3°92). It was dirty white in appearance, and a small 
quantity of white sublimate was observed in the reaction vessel 
just above the level of the liquid in the heating bath. When the 
main product of the reaction was treated with dilute sulphuric acid, 
it dissolved rapidly with the exception of a small pink residue. ‘The 
product of the reaction thus appears to be the same no matter what 
proportions of the reacting substances are taken. 

The sublimate just mentioned was next examined. The reactants 
in the molecular proportion 1:4 were introduced into the lower 
portion of a vertical tube constricted in the middle over a length 
of about }’’. When the reaction was over, the pressure in the tube 
was reduced to 19 mm. and the lower portion was heated in a 
glycerol-bath at 140°. After 6 hours the whole of the solid, except 
a small residue weighing only 0-07 g., had sublimed into the upper 
portion of the tube, the constriction was sealed, and the sublimate 
analysed (Found: Cl, 25-5; C,H,-NH,, 643%; Cl: CsH;-NH, = 
1: 0-96). Though the analytical figures are rather high, the product 
appears to sublime practically unchanged. It is clear, however, 
that no separation of the product into its constituents can be 
effected by sublimation. 

The experiments in which excess of aniline was used were not 
conclusive, inasmuch as any higher compound, if formed, might 
easily be decomposed at the high temperature required for the 
removal of the excess of base. Attempts were therefore made to 
remove this excess by the use of volatile solvents, e.g., ether. These 
attempts failed because it was found that, in addition to the excess 
of base, the solvent also dissolves a compound containing all the 
germanium that had taken part in the reaction, leaving practically 
pure aniline hydrochloride undissolved. 

The nature of this soluble product was next investigated. Because 
of the danger of the final product being contaminated with grease, 
an apparatus was constructed which contained no stopcocks (Fig. 1). 
The small wash-bottle A and the reaction vessel B were the same 
as those previously used, except that the exit tube C was modified 
as shown to allow of the introduction of fresh solvent from the 
reservoir G for washing the precipitated material, and a third tube 
D was added. This tube passed to the bottom of the reaction 
vessel and, by means of it, the products of the reaction could be 
transferred to the filter of sintered glass E. The filtrate was 
collected in the conical flask F, which was connected to a second 
filtering device H. The air inlet and the various exits were all 
protected from moisture by drying tubes. The wash-bottle A 
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having been charged with a known weight of germanium tetra. 
chloride, and B with aniline dissolved in dry ether, the stopper X 
was inserted, exits 2 and 3 were closed, and a slow stream of dry 
air was drawn through the apparatus by means of a pump attached 
to exit 1, A being meanwhile warmed in a water-bath. When all 
the germanium chloride had distilled over, exit 1 was closed and, 
by attaching the pump to exit 2, the contents of B were transferred 
to the filter. After filtration, the stopper X was removed, and the 
solid retained in the filter was washed several times. with small 
quantities of fresh solvent drawn over from G. Stopper X was 
then replaced, exit 1 opened, and a current of dry air drawn over the 
insoluble material for several hours in order to remove the last 
traces of solvent. The dry solid, pure white and readily soluble in 
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water, was then weighed and analysed. In a typical experiment, 
1-80 g. of aniline and 1-539 g. of germanium chloride yielded 1-21 g. 
of this solid (Found : Cl, 26-6; C,H,"NH,, 72:3%; Cl: C,H;"NH, = 
1: 1-04); it was therefore aniline hydrochloride of 99-7% purity. 
It is thus clear that in this reaction one-half of the aniline is con- 
verted into aniline hydrochloride. 

The examination of the portion soluble in ether was complicated 
by the fact that in every case a further small quantity of aniline 
hydrochloride slowly settled from the filtrate. A second filtration 
was therefore necessary, and the apparatus was constructed to 
provide for this (see Fig. 1). The clear filtrate finally obtained 
contained, in addition to the soluble product of the reaction, the 
excess of germanium tetrachloride and the solvent used. These 
were removed by heating the flask for about 6 hours at 85°, a 
current of dry air being meanwhile passed through it. In this way 
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1-64 g. of a glassy, non-crystalline substance were obtained (Found : 
Ge, 21-6; Cl, 22-1; C,H,-NH,, 540%; Ge:Cl:C,H,-NH, = 
|: 2-15: 1-95). When treated with water, this decomposed, forming 
a white solid, insoluble in water but slowly soluble in dilute sul- 
phuric acid. It contained half the total aniline that had taken 
part in the reaction, and appeared to be the dihydrochloride of 
germanium diphenyldi-imide, formed according to the equation 
GeCl, + 4NH,Ph = 2NH,Ph,HCl + Ge(NPh,HCl),. 

On hydrolysis of this substance, aniline was formed, but no 
ammonia or secondary base could be detected. ‘The aniline formed 
was estimated and the amount liberated from this soluble fraction 
was found to be almost exactly one-half of the total quantity of 
aniline that had taken part in the reaction. 


The Action of Ethylamine on Germanium Tetrachloride. 


Preliminary experiments showed that the composition of the 
final product in this case depends on the proportions of the reacting 
materials, but as it was more convenient to use an excess of base, 
this course was generally followed. To investigate the reaction in 
the vapour phase, 0-62 g. of germanium chloride was introduced 
through a vertical tube into a bulb of about 75 c.c. capacity blown 


in the middle of a horizontal glass tube 25 cm. long. This tube 
was then immediately sealed. The bulb was next connected with 
a small apparatus for generating ethylamine from the hydrochloride 
of the base by heating it with freshly burnt lime. The other end 
of the bulb tube was connected with absorption vessels containing 
quick-lime and concentrated sulphuric acid respectively. As soon 
as the amine reached the bulb, a vigorous reaction took place in the 
vapour phase, and, to prevent loss of the extremely light product, 
a tap on the exit tube was closed except for brief intervals when it 
was opened to release any excess pressure. During the reaction 
the bulb was cooled in ice. When all the amine had distilled over, 
the bulb contained a white, moist, vitreous solid. Excess of amine 
was removed by passing a slow stream of dry air through the 
apparatus for several hours. The bulb was then disconnected, 
quickly stoppered, and weighed. The contents were dissolved 
in dilute sulphuric acid and the weight of the empty bulb found. 
The product (1-246 g.) was analysed (Found: Ge, 15-15; Cl, 
305; C,H,-NH,, 556%; Ge: Cl: C,H,NH, = 1: 4-11 : 6-17. 
GeCl,,6C,H “NH, requires Ge, 15-0; Cl, 29-3; C,H;*NH,, 55-7%); 
its composition is thus analogous to that of the substance formed 
by the interaction of germanium tetrachloride and ammonia. 

It was observed, however, that the Cl : C,H,*NH, ratio was almost 
invariably between 4: 5 and 4: 6, not only when the reaction took 
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place in the vapour phase, but also when excess of amine was 
passed into a solution of the chloride in ether; and, further, that 
the ratio depended on the length of time during which air was 
passed over the product. In another experiment, carried out as 
above except that the stream of air was continued for several 
hours longer, 0-89 g. of germanium chloride yielded 1-56 g. of a 
product closely resembling that previously described, but giving an 
entirely different analysis (Found: Ge, 18-8; Cl, 35-8; C,H,°NH,, 
46-3%; Ge:Cl:C,H,-NH, = 1:3-9:4-14. GeCl,4C,H,-NH, re- 
quires Ge, 18-4; Cl, 36-0; C,H,;-NH,, 45-6%). In this instance, 
therefore, 1 mol. of germanium tetrachloride appears to have 
reacted with 4 mols. of ethylamine. 

When the reaction was carried out in ethereal solution, the 
product could be separated into two portions, as in the case of 
aniline: one soluble and the other insoluble in ether. A slightly 
modified form of the apparatus shown in Fig. 1 was used. 0-65 G. 
of germanium chloride was introduced into the reaction vessel 
through the inlet tube K. After withdrawal of the capillary, the 
clearing rod was quickly replaced, and 5 g. of ethylamine, stored 
over quick-lime in the vessel A, were slowly carried into the reaction 
vessel by means of a current of dry air. The thick white precipitate 
formed was transferred to the filter and washed with fresh ether in 
the usual way. The residue on the filter (1-016 g.) was analysed 
(Found: Cl, 42-8; C,H,;*-NH,, 544%. Cl: C,H,-NH, = 1 : 0-96). 
Ammonia and secondary and tertiary bases were absent, and the 
insoluble product is clearly ethylamine hydrochloride. 

The clear filtrate was evaporated at 60°, and excess of base and 
the last traces of solvent were removed by drawing a current of air 
through the apparatus. A white solid (0-51 g.) was thus obtained 
[Found: Ge, 45-4; C,H;-NH,, 548; Ge: C,H,-NH, = 1 : 2-03. 
Ge(NEt), requires Ge, 45-77; C,H;*NH,, 56-75%]. This substance 
reacted very vigorously with dilute sulphuric acid, much heat being 
evolved. A quantity of white solid, presumably germanium hydr- 
oxide, first separated, but this slowly dissolved. If the reaction 
were correctly represented by the equation 


GeCl, + 6NH,Et = Ge(NEt), + 4EtNH,,HCl, 


0-65 g. of the tetrachloride should have yielded 0-99 g. of ethylamine 
hydrochloride and 0-48 g. of germanium diethyldi-imide instead 
of the 1-016 g. and 0-51 g. respectively actually obtained. 

The constitution of the supposed substituted imide was investig- 
ated in the following way. The ethereal solution, containing about 
0-5 g. of the soluble product, was evaporated to small bulk and then 
hydrolysed by boiling with a concentrated solution of sodium 
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hydroxide. The volatile bases were converted into hydrochlorides 
by absorbing them in hydrochloric acid and evaporating the solution 
to dryness. The white crystals thus obtained were extracted three 
times with dry chloroform, twice with dry ether, and finally with a 
saturated solution of ammonium chloride in absolute alcohol. No 
residue remained, and consequently the crystals did not contain 
ammonium chloride. This was confirmed by adding Nessler’s 
reagent to their solution; a white precipitate was formed, in no 
way resembling the precipitate obtained when traces of ammonium 
chloride were similarly treated. Since no ammonia is formed on 
hydrolysis, the formation of secondary amine is also excluded. 
This was confirmed by dissolving some of the crystals in hydro- 
chloric acid and treating the solution with sodium nitrite in the 
cold. No nitrosoamine separated. On extraction with ether and 
addition of dilute sodium hydroxide, no colour developed in the 
ethereal extract. Tinally, the ether was removed by evaporation, 
and the remaining liquid poured into a solution of phenol in con- 
centrated sulphuric acid. No coloration appeared. On the other 
hand, the crystals, when treated with potassium hydroxide and 
chloroform, gave the characteristic carbylamine reaction. Primary 
amine is thus the only base produced by hydrolysis, and the sub- 
stance must, therefore, have a symmetrical structure. 


The Action of Diethylamine on Germanium Tetrachloride. 


For the reaction in the vapour phase, the apparatus previously 
described was used, except that the diethylamine was introduced 
by passing a slow stream of dry air through a small wash-bottle in 
which the liquid was standing over freshly burnt lime. A vigorous 
reaction took place in the vapour phase, and a fine white solid 
formed which dissolved almost completely in the excess of base 
used. During the reaction the bulb was kept cold, and subsequently 
the excess of base was.removed by passing a stream of dry air 
through the cooled bulb. 1-12 G. of germanium: chloride yielded 
317 g. of a crystalline white solid, which was dissolved in dilute 
sulphuric acid and then analysed [Found: Ge, 10-7; Cl, 22-6; 
basic N, 12-46; Ge: Cl: N =1:4-2:6-04. The solid product of 
the reaction 
GeCl, + 6NHEt, = (NEt,), Ge-NEt,HCl + 2NHEt,,HCl 

+ NEt,,HCl 
requires Ge, 11-12; Cl, 21-75; H, 12-83%]. 

In a second experiment, the reaction vessel was kept at 30° for 
3 hours after the reaction was over, dry air being meanwhile passed 
through the apparatus. The vessel was then exhausted, and the 
temperature raised to 95°, at which it was maintained for 8 hours. 
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Oily drops of a colourless liquid were seen on the sides of the tube 
above the level of the liquid in the heating bath, but these gradually 
disappeared and a white crystalline solid remained [Found : Ge, 
126; Cl, 243; N, 12-23. Ge:Cl:N =1:3-97:5-03. The 
product of the reaction 


GeCl, + 5NHEt, = Ge(NEt),,HCl + 2NEt;,HCl + NHEt,,HC! 


requires Ge, 12-53; Cl, 24-5; N, 12-08%; Ge: Cl: N=1:4:5]. 

Similar results were obtained when the reaction was carried out 
in ether. 0-96 G. of germanium chloride was dissolved in 75 c.¢. 
of dry ether, and an excess of diethylamine was passed into the 
solution. On evaporation to dryness and removal of the last traces 
of free base and of solvent at a low temperature by means of a 
current of air, 2-47 g. of a white powder readily soluble in dilute 
sulphuric acid were obtained (Found : Ge, 11-1; Cl, 22-4; N, 12-4%. 
Ge : Cl: N = 1: 4-12 : 5-8). 

Another specimen of this material, prepared in a similar way, 
was heated in a vacuum to 85° for 5 hours. The product was faintly 
yellow and readily soluble in sulphuric acid (Found: Ge, 11-7; 
Cl, 22-6; N, 114%; Ge:Cl:N =1:3-95:5-05). From these 
experiments it is clear that the reaction follows the same course 
whether carried out in the vapour phase or in ethereal solution. 

To determine the nature of the 1:4:5 substance, 0-9 g. of 
germanium tetrachloride was dissolved in ether and treated with 
an excess of diethylamine. The apparatus shown in Fig. 1 was 
again used. The precipitated material was filtered, and washed 
eight times with fresh solvent. The residue was thoroughly dried 
by means of a current of air, and weighed 1-4 g. (Found : Cl, 30-4; 
N, 12:3. Cl: N=1:1-03. Cale. for NEt,,HCl + 2NHEt,,HCI: (i, 
30-73; N, 11-8%). The substance when treated with alcoholic 
potassium hydroxide and chloroform gave no smell of carbylamine, 
but when a cold solution of sodium nitrite was added to its acid 
solution, oily drops of nitrosoamine were obtained. 

The ethereal extract was evaporated to dryness, and the residue 
heated at 80° in a current of air for 3 hours. A white crystalline 
solid weighing 0-97 g. remained, and was dissolved in dilute sulphuric 
acid and analysed [Found: Ge, 30-74; Cl, 1491; N, 144: 
Ge: Cl: N = 1:0-99: 2-45. Ge(°NEt,HCl)(-NEt) requires Ge, 37:2: 
Cl, 18-2; N, 14-5%]; if this monohydrochloride is the final product 
of the action it must still have been mixed with triethylamine. 

In another experiment carried out in the same way except that 
the final product was heated in a vacuum for 5 hours at 90°, the 
following results were obtained: 1-02 g. of germanium chloride 
yielded 1-46 g. of material insoluble in ether (Found: Cl, 301; 
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N, 117%; Cl: N= 1:0-99). This confirms the result previously 
obtained. The final residue from the ethereal extract contained 
some substance insoluble in sulphuric acid, probably produced 
by the action of the base on the rubber holding the clearing tube 
in position. Corrected for this impurity, the product weighed 
0-89 g. (Found: Ge, 32-06; Cl, 16-6; N, 130%; Ge: Cl: N = 
1:1-06: 2-1). The substance thus appears to be the monohydro- 
chloride of germanium diethyldi-imide; this view was confirmed 
by boiling it with sodium hydroxide and examining the volatile 
products of the hydrolysis : neither ammonia nor secondary amine 
could be detected, but the carbylamine test showed that much 
primary amine had been produced. 


Action of Diethylaniline on Germanium Tetrachloride. 


It was considered advisable to investigate whether or not tertiary 
bases will react with germanium tetrachloride. Accordingly, di- 
ethylaniline (excess over 4 mols.) was added to germanium chloride ; 
in the cold no obvious reaction occurred and the liquids separated 
into two layers, the lower being germanium tetrachloride. After 
about an hour, a few tiny crystals appeared at the boundary between 
the two liquids, but as the quantity did not increase either on long 
standing or on warming, they were deemed to be crystals of the 
hydrochloride of the base, their formation being ascribed to traces 
of water which had eluded the traps. 

The mixture was then warmed under reflux to 90° in a glycerol- 
bath, but no change could be detected after several hours. The 
apparatus was then rearranged so that distillation under reduced 
pressure could take place, an absorption tube containing pellets of 
solid sodium hydroxide being placed between the U-tube in which 
the distillate was collected and the pump to absorb escaping german- 
ium chloride. The temperature was then gradually raised to 160°, 
and after an hour only a small quantity of liquid (containing no 
germanium) remained in the distillation vessel. In the receiver a 
quantity of yellow liquid, approximately equal in volume to the 
diethylaniline originally used, had collected (Found: Ge, 2-3; Cl, 
48; NPhEt,, 91-6%; Ge: Cl: NPhEt, = 1: 4-2: 19-6), and was 
probably a solution of germanium chloride in diethylaniline. Prac- 
tically the whole of the germanium chloride had been absorbed in 
the vessel containing sodium hydroxide. 

A similar result was obtained when the reactants were mixed in 
ether. The composition of the liquid remaining after removal of 
ether was variable, and, when it was kept for some time under low 
pressures, all the germanium tetrachloride was removed. Diethy]l- 
aniline is thus without action on germanium tetrachloride. 








2096 THOMAS AND SOUTHWOOD: GERMANIUM. PART IX. 


The Action of Piperidine on Germanium Tetrachloride. 


In experiments with this base special precautions were taken to 
exclude carbon dioxide as well as moisture from the reaction vessel, 
Guard tubes containing soda-lime were used for this purpose, 
Germanium tetrachloride (1-11 g.) was placed in a reaction vessel 
similar to that previously described, except that the inlet tube 
did not pass to the bottom of the vessel, and the clearing apparatus 
was dispensed with. This vessel was sealed to a small wash-bottle 
in which the piperidine was kept in contact with freshly burnt lime. 
The base was introduced into the reaction vessel by heating the 
wash-bottle in a glycerol-bath and passing a slow current of dry 
air through the apparatus. The considerable excess of base used 
was removed from the reaction vessel, when the reaction was 
finished, in a similar way. A white crystalline solid (4-47 g,), 
partly soluble in piperidine, but sparingly soluble in water and 
slowly in dilute sulphuric acid, was thus obtained (Found: Ge, 
7:6; Cl, 15-4; C;H,,N, 719%; Ge: Cl: C;H,,N = 1: 4-1 : 8-05). 

The substance was then prepared in dry ether, and the precipitate 
filtered, washed with fresh quantities of ether in the usual way, dried, 
weighed (1-57 g.), and analysed (Found: Ge, 2-4; Cl, 27-8; HCl, 
28-6; C;H,,N, 67-6%; Cl:C;H,,N = 1:1-02); it was therefore 
piperidine hydrochloride. 

The ethereal extract was evaporated to dryness and then heated 
for several hours in a vacuum at 60°. The residue was a viscous 
liquid which, however, on cooling and standing over-night, crystal- 
lised. These white crystals were further heated under reduced 
pressure at 95° for 2 hours, then cooled, and weighed (1-49 g,) 
[Found : Ge, 17-4; Cl, 0-6; C;H,,N, 81-8; Ge: C,;H,,N = 1: 4-01. 
Ge(C,H,)N), requires Ge, 17-8; C;H,,N, 83-2%]; they were readily 
soluble in dilute sulphuric acid. 

From these experiments it is seen that germanium chloride and 
piperidine react in the molecular proportion 1:8, and that the 
product consists of a mixture of four molecules of piperidine hydro- 
chloride with one of a fully saturated compound Ge(C;H,)N),. 


Summary. 


(1) In its action on organic bases germanium tetrachloride 
resembles silicon tetrachloride much more closely than it does 
the other elements of the fourth group. They differ, however, in 
important respects. 

(2) Germanium tetrachloride reacts with 4 mols. of aniline to give 
aniline hydrochloride and the dihydrochloride of germanium di- 
phenyldi-imide. No other compound could be detected. 

(3) With ethylamine, germanium chloride reacts in two pro- 
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portions, forming GeCl,,4C,H,-NH, and GeCl,,6C,H;-NH,. The 
latter is analogous to the ammonia compound. It was separated 
by treatment with ether into ethylamine hydrochloride and german- 
jum diethyldi-imide. 

(4) On treatment with diethylamine, germanium tetrachloride 
gives, in the first place, a product in which the ratio GeCl, : NHEt, = 
1:6. This, however, readily loses base, giving a substance in which 
the ratio Ge: Cl: N= 1:4:5. This product also was separated 
into a mixture of diethylamine and triethylamine hydrochlorides, 
on the one hand, and the monohydrochloride of germanium diethy]l- 
di-imide on the other. A mechanism for the reaction is suggested. 

(5) Germanium tetrachloride is without action on tertiary bases. 

(6) Germanium tetrachloride reacts readily with 8 mols. of 
piperidine, giving piperidine hydrochloride and a fully saturated 
compound Ge(C;H,9N),. Hence, it is concluded that an unstable 
fully saturated compound is the first product of the interaction of 
germanium tetrachloride with ammonia and organic bases. 

(7) The unsaturated, ether-soluble products of the interaction of 
germanium chloride with organic bases yield, on hydrolysis, primary 
amines only. These substituted imides are, therefore, symmetrical 
in structure, and it is considered that germanium di-imide itself is 
also symmetrical. 


UNIVERSITY OF CaPE TOWN. [Received, June 22nd, 1931.] 





(CLXXXV.—The Nitrosation of Phenols. Part XII. 
Resorcinol Mono-n-propyl Ether. 


By Herpert Henry Hopaeson and Huspert Ciay. 


Tar attack of the kationoid reagent in the nitrosation of resorcinol 
monomethyl ether was found by the authors (J., 1929, 2775) to be 
almost entirely at the -6-position, whereas with the monoethyl 
® ether (J., 1930, 963) 10—15% of nitrosation occurred in the 4- 
position ; it has now been found that the n-propyl ether is nitrosated 
in the latter position to the extent of 20-5%, a result which supports 
our views (loc. cit.), according to which the order of ionisation re- 
pression of the op-directing phenolic group is Me< Et<n-Pr. 

Alternatively, should the n-propoxy-group exert an inductive 
electron-attraction, the 4-carbon atom (loc. cit., formula IIT, with 
u-Pr in place of Me), being less deactivated in the n-propoxy- than 
in the ethoxy- and the methoxy-homologue, would be relatively 
more reactive. 
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The former assumptions also receive support in that the n-propy| 
ether is much less readily nitrosated than its ethyl analogue, which, 
in turn, is less reactive than the methyl ether. Steric effects may 
also influence the rate of nitrosation, but these should not disturb 
the order derived from electronic considerations. 

The solubility (5:78%) of 6-nitroso-3-n-propoxyphenol in benzene 
is appreciably greater than that of the ethoxy- (1-32%) or the 
methoxy- (2-26%) homologue, and indicates that co-ordination 
(loc. cit., formula V) of the o-nitroso- and the hydroxyl group is 
greatly intensified in the n-propyl compound, so that the increased 
activation of the chelating electrons of the nitroso-group has greatly 
exceeded the concurrent increased repression of ionisation. This is 
to be expected, since the n-propoxy-group, being para to the nitroso. 
group, would exert its positive alternating effect, and being meta to 
the hydroxyl-group, would have a weaker general effect. 

Although the chlorine atoms in | : 3-dichloro-4-nitrobenzene are 
readily replaced by methoxyl, and the 3-chlorine atom by ethoxyl 
(loc. cit.), yet mn-propyl-alecoholic sodium n-propoxide gave no 
definite results. 

The constitution of 6-nitroso-3-n-propoxyphenol has been 
established by its oxidation to 6-nitro-3-n-propoxyphenol, a steam- 
volatile compound obtained by mono-nitration of resorcinol mono- 
n-propyl ether and also from 6-nitro-3-n-propoxyaniline (see below). 
The constitution of the latter substance was established by its 
preparation from 3-chloro-4-nitrophenyl n-propyl ether. Further, 
6-nitro-3-n-propoxyphenol gave an ethyl ether identical with the 
n-propyl ether obtained from authentic 4-nitro-3-ethoxyphenol 
(loc. cit.). 

The constitution of 4-nitroso-3-n-propoxyphenol was _ proved 
(i) by its oxidation to 4-nitro-3-n-propoxyphenol, which formed the 
non-steam-volatile portion in the mono-nitration of resorcinol mono- 
n-propyl ether, and (ii) by its formation from 4-nitroso-3-n-propoxy- 
dimethylaniline by means of caustic alkalis. 

6-Nitro- and 4-nitro-3-n-propoxyphenols have also been obtained 
synthetically from m-nitrophenol via m-nitrophenyl n-propyl ether, 
3-n-propoxyacetanilide, 6- and 4-nitro-3-n-propoxyacetanilides (by 
nitration), and the corresponding amines (by, the standard pro- 
cedure, Hodgson, E. P. 200,714). 

It is noteworthy that in an attempted nitration of resorcinol di- 
n-propyl ether, depropylation occurred, a mixture of 6-nitro- with 
a little 4-nitro-3-n-propoxyphenol being obtained; this resembles 
the behaviour of the diethyl ether towards nitration (Weselsky 
and Benedikt, Monatsh., 1880, 1, 891; Nietzki and Machler, Ber., 
1890, 23, 719) and nitrosation (Hodgson and Clay, J., 1930, 1872). 
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EXPERIMENTAL. 

1. Preparation of the Resorcinol n-Propyl Ethers.—Resorcinol 
(55 g.), dissolved in n-propyl alcohol (150 c.c.), is treated with 
freshly prepared sodium n-propoxide (11 g. of sodium in 175 c.c. 
of n-propyl alcohol) and n-propyl iodide (95 g.), the whole being 
heated under reflux for 6 hours, and excess n-propyl alcohol 
then removed by distillation. The oily reaction product is pre- 
cipitated by addition of water, separated, and steam-distilled, the 
distillate (8 litres) saturated with sodium chloride, and extracted 
with ether. From the ethereal extract, by means of 10% sodium 
hydroxide solution, the resorcinol mono-n-propyl ether is worked 
up in the usual way and finally distilled; b. p. 256—257° (yield 
16 g.) [Found (Zeisel) : OPr, 38-5. Calc. : OPr, 38-8%]. 

The ethereal solution (remaining after the alkaline extraction) 
was distilled, and yielded 5—6 g. of the di-n-propyl] ether as a highly 
refractive yellow oil, b. p. 250-—260° (Kariof, Ber., 1880, 13, 1677, 
gives b. p. 251°). This gave a-red colour with concentrated 
sulphuric acid but no colour with alcoholic ferric chloride ; it still 
boiled over a range after being heated for 2 hours under reflux with 
20% aqueous hydrochloric acid. 

2. Nitrosation of Resorcinol Mono-n-propyl Ether.—The methods 
previously described for the mono-methyl and -ethyl ethers 
(loce. cit., pp. 2777, 964) gave unsatisfactory results, much 
tarry material being obtained. Kietaibl’s procedure (Monatsh., 
1898, 419, 536), suitably modified, eventually gave the 
best results The ether (5 g.), dissolved in a mixture of alcohol 
(10 c.c.) and glacial acetic acid (10c.c.), was treated gradually (with 
stirring and below 0°) with a solution of sodium nitrite (5 g.) 
in water (10 c.c.). The reaction mixture, which immediately 
turned red, was stirred for an hour (ice-cold), the sides of the 
vessel being repeatedly scratched. The reddish-brown crystalline 
precipitate (A) was filtered off, and dried in a vacuum over quick- 
lime: yield, 3-6 g. The filtrate when diluted with water yielded 
1-2 g. of erystals (B) which were darker than (A). 

3. Separation of the Isomerides by Benzene Extraction.—The 
benzene used was previously dried over metallic sodium. (a) The 
crude product A (3-5 g.) was shaken for 30 minutes in the cold with 
benzene (100 c.c.) and the insoluble matter (0-62 g., 17-7°%) filtered off 
and dried ; it yielded nothing to a further 50 c.c. of benzene. Similar 
extraction of product B (1 g.) left 0-3 g. (30°) of insoluble matter. 
These insoluble residues crystallised from boiling alcohol (char- 
coal) in bright yellow leaflets, decomp. 170—175° (Found: N, 8-0. 
(j,H,,0,N requires N, 7:7%), of 4-nitroso-3-n-propoxyphenol (see 
p. 2105). 
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(6) From the two benzene solutions only a single product 
could be isolated, which was shown (see below) to be 6-nitroso-3-n. 
propoxyphenol; it crystallises from benzene-light petroleum in 
bronze-green leaflets, which turn brown between 70° and 80° and 
melt at 93° to a deep brown liquid (Found: N, 7-9. C,H,,0,N 
requires N, 7:7%). The crystals from alcohol are brownish-yellow 
prisms, m. p. 93°. 


4. Oxidation of the Benzene-soluble Fraction with Dilute Nitric 


Acid.—The nitrosation product (1 g.) was suspended in water 
(10 c.c.) and vigorously stirred during the gradual addition of 
10 c.c. of a mixture of concentrated nitric acid (3 parts; d 1-4) and 
water (1 part); the temperature rose to about 30°, nitrous fumes 
were evolved, and a red oil separated. After 2 hours, the 
mixture was diluted with water and steam-distilled, the volatile 
6-nitro-3-n-propoxyphenol being extracted with ether, the extract 
dried with anhydrous sodium sulphate, the ether removed by dis- 
tillation, and the residual oil extracted with light petroleum; 
when cooled in ice, the last extract deposited yellow glistening 
leaflets of 6-nitro-3-n-propoxyphenol (see p. 2103), m. p. 34° (Found: 
N, 7:3. C,H,,0,N requires N, 7-1%), which gave a sparingly 
soluble orange-yellow sodium salt. 

5. Oxidation of the Benzene-insoluble Fraction with Alkaline 
Potassium Ferricyanide.—The crude product (0-5 g.), dissolved in 
10% aqueous potassium hydroxide (30 c.c.), was mixed with a 
saturated aqueous solution of potassium ferricyanide (10 g.) and 
heated on the water-bath until the deep red solution changed to 
orange-yellow, whereupon it was filtered hot, cooled, and acidified 
with dilute sulphuric acid. The greenish-white precipitate of 
4-nitro-3-n-propoxyphenol, crystallised from hot water in almost 
white leaflets (Found: N, 7-2. C,H,,0,N requires N, 7-1%), 
m. p. 86° either alone or mixed with an authentic specimen; it is 
not volatile in steam. 

6. Oxidation of the Crude Nitrosation Mixture.—(a) With alkaline 
potassium ferricyanide. The crude product (5 g.) was oxidised as 
above and steam-distilled, the volatile and the non-volatile product 
being worked up as above; yields: 1-2 g. of 6-nitro-, and 0-4 g. of 
4-nitro-3-n-propoxyphenol. 

(b) With dilute nitric acid. With procedure as above, 5 g. of crude 
product gave 2-5 g. of 6-nitro-isomeride together with a resin. 

7. Nitration of Resorcinol Mono-n-propyl Ether—(a) In ether. 
The product (1 g.), dissolved in dry ether (50 c.c.) and cooled to 
about — 10°, was treated gradually with fuming nitric acid (0-4 ¢.c.; 
d 1-5) below — 5°, and then boiled for 15 minutes. A little water 
(5 c.c.) was next added, the ether removed by distillation, and the 
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residual brown oil steam-distilled ; the volatile 6-nitro-3-n-propoxy- 
phenol was isolated as the sparingly soluble sodium salt (0-8 g.), 
which, after treatment with acid, ether, and light petroleum as 
above, crystallised from the latter solvent in yellow leaflets, m. p. 34° 
(Found: N, 7-3%). The hot filtrate from the non-volatile residue 
deposited a small amount of 4-nitro-3-n-propoxyphenol in almost 
white leaflets, m. p. 86° (Found : N, 7-3%). 

(b) In acetic anhydride. The product (1 g.), dissolved in acetic 
anhydride (5 c.c.), was treated below 0° (with stirring) with fuming 
nitric acid (0-4 c.c.; d 1-5) in acetic anhydride (2 c.c.), and kept for 
3 hours at room temperature. The solution was poured on ice 
and steam-distilled, the subsequent procedure being as under (a) 
above; 0-6 g. of the sodium salt of 6-nitro-3-n-propoxyphenol was 
obtained, but no 4-nitro-isomeride could be isolated. 

8. Nitration of Resorcinol Di-n-propyl Ether.—The ether (1 g.), 
prepared according to Wilson and Adams (J. Amer. Chem. Soc., 
1923, 45, 534), was dissolved in dry ether (20 c.c.) and nitrated and 
worked up as for the monopropyl ether (above), except that it was 
kept over-night at room temperature instead of being boiled; 
0:3 g. of 6-nitro-3-n-propoxyphenol was isolated, but only a trace 
of the 4-nitro-isomeride. 

9. Proof of the Constitutions of 4- and 6-Nitro-3-n-propoxyphenols. 
—m-Nitrophenyl n-propyl ether. A freshly prepared solution of 
sodium ethoxide (5 g. of sodium in 125 c.c. of absolute alcohol) 
was added to a mixture of m-nitrophenol (30 g.), absolute alcohol 
(125 c.c.), and n-propyl iodide (45 g.), and the whole refluxed for 
8 hours, after which the excess alcohol and n-propyl iodide were re- 
moved by distillation. The residual reddish-brown oil was steam- 
distilled, and the almost colourless volatile oil solidified over-night 
to a pale greenish-yellow crystalline aggregate, which separated 
from alcohol in small white prisms of the required ether (32 g.), 
m. p. 28° (Found: N, 8-0. C,H,,0,N requires N, 7:7%). Re- 
duction of the above product (20 g.) was effected by gradual addition 
of iron powder (20 g.) to its warm solution in glacial acetic acid (60 
c.c.) and water (60c.c.). After the reaction had abated, the mixture 
was heated for 2 hours on the water-bath, then made alkaline with 
sodium hydroxide, and steam-distilled, the colourless volatile 
liquid, m-aminophenyl n-propyl ether, being extracted with ether 
and purified by distillation; b. p. 257—258°/752 mm. (Found: N, 
96. C,H,,ON requires N, 9-3%). The hydrochloride crystallises 
from water in colourless needles, m. p. 155° (Found: N, 7:8; Cl, 
187. CgH,,ONCI requires N, 7-5; Cl, 189%), the sulphate in 
white needles much less soluble in water than the hydrochloride, 


the picrate in fine golden-yellow needles, m. p. 147—148° (Found : 
3Z 
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N, 15-0. C,;H,,0,N, requires N, 147%), and the monoacetyl 
derivative from dilute alcohol in long white needles, m. p. 71° 
(Found: N, 7-5. C,,H,,0,N requires N, 7-3%). 

10. Nitration of m-Acetamidophenyl n-Propyl Ether.—The ether 
(10 g.), dissolved in acetic anhydride (50 c.c.), was treated gradually 
(vigorous stirring) with fuming nitric acid (5 g.; d 1-5) in acetic 
anhydride (25 c.c.), the temperature being kept below 0° during the 
operation and for one hour afterwards; the violet-green liquid was 
poured on ice, kept over-night, and the pale yellow nitration product 
(8-7 g.) filtered off, washed, and dried. 

Separation of the isomerides. The whole of the above mixture 
was exhaustively extracted with boiling light petroleum. The 
soluble portion, 4-nitro-3-acetamidophenyl n-propyl ether (4-5 g.) 
crystallised from alcohol in canary-yellow needles, m. p. 97° (Found : 
N, 12:0. C,,H,,0,N, requires N, 11-:8%), which were readily 
hydrolysed when heated (1 g.) with dilute sulphuric acid (5 c.c.; 
50% by vol.) on the water-bath until a clear solution was obtained 
(15 mins.). From this solution, 4-nitro-3-aminophenyl n-propyl 
ether was precipitated by dilution with water, and then crystallised 
from dilute alcohol in golden-yellow prismatic needles, m. p. 98—99° 
(Found: N, 14-6. C,H,,0,N, requires N, 143%); the product 
was slowly volatile in steam and readily soluble in the usual organic 
solvents. On diazotisation (1 g.) in dilute sulphuric acid and treat- 
ment by the standard procedure (Hodgson, Joc. cit.), the steam- 
volatile 6-nitro-3-n-propoxyphenol (0-3 g.) was obtained, m. p. 
34°, identical with the volatile products described in Sections 4 and 7. 

3-Chloro-4-nitrophenol was converted into its n-propyl ether via 
its silver salt, and the ether heated under reflux with alcoholic 
ammonia which was replenished periodically during 6 hours. The 
boiling mixture was then filtered, diluted with hot water, and 
allowed to cool; 4-nitro-3-aminophenyl -propyl ether separated, 
and was crystallised from dilute alcohol; m. p. and mixed m. p. 
with above product 98—99°. 

The isomeric 6-nitro-3-acetamidophenyl n-propyl ether, which 
was insoluble in light petroleum, was crystallised first from boiling 
water (charcoal) and then from chloroform-light petroleum ; small 
white needles (1-2 g.), m. p. 120—121° (Found: N, 121. 
©,,H,,0,N, requires N, 11-8%). 6-Nitro-3-aminophenyl n-propyl 
ether was obtained by hydrolysis as above; it crystallised from 
dilute alcohol in brownish-yellow needles, m. p. 117° (Found: N, 
14-6. C,H,,0,N, requires N, 14:3%); it was insoluble in light 
petroleum, sparingly soluble in boiling water, non-volatile in steam, 
and readily soluble in alcohol, benzene, and acetic acid. This 
amine (0:5 g.), in a very fine suspension (obtained by rapid cooling 
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of its solution in hot dilute sulphuric acid), was diazotised by 
addition of sodium nitrite (0-25 g.) in water (1 c.c.) below 0°, and the 
clear yellow diazo-solution was boiled under reflux for $ hour with 
dilute sulphuric acid. The 4-nitro-3-n-propoxyphenol formed was 
removed by ether extraction and, after subsequent crystallisations 
from water and dilute alcohol, was obtained in almost white leaflets, 
m. p. 86°, identical (mixed m. p.) with the non-volatile product 
described in Sections 5 and 7. 

11. 4-Nitroresorcinol Di-n-propyl Ether.—This was obtained by 
heating the silver salt of either nitration product of resorcinol 
mono-n-propyl ether with n-propyl iodide. It crystallised from 
water in very pale yellow needles, m. p. 50° (Found: N, 6-1. 
C.H,7,0,N requires N, 5-9%). 

12. 3-n-Propoxydimethylaniline.—3-n-Propoxyaniline (18 g.) was 
gradually added to methyl sulphate (30 c.c.), and after the 
reaction had moderated, the mixture was heated on the water-bath 
for 2 hours, and cooled ; addition of 10°% aqueous sodium hydroxide 
destroyed the excess methyl sulphate and liberated the bases, which 
were extracted with ether, worked up as usual, and kept in contact 
with acetic anhydride (20 c.c.) for one hour to combine with any 
primary or secondary bases. The mixture was then poured into 
water, heated for one hour on the water-bath, cooled, made alkaline 
with sodium carbonate, and steam-distilled, the volatile 3-n-propoxy- 
dimethylaniline being ether-extracted and purified by distillation ; 
it is a colourless refractive oil, b. p. 262—263°/747 mm. (Found: N, 
8-1. C,,H,,ON requires N, 7-8%), which rapidly becomes yellow 
on exposure to light. The picrate crystallises from alcohol in 
sulphur-yellow needles, m. p. 150—152° (decomp.) (Found: N, 
14-0. C,,H,,0,N, requires N, 13-7%). 

13. Nitrosation of 3-n-Propoxydimethylaniline.—A solution of 
the foregoing compound (5 g.) in concentrated hydrochloric acid 
(9 c.c.) and water (20.c.c.) was nitrosated between 0° and 5° by 
gradual addition of sodium nitrite (2-5 g.) in water (4 c.c.). The 
deep red solution quickly deposited the hydrochloride of 4-nttroso- 
3-n-propoxydimethylaniline (5-5 g.), which crystallised from water in 
bright yellow needles, m. p. 151—152° (Found: N, 11-7; Cl, 14-2. 
C,,H,,0,N,Cl requires N, 11-5; Cl, 145%). The free base crystal- 
lised from benzene-light petroleum in small, bright green needles, 
m. p. 98° (Found: N, 13-8. C,,H,,0,N, requires N, 13-5%). 

14, 4-Nitroso-3-n-propoxyphenol.—A solution of the above hydro- 
chloride (3 g.) in water (50 c.c.) was slowly added in 5 c.c. por- 
tions to 5% aqueous sodium hydroxide (100 c.c.) boiling under 
reflux, the free base which separated as a green oil being allowed to 
disappear before the next addition. The final clear red solution 
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was cooled, and ice (50 g.) was added, followed by cold hydrochloric 
acid. The greenish-yellow precipitate of 4-nitroso-3-n-propoxy- 
phenol readily crystallised from alcohol in bright yellow scales, 
which darkened above 150° and decomposed at 170—175° (Found : 
N, 7-9. Cale. for C,H,,0,N : N, 7-7%); it is sparingly soluble in 
alcohol and glacial acetic acid but almost insoluble in ether and 
benzene, gives the nitrosoamine test (red, changing to blue with 
alkalis), and is oxidised by alkaline potassium ferricyanide to 4-nitro- 
3-n-propoxyphenol, m. p. 86° (Found: N, 7-3%), identical (mixed 
m. p.) with the non-volatile product described in Sections 5 and 7. 

15. 6-Nitroresorcinol 1-Ethyl 3-n-Propyl Ether.—-(a) The orange- 
yellow silver salt of 4-nitro-3-ethoxyphenol was heated for 15 
mins. under reflux with a mixture of n-propyl iodide and ethyl 
alcohol, and the product steam-distilled. Alcohol and propyl 
iodide passed over readily, and the required ether much more slowly ; 
the last crystallised from hot water in stout, pale yellow prisms, 
m. p. 39° (Found: N, 6-4. C,,H,,0,N requires N, 6-2%). 

(6) By an analogous procedure from 6-nitro-3-propoxyphenol an 
identical product was obtained, m. p. and mixed m. p. 39° (Found : 
N, 6-3%). 
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CCLXXXVI.—Aromatic Sulphonyl Fluorides. A Con- 
venient Method of Preparation. 


By Wiu1am Davies and Joun Henry DIcK. 


THE only method so far described of preparing aromatic sulphonyl 
fluorides is that of Steinkopf and his collaborators (J. pr. Chem., 1927, 
117, 1; 1930, 128, 63), who heated the aromatic hydrocarbon and 
a sulphonate or a sulphony] chloride with excess of fluorosulphonic 
acid. The inaccessibility of this substance and the use of metal 
apparatus considerably limit the utility of the process. It has 
now been found that mono-, di-, and tri-sulphonyl fluorides of 
benzene and its derivatives are readily produced in glass vessels, 
and in better yield, by boiling the corresponding chloride for a short 
time with a neutral aqueous solution of an inorganic fluoride. The 
excessively soluble potassium fluoride is the best salt for the purpose, 
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but sodium, ammonium, and zinc fluorides (the last partly in sus- 
pension) may be used. The yields of the monosulphony] fluorides 
of benzene and its derivatives are usually 60—80%, and less for 
the di- and tri-sulphony] derivatives. The only case in which the 
method has failed is in the reaction of potassium fluoride with 
phenol-2 : 4 : 6-trisulphonyl] chloride, and this is due to the fact 
that this substance is decomposed by cold water. 

It is noteworthy that, at moderate temperatures at least, the 
presence of water appears necessary for the conversion of the chloride 
to the fluoride. For example, although p-toluenesulphonyl chloride 
is recovered unchanged after its benzene solution has been refluxed 
for five days with dry zinc fluoride, yet the addition of water or 
the passage of steam causes almost complete conversion to the 
fluoride in about an hour. The same phenomenon has been observed 
with many other aromatic sulphonyl chlorides, and may indicate 
that an ionising medium is advantageous. 

The aromatic sulphony] fluorides are much more stable to acid 
or neutral hydrolytic agents than the corresponding chlorides, thus 
enabling them to be purified by crystallisation from dilute alcohol 
or by distillation in steam. Their stability also makes them valuable 
for preparative work ; e.g., they can be nitrated without appreciable 
loss of the sulphony] fluoride group. They are even more important 
from the analytical point of view, for, though so stable to neutral 
and acid media, the simpler sulphony] fluorides are quantitatively 
converted into sodium fluoride and the corresponding sulphonate by 
hydrolysis with sodium hydroxide solution. In the absence of any 
trustworthy method of obtaining pure, soluble, solid inorganic 
fluorides (our experience confirms the necessity of a procedure such 
as that of Kurtenacker and Jurenka, Z. anal. Chem., 1930, 82, 214, 
for obtaining a definite fluorine-ion concentration), solid sulphonyl 
fluorides are the most convenient source of a definite concentration 
of ionisable fluorine for quantitative work. Further, the sulphonyl 
fluorides and their derivatives appear to have germicidal and 
insecticidal properties. 

The study of the further reactions of sulphonyl fluorides and 
other organic fluorides is being continued. 


EXPERIMENTAL. 


Preparation of Aromatic Sulphonyl Fluorides.—The best method 
is to boil the mixture of sulphonyl chloride with 50% excess of 
neutral potassium fluoride solution (73 g. of KF in 100 c.c. of solution) 
for }—1 hour. When less than 3 g. of sulphonyl chloride are used, 
it is advisable to use a relatively larger proportion of potassium 
fluoride solution in order to ensure steady boiling and the safety 
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of the flask. Potassium chloride separates during the reaction, 
the product is diluted with water, the sulphony] fluoride is extracted 
and distilled (if a liquid) or crystallised from aqueous alcohol (if a 
solid). Only slight etching of the flask occurs, and it can be used 
repeatedly. However, when the b. p. of the potassium fluoride 
solution is below the m. p. of the chloride, the latter hydrolyses 
faster than substitution takes place. Addition of a high-boiling 
non-hydrolytic solvent minimises this disadvantage, but addition 
of acetone or sodium acetate is ineffective. 

The weights of the sulphonyl chlorides taken have generally 
been small, larger yields of sulphonyl fluorides (especially when 
liquid) being obtained by using quantities of chlorides of the order 
of 50—100 g. The yields given refer to purified material. During 
the earlier experiments sodium fluoride was used, and also an 
aqueous suspension of zinc fluoride. In the latter case the sulphony] 
fluoride was steam-distilled from the reaction mixture. When no 
inorganic fluoride is specified it is understood that potassium fluoride 
was used. 

Analysis of Sulphonyl Fluorides.—The sulphony] fluoride (0-5000 
g.) is dissolved in sufficient alcohol (about 20 c.c.) to ensure a clear 
solution when the alkali (20 c.c. of 0-5N-sodium hydroxide) is added. 
The mixture is refluxed for 2 hours, most of the alcohol distilled 
off, and, without cooling, the excess of alkali is estimated by standard 
acid, phenolphthalein being the indicator. The “ hydrolysis 
values ’’ (H.V.) are thus deduced. . The fluorine is estimated (com- 
pare Kurtenacker and Jurenka, Joc. cit.) as follows : excess sodium 
chloride is added to the titrated neutral solution, after the addition 
of methyl-red the solution (containing undissolved sodium chloride) 
is brought to the boil, and neutral N-aluminium chloride solution 
is run in from a microburette. The end-point is indicated by the 
first permanent red colour. As the end-point is approached the 
solution should be again heated to boiling. The microburette 
accurately measures the amount of N-aluminium chloride solution 
(about 4 c.c.) required for the titration of the above weak fluoride 
solutions, which are about N/5 (Kurtenacker and Jurenka used 
N): the end-point is accurate to one drop (0-03 c.c.). 

Benzenesulphonyl fluoride. Yield 30 g. from 40 g. of chloride 
(82:7%). Time 1 hour. B. p. 207°; n®* 1-4922. (Steinkopf 
gives b. p. 203—204°, ni* 1-4932.) 

o-Toluenesulphonyl fluoride. Yield 27-5 g. from 50 g. of chloride 
(60%). Time 1 hour, zine fluoride being used. B. p. 223—225°; 
ni 15007. (Steinkopf gives b. p. 146-2°/83 mm.) 

p-Toluenesulphonyl fluoride. Yield 72-5 g. from 100 g. of chloride 
(80%). Time 1 hour. M. p. 41—42° (Steinkopf gives 43—44°) 
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(Found: H.V., 11-49 c.c.; F, 10-92. Cale. for C,H,O,FS: 11-49 
c.c.; F, 10-92%). 

1 : 3-Dimethylbenzene-4-sulphonyl fluoride. Yield 12-5 g. from 
25 g. of chloride (54%). Time 1 hour. B. p. 246°; nj” 1-5086. 
(Steinkopf gives b. p. 239—240°.) 

p-Chlorobenzenesulphonyl fluoride. Yield 20 g. from 30 g. of 
chloride (72-5%). Time 1 hour (zine fluoride). M. p. 47—48° 
(Found: H.V., 10-19 ¢.c. Cale. for CsH,O,CIFS : 10-19 c.c.). 

6-Chloro-o-toluenesulphonyl fluoride. Yield 14 g. from 20 g. of 
chloride (75-5%). Time 1 hour. M. p. 44—45° (Found: H.V., 
9-6l¢.c. Cale. for C;H,O,CIFS : 9-59 c.c.). 

2-Chloro-5-nitro-p-toluenesulphonyl fluoride. Yield 9-8 g. from 
13-5 g. of chloride (77-5%). Time 2 hours (sodium fluoride). 
M. p. 84—85°. Boiling alkali gradually replaces the sulphonic 
by a hydroxyl group, as with the sulphonyl chloride (Davies, J., 
1921, 149, 866). The presence of the o-nitrophenol group does 
not, however, interfere with the end-point in the estimation of 
fluorine (Found: H.V., 8-0 c.c.; F, 7:54. C,H;O,NCIFS requires 
7:89 c.c.; F, 7-50%). 

Benzenedisulphonyl fluoride. Yield 6 g. from 10 g. of chloride 
(68%). Time 4 hour. M. p. 38—39°, as recorded by Steinkopf 
(Found : H.V., 16-52 c.c.; F, 15-80. Calc. for C,H,O,F,S,: 16-54 
c.c.; F, 15-70%). 

1 : 3-Dimethylbenzene-4 : 6-disulphonyl fluoride. Yield 5-5 g. from 
10 g. of chloride of m. p. 130° (62%). Time 2 hours (zinc fluoride). 
M. p. 116—118° (Found: H.V., 14-82 ¢.c.; F, 14:10. Cale. for 
CyH,0,F,S,: 14-82 ¢.c.; F, 14-08%). Steinkopf (loc. cit., p. 42) 
calls the product (m. p. 116—117°) from m-xylene, 1 : 3-dimethy]l- 
benzene-2 : 4-disulphonyl fluoride, and gives similar formule for 
the chloride (m. p. 129°) and amide (m. p. 249°) derived from the 
compound. It has been proved by Pollak and Lustig (Annalen, 
1923, 433, 191) that disulphonation of m-xylene gives chiefly the 
4: 6-acid, m. p. of chloride 129°. As our chloride was made in the 
usual way and has the 4: 6-formula, it is probable that Steinkopf 
was following the older literature in assigning the 2 : 4-structure 
to his compound. 

Chlorobenzene-2 : 4-disulphonyl fluoride. Yield 3-35 g. from 5 g. 
of chloride (71-3%). Time 25 mins. M. p. 88—89° (Found : H.V., 
14-52¢.c.; F, 14-01. C,H,0,CIF,S, requires 14-50 c.c.; F, 13-77%). 

1 : 3-Dichlorobenzene-4 : 6-disulphonyl fluoride. Yield 3 g. from 
7:25 g. of chloride (45-8%). Time 3 hrs. (sodium fluoride). M. p. 
141—143° (Found: H.V., 12°78 c.c. CgH,0,CI,F,S, requires 
12-85 ¢.c.). 

1:3: 5-Trichlorobenzenedisulphonyl fluoride. Yield 0-38 g. from 
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0-8 g. of chloride. Time 4 hour, xylene being added as solvent. 
M. p. 109—110°. 

1 : 3-Dimethoxy-4 : 6-disulphonyl fluoride. Yield 2-25 g. from 
4 g. of chloride (62-3%). Time 4} hours (sodium fluoride). M. p. 
209—211° (Found: H.V., 13-11 ec.c.; F, 12:38. C,H,O,F,S8 
requires 13-23 c.c.; F, 12-58%). 

Benzene-1 : 3 : 5-trisulphonyl fluoride. Yield 2-0 g. from 5 g. of 
chloride (46%). ‘Time } hour, 30 c.c. of xylene being added as 
solvent. M. p. 166—167° (Found: H.V., 18-50 c.c.; F, 17-8. 
C,H,0,F 8, requires 18-52 c.c.; F, 17-6%). 

Chlorobenzene-2 : 3 : 6-trisulphonyl fluoride. Yield 1-4 g. from 
4 g. of chloride (40%). Time $ hour, 10 c.c. of xylene being added 
as solvent. M. p. 179—181° (Found: H.V., 16-80 c.c.; F, 15-95. 
C,H,O,F;CIS, requires 16-72 c.c.; F, 15-90%). 

Naphthalene-8-sulphonyl fluoride. Yield 3-5 g. from 5 g. of 
chloride (75-6%). Time }$ hour. M. p. 86-—88° (Steinkopf gives 
87—88°). 

Properties of the Aromatic Sulphonyl Fluorides.—The solid fluorides 
now described are crystalline and can be kept without change in 
stoppered bottles. They are more stable and more volatile than the 
corresponding chlorides. The fluorine atom is but feebly ionised at 
ordinary temperatures, and also at high temperatures in the absence 
of alkali. They are stable to pyridine at ordinary temperatures, 
p-toluenesulphony! fluoride having been kept unchanged in this 
solvent for two months, whilst the corresponding chloride gives 
a crystalline compound in a few minutes. Pyridine or hot aqueous 
alcohol is the best crystallising medium when unchanged sulphonyl 
chloride is present. The sulphonyl fluorides are generally more 
soluble in organic solvents than the corresponding chlorides, and 
the liquid and low-melting monosulphony] fluorides are even miscible 
in all proportions with light petroleum (b. p. 40—60°). The smell of 
the sulphony]! fluorides is less unpleasant than that of the analogous 
sulphonyl chlorides and often recalls that of the corresponding 
chloride, but when quite pure it is reminiscent of p-dichlorobenzene. 

The sulphonyl fluorides are moderately readily hydrolysed by 
boiling alcoholic alkali, and amides and anilides can be made by 
prolonged treatment with the appropriate reagent. Steinkopf 
(loc. cit.) has shown that with aluminium chloride they regenerate 
the sulphonyl chloride, though often in poor yield. It is note- 
worthy that hydrogen chloride will not bring about this change, 
a stream of the dry gas at 110—-140° for 2 hours leaving o-toluene- 
sulphonyl fluoride completely unchanged. On the other hand, 
concentrated aqueous hydrofluoric acid has no appreciable action 
on an aromatic sulphonic acid. 
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Summary. 

Aromatic sulphony] fluorides are obtained in good yield by re- 
fluxing the corresponding chloride with an aqueous solution of an 
inorganic fluoride. The relatively stable nature of these sulphonic 
acid derivatives is discussed. Various mono-, di-, and tri-sulphonyl 
fluorides are described. 


THE UNIVERSITY OF MELBOURNE. [Received, June 29th, 1931.] 





CCLXXXVII.—-Tertiary Phosphines containing the 
Higher Alkyl Radicals. 


By Ivor KENNETH JAcKSON, WALTER CULE Davies, and WILLIAM 
J. JONES. 


PHOSPHINES containing alkyl groups ranging from methyl to octyl 
have now been prepared (J., 1929, 33, 1262; 1930, 2298; this vol., 
pp. 575, 1207), and examination of gradation of properties in the 
series is therefore possible. 

These compounds are liquids at the ordinary temperature, the 
only exceptions being tri-n-hexyl-, -heptyl-, and -octyl-phosphines, 
which are low-melting solids. Odour in the lower members is 
unpleasantly phosphinic, but in the higher members it becomes 
more closely allied to that of the organic radical. In the several 
instances where the molecular weight of a phosphine has been 
determined in solution, it has been found to be normal. The 
tertiary phosphines are difficultly soluble in water, but readily 
miscible with ether, with benzene, and, usually also, with alcohol. 
Limited miscibility with absolute ethyl alcohol at 15° is encountered 
in the cases of tri-n-hexyl-, phenyldi-n-amyl-, and p-tolyldi-n- 
amyl-phosphines and their respective higher homologues. Grad- 
ation in this respect is exhibited, the p-tolylphosphine being less 
miscible with alcohol than the corresponding phenylphosphine, 
which, in turn, is less miscible than the corresponding trialkyl- 
phosphine. 

Regular changes with increase of molecular weight and with 
substitution of a phenyl group for an alkyl are illustrated in the 
following table. 

The average increment in molecular volume, V, from one member 
to its next homologue is 16-5 c.c. per CH, group at 25°. 

The b. p.’s (Hofmann and Cahours, Phil. Trans., 1857, 147, 576; 
Michaelis, loc. cit.; Czimatis, Ber., 1882, 15, 2014; Davies, Pearse, 
and Jones, J., 1929, 33, 1262) have been reduced, where necessary, 
to 50 ree by means of the relation of Ramsay and Young (Phil. 

Zz 





2110 JACKSON, DAVIES, AND JONES: TERTIARY 


Densities, Molecular Volumes, and Boiling Points of Tertiary 
Phosphines. 
de. V at 25°. B. p. /50 mm. 
Ae nn,  —, en a 
Tri- Phenyl- Tri- Phenyl- Tri- Pheny!- 
alkyl. dialkyl. alkyl. dialkyl. alkyl. dialkyl. 
— 0-977 * = _— — 16° 107° 
0-800 0-957t = ne 54 132 
0-807 0-925 198-5 209-8 103-5 159 
0-812 0-912 249-0 243-6 149-5 185 
0-820 0-902 297-9 277-4 185-5 210 
— 0-899 — 309-5 227 236 
0-833 0-893 394°1 343-0 260 260 
_— 0-888 — 376-5 291 277 
t d* (Zecchini, Gazzetta, 1893, 23, 100). 
* dils; t! + (Michaelis, Annalen, 1876, 181, 265). 


Mag., 1885, 20, 530) and corrected for thermometric errors. On 
comparing the members of a given series, it will be found that the 
difference between the b. p.’s of succeeding homologues falls as the 
series is ascended, and, on comparing phenyldialkyl with aliphatic 
phosphines, that up to the heptyl members the b. p.’s converge, 
but then diverge. 

It'is noteworthy that equations of the type 7’ = aM°, proposed 
by Walker (J., 1894, 65, 193) for the variation of absolute boiling 
point, 7’, under a given pressure with molecular weight, M, in an 
homologous series, hold with fair accuracy for the phosphines given 
in the table. Thus the equations 


t = 32-014M%4587 — 273 (for tri-n-alkylphosphines) 
and ¢ = 41-583M44512 — 273 (for phenyldi-n-alkylphosphines) 


give the b. p. at 50 mm. with an average error of 2°. 

Thermally, the phosphines are remarkably stable, tri-n-octyl- 
and phenyldi-n-octyl-phosphine being quite unaffected when heated 
for an hour at 250°. In presence of air, however, the trialkyl- 
phosphines readily oxidise even at the ordinary temperature. The 
affinity of trialkylphosphines for methyl iodide rapidly falls off 
with increased molecular weight ; in the present work no methiodides 
of the hexyl, heptyl, or octyl compounds could be obtained. The 
same also applies to affinity for mercuric chloride and for carbon 
disulphide. 

EXPERIMENTAL. 

Tri-n-hexylphosphine was prepared in an atmosphere of hydrogen 
by the slow addition of 8-5 c.c. of phosphorus trichloride in 50 c.c. 
of ether to a cooled solution made from 75 c.c. of n-hexyl bromide, 
12-1 g. of magnesium, and 300 c.c. of ether. The resulting mixture 
was decomposed by ammonium chloride solution, the ethereal 
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layer dried over anhydrous sodium sulphate, the ether expelled 
in a stream of carbon dioxide, the residual oil fractionally distilled, 
and the phosphinic fraction redistilled under 50mm. All thermo- 
meter readings given have been corrected. Yield of purified 
phosphine, 3-5 g.; b. p. 227°/50 mm.; m. p. ca. 20° (Found: P, 
10-5. Cy gHggP requires P, 10-8%%). The determination of phosphorus 
was made by the method of Davies and Davies (this vol., p. 1207). 
This compound possesses a mixed phosphinic-hexylic odour, and 
at the ordinary temperature is only partially miscible with ethyl 
alcohol. 

Tri-n-hexylphosphine oxide (Found: C, 70-9; H, 12-5. C,gH;,0P 
requires C, 71-5; H, 13-0%) is a white crystalline solid obtained 
by aerial oxidation. 

Phenyldi-n-hexylphosphine (yield, 8 g.), obtained by adding 
11-5 ¢.c. of phenyldichlorophosphine in 50 c.c. of ether to magnesium 
n-hexyl bromide (from 47 c.c. of n-hexyl bromide, 8 g. of magnesium, 
and 300 ¢.c. of ether), has b. p. 236°/50 mm., d%- 0-901 (Found : 
C, 77-6; H, 11-1; P, 10-9. C,,H5,P requires C, 77-6; H, 11-2; 
P, 11:2%).. The phosphine yields the oxide (Found: C, 73°8; 
H, 10-6. C,,H;,OP requires C, 73-5; H, 10-6%), a white crystalline 
solid, and the mercurichloride (Found: Cl, 12-9. C,,H3,P,HgCl, 
requires Cl, 12-9%) which, after recrystallisation first from alcohol 
and then from glacial acetic acid, forms white needles, m. p. 140°. 
Phenylmethyldi-n-hexylphosphonium iodide is precipitated when 
ethereal solutions of its components are mixed. It forms white 
needles, m. p. 67° (Found : I, 29-8. C,,H,,IP requires I, 30-2%). 
The chloroplatinate [Found: Pt, 19-6. (C,gH3,P),PtCl, requires 
Pt, 196%] was prepared from the phosphonium hydroxide. It 
crystallises from alcohol as clusters of pale orange needles, m. p. 
135°. 

Tri-n-heptylphosphine (Found: P, 9-6. C,,H,;P requires P, 
94%) is obtained from 10-7 ¢.c. of phosphorus trichloride, 79 c.c. 
of n-heptyl bromide, and 12-1 g. of magnesium in ether. Yield, 
9g.; b. p. 260°/50 mm.; m. p. ca. 20°; d?’ 0-833. The oxide 
(Found : C, 72:7; H, 13-0. C,,H,,OP requires C, 73-2; H, 13-2%) 
is a crystalline solid. The phosphine gives a dark red coloration 
with carbon disulphide, but crystals of the addition compound 
could not be obtained. 

The preparation of phenyldi-n-heptylphosphine is effected by 
adding 17 c.c. of phenyldichlorophosphine dissolved in 50 c.c. of 
ether to the Grignard reagent obtained from 79 c.c. of n-heptyl 
bromide, 12-1 g. of magnesium, and 300 c.c. of ether. Yield, 18 g. 
It has b. p. 260°/50 mm.; d%° 0-895 (Found: C, 78-4; H, 11-7; 
P, 99. CH ;P requires C, 78:3; H, 11:5; P, 101%). The 
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mercurichloride (Found: Cl, 12-7. CO. H,;P,HgCl, requires Cl, 
12-3%), recrystallised from alcohol, forms white needles, m. p. 102°. 

Phenylmethyldi-n-heptylphosphonium iodide (Found: I, 28:2. 
CygH,,IP requires I, 28-3) is obtained as white plates, m. p. 87°. 
The chloroplatinate {Found : Pt, 18-3. [P(CH,)(C,H,;)(C,H,5)2JoPtCl, 
requires Pt, 18-6%}, on recrystallisation from alcohol, forms deep 
orange, flat prisms, m. p. 105°. 

Tri-n-octylphosphine (Found : C, 77-6; H, 14:0; P, 8-3. C.,H;,P 
requires C, 77-8; H, 13-9; P, 8-4%) has m. p. ca. 30°, b. p. 291°/50 
mm. In its preparation, 13 c.c. of phosphorus trichloride in 100 c.c. 
of ether are added to magnesium n-octyl bromide, made from 107 
c.c. of n-octyl bromide, 15 g. of magnesium, and 300 c.c. of ether. 
Yield, 6 g. 

Phenyldi-n-octylphosphine (Found: C, 78-6; H, 11-8; P, 9-0. 
CooHggP requires C, 79-0; H, 11-8; P, 9-3%) is obtained by adding 
a solution of 11-5 c.c. of phenyldichlorophosphine in 50 c.c. of ether 
to the Grignard reagent prepared from 57 c.c. of n-octyl bromide, 
8 g. of magnesium, and 240 c.c. of ether. Yield, 8 g.; b. p. 277°/50 
mm.; dj 0-890. The oxide (Found: C, 74-7; H, 11-3. C,,H,,0P 
requires C, 75-4; H, 11:2%) is a white solid. The methiodide 
[Found: I, 26-6. (CH,)(C,H;)(C,H,,),PI requires I, 26-79%] has 
m. p. 81°. Phenylmethyldi-n-octylphosphonium chloroplatinate 
(Found: Pt, 17-6. C,gH,,Cl,P,Pt requires Pt, 17-6°%) forms fine 
orange needles, m. p. 102°. 


The authors desire to express their thanks to the Chemical Society 
for a grant which has partly defrayed the expense of this work. 


THE TatTeEM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, June 12th, 1931.] 





CCLXXXVIII.—The Constitution and Synthesis of 
Embelic Acid (Embelin), the Active Principle of 
Embelia Ribes. 


By K. Hasrs Hasan and EpGar STEDMAN. 


THE berries of Embelia Ribes are used extensively in India on 
account of their anthelmintic properties. The active principle, 
embelic acid, to which these properties are due, and also its ammon- 
ium salt have been introduced into Europe, but have probably never 
been utilised to any great extent. The first chemical investigation 
of the berries appears to be that of Scott (Chemist and Druggist, 
1888; quoted by Heffter and Feuerstein, see below), who isolated 
from them a substance which crystallised in the form of bright 
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yellow scales. Scott regarded this substance as a glucoside and 
proposed the name “‘embelin ”’ for it. Shortly afterwards, Warden 
(Pharm. J., 1888, 18, 601; 419, 305) examined the berries and 
isolated a substance, probably identical with the so-called glucoside 
of Scott, to which he assigned the formula C,H,,0,. In view of the 
definite acidic properties of the compound, as shown, for example, 
by the formation of a crystalline ammonium salt, Warden proposed 
the name “‘ embelic acid ”’ for it. 

No further work appears to have been done on this subject until 
Heffter and Feuerstein (Arch. Pharm., 1900, 238, 15) submitted 
embelic acid to a detailed chemical investigation. These authors 
confirmed both the acidic properties of the substance and the 
analytical results, but they provided evidence which necessitated 
revising the molecular formula to C,,H,,0,. They were further 
able to show that two of the oxygen atoms were present as hydroxy] 
groups, since embelic acid formed a dibenzoyl derivative, and that 
these groups were responsible for its acidic properties. The remain- 
ing oxygen atoms could be readily reduced with the formation of 
dihydroembelic acid, a colourless substance which underwent 
spontaneous oxidation in the air to the orange-coloured embelic 
acid. In view of the latter behaviour, coupled with the fact that 
embelic acid condensed readily with primary amines, such as 
methylamine, aniline, and toluidine, Heffter and Feuerstein con- 
cluded that the substance was a p-quinone. The same authors 
submitted embelic acid to oxidation, and isolated from the product 
an acid, which they identified as lauric acid, together with smaller 
amounts of simpler acids. On the basis of these results, they pro- 
posed formula (I) for embelic acid, although they pointed out the 
possibility of a different orientation of the substituent groups. 


Ho 7° 


oN Joe 
Cy2H; (”) 
(II.) 


In devising the above formula, Heffter and Feuerstein made the 
tacit assumption that the lauric acid formed by oxidation of embelic 
acid was derived from the large side chain together with one carbon 
atom from the ring, and it was this assumption which necessitated 
the introduction of the methyl group shown in their formula, 
although no positive evidence for the existence of this group was 
obtained experimentally. They apparently overlooked the possi- 
bility that the lauric acid might originate entirely from the side 
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chain, in which case the constitution of embelic acid would be 
represented by (II). 

Since degradation experiments were unlikely to lead to results 
which would permit of a decision between these formule, it was 
decided to synthesise both compounds. It was first necessary, 
however, in view of the recent work of Kaul, Ray, and Dutt (/. 
Indian Chem. Soc., 1929, 6, 577), to repeat the oxidation of embelic 
acid. These authors, who have reintroduced the name embelin for 
the compound under consideration, have prepared a number of 
derivatives of embelic acid, the formation of which gives general 
support to Heffter and Feuerstein’s formula. They claim, how- 
ever, that the acid produced on oxidation is not lauric acid, but an 
isomeride which they describe as isolauric acid. We have therefore 
repeated this oxidation, using two methods. In the first, the oxidation 
was effected with alkaline permanganate under exactly the same 
conditions as those employed by Heffter and Feuerstein. The acid so 
obtained was distilled under diminished pressure, and then melted 
at about 32°, 7.e., about 10° lower than lauric acid. Nevertheless, 
when converted into its amide by successive treatment with thiony] 
chloride and ammonia, a product was obtained which, after crystal- 
lisation from ligroin, melted at 96°, and proved to be identical with 
a specimen of the amide similarly prepared from some lauric acid 
supplied by the British Drug Houses Ltd. In the second method, 
nitric acid was employed as oxidising agent under the conditions 
described by Kaul, Ray, and Dutt. After distillation, the acid 
again proved to be impure, but by conversion into its sodium salt 
and regeneration from the latter after thorough washing with water, 
it melted at 42°, and the m. p. showed no depression when it was 
admixed with an approximately equal amount of the above-men- 
tioned lauric acid. 

In view of this result, it was decided to proceed, in the first 
instance, with the synthesis of the substance represented by formula 
(I). Owing, however, to the difficulty in procuring the large quanti- 
ties of undecoic acid required for this synthesis, a lower homologue, 
2 : 5-dihydroxy-4-n-nonyl-p-toluquinone (III), was first prepared in 
order to gain information regarding the properties of the inter- 
mediate compounds and the conditions under which the various 
reactions took place. In this synthesis, the easily procurable 
pelargonic acid could be utilised. 

Toluene was condensed with nonoy] chloride in the presence of 
aluminium chloride to give p-tolyl n-octyl ketone (IV), which on 
reduction by Clemmensen’s method yielded 4-n-nonyltoluene (V). 
Nitration of the latter gave a mixture of 2- and 3-nitro-4-n-nonyl- 
toluenes (VI and VII), which was reduced, without separation of the 
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isomerides, with iron powder and acetic acid to the corresponding 
amines. Since both amines should yield, on oxidation, the same 


Me Me 
CO-C,H,, CyH 19 
(IV.) — (VI.) 


quinone (VIII), which was the next step in the projected synthesis, 
it was unnecessary to separate the isomerides. Nevertheless, pure 


Me M 
ae 
Oro no? NHMe/% a 
atte. NHMe 
CH» At oF vy, 
19 
(VII.) (VIL) (IX.) 


specimens of the normal sulphates were actually obtained by 
fractional crystallisation of this salt. The conversion of 4-n-nonyl- 
p-toluquinone (VIII), obtained by oxidation of the amines with 
sodium dichromate and sulphuric acid, into the required 2 : 5-di- 
hydroxy-4-n-nonyltoluquinone (III) was effected by the method 
developed by Zincke (Ber., 1885, 18, 787), Kehrmann (Ber., 1891, 
23, 897), and Fichter (Ber., 1904, 37, 2388; Annalen, 1908, 361, 363) 
for the conversion of p-quinones into dihydroxyquinones. An 
alcoholic, solution of the quinone was treated with excess of an 
alcoholic solution of methylamine, and 2 : 5-di(methylamino)-4- 
n-nonyl-p-toluquinone (IX) separated. Corresponding with the 
theory, according to which this reaction takes the following course : 
3CyH,9°CgH MeO, + 2NH,Me = (C,H,,°C;MeO,(NHMe), + 
2CyH,,*C,MeH,(OH),, the yield of this substance amounted to ca. 
30% of the quinone used. Hydrolysis of the dimethylamino-com- 
pound with 40% sulphuric acid yielded 2 : 5-dihydroxy-4-n-nonyl- 
p-toluquinone (III). This substance exhibited properties similar 
to those of embelic acid. It crystallised in lustrous deep orange 
plates, and gave a violet coloration with alkalis due to the formation 
of coloured salts. 

By using a series of reactions identical with those outlined above, 
but starting from toluene and undecoyl chloride, 2 : 5-dihydroxy- 
4-n-wndecyl-p-toluquinone (I) was synthesised. All the reactions 
proceeded similarly, but some difficulty was at first experienced in 
hydrolysing the di(methylamino)-compound. This could not be 
effected with 40% aqueous sulphuric acid, but took place smoothly 
on increasing the concentration of the acid to 70% and adding 
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alcohol. The 2: 5-dihydroxy-4-n-undecyl-p-toluquinone thus 
obtained resembled natural embelic acid closely in properties, but 
the synthetic material had a somewhat redder shade and melted 
at 150°, i.e., 7° higher than the natural substance. Moreover, 
a mixture of approximately equal quantities of the two compounds 
melted at about 125°. It is thus clear that embelic acid is not 
2 : 5-dihydroxy-4-n-undecyl-p-toluquinone. 

Having thus definitely shown that Heffter and Feuerstein’s 
formula for embelic acid was incorrect, the synthesis of the substance 
corresponding with the alternative formula (II) was carried out. 
Quinol was condensed by Nencki’s method (J. pr. Chem., 1881, 23, 
546) with lauric acid. The reaction did not take the course normally 
followed, according to the literature, with acids of smaller molecular 
weight, for, in place of the expected lauroylquinol, dilauroylquinol 
(probably X) was obtained. Nevertheless, on reduction by Clem. 
mensen’s method, simultaneous hydrolysis and reduction occurred, 
and the required laurylquinol (X1) was isolated from the reaction 
mixture. Large quantities of quinol and laurie acid were also 


CO-C, Hy, 


OH OH 
HO H 
COC, Ho, C,,H 
(X.) (XI.) 


present; it is evident from this, as well as from the small yield of 
laurylquinol, that hydrolysis was not restricted to one lauroyl group. 
Oxidation of laurylquinol with sodium dichromate and sulphuric 
acid gave lauryl-p-benzoquinone (XII), which reacted with methy]- 
amine under the conditions outlined above to give 2 : 5-di(methy/- 
amino)-3-lauryl-p-benzoquinone (XIII). On hydrolysis with sul- 
phuric acid in the presence of alcohol, this yielded 2 : 5-dihydrozy- 
3-lauryl-p-benzoquinone (II), which proved to be identical with 
natural embelic acid. Like the latter, it melted at 143°, and no 
depression occurred when the two substances were admixed. Further 
confirmation was afforded by the identity of the tetra-acetyl deriv- 
atives prepared from the natural and the synthetic compound by 
reductive acetylation, and of the dibenzoyl derivatives. Embelic 
acid is thus 2 : 5-dihydroxy-3-lauryl-p-benzoquinone (II). 

The elucidation of the structure of this acid opens up the possi- 
bility of studying the relationship between the constitution of this 
compound and its anthelmintic properties. With this object, 
as well as with a view to the synthesis of new anthelmintics, one of 
us proposes to prepare and test for anthelmintic properties a number 
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of analogous and related compounds, particularly of the quinone 
and hydroxyquinone type. 


EXPERIMENTAL. 


Isolation of Embelic Acid.—The dried berries of Embelia Ribes 
were crushed and extracted continuously with ether. The tarry 
residue which remained on evaporation of the solvent was dissolved 
in rectified spirit, and yellowish-red material then slowly separated. 
This was recrystallised first from alcohol and then from chloroform, 
the embelic acid being obtained in the form of orange-red plates, 
m. p. 143°. This appeared to be quite pure, but was found to be of 
a redder tinge than the synthetic material subsequently obtained. 
A further examination of the natural substance then showed that it 
was contaminated with a minute amount of impurity which was 
responsible for the deeper colour and could only be removed with 
difficulty. By dissolving the embelic acid in hot alcohol and allow- 
ing it to crystallise out slowly, it was found that the first crystals 
which were deposited were of a deep red colour. Apparently these 
had adsorbed the impurity, for, on decantation of the mother- 
liquor, orange crystals separated. After several repetitions of this 
process, the natural material was obtained in the form of orange 
plates, identical in colour with the synthetic substance. Separation 
from the red impurity was also effected by sublimation under 
diminished pressure and subsequent crystallisation. 

p-Tolyl n-Octyl Ketone (IV).—To a mixture of nonoyl chloride 
(177 g.) and toluene (105 g.), aluminium chloride (290 g.) was added. 
After the initial vigorous reaction had subsided, the mixture was 
heated on the water-bath for 2—3 hours. Water was then cautiously 
added to the cold mixture, and the product separated as an oily 
layer which solidified on cooling. This was extracted with ether, 
the extract washed successively with water, sodium hydroxide, and 
water, and then dried over potassium carbonate. The residue from 
the evaporation of the ether was distilled under diminished pressure 
and the fraction passing over between 185° and 190°/15 mm. col- 
lected separately; yield, 186 g. p-Tolyl n-octyl ketone boils at 
183—184°/12 mm. and solidifies, on cooling, to a mass of colourless 
waxy crystals, m. p. 37° (Found: C, 82:5; H, 10-2. C,,H,,O 
requires C, 82-8; H, 10-3%). It possesses a characteristic odour 
slightly reminiscent of that of bitter almonds. 

4-n-Nonyltoluene (V).—The above ketone (100 g.) was mixed with 
400—500 g. of amalgamated zinc wool and 50 c.c. of 15% hydro- 
chlorie acid. The mixture was then boiled vigorously under reflux 
for 6—7 hours, further quantities of acid being added occasionally, 
bringing the total volume up to 400—500 c.c. The product was 
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extracted with ether, the extracts washed, and dried over potassium 
carbonate. The residue from the evaporation of the ether boiled 
between 155° and 170°/12 mm., the fraction passing over at 160— 
162°/12 mm., which constituted the bulk of the material, being 
collected separately. On redistillation this yielded 4-n-nonyltoluene, 
a colourless liquid, b. p. 160—161°/12 mm. (Found: C, 87-7; H, 
11-9. C,gH,. requires C, 88-1; H, 11-9%), which does not solidify 
when cooled in a freezing mixture; yield, 70 g. It possesses an 
odour similar to that of the ketone. 

Nitration of 4-n-Nonyltoluene.—This nitration was first attempted 
at 0°, but the hydrocarbon was practically unattacked at this tem- 
perature. After a number of experiments under different conditions 
the following procedure was finally adopted : a cold mixture of 10 g. 
of concentrated nitric acid with 20 g. of concentrated sulphuric acid 
was added slowly to 10 g. of the hydrocarbon, which was stirred 
vigorously and maintained at 15°. After the addition of the nitrat- 
ing mixture, the stirring was continued for one hour, during which 
the temperature was allowed to rise to 20°. The mixture was then 
poured into water, and the product extracted with ether. The 
ethereal extract was washed repeatedly withdilute sodium hydroxide, 
until all free acid had been removed, and finally with water. After 
drying over potassium carbonate and evaporation of the ether, a 
dark brown residue was obtained. This was fractionally distilled 
under diminished pressure. At 160°/12 mm., a small amount of 
unchanged hydrocarbon was collected. The temperature then 
rapidly rose, the bulk of the material distilling at 190—200°/12 mm. 
On redistilling this fraction, a mixture of 2- and 3-nitro-4-n-nonyl- 
toluene (VI and VII), a thick yellow liquid with an odour similar to 
but more intense than that of the preceding compounds, b. p. 198— 
200°/12 mm., was obtained (Found: C, 72-9; H, 9-3; N, 5-2. 
Cale. for C,,H,;O0,N : C, 73-0; H, 9-5; N, 5-3%). 

Reduction of above Nitro-compounds.—To a mixture of the nitro- 
compounds (10 g.) with reduced iron powder (12 g.) contained in a 
flask fitted with a stirrer and reflux condenser, 10 c.c. of 50% acetic 
acid were added, and the whole was warmed on the water-bath, 
with stirring ; a vigorous reaction commenced, and heating was then 
discontinued. After the abatement of this reaction, further quanti- 
ties of the acid solution were added at intervals, a total volume of 
100 c.c. being used, and the mixture was continuously stirred and 
maintained in active ebullition for 3 hours. The cold mixture was 
then filtered at the pump. On account of their high hydrocarbon 
content, the salts of the resulting amines possessed unusual pro- 
perties : they were insoluble in water and soluble in moist ether. 
As a result, the bulk of the product was contained in the above solid 
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residue. Both the latter and the filtrate were therefore extracted 
separately with ether, and the acetate contained in the combined 
extracts was decomposed by shaking the latter with strong aqueous 
sodium hydroxide. The ethereal solution was separated, washed 
with water, and dried over potassium carbonate, and the residue 
obtained on removal of the ether was distilled under diminished 
pressure. A mixture of the two amines was thus obtained in 90% 
yield as a colourless oil, b. p. 180—190°/12 mm. The direct separ- 
ation of the isomeric amines was not attempted, but two pure 
sulphates were isolated. The above mixture of amines was poured 
into an excess of dilute sulphuric acid, and a pasty mass of the mixed 
sulphates at once separated. The liquid was removed by decant- 
ation, and the residue washed repeatedly with water, becoming 
granular. It was then filtered, and dried in a desiccator. Partial 
separation of the sulphates of 2- and 3-amino-4-n-nonyltoluene was 
originally effected by grinding the solid with dry ether, but it was 
subsequently found preferable to crystallise the mixture fractionally 
from acetone. The less soluble fraction, after two recrystallisations 
from alcohol, formed plates, m. p. 178° (Found: C, 67-9; H, 9-8; 
N,4:8; 8, 5-7. C,,H.,N,3H,SO, requires C, 68-1; H, 9-9; N, 5-0; 
8, 5:7%). The more soluble fraction, after repeated crystallisation 
from alcohol, formed needles, m. p. 144° (Found: C, 68-0; H, 9-8; 
N, 5-0; S, 5:8%). 

4-n-Nonyl-p-toluquinone (VILI).—A mixture of the finely ground 
sulphates (2 g.) obtained from the preceding reaction was suspended 
ina mixture of 16 c.c. of concentrated sulphuric acid with 60 c.c. of 
water and cooled to 10°. A solution of 0-75 g. of sodium dichromate 
in 10 c.c. of water was then added drop by drop with stirring. The 
colour changed through violet to black, and the solid became sticky. 
Stirring was continued for 2 hours, and the mixture then left over- 
night in the refrigerator. A further solution of 1-5 g. of sodium 
dichromate in 20 ¢.c. of water was then added under the same con- 
ditions. After 24 hours the quinone was extracted with ether, and 
the extract was washed with water and dried over calcium chloride. 
The residue from the ether was taken up in hot alcohol and filtered 
from some insoluble material, whereupon reddish-yellow plates 
separated from the filtrate. When recrystallised from alcohol, 
4-n-nonyl-p-toluquinone forms yellow plates, m. p. 53° (Found: 
J, 77-3; H, 9-6. C,,H,,0, requires C, 77-4; H, 97%). The low 
yield (0-28 g.; 17%) could not be improved by varying the con- 
ditions. The difficulties encountered in the preparation of this 
quinone are attributable to the virtual insolubility of the sulphate 
of the amine in water. 

2 : 5-Di(methylamino)-4-n-nonyl-p-toluquinone (IX).—A solution 
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of 0-2 g. of the above quinone in alcohol was mixed with excess of a 
33% alcoholic solution of methylamine. A violet-red precipitate 
separated. This was filtered off and crystallised from alcohol, in 
which it is only sparingly soluble. 2 : 5-Di(methylamino)-4-n-nonyl. 
p-toluquinone forms violet microscopic needles, m. p. 167° (Found: 
N, 7-6. C,gH390,N, requires N, 7-9%). 

2 : 5-Dihydroxy-4-n-nonyl-p-toluquinone (III).—A suspension of 
the preceding compound in 40% sulphuric acid was refluxed for one 
hour. The yellow solid thus produced was filtered off and crystal. 
lised from alcohol, the toluquinone being obtained as lustrous orange 
plates, m. p. 154° (Found: C, 68-7; H, 8-6. C,,H.4O4 requires 
C, 68-6; H, 8-6%), in theoretical yield. 

p-Tolyl n-decyl ketone, CH,°C,H,CO-C,,H,;, b. p. 196—197°, 
m. p. 32° (Found: C, 82-8; H, 10-8. C,,H,,0 requires C, 83:1; 
H, 10-8%), was obtained in 80% yield from toluene and undecoyl 
chloride. The undecoie acid, from which the required undecoy| 
chloride was prepared, was obtained by the catalytic reduction of 
ethyl undecenoate; we are indebted to Professor T. P. Hilditch for 
carrying out this process for us. 

4-n-Undecyltoluene, b. p. 171—172°/12 mm. (Found: C, 87:3; 
H, 11-8. Cy gHg9 requires C, 87-8; H, 12-2%), was isolated in 73% 
yield from the product of the Clemmensen reduction of the above 
ketone. 

Nitration of 4-n-Undecyltoluene.—This was effected under exactly 
the same conditions as those used for the nitration of the correspond- 
ing nonyl compound. A mixture of 2- and 3-nitro-4-n-undecyl- 
toluenes, b. p. 215—216°/12 mm. (Found: C, 74:0; H, 9:8; N, 48. 
Calc. for C;,H,,0,N : C, 74-2; H, 10-0; N, 4:8%), was obtained in 
72% yield. 

Reduction of above Nitro-compounds.—Reduced iron powder and 
acetic acid were again employed for the reduction. The mixed 
amines were isolated in 80%, yield as an oily liquid, b. p. 198—200° 
12mm. The sulphates were prepared, but it was not, in this case, 
found possible to separate the isomerides completely. The mixture 
of sulphates could be crystallised from acetone. The less soluble 
fraction, when repeatedly crystallised from alcohol, yielded what 
appeared to be a homogeneous sulphate in the form of colourless 
leaflets, m. p. 177° (Found: S, 5-2. C,,H,,N,}H,SO, requires 
S, 52%). 

4-n-Undecyl-p-toluquinone, CH,°C,H,0,"C,,H,3, which ecrystallises 
from alcohol in lustrous yellow plates, m. p. 64° (Found: C, 78-2; 
H, 9-8. C,gH,,0, requires C, 78-3; H, 10-1%), was obtained in 22% 
yield by the oxidation of the preceding amines. It was found 
advantageous to use a larger excess of sodium dichromate in the 
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second stage of the oxidation than was employed in the preparation 
of the corresponding nonyl compound, and to keep the reaction 
mixture at room temperature for 2—3 days. 

2 : 5-Di(methylamino)-4-n-undecyl-p-toluquinone, 

CH,°C,0,(NHMe),°C,,H,5, 
erystallises from alcohol, in which it is sparingly soluble, in dark 
violet microscopic needles, m. p. 158° (Found: N, 8-1: C, )H3,0,N, 
requires N, 8-4%). 
2 : 5-Dihydroxy-4-n-undecyl-p-toluquinone, 
CH;°C,0,(OH),"C,,H,3. 

—The preceding methylamino-compound is not attacked by boiling 
40% sulphuric acid. When refluxed, however, for about an hour 
with 80% sulphuric acid in the presence of alcohol, it is hydrolysed 
smoothly and quantitatively. When crystallised from chloroform, 
2: 5-dihydroxy-4-n-undecyl-p-toluquinone forms lustrous orange-red 
plates, m. p. 150° (Found: C, 70-1; H, 9-0. C,gH,,0, requires 
(, 70-1; H, 9:1%). 

Dilauroylquinol (probably X).—Zinc chloride (68 g.) was dis- 
solved in hot lauric acid (300 g.), and quinol (55 g.) was added 
gradually to the hot mass with vigorous shaking. The temperature 
of the reaction mixture was maintained at 130—140° during this 
addition and for 2 hours subsequently. When cool, the dark brown 
product was thoroughly extracted with water to remove unchanged 
quinol, and the excess of lauric acid neutralised by the addition of 
sodium carbonate. The product was then filtered, and the solid 
and filtrate extracted separately with ether. The united extracts 
were washed with water, causing the separation of a small quantity 
of zinc laurate, and dried over calcium chloride. The solid residue 
obtained on evaporation of the ether was somewhat dark, and was 
therefore dissolved in methyl] alcohol; the solution was boiled with 
animal charcoal. Dilauroylquinol separated from the filtrate (yield 
80 g.), and crystallised from methyl alcohol as an almost colourless 
solid, m. p. 68° (Found: C, 75-5; H, 10-4. CypH;90, requires C, 
759; H, 10-6%). 

Laurylquinol (X1).—Dilauroylquinol (40 g.) was mixed with 200 g. 
of amalgamated zinc, 15° hydrochloric acid (50 c.c.) added, and the 
mixture boiled briskly, with stirring, for 6—8 hours. Further 
quantities of hydrochloric acid were added during this period, a total 
volume of 450 c.c. being used. The product was extracted with 
ether. The residue from the washed and dried ethereal extract was 
first thoroughly washed with water to remove considerable quantities 
of quinol, which had been formed by the hydrolytic decomposition 
of the dilauroylquinol during the reduction process, and then treated 
with sodium carbonate to neutralise the lauric acid similarly pro- 





2122 THE CONSTITUTION AND SYNTHESIS OF EMBELIC ACID, ETC, 


duced. The resulting semi-solid mass was extracted with ether, and 
11 g. of a brown product then crystallised spontaneously. When 
crystallised from benzene, laurylquinol forms colourless plates, m. p, 
109° (Found: C, 77-4; H, 10-6. C,gH 3,0, requires C, 77:7; H, 
10-8%). 

Lauryl-p-benzoquinone (XI1).—Laurylquinol (5 g.) was suspended 
in 50 c.c. of 30% sulphuric acid, and a solution of 2-5 g. of sodium 
dichromate in 20 c.c. of water added. On refluxing the mixture for 
30 minutes, oxidation took place smoothly and quantitatively, and 
the resulting quinone, which solidified on cooling, was filtered off. 
When recrystallised from alcohol, lauryl-p-benzoquinone forms pale 
yellow plates, m. p. 81° (Found: C, 77:7; H, 10-1. CygH,,0, 
requires C, 78-3; H, 10-1%). 

2 : 5-Di(methylamino)-3-n-lauryl-p-benzoquinone (XIIL).—The 
above quinone was treated with alcoholic methylamine under the 
conditions previously described. 2 : 5-Di(methylamino)-3-n-lauryl- 
p-benzoquinone crystallises from alcohol, in which it is sparingly 
soluble, in violet microscopic needles, m. p. 147° (Found: N, 84. 
Cy9H,,0,N, requires N, 8-4%). 

2 : 5-Dihydroxy-3-n-lauryl-p-benzoquinone (II).—The preceding 
methylamino-compound offered greater resistance to hydrolysis than 
the analogous compounds described above. It (0°5 g.) was suspended 
in 50 c.c. of 80% sulphuric acid and boiled. Sufficient alcohol was 
then added to the hot suspension to produce a clear solution, which 
was refluxed for 3 hours. On cooling, a yellow solid, together with 
some darker decomposition product, separated. This was filtered, 
and recrystallised twice from alcohol and finally from chloroform, 
2 : 5-dihydroxy-3-n-lauryl-p-benzoquinone, orange plates with a 
golden lustre, m. p. 143°, being obtained (Found : C, 69-8; H, 91. 
C,,H,,0, requires C, 70-1; H, 9-1%). This substance was found to 
be identical with natural embelic acid. Both compounds melted at 
143°, and no depression was produced when equal quantities of the 
two were intimately mixed. The synthetic, like the natural, sub- 
stance gave a violet coloration with sodium hydroxide in the 
presence of alcohol, due to the formation of a coloured sodium salt 
which is soluble in alcohol and water, but only sparingly soluble in 
the latter solvent in the presence of excess of sodium hydroxide. 
As additional confirmation of the identity of the two compounds, 
the tetra-acetyl and dibenzoyl derivatives were prepared and com- 
pared. The former of these derivatives had already been prepared 
by the reductive acetylation of embelic acid by Kaul, Ray, and Dutt 
(loc. cit.), who state that it melts at 124°. The compound similarly 
prepared from the above synthetic embelic acid was found, however, 
to melt at 121°, whilst that from the natural substance had m. Pp. 
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116° (Found: C, 65:1; H, 7-6. Cale. for C,,H,,0,: C, 65-3; H, 
79%), and was not changed by repeated recrystallisation from 
alcohol. A mixture of the two substances melted at 118°. While 
this result gave satisfactory confirmation of the identity of the 
synthetic and the natural compound, the slight discrepancy between 
the m. p.’s of the two acetyl derivatives could not, at first, be 
explained. When, however, the natural material was subjected to 
the processes of purification described above, the following figures 
were obtained for the m. p.’s of the tetra-acetyl derivatives : natural, 
121°; synthetic, 120°; mixture, 119°; the synthetic compound was 
a different preparation from that previously examined. 

The dibenzoyl derivatives were prepared by benzoylationof natural 
and synthetic embelic acid in pyridine solution with benzoyl chloride 
according to the procedure of Heffter and Feuerstein (loc. cit.). 
Both substances, as well as an intimate mixture of the two, melted 
at 98°. 


We desire to thank Professor G. Barger, F.R.S., for his interest in 
this work. Our thanks are also due to Professor T. P. Hilditch for 
kindly reducing some ethyl undecenoate for us. The expenses of 
this investigation have, in part, been met by grants from the Ear! 
of Moray Research Fund of this University. 
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CCLXXXIX.—The Thermal Decomposition and De- 
tonation of Lead Azide Crystals. 


By Witt14amM EpwarpD GaRNER and A. 8. Gomm. 


THE majority of investigations on the decomposition of solid bodies 
have shown that reaction commences by the formation of nuclei 
on the surface, which increase in size as the decomposition pro- 
ceeds. A good example of nucleus formation is seen in the case of 
the decomposition of silver oxalate (MacDonald and Hinshelwood, 
J., 1925, 127, 2764). Here silver nuclei are produced which can 
be destroyed by oxygen and the reaction thereby inhibited. 

For this type of solid decomposition, the rate of reaction at any 
time is dependent upon the rates of (a) nucleus formation, and 
(6) growth of the interface formed between the reactant and its 
products (compare Langmuir, J. Amer. Chem. Soc., 1916, 38, 2263). 
If the nuclei be produced at a rapid rate on the surface, then a stage 
is soon reached when the interface becomes a series of plane surfaces 
parallel to the surfaces of the crystal (compare Garner and Tanner, 
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J., 1930, 47). The rate of growth of the interface has been discussed 
for various types of case by Topley and his collaborators (Topley 
and Hume, Proc. Roy. Soc., 1928, 120, 211; Topley and Spencer, 
J., 1929, 2633) and by Roginski and Schulz (Z. physikal. Chem., 
1928, 138, 21). 

In general, there will be two kinds of critical increment governing 
the rate of thermal decomposition of solids, viz., those of (1) the 
rate of nucleus formation and (2) the rate of penetration into the 
solid of the interface at which reaction proceeds. Likewise, for 
the process of detonation, it is possible that there are two critical 
increments, viz., that of the rate of formation of centres of deton- 
ation and that of the rate of detonation. The nature of the 
mechanism whereby thermal decomposition passes into detonation 
is not understood ; in fact, there is little experimental work bearing 
on this question. Thus, although the assumption that there isa 
critical increment of detonation may perhaps not be justifiable, yet 
it provides a reasonable line of approach to the study of detonation. 
The average time of heating before detonation occurs can be 
measured, and the reciprocal of this can be defined as the prob- 
ability of detonation. From the temperature coefficient of this 
probability, a value for the detonation increment can be obtained 
in the usual manner. 

It has been found that lead azide exists in two distinct crystalline 
forms, the ordinary or «-, and a less usual or 8-form. The first is 
orthorhombic, the second monoclinic; the $-variety is more easily 
detonated by shock or friction than the other. This information, 
hitherto unpublished, was supplied to us by Messrs. Nobel’s, who 
also undertook the preparation of the crystals necessary for our 
experiments. 

In the present investigation, the critical increments of the rate 
of thermal decomposition of «- and 8-azides have been determined, 
and an approximate value for the critical increment of the rate of 
formation of centres of detonation for «-azide obtained. The 
critical increments found are : thermal decomposition (1) «-azide = 
47,600 cals., (2) §-azide = 38,800 cals., and (3) detonation = 
200,000 cals. An attempt has also been made to account for the 
differences which exist between the explosive properties of «- and 
8-azide. The present work has shown that for crystals of the same 
area, at 260°, the 6-form decomposes about 20 times more rapidly 
than the «-form. 

The rate of decomposition of a substance in the solid state is 


given by the equation 
—daujdt=wAeP®*? , . . . . (I) 


where v is the frequency of molecular decomposition, n the number 
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of molecules per sq. cm. of surface, A the area of interface, and 
E the critical increment. Thus, variations in v, », or E of the 
two forms could account for their difference in stability. The 
difference between the critical increments is, however, more than 
sufficient to account for the difference between the rates of thermal 
decomposition. Thus, the greater instability of the 8-form may 
be tentatively ascribed to the lower value of its critical increment. 

There is a marked difference between the appearances of partially 
decomposed crystals of the «- and the 8-azide. The former 
rapidly darkens over the whole surface, and a broken crystal 
shows a white fracture with a black edge. The decomposition is 
obviously of the normal type, and the rate of formation of nuclei 
on the surface of the «-form must be very large. The 6-form 
decomposes irregularly in patches, but since the crystals of the 
azide are very thin, it is difficult to determine whether or not these 
patches originate in nuclei begun on the surface or in the interior 
of the crystal. The rate of formation of nuclei appears to be 
smaller for the 8- than for the «-form. 

The frequency v [equation (1)] might correspond with some 
vibration frequency of the N, group, in which case it was of interest 
to measure the infra-red absorption spectra of the two forms. 
Measurements between 10 and ly, however, indicate that they 
possess the same absorption spectra. Calculations made with the 
aid of equation (1) lead to a frequency of decomposition 10’ times 
greater than that corresponding to a near infra-red frequency.* 
Topley and Hume (loc. cit.) were the first to make calculations of 
this nature, and they found for calcium carbonate hexahydrate 
a still bigger discrepancy. In the case of the azides, since the 
decomposition is exothermic, the discrepancy might be due to the 
occurrence of a chain mechanism, and the chain length required is 
10’. Such speculations as to the cause of the discrepancy are, 
however, of doubtful value without further evidence, for it would 
appear that exothermic change is possible even when the activation 
energy of a molecule is less than its critical increment (compare 
Roginski and Rosenkewitsch, Z. physikal. Chem., 1930, B, 10, 47). 

Detonation ——-The normal detonating temperature of lead azide 
in air is 350° (Wohler, Ber., 1913, 46, 2050). In vacuum, this may 
be lowered to 290° or even 280° after long evacuation. The effect 
of the air is no doubt partly due to its action in preventing the 
heating of the crystals during the reaction: in a vacuum, loss of 
energy occurs only by radiation, whereas in air there is an additional 


* The value of v used is that calculated previously from the rate of 
detonation of azide, viz., v = 1-25 x 10°% (Garner, Trans. Faraday Soc., 1930, 


26, 1). 
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loss due to bombardment by gas molecules. Thus, when a crystal 
is surrounded by gas, it will undoubtedly be kept cooler than when 
in a vacuum. This, however, does not entirely account for the 
depression of the detonating temperature on removal of the air. 
The temperatures of single crystals immediately preceding their 
detonation have been calculated, and these show that at most the 
temperatures were only 2° or 3° above that of the bath. Thus, 
the principal effect of the air or water vapour must be ascribed to 
some other cause. The action is probably more local in character, 
i.e., the cause lies in the interface itself. Molecules of gas which 
are adsorbed in the interface will collide with newly formed nitrogen 
molecules and may remove their energy before they have time to 
activate undecomposed molecules of lead azide. The effect of a 
few adsorbed molecules would be large, if the reaction followed 
a chain mechanism. This phenomenon is being quantitatively 
studied in the case of mercury fulminate. 

The probability of detonation increases very rapidly with tem. 
perature. Below 290°, the crystal may or may not detonate within 
the period of thermal decomposition, but at 295° detonation occurs 
on an average within 3 minutes. The probability of detonation 
thus possesses a very high temperature coefficient and critical 
increment. The critical increment of the formation of detonation 
nuclei is approximately 4 times that of the rate of thermal decom. 
position. It may be that four molecules of azide are concerned 
in the formation of centres of detonation. This high critical incre- 
ment of the detonation process explains the stability of azide 
crystals at room temperature. The probability of detonation 
calculated from the equation P = Be—*'*7 is negligibly small at 
room temperatures if the value of H chosen is that of the detonation 
process, but not if the critical increment corresponding to the 
thermal decomposition be taken. 

For the temperature range 290—295°, the rate of thermal decom- 
position immediately preceding detonation has been measured. 
This depends on the pressure of the gas above the crystal, as well 
as upon the temperature of the crystal. For pressures of 3—10 x 
10+ em., the rate is 4-6 x 1034 molecules per minute for «-azide 
crystals 0-04 cm.? in area. At higher pressures, 7 x 10-3 cm., the 
rate is 2-6 x 10) molecules per minute. 

Lead azide crystals are not very suitable for accurate investig- 
ation of these phenomena, mainly because they break up into 
several fragments on heating. It is best, therefore, to delay de- 
tailed consideration of the above phenomena until a more ideal 
detonant has been found. 6-Azide is unsuitable because the 
erystals decompose in patches. Mercury fulminate crystals give 4 
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very great degree of reproducibility, and perhaps this substance 
will prove to be an ideal case. 


EXPERIMENTAL. 


The weights of the largest crystals available ranged from 0-002 
to 0-005 g. Their rates of decomposition were measured by sus- 
pending them in a platinum bucket in a Pyrex vessel surrounded 
by a furnace which was kept at temperatures ranging between 
900° and 300°. The exploratory work was carried out with the 
y-azide, and several facts were observed, which determined the final 
design of the apparatus. The crystals often broke up into several 
fragments on heating, and the fracture was accompanied by the 

Fia. 1. 


S 




















evolution of small volumes of gas. The fracture was very probably 
due to droplets of water entrapped in the crystals during crystallis- 
ation. Reproducible results could not be obtained until the crystal 
had been heated to a temperature higher than that at which it was 
desired to make measurements. It was also observed that the 
detonation temperature varied with the pressure of gas in the 
apparatus. It was thus necessary to bake out the apparatus 
thoroughly before an experiment. 

Apparatus.—Two Pyrex reaction vessels were used (A and B, 
Fig. 1), which were connected to a McLeod gauge M and through 
a phosphoric oxide tube to the pumps. These were surrounded 
by lagged furnaces, worked on constant voltage and capable of 
being raised and lowered. The furnaces and McLeod gauge were 
surrounded by wooden jackets to protect them from draughts. 
The temperature was measured by means of a copper--constantan 
thermocouple, which was inserted into a vertical tube in the reaction 
vessel. The platinum bucket containing a crystal was suspended 
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by thin platinum wire in a cold part of the apparatus below th 
furnace. It could be raised into position by coiling the platinuy 
wire round the extended barrel of the tap at the top of the apparatus, 

Procedure.—A single crystal was weighed, and its surface arg 
determined under the microscope. It was introduced into , 
platinum bucket which had been previously baked out at red heat, 
The bucket was lowered into the reaction vessel until it was wel 
below the furnace. The furnace was then heated to the required 
temperature and the apparatus evacuated over-night. (This was 
after the empty vessel had been previously baked out for several 
days.) In the morning, the furnace was lowered, and after the 
reaction vessel had cooled to 50°, the crystal was raised into position, 


Fia. 2. 
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Finally, the furnace was pulled up round the reaction vessel. By 
this method the crystal was not subjected to too rapid heating. 
The pumps were kept on until the temperature had reached 120°. 

The crystal was heated for a short time at the highest ten- 
perature of an experiment (say 280°), and then the rate of reaction 
was measured at that temperature until a constant rate was obtained. 
Subsequently, the rates were measured for lower temperatures on 
the same crystal. The total change in the area of interface of the 
crystal during a series was small, but occasionally a correction was 
necessary for the area of the interface. 

The rate of evolution of nitrogen was linear with respect to time 
(Fig. 2). In Table I are given the temperature coefficients for 
a-lead azide. 
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TABLE I. 
a-Lead azide. 


Temperature coefficient over range 





220—230° 230—240° 240—250° 250—-260° 260—270° 270—28 
2-04 1-67 1-94 2-33 — 
— — — 3°00 2-0 
2-( 2-3 2-25 1-93 2-31 2-9 
y 2 2-06 1-66 2-36 4-6 


) 
3 ¢ 


The temperature coefficient is constant over the range 220—280°, 
and its average value is 2°43. The critical increment calculated 
fom this is 47,600 cals., and the wave-length of the quantum 
corresponding with the increment is 0-5939 uw. 

Temperature Coefficient of 8-Azide.—Since the 8-form did not 
break up on heating, the temperature coefficients could be deter- 
mined by comparing the rates of decomposition of different crystals, 
as was done with copper sulphate pentahydrate (Garner and Tanner, 
loc. cit.). The rate of reaction was found to be unimolecular (see 
Table IIT). The ranges 250—260° and 260—270° were determined 
in this way. For the lower temperatures, the same method was 
adopted as for «-azide; above 220°, the crystals decomposed too 
quickly to allow this method to be used. The average value, viz., 
2:06, gives a critical increment of 38,800 cals. 


TABLE IT. 
6-Lead azide. 


Temperature range 200—210° 210—220° 250—260° 260—270° 
Temp. coeff. 1-89 2-04 2-44 1-87 


Mode of Decomposition of the Crystals —a«-Azide. This form of 
crystal becomes coated with metallic lead very rapidly on heating. 
No visible nuciei can be seen, but a partially decomposed crystal 
on being broken always shows a white interior surrounded by a 
black edge. Thus, it is clear that the reaction begins on the surface 
and passes inwards. The rate of decomposition of a given weight 
of «-azide is greater the smaller the size of the crystals, which 
confirms the above deduction. At the end of the reaction, only 
five-sixths of the available nitrogen had been evolved as gas. 

8-Azide. This form of crystal does not become completely coated 
with metallic lead until a later stage in the decomposition, which 
occurs irregularly throughout the mass of the crystal. This prob- 
ably accounts for the different form of its pressure-time curve 
when the crystal is heated at constant temperature until decom- 
position is complete (Fig. 3). It undergoes complete decomposition 
into a pseudomorph of metallic lead, the arrangement of the crystal- 
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lites of metal being quite at random. We are indebted to Messrs, 
Nobel’s for the X-ray examination of these pseudomorphs. 
Decomposition at Constant Temperature.—a-Azide. A typical 
curve for the decomposition of a single crystal of «-azide at 270° 
is given in Fig. 3: it is very nearly linear, showing scarcely any 
induction period, and is similar in type to that of copper sulphate 
pentahydrate, in that it shows an abrupt change of slope near the 

















Fic. 3. 
0-06 
003 
Ol Azipe at 20° 
S 0 
= 10 20 sjo 
S 006 
So 
& 
- ; 
0-03 
8 Azipe AT 270° 
0 ! 2 
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end of the decomposition. It is of the form expected for a reaction 
involving the production of large numbers of nuclei on the surface. 
The equations of Roginski and Schulz (loc. cit.) fitted the results 
fairly well. 

8-Azide. The curves for this substance are different from those 
of the «-form in that they change more gradually from the beginning 
to the end (Fig. 3). After the effects of the induction period are 
over, the decomposition is very nearly unimolecular (Table Ill). 
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The values in Table III have been used in calculating the critical 
increment. 


TABLE III. 
£. Ks:0- é. Kez: ‘. Keee- t. Kaso- 
7 0-0426 17 0-0377 20 0-0170 60 0-00698 
27 0-0315 37 0-0330 60 0-0163 120 0-00689 
17 0-0286 57 0-0309 80 0-0165 180 0-00683 
77 0-0268 77 0-0297 105 0-0165 240 0-0068 1 
101 0-0255 97 0-0286 150 0-0169 300 0-00657 


The rate of reaction at any time is proportional to the volume 
of the unchanged material. It is difficult to explain this behaviour, 
and the thinness of the plates makes it difficult to observe what is 
happening in the crystal itself. 

Detonation Experiments on a-Azide.—The pressure changes at 
detonating temperatures, 290° and upwards, occurred too rapidly 
to be measured on a McLeod gauge, 


so that a Pirani gauge was fused on nicngh tne Peet 
to one of the reaction vessels below the p 
ground joint 5 of. vessel B (Fig. 1). YO 

This gauge, which was kept in ice Ps 

during a measurement, was connected PA 


to a Moll galvanometer and a photo- ~—~“txrnit Tene 2900 
graphic recording appaatus. The 
electrical circuit was so balanced that 
there was no deflexion when there was 
a hard vacuum in the apparatus. The 
gauge was calibrated with the gaseous 
product of the reaction. 

The platinum bucket containing the 
crystal was kept at about 100° in the side tube a or 6 during the 
evacuation of the reaction vessel. On introducing it into the reaction 
vessel, there was a small rapid evolution of gas. This showed itself 
as a flick on the photographic curves. It was very largely eliminated 
by immersing a side tube in liquid air. The bucket was watched by 
means of a mirror below the vessel; a bright flash occurred on 
detonation, and the bucket was blown to fragments. The pressures 
at the beginning and end of each experiment were measured on a 
McLeod gauge. 

Tracings of typical photographic records are given in Fig. 4. 
These records were time-marked. At D, the movement of the beam 
of light reflected from the galvanometer mirror is so rapid as to 
leave no trace on the photographic paper. Thus, the thermal 
change passes abruptly into detonation. The results are summar- 
ised in Table IV, which gives the time that elapsed before detonation 


— 
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Expt, 20. Temp, 292-5 














2132 GARNER AND GOMM: THE THERMAL DECOMPOSITION 


occurred. Four experiments were done at each temperature, and 
the series was carried out under strictly standardised conditions. 


TABLE IV. 
Number of 
Time to Average molecules 
detonation time Rate decomposed 
Temp. (mins.). (mins.). (em./min. x 10‘). per min. 
295° 2-9, 3-0, 2-9, 2-5 2-8 4-4, 3-6, 5-6, 23-2 46 x 10" 
292-5 4-3, 6-0, 9-7, 4-9 6-2 4-2, 3-1, 5-6, 4-7 4-7 x 10% 
290-0 16-6, ©, ©, 17-3 17-0 28-7, 20-7 2-6 x 10% 
285-0 No detonation 
280-0 No detonation 


In one experiment at 280°, where the crystal and vessel were evacu- 
ated for 3 days (the normal time was over-night), detonation 
occurred in 8-1 minutes. This is an illustration of the effect of gas 
on the detonation temperature. 

The curves for those experiments where the crystal did not 
detonate were similar to Fig. 3. They were not reproducible from 
crystal to crystal because of the fracture of the crystal during 
heating, as mentioned before. 

The rates of reaction immediately preceding detonation are 
given in Table IV. In col. 4 is given the rate of change of pressure 
for a constant area of 0-04 sq. cm., and in the last column, the mean 
value for the number of molecules decomposing per minute per 
0-04 cm.? initial surface. These rates are sufficiently high to affect 
appreciably the temperature of the crystal. Since the crystals 
become coated with a layer of finely divided lead, they will behave 
as a black body, as far as the emission of radiation is concerned. 
Assuming the emissivity of the crystal to be that of a black body, 
the temperature of the crystal before detonation has been calculated : 


Bath BMD occccccsccecrescccesccsccessccsscs 295° 292-5° 290-0° 
CORIO OUOE GOMIIis oo csiscccccsssccscccsesccss 296-95° 294-5° 298-9 
Gas pressure (cm. X 10) ..........+. 4 8 70 


These corrected temperatures will be too high, because the deton- 
ation occurred at appreciable gas pressures. This will be par- 
ticularly the case with the experiments at 290°, where the pressure 
was 7X10-% cm. It is not possible to make an accurate allowance 
for the effect of gas pressure on the above temperatures, for the 
heat interchange will be between the crystal and the platinum 
bucket in which it is lying. It is clear, however, that the experi- 
ments at 290° must be left out of account in determining the prob- 
ability of detonation. From the results at 295° and 292-5° the 
temperature coefficient is 2-2 for 2-5°, which gives a critical incre- 
ment of 200,000 cals. This result, while showing that the critical 
increment of detonation is much bigger than that of the thermal 
decomposition, is only known very approximately. 
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nd Near Infra-red Absorption Spectra.—Azide crystals decompose 
Ss. § when heated by means of an infra-red beam, becoming white owing 
to reaction with the air. It was thus not possible to place the 
¢ | crystal between the source of radiation and the slit of an infra-red 
spectrometer ; it was possible, however, after making small modific- 
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m § of absorption spectra by placing the crystal on the slit in the dis- 
1- § persed beam. The 8-crystals were found to be the most suitable, 
D- Bf for almost perfect crystals were available, 5 mm. long, and were 
¢ § sufficiently thin for measurement. A typical absorption curve is 
given in Fig. 5, and the band maxima are shown in Table V, together 
with the frequency differences. 

The «-crystals were less suitable for measurement since they were 
too thick, were often hollow, and were much more irregular than 
4a 
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TABLE V. 

B-Azide. a-Azide. 
Wave-length, Frequency Wave-length, 
pe x 10. Av. pb. 

2-94 10-21 —- 2-92 
3°70 8-11 2-10 3-70 
4-90 6-12 1-99 Flat max. at 
7-40 4-05 2-07 4-6—5-0 


the @-form. With the best crystal available, the figures given 
above were obtained. No differences could be detected between 
the spectra for the two short axes of the crystals. 

Action of Ultra-violet Radiation.—It was not found possible to 
detonate azide crystals with the ultra-violet light from a mercury 
vapour lamp. The crystals, however, became black, and in this 
state were more sensitive to heat. 


Summary. 

The rates of decomposition of the «- and the 6-form of lead azide 
have been measured between 210° and 295°. The 6-form decomposes 
much more rapidly than the «-form. The critical increments found 
were: «-form, 47,600 cals.; 8-form, 38,800 cals. The difference 
between the critical increments accounts for the greater instability 
of the 6-form. 

The infra-red absorption spectra of these crystals have been 
measured, and are very similar in the two cases. The bands 
observed are probably those of the N, group. 

The critical increment of detonation has been shown to be 200,000 
cals. The rates of decomposition immediately preceding deton- 
ation have been measured. The detonating temperature is lower 
in vacuum than in air. 


We wish to express our thanks to Messrs. Nobel’s Ltd. for a 
grant which has made this work possible. 


DEPARTMENT OF PHySICAL CHEMISTRY, 
THE UNIVERSITY, BRISTOL. [Received, July 7th, 1931.] 





CCXC.—The Vapour Pressure of Hydrogen Selenide 
and of Hydrogen Telluride. 


By Norman OscarR STEIN. 


DvuRINnG a recent investigation of the absorption spectra of the 
hydrides of the oxygen group carried out in these laboratories 
(Goodeve and Stein, Faraday Soc. Discussion on Photochemistry, 
Liverpool, April, 1931), it was found desirable to re-examine the 
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SELENIDE AND OF HYDROGEN TELLURIDE. 


existing data on the vapour pressure of hydrogen selenide and 
telluride. That of the former has been determined several times 
(de Forcrand and Fonzes-Diacon, J. Chim. physique, 1917, 15, 576; 
Bruylants and Dondeyne, Bull. Acad. roy. Belg., 1922, 8, 387) but 
that of the latter has apparently been determined only once (Bruy- 
lants, ibid., 1920, 6, 472). 


EXPERIMENTAL 


Hydrogen selenide was prepared by the action of water and 
dilute hydrochloric acid on aluminium selenide, formed by direct 
combination of the two elements. Hydrogen telluride was prepared 
ina similar manner. The evolved gases were dried over phosphoric 


Fie. 1. 
































oxide, and condensed in a trap cooled with liquid air. This trap 
was then sealed to the vapour-pressure apparatus (see Fig. 1). The 
apparatus was now evacuated, and the hydrides were distilled 
several times through phosphoric oxide to effect their thorough 
drying. They were finally condensed in the liquid-air cooled trap 
A, which was of small volume and was connected by means of a 
wide-bore tube to a mercury manometer. 

The hydrides were kept at the desired temperature by a jacket 
of carbon dioxide—alcohol, liquid ammonia, ice-salt mixture, or 
carbon dioxide—acetone cooled by the addition of liquid air. The 
temperatures were read on an N.P.L. standard pentane thermo- 
meter placed in the cooling agent. The pressures were measured 
with the aid of a cathetometer reading to 0-01 cm. 

The zero level of the mercury was adjusted with the aid of a fine 
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platinum wire B sealed in to a mercury cup which was externally 
connected to a small 2-volt electric bulb C, the circuit being com- 
pleted by a platinum wire D, sealed in below the U of the mano- 
meter. It was thus possible to get accurate zero readings on the 
low side of the manometer, despite the corrosion of the manometric 
mercury by the decomposition of hydrogen telluride. Dry hydrogen 
selenide does not corrode mercury. 

For each vapour-pressure reading, successive quantities of the 
gas were fractionated away until there was no further change in 
the pressure. The apparatus, with the exception of the manometer, 
was painted black for the measurements on hydrogen telluride, 
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which, moreover, were made in a darkened room to minimise the 
photochemical decomposition of the hydrides. 

The Vapour-pressure Curves.—The values found for the vapour 
pressures of hydrogen selenide and hydrogen telluride are recorded 
in Table I. Straight lines are obtained when the logarithms of the 
vapour pressures (in cm.) are plotted against the reciprocals of the 
absolute temperatures (see Fig. 2). The corresponding equations are: 


H,Se aa ey logyy p = — 1030/7 + 6-27 
» (solid) logy, p = — 1380/7 + 7-96 
H,Te (liquid) logig p = — 1005/T + 5-53 
» (solid) log,,p = — 1220/7 + 6-39 


For comparison, the data of Maass and McIntosh (T'rans. Roy. Soc. 
Canada, 1914, 8, 65) for hydrogen sulphide, and standard data for 
water, have also been plotted in the same manner. 

The curve obtained by plotting the values given by Bruylants 
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and Dondeyne (loc. cit.) for hydrogen selenide coincided with that 
shown in Fig. 2. These investigators, however, did not pursue 
measurements far below the m. p. 

The curves obtained for hydrogen telluride differed somewhat 
from those plotted from Bruylants’s values: whereas the vapour 
pressures of the liquid phase agreed quite closely, those for the 
solid phase were slightly higher than those obtained by this investig- 
ator. Considerable difficulty was encountered in getting the true 
vapour pressure of solid hydrogen telluride. The hydrogen resulting 
from its decomposition is either strongly adsorbed on, or dissolved 
in, it at low temperatures, since it was always possible, by placing 
a liquid-air jacket round the tube A (Fig. 1) to bring the levels of 
the mercury in both arms of the manometer to zero pressure. The 
measurements must be made rapidly enough to prevent the decom- 
position from affecting the result, and sufficient time must be 
allowed to obtain equilibrium. It was necessary to allow at least 
} hour for each pressure measurement: Bruylants allowed con- 
siderably less. 


TABLE I. 
Vapour pressures of hydrogen selenide and telluride. 
Hydrogen selenide. Hydrogen telluride. 
T, Abs. p(cm.). 7, Abs. p (cm.). T, Abs. p(em.). 7, Abs. p(cm.). 
173-0° 0-82 212:0° 25-12 195-0° 1:37 257-0° 35-00 
183-5 2°45 213°0 27°55 206°5 3°27 260°0 37°92 
183-6 2-47 2195 39-82 209-5 3-67 258-0 43-66 
187-5 3°25 220-5 41-92 221-0 6-67 273-0 80-20 
197-0 9-45 228-8 63-04 238-0 17-02 273-0 85-90 
210-0 23°23 238-0 18:20 273-0 83-20 
TABLE II, 


Molecular heats (Cals.) of 





vaporis-  sublim- Trouton’s 

M. p. B. p. ation. ation. fusion. constant. 
_* Zee 0-0° 100° 9-67 11-12 1-45 25-9 
ae — 83 —.60 4-66 5-33 0-67 21-8 
BRP sct0ce — 66 — 41-5 4-71 6-28 1-57 20-4 
ae vssses — 46 2+2 4-58 5-55 0-97 16-7 


The Physical Properties of the Hydrides.—Table II shows some 
of the physical properties of the hydrides of the oxygen group. 
The m. p.’s and b. p.’s were obtained from the literature (Bruy- 
lants, loc. cit.; Paneth and Rabinowitsch, Ber., 1925, 58, 1138; 
Dennis and Anderson, J. Amer. Chem. Soc., 1914, 36, 882). The 
molecular heats were calculated from the vapour-pressure curves. 

It is of interest to compare the slope and position of the curves 
for water with those for the other hydrides. The values of 
Trouton’s constant indicate no association in the case of these other 
three hydrides. 
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In conclusion, the author wishes to thank Mr. C. F. Goodeve for 
suggesting the research on the hydrides of the oxygen group, and 
for his kindly criticism and advice. 

THe Sm Wii11am Ramsay LABORATORIES 


oF PHYSICAL AND INORGANIC CHEMISTRY, 
UnIvERSITY COLLEGE, LONDON. (Received, May 28th, 1931.] 





CCXCI.—-Physiologically Active Constituents of the 
Yew, Taxus baccata. Part I. Tazine. 


By Rospert KENNETH CALLOW, JoHN Masson GULLAND, and 
CyriL JOSEPH VIRDEN. 


TAXINE, the poisonous alkaloid of the yew, Taxus baccata, was 
isolated by Lucas in 1856 (Arch. Pharm., 85, 145), but the first real 
advances in our knowledge of its chemistry are due to Winterstein 
and his collaborators (Winterstein and Iatrides, Z. physiol. Chem., 
1921, 117, 240; Winterstein and Guyer, ibid., 1923, 128, 175; 
Danuser, Diss., Zurich, 1925; Schaller, Diss., Zurich, 1928), some of 
whose results have been confirmed and extended by Kondo and 
Amano (J. Pharm. Soc. Japan, 1922, 1074) and by Kondo and 
Takahashi (ibid., 1925, No. 524, 2). 

The alkaloid is poorly characterised, for it is amorphous and 
yields amorphous salts. Moreover, processes of degradation generally 
give amorphous products; only occasionally are small yields of 
crystalline material obtained. Some doubt as to its complete 
homogeneity is therefore unavoidable, in spite of the marked increase 
in purity recorded in this paper. 

The early statements that taxine is crystalline (Marmé, Bull. Soc. 
chim., 1876, 26, 417; Amato and Cappareli, Gazzetta, 1880, 10, 349) 
have not been substantiated by later workers, and even the physical 
constants are divergent. Marmé (loc. cit.), Hilger and Brande (Ber., 
1890, 23, 462), and Thorpe and Stubbs (J., 1902, 81, 874) give the 
melting point as 82°, Kondo and Amano as 105—111° after sintering 
at 97°, and Winterstein and Guyer as 111° after sintering at 100°. 
A value of [«]) -++ 35° in alcohol is quoted by Kondo and Amano, 
whereas Winterstein and Iatrides found + 51-5° in the same solvent. 
We also have failed to crystallise the alkaloid, but have effected 
purification involving material alteration of the constants. As an 
alternative to the conversion into salts, distillation, etc., employed 
by others, we have investigated a lengthy process combining solution 
in acids and reprecipitation, treatment of solutions with charcoal, 
and precipitation from different solvents. The purest taxine 
_ obtained formed colourless flakes or granules, which showed no 
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crystalline structure under the polarising microscope, had [«]p + 95-7° 
in alcohol, and melted at 121—124° after precipitation from an acid 
solution by ammonia, at 110—115° when precipitated from ether by 
light petroleum, and at 85° when obtained by evaporating a benzene 
solution at a pressure of 0-1 mm. of mercury. The last specimen 
retained benzene which could not be removed, and the melting point 
is clearly dependent to some extent on the nature of the solvent 
from which the alkaloid has separated. The possibility has been 
considered that the relatively high rotation of our product was due 
to alteration of the taxine during manipulation, but as the processes 
were gentle and were only repetitions of those employed in extraction, 
we regard it as the result of the removal of levorotatory material. 

Further evidence of the increased purity of this taxine as com- 
pared with previous specimens is afforded by the following points. 
First, it fails to develop the striking colour reactions with concen- 
trated mineral acids described by Winterstein and his collaborators ; 
a comparison of their results and ours suggests that their material 
was contaminated by substances which develop a violet colour with 
mineral acids. Secondly, pure taxine does not reduce Fehling’s 
solution, although the crude alkaloid does so; the reducing power 
of crude specimens is due to a small amount of impurity containing 
acarbonyl group. Thirdly, Mrs. T. Bryan Brown of the Pharmaco- 
logy Department, Oxford University, has determined the minimum 
lethal dose to be about 40°% lower than that quoted by other workers 
(e.g., Winterstein and Iatrides; Pfenninger, Z. ges. Exp. Med., 1922, 
29, 310) in the case of intravenous injection into rabbits. Her 
results in this connexion are in agreement with those of Winterstein 
and Guyer, and will be published elsewhere. 

Contrary to the statement of Winterstein and Iatrides that taxine 
does not deteriorate, it has now been observed that even purified 
specimens decompose slowly into an ill-defined substance when kept 
in corked tubes in a dry atmosphere. This product is not basic, but 
contains half the percentage of nitrogen of the original taxine. 

Hilger and Brande, Thorpe and Stubbs, Winterstein and Iatrides, 
and Kondo and Amano all concur in assigning to taxine the mole- 
cular formula C3,H;,0,)N, with which our analytical data are in 
fair agreement, and Winterstein and Guyer have proposed the 
partial) formula C,H,*CH(NMe,)-CH,°CO-O-C,,H,,0,°0°-CO-CHs. 
This is based principally on the quantitative estimation of one 
acetyl group after alkaline hydrolysis, and on the isolation after 
acid hydrolysis of cinnamic acid and of optically inactive §-dimethyl- 
amino-8-phenylpropionic acid hydrochloride, which is reported to 
be identical with a synthetic dil-specimen prepared by Danuser by 
interaction of dimethylamine with $-iodo-8-phenylpropionic acid 
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and by Schaller by the reduction of ethyl] 8-dimethylaminocinnamate. 
Presumably, racemisation of the 8-carbon atom has occurred during 
the hydrolysis or subsequent manipulation. Following the method 
of Winterstein and Guyer, we also have isolated a hydrochloride 
having the same m. p. as their product, but at the request of Pro- 
fessor Winterstein we have refrained from intervention in this 
side of the problem and have restricted our attention to the non- 
nitrogenous products. 

During the hydrolysis of crude taxine by boiling dilute sulphuric 
acid, the solution deposits a resin. From this Winterstein and 
Guyer were unable to isolate any homogeneous material capable of 
being characterised, but by specially devised methods (see p. 2145) 
it has now been possible to obtain a nitrogen-free substance which 
contained small quantities of an aldehyde or ketone, which yielded 
a semicarbazone. This carbonyl compound was not formed as a 
result of the hydrolysis, since the same semicarbazone has been 
isolated by treating crude taxine with semicarbazide. Our experi- 
ments show that it is responsibie for the reduction of Fehling’s 
solution by crude taxine. 

After the removal of this impurity, the hydrolysis product melted 
at 155—165° and the analytical figures agreed with a formula 
C,,H,,0, (or slightly less closely with C,,H,,0,). It is proposed 
to name this substance anhydroxatine. Assuming the correctness of 
Winterstein’s partial formula for taxine as a basis for discussion, the 
name “ xatine”’ is proposed for the group C,,H,,0,(OH),, taxine 
itself being the acetyl and §-dimethylamino-$-phenylpropionyl 
derivative. Anhydroxatine is to be regarded as being formed from 
taxine essentially by the hydrolysis of these acyl groups and elimin- 
ation of the elements of water, changes which might be expected 
through the agency of hot dilute sulphuric acid. The first- 
mentioned formula suggests that two hydrogen atoms may also be 


removed, possibly in the oxidation of a dihydroaromatic structure’ 


to an aromatic one, but certainty on this pointis at present impossible 
owing to the amorphous character of anhydroxatine. 

Anhydroxatine contains no methoxyl groups. By implication 
taxine also contains no methoxyl, and this finding confirms the 
statement by Schaller that the estimation of half a methoxyl in 
taxine in Zeisel determinations by himself, by Winterstein and 
Iatrides, and by Kondo and Takahashi is in reality due to the 
instability of the dimethylamino-group of the §-dimethylamino- 
8-phenylpropiony] residue. 

Anhydroxatine contains no carbonyl group and is not oxidised by 
boiling Fehling’s solution ; nevertheless, it reduces Tollens’s reagent 
(ammoniacal silver oxide containing sodium hydroxide). Further, 
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it is unsaturated towards permanganate and behaves as a lactone 
with alkalis. These facts suggest that it is an unsaturated lactone 
of the type of angelicolactone, and since it has no reaction with 
sodium nitroprusside it resembles bufagin rather than digitalin and 


. strophanthin (Jacobs, Hoffmann, and Gustus, J. Biol. Chem., 1926, 


70, 1). 

Taxine, though not attacked by carbonyl reagents, reduces 
Tollens’s reagent, and by inference from anhydroxatine is also an 
unsaturated lactone. All the oxygen atoms of taxine (I) may now 
be accounted for. Two form a Jactone group, and four take part 
in the ester linkages comprised by the acetyl and dimethylamino- 
s-phenylpropionyl groups. The remaining four are now shown by 
micro-Zerewitinoff estimations to be present as hydroxyl. We take 
this opportunity of expressing our indebtedness to Dr. H. Roth of 
the Kaiser Wilhelm Institut fiir Medizinische Forschung, Heidelberg, 
who has carried out these determinations. 

It is, unfortunately, impossible to deduce the number of carbo- 
cyclic rings in taxine from the foregoing results, since no exact 
knowledge is available of the hydrogen content and the number of 
unsaturated linkages. It would be unwise to base an estimate of 
the former solely on the analytical data for amorphous substances, 
and the quantitative reduction experiments of Winterstein and 
latrides and of Danuser are inconclusive. 

During an investigation of the possibility that ephedrine may 
occur in crude taxine (see following paper) or might be formed 
during its hydrolysis, it was observed on one occasion only that a 
smooth decomposition into a neutral non-nitrogenous substance was 
effected by a few minutes’ shaking with sodium hydroxide solution 
and p-nitrobenzoyl chloride in ether at room temperature. This 
material may have been acetylxatine, C,gH,,0,, but the analytical 
figures are unsatisfactory, and it has not been possible to repeat this 
degradation in spite of many attempts. 

It is interesting to compare taxine with other chemically related 
substances. On the one hand, there is a close general resemblance 
between the partial formule for taxine (I) and cevadine (veratrine) 
(Il; Freund and Schwarz, J. pr. Chem., 1917, 96, 236; Macbeth 
and Robinson, J., 1922,121, 1571), the most completely investigated 
of the alkaloids of the Gymnosperms, to which class the yew also 
belongs. 

On the other hand, the lethal action of taxine is essentially on the 
heart, and this, together with its character as an unsaturated lactone, 
might relate it to the cardiac poisons of the digitalis, strophanthus, 
and toad-poison groups (bufotoxin, III; Wieland and Alles, Ber., 


1922, 55, 1789), since Jacobs and Hoffmann (J. Biol. Chem., 1926, 
4a2 
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67, 333) suggest that the unsaturated lactone group may be essential 
for the “ pharmacodynamic action ” of these substancés, There is, 


C,H,*CH(NMe,)-CH,-CO-O—\ CHMe:CMe-CO-O— 
CH,-CO-0— Ho—| 
O— }Co3H 9 o— .C, gH 20°NC,H,; 
(I.) OoCc— OC— (II.) 

(OH),= (OH) = 

CO,H-CH(NH,)-[C -NH-C(:NH):NH:-CO-[CH,],-CO-O— 

2H-CH(NH,)-[CH,],"NH-C(-NH) CH OO 

o— -C.)H3, 
(III.) OC— | 
(OH).— 


however, a significant difference in pharmacological behaviour, since 
taxine stops the frog’s heart in diastole (Winterstein and Iatrides; 
Pfenninger ; Bryan Brown, unpublished), whereas the digitalis effect 
is characteristically systolic. 

The difficulty of obtaining supplies of leaves of high and constant 
alkaloid content and of handling large quantities has unfortunately 
limited this investigation, but the results are published now since 
it is improbable that the present authors will be able to continue the 
research. 

EXPERIMENTAL. 

Extraction of Taxine.—The yield was slightly improved by drying 
and mincing the leaves before extraction. 

Extracts were made by two methods, viz., (i) by soaking in 1% 
sulphuric acid, and (ii) by digesting with slaked lime and benzene. 
In preliminary experiments, method (i) was decidedly the more 
advantageous, and a large quantity of leaves was extracted by this 
method. Twigs from Kew Gardens were dried at 37°, stripped, and 
the leaves (2-15 kg.) minced and extracted with dilute sulphuric acid 
(8 1. of 1%) for 4 days. The mixture was filtered, mixed with 
“ norite ” charcoal, and stirred mechanically for 12 hours at a low 
temperature. This procedure yielded a clear yellow solution, which 
darkened when made alkaline, but neither deposited amorphous 
material nor gave rise to emulsions during ether extraction (below), 
as is the case when treatment with norite is omitted. The filtrate 
was made alkaline with ammonia, extracted thoroughly with ether, 
and the ethereal solution shaken with 1% sulphuric acid. The 
taxine, thus freed from non-basic impurities, was reprecipitated by 

ammonia and again taken up in ether, and the extract was dried and 
evaporated first at about 45° and then in a vacuum desiccator over 
sulphuric acid. The taxine (20 g.) thus obtained was a colourless 
powder, m. p. 90—98° after softening at 85°, and had [«}* + 82-7° 
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in dry alcohol (« 8-24°, 7 = 1, c = 10-040). It dissolved readily in 
dilute acids and in the usual organic solvents except light petroleum. 

Purification of T'axine.—The taxine obtained above was submitted 
to a prolonged process of purification in an unsuccessful attempt to 
crystallise it. During the following stages the alkaloid was not 
allowed to remain in acid solution longer than necessary, and such 
solutions were kept ice-cold. The rotations were observed in 
absolute-alcoholic solution. 

The taxine was dissolved in ether, shaken out with normal 
sulphuric acid, liberated with ammonia, and again taken up in ether, 
and the solution was dried, concentrated to small volume, and 
slowly mixed with light petroleum. The viscous precipitate which 
separated at first was discarded, and more light petroleum was 
gradually added to the solution, cooled to 0°. The powdery pre- 
cipitate thus obtained was dissolved in 5% sulphuric acid, precipi- 
tated with ammonia, taken up in ether, and dried. Removal of the 
solvent yielded a colourless specimen of taxine having [«]}° + 90-3°, 
(x = 3-69°, 1= 1, c = 3-178). The acid—-ammonia process was 
repeated, and the product subjected to four successive precipitations 
from ether by means of light petroleum. After being dried in a 
vacuum desiccator over sulphuric acid, it melted at 108—115° after 
softening at 87°, and had [«]j° + 95-4° (a = 5-12°,/ = 1,c = 4-590). 
This material was dissolved in 1% sulphuric acid, precipitated with 
ice-cold ammonia, collected, washed with water, and dried in a 
vacuum desiccator. It formed a colourless granular powder, m. p. 
121—124° after softening at 115°, which reduced Tollens’s reagent 
but not boiling Fehling’s solution [Found: C, 67-4, 65-9, 65-8; 
H, 7-8, 7-9, 7-9; N, 2-1. Calc. for C,,H;,0;)N : C, 66-4; H, 7-6; 
N, 2-1. Found by micro-Zerewitinoff : at 26°, OH, 10-2, 10-1; at 
90°, OH, 12-7, 12-5. Cale. for C,,H,,O,N(OH), : OH, 10-2; and for 
C3-H,,0;N(OH),: OH, 12:7%]. The apparent existence of 5 
active hydrogen atoms at 90° is presumably due to elimination 
of dimethylamine from the §-dimethylamino-$-phenylpropionyl 
group, a change which can be shown to occur on heating taxine in 
a boiling water-bath. 

Since the m. p. of this specimen was at least 10° higher than that 
of the same material when precipitated from ether by light petrol- 
eum, it was decided to obtain it from benzene solution in order to 
ascertain if the m. p. varied with the solvent used. This supposition 
proved correct. The specimen of taxine, m. p. 121—124°, was dis- 
solved in pure benzene, and the solvent removed at room temper- 
ature under reduced pressure in presence of phosphoric oxide. The 
product melted at 80°, frothing up the tube, and the m. p. was 
raised only to 85° by prolonged exposure at 0-1 mm. (Hyvac pump). 
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The rotation, however, remained unchanged at [a] + 95-7° 
(« = 6-03°, 7 = 1, ¢ = 5-450). In order to confirm this inter. 
dependence of m. p. and solvent, the taxine obtained thus from 
benzene was dissolved in 1% sulphuric acid, liberated with ammonia, 
and extracted with ether. The dried extract was freed from solvent 
first by drawing a stream of dry hydrogen through it and then by 
exposure to a Hyvac pump. The resulting taxine melted at 110— 
115°, the same temperature as observed previously after precipitation 
from ether (above) (Found: C, 65-2; H, 7-7; N, 2-0. Cale. for 
C3,H;,0,,N : C, 66-4; H, 7-6; N, 2-1%). 
Decomposition of Taxine by 5% Sulphuric Acid. 

This experiment has been repeatedly successful as regards the 
isolation of anhydroxatine, but as indicated below, the other products 
have not always been obtained. 

A solution of crude taxine (8 g., from Kew Gardens leaves) in 
sulphuric acid (65 c.c. of 5°94) was heated under reflux on the water. 
bath for 17 hours. The liquid, which smelt strongly of crushed 
yew leaves, was decanted from a considerable layer of dark resin 
which had separated on the bottom of the flask. 

A. Examination of the Acid Solution.—{i) Cinnamic acid. The 
solution was extracted with ether, which yielded a small amount 
of cinnamic acid, identified by mixed m. p. 

(ii) Nitrogenous product. The extracted liquid was mixed with 
an excess of phosphotungstic acid solution (20% in 5% sulphuric 
acid), and the precipitated phosphotungstate was decomposed by 
dissolving it in acetone (30 c.c.) and water (40 c.c.) and adding 
baryta solution until a filtered test portion gave no further precipi- 
tate. The solid was removed, the excess of barium precipitated by 
a stream of carbon dioxide, and the filtrate acidified with hydro- 
chloric acid and evaporated to dryness at 40°/12 mm. The residue, 
freed from a little barium chloride by solution in absolute alcohol, 
could not be crystallised in spite of many attempts. In a similar 
experiment, however, in which the taxine was freshly prepared from 
leaves from the Forest of Dean and used at once, no difficuity was 
experienced in crystallising this product, and after being ground 
with acetone, in which it is sparingly soluble, and crystallised by 
adding ether to an alcoholic solution, it formed colourless flat 
needles, m. p. 186—187°, the m. p. recorded by Danuser (loc. cit.) for 
8-dimethylamino-8-phenylpropionic acid hydrochloride. Never- 
theless, in a subsequent experiment carried out with the same 
specimen of taxine some weeks later, only an uncrystallisable gum 
was obtained. This may be related to our frequent observations 
that taxine, even after purification, decomposes slowly into non-basi¢ 
nitrogenous products. 
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(iii) Non-nitrogenous water-soluble products. An excess of baryta 
was added to the filtrate from the phosphotungstate precipitate, the 
solid removed, and the solution freed from excess of baryta with 
carbon dioxide and evaporated to small volume in a vacuum desic- 
cator. The addition of alcohol threw out a caseous, deliquescent 
precipitate, which was collected. This did not reduce Fehling’s 
solution and was neither an acetate nor a cinnamate; the amount 
was too small for further examination. The filtrate contained 
barium acetate, which was converted into sodium acetate, m. p. 
320° (Found in material dried at 100°: C, 29-1; H, 3-6. Cale. for 
(,H,0O,Na: C, 29-3; H, 3-7%). 

B. Non-basic Resin. Anhydroxatine—The resin was extracted 
with boiling benzene (100 c.c.) and the addition of light petroleum 
to the filtered solution yielded a tarry precipitate which was 
repeatedly extracted with boiling light petroleum (b. p. 100—120°). 
On cooling, these extracts deposited a flocculent, pale yellow pre- 
cipitate of very crude anhydroxatine, m. p. 75—90° (1-8 g.). An 
alternative procedure was to grind the resin with cold 2N-sodium 
hydroxide to remove dark-coloured acidic material, to extract the 
residue with benzene, and to precipitate the crude anhydroxatine 
with light petroleum. Further purification was effected by solution 
in cold ether, decantation from any residue, and precipitation with 
light petroleum, and after four repetitions of this treatment, the 
product was of a pale buff colour, m. p. 115—120° after sintering at 
105° (Found: C, 67-8; H, 7-3%). It contained neither nitrogen 
nor methoxyl, and reduced boiling aqueous-alcoholic Fehling’s 
solution. In view of the possibility that this substance might 
contain a carbonyl group, an attempt was made to prepare a semi- 
carbazone. The substance (0-45 g.), semicarbazide hydrochloride 
(0-7 g.), and sodium acetate (0-6 g.) in 80% alcohol (15 c.c.) were 
heated under reflux on the water-bath for 5 hours. A trace of 
crystalline material, m. p. 259° (? semicarbazone), separated, but 
the amount did not permit further study. The liquid was poured 
into water, the precipitate collected, dried, dissolved in dry alcohol, 
and mixed with benzene. The small precipitate which separated 
was discarded, and the solution evaporated to dryness. The residual 
solid, m. p. 155—165°, contained no nitrogen and did not reduce 
Fehling’s solution. When dissolved in benzene and precipitated 
with light petroleum, the anhydroxatine thus obtained formed a 
colourless powder, m. p. 155—165° (Found: C, 67-0; H, 7-2; 
M, 440. C,,H,.0, requires C, 66-7; H, 7-4%; M, 432). It gave 
no colour with alcoholic ferric chloride. It rapidly reduced per- 
manganate in aqueous-alcoholic solution, but in chloroform it did 
not decolorise bromine at room temperature; on warming, a little 
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hydrogen bromide was evolved. It readily reduced Tollens’s reagent. 
It was insoluble in cold sodium hydroxide solution, but when its 
solution in aqueous-alcoholic sodium hydroxide was warmed for a 
few moments and acidified with dilute hydrochloric acid, an acid was 
precipitated which redissolved in excess of aqueous sodium hydroxide. 


Action of p-Nitrobenzoyl Chloride and Alkali on Taxine. 

Taxine (0-5 g., from leaves gathered in Oxford in July) in ether 
(7 c.c.) was mixed with p-nitrobenzoy] chloride (0-35 g.); a colourless 
solid, presumably a quaternary chloride, separated. 2N-Sodium 
hydroxide (1-5 c.c.; 4 mols.) was added, and the mixture shaken at 
room temperature. After a few minutes, sodium hydroxide (2 c.c.) 
and p-nitrobenzoyl chloride (0-35 g.) were added, the shaking was 
continued, and two minutes later a further 2 c.c. of sodium hydroxide 
were introduced. 

The colourless, crystalline precipitate of p-nitrobenzoic anhydride 
which had separated was collected and crystallised from acetone, 
from which it separated in needles, m. p. 179—180° alone or mixed 
with an authentic specimen (Found: C, 53-2; H, 2-5; N, 8-9. 
Cale. for C,,H,O,N,: C, 53-2; H, 2-5; N, 8-9%). 

The ethereal layer was washed with water, dried, and evaporated. 
The residual gum solidified when stirred with light petroleum, and 
was purified by repeated precipitation by this solvent from benzene 
and ethereal solutions alternately. The resulting acetylxatine (?) 
formed a cream-coloured amorphous powder, m. p. 125—130° 
(decomp.), which did not contain nitrogen (Found : C, 63-5; H, 6-7. 
JegH 3,0, requires C, 63-2; H, 7-7. C,,H,,0, requires C, 63:7; 
H, 8-0. C,H 3,0, requires C, 63-6; H, 6-9%). Repeated fruitless 
attempts were made to obtain this substance from other specimens 
of taxine prepared from Kew Gardens leaves gathered in November; 
75—90% of the alkaloid was recovered even after prolonging the 
reaction for periods up to 4 days. 

Colour Reactions.— 


Reagent. Purified taxine. Anhydroxatine. 
Conc. H,SO, Deep red. Deep red. 
Salkowski Acid, reddish-orange. Acid, reddish- 

Chloroform, pink. orange. 
Chloroform, colour- 
less. 
Lifschiitz Red, changing rapidly to Orange-red. 


dark blue, and slowly to 
dull green with green 


fluorescence. 
Cone. H,SO, and Yellow, becoming dull — 
K,Cr,0, olive brown. 
Cone. HCl No colour. No colour. 
Cone. HNO, No colour. No colour. 


Other sterol reactions were negative in both cases. 
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Deterioration of Pure Taxine.—A specimen of purified taxine, 
m. p. 121—124°, which had been preserved for about 3 months in a 
corked specimen tube in a desiccator (calcium chloride) was shaken 
with a large excess of ice-cold 2N-hydrochloric acid. The clear 
solution was filtered from undissolved solid and made alkaline with 
ice-cold ammonia. The colourless granular precipitate of taxine 
melted at 122° after sintering at 110° (Found: C, 66-0; H, 7-6. 
Cale. for C3,H;,0,,N: C, 66-4; N, 7-6%). It reduced Tollens’s 
reagent, but not boiling Fehling’s solution. 

The acid-insoluble solid (above) was dissolved in ether, and the 
solution shaken first with dilute hydrochloric acid, then with water, 
dried, and concentrated. The addition of light petroleum yielded 
a colourless amorphous precipitate, m. p. 122—124° after softening 
at 115° (Found: N,1-1%). It was not oxidised by boiling Fehling’s 
solution but reduced Tollens’s reagent, and readily decolorised cold 
alcoholic permanganate solution. It formed a colourless solution in 
concentrated sulphuric acid, which slowly became light brown. 
On being warmed for a few moments with dilute sodium hydroxide 
solution containing a little alcohol, it dissolved, and did not separate 
on cooling. When this solution was acidified with hydrochloric acid 
and concentrated in a vacuum desiccator, cinnamic acid, m. p. 133°, 
separated in leaflets and was identified by mixed m. p. determination. 

The Carbonyl Impurity of Crude Taxine——This experiment was 
carried out with a month-old specimen of crude taxine, m. p. about 
90°, which reduced boiling Fehling’s solution. It was shaken with 
a mixture of dilute hydrochloric acid and ether, and the two layers 
were separated. 

(i) The acid solution was made alkaline with ammonia and 
extracted with ether, and the extract was dried and evaporated. 
The resulting gum still reduced Fehling’s solution to a slight extent, 
but the remainder of the carbonyl compound was removed as 
follows. A solution of the gum in dilute acetic acid was filtered from 
undissolved solid, mixed with semicarbazide hydrochloride and 
sodium acetate, and kept at room temperature for 12 hours. The 
solution was again filtered, ammonia was added, and the resulting 
precipitate of still crude taxine melted at 100—115° after sintering 
at 90° (Found: N, 2-3. Cale. for C,,H;,0,)N: N, 2:1%). It did 
not reduce Fehling’s solution, and the analysis shows that not more 
than traces of semicarbazide can have been present. 

(ii). The ethereal solution was dried and evaporated. The result- 
ing gum, which readily reduced Fehling’s solution, was dissolved in 
60% alcohol and mixed with semicarbazide hydrochloride and 
sodium acetate. After standing over-night, the solution was boiled 
under reflux for 1 hour, and part of the solvent was evaporated. 














2148 GULLAND AND VIRDEN: PHYSIOLOGICALLY ACTIVE 


On cooling, a small amount of a semicarbazone separated in colour- 
less needles, m. p. 259°, which were probably identical with those 
isolated after the hydrolysis of crude taxine by sulphuric acid. The 
mother-liquors were diluted with water, and the non-basic precipitate 
melted at 100—115° after sintering at 90°. This was evidently the 
normal product of the deterioration of taxine. 


We wish to express our gratitude to Professor Wright Smith of 
Edinburgh University ; to the Curator of the Royal Botanic Gardens, 
Kew; and to Mr. R. Grant Broadwood of the Forestry Commission, 
Parkend, who have supplied us with yew clippings; and to Messrs, 
T. and H. Smith, who have extracted large quantities of material for 
us. The work recorded in the following paper was also made 
possible by the good offices of these gentlemen. 

THE Dyson PERRINS LABORATORY AND 


THE DEPARTMENT OF PHARMACOLOGY, 
OXFORD. [Received, July 17th, 1931.] 





CCXCII.—Physiologically Active Constituents of the 
Yew, Taxus baccata. Part II. Ephedrine. 


By JoHN Masson GuLLanD and CyriL JOSEPH VIRDEN. 


THE method employed by us and other workers for the isolation of 
taxine, the poisonous alkaloid present in the leaves of the yew, is 
percolation with 1% sulphuric acid, liberation of the base with 
alkali, and repeated extraction with ether (see Callow, Gulland, and 
Virden, preceding paper). Though quite suitable for small-scale 
experiments, this procedure is both tedious and costly when employed 
with large volumes of solutions, and at the suggestion of Messrs. 
T. and H. Smith of Edinburgh, to whom we are greatly indebted for 
carrying out large extractions, an alternative method was investig- 
ated. An intimate mixture of dried leaves, moist calcium hydroxide, 
and benzene was kept for one day. The benzene contained much 
non-basic material but only a small amount of taxine, and this 
process is useless for the preparation of the alkaloid, a conclusion 
also reached by Winterstein and Iatrides (Z. physiol. Chem., 1921, 
117, 240). Nevertheless, a small quantity of ephedrine was isolated 
as the hydrochloride, and identified by analysis and specific rotation, 
by conversion into p-nitrobenzoylephedrine, and by the absence of 
depression of the m. p.’s of mixtures of the hydrochlorides and 
p-nitrobenzoyl derivatives of the isolated base and an authentic 
specimen. 

It is interesting to note that Taxus baccata and the Chinese and 
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Indian Ephedra species, which are the source of ephedrine, are related 
botanically, both belonging to families of the Gymnosperms. 

It is doubtful if the yew could form a readily accessible source of 
ephedrine for medical and pharmacological purposes, since the yield 
of pure material in the present experiment was only 0-0017%. 
Nevertheless, it is possible that larger amounts might be obtained, 
and that the season of picking, the locality, and the age and sex of 
the tree are important factors in determining the content of the 
leaves. The authors are unable to continue this investigation, but 
make this publication in the hope that others may do so. 


EXPERIMENTAL. 

In a large-scale extraction carried out by Messrs. T. and H. Smith, 
yew leaves, gathered in Edinburgh in May, were dried by exposure 
to the air in a warm room, stripped from the branches, and freed 
from all but the smallest twigs. This dried material (45 kg.) was 
mixed to a paste with benzene and moist calcium hydroxide and 
kept for 24 hours with occasional stirring. The benzene was 
separated, dried, and concentrated, finally under reduced pressure, 
and the residue (35 g.) was a dark-coloured resin, quite unlike the 
almost colourless, friable glassy material obtained at this stage in an 
acid extraction of the leaves. It did not harden after being exposed 
for 6 weeks in a vacuum drying apparatus; and having been dis- 
solved in chloroform in order to simplify further treatment, it was 
sent to us by Messrs. T. and H. Smith. 

The residue from the evaporation of a small portion of the chloro- 
form solution was only partly soluble in dilute mineral acids, and did 
not contain much taxine. It is our experience that the lime—benzene 
method of extraction never yields as much taxine as the sulphuric 
acid-ether process, but in addition, it is probable that considerable 
decomposition occurred during the prolonged attempts to harden 
the resin in the drying apparatus, since we have observed that even 
the purest sample of taxine yet obtained slowly decomposes into 
non-basic substances when kept in a closed specimen tube. 

In the first experiment, the resin, freed from chloroform by 
distillation, was heated with 5% sulphuric acid on the water-bath. 
Later, however, when*the nature of the products was realised, the 
following procedure was found to be simpler and equally effective. 

The chloroform solution, corresponding to 1-5 g. of resin, was 
extracted with a small quantity of cold N-sulphuric acid in order to 
separate the basic constituents; the chloroform layer was examined 
separately (see X, below). An excess of phosphotungstic acid (20% 
solution in 5% sulphuric acid) was added to the acid extract, and the 
precipitated phosphotungstate was collected, washed, dissolved 
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in 60% aqueous acetone, and decomposed with a slight excess of 
aqueous baryta. The precipitate was removed, and the solution 
was freed from barium by passage of carbon dioxide, and from 
acetone by drawing a current of air through it, and was then acidified 
with hydrochloric acid, filtered, made alkaline with ammonia, and 
extracted thoroughly with chloroform. The extract, when dried 
and evaporated, yielded a colourless, uncrystallisable oil, which was 
converted into moderately pure ephedrine hydrochloride (0-1 g.) by 
evaporation in a vacuum of its solution in alcoholic hydrochloric 
acid. After being stirred with acetone and crystallised by addition 
of ether to an alcoholic solution, it formed colourless plates, m. p. 
216° after softening at 212-5° (Found: C, 59-7; H, 7-9; N, 7-0; 
Cl, 18-0. Cale. for C,jH,;,ON,HC1: C, 59-6; H, 7-8; N, 7-0; 
Cl, 17-6%). In aqueous solution, [«]) — 32°6° (a = — 1-04°, 
l= 1, ¢ = 3-124). Authentic ephedrine hydrochloride has [«], = 
— 36°. There was no depression in a mixed m. p. determination 
with authentic ephedrine hydrochloride, m. p. 216° after softening 
at 212-5°. The yield of hydrochloride was 0-75 g. from 35 g. of resin, 
but the actual content was estimated at about 1-5 g.; there was 
considerable loss in earlier purifications before the value of treatment 
with acetone was realised. Unsuccessful attempts were made to 
isolate ephedrine by the lime—benzene method from small quantities 
of leaves (125 g.) gathered in May in the Forest of Dean and at 
Oxford. 

N-p-Nitrobenzoylephedrine was prepared from an authentic speci- 
men and from the material from yew. When.a mixture of ephedrine 
hydrochloride (0-31 g.) in water (2 c.c.), p-nitrobenzoyl chloride 
(0-62 g.) in ether (5 c.c.), and sodium hydroxide solution (5 c.c. of 
20%) was shaken, the required compound separated in colourless 
needles, m. p. 186—187° after being recrystallised from alcohol 
(Found : C, 65-2; H, 5:8. C,,H,,0,N, requires C, 65-0; H, 5-7%). 
It did not dissolve in dilute hydrochloric acid. There was no 
depression in the m. p. of mixtures of the derivatives from both 
sources. 

Examination of the Chloroform Solution of Non-basic Material (X). 
—The solution was extracted successively with sodium hydroxide 
solution, dilute sulphuric acid, and water, dried and distilled. The 
resulting gum solidified to a colourless powder, m. p. 90—91° with 
effervescence after softening at 83°, when stirred with light petrol- 
eum (b. p. 100—120°). Although readily soluble in most organic 
solvents, it was divided by treatment with ether into a soluble and 
an insoluble fraction, and these melted at 40—65° after stirring with 
light petroleum (b. p. 40—60°). Neither contained nitrogen nor 
was attacked by semicarbazide, and their investigation was aban- 
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doned as their “ melting points ” depended on the boiling point of 
the solvent employed. 
THE Dyson Prerrins LABORATORY AND 


THE DEPARTMENT OF PHARMACOLOGY, 
OxForD. (Received, July 17th, 1931.} 





CCXCIIT.—A Case of Apparently Isothermal ‘ Mixed 
Melting Points.” 

By Currron Wini1am Grppy and WrittaAm ALEXANDER WATERS. 

IN a previous communication (Waters, J., 1929, 2111) it was recorded 

that “the m. p. of this substance [3-bromo-5-iodo-4-aminobenzo- 


phenone] was not depressed after its admixture in various proportions 
with 3:5-dibromo-4-aminobenzophenone,” the m.p. of each substance 


Temperature. 














0 20 40 60 80 100 
Dibromo-compound, %. 


heing given as 148°. In view of the rarity of this phenomenon and 
of the general use of “ mixed m. p.’s”’ for confirming identity of 
organic compounds, the system has been investigated further. 

The two components were prepared in large quantities as pre- 
viously described (loc. cit.), both the final products and the 3-iodo- 
4-aminobenzophenone being carefully purified by repeated erystal- 
lisation from benzene, alcohol, and acetone. 

The freezing points of mixtures of various compositions were 
determined by observing the cooling curves of quantities up to 10 g. 
which were allowed to cool in test-tubes separated by an air-jacket 
from a bath of hot glycerol. An Anschiitz thermometer was used, 
and was compared directly with one calibrated by the N.P.L. The 
correction for the exposed stem was found to be about 0-6° by 
immersion in a glycerol-bath. In no case was more than one arrest 
observed, and in each case determinations were made in duplicate, 
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values identical to 0-1° being obtained. The results are shown in 
the graph. 

The revised m. p.’s of the pure substances, viz., 3 : 5-dibromo- 
4-aminobenzophenone 146-0° (compare Clarke and Esselen, J. Amer. 
Chem. Soc., 1911, 33, 1135, who previously gave this value), and 
3-bromo-5-iodo-4-aminobenzophenone 145-9°, can be regarded as 
more accurate than the value of 148° previously given. 


Freezing points (corrected). 
(B= & of dibromo-compound.) 
B. F. p. B. F. p. B. F. p. B. F. p. D. ¥F.%. 


100 146-0° 84:0 144-:8° 59-2 144-6° 28-5 145:2° 42 145-6° 
98-8 145-5 80-1 144-9 52-7 144-6 23-9 145-2 2-8 145-8 
97-5 145-6 70-8 144-6 42-6 144-7 17-3. 145-3 0-9 145-8 
96-0 145-6 64:3 144-6 37-3. 145-1 9-7 145-4 0-0 145-9 
86:5 144-9 


Melting points, determined by heating in capillary tubes attached 
to a thermometer graduated in }°, in a glycerol-bath, gave by visual 
observation, m. p. 146-1° (corr.) for both pure substances, and a 
maximum depression for mixtures of }°. 

Melting points determined in a similar manner, but with an 
Anschiitz thermometer reading to 0-1°, a lens being used for observ- 
ation of the first sign of melting, showed a maximum depression 
of 1°. 

These results are insufficient to establish the exact nature of the 
phase diagram, on account of the relatively large experimental error 
in the m. p. determinations and the difficulty of correlating them 
with the f. p. measurements with a certainty of 0-1°. A probable 
explanation is the formation of a continuous series of mixed 
crystals, especially as bromo- and iodo-derivatives are frequently 
isomorphous. The present results, however, confirm the earlier 
observation that the system is almost unique, in that, without 
special precautions such as are seldom necessary in organic 
chemistry, both the pure components would appear to have the 
same m. p., and that the depression of m. p. on mixing them would 
be regarded as negligible. 


UNIVERSITY CHEMICAL LABORATORIES, 
DvuRHAM. [Received, July 10th, 1931.] 
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CCXCIV.—Electrometric Titration Curves of Dibasic 
Acids. Part IV. Corrections for Interionic 
Effects and for Solvent Electrostriction. First and 
Second Dissociation Constants of some n-Paraffin 
aw-Dicarboxylic Acids, Alkyl- and Dialkyl-malonic 
Acids, s-Di- and -tetra-alkylsuccinic Acids, B-Alkyl- 
and BB-Dialkyl-glutaric Acids, and Cyclic 1: 1-Di- 
acetic Acids. Remarks on the Configurations and 
Molecular Dimensions of these Acids in Dilute 
Aqueous Solution. 


By RicHarD GANE and CHRISTOPHER KELK INGOLD. 


In our preliminary survey (Part I, J., 1928, 1594) of the possibility 
of measuring the distance between the carboxyl groups of a dibasic 
acid by utilising the hydrogen potentials obtaining during neutralis- 
ation, in conjunction with Bjerrum’s theory concerning the effect 
of ionic substituents on electrolytic equilibria, we suggested that 
this theory was much too simple to warrant the expectation of 
quantitative accuracy. The theory is concerned with the propa- 
gation of electrical influences from an ionic centre to a focus of 
reaction situated elsewhere in the same molecule, and the sources of 
disturbance to which we referred may be summarised as follows : 
in the first place, polar transmission through the molecule itself is 
neglected; secondly, although account is taken of the propagation 
of the polar field through the medium, local variations in the pro- 
perties of the medium are neglected. 

We have shown, however, that despite these disturbances, 
measurements made by this method are not devoid of significance ; 
for the direction of the errors and their relative importance in 
different examples can usually be foreseen on theoretical grounds, 
and in very many cases the first disturbance is negligible. Never- 
theless, in the absence of appropriate corrections, the measurements 
remain qualitative, and therefore they ought to be used only for 
purposes of comparison and under certain other limitations which 
have been stated. We refer to this matter, not only because it is 
the starting point of the work to be described, but also because our 
data have been employed by others in contexts which appear to 
imply the ascription of more precise physical significance than we 
ourselves would care to claim. 

In the previous papers of this series (Part I, loc. cit.; Part II, J., 
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1928, 2267; Part III, J., 1929, 1691) we have been concerned solely 
with the collation of our data with the available chemical evidence 
concerning constitutional effects on molecular configuration and 
valency direction. For that purpose only qualitative data are 
necessary, because the chemical evidence itself cannot be inter. 
preted otherwise than qualitatively and comparatively. We have 
shown, however, that the physical data follow the indications of 
the chemical evidence quite as accurately as the limits of possible 
comparison allow. 

The new method of approach to stereochemical problems having 
been justified to that extent, the next step appeared to be to attempt 
to advance it beyond the qualitative stage which at present limits 
the application of purely chemical arguments; and for that purpose 
it was necessary to give some attention to the sources of inaccuracy 
indicated above. 

Of these, the first-mentioned disturbance is the less serious 
because it is the less general. Later in this paper we confirm our 
previous conclusion that internally transmitted polar effects become 
negligibly small after propagation through two, or at most three, 
saturated carbon atoms. Accordingly, a large class of structures 
exists for which the complication due to internal polar influences 
may justly be disregarded. These structures being available for 
the application of theory, we do not in this paper attempt to dis- 
cuss the first error on quantitative lines, but confine ourselves to 
the second, more general, source of disturbance. 

It may be added that we make no attempt here to discuss the 
difficulty which Bjerrum’s theory and our own calculations share 
with many other theories that have been justified in application, 
namely, that of providing a rigidly logical substitute for the applica- 
tion of continuous conceptions to discontinuous matter in local 
regions. This type of difficulty is very well known; but the pre- 
cedent for proceeding in spite of it, in the hope that the doubt which 
an imperfect @ priori basis creates may be dispelled by a posteriori 
comparison with experience, is also well established. 


Methods and Resulis. 


Interionic Effects——One part of the problem concerning the effect 
of media relates to the influence of dissolved ions, and it was neces- 
sary to consider this before the disturbance due to local variations 
in the properties of the solvent itself could profitably be attacked. 
One of the most obvious ways in which we might have dealt with the 
interionic influences is by modifying the method of calculation 
(see Part I) by a suitable application of Debye and Hiickel’s equation 
for the activities of electrolytes. This plan, however, involves 






















TITRATION CURVES OF DIBASIC ACIDS. 


TaBLeE I. 
Malonic acid. 


Volume of origina] solution of acid 
Molar concentration of acid solution 
», sodium hydroxide = N. 








y 
e 
i 
e 
9? 
e © coscoese 0-0500 
f WV .ccdsscce 0-9868 
D ora wrk, 
. C.c. pu- 
0-00 2-055 
, 1-00 2-254 
‘ 2-00 2-459 
3-00 2-626 
; 3°70 2-770 
4-40 2-923 
5-10 3-072 
5-$1 3°291 
6-70 3-582 
7-50 4-035 
8-20 4-436 
9-10 4-789 
10-01 5-054 
10-99 5-265 
12-10 5-520 
13-20 5-797 
14-40 6-261 
14-70 6-491 
14-90 6-720 
15-00 6-934 
15-10 7-269 
15-20 7-767 
15-30 10-680 
© siddsensa 0-0100 
IF sssesienie 0-1951 
C.c. Pu- 
0-00 2-460 
1-01 2-597 
2-02 2-724 
2-98 2-863 
3-99 3-027 
5-01 3°212 
6-04 3-442 
7-03 3-822 
7-55 4-178 
8-06 4-470 
8-54 4-690 
9-01 4-850 
10-03 5-171 
11-97 5-380 
11-98 5-608 
13-04 5-870 
14-03 6-170 
14-56 6-413 
15-07 6-759 
15-28 7-231 
15-47 9-162 
15-56 10-747 





15-61 








0-0200 
0°3903 
C.c. Ppu- 
0-00 2-324 
1-06 2-459 
2-03 2-619 
3-01 2-771 
4:04 2-959 
4-96 3-141 
6-01 3°386 
6-98 3°746 
7-53 4-169 
8-02 4-384 
8-60 4-662 
9-00 4-815 
10°11 5-145 
11-02 5:347 
12-08 5-493 
13-06 5-744 
14-00 6-019 
14-58 6-380 
15-07 6-736 
15-38 7-650 
15-63 9-847 
0-00400 
0-09868 
C.c. Pu- 
0-00 2-720 
1-00 2-836 
2-00 2-973 
3-00 3-134 
3°70 3-254 
4-50 3°470 
5-30 3-767 
6-00 4-217 
6-81 4-736 
7°51 5-067 
8-20 5-295 
9-00 5527 
9-90 5-775 
10-70 6-033 
11-50 6-396 
11-70 6-564 
11-91 6-817 
12-04 7-065 
12°15 8-076 
12-30 9-647 








PART IV. 


150-0 c.c. 
0-0100 
0-1974 
C.c. pu- 
0-00 2°45 
1-00 2-602 
2-00 2-787 
3-01 2-860 
4-00 3-022 
5-01 3-218 
6-00 3-460 
7-01 3-861 
8-02 4-494 
9-00 4-908 
10-01 5-194 
11-00 5-418 
12-03 5-646 
13-00 5-888 
14-00 6-203 
14-70 6-448 
14-90 6-800 
15-00 6-971 
15-11 7-188 
15-20 7-789 
15-30 9-397 
0-00125 
0-02467 
——EO————— 
C.c. pu- 
0-00 3-002 
1-00 3°122 
2-00 3°232 
3-00 3-339 
4:00 3°454 
5-00 3°616 
6-00 3°837 
7-00 4-150 
8-00 4°577 
9-00 4-952 
10-00 5-234 
11-01 5-466 
12-00 5-701 
13-01 5-934 
14-01 6-288 
14-80 6-390 
14-94 6-579 
15-05 6-803 
15-21 7-310 
15-30 8-093 
15-39 9-799 
15-45 10-812 
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practical difficulties, and after a brief trial we discarded it in favour 
of the following empirical process. 

This involved the determination of the potentiometric titration 
curves for each acid for a series of concentrations decreasing to near 
the limit beyond which the accuracy of the measurement of potential 
begins to be impaired. 

The acids were purified by repeated crystallisation before use 
(compare Part II, p. 2270, footnote), and the potential measure- 
ments were carried out and standardised and the results calculated 
exactly as described in Part I. We found that the requisite pre- 
cision was not obtained at concentrations much smaller than 
M/1000, and, accordingly, M/800 was taken as our limit of dilution. 
Table I contains the detailed data for malonic acid, and the corre- 
sponding K values (together with the pair recorded in Part I) are 
shown in Table IT. 

Table III summarises the results for all the acids which we have 
examined by the above method, and it includes data relating toa 
number of acids which have not previously been investigated at all 
by potentiometric means—for instance, several alkyl-malonic and 
-glutaric acids and the five symmetrically alkylated succinic acids 
(stereoisomerides are distinguished by their m. p.’s in the table). 

When these data were plotted it was seen that, above a certain 
dilution, the K’s varied slowly and linearly with the concentration. 
It followed that a linear extrapolation would yield the K values 
which should pertain to conditions under which interionic effects 
are negligible. These extrapolated values are collected together in 
Table III under the heading “ corr. to p = 0.” 


TABLE II. 
Acid. 102°C. 10‘K,. 10°K,. Acid. 
Normal acids. 


Oxalic 1-000 620 845 Glutaric 
0-400 605 730 
0-125 594 674 

Malonic 5-000 17-7 41-2 
4-991 17-7 43-7 Adipic 
2-000 15-8 25-5 
1-000 24-3 
1-000 23-8 
0-400 21-1 Pimelic 
0-125 . 21-2 

Succinic 5-000 46:1 
4-880 45-0 
2-000 37-8 Suberic 
1-000 36-6 
0-400 35-0 
0-125 33-5 Azelaic 
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TaBLE II (contd.). 
Acid, 10*K,. 10°K,. Acid. 10°C. 104K,. 107K,. 
Substituted malonic acids. 


Methyl- 10-7 34:3. Dimethyl- 5-560 
9-21 19-2 1-000 

9-02 19-5 0-400 

9:00 18-2 0-125 

Ethyl- 12-6 28-1 Methylethyl- 1-000 
10-5 17-2 0-400 

10-5 14:8 0-125 

10-3 15-1 Diethyl 1-060 

n-Propyl- 10-7 20-8 0-610 
10-4 16-6 0-420 

10-2 16-3 0-133 

10-2 14-5 Ethyl-n-propyl- 1-000 

isoPropyl- 11-7 17-5 0-400 
11-7 15-9 0-125 

11-5 14:0 Di-n-propyl 0-381 

11-5 13-5 0-125 
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Substituted succinic acids. 


aa’-Dimethyl- aa’-Diethy]- 
(209°) 1-75 . (192°) 
1-72 . 
1-70 
aa’-Dimethy]l- aa’-Diethyl- 
(129°) 1-19 ° (129°) 
1-16 
1-18 
1-16 . Tetramethyl- 
1-15 “44 
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Substituted glutaric acids. 


B-Methyl 0-577 6-37 £8-Dimethyl- 
0-575 6-28 
0-567 6-02 
0-565 5-99 

8-Ethy]l- 0-537 5-10 B8-Methylethyl- 
0-528 4-84 
0-521 4-79 
0-518 4-74 

8-n-Propyl- 0-507 4-52 £BB-Diethyl- 
0-497 4:32 
0-492 4-21 
0-490 4:15 B8-Di-n-propyl- 
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Cyclic 1: 1-diacetic acids. 


cycloPentane- 1-67 2-65 cycloHexane- 
1-68 2-64 
1-66 2-60 
1-67 2:60 cycloHeptane- 








Acid. 
Normal acids. 
Oxalic 
Malonic 
Succinic 
Glutaric 
Adipic 
Pimelic 
Suberic 
Azelaic 


Normal acids. 


Malonic 
Succinic 
Glutaric 
Adipic 
Pimelic 
Suberic 
Azelaic 
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TABLE III. 
10*K, (25°). 
Potentio- =n 
metric Conductivity 
(corr. values 
to p=0). (from literature). References. 
590 380, 570, 570 6, 11, 12 
14-9 17-1, 15-8, 14-1, 16-3 1, 15, 22, 26 
0-641 0-665, 0-652 15, 21 
0-453 0-475, 0-473, 0-469, 0-471 15, 18, 19, 21 
0-382 0-371, 0-376, 0-377 15, 18, 21 
0-328 0-348, 0-323, 0-322 2, 18, 21 
0-304 0-311, 0-258, 0-299, 0-304 1, 15,18, 21 
0-281 0-296, 0-253, 0-288 1, 18, 21 


Substituted malonic acids. 


eeeeeeee 
erences 
eeeeeeee 


eeeeeeee 


10°K, 
(25°). 
Potentio- 
metric 
(corr. 
to p=0). 


| See 
| below 





640 490, 720, 690 8, 
20-3 20, 21, 13-6 7, 
33°3 29, 27, 43 8, 
38-0 29 8 
38-7 — 

37-7 44 7 
39-5 28, 33 7, 
38-5 28-5, 43 8, 


Methy]l- 8-92 8-7, 7-99, 8-6 15, 22, 23 17-5 
Ethyl- 10:3 12-7, 12-0, 10-3 15, 20, 22 14-7 
n-Propyl- 10-1 11-3, 11-5, 11-2 1, 14, 23 14-3 
isoPropyl- 11-4 =: 12-7, 13-5, 13-2 1, 14, 20 13-2 
Dimethyl- 6-83 7-2, 7-2, 6-57 15, 20, 22 8-72 
Methylethy!l- 13-8 16-7, 16-5, 13-9, 16-1 1, 20, 23, 23 3-86 
Diethy]l- 61-5 75-0, 85, 63-9 14, 17, 22 0-51 
Ethyl-n-propyl- 71-6 116, 73-7 14, 22 0-37 
Di-n-propyl- 85:8 119, 112, 100, 90 14, 18, 20, 22 0:31 
Substituted succinic acids. 
aa’-Dimethyl- (209°) 1-70 2-04, 1-91, 1-94, 1-96, 1, 3, 4, 5, 9, 11-6 
2-08, 1-91 23 
- (129°) 1:15 1-22, 1-32, 1-23, 1-38 3, 4, 5,9 6:36 
aa’-Diethyl- (192°) 2-33 2-35, 2-45 9, 23 3°47 
- (129°) 3-11 3-47,3-43 9, 23 2-54 
Tetramethyl- 3:19 3-14,3-11 1,9 0-52 
Substituted glutaric acids. 
B-Methy]l- 0-565 0-600, 0-590 19, 23 5-96 
p-Ethyl- 0-517 0-529 19 4-69 
B-n-Propyl- 0-487 — — 4-11 
68-Dimethy]- 1-98 2-21, 1-98, 2-00 16, 19, 24 5-10 
BB-Methylethyl- 2-40 2-44 19 2-00 
BB-Diethyl- 2-38 — — 0-75 
B8-Di-n-propyl- 2-05 — _- 0-49 
Cyclic 1 : 1-diacetic acids. 
cycloPentane- 1-66 1-73 19 2-58 
cycloHexane- 3°34 = — 0-99 
cycloHeptane- 2-78 _— — 1-10 
10’°K, (25°). [See also above, col. 5.] 
Potentiometric From literature References 
Acid. (corr. to wp =0). (salts present). and method. 
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References and Methods :—({1) Bethmann, Z. physikal. Chem., 1890, 5, 401. 
(2) Idem, Annalen, 1893, 275, 360. (3) Bischoff and Walden, Ber., 1889, 22, 
1821. (4) Boeseken, Schweizer, and van der Wart, Rec. trav. chim., 1912, 
$1,100. (5) Bone and Sprankling, J., 1899, 75, 863. (6) Chandler, J. Amer. 
Chem. Soc., 1908, 80, 713. (7) Idem, ibid. (by partition). (8) Idem, ibid. (by 
conductivity of acid salt). (9) Crum Brown and Walker, Annalen, 1893, 274, 
44. (10) Datta and Dhar, J., 1915, 107, 827 (by solubility of CO,). (11) 
Dawson and Smith, J., 1929, 2539 (by catalysis). (12) Drucker, Z. physikal. 
Chem., 1920. 96, 381. (13) McCoy, J. Amer. Chem. Soc., 1908, 30, 692 (by 
partition). (14) Meldrum, J. Physical Chem., 1911,15, 477. (15) Ostwald, Z. 
physikal. Chem., 1889, 3, 282. (16) Pfaff, Annalen, 1896, 292,146. (17) Salm, 
Z. physikal. Chem., 1908, 68, 97. (18) Smith, ibid., 1898, 25, 194. (19) Spiers 
and Thorpe, J., 1925, 127, 538. (20) Springer and Jones, Amer. Chem. J., 
1915, 48, 423. (21) Voermann, Rec. trav. chim., 1904, 28, 277. (22) Vogel, 
J., 1929, 1476. (23) Walden, Z. physikal. Chem., 1891, 8,451. (24) Walker, 
Annalen, 1896, 292, 146. (25) Wegscheider, Monatsh., 1902, 28, 625 (by 
conductivity of acid salt). (26) White and Jones, Amer. Chem. J., 1910, 
44, 171. 


Table III also contains a number of previously recorded values 
of K, and K, for comparison with our own results. The tabulated 
values of K, are those obtained by the conductivity method * at 
25°, and moderately good agreement with our extrapolated values 
of K, is to be expected because the conductivity method is inherently 
less affected than most others by interionic disturbances. Except 
in the case of a few of the older determinations, and some of the 
measurements on the stronger acids (such as oxalic and dipropyl- 
malonic) which give poor results by conductivity, the agreement is 
moderate to good. The few available values of K, which are set 
out in the lower part of the table include determinations at or about 
25° by various methods which are indicated in the references. It is 
a general defect of these methods that salt effects are present, and 
for this reason nothing more than a rough comparison of the results 
with our extrapolated values of K, would be justified. 

From this point onward discussion will be based on the potentio- 
metric values of K, and.K, “ corr. to p = 0.” 

Solvent Effects —The problem presented by the attraction between 
the solvent molecules and the ions and the consequential changes 
in the properties of the solvent near ions, cannot readily be solved 
by any empirical method such as that employed in connexion with 
interionic effects, and we are forced to rely on the results of calcu- 
lation. The principal part of such a calculation consists in the 
evaluation of the electrical potential of an ion in a polar solvent, and 
this is considered in a separate paper (this vol., p. 2179) since the 
results have applications which are independent of the subject of the 

* Except that Dawson and Smith’s value, obtained from experiments on 


catalysis, of K, for oxalic acid is included, since these authors correct for salt 
effects. 
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present series of communications. In that paper the potential is 
exhibited as a function ¥(g, 7) of the charge, g, on the ion and the 
distance, 7, of the field-point from it; and the results of the evalu. 
ation of the function, ¥, are expressed partly in formule (31) and 
partly in tabulated numerical data (32). Furthermore, it is shown 
that the potential energy of a second ion, of charge q’, in the field of 
the first can be represented (35) with sufficient accuracy as q’/(q, r) 
except at distances which are so short that in any application such 
as that now contemplated the calculation would be vitiated in any 
case because of the neglect of intramolecular polar transmission. 
Knowing the value of the mutual potential energy of the ions at 
any distance from each other, we are in a position to apply Boltz- 
mann’s distribution function and complete the calculation of the 
relation between the dissociation constants of a dibasic acid on the 
general lines laid down by Bjerrum. The result may be expressed 


Kj/K,nto"@. .....@ 
From the observational data for K, and K, (q = 4774 x 10° 
k = 1-371 x 10-16, 7 = 298-2) we can calculate 4; and hence we 
can evaluate r, the distance between the ionic charges on the dibasic 
anion, by using the relations (31) and (32) referred to above. 





Discussion. 
(1) The Normal Acids. 


Preliminary Considerations.—The values of r, computed from the 
observations in the manner described above, for the normal dicarb- 
oxylic acids, CO,H-[CH,],"CO,H, from oxalic acid to azelaic acid 
(n = 0—7), are assembled in Table IV under the heading “r (obs.).” 
The significance of the columns headed “7 (max. ex obs.) ”’ and 
“  (Cale.) ’’ is explained later. All r-values are in Angstrom units. 


TABLE IV. 
r (max. 
Acid. n. r (obs.). exobs.). 7 (calec.). 4r. 
SED. <ccicrncanensarvces 0 3-37 _— 3°54 — 0-17 
Malonic. ............+.. l 3-43 — 4:26 —083 » 
ED Sssemiaadscnion 2 5-58 7-18 5-87 — 0:29, & 
I oitecterige, 3 7-11 9-66 6-84 4 0-27] z 
| Re emt 4 8-22 11-41 8-36 — 0-14] | 
0 5 9-43 13-25 9-43 -+- 0-00 m 
er 6 11-07 15-71 10-88 os 0-19| o 
SE deottdumindadnetes 7 12-03 17:10 12-04 —001/ 6 


te 


In order to compare the values of r based on observation with the 
indications of the molecular model, we want to know what kind of 
model to take—whether rigid or flexible. We reflect that the 
dimension which 7 represents is the distance between the ionic 
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centres (points at which the net ionic charges may be supposed to 
be concentrated) in a dipolar ion, and the mutual repulsion of the 
charges might make an intrinsically flexible polymethylene chain 
simulate the behaviour of a rigid model. Prima facie considerations 
do not tell us whether the electrostatic repulsion would be strong 
enough to do this, and to obtain an answer we require to examine 
the statistics of the flexible model. 

Effect of Molecular Pliability on the Dissociation Constants of a 
Symmetrical Dibasic Acid.—We can picture the ideally pliable 
molecule as consisting of two carboxyl groups attached to the ends 
of a string; the size of the carboxyl groups will set a minimal limit, 
r,, to the extension, 7, of the model, and the length of the string will 
seta maximal limit7,. In mathematical terms this means that when 
r,<r<?, we neglect sources of potential energy of configuration 
other than that arising from the interaction of the charges on the 
bipolar ion; and that when r becomes <r, or >r, we assume that 
the potential energy becomes very great. The extension, 7, has 
already been defined for the bivalent ion as the linear distance 
between the ionic centres; it is now defined for the univalent ion 
and for the acid molecule as the linear distance between points whose 
geometrical relation to the carboxyl carbon atoms is identical with 
that of the ionic centres in the bivalent ion. Under these conditions 
the equation * connecting the K-ratio with r, and 7, is 


4 , pe _ WG 
K,/K, = 3("2° — r,°) ‘| e & #8.dr. . . (2) 


" 





Now equation (1) is really an equation for rigid molecules, because, 
in its derivation, it is tacitly assumed that molecules of the same 
chemical species are geometrically similar; equation (2) pertains 


* Let A, U, and B respectively denote the numbers of acid molecules, 
univalent ions, and bivalent ions in a given volume; dA, dU, and dB will 
represent the numbers having extensions between r and r + dr, and K,, and 
K,, may be taken to symbolise the corresponding first and second dissociation 
constants. Then, having regard to the assumed constitution of the model, 
the application of statistics gives the relations 

(dA/A) = (dU/U) = 3r? . dr/(r,? — r;°) 


Qu(q, 7) te GY 
dB/B = e &T r?2.dr lf e *? 7 dr 
et 
Introducing equation (1) (noting that q’ = — q) in the form 
QQ, 7) 





K,,/Ky = 4e ™ 
together with the mass-action relations 
K,,/K,, = @U*/dA.dB and K,/K,= U?/AB 
we obtain the necessary equations with which to eliminate the unwanted 
variables and derive the result in the text. 
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to the pliable model. Suppose, now, that equation (1) has been 
applied to the observational data for pliable molecules. We may 
call the derived value of r the “‘ effective extension ” of the pliable 
molecule and denote it by r.4;,. Then, by comparing equation (1) 
(ret, being written for r) with equation (2) (in which r, and 1, are 
rewritten fax, ANd 7pin, respectively), we obtain a relation between 
the “effective extension’ and the “maximal” and “ minimal 
extension ” of the molecule : 


: joo, we Tmax.  qb(q,7) 
¥(q, Test.) = = 108,| “2 5 Pen ‘| e kT 72. ar | (3) 


Tmin. 





Equation (3) can be solved graphically after the function y has 
been obtained from the accompanying paper (oc. cit.) and the definite 
integral has been evaluated by Runge’s process. Corresponding 
values of ro, and ?nax, have been calculated by assuming (i) 7 pin, = 0, 
and (ii) 7min, = 3 A.U., and a selection of figures is given in Table V. 
From these it will be seen that for maximal extensions between 4 and 
18 A.U. the effective extensions range from about 70% to about 90% 
of the maximal extensions; it is also evident that the relationship 
between these two quantities is little sensitive to the assumed value 
of the minimal extension provided that this lies within reasonable 
limits. 


TABLE V. 
ee 4-00 5-00 6-00 7-00 8-00 
10°® rmax. (Tmin. = 0). ...--- 4-79 6-48 8-13 9-76 11-30 
10° rmas. (min. = 3 A.U.) 4-56 6-22 7-89 9-49 11-06 
RIND -cehnaphiddasinaadobiin 9-00 10-00 11-00 12-00 13-00 
10° rmx. (Tmin. = 0) ...... 12-88 14-37 15-87 17-32 18-78 


10° rmax. (Toin. = 3 A.V.) 12-63 14-12 15-61 17-06 18-53 


In applying these calculations to our experimental results, we 
have used fin, = 3 A.U. (which should not be very far from the 
truth), and the smallness of the difference caused by the use of the 
zero value shows that the effect of the uncertainty about the precise 
value of fin. is unimportant. “On this basis, the values headed 
‘“‘ (obs.)”” of Table IV have been treated as values of 7.4, and 
translated, by means of Table V, into values of 7,,,x,, which in Table 
IV are recorded under the heading “ r (max. ex obs.).” 

The Pliable Model_—When the values of “‘ r (max. ex obs.) ” are 
plotted against », the number of polymethylene groups, the points 
approximate to a straight line the slope of which indicates a mean 
increase per methylene group of 1-9 A.U. Now there are at least 
three conceivable types of pliable model, viz., (1) ‘‘ rotation-pliable ” 
—those in which rotation around the valencies does not contribute 
appreciably to the energy of configuration, whilst the resistance to 
valency-deflexion and valency-extension is very great; (2) “ de- 
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n flexion-pliable ”’—those in which neither rotation nor alteration 
iy I of the inter-valency angles sensibly affects the energy, whilst the 
le | resistance to valency-extension is great; and (3) “ extension- 
1) § pliable ’—those in which rotation, deflexion, and a limited amount 
re | of extension make no great contribution to the molecular energy. 
on In the first case the increase in rp,x, per methylene group should be 
al 1:54 sin(0/2) Angstrom units, where 6 is the angle between the 
carbon valencies of the methylene group; i.e., it should be con- 
siderably less than 1-54 A.U. In the second case the increase should 
be equal to 1-54 A.U. Only in the third case can the increase be 
greater than 1-54 A.U., and the application of this model to our 
As results requires the assumption that there is no perceptible energy 
be contribution due to distortion until the valencies have been pulled 
§ — into a straight line and then stretched by over 20% of their original 
), length. The intrinsic improbability of this is so great that we are 
. compelled to give consideration to the rigid model. 
d The Rigid Model_—When we plot the values of ‘“r (obs.)”’ from 
h Table IV against », the points (except for = 1) lie close to the 
p & straight line 10% = 2-98 + 1-29n. The figure 1-29 A.U. for the 
le mean increase in length for each added methylene group is a possible 
le value, because it is close to that (1-27 A.U.) found by Miiller (Proc. 
Roy. Soc., 1928, 420, 437) by X-ray methods for long-chain hydro- 
carbons in the crystalline state. Also, the value of 6 which satisfies 
the equation 1-29 = 1-54 sin(6/2) is 114°, and this is a possible value 
for the intervalency angle, because we should expect this angle to be 
a little greater than the tetrahedral angle, cos“4( — }) = 109-5° 
(Ingold, J., 1920, 119, 305). 

Further Comparisons with the Model.—It will be realised that the 
pliable and rigid models represent limiting cases, the former imply- 
ing that non-ionic resistance to flexure is negligible in comparison 
with ionic resistance, and the latter the converse relation. Thecon- 
clusion to be drawn from our investigation of the two models is, 
then, that the non-ionic sources of potential energy of configuration 
are not only not negligible but are actually large enough to dominate 
the ionic sources. Accordingly, for the purpose of further com- 
parisons with the experimental data, we must adopt the rigid model 
; as the more appropriate to our problem. 

(i) Structure of the carboxylate ion. The value 2-98 A.U. given by 

: the intercept of the linear graph on the axis n = 0 enables us to 
make an approximate estimate of the distance of the ionic centres 

| in the carboxylate ions from the centres of the carboxyl carbon 
atoms. For reasons fully explained elsewhere, we regard the 





= = ee TS EF Ce co 






carboxylate ion as possessing an axis of symmetry, —C “ous and it 
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is therefore necessary only to locate the effective ionic centre on that 
axis. The distance of such a centre from the centre of the corre. 
sponding carboxyl carbon atom is, then, 


4(2-98 — 1-29)/sin (114°/2) = 1-00 A.U. 


(ii) Structure of the polymethylene chain. The approximate con- 
formity of the r-n relation to a straight-line law implies that the 
most appropriate model is the plane zig-zag, which is the familiar 
result of the X-ray examination of many normal-chain aliphatic 
compounds in the crystalline state. But the graph of the relation. 
ship between r and n required by this model is not accurately a 
straight line; it is a zig-zag the form of which can be calculated 
trigonometrically from the data expressed in the following diagram : 


Ba 114° 

Np 
ng SN 4 
Lot * “ge 


| Yr 


It is in this way that values tabulated under the heading “r (calc.)” 
are obtained for Table IV; the differences between these and values 
headed “‘r (obs.)”’ are also shown. The comparison is exhibited 
graphically in a later paper (this vol., p. 2178). 

The r value for oxalic acid follows the indications of the model 
fairly closely, but this is probably an accidental result of the balanc- 
ing of the various disturbances which affect this case (compare this 
vol., p. 2177). Malonic acid shows a deviation from the model which 
is well beyond experimental error. From succinic acid to azelaic 
acid, however, the divergences are comparatively small, the mean 
deviation from the mean being only 0-15 A.U., i.e., less than 2%, of 
the mean computed distance. We deduce from this that, as the 
polymethylene chain grows, the internal transmission of polar 
influences from one carboxyl group to the other becomes so rapidly 
damped out that in succinic acid it has already become quite sub- 
sidiary to the effect of the external electric field. It will be appre- 
ciated that we are here studying on quantitative lines an important 
special case of what has been termed the “ direct polar effect.” 

Comparison with X-Ray Results —A number of the normal dibasic 
acids have been examined by the powder method by Trillat (Compt. 
rend., 1925, 480, 1330) and by Henderson (Proc. Roy. Soc. Edin., 
1928, 48, 20). Both authors obtained a mean increase in the 
principal spacing of about 1-1 A.U. per carbon atom. Miiller and 
Shearer had found a similarly small value (1-0 A.U.) for the mean 
increase for monobasic fatty acids (J., 1923, 123, 2043, 3152, 3156), 
but, as the former author showed subsequently in the case of stearic 
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acid, this is due to tilt between the axes of the zig-zags and the 
cleavage planes (Proc. Roy. Soc., 1927, 114, 542). Caspari’s investi- 
gation of single crystals of adipic acid and a number of its higher 
normal homologues (J., 1928, 3235) shows that the same explanation 
applies to Trillat’s and Henderson’s results on these substances. 
For the mean increase in the length of the molecule for each added 
carbon atom, Caspari found 1-27 A.U., which agrees well with our 
1:29 A.U., having regard to the difference of physical condition and 
of method. 

Origin of the Forces Inhibiting Free Rotation.—The conformity of 
our results to the requirements of the rigid model does not, of course, 
imply complete molecular rigidity ; but it does suggest that depar- 
tures from the uniplanar zig-zag form are only brief occurrences. 

The idea that a molecule, which is theoretically flexible on account 
of free rotation around the bonds, actually assumes a particularly 
simple and symmetrical geometrical form in the crystal is now a 
commonplace, and the result is usually ascribed to “ packing,” that 
is, to a form of intermolecular action. We know, moreover, again 
through X-ray diffraction experiments, that there are close analogies 
in the matter of molecular form between the crystalline state and 
the liquid state. For instance, Steward and Morrow showed for 
normal primary alcohols (Physical Rev., 1927, 30, 232), and Morrow 
showed for normal monocarboxylic acids (ibid., 1928, 34, 10), both 
in the state of liquid, that the mean spacing is a linear function of 
the number of carbon atoms in the chain. Moreover, the latter 
investigator found, for liquid monocarboxylic acids, that the mean 
increase of spacing per added methylene group was 1-0 A.U.— 
exactly the same spacing difference as that which Miiller and 
Shearer had observed for monocarboxylic acids in the crystalline 
state. The explanation was obviously the same, viz., that in the 
liquid state the molecular axes are tilted to the effective planes, the 
angle of tilt being the same as that.which obtains in the crystal. 
The analogies are, in fact; so close that it is difficult to avoid carrying 
over to the liquid state the ideas, originally applied to the crystal, 
about why theoretically flexible molecules assume a definite geo- 
metrical form; indeed, in a pure liquid the molecules are nearly as 
close to one another as they are in the solid, and hence, so far as 
pure liquids are concerned, there is no obvious need for supplement- 
ing the explanation based on intermolecular action. But this 
theory can hardly be still further extended to cover the case of a 
dilute solution, and thus our results, which relate to dilute solutions, 
very strongly suggest that, contrary to the general view, an important 
part (if not the whole) of the forces which in the crystal, in the 


liquid, and in dilute solution, inhibit rotation and tend to maintain 
4B 
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a geometrically simple, favoured configuration, is intramolecular in 
origin. Some further discussion of the matter is contained in a later 
paper (this vol., p. 2179). 

It may be added that our results contain evidence that the 
particular geometrical configuration here considered is essentially 
a property of the methylene group, and becomes modified in the 
presence of tertiary or quaternary carbon atoms. 


The Malonic Acids. 


The series of acids studied in Part III (loc. cit.) has been extended 
by the inclusion of methylethyl- and ethyl-n-propyl-malonic acid. 
The observational data, when reduced by means of formula (1), lead 
to the following values of the distance, r, between the carboxyl 
groups of malonic acids RR’C(CO,H).. 


Monosubstituted. Disubstituted. 


. MeH. EtH. ProH. PréH. Me,. MeEt. Et, EtPre. Pro,. 
r(A.U.) 343 351 3-44 3-42 338 3-40 3:15 2-75 270 267 








This is a series of compounds in which internal polar effects 
inevitably influence the dissociation constants and hence cause a 
disturbance to configurational relationships deduced from these 
constants. 

The theory of this case is explained in Part III, in which it is 
shown, inter alia, that the spatial sequence indicated by the 
hypothesis of valency deflexion, viz., 


A B C 


ss “- ste a, 
H,>MeH>EtH>PreH > Pr*H>Me,>MeEt> Et, >EtPre>Prs, 





should be modified owing to the polar influences by the displacement 
of series B, without internal derangement, to the left relatively to A, 
and by the displacement of series C, again without internal derange- 
ment, to the left relatively to the altered position of group B. The 
observed order illustrates these deductions : 
A oO 
McH > EtH> Ht, >PreH>Me,>PrH>McEt>Et,>EtPre>Pry 
B 





Part III also contains a statement of theoretical requirement with 
regard to the relative intervals between the r-values of the different 
members of the series, and with regard to the effects to be expected 
from the superposition of polar and spatial influences on the first and 
second dissociation constants, considered individually. All that 
need be stated here is that the whole of that discussion is borne out, 
both in general and in detail, by the extended and more accurate 
results now submitted. 
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The Succinic Acids. 


The symmetrical dialkyl and tetra-alkyl succinic acids have not 
been previously studied in the present connexion. The distances 
(in A.U.) for acids CO,H*CRR’-CRR’-CO,H, calculated from the 
experimental results by means of formula (1), are as shown in the 


following table : 
Un- Tetra- 
substituted. s-Disubstituted. substituted. 


-_— 





" rn 


H. MeH. EtH. Me,. 





(209°) (129°) (192°) (129°) 
3°87 3-80 3:40 3-32 3°07 

ee ee 
3°83 3°36 3°07 

From the argument of Part III, it will readily be seen that this 
is not a series in which internal polar disturbances are expected 
noticeably to affect the results: those alkyl groups which are near 
enough to the first-ionised carboxyl group to have their polarity 
modified by its dissociation are not near enough to the second 
carboxyl group to propagate the effect of the modification, and those 
which are sufficiently close to the second carboxy] to transmit such 
an influence are too remote from the other one to acquire the effect 
appreciably in the first place. 

There is another difference between this series and the malonic 
acid series. In the malonic acids the model is unambiguously 
determined by the chemical] formula, and it has not a sufficient 
number of degrees of freedom to enable the distance between the 
ionic centres to be changed by rotation around the linkings. The 
simplest normal dibasic acid whose structure permits the possibility 
of a change of geometrical type through rotation is succinic acid ; 
and the same possibility obviously applies throughout the succinic 
acid series. Now, we have already observed that succinic acid, in 
common with all its higher norma] homologues, gives an r distance 
corresponding fairly closely with the requirements of the uniplanar 
zig-zag model; for succinic acid the model requires r = 5-87 A.U. 
(Found: 5-58 AU.). When, however, we examine the r distances 
assembled in the preceding table, we see that the fall (nearly 2 AW.) 
between the values for RR’ = H, and RR’ = MeH is much too great 
to be accounted for solely on the basis of valency deflexion, and this 
indicates that we should compare the data for the substituted suc- 
cinic acids with the requirements of the other simple geometrical 
model to which they might tend to conform, viz., the uniplanar coil 
For inter-valency angles of 114°, this model requires r = 3-61 A.U., 
whilst if the angles were 109° 28’ the distance would be r = 3-23 A.U. 
The results are therefore consistent with the suggestion that whilst 
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succinic acid itself favours the uniplanar zig-zag model, the alkylated 
succinic acids tend to conform to the uniplanar coil. The smallness 
of the r value for tetramethylsuccinic acid suggests the operation of 
valency deflexion in addition, and a comparison of the results for the 
dimethyl-, diethyl-, and tetramethyl-acids is not inconsistent with 
this hypothesis. Further discussion of the effects due to valency 
deflexion in relation to those attributable to a change of geometrical 
type arises most appropriately in connexion with the substituted 
glutaric acids. 

The Glutaric Acids. 


The series of $-substituted glutaric acids which we studied in 
Part IT has, in the present work, been expanded by the inclusion of 
6-ethyl- and @-methyl-8-ethyl-glutaric acid. The values (A.U.) of 
the intercarboxy] distances of the acids RR’C(CH,°CO,H)., calculated 
from the observations by means of equation (1), are as follows : 


B-Mono- Cyclic 





BD wecssesienes substituted. 8B-Disubstituted. 1: 1-diacetic acids. 
oe pate Hy. MeH. EtH. PreH. Me, MeEt. Et, Pre. (CH), (CH) (CH,)» 
gal 0." 3 7-11 4:06 3-99 397 358 333 312 312 345 316 3-20 








The two most obvious features presented by these results are, 
first, that the distance for glutaric acid is very much larger than for 
any of the substituted acids, and secondly, that, apart from this, 
the data are in agreement with the valency-deflexion hypothesis 
with regard both to the order of the compounds and to the relative 
magnitudes of their differences in respect of the property considered, 

Concerning the first point, it was suggested in Part II that the 
substitution of the $-carbon atom in glutaric acid would cause a 
departure from the zig-zag form characteristic of polymethylene 
dicarboxylic acids. The new measurements appear to bear this 
out since there seems to be no other way of accounting for the much 
smaller distances given by the alkylglutaric acids than by glutaric 
acid. 

Fuller explanation is required of the second statement, namely, 
that the remaining results show agreement with the valency-deflexion 
hypothesis. With that hypothesis in its original form the corre- 
spondence is only general; what is more important is that new data 
show agreement, both in general and as to detail, with the chemical 
observations on ring closure which have been used to illustrate that 
hypothesis and have caused it to be modified in certain important 
particulars. As instances of unexpected chemical observations 
which have led to the adoption of a modified form (dynamical) of 
the valency-deflexion hypothesis, reference may be made to the 
larger effect of the cyclopentane ring than of the gem-dimethyl 
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substituent, the larger effect of the gem-diethyl group than of the 
cyclopentane ring, and especially the smaller effect of the cyclo- 
heptane ring than of the cyclohexane ring: all these results have 
their counterpart in the distance measurements recorded above. 
It is unnecessary to go through the remaining details of the com- 
parison since this ground has already been traversed in Part II 
(except as regards the ethyl- and methylethyl-acids which fit per- 
fectly into the general scheme). - Reference may, however, more 
usefully be made to our citation in Part IT ofthe correspondence 
between the chemical results on ring closure and the r-distance 
measurements as evidence of valency deflexion, since this point 
seems to have been misunderstood. The argument is not the one 
(illogical as a general proposition) that a conformity between 
structural relations deduced from two kinds of evidence necessarily 
confirms the presumed cause of the said relations: any supposed 
cause, €.g., that the whole of both the phenomena compared is due 
to restricted rotation, could thus be defended. It is to the geometry 
of the problem that the comparison appeals: the experiments on 
ring-formation relate to the degree of juxtaposition of a certain pair 
of C,- and C,-substituents; in the present investigations we are 
concerned with the distance between a different pair of C,- and C,- 
substituents (the carboxyl groups); but the two sets of results run 
parallel, even to the duplication of the irregularities; the parallel 
cannot be explained by rotation around the C,Cg-bonds since this 
would cause one pair of C,C,,-substituents to diverge whilst the other 
pair converged; only the approximation of the «- and «’-carbon 
atoms themselves can explain the universally conjunctural approxim- 
ation of the different pairs of substituents attached thereto. This 
is the basis on which we regarded our results as confirming the 
valency-deflexion hypothesis—in the dynamical form in which its 
authors have applied it since 1923 (see Ingold and Thorpe, J., 1928, 
1318, and cited references). It is not surprising that, as methods 
become more refined, additional stereochemical factors should 
emerge; but the circumstance that these investigations lead to the 
recognition of such a factor in restricted rotation is not considered 
to obliterate either the mass of chemical evidence underlying the 
hypothesis of valency deflexion or the independent confirmation of 
it which our results themselves provide. 


THE UNIVERSITY OF LEEDS. 
University CoLtLteGE, LONDON. [ Received, June 29th, 1931.] 
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CCXCV.—The Mechanism of, and Constitutional 
Factors controlling, the Hydrolysis of Carboxylic 
Esters. Part VI. Kinetics of the Hydrolysis of 
Some Paraffin aw-Dicarboxylic Esters in very Dilute 
Aqueous Solution; and the Derivation, with Cor- 
rections for Solvent Electrostriction, of their Mole- 
cular Dimensions. Remarks on the Spatial Form 
of Polymethylene Derivatives in Dilute Solution. 


By CHRISTOPHER KELK INGOLD. 


In Part III (J., 1930, 1375) it was shown that the catalytic coeffi- 
cients for the hydrolysis of esters are connected with the spatial 
configuration of the esters in such a way as to permit the calculation 
of molecular dimensions in certain cases. The principle involved is 
the following : Two esters are compared which differ only in the 
circumstance that one contains a polar group not possessed by the 
other; this constitutional difference creates a difference between 
the potential energies of the same polar reagent at the moment of 
reaction; the electrical constants of the polar substituent and re- 
agent being known, it is possible in simple cases to calculate the 
energy difference on an electrical basis; the energy difference can 
then be related in the usual way to a velocity ratio. 

The matter was illustrated by reference to the simple case in which 
the polar substituent is an ionic centre such as -CO,' or -NH,°’ and 
the reagent is an ion; and the energy difference was calculated in 
the ordinary elementary way as qq’/r (for symbols, see this vol., 
p. 2179). It was realised that this was not a precise expression for the 
electrical energy difference, but then the data available for the 
application of the theory were on the whole of such a low order of 
accuracy that a more elaborate theoretical treatment would not 
have been justified ; all that one could hope to show on the basis of 
published figures was that an aspect exists from which it is possible 
to envisage the effect of constitutional changes on reaction velocity 
in terms of electrical conceptions which in theory are quantitative 
although their exact numerical evaluation may present difficulties. 

The situation has now been changed by the circumstance that a 
calculation has been given (this vol., p. 2179) by means of which the 
electrical energy difference can be evaluated to a second approxini- 
ation for those cases in which the polar group is an ionic centre and 
the reagent is an ion, and the structure of the ester undergoing 
hydrolysis is such that we are justified in disregarding the effect of 
intramolecular polar transmission. It was therefore desirable to 
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revise and extend the existing experimental data, and this has been 

done for the series of compounds which formed the principal illustra- 

tion in Part III, viz., that in which the neutral esters, 
CO,R-[CH,],°CO,R, 

of the normal dibasic acids are compared with the corresponding 

anionic esters, CO,R-[CH,],°CO,’. 

The essential measurements are those of k, and k,, the velocity 
coefficients for the first and second stages of hydrolysis of the 
dicarboxylic esters by alkali hydroxide (not alkaline buffers) in very 
dilute, aqueous solution. The recorded data for the normal dicarb- 
oxylic esters are deficient in the following respects. First, there are 
no data at all for certain intermediate members of the series, viz., 
the esters of adipic and pimelic acids. Secondly, in some cases only 
measurements in buffers are available, and no data permitting cor- 
rection for the contributory effect of the buffer constituents exist ; 
this applies particularly to the esters of oxalic acid. Thirdly, in the 
cases in which the esters are sparingly soluble in water, a large pro- 
portion of alcohol has been added to facilitate solution; this applies 
to the esters of glutaric, suberic, azelaic, and sebacic acids. Fourthly, 
the theory of kinetics of the consecutive bimolecular reactions of 
which the saponification of a dicarboxylic ester consists have not 
been sufficiently carefully examined; very crude methods of com- 
putation have been used, and this introduces liability to an error of 
the order of 10% in all the recorded k,’s, and in those k,’s which are 
not based on measurements on isolated and purified acid-esters, 7.e., 
in the k,’s for all those esters which are higher in the series than the 
succinic esters. 

The writer has not yet attempted to obtain precise values of k, 
and k, for esters of oxalic and malonic acids, because these are acids 
in which internally transmitted polar influences cannot be neg- 
lected; he has, however, endeavoured to produce some better and 
more complete data for esters of the normal acids from succinic acid 
to azelaic acid inclusive. The chief improvements in method relate 
to the use of dilute aqueous solutions with appropriately refined 
analytical technique, and to schemes for evaluating k, and k, from 
the velocity measurements. 


Method and Results. 


Preparation of Materials.—Succinic acid was purchased, and the 
remaining acids were prepared by known methods. All the acids 
were carefully purified by fractional crystallisation. They were 
esterified with Kahlbaum’s pure methyl or ethyl alcohol. 

Velocity Measurements.—The thermostat temperature was 
20-30° + 0-05°. The solutions of esters and of carbonate-free 
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sodium hydroxide were brought to the temperature of the thermostat 
before mixing. The time of mixing was taken as the starting time 
even although a few more seconds were required to adjust the 
volume by the addition of water that had also acquired the tem- 
perature of the thermostat. 

Analytical_—As the solutions were very dilute (never stronger 
than NV /500) care had to be taken in regard to the conditions of the 
titrations. The samples (50—100 c.c.) were run into a known 
volume (10—20 c.c.) of 0:01N-hydrochloric acid, the mean time of 
mixing being taken as the time of arrest of the reaction. They were 
then titrated with carbonate-free 0-01N-sodium hydroxide to a 
predetermined p,, a suitable indicator being used in conjunction 
with a colour standard prepared with the aid of an appropriate 
buffer. The py at the end-point was calculated from the dilution 
and dissociation constants of the acids present, only very rough 
values being required for this purpose ; it usually amounted to about 
8 units, and errors up to 0-5 pq unit could be shown by calculation 
to be immaterial. An appropriate indicator was found in cresol- 
red, and Clark and Lubs’s borate buffer (J. Biol. Chem., 1916, 25, 
479) was employed for the preparation of a colour standard. 

Determination of k,.—The values of k, for methyl and ethy! 
succinate have been determined by other workers by the use of acid 
ester, but in the case of esters of the higher homologous acids the 
usual plan has been to employ the neutral ester, calculate the 
results by means of the ordinary equation for a single-stage bimole- 
cular process, and then determine the value towards which the 
“constant ” tends towards the end of the reaction. The difficulty 
about this is, of course, that the “ tail ’’ of the first stage of hydrolysis 
seriously affects the velocities right up to the time at which the 
whole reaction is so nearly finished that the measurements give 
differences which are too small to yield accurate velocity coefficients. 
It is, however, easy to evaluate k,, even when the acid ester is 
difficult to isolate or purify, because it is not necessary to isolate it 
in order to use it without interference from the neutral compound. 

The method adopted in the present work was as follows. The 
neutral ester was saponified with one molecule of sodium hydroxide 
and the solution was extracted first with chloroform, and then with 
pentane, to remove the unaltered dicarboxylic ester. The neutral 
solution was made up to a convenient volume. A portion of this 
was used in order to estimate the concentration of the monocarb- 
oxylic ester by determination of the saponification value, whilst 
another portion was taken for the velocity measurements. Owing 
to the presence of a certain amount of the disodium salt, the ionic 
strengths of solutions prepared in this way were a little greater than 
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if the acid esters had been isolated, but this was immaterial on 
account of the high dilutions at which the velocities were measured. 

Determination of k,.—Previous workers have sought to evaluate 
k, by confining attention to the commencement of the reaction 
between the dicarboxylic ester and alkali, the disturbance due to 
the incursion of the second stage of hydrolysis being neglected. 
This procedure involves a difficulty analogous to that discussed at 
the beginning of the preceding section. The commencement of the 
reaction is the most difficult portion of its course to follow with 
accuracy owing to the effect of the initial temperature disturbance 
and of the uncertainty about the starting time; and, before the 
influence of these disturbances has died away, the second stage of 
hydrolysis has begun to affect the measurements. 

The method by which this difficulty has been overcome in the 
present work will now be explained. 

Let a be the initial concentration of the dicarboxylic ester and of 
the sodium hydroxide ; and after a time ¢ let the fall in concentration 
of the ester be x and the rise in concentration (initially zero) of the 
disodium salt of the acid be y. The differential equations for the 
two stages are : 

t=k,a—z\a—x—y).... . (1) 
g=hk(e—ya—z—y) . -.. + Q) 


The measured quantity is x + y, and we will call this wv. The result 
of adding (1) and (2) may be expressed 
ts = (a — ufk,(a — w+ y) + kyu — ys. + (3) 

It will now be shown that the integrated form of (3) can be 
expressed as a series, and that by taking a sufficient number of terms 
one obtains approximation formule which are applicable, with any 
desired degree of accuracy, to a predetermined proportion of the 
reaction. 

The basis of the approximation is that if uw is small compared with 
a, y will be small compared with wu. This must be true provided 
that k, is not large in comparison with k,; and, in real cases, k, 
is always smaller than 44,. The orders of the concentration func- 
tions we shall require are here tabulated for convenience : 


Ondee ii. descndddeisadetiscccixs 0 1 2 3 
| SO aren a uU y — 
ALR a? au ay, u® uy 


_ The first approximation to (3) is, of course, « = k,a*, and its 
integrated form is 
Sem IRF nok lei tinteon 


This is the mathematical equivalent of the method criticised at the 
4B2 
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commencement of this section; its degree of validity will be illus- 


trated later. 
The second approximation to (3) is obtained by neglecting the 
second- and third-order terms; it is 


ua = k,a* — (2k, — k,)au 


This on integration gives a logarithmic function which has to be 
expanded in ascending powers of w/a as far as the term in (u/a)’. 
The resulting equation is 
- 
— fp 4 4% )) 
t= 7 aa! +4(2 De) 

In order to obtain the third approximation to (3) in an integrable 
form we must first get rid of the third variable, y. Having regard 
to the order of y, all that is necessary for this purpose is that y 
should be expressed in terms of u to a first order of approximation; 
that is, if we write 

y/a = A(u/a)? + B(u/a)® + 
all that we need know at this stage is the first term of the series in 
powers of (u/a). The value of the coefficient of this term is readily 
deduced. The first approximation to equation (2) is y = k,au and 
the right-hand side of this is equal to k,k,a*t by (4). Therefore, 
integration gives y = $k,k,a*t?, and, on again using (4), we see that 
2 
the right-hand side of this is equal to }. i ; thus the value of A 
1 

in the assumed expansion is simply $4,/k,. The third approximation 
to (3) now takes the form 


ua = k,a® — (2k, — k,)au + > 


2 — yk, — 2h? 
2k, ; 





On integration, we again obtain a logarithmic function, and this 
requires to be expanded as far as the third power of (u/a). The 
result of this calculation may be expressed in the form 


u u i k? 3 7k, , 2k? 
t= peal +3(1—5z) + Hl -sPtspy}- © 

It is obvious that this process can be continued. Thus in the 
fourth approximation, we have to evaluate y in terms of u to a second 
approximation, i.e., we must evaluate B; and we can do this by 
using equation (5) in just the same manner as in the previous para- 
graph we employed equation (4). The method of generalisation is 
mentioned in view of its possible utility in other investigations, but 
in the present work equation (6) was found to contain a sufficient 
number of terms to give the accuracy required. It usually enabled 
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the first 30—40% of the reaction to be used for the purpose of 
calculating its velocity coefficient. 

Typical Experiment: Methyl Glutarate, First Stage.—In this 
experiment 10%¢ was 1-999; the values of 10%~ are shown in 
col. 2 of Table I, col. 1 of which records the corresponding times in 
minutes. Col. 3 contains the values of 10?w/a, i.e., it shows the 
progress of the reaction as a percentage. The value of k, for methyl 
glutarate having been determined, an inspection of these figures led 
to the guess that k, would be about 7-35, and this figure, when 
introduced along with k, = 1-12, into equations (4), (5), and (6, 
gave the calculated times shown in cols. 4, 5, and 6 respectively. 
The ratios of these calculated times to the found times are in cols. 7, 
8, and 9 respectively. It will be seen that formula (4) fails to 
express the course of the change after the first reading (3-5% of the 
reaction). Formula (5) holds up to the sixth reading (15% of the 
reaction) and then begins to fail. Formula (6), however, clearly 
holds up to the end of the series (35% of the reaction) because the 
figures in col. 9 do not exhibit the general downward drift character- 
istic of those in cols. 7 and 8. The mean value of the ratios in col. 9 
is 0-985, and this shows that the original guess as to the value of k,, 
was not quite accurate: that assumed figure, 7-35, must be multi- 
plied by 0-985 to give the value, k, = 7:24, which best represents 
the result of the experiment. 


TABLE I. 


Methyl glutarate : first stage. 
(10°a = 1-999; k, = 1-12; provisionally assumed k, = 7-35.) 
Found. t cale. by t cale./¢ found. 


(7). 
0:96 
0-93 
0-90 
0-90 





t 
(mins.). 10°. 10?/a. 
25 0-070 3° 
42 0-116 
6-0 0-160 
80 0-212 
10-0 0-256 
120 0-300 
14] 0-344 
16-0 0-380 
18-0 0-422 
20-0 0-460 
23-0 0-512 
26:0 0-564 
29-0 0-612 
32-0 0-654 
35-0 0-692 
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(Corrected k, = 7:35 x 0-985 = 7-24.) 


Summary of Results.—In the head-line of Table II, a, represents 
the initial ester concentration in experiments to determine k,, and 
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a, similarly denotes the initial acid-ester concentration in experi- 
ments to obtain k,. The values of k,/k, are given in the right- 
hand column. The agreement with results published by other 
workers is fair in the case of the succinic esters but poor for the 
methyl esters of glutaric, suberic, and azelaic acids. This is intel- 
ligible because the succinic esters have previously been examined 
in aqueous solution whereas aqueous-alcoholic solutions have 
hitherto been employed in the other examples. Full references to 
the previous literature are given in Part III (loc. cit.). 


TaBeE II. 
Ester. 10°a,, ky, Mean. 10°a,. kk, Mean. &,/k,. 
Methyl succinate ... {7'997 ig7s} 1#74 {Taga Lsa2} 1526 966 
‘ 2 , ‘ -252 
Ethyl succinate... 4 ery, 12-05 Fie oent 1-253 = 9-62 
Methyl glutarate ... 1-999 7:24 724 {Tf8y Laie} 1123 6-45 
Ethyl glutarate ...... Loe, nag} S77 1847 0902 0-902 6-40 
° 9 ° 
Methyl adipate ...... 2:026 4-18 4-18 Soa 0-847} 0-844 4-95 
1008 3501 4-, J 1-760 0-700 : 
Ethyl adipate eeeves 0-987 3-54 3°52 1-698 0707+ 0-704 5-00 
9. ° e 5 
Methyl pimelate ... {T'979 >10f 29 {i-491 043} 0481 434 
Methyl suberate ... {T'y19 jaat 124 {Laen oaig} 0317 941 
Pn > $1072 0230) ooo ac 
Methyl azelate ...... 0-497 082 0°82 {og o45 0.225 } 0-227 3-61 


Discussion of Results. 


The ratio.k,/k, is the essential datum required for the calculation 
of the. distance, r, between the carboxyl groups by the method 
already indicated, that is, by combining the formule of Part LI 
with the process for evaluating the energy difference outlined in the 
accompanying paper (this vol., p. 2179). The values of the k-ratio 
contained in Table II have been treated in this way, and the derived 
distances are shown in Table III. 

In order to make the series of values more complete for the pur- 
poses of the comparison which follows, the mean values of k,/k,, 
derived from the literature, for the esters of oxalic and malonic acids 
have been similarly computed and the results of the calculation have 
been included in Table III in parentheses. The sources of the 
values used will be found on reference to Part III. For reasons 
already given, these values can only be regarded as approximate, 
but the present state of the theory relating to the determination of 
intramolecular distances in these short molecules in the dissolved 
state is such that quantitative refinement is not required. 

The distance r is, in theory, the distance between the mean ionic 
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centre (compare this vol,, p. 2153) in the carboxylate ion of the 
ionic ester CO,R-[CH,],°CO,’ and the mean focus of the reaction 
with hydroxide ion in the carboxylic ester group. Since the hydr- 
oxide ion must. attack the unsaturated carbonyl linking, and not 
the saturated ether linking, in the ester group, it is to be expected 
that the distance, r, would, to a first approximation, be independent 
of the nature of the alcoholic radical R. This is seen to be the case, 
and thus we have practical as well as theoretical justification for 
taking the mean value of the k-ratios for methyl and ethy] esters of 
the same acid and for regarding the corresponding mean r value as 
essentially characteristic of the acid component of the esters. 


TABLE IIT. 
ccc — 
Ester. k,/k,. Mean. 1(A.U.). Meanr. 
Mothiylettalate' £....6....c.ccccses 104 2-9 
Ethyl sors. 2 seserepentedteobernune ios (10°) {oo} (2-9) 
Methyl malonate ................+ (92) (3-8) \ : 
Bihiyd 7125) TYR A, cccecceoses (90) } (91) {(3-8) (3-8) 
Methyl succinate ...............00. 9-66 5-61 ‘ 
a ee ai 9-64 {ee3h 5-62 
Methyl glutarate |.............0000- 6-45 \ . 6-81) ‘ 
Sh a OE NER 6-40f 642 fesss | 8°83 
BYE GEIR asian gicsevissesseones 4:95 \ 8-34) 4 
9 ie 2 2 5-00 f 4-07 {8-26 J on 
Methyl pimelate  ..............008- 4-34 4-34 9-57 9-57 
Methyl suberate . .,.........scccees 3°91 3°91 10-97 10-97 
PROCTS GE Serseasanctesesescees 3°61 3-61 12-38 12-38 


The most remarkable feature of these results is that the r values 
all agree to within half an Angstrom unit with the distances derived 
from the first and second dissociation constants of the corresponding 
free acids (this vol., p. 2160). The largest difference occurs with 
oxalic acid (0-47 A.U.), but here, as in the case of malonic acid 
(difference 0-37 A.U.), we hardly expect agreement. The com- 
parison is exhibited in Fig. 1, in which the points of inflexion of the 
graph represent the distances required by the rigid, uniplanar, 
zig-zag model worked out in connexion with the study of the acids 
(loc. cit., p. 2164). This model, it may be recalled, assumed an 
intervalency angle of 114° and a distance equal to 1-0 A.U. between 
the centre of a carboxyl carbon atom and the point in the corre- 
sponding carboxyl group from which the distance, r, is measured. 
The figure shows that the same dimensions apply to the ester case 
to a close degree of approximation. 

That data relating to thermodynamic stabilities, on the one hand, 
and the speeds of irreversible reactions, on the other, thus lead to 
quantitatively identical conclusions about molecular configuration, 
constitutes strong support for the logarithmic relation between 
velocity and energy (even for reactions in solution) which is the 
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assumed basis for connecting reaction velocity with electropolar om 
activation by substituents (compare Part V ; this vol., p. 2043). whe 

Apart from this, however, it is noteworthy that the identity solu 
relates to structures which, except under the influence of “ packing - 


forces,” are usually considered to be freely flexible owing to the 
absence of any marked resistance to the relative rotation of the 
atoms about the linkings joining them. Now, in the calculations 


based on the elec- CC. 
Fia. 1. 






















trolytic —dissoci- 4 
ation constants of 
12} _} the acids, the dis- 
al tance considered, THE 
| ra r, is that between cert 
_ 10} a the ionic centres and 
s Fd in the bivalent § sapc 
3 r . anion; and in the can 
5 8} ur paper dealing with | gene 
& mY that subject (loc. 
< Pd cit.), the hypothesis attr 
= 6 re that the molecules | conc 
= P are held in the § con 
s | Fs extended zig-zag F 
2 ae form by the “id 
QA mutual repulsion — mol 
r of the ionic centres field 
2 was examined and may 
| discarded. Onthe law 
other hand, in the dep: 
0 ‘ P ; : : calculations, the fron 
0 1 2 3 4 5 6 7 results of which be d 
Number of methylene groups (n). are in Table III, ’ 
Ker { x Speeds of saponification of Seaete jg, the distance, r, is but 
© Electrolytic dissociation equilibria of acids. se! bina Wh pant 
tween a point in the charged carboxylate group and a point in the M 
neutral carbalkoxyl group in the ester-ion. The electrical forces lon 
between these terminal groups must be much weaker than those neig 
obtaining in the bivalent anion, and, such as they are, they should be reac 
attractive forces ; yet the zig-zag form is apparently maintained. We ditic 
are therefore.confirmed in our rejection of the electrostatic repulsion accc 
hypothesis, and in the adoption of what seems to be the only possible 
alternative, namely, that some intrinsic property of the methylene 
group enables a chain of such groups to exert a notable resistance to whe 
any mutual rotation of carbon atoms that would create a departure and 





from the uniplanar zig-zag arrangement. Few methods are avail- 
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able for the determination of molecular dimensions in the absence of 
packing forces, but it would be interesting (and possible) to ascertain 
whether these conclusions, which relate to substances in dilute 
solution, also apply to the state of vapour. 


UntIvERsITy COLLEGE, Lonpon. [Received, June 29th, 1931.] 





CCXCVI.—Remarks on the Electrical and Mechanical 
Conditions in the Neighbourhood of a Dissolved Ion. 


By CHRISTOPHER KELK INGOLD. 


THE calculations to be summarised below arose in connexion with 
certain work on the electrolytic equilibria of acids (this vol., p. 2153), 
and again in the course of some studies on the dynamics of the 
saponification of esters (this vol., p. 2170); and other applications 
can be foreseen. Reference may be made to these papers for the 
general introductory remarks which might have been included here. 

The problem is to calculate the effect of the radially oriented and 
attracted solvent molecules surrounding an ion on the local electrical 
conditions. We shall find that the calculation necessarily includes a 
consideration of the local mechanical conditions. 

For the purposes of the electrical calculation we may define an 
“ideal state” as follows: (1) the solvent is unassociated; (2) its 
molecules are optically and electrically isotropic; (3) the local inner 
field (Raman) is isotropic; (4) the solvent is incompressible. We 
may assume that if conditions (1), (2), and (3) be fulfilled Mosotti’s 
law will be obeyed ; the non-fulfilment of (1) is the main cause, whilst 
departures from (2) and from (3) are subsidiary causes, of deviations 
from Mosotti’s principle. An “ideal” solvent may, therefore, also 
be defined as one which obeys Mosotti’s law and is incompressible. 

We shall have to envisage deviations from all these conditions, 
but it is convenient to assume their fulfilment in the first instance in 
order to obtain a point of departure. 

We require to evaluate the potential ® in the environment of an 
ion because then we can derive the mutual potential energy of two 
neighbouring ions, and this is what is required in problems on ionic 
reactions. The principles of the calculation under “ ideal ’’ con- 
ditions are well known (Debye, “ Polar Molecules,” 1929). On 
account of Gauss’s theorem we have 


ae eee eer ee ae ee ee 


where D is the induction at any field-point, g the charge on the ion, 
and r the distance of the point from the charge. The electric 
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intensity, #, and the inner field, F, are given by the field-equations 
D=E'+ ae Ee SF OR 


F=E+ Sel . 53 2lqe OMe ON 


where J is the intensity of polarisation. The vectors of D, E, F, I, 
and r correspond in direction at all points. The further equation 
necessary for the calculation of the four electrical vectors in terms 
of r is found in Debye’s relation between J and F : 


Y = vf yF 4 u(coth ‘io )} (4) 


Here, u is the electric moment of a molecule, y its coefficient of 
polarisability (induced moment per unit field), v the number of 
molecules per c.c., k is Boltzmann’s constant, and 7’ is the absolute 
temperature. These quantities being supposed known, equations 
(1)—(4) give Z for every point in the field; and then the definition of 
E£ as — grad® gives ® in the form 


Ed A | es (5) 


It is well known that, if powers of / higher than the first are 
deleted from the development of (4), and (2), (3), and the residue of 
(4) are solved together, the equation for ratio D/Z, which is the 
dielectric constant ¢, may be expressed (Debye) thus : 


e—1M 4rN{ u2 |) ‘ 

SHS SRR tan, | 
where M is the molecular weight and pe the density of the solvent, 
whilst N is Avogadro’s number. The dielectric constant which 
would obtain in the absence of molecular orientation, may, following 
Maxwell, be expressed as the square of a refractive index, n,, and 
may be connected with y by omitting the u-term from (6) : 


nm —1M _4nNy 


n> +2° 6 3 (7) 





Thus y may be evaluated provided n, can be identified. There 
appears to be some dubiety about the value of m,. In the case of 
water, some investigators, e.g., Ebert (Z. physikal. Chem., 1924, 113, 
1), have adopted Rubens’s value, n, = 2-0, obtained from measure- 
ments of refractive index in the far infra-red; others, e.g., Malsch 
(Ann. Physik, 1927, 84, 841), have used n, = 1-3, the value obtained 
when the refractive index in the visible region is extrapolated to 
infinite wave-length either graphicaily or by a dispersion formula 
applicable to the visible region. As Debye has pointed out (loc. cit.), 
neither method is correct, and the truth must lie between the two 
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results : for x, is supposed to be the refractive index for long waves 
due to all forms of molecular polarisation, but without orientation ; it 
should therefore include an allowance for the dispersion arising from 
atom-polarisation, but it should exclude the dispersion caused by 
molecular rotation. The absorption bands due both to atom- 
polarisation and to rotation are in the infra-red, and their effects on 
the refractive index are difficult to distinguish : the higher estimate 
of n,, includes both influences and the lower value excludes both. 
For these reasons we reverted to equation (6) and, applying Jona’s 
data (Physikal. Z., 1919, 20, 14) for the dielectric constant of water 
vapour at different temperatures, evaluated y directly. The corre- 
sponding value of n, is 1-51 in accordance with equation (7). This 
method of computation assumes that Lorentz’s law applies to 
water, which it does approximately; corrections for the deviations 
from this law are considered later. 

The value of ». cannot be similarly obtained from data relating to 
water vapour because the departures from Mosotti’s law are too 
great: association, though it has very little influence on the mean 
contribution of a molecule to the refractive index, has a large effect 
on the dielectric constant because it interferes with independent 
molecular orientation. We have to calculate an effective moment p, 
which is obtained by fitting equation (6) to data relating to the liquid 
at the required temperature, and even then, as will appear later, p 
has ultimately to be treated, not as a constant, but as a function of 
density. It will be seen that in adopting this plan (even apart from 
allowances for the density-variation of y and ») we are already taking 
account in an approximate way of the main cause of deviation from 
Mosotti’s law. 

The water molecule is anisotropic. In the case of liquids whose 
molecules are not isotropic, Debye’s equation connecting J with F 
takes a more complex form than is presented by (4). Weshallassume 
that the dipole axis and two other directions, all mutually perpen- 
dicular, may be treated as principal axes of polarisability, for which 
the coefficients of polarisability are a, 6, and c respectively. This 
supposition may not be strictly accurate owing to molecular distor- 
tion by an anisotropic environment, but it is shown later that this 
point is immaterial. Under the conditions postulated, the equation 
for J becomes 


aE: pant anit cos 6 + Ff(abc0¢)}. sin 6. dé. 49 1g 


[Jekrone+ sent) ig a0. dd 


where 6 is the angle between the dipole axis of a molecule and the 


f=y. 
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field-direction, ¢ is a longitude in the molecule referred to the same 
axis as polar axis, and 
f(abc6¢) = a cos? 6 + bsin? 6. cos? d + csin? 6. sin? d 

One of the three equations necessary for the numerical evaluation 
of the molecular constants a, 6, and c is readily obtained : on deleting 
powers of F higher than the first from the development of (8) and 
comparing the result with (6), it is found (Debye, loc. cit.) that 

at+b+c=awy. ..... (9) 

A relation due to Gans (Ann. Physik, 1921, 65, 97) enables two 
other equations to be derived from optical properties. Owing to the 
inertia of the electrons the coefficients, a’, 6’, and c’ of optical 
polarisability are not the same as a, 6, and c; in other words, the 
optical constants are subject to dispersion and have to be extra- 
polated to large wave-length in order to yield the statical-electrical 
constants a,6,andc. Gans’s relation is 

a’_ be _ (n®—1)/(n® + 2) 

a bc (mi —I)f(nz +2) * 
where is the refractive index for the wave-length, 4, to which 
a’, b’, and c’ apply. 

From the theory of light-scattering by liquids, the depolarisation- 
factor, v, for transversely scattered light is given by the equation 
ae 6M[(a’ — b’)? + (b' — c’)* + (c’ — a’)? 

~ JOKTENe(a’ +b’ +e’)? +7M| (a —b’)?-+ (b’—c’)?+ (c’—a’)?] 
where 8 is the compressibility of the liquid at the temperature and 
pressure at which v is measured. The combination of equations 
(7), (9), and (10) gives 

9M n?—1 


a’+b’+ ec a ey il (12) 


and on substituting from (12) in (11) and again taking (10) into 
account, we have : = 
(a—b)2+ (be)? + (c—a)*'= SE (5) s—% 
According to the theory of electrical double refraction, the 
Kerr constant, B, is given by the equation 
mNo(n? + 2)? (e + 2)? 





(10) 





(11) 











(13) 








ou wd (0,+9,) . . (14) 
where 
~~ IEE [(a — b)(a’ — b’) + (b —e)(b’—c’) + (¢—a)(e’—a’)] (15) 
and 
O,= ee [(a’ —b’)(u2 —p3) + (b’—c’)(u3—p2) + (c’ —a’)(u2—p3)] (16) 
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The Kerr constant is, of course, subject to dispersion, and both B 
and the refractive index, n, must correspond with 2. The application 
of equations (10) and (13) to equation (15) shows that ©, has the 
value 





_ 9M wv—1 v—1 v 
1°” 8r*Non®? + 2°n? + 2°6 — Tv 


If one of the axes of polarisability is taken as coincident with the 
dipole axis (see above), uz =y and uw =u, = 0, and, in view of 
(10), the expression for ©, becomes 


oe a py? nt? — 1 ni +2 

2 45K2T?* n? + 2° n? — 1 

The remaining equation required for the evaluation of the constants 
a, b, and c is now obtained by combining (14), (17), and (18) : 


marty wen 1215k°T?MnBr uw — i id 
= uPNe(e + 2) * (a? — Iyin® + 2\ne + 2) 
405k°T? MB (. -- 4 v 
8r2u2Ne “\n? + 2/ 6— Tv 


Table I contains a number of the numerical values employed in 
these calculations; the upper portion includes those required for the 
evaluation of the constants of the ellipsoids of statical and optical 
anisotropy, and the derived constants are at the foot of the table. 
Kerr constants and depolarisation factors have been used separately 
for the calculation of the constants of anisotropy of optically spheroidal 
molecules (e.g., diatomic and linear triatomic molecules), but the case 
of water is more complex and does not appear previously to have 
been computed. 


1) 





(17) 





(2a—b—c). . (18) 








(19) 





TABLE I. 
B=2-67x1077 n= 1-330 v = 0-085 pp = 0-7611x 10-8 
M= 18-02 n,, = 1-510 B= 454x102 =p = 0-9971 
N = 6-062 x 10% n? = 1-769 r = 2-129 10-*4 One = 15-36 x 10-2 
T = 298-2 n2, = 2-280 = 781 - 


€ 
k= 1371x1076 g=4-774x10- 4A 


7-00 x 10-5 Ce — 46-7 10-1 
Op 


Ellipsoid (A) ...... a’= 1-449 10-4 b’= 1-630 10-4 sc’ = 1-277 10-*4 
Ellipsoid (0) ...... a= 2:174x10* b= 2389x104 c = 1-873x10-* 

The influence of anisotropy on the electric field is small (indeed 
over much of the region of the field with which we are concerned it is 
insignificant), and for this reason the question as to whether an 
anisotropic molecular environment would create a finite angle 
between the dipole axis and the corresponding principal axis of 
polarisability is unimportant, as this effect could only make a minute 
change in an already small correction. Furthermore, the circum- 
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stance that molecular anisotropy can be treated as a correction 
greatly simplifies computation from the formule. For large radial 
distances equation (4) may be replaced by its second approximation 
(20), the influence of anisotropy being neglected altogether : 


ohio ate | 
Tn d{y + gon}? isa FP)... (20) 


For most smaller distances it is sufficient if we employ (4) without 
approximating, and then estimate the correction for anisotropy by 
comparing the results given by the second approximation of (4), 
namely (20), with those derived from the second approximation of 
(8), namely (21): 


BL ae | 
1=+| {y+ gop} F + 
((a—bP+ (b—e)+ (ca)? _, 2(20— boy?" iv || (21) 





L va | ay 45k°T? 4549 TJ 

The above, of course, is without prejudice to the modifications which 
all these equations have still to undergo in order to take account of 
influences yet to be considered. 

One of the most important of these arises from the excess of 
internal pressure due to the attraction of the ion for the oriented 
water dipoles. The mechanical force on a dipolar molecule in an 
electric field is given by (m grad) E, where m is the total moment 
(permanent plus induced) of the molecule (vectors are represented in 
heavy type). Since our electrical field is radial, the only finite 
component of the tensor derived from E is d#,/dr, and hence by the 
definition of the vector gradient of a vector, the direction of the force 
is that of — r and its magnitude is — m,0EH,/dr. Since the average 
value of m, is I/v, which, by equation (2), is (D — E)/4nv, the 
average force on a molecule is —{(D — E)/4xv} (dE /dr), and the 
force on 1 c.c. is v times this. Hence the excess of internal pressure 
due to the ion is 

1 [? 
P =~ Grr), 
_@q (D-Et | 
~ Qn Jr dD/dE* r 
the second form of this equation being derived from the first by the 
use of equation (1). 

The pressure near an ion due to its attraction for the solvent may 
amount to some thousands of atmospheres, and, owing to the com- 
pressibility of the solvent, there will be corresponding changes of 
density. The compressibility of water is known up to about 10,000 
atmospheres. Ifo is the density expressed as a multiple of that at 


dE 
(D — E).=~ . Pdr 


(22) 
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low pressure, it follows from the definition of compressibility, 
8 = — (1/V)(dV/dp), where V is the volume occupied by a fixed 
mass, that 


saee™. fg... wae 


Equations (22) and (23) give o as a function of r, and hence the effect 
of the additional internal pressure is allowed for (except in so far 
as this disturbance interacts with that due to deviations from Mosotti’s 
principle—a point considered below) if in equations (4), (18), (20), 
and (21) we ascribe to v the space-variable value 


vezoNo/M . i -. . we A) 


The numerical values of cs and 8 are shown in Table II. 


TABLE II. 


10-7 p. 102? B. o. 10-7 p. a o. " ; o. 

45:3 1-00045 150 . 1-058 600 . 1-177 
45-2 1-00090 200 3829 1-075 650 . 1-186 
45-0 1-00225 250 1-091 700 “ 1-195 
44-1 1:0045 300 1-106 750 “2 1-203 
42-9 1-0089 350 1-120 800 . 1-211 
41-7 1-0133 400 1-133 850 . 1-219 
40:6 1-0175 450 1-145 900 D 1-226 
39-5 1-0215 500 1-156 950 5 1-233 
35-5 1:0410 550 1-166 1000 . 1-240 








hm et BDO DD AO NO 
CM wadH oS 


Owing to departures from Mosotti’s hypothesis, y and u, which 
at first were treated as constants, must also be regarded as functions 
dependent on density and therefore on position. The nature of 
these functions may be deduced to a first approximation from the 
pressure coefficients of the refractive index and. the dielectric 
constant. 

In the absence of molecular orientation, the deviations from 
Mosotti’s assumption are small, and. we may therefore assume that 
on, /ep is given sufficiently accurately by the known value of 
én/ep for sodium light (15-36 x 10-1). Using this figure in con- 
junction with values 8, n,, etc., already tabulated, it can readily be 
shown that the variability which must be attributed to y in order to 
preserve the form of our equations whilst allowing for the deviations 
under consideration is expressed by the relation 


4 _ 58-88 + 128-0(c — 1) 
3°Y = 1960 2060-1) °° * 


where v is given by (24) and o by (23). 

The value of d£/ép being known also, it can be shown in a similar 
way that the density-dependence which must be ascribed to u in 
order to account for the residual departures from Mosotti’s hypothesis 
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in terms of the equations already given is represented by the 
expression 





4m, 7T71+177(6—1) 4 
KT” = 301+ 180(@—1)~3™Y * - (8) 
where v and y have the values corresponding with equations (24) 
and (25) respectively, and o is given by (23). 
For the purposes of numerical computation, the above equations 
may be grouped as follows : 


Eqns. 
Molecular variables < Takako a > Electric vectors 


“4 01 pore 
° 23 99, 23 
, “6 Tal 


Mechanical variables 





As it is impossible to eliminateany oneset of variables by mathematical 
methods (e.g., mechanical variables between equations 24—26 
on the one hand, and equations 22, 23 on the other), the only way is 
to proceed by the method of successive approximations, the cycle 
being traversed repeatedly until a set of variables is deduced which 
remains the same when the cyclic calculation is performed once 
more; and this must be done for a sufficient number of field-points 
to render interpolation possible. 

The main result of this calculation is to give Z as a function of r, 
and it is then necessary to evaluate the integral in equation (5) 
in order to obtain ®. Runge’s process was customarily employed for 
the calculation of definite integrals, but in the present instance the 
slow convergence of the function towards the limit © necessitates 
an alternative method for the evaluation of the upper portion of the 
integral. This, however, presents no difficulty because it is precisely 
in this region that the second-approximation equation (20) applies 
with accuracy. 

This equation, on combination with equations (2) and (3), gives 


the relation re 
D—E 4 oe aan SS | 9 
ppe73"’ tae wer P|; - 
The term in F? in equation (27) is a small correction and hence may 
be replaced by its first approximation, which is derived by deleting 
from equation (20) the term in F? and combining the residue of the 
equation with equations (2) and (3). The result is 


P= D//1+3e[y +39} | - ke (28) 


On eliminating F between equations (27) and (28), solving for Z as4 
function of D, developing the function in ascending odd powers of D 
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as far as D®, and replacing D by its equivalent, g/r?, in accordance 
with equation (1), we obtain the relation 


4 u2 uf 
1—3™|y + gen} a, ‘1 BER 
2 “72 


8 u 8 u2 ) |2° 76 
be ay * ser} [1 +3™{7 + 3ppf | 


This equation gives E directly, because, in the part of the field for 
which the relation holds accurately, s may be taken as unity. In 
accordance with equation (5), the equation giving ® in the same 
region of the field is 


E= 








(29) 


4 yp? 4 ne 
1— 37 +r} a, _. 5b SPR ¢ 
r 


rhe 377 ? sn) E + ay + en il - 


When 712 x 10°, equations (29) and (30) give results correct 
to three significant figures, and may be used to replace the system of 
equations represented in the cyclic scheme on p. 2186. 

By employing the numerical data contained in Tables I and II, 
the following values have been computed : 


Oo = 








(30) 


(i) For rs12 x 10°, the values of Z and © are given by 


6-112 x 10-2. 6-839 x 10! 
r? - 7 

_ 6-112 x 10-12. 1-368 x 10-41 

=: r r> 


(ii) For r<12 x 10°, the values of p, o, H, and ® are as shown in 
Table III. (It may be noted that, c.g.s. units having been employed 
throughout, the pressure are in dynes/cm.? and require division by 
1-014 x 10° for conversion to atmospheres.) 

In the applications for which the functions tabulated were com- 
puted, it is necessary to calculate the potential energy, W’, of a 
second ion, of charge q’, in the field of the first. We know that this 
is the sum of an infinite series of terms diminishing in importance, of 
which the first, and most important, is g’®; we also know that the 
value of each term in the series diminishes with increasing distance 
more rapidly than the one before it. We intend to neglect all terms 
after the first, and it is therefore necessary to investigate the order of 
magnitude of the second term for the distances with which we are 
concerned. The reason why we are forced to neglect the higher 
terms is because there is no known means of evaluating the molecular 
electric constants they contain. Thus the second term is — (m’E), 
where m’ is the effective electric moment (permanent plus induced) 


E= 





(31) 
® 
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Tasxe III. . 
o E 

(co = 1, p= 0). (e.s.u.). (e.s.u.). 
1-27 1-83 x 10° 1:55 x 10° 
1-20 1-33 oa 1-16 * 
1-15 9-59 x 10* 8-78 x 10-4 
1-10 6-96 6-73 
1-067 5-04 5:24 
1-043 3°64 
1-028 2-65 
1-019 1-96 
1-013 1-46 
1-0089 1-11 
1-0063 8-53 x 
1-0045 6-75 
1-0025 4-43 
1-0015 3-15 
1-00097 2-35 
1-00064 1-82 
1-00045 1-46 
1-00032 1-21 
1-00023 1-02 
1-00017 8-80 
1-00013 7-67 
1-00010 6-76 

11-00 1-00007 5-40 

12-00 1-00005 4-44 


of the ion and the parentheses denote a scalar product ; but we know 
nothing about the permanent part of this moment, which is sure to 
be the greater portion of it in the case of such ions as OH,@ and 
OHO which are the centre of our interest at present. However, 
on the assumption that the dipole moments of the hydrogen and 
hydroxide ions are not very different from that of water (just as the 
moments of chloroform and methyl chloride are not very different 
from that of methylene chloride) it is possible to calculate the order 
of magnitude of — (m’E), and of its effective mean value having 
regard to the statistical distribution of the orientations of the 
dipole axes, and thus to show that the effect of this energy term is 
negligible except at very short distance ; at which, in the applications 
for which these calculations are intended, our computed results cannot 
in any case be expected to correspond to reality because of the 
neglect of internal polar transmission in the ion responsible for 
the electric field. 

Besides these electrostatic contributions, g’® — (m’E) +... 
ete., to the energy (the bar denotes an average), there is also a 
mechanical contribution due to the non-uniformity of the pressure- 
field. This is also expressible as the sum of an infinite series of terms 
of progressively diminishing importance and increasing rate of 
diminution with increasing distance. It is necessary to investigate 
the order of magnitude of the first term of this series. The value of 
the first term is + (myE)V’/Viy, where my is the effective electri¢ 


Ths 
x b 


— 


2 OUT Bi He Co coco coho tsts S yx 


S 
S 
— 


al 
- & 
) 


=~ 
oe 


grwougie 5 
x 


ASasa 
mm bo 


PSOE AASESLOASHE SSE APSADBD MS IS 


S 
HaAROSHWONH INAH GROEN DISHDOSE SF 


aca 48 8 OS «1 
SSuea 
me bS LD 


6-50 
7-00 
7:50 
8-00 
8-50 
9-00 
9-50 
10-00 


mm bo 
x 
pods Orb 6b Are ObOEr ne ark 
ShOITCSHWSAHKS 
HORE DAOW TWD: 





co! 


mol 
coef 
of 
of n 
buti 
pur} 
(my 
alwa 
T 
appl 
elect 
tion 


J 


has 
in it 
relat: 
third 
sign « 
of th 
posit 
if the 
ing v 
On tl 
son is 
the si 
Fir 
tenso: 
we hi 
need 
(33) ; 


and t 
(32) a 
tude | 
requir 
mome 
magni 
with 1 
same | 
at ver 
distur 
ation | 


CONDITIONS IN THE NEIGHBOURHOOD OF A DISSOLVED Ion. 2189 


moment (permanent plus induced) of a water molecule; and the 
coefficient of the scalar product is the ratio of the molecular volumes 
of the ion and of water. This term is obviously of the same order 
of magnitude as the second term of the series of electrostatic contri- 
butions, and for the same reasons may be neglected for the present 
purposes. A fortiori, the combination, of terms, — (m’E) + 
(mE) V'/Vw, may be disregarded, because the constituents are 
always, arithmetically as well as algebraically, of opposite sign. 

There is experimental confirmation of this conclusion in the 
applications, described in the accompanying communications, to the 
electrolytic equilibria of acids and to the dynamics of the saponifica- 
tion of esters. The formula 


W=q'®—(m’E)+ .... + (myE) V/V wy «> 
has connexion with both problems; but there is this difference 
in its numerical equivalent in the two cases, namely, that the 
relations of the signs (like or unlike) of the values of the second and 
third of the fully expressed terms on the right-hand side of (33) to the 
sign of the value of the first term are opposite. Therefore the neglect 
of the second and third terms would be expected to introduce a 
positive error in one problem and a negative error in the other, and, 
if these terms were not small relatively to the first term, correspond- 
ing values of r calculated by the two methods should be different. 
On the contrary, it is shown that in every case in which the compari- 
son is pertinent (7.e., excluding very short distances) the results are 
the same. 

Finally, it should be pointed out that ©, and the vectors and 
tensors derived from it, are also expressible as infinite series of which 
we have only considered the first term. No further consideration 
need be given to E since this occurs only in the negligible terms of 
(33); ®, however, has the form 


® = (gsr) + oi(mr)+ 2... . . « (84) 


and the values we have formulated and tabulated in (31) and 
(32) as values of ® are really values of ¥(q,r). The order of magni- 
tude of the second term on the right-hand side of (34) therefore 
requires examination. It is not difficult to show that if m, the 
moment of the ion responsible for the field, is of the same order of 
magnitude as m’ (and this would almost certainly be true in the cases 
with which we are immediately concerned), then q’y,(m,r) is of the 
same order of magnitude as (m’E); that is, it is negligible except 
at very short distances at which, in our applications, internal polar 
disturbances inevitably enter. Indeed, it is obvious that the calcul- 
ation of the second and following terms on the right-hand side of 
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(34), and of the second and later terms on the right-hand side of 
(33), and the evaluation of the interaction of these two sets of terms 
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with each other and the primary terms, are all parts of the problem The 
taking theoretical account of internal polar transmission. them 
The result of this investigation into the order of magnitude of the ff has 
higher terms in (33) and (34) is, then, that beyond the range of § Accor 
effects due to internal polar propagation, the mutual potential energy § pure | 
of two ions may be computed from the expression oxime 
W=q'sqr).. . . . .« (85) | witho 
where y has the values attributed to ® in (31) and (32). wee 
UNIVERSITY COLLEGE, LONDON. [ Received, June 29th, 1931.] Furth 
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CCXCVII.—The* Configurations of Oximes, from en 
Measurements of Electric Dipole Moment. the Be 
By Lzstiz Ernest Sutton and Tuomas Weston Jouns Taytor. § tain 
It is of obvious advantage to apply the measurement of the physical coma 
properties of isomeric oximes to the elucidation of their stereo- a ae. 
chemical configurations, as well as to deduce these configurations i litth 
from their behaviour in chemical reactions. Of such measurements, h 
the electric dipole moment can be used to give a direct and un- nae 
ambiguous indication of stereochemical configuration, as is instanced (loc °j 
by the large difference between the moments of the cis- and trans- ii 
forms of dichloroethylene (1-85 and 0 x 10-?8 e.s.u., respectively; Sein 
see Errera, Compt. rend., 1926, 182, 1623). establi 
The oximes themselves are largely associated in solution, and tenets 
this renders them unsuitable for measurements (Hassel and Naes- ieee 
hagen, Z. physikal. Chem., 1929, B, 4, 217). Their N-ethers, gree 
however, do not associate, and the grouping N-+O which they 
contain will, by analogy with the nitro-group (nitrobenzene, » = 
3-9 x 10-18 e.s.u.), possess a large moment with the positive pole ( 
nearer the nitrogen atom. The method used was to obtain the In th 
dipole moments of the N-methy] ethers of the two isomeric oximes of satisfac 
p-nitrobenzophenone. In these molecules there are two groups § ¢, 1 4) 
possessing large moments, the nitro-group and the N-ether group: § 7... i 
in one ether (I) the moment should be large, the two groups which geal 
FOFO BOZO | 
Dunn, 2 
vad Lo under ¢ 
“? Sa (II.) of the A 
are the chief contributors being cis- to one another (compare o-di- The 1 
nitrobenzene, » = 6-02 x 10-18 e.s.u.), while in the other (II) the been pre 
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moments of these groups will tend to neutralise one another and 
the resultant moment will be small. 

The two isomeric oximes and the O- and N-ethers derived from 
them have been obtained. Previous work on their preparation 
has been recorded by Brady and Mehta (J., 1924, 125, 2297). 
According to our results these authors obtained one oxime in the 
pure state, but the substance which they describe as the second 
oxime is a mixture of the two. Both oximes can be methylated 
without any conversion into the other form taking place, and the 
hypotheses of Brady and Mehta to account for the formation of 
two N-ethers from one of the oximes are therefore unnecessary. 
Further, both oximes give a single product as the result of the 
Beckmann transformation. These facts make it possible to deduce 
the configurations of the oximes themselves from the measurements 
of dipole moment, and to ascertain which groups are involved in 
the Beckmann transformation without any ambiguity. The results 
obtained were as follows. The oxime, m. p. 159°, which will be 
referred to as the «-oxime, gives an N-methyl ether, whose dipole 
moment is 6-60 x 10-18 e.s.u., whereas the 6-oxime, m. p. 136°, gives 
an N-methyl ether of moment 1-09 x 10-18 e.s.u. Hence there 
is little doubt that the «-ether has the stereochemical configuration 
shown in (I), and the $-ether that shown in (II), and that the former 
oxime is the syn-, and the latter the anti-oxime. Brady and Mehta 
(loc. cit.) have shown that the «-oxime gives by the Beckmann 
rearrangement p-nitrobenzanilide (III), and we have found that the 
8-oxime gives exclusively benzo-p-nitroanilide (IV). It is thus 
established that in this case the groups involved in the Beckmann 
transformation are those in the anti-position to one another, in 
agreement with the modern interpretation of that transformation. 


‘He Ph-C—O 
N-< | (IV.) 
(IIL.) NHPh NH _>—NO, 


In the case of the aldoximes, the method cannot be applied in so 
satisfactory a way, because in no case are the two isomeric N-ethers 
of an aldoxime known (Brady, Dunn, and Goldstein, J., 1926, 2386). 
There is, however, a presumption that the one N-methyl ether has 
the same stereochemical configuration as the @-aldoxime. The 
evidence for this is not strong; but the yields quoted by Brady, 
Dunn, and Goldstein (loc. cit.) seem to indicate that on methylation 
under comparable conditions a 8-aldoxime gives much larger yields 
of the V-ether than does an «-aldoxime. 

The N-methyl ether derived from the p-nitrobenzaldoxime has 
been prepared. Its properties (see p. 2193) render the measurement 
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of its dipole moment difficult ; but it has been established that its 
moment is 6-4 + 0-1 x 10-18 e.s.u.; the configuration of this ether 
must therefore be similar to that of the N-ether of syn-p-nitrobenzo. 
phenoneoxime (I), and must be (V). 


CH H 
o-n | orn i 
(V.) O<NMe HO-N (VI) 


The N-methyl ethers of aldoximes undergo a Beckmann trans. 
formation on heating with acetic anhydride (Brady and Dunn, J., 
1926, 2411). Since these authors have shown that N-methyl-p- 
nitrobenzaldoxime gives p-nitrobenzomethylamide, it is established 
that in this case also the Beckmann transformation has involved 
the groups in the anti-position to one another. If, further, it be 
assumed that the N-ether is stereochemically related to the f-oxime, 
the latter must have the analogous configuration (VI). This is in 
agreement with the modern views on the configurations of aldoximes 
(von Auwers and Ottens, Ber., 1924, 57, 446; Brady and Bishop, 
J., 1925, 127, 1357; Brady, this vol., p. 105). 


EXPERIMENTAL. 


Preparation and Purification of Materials —Ozximes of p-nitro- 
benzophenone. p-Nitrobenzophenone (Schroeter, Ber., 1909, 42, 
3360) could be purified most easily by recrystallisation from acetone, 
The mixture of its two oximes was obtained and separated into two 
main fractions as described by Brady and Mehta (loc. cit.). The 
«-oxime, which forms the sparingly soluble sodium salt, gave after 
recrystallisation from benzene very pale yellow needles, m. p. 159°, 
in agreement with the results of these authors. The fraction which 
forms the more soluble sodium salt was recovered, and on recrystal- 
lisation from alcohol and then twice from benzene gave a colourless 
oxime (8-) melting sharply at 136° (Found: N, 11-6. Cale. for 
C,3H O3,N.: N, 116%). Contrary to the statement of Brady and 
Mehta, this substance does not consist essentially of the «-oxime: 
a mixture of it with the «-oxime melts over a range of temperature, 
beginning at 116°. That this substance is the second (8-) oxime, 
in a pure state, is shown by the facts (i) that on methylation it 
gives only one N-methyl ether, which is different from that of the 
a-oxime, and (ii) that, when it undergoes the Beckmann trans- 
formation, it gives a single product and not a mixture. The second 
oxime of Brady and Mehta, which they describe as a buff-coloured 
powder, m. p. 115°, is clearly a eutectic mixture of the two oximes; 
they state that on methylation it gave a mixture of two NV -methy! 
ethers, and after the Beckmann transformation a mixture of two 
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amides. These buff-coloured mixtures can be obtained from the 
its § mother-liquors from the recrystallisation of either crude oxime, 
er | and cannot be separated into fractions by repeated recrystallisation. 
10- In the oximation of the ketone (70 g.), approximately equal 
amounts of the two oximes are formed, about 17 g. of each being 
obtained in a pure state. There was no sign of interconversion of 
the oximes at any stage. The «-oxime decomposes on keeping in a 
corked tube, as is described by Brady and Mehta, but the 6-oxime 
is considerably more stable. 
as The Beckmann Transformation of the B-Oxime.—Treatment of the 
J., § oxime in ethereal solution with phosphorus pentachloride in the 
p- § cold, followed by addition to water and removal of the solid, gave a 
ed § solid, m. p. 179—185°, which, after one recrystallisation from alcohol, 
ed § melted sharply at 199°. This was shown to be pure benzo-p-nitro- 
be § anilide by a mixed m. p. with a sample obtained from benzoyl 
ie, § chloride and p-nitroaniline. 
in Preparation of the Methyl Ethers of the Oximes.—The «-oxime was 
es § methylated according to the method of Brady and Mehta, and these 
p, & authors’ descriptions of the O- and the N-ether were confirmed. 
The $-oxime was methylated in the same way. The crude 
product was extracted with warm ether, and from the solution 
‘the second O-methyl ether was obtained; after recrystallisation 
o- § from methyl alcohol, it formed white shining plates, m. p. 96°. 
2, The residue from the ether extraction gave the 8-N-methyl ether 
ie. — as yellow needles from alcohol, m. p. 186° (Found: N, 10-6. 
v0 f U,,H,,O,N, requires N, 10-9%). There was no sign of the form- 
he § ation of two N-ethers. Brady and Mehta, by the methylation of 
er — their second oxime, obtained an O-ether identical with ours, and 
)°, — @ mixture of N-ethers from which they separated yellow needles 
ch § melting at 176°; this is clearly the N-ether of the 8-oxime largely 
ul. § contaminated with that of the «-oxime. One point, however, 
ss — Temains obscure; these authors state that only one O-ether was 
ot § formed, and from their description it appears to be identical with 
nd § ours, whereas it would have been expected that, since they were 
e:§ dealing with a mixture of oximes, both the O-ethers would have 
re, B been formed. The hypothesis that the two O-ethers form solid 
¢, — solutions would explain their results, but is excluded by the fact 
it § that we find mixtures of the two O-ethers to melt over the range 
he B 76—85°. 
8- N-Methyl-p-nitrobenzaldoxime was obtained by the method given 
by Brady, Dunn, and Goldstein (loc. cit., p. 2401). It was recrystal- 
lised three times from benzene, in which it is very sparingly soluble ; 
it is insoluble in the cold in carbon tetrachloride, carbon disulphide, 
and dioxin. 
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Measurements of Electric Dipole Moment.—These were measured 
in benzene solution at 25° by the method used before (Hammick, 
New, Sidgwick, and Sutton, J., 1930, 1876) with an apparatus and 
technique to be described elsewhere (Proc. Roy. Soc., 1931, in the 
press). 

The results obtained are tabulated below, where f, is the molar 
fraction of the solute, d the density of the solution (those by inter. 
polation marked *), ¢ its dielectric constant, its refractive index, 
P, the total polarisation of the solute and ,P, its electron polarisation 
(Hg-green line, 5461) at 25°. 


Ss d. e. n. Py. d's 
p-Nitrobenzophenone-a-oxime N-methyl ether. 
0-00863 0-8818 2-8121 1-50618 879-3 78-45 
0-00604 0-8795 2-6520 1-50498 906-5 79-1 
0-00421 0-8775 2-5393 932-9 
0-002896 0-8764* 2-4563 944-9 


P, at infinite dilution = 982; .P, = 79 cm.°; P, — -P; = 903 cm.’; 
= 6-60 x 107 e.s.u. 


p-Nitrobenzophenone-B-oxime N-methyl ether. 


0-00563 0-8796 2-2916 1-50458 100-7 75-08 
0-004085 0-8779 2-2864 1-50385 99-6 75-63 
0-00277 0-8765* 2-2823 99-9 


P, at infinite dilution = 100; .P, = 75-35 cm.*; P, — .P, = 24:65 cm.'; 
p= 1:09 x 107 e.s.u. 
p-Nitrobenzaldoxime N-methyl ether. 
0-000376 0-87394 2-2967 900-4 
P, at infinite dilution = 900-4 cm.*. 


The difference between .Pu,g54¢; for benzophenone and benzalde- 
hyde is 25-26 (interpolated from Py, and -Pyg, Landolt—Bornstein, 
‘* Physikalisch-Chemische Tabellen’’). Now .P, for p-nitrobenzo- 
phenone-«-oxime N-methyl ether is 78-8, hence .P, for p-nitrobenz- 
aldoxime N-methyl ether is 53-5 cm.*. Therefore P, — -P,= 
847; » = 64 x 10°18 e.s.u. 

Owing to the very sparing solubility of this substance in non- 
polar solvents, the total polarisation could only be measured at one 
concentration, and the electron polarisation had to be estimated 
indirectly, as above. If it be assumed that the errors were + 0-0001 
in d and + 0-0002 in e, the error in the total polarisation would be 
+ 3%, i.e., about + 27¢em.%. The error in the electron polarisation 
is probably less than 1 cm.’ and is therefore negligible. The error 
in the value for the moment is thus ++ 1-5% (since p « 4+/P), t¢. 
+ 0-1 x 10-%8 e.s.u., and although this is comparatively large, the 
order of the moment is established beyond any doubt. 
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CCXCVITI.—Cytisine. Part I. 
By Harry Raymonp Ina. 


CYTISINE occurs in the seeds of Cytisus laburnum and of a large 
number of other Leguminose. It was first isolated in a pure state 
by Husemann and Marmé (Edin. Med. J., 1862, 7, 908, 1025) and 
has since been extensively investigated by Partheil (Arch. Pharm., 
1892, 230, 448; 1894, 232, 167; Ber., 1890, 23, 3202; 1891, 24, 
635), Freund and his collaborators (Ber., 1901, 34, 605; 1904, 37, 
16; 1906, 39, 814; Arch. Pharm., 1918, 256, 33), Ewins (J., 1913, 
103, 97) and Spath (Monatsh., 1919, 40, 15, 93). 

Cytisine has the formula C,,H,,ON,. It forms mono-N-acyl 
derivatives and yields a mononitroso-compound, and contains, there- 
fore, one secondary nitrogen atom, which is shown by exhaustive 
methylation (see below) to form part of a rmg. The common salts 
of cytisine are monoacidic, but a dihydrochloride has been described 
(Partheil), and the N-acyl derivatives form salts but no methiodides. 
The second nitrogen atom is thus tertiary and feebly basic. 

The most illuminating facts about the structure of cytisine are 
derived from its behaviour on reduction by hydriodic acid and red 
phosphorus, whereby it yields ammonia, cytisoline, C,,H,,ON, 
and $-cytisolidine, C,,H,,N (Freund, loc. cit.). It has been proved 
by synthesis that the latter organic compound is 6 : 8-dimethyl- 
quinoline (Ewins, loc. cit.), and the former 2-hydroxy-6 : 8-dimethyl- 
quinoline (Spath, loc. cit.). On the basis of these results, fgrmula (I) 
for cytisine was put forward by Freund and formula (II) h 
Ewins had previously suggested that cytisine was form 
fusion of quinoline and pyrazole rings (III) but he did 
the allocation of the hydrogen and oxygen atoms. 


_ CH, 
¢ ‘S CH, Sie NN 
| y, CH-OH MeHo’ \/ ‘SY 
N H, 0 
CH, CH, H N 


NH (lL) 
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Ubjections can be raised to each of these formule. There is no 
evidence for the hydroxy-group of formula (I). Only Ewins’s 
partial formula (ITI) contains the 6 : 8-dimethyl carbon atoms in the 
positions which they occupy in cytisoline, and there is no reason to 
assume that a methyl group attached to the quinoline nitrogen will 
migrate either to the 6-position as required by Freund’s formula (I) 
or to the 8-position as required by Spath’s (II). Indeed, Spath 
himself failed to obtain such migrations when NV-methyl-«-quinolones 
were heated with hydriodic acid under the conditions of the reduction 
process. 

Moreover, any partially reduced quinoline formula for cytisine 
would be expected to involve ease of oxidation of the alkaloid toa 
completely aromatic structure and (I), in particular, should lead toa 
benzene-carboxylic acid. This has never been observed. Cytisine 
is easily oxidised but degradation products more complex than 
ammonia and oxalic acid have never been isolated. Spiath (loc. cit.) 
claimed to have obtained isovaleric acid among the products of its 
oxidation with barium permanganate, but the only evidence for this 
consisted in the odour of anethylester. Distillation of cytisine with 
zinc dust or soda-lime yields pyrrole and pyridine but no quinoline 
bases. 

Oxidation with silver oxide, iodine in alcohol, and similar reagents 
was studied in the present investigation, but in no case could a 
crystalline product be isolated and consequently this line of attack 
was abandoned. Hydrogen peroxide oxidises cytisine to hydroxy- 
cytisine, C,,H,,0,N,, in which the imino-group is conyerted into 
>N-OH (Freund, loc. cit.). This result is difficult to reconcile with 
Spith’s formula (II) when it is remembered with what ease the 
iminazole ring is formed in preference to its hydrogenated analogue. 

These objections suggest that previous authors have been wrong 
in concluding that the quinoline nucleus exists preformed in the 
alkaloid. The only evidence for this assumption is the production 

e and §-cytisoiidine in the phosphorus and hydriodic acid 
and this result is equally consistent with the view that the 
nucleus is formed during the reduction process itself by 
molecular change. But if the view that cytisine con- 


SARE ono skeleton is rejected, there is good evidence for the 


Of one aromatic nucleus in the alkaloid, 


can be nitrated, and nitrocytisine yields on reduction an 

ine capable of diazotisation (Freund, loc. cit.). It can 

ily brominated to form dibromocytisine, C,,H,,0N,Br. 

This substance was studied by Partheil (loc. cit.) and Lammers 
(Arch. Pharm., 1897, 235, 275), who found that no hydrobromic acid 
was removed by boiling it with baryta, silver oxide, or alcoholie 
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potassium hydroxide. Reduction with sodium amalgam or zinc 
and sulphuric acid reconverts dibromocytisine into cytisine. These 
results, which have been confirmed by the present author, suggest 
that both bromine atoms enter an aromatic nucleus, and it is note- 
worthy that neither formula (I) nor (II) affords suitable positions 
for disubstitution. 

The formation of the «-quinolone nucleus in the reduction of 
cytisine, together with the failure of several authors to obtain 
evidence for the existence of benzene-carboxylic acids in the per- 
manganate oxidation products of the alkaloid, make it fairly certain 
that the aromatic nucleus in cytisine is an «-pyridone ring. This 
view is supported by the fact that cytisine gives a red colour with 
ferric chloride which is discharged by hydrogen peroxide with the 
slow production of a blue-green, since Spaith found this colour 
reaction to be characteristic of a number of N-alkyl-«-pyridones and 
-«-quinolones. 

In order to account for the production of cytisoline from cytisine, 
itis necessary to assume that the carbon skeleton C-C(-C)-C-C°C is 
attached to the a-pyridone nitrogen and to another atom in the 
pyridone ring in such a way as to make possible the completion of 
the quinoline nucleus. The partial formule (IV) and (V) represent 


the simplest ways of fulfilling these conditions. 


Gs 
fi\~\ 
IV.) og.ek , J 


The pyridocoline nucleus as in (IV) is known to occur in certain 
alkaloids of the berberine type, and although the pyrrocoline 
nucleus as in (V) has not so far been demonstrated to occur in natural 
products, derivatives of it have been synthesised (compare Clemo 
and Ramage, this vol., p. 49). The development of the partial 
formule (IV) and (V) requires the linking of two carbon atoms of 
the numbered rings by NH< and the complete saturation of the 
bridged-ring system so formed by hydrogen. In (IV) the imino- 
group may be assumed to link one of the following pairs of carbon 
atoms: 1:4; 1:6; 3:5; 4:5 and 5: 6, and in (V) either of the 
pairs 1: 60r5: 6. 

The formule (IV) and (V) afford a simple explanation of the 
formation of the 6: 8-dimethylquinoline nucleus in the reduction 
of cytisine by phosphorus and hydriodic acid. The effect of these 
reagents is to remove the imino-group as ammonia and to break the 
a to the pyridone nitrogen. Hydriodic acid is then lost 

Co 
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between carbon atom 4 or 6 and the para-position to the 2-hydroxy- 
group of the pyridine ring, followed by further loss of hydriodic acid 
from the newly formed ring. This is illustrated for a formula of 
type (V), but similar mechanisms will hold for formule of type (IV). 


CH,—CH, CH,L-CH CH, 


NH (OH, —_ — MeIC’ 
| oN N, 


H,C 
CH,—C CO CH,I-CI OH HN 
Me Me ft CHI 


Me 
OH 
Me N 


In deciding between formule (IV) and (V) it is instructive to 
consider what would be the results of the exhaustive methylation of 
such structures. All the five possible formule for cytisine of type 
(IV) should yield the same dimethylpyridocoline derivative (VI) 
if the appropriate rearrangements of double bonds to form a second 
aromatic ring are assumed. The two possible formule of type (V) 


M 
Me i 


DON PNA 
(VI) we ‘ ) M ae | vit, 
WZ Ee 

CO Me GO 


(NH< linking carbon atoms 1: 6 or 5:6) lead to no such simple 
result. The first stage of the exhaustive methylation should yield 
a de-N-dimethyl compound (VII), but as this structure contains no 
hydrogen in the $-position to nitrogen it is difficult to predict the 
subsequent course of the degradation. 

The exhaustive methylation of cytisine was studied by Partheil 
(loc. cit.), who found that it yielded first methylcytisine, a crystalline 
substance, m. p. 134°, which on further degradation gave an amor- 
phous de-N-dimethylcytisine. The amorphous methiodide of the 
latter on heating with potassium hydroxide lost trimethylamine and 
formaldehyde and left an amorphous base, C,)H,,0,N, analysed as its 
amorphous chloroplatinate. It has now been found that de-N-di- 
methyleytisine methohydroxide decomposes smoothly in boiling amy! 
alcohol with loss of trimethylamine, and the main product is 4 
crystalline substance, m. p. 300°, of empirical composition C,,H, ,ON, 
a formula which corresponds to cytisine less theelements of ammonia. 
No formaldehyde could be detected in this decomposition. A small 
amount of soluble base was also formed which gave an amorphous 
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methiodide but insufficient was obtained for further investigation. 
No hydroxy-compound could be detected by means of phenyl 
isocyanate. 

The substance, m. p. 300°, is a weak base, insoluble in water, but 
dissolving in concentrated acid and crystallising on dilution. It 
gives the red colour with ferric chloride characteristic of cytisine, and 
therefore contains the «-pyridone ring intact. The molecular weight 
in camphor corresponds to the double formula C,,H,,0,N,. This 
result is peculiar. The only other instances of the polymerisation 
of the residue on decomposition of a quaternary ammonium hydr- 
oxide appear to be fluorenyl-9-trimethyl- and -9-triethyl-ammonium 
hydroxides, which yield 0o’-bisdiphenylylene-ethylene (Ingold and 
Jessop, J., 1929, 2357). 

The studies of Ingold and his collaborators on the course of 
exhaustive methylation degradations indicate that, for ammonium 
hydroxides (>CH*NR,OH) containing no Hg, three reactions are 
possible : (1) conversion to the tertiary amine (>CH:NR, + ROH), 
(2) loss of NR, and conversion to the aleohol (>CH-OH), and (3) 
methylenic elimination followed by isomerisation or polymerisation 
(eg., >C:IC< + 2NR, + 2H,O). All three reactions occur with 
fluorenyl-9-trimethylammonium hydroxide. Absence of Hg in an 
ammonium hydroxide does not necessarily involve methylenic 
elimination, but the latter has only been observed for ammonium 
hydroxides containing no Hg. 

Consequently, it appears justifiable to conclude that the formation 
of C,5H,,0,N, in the decomposition of de-N-dimethylcytisine metho- 
hydroxide implies the absence of Hg, a condition which is satisfied 
only by formule of type (V), of which two are possible, viz., (VIII) 
and (1X). 


CH,—CH 
pa YY 
NH CH 
| LON ax) 
CHC” CO 


a) 


It is impossible at present to decide definitely between these altern- 
ative formule, although the author prefers (IX). The advantages 
claimed for these new formule may be briefly summarised. They 
contain the «-pyridone ring with two positions (3 and 5) free for 
substitution. They will account in a simple manner for the form- 
ation of cytisoline in the phosphorus and hydriodic acid reduction. 
Exhaustive methylation can only yield a de-N-dimethylcytisine con- 
taining no Hg, which makes plausible the polymerisation of the 
tesidue after loss of trimethylamine. At the same time, they are 
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consistent with all the other well-established facts about cytisine J sol 
and are free from the objections raised against previously suggested J by 
formule. was 
The synthesis of ring systems such as those indicated in formula § Th 
(VIII) and (IX) is being investigated. The experimental section of J mo 
this paper gives an account of work dealing with the synthesis of § sep: 
quiniminazole derivatives related to Spith’s cytisine formula (II), § atic 
which was begun before the theoretical ideas now adumbrated were § met 
developed. (Fo 
EXPERIMENTAL, vert 
Extraction of Cytisine.—Previous workers have extracted cytisine J solu 
from laburnum seeds by means of dilute aqueous or alcoholic acid. § Tesi 
It was found more convenient to use chloroform, in which the — Tem 
alkaloid is very soluble. The seeds (1 kg.), ground to pass a 20-mesh §— stro 
sieve, were intimately mixed with slaked lime (100 g.), and water J chlo 
(500 ¢.c.) was added. The mixture was kneaded into a coarse § did: 
powder and extracted with chloroform for 20 hours. The chloro. § in a 
form extract was evaporated finally in a vacuum to remove the last J palla 
traces of solvent, and the residue stirred with light petroleum Th 
(1 litre) and left over-night. Most of the alkaloid crystallised and J with 
was separated, the mother-liquor being extracted with dilute acid. J in ar 
The crude alkaloid was purified by boiling its solution in dilute § but | 
hydrochloric acid with charcoal, filtering it, making it strongly § solut 
alkaline, and extracting with chloroform. The chloroform solution F vacu 
was dried with sodium sulphate and evaporated, the alkaloid § ‘rime 
crystallising at once (yield 20 g.). Cytisine is best purified by hydr 
distillation in a vacuum, followed by crystallisation from dry § 4ssun 
acetone; m. p. 154-5—155-5° (Found: C, 69-3; H, 7-4; N, 147. amyl 
Cale. for C,,H,,ON,: ©, 69:5; H, 7-4; N, 14:7%). p-Toluene § amyl 
sulphonylcytisine is insoluble in cold water but can be recrystallised The ~ 
from hot. It is soluble in dilute acid and in warm alcohol; prisms § &Xtra 
m. p. 207—208° (Found: N, 8-1. C,gH, O,N,5 requires N, 8-1%). F Was ¢ 
Exhaustive Methylation of Cytisine (with Rosert Srpney Cann). Soluti 
—NMethylcytisine. Cytisine dissolved in methyl alcohol was refluxed It was 
with excess of methyl iodide for an hour, cooled, and the solid The 
methiodide filtered off and recrystallised from methyl alcohol; § Solutic 
it formed pale yellow needles, m. p. 280° with previous sintering The r 
(Found : I, 383. Calc. for C,,H,,ON,I : I, 383%). Partheil (lo. § benzer 
cit.) gives m. p.270°. The methiodide was dissolved in excess of 20% § W4S ev 
sodium hydroxide and extracted with chloroform. Evaporation o J ¢Tysta 






the dried extract left methyleytisine, which rapidly crystallised; 

m. p. 134° after recrystallisation from acetone. 
De-N-dimethylcytisine, Methylcytisine reacts slowly with methyl 

iodide, and the presence of unchanged base greatly increases the 
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solubility of the methiodide in methy] alcohol, but it can be separated 
by taking advantage of its insolubility in acetone. Methylcytisine 

was consequently refluxed in acetone with excess of methyl iodide. 
The methiodide gradually separated and was removed. The acetone 
mother-liquors were refluxed with more methyl iodide until, after 
separation of the methiodide, a negligible residue was left on evapor- 
ation of the solution. The methiodide was recrystallised from 
methyl alcohol in which it is sparingly soluble; m. p. 276° (decomp.) 
(Found: I, 36-7. Cale. for C,,H,,ON,I: I, 36-7%). It was con- 
verted into the hydroxide by means of silver oxide in aqueous 
solution, the water removed by distillation in a vacuum, and the 
residual hydroxide refluxed in amyl alcohol for 4 hours. After 
removal of the amy] alcohol in steam, the aqueous solution was made 
strongly alkaline and extracted with chloroform. Evaporation of the 
chloroform left de-N-dimethylcytisine as a clear yellow gum which 
did not crystallise. Attempts to hydrogenate this base catalytically 
in aqueous, in alcoholic, and in 2% acetic acid solution with 
palladised charcoal were unsuccessful. 

The substance, C e2H 20, N,. De-N-dimethylcytisine reacted readily 
with methyl iodide in acetone solution, the methiodide separating 
in an amorphous condition. It could not be obtained crystalline, 
but was converted directly into its hydroxide in methyl-alcoholic 
solution by means of silver oxide, the alcohol being removed in a 
vacuum, and the residue refluxed in amyl] alcohol until no more 
trimethylamine was evolved (3 hours). The solution of the 
hydroxide had a remarkable green fluorescence, and when evaporated 
assumed a bright purple-red colour which disappeared on boiling in 
amyl alcohol, although the fluorescence remained. Removal of the 
amyl alcohol in steam left a resinous material insoluble in water. 
The aqueous layer was decanted, made strongly alkaline, and 
extracted with chloroform. In this way a small amount of a base 
was obtained which gave an amorphous methiodide in acetone 
solution, but the quantity was insufficient for further investigation. 
It was probably de-N-dimethylcytisine methiodide. 

The insoluble resinous material was dissolved in chloroform, the 
solution dried with sodium sulphate, and completely evaporated. 
The residual resin was dissolved in the minimal amount of hot 
benzene, and a crystalline material separated. The mother-liquor 
was evaporated and treated with hot dry acetone, whereupon more 
crystalline material separated. Repetition of this process, using 
benzene and dry acetone alternately, converted most of the resin 
into the crystalline material. No other material could be isolated, 
and treatment of the final mother-liquors with phenyl isocyanate 
gave no phenylurethane. The crystalline substance was recrystal- 
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lised by solution in hot acetic acid and dilution with water; it 
separated slowly in a pale yellow microcrystalline condition, m. p. 
300° with previous sintering (Found: C, 76-3; H, 6-5; N, 8-0; 
M, in camphor, 342. C,,H,,ON requires C, 76-3; H, 6-4; N,8-1%). 
CygHg.0,N, requires M, 346). The substance is a weak base, soluble 
in concentrated hydrochloric acid and crystallising on dilution. In 
alcoholic solution it gave a blood-red colour with ferric chloride, 
which was discharged by hydrogen peroxide with the slow pro- 
duction of a green colour on warming. In acetic acid solution it 
decolorised permanganate at once. Attempts to hydrogenate it in 
acetic acid solution with palladised charcoal were unsuccessful. 

Synthesis of Derivatives of Quiniminazole (see annexed formula).— 
8-Nitro-6-methylquinoline, prepared from m-nitro-p-toluidine 

(compare Barlow and McCollum, J. Amer. Chem. Soc. 
KN S/W. 1904, 26, 700), was heated with excess of methyl 
y ,2| sulphate on the steam-bath for 3 hours, treated with 
N“ water, and extracted with ether. The aqueous solution 
n—! was saturated with sodium iodide, whereupon the 
methiodide separated ; it was recrystallised from water 
or methyl alcohol, m. p. 164° (decomp.) (Found: I, 38:5. 
C,,H,,0,N,I requires I, 38-5%%). The methiodide (10 g.), dissolved 
in alcohol (50 c.c.), was treated with 20% aqueous caustic potash 
(20 c.c.) and hydrogen peroxide (90—100-vol.; 40 c.c.), and the 
reaction completed on the steam-bath. 8-Nitro-1 : 6-dimethyl-a- 
quinolone separated and was recrystallised from methyl alcohol; 
yellow needles, m. p. 165—166° (Found: N, 12-8. C,,H,,0,N, 
requires N, 12-8%). 

Equal weights of the quinolone and phosphorus pentachloride were 
heated at 170—180° until effervescence ceased. The product was 
treated with water, and the insoluble residue recrystallised from 
alcohol. 2-Chloro-8-nitro-6-methylquinoline forms colourless needles, 
m. p. 150—151° (Found : N, 12-5. ©, )H,0,N,Cl requires N, 12-6%). 
It was heated with water, made just acid, at 140° for 4 hours, and 
the insoluble product extracted with warm 10%, potash, filtered off 
and made acid. The bright yellow 8-nitro-2-hydroxy-6-methyl- 
quinoline crystallised from alcohol as yellow plates, m. p. 200—201° 
(Found : N, 13-6. CC, >H,O,N, requires N, 13-7%). 

The foregoing compound (10 g.),dissolved in hot acetic acid (40 c.c.) 
and diluted with water (40 c.c.), was treated during 1 hour with iron 
filings (7 g.), the temperature being kept at 40—50° (compare 
Dikshoorn, Rec. trav. chim., 1929, 48, 147). The product was poured 
into water (400 c.c.), the precipitated base dissolved in warm dilute 
hydrochloric acid, filtered, and saturated with hydrogen chloride. 
8-Amino-2-hydroxy-6-methylquinoline hydrochloride, which separated, 
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was recrystallised from dilute hydrochloric acid, and treated with 
ammonia; the free base was precipitated in an amorphous con- 
dition, and when crystallised from alcohol, it formed greenish woolly 
needles which did not melt below 300° (Found : N, 15-8. C,gH, ON, 
requires N, 16-1%). When boiled with formic acid, this yielded, 
not the quiniminazole ring, but the formyl derivative, colourless, 
woolly needles from alcohol, m. p. 263—264° (Found: C, 65-4; 
H, 5-0; N, 13-8. C,,H,,0.N, requires C, 65-3; H, 5-0; N, 13-8%). 
With boiling acetic anhydride the free base yields an acetyl deriv- 
ative, woolly needles from alcohol, m. p. 300° (Found: N, 12-9. 
C,2H,,0.N, requires N, 13-0%). 

6- Methyl -1: 2:3 : 4-tetrahydroquiniminazole.—Crude  8-amino- 
§-methyl-1 : 2:3: 4-tetrahydroquinoline (Bamberger and Wulz, 
Ber., 1891, 24, 2071) was boiled for 2—3 hours with 100% formic 
acid. The product was poured into water, made alkaline, and the 
oil extracted with chloroform. After evaporation of the solvent, 
the oil was distilled in a vacuum. The fraction of b. p. 210—220°/ 
18 mm. solidified, and was crystallised by solution in hot ether and 
addition of an equal volume of light petroleum (b. p. 60—80°). 

6-Methyl-1 : 2 : 3 : 4-tetrahydroquiniminazole crystallises slowly in 
irregular prisms, m. p. 82—83° (Found: N, 16-3. C,,H,.N, 
requires N, 16-3%). It forms a perchlorate, needles from water, 
m. p. 240° (decomp.) (Found: N, 10-2. C,,H,.N,,HCIO, requires 
N, 10-3%). 


Grateful acknowledgment is made to the Research Fund Com- 
mittee of the Chemical Society for a grant which defrayed part of 
the cost of this investigation. 


DEPARTMENT OF PHARMACOLOGY, 
UnIvERsITy COLLEGE, LONDON. [Received, June 30th, 1931.] 





CCXCIX.—Studies in Gaseous Adsorption. Part I. 
The Influence of Hydrogen Sulphide on the Rate 
of Adsorption of Hydrogen by Platinum. 


By Epwarp BrapDFrorD MAXTED. 


THE adsorption of hydrogen by hydrogen-activating metals normally 
follows a course such that the bulk of the gas is taken up relatively 
quickly. Further adsorption then occurs at a far slower rate; and 
equilibrium between the adsorbed and the gaseous phase is only 
approximately reached after a time which may be of the order of 
several days. 
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The slow process which follows the primary adsorption is usually 
ascribed to the penetration of the hydrogen into the interior of the 
metal, Taylor (J. Amer. Chem. Soc., 1931, 53, 578) postulates two 
modes of adsorption, each associated with its own critical energy, 
and corresponding with the adsorption of hydrogen in the molecular 
and in the atomic state respectively. According to Taylor’s views, 
the activation energy required for molecular adsorption is relatively 
low; and hydrogen adsorbed primarily in the molecular state may 
pass into a condition of atomic adsorption if it attains the higher 
critical energy required for this. 

It appeared of interest, in the light of Taylor’s conception, to 
examine the effect of a catalyst poison on the rate of adsorption, in 
order to attempt to obtain some indication of the degree of applic- 
ability of these two postulated variations to primary and to second- 
ary adsorption; for, in a surface of non-uniform energy distribution, 
if the adsorbing units of the highest degree of unsaturation are 
occupied obstructively by preferentially adsorbed molecules, in 
place of being free for normal adsorption, the probability within a 
given time of the attainment by an individual adsorbed hydrogen 
molecule of the necessary higher critical energy for atomic adsorption 
will be decreased. The mechanism by means of which the energy 
of an adsorbed hydrogen or other molecule is raised to a level higher 
than that corresponding with its initial adsorbed state is not 
definitely known; it appears, however, reasonable to postulate that 
this occurs through the mobility of an adsorbed molecule on a 
surface—by virtue of adsorption and readsorption at another 
adsorbing point—until readsorption ultimately takes place at an 
adsorbing unit of a sufficient degree of unsaturation to raise the 
energy content to that required, in accordance with the method of 
activation discussed in a previous paper (Maxted, Chem. and Ind., 
1931, 50, 149). 

The results now obtained show a general retardation of the whole 
process of adsorption by the presence of a poison, the degree of 
retardation increasing with the poison content. It should be 
pointed out, however, in connexion with Taylor’s conception of the 
dual nature of adsorption, that this general retardation would also 
be exerted by a poison if one mode only of adsorption on an assumedly 
non-uniform surface took place. 


EXPERIMENTAL. 

The apparatus and general technique resembled that employed 
in earlier work with palladium (J., 1919, 145, 1050; 1920, 117, 
1280), save that the relative smallness of the adsorption of hydrogen 
by platinum rendered unnecessary the second, larger gas burette. 
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The platinum was prepared by the reduction of hydroplatinic acid 
with alkaline potassium formate (Mond, Ramsay, and Shields, 
Phil. Trans., 1895, A, 186, 657). After being sealed in the adsorp- 
tion tube, it was heated to 100° for several hours in a stream of 
hydrogen to remove free oxygen as water, then degassed as com- 
pletely as possible by evacuation at the same temperature. This 
degassing was repeated between individual adsorption measure- 
ments, the temperature not being raised above 100° in order to avoid 
the risk of structural changes in the platinum. The hydrogen 
sulphide was made by decomposing magnesium hydrosulphide. 

As was previously found for palladium, small quantities of 
hydrogen sulphide are almost completely adsorbed by platinum. 
This adsorbed gas is not removed to any great extent by evacuation 
at room temperature, but on degassing at 100° an equal volume of 
hydrogen is evolved, and the sulphur remains on the platinum ; 
further, the influence of a given concentration of the inhibitant on 
the subsequent adsorption of hydrogen is—as with palladium—not 
the same for hydrogen sulphide in the freshly adsorbed state as 
for the equivalent quantity of sulphur left behind after removal of 
the hydrogen component by evacuation. 

The influence of hydrogen sulphide on the total volume of hydrogen 
which can be subsequently adsorbed was, within the limits studied, 
not very great, provided that sufficient time was allowed for the 
hydrogen adsorption to attain an equilibrium value. Table I refers 
to the total subsequent adsorption of hydrogen, at 20°, by 6-72 g. of 
platinum-black having the hydrogen sulphide content indicated. 
All gas volumes are corrected to N.T.P. The adsorptions marked 
A are direct and include the volume of hydrogen resulting from the 
dissociation of the hydrogen sulphide increment; those marked B 
are adsorptions after removal of the hydrogen resulting from the 
dissociation of the poison, by evacuation at 100°. 


TABLE [, 
Total H,S H, subsequently Total H,S H, subsequently 
content, c.c. adsorbed, c.c. content, c.c. adsorbed, c.c. 
None 5-17 2-94 A 4-81 
4-89 B 515 
4:96 3-76 A 4-64 
4-93 4:27 A 4-49 
1:37 A 481 B 4-00 
B 491 7-22 B 4-45 


It will be seen that a gradual general decrease in the total hydrogen 
subsequently adsorbed is observed on increasing the hydrogen 
sulphide content ; but the slight variation in the volume of hydrogen 
taken up from one experiment to another under similar conditions 


is se to render impossible the quantitative expression of this 
Oo ) 
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influence of the poison on the total hydrogen adsorption without 
further work. In order to obtain a platinum-black having a 
hydrogen sulphide content of 7-22 c.c. for the 6-72 g. of platinum 
used, exposure to hydrogen sulphide for a period of 3 days was 
necessary. It should be noted that the value, 4-0 ¢.c. of hydrogen, 
observed for a hydrogen sulphide content of 4-27 c.c., is probably 
low, since it was obtained after exposure to hydrogen for 21 hours 
only, whereas approximate equilibrium with this poison content 
requires several days. For attainment of hydrogen equilibrium 
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with a hydrogen sulphide content of 7-22 c.c., 9 days’ exposure to 
hydrogen was necessary. 

While, within the limits studied, the effect of hydrogen sulphide 
on the total hydrogen adsorption is not very great, the poison exerts 
a very marked and interesting action on the velocity of this adsorp- 
tion, the retardation being greater for hydrogen sulphide in the 
initial form than for the equivalent sulphur left after dissociation 
and removal of the hydrogen. 

The influence of various concentrations of the poison on the rate 
of adsorption, and the difference in the effect of hydrogen sulphide 
in its original and in its dissociated form, are seen from the curves 
of Fig. 1, in which the adsorption of hydrogen is plotted against time 











for 
letite 
T 
basi: 
part 
ener 
area 
adso 
area, 
possi 
degr 
high] 

the 
depe 
high! 
in a. 
DE! 
l 


CC 


It ha 
6-nap 
as the 
the m 
and o 
sulph 
showr 
(IIT) 1 
revers 
sulphi 
charac 
conve 
the re 
sulphe 
1329) 
then d 
that t] 
Hinsh¢ 


presen 
a-sulp} 
Hinsbe 





Ms 


— a le Ue CUS 

















THE REARRANGEMENT OF 2-NAPHTHOL-1-SULPHONE. 2207 


for various hydrogen sulphide contents. (The significance of the 
letters A and B is explained on p. 2205.) 

The form of the curves is somewhat difficult to explain on the 
basis that the main process of primary adsorption, or a substantial 
part of this, is a molecular one associated with a relatively low critical 
energy, since, in this case, the obstructive occupation of the peak 
areas should result only in the retardation or suppression of atomic 
adsorption, whereas the effective absence of these highly unsaturated 
areas retards the adsorption as a whole. Thus, the presence of, and 
possibly the activation of hydrogen by, free adsorbing units of a high 
degree of unsaturation influences also the rate of adsorption by less 
highly unsaturated adsorbing elements. From this standpoint, 
the main process of adsorption would be a catalytic reaction 
dependent on, or accelerated by, previous association with the 
highly active areas. This aspect will be discussed in greater detail 
in a later paper. 

DEPARTMENT OF PHYSICAL CHEMISTRY, 

UNIVERSITY OF BRISTOL. [Received, June 19th, 1931.] 





CCC.—The Rearrangement of 2-Naphthol-1-sulphone. 
By LronaRD ARTHUR WARREN and SAMUEL SMILES. 


It has been shown (this vol., p. 914) that the conversion of iso- 
8-naphthol sulphide (I) to 2-naphthol 1-sulphide (II) may be regarded 
as the displacement of oxygen from the positive «-carbon atom by 
the more negative thiol ion. The accelerating influence of alkali 
and of picryl chloride on the change and the inactivity of the iso- 
sulphone (IV) or of the O-methyl ether of the iso-sulphide have been 
shown, to be in accordance with this view. In 2-naphthol-1-sulphone 
(III) the relative polarities of the hydroxyl oxygen and sulphur are 
reversed in comparison with these in 2-naphthol 1-sulphide (II), the 
sulphur by conversion to the sulphone having assumed a positive 
character. Hence, according to the interpretation given to the 
conversion of (I) to (IL), it is evident that with the sulphone (IIT) 
the reverse type of this change should be realisable. Thus the 
sulphone (III) should be convertible to the sulphinic acid (J., 1930, 
1329) or iso-sulphone (IV), the positive sulphur of the sulphone being 
then displaced by the negative ion of the naphthol. It is now shown 
that this rearrangement may be effected. The conversion (see also 
Hinsberg, J. pr. Chem., 1916, 93, 280) is almost complete at 150° in 
presence of alkali hydroxide, but owing to the ease with which the 
«-sulphinic acid (iso-sulphone) loses sulphur dioxide (compare 
Hinsberg, loc. cit., p. 284), the dinaphthyl oxide (V) and alkali 
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sulphite are liberated at this relatively high temperature. Since 
it has been shown (J., 1930, 1330) that the iso-sulphone (IV) may be 


Qe S-C,,H,OH 0,°C,5H,-OH 


—> 
O-C,,H,-OH OH OH 
(I.) (II.) (IIT.) 
0,H 
(IV.) 
0-C,,H,OH 


converted to the iso-sulphide (I) by reduction, it is evident that only 
the instability of the former prevents the realisation of the complete 
cycle (I) —> (IV) —> (I). Similarly, 6-bromo-2-naphthol-1-sulphone 
yields sulphite and the dibromo-derivative of the hydroxydinaphthyl 
oxide (V). In fact, from this and other examples drawn from a 
different type of sulphone now being studied, it appears that the 
rearrangement may be generally effected if suitable intramolecular 
conditions are provided. 

As might be expected, the dimethyl ether of the sulphone (III) 
is merely hydrolysed under the conditions stated, 2-methoxy- 
naphthalene being formed. Moreover, in accordance with the 
behaviour of the monomethyl ether of the iso-sulphide (this vol. 
p. 920), the monomethyl ether of the sulphone does not undergo the 
rearrangement in presence of alkali; instead, it loses the elements 
of methyl alcohol, giving high yields of «$«’’-dinaphthathioxin 
dioxide (VI). Itis noteworthy that, from the experiments described, 
the presence of alkali would appear to be necessary to this excep- 
tional behaviour, and that the monomethyl ether of the corre- 
sponding sulphide remains unaltered under the conditions effective 
with the sulphone. 
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Evidence that the character of the «-carbon atom (this vol., p. 916) 
has an important influence on the progress of this type of rearrange- 
ment is shown by the fact that p-cresolsulphone (VII) remains 
unaltered at 250° under the conditions used in the conversion of 
2-naphthol-l-sulphone. Attempts to effect the rearrangement of 
the former sulphone by increasing the positive character of the 
a-carbon atom were made in a study of the dinitro-derivative, but 
this material was profoundly decomposed under the usual conditions. 
In further experiments evidence was obtained that 2’ : 4-dihydroxy- 
m-tolyl-1'-naphthylsulphone (VIII) is converted into a phenol and 
sulphite at 250° in presence of alkali, but the former product could 
not be isolated in a pure condition. 


EXPERIMENTAL. 


2-Naphthol-1-sulphone, prepared by the oxidation of 2-naphthol 
l-sulphide, was unaltered by excess of aqueous N-alkali hydroxide 
at 100° (2 hrs.), but when heated with water at 200° for 2 hrs., 1 g. 
yielded 0-46 g. of 2-naphthol. At this higher temperature (2 hrs.) the 
sulphone (1 g.) in presence of alkali (N-sodium hydroxide, 1 mol.) 
yielded a mixture of 2-naphthol (0-1 g.) and 2-hydroxy-1 : 2’-di- 
naphthyl oxide (0-28 g.). Lower temperatures (e.g., 150°) and the 
presence of 2 mols. of alkali hydroxide are more favourable to the 
rearrangement. The following data are quoted to show the influence 
of increasing amounts of alkali; they were obtained by heating the 
sulphone (2 g.) at 150° for 3 or 12 hrs. in presence of sodium hydr- 
oxide. The columns headed “ oxide ” and ‘“ sulphone ” respectively 
show the amounts of these materials isolated from the products; in 
all cases only small amounts of 2-naphthol were present. 


N-NaOH, Three hours. Twelve hours. 
mols. Oxide. Sulphone. Oxide. Sulphone. 
2 1-2 none 1-1 none 
4 0-65 0-8 1-3 none 
8 0:3: 1-5 0-8 0-8 


The oxide (Found: C, 83-6; H, 5-1. Cale.: C, 83-9; H, 49%) 
was in each case identified by close comparison with an authentic 
specimen of 2-hydroxy-1 : 2’-dinaphthyl oxide. It is evident that 
alkali in excess of 2 molecular proportions retards the change. For 
comparison, it may be added that the dimethyl ether of 2-naphthol- 
l-sulphone was recovered unchanged after 5 hours at 150° with 
aqueous V-sodium hydroxide (4 mols.), whilst only a small amount 
of 2-methoxynaphthalene was isolated. 

The monomethyl ether of 2-naphthol-1-sulphone was obtained in 
good yield from the corresponding sulphide (2 g.; this vol., p. 918) 
by treatment in acetic acid (15 c.c.) with “ hyperol ” (4 g.) at 100° 
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(1 hr.). The product separated from the cooled liquid. Oxidation 
was repeated if the presence of sulphoxide in the material could be 
detected by the production of a green colour with sulphuric acid. 
From acetic acid, the sulphone formed plates, m. p. 201° (decomp.), 
sparingly soluble in warm aqueous sodium hydroxide (Found: 
C, 69-2; H, 4:7. C,,H,,0,8 requires C, 69-2; H, 44%). The 
acetyl derivative had m. p. 211° (decomp.) (Found: C, 68-2; H, 
4-4. C,,H,,0,8 requires C, 68-0; H, 4-4%). The following data 
are quoted to show the conditions under which «$«’8’-dinaphtha- 
thioxin dioxide (VI) is formed from this substance (2 g.) by reaction 
with aqueous alkali. The product in question had m. p. 296° and 
was identical with a sample prepared by the oxidation of the di- 
naphthathioxin (Nolan and Smiles, J., 1913, 103, 908). It is note- 


Thioxin 


Time. NaOH. Temp. dioxide. 
10 hrs. Excess of N. 100° 1-7 g. 
2hrs, 1 Mol. of 0-1N. 200 1-4 g. 


worthy that this cyclic sulphone is not formed from the monomethyl 
ether by boiling acetic anhydride (4 hrs.), by boiling (16 hrs.) alco- 
holic 10% sulphuric acid or by water at 200° (2 hrs.). 

6-Bromo-2-naphthol-1-sulphone—A suspension of the finely 
divided sulphide (20 g.) in acetic acid (300 c.c.) containing hydrogen 
peroxide (25 c.c., 30%) was kept at 100° until the separation of the 
crystalline sulphone was complete (15 g.). This formed prisms, 
m. p. 227° (decomp.), from acetic acid (Found: C, 47-1; H, 2-5. 
CypH ,.0,Br,8 requires C, 47-2; H, 23%). When a mixture of this 
substance (5 g.) with aqueous N-sodium hydroxide (20 c.c., 2 mols.) 
was kept at 200° (4 hrs.) the conversion to 6 : 6’-dibromo-2-hydroxy- 
1: 2’-dinaphthyl oxide, C,,H;BreO°C,,H;BrrOH (compare V) was 
almost complete (98%). This material had then separated as a fused 
mass from the aqueous liquid which contained sodium sulphite. 
After purification from methyl alcohol, the oxide formed needles, 
m. p. 166° (Found: C, 54:2; H, 3-0; Br, 35-8. C,)H,.0,Br, 
requires C, 54-1; H, 2-7; Br, 36-0%). 

2’ : 4-Dihydroxy-m-tolyl-1'-naphthylsulphone (VITI).—A _ slow 
current of chlorine was led through a stirred suspension of 2-acetoxy- 
naphthalene 1-disulphide (5 g.) in chloroform (50 c.c.) until the 
solid had dissolved. After removal of excess of halogen the solution 
of the chlorothiol was shaken with p-cresol (4 g.) until reaction was 
complete (3 hrs.). The liquid yellow sulphide, remaining after the 
solvent and excess of cresol had been removed by steam, was treated 
(100°, 1 hr.) with hydrogen peroxide (10 c.c., 30%) in acetic acid 
(50 c.c.). After repetition of this treatment, the required sulphone 
(2:5 g.) separated; it formed plates, m. p. 203°, from acetic acid 
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(Found : C, 64-7; H, 44. C,,H,,0,8 requires C, 64-9; H, 4:4%). 
The dibenzoyl derivative, formed in an aqueous alkaline medium, 
had m. p. 249—250° (Found: C, 70-9; H, 4:5. (C,,H,.0,S requires 
C, 71:2; H, 42%). The hydroxy-sulphone remained unchanged 
after treatment with N-sodium hydroxide (2 mols.) at 150° (4 hrs.), 
but at 250° under similar conditions a liquid phenol and alkali 
sulphite were formed. Numerous derivatives of this phenolic 
material were examined but none was obtained in a crystalline state. 


Kine@’s CoLLEGE, LonpDon. [Received, July 9th, 1931.] 





CCCI.—The Per-rhenates of Copper, Nickel, and 
Cobalt, and the Ammines of these Compounds. 


By Henry VINCENT ArIRD BriscozE, Percy Lucock RoBINson, 
and ALFRED JOHN RUDGE. 


PER-RHENIC acid forms well-characterised compounds with many 
of the heavy metals and these, in turn, give stable ammines, Those 
of copper, nickel, and cobalt are here described. 

Metallic rhenium was heated in oxygen and the heptoxide thus 
produced, when dissolved in water, yielded per-rhenic acid. Normal 
per-rhenates were obtained by adding excess of the appropriate 
metallic carbonate to this solution and warming it until the reaction 
was complete. 

Copper Per-rhenate-—Hydrates. Solution of the carbonate is 
readily effected, and the pale blue solution yields crystals of the 
pentahydrate of the same colour which in a desiccator over fused 
calcium chloride soon reach constant weight corresponding to the 
tetrahydrate [Found : loss at 110°, 10-80. Cu(ReO,).,4H,O requires 
4H,O, 11-32%]. The nearly white anhydrous residue had a very 
faint greenish tinge and readily reabsorbed moisture from the air 
[Found : Cu, 11-29. Cu(ReO,), requires Cu, 11-28%]. Curves for 
the velocity of dehydration at 100° showed only one break, occur- 
ring when the composition of the residual material corresponded 
with the hemihydrate, Cu(ReO,),,sH,O. Thereafter the loss of 
weight at 100° became so slow that complete dehydration was always 
effected by raising the temperature to 115—120°. Rate of hydration 
curves in material kept in a desiccator over sodium carbonate deca- 
hydrate showed no falling off until the tetrahydrate was reached. 
Finally, under these conditions the pentahydrate was obtained, 
which subsequently deliquesced. The pentahydrate when main- 
tained over fused calcium chloride was reconverted to tetrahydrate 
[Net gain of weight = 13-15% of anhydrous material. Calc, for 
Cu(ReO,), —> Cu(ReO,).,4H,O : 12-77%]. 
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Ammines. By adding aqueous ammonium hydroxide (or, better, 
gaseous ammonia) to a fairly concentrated hot solution of copper 
per-rhenate, until the precipitate first formed redissolved, a dark 
blue solution was obtained from which deep blue crystals separated 
on cooling. These are only slightly soluble in water and are stable 
in air at 100° [Found : Cu, 9-73, 9-62, 10-27, mean 9-87; NHsg, 11-15, 
10-17, 10-80, mean 10-71. Cu(ReQ,),,4NH, requires Cu, 10-07 ; NH,, 
10-76%]. The tetrammine on being strongly heated in air turns pale 
green and then melts with darkening and decomposition. Varying 
the conditions gave no evidence of the formation of any other 
ammine. 

Nickel Per-rhenate—Hydrates. From a solution of nickel carbon. 
ate in aqueous per-rhenic acid, pale green crystals separated which 
after drying on a porous plate varied somewhat in water content 
but nevertheless must be nickel per-rhenate pentahydrate [Found : 
H,O, 13-34, 14-00, 13-14, 12-33, 13-86, 13:42, mean 13-35. 
Ni(ReO,).,5H,O requires H,O, 13-87%]. In the curve for rate of 
dehydration of pentahydrate at 100°, there is no inflexion until the 
pale green teirahydrate is reached, whereupon the rate of loss of 
weight falls to zero. This hydrate is also formed by leaving the 
pentahydrate in a desiccator over fused calcium chloride [Found: 
H,O, 11-21, 11-42, mean 11-32. Ni(ReO,).,.4H,O requires H,0, 
11-41%]. The cream-yellow anhydrous salt was obtained by heating 
the tetrahydrate to 170° [Found: Ni, 10-25, 10-39, mean 10-32. 
Ni(ReO,), requires Ni, 10-51%). 

Ammines. Treatment of an aqueous solution of nickel per- 
rhenate with ammonia gave eventually a clear blue solution, from 
which lilac crystals separated. These were washed with aqueous 
and then with alcoholic ammonia, and dried on a porous plate. 
They are unstable in air and pass into a light blue material with 
loss of ammonia [Found: Ni, 9-52, 9-13, 8-84, mean 9-16; NHs, 
14-52, 15-53, 14-45, mean 14-83. Ni(ReO,).,6NH, requires Ni, 8-88; 
NH, 15-44%]. 

The rate of loss of ammonia from the hexammine at 100° gave a 
smooth curve down to the blue tetrammine [Found : loss at 100°, 
5-03. Ni(ReO,).,6NH, requires 2NH;, 5-24%], which is stable at 
this temperature [Found: Ni, 9-55, 9-75, 9-26, mean 9-52; NH; 
10-81, 10-73, 9-74, mean 10-43. Ni(ReO,),,4NH, requires Ni, 9°36; 
NHs, 10-85%]. When heated strongly in air this compound decom- 
poses and eventually leaves a residue of nickel oxide. 

Cobalt Per-rhenate—Hydrates.. Cobalt carbonate dissolved in 
aqueous per-rhenic acid gave a pink solution from which somewhat 
darker pink crystals separated. These were filtered off and dried on 
a porous plate, and then corresponded most nearly to the penéa- 
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hydrate [Found: H,O, 13-32, 13-82, 11-28, 12-41, 13-62, 12-31, 
mean 12-79. Go(ReO,),5H,O requires H,O, 13-87%]; this hydrate 
appears to lose water more readily than the corresponding hydrates 
of copper and nickel, samples having been obtained with as little 
as 4:1 mols. of water. After standing over fused calcium chloride the 
material is converted into the trihydrate [Found : H,0O, 8-58, 8-92, 
8-87, 8-79. Co(ReO,),,3H,O requires H,O, 881%]. Dehydr- 
ation leaves the purplish-blue cobaltous per-rhenate [Found: Co, 
10-53. Co(ReO,), requires Co, 10-55%]. 

Ammines. Passage of ammonia into hot cobaltous per-rhenate 
solution caused the precipitation of bright violet crystals, more of 
which separated on cooling. Too much ammonia must be avoided 
or a brown precipitate of hydrated oxide is formed, and the crystals 
must be washed with liquids containing ammonia, otherwise they 
are converted into a bright green powder which is probably a basic 
per-rhenate since it is insoluble in ammonia-free water, and contains 
about 20% of cobalt. The violet crystals proved to be cobaltous 
per-rhenate tetrammine [Found: Co, 9-80, 9-86, 9-93, mean 9-86; 
NH;, 11-09, 10-99, 10-40, mean 10-83. Co(ReO,),,4NH, requires 
Co, 9-40; NH, 10-84%]. On being strongly heated in air, the 
compound decomposes leaving eventually cobalt oxide, whilst in 
water it is converted into the insoluble green substance already 
mentioned. 


Grateful acknowledgment is made to the Research Committee 
of this College for a grant for the purchase of the rhenium used. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, July 14th, 1931.] 





CCCII.—Researches on Residual Affinity and Co- 
ordination. Part XXXIII. Optical Activity 
dependent on Co-ordinated Nickel. 


By GitBert T. Morcan and Francis HEREWARD BuRSTALL. 


WHEN treated with ««’-dipyridyl (dipy) in aqueous or alcoholic 
media, simple nickel salts furnish well-defined, stable, pink complex 
salts of general formula [Ni 3dipy]X,,yH,O, and the first member 
of this series, the bromide, was described as [Ni 3dipy]Br,,6}H,O 
by Blau (Monatsh., 1898, 19, 647). 

We have now prepared tris-a«’-dipyridylnickelous chloride, bromide, 
iodide, nitrate, carbonate, and tartrate, all as hexahydrated salts, 
whereas tris-ax'-dipyridylnickelous thiocyanate gives a trihydrate. 
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In stability and colour, these complex nickelous salts are com- 
parable with the analogously constituted deep red co-ordination 
compounds obtained by Blau (loc. cit.) from ferrous salts and 
aa’-dipyridyl. Moreover, two of these ferrous compounds, namely, 
the tris-a«’-dipyridylferrous bromide (6H,O) and iodide (5H,0), 
were resolved into optical forms by Werner (Ber., 1912, 45, 433), 
who thus demonstrated the octahedral distribution of ««’-dipyridy] 
chelate groups round the central ferrous atom. These facts encour- 
aged the hope that similarly constituted complex nickel salts might 
prove to be resolvable into optically active enantiomorphous forms. 
We have now accomplished this resolution, and the following 
enantiomerides (I and II) of tris-««’-dipyridylnickelous chloride 
hexahydrate have been obtained in dextro- and levo-rotatory 
forms, this optical activity being dependent on co-ordinated nickel. 
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When excess of ammonium d-tartrate was added to an aqueous 
solution of tris-««’-dipyridylnickelous chloride hexahydrate, d-tris- 
aa’-dipyridylnickelous d-tartrate hexahydrate separated, having 
[aise + 590° and [M] + 4621°, and this salt when decomposed 
with ammonium chloride gave d-tris-««’-dipyridylnickelous chloride 
hexahydrate, with [«]}%;, +- 529° and [M] + 3735°. Another speci- 
men of this chloride, submitted for confirmation to Dr. Sugden, gave 
[a], + 550° with [M] + 3883°. 

The corresponding [-tris-««’-dipyridylnickelous chloride hexa- 
hydrate was isolated by the use of ammonium /-tartrate and showed 
a rotation [a], — 501° and [M] — 3536°. These active salts 
racemise with great facility in aqueous solution at room temperature, 
so that after 1} hours the d- and /-complex nickel chlorides become 
quite inactive. They are, however, more stable in the solid state, 
and may be kept for a few days without complete loss of activity. 

Earlier attempts to isolate optically active co-ordinated nickel 
salts were made by Mann and Pope (J., 1926, 486), who attempted 
unsuccessfully a resolution of the tristriaminotriethylaminebis- 
nickelous complex, and by Bucknall and Wardlaw (J., 1928, 2739), 
who failed to resolve trisethylenediaminonickelous chloride. 

Meanwhile, Wahl had stated that he had obtained an active form 
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of bisaquobiseth ylenediamminonickel tartrate, but without mention- 
ing the conversion of this tartrate into an optically active salt of any 
inactive acid [Soc. Sci. Fennica Comm. Phys. Math., 1927, 4,(14), 1}. 
The data on which this alleged resolution is based are very scanty. 


EXPERIMENTAL. 


Tris-aa'-dipyridylnickelous Chloride Hexahydrate—When ««’-di- 
pyridyl (23-4 g.) was added to nickel chloride (NiCl,,6H,O, 11-8 g.), 
dissolved in water, the crystals of the base acquired a pink tint, and 
on warming dissolved with formation of a deep red solution. The 
pink complex salt separated on cooling. This salt and the following 
halides were crystallised from warm water and dried over concen- 
trated sulphuric acid (Found: Ni, 8-02, 8-27; Cl, 10-06, 9-92; 
N, 11-50. CygH,,N,Cl,Ni,6H,O requires Ni, 8-31; Cl, 10-04; N, 
11-91%). This stable complex salt was easily soluble in water, and 
on slow crystallisation of its aqueous solution gave large, deep red 
prisms. The chloride and the two succeeding halides also dissolved 
readily in aleohol, but were insoluble in other organic solvents. The 
complex nickel salt was precipitated unchanged from its aqueous 
solution by addition of an excess of a soluble chloride, but was 
decomposed into its generators on heating with dilute hydrochloric 
acid. Furthermore, tris-««’-dipyridylnickelous chloride was not 
affected by dilute aqueous alkalis, although cold 50% caustic potash 
gave a pink microcrystalline precipitate of the free complex base, 
which, however, decomposed on warming or keeping into hydrated 
nickel oxide and ««’-dipyridyl. The water of crystallisation in the 
hexahydrated complex chloride was firmly held, but on heating at 
110° half was eliminated (Found : H,O, 7-25. C,)9H,,N,Cl,Ni,6H,O 
requires 3H,O, 7-64%). This tris-x«’-dipyridylnickel chloride was 
produced even on using excess of nickel chloride. 

Tris-ax'-dipyridylnickelous Bromide Hexahydrate.—An excess of 
aqueous sodium bromide was added to a warm solution of the fore- 
going chloride, whereupon the complex bromide separated as a pink 
crystalline precipitate, which was recrystallised from boiling water 
(Found: Ni, 7-19; Br, 20-18; N, 10-71. C3 9H.,N ,Br,Ni,6H,O 
requires Ni, 7-38; Br, 20-11; N, 10-58%). 

Tris-aa«'-dipyridylnickelous iodide hexahydrate was deposited as a 
sparingly soluble precipitate from solutions of the corresponding 
chloride by addition of aqueous sodium iodide; it separated from a 
large volume of hot water in very pale pink plates (Found : Ni, 6-46; 
I, 28-46; N, 9-56. Cy9H,,N,I,Ni,6H,O requires Ni, 6-60; I, 28-49; 
N, 946%). The crystals of this complex iodide acquired a brown 
tint on keeping, but their composition was not materially affected. 
Tris-x«'-dipyridylnickelous nitrate hexahydrate was formed when 
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concentrated ammonium nitrate was added to a solution of the 
corresponding chloride, or when nickel nitrate and a««’-dipyridyl 
were heated in aqueous solution; it crystallised from a small 
quantity of warm water and was air-dried (Found: Ni, 7-62; N, 
15-05. Cy,H,,0,N,Ni,6H,O requires Ni, 7:83; N, 14-96%). This 
complex nickel nitrate lost five of ‘its six molecules of water of 
crystallisation over concentrated sulphuric acid or when heated at 
100° (Found: loss, 11-80. Cj 9H,,O0,N,Ni,6H,O requires 5H,0, 
12-03%). 

Tris-a«'-dipyridylnickelous thiocyanate trihydrate separated when 
aqueous solutions of the analogous chloride and concentrated 
potassium thiocyanate were mixed. The pink leaflets were crystal- 
lised from warm water. This salt and the two succeeding prepar- 
ations were dried over concentrated sulphuric acid (Found: Ni, 
8-31; N, 16-10, 15-80. C,,H,,N,S,Ni,3H,O requires Ni, 8-42; 
N, 16-08%). The complex thiocyanate resembled the bromide in 
its solubility. 

Tris-a«'-dipyridylnickelous tartrate hexahydrate was produced by 
adding the equivalent quantity of tartaric acid to a solution of 
tris-x«’-dipyridylnickelous hydroxide (see below), and isolated by 
evaporating the solution to small volume or by precipitation with 
acetone; it crystallised in small salmon-pink needles, very soluble 
in water and alcohol (Found: C, 51:90; H, 5-30; Ni, 7-41. 
C3,H,g0,N,Ni,6H,O requires C, 52-11; H, 5-15; Ni, 7-49%). 

Tris-ax'-dipyridylnickelous carbonate hexahydrate, formed when 
carbon dioxide was passed through a solution of tris-««’-dipyridyl- 
nickelous hydroxide (see below), crystallised from a small quantity 
of water (Found: C, 53-27; H, 5-50; WN, 11-77; Ni, 8-21. 
C3,;H,,0,N,Ni,6H,O requires C, 53-51; H, 5-22; N, 12-10; Ni, 
8-44%). This salt, which was readily soluble in water or alcohol, 
crystallised from these solvents in small pink needles. 

Tris-aa'-dipyridylnickelous Hydroxide.—A solution of this base 
was formed when one of the corresponding halides was treated with 
freshly prepared silver oxide. It could not, however, be isolated, 
since evaporation led to considerable decomposition with deposition 
of hydrous nickel oxide. 


Optical Resolutions of Complex Nickel Salts. 
d-T'ris-aa«’ - dipyridylnickelous d - Tartrate.—Tris - aa’ - dipyridy!- 
nickelous chloride hexahydrate (2-5 g.) was dissolved in cold dis- 
tilled water (110 c.c.), and neutral ammonium d-tartrate (60 g.) was 
added all at once to the mechanically stirred solution. Small pink 
needles of the d-tris-x«’-dipyridylnickelous d-tartrate hexahydrate 
soon appeared, and when themixture had been stirred for 45 minutes, 
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the solution was decanted from any undissolved ammonium d-tar- 
trate, cooled to 0°, left in the melting ice with occasional shaking for 
45 minutes, and then drained from the precipitated complex nickel 
salt. A portion of this tartrate was well pressed on a porous plate 
and dried over sulphuric acid for an hour. A 0-5% solution in a 
2-m. tube gave a = + 5-90°, [a]8 = + 590°, [M] + 4621°. This 
rotation fell to a constant value of + 0-14° after one hour. 

d-Tris-a«'-dipyridylnickelous Chloride Hexahydrate.—The fore- 
going freshly prepared and undried tartrate was dissolved in 40—50 
c.c. of cold water, and excess of 2N-ammonium chloride was added ; 
the d-tris-««’-dipyridylnickelous chloride then separated in small, 
very pale pink plates, which were at once collected and washed with 
cold ammonium chloride solution until free from tartrate. The 
active chloride was then pressed on porous porcelain and dried over 
sulphuric acid for an hour. A 0-5% solution in a 2-dm. tube gave 
a= + 529°; [a]i, + 529°, [M] + 3735°. Another specimen 
examined by Dr. Sugden gave «= + 5-50°, [a]? = + 550°, 
[M] + 3883°. 

The following table gives the racemisation of the active chloride 
in aqueous solution ; k was calculated according to the equation 
k = 1/t . logy 9/4. 


Ist Series (at 17°). 2nd Series (at 20°) (Dr. Sugden). 
¢ (mins.). a. k. ¢ (mins.). a. k. 

— §-29° —- — 5-50° — 

5 4-35 0-017 3 4-14 0-041 
10 3°51 0-018 5 3-68 0-035 
15 2-54 0-021 7 3°23 0-033 
20 2-05 0-020 10 2-35 0-037 
30 1-35 0-019 15 1-70 0-034 
42 0-82 0-019 30 0-64 0-031 
48 0-52 0-023 45 0-18 0-033 
60 0-29 0-021 60 0-08 — 
83 0-13 0-019 

115 0-01 a 


Although the active chloride racemised rapidly in aqueous solution, 
the dried chloride could be kept for some time in a cool dry place 
without undue loss of activity. For instance, after 5 days the 
activity of the substance had only dropped to about half its original 
value, « = + 2-87°, [a]}§, + 287° (c = 0-5, 1 = 2). 

1-Tris-aa'-dipyridylnickelous Chloride Hexahydrate-——This active 
chloride was prepared in exactly the same manner as the foregoing 
dextrorotatory complex chloride, ammonium l/-tartrate being 
substituted for ammonium d-tartrate, but only half the actual 
quantities of material being employed. A 0-5% solution at 18° in a 
2-dm. tube gave « = — 5-01°, [a], — 501°, [7] — 3536°. 


The authors wish to record their best thanks to Dr. S. Sugden of 
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the Birkbeck College for confirming their polarimetric results and 
for the use of a polarimeter, and to Mr. J. Guild, A.R.C.S., of the 
National Physical Laboratory, for additional facilities in polarimetry. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, June 17th, 1931.] 





CCCIII.—The Action of Nitric Acid on Polycyclic 
Indole Derivatives. Part XI. Combined Addition 
and Substitution. 

By Joserx Pavutinus Massry and SYDNEY GLENN PRESTON PLANT. 


In the previous parts of this series the action of a limited amount of 
nitric acid (little more than one molecular proportion) upon certain 
N-acy] derivatives of dihydropentindole (I; = 1) and tetrahydro- 
carbazole (I; » = 2) has been described. Compounds belonging 
to the three types (II), (III), and (IV; m= 2 only) have been 
isolated. The nitro-group in the compounds (II) may equally well 


CH, NO, CH, CH, 
| ( H,), le | | (CHy)n OH (CH), 
é ZL 
NR CH, NR CH, NR CH, 
(I.) (II.) (III.) 


be in the position indicated by an asterisk, but both of these alter- 
natives are meta-positions with respect to the >NR group. The 
work now described involves a study of the reactions which take 
place when some of these acyl compounds are treated with an 
excess of fuming nitric acid under more vigorous conditions. 

When 8-cinnamoyldihydropentindole (I; R = CHPh:CH-CO; 
nm = 1) was acted upon by an excess of nitric acid under conditions 


CH, 
, ree * 
(IV.) oH = (CHy)a 





Nr CH, 


described in the experimental section, it gave a product, m. p. 234° 
(decomp.), which was shown by analysis to have resulted from 
combined addition (of OH and NO,) at the double linkage and 
nitration of the benzenoid part of the molecule. Subsequent 
investigations proved that the substance was 5: 10-dinitro-9-hydr- 
oxy-8-cinnamoyltetrahydropentindole (V; R= CHPh:CH:CO), 80 
that in the process of its formation addition must have preceded 
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CO 


/s(CH,)¢CO,H 
VF 
NH 


(VI; R = CHPh‘CH-CO), which melts sharply at 233—234° and, 
unlike its precursor, which melts with decomposition, is well suited 
for direct comparison with specimens derived from other sources. 
The further action of alkali has converted this acid into (-6-nitro- 


PART XI. 


substitution, since simple nitration of the 8-acyldihydropentindoles 
has already been shown to yield the 4 (or 6)-nitro-compound. The 
action of alkali under mild conditions has been found to transform 
this substance into  y-5-nitro-2-cinnamamidobenzoylbutyric acid 


(VIT.) 


2.styryl-4-quinolone-3-propionic acid (VIL; R = CHPh°:CH). 


The constitution of the substance (V; R = CHPh:CH-CO) was 
established by treating first 4(or 6)-nitro-8-cinnamoyldihydropent- 
indole and then the isomeric 5-nitro-compound with an excess of 
fuming nitric acid. The former gave an addition product (VIII) 
which melted with decomposition at 244° and yielded, on treatment 
with alkali, y-2-nitro-6-cinnamamidobenzoylbutyric acid, m, p. 
217°, not identical with the substance (VI; R = CHPh:CH°-CO). 
The latter, however, yielded an addition product which melted with 
decomposition at 234° and gave an acid, m. p. 233—234°, identical 


with (VI; R = CHPh:CH-CO), when treated with alkali. 


NO, 


(VIII) arin 


NOs 


¥ i, 
CO-CH:CHPh 
When 8-acetyldihydropentindole (I; 


treated with an excess of nitric acid, a similar product (V; R = 
Ac) was obtained, but the nature of the substance subsequently 
derived from it by the action of alkali could be altered by sur- 


R = Ac; 


OH ap _— - m—, (IX. 
v i eg 2 H, 


® = |) 


prisingly small changes in the experimental conditions. 


when a solution of the compound in a mixture of equal volumes of 
alcohol and aqueous potassium hydroxide (15°) was left for two 
minutes and then acidified, y-5-nitro-2-acetamidobenzoylbutyric acid 
(VI; R = Ac) was precipitated, and this could be converted into 
the quinolone (VIL; R = Me) by the further action of alkali. When, 
however, the compound (V; R = Ac) was treated in small quantities 
with alcohol and a relatively small amount of aqueous potassium 
hydroxide, the solution yielded, after acidification, a product which 
appeared, on analysis, to be 5-nitro-9 : 10-dihydroxy-8-acetyltetra- 
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hydropentindole (IX). The constitution of the compound (V; R = 
Ac) was confirmed by its preparation from 5-nitro-8-acetyldihydro- 
pentindole and the subsequent conversion of this synthetic specimen 
into the substance (IX), identical with the dihydroxy-compound 
just described. 

The action of nitric acid on ethyl dihydropentindole-8-carboxylate 
(I; R = CO,Et; » = 1) under similar conditions gave a substance 
which is undoubtedly the analogous nitrated addition product 
(V; R= CO,Et), but attempts to obtain a pure derivative from it 
by the action of alkali have not been successful. The fact that the 
formation of the derivatives (V) involves primarily the addition of 
OH and NO, at the double linkage was further confirmed by examin- 
ing the action of an excess of nitric acid upon 10-nitro-9-hydroxy- 
8-acetyltetrahydropentindole (III; R= Ac; n= 1), previously 
described in Part VIII (J., 1929, 2493). This reaction 
resulted in nitration at the 5-position with the formation of (V; 
R = Ac), the identity of which was established by its conversion 
into y-5-nitro-2-acetamidobenzoylbutyric acid (VI; R = Ac). 

It has been pointed out in Part X (this vol., p. 1990) that special 
interest attaches to the preparation of dihydroxy-addition products 
(IV; = 1) in the dihydropentindole series, but, although this 
type is well known amongst the tetrahydrocarbazole derivatives 
(IV; = 2), no example in the former series has hitherto been 
obtained. The formation of the compound (IX) during the course 
of the present work is, therefore, noteworthy, and it is hoped to 
make a detailed study of its reactions. Conversion of compounds 
of the type (III) into those of the type (IV) can sometimes be 
effected by the action of boiling alcohol, but the derivatives (V) now 
under investigation were all stable under these conditions. 

The results described above made it desirable to study the action 
of an excess of nitric acid upon the 9-acyltetrahydrocarbazoles (I; 
n == 2), since the earlier work has shown that, of the simple acyl 
derivatives so far examined, the benzoyl compound alone gives an 
addition product of the type (III), the more normal mode of addition 
being such as to yield the compounds (IV; » = 2). Furthermore, 
no instance of combined addition and substitution has been brought 
to light during the previous work in this field. Since 11-nitro- 
10-hydroxy-9-benzoylhexahydrocarbazole (III; R= Bz; n=2) 
is known to be less stable than most of the derivatives of the type 
(III) and decomposes with evolution of oxides of nitrogen when 
boiled with glacial acetic acid (Perkin and Plant, J., 1923, 123, 676), 
it is not surprising that efforts to prepare a compound analogous to 
(V) from 9-benzoyltetrahydrocarbazole (I; R = Bz; nm = 2) were 
unsuccessful. 
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When 9-acetyltetrahydrocarbazole (I; R= Ac; n= 2) was 
treated with an excess of nitric acid it yielded a substance (X) which 
obviously results from combined addition (of 20H) at the double 
linkage and nitration of the benzene nucleus. The properties of 
this compound are similar to those previously observed in the 
case of 10: 11-dihydroxy-9-acetylhexahydrocarbazole (IV; R = 
Ac; n = 2) itself. Thus, on treatment with alkali it gave 6-nitro- 
11-hydroxytetrahydrocarbazolenine (XI), and, on boiling with acetic 
anhydride and hydrolysis of the product, it yielded 9-nitro-4-indoxyl- 
spirocyclopentane (XII), identical with the compound obtained by 
Perkin and Plant (loc. cit.) by boiling 4-indoxylspirocyclopentane 
with dilute nitric acid. The structure assigned by these authors 


H, 
Ox aE NO —n YHs 
OH H 
Ok orf a 
AcN H, N H, 


to their product is thus shown to be correct. The constitution of 
the compound (X) was established by its preparation from 6-nitro- 
9-acetyltetrahydrocarbazole by the action of an excess of nitric 
acid. This synthetic product also gave the substance (XI) on 
treatment with alkali. 

Since the mononitration of 9-acetyltetrahydrocarbazole has 
already been shown to yield the 5-nitro-compound, there can be 
no doubt that addition precedes substitution during the formation 
of (X). In confirmation of this, it has been demonstrated during 


C'H,.CH, 
\/ | (XIT.) 


CH,-CH, 


NO 


NH 


the present investigations that the further action of nitric acid on 
10 : 11-dihydroxy-9-acetylhexahydrocarbazole (IV; R= Ac; n= 
2) also leads to (X), while the nitration of 9-acetylhexahydrocarb- 
azole itself has been shown by Gurney and Plant (J., 1927, 1314) to 
give the 6-nitro-derivative. 


EXPERIMENTAL. 

5: 10-Dinitro-9-hydroxy-8-cinnamoyltetrahydropentindole.—A_ boil- 
ing solution of 8-cinnamoyldihydropentindole (2 g., prepared as 
described by Massey and Plant, this vol., p. 1993) in glacial acetic 
acid (15 ¢.c.) was treated with fuming nitric acid (2 ¢.c., d 1-5), and, 
on cooling, a colourless solid separated. After recrystallisation 
from glacial acetic acid, 5 : 10-dinitro-9-hydroxy-8- cinnamoyltetra- 
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hydropentindole was obtained in colourless plates, m. p. 234° 
(decomp.) (Found : C, 60-6; H, 4:3; N, 10-5. C H,,0,N3 requires 
C, 60-7; H, 4:3; N, 106%). It was recovered unchanged after 















































being boiled with alcohol for an hour. It rapidly dissolved to give J 24” 
a deep red solution when shaken at room temperature with equal CH. 
volumes of alcohol and aqueous potassium hydroxide (15%), and, § 2-ci 
after being left for 15 minutes, the addition of dilute hydrochloric J abo 
acid led to the separation of a sticky brown solid. This crystal. § dep 
lised on rubbing with alcohol, and, on recrystallisation twice from 5 
glacial acetic acid, y-5-nitro-2-cinnamamidobenzoylbutyric acid was —A 
obtained in practically colourless plates, m. p. 233—234° (Found: ff as ¢ 
C, 63-4; H, 4-7; N, 7-2. C,.9H,,0,N, requires C, 62-8; H, 4-7; N, J acet 
73%). When a solution of the latter acid (0-3 g.) in aqueous § and, 
potassium hydroxide (10 c.c. of 15%) was heated on the steam- Afte 
bath for an hour, cooled, and then acidified with acetic acid, § ‘tra 
8-6-nitro-2-styryl-4-quinolone-3-propionic acid separated, and, after (dec 
being twice recrystallised from alcohol, it was isolated in yellow § Tequ 
needles, m. p. 306° (decomp.) (Found : C, 65-8; H, 4:5. CogH,,0,N, J uneh 
requires C, 65-9; H, 4-4%). Its s 
4 (or 6): 10-Dinitro-9-hydroxy-8-cinnamoyltetrahydropentindol § hydr 
(VIII).—When a suspension of 4(or 6)-nitro-8-cinnamoyldihydro- § ‘dilut 
pentindole (3 g., prepared as described by Massey and Plant, loc. cit.) acid, 
in boiling glacial acetic acid (80 c.c.) was treated with fuming nitric obtai 
acid (4 ¢.c., d 1-5), a clear solution was obtained, but a colourless N, 9 
product rapidly separated on cooling. After the latter had been f 4 sol 
recrystallised from acetic acid, 4(or 6) : 10-dinitro-9-hydrory-- potas 
cinnamoyltetrahydropentindole was obtained in colourless needles, acidit 
m. p. 244° (decomp.) (Found: C, 60-2; H, 4-6. C,9H,;0,N; 3-pro 
requires C, 60:7; H, 43%). When this dinitro-compound was from 
treated with a mixture of equal volumes of alcohol and aqueous 213— 
potassium hydroxide, as described above for the 5 : 10-isomeride, Th 
and the product was crystallised successively from alcohol and solve 
glacial acetic acid, y-2-nitro-6-cinnamamidobenzoylbutyric acid was CC.) 
isolated in nearly colourless prisms, m. p. 217° (Found: C, 62-4; soluti 
H, 4-9. C,9H,,0,N. requires C, 62-8; H, 4-7%). hydra 
5-Nitro-8-cinnamoyldihydropentindole and its Nitration.—A boiling § Tecrys 
solution of 5-nitrodihydropentindole (1-4 g., prepared as described hydro, 
by Plant, J., 1929, 2493) in a mixture of acetone (20 c.c.) and C, 55: 
aqueous potassium hydroxide (3 g. of 66%) was treated gradually N, 10: 
with cinnamoyl chloride (2 g.) dissolved in acetone (10 c.c.). After A si 
dilution with water, the product was crystallised from acetone, and § acetic 
5-nitro-8-cinnamoyldihydropentindole was obtained in yellow prisms, for an 
m. p. 231° (Found: N, 8-4. C9H,,0,N, requires N, 8-4%). The om 
ellow 





addition of fuming nitric acid (1-5 c.c., d 1-5) to a suspension of 
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this substance (1 g.) in boiling glacial acetic acid (15 c.c.) led to 
a clear solution from which, on cooling, the compound (V; R= 
CHPh:CH:CO), identical with the nitration product of 8-cin- 
namoyldihydropentindole, separated. The compound (V; R= 
CHPh:CH-CO) prepared in this way was converted into y-5-nitro- 
2-cinnamamidobenzoylbutyric acid by the procedure described 
above, and the m. p. of a mixture of the two specimens showed no 
depression. 

5 : 10-Dinitro-9-hydroxy-8-acetyltetrahydropentindole (V; R = Ac). 
—A boiling solution of 8-acetyldihydropentindole (3 g., prepared 
as described by Perkin and Plant, J., 1923, 123, 3242) in glacial 
acetic acid (15 c.c.) was treated with fuming nitric acid (3 c.c., d 1-5), 
and, on standing for some time, a colourless product separated. 
After recrystallisation from alcohol, 5 : 10-dinitro-9-hydroay-8-acetyl- 
tetrahydropentindole was obtained in colourless needles, m. p. 187° 
(decomp.) (Found: C, 50:9; H, 4:5; N, 13-7, 13-5. C,3H,,0,N; 
requires C, 50-8; H, 4:2; N, 13-7%). This substance separated 
unchanged from its alcoholic solution after being boiled for an hour. 
Its solution in equal volumes of alcohol and cold aqueous potassium 
hydroxide (15%) was left for 2 minutes and then acidified with 
dilute hydrochloric acid. The +y-5-nitro-2-acetamidobenzoylbutyric 
acid, which separated slowly, was recrystallised from alcohol and 
obtained in colourless plates, m. p. 166° (Found: C, 53-0; H, 4-9; 
N, 96. Cyg3H,,O,N, requires C, 53-1; H, 4:8; N, 95%). When 
a solution of this acid in equal volumes of alcohol and aqueous 
potassium hydroxide (15%) was boiled for 25 minutes and then 
acidified with dilute hydrochloric acid, 8-6-nitro-2-methyl-4-quinolone- 
3-propionic acid was precipitated, and, after recrystallisation twice 
from glacial acetic acid, it was obtained in pale brown prisms, m. p. 
213—214° (Found: N, 10-4. C,,3H,,0;N, requires N, 10-1%). 

The above dinitro-compound (V; R= Ac) (0-1 g.) readily dis- 
solved when treated with alcohol (4 c.c.) and a small quantity (0-5 
¢.c.) of cold aqueous potassium hydroxide (15%), and, after the 
solution had been kept for a minute, it was acidified with dilute 
hydrochloric acid. The solid which slowly separated was twice 
recrystallised from alcohol and 5-nitro-9 : 10-dihydroxy-8-acetyltetra- 
hydropentindole was isolated in colourless plates, m. p. 111° (Found : 
, 559; H, 5-3; N, 9-6. C,,H,,0,;N, requires C, 56:1; H, 5-0; 
N, 10-1%). 

A solution of 5-nitrodihydropentindole in ten times its weight of 
acetic anhydride containing a trace of sulphuric acid was boiled 
for an hour, and, on cooling, 5-nitro-8-acetyldihydropentindole separ- 
ated. After recrystallisation from alcohol, it was obtained in pale 
yellow plates, m. p. 218° (Found: N, 11-4. ©,,3H,,0,N, requires 
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N, 115%). When a suspension of this derivative (0-45 g.) in 
boiling glacial acetic acid (2 c.c.) was treated with fuming nitric 
acid (0-5 c.c., d 1-5) and the resulting solution was left for several 
hours, the dinitro-compound (V; R = Ac) separated. After treat- 
ment with alkali under the appropriate conditions (given above), 
the latter yielded the dihydroxy-compound (IX), which was shown 
by a mixed m. p. determination to be identical with the specimen 
obtained by the previous method. 

When fuming nitric acid (0-5 c.c., d 1-5) was added to a suspension 
of 10-nitro-9-hydroxy-8-acetyltetrahydropentindole (0-4 g., prepared 
as described by Plant, loc. cit.) in boiling glacial acetic acid (1 c.c.), 
a vigorous reaction ensued, and a clear solution was obtained. On 
cooling and stirring, the dinitro-compound (V; R = Ac) separated, 
and, after being treated with equal volumes of alcohol and aqueous 
potassium hydroxide (15%) as described above, y-5-nitro-2-acet- 
amidobenzoylbutyric acid, identical with the earlier specimen, was 
obtained. 

Ethyl 5 : 10-Dinitro-9-hydroxytetrahydropentindole-8-carboxylate (V ; 
R = CO,Et).—When fuming nitric acid (3 c.c., d 1-5) was added to 
a boiling solution of ethyl dihydropentindole-8-carboxylate (3 g., 
prepared as described by Plant, loc. cit.) in glacial acetic acid (15 c.c.), 
a vigorous reaction ensued, and, on cooling, ethyl 5 : 10-dinitro-9- 
hydroxytetrahydropentindole-8-carboxylate separated. After being 
twice recrystallised from acetic acid, it was obtained in colourless 
prisms, m. p. 222° (decomp.) (Found: C, 50-0; H, 4:4; N, 12-1, 
12-3. C,,H,,0,N, requires C, 49-8; H, 4:4; N, 125%). This 
substance separated unchanged after its solution in alcohol had been 
boiled for two hours. It readily dissolved in aqueous-alcoholic potass- 
ium hydroxide, but attempts to isolate a pure compound from the 
product obtained by acidifying the solution have been unsuccessful. 

6-Nitro-10 : 11-dihydroxy-9-acetylhexahydrocarbazole (X).—When a 
boiling solution of 9-acetyltetrahydrocarbazole (2 g.) in glacial acetic 
acid (5 c.c.) was treated with fuming nitric acid (2 c.c., d 1-5) a 
vigorous reaction occurred and a sticky syrup resulted, but, on 
stirring, a colourless solid slowly appeared and its separation was 
aided by the addition of more acetic acid (10 c.c.). The product was 
purified by boiling it with alcohol, in which it is sparingly soluble, 
and then recrystallising it twice from glacial acetic acid. 6-Nttro- 
10 : 11-dihydroxy-9-acetylhexahydrocarbazole was then obtained in 
colourless prisms, m. p. 238° (decomp.) (Found: C, 57-7; H, 56; 
N, 97. ©,4H,,0;N, requires C, 57:5; H, 5:5; N, 96%). 
Like the analogous compounds (IX) and (IV; R = Ac, n = 2), 
it readily dissolved in aqueous-alcoholic alkali to give a yellow 
solution from which it was reprecipitated by the addition of 
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hydrochloric acid, but not by dilution with water. When this 
product (0-4 g.) was boiled for 25 minutes with a mixture of alcohol 
(7-5 ¢.c.) and aqueous potassium hydroxide (15 c.c. of 10%), a deep 
red solution was obtained, and, on cooling, 6-nitro-11-hydroxytetra- 
hydrocarbazolenine separated in brownish-yellow plates. After 
recrystallisation from methyl alcohol, it was obtained in yellow 
prisms, m. p. 192° (Found: C, 62-2; H, 5-4. C,,H,,0,N, requires 
C, 62-1; H, 5-2%). 

Fuming nitric acid (1 c.c., d 1-5) was added slowly to a boiling 
suspension of 6-nitro-9-acetyltetrahydrocarbazole (1 g., prepared 
as described by Perkin and Plant, J., 1921, 119, 1825) in glacial 
acetic acid (15 c.c.), and a clear solution resulted. The product 
which separated on standing for several hours was recrystallised from 
acetic acid, and the derivative (X) was obtained. When the latter 
was boiled. with aqueous-alcoholic alkali in the manner described 
above, it yielded 6-nitro-11-hydroxytetrahydrocarbazolenine, which 
was shown by a mixed m. p. determination to be identical with 
the substance derived originally from 9-acetyltetrahydrocarbazole. 

A solution of the product (X) (0-6 g.) in acetic anhydride (10 c.c.) 
was boiled for two hours and then shaken with an excess of water. 
The precipitate was dissolved in equal volumes of alcohol and 
aqueous potassium hydroxide (15%); the solution was boiled for $ 
hour and then acidified with dilute hydrochloric acid. The product 
which separated was recrystallised twice from alcohol, and 9-nitro- 
y-indoxylspirocyclopentane was obtained in nearly colourless needles, 
m. p. 241°, identical (mixed m. p.) with the product of nitration of 
y-indoxylspirocyclopentane (Perkin and Plant, loc. cit.). 

The compound (X) separated slowly after fuming nitric acid 
(05 c.c., d 15) had been added to a boiling solution of 10: 11-di- 
hydroxy-9-acetylhexahydrocarbazole (1 g., prepared as described by 
Perkin and Plant, Joc. cit.) in glacial acetic acid (6 c.c.), and its 
identity was confirmed by its conversion into the derivative (XI) 
by the process given above. 


THe Dyson PERRINS LABORATORY, 
OxFORD. [ Received, June 30th, 1931.] 





NOTES. 
Note on the Solubility of Sulphur Dioxide in Sulphuric Acid and the 
Existence of the Monohydrate. By JounN ALBERT NEWTON FRIEND. 


TuE solubility of sulphur dioxide in aqueous solutions of sulphuric 
acid of concentrations ranging from 55-1 to 98-5% was determined 
by Miles and Fenton (J., 1920, 117, 59). Upon plotting the observed 
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solubility against the percentage of acid up to 84-2%, a straight line 
is obtained if the small deviations are regarded as due to experi- 
mental error. By extrapolation the solubility in pure water is 3.N 
approximately 10-0 g. of sulphur dioxide per 100 g. of water. This P 








































is a little lower than the value, viz., 10-64 g., found by Hudson (J., r! ; 
1925, 127, 1340); the difference, which is immaterial for present a 
purposes, is in part attributable to Hudson’s results being calcul- _- 
ated to a partial pressure of 760 mm. of sulphur dioxide, whereas hots 
the results of Miles and Fenton appear to refer to a total pressure 9 nil 
of 760 mm. The curve also gives a solubility of approximately 2:8 g. ihc 


of sulphur dioxide per 100 g. of solution containing 84-5% of sul- 93.9 
phuric acid, a composition corresponding to H,SO,,H,O. ba 
If, now, we assume * that aqueous solutions of sulphuric acid of F 4 5 
the high concentrations under discussion consist essentially of a ail 
mixture of water and H,SO,,H,0, the solubility of sulphur dioxide J 9. 
in any particular concentration of acid may be regarded as made an 
up of two quantities, namely, that in the free water and that in the § , d 
monohydrate. From the above extrapolated data we can then f ),, , 
calculate the solubility. Thus, consider the solubility S in a solution 
containing 68-9% H,SO,, equivalent to 81-5% H,SO,,H,O. The The 
free water is 100 — 81-5 or 18:5 g. Then 
g _ 18:5 x 10-0 , 81:5 x 2:8 _ 68e.u'. @ ] 








100 — 100 Iv a 
The observed value was 4-16 g. one 
The following results have been obtained in this way : aa 
electr 
H,SO, (%) ...++ 55:1 59-6 61-6 68-9 74:1 78:3 80-2 825 842 Ff chara 
S (calc.)' ......00. 5-31 492 476 413 369 3:33 3-17 2-97 2:83 a 
S (obs., Miles oxime 
and Fenton) 5:13 4:90 482 4:16 363 3-23 3:12 2-99 2-88 of He 
Apart from the first result, the agreement is very close, and supports or 
the assumption made above. The curve shows that the observed = - 
value for 55-1% acid is slightly too low, hence the discrepancy ; the ane 
calculated figure being probably more correct. oan ™ 
Equation (1) may be generalised, for x% of H,SO,, to om ’ 
1e 
S = 10-0 — 0-0852z. manife 
; been 
Tur TecunicaL CoLLece, BirmincHaM. [ Received, July 7th, 1931.] nants 
* Analogous assumptions with entirely different solutions were made by § M. p. 
Baur (Ahrens’ Sammlung, 1903, 8, 466) and by Philip (J., 1907, 91, 711). 88% )) 
150° 
$8%4)] 


(decom 





oe bo 


ts 


he 


by 








NOTES. 2227 





5-Bromo- and 5 : 4'-Dibromo-3-nitro-4-acetamidodiphenyls. A Cor- 
rection. By FRANK BELL. 


3-NITRO-4-ACETAMIDODIPHENYL on bromination was stated to give 
a mixture of 5-bromo- and 5: 4’-dibromo-3-nitro-4-acetamido- 
diphenyls (Bell and Robinson, J., 1927, 1130); this conclusion is 
based on an analytical error: actually the free bases are produced. 
These may be crystallised unchanged from acetic anhydride, but addi- 
tion of a drop of sulphuric acid readily effects acetylation. 5-Bromo- 
3-nitro-4-acetamidodiphenyl crystallises from acetic acid in colourless 
needles, m. p. 223° (Found: Br, 24:3. C,,H,,0,N,Br requires Br, 
23-99%), and the 5 : 4’-dibromo-compound separates from the same 
solvent in almost colourless needles, m. p. 251° (Found: C, 40-4; 
H, 2-6. C,H, 90;N,Br, requires C, 40-5; H, 2.4%). This corrected 
result harmonises with that of Scarborough and Waters (J., 1927, 
1138) and indicates that Hinkel and Hey’s 5-bromo- and 5: 4’-di- 
bromo-3-nitro-4-acetamidodiphenyls (J., 1928, 1838) were unacetyl- 
ated bases.—BATTERSEA PoLyTEcHNIC, S.W. ll. [Received, July 
Ist, 1931.] 





The Basic Character of 3-Chloro-4-nitrosophenol and the Acidic 
Nature of 3-Chlorobenzoquinone-4-oxime. By HERBERT HENRY 
Hopason. 


Ix a previous paper (this vol., p. 1495) it was pointed out that 3- 
chloro-4-nitrosophenol readily forms a picrate, whereas its oximic 
isomeride does not, and that this behaviour was in accord with 
electronic considerations which postulated a negative (basic) 


| character for the nitroso-group and an acidic character for the 


oxime group. Further support to this view is afforded by the work 
of Hammick and Illingworth (J., 1930, 2363) and of Le Févre 
(this vol., p. 810), which shows that the nitroso-group in non- 
hydroxylie compounds is m-directing in acid solution but op- 
directing in neutral solution (see also Ingold, J., 1925, 127, 513), 
whilst the bromine atom in p-bromonitrosobenzene does not react 
with aniline. 

The above characteristics, if sufficiently intense, should be 
manifested in double-salt formation, and some evidence of this has 
been obtained; e.g., 3-chloro-4-nitrosophenol forms molecular 
compounds with 2:4: 6-trinitro-m-cresol [light yellow plates, 
m. p. 160° (decomp.) (Found: Cl, 8-7. C,,;H,gO,N,Cl requires Cl, 
58%) I, 3-fluoro-2 : 4 : 6-trinitrophenol [yellow plates, m. p. 147— 
150° (decomp.) (Found: Cl, 8-7. C,,H,O,N,FCl requires Cl, 
58%) |, 3-chloro-2 : 4 : 6-trinitrophenol [yellow plates, m. p. 163° 
(decomp.) (Found : Cl, 16-66. C,,H,O,N,Cl, requires Cl, 16-86%)], 
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3-bromo-2 : 4: 6-trinitrophenol [yellow prisms, m. p. 172—175° 
(decomp.) (Found : Cl + Br, 24-5. C,,H,O,N,CIBr requires Cl + 
Br, 24-8%)], and 3-iodo-2 : 4 : 6-trinitrophenol [yellow prisms, m. p. 
177° (decomp.) (Found: Cl+ I, 31-4. C,,H,O,N,CIL requires 
Cl + I, 31-7%)], but crystallises unchanged from methyl-alcoholic 
solutions of o-, m-, and p-nitrophenol, 2 : 4-dinitrophenol, 4-nitro- 
l-naphthol, 1-nitro-2-naphthol, 3-chloro-2 : 4 : 6-tribromophenol, 
benzoic, oxalic, and gallic acids. 

3-Chlorobenzoquinone-4-oxime forms molecular compounds with 
urea [slender light brown needles, m. p. 160° (decomp.) (Found : 
Cl, 16-1. C,H,O,N,Cl requires Cl, 16-3%)] and acridine [slender light 
yellow-brown needles, m. p. 174° (Found: Cl, 10-4. C,gH,,0,N,Ci 
requires Cl, 10:5%)], but crystallises unchanged from methyl- 
alcoholic solutions containing aniline, acetamide, or benzamide. * 

Neither isomeride forms double compounds with s-trinitro- 
benzene or s-trinitrotoluene. 

Molecular-weight determinations of the double compounds 
showed them to be largely dissociated in the solvents employed. 
The values recorded are the means of several determinations. 





M, 
c a, 
Substance. Solvent. Obs. Calc. 
3-Chloro-4-nitrosophenol picrate Phenol 204-2 386-5 
- a i Nitrobenzene 212 386°5 
3-Chlorobenzoquinone-4-oxime—urea Phenol 78-7 217-5 
- a Po o-Cresol 93 217-5 
ae i i Naphthalene 142 217°5 
a rh - Nitrobenzene Urea crystallised 

first. 

3-Chlorobenzoquinone-4-oxime-acridine Phenol 168-2 336-5 
o-Cresol 254 336-5 


Double Compound of 3-Chloro-4-Nitrosophenol with 3-Chloro- 
benzoquinone-4-oxime.—When equal quantities of these substances 
are dissolved in hot methyl alcohol and cooled, greenish-yellow 
needles separate which decompose at 145°, depressed by addition of 
either component. A mixture of equal weights of the isomerides 
decomposes at 136—138°. In phenol and in acetophenone the 
compound is dissociated. 


The author desires to acknowledge the valuable assistance of 
Mr. J. H. Crook in the work. Grateful thanks are also expressed 
to Imperial Chemical Industries, Ltd. (Dyestuffs Group) for their 
various gifts—TzcHNnicaL CoLLEcE, HuppersrieLp. [Received, 


June 27th, 1931.) 
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PART III. 





CCCIV.—-Studies in Stereochemical Structure. Part 
III.* Glycols derived from d (—)-Mandelic Acid. 


By Rospert RoGeR and Wiii1AM Byres McKay. 


THE suitability of mandelic acid as a starting point for the synthesis 
of glycols has long been recognised, and many such compounds 
derived therefrom have been described by, e.g., McKenzie and 
Tiffeneau and their respective co-workers. As a consequence, 
considerable light has been thrown on the mechanism of glycol 
dehydration. The comparative ease with which the optically active 
forms of mandelic acid can be obtained has also ensured this acid 
an important place in stereochemical studies. It offers two starting 
points for the synthesis of glycols; for instance, by the action of 
Grignard reagents on esters of mandelic acid, a change such as the 
following can be effected, 


(,H,CH(OH)-CO,C,H, + RMgX —> CR,(OH)-CHPh(OH) (1) 


and glycols containing only one asymmetric carbon atom in the 
molecule are obtained. By the use of mandelamide or mandelo- 
nitrile, however, another type of synthesis is possible (McKenzie 
and Wren, J., 1908, 93, 309; Wren, J., 1909, 95, 1583; McKenzie, 
Martin, and Rule, J., 1914, 105, 1583; Tiffeneau and Lévy, Bull. 
Soc. chim., 1925, 37, 1247; Asahina and Teresaka, J. Pharm. Soc. 
Japan, 1923, 494, 219) according to the scheme : 


(,H,-CH(OH)-CO-NH, “x — 
sy CeH;"CH(OH)-COR—-> 
C,H;-CH(OH)-CN 1.) R>C(OH) COOH) 
and glycols containing two asymmetric carbon atoms can be isolated. 
Glycols of this type have been shown to afford two optically inactive 
forms and two pairs of optically active diastereoisomerides (Tiffeneau 
and Lévy, Buli. Soc. chim., 1927, 41, 1351; Roger, Parts I and II, 
loce. cit.). 

The (+), (—), and racemic forms of triphenylethylene glycol 
(McKenzie and Wren, J., 1910, 97, 473; McKenzie, Drew, and 
Martin, J., 1915, 107, 26; McKenzie and Boyle, J., 1921, 119, 1131) 
constitute one of the most interesting examples of the glycols 
classified under (I). This glycol, however, may also be classified 
under (II), since it can be prepared from benzoin by the action of 


* Parts I and II, Helv. Chim. Acta, 1929, 12, 1060; Biochem. Z., 1931, 280, 
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phenylmagnesium bromide and has been designated as phenyl. It 1 
hydrobenzoin. roti 
x % ben 
The tolylhydrobenzoins, CPh(C,;H,)(OH)-CHPh(OH), are members of 
of class (II). They are structurally related to triphenylethylene the 
glycol (I; R = Ph), but there is an additional asymmetric carbon 
atom, inasmuch as one of the phenyl groups attaehed to the tertiary Col 
carbon atom in triphenylethylene glycol is replaced by a tolyl group. J °°" 
In spite of the fact that a number of optically active substituted ben: 
hydrobenzoins of type (II) have been synthesised from optically J 1% 
active mandelic acid (McKenzie and Wren, J., 1910, 97, 473; The 
McKenzie, Drew, and Martin, loc. cit.; McKenzie and Roger, J., ther 
1924, 125, 2148; Roger and McKenzie, Ber., 1929, 62, 272; Roger, 
loc. cit.), the stereochemical environment of the groups attached to ; 
the tertiary carbon atom in such compounds is still a matter for A - 
conjecture. Does the new system have a levo- or a dextro-rotatory 1775 
effect, or does it exert no rotatory influence at all? A study of the p-tol 
rotatory powers of optically active triphenylethylene glycol and o 
the optically active tolylhydrobenzoins might, therefore, present a sa = 
suitable starting point for the examination of this problem. This 
It is now shown that the action of m- and p-tolylmagnesium a 
bromides on d(—)-benzoin furnishes optically pure specimens of the - 
a-forms of the corresponding tolylhydrobenzoins. These compounds tae 
are strongly dextrorotatory, and there is thus a change of sign of : 
rotation in the passage from the d(—)-benzoin. By the action of rr 
o-tolylmagnesium bromide, (-+)o-tolylhydrobenzoin («-form) was ry 
similarly obtained, but, although it was also dextrorotatory, it the + 
was invariably accompanied by considerable amounts of racemic : 
benzoin, which was not detected in the preparation of the m- and one 4 
p-isomerides. This result was obtained in spite of the fact that every “oie 
precaution was taken to exclude traces of alkali or any knowf . 
racemising agent (Wren, J., 1909, 95, 1583; McKenzie and Wren, ay 
loc. cit.; McKenzie and Smith, Ber., 1925, 58, 894; McKenzie, Roger, f t 
and Wills, J., 1926, 779). It would, therefore, appear that on 
o-tolylmagnesium bromide acted in this case as a racemising agent. foi. ; 
This is curious, because no such racemisation has been observed in these ) 
the application of Grignard reagents to optically active benzoins. beletes 
The rotatory powers of these three glycols and of ( -+- )-tripheny!- related 
ethylene glycol were determined in acetone, chloroform, benzene, and that th 
ethyl alcohol, and the specific rotations in the first two solvents were: fs 1, 
Glycol. In COMe,. In CHC. 
[a}ssos- [a]sses- 
(+ )o-Tolylhydrobenzoin (a-form) ............ + 250° + 255° 
(+)m-Tolylhydrobenzoin (a-form) ...........+ + 223 + 224 
tO eeishebee e CGIOMES co scccsccess + 211 + pe 


+)-Triphenylethylene glycol ............++0++. + 219 
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It will be seen that there is little significant difference in the specific 
rotations of (+-)-triphenylethylene glycol and the (+-)-tolylhydro- 
benzoins («-forms). The differences between the specific rotations 
of the four glycols in the solvents examined may be explained by 
the slight variance of the group G in the optically active complex, 


(,H,*CH(OH)-G, jrrespective of the presence of a second asymmetric 
centre in the group G. It is only in the case of the (-+-)o-tolylhydro- 
benzoin that any outstanding difference in the rotatory power is 
noted, and that may also be explained by the preceding statement. 
The order of increasing positive rotation for the four glycols is, 


therefore, 
f meta- 


cece saiaiaininens —> ortho. 

A similar sequence was observed by Tschugaev (Ber., 1898, 31, 
1775) in the rotatory powers of the /-menthyl esters of 0-, m-, and 
p-toluic acids and also of benzoic acid : 

l-Menthyl ester. [a]ssos- l-Menthy] ester. [a]sses- 
o-Toluate — 84-42° p-Toluate 
m-Toluate — 87-94 Benzoate 
This increase in positive rotation with substitution in the ortho- 
position has been confirmed by Cohen and Dudley (J., 1910, 97, 1732 ; 
see also Cohen, J., 1914, 105, 1892) and summarised by Rule (J., 
1924, 125, 1126) : “‘ It will be observed that the only marked differ- 
ences are those occurring in the ortho-series, where the replacement 
of hydrogen by a negative group lowers the rotation and substitu- 
tion by a positive group raises the value. . . . The rotations of 
the m- and p-derivatives do not differ greatly from that of the 
unsubstituted compound ” (see also Rule and Numbers, J., 1926, 
2119; Pickard and Kenyon, J., 1915, 107, 122; Goldschmidt and 
Freund, Z. physikal. Chem., 1894, 14, 398). The above menthyl 
esters contain only one centre of asymmetry in the molecule. 

If the principle of optical superposition is accepted, the above- 
mentioned facts would appear to support the view that the vari- 


9 


ation of the groupings round the asymmetric centre é (p. 2230) in 
these substituted tolylhydrobenzoins has little influence on the 
rotatory power, since their rotations are very close to those of the 
related (-+-)-triphenylethylene glycol. We do not think, however, 
that the (+-)-tolylhydrobenzoins («-forms) can be depicted in the 


formulation 


CoH 

H-C-OH 

C,H,-C-OH (optically inactive) 
CoH, 


(leevo-) 
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The so-called “‘ partially racemic ’’ compounds could be identified 
with such a representation, but these compounds may sometimes 
be resolved into two diastereoisomeric substances by crystallisation 
under suitable conditions of temperature. It has not yet been found 
possible to separate any of the (+-)-tolylhydrobenzoins («-forms) into 
diastereoisomerides by any such means. 

A more probable explanation lies in the supposition that the 
introduction of a methyl group into one of the phenyl groups of 
the benzilic [CPh,(OH)-C-] part of the triphenylethylene glycol 
molecule results in the synthesis of an asymmetric system 
[CPh(C,H,)(OH)-C-] of very low rotatory influence. 

These (-+-)-tolylhydrobenzoins may, therefore, possess one of the 
configurationg (III) and (IV). In the first of these, both asymmetric 


CH; (—) CH;  (—) 
(III.) H-C-OH H-C-OH (IV.) 
C;H,-C-OH (—) HO-C'C,;H, (+) 
C,H; CH; 


centres are depicted as exercising optical influences in the same 
direction, whilst in the second, the rotatory influences are antagon- 
istic. Now, in the study of rotation dispersion, cases of anomalous 
dispersion have been described in which the anomaly is ascribed 
to the presence within the molecule of two unequal and opposing 
rotatory influences (Tschugaev, Ber., 1911, 44, 2029). As configur- 
ation (IV) might fall into this category, the dispersions in various 
solvents of (+)-triphenylethylene glycol and the three (-+-)-tolyl- 
hydrobenzoins («-forms) were determined. It was found that all 
four glycols had rotation dispersions which, within the limited range 
of the visible spectrum examined, would be classified as normal. 
That this classification of Tschugaev requires further definition has 
been shown by Rupe (Annalen, 1924, 440, 215). 

No definite configuration can, therefore, be assigned to the 
a-forms of o-, m-, and p-(+)-tolylhydrobenzoins, but it is hoped 
that a study of the @-forms of these glycols may throw some light 
on this problem. 

It was not possible to isolate a crystalline glycol from the action 
of o-tolylmagnesium bromide on ethyl r-mandelate. Such a glycol 
was, however, obtained by the action of the corresponding m-tolyl 
Grignard reagent on this ester, and also by the action of p-tolyl- 
magnesium bromide on ethyl d(—)-mandelate. 

From the figures quoted (see Experimental) for the rotation dis- 
persions of the four substituted hydrobenzoins, it will be observed 
that the calculated and experimental values for the specific rotations 
are satisfied, within the limits of experimental error, by one-term 
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of the spectrum examined was found in the close agreement between 
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Drude equations. The graph of the reciprocals of the specific 
rotations against 22 (Lowry and Dickson, J., 1913, 103, 1067) gave 
straight lines, indicating that the dispersions of the compounds 
were simple. It must be recognised, however, that objections 
have been raised to this criterion in the work of Rupe (Rupe and 
Krethlow, Annalen, 1921, 423, 324; Rupe, Héritier, and Schaefer, 
ibid., 1927, 459, 171) and also of Hunter (J., 1924, 125, 1198, 
1389). 

Evidence for the close relationship in stereochemical structure 
between (-+)-triphenylethylene glycol and the (+ )-tolylhydro- 
benzoins («-forms) was obtained by employing the useful criterion 
which has been developed by Rupe and his co-workers (Z. physikal. 
Chem., 1915, 89, 570; Rupe and Akermann, Annalen, 1920, 420, 1). 
The “ characteristic wave-lengths ”’ of these compounds were calcul- 
ated according to the formula 


= %+ K/((@]age1 — [«leses): 


and were found to be similar, within the limits of experimental 
error, for each of the four substances in the solvents examined. 
The comparison is shown thus : 


Characteristic wave-lengths, ,. 
Chloro- Ethyl 


Substance. Acetone. Benzene. form. alcohol. 
(+)-Triphenylethylene glycol -- 651 638 650 639 
(+)o-Tolylhydrobenzoin (a-form) ... 644 640 642 633 
(+)m-Tolylhydrobenzoin (a-form)... 640 634 637 636 
(+-)p-Tolylhydrobenzoin (a-form) .... 637 638 638 648 


‘ 


These values for the ‘“ characteristic wave-lengths ” do not indic- 
ate any marked difference in stereochemical character between 
(+)-triphenylethylene glycol and the three (-+)-tolylhydrobenzoins 
(x-forms). Calculations. on the basis of Rupe’s P.R.D. (% x A,3 
Annalen, 1922, 428, 188; 2. is obtained by means of the Drude— 
Akermann equation, see footnote, p. 2234) led to the same conclusion. 


Values for P.R.D. 
Chloro- Ethyl 


Substance. Acetone. Benzene. form. alcohol. 
(+)-Triphenylethylene glycol......... 138 149 139 147 
(+)o-Tolylhydrobenzoin (a-form) ... 144 146 145 14] 
(+)m-Tolylhydrobenzoin (a-form)... 148 154 149 148 
(+)p-Tolylhydrobenzoin (a-form) ... 143 148 147 145 





Further evidence as to the normality of dispersion in the region 
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the values of the dispersion parameter 43*, whether calculated by 
the Drude—Akermann formula (a) or by the ‘‘ Endglieder ” formula 
(6). Whilst the differences (A x 10%) between the values of 2§ do 
not always fall under the limit of 1 laid down by Rupe, Héritier, 
and Schaefer (loc. cit.), it seems to us that this margin of difference 
is too small, and that our results are sufficient to indicate that there 
is no complexity of rotation dispersion (within the region of spectrum 
examined) in the compounds studied. 


EXPERIMENTAL. 


Actionof 0-Tolylmagnesium Bromide onr-Benzoin.—r-Benzoin (10g., 
1 mol.) was added gradually to the Grignard reagent prepared from 
o-bromotoluene (25 g., 3 mols.), and the mixture was heated for 5 
hours and treated as usual. The oil resulting from the ethereal 
layer was dissolved in hot light petroleum, and the solid (9-8 g.) 
which separated was purified by recrystallisation from the same 
solvent. r-o-T'olylhydrobenzoin («-form) crystallises in rhombic 
plates, m. p. 154—155° (Found: C, 82:7; H, 6-5. C,,H.0, 
requires C, 82-9; H, 66%). A trace of this glycol gave a yellow 
coloration with concentrated sulphuric acid. This colour reaction 
was given by all the tolylhydrobenzoins subsequently described. 

Action of m-Tolylmagnesium Bromide onr-Benzoin.—?-Benzoin (10g. 
1 mol.) was added to the Grignard reagent prepared from m-bromo- 
toluene (40 g., 5 mols.). After the usual treatment an oil was 
obtained from the ethereal layer. . The solid (10-1 g.) which crystal- 
lised on dissolving this oil in hot light petroleum and cooling was 
recrystallised from light petroleum to which a small amount of 
ethyl alcohol had been added. r-m-Tolylhydrobenzoin («-form) 
separated in rectangular neédles, m. p. 135—137° (Found: (, 
82:9; H, 6-65%). 

d(-++-)o-Tolylhydrobenzoin («-Form).—d(—)-Benzoin (McKenzie and 
Wren, J., 1908, 93, 309) (9 g., 1 mol.) was added gradually to the 
Grignard reagent prepared from o-bromotoluene (32 g., 4 mols.), 
and the product worked up as for the r-glycol. Rosettes of rect- 
angular plates (crop A, 4-2 g.) separated when the solution of 


* \2 may be calculated for use in the Drude equation by means of the 


following expressions : 


Ailale + AXwlelna — Mil@]ag + APLe]y), 








(a) B= ———__Se_ = 
[a], + [a]... oe (Lehi. v [a], 
o — Wy) — % _ [a] 
(6) R= oo ee where g = [al 





In the cases of compounds whose dispersion is normal and simple, the two 
values of A? thus calculated should be identical. 
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the resulting oil in light petroleum was cooled. These were filtered 
off, and then a crop (B) of fine needles (1-4 g.) gradually separated 
from the mother-liquor. 

Crop A was recrystallised from light petroleum to which a small 
amount of ethyl alcohol was added. The resulting prisms were 
dried in a vacuum over paraffin wax at the ordinary temperature— 
drying in a vacuum at 70° produced softening and lowered the m. p. 
of the crude product. This solid was recrystallised from ethyl 
alcohol-light petroleum until the rotatory power was constant. 
d(+-)o-T'olylhydrobenzoin («-form) crystallises in rectangular prisms, 
m. p. 113—115° (Found : C, 82-9; H, 6-7%). 

Crop B was recrystallised from ethyl alcohol, in which it was 
much less soluble than was the preceding compound. Fine needles 
(1-1 g.) separated, m. p. 132—133°. The compound displayed no 
rotatory power for A;g9, in benzene (c = 1-9880, / = 2) and was 
identified as r-benzoin (Found : C, 78-9; H, 5-6. Cale.: C, 79-2; 
H, 5-7%). 

This reaction was carried out three times, and the same result was 
recorded in each case. 


Rotation dispersions of d(+-)o-tolylhydrobenzoin («-form). 


(All rotations are positive.) 

A’. 
nee 2126 2008 g . > Ei ig PEs, [alaser 
6563. 6162. 5893. 5461. 5106. 4861. K. 2Eq.(a).* Eq.(b).* Ax 108 


* [a]eses” 
(1) In acetone (¢ = 1-9475, 1 = 2, t = 20-19). 


© ecceninns 7-61° 8-75° 972° 11-64° 13°75° 15-56° 
{ Obs. 195-4 221-7 249-6 298-8 353-0 399-5 
la} Cal 195-2 225-4 250-0 299-7 353-3 399-7 74-11 0-05087 0-05015 0-72 2-045 


(2) In benzene (c = 1-8530, 1 = 2, tf = 19-9°), 


@ ccsecsecve 8-62 9-47 10-57 12-65 14-98 16-99 
fObs. 222-9 255°5 285-2 341-4 404-2 458-5 
4) Cale. 222-9 255-8 285-2 342-2 404-0 458-0 83-86 0-05316 0-05241 0:75 2-057 


(3) In chloroform (c = 1-9505,7 = 2, t= 20-1°). 


a 7-830 8-94 9-96 11-94 14:07 15-93 
,fObs. 199-9 229-2 255-4 306-1 360-6 408-3 
41 Cale. 199-2 230-1 255-3 306-1 360-8 408-3 75-26 0-05109 0-04981 1-28 2-042 


(4) In ethyl alcohol (c = 1-8865,1 = 2,¢= 20°). 


@ csccseses 7-20 8-25 9-17 10-99 12-93 14-63 
5.7f Obs. 190-8 218-7 243-1 291-4 342-8 387-8 
"Cale. 190-1 219-5 243-3 291-4 343-0 387-8 72-49 0-04936 0-04807 1:29 2-032 


* See p. 2234 (footnote). 


The effect of temperature on the rotatory power of this glycol 
was observed in the above ethyl-alcoholic solution; the specific 
rotation decreased with increasing temperature : 

B ncoppeccmaqesovetosooses 0° 20° 39° 
Oe nach —  +4+2431° +4 232-4° 
d(+-)m-7'olylhydrobenzoin («-Form).—d(—)-Benzoin (4-6 g., 1 mol.) 
was added to the Grignard reagent prepared from m-bromotoluene 








2236 ROGER AND MCKAY : 


(17 g., 4 mols.). The conditions of heating and decomposition of 
the addition complex were similar to those adopted for the r-glycol. 
No solid was, however, obtained directly from the resulting oil by 
the use of solvents. The oil, therefore, was distilled in a current 
of steam to remove toluene and di-m-tolyl. After being dried, the 
oil was dissolved in light petroleum. The impure glycol which 
separated was recrystallised until of constant specific rotation (yield 
4 g.). d(+)m-Tolylhydrobenzoin («-form) crystallises in rosettes of 
rectangular needles, m. p. 106—108° (Found: C, 83-1; H, 6-7%). 


Rotation dispersions of d(+-)m-tolylhydrobenzoin («-form). 


a. a. 








[a}ese 


mr. 
6162. 5893. 5461. 5106. 4861. K. Eq.(a). Eq.(6). Ax 10°. Fy A 
6563 


(1) In acetone (c = 2-0145, 1 = 2, t = 20°). 


9-03° 10-82 — 14-43° 
268-6 — 358-2 
268-1 — 358-6 65-69 0-05316 0-0538 0-64 2-065 


(2) In benzene (c = 1-9980, 7 = 2,¢ = 21°). 
8: 9-42 10-44 12-64 14-98 16-95 
203-6 235-5 261-2 316-3 374-9 424-1 
fa Cale. 203-2 235-5 261-9 315-6 374-3 425-7 75-54 0-05887 0-05762 


(3) In chloroform (c = 2-0080, 72 = 2, t = 20-2°). 


8-99 10-80 —_ 14-51 
224-0 269-0 — 361-4 
224-1 269-2 — 361-1 65-61 0-05486 0-05516 


(4) In ethyl alcohol (c = 2-0052, 1 = 2, t = 20-3°). 


07 8-22 9-14 10-96 12-92 14-70 
8 205-0 227-8 273- 322-2 366-6 
0 204-8 227-4 366-3 66-58 0-05453 0-05614 1-61 2-079 


. 176: 
177: 

The specific rotation of the glycol in benzene solution (see above) 
decreased with increasing temperature : 

41° 
+ 240-2° 

d(-++-)p-Tolylhydrobenzoin («-Form).—d(—)-Benzoin (4-2 g., 1 mol.) 
was added to the Grignard reagent prepared from p-bromotoluene 
(15 g.,4 mols.). After treatment as before, the oil from the ethereal 
extract was dissolved in light petroleum-ethyl alcohol. Rectangular 
needles separated, m. p. 112—114°, [a]; .9, + 191-5° (¢ = 2-065 in 
benzene, / = 2). After four recrystallisations from light petroleum- 
benzene, the rotatory power was unchanged. Analysis, however, 
showed that this substance was not the pure glycol (Found : C, 81:2; 
H, 6-9%). After several weeks in a vacuum, the m. p. had risen 
to 120—121°. The specific rotation had also changed. After 
further recrystallisation the glycol was obtained in an optically 
pure state. d(-+)p-Tolylhydrobenzoin («-form) separates as rect- 
angular needles, m. p. 120—121°, [a], + 256-7° (c = 1-965 in 
benzene, / = 2) (Found: C, 83-0; H, 6: a 
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Rotation dispersions of d(+-)p-tolylhydrobenzoin («-form). 
a. I». 








a ian ‘ * am , . " [a]asex. 
6563. 6162. 5893. 5461. 5106. 4861. K. Egq.(@. Eq.(6). Ax 10°. Fc leses 
(1) In acetone (c = 1-9735, 1 = 2, t = 21-2°). 

6-50° 7-50° 833° 9°97° 11-77° 13-29° 
. 164-7 190-0 211-1 252-6 298-2 336-7 
raf Obs 164-7 190-2 211-0 252-8 297-8 336-9 62-63 0-05042 
(2) In benzene (c = 1-9650, 1 = 2, ¢ = 21°). 
7-90 10-09 12-12 — 16-32 
ragh O88 201-0 256-7 308-4 — 415-3 
3) Calc. 200-4 257-4 309-1 — 4141 75-5 005405 0-05398 
(3) In chloroform (c = 2-0065, 1 = 2, ¢ = 20-3°). 
6-67 8-74 10-45 a 14-01 
. 168-5 217-8 260-4 — 349-2 
3. 169-1 217-1 260-6 — 348-8 63-80 0-05342 0-05508 
(4) In ethyl alcohol (c = 1-945, 7 = 2, ¢ = 21-3°). 
6-71 7-73 8-61 10-29 12-20 13-60 
- 17255 1987 221-4 264-5 313-7 349-6 
172-6 199-2 220-9 264-4 311-5 352-2 65-74 0-04964 0-04693 2-51 2-027 


specific rotation of this glycol in acetone solution (see above) 


was also found to decrease with increasing temperature : 


_ ee A One 0° 19-5° 30° 
[a]sses + 232-0° + 210-6° + 205:1° 


d(-+-)-T'riphenylethylene Glycol_—This glycol was prepared by the 
method of McKenzie and Wren (loc. cit.) through the action of phenyl- 
magnesium bromide on ethyl d(—)-mandelate. The values for the 


rotation of our specimen were : 

In acetone, [a]s., + 219° (c = 1-9985, 1 = 2); in chloro- 
form, [«]?%5 + 232° (c = 20120, 1 = 2). McKenzie and Wren 
give [a]ixy 221-3° (c = 1-0156, 1 = 4) in acetone, and [«]%, + 
233-6° (c = 1-3196, 1 = 4) in chloroform. 


Rotation dispersions of d(-+-)-triphenylethylene glycol. 
de My. 





6563. 6162. 5893. 5461. 5106. 4861. K. Eq.(a). Eq.(b). Ax10. Celeses 
6563 
(1) In acetone (c = 1-9985, 1 = 2, t = 20-4°). 
7-89° 8-75° 10-44° 12-27° 13-87° 
197-3 218-9 261-1 306-9 347-0 
198-0 219-2 261-7 307-1 346-3 66-30 0-04482 0-04402 0-80 
(2) In benzene (c = 2-000, 1 = 2, ¢ = 20-5°). 
10-50 12-65 —_— 17-00 
2625 316-3 — 425-0 
263-5 316-7 — 424-8 77-06 0-05491 0-05380 
(3) In chloroform (c = 2-0120, 1 = 2, t = 20-1°). 
9-30 11-12 — 
231-6 276-7 i 
231-2 276-4 .- 366: 8 69:79 0-04594 0-04565 
(4) In ethyl alcohol (c = 2°0056, 2 = 2, t = 20-5°). 
8-90 10-66 —_ a6 
265-9 — 3 
265-7 — 38 65-29 0-05263 0-05330 0-67 2-062 


specific rotation of this Pe also decreased with increasing 
temperature. In acetone solution (see above) : 
0° 20-4° 30-4° 
+ 238-9° + 218-9° + 210-4° 
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Action of o-Tolylmagnesium Bromide on Ethyl r-Mandelate.—Ethy| 
r-mandelate (5 g., 1 mol.) was added in ethereal solution to the Grig- 
nard reagent prepared from o-bromotoluene (22 g., 4:5 mols.). A 
vigorous action ensued and the mixture was boiled for 5 hours to 
complete it. After decomposition with ice and ammonium chloride, 
a yellow oil was obtained from the ethereal layer, and this was dis- 
tilled in a current of steam to remove di-o-tolyl. The residual oil 
was extracted with ether and dried, but could not be induced to 
crystallise. An oil was also obtained when the decomposition of 
the Grignard complex was carried out with ice and dilute sulphuric 
acid, but it decomposed explosively when distilled under 15 mm. 
pressure. Stoermer (Ber., 1906, 39, 2288) was similarly unsuccessful 
in his attempt to isolate a glycol by the action of o-tolylmagnesium 
bromide on ethyl lactate. 

Action of m-Tolylmagnesium Bromide on Ethyl r-Mandelate—Ethyl 
r-mandelate (10 g., 1 mol.) was added to the Grignard reagent pre- 
pared from bromotoluene (39 g., 4 mols.), and the product was 
worked up as in the previous experiment. The oil obtained after 
removal of the di-m-tolyl was dissolved in light petroleum, and the 
solid which separated was repeatedly recrystallised from the same 
solvent. «-Phenyl-88-di-m-tolylethylene glycol crystallises in needles, 
m. p. 132—134° (Found: C, 83-2; H, 7-2. C,,H,.O, requires C, 
83-0; H, 6-9%). 

Action of p-Tolylmagnesium Bromide on Ethyl d(—)-Mandelate.— 
Ethyl d(—)-mandelate (4 g., 1 mol.) was added to the Grignard 
reagent prepared from p-bromotoluene (19 g.,5 mols.). The mixture 
was boiled for 4 hours, and after decomposition with ice and dilute 
sulphuric acid an oil was obtained from the ethereal layer. This 
oil was dissolved in hot light petroleum, and on cooling, long needles 
separated, which were recrystallised several times from light petrol- 
eum. d(-+)-«-Phenyl-88-di-p-tolylethylene glycol separates in long 
fine needles, m. p. 149—150° (Found: C, 83-1; H, 7-1%); [a] 
209-1° (c = 1-9685 in benzene, | = 2). 
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CCCV.—Applications of Thallium Compounds in 
Organic Chemistry. Part VI. Thallium and Di- 
alkylthallium Derivatives of Tetra-acetylethane and 
T'etra-acetyl propane. 


By Ropert CHarLes Menzies and Ernest REx WILTSHIRE. 


Sipawick and Brewer (J., 1925, 127, 2381) pointed out that 
compounds of the alkali metals with §-diketones and kindred 
substances might be divided into three classes: (1) salts, insoluble 
in organic solvents, and charring without melting on being heated ; 
(2) intermediate compounds, soluble in organic solvents immediately 
on formation, but reverting on isolation to class (1); (3) chelate 
compounds, soluble in organic solvents, and having definite m. p.’s. 
A number of derivatives of dialkylthallium were later described 
(J., 1928, 1288) which displayed the properties of class (3), and, 
moreover, were in most cases easy to sublime. They were also 
soluble in water, forming alkaline solutions in which the thallium 
could be accurately titrated with standard acid, methyl-red being 
used as indicator. It is now pointed out that this combination 
of properties is shared by corresponding compounds of non-alkylated 
thallium (Christie and Menzies, J., 1925, 127, 2372). In contrast 
to compounds of the alkali metals with 8-diketones, which Sidgwick 
and Brewer (loc. cit., p. 2381) state generally to belong to class (1), 
those of thallium and of dialkylthallium belong generally to class 
(3). The strong tendency of the metal to form compounds of this 
type is also shown by the properties of thallous ethoxide, which is a 
liquid at ordinary temperatures and completely miscible with 
benzene (see Sidgwick and Sutton, J., 1930, 1461), and of dimethy]- 
thallium ethoxide (ibid., p. 1573), which, in addition, is volatile, a 
behaviour quite different from that of the alcoholates of the alkali 
metals. 

In this paper, it is shown that the dithallium derivative of tetra- 
acetylethane (I) belongs quite definitely to class (1), that the 

>H(CO-CH CH(CO-CH, 
iL) Guecas CH<CH(COCH?): (IL) 


corresponding dimethylthallium compound also approximates in 
behaviour to this type, as does the diethylthallium compound, though 
less closely; on the other hand, the dithallium and tetramethy]l- 
dithallium compounds of tetra-acetylpropane (II), although very 
unstable, behave as chelate compounds belonging to class (3). 
Other observations on thallium and dialkylthallium compounds 
are included. 
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The thallium, dimethylthallium, and diethylthallium derivatives 
of tetra-acetylethane were all prepared by treating hot solutions 
of the latter in benzene or toluene with the corresponding ethoxide. 
In each case, the compounds obtained were immediately precipitated, 
indicating their slight solubility in these solvents. None of them 
possessed a definite m. p., but they decomposed on heating, often 
with a slight explosion. The solubility in water decreases, and 
that in benzene and toluene increases, in the order thallium, 
dimethylthallium, and diethylthallium tetra-acetylethane, as shown 
in the following scheme : 


Solvent. 7. (CH;),T1. (C,H,).Tl. 
Water Soluble Soluble Soluble (on heating) 
Benzene Insoluble Insoluble Slightly soluble 


Toluene Insoluble Soluble (on heating) Soluble 


It thus appears that the thallium derivative is a simple salt 
of tetra-acetylethane belonging to class (1), but that a tendency 
to pass into the form soluble in organic solvents (class 3) becomes 
apparent as we pass from the left to the right of the table. This 
corresponds to the greater tendency of the dialkylthallium ion, 
already containing four electrons in its outer sheath, to complete 
a stable octet by co-ordinate attachments to the two oxygen atoms. 

The dialkylthallium derivatives are also much more stable than 
that of thallium. For instance, after being kept in a sealed tube 
for 4 months, the latter had changed to a dark brown mass, whereas 
the dialkyl compounds were unaltered. This difference is more 
pronounced in the tetra-acetylpropane derivatives (see below). 

Another interesting gradation in this series of compounds is 
observed in the decrease of colour. Whereas the thallium com- 
pound is a distinct yellow, the dimethyl compound is much paler, 
and the diethyl compound is almost white. This is a general effect, 
and obtains with most coloured thallium and dialkylthallium 
derivatives, especially if the thallium compound itself is highly 
coloured, as in the nitrophenol derivatives. It thus appears that 
the decrease in colour is associated with the attachment to the 
thallium atom of inert radicals. 

Attempts to prepare the corresponding derivatives of tetra-acetyl- 
propane in the same way as had been adopted for those of tetra- 
acetylethane proved unsuccessful, but by using cold benzene solu- 
tions, followed by evaporation in a vacuum, the dimethylthallium 
derivative could be obtained as a light yellow compound which 
remained unchanged in a desiccator, but soon changed to a dark 
brown mass when left in a stoppered tube. 

The non-alkylated thallium derivative was later obtained in the 
same way by evaporation of the benzene solution, but was so unstable 
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that it changed to a black resinous mass immediately it was 
isolated. 

The increased stability of the dialkyl compound as compared 
with the thallium one is a general result, numerous, but much 
less marked examples, having been observed; e.g., the thallium 
derivative of salicylaldehyde decomposes, while those of aceto- 
acetic ester and acetylacetone frequently darken on keeping, 
but the corresponding dialkylthallium compounds appear to keep 
indefinitely. Moreover, chelate thallous compounds are very easily 
hydrolysed in solution with splitting of the diketone, and require 
much more care in their preparation and recrystallisation than the 
chelate dialkyl compounds; indeed, solutions of the latter can 
often be boiled almost to dryness on a red-hot wire gauze, a proceed- 
ing which would be unwise in the case of the simple thallous com- 
pounds. 

It is suggested, therefore, that many reactions may be preceded by 
the reacting molecules becoming co-ordinately attached to the same 
atom, and that the greater the co-ordinating action of any atom 
the more likely it is to promote chemical change. If anything be 
done to reduce the co-ordinating power of any atom, as in the case 
in point, by filling two of the co-ordinated positions of thallium 
with inert and firmly attached molecules, its power to promote 
change is diminished, and consequently the stability of compounds 
into which it enters is increased. 

This inhibition of chemical activity by inert hydrocarbon radicals 
firmly attached to the central co-ordinating atom may be related 
in its mechanism to the inhibition of chemical reactions occurring 
on surfaces by a coating of paraffin wax, as, e.g., in the effect of 
this substance in decreasing the speed of combination between 
chlorine or bromine and ethylene (Norrish and Jones, J., 1926, 55). 

An indication that not only the number but also the size of the 
co-ordinated groups may influence this effect, is given by the 
observation that solid dimethylthallium tetra-acetylethane dissolves 
in and reacts quickly with standard sulphuric acid, a good end-point 
being obtained on titration in the cold almost at once. Similar 
cold titration of diethylthallium tetra-acetylethane also gives a 
good end-point, but takes about an hour, constant shaking being 
necessary to effect solution. Dimethylthallium and diethylthallium 
acetylacetone show the same difference in behaviour on titration. 

The smaller stability of the thallium derivatives of tetra-acetyl- 
ethane and of tetra-acetylpropane as compared with the parent 
substances can also be attributed to the above cause, since the 
thallium atom can form co-ordinated links much more readily than 
the hydrogen which it’ replaces. 
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Dimethylthallium tetra-acetylpropane is soluble in benzene and § all 
in alcohol, and has a definite m. p.: these are the properties of a § Ber 
chelate compound (class 3). Like all the other dialkylthallium J kep 
chelate compounds referred to above, it also dissolves in water to § inte 
give an alkaline solution, and thus, like them, it appears to pass § qua 
from the covalent to the ionised state in water. Although thallium § (Kr 
tetra-acetylpropane was not obtained in a condition in which it § filte 
could be handled, the fact that it is soluble in benzene makes it §  recr 






























appear that this also belongs to class (3). Cal 

Summarising, it may be said '(i) that the thallium and dialkyl. T 
thallium derivatives of tetra-acetylethane are salts belonging to § liun 
class (1), whereas those of tetra-acetylpropane are chelate com- § proj 


pounds belonging to class (3); (ii) that the greater stability of § turr 
chelate compounds of dialkylthallium in comparison with those of § to a 
the non-alkylated metal may be due to a diminution of the labile § cold 


co-ordinating capacity of the metal. yiel 
dar} 

EXPERIMENTAL. D 
Tetra-acetylethane.—This was prepared by acting on sodium acetyl. § was 


acetone with iodine (Zanetti, Gazzetta, 1893, 23, ii, 305); m. p. 188° abor 
(Zanetti gives 187°) (Found: C, 60-1; H, 7-4. Cale.: ©, 60-6; § obta 
H, 7-1%). and 

Thallium Tetra-acetylethane.—Tetra-acetylethane (1 g.) and thal- § m. } 
lium ethoxide (2-5 g.) were dissolved separately in hot toluene and §  iodic 
mixed; the resulting yellow precipitate was filtered off [Found: § requ 
C, 19-1; H, 2:0; Tl (by titration), 66-0. C,)H,,0,TI, requires J and 
C, 19-8; H, 2-0; Tl, 67-6%]; yield 73%. The compound, which 
shows no definite m. p. but chars on heating, is soluble in water, but 1 
not in benzene or toluene. White crystals, which separated during J °°" 
the titration of thallium tetra-acetylethane, were filtered off, dried, 
and identified as tetra-acetylethane, m. p. 189°. 

Dimethylthallium Tetra-acetylethane.—The calculated quantity of 
dimethylthallium ethoxide solution was added to tetra-acetylethane ( 
(1 g.) dissolved in warm benzene, and the pale yellow precipitate 
was filtered off; yield 97% [Found: C, 25-2; H, 3-7; TI, 6177. 
C,oH,.0,T1,(CH,), requires C, 25:3; H, 3-6; TI, 615%]. The f By 
compound decomposes when heated. Di 

Diethylthaliium tetra-acetylethane was obtained in the same way givin 
(yield 96%) from tetra-acetylethane (1 g.) and diethylthallium eth- J halog 











oxide solution [Found : C, 29-9; H, 4-6; TI, 58-8. C19H1.0,TI,(CH;), inves 
requires C, 30-0; H, 4-4; Tl, 58-99%]; it decomposes on heating. in th 

Tetra-acetylpropane.—Acetylacetone (10 g. 2 mols.) was warmed § other 
on a water-bath with 1-5 g. (1 mol.) of finely powdered para- § origi: 
formaldehyde, with the addition of 4 drops of piperidine, until off a 
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all the paraformaldehyde had dissolved (compare Knoevenagel, 
Ber., 1903, 36, 2154). The reddish-brown solution obtained was 
kept at room temperature, 20 drops of piperidine being added at 
intervals. A thick syrup was formed from which a sufficient 
quantity of crystals was obtained only after 4 months’ standing 
(Knoevenagel gives 6 days). These were separated by means of a 
filter pump, and thus obtained as pale yellow crystals after repeated 
recrystallisations from ether; m. p. 87° (Found: C, 61-9; H, 7-5. 
Calc.: C, 62:2; H, 7-6%). 

Thallium Tetra-acetylpropane.—The theoretical quantity of thal- 
lium ethoxide in benzene was added to a hot solution of tetra-acetyl- 
propane (0-5 g.). A yellow colour was produced, which rapidly 
turned red, and a brown substance was precipitated, which changed 
to a resinous mass when filtered off. In other experiments with 
cold solvents, evaporation of the benzene in a vacuum desiccator 
yielded light brown or light yellow residues which also rapidly 
darkened, and the mother-liquors yielded similar unstable materials. 

Dimethylthallium Tetra-acetylpropane-—When the preparation 
was attempted in hot benzene, the results were similar to those 
above. From cold solvent, however, a light yellow substance was 
obtained on evaporation of the mixed solutions of tetra-acetylpropane 
and dimethylthallium ethoxide. This was filtered off and dried ; 
m. p. 98° [Found: (by titration), Tl, 44-3; (by precipitation as 
iodide in solution after titration), Tl, 59-9. C,,H,,0,TI,(CH,), 
requires Tl, 60-2]. This compound is soluble in water, alcohol, 
and benzene (on heating). 


The authors wish to thank the Colston Research Society for a 
grant. 
[Received, July 7th, 1931.] 





CCCVI.—A Study of the Polyhalides. Part II. 
Physical Properties. 
By HERBERT WILLIAM CREMER and DonaLp RussELL DuNCcAN. 


Dissociation Pressures.—All polyhalides dissociate spontaneously, 
giving off the vapour of a halogen, halogen halide, or mixture of 
halogens, and leaving a residue of a monohalide. The present 
investigation has definitely confirmed that the monohalide produced, 
in the absence of a solvent, is always the compound of the metal or 
other kation with the most electronegative halogen present in the 
original polyhalide. Thus, potassium dichloroiodide, KICI,, gives 
off a vapour of the composition IC] and leaves a residue of potassium 
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chloride. The dissociation pressure of a trihalide is constant at 
constant temperature, provided that both solid trihalide and the 
resultant solid monohalide be present, the system containing three 
phases and two components. This tendency of the polyhalides to 
dissociate is of great importance in the investigation of their physical 
properties and chemical reactions. There is a close correlation 
between the dissociation pressures and other physical properties, 
and dissociation is frequently the first stage in their reactions with 
other substances. One instance of the way in which variation in 
dissociation pressure can influence the course of a reaction has 
already been given (J., 1930, 2751). From a comparison of the 
dissociation pressures of a large number of polyhalides, the factors 
influencing their stability have been determined; e.g., it is found 
that the polyhalides containing one iodine atom are very much more 
stable than those containing none, whereas the introduction of 
further iodine atoms has the reverse effect. Such observations are 
of importance in the elucidation of the structure of these compounds 
(p. 2250). 

The four chief methods available for the determination of the 
dissociation pressure of a polyhalide are: (i) direct measurement 
by means of a manometer; (ii) static method, in which the con- 
centration of halogen in the vapour phase after equilibrium has been 
reached is determined by ordinary analytical methods (compare 
Wildermann, Z. physikal. Chem., 1893, 11, 407); (iii) gas-streaming 
method (Naumann, Inaug. Diss., Berlin, 1907); (iv) organic-solvent 
method. The authors have employed methods (i) and (iv), and 
have also determined the vapour pressure of bromine at 25° by 
method (ii), obtaining the value 213 mm., in good agreement with 
Ramsay and Young (J., 1886, 49, 453). 

The dissociation pressures of most of the trihalides of potassium, 
rubidium, cesium, and ammonium have been determined over a 
range of temperature by Ephraim (Ber., 1917, 50, 1096), using a 
mercury manometer with traps of sulphuric acid and phosphorus 
to prevent the halogen vapours from attacking the mercury. 
McCombie and Reade (J., 1924, 125, 148) attempted to measure the 
dissociation pressures of some phenyltrimethylammonium poly- 
halides, but they omitted to use any trap, and, possibly for this 
reason, their measurements appear to be untrustworthy. The 
consistency of measurements on the same substance at different 
temperatures may be tested by means of the equation (Jackson, J., 
1911, 99, 1066) 


log.p2/P, = 9/R . (1/7, — 1/7.) 
On plotting log p against 1/7’, a straight line should be obtained. 
Ephraim’s data give, in most cases, smooth curves which approxi- 
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mate closely to straight lines, whereas the values obtained by 
McCombie and Reade give no such result. 

Since, in Ephraim’s apparatus, halogen is being continually 
absorbed, it might be suspected that he would not have succeeded in 
reaching a true equilibrium. Since the error due to this cause would 
be approximately proportional to the dissociation pressure, it would 
not be apparent on testing the results by the above method. In 
order to examine this point, the authors have determined the dis- 
sociation pressures of potassium dichloroiodide and dibromoiodide, 
employing a spring manometer made entirely of glass, as described 
by Jackson (loc. cit., p. 1067, bulb of form 2). In addition, the 
dissociation pressure of potassium chlorobromoiodide has been 
measured for the first time. The sensitivity was such that a 1 mm. 
deflexion of the pointer corresponded to a pressure difference of 
about 1 mm. The potassium dichloroiodide was prepared as 
described in Part I (this vol., p. 1863, last method) and gave a 
satisfactory analysis (Found: K, 16-50; thiosulphate titration, 
845 c.c. Cale. : K, 16-50% ; titre, 8-44 ¢.c.). It had been dried for 
six months over phosphoric oxide; the exposure to the air during 
transference to the apparatus was sufficient to eliminate any effects 
due to intensive drying (see p. 2252). Air was thoroughly removed 
by a vacuum pump before sealing, the material being cooled in liquid 
air during this process. A series of pressure readings was first 
obtained with the temperature rising, and afterwards another series 
with the temperature falling. The pressure fell again to zero on 
cooling in liquid air. Melting begins rather below 60°, but it is far 
from sharp, there being some solid phase (probably potassium 
chloride) present even at 100° (see p. 2251). Table I gives our results, 
Ephraim’s data over the same temperature range being added for 
comparison (pressures are in mm. of Hg in every case) : 





TABLE [. 
Present data. Ephraim’s data. 
Temp. rising. Temp. falling. (?) Temp. rising. 
- —~ oe T-- e“—nN 
Temp. Press. Temp. Press. Temp. Press. Temp. Press. 
21-9 7 70-2° 103 21-4° 17 41° 28 
31-9 17 73-6 117 40-4 38 58 58 
38-4 26 77-2 132 57-4 71 71-5 114 
47-3 45 82-6 161 64-8 82 79-5 153 
52-6 55 88-6 195 75-6 133 90 210 
57-8 69 96-6 247 102 292 
65-6 86 100-2 276 


On plotting log p against 1/7’, it will be found that the points 
obtained as the temperature was raised, and also those obtained by 
Ephraim, lie on two straight lines which intersect at the m. p., thus 
confirming Ephraim’s data, with the exception of his value at 58°, 
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which may be a misprint. The points obtained with temperature 
falling lie on the same straight line as the others above the m. p., 
but below it they lie on the continuation of this line, there being no 
break in this case. This is due to a supercooling effect which will 
be discussed later (p. 2252). 

The following values were obtained for the dissociation pressure 
of potassium dibromoiodide : 


TEMP. socsccsossesses 25° 30° 40° 50° 60° 
PPOGS., WAM.  6cc00- 2-5 3 4 5:5 8 


These values are considerably below those of Ephraim, who, how. 
ever, obtained his material by crystallisation from water. The 
authors have found that potassium dibromoiodide crystallises from 
water as a monohydrate, m. p. 58° (Found : H,0O, 5-40. KIBr,,H,0 
requires H,O, 5-24%), so that Ephraim’s figures probably relate to 
this compound. The water content was determined after the 
crystals had been dried to constant weight over the anhydrous salt 
(compare Grace, this vol., p. 608). This result was confirmed by 
leaving the anhydrous substance over a saturated solution of the 
same material, whereby it became converted into monohydrate, which 
also separated from the solution. It was shown that potassium 
dichloroiodide and tetrachloroiodide do not form any hydrate at 
room temperature. As pointed out by Grace, Ephraim’s data for 
potassium tri-iodide are really those of a hydrate. 

Potassium chlorobromoiodide, KClBrI, being a new compound, 
no measurements of its dissociation pressure are on record : 


Temp. ...... 


20-22 235° 29-7° 39-7° 43-6° 52-0° 65-1° 78-9° 
Press.,mm. 11 ] 


2 18 30 36 53 87 166 

From the form of the curve, the m. p. would appear to be about 36°. 
These determinations were carried out in collaboration with G. H. 
Cheesman, to whom the authors wish to express their thanks for 
valuable assistance in this and other matters connected with the 
research. 

The method most employed for determining dissociation pressures 
was that due to Abegg and Hamburger (Z. anorg. Chem., 1906, 50, 
403), who determined by its means the dissociation pressures of the 
alkali polyiodides at 25°. The polyhalides are left in contact with 
a suitable organic solvent in a closed vessel in a thermostat until 
equilibrium is reached. The concentration of halogen in the 
solvent is then determined. For any one solvent this equilibrium 
concentration is always the same for a given trihalide at a given 
temperature, provided the monohalide formed by its dissociation 
be present. It is easy to determine this value for a number of 
trihalides at the same temperature with the same solvent. In this 
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way one can obtain a table of constants for different trihalides, such 
as those given in Table II. These values provide an excellent 
measure of the relative stabilities of the different compounds, and 
they may generally be determined more accurately than the actual 
dissociation pressures, which are in most cases very small at room 
temperature. If required, the dissociation pressures may be 
calculated from these values, Henry’s law being assumed to apply to 
solutions of the halogens in the solvent in use, as was done by Abegg 
and Hamburger. Alternatively, instead of assuming Henry’s law, 
the relationship between the partial pressure of halogen in the 
vapour phase and the concentration of halogen in the liquid may be 
determined experimentally by means of Wildermann’s apparatus 
(loc. cit.). The authors have worked mainly, however, with solutions 
of iodine monobromide to which the last two methods could not well 
be applied, owing to the unequal distribution of iodine and bromine 
between the liquid and the vapour phase. 

Benzene, the solvent employed by Abegg and Hamburger for 
polyiodides, is unsuitable for work of a more general nature, where 
halogens and halogen halides which attack benzene are liberated. 
It is desirable that ionisation and solvation of the halogen should 
not occur, and essential that no solid solvates be formed, a condition 
not fulfilled by benzene (Grace, loc. cit.). The solvent must not be 
one in which either the monohalides or the polyhalides themselves 
dissolve: only the halogens must pass into solution, equilibria 
such as ; 

KIC], == KCl + ICl 

(solid) (solid) (in solution) 
being established. Carbon tetrachloride admirably fulfils all these 
requirements and was employed throughout the present research. 
The pure solvent was dried for at least a week by means of phos- 
phoric oxide, and filtered before use. It did not affect the py of 
water with which it was shaken, and did not give any colour with 
potassium iodide-starch solution. It distilled completely within 
0-1° of the correct b. p. and had the correct density at 25°. 

Starting with a mixture of the polyhalide, the monohalide formed 
by its dissociation, and carbon tetrachloride, and shaking the 
mixture mechanically in a thermostat at 25° + 0-05°, equilibrium 
could be reached in one day, but at least a week wasnormally allowed. 
Starting with the monohalide and a concentrated solution of the 
halogen or halogen halide in carbon tetrachloride, several months 
were often required to reach even approximate equilibrium. 

The concentration of halogen was determined by running a 
measured volume of the carbon tetrachloride solution from a pipette 
into an aqueous solution of potassium iodide in a stoppered bottle, 
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and titrating with sodium thiosulphate with frequent shaking, 
starch solution being used as indicator. The thiosulphate solutions 
varied from 0-9 to 0-005N, the latter being freshly standardised 
against solutions of iodine bromide in carbon tetrachloride of known 
concentration. 

Apparently the only data hitherto obtained by this method have 
been for the polyiodides of the alkali metals and ammonium (Abegg 
and Hamburger, loc. cit.). The authors have obtained similar data 
(see Table II) for other series of polyhalides formed by the alkali 


TABLE IT. 
Equilibrium concentrations of halogen or halogen halide in carbon 
tetrachloride over various trihalides of the alkali metals and 


ammonium at 25°. 
Anion. 








I,. IBry. IBrCl. ICl,. 
Kation. Cone. of I,, Cone. of IBr. Cone. of IBr. Cone. of ICI. 
No compound * 0-0473 0-61 0-029 
0-0059 0-0010 0-0108 0-00035 
0-00075 0-00014 0-00035 0-00006 
0-0120 0-00842 0-122 0-0057 


* See Grace, loc. cit. 


metals and ammonium, and have measured the equilibrium con. 
centrations for a series of polyhalides having the same anion but a 
wide variety of kations. For the latter purpose the dibromoiodides 
were chosen. The concentrations are expressed in g.-atoms of 
halogen per litre. The figures for the tri-iodides are calculated from 
those obtained by Abegg and Hamburger, using benzene as solvent, 
it being assumed that Henry’s law applies to solutions of iodine in 
both solvents. In order to test this point, the equilibrium value for 
ammonium tri-iodide and carbon tetrachloride was determined 
directly and found to be 0-0130, a satisfactory agreement in view of 
the assumptions made and the uncertainty in the published values 
for the solubility of iodine in these solvents. The authors have 
redetermined the solubility of iodine in carbon tetrachloride at 25° 
and obtained the value 2-88 g. per 100 c.c. of solution (d 1-594 g./c.c.) 
or 1-81 g. per 100 g. of solution, making the saturated solution 
0-227N and the “ mol-fraction ’’ of iodine 0-0110, agreeing exactly 
with Hildebrand (J. Amer. Chem. Soc., 1920, 42, 2185), who, how- 
ever, does not give any density or volume data. Earlier published 
values differ considerably among themselves. 

According to Abegg and Hamburger, there is no unsolvated 
polyiodide of sodium stable at 25°; evidence has already been given 
(this vol., p. 1857) showing that mixed polyhalides of sodium may 
exist, but it is impossible to quote any definite values for the equili- 
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brium concentrations, which are probably greater than N. No data 
are available for lithium compounds. 

For cesium tribromide, the equilibrium concentration was found 
to be 0-0438N, and for the compound CsI,Br it was 0-0155N. On 
the other hand, when potassium bromide was shaken with a saturated 
solution of iodine in carbon tetrachloride, no fall in concentration 
occurred, indicating the non-existence of any compound of potassium 
bromide and iodine at 25°. Similar evidence was obtained that no 
compound of potassium nitrate and iodine bromide exists. These 
negative results show that no fall in concentration occurs owing to 
adsorption. 

Cesium fluoride was found to absorb iodine bromide vapour, 
forming a yellow compound which would appear to be caesium 
fluorobromoiodide, CsIBrF. This gave an equilibrium concentration 
of O-OLN. 

It will be seen from Table II that the stability of a polyhalide in 
the solid state depends on both the metal and the polyhalide group. 
It will be shown later that in solution the stability is independent 
of the metal, being the same for all polyhalides of the same series. 
Hence, it would appear that in solution the metal does not form part 
of the complex ion, although, of course, it does form part of the 
solid crystal structure, and so affects the stability in the solid state. 

For the different kations the order of increasing stability is 
Na<K<NH,<Rb<Cs. The fact that the order is the same for 
each of the polyhalide anions indicates that, in order to determine 
the tendency which different kations have to form stable polyhalides, 
it is sufficient to measure the equilibrium concentrations for one 
series of polyhalides, all having the same anion (see Table III). 


TaB_eE III. 


Equilibrium concentrations of iodine bromide in carbon tetrachloride 
at 25° over dibromoiodides of the type [NR,R,R,R,][IBr]’. 


Me Me H 0-00004 Et H H 0-0012 

Me Me Me 0-00249 Et Et H Not known 

Me Me Me Me 0-00004 Et Et Et Et 0-00000 

Et Me Me Me _ 0-00002 Pra H H H 0-0076 
Pr8 H H H 0-0025 


R,; Ry, Ry Ry Cone. R, Ry Rs. Reg. Conc. 
H H H H 0-:00842 H H H H 0-0084 
Me H H H 0-00134 Et H H H 0-0066 
Et 
Et 


ed 
Pyridine derivatives :— C;,H,NH 0-00018 
C,;H,;NMe 0-00023 


None of these substances has any detectable solubility in carbon 
tetrachloride, a fact that is in accordance with the supposition that 
they are strong electrolytes. Only iodine monobromide passes into 
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solution, the dibromoiodide and monobromide (hydrobromide) of 
the base remaining undissolved. On the other hand, the compound 
of pyridine and iodine monobromide, C;H;NIBr, tends to dissociate 
into its constituents, both of which are soluble in carbon tetra- 
chloride, so the substance does in effect dissolve (this vol., p. 
1861). 

Consideration of Table III or of Fig. 1 shows that there is an 
alternation in the dissociation tendencies of the ammonium dibromo- 
iodides, those with an even number of alkyl groups being more stable 


Fig. 1. Fic. 2. 





0-008 A 


mols./l.). 


& 
= 
— 
jaa) 
_ 
> 


Conc 


Zz Me, \' 
SMe rn Et’ —? 
2 3 4 

Number of alkyl groups. Number of alkyl groups. 

Concentration of IBr in CCl, Melting points of alkyl deriv- 

at 25° in equilibrium with atives of ammonium dibromo- 

alkyl derivatives of am- iodide. 

monium dibromoiodide. 




















than the related compounds having an odd number. The pheno- 
menon is very pronounced with the methyl derivatives. The 
failure to isolate triethylammonium dibromoiodide (this vol., 
p. 1860) is probably to be attributed to high dissociation pressure 
and more especially to low m. p. A similar well-marked alternation 
is seen in the m. p.’s (Fig. 2). There is no such alternation in the 
properties of the corresponding monohalides. It is the compounds 
containing the most symmetrical kations which are most stable. 
If we assume that the polyhalide anions have structures in which 
the most electropositive halogen (usually iodine) forms the positively 
charged central atom of the anion (compare Gilbert, Goldstein, and 
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Lowry, this vol., p. 1092), it will be seen that it is also the poly- 
halides containing the most symmetrical anions which are the most 
stable: the order of increasing stability is usually Br~ — I* — I, 
F- —I+— Br, Cl — I+ — Br, I- —I*—T, Br —I* — Br, 
(l- — I* — Cl-. In general, the factors favouring stability of a 
polyhalide are symmetry, a kation of large molecular volume, and 
the presence of one iodine atom (i.e., of a large electropositive atom) 
at the centre of the anion; in order to produce the most stable 
polyhalide the other atoms should be light electronegative atoms, 
such as chlorine. The stability of organic polyiodides is to be 
attributed to the low volatility and chemical inactivity of iodine, 
which does not tend to destroy the organic kations. 

Phenomena occurring on the Melting of Polyhalides.—In considering 
the general properties of the polyhalides, their tendency to dissociate 
into monohalide and halogen or halogen halide is of fundamental 
importance, and affords a satisfactory explanation of the phenomena 
occurring during melting. From a consideration of the phase rule, 
it follows that, when a polyhalide is heated in a closed space, a liquid 
phase will appear at a temperature which is constant for any given 
compound. This is the value commonly quoted as the m. p. in a 
sealed tube, and is practically identical with that in an open vessel. 
Above this temperature there can be only one solid phase, which is 
normally the monohalide. So long as this solid phase is present, the 
composition of the liquid and the dissociation pressure are fixed for 
any given temperature. Where partial dissociation of a halogen 
halide occurs, it is necessary to add the condition that the volume of 
| the vapour phase be small. If the liquid phase consisted of the pure 
molten halogen (or halogen halide), the dissociation pressure would 
be equal to the vapour pressure of the halogen (or halogen halide), 
the polyhalide being completely dissociated. In such a case there 
would be a considerable quantity of solid monohalide present and 
the material would be pasty. It is found that the monohalide 
normally dissolves to some extent in the liquid phase (combining 
partially or completely), so the dissociation pressure is lower than the 
vapour pressure of the pure halogen. With a polyhalide of low 
dissociation pressure, the metallic monohalide dissolves completely 
or almost completely within a few degrees of the beginning of 
melting, so the substance melts almost as sharply as a non-dissociat- 
ing compound ; but in the case of a compound of high dissociation 
pressure, very little monohalide passes into the liquid phase, so the 
substance melts to a paste which may not become completely liquid 
even at a temperature considerably above the m. p. It follows that 
the sharpness of melting is a criterion of the stability of a polyhalide. 
The potassium salts, particularly the chlorobromoiodide and di- 
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chloroiodide, go through a pasty stage, whereas the cesium salts 
melt sharply, the ammonium salts being intermediate. 

From the above treatment of the subject, it follows that the m. p. 
of a polyhalide is the temperature at which the dissociation-pressure 
curve of the solid polyhalide cuts the vapour-pressure curve of a 
saturated solution of the monohalide in the molten halogen (or 
halogen halide). Hence, one would expect the m. p. to be lower for 
a polyhalide of high dissociation pressure than for a more stable one. 
The change occurring at the m. p. is essentially partial dissociation, 
and in the case of an unstable polyhalide it involves almost complete 
decomposition into monohalide and free halogen. In practice a 
close correlation between m. p. and dissociation pressure is found, 
as may be seen, for example, from a comparison of Figs. 1 and 2, or 
from Table IV. Hence, the m. p., which is readily determined, 
forms a measure of the stability of a polyhalide. Inorganic poly. 
halides, however, melt higher than organic polyhalides of similar 
dissociation pressure, methyl compounds higher than ethyl, and 
so on. 

Arrested Transformation.—The supercooling effect which occurs 
when molten potassium dichloroiodide is cooled has already been 
mentioned (p. 2246). It would now appear that the effect is due to 
the fact that the recombination reaction KCl + IC] = KICI, is not 
instantaneous. The curve with temperature falling thus gives the 
vapour pressure of saturated solutions of potassium chloride in 
iodine monochloride, even below the m. p. 

It is also found that the reverse change may be inhibited by 
thorough drying. Thus a specimen of potassium dichloroiodide 
which had been dried for six months by means of phosphoric oxide 
did not melt even when heated in a sealed tube to 180°, at which 
temperature it appeared to be completely decomposed into solid 
potassium chloride and iodine monochloride vapour. After exposure 
to the air for a few minutes, the substance gave the normal m. p. 
(ca. 55°): it was not hydrated and contained only a trace of water 
(see analysis, p. 2245). The same effect has been observed in the 
case of potassium dibromoiodide and tetrachloroiodide. The 
m. p. of the dibromoiodide was quoted by Wells and Wheeler (Z. 
anorg. Chem., 1892, 1, 442) as 60°, by Ephraim (loc. cit.) as rather 
below 60° and by the authors as 58°, although the figures given by 
the earlier authorities may really refer to the hydrate, which melts 
at approximately the same temperature. After drying for 24 
months over phosphoric oxide, it did not melt or decompose until 
heated to 150°, but after a short exposure to the air it gave the 
normal value. The elevation of the m. p. of potassium dibromo- 
iodide has been confirmed by R. H. Purcell and G. H. Cheesman, by 
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whom the matter is being further investigated. Potassium tetra- 
chloroiodide normally melts between 110° and 115°, but after 
drying over phosphoric oxide for a month it melted at about 
150°, the original value being obtained again after exposure to 
the air. 

Solubilities of Polyhalides—The polyhalides are, in general, 
insoluble in liquids of low dielectric constant, with the exception of 
free halogens and halogen halides, but are partially decomposed as 
already described (p. 2247). They are, however, usually soluble in 
liquids of high dielectric constant, such as acetone, alcohols, and 
water, the organic polyhalides being more soluble in organic solvents 
and the inorganic compounds in water. As would be expected from 
theoretical considerations, the compounds of higher dissociation 
pressure are the more soluble. The solubility in water is com- 
plicated by hydrolysis: thus, when potassium tetrachloroiodide is 
shaken with water, compounds such as 2KIO,,HCl appear in the 
solid phase, the system in effect containing 5 components, so that 
no true solubility can be quoted for such a substance. Neverthe- 
less, for closely related compounds, the solubilities in water are 
roughly proportional to the dissociation pressures. Table IV shows 


TABLE IV. 


Formula. Cone. in CCl,. M. p. Solubility in water. 


ls wccacuttondicesces 0-0473 58° 1 part H,O dissolves 10—12 parts 
at 18°. 

NH,IBr, 0-6084 198 Very high (sat. soln. syrupy). 

PraNH,IBr, 0-0076 ? Similar. 

EtNH,[Br, 0-0066 ‘ 49 Similar. 

Pr8NH,IBr, 0-0025 54 Readily soluble. 

Me,NHIBr, 0-0025 67 Moderately soluble. 

MeNH,[IBr, 0-0013 71 Moderately soluble. 

Et,NH,IBr, 0-0012 46 Moderately soluble. 

RbIBr, 0-0010 225 Moderately soluble. 

C;sH,NMeIBr, 0-00023 61 1:33% at 25°. 

C,H,NHIBr, ......... 0-00018 174 1-27% at 25°. 

CsIBry 0-00014 247 445% at 20° (Wells). 

Me,NH,IBr, 0-00004 136 About 3% at 0°. 

Me,NIBr, 0-00004 190 0-85% at 25°. 

Me,NEtIBr, 0-00002 145 0-6% at 25°. 

Et,NIBr, 0-00000 119 =0-25% at 25°. 


the degree of correlation between the dissociation pressure (as 
measured by the carbon tetrachloride equilibrium concentration), 
m. p., and solubility for a number of dibromoiodides, arranged in 
order of stability. With the exception of the value obtained by 
Wells, all the solubilities given have been obtained by the authors 
for the first time. The compounds with equilibrium concentrations 
greater than about 0-001N deliquesce in moist air and also absorb 
the vapours of bromine, iodine bromide, etc., forming semi-liquid 
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materials, but the more stable compounds do not do so. The 













































properties of the members of the other series of polyhalides are Ci 
similarly related to their dissociation pressures. Only the 
compounds of high dissociation pressure crystallise from water as | 
hydrates (e.g., KIBr,,H,O), whilst the most unstable compounds By I 
are known only in the solvated condition (e.g., KI,,H,O). DELI 
synt! 
Summary. i.e., 

The relationship between the dissociation pressure and other §f 1-Ch 
properties of the polyhalides is discussed. The methods available J alcob 
for the determination of dissociation pressure are considered, and ff 2: 4- 
the work of earlier investigators criticised. The dissociation pres. J of a 
sures of potassium dibromoiodide, chlorobromoiodide, and dichloro. J amin 
iodide have been measured by means of a glass-spring manometer, ff ‘iazo 
The data for the dichloroiodides agree with those of Ephraim, but § sive ' 
those for the dibromoiodide are considerably lower. It is suggested Ni 
that Ephraim’s material may have been hydrated, it being shown . 
that a hydrate, KIBr,,H,O, exists. 

The estimation of the dissociation pressure by shaking with carbon 
tetrachloride is discussed, and data are given for the tri-iodides, 
dibromoiodides, chlorobromoiodides, dichloroiodides, and various 
other polyhalides of the alkali metals, and for a number of organic 
dibromoiodides. It is confirmed that the order of stability of 
the different kations is Na<K<NH,<Rb<Cs, irrespective of the Th 
anion. 7 108° ( 

It is also shown that there is an alternation in the dissociation § 7,1, 
tendencies of the ammonium dibromoiodides, those having an even § 4, 1, 
number of alkyl groups being the most stable. ating 

The general conditions favouring the stability of a polyhalide are § jo,” 
deduced. these 

The phenomena occurring on the melting of polyhalides are dis- (DR. 
cussed in the light of the phase rule, and the effect of prolonged 2715), 
drying is investigated. Thus 1 

Data are given for the solubilities of the dibromoiodides in water, J y+), 
for that of iodine in carbon tetrachloride, and for the vapour pressure 9 51.4. 
of bromine at 25°. Tho 

Evidence is given that the compound CsIBrF exists. in add 
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CCCVII.—Syntheses in the Carbazole Series. The 
Alleged Synthesis of 3-Nitro-N-ethylcarbazole. 


By FREDERICK RoBeErt STorRIz and StanLEY Horwoop TUcKER. 


DELféTRA and ULLMANN (Arch. Sci. nat. phys. Genéve, 1904, 17, 78) 
synthesised a substance which they called p-nitroethylcarbazole, 
ie, 3-nitro-N-ethylearbazole (III), by the following stages: 
]-Chloro-2 : 4-dinitrobenzene and ethylaniline were condensed in 
alcoholic solution in the presence of fused sodium acetate to form 
2: 4-dinitro-N-ethyldiphenylamine (I), which was reduced by means 
of ammonium sulphide to a substance assumed to be 4-nitro-2- 
amino-N-ethyldiphenylamine (II). The sulphate of this base was 
diazotised and the resulting solution heated with copper powder to 
give the alleged p-nitroethylcarbazole. 


No’ \NO NO,/ NNO 
Cy yee Cities ia 


NO H NO a 
(II.) CX aa a aK) 


Et (III.) 


They describe this substance as a red, crystalline powder, m. p. 
108° (decomp.), ‘‘ peu soluble dans |’éther et l’alcool.”” Stevens and 
Tucker (J., 1923, 123, 2143) have pointed out that these properties 
do not agree with those of the compound they prepared by ethy!l- 
ating 3-nitrocarbazole, which consists of yellow needles, m. p. 
125—128°, undecomposed at 230°, very soluble in ether; nor with 
those of the compound obtained by Meister, Lucius, and Briining 
(D.R.P., 259504 7/12/1911), Morgan and Read (J., 1922, 121, 
2715), and others, viz., yellow crystals, m. p. 128°, soluble in alcohol. 
Thus the substance obtained by Delétra and Ullmann is not 3-nitro- 
N-ethylearbazole, and all attempts to repeat their preparation have 
S failed. 

Those authors ignored the possibility that the 4- instead of (or 
in addition to) the 2-nitro-group might have been reduced, and on 
repeating the reduction in alkaline solution we were able to isolate 
2-nitro-4-amino-N-ethyldiphenylamine only (60% yield). The 
constitution of this compound (IV) has been established as follows : 
Diazotisation and treatment of the resulting diazonium chloride 
solution with (a) copper powder or (b) cuprous chloride gives 
4-chloro-2-nitro-N-ethyldiphenylamine (V), whose constitution has 
been proved by its synthesis from 1 : 4-dichloro-2-nitrobenzene and 
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ethylaniline, and also by the ethylation of 4-chloro-2-nitrodipheny|. 
amine (VI), in which the nitro-group must be o- and not p- to the 
imino-group because 3-chlorocarbazole (VII) was synthesised from 
it by Ullmann (Annalen, 1904, 332, 93) (confirmed by us). 


(IV.) 
NH, \NO, 
silt © NEtPh 


NEt Ph ww “486 


hag NO, Cl 
“ORR at 


(VI.) (VII.) 


Since (V) was the only compound isolated in this investigation, it is 
clear that Delétra and Ulimann’s failure to prepare 3-nitro-N-ethyl- 
carbazole was due to the reduction of the 4-nitro-group as suggested 
above. 

2 : 4-Dinitro-N-methyldiphenylamine provided a similar series 
of compounds, resulting in the formation of 4-chloro-2-nitro-N- 
methyldiphenylamine. 

This influence of the alkyl group in causing reduction of the 4-nitro- 
group in preference to the 2-nitro-group is still under investigation. 

Blom (Helv. Chim. Acta, 1921, 4, 1036) failed to synthesise the 
corresponding carbazoles, starting from 2 : 4-dinitro-4’-R-diphenyl- 
amines (R = Cl, OMe, or OEt). A similar explanation to the above, 
viz., that the 4- and not the 2-nitro-group was reduced, may be 
advanced; but since Blom gives analyses for the benztriazole 
compounds intermediately obtained, this is not tenable without 
further investigation. It is more probable that at the high temper- 
ature required the nitro-group effects complete decomposition 
(but compare Brady, Hewetson, and Kiein, J., 1924, 125, 2401). 
This same suggestion applies to Delétra and Ullmann’s failure to 
synthesise 3-nitrocarbazole from 2 : 4-dinitrodiphenylamine (loc. 
cit.), in which process the 2-nitro-group was undoubtedly reduced, 
since 3-aminocarbazole was obtained (Ullmann, Ber., 1898, 34, 
1697; Annalen, 1904, 332, 93). 

It is generally assumed that in the reduction of 2 : 4-dinitro- 
compounds the 2-nitro-group is preferentially ayngpiee: but there 
are numerous instances showing that whether the 2- or the 4-nitro- 
group is first attacked is greatly influenced by - nature of the 
reducing agent, whether alkaline or acid (compare Thiele and 





Esca. 
belov 
nitro 
Alma 
Claus 
benze 
nitro! 


We 
ment 
chlori 
1924, 
Soc., ] 

Atte 
group 
made 
acid, t 
chloric 
produc 

By t 
nitro-J 
which 
4-azox1 


(IX.) 


diphens 
from tk 
alcohol: 


* Ani 
sCHR(O 
reaction 
caleulati: 
111% of 
solution) 
the amcu 
the yield 
have not 


SYNTHESES IN THE CARBAZOLE SERIES. 2257 


Escales, Ber., 1901, 34, 2846, on 2 : 4-dinitrostilbene; Nisbet, see 
below; Anschiitz and Heusler, Ber., 1886, 19, 2161, on 2: 4-di- 
nitrotoluene; lLimpricht, Ber., 1885, 18, 1400; Nietzki and 
Almanrader, Ber., 1895, 28, 2969, on 2 : 4-dinitrodiphenylamine ; 
Claus and Stiebel, Ber., 1887, 20, 1379, on 1-chloro-2 : 4-dinitro- 
benzene; Brady, Day, and Reynolds, J., 1929, 2264, on 2 : 4-di- 
nitromethylaniline ; and other references given by them). 

In the Graebe—Ullmann carbazole synthesis (Annalen, 1896, 291, 

. 16; Ullmann, Ber., 1898, 34, 1697) a benztriazole 
WA ( derivative is formed [(VIII), after removal of Y and 
AT MN R]. In the synthesis of N-alkylearbazoles from N- 
Nv alkyldiphenylamines it is not likely that triazoles of 
the type (VIII) are obtained, since carbocyclic struc- 
tures are synthesised by analogous methods in the 
synthesis of phenanthrene (Pschorr, Ber., 1896, 29, 
496) and of fluorene (Fischer and Schmidt, Ber., 1894, 27, 2787). 

We have synthesised N-ethyl- and N-methyl-carbazole by treat- 
ment of WN-ethyl- and N-methyl-diphenylamine-2-diazonium 
chlorides with sodium hydroxide solution (Burton and Gibson, J., 
1924, 125, 2501; see also Gomberg and Bachmann, J. Amer. Chem. 
Soc., 1924, 46, 2339). 

Attempts to reduce preferentially the 2- instead of the 4-nitro- 
group in these alkylated 2 : 4-dinitrodiphenylamines have been 
made by employing acid reducing agents, e.g., tin and hydrochloric 
acid, tin and an acetic acid solution of hydrochloric acid, titanous 
chloride and titanous sulphate in acid solution, but no reduction 
products could be isolated. 

By the action of sodium sulphide in alcoholic solution on 2 : 4-di- 
nitro-N-ethyldiphenylamine, two other products were obtained 
which analyses indicated were (a) a nitro-azoxy- (probably 2-nttro- 
4-azoxy-) N-ethyldiphenylamine (IX) and (b) an aminoazo-N-ethyl- 


(IX.) [NPhEtC,Hy (NON [NPhEt-C,H,(NH,)]s< (X.) 


diphenylamine (X). Confirmation of the nature of (IX) was obtained 
from the action of benzoin on 2 : 4-dinitro-N-ethyldiphenylamine in 
alcoholic solution, after Nisbet (J., 1927, 2081).* 


* An interesting point about Nisbet’s work is that his equation 2R-NO, + 
3CHR(OH)-CO-R = R,N,O + 3R-CO-CO-R + 3H,O cannot represent the 
reaction which is actually taking place, for, in the case of dinitrostilbene, 
calculating the yield obtained on the amount of benzoin used, one obtains 
111% of product. The amount of sodium ethoxide used (a few drops of a 5% 
solution) cannot account for this yield, and some other action must be occurring: 
the amcunt of benzoin used in almost all cases is too little theoretically to give 
the yields which are stated. We have communicated with Dr. Nisbet but 
have not been able to arrive at a satisfactory explanation. 


(VIIL.) 
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In the course of an attempted synthesis of 3 : 6-dicarboxycarb. 
azole, 2-nitro-4-carboxy-4’-methyldiphenylamine was oxidised with 
potassium permanganate in alkaline solution, but, instead of the 
expected 2-nitro-4 : 4’-dicarboxydiphenylamine, there was obtained 
a mixture of p-toluidine and 3-nitro-4-hydroxybenzoic acid. These 
compounds also result from alkaline fission of the diphenylamine, 
and the observation is in agreement with that recorded by Ikuta 
(Annalen, 1887, 243, 272). 

Attempts to split o-nitrodiphenylamine and 2: 4-dinitro-N. 
ethyldiphenylamine by heating with concentrated potassium 
hydroxide solution (and also by fusion in the former case) were 
unsuccessful. 

EXPERIMENTAL. 

2 : 4-Dinitro-N-ethyldiphenylamine was prepared by the method 
of Delétra and Ullmann (loc. cit.) (m. p. 98°; yield, 65%). 

Reduction of 2 : 4-Dinitro-N-ethyldiphenylamine.—(a) By means of 
ammonium sulphide. The method outlined by Delétra and Ullmam 
was used, and the base isolated as sulphate (m. p. 97—99°; yield 
25%). 

(b) By means of sodium trisulphide. Sodium sulphide crystals 
(Na,S,9H,O; 30 g.), powdered sulphur (8 g.), and rectified spirits 
(1—2 c.c.) were heated until a clear brown solution was obtained. 
This was added in small quantities to a boiling solution of 2 : 4-di- 
nitro-N-ethyldiphenylamine (36 g.) in methylated spirits (200 c.c.), 
and the mixture boiled under reflux for 2 hours. The solvent was 
distilled off, and the tarry product washed with water, and ex- 
tracted with benzene. The dried benzene solution was saturated 
with dry hydrogen chloride, and a mass of red crystals was obtained. 
Crystallisation from alcohol containing a little hydrochloric acid 
gave the hydrochloride of 2-nitro-4-amino-N-ethyldiphenylamine, 
reddish-orange leaflets, m. p. 183—185° (decomp.) (Found: (I, 
12-1. C,,H,,0,N,Cl requires Cl, 121%); yield 60%. (Any 
sulphur formed as a by-product in the above preparation remains 
dissolved in the benzene when the hydrochloride is precipitated.) 
The action of ammonia on the sulphate or the hydrochloride gives 
the base, m. p. 86°. 

(c) By means of sodium sulphide. (i) The use of this reagent in 
alcoholic solution failed to give any 2-nitro-4-amino-N-ethyldi- 
phenylamine. 

(ii) 2 : 4-Dinitro-N-ethyldiphenylamine (5 g.), saturated sodium 
sulphide solution (16 g.), and rectified spirits (15 c.c.) were boiled 
under reflux for 20 hours. The product was poured into watet, 
extracted with benzene, and the extract evaporated. On extraction 
of the tarry residue with alcohol, light orange-yellow crystals wert 
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obtained, m. p. 152—153°. Identical crystals (m. p. and mixed 
m. p.) were produced when 2: 4-dinitro-N-ethyldiphenylamine 
(2°8 g.), benzoin (2-1 g.), and alcohol (12 ¢c.c.) containing sodium 
ethoxide (3 drops of 5% solution) were boiled for 5 mins., the 
mixture cooled, and the orange-yellow product crystallised from 
rectified spirit. Hence it is probably 2-nitro-4-azoxy-N-ethyldi- 
phenylamine (IX) (compare Nisbet, loc. cit.) (Found: C, 64-0; 
H, 50; N, 15-6. C,,H,,0;N, requires C, 63-9; H, 5-0; N, 
160%). 

(iii) 2 : 4-Dinitro-N-ethyldiphenylamine (2 g.), sodium sulphide 
crystals (15 g.), and rectified spirit (15 c.c.) were boiled under reflux 
for 20 hours. The reaction mixture was poured into ice-water, and 
the sticky, dark red solid which was formed was crystallised from 
alcohol, giving dark red crystals, m. p. 193—194°. From benzene 
it gave dark red prisms, m. p. 194°. It is possibly an aminoazo- 
N-ethyldiphenylamine (X) (Found: C, 74:8; H, 6-9; N, 18-7. 
CygHagNg requires C, 74:7; H, 6-7; N, 187%). 

Treatment of the Solutions of the Diazoniwm Salts obtained from 
2-Nitro-4-amino-N -ethyldiphenylamine.—Solutions of the diazonium 
salts were prepared in the usual manner from the sulphate or hydro- 
chloride of the base. 

(a) Sulphate. Treatment of the diazonium sulphate in aqueous 
solution with copper-bronze after the method of Delétra and Ullmann, 
and also with slight modifications thereof (concentration, amount 
of copper, period of heating, extracting solvent), failed to yield any 
identifiable solid substance. Treatment of the solid diazonium 
sulphate (large hexagonal plates) by heating in liquid paraffin to 
180° also failed to yield any solid derivative. 

(b) Chloride. (i) Copper-bronze was added to an aqueous 
solution of 2-nitro-N -ethyldiphenylamine-4-diazonium chloride, and 
the whole heated on a water-bath until decomposition was complete. 
The reaction mixture was filtered, and the solid extracted with 
alcohol. There slowly crystallised from the solution dark red plates, 
m. p. 81—82°, which proved to be 4-chloro-2-nitro-N-ethyldi- 
phenylamine (see below). 

(ii) The diazonium chloride solution was added slowly to cuprous 
chloride in hydrochloric acid solution, and the mixture heated on 
the water-bath for about an hour, and cooled. The resulting solid 
was filtered off and extracted with alcohol. Slow crystallisation 
gave the same red plates,as were obtained in (i). 

Synthesis of 4-Chloro-2-nitro-N-ethyldiphenylamine.—(i) 1 : 4-Di- 
chloro-2-nitrobenzene (3 g.), ethylaniline (6 c.c.), and potassium 
carbonate (2-5 g.) were heated on an oil-bath at 205—215° for 6 hours 
with stirring. The cooled mixture was washed with dilute hydro- 
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chloric acid, then with water, and the product crystallised from 
alcohol, giving red plates, m. p. 79—80°. 

(ii) 4-Chloro-2-nitrodiphenylamine (2 g.) (Ullmann, Annalen, 1904 
332, 93), potassium hydroxide powder (1-35 g.), and acetone (50 c.c.4 
were heated under reflux until the sed boiled gently. Then ethyl 
sulphate (1-6 g.) was added in small quantities, the mixture being 
well shaken. The colour changed from violet to yellow, and boiling 
was continued for a short time. The acetone was then distilled off, 
and the brown oil so formed was washed with concentrated ammonia 
solution, with water, and then crystallised from alcohol; red- 
dish plates, m. p. 80—81°. The mixed m. p. of the products of 
these four separate preparations was 79—80-5° (Found: Cl, 13-1. 
C,,H,,0,N,Cl requires Cl, 12-8%). Hence the substance is 4-chloro- 
2-nitro-N-ethyldiphenylamine, and the alkaline reduction product of 
2: 4-dinitro-N-ethyldiphenylamine is 2-nitro-4-amino-N-ethyldi- 
phenylamine. 

The Methyl Homologues.—2 : 4-Dinitro-N-methyldiphenylamine, 
prepared by the method of Reitzenstein (J. pr. Chem., 1902, 68, 
255), was reduced in the same way as the ethyl homologue, giving 
the hydrochloride of 2-nitro-4-amino-N-methyldiphenylamine, small, 
dark red prisms, m. p. 177—178° (decomp.) (Found: Cl, 12-6. 
C,3H,,0.N,Cl requires Cl, 12-6%). 

4-Chloro-2-nitro-N-methyldiphenylamine. (i) The foregoing hydro- 
chloride (2 g.) was suspended in dilute hydrochloric acid (30 c.c.; 
1 : 10), cooled in ice, and sodium nitrite (0-5 g.) in aqueous solution 
added slowly. Copper-bronze (1 g.) was added to the filtered 
mixture, and the whole heated on a water-bath until the solution 
gave no coloration with a caustic soda solution of 6-naphthol. The 
mixture was cooled, filtered, extracted with ether, and the extract 
crystallised from alcohol, giving light red prisms, m. p. 67—68°. 
Recrystallisation gave orange-red prisms, m. p.71—72° to ared liquid. 

(ii) Cuprous chloride treatment of the diazonium chloride, in the 
same way as for the ethyl compound, yielded the same product, 
reddish-orange prisms, m. p. 70—71°. 

(iii) 1 : 4-Dichloro-2-nitrobenzene (3 g.), methylaniline (6 c.c.), 
and potassium carbonate (2-5 g.), when heated together for 6 hours 
at 210°, also gave this substance, m. p. 70—71° (yield, 25%). 

(iv) Methylation of 4-chloro-2-nitrodiphenylamine, carried out 
in the manner described under the ethylation, gave the same 
product, m. p. 70—71° (yield, 50%); mixed m. p. of all four products, 
70—72°. Hence the substance is 4-chloro-2-nitro-N-methyldiphenyl- 
amine (Found : Cl, 13-2. C,3H,,0,N,Cl requires Cl, 13-5%). 

Synthesis of N - Methylcarbazole.—o -Nitro - N - methyldipheny - 
amine. A mixture of o-nitrodiphenylamine (20 g.; Kehrmann and 
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SYNTHESES IN THE CARBAZOLE SERIES. 


Havas, Ber., 1913, 46, 341) and potassium hydroxide powder (20 g.) 
in acetone (200 c.c.) was boiled and then allowed to cool somewhat. 
lethyl sulphate (30 c.c.) was added slowly and cautiously, the re- 
ction being vigorous at first. In the later stages of the addition 
the mixture was shaken, and finally boiled for 5 mins. It was 
then poured into water, the supernatant liquid (alkaline) poured 
off, and the residual red oil treated with ammonia solution (d 0-88) 
—although this is not always necessary. The red oil was separated 
in @ funnel, and directly distilled under reduced pressure; yield 
18 g., b. p. 203°/15 mm. o-Nitro-N-methyldiphenylamine is a dark 
red oil possessing a fishy odour (Found: N, 12-3. C,3H,,0,N, 
requires N, 12-3%). o-Nitrodiphenylamine distils at 205°/15 mm. 
[Note.—In the above preparation, if 10 g. of potassium hydroxide 
(nearly 2 mols.) and 18 c.c. of methyl sulphate (over 14 mols.) were 
used, the other quantities being as before, unchanged starting 
material was recovered. There was also a considerable yield of the 
required compound (0-nitro-N’-methyldiphenylamine), and a very 
small quantity of canary-yellow rods which were less soluble in 
ligroin than was o-nitrodiphenylamine, and melted sharply at 172°. 
This compound was also obtained in the preparation of o-nitro- 
N-ethyldiphenylamine. It dissolved in cold dilute hydrochloric 
acid to give a yellow solution which became colourless on addition 
of ammonia solution. Small, cream-coloured crystals were pre- 
cipitated. Since the amount obtained was so small, the examination 
of the substance is deferred. ] 
o-Amino-N-methyldiphenylamine. o - Nitro - N - methyldiphenyl- 
amine (15 g.), alcohol (75 c.c.), concentrated hydrochloric acid 
(75 c.c.), and excess of tin were boiled in a capacious flask. The 
action was at first violent. The solution was boiled until clear and 
pale brown (about 5 mins.), and poured whilst hot into a hot solution 
of potassium hydroxide (excess). The white paste which settled 
was dissolved in hot concentrated hydrochloric acid solution con- 
taining a little alcohol, and reprecipitated by potassium hydroxide 
solution. The pale green oil was extracted by carbon tetrachloride, 
the extract washed with water and dried, the solvent removed, and 
the residual oil distilled under reduced pressure. A viscid, yellow 
oil passed over at 182—184°/15 mm. (yield, 8—9 g.); 0-amino- 
N-methyldiphenylamine turned slightly brown on keeping (Found : 
N, 14:3. C,,3H,,N, requires N, 14:1%). 
o-Acetamido-N-methyldiphenylamine was prepared by boiling the 
above base with acetic anhydride for a few minutes, then pouring 
the hot mixture into hot water. The pale pink solid precipitated 
was recrystallised from aqueous alcohol, and finally from alcohol. 
It separated in large octahedra when nearly pure, but in long, 
45 
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irregular, colourless crystals, m. p. 87—89°, when pure (Found : 
N, 11-8. C,,H,,ON, requires N, 117%). It is readily soluble in 
hot methyl alcohol, ethyl alcohol, glacial acetic acid, carbon tetra- 
chloride, ligroin, or ethyl acetate. If in the acetylation heating is 
continued, a second substance, m. p. above 118°, is obtained. It 
can be easily separated, since it is much less soluble in ligroin than 
is the above acetyl compound, but crystallises therefrom. 

N-Methylcarbazole. Diazotisation of 0-amino-N-methyldipheny- 
amine. To the amine (6-5 g.) dissolved in excess of ice-cold dilute 
hydrochloric acid, sodium nitrite (2-5 g.) dissolved in water (20 c.c.) 
was gradually added. A small amount of tar was deposited, but, 
since this eventually gave N-methylcarbazole, it was not separated. 
Excess of dilute sodium hydroxide solution was added, and the 
mixture was warmed at 60° for 2 hours and finally boiled for 1 hour. 
The brown oil which was deposited solidified on cooling. It was 
washed and distilled, pale yellow to clear oil passing over at 250— 
310°; yield, 3-5 g. Crystallisation from alcohol gave white crystals 
(1-2 g.), m. p. 88° (clear melt at 91°), unaltered on admixture with 
N-methylearbazole (m. p. 88—91°). 

Synthesis of N-Ethylcarbazole.—o-Nitro-N-ethyldiphenylamine was 
prepared similarly to the methyl compound, a greater excess of ethyl 
sulphate being used with boiling for 20 mins. It separates as large, 
sword-blade, orange crystals from ligroin, m. p. 50—51° (Found: 
N, 11-8. C,,H,,O,.N, requires N, 11-6%). 0-Amino-N-ethyldi- 
phenylamine, prepared in a manner similar to the methyl homologue, 
distilled at 200°/15 mm., giving a colourless oil which became 
claret-coloured on exposure to the air (Found: N, 13-2. C,,H,,N; 
requires N, 13-2%). Attempts to prepare the acetyl and benzal 
derivatives yielded uncrystallisable oils. A hydrochloride could not 
be obtained in the usual way, but slow evaporation of a solution of 
the amine in hydrochloric acid solution afforded it as masses of large 
ink-blue crystals. It was not further characterised but was used 
directly in the diazotisation process detailed below. However, in 
experiments in which the period of reduction had been protracted, a 
thick, purple oil was obtained, which with hydrochloric acid solution 
gave white needles of a hydrochloride. These were ground with 
concentrated ammonia solution and gave a white powder which 
crystallised from ligroin or benzene—ligroin in slightly pink prisms, 
m. p. 79°, identical (mixed m. p.) with o-aminodiphenylamine. 
The same result was achieved when reduction was effected by 
boiling o-nitro-N-ethyldiphenylamine with a great excess of sodium 
trisulphide in alcohol for 24 hours. 

N-Ethylcarbazole. Diazotisation of 0-amino-N-ethyldiphenylamine. 
Either o-amino-N-ethyldiphenylamine or its hydrochloride was di- 
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azotised, and the diazonium solution treated as in the preparation of 
N-methylearbazole, the final boiling being for 1 min. The pale 
yellow oil so obtained crystallised from alcohol in blades, m. p. 70° 
(softening at 68°) (Graebe and von Alderskron, Annalen, 1880, 202, 
24, give 67—-68°; Hess and Siemann, E.P. 192,376, give 69-9°) ; 
mixed m. p: 68—70°. 

Decomposition of 2-Nitro-4-carboxy-4’-methyldiphenylamine.—2- 
Nitro-4-carboxy-4’-methyldiphenylamine (10 g.) (Schopff, Ber., 
1887, 22, 3288) was heated under reflux with potassium hydroxide 
solution (20 g. of 50%) for 5 hours. The reaction mixture was then 
steam-distilled, p-toluidine (1-8 g.) being obtained from the distillate 
(m. p. and mixed m. p. 45°, acetyl derivative, m. p. 148°). The 
residue was neutralised with acetic acid, and unchanged material 
(5 g.; m. p. 254°) recovered. The filtrate was evaporated, and the 
solid so obtained was purified by solution in potassium hydroxide 
solution, followed by precipitation with concentrated hydrochloric 
acid solution, giving 3-nitro-4-hydroxybenzoic acid, m. p. and 
mixed m. p. 184° (1 g.); ethyl ester (prepared by the Fischer- 
Speier method), m. p. 66—68°. 


The authors desire to thank the Department of Scientific and 
Industrial Research for a maintenance grant to one of them (IF. R.S.) 
during part of the period when the above work was being carried 
out; Messrs. R. F. Bell, B.Sc., R. L. Jones, B.Sc., and J. Lindsay, 
B.Sc., for assistance in the work, and Mr. James Cameron for per- 
forming some of the analyses. 
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CCCVIII.—Rhenium Tetrachloride and the 
Rhenichlorides. 


By Henry Vincent ArrD Briscoz, Percy Lucock RoBINson, and 
Eric MAURICE STODDART. 


THE chlorides of rhenium have been previously investigated by 
Noddack (Z. Elektrochem., 1928, 34, 627; Z. angew. Chem., 1931, 
44, 215), who describes two compounds, thus : ‘‘ Durch Einwirkung 
von Chlorgas auf Rheniumpulver einsteht bei gelindem Erwarmen 
ein tiefgriines, leicht fliichtiges Chlorid von der Formel ReCl, das bei 
gewohnlicher Temperatur griine Kristalle bildet. . . . Bei Erhitzen 
von Rheniummetall mit Chlorgas auf 500° oder bei der thermischen 
Zersetzung von ReCl, entsteht ein braunes ebenfalls fliichtiges 
Chlorid das angenahert die Zusammensetzung ReCl, ergab. . . .” 
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We have been unable to prepare either of these substances but 
have found that the combination of rhenium and chlorine under 
the conditions described by Noddack yields, as the main product, 
a black compound, hitherto unobserved, which proved to be rhenium 
tetrachloride, ReCl,. This new chloride resembles osmium tetra- 
chloride especially in yielding rhenichlorides (M,ReCl,) analogous to 
the osmichlorides (M,OsCl,). No trace of Noddack’s green com- 
pound has been observed, but the black tetrachloride was invariably 
accompanied by traces of a brown, well-crystallised substance, 
melting sharply at about 21°, and decomposed by water to yield a 
dark colloidal solution. Unfortunately, this substance has, so far, 
been obtained only in quantities totally insufficient for analysis. 
Noddack (loc. cit.) observed that when metallic rhenium was: 
heated in bromine and in iodine, black volatile halides, readily 
hydrolysed to hydrogen halide by atmospheric moisture, were 
produced. To these no formule were ascribed, since the traces 
obtained were inadequate for such characterisation. The present 


Fie. 1. 


B 











——_Za— eg eee 
"x Y eee ) 


C Bo D 











authors have confirmed these observations, and, by analogy with 
the chlorine compound, suggest that these products are probably 
tetrahalides. 

EXPERIMENTAL. 

Rienium Tetrachloride——A porcelain boat containing metallic 
rhenium was placed in A (Fig. 1) and the whole apparatus, which 
was constructed in Pyrex glass, was evacuated at B by means of a 
“Hyvac”’ pump. Chlorine, dried by passage over phosphoric 
oxide, was slowly admitted at C, and when it gave a pressure slightly 
exceeding the atmospheric, B was opened to the air. When the 
metal was heated to about 250° in the atmosphere of pure chlorine 
thus obtained, a sublimate of glistening black needles settled in D. 
For the purpose of analysis, D, after being sealed off at E, was evacu- 
ated for 15 minutes through B, and was finally filled with dry air 
and sealed off at that point. After D and its contents had been 
weighed, the tube was opened at the ground joint, F, and the 
product completely washed into a beaker with water. By sub- 
sequently drying and weighing the two separate parts of D, the 
weight of chloride could be ascertained. 
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The rhenium in the material was estimated by oxidising it to 
per-rhenic acid and subsequently reducing this to the dioxide. 
Incidentally, it was found that oxidation by nitric acid was unsuit- 
able through loss of the volatile heptoxide during subsequent 
evaporation, and in consequence oxidation was effected by ammonia- 
cal hydrogen peroxide. This proved entirely satisfactory. The 
solution was boiled to remove excess of the reagents and to reduce 
the bulk to 25 c.c., and then, after acidification with hydrochloric 
acid, the per-rhenate was reduced with metallic zine in the manner 
already described (Briscoe, Robinson, and Stoddart, this vol., p. 666). 
The rhenium was weighed as ReO,,2H,O. 

The chlorine was estimated by oxidation of the material from the 
weighing vessel with nitric acid and subsequent precipitation as 
silver chloride in the ordinary way. 

The results given in Table I clearly establish the compound formed 
as rheniunt tetrachloride. This has the appearance indicated by 
Plate Ia and may be sublimed in either air or chlorine; it combines 
with alkali chlorides, forming rhenichlorides, and is decomposed by 
ammonia gas and by water. 


TABLE I. 


Expt. Chloride, ReO,,2H,0O, Re, | Chloride, AgCl, Cl, 
g- g- %. g. g. % 


o° 


0:1726  0-3035 43-50 
| 0-1187 0-2027 42-95 
| 01527  — 0-2686 43-52 


1 0-1059 0-0820 
2 0-1567 0-1214 
3 0-1302 0-1018 
4 0-1117 0-0860 
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0-1326 0-2301 42-92 
Mean 43-05 
ReCl, requires 43-19 


Mean 56- 
ReCl, requires 56- 
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No evidence of the formation of a lower chloride was obtained 
when rhenium was heated in dry hydrogen chloride at temperatures 
up to 900°, the metal being unattacked under these conditions. 

The Alleged Green and Brown Chlorides.—In chlorinating the metal 
we invariably obtained at the beginning of each operation a trace of 
material which crystallised as very fine needles up to 0-5 cm. in 
length (Plate Is), brownish by reflected and dichromate-red by 
transmitted light, which melted sharply to a dark brown liquid at 21°. 
This material could be distilled from one part of the tube to another 
in an atmosphere of chlorine, the liquid resolidifying at about 5°, 
but when heated in air or a vacuum, it dissociated, leaving a dark 
stain on the glass. On hydrolysis in a stream of moist air, the 
material first rapidly turned black and then, as the passage of air 
continued, became steel-grey, after which it deliquesced and 
changed through dark blue and blue-green, becoming eventually 
bright green. The green colour appeared to be due to the presence 





2266 BRISCOE, ROBINSON, AND STODDART : 


of both blue and yellow material. The addition of water to the 
substance at any stage produced a dark colloidal solution. 

The formation of this brown, low-melting material took place only 
for a few seconds after reaction between the metaland chiorine began, 
and then tetrachloride was produced in its place. This led to the 
idea that the brown crystals resulted either from metallic impurity 
or from the presence of oxygen. Comparative experiments with 
such possible contaminating metals as molybdenum, tungsten, and 
osmium ruled out the first possibility, whilst the fact that the 
addition of various proportions of oxygen to the chlorine did not 
increase the yield, cast a doubt on the second. Some other experi- 
ments whereby we sought to elucidate the matter together with 
. their results are here given: (i) Heating the metal in hydrogen and 
immediately substituting chlorine for hydrogen: yield unaffected. 
(ii) Chlorinating the di- and the hept-oxide with carbon tetra- 
chloride : yield, a trace only. (iii) Chlorinating metal with undried 
chlorine: yield, nil. (iv) Chlorinating a mixture of dioxide and 
metallic rhenium: yield unaffected. (v) Chlorinating metal from 
a fresh supply: yield unaffected. (vi) Chlorinating the disulphide 
and the heptasulphide : yield unaffected, but a white substance was 
also observed which, when allowed to hydrolyse slowly in air, gave a 
purple liquid. 

The Rhenichlorides.—It is known that a mixture of osmium and 
potassium chloride when heated in chlorine yields potassium osmi- 
chloride (K,OsCl,). Potassium rhenichloride has been similarly 
obtained and from it a number of other rhenichlorides have been 
prepared. 

A mixture of metallic rhenium and potassium chloride, ground 
together in the proportions required for K,ReCl,, was spread along 
a Pyrex tube, and after all the air had been removed by a stream of 
chlorine, the tube was heated until the powder melted to yellowish- 
brown globules. This product was finely powdered, and the soluble 
portion extracted from the unattacked metal as a green aqueous 
solution which, when concentrated .in a desiccator, yielded green 
crystals up to 0-5 cm. diameter (Plate Ic) together with some potass- 
ium chloride. On no account, however, must the solution be 
warmed, since at about 25°, decomposition sets in with the formation 
of a dark colloidal solution (compare the osmichlorides). The green 
crystals were hand-picked and well dried, and proved to be potassium 
rhenichloride (see below), which is stable in air and is not dissociated 
when heated to 300°. 

We have also synthesised this compound by slowly volatilising 
rhenium tetrachloride over heated potassium chloride. 

Silver rhenichloride, by means of which the composition of the 
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potassium salt was established, was obtained quantitatively there- 
from by adding excess of silver nitrate to an aqueous solution of a 
known weight of potassium rhenichloride. The precipitated silver 
rhenichloride (see below) was collected on a fritted-glass crucible, 
washed, dried over phosphoric oxide, and weighed. The salt is 
orange in colour, insoluble in water, and not obviously crystalline : 
it decomposes on strong heating, giving traces of black rhenium 
tetrachloride. It is evidently formed when a solution of rhenium 
dioxide in the minimum quantity of hydrochloric acid is treated 
with aqueous silver nitrate, for the precipitate thus obtained is 
distinctly yellowish-orange. The ratio Ag,ReCl, : K,ReCl, found 
in the above conversion is that theoretically required (Table II). 


TABLE II. 
K,ReCl,, g. Ag,ReCl,, gz. Ag ,ReCl,: K,ReCl,. 
0-0913 0-1176 1-288 
0-1067 0-1370 1-284 
0-1024 0-1312 1-281 
0-1127 0-1451 1-287 
Mean 1-285 


Ag,ReCl, : K,ReCl, requires 1-288 


The chlorine in the rhenichloride was estimated by heating it in a 
silica sleeve-tube in a tube furnace through which passed a stream 
of hydrogen dried over phosphoric oxide. The gases leaving the 
furnace were passed into silver nitrate solution, and the resulting 
silver chloride was separated and weighed. The silver, on the other 
hand, was estimated by washing the sleeve-tube out with nitric acid 
and precipitating the metal as chloride. The use of a sleeve-tube 
which extended beyond the heated zone was essential, since traces 
of material tended to be removed by the gas stream during the 
reduction. The results (Table III) show that the substance was 
silver rhenichloride, and this was confirmed by a rough estimation 
of the percentage of rhenium by the dioxide method: 


TaBLe III. 

Ag,ReCl,, AgCl from AgCl from Cl, %. Ag, %. 
g. HCl, g. Ag, g. 

0-1057 0-1484 0-0492 34:74 35-04 
0:1268 0-1779 0-0592 34-71 35-14 
0:1026 0-1450 0-0480 34:97 35°22 
0-:0902 0-1249 0-0420 34:29 35-04 
Mean 34-68 35-11 
Ag,ReCl, requires 34-60 35-10 


The addition of an aqueous solution of potassium rhenichloride to 
solutions of various metallic salts showed that the following ions 
gave insoluble rhenichlorides: silver (orange), mercurous (deep 
yellow), thallous (canary-yellow). No precipitate of a rhenichloride 
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was obtained with solutions containing the following ions: lead, 
cupric, barium, cobalt, nickel, manganese, magnesium, ferrous, 
ferric, zinc, lithium, and mercuric. 

The behaviour of metallic rhenium when heated with bromine and 
with iodine confirmed the observation of Noddack (p. 2264). It is 
probable that a rhenibromide is formed when a mixture of metallic 
rhenium and potassium bromide is heated in bromine vapour. The 
reddish product is, however, less stable than the rhenichloride, being 
at once decomposed by cold water. 


Summary. 


No evidence has been obtained of the existence of the reported 
rhenium hexa- and hepta-chlorides. Rhenium tetrachloride, which 
has not been previously observed, is the primary product of heating 
the metal in chlorine. Potassium rhenichloride and other rheni- 
chlorides have been prepared. 


Grateful acknowledgment is made to the Research Committee of 
this College for a grant for the purchase of rhenium. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [ Received, June 30th, 1931.] 





CCCIX.—The Replacement of Bromine in Bromophenols 
by the Nitro-group. Part I. 2:4:6-Tribromo- 
3-nitrophenol and -3-chlorophenol. Some Cases of 
Group Migration. — 

By Hersert Henry Hopeson and ERNEST WALTER SMITH. 


NumERovs cases of the displacement of bromine by the action of 
nitric acid on bromophenols are on record, e.g., the formation of 
6-bromo-2 : 4-dinitrophenol from 4-bromophenol (Meldola and 
Streatfeild, J., 1898, 73, 683), of 2 : 6-dibromo-4-nitrophenol from 
2 : 4: 6-tribromophenol (Armstrong and Harrow, J., 1876, 29, 477), 
of 2:6-dichloro-4-nitro- and 6-chloro-2 : 4-dinitro-phenol from 
2 : 6-dichloro-4-bromophenol (Ling, J., 1892, 64, 560), and of 2 : 6- 
dibromo-4-nitro-m-cresol from 2 : 4 : 6-tribromo-m-cresol (Claus and 
Hirsch, J. pr. Chem., 1882, 39,59). Further, although 2 : 6-dibromo- 
4-nitroresorcinol is formed by the action of nitrous acid on 2 : 4: 6- 
tribromoresorcinol (Dahmer, Annalen, 1904, 333, 360), yet nitric 
acid produces 2-bromo-4 : 6-dinitroresorcinol (Jackson and Dunlap, 
Amer. Chem J., 1896, 18, 130). All these observations, together 
with those of Hodgson and Smith (this vol., p. 1550) on the nitration 
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of various bromo-3-hydroxybenzaldehydes, indicate that a bromine 
atom in the p-position to a hydroxyl group becomes labile in the 
presence of nitric acid and is frequently displaced; it re-enters the 
molecule, however, should an activated position be available. 

It is now shown that 2: 4 : 6-tribromo-3-nitrophenol behaves in 
accordance with the above generalisation, but 3-chloro-2 : 4 : 6-tri- 
bromophenol is an exception, the 2-bromine atom being replaced by 
a nitro-group. 

Remarkable group migrations occur during the dibromination of 
5-chloro-2-nitrophenol and the nitration of 3-chloro-2 : 4-dibromo- 
phenol, in both cases 3-chloro-4 : 6-dibromo-2-nitrophenol being 
formed (compare Hodgson and Kershaw, J., 1930, 1419, where the 
last-named product so prepared is regarded as 3-chloro-2 : 4- 
dibromo-6-nitrophenol). The following scheme depicts the results 
obtained : 


OH ' OH 
Oy ~ Br 
Br aie tillilnceaaee Ok 
Bromination. Br Cl 2 Nitration. Br 
OH OH 
B 
NO, = ot : in Br Br 
Cl Cl 
Br 


The proof of the constitution of 3-chloro-4 : 6-dibromo-2-nitro- 
phenol follows from its reduction and subsequent conversion into 
2 : 3-dichloro-4 : 6-dibromophenol or 3-chloro-4 : 6-dibromo-2-iodo- 
phenol. These products, and their isomerides 3 : 6-dichloro-2 : 4- 
dibromophenol, 3-chloro-2 : 4-dibromo-6-iodophenol, and 3-chloro-2 : 6- 
dibromo-4-iodophenol, have been prepared synthetically for com- 
parison. Further, the fact that the sodium salt of 3-chloro-4 : 6- 
dibromo-2-nitrophenol is red is strong evidence in favour of an 
o-nitrophenolic configuration. 

The sodium salt of 3-chloro-2-nitrophenol is much more soluble 
in water than that of 5-chloro-2-nitrophenol, doubtless owing to the 
fact that the chlorine atom has a greater ionising power (general 
effect) in the ortho-position than in the para-position to the nitro- 
group in the generally accepted quinonoid forms. 

The reactions described were effected with nitric acid of various 
concentrations but weaker than fuming nitric acid (d 1-5), which 
converts 3-chloro-2 : 4 : 6-tribromophenol into 3-chloro-2 : 6-dibromo- 
benzoquinone (Kohn and Zandman, Monatsh., 1926, 47, 357). 
4E2 
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EXPERIMENTAL. 


The Action of Nitric Acid on 2 : 4 : 6-Tribromo-3-nitrophenol.—The 
phenol (2 g.) was added gradually to nitric acid (10 c.c.; d 1-42) with 
stirring (3 hours) at 12°; there was an odour of hypobromous acid, 
and the solution gradually deepened in colour from yellow to red 
with liberation of bromine. 2 : 6-Dibromo-3 : 4-dinitrophenol, pre- 
cipitated from the mixture by dilution with water, crystallised from 
hot water in very pale yellow, stout needles, m. p. 142° (Found : Br, 
46-6. C,H,O;N,Br, requires Br, 46-8%), identical (mixed m. p.) 
with the dibrominated product from 3 : 4-dinitrophenol (see below). 

Nitration of m-Nitrophenol.—The following new procedure, which 
gives very satisfactory results, depends on the circumstance that a 
* mixture of nitric acid (8-5 c.c.; d 1-42) and water (1-5 c.c.) has no 
action on m-nitrophenol (3 g.) below 25°; a vigorous reaction then 
ensues, the phenol dissolves, and the temperature rises to 45°: if, 
however, a very small amount (0-1 g.) of sodium nitrite is added 
initially, reaction begins at 18° with similar exothermic effects. m- 
Nitrophenol (10 g.) was therefore stirred gradually into a mixture of 
nitric acid (30 c.c.; d 1-42) and water (15 c.c.) at 18°. On addition 
of sodium nitrite (0-1 g.), nitration ensued with rise of temperature 
to 26°, and after being kept for 2 hours, the mixture was diluted with 
water, the isomeric 2:5- and 3:4-dinitrophenols being then 
separated by the method of Holleman and Wilhelmy (Rec. trav. 
chim., 1902, 21, 434). 

Dibromination of 2 : 5- and 3 : 4-dinitrophenols in 25° aqueous- 
alcoholic solution with excess of bromine gives respectively 2 : 4- 
dibromo-3 : 6-dinitrophenol, very pale yellow, fine needles, m. p. 
137° (Found: Br, 46-7. C,H,O;N,Br, requires Br, 46-8%), from 
water or dilute alcohol, and 2 : 6-dibromo-3 : 4-dinitrophenol, very 
pale yellow, stout needles, m. p. 142° (depressed by above isomeride) 
(Found: Br, 46-7%), from the same solvents. 

Action of Nitric Acid on 2:4: 6-Tribromo-3-chlorophenol.—The 
phenol (1 g.) was stirred into a solution of nitric acid (6 c.c.; d 1-42) 
and water (4 c.c.) during } hour, kept at room temperature for 11 
days, and then diluted with water; the solid was filtered off and 
steam-distilled. [The same product is obtained at once when 
2 : 4: 6-tribromo-3-chlorophenol is stirred into a mixture of nitric 
acid (7 c.c.; d 1-42) and water (3 c.c.) at 18°.] The volatile 3-chloro- 
4 : 6-dibromo-2-nitrophenol crystallised from alcohol in pale yellow 
needles, m. p. 90° (Found : Cl + Br, 58-6. C,H,O,NCIBr, requires 
Cl + Br, 58-99%); it was identical (mixed m. p.) with the products 
obtained by the bromination as above of 3-chloro-2-nitrophenol and 
of 5-chloro-2-nitrophenol. 
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Reactions of 3-Chloro-4 : 6-dibromo-2-nitrophenol.—The phenol 
(2 g.) in 7% aqueous sodium hydroxide (60 c.c.) was reduced with 
sodium hyposulphite (10 g.), and 3-chloro-4 : 6-dibromo-2-amino- 
phenol precipitated from the colourless solution by carbon dioxide. 
The white solid, m. p. 148°, turned brown on filtration, and was 
therefore dissolved immediately in cold concentrated hydrochloric 
acid (15 ¢.c.), diazotised at 0—5° with 10% aqueous sodium nitrite, 
and added to cuprous chloride (5 g.) in hot concentrated hydrochloric 
acid (20 c.c.); 2 : 3-dichloro-4 : 6-dibromophenol, isolated by steam- 
distillation, crystallised from alcohol in colourless feathery needles, 
m. p. 90° (Found: Cl+ Br, 71-7. Cale.: Cl+ Br, 71-9%), 
identical (mixed m. p.) with an authentic specimen obtained by the 
dibromination of 2: 3-dichlorophenol (compare Hodgson and Kershaw, 
loc. cit.). 

When the above amine was diazotised in dilute sulphuric acid 
solution, and the diazo-salt decomposed with aqueous potassium 
iodide, 3-chloro-4 : 6-dibromo-2-iodophenol was obtained; it was 
removed by steam-distillation and crystallised from alcohol, forming 
colourless needles, m. p. 105° (Found: Cl+ Br+I, 78-0. 
C,H,OCIBr,I requires Cl + Br + I, 78-2%). 

Alternative Preparation of 2 :3-Dichloro-4 : 6-dibromophenol.— 
3-Chloro-2-nitrophenol (5 g.), dissolved in 20% aqueous sodium 
hydroxide (50 c.c.), was treated with sodium hyposulphite (20 g.) 
during one hour, the alkalinity being maintained throughout. The 
3-chloro-2-aminophenol was precipitated from the solution when 
colourless by means of carbon dioxide. The Sandmeyer procedure 
(as above) then converted one portion into 2 : 3-dichlorophenol and 
another into 3-chloro-2-iodophenol, which, treated in aqueous sus- 
pension with excess of bromine, afforded 2 : 3-dichloro-4 : 6-di- 
bromophenol and 3-chloro-4 : 6-dibromo-2-iodophenol respectively, 
identical (mixed m. p.) with the previously described products. 

The preparation of 3: 6-dichloro- and 3-chloro-6-iodo-2 : 4- 
dibromophenols from 5-chloro-2-nitrophenol was effected as above, 
except that, owing to the insoluble character of its sodium salt, the 
reduction mixture required heating. Both phenols crystallised from 
alcohol in colourless needles, the former of m. p. 98° (Found: 
Cl+ Br, 71-6. C,gH,OCI1,Br, requires Cl-+ Br, 71-9%), and the 
latter of m. p. 93° (Found: Cl+ Br+ I, 77-9. C,H,OCIBr,I 
requires Cl + Br + I, 78-2%). 

Preparation of 3-Chloro-2 : 6-dibromo-4-iodophenol.—3-Chloro-2 : 6- 
dibromo-4-nitrophenol (0-75 g.) was dissolved in 20° aqueous sodium 
hydroxide (15 c.c.) and reduced as above with sodium hyposulphite 
to 3-chloro-2 : 6-dibromo-4-aminophenol, which crystallised from 
alcohol in colourless needles, m. p. 168° (Found: Cl + Br, 64-5. 
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C,H,ONCIBr, requires Cl +- Br, 64:89), and was converted by the 
Sandmeyer procedure into 3-chloro-2 : 6-dibromo-4-iodophenol, colour- 
less needles, m. p. 102° (Found : Cl + Br + I, 77:9. C,H,OCIBr,I 
requires Cl + Br + I, 78-2%), from 50% aqueous alcohol. Altern- 
atively, this product was obtained from 3-chloro-4-nitrophenol by 
reduction, replacement of the amino-group by iodine, and dibromin- 
ation. 


The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (E. W. S.), and the 
Imperial Chemical Industries Ltd. (Dyestuffs Group) for gifts of 
chemicals. 
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CCCX.—The Lability of Fluorine in 4-Fluoro-3-nitro- 
aniline. A Singular Replacement of Fluorine by 
the Ethoxyl Group in Acid Solution. 


By Hersert Henry Hopeson and JosernH Nixon. 


UNLIKE its analogue 4-chloro-3-nitroaniline, which when diazotised 
in hydrochloric or sulphuric acid solution gives either the corre- 
sponding 4-chloro-3-nitrobenzenediazonium salt or 2-nitrobenzene-4- 
diazo-l-oxide according to the acidity of the medium (Morgan and 
Porter, J., 1915, 107, 645), 4-fluoro-3-nitroaniline under the same 
conditions always yields the diazo-oxide. This compound, which is 
stable towards boiling 25% sulphuric acid, is decomposed normally 
by cuprous chloride or bromide in the appropriate acid, giving 
4-chloro- or 4-bromo-2-nitrophenol, and by aqueous potassium 
iodide, giving 4-iodo-2-nitrophenol, but is converted by copper 
sulphate and sodium bromide in dilute sulphuric acid into 4: 6- 
dibromo-2-nitrophenol. 

Bromination of 2-nitrobenzene-4-diazo-l-oxide affords a very 
stable 6-bromo-derivative, which, although decomposed normally 
by copper salts, is unaffected by aqueous potassium iodide but reacts 
on addition of copper sulphate. 

When 4-fluoro-3-nitroaniline is treated with sodium nitrite in 
ethyl-alcoholic sulphuric acid solution, o-nitrophenetole is produced, 
the normal replacement of the diazo-nitrogen by hydrogen (compare 
the usual decomposition of nitro-diazonium salts; Orndorff and 
Cauffman, J. Amer. Chem. Soc., 1892, 14, 45; Orndorff and Kort- 
right, ibid., 1891, 13, 153) being effected together with an unusual 
replacement of fluorine by ethoxyl. It would appear, therefore, 
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that in alcoholic solution the 4-fluoro-3-nitrodiazonium salt has been 
first produced and not the diazo-oxide as above, _+ = 
whereby the 4-carbon atom * is rendered so N=N}HSO, 
intensely kationoid, by the combination of the on 
alternating effect due to the positive diazo-group 7 


with the general electron-attraction effects of the | “i NO 
fluorine atom and the nitro-group, that anionoid ts i 
attack by ethyl alcohol is made possible. WA 

Usually, halogen replacements in o- and y 
p-halogeno-nitro-compounds by anionoid alkoxy- F 


groups take place in alkaline medium (sodium alkoxide), but 
alkalinity is now found to be by no means a sine qua non, since 
replacement can occur in acid environment when the carbon atom is 
sufficiently kationoid. 


EXPERIMENTAL. 


Diazotisation of 4-Fluoro-3-nitroaniline—The substance (2 g.), 
dissolved in ice-cold dilute sulphuric acid (concentrated acid, 10 c.c. ; 
water, 30 c.c.), was treated with the requisite amount of aqueous 
sodium nitrite, and after 5 minutes the heavy yellow precipitate of 
2-nitrobenzene-4-diazo-l-oxide (2-nitro-p-quinodiazine) was filtered 
off; this crystallised from boiling alechol and from hot water in 
small yellow plates which decomposed with great violence when 
heated to 178° (Morgan and Porter, loc. cit., give 168°) (Found: 
N, 26-0. Cale.: N, 25-45%). The same product was obtained 
when dilute hydrochloric or hydrobromic acid was substituted for 
sulphuric acid. 

Conversion of 2-Nitrobenzene-4-diazo-1-oxide into 4 : 6-Dibromo-2- 
nitrophenol.—The diazo-oxide (2 g.) was added to a hot solution of 
copper sulphate (4 g.) and sodium bromide (6 g.) in water (50 c.c.), 
and the resulting 4 : 6-dibromo-2-nitrophenol removed by steam- 
distillation ; it crystallised from alcohol in bright yellow plates, m. p. 
and mixed m. p. with an authentic specimen, 119° (Found: Br, 53-6. 
Cale.: Br, 53-8%). 

Bromination of 2-Nitrobenzene-4-diazo-l-oxide.—The diazo-oxide 
(1-6 g.) was suspended in water (30 c.c.) and vigorously shaken with 
a solution of bromine (0-6 c.c.) and potassium bromide (3 g.) in 
water (10 c.c.). After 1 hour’s stirring, the 6-bromo-2-nitrobenzene-4- 
diazo-1-oxide was filtered off; it crystallised from boiling alcohol in 
small, pale yellow plates, which decomposed violently at 185° 
(Found: Br, 32-4. C,H,O,N,Br requires Br, 32-8%). 

Treatment of this diazo-oxide with a solution of cuprous chloride 
in concentrated hydrochloric acid converted it into 4-chloro-6- 
bromo-2-nitrophenol, which was volatile in steam and crystallised 
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from alcohol in yellow plates, m. p. 125° (Ling, J., 1887, 51, 787, 
gives m. p. 125°); similarly, cuprous bromide in hydrobromic acid 
solution gave 4: 6-dibromo-2-nitrophenol, m. p. 119° (loc. cit.), 
but hot aqueous potassium iodide was without action on the diazo- 
oxide. Addition of a few drops of aqueous copper sulphate to the 
last suspension, however, caused a sluggish reaction whereby 
6-bromo-4-iodo-2-nitrophenol was produced; this was removed by 
steam-distillation, and crystallised from aqueous alcohol, forming 
bright yellow needles, m. p. 85° (Found : Br + I, 59-8. C,H,0,NBrl 
requires Br + I, 60:2%). Heated with 10% alcoholic potassium 
hydroxide, 6-bromo-2-nitrobenzene-4-diazo-1l-oxide gave 6-bromo-2- 
nitrophenol, m. p. 68° (Meldola and Streatfeild, J., 1898, 73, 685, 
give m. p. 67—68°), and 2-nitrobenzene-4-diazo-l-oxide gave 
o-nitrophenol. 

Diazotisation of 4-Fluoro-3-nitroaniline in Ethyl Alcohol.—A 
solution of the amine (20 g.) in concentrated sulphuric acid (100 c.c.) 
and alcohol (400 c.c.) was heated on the water-bath under reflux, 
and treated gradually with solid sodium nitrite (80 g.) during 1 hour. 
Fractional steam-distillation removed first the alcohol and then 
o-nitrophenetole, which was purified by distillation, b. p. 267° 
(Found: N, 8-6. Cale.: N, 8-4%). This product was converted 
into o-phenetidine hydrochloride, which crystallised from alcohol or 
water in white needles, m. p. 202° (Found: Cl, 20-8. Cale.: Cl, 
20-5%). 

Preparation of o-Nitrosophenetole——The o-phenetidine hydro- 
chloride (4 g.) was stirred into cold water (400 c.c.) and just basified by 
careful addition of aqueous sodium hydroxide, the solution being sub- 
sequently faintly acidified with acetic acid. Caro’s acid [potassium 
persulphate (30 g.) ground with concentrated sulphuric acid (30 c.c.), 
poured on ice (450 g.) after 1 hour, neutralised with potassium 
carbonate, and just acidified with acetic acid] was stirred into the 
ice-cold amine solution during 3 hours, the mixture becoming green; 
the solid reaction product was filtered off, washed with water, and 
steam-distilled. 0-Nitrosophenetole passed over as a green oil, which 
solidified to a white solid; this crystallised from alcohol in short 
needles, m. p. 93° (Found: N, 9-5. C,H,O,N requires N, 9-3%). 


The authors desire to thank the Imperial Chemical Industries Ltd. 
(Dyestuffs Group) for gifts of chemicals. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, July 24th, 1931.] 
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CCCXI.—The Conversion of Ethyl 1-a-Chloroformoxy- 
phenylacetate into Levorotatory and Dextrorotatory 
Ethyl Phenylchloroacetate. 


By JosrErH Kenyon, ALFRED GEORGE LiPscoMB, 
and Henry PHILLirs. 


ALTHOUGH the replacement of a hydroxyl group by a chloro-group, 
by whatever reagent effected, doubtless proceeds by a variety of 
mechanisms, it is possible that in the absence of disturbing factors, 
such as adjacent carboxyl groups, this replacement occurs mainly 
along one of two distinct routes. With optically active compounds, 
both these routes lead to the formation of optically active products, 
but these are of opposite configuration. 

The first route can be illustrated by the interaction of ethyl 
l-mandelate and phosphorus pentachloride. The initial stage is 
probably a complex (I), in which the entering chloro-group exists 
as ananion. Decomposition of (I) leads to the formation of dextro- 
rotatory ethyl phenylchloroacetate (Walden, Ber., 1895, 28, 1287). 


Ph JH > 2 - 
(L.) Ke . LI ye Oo aq) 
Et0,0% _ \o—PZCI Et0,C“ \O—S—Cl 

Cl N\cl + 


According to Kenyon and Phillips (Trans. Faraday Soc., 1930, 26, 
451), when the chloro-group takes part in all stages of the reaction 
as an anion, the product results with inversion of configuration : 
this assumption is based on deductions from a study of the reactions 
of p-toluene-sulphinic and -sulphonic esters (Houssa, Kenyon, and 
Phillips, J., 1929, 1700). 

An example of the second type of replacement reaction is afforded 
by the interaction of ethyl /-mandelate and thionyl chloride. In 
this case an intermediate complex, a chlorosulphinate (II), is formed 
in which the chloro-group is still covalently linked. In marked 
contrast to complex (I), the chloro-sulphinic ester molecule decom- 
poses to give levorotatory ethyl phenylchloroacetate (McKenzie 
and Barrow, J., 1911, 99, 1910), and in order to explain this result, 
Kenyon, Lipscomb, and Phillips (J., 1930, 415) assumed that the 
optically active mandelyl radical separates as an anion and subse- 
quently unites with a chlorine kation, and that, in addition, neither 
of these two changes is accompanied by a change of configuration 
or complete racemisation. 

These views receive experimental support from two standpoints. 
First, that an optically active anionic carbon atom can retain its 
asymmetry in the free state is proved by the isolation of, e.g., ethyl 
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diazoglutarate (III) (Marvel and Noyes, J. Amer. Chem. Soc., 1920, 
42, 2259; Chiles and Noyes, ibid., 1922, 44, 1798) and also of 
sodium aci-$-nitrobutane (IV) (Kuhn and Albrecht, Ber., 1927, 
60, 1297). 


CH,—CH,—CO,Et eae sae 
‘I eee: rapes. a 
(III.) CH—N=N > i nn 
Et O (IV.) 


CO,Et 


Secondly, evidence is required to show that if the decom- 
position of complex (II) is effected under conditions which compel 
the chlorine atom to separate as an anion, then subsequent changes 
occur along the route which is followed by the decomposition of 
complex (I), i.e., the reaction occurs with inversion of configur- 
ation. This evidence was supplied by the discovery (Kenyon, 
Lipscomb, and Phillips, loc. cit.) that dextrorotatory ethyl phenyl- 
chloroacetate results if the chlorosulphinate decomposes in the 
presence of pyridine, in which case it can be assumed that complex 
(II) is converted into complex (V) which contains the entering 
chloro-group as an anion (see also Kenyon, Phillips, and Taylor, 
this vol., p. 382). 


! Ms yu Q ‘ an ‘ 
Et0,C” _ \O—S—N-C,H, EtO,C7 No—P<l 
(v.) Cl + (VI) ~ 


To complete the experimental evidence in favour of this interpret- 
ation of the influence of the pyridine, it has now been shown that 
when the halogenation of ethyl /-mandelate proceeds with inversion, 
as is the case when phosphorus penta- and tri-chlorides are used, 
the presence of pyridine during the reaction is without influence on 
the sign of rotatory power of the product. 

Although the production of dextro- and of levo-rotatory ethyl 
phenylchloroacetates from ethyl /-mandelate via the complexes 
(I) and (II) can be said to follow different routes, this is only true 
in a restricted sense. Both changes consist essentially in the union 
of positive and negative ions, but whilst the negative ion produced 
during the decomposition of complex (I) is provided by the entering 
chloro-group, during the decomposition of the chlorosulphinate (II) 
the optically active radical becomes the negative ion. Further, 
this difference in the mode of decomposition is revealed because the 
chlorine anion cannot unite with an optically active radical to 
produce an optically active product without the simultaneous occur- 
rence of an inversion. 
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It follows from these observations that methods by which ethyl 
-mandelate can be converted into levorotatory ethyl phenylchloro- 
acetate, 7.e., without inversion, should be sought amongst those 
halogenating agents which give rise to intermediate complexes, 
such as the chlorosulphinate, in which the entering chloro-group is 
still covalently linked. Under these conditions it is possible, but 
not certain, that further reaction may lead to the formation of an 
anionic mandelyl radical. An example in which, even although the 
entering chloro-group remains covalently linked, further reaction 
is not accompanied by inversion, is provided by the preliminary 
phase in the interaction of phosphorus trichloride and ethyl /-mandel- 
ate (VI). This phase on decomposition produces dextrorotatory 
ethyl phenylchloroacetate, and hence, according to the views 
expressed, the decomposition is initiated by the liberation of a 
chlorine anion. It has been found, however, that ethyl 1-«-chloro- 
formoxyphenylacetate (VII), the intermediate phase in the inter- 
action of ethyl /-mandelate and carbonyl chloride, behaves in a 
similar manner to the corresponding chloro-sulphinate. Unlike 
the latter compound, the formation of which has been assumed 
since it is too unstable to be isolated, ethyl l-«-chloroformoxypheny]- 
acetate can be readily distilled at very low pressures. When heated 
at about 150°/14 mm., it readily decomposes to give carbon dioxide 
and levorotatory ethyl phenylchloroacetate, but at lower temper- 
atures, in the presence of pyridine, it decomposes and yields the 
dextrorotatory ester. 


Ph — isi 
Ph H s A Et0,C>C< cy %s161 — 57-4" 
DOG on. Prov con 
Et0,C% 1.. SO—C—Cl 
(VII.) C Ph. ,,_Cl aoe 
ea Et0,c> CS %5461 + 98-4 
d-, 


As in the case of the chlorosulphinate, the influence of pyridine 
on the sign of rotatory power of the product can be attributed to 
the ability of this base to liberate the chloro-group as an anion and 
thus to ensure that the decomposition will follow the route which 
leads to inversion. 

It is possible to substitute other groups for the chloro-group in 
the chloroformoxy-radical. For example, by the interaction of 
this ester with potassium acetate, potassium benzoate, and sodium 
p-toluenesulphinate the mixed anhydrides (VIII, IX, and X) are 
produced, which are too unstable to be isolated in a condition of © 





* All observed rotatory powers recorded in the theoretical portion of this 
Paper are given for 1-dem. tubes. 
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purity but, when heated, decompose with the loss of carbon dioxide 
and give rise respectively to ethyl «-acetoxy-, «-benzoyloxy-, and 


CO,Et qq_00,Et 
qvitt.) PhCH<6.¢0.0-come PhCH<o.¢0-0-cOPh (1X,) 


CO,Et 
(x.) PhCH<9.¢0-0-80-C,H, 


p-toluenesulphinoxy-phenylacetates. These esters prepared in this 
manner have the same sign of rotation as when prepared directly 
from ethyl /-mandelate by the use of the appropriate acid chloride : 
they possess, therefore, the same configuration as ethyl /-mandelate 
and ethyl /-«-chloroformoxyphenylacetate. 


RO-SO-C,H, 
54g, — 26-5° 
C,H,SOcl 


RO-CO-Me <caGoq Ph‘CH(OH)-CO,Et Fooq7 RO-CO-Ph 
G54¢1 — 155-9° ees sag, — 19240" 
RO-CO-Me  {o.0cn, RO-CO-Cl x0,0-Pk RO-CO-Ph 


— 142-6° — 124-5° — 98-7° 
G546, — 142-6 Q54¢, — 124-5 O54¢1 — 98:7 








NaO-S0-C,H, 
RO-SO-C,H, 
5461 — 23°8° 
[R = Ph-CH(CO,Et)-] 


It will be seen from the above scheme that the formation of these 
esters from the chloroformoxy-ester is attended by some racemis- 
ation, notably in the case of the benzoate. Although a more detailed 
investigation is necessary before its source can be traced with 
certainty, the occurrence of this racemisation is of interest because 
it suggests, but in no way proves, that the decomposition of the 
mixed anhydrides may be accompanied by the formation of some 
ethyl /-mandelyl anions. 


EXPERIMENTAL. 


The /-mandelic acid required was prepared by a modification of 
the method of Freudenberg and Markert (Ber., 1925, 58, 1753). 
Amygdalin (100 g.) was heated on a steam-bath for 1 hour with a 
mixture of concentrated hydrochloric acid (400 c.c.) and water 
(300 c.c.). The resulting solution was decolorised with norit, 
filtered, and evaporated in a vacuum to about two-thirds of its 
bulk. After standing over-night in the ice-chest, the main portion 
(33 g.) of the /-mandelic acid crystallised from the solution, the 
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remainder (7 g.) being obtained from the filtrate by continuous 
extraction with ether. 

Ethyl |-«-Phenylcarbamylphenylacetate—Ethy] l-mandelate (1-8 g., 
and phenylcarbimide (1-2 g.) readily combined at ordinary temper- 
atures to give ethyl l-«-phenylcarbamylphenylacetate (l-mandelyl phenyl- 
urethane), b. p. 165—166°/<0-1 mm., which could not be induced 
to crystallise (Found : C, 68-1; H,5-7. C,,H,,0,N requires C, 68-3 ; 
H, 5:7%). It had a5,,, — 123-2° (c = 4-571; 1 = 2) in ethyl- 
alcoholic solution. 

The corresponding dl-compound, prepared as above or from ethyl 
dl-«-chloroformoxyphenylacetate and aniline, crystallised readily 
from benzene-light petroleum, and had m. p. 97° (Found: N, 4-5. 
Cale.: N, 4:7%). Lambling (Compt. rend., 1898, 127, 66) records 
m. p. 93°. 

Ethyl |-«-Chloroformoxyphenylacetate.—Carbony] chloride (12-5 g.) 
in toluene (12-5 % solution) was added, during 10 minutes, to an 
ice-cold solution of ethyl /-mandelate (20 g.) and quinoline (16 g.) 
in toluene (30 c.c.), and the mixture gently heated on the steam- 
bath for 30 mins. Water was added to the cooled reaction mixture, 
and the toluene layer was washed with dilute hydrochloric acid, 
followed by water. From the dried toluene extract, ethyl |-«-chloro- 
formoxyphenylacetate (24 g.) was obtained, b. p. 72—74°/<0-1 mm., 
which had as4g, — 31-12°, 4359 — 58-0° (1 = 0-25), di? 1-1742 
(Found: Cl, 14-3. C,,H,,0,Cl requires Cl, 14-6%). 

a-Carbethoxybenzyl Carbonate——After the removal of the above 
ester as described, a small quantity of «-carbethoxrybenzyl carbonate, 
CO(-O-CHPh-CO,Et),, remained as a colourless viscous liquid which 
distilled at 195—200°/<0-1 mm. (Found : C, 65-2; H, 5-7. C,,H,.0, 
requires C, 65-3; H, 5-8%). It had a5. — 30-8°, a54¢, — 35-96° 
(1 = 0-25). The corresponding dl-ester was obtained, b. p. 182— 
184°/<0-1 mm., by the interaction of ethyl dl-mandelate and ethyl 
dl-x-chloroformoxyphenylacetate in boiling ethereal solution in the 
presence of potassium carbonate. 

Ethyl 1-«-Acetoxyphenylacetate——(a) From ethyl 1-mandelate. 
Acetyl chloride (1-8 g.) was added to an ice-cold solution of ethyl 
l-mandelate (3-6 g.) in pyridine (1-8 g.). The l-ester had b. p. 
147°/13 mm. and «529 9— 33-52°, a54¢, — 38-97°, a4yg59 — 73-2° (1 = 
0-25). 

(b) From ethyl |-«-chloroformoxyphenylacetate. Anhydrous potass- 
ium acetate (3-0 g.) was triturated with ice-cold ethyl /-«-chloro- 
formoxyphenylacetate (4-2 g.), and when effervescence had finished, 
the mixture was gently warmed for 5 mins. The cooled product 
was washed with dilute sodium carbonate, dissolved in ether, and 
dried. On distillation, ethyl 1-«-acetoxyphenylacetate was obtained, 
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b. p. 146—147°/13 mm., e529 — 30-78°, o54¢, — 35-66°, o4359 — 
66-16° (1 = 0-25) (Found: C, 64:3; H, 63. C,,H,,0, requires 
C, 64-9; H, 6-3%). 

Ethyl |-«-Benzoyloryphenylacetate.—(a) From ethyl \-mandelate. 
Benzoyl chloride (3-1 g.) was used instead of acetyl chloride, but 
otherwise the procedure was as above. The /-benzoate (3-5 c.c.) 
had b. p. 1384—135°/<0-1 mm., a54¢; — 48-0°, e359 — 89-1° (1 = 
0-25). 

(b) From ethyl 1-«-chloroformoxyphenylacetate. Anhydrous 
potassium benzoate (5-0 g.) was triturated with the ester (4-8 g.) 
and after 12 hours the mixture was warmed on the steam-bath 
for 30 mins. It was then treated as in the case of the acetate. 
The ethyl 1-«-benzoyloxyphenylacetate obtained had b. p. 122—123°/ 
<O-1 mm., a&54¢, — 24°68°, o359 — 46-30° (1 = 0-25) (Found: C, 
72-5; H, 5-2. C,,H,,0, requires C, 71-9; H, 5-6%). 

Ethyl 1-«-p-Toluenesulphinoxyphenylacetate—(a) From ethyl 
l-mandelate and p-toluenesulphinyl chloride. p-Toluenesulphinyl 
chloride (6-0 g.) was added slowly to a solution of ethyl /-mandelate 
(5-4 g.) in pyridine (2-6 g.). After 48 hrs., the reaction mixture was 
decomposed with ice and dilute hydrochloric acid, and the product 
extracted with ether. From the extract ethyl J/-«-p-toluenesul- 
phinoxyphenylacetate (3 c.c.) was isolated by fractional distillation ; 
b. p. 136—139°/<0-1 mm., «;4¢,; — 50-4° (in chloroform solution, 
c = 4-70; 1 = 2-0), «3, — 6-63° (1 = 0-25), nif” 1-5677. 

(b) From ethyl l-mandelate and ethyl p-toluenesulphinate. A mix- 
ture of ethyl /-mandelate (10 g.) and freshly distilled ethyl p-toluene- 
sulphinate (10-2 g.) was heated at 100°/18 mm. for 75 hrs. By 
fractional distillation of the product, ethyl 1-«-p-toluenesulphinoxy- 
phenylacetate (3 c.c.) was isolated, b. p. 135—140°/<0-1 mm., 
om, — 5-95° (1 = 0-25), nis’ 15676 (Found: C, 63-6; H, 5-7; §, 
10-3. C,,H,,0,S requires C, 64-1; H, 5-7; 8, 10-0%). 

The discrepancy between the rotatory powers of the two specimens 
of the ester is doubtless due to the partial resolution of the asym- 
metric p-toluenesulphinoxy-radical which occurs during this method 
of preparation (Phillips, J., 1925, 127, 2552). 

(c) From ethyl 1-«-chloroformoxyphenylacetate. Only a slight 
evolution of carbon dioxide occurred when anhydrous sodium 
p-toluenesulphinate (8-3 g.) was triturated with the ester (8-0 g.). 
After an hour, water was added and the oily insoluble products were 
extracted with ether. The ethereal extract yielded, on distillation, 
some unchanged ester (2-5 ¢.c., b. p. 72—76°/<0-1 mm.), and when 
the temperature was raised a steady effervescence occurred. This 
was doubtless caused by the decomposition of the anhydride formed 
by the interaction of the chloroformoxy-ester and the sodium 








p-tol 
l-x-p 
<0] 
After 
whic! 
mass 
with 
Th 
d-P. he 
ethyl 
forms 
reacti 
it for 
was | 
with 
330 
The 
1-Phei 
g.) wa 
occur} 
133°/] 
(l= ¢ 
Eth 
salt n 
chloric 
propo! 
reactic 
bath f 
with vy 
someti 
ester. 
not po 
ation ¢ 
the pre 


H 
PCI,, 1 
PCI,, 21 
PCI, 1 


dl- 
of eth 
sulphin 


for 1-5 














l-~-CHLOROFORMOXYPHENYLACETATE, ETC. 2281 


p-toluenesulphinate. When this decomposition had ceased ethyl 
|-x-p-toluenesulphinoxyphenylacetate distilled, b. p. 136—138°/ 
<O-1 mm., of, — 10-47°; off, — 12-46; a3, — 23-6° (1 = 0-25). 
After the distillation of this ester a higher-boiling residue remained, 
which finally distilled at 150—155°/<0-1 mm. and then set to a 
mass of prismatic needles, m. p. 76—77°, alone or when mixed 
with di-p-tolyldisulphoxide. 

The Conversion of Ethyl \-«-Chloroformoxyphenylacetate into Ethyl 
d-Phenylchloroacetate—When pyridine (1-7 c.c.) was added to the 
ethyl /-chloroformoxy-ester (5 g.) cooled in ice, a gelatinous mass was 
formed which subsequently liquefied with effervescence. The 
reaction was completed by gently warming the mixture and keeping 
it for 2 hrs. at the ordinary temperature; dilute hydrochloric acid 
was then added, and the ethyl d-phenylchloroacetate extracted 
with ether. It (3-5 c.c.) had b. p. 133°/18 mm., ai, + 24-60°, 
a2, + 45-60° (1 = 0-25) (Found: Cl, 18-2. Cale.: Cl, 17-9%). 

The Conversion of Ethyl \-«-Chloroformoxyphenylacetate into Ethyl 
|-Phenylchloroacetate—Ethyl 1-«-chloroformoxyphenylacetate (5-0 
g.) was heated for 4 hrs. at 150°/14 mm., during which effervescence 
occurred. The resulting ethyl /-phenylchloroacetate had b. p. 131— 
133°/14 mm. and, after redistillation, «3, — 14°35°; aij, — 26-59° 
(1 = 0-25) (Found: Cl, 17-9. Cale. : Cl, 17-9%). 

Ethyl d-Phenylchloroacetate.—Ethy] /-mandelate, cooled in an ice— 
salt mixture, was treated with phosphorus trichloride or penta- 
chloride in either the presence or the absence of pyridine; the 
proportion of the various reagents taken are set out below. The 
reaction in each case was completed by gentle warming on a steam- 
bath for periods up to 2 hrs. The reaction mixtures were washed 
with water, and the products extracted with ether. The products 
sometimes contained unreacted hydroxy-ester as well as the chloro- 
ester. Since these two esters have practically the same b. p., it is 
not possible to separate them by fractional distillation. Determin- 
ation of the chlorine content of the product afforded a measure of 
the proportion of chloro-ester present. 


Rotatory power 


Pyridine, of product, Chloro-ester in 
Halogenating agent. mols. Gsae1 (2 = 1-0). product, %. 
TT Spree seer errecre 2 + 45-5° 98 
TS SRE eee > + 13-44 63 
ME, WEE adaretsneceneieseiuressa 0 + 79-30 96 


dl- and d + dl-a-Carbethoxybenzyl-p-tolylsulphone.—A __ solution 
of ethyl dl-phenylchloroacetate (5 g.) and sodium p-toluene- 
sulphinate (5 g.) in ethyl alcohol (25 c.c.) was heated under reflux 
for 1-5 hrs. The reaction mixture was then diluted with water to 
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dissolve the sodium chloride which had separated, and on standing, 
the sulphone (4-6 g.) separated as fine needles, m. p. 112—113° 
before and after recrystallisation from aqueous alcohol or ether 
(Found : C, 64-2; H, 5-7. C,,H,,0,8 requires C, 64:2; H, 5°7%). 
The d+ dl-sulphone, prepared in a similar manner from ethyl 
d-phenylchloroacetate of «5,,, + 30-5° (1 = 0-25), had m. p. 111— 
112°, a54¢, + 25-6° (c = 1-25 in chloroform; / = 2-0). It is more 
soluble in aqueous alcohol than the dl-compound, which therefore 
tends to crystallise from solutions of the partially racemised 
sulphone. 

dl-«-Carboxybenzyl-p-tolylsulphone—The above sulphone (1-6 
g.; finely powdered), barium hydroxide (0-8 g.), and water (20 c.c.) 
were mixed and shaken occasionally during several days. A little 
unchanged sulphone was then removed by filtration, and: dl-«-carb- 
oxybenzyl-p-tolylsulphone (1-15 g.) was precipitated by dilute 
hydrochlorie acid. It separated from aqueous alcohol as stellate 
clusters of prismatic needles, m. p. 169—170° (decomp.) (Found: 
C, 62-4; H, 4:9. C,;H,,0,S requires C, 62-1; H, 48%). When 
heated at 170 for 2 mins., this sulphone is converted into benzyl- 
p-tolylsulphone, m. p. 144—145°, either alone or when mixed with 
a specimen prepared by the interaction of benzyl chloride and sodium 
p-toluenesulphinate. dl-«-Carbethoxybenzyl-p-tolylsulphone yields 
the same compound when gently heated with 0-5N-alcoholic sodium 
hydroxide. 

The authors wish to thank Mr. L. W. Godward, B.Sc., for able 
assistance in the experiments with the chlorides of phosphorus, 


and also Imperial Chemical Industries Ltd. for a grant which has 
defrayed much of the cost of this investigation. 
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CCCXII.—Thermal Chlorination Reactions in the 
Gaseous Phase, with Short Heating Periods. 


By Jonun Mason and Tuomas SHERLOCK WHEELER. 


A REVIEW of the literature on the thermal chlorination of methane 
showed that there was a region of experimental conditions not 
already investigated, viz., high reaction tube temperatures, no 
catalyst, and very short heating periods, i.e., rapid passage of the 
gases through the heated chamber. This method of working has a 
two-fold advantage : (i) it requires only a minimum of material in 
the reaction vessel at any moment, and (ii) since very high gas 
velocities are used, it minimises the risk of explosion where this is 
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probable. It was therefore decided to study the effect of these 
conditions. The method having been found unsuitable for the 
complete chlorination of methane to carbon tetrachloride, it was 
subsequently investigated from the standpoint of controlled chlorin- 
ation to methyl chloride and thence to methylene chloride. It was 
further applied, with suitable tube temperatures, to the reaction 
propane ——-> n- and iso-propyl chlorides. The method has also been 
successfully applied to the chlorination of benzene and toluene, but 
these applications are not included in the present paper. 

The chlorination of methane, and bimolecular stage reactions in 
general, have been investigated theoretically by Martin and Fuchs 
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(Z. Elektrochem., 1921, 27, 150), with whose conclusions the results 
obtained in the present work were compared. In the case of 
methane the following formule are given for the final concentrations 
of methyl and methylene chlorides in the product, A and B being 
the fractions by volume of methane and chlorine respectively in the 
initial mixture. 


[(CH,Cl] = B(44 — B)3/64.43 
[CH,Cl,] = 3B%44 — B)2/128.48 


From these, the theoretical percentage yields of the two compounds 
on input chlorine were calculated. Corrections were applied to the 
experimental values on the assumption that any missing chlorine 
tepresented lost methyl chloride, and in Fig. 1 the figures are com- 
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pared graphically with the values from the formule. The experi- 
mental and the theoretical curves are similar in form, but the methy| 
chloride yield remains about 10% below the theoretical value. The 
methylene chloride values are slightly higher than required by 
theory, but the curve approaches the theoretical one as the 
methane: chlorine ratio increases. For plotting the experimental 
curves, the maximum and the minimum yields respectively of methyl 
and methylene chloride were taken. In addition to these complete 
equilibrium formule, obtained only for the four-stage process 
involved in methane chlorination, general kinetic formule are given 
for any reaction involving ” bimolecular stages. In these no 
account is taken of reverse reactions, and the rate of reaction of a 
hydrocarbon or partially substituted hydrocarbon molecule is 
assumed to be proportional to the number of available hydrogen 
atoms. The general formula giving the percentages of initial 
substance (é.g., methane) converted into the mth product, in terms 
only of the total percentage consumed (2), is 


wats 000-2” 


00 


In the PN of me methane, propane, and methyl chloride, the 
experimental values were compared respectively with the theoretical 
ones for 4-, 8-, and 3-stage processes (Tables III, IV, V), with fairly 
good agreement in each case for the first stage of the reaction. The 
calculations were made on the corrected chlorine balances. 


EXPERIMENTAL. 
(1) The Action of Chlorine on Methane. 


Methane (96—99%) and chlorine, after passing respectively 
through a gas-meter and a calibrated flow-meter, were passed at the 
required rates into the reaction tube, via three-way taps and a 
Y-piece. The gases were obtained from cylinders and were not 
specially dried. The reaction tubes, of stated diameter, were 
of a special alumina-silica refractory supplied by the Morgan 
Crucible Company. The tube was heated electrically in a suitable 
furnace, the heated length being ca.15 cm. The tube temperature 
(external) was measured by a platinum-rhodium thermocouple 
reaching to the mid-point of the furnace. The reaction tube was 
so arranged that the gases entered the heated length as soon as 
possible after being mixed. On the exit side, after preliminary cool- 
ing in a 1-litre ice-cooled flask, the gases passed through three 
Drechsel wash-bottles, the first two containing water to remove 
hydrogen chloride, and the third 20% caustic soda solution 10 
remove unchanged chlorine. Then, after passing up a calcium 
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chloride drying-tower, the gases entered freezers cooled by solid 
carbon dioxide-ether mixture and liquid air, for the condensation 
of chloro-derivatives and excess methane. In previous work 
— 110° is the lowest temperature used for condensation. A gas- 
meter was included after the freezers for the measurement of any 
uncondensed methane, and suitable arrangements were made for 
taking gas samples, usually at a point between the carbon dioxide— 
ether and the liquid-air freezers. 

The percentages of input chlorine (i) converted into hydrogen 
chloride and (ii) passing through unchanged were determined by 
titration of the washer liquids. The chloro-compounds were 
fractionated as follows: methyl chloride was boiled off up to 0°, 
and the remaining mixture (methylene chloride, etc.) fractionated 
from a distillation flask, cuts being taken at approximately the mid- 
point temperatures, as recommended by Young (“ Distillation 
Principles and Processes,’ p. 170). In the experiments of Table I 
the liquid methyl chloride was estimated approximately by a 
volume method, but as this gave low results, the method of direct 
weighing was adopted in later experiments (Table II), a vessel 
designed to withstand the vapour pressure at the ordinary tem- 
perature being used. 

Table I contains examples of the results obtained with tube 
temperatures of 1200—1400°, and very high space velocities. 
This term (S.V. in tables) is defined as the number of volumes of 
gas, at reaction-tube temperature, passing through the heated 
volume per minute. The period of heating, in minutes, is therefore 
the reciprocal of the space velocity. When packed tubes were 
used, the figures were corrected approximately for the volume of the 
packing—in all cases of the same material as the tube itself. As 
will be seen, it has been found possible to work with periods of 
heating less than 0-001 min., and to obtain high outputs with 
relatively small apparatus. 

At the high temperatures used, appreciable amounts of acetylene 
and hydrogen, along with small amounts of ethane and ethylene, 
were obtained in the exit gases. Carbon and tar (containing 
hexachloroethane, naphthalene, etc.) were formed in these experi- 
ments, increasing in amount with tube temperature and proportion 
of chlorine in the initial mixture. The percentage yields of chloro- 
compounds were calculated throughout on input chlorine; it was 
found very difficult to obtain satisfactory readings for unused 
methane. As would be expected, the percentage of chlorine coming 
through unchanged (at the same space velocity) increases as the 
proportion of methane increases. The formation of acetylene is to 
be expected when methane is subjected to the action of an intense 
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energy field, here set up by the temperature of the furnace and by 
the heat of reaction. 

In Expt. 7, oxygen (0-2 vol.) was passed in with the reaction 
mixture. Oxidation of methane to formaldehyde took place, and 
the chlorine was recovered almost quantitatively as hydrogen 
chloride ; in the exit gases there was 15-8°% of carbon monoxide. 


TABLE I. 
Experiments with Excess of Methane. 

Washer 

analyses 

(% of Cl, 
input). Yields (% on Cl, input) of 
bois ne ms Ee SS ws ‘ 

Expt. S.V. Cl,:CH,. Temp. Cl,. HCl. CH,Cl. CH,Cl,. CHCl,. CCl. 
17 30,800 1:15 1400° 0-005 885 17 (Higher products 


not fractionated) 


19 30,700 1:1-5 1400 0-01 891 17-1 7-9 1-3 1-5 
29 11,900 1:3 1200 Nil 72-2 33-6 16-4 2-1 0-9 
26 23,900 .1:2 1200 2-5 56-6 35 21-1 3:3 0-7 
25 24,300 1:3 1200 0-7 56-7 28-4 31-3 3-2 1-8 
30 23,800 1:3* 1200 22:1 443 26 19-2 3-7 5:5 
27 23,800 1:5 1200 8-0 55-6 = 37-5 21-2 2-4 1-9 
28 23,800 1:7 1200 14:0 50-4 39-2 13-4 2-0 2-0 
7 26,100 1:1-57 1400 Nil 92-1 (Traces of liquids smelling of 
formaldehyde in freezers.) 
* Plus water vapour. ft Plus 0-2 vol. of oxygen. 


In the above experiments the amount of product boiling up to 
0° (up to room temperature in Expt. 17) was taken as methyl 
chloride, and the fractions of the residue boiling (1) up to 51°, (2) at 
51—66°, (3) at 66—95°, were taken as methylene chloride, chloro- 
form, and carbon tetrachloride, respectively. There was, in some 
cases, a slight residue above 95°, consisting probably of more com- 
plex chloro-compounds. Correction for any methylene chloride in 
the crude methyl chloride was made (except in Expt. 17) by redis- 
tillation to 0°, any residue being taken as methylene chloride. Any 
loss on distillation of the higher products was taken as methylene 
chloride. 

It appears that to obtain the maximum yield of chloro-compounds, 
even though high space velocities are used, the tube temperature 
must not be so high as to cause pyrolysis. For later experiments, 
therefore, temperatures of 800—900° and lower space velocities were 
used (1 cm. diameter tube). Preliminary experiments were first 
carried out to find suitable working conditions—shown by values 
for hydrogen chloride in the washers only slightly more than 50%, 
indicating negligible pyrolysis, and by low values for unreacted 
chlorine. The opportunity was taken to effect several improve- 
ments in technique. The effect of losses in the apparatus was 
eliminated by condensing the products for a definite time in the 
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middle of the experiment, after an initial period long enough for the 
washers to become saturated with methyl chloride, etc. The methyl 
chloride was weighed, and the fractionation methods were improved, 
the methylene chloride fraction being taken up to 49° only. When 
working with packed tubes, special calibrations of the gas-meter 
and flow-meter were made, at the same back-pressures as obtained 
in the various experiments. In this series of experiments chlor- 
ine : methane ratios from 1 : 3 to 1: 9 were used. When the excess of 
methane exceeded the former value, loss of methyl! chloride occurred 
during the fractionation of this substance from the condensed 
methane. To prevent this, the use of silica or iron oxide gel cooled 
in carbon dioxide-ether (compare Taylor, D.S.1.R. Report, C.R.B. 
4/3/7) was successfully introduced. Typical experimental results 
are given in Table II. In the exit gases with conditions as in 
Expt. 11 there was no acetylene. When a large excess of methane 
was being used (1 : 5 and above), the main product boiling above 0° 
was assumed to be methylene chloride; that this was a justifiable 
assumption was shown by satisfactory chlorine balances being 
obtained after the introduction of the use of silica or iron oxide gel 
(Expts. 8, 10, 11, and 12). 

It was advantageous to use packed tubes in these experiments 
(and also in the chlorination of methyl chloride and propane), since 
complete reaction could be obtained with a much larger flow of 
reaction mixture, and pyrolysis was negligible at the temperatures 
used. A mercury manometer was used to determine back-pressures. 





TaBceE II. 
Action of Chlorine on Methane (Second Series). 
Expt. 3. 5. 6. 7. 8. 10. 11. 12. 
TED ncccannespqasvecocensssanes 850° 900° 900° 900° 900° 900 900° 900° 
8.V. (min.-") .... -. 2107 9400 9400 9300 5700 5600 8100 9100 
Ratio, Clp: OH, . 1:3) 122-97 1:4-85 1:88 1:86 1:84 1:75 1:92 
Input C. JHy a. fain. ). cvccesece 4-79 12-73 14-18 15-21 14-8 14-5 12-95 15-0 
D ecasidcoss 1-583 4-285 2-922 1-729 1-729 1-729 1-729 1-631 
% of input ‘a,” as Cl, ... 0-34 Nil 0-05 0-097 0-16 0-12 0-16 0-14 
in washers as HCl. 53-02 54-74 52-2 51-0 51-35 51-2 51-6 50-5 
Yield of CH,Cl (%, on ¢ lp 
Te 41-1 48-3 50 42-5 82-1 70-5 75-6 72-6 
Cl, 7 Ws 4 of input): 

GEIEE Acvscdtivnsvictiinaess 20-26 24:11 24:98 21-28 41-1 35:22 37-78 + =. 36-3 
CHCl, pousseceesooossecocce 17-14 14-17 9-86 4-46 9-7 8-39 5-58 6-46 
CREM Wocecenddvteenesocees 1-61 1-43 — 4°35 -- 5-0 3-66 2-35 
ee ee 1-91 -- -- + = _- — -- 
Total in washers ...... 53-4 54-7 52-3 51-1 51-5 51-3 51:8 50-6 

Total balance  ............ 94-3 94-5 87-1 81-2 102-3 99-9 98-8 95-8 
Yield % of OH,Cl (calc. on 
100% ; Ol, balance)......... 52-7 59-3 75-8 80-2 — -= 77:8 81-2 
Back- press. (in. of Hg) ... 0-3 3-6 2-8—3-2 3 3 3 3—3-2 3—3-2 
Notes. 


Ezpt. 3. Slight pyrolysis. Faint deposit in first washer. Smell of 0,0]. Fractionation from 
distillation flask. 

Ezpt.5. No pyrolysis. 6-Pear Young column used in fractionation. 

Erpt. 6, 7, 8, 10, 11, and 12. No pyrolysis. Portion above 0° assumed to be CH,Cl,. Liquid in 
ice-cooled flask taken as CHCl, for purposes of chlorine balance. 

Expts. 8 and 10. Silica gel, cooled in carbon diexide—ether, used. 

Expts. 11 and 12. Iron oxide gel, similarly cooled, used. 
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In the experiments of Table II, methyl chloride was boiled off up 
to room temperature. Correction was applied for any methylene 
chloride in the crude methyl chloride by evaporating off the latter 
up to 0° and weighing the residue. The methylene chloride fractions 
of Expts. 3 and 5 were respectively up to 49° and 47-5°. Any loss 
on distillation of the higher products was counted as methylene 
chloride. In Expt. 3 the fraction 49—56-5°, and in Expt. 5 the 
residue above 47-5°, were taken as chloroform. The “ carbon 
tetrachloride ’’ of Expt. 3 represents residue above 56-5°, plus a 
correction for any liquid in the ice-cooled flask. 

In Table III the results of the experiments of Table IT are com- 
pared with the theoretical values calculated from the kinetic 
formule of Martin and Fuchs (p. 2284) for a four-stage process 


(i.e., = 4). The agreement for methyl chloride is good. 
TaseE III. 
Expt. 3. Expt. 5. Expt. 6. Expt. 7 
Obs. Calc. Obs. Calc. Obs. Cale. Obs. Calc 
CH, chlorinated, % of total 23-9 —_ 26-2 -- 17-6 _ 9-96 — 
% converted into CH,Cl ... 17-4 21-5 20-0 22-5 15-6 15-6 9-1 9-6 
% “9 » OH,Cl, ... 5-8 2-3 4:8 2-5 2-0 11 0-51 0-38 
% me » CHOI, 0-36 0-11 0-45 0-13 ~- 0-04 0-35 0-007 
% xe ee yo 0-32 0-002 — 0-002 — G04 — _ 
Expt. 8. Expt. 10. Expt. 11. Expt. 12. 
Obs. Calc. Obs. Cale. Obs. Cale. Obs. Cale. 
CH, chlorinated, % of total 10-7 -= 9-8 — 11-5 -— 9-7 -- 
% converted into CH,Cl ... 9-6 10-2 8-4 9-4 10-4 10-95 8-8 9-4 
% ” » OCH,Cl, ... 1-13 0-44 1-0 0-37 0-74 0-51 0-70 0-36 
% ” » CHOI, ... — 0-0084 0-4 0-006 0-33 0-011 0-17 0-006 
% re ragy gees — — _ _ — — — _ 


(2) The Action of Chlorine on Propane. 


Similar experiments were carried out with propane, obtained from 
a cylinder fitted with a suitable valve. The mode of procedure was 
similar to that in the final experiments with methane, except that 
cooling by ice-salt and solid carbon dioxide—ether freezing mixtures 
was found sufficient for condensation of the products. The separ- 
ation of propane from the resultant mixtures was performed similarly 
to that of methyl chloride in the preceding section. 

The b. p.’s of propane and its two monochloro-derivatives are: 
propane — 38°, isopropyl chloride 37°, n-propyl chloride 46°. On 
fractionation of the mixture of chloro-compounds after removal of 
the propane, a cut was taken at 41-5°, and the process stopped at 
72-5°—the mid-point temperatures, as recommended by Young 
(op. cit.), a correction being applied for losses. The first fraction 
was usually larger than the second, suggesting that more of the 
n- than of the iso-compound was formed. The percentage yields 
given (on cblorine) represent both chloro-compounds. Examples 


of the results are in Table IV. The probable yield of propyl chloride 
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experiments showed that it was impracticable to work with tube 
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in Expt. 1 was approx. 88%. Any residue above 72-5° was taken 
as propylene chloride for the purpose of chlorine balance. Low 
chlorine balances were caused by loss of chloro-compounds (probably 
the monochloro-derivatives) during the evaporation of the propane, 
the prevention of which could only be accomplished by the use of 
more elaborate fractionation technique. Percentage yields of propy! 
chloride corrected for chlorine balance are given in addition to the 
actual figures obtained. In Table IV, the results are compared with 
values from Martin and Fuchs’s kinetic formula for an 8-stage 
process (» = 8), with good agreement for propy] chloride. 


TaBLeE IV. 
Action of Chlorine on Propane. 


(1 cm. tube, 15 cm. heated length, empty.) 


Expt. 1. Expt. 2. 
Demis oe Soo 5 bias TEs ie cbsecccsences 700° 700° 
A, PMU. i cicdaincnessaecdedasntine 960 795 
PANDO, Gilat Geile cncpsyapecsctessenecsecs 1: 6-2  €e 
Input CzH, (1./min.) ...........seeee0. - 2-89 2-31 
ee ae eee 0-466 0-466 
% of input Cl, in washers { a —% bans e. 
Yield of C;H,Cl (% on Cl, input)... 56-6 56:8 
Cl, balance (% of input) : 
RE ixkssotkssabscececsstttaesscnee 28-3 28-39 
Cattete) | vadags inside sddadisenssesss — 2-32 
TOME Tk WEE concvecccceesssees 55-9 60-4 
BOGE IND conse chevsdccceconceces 84-2 91-1 
Yield of C,H,Cl (% calc. on 100% 
chlorine balance) ............... 88-2 74:6 
Back-press. (in. of Hg) ............++. a — 
OND. oi dchih ss cevesedlndksbsbesosguédevess Only small amount of 


liquid above 48-5° ; 
taken as entirely 
propy! chlorides. 


Calculations from formula (p. 2284) with n = 8. 


Obs. Cale. Obs. Cale. 
C,H, chlorinated, % of total ......... 14-2 — 15-6 —— 
% converted into C,H,Cl ....:....... 14-2 13-3 15:1 14-4 
% * oi, ). eee —- 0-9 0-48 1-07 


(3) The Action of Chlorine on Methyl Chloride. 


The high space-velocity method was similarly applied to the 
chlorination of methyl chloride to methylene chloride, on which 
reaction little work has been published (I.G., B.P. 283,119; F-.P. 
646,661). 

The experimental methods were as in the later experiments with 
methane. The gas-meter was replaced by a flow-meter calibrated 
to deliver methyl chloride, obtained from a cylinder fitted with a 
connector valve as used on the chlorine cylinder. Preliminary 
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temperatures as high as had been used with methane owing to 
pyrolysis, resulting in the formation of undue amounts of hydrogen 
chloride, and also hexachloroethane, naphthalene, carbon, ete, 
(Hurd, “‘ Pyrolysis of Carbon Compounds,” p. 125; Wiesler, Chem.. 
Ztg., 1928, 52, 182). Suitable conditions were found for the final 
experiments, the weighing of methyl chloride, the elimination of 
effect of losses in the apparatus, and the corrections for back. 
pressure (as described under methane) being used. In this case 
condensation of the products was much easier than in the experi. 
ments with methane: two freezers cooled by solid carbon dioxide- 
ether were sufficient, but an extra one in liquid air was always added 
to ensure complete recovery. 

The method of fractionation used for the experiments of Table V 
was as follows: Excess of methyl chloride was allowed to boil off 
up to room temperature, the distillate being recondensed in a vessel 
cooled in carbon dioxide-ether (the freezer designed for weighing 
methyl chloride) ; correction was applied for any methylene chloride 
in the crude methyl chloride by evaporating off the latter up to 0°, 
and weighing the residue. For the higher products, the portions of 
liquid were transferred to a distillation flask, weighed, and fraction- 
ated, the fractions being : up to 51°, 51—66°, 66—95°, and residue. 
Any liquid in the ice-cooled flask of the chlorination apparatus was 
suitably treated ; when the freezers were only included for a part of 
the total time, the liquid was fractionated separately, and a pro- 
portionate correction applied. The methylene chloride fraction was 
distilled into a vessel cooled in carbon dioxide—ether, and any loss 
on distillation was counted as methylene chloride; if this fraction 
was taken to 51°, high values for methylene chloride were obtained. 
A correction determined by the fractionation of known mixtures 
was applied to the data of Expts. 33, 34, and 37. No correction 
was necessary in Expts. 36, 38, and 39, for in each case nearly all 
of the 51°-fraction boiled below 45° (97-59% in Expt. 39). No 
pyrolysis was detected in any of these six experiments (Table V). 

In Table VI the results are compared with values from Martin 
and Fuchs’s kinetic formula for a three-stage process, with good 
agreement for methylene chloride. 

The Pyrolysis of Methyl Chloride—Experiments were carried out 
on the pyrolysis of methyl chloride alone, with experimental con- 
ditions similar to those of the chlorination experiments (1-cm. 
diameter tube, packed, heated length 30 cm., tube temperature 
600°). The results are in Table VII. The amount of pyrolysis was 
measured by the hydrogen chloride formed, which was removed by 
water washers and determined by titration with standard caustic 
soda, with phenolphthalein as indicator. The inputs of methyl 
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TABLE V. 


Action of Chlorine on Methyl Chloride. 
(1 em. tube, 30 cm. heated length, packed.) 
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Expt. 33. 34. 37. 36. 38. 39. 
WOMB oloseseliivecsecdetes 600 600° 600° 600° 600° 600° 
A Sy. Bee 2990 2990 2990 1990 1990 ~=1660 
Ratio, Cl,:CH,Cl ...... 220 2:sBe: bse 1:4 Lie . 22 Re@ 
CH,Cl input (l./min.)... 10-67 10-67 10-67 7:8 7:8 6:87 
Cl, input (l./min.) ...... 3-985 3°985 3-985 = 1-951 1-951 =1-271 
% of input Cl, fas Cl, Nil Nil Nil Trace Trace 0-058 
in washers Las HCl 49-4 49-8 49-2 51-4 51-9 51-8 
Yields % of CH,Cl, : 
Ot: CE TRE 2. .cccckaes 71-1 76-2 71-2 91-1 91 93-1 
on CH,Cl consumed 80 83-1 79 80-7 80-5 83 
Cl, balance (% of input) : 
OS Sr ea 35°64 38-18 35°7 45-5 45-5 46-7 
3, Si eer ree 13-77 9-8 10-0 3-37 3-58 0-2 
ae ee eee Cones — = -—— — — — 
Total in washers 49-4 49-8 49-2 51-4 51-9 51-8 
Total balance ......... 98-8 101-7 98-9 100-2 100-9 98-7 
Yield % of CH,Cl, (on 
. 100% Cl, balance) 73-7 — 73-7 — —- 96 
CH,;Cl balance (% of input) : 
Recovered ......... 66-7 65:7 66-2 72 71-8 79:2 
3 Sere 26-6 28-6 26-6 22-8 22-7 17-2 
i SSeS ae 4-3 5-2 3-7 0°85 0-89 0-04 
Re Sickenasennecanans ~ ~~ - — --- 
Total balance ......... 97-6 99-4 98-1 95-7 95-4 96-6 
Back-press. (in. of Hg) 6-5 6-5 6-5 2-9 2-9 2-0 
TaBLe VI. 
Expt. 33. Expt. 34. Expt. 37 
Obs. Cale. Obs. Cale. Obs. Cale 
CH,Cl chlorinated, % of total ...... 32-7 — 32:1 — 314 — 
% converted into CH,Cl, ............ 27-6 28:9 28:5 281 27-6 27-5 
9 io | eee 5-2 4-1 3°7 3-9 3°8 3°7 
Expt. 36 Expt. 38. Expt. 39. 
Obs. Cale. Obs. Cale. Obs. Cale. 
CH,Cl chlorinated, % of total ...... 13°6 — 23-7 — 1784 — 
% converted into CH,Cl, ............ 22-8 21-5 22-8 216 17-8 16-7 
~~ — se 0-84 20 O9 20 0-04 1-13 


TaBLeE VII. 


Pyrolysis of Methyl Chloride. 


Space 
Input CH,Cl velocity 
Expt. Temp.  (litres/min.). (min.~?). 
l 600° 9-36 1910 
2 - 7-6 1550 
3 oe 5:0 1020 
4 sy 3-46 706 
5 ne 2-32 473 
6 m 1-19 242 


chloride were checked, at the correct back-pressures. 


CH,Cl pyrolysed, 


% of input. 
0-0497 
0-0595 
0-0741 
0-1012 
0-1392 
0-2160 





To avoid the 


vitiating effect of residual traces of hydrogen chloride in the appar- 


atus, the run was allowed to proceed, in each determination, for 
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some minutes before connexion to the washers was made, and the 
apparatus was washed out with nitrogen between successive runs. 

The results of Table VII are expressed graphically in Fig. 2. It 
will be seen that pyrolysis of methyl chloride alone is negligible with 
these conditions. At the space velocities of Expts. 36, 38, and 39, 
the extent of pyrolysis is 0-05—0-06% of input. Pyrolysis in 
chlorination processes is probably largely determined by the thermal 
effect of the reaction. 
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Summary. 


A high space velocity method, with high reaction-tube temper- 
atures, has been developed for controlled chlorination in the gaseous 
phase. Tubes of a special refractory were used, either empty or 
(preferably) packed with pieces of the same material. 

Even with high rates of flow, pyrolysis occurs if the tube tem- 
perature is too high, and to obtain the best results the conditions 
must be adjusted to avoid this. In the first experiments with 
methane, with temperatures of 1200—1400° and space velocities 
of 10,000—31,000 vols. per min., there was considerable pyrolysis, 
especially if the reaction mixture contained only a small excess of 
methane. 

With a lower temperature (900°), an excess of methane, and 
suitable space velocities, the method is efficient for the production 
of methy] chloride, with small amounts of methylene chloride. The 
results were compared with the values given by the complete 
equilibrium and kinetic formule of Martin and Fuchs. The latter 
formule gave fair agreement for methyl chloride. Yields of this 
product up to approx. 80% (on chlorine input) were obtained. 

The chlorination of propane was similarly investigated. Of the 
two monochloro-compounds, n-propyl chloride appeared to be formed 
in larger amount. On comparison with values given by the kinetic 
formule for an 8-stage process, good agreement for this first stage 
was obtained. : 
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In the chlorination of methyl chloride, the yields of methylene 
chloride on chlorine input were slightly above 90%, and were in 
agreement with the kinetic equations for a three-stage process. 
With conditions similar to the final experiments it was shown that 
the pyrolysis of methyl chloride alone was very slight. 


The authors wish to express their thanks to the Directors of 
Imperial Chemical Industries Ltd. for permission to publish this 
work, which was carried out in the Research Department of their 
subsidiary company, Brunner Mond & Co. Ltd., Northwich. 

The subject matter of this paper forms part of the work on con- 
trolled chlorination carried out by one of the authors (J. M.) during 
the tenure of a Fereday Fellowship of St. John’s College, Oxford. 


[Received June 2nd, 1931.] 





CCCXIII.—A Synthesis of 4-Methylphenanthrene. 


By Cepric Burton RapcuiFFe, [AN RussELL SHERWOOD, and 
WALLACE FRANK SHORT. 


PopocaRPic acid, C,,H,.03, was first isolated by Oudemans (Ber., 
1873, 6, 1122, 1125; Annalen, 1873, 170, 214) from the resin of a 
Javanese podocarp, and was subsequently obtained by Easterfield 
and Aston (Trans. New Zealand Inst., 1904, 36, 483; 1911, 43, 53; 
P., 1903, 19, 190) from the resin which occurs in shakes in the wood 
of Dacrydium cupressinum (“ rimu ’’) and of Podocarpus dacrydioides 
(“‘ kahikatea ’’). By distilling the pure acid with zinc dust, Oude- 
mans obtained a hydrocarbon, C,;H,,, which he believed to be a 
methylanthracene and therefore assigned to it the name meth- 
anthrene: Easterfield and Bagley (J., 1904, 85, 1242), however, 
suggested that it might be a methylphenanthrene. 

We have obtained the same hydrocarbon both by Oudemans’s 
method and, in better yield, by selenium dehydrogenation of podo- 
earpic acid. The quinone, C,;H,)0,, produced by the oxidation 
of methanthrene readily yields a quinoxaline, thus indicating that 
the hydrocarbon is a derivative of phenanthrene, and a survey of 
the literature led to the conclusion that it is probably 4-methyl- 
phenanthrene. We therefore decided to synthesise this hydrocarbon. 
We first attempted to apply the well-known Pschorr synthesis, but, 
being unable to transform the resulting carboxylic acid into 4-methy]- 
phenanthrene, we resorted to a method based on that employed by 
Ruzicka and Seidel (Helv. Chim. Acta, 1922, 5, 369) in the synthesis 
ofcadalene. The yield obtained by the condensation of «-naphthyl 
4F 
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er 


methyl! ketone with bromoacetic ester according to the Reformatsky 
method, however, was unsatisfactory. In a further attempt we 
condensed 1-«-chloroethylnaphthalene with ethyl sodiomalonate and 
obtained 8-l-naphthylbutyric acid, C,,H,-CHMe-CH,°CO,H (m. p. 
108°), in good yield. Difficulties were, however, encountered in 
attempting the reduction of the corresponding ester by the 
Bouveault—Blanc method, the nucleus being attacked as well as 
the side chain under all the conditions tried. The acid has subse. 
quently been degraded by the Curtius-Schroeter method and we 
hope to obtain both 4-methylphenanthrene and | : 4-dimethyl- 
phenanthrene by this route. 

Finally, we prepared 4-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene 
(I), essentially according to the pod hs of Schroeter, Miller, and 
Huang (Ber., 1929, 62, 657), and condensed it with methylmagnesium 
iodide. The resulting carbinol lost water on distillation, and 
dehydrogenation of the product with selenium gave 4-methyl- 
phenanthrene (II) in satisfactory yield. A careful comparison 
disclosed no differences between the synthetic hydrocarbon and 
that obtained from podocarpic acid. The hydrocarbons, quinones, 
and quinoxalines melted at the same temperature, either alone or 
after admixture. The picrates and styphnates were also identical, 
but these are less satisfactory for purposes of comparison owing to 
their relative instability. The relation between 4-methylphen- 
anthrene and podocarpic acid will be discussed in a subsequent 


communication. 
(I.) a: CH, 
Ke, CH, M (II.) 
NG, 


EXPERIMENTAL. 


Methanthrene from Podocarpic Acid.—(1) Podocarpic acid was 
distilled with zinc dust as described by Oudemans (Annalen, 1873, 
170, 243), and the distillate was dissolved in ether, extracted with 
10% sodium hydroxide solution, and distilled at 2mm. Fraction (i), 
b. p. <155°, was a light yellow oil; fraction (ii), b. p. 155—185°, 
solidified on cooling ; and fraction (iii), b. p. 185—-205°, was a viscous 
brown oil which deposited a small quantity of solid on cooling. 
The united solids, after recrystallisation from 95°, alcohol to remove 
an impurity which turns black on exposure to air, melted at about 
112°. Sublimation and recrystallisation from alcohol finally 
produced colourless crystals, m. p. 117° (Found: C, 93-7, 93°; 
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ky ] H, 6-3, 65. Cale. for C,;H,.: C, 93-8; H, 62%). The average 
we | yield was 0-5% of the weight of the acid employed. The picrate, 
nd prepared from 19 mg. of hydrocarbon and 23 mg. of picric acid in 
P- | 0-5 c.c. of absolute alcohol, formed brownish-red needles, m. p. 
mM} 125-5° (Oudemans gives m. p. 117°). The styphnate, similarly 
he | obtained from 19 mg. of methanthrene and 24 mg. of styphnic acid, 
a 7 separated in small orange needles, m. p. 144-5°. Both derivatives 
se- | were too unstable for satisfactory recrystallisation. ‘The quinone 
Wwe | was obtained by slowly adding a solution of chromic anhydride 
yl. (0-45 g.) in water (0-5 c.c.) and acetic acid (2-4 c.c.) to a solution of 
the hydrocarbon (0-2 g.) in acetic acid (1 c.c.) at 50°, the reaction 
‘ne | being completed by heating in steam for } hour. The crystals which 
nd separated on cooling were washed with ether and recrystallised from 
im | 70% aleohol. They formed orange-yellow plates, m. p. 187—187-5° 
nd (Oudemans gives m. p. 187°) (Found: C, 81-2, 81-3; H, 4-6, 4-8. 
yl] Cale. for C,;H,,0,: C, 81-1; H, 45%). The quinozxaline was 
On f prepared by heating together solutions of o-phenylenediamine 
nd F (29 mg.) in absolute alcohol (0-5 c.c.) and of the quinone (32 mg.) 
es, f in acetic acid (0-5 c.c.) on the steam-bath for 14 hours. It separated 
orf from absolute alcohol-chloroform in cream-yellow, felted needles, i 
al, | m. p. 177° (Found : C, 85-7, 85-7 ; H, 4-9, 5-0; N, 9-4, 9-3. C,,H,,N, 
to f requires C, 85-7; H, 4-8; N, 9-5%). ] 
ch (2) A mixture of podocarpic acid (20 g.) with powdered selenium 
ont f (35 g.) was heated to 290°, and the temperature raised to 340° during 
30 hours. The residue was powdered, extracted with ether in a 
Soxhlet apparatus, and the extract washed with 10% sodium 
hydroxide solution and with water. The solid residue (1-9 g.) 
after removal of the solvent from the dry solution furnished a 
slightly coloured solid (1 g.; b. p. 165—170°) when distilled at 
2—2-5 mm.; a black resin remained. The distillate melted at 117° 
after repeated crystallisation from 95% alcohol. The picrate, 
styphnate, quinone, and quinoxaline were identical with those 
obtained by the previous method. 


8-Naphthyl methyl ketone (m. p. 54°) was obtained in 48—50% 





yield by the condensation of 8-naphthonitrile with methylmagnesium 
1) Ft iodide (1-5 mols.) at the b. p. of toluene. No appreciable reaction 
> occurs in ethereal solution. The «-ketone, b. p. 162-5—163-5°/ 
a ; 


12 mm. (picrate, m. p. 118°), was prepared in equal yield by the 
same method. 

"8 f Bromomethyl 8-Naphthyl Ketone.—A solution of bromine (10 g.) 
¥? Bin carbon tetrachloride (30 g.) was slowly added (at room tem- 
- perature) to 8-naphthyl methyl ketone (10 g.) dissolved in the same 
lly solvent (30 g.). Hydrogen bromide was removed by aspirating 
ti dry air through the solution, and the solvent was then removed 


us 







2296 A SYNTHESIS OF 4-METHYLPHENANTHRENE. 


under diminished pressure, finally at 50—60°. The solid residue 
was recrystallised from ether-light petroleum (b. p. <40°), and 
yielded white needles, m. p. 80° (Found, by the Stepanov—Rosanoff 
method: Br, 32:3. Calc.: Br, 32-1%). The picrate, a buff- 
coloured microcrystalline powder, may be recrystallised from 
alcohol; it melts at 93°. Bromomethyl «-naphthyl ketone (b. p. 
176—178°/3 mm.; n% 1-6643. Found, by the Stepanov—Rosanoff 
method: Br,32-6. Calc.: Br, 32-1%) was prepared from «-naphthy] 
methyl ketone inthe same way. Its picrate consists of light yellow 
needles, m. p. 80-5°, sparingly soluble in alcohol. 

4-Keto-1 : 2:3 : 4-tetrahydrophenanthrene. — Bromomethy]-§- 
naphthyl ketone was condensed with ethyl sodiomalonate (1 mol.) 
in benzene solution essentially according to the method of Schroeter, 
Miiller, and Huang (Ber., 1929, 62, 657. Compare also Kroll- 
pfeiffer and Schafer, Ber., 1923, 56, 623; Schafer, Diss., Marburg, 
1922). Considerably lower yields were obtained in alcoholic solu- 
tion. The ethyl 2-naphthacylmalonate so obtained was converted 
into y-2-naphthylbutyric acid as described by these authors, and we 
confirmed their results in all essential details. The transformation 
of this acid into 4-keto-1 : 2 : 3 : 4-tetrahydrophenanthrene by the 
action of phosphorus pentachloride gave a much smaller yield than 
that recorded by Schroeter and his co-workers, but substitution of 
thionyl chloride (3 mols.) gave a much better yield. The ketone 
melted at 69°. 

4-Methylphenanthrene.—The cyclic ketone (2-4 g.) was condensed 
with methylmagnesium iodide (1-5 mols.) in benzene—ether solution * 
(15 ¢.c.), the mixture being finally boiled for an hour. The product 
was decomposed with ice-cold, dilute sulphuric acid, taken up in 
ether, washed with dilute sodium hydroxide solution and with 
water, and dried over sodium sulphate. A semi-solid mass 
remained after removal of the solvent, and appeared to be a mixture 
of the tertiary alcohol with the hydrocarbon resulting from its 
dehydration. On distillation, a small quantity of water was evolved 
and the residual oil (2 g.) passed over at 170—175°/11 mm. De- 
hydrogenation .was effected by heating a mixture of selenium 
powder (2-0 g.) with the hydrocarbon (1-8 g.) for 30 hours at 300— 
340°: The product was extracted with ether, and after removal of 
the solvent there remained a grey solid, which on distillation passed 
over at 175—185°/10 mm., leaving a small resinous residue. The 
distillate (1-05 g.) rapidly solidified on cooling, and after several 
recrystallisations from 95% alcohol, melted at 117° (Found: ¢, 

* When the condensation was conducted in toluene in absence of ether, the 


sole product of the synthesis was phenanthrene (quinone, m. p. 206°; quin- 
oxaline, m. p. 224°). 
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93-5, 93-6; H, 6-5, 6-6. C,;H,, requires C, 93-8; H, 6-2%). The 
picrate and styphnate melted at 125° and 144° respectively. 
4-Methylphenanthraquinone was prepared from the synthetic 
hydrocarbon (0-2 g.) by the method already described and melted 
at 187—187-5° (Found: C, 81-4, 81-2; H, 49, 45. C,;H,,0, 
requires C, 81-1; H, 4.5%); it yielded the quinoxaline, m. p. 177° 
(Found : C, 85-6, 85-6; H, 4:8,4-9; N,9-2,9-4. C,,H,,N, requires 
C, 85-7; H, 4-8; N, 9-5°%), on condensation with o-phenylenediamine. 


One of the authors (I. R. 8.) makes grateful acknowledgment to 
the New Zealand Department of Scientific and Industrial Research 
for the award of a National Research Scholarship, which enabled 
him to participate in this work. Their thanks are also due to the 
New Zealand Institute and to the Chemical Society for the loan of 
apparatus. 


AUCKLAND UNIVERSITY COLLEGE, 
UNIVERSITY OF NEW ZEALAND. [Received, July 15th, 1931.] 





CCCXIV..—The Effect of the Solvent on the Rate of 
Acetylation of Ethyl Alcohol by Acetic Anhydride. 


By FREDERICK GEORGE SOPER and EMLYN WILLIAMS. 


THE fact that solvents may, for a number of reactions, be arranged 
in an order which represents their accelerating influence, and that 
for certain reactions this order of solvents is inverted, was noticed 
by Patterson and Montgomerie (J., 1912, 101, 26). One of us, in 
collaboration with Miss Richardson (J., 1929, 1873), has associated 
the inversion of the order of accelerating influences of solvents with 
the relative cohesions of the reaction products and reagents, polar 
solvents accelerating reactions producing polar products and retard- 
ing reactions in which the products are less polar than the reagents. 

Some of the data supporting a retardation of reaction speed by 
solvents of high cohesion may possibly be explained by ionisation 
of a reacting substance in the more polar solvents (as in the decom- 
position of sulphoniun salts; von Halban, Z. physikal. Chem., 1909, 
67, 129), and it was thus thought desirable to subject the evidence 
for this type of solvent effect to a further examination. 

The acetylation of isobutyl and isopropyl alcohols by acetic 
anhydride, studied by Menschutkin (Z. physikal. Chem., 1887, 1, 611) 
in hexane, xylene, and benzene as solvents, was found to occur most 
rapidly in hexane. It has now been shown that the acceleration of 
the rate of acetylation of ethyl alcohol by solvents of low polarity 
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is not due,as was possible, to the formation of reactive associated 
molecules of the aleohol, masking the more usual solvent influence. 

In benzene, as typifying non-polar solvents, the reaction rate is 
proportional to the concentration of the alcohol up to 0-3M. At 
higher concentrations the bimolecular velocity coefficient, k,, falls, 
The results obtained at different initial aleohol concentrations are 
shown in Table I, and definitely negative the formation of associated 
molecules which are more easily acetylated. 


TABLE I. 
Effect of association of ethyl alcohol on its rate of acetylation. 


Solvent, benzene. Temperature, 50°. Initial [Ac,O],0-216M. 


Initial EtOH ......... 0-172M 0-259M 0-345M 0-517M 0-690M 
By enessccancccibincsees 0-00390 0-00399 0-00405 0-00363 0-00319 
Initial EtOH ......... 0-862M 1-034M 1:379M 1:724M 
Be sacicosccsscdcssanees 0-00306 0-00269 0-00235 0-00195 


The decrease in velocity coefficient at the higher concentrations 
of alcohol is due to some extent to the medium effect of the alcohol, 
and the velocity coefficients cannot be regarded as indicating the 
degree of association of the alcohol. No appreciable association of 
the alcohol appears to occur, however, at concentrations at which 
freezing-point methods indicate association (Raoult, Ann. Chim., 
1884, 2,66; Beckmann, Z. physikal. Chem., 1888, 2,715; Paterno, 
Ber., 1889, 22, 1430). A similar behaviour is shown by ions which 
react at speeds proportional to their molarity although freezing- 
point and allied measurements indicate their association. The 
kinetic behaviour of ethyl alcohol is thus understandable if associ- 
ation consists, at least in the more dilute solutions, of electrostatic 
attractions between dipoles (Smith and Engel, J. Amer. Chem. Soc., 
1929, 51, 2669). 


The catalysis of the acetylation by acids and bases has been — 


studied and the uncatalysed reaction appears to predominate over 
a considerable range of acid and base concentration. A similar 
conclusion was reached in the analogous reaction of the hydrolysis 
of acetic anhydride studied by Skrabal (Z. Elektrochem., 1927, 33, 
322) and by Kilpatrick (J. Amer. Chem. Soc., 1928, 50, 2891). 

The values obtained for the velocity coefficients of the uncatalysed 
reaction in a series of solvents are given in Table II, together with 
values calculated for the relative cohesions of the solvents (Hilde- 
brance, “‘ Solubility,’ N.Y. 1924). 

Although the solvent effect is only slight in the present example, 
as would in fact be anticipated if the relative polarities of products 
and reagents determine the solvent effect, the order of accelerating 
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TABLE II. 
Acetylation of ethyl alcohol at 50°. 
Eo Ly (1/a +'2 x 293) 

Solvent. vi ry V ke. 
DORI | i SaadbdUhaikcdnewenionan 9-45 243-3 9-61 0-0119 
MONI cntacactvvonsacncesesie — 239-4 9-56 0-0126 
Carbon tetrachloride ......... 13-61 310-0 14-76 0-0113 
Chlorobenzene ..............00.. 14-68 360-8 15-96 0-00533 
DIED ; - Scccantapedontadencsanne 15:29 275-0 15-99 0-00462 
RO. Se ee 14-84 340-0 0-00293 
IN nc cseucasbdnacesaceue 15-50 361-1 17-10 0:00404 
NitrobenzZene ......ccccccccsece 17-17 400-3 17:48 0-00245* 


* Extrapolated from measurements at 60°, 70°, and 80°. 


influence conforms fairly closely with the order of cohesions of the 
solvents. 
EXPERIMENTAL. 


Measurement of the Reaction Speed.—The composition of the 
reaction mixture at various times was determined by estimation of 
the residual acetic anhydride and of the acetic acid produced in the 
reaction (Menschutkin, loc. cit.), the acid titre when the reaction is 
complete being half the initial titre. Satisfactory titration end- 
points could only be obtained if the acetic anhydride was first 
allowed to hydrolyse by standing in contact with water for 24 hours. 
Blank experiments showed that no detectable hydrolysis of ethyl 
acetate occurred under such conditions. An alternative method of 
analysis of the mixture by direct estimation of the residual acetic 
anhydride (Orton and Bradfield, J., 1927, 983) necessitates the use 
of solvents stable to bromine and thus would limit the range of 
solvents available. 

Purification of Materials —Apart from physical constants, the 
test of purity of solvents was supplied by comparison of the speed 
of acetylation before and after further purification by suitable 
methods. The ethyl alcohol, after distillation from metallic 
calcium, had d?® 0-7898, corresponding to 99-86%, assuming water 
was the impurity. Experiments showed that the addition of water, 
at a concentration of 0-005, had no appreciable effect on the speed 
of acetylation in benzene. The acetic anhydride employed was 
purified by fractional distillation through a 12-pear stillhead, and 
boiled from 139-3—139-5°/764:2 mm. The acids and bases used as 
catalysts were B. D. H. (A.R.) and Kahlbaum specimens, except 
quinoline, which after purification distilled at 235—235-4°/755 mm. 

Effect of Acetic Acid on the Reaction Rate.—Although experiments, 
in which the concentration of each reagent was doubled in turn, 
showed that the reaction is dependent on the first power of the 
concentration of each reagent, the bimolecular coefficient decreases 
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as the reaction proceeds. This decrease is due, not to a slight 
reversibility of the reaction, but to a retarding influence of acetic 
acid. The effect of added acetic acid is also similar, in its depressing 
influence on the reaction rate, to the effect of that produced in the 
reaction. 


TABLE III. 


Rate of acetylation of ethyl alcohol in carbon tetrachloride. 
Initial [Ac,0],0-216M ; [EtOH],0-345™. 


© Change......... 30 41 51 64 acid added 
[HAc] present... 0-065M 0-088M 0-110M 0-140M 0-429M 
Be crssccsésvccssouns 0-00996 0-00992 0-00947 0-00933 0-00823 


In acetone as well as in carbon tetrachloride, acetic acid exerts a 
retarding effect on the rate of acetylation, but in ethyl alcohol a 
slight acceleration is experienced. 

Effect of Acids and Tertiary Bases on the Reaction Rate.—The 
effect of bases on the rate of acetylation in carbon tetrachloride, 
acetone, and ethyl] alcohol has been studied. The results obtained 
with carbon tetrachloride and acetone as solvents are in Table IV. 
K,, represents the Bronsted association constant of the base (Ree. 
trav. chim., 1923, 42, 718; J. Physical Chem., 1926, 30, 777). 


TABLE IV. 
Effect of tertiary bases on the rate of acetylation. 
k; in carbon ki in 
Base. Ky. tetrachloride. acetone. 
No athdled BASS cisccscccccccccccnses _— 0-0113 0-0148 
0-:169M Triphenylamine ......... —_— — 0-0169 
0-040M Dimethylaniline ......... 2-42 x 104 0:00883 -— 
0-079M age Lr Sebeanetey a 0:00787 — 
0:237M Wi en, ale a 0-00682 ~- 
0-169M _ |... seaaccers po — 0-0170 
0:085M Quinoline ................6+ 3:2 x 104 0-0100 — 
0-169M ee n- sebeuboeeegtndetee - 0-00895 0-0171 
0-339M in (‘SRR ERREHORONES oo a 0-0165 
O-O6BM Pyridine ..........000..000 1-41 x 105 0-0197 -- 
0-125M en |. Aipieeebaincatiee - 0-0249 —- 
0:250M ee Cee Renee ns 0-0331 “= 
0-375 M ap”. SEEARORSNORESSReee os 0-0357 — 
0-169M eC hemeneeesaseseonce on = , 0-0220 


Although correction was made in evaluating the constants 
obtained in acetone for its slight simultaneous acetylation, the 
velocity coefficients in this medium decrease as the reaction proceeds. 
It was evident, however, that bases which retarded the acetylation 
in carbon tetrachloride accelerated it in acetone. In ethyl alcohol 
as medium the unimolecular velocity coefficient in the absence of 
any added base or acid had a value of 0-00466, whilst in the presence 
of 0-169M-quinoline it had a value of 0-0106. Addition of base to 
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carbon tetrachloride, which is of low cohesion, would cause a greater 
change in the cohesion of the medium than would such addition to 
acetone and alcohol, and in carbon tetrachloride the normal slight 
accelerating influence of the base may be overshadowed by its 
medium effect. 

The effect of weak acids is not unlike that of weak bases. 
Acetic and propionic acids, at a concentration of 0-3M, retard the 
reaction somewhat in carbon tetrachloride and in acetone but 
accelerate it slightly in ethyl alcohol. Benzoic and o-chlorobenzoic 
acids, however, accelerate the reaction in acetone in proportion 
to their strengths. A possible explanation of the retardation by 
acetic and propionic acids is the formation of an inactive complex 
of alcohol and acid by co-ordination, resulting in a decrease of speed 
except in ethyl alcohol medium where the formation of such a 
complex does not reduce appreciably the concentration of free 
alcohol present. 

Measurement of the Effect of Solvent on the Rate of Acetylation.—The 
addition of the weak base quinoline has little effect on the rate of 
acetylation but, by its combination with the acetic acid formed, 
prevents an autoretardation of the speed. The rate under these 
conditions conforms closely to a bimolecular law. The value of the 
velocity coefficient in carbon tetrachloride, extrapolated to zero 
concentration of quinoline (Table II), agrees fairly closely with the 
value of the coefficient, in the absence of quinoline, extrapolated to 
the moment of initiation of the reaction when no acetic acid is 
present. The former extrapolation was selected as being the more 
precise, and measurements, in duplicate, of the rate of acetylation 
in the series of solvents were carried out at concentrations of quinoline 
of 0-169M and 0-339M. The values are in Table V. 


TABLE V. 
Effect of quinoline on the rate of acetylation at 50°. 


k, in k, in k, in k, in 
presence presence presence presence 
of 9-:169M- of 0-339M- of 0-169M- of 0:339M- 
Solvent. quinoline. quinoline. Solvent. quinoline. quinoline. 
Hexane....... . 0-00969 0-00750 Benzene ...... 0-:00406 0-00350 
Heptane ...... 0-01060 0-00858 Anisole ......... 0:00283 0-00273 
Carbon tetra- Chloroform ... 0-00372 0-00342 


chloride *... 0-00895 Nitrobenzene 0-00215 0-00185 


Chlorobenzene 0-00472 0-00409 
* In the presence of 0-085M-quinoline, k, in carbon tetrachloride as 
medium = 0-0100. 


The values of the velocity coefficients in the various solvents, 
extrapolated to zero concentration of quinoline, are given in Table II, 


together with values for the relative cohesions of the solvents. 
4¥F2 
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Discussion. 


The confirmation of the relation of solvent effect to the relative 
polarities or cohesions of products and reagents leads to an interest- 
ing deduction of the solvent effect on a balanced reaction. 


A+B=P+Q 


The replacement of a solvent of low by one of high cohesion will be 
either to accelerate the forward reaction 1 and retard reaction 2, or 
vice versa, depending on the relative cohesions of products and 
reagents; that is, in many cases, the solvent effect on the speeds of 
direct and reverse reactions will be reciprocal, causing a change in 
the equilibrium constant with change of solvent (compare Dimroth, 
Annalen, 1913, 399, 91). To explain this reciprocal effect is difficult 
if the solvent anomaly is due entirely to a deactivating influence of 
the solvent molecules on the critically energised complexes of the 
reagents (Norrish and Smith, J., 1928, 129). On this explanation, 
the replacement of one solvent by another should, since the same 
intermediate complex is involved, result in either a retardation or 
an acceleration of both forward and reverse reactions. The view, 
however, that the degree of resolution of the highly energised 
critical complexes into products depends on the nature of the solvent 
(J., 1929, 1873), such that polar solvents favour the formation of 
polar substances, would be in harmony with this reciprocal effect. 

Further support for this theory is afforded by the work of Moesveld 
(Z. physikal. Chem., 1923, 103, 486) on the effect of pressure on the 
rate of the reactions 


CH,°CO-0-C,H, + OH’ —> CH,°CO-0’ + C,H,-OH 
and 
5HBr + HBrO, —> 3Br, + 3H,0, 


the latter of which may probably be represented kinetically by the 
consecutive reactions 


2H* + Br’ +. BrO,’——> HBrO + HBrO, 
_ HBrO + HBr —> Br, + H,O 
HBrO, + 3HBr —> 2Br, + 2H,O 


the first stage being slow and determining the reaction speed. In 
the ester hydrolysis there is no change in the ion concentration but 
the polar alcohol replaces the relatively non-polar ester. In the 
bromate-bromide reaction, ions disappear to form non-ionised 
substances. Both reactions are attended by an increase in volume 
(Moesveld, Joc. cit.; Benrath, Z. physikal. Chem., 1909, 67, 501). 
The effect of increase of pressure, however, which causes an increase 
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in the inter-molecular forces in the liquid solvent, is, in the former 
case, where a polar substance is being produced from a relatively 
non-polar substance, to increase the reaction speed, and in the latter 
case, where non-ionised molecules are being produced from polar 
ions, to decrease it. This would be anticipated if an increase of the 
internal forces in the liquid were to favour a resolution of the highly 
energised intermediate critical complex into polar substances. The 
intermediate critical complex may be envisaged as oscillating 
between two unstable states, one corresponding to a resolution into 
products, the other into reagents. The change of solvent may cause 
a greater fraction of one of these unstable forms to decompose. 

Moreover, if the proportion of critical complexes which break up 
into reaction products varies with temperature, an explanation 
might be forthcoming of the marked, and apparently haphazard, 
changes in the observed energies of activation of a reaction in 
different solvents. 


In conclusion the authors wish to acknowledge a grant from the 
Chemical Society Research Fund which has defrayed the cost of the 
solvents used. They are also indebted to Imperial Chemical 
Industries for assistance. 


UNIVERSITY COLLEGE OF NORTH WALES, 
BANGOR. [ Received, June 5th, 1931.] 





CCCXV.—Ezxplosions in Closed Cylinders. Part V. 
The Effect of Restrictions. 


By Witt1amM AntHoNy Kirkby and RicHarp VERNON WHEELER. 


CHAPMAN and WHEELER (J., 1926, 2139; 1927, 38) have recorded 
the pronounced effect on the speed of propagation of flame in 10% 
methane—air mixtures in-a tube open at both ends when a number 
of restricting rings are arranged within the tube. With the particu- 
lar tube they used (of brass, 240 cm. long and of 5 cm. internal 
diameter), the maximum effect of the restricting rings (brass annuli, 
1 mm. thick, 2-5 em. internal diameter) was obtained when there 
were 12 of them, with a distance of 5 cm. between each. When the 
mixture was ignited at one end of the tube and the first of the set of 
tings was between 50 and 100 cm. from that end, the flame beyond 
the restricted region had a constant speed of 420 m. per sec., as 
compared with a mean speed of about 0-7 m. per sec. in an un- 
restricted tube. In explanation of the general effect of restrictions, 
it was shown that during the early stages of an explosion in a tube 
the unburnt mixture ahead of the flame-front is moved as a current, 
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and the speed of the flame depends to a considerable extent on the 
speed of that current. The effect of one or two widely spaced 
restrictions is mainly on the speed of the medium in which the 
flame is moving, but when the restricting rings are close enough 
together, the tongue of flame that darts forward at the first restrict- 
ing ring shoots right through the second and enflames the mixture 
beyond it whilst the portion between the two is still burning. The 
combustion of a comparatively large volume of gas is thus almost 
instantaneous. 

During an explosion in a closed tube, the gas mixture has not so 
much freedom of movement as when the tube is open at both ends, 
but there is some movement ahead of the flame-front during the 
earlier stages (see Ellis, ‘‘ Fuel in Science and Practice,” 1928, 
7, 504). Whether that movement would be materially affected 
by the presence of restrictions, in such a way that a more rapid 
explosion would occur, has been determined in the present research, 

The closed cylinder used for the experiments was of gun-metal, 
of 10 cm. internal diameter and 171-4 cm. long. It was fitted with 
an ignition-plug at one end and a recording manometer of the 
diaphragm type at the other. A longitudinal window of quartz, 
1 cm. wide, enabled the flame of the explosion to be photographed 
from end to end on a revolving drum. Simultaneous, carefully 
synchronised, records of the development of pressure and the move- 
ment of flame during the explosions were obtained. A description 
of the cylinder and manometer is given in this vol., p. 847. 


Mixtures of Methane and Air. 

Of a number of experiments made with mixtures of methane and 
air, one example only need be described. The cylinder was fitted 
with a series of ten restricting rings, equally spaced 4 cm. apart over 
the middle 40cm. The restrictions were annuli of internal diameter 
7-1 cm. and external diameter 10 cm. They were fitted to a brassiil 
frame of the same length as the cylinder. This frame was pushed 
into the cylinder, making a sliding fit, and held in position by the 
end plates of the cylinder, which were bolted on. The rings were of 
brass, 3 mm. thick, and each reduced the diameter of the cylinder 
at the point at which it was fitted to 7-1 cm., thereby reducing the 
cross-sectional area to one-half. A 10° methane-air mixture was 
used, initially at atmospheric temperature and pressure. The 
records of flame-movement (much reduced in size) and pressure- 
development are reproduced on Plate I, the diagram at the foot 
representing the cylinder. The rate of movement of the photo- 
graphic paper for these records was 2-44 m. per sec. 

Three distinct stages of the explosion are observable, correspond- 
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Detail of wave-movement at A, Plate Il. 
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ing with the progress of the flame through (1) the unrestricted portion 
of the cylinder over a distance of 65-7 cm. from the point of ignition 
at the end, (2) the restricted portion, 40 cm. long, and (3) the remain- 
ing unrestricted portion, 65-7 cm. long. From the point of ignition 
to the first restricting ring, the manner of movement of the flame 
is as in a plain cylinder of the same dimensions (Joc. cit., Plate II) and 
the mean speed is about the same, 8-5cm. persec. Just before the 
first restriction is reached, however, the flame begins to move more 
rapidly, and it moves very rapidly indeed through the central 
restricted portion of the cylinder, and over about 40 cm. beyond, 
attaining a speed of about 200 m. per sec. Thereafter, having 
travelled about 140 cm., the flame begins to vibrate, as in a plain 
cylinder, and travels slowly to the end. 

The total time taken for the flame to travel from one end of the 
cylinder to the other was 0-17 sec., as compared with 0-41 sec. in an 
unrestricted cylinder. The maximum pressure was recorded 0-09 
sec. after ignition. Since the manometer was not critically damped, 
the magnitude of the pressure could not be determined accurately. 
It was about 4-8 atms. 

The acceleration of the flame (photographed along the axis of the 
cylinder) as it approaches the first restriction can be ascribed to an 
increase in the speed of movement of the unburned mixture ahead of 
the flame, there being a convergence of the stream lines of flow 
(compare Chapman and Wheeler, loc. cit., p. 2145). As the flame 
travels rapidly forwards through the series of restrictions, a short 
tongue of burning gases shoots backwards and, at the moment when 
the last restriction has been passed, 0-09 sec. after ignition, there is 
an intense re-illumination throughout the cylinder between the first 
restriction and the point of ignition. Alternate dark and light bands 
appear in these re-illuminated gases, corresponding with an increase 
and a decrease in luminescence (the photograph being a “‘ negative ’’). 
These bands are of the same nature as those which we have described 
as accompanying a vibratory methane-air explosion in the same 
cylinder without restrictions, but their frequency is double, 487 as 
compared with 240. The frequency of the bands, which remains 
constant, is the same as that of the undulations of the flame-front. 
From this it can be concluded that the vibrations are those of a 
longitudinal stationary wave maintained in the column of gases 
behind the flame-front. The frequency is probably that of the first 
harmonic for the system. 


Mixtures of Carbon Monoxide and Air. 


In explosions of mixtures of carbon monoxide and air the flames 
are more actinic than with methane-air explosions. In order to 
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study vibrating flames more closely, therefore, mixtures of 58%, 
carbon monoxide in air (saturated with water-vapour at 18°), 
initially at atmospheric temperature and pressure, were exploded 
in the restricted cylinder. The ten restrictions were in the same 
position as in the methane-air explosions, but their internal diameter 
was5cm. The records of flame-movement are reproduced on Plate 
II, the rate of movement of the photographic paper being 16-65 m. 
per sec., whilst Plate III shows, on a larger scale, so that the incident 
and the reflected waves at the end of the cylinder can be seen, the 
re-illumination at A, Plate II. The speed of the incident and the 
reflected waves is approximately the speed of sound in the hot gases. 

The release of energy as the flame travelled through the restrictions 
was remarkably rapid, as judged by an almost instantaneous increase 
of pressure of about 4 atms. The sudden expansion resulting from 
the almost simultaneous combustion of the gas in each of the nine 
compartments formed by the restrictions, as a tongue of flame shot 
through them, produced a shock wave to which the vibrations of 
large amplitude can be ascribed. In the original photographs, a 
wave can be traced back through the burning gases, travelling at a 
speed of 1380 m. per sec. 


This work has been carried out in connexion with researches for 
the Safety in Mines Research Board, to whom our thanks are due for 
permission to publish the results. We also wish to thank Mr. 
W. A. Batley, M.Sc., of the Department of Fuel Technology, 
Sheffield University, for valuable help during the experiments. 


SAFETY IN Mines RESEARCH LABORATORIES, 
SHEFFIELD. [ Received, June 30th, 1931.] 





CCCXVI.—The Reaction between Alkali Phosphates 


and Chloroplatinic Acid in Ammoniacal Solution. 
By Bertram Eastwoop Drxon. 


THE composition of the precipitate formed by the interaction of 
soluble phosphates with chloroplatinic acid in ammoniacal solution 
does not appear to have received attention. In one of his methods 
for the preparation of chloropentammino- and hexammino-platinic 
salts, Tschugaev (Z. anorg. Chem., 1924, 137, 1) obtained an impure 
phosphate by heating together ammonium chloroplatinate, disodium 
phosphate, and aqueous ammonia. He did not further investigate 
this product, but by repeated precipitation from its solution in acid 
with concentrated hydrochloric acid and with ammonium hydroxide 
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he obtained chloropentamminoplatinic chloride. It has now been 
found that under certain conditions a pure product of definite 
composition can be obtained from chloroplatinic acid. 

The main reaction may be regarded as consisting of a number of 
consecutive reactions each involving the replacement of one chlorine 
atom by an ammonia group from [PtCl,]” to [Pt(NH,),]'"’. At 
certain stages the progress of the main reaction may be checked by 
the withdrawal of an insoluble product, but unless the conditions 
of temperature, concentration, time, etc., are specifically suited for 
the formation of this compound, it is contaminated with the products 
of simultaneous reactions. From the results of a large number of 
tests the conditions were determined for the formation of a precipi- 
tate of definite composition, namely, chloroamidotetramminoplatinic 
hydroxyhydrophosphate. Briefly, these conditions are: (1) A 
relatively great dilution. The addition of ammonia to fairly con- 
centrated mixed solutions of chloroplatinic acid and sodium or 
ammonium phosphate yielded immediate light yellow precipitates 
apparently consisting of mixtures of ammonium chloroplatinate 
and phosphates of platinammines of high chlorine content. With 
moderate concentrations of chloroplatinic acid (more than 0-2%) 
the separation of ammonium chloroplatinate soon commenced ; its 
formation delayed the main course of the reaction and its re-solution 
in the cold was extremely difficult and probably never complete. 
(2) Room temperature. Analysis of the product obtained in hot, 
moderately concentrated solution indicated the partial formation 
of a hexamminoplatinic salt. (3) Maintenance of an excess of 
ammonia. Unless the hydroxyhydrophosphate is allowed to remain 
in contact with a large excess of ammonia, during both the initial 
and the subsequent precipitations, it is contaminated with a phos- 
phate of lower alkaline function. This is a monochloroammine 
salt having a higher phosphate content and is probably the dihydro- 
phosphate (q.v.). 

For the preparation by this method of several grams of material 
a period of several weeks is necessary. The almost total insolubility 
of the hydroxyhydrophosphate in ammonia supports the assumption 
that it is the first of the successive reaction products which is 
insoluble under the conditions of the experiment, and that its separ- 
ation from solution is complete before the replacement of the last 
chlorine atom in the platinic complex has commenced. The product 
remains unchanged in composition after solution in hydrochloric 
acid and reprecipitation by ammonia, as shown by the determination 
of platinum and chlorine in successive precipitates. It may be 
noted that this reprecipitation would not necessarily eliminate any 
hexammine salt that might be present. 
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Constitution of Chloroamidotetramminoplatinic Hydroxyhydro- 
phosphate.—The chlorine and five nitrogen atoms are firmly bound 
to platinum. Prolonged boiling of the substance with an acid 
solution of silver nitrate produces a negligible precipitate, and 
similar treatment with a dilute solution of potassium hydroxide 
liberates only traces of ammonia. A yellow precipitate forms 
readily with a nitric acid solution of ammonium molybdate on 
warming, and more slowly in the cold. The last reaction, although 
indicating the presence of some ionised orthophosphate, does not 
furnish a valid proof of the existence of all the phosphate in the 
ionised condition. It was found, however, that the phosphate could 
be completely precipitated by ferric chloride in cold neutral, or very 
slightly acid, solution ; it is thus very improbable that the phosphate 
is bound directly to platinum, either wholly or with one principal 

[PtX,]—O. 
valency out of several available valencies, eg., ~~. 7 The 
O-PO,H 
aqueous solution of the substance reacts alkaline to methyl-orange 
and litmus. With methyl-orange as indicator, it can be titrated 
with hydrochloric acid to a sharp end-point, either directly or by 
solution in excess of standard acid and titration with alkali; two 
equivalents of hydrochloric acid are required. In accordance with 
the above evidence and the analysis, the compound may be formul- 
9 7 “way \ (OH 
ated [Pt(NH,),C\(NH,) |" po, 

Tschugaev (Z. anorg. Chem., 1924, 137, 401) on theoretical 
grounds considered likely the formation of compounds of the 
hypothetical series [Pt(NH,),Cl(NH,).]X, of which the compound 
just described will constitute a member. By the action of alkalis 
on chloropentamminoplatinic trichloride, he obtained chloroamido- 
tetramminoplatinic dichloride, [Pt(NH,),Cl(NH,)|Cl,, which he 
assumed was formed by the loss of the elements of water from a 
OH 
JCI, 
of the amido-salt to combine with one equivalent of hydrochioric 
acid to reform the chloropentammine he explained by the assump- 
tion of partial hydrolysis into the basic salt in aqueous solution. 
From the ready solubility of the chloroamidotetrammine salts in 
sodium hydroxide, Tschugaev argued that these might undergo in 
solution a further change to form the hypothetical compounds 
[Pt(NH;),Cl(NH,).]Cl and [Pt(NH,),Cl(NH,),] and that the gradual 
change in the nature of the complex would, by exerting an influence 
on the function of the bound chlorine atom, render possible the 
formation of [Pt(NH,);(OH)](OH),, which occurs when the alkaline 
solution is warmed. 


hypothetical intermediate basic salt, | PEN H,),Cl 
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In the reaction under investigation, the conditions are favourable 
to the formation and detection of such a salt of higher alkaline 
function, since (1) the platinic complex is combined, not with hydro- 
chloric acid, but with the weak phosphoric acid, which incidentally 
has a tendency to form insoluble basic salts, and (2) the solubility 
relationships involve the removal of the dibasic phosphate from the 


ammoniacal] solution, whereas the corresponding chlorides, if formed, 


would be soluble in excess of sodium hydroxide and would remain 
undetected. 

When the substance is heated gradually to 130°, a molecule of 
water is expelled with great difficulty; no loss in weight is then 
suffered until 155—160°, at which temperature the evolution of 
ammonia commences. The substance suffered hardly any change in 
titre with methyl-orange by being heated to 130°, although it did not 
then dissolve so readily in acid; its solution in nitric acid still gave 
a precipitate with ammonium molybdate in the cold. The water 
expelled on heating was also determined directly by collecting and 
weighing the condensed water. At a much higher temperature, the 
expulsion of a second molecule of water, accompanied by copious 
evolution of ammonia and sublimation of ammonium chloride, 
indicated the disruption of the orthophosphate radical. The 
formulation of the water as hydroxide, rather than simply as water 
of crystallisation, which is supported by consideration of the mode 
of formation of the compound by precipitation with ammonia, and 
by the tendency of phosphoric acid to form basic salts, receives 
justification in the difficulty and comparatively high temperature 
of expulsion. 

Chloroamidotetramminoplatinic Dihydrophosphate.—The hydroxy- 
hydrophosphate dissolves readily in dilute or glacial phosphoric 
acid and is not reprecipitated by excess of the reagent. It is interest- 
ing to note in this connexion that when disodium phosphate solution 
is added gradually to a solution of chloropentamminoplatinic 
chloride, precipitation is not complete until the supernatant liquid 
is alkaline to litmus, and the precipitate, after thorough washing, 
has a definite titre with hydrochloric acid, methyl-orange being used 
as indicator. A solution of the hydroxyhydrophosphate in a slight 
excess of phosphoric acid was evaporated gently until of syrupy 
consistency and allowed to cool. Crystals were formed with some 
difficulty by scratching the sides of the vessel, or more easily by the 
addition of alcohol. The substance required one equivalent of 
hydrochloric acid on titration with methyl-orange, and the analysis 
agreed with the formula [Pt(NH,),Cl(NH,)](H,PO,)>. 

Titrations.—Since methyl-orange is unaffected by the primary 
phosphate radical, the titration of both salts offers no difficulty if 
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the solutions are kept fairly concentrated, and the titration carried 
to a yellow end-point. The hydroxyhydrophosphate and the 
dihydrophosphate, dissolved in two and one equivalents respectively 
of hydrochloric acid, can be titrated fairly sharply with alkali in the 
presence of excess of calcium chloride with phenolphthalein as 
indicator. If the titration is carried out in the absence of the 
calcium chloride, the precipitate is formed so slowly after each 
addition of alkali that no end-point can be reached; for the same 
reason it is impossible to detect the point at which conversion into 
secondary phosphate is complete, e.g., by titration with phenol- 
phthalein in a cold saturated solution of sodium chloride. The 
acid solution of hydroxyhydrophosphate required just over two 
equivalents of alkali, and that of the dihydrophosphate four equi- 
valents. The slight excess of alkali can be explained by the fact that 
chloroamidotetramminoplatinic chloride, which is a slightly weaker 
base than ammonia at the same dilution (Griinberg and Faermann, 
Z. anorg. Chem., 1930, 193, 193), can only be approximately titrated 
with phenolphthalein, which changes when about 90% of the 
theoretical amount of acid has been added. The error is less serious 
in the case of the dihydrophosphate than of the hydroxyhydro- 
phosphate, and, as is to be expected, increases when indicators of 
higher alkaline exponent are used. However, when due allowance 
is made for this error, the results of the titrations with phenol- 
phthalein afford a valuable confirmation of the condition of the 
primary orthophosphate radical in the two salts. It was found 
impossible to titrate electrometrically the acid solutions of the 
phosphates by means of a hydrogen electrode, owing to a gradual 
alteration in potential after each addition of alkali. 

The hydroxyhydrophosphate possesses a twofold theoretical 
interest. As already mentioned, in the dehydrated condition as 
chlorodiamidotriamminoplatinic hydrophosphate, it forms a member 
of a new series, [Pt(NH,),Cl(NH,),.|X, capable of combining with 
two equivalents of hydrochloric acid. Secondly, in its capacity as 
basic salt, it furnishes a concrete example of the type of inter- 
mediate basic salt assumed by Tschugaev in the formation and in 
the hydrolysis of the chloroamidotetrammine series : 


| Pe(NH,),C1 |x" = [Pt(NH,),CINH,]X, + H,0. 
“ss 


Significance in General Analytical Work.—It is evident that the 
conditions of formation of chloroamidotetramminoplatinic hydroxy- 
hydrophosphate are those obtaining on the addition of alkali phos- 
phates to ammoniacal solutions containing small amounts of 
platinum as platinic chloroammines of the Werner series. The 
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amount of metal dissolved from platinum apparatus during the course 
of a silicate analysis, especially during the evaporation in platinum 
dishes of natural silicates containing much iron or chromium, may 
be appreciable, often reaching 0-01 g. or more. Owing to the 
complicated reactions involved, any assumption as to the condition 
of the platinum during the course of the analysis must be made with 
reserve. It is probable, however, that the platinum is present in 
solution chiefly as chloroplatinic acid, since the greater part of the 
metal has been dissolved during the formation of nascent chlorine, 
e.g., by the action of hydrochloric acid on small amounts of mangan- 
ate, chromate or vanadate, or by the reduction of ferric chloride by 
the platinum of the dish. Upon the addition of ammonia a mixture 
of ammines will be formed, which will pass into the filtrate together 
with calcium and magnesium salts. 

Tests carried out with small known amounts of chloroplatinic 
acid indicated that in the course of an ordinary silicate analysis 
small amounts of platinum (2—3 mg.) are precipitated with the 
magnesium ammonium phosphate. This was confirmed by the 
examination of ignited magnesium pyrophosphate residues obtained 
in the actual analyses of a number of rocks of the type referred to 
above. It appears likely, then, in these circumstances, that some 
of the dissolved platinum is precipitated with the magnesium in the 
form of compounds identical with, or similar to, those described in 
this paper. It is therefore recommended that, in the accurate 
analysis of silicate rocks and minerals containing appreciable 
amounts of the elements mentioned above, the dissolved platinum 
should be separated by means of hydrogen sulphide after the 
removal of the silica. 

EXPERIMENTAL. 

Chloroamidotetramminoplatinic Hydroxyhydrophosphate.—Chloro- 
platinie acid corresponding to 10 g. of platinum, and 100 g. of 
sodium ammonium hydrogen phosphate were dissolved in 14 litres 
of water in a loosely-stoppered, wide-mouthed bottle and 50 ml. of 
aqueous ammonia (d 0-880) were added. The solution was kept in 
a cool place and stirred frequently. In a day or two a white crystal- 
line deposit commenced to form, and more ammonia was then added 
from time to time. (The separation of ammonium chloroplatinate, 
which may take place if the solution is too strongly ammoniacal 
before much phosphate has formed, is to be avoided, as it is difficult 
to redissolve in cold ammoniacal solution, and heating may result 
in some hexammine salt formation. Although an appreciable 
amount of chloroplatinate may be masked by much phosphate, the 
yellow isometric crystals of the former are easily distinguished 
microscopically from the anisotropic needles of the phosphate.) At 
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the end of a month the yellow colour of the solution had disappeared 
and the precipitate was filtered off, washed with cold water, redis- 
solved in dilute hydrochloric acid, and filtered from a small amount 
of insoluble matter. A few drops of ammonium phosphate solution 
were added and then ammonium hydroxide was added gradually 
with constant stirring until reprecipitation was complete. Finally 
10 ml. excess ammonia were added and the mixture was kept over- 
night. The precipitate was filtered off, washed by decantation with 
cold, then with hot water, and dried. At the end of 2 months, 75% 
of the platinum had been precipitated from solution. 

Chloroamidotetramminoplatinic hydroxyhydrophosphate appears as 
long colourless prismatic needles when formed in very dilute solution, 
and as small crystals of great lustre when reprecipitated by ammonia 
from acid solution. It is readily soluble in dilute acetic acid, and, 
on warming, in dilute sodium hydroxide solution ; one part by weight 
dissolves in 10,000 parts of water at 15°, in 5,000 parts of water at 
100°, and in 50,000 parts of 5% ammonium hydroxide solution at 
15° {Found in material dried at 100°: Pt, 45-6; N, 16-4; Cl, 8-2; 
P, 7-3. [Pt(NH,),Cl(NH,)](OH)H,PO, requires Pt, 45-5; N, 16°3: 
Cl, 8:3; P, 7-2%}. 

For the approximate estimation of the ionised phosphate, a known 
weight of the substance was dissolved in a little hydrochloric acid, 
a slight excess of ferric chloride solution added, and then sodium 
hydroxide until the mixture was alkaline to litmus. A mixture of 
acetic acid and ammonium acetate was added until the solution was 
just acid, and the precipitated phosphate was filtered off in the cold 
and estimated in the usual way. Only traces of platinum were 
found in the precipitate (Found: POQ,, 21:25. Calc.: total PO,, 
22-15%). 

The substance was heated in an air-oven, the temperature being 
increased by intervals of 5°. The loss in weight was very gradual, 
2—3 hours often being required in order to reach a constant weight 
at a given temperature. At 130° the loss in weight was 4:01% 
(1 equivalent H,O requires 4-20%); the weight was then constant 
until 155—160°, when the evolution of ammonia commenced. The 
water was also directly determined by cautiously heating the sub- 
stance in a modified form of Brush and Penfield’s tube, the closed 
end of the tube being enclosed in copper gauze. At a dull red heat a 
sublimate of ammonium chloride formed at a short distance from 
the source of heat and water condensed farther on. The part of the 
tube containing the water was drawn off and weighed, the contents 
were washed into a vessel, and the empty tube was weighed. The small 
amount of dissolved ammonia was determined by titration ; no trace 
of chloride or phosphate was present. A correction in the weight of 
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water was made for the weight of ammonia and for the buoyancy due 
to ammonia gas (Found: H,O, 8-27, 8-90. Two equivalents H,O 
require 8-40%). 

Chloroamidotetramminoplatinic Dihydrophosphate.—The prepar- 
ation has been described in the theoretical part. The crystals, 
which showed a tendency to clot, were filtered off, ground in a mortar 
with water, and washed until free from phosphoric acid. The 
substance was similar in appearance to the hydroxyhydrophosphate 
and unaffected by boiling water {Found: Pt, 38-15; P, 12-15. 
[Pt(NH,),Cl(NH,)](H,PO,), requires Pt, 38-35; P, 12-2%}. 

Titrations.—All titration values, whether of acid or of alkali, are 
expressed as percentages of HCl of the titrated substance. With 
methyl-orange, the volume of solution was kept below 100 ml. and 
the end-point taken as yellow (py 4:0). For titrations with phenol- 
phthalein, the substance was dissolved in two or one equivalents of 
0-05N-hydrochloric acid respectively, 20 ml. of 50% calcium chloride 
solution and a few drops of indicator were added, and the titration 
was carried to a decided pink. With indicators of higher exponent 
than thymolphthalein (py 9-3—10-5), e.g., tropeolin O (py 11-0— 
13-0), no end-point could be obtained. 


Thymol- 
Methyl-orange. Phenolphthalein. phthalein. 
Found. Calc. Found. Calc. Found. 


Hydroxyhydro- 
phosphate ...... 16:95 acid 17:00 acid 1-07 alk. nil 4-2 alk. 
Dihydrophosphate 7-09 acid 7-l6 acid 21-30 alk. 21-48 alk. 24-7 alk. 
For the purpose of calculating the theoretical values for phenol- 
phthalein, the base is assumed to be perfectly titratable in the 
presence of this indicator. 


The author desires to express his thanks to Sir Robert Robertson 
for permission to publish this paper. 


GOVERNMENT LABORATORY, 
LonpDon. | Received, July 10th, 1931.] 





CCCXVII.—An X-Ray Examination of Arabinose, 
Xylose, and Rhamnose. 
By Ernest Gorpon Cox. 


THE results presented here are the first obtained in an investigation, 
which will be extended to include many sugars and their derivatives 
with the object of investigating closely by X-ray methods the struc- 
ture of the sugar-ring in the monosaccharides and of determining as 
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far as possible the manner in which these rings are linked in the 
polysaccharides. 

The available data for the sugars have been reviewed by Astbury 
and Marwick (Nature, 1931, 127, 12), who suggested that the six- 
atom sugar-ring has in the crystalline state approximately constant 
dimensions, being about 44 by 5} by 74 A.U., the first dimension 
being that normal to the ring. Unfortunately it is at present almost 
impossible to interpret such results as these in terms of the structure 
of the molecule. Considerations of space-filling alone are not 
enough to decide. between the various possible structures, since our 
knowledge of atomic diameters in organic compounds is so scanty. 
We do not know with any certainty the diameter of the oxygen atom 
when singly bound to carbon, and still less do we know what the 
diameter of the hydrogen atom in these compounds may be. Con- 
sequently almost any of the possible models for a sugar molecule can 
be made to fit such figures as those quoted above. If, however, 
similar data were available for several series of closely related 
carbohydrates, it would be possible to find the effect of additional 
groups in various positions, and the size and mode of attachment of 
these groups might be inferred. For example, a study of the two 
series xylose-glucuronic acid-glucose and arabinose—galacturonic 
acid-galactose might be expected to throw light on the attachment 
of the CO-OH and CH,°OH groups to the sugar-ring, particularly 
as there is a certain amount of information available as to the 
dimensions of the CO-OH group. It seems likely that in many cases 
such as this, where only one group is changed on going from one 
substance to the next, there is a comparatively small change in 
crystal structure. The small change in density of the sugars men- 
tioned above, for instance, is significant : 

EE ccsicintcndnatetinets Arabinose. Galactose. Xylose. Glucose. 
BREED . scccccsccccecesnes 1-625 1-614 1-526 1-544 
Clearly, before any useful comparisons of the kind suggested can be 
made, a greater amount of information must be collected, starting 
preferably with the simplest substances available. This paper, 
therefore, deals with the preliminary data for two pentoses, «-xylose 
and $-arabinose, and one methyl-pentose, rhamnose hydrate. The 
usefulness of the data for the latter is somewhat impaired by the 
presence in the crystal of one molecule of water of crystallisation, 
but it is intended later to investigate the anhydrous substance. 

It is not suggested that a series of comparisons, however complete, 
will be sufficient to solve the problem of the structure of the sugar- 
ring. When some preliminary information has been derived from 
such comparisons, it will be profitable to study individual sugars 
closely; by means of accurate and extensive measurements of the 
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intensities of X-ray reflections, very definite and valuable conclusions 
will undoubtedly be reached. 


8-l- Arabinose. 


This substance crystallises from aqueous alcohol in small needles, 
usually somewhat distorted and with a tendency to form radiated 
growths. It has been examined by Traube (Z. Kryst. Min., 1895, 
25, 630), by Groth and Hintze (Ber., 1873, 6, 615), and by Wherry 
(J. Amer. Chem. Soc., 1918, 40, 1852). Although the combinations 
observed by these different workers were not quite the same, they 
agreed in describing arabinose as orthorhombic with axial ratios 
a:b:c = 0-668:1:0-492. (These axial ratios are the mean of 
those given in the literature, which were recorded with more figures 
than are significant. As apparently all the crystals measured were 
imperfect, the accuracy of the measurements was not high.) The 
class appeared to be bipyramidal, but since arabinose is optically 
active, it was considered to be undoubtedly bisphenoidal. 

The crystals obtained by the writer had the same general appear- 
ance as those previously described, so no goniometric measurements 
were made upon them. An X-ray examination was carried out by 
the rotating-crystal method, using filtered K, radiation from copper 
(, = 1-539 A.U.). The dimensions of the unit cell were found to be 
a= 6-51, b = 19-43, c= 4-85 A.U. The axial ratios are thus 
a:b6:c¢ = 0-670: 2 : 0-499, agreeing as well as can be expected with 
those given above. With four molecules to the unit cell, the density 
is found to be 1-625, as compared with the directly determined value 
of 1-627. 

From a series of oscillation photographs it was found that there 
are no general halvings, but that the odd orders of (001), (010), and 
(100) are absent, as well as some chance halvings. The space-group 
of B-arabinose is therefore Q,, orthorhombic bisphenoidal, based on 
the simple orthorhombic lattice (Astbury and Yardley, Phil. Trans., 
1924, A, 224, 221). No other orthorhombic space-group has the 
same halvings. The four asymmetric molecules are derived from 
each other by the operations of three mutually perpendicular sets of 
digonal screw axes, as shown in Fig. 1, which represents a projection 
of the unit cell on (001). The molecules are indicated by the thick 
arrows, the letters u and d signifying that the heads of the arrows 
are to be taken as pointing up and down respectively; the arrows 
u, and d, represent molecules at a depth c/2 below u, and d, respect- 
ively. Not all the screw axes are shown; those which are shown 
parallel to the a-axis may be taken as lying at a depth midway 
between u, and dy, or between u, and dj. 

The arrangement of molecules shown in Fig. 1 is not the only one 
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consistent with the symmetry of Q,, but in view of the considerable 
length of the b-axis it appears fairly certain that the molecules must 
be disposed somewhat as shown, more or less side by side along the 
b-axis. The space occupied by a molecule is thus 6-51 by 4-86 
(= } x 19-43) by 4-85 A.U., and presumably one of the last two 
represents the dimension perpendicular to the ring. As was pointed 
out in the introduction, however, this result by itself gives no help 
in eliminating any of the possible molecular models. 

A consideration of the intensities of the reflections from some of 
the more important planes gives some indication of the manner in 
which the structure is built up. The (020) reflection is weak, and 
the (040) much stronger; this is what would be expected if the 
molecules are arranged along the b-axis as suggested above. Further, 


Fie. 1. 











the reflection from (0180), allowance being made for its large glanc- 
ing angle, is very strong, indicating that most of the scattering mass 
in the cell is arranged in layers parallel to (010) at intervals of 
1-08 A.U. (i.e., 1/18 of 19-43). A structure which would give this 
effect can easily be obtained with the sugar-ring which is considered 
by Haworth (‘‘ The Constitution of the Sugars,” p. 90, Fig. 1); it is 
similar to that proposed by Andress (Z. physikal. Chem., 1929, 4, 
431) to explain the X-ray results from cellulose. Thus, suppose that 
the five carbon atoms (of diameter 1-54 A.U.) lie in a plane, the ring- 
oxygen atom being displaced out of it somewhat. Then, if the 
hydroxyl oxygen atoms (of diameter 1-40 A.U. say) are placed so 
that the bonds between them and the carbons make angles of about 
47° with the plane of the ring, their centres will lie in two planes on 
either side of the ring, at a distance of 1-08 ALU. from it. Clearly, 
if four such molecules are arranged suitably parallel to (010), its 
eighteenth order will be very strong, since all the atoms except the 
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ring-oxygens will be in phase. Fig. 2 represents a molecule of 
3-arabinose on these lines, the oxygen atoms being shaded. Since 
the five carbon atoms are coplanar, this will be referred to for con- 
venience as the flat-ring structure, but it should be made clear that 
there is no suggestion here that the oxygen atom is coplanar with the 
other members of the ring. 

A further point of considerable interest is that the fourth order of 
(100) is absent. This means that the arrangement of scattering 
matter parallel to (100) is repeated at intervals of 0-81 A.U. (i.e., 
1 of 6-51). This requirement again can be satisfied by a flat-ring 
structure; referring to Fig. 2, if the molecule is oriented with the 





direction aa’ parallel to the a-axis, the structure-factor for (400) 
could easily be made zero. The length of the molecule in this 
direction is 6-2 A.U., which would fit into the a-spacing quite well. 
The width of the molecule at right angles to this is 4-9 A.U., which is 
slightly too great for the c-axis (4-85), but this slight discrepancy 
could be removed by adjustments which would not affect seriously 
the points already discussed. In this scheme there is no room for the 
hydroxyl oxygens in the direction of the c-axis, and not much along 
the a-axis, but they could be fitted in in the direction of the b-axis 
very well; for example, directly over (or under) the carbon atoms, 
in Fig. 2. 

Thus it may be said that a fair agreement with some of the main 
experimental facts can be obtained by assuming a structure in which 
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the molecules of 8-arabinose contain five coplanar carbon atoms 
each, and are arranged with their rings parallel to the (010) face of 
the unit cell. This is at present only a suggestion, but so far no 
structure has been found which agrees as well with the experimental 
results. Assuming provisionally that the structure is approximately 
as suggested, one or two interesting points arise. In the first place, 
it can be seen that along the a-axis the molecules are arranged so 
that number one carbon atom in any molecule is nearest to number 
four in the next; this is reminiscent of cellobiose and cellulose, in 
which the glucose residues are considered to be connected by 1 : 4 
linkages. Secondly, we may reasonably assume, although it is at 
present incapable of proof, that the direction of the bond between a 
carbon atom and its attached hydrogen atom is inclined to the plane 
of the ring at about the same angle as is the valency-direction 
between carbon and oxygen; then, with the model proposed above, 
the angle between these two directions will be in the neighbourhood 
of 95°, which, although somewhat smaller than the value to be 
expected in such a case, is qualitatively in accord with the view that 
the formation of a plane ring with valency angles of about 120° 
results in an external valency angle which is less than the tetrahedral 
angle. Thirdly, it may be noted that the adoption of a planar 
sugar-ring has advantages from the stereochemical point of view in 
that there are only two possibilities for the structure of a given 
pentose; the ring oxygen atom may be above the plane of the ring 
as in Fig. 2, or it may be below it (the reducing group being in both 
cases above). From many points of view there would not be a great 
deal of difference between these two arrangements. On the other 
hand, with a strainless ring, in which the tetrahedral angle is every- 
where conserved, there are eight possible forms for, say, 6-arabinose. 
Another difficulty which arises is that for half of the possible number 
of pairs of structures for the «- and 8-forms of a pentose, including 
the cases which are usually regarded as most probable, the relative 
positions of the hydroxyls on the first and second carbon atoms are 
exactly the same in the two forms. This difficulty does not exist for 


the flat-ring structure. 
a-d-Xylose. 

The literature of xylose is in a somewhat confused state. 
Pionchon (Compt. rend., 1897, 124, 1523) described it as occurring 
in beautiful white monoclinic needies with axial ratios a:b:¢= 
1-6696 : 1 : 1-9896 (the angle 8 was not given). Wherry (loc. cit.) 
described it as monoclinic with axial ratios a:b: ¢ = 1-655 : 1 : 1-766; 
8 = 117°05’. Fig. 3 shows the type of crystal which he observed, 
the forms being m{110}, c{001}, and d{101}. Crystals obtained by the 
writer from water, aqueous alcohol, and pyridine all had the same 
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general appearance as this, but a preliminary examination gave the 
impression that the faces c and d belonged to the same form, and 
consequently that the crystals were orthorhombic. A Laue photo- 
graph taken with the X-ray beam parallel to Wherry’s b-axis showed 
definitely orthorhombic symmetry, 7.e., two planes of symmetry at 
right angles. The same result was obtained from a photograph 
taken with the beam perpendicular to his (100). These facts were 
sufficient to show that «-xylose is orthorhombic, but for the sake of 
completeness some goniometric observations were made. In the 
following, the a- and b-axes correspond to the b- and a-axes respect- 
ively of Wherry ; this interchange was made in order to bring xylose 
in line with arabinose. The c-axis is parallel to the direction of 
elongation of the crystals. 
Fic. 4. Fie. 3. 
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The most suitable crystals were obtained from about 90% alcohol 
by slow evaporation; those from water were almost as good, but 
were not formed so readily. Pyridine solutions did not yield very 
good crystals on account of their high concentration. It was 
observed that the crystals grown in pyridine, while still in the 
liquid, were almost perfect, showing none of the distortion usually 
observed on the other specimens, but since the mother-liquor was 
so syrupy, they could not be removed and dried without spoiling the 
faces. All the crystals measured were distorted, the faces being 
curved, and doubly terminated examples were rare on account of a 
pronounced tendency towards radiated formations. In addition to 
the forms observed by Wherry, viz., m{210} and d{011}, a{100} and 
p{110} were measured. Fig. 4 represents a fairly typical crystal, 
although the relative development of m and p varied considerably, 
and frequently faces of the same form were very different in size. 
The results of the goniometric investigation are given in the following 
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table; owing to the distortion of the faces, the angular measurements 
are not accurate to more than 15’. 
a-d-Xylose : orthorhombic, apparently bipyramidal, but without 
doubt bisphenoidal. 
a:b:c = 1-354: 1: 0-608. 


Observed. Calculated. 
G2’ = (O11): (ODT) © cccccccceee 62° 35’ — 
p:@ = (110): (100) ....seeee0 53 33 hoo 
0 3 @ =e (ZIG): (IDO) — cc cenccceces 34 16 34° 06’ 


ee ei l eerrersrye 64 34 65 18 


It is difficult to reconcile the results of Wherry with these; the only 
explanation seems to be that the crystals he used were very dis- 
torted, possibly exhibiting vicinal faces. It is just possible that his 
crystals, through some accidental conditions of growth, exhibited 
the faces (011), (011), (034) and (034) instead of the complete form 
{Oll}; this would agree approximately with his measurements. 
Such cases of very unequal development appear to be not unknown 
among the sugars and their derivatives; for example, some crystals 
of monoacety] y-methylrhamnoside examined by the writer appeared 
to be quite definitely monoclinic domatic, although an X-ray 
investigation showed that they were actually orthorhombic. 

By means of X-ray rotation photographs, the dimensions of the 
unit cell of «-d-xylose were found to be a = 12-64, b = 9-20, c = 
5-62 A.U. The axial ratios are thus a:b:c = 1-374: 1: 0-609, 
which are not in such good agreement with those obtained gonio- 
metrically as might be expected; the inference is that some of the 
angular measurements were in error by more nearly 30’ than 15’. 
With four molecules per cell, the density is 1-526, as compared with 
the directly determined value of 1-525 (Wherry, loc. cit.). 

A series of oscillation photographs showed that the halvings for 
xylose are the same as for arabinose; thus the space-group of xylose 
also is Q,, orthorhombic bisphenoidal, the symmetry of which is 
shown in Fig. 1. 

It will be seen that the cell-dimensions for xylose and arabinose 
correspond fairly closely, the biggest alteration being in the c-axis. 
In the case of xylose, however, it seems fairly certain straightaway 
that the molecules must lie with the planes of their rings approxim- 
ately parallel to the 6-plane, since the length of the b-axis, 9-20, is 
too great to be a dimension of one molecule, and too small to be 
double any dimension except the one perpendicular to the plane of 
the ring. The space occupied by one molecule is evidently 6-32 x 
5-62 x 4-60 AU. 

It is more difficult here than with arabinose to decide on a probable 
arrangement for the molecules. A structure which is roughly in 
agreement with some of the outstanding experimental results is 
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shown in Fig. 5, which gives a view along the c-axis. The molecules 
are represented diagrammatically only; the planes of the rings are 
parallel to (010). |The level of the molecules A and B are probably 
about the same, while C and D are at a depth $c below A and B 
respectively. This arrangement of the molecules would agree with 
the facts that for both (010) and (100) the fourth order is very much 
stronger than the second order, while for (001) this is not the case. 
Further it would, with very slight adjustment, make (110) and (220) 
strong, but (210) weak, as is found to be so. A molecule built upin 
the same way as that proposed for arabinose would fit this arrange- 
ment fairly well if the direction xx’ in Fig. 2 is taken parallel to the 
a-axis. (Fig. 2 can be made to represent «-xylose by placing the 
oxygen atoms marked O below the plane of the ring instead of above 


Fie. 5. 
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it.) In this structure we should still get the juxtaposition of atoms 
one and four in neighbouring rings; number one atom in molecule 
A would be close to number four in molecule D, but instead of the 
molecules being in straight lines as in arabinose, they would form a 
zig-zag arrangement. It is not suggested that the forces between 
molecules A and D, for example, are different in their nature from 
those between B and D; the similarity to cellulose, even if it exists, 
is probably not very significant, although it is interesting to note 
that it has now been shown chemically that a similar 1 : 4-linkage 
occurs in xylan. - 

The dimensions of the unit cell of «-d-glucose (Hengstenberg and 
Mark, Z. Krist., 1929, 72, 301) show a fairly close parallelism with 
those of xylose, as is shown below ; 

Xylose. Glucose. 
2 X 632) 6b = 14-89 (= 2 x 7-44) 
< 4-60) c= 4-99 


a= 10-40 (= 2 x 5-20) 
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Thus the chief effect of the addition of the CH,-OH group is to 
increase the a-axis by 1-12 A.U.; evidently the b-axis in glucose 
corresponds to the width of the ring in the direction of the side- 
group, which is not much different from the direction of the corre. 
sponding axis (the a-axis) proposed above for xylose. As the other 
two dimensions are not greatly changed, it seems probable that the 
two structures are not very different. 

It must be emphasised that the structures proposed here for 
arabinose and xylose can be regarded only as very rough approxim- 
ations to the truth; even if the suggested structures agreed with a 
very great amount of experimental evidence, it would require an 
extensive investigation to show that there were no structures which 
gave a better agreement. As was pointed out in the introduction, 
such a detailed study is not considered advisable at present. The 
arrangements of the molecules shown in Figs. 1 and 5 are probably 
fairly close to the actual structures, and may be regarded with some 
degree of confidence, but all that can be said for the particular 
molecular model put forward is, that of the more obvious possi- 
bilities this one appears, on a preliminary examination, to fit rather 
better than the others. 


d-Rhamnose Hydrate. 


This substance, since it. crystallises easily in large well-formed 
crystals, has been the subject of numerous investigations, which are 
summarised in Groth’s ‘‘ Chemische Kristallographie,”’ vol. III, 
p. 435. It is monoclinic sphenoidal with axial ratios a:6:c= 
0-9998 : 1 : 0-8435; 6 = 95°25’. Crystals obtained by the writer 
from water and aqueous alcohol had the same appearance as those 
previously described, but some which crystallised very slowly from 
acetone showed quite different development, being tabular on (100). 
They were similar to, although not identical with, some observed 
by Websky (Z. Kryst. Min., 1887, 12, 187). 

By means of X-ray rotation photographs, the dimensions of the 
unit cell were found to be a = 7:96, 6 = 7-95, c= 6-71 ALU. 
The axial ratios calculated from these values are a:b:c= 
1-001 : 1 : 0-8436, which are practically the same as those determined 
goniometrically. Taking two molecules to the cell, the density 
works out to 1-44; that found directly is 1-47. This discrepancy 
is rather greater than can be accounted for by experimental error, 
and is being investigated. 

A series of oscillation photographs showed that reflections from 
the odd orders of (010) are absent. This indicates that the space- 
group is C2 (Astbury and Yardley, Joc. cit.), which is characterised 
by a set of two-fold screw axes parallel to the b-axis. Thus the two 
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asymmetric molecules are arranged so that their separation in the 
direction of the b-axis is 36. 

Since we know nothing of the way in which the rhamnose and 
water molecules are related, we cannot very well decide upon the 
arrangement from the cell-dimensions alone. It has been thought 
best to defer consideration of the structure until the data for 
anhydrous rhamnose and some of its derivatives have been obtained. 


The writer wishes to acknowledge the interest taken by Prof. 
W. N. Haworth, F.R.S., in this work. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [| Received, August llth, 1931.] 





CCCXVIII.—-Synthesis of Anthracene Homologues. 
Part III. 2:3:6:7-Tetramethylanthracene. 


By Grupert T. Morcan and Epwarp Auty CouLsoN. 


THE least volatile neutral fractions and distillates of low-temper- 
ature tar contain a complex mixture of anthracenoid hydrocarbons 
in which the following individuals have been identified either as such 
or as their quinones: anthracene, 8-methylanthracene, 2: 6- and 
2: 7-dimethylanthracenes, and 2: 3: 6-trimethylanthracene. This 
mixture also contains a small proportion of a hydrocarbon which 
we have oxidised to the corresponding quinone, and the properties 
of these two substances suggest that the former may be a tetra- 
methylanthracene. 

As the foregoing methyl derivatives of anthracene present in 
low-temperature tar contain their alkyl groups exclusively in 
8-positions, it became desirable to synthesise 2: 3 : 6: 7-tetra- 
methylanthracene and its quinone with the object of comparing 
them with the two corresponding substances derived from tar. 

These syntheses have been accomplished by two distinct methods 
which taken together furnish a complete proof of the chemical 
constitutions of the hydrocarbon and its quinone. 

I. Pyrolysis of 2: 4:5: 3’ : 4’-Pentamethylbenzophenone.—In our- 
earlier syntheses of methylated anthracenes (J., 1929, 2204, 2551) 
we employed Elbs’s method of pyrolysing the appropriate o-methyl- 
benzophenone, which in the present instance would be 2:4: 5:3’ : 4’- 
pentamethylbenzophenone (II), obtainable by condensing either 
2:4: 5-trimethylbenzoyl chloride with o-xylene or 3 : 4-dimethyl- 
benzoyl chloride (1) with y-cumene: the latter alternative was 
adopted because of the difficulty of preparing a sufficient amount 
of trimethylbenzoic acid from y-cumidine. The use of 3: 4-di- 
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methylbenzoy! chloride has the further advantage that by condensa- 
tion under Friedel-Crafts conditions this chloride should itself furnish 
2:3:6:7-tetramethylanthraquinone (IV). This anticipation has 
been realised, although the yield of quinone is only small. 

On pyrolysis for short or long periods the appropriate ketone (II) 
furnishes a good yield of 2:3: 6: 7-tetramethyl-9-anthrone (III), 
although the corresponding hydrocarbon cannot be detected. This 
production of anthrone recalls our experience in the pyrolysis of 
2:4:5:4’-tetramethylbenzophenone (loc. cit.) in which 2 : 3 : 6-tri- 
methyl-9-anthrone was the initial product whereas 2: 3: 6-tri- 
methylanthracene was found among the products of prolonged 
pyrolysis. These two examples are the only cases in which ring 
closure proceeds by dehydrogenation rather than by dehydration. 
It now appears likely in the former case that 2 : 3 : 6-trimethy]- 
anthracene is formed from its anthrone by the reducing action of 
nascent hydrogen generated in the initial reaction. In the present 
instance the greater resistance to reduction of 2:3 :6:7-tetra- 
methylanthrone probably accounts for the non-appearance of the 
hydrocarbon. 2:3:6:7-Tetramethylanthrone is readily oxidised 
to give a good yield of 2:3: 6: 7-tetramethylanthraquinone (IV) 
identical with the preceding preparation from 3 : 4-dimethylbenzoyl 
chloride. These modes of formation do not, however, determine 
indubitably the orientation of the four methyl groups in the fore- 
going tetramethylanthraquinone, although its melting point (330°) 
differentiates this quinone from the isomeric 1:3:5:7- and 
1: 3:6: 8-tetramethylanthraquinones melting respectively at 206° 
and 300° (Seer, Monatsh., 1912, 33, 33). There remain the altern- 
ative configurations 1:2:5:6-, 1:2:6:7-, 1:2:6:8-, and 
1:3:6:7-, but these become excluded by the following supple- 
mentary synthesis. 

II. Condensation of p-Benzoquinone and 2: 3-Dimethyl-A'*. 
butadiene.—The condensation of p-benzoquinone with a diolefin, 
which was first noticed by Euler and Josephson (Ber., 1920, 53, 
822), was applied subsequently by Diels and Alder to the synthesis 
of derivatives of anthraquinone (Ber., 1929, 62, 2337; compare 
E.P. 320,375). For our purpose p-benzoquinone was condensed 
with 2: 3-dimethyl-A!*‘*-butadiene to form 2: 3 : 6 : 7-tetramethyl- 
A?‘ 8.octahydroanthraquinone (VIII), which readily undergoes 
isomeric change on fusion, crystallisation from comparatively high 
boiling solvents such as glacial acetic acid, or by addition to its 
boiling alcoholic solution of a few drops of alcoholic potash or 
hydrogen chloride. In this respect the new condensation product 
resembles its lower homologues prepared by the condensation of 
p-benzoquinone with butadiene and isoprene respectively. Since 
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the isomeride cannot be acetylated, it can scarcely be regarded as 
2:3:6: 7-tetramethyl-A?‘*-hexahydro-9 : 10-anthrahydroquinone 
(IX) but rather as the stereoisomeride (X), although possibly the 
intermediate hydroquinone may be a transient phase. This explan- 
ation, which has already been adopted by Diels and Alder (loc. cit.) 
in the case of the lower homologues, suggests an analogy with a type 
of isomerism found among derivatives of tetrahydrobenzene, 
2:3:6:7-Tetramethylanthraquinone (IV), prepared by a method 
which determines the position of its methyl groups, is obtained when 
2:3:6: 7-tetramethyl-A?‘*®-octahydroanthraquinone (VIII) is con- 
verted into itsisomeride (X) by treatment with boiling alcoholic potash 
and oxygen is passed through the suspension. This quinone (IV), 
which is identical with the preparations obtained in the two syntheses 
from 3:4-dimethylbenzoyl chloride, is remarkably resistant to 
reducing agents; it is unaffected either by zinc dust and aqueous 
ammonia or by tin and zinc in acid solution. It is reduced by 
aluminium powder in cold concentrated sulphuric acid to a compound 
which has the same percentage composition as 2:3: 6:7- 
tetramethylanthrone but is probably the more complex 
2:3:6:7:2': 3’: 6’ : 7’-octamethyl-10 : 10’-dihydrodianthranol (V) 
arising by loss of water from two molecules of 2:3 : 6 : 7-tetra- 
methyl-9 : 10-dihydroxy-9’ : 10’-dihydroanthracene. With a large 
excess of sodium and boiling amyl alcohol, 2 : 3 : 6 : 7-tetramethyl- 
anthraquinone is reduced slowly to 2:3: 6: 7-tetramethyl-9 : 10- 
dihydroanthracene (VI), a colourless hydrocarbon with an intense 
blue fluorescence. 2:3: 6: 7-T'etramethylanthracene (VII) is formed 
to a small extent when the dihydride is sublimed and dehydrogen- 
ation is completed by heating with selenium. 


EXPERIMENTAL. 


3: 4-Dimethylbenzoyl Chloride (1).—Diphenylcarbamyl] chloride 
(Houben, “ Die Methoden . . .,” 3rd Edition, Vol. 3, p. 11) (400 g.) 
was condensed with 350 g. of o-xylene by means of 280 g. of alumin- 
ium chloride (Lellmann and Bonhoffer, Ber., 1887, 20, 2119), and 
the pure 3 : 4-dimethylbenzodiphenylamide obtained (390 g.) was 
hydrolysed by boiling for 15 minutes with 500 c.c. of concentrated 
sulphuric acid and 300 c.c. of water. After cooling and dilution, 
the mixture of diphenylamine and 3 : 4-dimethylbenzoic acid was 
treated with warm dilute caustic soda solution; the filtered liquid, 
after being washed with ether, gave pure 3 : 4-dimethylbenzoic acid, 
m. p. 165—166°, in practically theoretical yield on acidification. 
The acid was heated for 4 hours under reflux with thionyl chloride 
(3 parts), the excess of the latter removed, and the residue fraction- 
ally distilled under reduced pressure; the acid chloride, b. p. 188°/ 
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140 mm. and§185°/126 mm., was then obtained as a colourless liquid 
with an irritating odour closely resembling that of p-toluoy] chloride. 
The yield (86°) was less when the thionyl chloride was replaced by 
phosphorus pentachloride in chloroform (Found : Cl, 21-0. C,H,OCl 
requires Cl, 21-:1%). 3: 4-Dimethylbenzanilide crystallised from 
alcohol in colourless elongated plates, m. p. 108° (Found: C, 80-3; 
H, 6-4. C,;H,,ON requires C, 80-0; H, 6-6%). 

Condensation of 3 : 4-Dimethylbenzoyl Chloride to 2 : 3 : 6 : 7-Tetra- 
methylanthraquinone (IV).—A mixture of the acid chloride (15-0 g.) 
and aluminium chloride (60 g.) was slowly heated, kept at 130—140° for 
3 hours, and cooled. The product was decomposed with water, and 
the red gummy residue washed with dilute caustic soda solution and 
purified by crystallisation from acetic acid (with charcoal) and by 
sublimation. The final product, 2:3: 6: 7-tetramethylanthra- 
quinone (0-2 g.), formed yellow needles, m. p. 330°, identical with 
specimens prepared by the other synthetic methods. 

2:4:5:3' : 4’-Pentamethylbenzophenone (I1).—-Cumidine (48 g.), 
when diazotised and treated with potassium cuprocyanide, yielded 
a nitrile which on saponification furnished only 2-0 g. of 2 : 4 : 5-tri- 
methylbenzoic acid. 

A mixture of ¥-cumene (30 g.), 3: 4-dimethylbenzoyl chloride 
(42 g.), and aluminium chloride (40 g.) in carbon disulphide was 
gently warmed and after 2 hours’ boiling under reflux the product 
was decomposed with water. Distillation in steam removed carbon 
disulphide and the excess of y-cumene. The residual oily ketone 
was washed in ether with acid, alkali, and finally water, and dried ; 
it solidified when recovered, and fractional distillation then gave 
56:3 g., or 89% of the theoretical yield from y-cumene, of 
2:4:5:3' : 4’-pentamethylbenzophenone, b. p. 189—190°/3 mm., 
m. p. 90°, which was very soluble in all solvents and crystallised 
from benzene in large colourless prisms (Found: C, 85-6; H, 8-05. 
C,gH. 0 requires C, 85-7; H, 7-9%). 

Pyrolysis of 2: 4:5: 3’ : 4’-Pentamethylbenzophenone : 2: 3:6: 7- 
Tetramethyl-9-anthrone (III).—The ketone (30 g.) was boiled gently 
under reflux for 3 hours. ‘‘ Cracking ” occurred after about 2 hours, 
showing that water had been eliminated. On cooling, the residue 
became solid but no crystals having the characteristic appearance 
of an anthracene homologue were seen. Unchanged ketone was 
removed by washing the mixture repeatedly with warm ether and 
alcohol; from the residue (4 g.), m. p. 266°, after three crystal- 
lisations from acetic acid, 2:3: 6: 7-tetramethyl-9-anthrone was 
obtained in colourless non-fluorescent needles, m. p. 271—272° 
(Found: C, 86-6; H, 7:3. C,,H,,0 requires C, 86-4; H, 7-2%). 
This compound was slightly soluble in ether or alcohol, soluble in 
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acetic acid, benzene, or chloroform. It dissolved to a bright yellow 
solution in warm concentrated alcoholic potash; in concentrated 
sulphuric acid, its solution was orange-red. It distilled unchanged 
from zinc dust, was unaffected by zinc dust and ammonia, and was 
not reduced by boiling with zinc its solution in acetic acid containing 
hydrochloric acid. 

The unchanged ketone from the first pyrolysis was recovered from 
the ether-alcohol washings and boiled for 12 hours. Fluorescent 
anthracenoid crystals were then seen in the condenser, but when the 
product was worked up as before, a further 8-5 g. of crude anthrone 
were obtained from which no 2: 3 : 6: 7-tetramethylanthracene could 
be isolated. The unchanged ketone was recovered again but was very 
dark-coloured and evidently impure, since it did not crystallise on 
cooling or after distillation, and was not further pyrolysed. 

2:3:6:7-Tetramethyl-9-anthrone was boiled for 8 hours with 
excess of acetic anhydride and a few drops of pyridine. On cooling, 
crystals separated which were washed with water and recrystallised 
from acetic acid. The substance, m. p. 233—234°, formed pale 
cream-yellow rectangular plates which had a greenish fluorescence 
(also shown by solutions) and was homogeneous when examined 
microscopically. Analysis showed it to be a complex containing 
1 mol. each of 2:3: 6: 7-tetramethylanthrone and 2:3: 6:7- 
tetramethylanthranyl acetate (Found: C, 842; 4H, 7:1. 
C,,H,,0,C.9H..0, requires C, 84:1; H, 7-0%). 

Oxidation of 2: 3: 6 : 7-Tetramethyl-9-anthrone : 2:3: 6: 7-Tetra- 
methylanthraquinone (IV).—The anthrone (0-3 g.) was dissolved in 
sufficient boiling acetic acid and oxidised with 0-22 g. of chromic 
anhydride dissolved in a little water. After 15 minutes’ boiling, 
the green solution was diluted with water, practically pure 2 : 3:6 :7- 
tetramethylanthraquinone (0-3 g.), m. p. 327°, being precipitated; 
it was recrystallised from glacial acetic acid until the melting point 
was 330°. 

2:3:6: 7-T'etramethyl-9 : 10-dihydroanthracene (VI).—Sodium 
(1 g.) was slowly added to the anthrone (1 g.) suspended in boiling 
amyl alcohol. The deep red solution obtained gradually became 
decolorised, but recovered its red colour on exposure to air; sodium 
was therefore added to the boiling solution until decolorisation was 
practically complete. The reduction product, precipitated by 
addition of water, crystallised from acetic acid in large colourless 
rhombic plates displaying an intense purple fluorescence; m. p. 
217—219°, unchanged by further recrystallisation. 2:3: 6:7- 
Tetramethyl-9 : 10-dthydroanthracene was slightly soluble in alcohol, 
but more so in acetic acid or benzene , it sublimed readily at its m. p. 
(Found : C, 91-3; H, 8-6. C,,Ho9 requires C, 91-5; H, 85%). The 
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fluorescence shown by the solid dihydride or its solutions was due to 
a slight trace of some derivative containing unreduced meso-ring— 
in this case 2 : 3 : 6 ; 7-tetramethylanthracene. 

Condensation of p-Benzoquinone and 2 : 3-Dimethyl-A1:3.butadiene : 
2:3:6:7-Tetramethyl - A*‘® - octahydroanthraquinone (VIII).— 
2: 3-Dimethylbutadiene (55 g.; 2 mols.), prepared as described by 
Kyriakides (J. Amer. Chem. Soc., 1914, 36, 987), and 35 g. of 
p-benzoquinone (1 mol.) were mixed, moistened with alcohol, and 
heated in a sealed tube at 97° during 5 hours. After cooling, the 
solid was washed with warm alcohol to remove unchanged reagents, 
50 g. of product being obtained, m. p. 202—203° after crystallisation 
from alcohol. 2:3: 6: 7-T'etramethyl-A*‘*-octahydroanthraquinone 
formed large, colourless, elongated, rhombic prisms, soluble in acetic 
acid, less soluble in alcohol (Found: C, 79-3; H, 8-6. C,,H,,0, 
requires C, 79-4; H, 88%). If maintained at its melting point, the 
material solidifies and melts finally at 304°. Recrystallisation from 
acetic acid causes the m. p. to be first lowered to 180° and then to 
rise slowly to 304°, an indication of isomerisation. 

When 1 mol. each of dimethylbutadiene and benzoquinone were 
condensed under the same conditions as above, the same condens- 
ation product resulted in smaller yield, but not the 6 : 7-dimethyl- 
tetrahydro-1 :; 4-naphthaquinone which might have been expected, 

Isomerisation of 2:3:6: 7-Tetramethyl-A?‘*-octahydroanthra- 
quinone (see formule IX and X).—When to a solution of the con- 
densation product, m. p. 200—201°, in sufficient boiling alcohol a few 
drops of either concentrated hydrochloric acid or 50% caustic 
potash solution were added, a thick white precipitate separated at 
once. After 15 minutes’ boiling, a quantitative yield of the spar- 
ingly soluble isomeride of 2:3: 6: 7-tetramethyl-A?‘*-octahydro- 
anthraquinone was obtained; it crystallised from boiling acetic 
acid in small colourless rhombs, m. p. 307° (Found : C, 79-3; H, 8-6. 
C,sH 40, requires C, 79-4; H, 8:8%). When boiled with acetic 
anhydride and a drop of concentrated sulphuric acid, or with acetic 
anhydride and pyridine for 16 hours, the substance was unaffected. 

2:3:6: 7-Tetramethylanthraquinone (IV).—When alcoholic potash 
(100 c.c.; 5g. KOH) was added to 10 g. of the condensation product 
(VIII) in boiling alcohol, the isomeride was precipitated in minute 
crystals. Oxygen was passed during 8 hours through the suspension, 
boiling under reflux; the colourless crystals slowly dissolved to a 
deep red solution and yellow crystals began to separate until finally 
the solution was almost decolorised. 2:3: 6: 7-T'etramethylanthra- 
quinone, obtained in quantitative yield, crystallised from acetic acid, 
in which it was only sparingly soluble, in yellow needles or plates, 
m. p. 330°, which readily sublimed at this temperature (Found: C, 
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81-6; H, 6-1. C,,H,,0, requires C, 81-8; H, 6-1%). The quinone 
dissolved in concentrated sulphuric acid to a deep red solution. 

Action of reducing agents on 2:3: 6: 7-tetramethylanthraquinone. 
When boiled with zinc dust and concentrated aqueous ammonia, 
or with amalgamated zinc in concentrated hydrochloric acid, the 
quinone was quite unaffected. It sublimed unchanged when 
mixtures with either zinc dust or calcium hydride were heated. 
When a solution in acetic acid was boiled for 8 hours with zine and 
hydrochloric acid, a green deposit of a quinhydrone was formed which 
dissolved in aqueous potassium hydroxide to a deep red solution of 
the corresponding anthrahydroquinone. This solution on exposure to 
air rapidly became colourless with deposition of the anthraquinone. 

2:3:6:7:2’:3': 6’: 7’ - Octamethyl - 10 : 10’ - dihydrodianthranol 
(V).—Aluminium powder (0-6 g.) was slowly added to 2 g. of 
2:3:6: 7-tetramethylanthraquinone dissolved in 72 c.c. of con- 
centrated sulphuric acid, the temperature being kept just below 
40°. When the initial red coloration had almost faded, the mixture 
was poured on ice, the deposit dissolved in hot benzene to free it 
from aluminium compounds, and the benzene extract evaporated 
until the product crystallised in pale yellow octahedra and greenish- 
yellow flat needles or plates. The former, which predominated, 
were the less soluble and were obtained pure by recrystallisation 
from acetic acid. They had m. p. 319° (yield, 0-5 g.). The latter 
could not be obtained pure owing to a greater solubility in all solvents 
tried. The octamethyldihydrodianthranol was sparingly soluble in 
acetic acid, benzene, and other solvents; it dissolved slowly in 
boiling alcoholic potash or in cold concentrated sulphuric acid to 
yellow solutions (Found: C, 85-9; H, 6-8. C,,H,,0, requires 
C, 86-4; H, 7-2%). The molecular weight by Rast’s method in 
fused camphor could not be determined owing to the sparing solu- 
bility of the product, but its higher melting point and lower solubility 
differentiated it completely from 2: 3 : 6 : 7-tetramethylanthrone, 
even although both substances have the same chemical composition. 

2:3:6:7-Tetramethyl-9 : 10-dihydroanthracene (V1).—By adding 
sodium as fast as it dissolved to a solution of 1 g. of 2: 3 : 6 : 7-tetra- 
methylanthraquinone in 200 c.c. of boiling amyl alcohol during 8 
hours, the first-formed deep red solution of the sodium derivative of 
2:3:6: 7-tetramethylanthrahydroquinone was finally reduced to 
a pale amber-coloured solution which did not become coloured when 
diluted with water or when shaken with air. The product pre- 
cipitated by water was crystallised from glacial acetic acid; it had 
m. p. 217—219° and was identical in all respects with 2: 3: 6:7- 
tetramethyl-9 : 10-dihydroanthracene prepared from 2:3:6:7- 
tetramethyl-9-anthrone (yield, 0-5 g.). 








Del 
cene : 
came 
the s 
anthr 
acetic 
the a: 
dihyd 
250° - 
a pu 
Hydr 
of 2: 
then 
remal 
extra 
cryst: 
in ca 
boilin 
in pa 
(Fou 
The 
anthr 
was s 
acetic 

Wi 
disso] 
colou 
separ 
the li 
some 


z 
2:3: 
synth 
of th 

2. 
carbo 
anthr 
anthr 
been 


CHE 





et et et lest DD 


—_-ovTrww Ss ¢ 


ll i ee, a | 











SYNTHESIS OF ANTHRACENE HOMOLOGUES. PART I. 2331 


Dehydrogenation of 2:3:6:7-Tetramethyl-9 : 10-dihydroanthra- 
cene: 2:3:6:7-Tetramethylanthracene (VII).—The dihydride be- 
came partly converted into the anthracene when heated to 250°, for 
the sublimate yielded a small amount of 2:3: 6: 7-tetramethy]- 
anthracene, m. p. 301° after several crystallisations from glacial 
acetic acid and carbon disulphide. The best method of preparing 
the aromatic hydrocarbon is by the use of selenium: 2-5 g. of the 
dihydride were ground with 10 g. of selenium and heated to about 
250° in a Hedley sublimator. The first sublimate, colourless with 
a purple fluorescence, was reheated later with more selenium. 
Hydrogen selenide was evolved and a sublimate consisting mainly 
of 2:3: 6: 7-tetramethylanthracene, yellow with green fluorescence, 
then appeared, but the greater part of the dehydrogenated product 
remained in the molten selenium and was obtained, after cooling, by 
extraction with boiling acetic acid. The crude hydrocarbon, which 
crystallised from the extract, contained a yellow impurity, insoluble 
in carbon disulphide, which was removed by extraction with the 
boiling solvent. The hydrocarbon (1-3 g.) crystallised on cooling 
in pale yellow, lustrous, thin, crumpled, rhombic plates, m. p. 301° 
(Found: C, 91-6; H, 7-7. C,,H,, requires C, 92-3; H, 7-7%). 
The hydrocarbon, which was very similar to 2: 3: 6-trimethyl- 
anthracene, sublimed readily when heated to its melting point; it 
was sparingly soluble in alcohol, more soluble in benzene or glacial 
acetic acid, and dissolved readily in carbon disulphide. 

When added to picric acid in warm dry benzene, the hydrocarbon 
dissolved easily to a reddish-purple solution, but on cooling, the 
colour faded somewhat and pure 2 : 3 : 6 : 7-tetramethylanthracene 
separated. When alcohol was added to the reddish-purple solution, 
the liquid assumed the yellow tint due to picric acid. There is thus 
some evidence of the formation of an unstable picrate. 


Summary. 


1. 2:3:6:7-Tetramethylanthracene (m. p. 308° corr.) and 
2:3:6:7-tetramethylanthraquinone (m. p. 338° corr.) have been 
synthesised by methods which establish definitely the orientation 
of the four methyl groups. 

2. The heavy neutral oils of low-temperature tar from the 
carbonisation of bituminous coal contain a complex mixture of 
anthracenoid hydrocarbons, including 2:3: 6: 7-tetramethyl- 
anthracene, frora which 2:3: 6: 7-tetramethylanthraquinone has 
been obtained by oxidation. 


CHEMICAL RESEARCH LABORATORY, 


TEDDINGTON, MIDDLESEX. [Received, July 10th, 1931.] 
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CCCXIX.—Physico- chemical Studies of Complex 
Formation involving Weak Acids, Part I. The 
Hydrolysis of Complex Cyanides. 


By Husert THomas STANLEY BritTon and 
Ertc Norman Dopp. 


Wir the exception of mercuric cyanide, soluble normal cyanides 
are formed only by interaction of the acid with strong metallic 
bases, and in solution they suffer appreciable hydrolysis. This is 
in strict accordance with the extreme weakness of hydrocyanic 
acid, K being 4-5 x 10-2° (Britton and Robinson, this vol., p. 469). 
Moreover, the hydrogen-ion concentrations of solutions of hydrogen 
cyanide are too small to effect the dissolution of such weak bases 
as ferric hydroxide. For instance, in this case the acid is incapable 
of establishing a py value of 2, at which stage the base begins to 
be precipitated from ordinary solutions; yet in conjunction with 
alkali cyanides ferric hydroxide is able to combine with hydrocyanic 
acid in the form of well-defined and readily soluble salts. Such 
salts are usually regarded as those of complex acids, though hitherto 
there has been very little evidence concerning the precise nature 
of cyanide complexes in solution. 

Electrical transference experiments have indicated that the 
weak base exists, at least in part, in the anion, but other physico- 
chemical measurements, e.g., of conductivity and H.M.F., have 
not generally led to anything that might be regarded as wholly 
satisfactory quantitative proof of the constitution of the complex 
ions themselves. Conductivity measurements lead to abnormally 
high mobilities for the supposed complex cyanide anions, which, 
except for those of complex metallic ammine kations (compare 
King, J., 1925, 127, 2109), are without parallel. As a general rule, 
the heavier ions have the lower mobilities, as, for example, the 
anions of the higher fatty acids. 

Coupled with this anomaly is the fact that the Ostwald—Walden 
basicity rule does not often supply unequivocal proof of the existence 
of the ions that had been assumed on the basis of the composition 
of the crystalline salts from which the solutions were prepared. 
Osmotic pressure and cryoscopic measurements have also led to 
unsatisfactory conclusions. 

In view of the unsatisfactory state of the chemistry of solutions 
of complex cyanides, it was decided to make further investigations, 
particularly to see whether the acidic nature of hydrocyanic acid 
could be correlated with the formation of cyanide complexes, as 
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it was felt that it must be involved even in complex reactions taking 
place in solutions. 

This paper contains the results of some measurements of the 
hydrolysis of solutions containing the complexes, which are usually 
believed to exist, in presence of various proportions of potassium 
cyanide. For this purpose, the hydrogen electrode could not be 
used for obvious reasons, nor antimony and tungsten electrodes 
on account of their uncertain reproducibility in such solutions. 
A comparatively recent vapour-pressure method which gave promise 
was that of Worley and Brown (J., 1917, 114, 1057), later used by 
Harman and Worley (T'rans. Faraday Soc., 1924, 20, 502). 


EXPERIMENTAL. 


Air was drawn through a flask containing a solution of the cyanide 
undergoing test and was thereafter bubbled through 10 c.c. of a 
0:2% solution of picric acid in 2% sodium carbonate, contained in 
a test-tube. This was connected in series with a similar flask, 
containing a volume (equal to that of the complex cyanide solution) 
of hydrocyanic acid solution of a suitable concentration, and a test- 
tube of sodium picrate solution. After air had been bubbled through 
the apparatus very slowly for about 30 minutes, the tubes containing 
the picrate solution were removed and placed in boiling water for 
2—3 minutes. This caused brown colours to be developed, the 
intensities of which were dependent on the amounts of hydrocyanic 
acid absorbed, and consequently on the amounts of free hydro- 
cyanic acid in the two cyanide solutions. Trials were performed 
with different known concentrations of hydrocyanic acid until a 
known and a test picrate solution produced colours of the same 
intensity when compared by means of the light emitted by a Mazda 
“daylight lamp.” The apparatus was completely immersed in 
an electrically regulated thermostat at 25-0° and the air used was 
previously passed through a long tube packed with soda-lime. 

(i) Potassium Cyanide Solutions.—Before this method of studying 
complex cyanide solutions was adopted, it was tested on a series 
of potassium cyanide solutions of the same concentrations reported 
by Harman and Worley (loc. cit.). The two sets of results are 
compared in Table I. 


TABLE [. 
Cone. KCN, HCN hydrolysed, K, x 10, Kuen X 10%. Ky x 10°. 
M. %. (B. & D.). (H. & W.). 
0-245 1-00 2-50 5-01 2-63 
0-098 1-59 2-51 5-01 2-50 
0-049 2-29 2-62 4-79 2-52 
0-0245 3°18 2-56 4:90 2-51 
Mean 2°55 4-93 2-54 


4qa2 
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The values of the hydrolysis constant, K,, given in columns 3 
and 5 are in remarkably good agreement. Moreover, the calculated 
mean value of Kyon, 4:93 x 10-%, (pggcy = 9°31) agrees with that 
previously obtained by the present authors (this vol., p. 469), viz., 
4:52 x 10- (Digoy = 9°35). 

(ii) Complex Cyanide Solutions —The complex solutions were 
prepared by adding various amounts of potassium cyanide to 
solutions of metallic salts—the nitrate was used in the case of silver, 
and the sulphate in the case of zinc, cadmium and nickel. The 
solutions of potassium ferrocyanide, ferricyanide and cobalticyanide 
were prepared directly from the complex salts. The purity of the 
potassium ferricyanide was confirmed by the titrimetric method 
of Miiller and Diefenthaler (Z. anorg. Chem., 1910, 67, 448) and 
the cobalticyanide was purified by recrystallisation. The results 
obtained are in Table II. The figures given in the sixth column 
were calculated on the assumptions that the various complex 
cyanides did not hydrolyse to give free hydrocyanic acid, nor greatly 
affect the hydroxyl ion concentration of the solutions, and that 
the hydrocyanic acid originated solely from the excess of potassium 
cyanide. For this purpose, the mean value of the hydrolysis con- 
stant, 2-55 x 10>, was used. 

Table II shows that no hydrolysis occurred in solutions of 
KAg(CN),, K,Ni(CN), and K,Fe(CN),. The first set of data refers 
to a solution prepared from the crystalline complex potassium 
silver cyanide. The absence of hydrolysis in the silver complex 
solution was confirmed by the fact that no colour change was pro- 
duced when the picric acid indicator was warmed in a solution of 
the salt. 

No trace of hydrogen cyanide could be liberated from potassium 
ferrocyanide solutions, even by bubbling air for very considerable 
periods. Potassium zinc cyanide and potassium cadmium cyanide 
are slightly hydrolysed, though it appears from Table II that 
the effect of excess of potassium cyanide is to repress the hydrolysis 
rather than to make it greater as might have been expected. The 
hydrogen cyanide present in the silver and ferrocyanide solutions 
that contained an excess of potassium cyanide appears to be ade- 
quately accounted for as having been hydrolysed from the simple 
cyanide, leaving the complexes intact. No explanation can be 
given for the slight excess of hydrocyanic acid found in potassium 
nickel cyanide solutions containing small proportions of potassium 
cyanide. 

No trace of hydrolysis was found in freshly prepared solutions 
of potassium ferricyanide and cobalticyanide, but when solutions 
containing free potassium cyanide were made up, hydrocyanic 
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TaBe II. 
Conc., M. Conc. 
ema, HCN x i0*. % 
Complex ——"—. Hydrolysis 
cyanide. KCN. Obs. Cale. of complex. 
KAg(CN), = 0-0933 0 0 0 0 
” — 0-0320 0 0 0 0 
% — 0-0082 0 0 0 0 
” + 2-00 KCN 0-0197 0-0393 9-9 9-9 0 
” + 3-98 ,, 00141 0-0562 11-9 11-8 + 0-02 
9 +800 ,, 00089 00-0714 13-2 13-3 — 0-06 
- + 11-98 ,, 00066 0-0785 13-8 14-0 — 0-16 
K,Zn(CN), — 0-0198 0 3°8 0 0-50 
” +100 KCN 0-0165 0-0165 9-0 6-4 0-40 
” + 1-99 ,, 0-0149 0-0297 10-5 8-6 0-33 
- + 3:90 ,, 0-0116 0-0451 10-8 10-6 0-04 
” + 5-99 ,, 00095 0-0567 11-9 11-9 0-00 
K,Cd(CN), oe 0-0245 0 5-0 0 0-53 
9 +100 KCN 0-0196 0-0196 9-1 6-9 0-28 
- + 2-00 ,, 0-0167 0-0347 11-0 9-3 0-26 
- + 400 ,, 00115 00-0460 11-2 10-7 0-11 
” + 600 ,, 00094 00-0565 11-8 118 0-00 
K,Ni(CN), — 0-0201 0 0 0 0 
” +100 KCN 0-0167 0-0168 7:8 6-4 0-21 
” +201 ,, 00143 60-0288 9-8 8-4 0-24 
+400 ,, 00114 0:0456 10-6 10-6 0-00 
” +600 ,, 00094 00-0565 11:8 11-9 — 0-02 
K,Fe(CN), — 0-1000 0 0 0 0 
ee +100 KCN 0-0253 0-0253 78 7-9 — 0-01 
- + 2-00 ,, 00170 0-0339 9-2 9-2 0 
” +400 ,, 00102 0-0409 10-0 10-1 — 0-01 
9” + 6-00 ,, 00073 §=0-0438 = «10-5 10-4 + 0-01 


acid was liberated far in excess of that due to hydrolysis of the 
potassium cyanide. Moreover, these amounts of hydrocyanic acid 
were much too large to be measured by the method here employed, 
even after dilution of the solutions. In order to eliminate any 
possible photochemical decomposition, the determinations were 
repeated in the absence of light, but with the same result. The 
solution of ferricyanide was stable for several days in the absence 
of light, but the cobalticyanide solution became hydrolysed to the 
extent of 0:1% on standing for a week. When the ferricyanide 
solution was refluxed for 30 minutes, decomposition ensued with 
liberation of hydrocvanic acid and deposition of a trace of 
ferric hydroxide. The amount of free hydrocyanic acid was esti- 
mated by distillation into silver nitrate solution and subsequent 
weighing of the precipitated silver cyanide : this indicated hydrolysis 
of the ferricyanide to the extent of 0-5%. 

It would appear from the foregoing measurements that the com- 
plex cyanides enumerated in Table II are exceptionally stable, 
despite the fact that alkaline solutions are produced when an excess 
of potassium cyanide is added. It happens, however, that the 
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metallic bases involved are moderately strong, especially when 
considered from the standpoint of the pg values at which they 
become precipitable and the extent of hydrolysis of their salts 
with strong acids. Although potassium ferricyanide and potassium 
cobalticyanide solutions do not hydrolyse, it is significant that 
appreciable hydrolysis ensues on addition of an excess of potassium 
cyanide, when it is remembered that ferric and cobaltic hydroxides 
are the only very weak bases considered. 


In conclusion, one of the authors (E. N. D.) desires to acknowledge 
his indebtedness to the Senate of the University College, Exeter, 
for a grant from the Andrew Simons Research Fund. 


UnNIvERSITY COLLEGE OF THE SoUTH WEST, 
EXETER. (Received, July 25th, 1931.] 





CCCX X.—Diisopropylmalonic Acid and its Derivatives. 
By Freperick C. B. MarsHALL. 


ATTEMPTS to improve the preparation of diisopropylmalonic acid 
from ethyl cyanoacetate (J., 1930, 2754) and also to prepare the 
acid from ethyl acetoacetate have been unsatisfactory, but further 
work has shown that a second isopropyl group can be introduced 
into ethyl sodioisopropylmalonate when the reaction is conducted 
in sealed tubes. The reaction does not appear to proceed if the 
pure (ether- and alcohol-free) sodio-derivative is used, and further, 
the ethyl ester gives a much better yield (40% yield) than the 
methyl ester (max., 10%). 

Diisopropylmalonic acid, treated with thionyl chloride, yielded 
a liquid acid monochloride which, when heated under diminished 
pressure, lost, not hydrogen chloride to give the anhydride (Stau- 
dinger and Ott, Ber., 1908, 41, 2208; Staudinger, tbid., p. 1356), 
but carbon dioxide to give diisopropylacetyl chloride. 


EXPERIMENTAL. 


Ethyl diisopropylmalonamate, which cannot be prepared from 
the acid and alcohol in the presence of either hydrochloric or sul- 
phuric acid (Marshall, Joc. cit.), was obtained from the silver salt 
and ethyl iodide. It is a solid, m. p. 62°, easily soluble in most 
organic solvents, but crystallisable from light petroleum (b. p. 
40—60°), in which it is sparingly soluble (Found: C, 61-4; H, 
10:1. ©,,H,,0,N requires C, 61-5; H, 9-8%). 

Ethyl Diisopropylmalonate——Ethyl isopropylmalonate and the 











cd 
dd 


)s 











DIisOPROPYLMALONIC ACID AND ITS DERIVATIVES. 2337 


calculated amount of “ molecularised ” sodium were kept in ether 
for 1—2 days and the ether was then evaporated as completely 
as possible by 4—24 hours’ heating on the steam-bath. The nearly 
ether-free ethyl sodioisopropylmalonate was heated with 2 equiv- 
alents (100% excess) of isopropyl iodide in a sealed tube at 250° 
for 12 hours. The product was poured into water, extracted with 
ether, and distilled, the fraction, b. p. 228—246°, being collected 
(42 g. from 51 g. of ethyl isopropylmalonate). It was contaminated 
with much monoaikylated ester, which was removed by boiling 
with excess of concentrated potassium hydroxide solution for 24— 
48 hours. The pure ester had b. p. 246-2°/751 mm., d? 0-9774, 
ns’ 1-4356; whence [R,]p 65-2 (cale., 65-3) (Found: C, 64-0; H, 
10:1. Cyg3H,4O,4 requires C, 64:0; H, 9-8%). 

Ethyl Hydrogen Diisopropylmalonate.—Ethy1 diisopropylmalonate 
could not be hydrolysed with aqueous or aqueous-alcoholic caustic 
alkali solutions of any strength. Treatment of the ester with 
excess of concentrated potassium ethoxide solution at 95° for 30 
hours gave a quantitative yield of ethyl hydrogen diisopropylmalonate, 
which could not be further hydrolysed with either potassium hydr- 
oxide or potassium ethoxide. Recrystallised from petrol (b. p. 
60—80°), it was obtained as a solid, m. p. 66° (Found: C, 59-9; 
H, 9-45; M, by titration, 215. C,,H,.0, requires C, 61-1; H, 
93%; M, 216). 

Methyl Diisopropylmalonate.—Ethyl tsopropylmalonate (100 g.) 
was hydrolysed to the acid, which was recrystallised from benzene 
till pure (m. p. 87°). The acid (58 g.) was kept in 400 c.c. of pure 
methyl alcohol and 40 c.c. of concentrated sulphuric acid for 48 
hours. Methyl isopropylmalonate, isolated from the diluted 
mixture by extraction with ether and freed from traces of acid by 
shaking with sodium carbonate solution, was obtained boiling 
constantly at 198-2°/758 mm. (60 g.). Prepared in this way, where- 
by all possibility of the presence of ethyl malonate is excluded, it 
has a definitely higher b. p. than that recorded by Bishoff (Ber., 
1896, 29, 977), viz., 196°/770 mm. 

The pure monoalkylated ester was converted into the ditsopropyl- 
malonate as described above for ethyl diisopropylmalonate. (De- 
parture from the directions given, as, for example, when the quite 
pure sodio-derivative is used, invariably leads to failure.) Freed 
from methyl isopropylmalonate (usually more than 90% of the 
product) by prolonged refluxing with 30% potash solution, methyl 
diisopropylmalonate distilled at 228°/744 mm. and solidified to a 
mass of large hard prisms, m. p. 32°, which were too soluble in 
organic solvents to permit of recrystallisation (Found: C, 61-4; 
H, 9-15. C,,H,.0, requires C, 61:1; H, 93%). The super- 
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cooled liquid had d®®” 1-017 and n%" 1-4417, whence [R;]p 56-2 
(cale., 56-1). 

Diisopropylmalonic Acid.—The methyl] ester, heated with excess 
of potassium ethoxide solution for 24 hours, gave a quantitative 
yield of methyl hydrogen ditsopropylmalonate. Water was then 
added, and the mixture refluxed for a further 48 hours to effect 
hydrolysis to the acid. This was boiled in acetone solution with 
charcoal; the white crusts obtained on evaporation of the solvent 
crystallised from hot formic acid in large needles, m. p. 198° 
(not 197° as originally recorded) [Found: C, 57:5; H, 8-6; M 
(dibasic) by titration, 188. Calc. for C,H,,0,: C, 57-45; H, 85%; 
M, 188). 

Treatment of Diisopropylmalonic Acid with Thionyl Chloride.—The 
acid (5 g.) in 20 c.c. of dry ether was heated for 3 hours with thiony] 
chloride (2} mols.). The ether was then removed on a water-bath, 
the thionyl chloride in a vacuum, and the residual oil distilled, 
diisopropylacetyl chloride passing over at 63°/15 mm. This had 
d*®™ 0-9709 and n>?” 1-4403, whence [R;]p 44:1 (cale., 44-02) (Found: 
Cl, 22-4. C,H,,OCl requires Cl, 21-8%), and formed an anilide, 
fine silky needles, m. p. 148—149°, from ether—petroleum, identical 
with a specimen obtained from ditsopropylacetic acid (J., 1930, 
2760) by successive thionyl] chloride and aniline treatment (Found : 
C, 76-5; H, 10-0. C,,H,,ON requires C, 76-7; H, 9-6%). 


The author’s thanks are due to the Department of Scientific and 
Industrial Research for a maintenance grant, and to the Chemical 
Society for a grant covering the cost of materials. 


THE IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
LonpDon, S.W.?7. [ Received, June 6th, 1931.] 





CCCX XI.—I vestigations in the Diphenyl Series. Part 
X. The Bromination of 4-p-Toluenesulphonami- 
dodiphenyl. 


By Frank BELL. 


In previous papers (J., 1928, 2770; 1930, 1071) it has been shown 
that the p-toluenesulphonamido-group has a high orienting power 
compared with the acetamido-group in all nitration experiments. 
It would be anticipated that the same relative behaviour would be 
shown in halogenations, but the quantitative measurements of Orton 
and Bradfield (J., 1927, 986) and of Bradfield and Jones (J., 1928, 
3073) do not bear out this expectation. These authors have deter- 
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mined the velocity coefficient of chlorination of certain anilides in 
acetic acid solution under standard conditions and the comparative 
numbers are: acetanilide, 66-5; -toluenesulphonanilide, 65-11; 
benzenesulphonanilide, 41-2. Instead of the values for the sulphon- 
anilides being very considerably higher than that for acetanilide, 
they are actually lower. This result can only be interpreted as 
indicating a difference in the mechanisms of nitration and halogen- 
ation or that the normal character of the acetamido-group is 
modified by salt formation in the presence of mineral acid, with conse- 
quent lowering of its orienting power relative to that of the sulphon- 
amido-group. It is significant that ‘the amount of hydrochloric 
acid employed produces an appreciable effect on the velocity of 
chlorination, the effect on acetanilide being a decrease in speed as 
the hydrochloric acid is increased, although with benzenesulphon- 
anilide this effect is reversed *’ (Orton and Bradfield, loc. cit.). The 
same effect is revealed in the substitution of 2-acetamidodipheny], 
which on nitration in acetic acid gives the 5-nitro-derivative but in 
the presence of sulphuric acid the 4’-derivative (the orienting power 
of the acetamido-group having been rendered very small) (Scar- 
borough and Waters, J., 1927, 89). 

The difference which exists between the nitration and the bromin- 
ation of 4-acetamidodipheny! (Kenyon and P. H. Robinson, J., 1926, 
3050) cannot, however, be explained in this way. Substitution in 
the 3-position (nitration) is directly controlled by the group in 
position 4, whilst entry in position 4’ (bromination) is controlled by. 
the substituted phenyl group, conjugative effects between the nuclei 
being discredited (Le Févre and Turner, J., 1928, 245). Steric 
factors cannot be of great importance, for 3 : 5-dibromoaminodi- 
phenyl can be acetylated and diacetylated with the utmost ease. 
If the possibility of indirect substitution via the acetamido-group 
can be left out of account (Orton, Soper, and Williams, J., 1928, 998), 
it appears that the acetamido-group is more effective in nitration 
than in brominations. 

It appeared of interest to see whether a similar difference between 
nitration and bromination was shown by p-toluenesulphonamides. 
4-p-Toluenesulphonamidodiphenyl underwent nitration quantit- 
atively in the 3-position, but bromination of the compound led to so 
many products that great stress could not be laid on the absence 
of the 4’-derivative. 3- Nitro - 4 - p - toluenesulphonamidodipheny] 
proved unsuitable for use because, although nitration proceeded 
cleanly to the 3 : 5-dinitro-derivative, bromination in acetic acid was 
accompanied by much hydrolysis and formation of 5 : 4’-dibromo-3- 
nitro-4-aminodiphenyl. However, 3 - bromo - 4 - p - toluenesulphon- 
amidodiphenyl on bromination gave quite a good yield of the 3 : 4’- 
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dibromo-compound (I), whereas on nitration 3-bromo-5-nilro-4-p- 
toluenesulphonamidodiphenyl (11) was obtained. 


Br Br 
BK >< NH-S0, CH, < >< DNFS0,C,H, 
(I.) (i1.) NO, 


It appears, therefore, that the nature of the entering group must 
be taken into account as a factor not entirely over-ruled by con- 
ditions of substitution and strength of orienting group. Lapworth 
and Robinson (Mem. Manchester Phil. Soc., 1927, 72, 43) have 
emphasised the distinction between degree and frequency of activ- 
ation of a nuclear carbon atom. It might be suggested that position 
4’ in 4-acetamidodipheny] has a lower degree but a higher frequency 
of activation than position 3, and bromine, a more energetic kationoid 
reagent, enters position 4’. Since 4-hydroxydipheny] is brominated 
in positions 3 : 5 without formation of the 3 : 4'-derivative (Bell and 
P. H. Robinson, J., 1927, 1128), it appears that when the activation 
in positions 3 and 5 is sufficiently high, so that every tentative union 
proceeds to completion, the higher frequency of activation of position 
4’ is more than counterbalanced. The activating power of a 
p-toluenesulphonamido-group can be increased by removal of its 
incipiently ionised hydrogen atoms by salt formation, and therefore 
the bromination of 4-p-toluenesulphonamidodiphenyl in pyridine 
solution was examined. It gave the 3: 5-derivative (III) in good 
yield. Similarly 4’-bromo-4-p-toluenesulphonamidodiphenyl gave 
the 3:5: 4'-tribromo-derivative, 4'-nitro-4-p-toluenesulphonamido- 
diphenyl the 3: 5-dibromo-derivative (IV), 3-nitro-4-p-toluenesul- 
phonamidodiphenyl the 5-bromo-derivative, and 5-bromo-2-p- 
toluenesulphonamidodiphenyl the 3-bromo-derivative (V). With- 
out the exceptionally high activation caused by salt formation, 


Br 

(III.) Ph¢ NH-S0, C,H, 
Br 

Br 


Br 
NO, >< NH-S0,°C,H, < Ph 
Br 


Br NH-SO,°C,H, 
(IV.) (V.) 
bromine in cold pyridine is of no value as a brominating agent. 
3 : 5-Dibromo-4-p-toluenesulphonamidodiphenyl, 3 : 5-dibromo-2-p- 
toluenesulphonamidodiphenyl, 3- and 4'-bromo-4-methoxydiphenyls, 
3 : 5-dinitro-4-p-toluenesulphonamidodiphenyl,  4'-bromo-4-acet- 
amidodiphenyl, and even 4-acetamidodiphenyl were recovered in 
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quite good amount after treatment with 1—2 molecules of bromine 
in this way. 

The conclusion is drawn that directing groups may not appear 
in the same sequence in substitutions of different types. Salt 
formation with the media and consequent establishment of real poles 
is of the utmost importance, and the degree of activity of the 
substituting reagent in part determines the positions in the molecule 
which are open to attack. 


EXPERIMENTAL. 

Bromination of 4-p-Toluenesulphonamidodiphenyl.—(a) Bromine 
(4 g.) was added to 4 g., dissolved in pyridine, and the solution, after 
standing over-night, was poured into water. The product was 
warmed with alcohol, and the residue (4-7 g.; m. p. ca. 190°) 
crystallised from acetic acid. Pure 3: 5-dibromo-4-p-toluene- 
sulphonamidodiphenyl, m. p. 196°, was obtained (Bell, this vol., 
p. 615). This compound was unchanged after introduction into 
cold fuming nitric acid, and after being warmed with bromine in 
acetic acid solution. 

(6) Bromination in chloroform solution gives the 3 : 4’-dibromo- 
derivative (Bell, J., 1930, 1076). 3: 4’'-Dibromo-4-p-toluene- 
sulphonamidodiphenyl on bromination in pyridine solution as 
described above gave a quantitative yield of 3: 5 : 4’-tribromo-4-p- 
toluenesulphonamidodiphenyl. This compound crystallised from 
acetic acid in needles, m. p. 218° (Found : Br, 42°4. C,gH,,O,NBr,S 
requires Br, 42-9%), and reacted readily with p-toluenesulphony] 
chloride in pyridine solution to give 3 : 5 : 4’-tribromo-4-di-p-toluene- 
sulphonamidodiphenyl. The latter, which was the only compound 
which could be isolated from the product of interaction of 3 : 5: 4’- 
tribromo-4-aminodipheny] with p-toluenesulphony] chloride, crystall- 
ised from alcoholic pyridine in needles, m. p. 274° (Found : Br, 33-4. 
C,,H.0,NBr,S, requires Br, 33-6%). Nitric acid (d 1-5; 1 ¢.c.) in 
acetic acid (1 c.c.) was added to a warm solution of 3 : 4’-dibromo-4- 
p-toluenesulphonamidodipheny] (1-25 g.) in acetic acid (7 ¢.c.). 
3: 4’-Dibromo-5-nitro - 4 - p - toluenesulphonamidodiphenyl separated 
immediately; it formed pale yellow needles, m. p. 229°, after 
recrystallisation from acetic acid (Found: C, 43-5; H, 2-9. 
C,9H,,0,N,Br,S requires C, 43-4; H, 2:7%). It dissolved slowly 
in cold sulphuric acid; and when the solution was poured into water 
3: 4’-dibromo-5-nitro-4-aminodipheny] was precipitated. 

Bromination of 3-Nitro-4-p-toluenesulphonamidodiphenyl.—(a) A 
solution of this compound and bromine (1 mol.) in acetic acid was kept 
warm for 1 hour. On cooling, 5 : 4’-dibromo-3-nitro-4-aminodipheny] 
separated and no other product was isolated in a pure condition. 
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(6) Bromine (3 g.) was added drop by drop to 6-8 g., dissolved in 
pyridine, and the solution was left over-night and poured into 
water. The viscous mass obtained was dissolved in boiling acetic 
acid; on cooling, 3-bromo-5-nitro-4-p-toluenesulphonamidodiphenyl 
(6-3 g.) separated. This was alternatively prepared as follows. 
Nitric acid (d 1-5; 3 c.c.) in acetic acid (3 c.c.) was added to a warm 
solution of 3-bromo-4-p-toluenesulphonamidodiphenyl (3 g.) in 
acetic acid (30 c.c.), and the mixture allowed to cool. 3-Bromo-5- 
nitro-4-p-toluenesulphonamidodiphenyl separated; it formed long 
needles, m. p. 191°, after recrystallisation from acetic acid (Found : 
Br, 18-1. C,9H,;0,N,BrS requires Br, 17-9%). This compound 
dissolved almost immediately in cold sulphuric acid and when the 
solution was poured into water and neutralised with aqueous 
ammonia 3-bromo-5-nitro-4-aminodiphenyl (Scarborough and 
Waters, J., 1927, 1138; Hinkel and Hey, J., 1928, 1838) was 
precipitated, the constitution of which was further confirmed by 
preparation of the acetyl derivative (Bell, this vol., p. 2227). 3- 
Bromo-5-nitro-4-p-toluenesulphonamidodipheny! was recovered un- 
changed after introduction into cold fuming nitric acid, after warm- 
ing in a steam-bath with concentrated nitric acid, and after warming 
with bromine in acetic acid solution. 

Bromination of 4'-Nitro-4-p-toluenesulphonamidodiphenyl—4'- 
Nitro-4-p-toluenesulphonamidodiphenyl, prepared by interaction of 
4’-nitro-4-aminodipheny] with p-toluenesulphony] chloride in pyrid- 
ine solution, formed small prisms,:‘m. p. 144° after recrystallisation 
from acetic acid (Found: C, 61-7; H, 4-4. C,,.H,,0,N,S requires 
C, 61-9; H, 4-4%). 

(a) 3 G. in warm acetic acid (15 c.c.) were treated with bromine 
(1-3 g.) in acetic acid (4 ¢c.c.), and the mixture kept over-night. 
Crystals (1-7 g., m. p. ca. 130°) separated and the mother-liquor on 
dilution furnished similar material (1-6 g.). Recrystallisation from 
acetic acid gave large prisms, m. p. 130—133°, which must have 
contained unchanged material (Br, 14-0%), but recrystallisation from 
alcohol soon gave 3-bromo-4’-nitro-4-p-toluenesul phonamidodiphenyl 
in lustrous needles, m. p. 144° (Found: Br, 17-6. C,,H,;0,N,Br8 
requires Br, 17-99%). On addition of nitric acid (d 1-5; 1 ¢.c.) to this 
compound (1 g.) in acetic acid, there separated immediately needle 
crystals of 3-bromo-5 : 4'-dinitro-4-p-toluenesulphonamidodipheny|, 
m. p. 250° (Found : Br, 16-3. C,,H,,0,N,BrS requires Br, 16-3%). 

(6) Bromine (3-3 g.) was added to the compound (3 g.) in pyridine, 
and the solution, after standing over-night, poured into water. 
The product (4-4 g.) after crystallisation from pyridine gave pure 
3 : 5-dibromo-4'-nitro-4-p-toluenesulphonamidodiphenyl in needles, 
m. p. 274° (Found : Br, 30:2. C,,H,,0,N,Br,S requires Br, 30-4%). 
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Bromination of 2-p-Toluenesulphonamidodiphenyl.—2-p-Toluene- 
sulphonamidodiphenyl, treated with bromine (2-5 mols.) in pyridine 
in the usual way, gave 3 : 5-dibromo-2-p-toluenesulphonamidodi- 
phenyl, which crystallised from alcohol in large prisms, m. p. 118° 
(Found: Br, 32-8. C,,H,,0,NBr,S requires Br, 33-3%). 2G. were 
left with sulphuric acid (5 c.c.) over-night and the solution was poured 
into aqueous sodium acetate. The resultant precipitate after 
erystallisation from alcohol had m. p. 53°, alone or mixed with 
3 : 5-dibromo-2-aminodipheny! (Scarborough and Waters, J., 1927, 
94). 

4'-Bromo-3 : 5-dinitro-4-p-toluenesulphonamidodiphenyl, prepared 
by addition of nitric acid (d 1-5; 2 ¢.c.) in acetic acid (2 c¢.c.) to 
4'-bromo-4-p-toluenesulphonamidodiphenyl (2 g.) in acetic acid 
(15 ¢.c.), erystallised from acetic acid in long needles, m. p. 233° 
(Found: Br, 16-1. C,,H,,O,N,BrS requires Br, 16-3%). 


In conclusion, the author wishes to express his thanks to Dr. J. 
Kenyon for criticism of this paper. 


BATTERSEA PoLyTECHNIC, S.W. 11. [Received, July 22nd, 1931.] 





CCCXXII.—The Interaction of Nitroaminophenols 
with Sulphonyl Chlorides. 


By Frank BELL. 


Ix previous papers (J., 1929, 2787; 1930, 1072; this vol., p. 611) 
it has been shown that many nitroamines react with difficulty with 
p-toluenesulphony! chloride, yet the nitro-sulphonamides obtained 
(indirectly if necessary) have a reactive amino-hydrogen atom. 
Also, nitrophenols react readily with p-toluenesulphonyl chloride 
in pyridine solution to give phenylpyridinium sulphonates, easily 
convertible into the corresponding chlorides and, in certain circum- 
stances, into chlorobenzenes. It became of interest to examine 
nitro-compounds containing both hydroxyl and amino-groups in 
the same molecule to see how far these two types of behaviour 
would persist. 

Picramic acid was first studied. In this compound the nitro- 
groups are so situated as to activate the hydroxyl group. With 
one molecule of p-toluenesulphonyl chloride it gave the pyridine 
salt of 4: 6-dinitro-2-p-tolwenesulphonamidophenol (III), stable to 
acetic acid but giving the free phenol (II) after precipitation from 
aqueous ammonia. The pyridine salt could be acetylated to give 
the pyridine salt of 4 : 6-dinitro-2-p-toluenesulphonacetamidophenol 
(VI), alternatively prepared by addition of pyridine to an acetic 
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anhydride solution of 4 : 6-dinitro-2-p-toluenesulphonacetamidopheny 
acetate (V). This interesting reaction has a parallel in the immediate 
precipitation of pyridine picrate on addition of pyridine to picry! 
acetate dissolved in acetic anhydride. 


OH OH OH,C;H,;N 


Cie » NONI a Open nO 


iT.) NO, No, 
(II.) (III.) a 
OAc OH,C, i .N NC,H,Cl’ NC,H, 
“ye , NO, Pog pe NO, on 
A ‘s Frm . (Vv 9 


[X = SO,-C,H,] 


With two molecules of p-toluenesulphonyl chloride in pyridine 
solution, picramic acid gave a bright orange compound insoluble 
in the usual solvents but easily soluble in dilute acids with form. 
ation of colourless salts. These salts were decomposed by boiling 
aqueous sodium acetate, the original compound being regenerated; 
this consequently appears to have the constitution anhydro-2 : 4. 
dinitro-6-p-toluenesulphonamidophenylpyridinium hydroxide (VIII). 
A compound containing a similar type of ortho-dipole has been 
recently described by Fries and Schimmelschmidt (Annalen, 1930, 
484, 245). The possibility of obtaining related compounds with 
meta- and para-dipoles was then examined. 

The directions given by Reverdin and Widmer (Ber., 1913, 46, 
4066) for the nitration of the di-p-toluenesulphonyl derivative of 
m-aminophenol were found to be incorrect. However, under new 
conditions, 2 : 4-dinitro-5-p-toluenesulphonamidophenyl p-toluenesul- 
phonate (1X) was obtained and this reacted readily with pyridine 
to give anhydro-2 : 4-dinitro-5-p-toluenesulphonamidophenylpyridin- 
ium hydroxide (X). This compound was alternatively prepared 
by solution of  1-chloro-2 : 4-dinitro-5-p-toluenesulphonamido- 
benzene in pyridine. 


ox NC,H NC,H, ox 
NO, No. NO, ye NH, 
HX & a NO, JNO, 
No, % 
(IX.) bs 2 (XI.) (XII.) 


[X = 80,-C,H,] 











18C 
ide ix 
amid 
than 
soluk 
ative 
Al 
nitro 
tolue 
gave 
whic 
3:4- 
Ne 
in tl 
readi 
phon 
amin 
prote 
3: 5- 
the « 
amin 
was 
p-tol 
ation 
grou 
1914, 
to gi 
533 ; 
alkal 
will 
solut 
ring 
ation 
3: 5- 
unch: 
in th 
prese 
that 
in py 
Th 


towal 
sulph 
all cl 
sulph 





enyl 
iate 
c ryl 


[Xx 
id 
















NITROAMINOPHENOLS WITH SULPHONYL CHLORIDES. 2345 


isoPicramic acid with two molecules of p-toluenesulphony] chlor- 
ide in pyridine solution gave anhydro-2 : 6-dinitro-4-p-toluenesulphon- 
amidophenylpyridinium hydroxide (X1), which was much less stable 
than the corresponding derivative of picramic acid. It is easily 
soluble in acetic acid and consequently the salts are not quantit- 
atively decomposed by sodium acetate as in the previous cases. 

Although pyridinium salt formation occurs so readily when a 
nitro-group is in the o-position to hydroxyl, other nitrophenyl-p- 
toluenesulphonates show normal stability. 4-Nitro-2-aminophenol 
gave 4-nitro-2-p-toluenesulphonamidophenyl p-toluenesulphonate, 
which even after further nitration, to give most probably the 
3: 4-dinitro-compound, was stable towards pyridine. 

Next were examined compounds in which the nitro-groups were 
in the op-positions to the amino-group. 5-Nitro-2-aminophenol 
readily gave 5-nitro-2-p-toluenesulphonamidophenyl p-toluenesul- 
phonate, but 3-nitro-2-aminophenol would give only 3-nitro-2- 
aminophenyl p-toluenesulphonate. The amino-group is here so well 
protected that the compound can be directly nitrated to give 
3: 5-dinitro-2-aminophenyl p-toluenesulphonate (XII), which was 
the only product obtained by the interaction of 3 : 5-dinitro-2- 
aminophenol with p-toluenesulphonyl chloride. This dinitrophenol 
was obtained by nitration of 2-p-toluenesulphonamidophenyl 
p-toluenesulphonate and subsequent hydrolysis. Various explan- 
ations of this lack of reactivity of an amino-group ortho- to a nitro- 
group have been put forward (inter alia, Meldola and Hollely, J., 
1914, 105, 410) and it appears probable that there is interaction 
to give a chelate ring (XIII) (Sidgwick and Callow, J., 1924, 125, 
533; Gibson and Johnson, J., 1929, 1239) which is stable under 
alkaline or neutral conditions. Consequently these compounds 
will not undergo reaction with sulphonyl chlorides in pyridine 
solution or with boiling acetic anhydride, but immediately the 
ting is broken down by. addition of a little sulphuric acid acetyl- 
ation proceeds easily. It has now been found that 3-nitro- and 
3: 5-dinitro-2-aminophenyl p-toluenesulphonates can be recovered 
unchanged from boiling acetic anhydride but are easily acetylated 
in the presence of one drop of sulphuric acid. The chelate ring 
present in o-nitrophenols (acid) is broken down by basic media so 
that even picric acid reacts easily with p-toluenesulphony] chloride 
in pyridine. 

The p-toluenesulphonates of nitroaminophenols are very stable 


towards the usual hydrolytic agents. Thus 5-nitro-2-p-toluene- 


sulphon(acet-, @-naphth-)amidophenyl p-toluenesulphonates were 
all cleanly hydrolysed by acid to 5-nitro-2-aminophenyl p-toluene- 
sulphonate and also 3-nitro-2-acetamidophenyl p-toluenesulphonate 
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was hydrolysed to 3-nitro-2-aminophenyl p-toluenesulphonate. 
In view of these results it appeared possible that the normal type 


H 


N H? H 9 HQ 
Py \a (>-n-G-CH, (scx, / Non, 
A | |. | | [+ 
Ax 70 | Joon, \ JOR 0-0, 
0 o © O 
(XIII.) (XIV.) (XV.) (XVI.) 


of migration of acyl groups from oxygen to nitrogen might be 
inhibited in diacyl-nitroaminophenols. Actually 5-nitro-2-acet- 
amidophenol reacted with 8$-naphthoyl chloride to give a diacyl 
derivative which on hydrolysis gave 5-nitro-2-8-naphthamidophenol, 
and 3-nitro-2-acetamidophenol showed an identical behaviour. 
These results emphasise the difference which exists between an 
acyl and an arylsulphonyl radical and suggest that the migration 
of the acyl group involves some factor absent from the latter group. 
Examination of the formule of typical compounds (XIV, XV) 
suggests the possibility that the migration is bound up with the 
unsaturated nature of the acyl group. Moreover o-aminophenols 
have a tendency to give benzoxazole derivatives (Bell, J., 1930, 
1982), so that a compound of formula (XVI) might easily arise. 
Hydrolysis—the attack by hydroxyl ions—would probably centre 
on the acetyl carbonyl group, resulting in separation of acetic 
acid, the nitrogen atom being left in possession of a new lone pair 
of electrons and definitely linked to the benzoyl group. This 
mechanism is identical with that put forward by Bennett (Ann. 
Reports, 1929, 26, 123) for the imino-ether rearrangement and 
found satisfactory for the triarylbenzylamidine rearrangement by 
Chapman and Perrott (J., 1930, 2465). Many factors must bear 
on this simple mechanism, as an examination of the papers of 
Raiford (J. Amer. Chem. Soc., 1919, 41, 2068, et seg.), Nelson (cbid., 
1926, 48, 1677, et seqg.), and others will show, and an attempt will 
be made to co-ordinate some of the outstanding facts. 


EXPERIMENTAL. 

Interaction of Picramic Acid with p-Toluenesulphonyl Chloride.— 
(a) Picramic acid and p-toluenesulphonyl chloride (1 mol.) were 
allowed to interact in pyridine solution for 12 hours, the solution 
was then poured into water, and the precipitated mass filtered off 
and recrystallised from acetic acid. Stout yellow needles, m. p. 
203°, of the pyridine salt of 2 : 4-dinitro-6-p-toluenesulphonamido- 
phenol were obtained (Found: N, 12-6. C,,H,,0,N,S requires 
N, 13-0%). 
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ite. | This compound dissolved readily in dilute aqueous ammonia, 
ype J and addition of hydrochloric acid precipitated 2 : 4-dinitro-6-p- 
toluenesulphonamidophenol, which crystallised from acetic acid in 
yellow needles, m. p. 191° (Found: N, 11-4. C,,H,,0,N,S requires 
N, 119%). The pyridine salt dissolved in acetic anhydride to a 
clear solution, which almost immediately deposited bright yellow 
H; | needles of the pyridine salt of 2 : 4-dinitro-6-p-toluenesulphonacet- 
amidophenol, m. p. 190°, unchanged after recrystallisation from 
acetic anhydride (Found: N, 11-3. C, 9H,,0,N,S requires N, 
118%). This acetyl derivative was hydrolysed by solution in 
aqueous ammonia to give 2: 4-dinitro-6-p-toluenesulphonamido- 
phenol, which, after being warmed for some time with acetic 
cyl anhydride, gave 2: 4-dinitro-6-p-toluenesulphonacetamidophenyl 
ol; I acetate as white prisms, m. p. 174° (Found: N, 9-4. C©,,H,,O,N,S 
ul. F requires N, 9-6%). 

(6) Picramic acid and p-toluenesulphonyl chloride (2 mols.) as 


Nn Tabove gave crude anhydro-2 : 4-dinitro-6-p-toluenesulphonamido- 
'P: f vhenylpyridinium hydroxide, insoluble in acetone, benzene, chloro- 
Y) | form and aqueous ammonia and decomposed by sodium hydroxide 
he For hot pyridine. With dilute sulphuric acid it gave a yellow gum, 
_ but in hot dilute nitric or hydrochloric acid it dissolved to give 


a colourless solution, which on cooling deposited a well-defined 
*€. I salt. 2: 4-Dinitro-6-p-toluenesulphonamidophenylpyridinium nitrate 
o formed plates, m. p. 161° (decomp.) (Found: C, 45-3; H, 3-2. 
1 1 C,<H,,O,N,;S requires C, 45-3; H, 3-2%), and 2: 4-dinitro-6-p- 
toluenesulphonamidophenylpyridinium chloride formed needles, m. p. 
us 1 174° (Found: C, 47-8; H, 3-4. C,,H,,O,N,CIS requires C, 47:9; 
”. 7H, 3-3%). These salts underwent slight decomposition on solution 
in water and if poured into boiling sodium acetate solution were 
-Y | iumediately decomposed with precipitation of the anhydro-com- 
pound as a bright orange powder, m. p. 249° (decomp.) (Found : 
of 10, 52-3; H, 3-5. C,,H,,0,N,S requires C, 52:2; H, 3-4%). 
Nitration of 2-p-Toluenesulphonamidophenol.—4 G. in warm acetic 
acid (40 c.c.) were treated with nitric acid (1-4 c.c. in 14 c.c. of 
water), and after 4 hour the mixture was poured into water. The 
precipitate after repeated crystallisation from acetic acid gave 
pure 2 : 4-dinitro-6-p-toluenesulphonamidophenol (above). 
Nitration of 2-p-Toluenesulphonamidophenyl p-Toluenesulphonate. 
—(a) To 4 g. in warm acetic acid (25 c.c.) was added nitric acid 
(d 1-4; 1-3 c.c.) in acetic acid (2-6 c.c.). The crystalline material 
which separated on cooling was recrystallised from benzene (acetic 
acid, alcohol or acetone), 5-nitro-2-p-toluenesulphonamidophenyl 
p-toluenesulphonate, m. p. 159°, being obtained (Found: C, 51-8; 
H, 40. C,9H,,0,N,S, requires C, 51-9; H, 3-9%). When dis- 
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solved in cold sulphuric acid and left for 1 hour, it underwent 
complete hydrolysis to 5-nitro-2-aminophenol, but if left for only 
¢ hour the principal product was 5-nitro-2-aminophenyl p-toluene- 
sulphonate. This compound crystallised from acetic acid in stout 
needles, m. p. 188° (Found: N, 9-0. C,,;H,.0;N,S requires N, 
9-1%), was insoluble in sodium hydroxide solution, and with warm 
acetic anhydride readily gave 5-nitro-2-acetamidophenyl p-toluene. 
sulphonate, which crystallised from acetic acid or alcohol in needles, 
m. p. 189° (Found: N, 7-6. C,;H,,0,N,S requires N, 8-0%), and 
was alternatively prepared as follows. A solution of 2-acetamido- 
phenyl p-toluenesulphonate in nitric acid (d 1-4) was warmed for 
10 minutes on the steam-bath and poured into water; the pre- 
cipitated gum was repeatedly crystallised from acetic acid. 

(6) To 5 g. in warm acetic acid (50 c.c.) was added nitric acid 
(d 1-5; 5 c.c.) in acetic acid (5 ¢.c.). On cooling there separated 
3: 5-dinitro- 2 - p -toluenesulphonamidophenyl p - toluenesulphonate, 
which crystallised from acetic acid in fine needles, m. p. 188° (Found : 
C, 47-7; H, 3-7. C,9H,,0,N,8, requires C, 47:3; H, 3-4%). It 
was readily converted into 3 : 5-dinitro-2-aminophenol by solution 
in sulphuric acid, and this formed golden needles, m. p. 218°, after 
crystallisation from alcohol (Found: C, 36-0; H, 2-4. C,H;0;N,8 
requires C, 36-2; H, 2-5%). This base reacted with p-toluene- 
sulphony] chloride (1 mol.) in pyridine solution to give 3 : 5-dinitro- 
2-aminophenyl p-toluenesulphonate, which crystallised from acetic 
acid in pale yellow prisms, m. p. 186° (Found: N, 11-6. C,,;H,,0,N,8 
requires N, 11-9%). 3: 5-Dinitro-2-aminopheny] p-toluenesulphon- 
ate was insoluble in sodium hydroxide solution, failed to react with 
a further quantity of p-toluenesulphonyl chloride, and was stable 
to boiling acetic anhydride, but with acetic anhydride and sulphuric 
acid it gave 3: 5-dinitro-2-acetamidophenyl p-toluenesulphonate 
(below). 

Reactions involving 3-Nitro-2-aminophenol.—3-Nitro-2-amino- 
phenol was prepared by the method of Newbery and Phillips (J., 
1928, 3047). With 1 or 2 mols. of p-toluenesulphonyl chloride in 
pyridine solution it gave 3-nitro-2-aminophenyl p-toluenesulphonate, 
which crystallised from acetic acid in pale yellow prisms, m. p. 136° 
(Found: C, 50:7; H, 4:1. C,,;H,,O;N,8 requires C, 50-6; H, 
3:9%). This compound was insoluble in dilute sodium hydroxide 
solution and in hydrochloric acid. 2 G. rapidly dissolved in nitric 
acid (d 1-4; 6c.c.)on warming, but the solution almost immediately 
deposited crystals of 3: 5-dinitro-2-aminophenyl p-toluenesulphonate 
(see above). When the nitric acid filtrate was poured into water, 
gummy matter was precipitated from which nothing definite could 
be isolated. 
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3-Nitro-2-acetamidophenol reacted with p-toluenesulphony] chlor- 
ide in pyridine solution to give 3-nitro-2-acetamidophenyl p-toluene- 
sulphonate, which crystallised from alcohol in large prisms, m. p. 
120° (Found: C, 51-4; H, 40. C,;H,,Q,N,S8 requires C, 51-5; 
H, 4.0%). This compound, when warmed with alcoholic hydrogen 
chloride, underwent hydrolysis to give pure 3-nitro-2-aminopheny] 
p-toluenesulphonate. 

3-Nitro-2-acetamidophenol with $-naphthoyl chloride in pyridine 
solution gave 3-nitro-2-acetamidophenyl B-naphthoate, which crystal- 
lised from acetic acid in needles, m. p. 177° (Found: C, 64:7; H, 
40. C, 9H,,0;N, requires C, 65-1; H, 40%). This compound 
dissolved readily in warm dilute sodium hydroxide solution, and 
on addition of hydrochloric acid 3-nitro-2-8-naphthamidophenol was 
precipitated, which formed small yellow needles, m. p. 140° after 
recrystallisation from alcohol (Found : C, 66-3; H,4-0. C,,H,,0,N, 
requires C, 66-3; H, 3-9%). 

3-Nitro-2-aminophenyl p-toluenesulphonate with warm acetic 
anhydride containing two drops of sulphuric acid gave 3-nttro- 
2-diacetamidophenyl p-toluenesulphonate, which was also obtained 
by acetylation of 3-nitro-2-acetamidophenyl p-toluenesulphonate. 
It crystallised from alcohol in large prisms, m. p. 134° (Found : 
C, 51-9; H, 4:2. C,,H,,0,N,S requires C, 52-0; H, 4:1%). 

Reactions involving 4-Nitro-2-aminophenol.—4-Nitro-2-amino- 
phenol in pyridine solution with p-toluenesulphony] chloride (1 mol.) 
gave the di-p-toluenesulphony] derivative, which was more economic- 
ally prepared by use of 2 mols. of the chloride. 4-Nitro-2-p-toluene- 
sulphonamidophenyl p-toluenesulphonate crystallised from acetic 
acid in prisms, m, p. 132° (Found: C, 51-8; H, 4-0. C, 9H,,0,N,8, 
requires C, 51-9; H, 3-9%). This compound (1 g.) was warmed 
with nitric acid (d 1:4; 4 ¢.c.); the solution first obtained soon 
deposited crystals, which were recrystallised from acetic acid. 
3(2) : 4-Dinitro-2-p-toluenesulphonamidophenyl p-toluenesulphonate 
was obtained in needles, m. p. 154° (Found: C, 47:3; H, 3-3. 
Cy9H,,0,N,8, requires C, 47-3; H, 3-4%). On addition of pyridine 
to a hot benzene solution of this dinitro-2-p-toluenesulphonamido- 
phenyl p-toluenesulphonate there was deepening in colour but no 
further change on boiling for an hour. On cooling, large, deep 
yellow prisms, m. p. 124°, of the pyridine salt slowly separated 
(Found: loss on drying at 100°, 13-7. C,9H,,0O,N,8,,C;H,;N re- 
quires loss, 13-59%). By solution in sulphuric acid it was hydrolysed 
to the corresponding dinitro-2-aminophenol, which formed small 
yellow needles, m. p. 200° after recrystallisation from aqueous 
alcohol. With p-toluenesulphonyl chloride (2 mols.) in pyridine 
this aminophenol gave only a mono-p-toluenesulphonyl derivative, 
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needles, m. p. 165°, from acetic acid (Found: C, 44:2; H, 3-3. 
C,3H,,0,N,8S requires C, 44:2; H, 31%), suggesting that the 
amino-group is protected by an adjacent nitro-group. 

Interaction of 4-nitro-2-acetamidophenol with §-naphthoy]l chlor. 
ide (1 mol.) in pyridine solution gave a product from which only 
4-nitro-2-8-naphthamidophenyl 8-naphthoate could be isolated. This 
formed needles, m. p. 242°, after crystallisation from pyridine 
(Found : C, 72-4; H,4-0. C,,H,,0;N, requires C, 72-7; H, 3-9%) 
and on hydrolysis gave 4-nitro-2-8-naphthamidophenol, m. p. 290° 
(Found: C, 65-8; H, 3-9. C,,H,,0,N, requires C, 66-3; H, 
39%). 

Reactions involving 5-Nitro-2-aminophenol.—5-Nitro-2-amino. 
phenol in pyridine solution with p-toluenesulphonyl chloride (1 
mol.) gave a very mixed product containing some of the di-p- 
toluenesulphonyl derivative of the base, and with 2 mols. of the 
chloride gave a product consisting mainly of the di-p-toluene- 
sulphonyl derivative, m. p. 160°, together with 5-nitro-2-amino- 
phenyl] p-toluenesulphonate (above). 2-Acetamidophenyl p-toluene- 
sulphonate, when nitrated in acetic anhydride by the method given 
above, gave only a poor yield of 5-nitro-2-acetamidopheny] p-toluene- 
sulphonate. This compound was very easily hydrolysed by even 
dilute sodium hydroxide solution to give 5-nitro-2-aminophenol, 
but when it was warmed with alcoholic hydrogen chloride it gave 
5-nitro-2-aminopheny] p-toluenesulphonate. 

5-Nitro-2-acetamidophenyl 8-naphthoate, prepared by interaction 
of 5-nitro-2-acetamidophenol with §-naphthoyl chloride, formed 
needles, m. p. 167° (Found: C, 65-3; H, 4:2. C,.H,,0;N, re- 
quires C, 65-1; H, 40%), after repeated crystallisation from 
chloroform in order to eliminate the less soluble 5-nitro-2-8-naphth- 
amidophenol, m. p. 282° (Found: C, 66-0; H, 4-0. C,,H,,0,N, 
requires C, 66-3; H, 3-9%), which accompanied it in the product. 
It rapidly dissolved in warm aqueous sodium hydroxide to give a 
deep red solution which, on precipitation with hydrochloric acid, 
furnished 5-nitro-2-8-naphthamidophenol. 

5-Nitro-2-8-naphthamidophenyl §-naphthoate, from _ 5-nitro-2- 
aminophenol and §-naphthoyl chloride, was a difficultly soluble 
compound, m. p. 213° after recrystallisation from pyridine (Found: 
C, 72-'7; H, 3-9. C,,H,,0;N, requires C, 72-7; H, 3-9%). It 
dissolved rather slowly in warm aqueous sodium hydroxide, and 
precipitation of the resultant solution proved that hydrolysis had 
largely proceeded to the aminophenol, though 5-nitro-2-6-naphth- 
amidophenol was easily isolated owing to its small solubility. 

Nitration of 2-p-Toluenesulphonamidophenyl Acetate —To a cold 
solution of 18 g. in acetic anhydride (60 c.c.) was added nitric acid 
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(d 1-5; 3-3 c.c.) in acetic anhydride (12 c.c.), the temperature being 
maintained below 30°. Needle crystals were soon deposited and 
were filtered off after 2 hours (12-3 g.; m. p. ca. 170°). The filtrate 
was diluted with water and gave first a crystalline crop (2-7 g.; 
m. p. ca. 130°) and then an uncrystallisable gum. The main crop 
after recrystallisation from acetic acid gave 5-nitro-2-p-toluene- 
sulphonamidophenyl acetate in stout needles containing acetic acid 
of crystallisation (loss at 110°, 11%); it then had m. p. 178° (Found : 
N, 7:7. C,;H,,0,N.S requires N, 8-0%). When the second crop 
was crystallised from acetic acid, a further amount of 5-nitro- 
2-p-toluenesulphonamidophenyl acetate was obtained and then 
pale yellow prisms, m. p. 122°, of 3-nitro-2-p-toluenesulphonamido 
phenyl acetate (Found : C, 51-3; H, 4-0%). Both nitro-compounds 
were oriented by hydrolysis to the corresponding nitro-2-amino- 
phenols. 

5-Nitro-2-p-toluenesulphonamidophenyl acetate dissolved im- 
mediately in cold sodium hydroxide solution, and addition of 
hydrochloric acid then precipitated 5-nitro-2-p-toluenesulphon- 
amidophenol. This crystallised from aqueous alcohol in long, pale 
yellow needles, which sintered and became almost colourless at 
100° (Found: loss in wt., 5-7. C,3;H,0;N,S,H,O requires loss, 
55%). It then had m. p. 188° (Found: N, 8-9. C,,H,,0;N,S 
requires N, 9-1%), and, in pyridine solution, readily reacted with a 
further molecule of p-toluenesulphonyl chloride to give 5-nitro- 
2-p-toluenesulphonamidopheny] p-toluenesulphonate. 

5-Nitro-2-p-toluenesulphonamidophenol reacted with 8-naphthoyl 
chloride in pyridine solution to give 5-nitro-2-p-toluenesulphon- 
amidophenyl 8-naphthoate, which crystallised from acetic acid in 
needles, m. p. 188° (Found: C, 61:7; H, 41. C,,H,,0,N,S 
requires C, 62-4; H, 3-9%). This compound dissolved rapidly in 
warm dilute sodium hydroxide solution, and addition of hydro- 
chloric acid precipitated a mixture of 5-nitro-2-p-toluenesulphon- 
amidophenol and £-naphthoic acid, readily separable by means of 
sodium bicarbonate. 

Reactions involving 3 : 5-Dinitro-2-aminophenol.—3 : 5-Dinitro-2- 
aminophenol dissolved in acetic anhydride with evolution of heat, 
and the solution on standing deposited crystals of 3 : 5-dinitro- 
2-acetamidophenyl acetate. This formed needles, m. p. 180°, after 
recrystallisation from acetic acid (Found: C, 42:0; H, 3-5. 
C,9H,O,N, requires C, 42-4; H, 3-2%), and was easily soluble in 
aqueous ammonia to give a deep red solution, from which hydro- 
chloric acid precipitated 3 : 5-dinitro-2-acetamidophenol as pale 
yellow needles, m. p. 171° (Found: N, 17-2. C,H,O,N, requires 
N, 17-4%). 3:5-Dinitro-2-acetamidophenol with p-toluenesul- 
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phonyl chloride in pyridine solution gave 3 : 5-dinitro-2-acetamido. 
phenyl p-toluenesulphonate, which formed needles, m. p. 205°, after 
crystallisation from acetic acid (Found: N, 10-3. C,;H,,0,N,8 
requires N, 10-6%). 3: 5-Dinitro-2-acetamidophenol with §-naph- 
thoy] chloride (1 mol.) gave a viscous mass which would not solidify, 
When warmed with alcohol, the mass dissolved and on cooling 
there was obtained a small crop, m. p. ca. 180°, which after re. 
crystallisation from acetic acid gave 3 : 5-dinitro-2-B-naphthamido. 
phenyl $-naphthoate in needles, m. p. 185° (Found: N, 8:3. 
C.gH,,0,N, requires N, 8-3%). A solution of this compound in 
warm dilute aqueous ammonia was filtered hot and acidified with 
hydrochloric acid, and the resultant precipitate well washed with 
hot alcohol; 3 : 5-dinitro-2-8-naphthamidophenol remained as a pale 
yellow powder, m. p. 200° (Found: N, 11-9. C,,H,,0,N, requires 
N, 11-9%). 

Reactions involving m-Aminophenol.—Nitric acid (d 1-5; 10 c.c.) 
in acetic acid (10 c.c.) was added to a solution of 3-p-toluene- 
sulphonamidophenyl p-toluenesulphonate (10 g.) in acetic acid 
(50 c.c.), and the mixture warmed on a steam-bath for }$ hour and 
then poured into water. The resultant gum was separated, dried 
and dissolved in benzene-light petroleum. Crystalline material 
was slowly deposited, which after recrystallisation from acetic acid 
furnished 4 : 6-dinitro-3-p-toluenesulphonamidophenyl p-toluenesul- 
phonate as pale yellow needles, m. p. 158° (Found : C, 47-3; H, 3:3. 
Cy9H,,0,N,8, requires C, 47-3; H, 3-4%), hydrolysed by solution 
in sulphuric acid to 4 : 6-dinitro-3-aminophenol, m. p. 227°. On 
addition of pyridine (1 c.c.) to a solution of the dinitro-compound 
(1 g.) in benzene, the yellow colour immediately deepened and a 
yellow precipitate soon formed. After being washed with alcohol, 
this had m. p. ca. 180°, and was readily soluble in hot dilute nitric 
and hydrochloric acids to give colourless solutions which on cooling 
deposited oils, solidifying to colourless solids. These salts were 
soluble in hot alcohol, but, on cooling, the original yellow substance 
crystallised. The yellow substance was dissolved in warm dilute 
hydrochloric acid and filtered into boiling sodium acetate solution; 
the purified yellow substance, m. p. 263°, was then thrown down. 
It must be anhydro-4 : 6-dinitro-3-p-toluenesulphonamidophenylpyr- 
idinium hydroxide (Found: C, 51-6; H, 3-5. C,gH,,0,N,5 re- 
quires C, 52-2; H, 3-4%), and was alternatively prepared as follows. 
m-Chloroaniline and p-toluenesulphonyl chloride in pyridine gave 
p-toluenesulphon-3-chloroanilide, large prismatic needles, m. p. 135°, 
from alcohol (Found: C, 55-5; H, 4:4. C,3H,,0,NCIS requires 
C, 55-4; H, 43%). This compound (5 g.) was warmed on a steam- 
bath with nitric acid (d 1-4; 15 c.c.), and after } hour the mixture 
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diluted with water. The precipitated gum, crystallised from 
alcohol and twice from acetic acid, gave 1-chloro-2 : 4-dinitro-5-p- 
loluenesulphonamidobenzene in long needles, m. p. 158° (Found : 
(, 42-1; H, 2-9. C,,H,,0,N,CIS requires C, 42:0; H, 2-7%), 
hydrolysed by solution in sulphuric acid to 5-chloro-2 : 4-dinitro- 
aniline, m. p. 174°; the mother-liquor deposited stout prisms, 
m. p. 185°, of 1-chloro-4-nitro-5-p-toluenesulphonamidobenzene 
(Found: C, 47:5; H, 3-5. C,,H,,0,N,CIS requires C, 47-8; H, 
349%), hydrolysed by solution in sulphuric acid to 5-chloro-2-nitro- 
aniline, m. p. 124°. A pyridine solution of 1-chloro-2 : 4-dinitro- 
5-p-toluenesulphonamidobenzene was kept over-night and poured 
into water, and the resultant precipitate filtered off, dissolved in 
dilute hydrochloric acid, and filtered into boiling sodium acetate 
solution. The anhydro-compound was precipitated. 

Less energetic nitration of 3-p-toluenesulphonamidophenyl 
p-toluenesulphonate gave the 4-nitro-derivative, which crystallised 
from acetic acid in needles, m. p. 114° (Found: C, 51-6; H, 4-0. 
(9H, g0,N,8, requires C, 51-9; H, 39%). Hydrolysis by solution 
in cold sulphuric acid gave 4-nitro-3-aminophenol. 

Experiments involving p-Aminophenol.—2 : 6-Dinitro-4-amino- 
phenol was obtained in poor yield by the nitration of 4-benzylidene- 
aminophenol in sulphuric acid solution. _A solution of this com- 
pound and p-toluenesulphonyl chloride (2 mols.) in pyridine was 
left for 12 hours and then poured into water. The gummy product 
was dissolved in acetic acid, and the filtrate poured into hydro- 
chloric acid. The precipitated 2 : 6-dinitro-4-p-toluenesulphonamido- 
phenylpyridinium chloride, on recrystallisation from hydrochloric 
acid, formed needles, m. p. 205° (Found: C, 47-1; H, 3-5. 
C,gH,,O,N,CIS requires C, 47-9; H, 33%). When boiled with 
aqueous sodium acetate, it was converted into anhydro-2 : 6-dinitro- 
4-p-toluenesulphonamidophenylpyridinium hydroxide, which formed 
orange-yellow plates, m. p. 243°, after recrystallisation from a large 
bulk of alcohol (Found: C, 52-3; H, 3-6. C,,H,,0,N,S requires 
C, 52:2; H, 3-4%). it was easily soluble in acetic acid to give an 
almost colourless solution. 


The author wishes to express his thanks to Dr. J. Kenyon for 
his interest in this work, and to the Dyestuffs Research Group of 
Imperial Chemical Industries, Ltd., for a grant. 
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CCCXXITIT.—Jnfluence of Substituents on the Additive 
Reactivity of Ethylene Derivatives. PartI. Pre- 
liminary Observations on the Addition of Bromine 
in Solution. 


By CHRISTOPHER KELK InNGoLp and Epira Hiwpa INGOLp. 


Since the original formulation of an orientation theory of conjug- 
ative additions (Burton and Ingold, J., 1928, 1894; compare J., 
1929, 2012; Ingold, Chem. and Ind., 1928, 47, 269) our knowledge 
of the subject has been enriched by so considerable a body of 
observations, the results of which were or could have been foreseen 
by means of the theory, that its main outlines may be accepted as 
established. On the other hand, there are many important ques- 
tions connected with addition which the theory is not yet in a 
sufficiently developed state to answer, mainly owing to lack of 
knowledge concerning the relative effects of different substituents 
on the reactivity towards addenda of an attached unsaturated 
linking. The position is to this extent comparable with that in 
which the electronic theories of tautomerism and of aromatic 
substitution found themselves in 1927, and analogy with the sub- 
sequent development of these topics suggests that a further advance 
in the theory of addition will require certain basic data concerning 
the effect of substituents on additive reactivity. 

It might be thought that analogy with these subjects, tauto- 
merism and substitution, the theoretical aspects of which are at 
present more advanced, would furnish the necessary information 
without the need for special experiments; and to a limited extent 
this is true. We can be sure, for instance, that the majority of those 
groups which activate anionotropic systems and promote aromatic 
hydrogen-replacement by the ordinary substituting agents will 
increase the additivity of an ethylene towards reagents such as 
halogens, hydrogen halides, and nitrogen peroxide the more active 
ions of which are positive, and will decrease reactivity to such 
addenda as hydrogen, hydrogen cyanide, nitromethane, and ethy! 
malonate whose more active ions are negative; and, similarly, that 
most of those substituents which facilitate prototropy and aromatic 
halogen-replacement by basic reagents will de-activate the ethylene 
nucleus towards the former group of reagents and activate it towards 
the latter. There are, however, strongly restrictive limits to the 
validity of such superficial reasoning; for the fundamental theory 
of the polarisation and polarisability of molecules shows that a series 
of substituents arranged according to their behaviour in connexion 
with any one of the three groups of phenomena here compared 
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(tautomerism, substitution, and addition) cannot in general be 
applied to either of the others. The reason for this is that whilst 
the inductive effect (/) of a group is mainly a time-invariable property 
of the group, depending only to a relatively small extent on the 
environment and on the reaction, the time-variable electromeric 
effect (7') depends not only on the group but also, and equally 
essentially, on the reaction. Hence it is only in the rather few cases 
into which the 7'-effect cannot enter that groups may be expected 
to maintain a substantially identical inter-relationship with regard 
to their effects on the three types of reaction considered. An 
example will illustrate the matter. 

The Me-substituent (effect -+-J only *) facilitates anionotropic 
change (Burton and Ingold, loc. cit.); it also increases the rate of 
aromatic nuclear nitration (Ingold and Shaw, J., 1927, 2918; 
Ingold, Lapworth, Rothstein, and Ward, this vol., p. 1959); both 
eflects are simple in origin and correspond with the permanent 
electron-repulsion of the group. On the other hand, the Cl-substi- 
tuent (effect — I+ 7) strongly promotes anionotropic change 
(e.g., in p-Cl-C,H,-CHX-CH°CH,, where X is a mobile group such as 
‘OH; Burton and Ingold, loc. cit.) but depresses reactivity in arom- 
atic nitration (e:g., the p-nitration of Cl-CgH,; Ingold and Shaw, 
loc. cit.); the first effect corresponds to electron-release and the 
second to electron-attraction. The difference is clearly traceable 
to the difference of the electrical mechanisms of the two reactions. 
On the one hand, anionotropic change involves the complete ionic 
dissociation of X as X© (Burton, J., 1928, 1650), and hence the 
electron-demand at the seat of reaction is maximal; its measure is 
the integral positive charge which is left behind when X dissociates ; 
the electron-release symbolised by + 7 is a polarisability effect, 
and increases in proportion to the electron-demand; accordingly, 
in this reaction, the electrometric electron-release at the moment of 
reaction is also maximal, and is strong enough to outweigh the prior 
handicap created by the contrary permanent polarisation, — J, of 
chlorine ; hence the total effect, — J + 7’, corresponds to reaction- 
facilitation. On the other hand, in aromatic nitration, the electron- 
displacements transmitted through the nucleus are required only 
for the orientation of the reagent (that is, its molecular union by 
fractional electrovalencies), the subsequent process of substitution 
proceeding by local electrical interchange without the need for more 
extensive electron displacements in the aromatic nucleus (Ingold 
and Ingold, J., 1926, 1313); the electron-demand made on the 


* As the modes of action of the inductive and direct effects do not require 
to be distinguished in these examples, the customary simplification of including 
both under the designation of the former is adopted. 
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orienting substituent is therefore comparatively small, and the 
consequent electromeric effect of the group correspondingly so; 
hence, although the + 7'-effect is a significant factor in the nitration 
of chlorobenzene, as is shown by its op-orientation, it is, nevertheless, 
insufficiently powerful to overcome the de-activating influence of 
the permanent polarisation, — J, of the chlorine atom, and the total 
effect, — J -+- 7’, in this case represents reaction-inhibition. 

Generalising from this example, it will be evident that the influence 
of any given group exhibiting the + 7'-effect on different reactions 
requiring electron-accession must depend on the electron-require- 
ments of the several reactions; and that, accordingly, a comparison 
of the effects of such a group on such reactions would enable these 
reactions to be placed in order with regard to the intensities of their 
electron-demand. An analogous statement applies to groups 
exhibiting the — 7’-effect in relation to reactions requiring electron- 
recession. 

The above-mentioned difficulty about the theoretical interpret- 
ation of additive reactions may therefore be expressed by stating 
that, because, aside from ad hoc data, it is not possible accurately to 
gauge the electrical requirements of additions in comparison with 
those of other reactions, it is also not possible theoretically to deduce 
a complete sequence representing group-effects on additions by 
interpolation from known group-series relating to other reactions. 
A priori considerations do indeed give some assistance, but only of a 


general character. When ¥y adds to R—-C.—Cy, the process being 
initiated by the orientation of (§ +)Y to (8 —)Cg (additions of 
Br,, HBr, etc.),* the electron-demand made on R might have any 
value between a very small one and that which corresponds to the 
development of a free integral charge on C, ; the actual value in a given 
case will depend on that degree of electrostriction between X and (, 
which is necessary to determine the consolidation of the initial union 
between Y and Cg, or, in other words, on the degree to which the 
second stage of addition “‘ backs up ”’ and overlaps the first.f This, 


* Addition initiated by the attack of (8-)Hal. would also be theoretically 
possible, provided that the intrinsically small reactivity of negative halogen 
could be overcome by the attachment of a sufficiently powerful electron-sink 
to the olefinic residue; it is not yet known whether any of the available 
groups (‘CHO, ‘COR, ‘NO,) are in fact competent to cause this anticipated 
reversal of normal reactivity; the practical criterion which would reveal such 
an occurrence would be that the rate of addition would pass through 4 
minimum as the efficacy of the electron-sink was progressively increased. 

+ Somewhat analogously, in the subdivision of the first stage (addition of 
H©) in the reduction of unsaturated substances by metals dissolving in aqueous 
or alcoholic media, Burton and Ingold (J., 1929, 2022) assume that the degree 
of electrostriction of protons (or of metallic kations) necessary to determine 
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in turn, depends, inter alia, on the degree of prior polarisation of 
X—Y, and the case of maximal electron-demand will arise in the 
addition of previously formed and dissociated ions. In this extreme 
case the influence of substituents should correspond with their effect 
in.anionotropy. There is abundant evidence, however, that in the 
additions of halogens and hydrogen halides the polarised molecule is 
the reagent,* and the electron-demand created by these additions 
must therefore be comparatively small. Accordingly, in studying 
the effect of substituents on such additions we may expect to find 
closer analogies with aromatic substitution than with anionotropy— 
a conclusion which has been confirmed experimentally. Analogous 
general anticipations are, of course, possible for additions initiated 
by anionic attack (additions of HCN, HSPh, etc.). Of the two 
illustrations here cited, the former exemplifies the addition of pre- 
formed ions and the latter is probably (at least in certain cases) a 
reaction of the molecule; the difference should create predictable 
differences in the effects of substituents. 

It seems hardly possible at present to carry the theory of group- 
influence beyond the stage represented by the very general con- 
clusions illustrated, which accordingly must form the point of 
departure of investigations designed to yield greater precision of 
view. 

This first contribution deals with the addition of bromine to 
substituted ethylenes in an inert solvent. The effect of substituents 
on the reactivity of unsaturated compounds towards bromine has 
been the subject of a number of previous observations, but it is 
impossible to correlate much of the data owing to the incursion of 
uncontrolled catalytic and photochemical influences. Bauer, how- 
ever, has provided several qualitative comparisons (Ber., 1904, 37, 
3317 ; 1907, 40, 918), and the results recorded by Reiche, van Wyck, 
and Waele (Helv. Chim. Acta, 1921, 4, 242) may be taken as roughly 
comparable amongst themselves. The former worker concluded 





the actual transference of electrons from the metal to the unsaturated substance 
will depend, inter alia, on the electron-pressure of the metal. This, indeed, is 
inherent in the known facts regarding the hydrion potentials necessary to 
determine reduction of a given unsaturated substance with different metals. 

* The recognition of the molecular character of addenda is often taken for 
granted in order to simplify the expression of conclusions about which “ ion ” 
(i.¢., structural, combined ion, not free ion) of an addendum initiates attack. 
This applies, for instance, to the discussion on p. 2354, and to some earlier 
marks (Ann. Reports, 1928, 45, 147) dealing with the modes of addition of 
hydrogen bromide and thiophenol to styrene. Analogously, in the sub- 
livision of the first stage (addition of HO) of reduction (preceding footnote) 
the statement (Burton and Ingold) that the kationic component becomes 
“reversibly attached ”’ to the organic molecule envisages attachment by all 
degrees of electrostriction. 


4H 
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that alkyl, phenyl, bromine, carboxy-, and cyano-substituents de- 
activate the ethenoid nucleus, whereas the latter investigators 
obtained small and ambiguous effects for alkyl groups, but supported 
Bauer’s deduction regarding the de-activating influence of phenyl and 
carboxyl substituents. Reference should also be made to the 
dynamical investigations of Herz and Mylius (Ber., 1906, 39, 3816), 
Hofmann and Kirmreuther (Ber., 1909, 42, 4481), Sudborough and 
Thomas (J., 1910, 97, 715, 2450), Williams and James (J., 1928, 343), 
and Davis (J. Amer. Chem. Soc., 1928, 50, 2769); and, in addition 
to such special observations, general preparative experience is also 
a possible source of qualitative information of the kind required 
The common difficulty, however, about the interpretation of all sucl 
recorded results * is that, in the available comparisons, two or more 
groups are simultaneously attached to an ethenoid centre; and it 
can be foreseen on theoretical grounds, what is also demonstrable in 
fact, namely, that the influences of the separate groups may not 
compound simply but may interact in a way which invalidates 
analysis. For example, resultant de-activation can arise either from 
two de-activating groups, or from one de-activating and one activat- 
ing group, or even from two activating groups; so that the observ- 
ation of de-activation due to two substituents does not necessarily 
show that either would act in this sense if present singly. Even 
pairs of identical groups are not (except in certain special cases) free 
from the possibility of inverted mutual action. Two illustrations, 
both involving very well-known results, will typify the situation. 
First, the difficulty which attends the addition of bromine to tetra- 
bromoethylene might be regarded as confirming Bauer’s and Reiche, 
van Wyck, and Waele’s deduction that the bromine substituent 
per se de-activates the ethylenic linking ; it will be shown later, how- 
ever, that this inference cannot justly be derived either from the fact 
mentioned above or from any of those adduced in the investigations 
cited ; it will appear, nevertheless, that the conclusion itself is correct. 
Secondly, the difficulty attending the addition of bromine to tetra- 
phenylethylene might be considered an apt demonstration of the 
inference derived both by Bauer and by Reiche, van Wyck, and 
Waele, namely, that the phenyl group per se de-activates the 
ethenoid nucleus; it will be shown, however, that this deduction 
is also a non sequitur, all the arguments which have led to it having 
contained the same fallacy ; it will appear, furthermore, that, despi 
the unanimity of previous opinion, the conclusion itself require 
inversion. It may be added that, according to our results and thos 
of Davis (and consistently with theory), the methyl substituey 


* Except Davis’s (see later), which were not available when these expeti- 
ments were commenced. 
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activates the ethenoid centre, contrary or equivocal previous con- 
clusions being similarly traceable to the complex mutual actions of 
the accumulated substituents. 

In the experiments described hereunder we have avoided these 
difficulties by a suitable choice of examples, and have minimised the 
danger of disturbances due to difficultly controllable catalytic and 
photochemical influences by employing the competitive method. 
Ethylene itself as the standard, together with the substituted 
ethylene under investigation, were allowed to compete in the same 
solution for a limited quantity of bromine; the proportions of the 
bromides were determined and the speed of addition of the substi- 
tuted ethylene relatively to that of ethylene itself was deduced 
therefrom. Alternatively, an ethylene derivative which had 
already been compared with ethylene in this way was used as a 
subsidiary standard for competition with a second ethylene deriv- 
ative the reaction-rate of which was too diverse from that of ethylene 
itself to permit of satisfactory comparison by the direct method. 
The velocities thus calculated, which are relative to that of ethylene 
as unity, may be termed “ reduced velocities,’ and further con- 
sideration to the principles underlying their derivation is given 
later (p. 2365). 

At this preliminary stage of the enquiry no attempt has been made 


to press the method to the limits of possible accuracy, although this 


may later become desirable in certain special cases. The present 
object is rather to obtain a general survey of the phenomena, and, 
indeed, further work in the same direction must necessarily precede 
the selection of profitable examples for the establishment of standard 
values. 

The classes of substituents for which distinctive effects on speeds 
of addition are expected to arise either when the substituent con- 
sidered is the only one attached to the ethylenic centre, or when it is 
present in conjunction with other like or unlike groups, may be 
symbolised as follows.* 


ON ccssucsine (1) +2 (2) —I (3) —I-T7T (4)-—-I14+T7 
, , fx “i 
Example ... :C<—Me ‘:C—>NMe,g ‘C—->CO,H ‘C—>Br 
ee (5) +1I+T7 (6) +I-T7 (7) +7 
L) [™ L) 
Example ... 7~C<—05 *C<—CO6 _— 


* In a fuller classification, case (7) would be sub-divided according to the 
ign of the inductive effect associated with the ambiguous electromeric 
mechanism. Substituted aryl groups could be found to illustrate the sub- 
division. 
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For obvious reasons all these classes are not equally important in 
connexion with bromine-addition, and only some are illustrated in 
the sequel. 

The electrical theory relating to the methyl substituent (class 1) 
is simple in its essentials: the group repels electrons (-+- J) and 
should therefore facilitate the addition of a reagent such as bromine 
the reactive ion of which is positive; and the attack should be 
oriented mainly at the ethenoid carbon atom more remote from the 


substituent : 
(™ (6-) (+) (N(6-). 
Me—>CH——CH, eeceeeeeeee Br——Br 


Moreover the methyl group belongs to the limited category of 
substituents (classes 1 and 2) which, owing to the absence of any 
mechanism for electromeric change, cannot of themselves give rise 
to an inverted mutual effect; accordingly, the accumulation of 
methyl groups should (in the absence of substituents outside the 
named category) produce a progressive increase in the speed of 
addition. 

The observational data, which may be symbolised as follows 
(r.v. = reduced velocity), are in accord with these expectations: 
H,C:CH, (r.v. = 1-0) Me,C°CH, (r.v. = 5-5) Me,C°CMe, (r.v. = 14-0). 
They also emphasise a point which is implicit in the preceding 
statement of the theory, namely, that it is not dissymetric substitu- 
tion and the consequent electrical dissymmetry of the double linking 
which constitutes the primary facilitating influence of substitution; 
for the electron-displacements of the addition process must be 
substantially confined to the ethenoid centre and hence it is the 
polarisability of the corresponding electrons, not their state of 
polarisation, which is the important factor; the polarisability will 
obviously be greater the more the positive nuclear field is overlaid 
by the electron-screen which the electron-repelling methyl groups 
create. Thus the tetramethyl compound, although it is structurally 
and electrically symmetrical, reacts more rapidly than the unsym- 
metrical dimethyl compound, the double linking of which must be 
definitely polar. 

We have not yet made quantitative measurements on any example 
belonging to class 2 (— J), but, with suitable inversions, the theory 
follows closely along the lines illustrated for class 1. The strong 
de-activating effect of the group -NR,* is qualitatively indicated by 
Ingold and Rothstein’s inability to prepare dibromides of unsatur- 
ated salts of the type {R,N-CH,-CH:CH-NR,}""X’, (this vol., p. 1666). 

Some possible abnormalities associated with class 3 have already 
been mentioned (p. 2356, footnote), but these cannot apply to the 
carboxyl group, the — 7’-effect of which is weak, although other 
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complexities might enter were this group present along with others 
capable of electromeric effects. However, the uniform sign of the 
polar components (— J — 7’) allows unequivocal theoretical pre- 
diction to this extent, namely, that the carboxyl group, either alone, 
or in the presence of a substituent of class 1 or 2, should invariably 
de-activate. This has been illustrated by a comparison of acrylic 
acid with ethylene (Found: r.v. for acrylic acid < 0-03) and of 
crotonic acid with propylene (Found : speed-ratio = 0-13: 1). 

Substituents of class 4 (—I-+ 7) present a more complex 
problem, for, to take the Br-group as example, it cannot be decided 
a priort whether the activating + 7'-process will fail to compensate, 
or will over-compensate, the de-activating — J-effect. Comparison 
of vinyl bromide with ethylene has, however, shown that the bromine 
substituent definitely deactivates (r.v.< 0-04), this behaviour 
resembling that which is observed in aromatic substitution (Ingold 
and Shaw, loc. cit.) but contrasting with that which obtains in 
anionotropy.* The closer analogy between halogen-additions and 
aromatic substitution than between halogen-additions and aniono- 
tropy was expected (p. 2357) from a consideration of the conditions 
controlling the excitation of electromeric effects. 

From this result it can be deduced unequivocally that any di- 
bromoethylene, and a fortiort tetrabromoethylene, will exhibit a 
strong passivity; thus, considering attack at Cg in the following 
system, 





ry (HW e 
Br<—C,——C,—>> Br 
@ Kia KA 

we know that processes a and 6b together lead to deactivation 
(observation on vinyl bromide), that the state of polarisation c will 
intensify this result, and that the polarisability d will not function ; 
and similar conclusions follow for attack at C,, in which polarisability 
d is effective but 6 is not stimulated. On the other hand, this 
argument from the simpler case to the more complex cannot be 
reversed ; for, the de-activating influence c being always present in 
C,-attack, an observed de-activation in the system formulated would 
yield no conclusion as to the direction, either of the joint effects a 
and b in the absence of c, or of c and d in absence of a; in other words, 
the observation would be incapable of an analysis leading to the 


* This statement goes slightly beyond the established facts inasmuch as 
the halogen for which an activating effect in anionotropy was observed was 
chlorine; but, having regard to the known polar relations of the halogens, 
this result indirectly shows that bromine and iodine (not necessarily fluorine) 
would act similarly. In the same way, the observed de-activating effect due 
to bromine on the addition reaction now studied shows indirectly that fluorine 
and chlorine (not necessarily iodine) would act analogously. 
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intrinsic effect of a single bromine atom. This type of difficulty 
applies to all the arguments on the basis of which intrinsic de- 
activation has previously been assumed for bromine, and thus our 
observation seems to be the first substantial demonstration of this 
point. 

The phenyl group (class 7) has interest of a closely related 
character. Like bromine, it exhibits duplex polar action, but with 
this difference, namely, that both the component effects are polaris- 
abilities (+ 7). The difficulty, illustrated for bromine, of comparing 
on an @ priori basis polar effects of unlike kinds therefore does not 
arise in the case of phenyl, and, owing to this simplification, theory 
is able to furnish an unequivocal indication regarding the influence 
of the group; of the two electromeric effects it is the one symbolised 
+ 7 which the electron-demanding reaction should stimulate, 
wherefore the intrinsic behaviour of phenyl should be that of an 
activator. This conclusion is contrary to expressed opinion, but an 
examination of the relative rates of the addition of bromine to 
styrene and to ethylene has, nevertheless, confirmed it (Found: 
r.v. for styrene = 3-24). 

The well-known passivity of tetraphenylethylene, and of certain 
other stilbene derivatives, towards bromine (compare p. 2358) does 
not, of course, establish intrinsic de-activation by a phenyl group. 
Indeed, these observations, in conjunction with ours on styrene, 
show that the inverted mutual action of like groups, anticipated as 
possible for substituents with duplex polarity, actually occurs in the 
case of the phenyl group. The detailed explanation which would 
be appropriate to tetraphenylethylene, for example, is that any 
activating negative charge which might be conferred on Cg owing to 
the exhibition of the +-7'-effect by an «-phenyl! substituent would at 
once excite the —7'-effect in a 6-phenyl substituent and thus would 
become absorbed into an aromatic nucleus; similar statements 
relate to activation of C,. In short, if the ethenoid system succeeds 
in robbing Peter it cannot escape paying Paul, and the circumstance 
that electro-chemical theory thus naturally accommodates the known 
facts of the matter does not dispose of the necessity for taking steric 
hindrance into consideration if results emerge which indicate its 


intervention. 
EXPERIMENTAL. 


Search for a suitable solvent resulted in the choice of methylene 
chloride for the following reasons: (1) this being a non-ionising 
substance, the second stage of the reaction is not diverted by the 
stoicheiometric intervention of a solvent molecule (as, e.g., in the 
formation of bromoethoxy-compounds by means of alcoholic 
bromine) ; (2) being a polar solvent, methylene chloride is an effective 
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catalyst, wherefore adventitious catalysis by polar impurities, etc., 
is expected to be relatively less important, and results are more 
uniformly reproducible, than in a non-polar solvent such as carbon 
tetrachloride (see later, and compare Sudborough and Thomas, 
loc. cit., and Davis, loc. cit.) ; (3) ethylene was found to be sufficiently 
soluble in methylene chloride to permit experiments at convenient 
concentrations; (4) methylene chloride could be quantitatively 
separated from the bromides by fractional distillation under con- 
ditions indicated later. 

The temperature throughout the experiments was — 35°, and was 
maintained by means of liquid ammonia. The commonly experi- 
enced difficulty of keeping liquid ammonia at its b. p. in Dewar 
vessels, due to the tendency of that liquid towards semi-adiabatic 
evaporation, was overcome by designing the bromination bulb to fit 
the orifice of the Dewar vessel moderately closely and by packing 
the small gap between them with cotton wool. The reasons for the 
use of a relatively low temperature were (a) to permit the dissolution 
of a larger amount of ethylene and (b) to reduce the speeds of the 
reactions (see next paragraph). 

With the solvent and temperature stated, experiments with initial 
concentrations of ethylene up to 0-25M were readily feasible, and 
this value was uniformly adopted as the initial concentration, both 
of the experimental substance and of the standard. Enough bromine 
to combine with one half of one of the unsaturated compounds 
was slowly added, with rapid mechanical stirring, in the form of a 
0:5M-solution in the same solvent at the same temperature. It is 
an essential condition of the experiments (see later) that local excess 
of bromine should not persist during the progress of any considerable 
amount of reaction in a restricted region. So far as could be told 
by visual observation, the stirrer produced a uniform distribution of 
each drop of the added bromine solution in 1—2 seconds. In the 
case of tetramethylethylene, the addition-reaction of which was the 
most rapid of those investigated, some minutes were required to 
effect substantial completion of the process in methylene chloride at 
— 35° when the concentrations of the reactants were of the order of 
0-1—0-2M. It follows that the condition mentioned is fulfilled, 
especially as in the competitive experiments the bromine was added 
to keep pace with decolorisation and its concentration was therefore 
at all times very low. 

The bromination bulb had the following sealed-in connexions :— 
(1) a mercury-sealed, all-glass, spiral-ribbon stirrer of steep pitch. 
(2) A reagent funnel with cock, and a fine jet delivering just within 
the crown of the bromination-bulb and near the stirrer. (3) A gas- 
inlet, with tap and drying tubes, leading from a gas-burette nearly 
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to the bottom of the bulb. (4) A similar gas-inlet, with similar 
fittings, leading from a second gas-burette. (5) A gas-outlet, with 
tap and drying-tubes, leading from the top of the bulb to the first 
gas-burette. (6) A similar gas-outlet leading to the second gas- 
burette. (7) A gas-inlet with tap, for distilling in liquefied gases. 
(8) A vent with tap and drying tube. (9) A liquid outlet-tube 
through which the liquid contents of the bulb could be ejected by 
gas-pressure whilst the bulb remained in position in its cooling-bath. 
No rubber was used except in connexion with the gas burettes. 

The use of the apparatus requires little description. The methy]- 
ene chloride was introduced through( 2), and, when it had been 
cooled, ethylene was passed from one gas-burette, through the 
solvent, to the other, and then back again until the requisite volume 
had been absorbed. The second unsaturated substance was dis- 
tilled in through (7), or introduced in solution through (2), according 
to its volatility. The bromine solution was added through (2), and 
the product was removed through (9) by applying a pressure of 
nitrogen to the vent tube. 

The analytical procedure depended on the complete separation of 
the bromination products from large volumes of the solvent, and the 
method of distillation used was standardised with 0-125M-solutions 
of ethylene dibromide (24 g. per litre) in methylene chloride. This is 
approximately the molar concentration of the mixed bromides 
isolated from the competition experiments, and ethylene dibromide, 
being the most volatile, provides the most severe test. The separ- 
ation was effected in two stages. In the first a Dufton still-head, 
1-3 metres long, was used, which was furnished with a wooden air- 
jacket with suitable holes to give regulated convection, and a 
standard rate of distillation was maintained. This process removed 
all but a few c.c. of solvent, and this amount, together with the small 
quantity required to wash the ethylene dibromide into the second 
(small) still, was removed through a Dufton column 5 cm. long, the 
inner portion of which was constructed so that it could be pushed 
down the neck of the flask into the space between the bulb and the 
side-arm. After this distillation had been completed, the column 
was withdrawn and a small thermometer was inserted until its bulb 
was at the base of the neck of the flask; the liquid was then boiled 
so gently that its vapour condensed up to a steady level about 1 cm. 
above the bulb, and, if the b. p. was that of ethylene dibromide, the 
separation was deemed complete, and the product was weighed. Its 
purity was afterwards tested by distillation and analysis. In the 
final series of seven tests the error (always loss) on 1 1. (1380 g.) of 
solution had the mean value 0:26 g., that is, 0-02% of the whole or 
1:1% of the bromide (the worst individual error was exactly twice 
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this), and the products gave correct b. p.’s and analyses. This error 
is within the limits of reproducibility of the competition experiments 
(see lager). 

The compositions of the isolated mixtures of bromides were 
determined either by ultimate analysis, or by the estimation of a 
characteristic group, or by quantitative separation, according to the 
properties of the individual substances. The presumed analytical 
error varied from case to case, but was in the neighbourhood of 
1—3%. 

The premises on which the speed-ratio is calculated from the yields 
and analytical results are as follows. Denoting by x, and y, the 
initial concentrations of the unsaturated compounds X and Y, and 
by x and y their concentrations after a time ¢ from the commence- 
ment of reaction, the instantaneous speeds of the two reactions are 
assumed to be expressible by the equations 


a=k(z—x)[Bry*. . . .. (I) 
y=k(y—y [Bre . . . . « (2) 

whence, by division, we obtain 
dy /da = ky(yg — y)/kl%—x%) . - « (8) 


These equations imply that the addition of bromine to each un- 
saturated substance is of the first order with respect to that com- 
pound. It is usually considered that such reactions are also of the 
first order with respect to bromine, but that is not assumed: any 
order, m, would permit the derivation of equation (3), provided that 
m is the same for the two similar reactions. Again, the non-appear- 
ance of factors involving the concentration of a catalyst does not 
imply the supposition that the reactions are uncatalysed : we might 
have added the factor [Cat] to each of equations (1) and (2) without 
affecting (3). It is, however, assumed that the speeds are dominated 
essentially by one catalyst, although the active mass of this may 
either be constant (as was intended in selecting a polar solvent), or 
may vary in any erratic manner with time, provided only that in the 
latter case both reactions are of the same order, n, with respect to 
such a catalyst. Similarly, since equation (3) does not involve the 
bromine-concentration, this also may vary in any unknown and 
irregular manner (as, indeed, it did in the hand-regulated addition of 
this reagent) without affecting the validity of equation (3). It is, 
of course, implicit in the equations tht there is no side reaction : 
none was observed in any of the experiments recorded.* 
The integrated form of equation (3) is 


k,y/kz = (log yy — log y)/(log%—logxz) . . . . (4) 


* Except (doubtfully) a very small amount of polymerisation of acrylic 
acid, 


4H2 
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and its form imposes a further important condition of validity, 
namely, that at no time must either x or y, which have to be deter- 
mined as their differences from x, and y, by means of the analytical 
data, become very small, because then the value of the corresponding 
logarithms would become so sensitive to the precise values of the 
quantities themselves, which would be obtained as small differences 
of larger quantities, as to render the calculated k-ratio very in- 
accurate. Hence it is necessary to use a definite deficit of bromine 
so that neither unsaturated compound can ever be even nearly used 
up. Our practice was to maintain an excess of at least 100% of each 
unsaturated substance. Furthermore, equation (4) implies that 
«x and y are at all times uniform throughout the mass of solution 
taken for analysis; for if this were not so, a volume-integration, as 
well as a time-integration, would be necessary to express the true 
relation between the k’s and the bulk-concentrations. Hence the 
bromine was added gradually, distributed rapidly, and its concen- 
tration was kept so low that any uncontrolled inequality in distribu- 
tion could not sensibly affect the space-distribution of the unsatur- 
ated substances, having regard to the large reserves of these materials 
which were present. The molecular composition of the bromides 
directly measured the ratio (y, — y)/(%)» — x), and either the yield 
of bromides or the consumption of bromine measured the sum 
(Yo — y) + (% — x). Hence these experimental quantities per- 
mitted the numerical solution of equation (4). 

The methylene chloride was dried by calcium chloride and phos- 
phoric oxide and distilled, head and tail fractions being discarded. 
The bromine was dried by sulphuric acid and twice distilled in an all- 
glass apparatus, large head and tail fractions being neglected in each 
distillation. 

The results are summarised in the following table, which is 
succeeded by some particulars intended to supplement the above 
general description of the experimental method. One mol. of each 
unsaturated substance, and 0-5 mol. of bromine, were used through- 
out. The headings of the table require no explanation, except that 
in col. 4 the mean deviations from the means are added to the 
analytical data in order to indicate the degree of consistency of the 


measurements. 
Composition 


Expt. bromides ky R.v. 
Nos. + A X. (mols. % YBr,). ke of Y. 
1—4 CMe, :CH, CH,:CH, 81-8 + 3-6 5-5 5-5 
f 5  CMe,:CMe, CH,:CH, 91-2 (13-6) (13-6) 
| 6—8 CMe,:CMe, CMe,:CH, 69-2 + 1-1 2-54 14-0 
9—10 CH,:CH-CO,H CH,:CH, 16£16 <003 <0-03 
11—13 CHMe:CH-CO,H CHMe:CH, 13-9 + 1-4 0-13 he 
14—15 CHBr:CH, CH,:CH, 00425 <003  <0-03 
17—19 CHPh:CH, CH,:CH, 13-5 £15 3-24 3-24 








ADDI: 


(Ex 
trime 
dried 
tilled 
by ul 
(E3 
of its 
Expt 
forme 
perm 
for te 
hydr 
whicl 
The « 
ation 
ultim 
(E: 
used, 
of br 
brom 
the a 
were 
prese 
(E: 
by L 
The 
whicl 
distil 
ethy!] 
some 
estim 
(E 
no ] 
evide 
coulc 
show 

(E 
poly 
brom 
mixe 


sepal 
conv 
(m. ] 
pum) 





Sl 











ADDITIVE REACTIVITY OF ETHYLENE DERIVATIVES. PART I. 2367 


(Expts. 1—4.) as-Dimethylethylene was prepared from isobutyl- 
trimethylammonium hydroxide, washed with acid and water, and 
dried in the form of gas with phosphoric oxide, liquefied, and redis- 
tilled. The compositions of the mixed bromides were determined 
by ultimate analysis. 

(Expts. 5—8.) Tetramethylethylene was prepared by reduction 
of its dibromide (obtained from pinacol), dried, and fractionated. 
Expt. 5 showed that the proportion of tetramethylethylene dibromide 
formed simultaneously with ethylene dibromide was too high to 
permit the expectation of trustworthy values of the reduced velocity 
for tetramethylethylene, and, accordingly, the examination of this 
hydrocarbon was continued (Expts. 6—8) by the indirect method in 
which as-dimethylethylene was used as the subsidiary standard. 
The compositions of the bromides were obtained by partial separ- 
ation of the crystalline tetramethylethylene dibromide and by 
ultimate analysis of the unseparated portion. 

(Expts. 9—10.) Freshly prepared and purified acrylic acid was 
used, but traces of its polymeride appeared to accompany the traces 
of bromo-acid which resulted from the experiment. The ethylene 
bromide and acrylic acid were isolated together by distillation and 
the acrylic acid was estimated by titration with alkali; the substances 
were also separated by extraction with methylene chloride in the 
presence of alkali. 

(Expts. 11—13.) Crotonic acid was prepared from crotonaldehyde 
by Delépine and Bonnet’s method (Compt. rend., 1909, 149, 39). 
The ethylene dibromide, crotonic acid, and dibromobutyric acid, 
which remained after removal of the solvent, were partly separated by 
distillation, and, as those fractions which contained the whole of the 
ethylene bromide and the whole of the hromo-acid also contained 
some crotonic acid, the proportion of this acid in the fractions was 
estimated by titration and analysis. 

(Expts. 14—15.) Freshly distilled vinyl bromide was used, and 
no polymerisation during the experiment was detected. No 
evidence of the presence of tribromoethane in the addition product 
could be detected qualitatively by distillation, and ultimate analysis 
showed the product to consist substantially of ethylene bromide. 

(Expts. 17—19.) Freshly distilled styrene was used; no 
polymerisation or bromine-substitution was detected. The styrene 
bromide was separated quantitatively by distillation (m. p. and 
mixed m. p. 70—73°). The ethylene bromide and styrene were 
separated and weighed together, and the latter was estimated by 
conversion into its bromide, which was found to be practically pure 
(m. p. as above) on recovery after the ethylene bromide had been 
pumped off from the warmed mixture. 
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It seems noteworthy that the reproducibility of these experiments 
by the method of competition is of the same order generally as the 
presumed errors in the analyses of the bromides, and also varies from 
case to case in much the same way. It follows that, contrary to our 
original expectation, the consistency of the experiments may be 
limited mainly by our analytical errors, and the possibility is worth 
exploration in attempted future refinement. The other most likely 
source of inconsistency is the non-fulfilment of the assumption that 
one catalyst (which, according to intention, is the polar solvent) 
controls the rates. 


We have to thank Dr. H. G. Smith for valuable assistance in 
connexion with these experiments, which were carried out in 1927— 
28 in the University of Leeds. 


University CoLtteGr, Lonpon. [Received, August 5th, 1931.] 





CCCXXIV.—The Additive Components of Ethyl 
Sodiomalonate and Related Compounds. 


By Norman EtLersHaw HoupEn and ArtHur LAPWORTH. 


THORPE and Youne (J., 1900, 77, 939) investigated the products 
formed by heating ethyl 88-dimethylacrylate with ethyl sodiomethy]- 
cyanoacetate. They were unable to detect the formation of any of 
the compound 


(A) CO,Et-CHNa-C(CH,),°C(CH,)(CN)-CO,Et* 
which would result from the simple union of the unsaturated ester 
with the sodio-compound in its ionic components, Na and 
C(CH,)(CN)-CO,Et’, in accordance with Michael’s original formul- 
ation of such addition processes (J. pr. Chem., 1887, 35, 349). The 
only condensation product detected was an isomeride of A; this 
isomeride had the structure : 
(A’) CO,Et*CH(CH,)-C(CH).°CNa(CN)-CO,Et 
Howles, Thorpe, and Udall (J., 1900, 77, 943) studied the action 
of ethyl sodiocyanoacetate on a-methylacrylate in alcoholic solution. 
The properties of the product did not correspond with the structure : 
(B) CO,Et-CNa(CH,)-CH,-CH(CN)-CO,Et 
but with the isomeric structure : 
(B’) CO,Et-CH(CH,)-CH,°CNa(CN)-CO,Et 


* For simplicity the sodio-derivatives are represented throughout the 
present communication as containing sodium directly attached to carbon. 
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It will be observed that in each of these condensations the con- 
stitution of the product obtained differs from that of the compound 
to be expected on the basis of Michael’s original formulation (loc. cit.) 
by the apparent interchange of the positions of the two atoms or 
radicals exhibited in italics. 

Thorpe, in the course of a theoretical paper on the constitution of 
sodio-derivatives of cyanoacetic esters (J., 1900, 77, 923 et seq.), 
advanced the ingenious hypothesis that the reactive parts of ethyl 
sodiocyanoacetate are H and CNa(CN)-CO,Et, those of ethyl sodio- 
methyleyanoacetate being, similarly, CH, and CNa(CN)-CO,Et. 
Later he quite logically extended the hypothesis to the mechanism 
of the action of ethy] sodiocyanoacetate on ethyl acetoacetate and 
related compounds (J., 1905, 87, 1685); these he supposed to react 
in their enolic forms as follows : 


:CR-OH+H-CNa(ON)-CO,Et—>:CR-CNa(CN)-CO,Et-+H,0 


Theinteraction between cyanohydrins andethylsodiocyanoacetate 
was interpreted in a similar way (J., 1906, 89, 1456). Others, 
attracted perhaps by the apparent simplicity of such schemes, were led 
to imagine that the Knoevenagel reaction involved the participation 
of the enolic form of the aldehyde or ketone used (J., 1908, 93, 1944). 
Quite recently it has been pronounced that “ there is as yet no con- 
clusive evidence to show that the Knoevenagel reaction is uniquely 
a reaction involving the non-enolised form of a ketone or aldehyde,” 
(Ann. Reports, 1930, 85), a statement which illustrates how lasting the 
repercussions of the hypothesis have been in spite of the lack of direct 
experimental support. 

The genesis of all these ideas is to be found in Thorpe’s original 
assumption that the appearance of B’ instead of B (present paper, 
p. 2368) in the one experiment is due to causes similar to those which 
lead to the appearance of A’ instead of A in the other experiment. 

Dealing first with the appearance of B’, where B might have been 
anticipated, the present authors believe that there will be fairly 
general agreement that simple carboxylic esters, contrasted with 
esters of the malonic and acetoacetic types, are extremely feeble 
pseudo-acids and that their sodio-derivatives would undergo ex- 
tensive decomposition by alcohol. Such esters, dissolved in alcohol 
containing sodium ethoxide, do not display to any marked extent 
properties associated with the presence of sodio-derivatives, and 
there can be little or no doubt that, normally, equilibrium in the 
system 

CNaR,,R,°CO,Et-+HOEt <—> CHR,R,°CO,Et+Na0Et 


strongly favours the components on the right-hand side of the 
equation. 
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When, however, R, (say) is CO-Alk, CO-Ar, CO-OEt or CN, the 
sodio-derivative is much more stable and more readily formed; for 
instance Thorpe and Young (loc. cit., p. 938) were able to obtain 
ethyl sodiomethylcyanoacetate by mere addition of ether to an 
alcoholic solution originally containing sodium ethoxide and the 
free ester. Hence, the equilibrium in the system 


CNaR,(CN)-CO,Et-+HOEt <-> CHR,(CN)-CO,Et-+NaOEt 


is favourable to high concentrations of both the components on the 
left-hand side of the equation. 

Clearly B, in spite of the presence of the groups CN and CO,Et at 
some distance from the Na atom, corresponds with the former case, 
and it is therefore to be expected from purely a priori reasons that 
B would largely undergo conversion into B’ in the conditions of the 
experiment. Even a direct exchange of H for Na between two 
different molecules * in absence of free alcohol cannot be regarded as 
unlikely. A reminder may be added that the formation of dialkyl- 
ated esters when ethyl sodiomalonate and similar compounds are 
operated on with alky] halides (1 mol.) has long been recognised as an 
indication of the partition of ‘available sodium” between un- 
alkylated and monoalkylated esters. 

The question as to the cause of the appearance of A’ instead of A 
comes in quite a different category and cannot be answered by re- 
ference to similar a priori considerations. Thorpe, however, held 
it to be proved (loc. cit., p. 934) “that in these condensations the 
sodium remains attached to the carbon atom with which it was 
originally combined.” It is clear from his expressed approval of 
scheme ii (loc. cit., p. 932) for the mode of addition of ethyl sodio- 
methyleyanoacetate to ethyl dimethylacrylate that he regarded this 
process as involving the addition of the former compound in the two 
parts, CH, and CNa(CN)-CO,Et. 

Recently, Michael and Ross (J. Amer. Chem. Soc., 1930, 52, 4598 
et seq.) carried out a series of experiments with several «-unsaturated 
esters and examined the products obtained on condensing them with 
ethyl methylmalonate in presence of various proportions of sodium 
ethoxide. They found that, when quantities considerably less:than 
1 mol. of the ethoxide were used, the addition product had the 
constitution corresponding with the apparent addition of the ethy]! 
methylmalonate in the parts H and C(CH,)(CO,Et),. When a whole 
mol. of sodium ethoxide was used, the product contained a con- 


* Strictly speaking, no doubt, the case is rather one of competition between 
the anions of the sodio-derivatives for available protons. The authors’ reasons 
for adopting a terminology more consistent with the simple formule chosen for 
convenience to represent the sodio-derivatives need not be elaborated. 
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siderable quantity of an isomeric ester in which the ethyl sodio- 
methylmalonate had apparently entered into combination in the 
parts CH, and CNa(CO,Et),. An ester of the former type could be 
converted into one of the latter by heating with a large proportion of 
sodium ethoxide, and this was attributed to a reversal of the Michael 
addition process (Michael, Ber., 1900, 33, 3750; Ingold and Powell, 
J., 1921, 119, 1976), followed by union, in accordance with Thorpe’s 
hypothetica] scheme, of the resulting «$-unsaturated ester with the 
ethyl sodiomethylmalonate also formed. Sodium ethoxide, in 
small proportion, was assumed to act “ catalytically,” that is to say, 
by promoting in some undefined way the direct union of the free 
malonic ester with the unsaturated compound. 

Michael and Ross claim that their results “‘ have rigorously proved 
the correctness of Thorpe’s conclusions.” This pronouncement by 
such high authority might well give rise to further confusion of ideas 
on reaction mechanism in this and related chapters of organic chem- 
istry, which reflection has led to the present communication. 

Consideration of A (this paper, p. 2368) will show that its structure 
may be changed to that of A’, not only by interchanging the positions 
of the Na and CH, but equally well by interchanging the positions 
of the H (of the -CH Na:) for the CN. Such an occurrence, either inter- 
or intra-molecularly, is not inconsistent with the known relations 
between nitriles and imino-compounds. Thus, when R-H and 
R’-H are weak acids or pseudo-acids, the following changes are 
possible in presence of sodium ethoxide : 

R-H+CN:R’ <—> R-C(:NH)-R’ <—> R-CN+H-R’ 
and, similarly, in the cases examined by Michael and Ross : 
R-H+CO,Et:R’ <—> R-CO-R’+HOEt <> R-CO,Et+H°R’ 
these schemes being used without prejudice to any theory of the 
roles played by the sodio-derivatives. 

Conditions under which the latter series of reactions is likely to 
proceed from left to right are (a) that the labile H in R-H is one of a 
pair attached to the same carbon atom and (b) that the labile H in 
H:R’ is solitary, the CO,Et group in the CO,Et-R’ residue therefore 
being attached to a hydrogen-free carbon atom. Condition (a) 
follows directly from the well-known empirical rulethat twosaturated 
ethyl esters do not undergo to any appreciable extent the aceto- 
acetic ester type of condensation unless one of them (R-H) contains 
the group -CH,*CO,Et. Condition (b) follows indirectly from the same 
tule, because the latter precludes effective resynthesis of R-CO-R’ 
from R*CO,Et and H:R’. The rule, be it noted, may not be quoted 
as a proof that the “‘ precluded ”’ reactions do not take place at all ; 
it is merely a statement of the fact that such reactions have never 
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been found to yield isolable quantities of the expected products, and 
in the light of Dieckmann’s experiments on the decomposition of 
ethyl dimethylacetoacetate by alcohol and sodium ethoxide (Ber., 
1900, 33, 2670; compare J., 1908, 93, 31) is more consistent with 
the idea of a reversible reaction for which the equilibrium constant 
is extremely small. 

The experimental data relating to the case of formation and de- 
composition of the corresponding imino-compounds are too meagre 
in themselves to admit of application with the same degree of cer- 
tainty. The reversibility of a reaction of this kind has, however, been 
established by E. H. Ingold (J., 1924, 125, 1319) and it would be 
surprising if the rules which determine the relative ease of formation 
and decomposition of 8-ketonic esters had no counterpart in the 
closely related series of 8-imino-esters. 

In each of the cases to which Michael and Ross extended Thorpe’s 
hypothesis the above conditions are present, and therefore an inter- 
changeof positions betweenCO,Et and H is possible either in the same 
molecule or in two different molecules. Thus with the less stable 
ester (I) from ethyl crotonate and ethyl methylmalonate con- 


(L) CO,Et-CH,*CH(CH,)-C(CH,)(CO,Et), 


densations of the acetoacetic ester type are possible. If a con- 
densation takes place in the intramolecular mode with which Dieck- 
mann’s name is associated (Ber., 1894, 27, 102), the products would 
be alcohol and the cyclic ketonic ester 


CO,Et-CH-CH(CH,)-C(CH;)-CO,Et 
C 
and this, being an «-disubstituted $-ketonic ester, would be very 
prone, in presence of alcohol and sodium ethoxide, to reabsorb the 
elements of alcohol, not with formation of the original tricarboxylic 
ester (I) but of its isomeride (II) 


(IL) (CO,Et),CH-CH(CH,)CH(CH;)-CO,Et 


This is the constitution assigned by Michael and Ross to the more 
stable ester which they obtained in their experiments and which 
they assumed to be formed independently of the less stable ester (I). 
Their experiments are therefore not calculated to lead to a decision 
for or against Thorpe’s hypothesis. 

In all the cases actually examined by Thorpe, Michael, and their 
co-workers, the constitution of the final (or more stable) product 
must be the same whether the process occurs as envisaged by these 
workers or in the mode suggested by the present authors. It may 
be added that a double process of exchange of CO,Et (or CN) for 
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H between two different molecules would also lead to the same 
structure for the final product. 

The authors have therefore tried the experiment of condensing 
benzylideneacetophenone (III) with the sodio-derivative of ethyl 
methylmalonate (IV), anticipating that the sodio-derivative of the 
normal addition product (V) would be formed in the first instance and 


(t.) C,H,-CH:CH-CO-C,H,  C,H,CH-CH,-CO-C,H, (v.) 
—~ 
(Iv.) CH,CH(CO,Et), CH,-C(CO,Et), 


that in (V) there would subsequently occur an exchange (in effect) of 
CO,Et for H, yielding the ester (VI), with, possibly, the unstable 
ketonic ester (VIT) as intermediate step. 


C,H,*CH:CH(CO,Et)-CO-C,H, Cy —-ae 
CH,°CH:CO,Et (VI.) CH,C(CO,Et) (VII) 


According to the ideas of Michael and Ross, the compound (V) is 
to be expected from the reversible union of (III) and (IV) under the 
catalytic influence of sodium ethoxide, but (III) combining with 
the sodio-derivative of (IV) should yield the sodio-derivative of (VIII). 


C,H;CH-CH(CH;)-CO-C,H, 
(VIII.) CH(CO,Et), 


Actually there was isolated from the acidified product a mixture 
of ethyl benzoylacetate (X) and ethyl «-methylcinnamate (IX). 


C,H,-CH CH,(CO,Et)-CO-C,H; 
(IX.) CH,°C-CO,Et (X.) 

These two compounds bear no simple relation to either (V) or (VIII), 
but on the other hand they are precisely the components into which 
(VI) would be resolved by a reversed ‘‘ Michael addition ” reaction. 

It may also be noted that the residue CH,-C(CO,Et), of the 
original ethyl methylmalonate has lost, while the residue CH-CO-C,H; 
of the acetophenone has gained, the group CO,Et. The “ proof ” 
offered by Michael and Ross of the correctness of Thorpe’s hypo- 
thesis is based on the implicit assumption that such a loss and gain 
of CO, Et is impossible and is therefore shown to be fallacious. 

Thorpe, in his original “ proof,” overlooked the by no means 
remote possibility of a similar loss and gain of the CN group. 


EXPERIMENTAL. 


Interaction between Benzylideneacetophenone and Ethyl Sodio- 
methylmalonate.—A preliminary experiment on the point gave a 
product in which, after acidification, the presence of a B-ketonic ester 
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containing the group -CO-CH,°CO,Et was detected by its reactions 
with ferric chloride and copper acetate respectively. Hydrolysis 
of the product with alkali yielded a mixture of acids from which 
benzene extracted one which appeared to be «-methylcinnamic acid. 
These observations led the authors to modify their original plan of 
procedure and to concentrate attention on the lower-boiling products 
of the reaction. 

Powdered sodium (1-72 g.) was covered with benzene (60 c.c.) and 
a solution of ethyl methylmalonate (13-05 g.) in benzene (60 c.c.) was 
slowly added. When action had ceased, a solution of benzylidene- 
acetophenone (15-6 g.) in benzene (35 c.c.) was dropped in. Each 
small addition caused a bright but fugitive orange coloration, and 
the sodium derivative slowly passed into solution. The whole was 
heated on the steam-bath under reflux for one hour, and next day 
was shaken with acetic acid (5 g.) and water. The upper layer was 
separated, dried, freed from benzene on the steam-bath, and frac- 
tionated under pressure of 20 mm. In addition to unchanged ethyl 
methylmalonate (about 4 g.) and residues boiling above 155° (10 g.), 
there were obtained 12 g. of a fraction, b. p. 125—155°. This gave 
with ferric and copper salts the characteristic colour reactions of an 
ester of the ethyl benzoylacetate type. To a portion (9-6 g.), dis- 
solved in dilute alcohol, was therefore added excess of aqueous copper 
acetate, the resulting yellow-green microcrystalline copper de- 
rivative (about 3-8 g.) being removed by filtration. 

The copper derivative was identified as that of benzoylacetic ester 
by its melting point (180°, whether alone or when mixed with an 
authentic specimen). The free ester was liberated by means of 
dilute sulphuric acid, and part of it was converted by hydroxylamine 
hydrochloride into 3-phenylisooxazol-5-one (needles ; m. p. 151—152°, 
alone or mixed with authentic substance) and another part by hydra- 
zine hydrate into 3-phenylpyrazol-5-one (m. p. 237—238°, alone or 
mixed with authentic substance. Found: N, 17-4. Calc. for 
CoH,ON, N, 17-5%). 

The filtrate from the solid copper derivative was diluted with water 
and extracted with ether. The ethereal solution, which was bluish- 
green owing to the presence of dissolved ethyl cupribenzoylacetate 
which had escaped precipitation, was shaken with dilute sulphuric 
acid until colourless (the quantity of copper in the acid extract, 
determined by precipitation with hydrogen sulphide, corresponded 
with 0-35 g. of benzoylacetic ester), and evaporated, and the residue 
heated for 2 hours with a solution of potassium hydroxide (6 g.) in 
methyl alcohol; the odour of acetophenone then became plainly 
perceptible. The liquid was diluted with water, exhaustively ex- 
tracted with ether, then heated on the steam-bath for some time, 
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cooled, and acidified with hydrochloric acid. The resulting pre- 
cipitate was collected after 4 hour, washed with cold water, and 
dried. It weighed 4-1 g., had m. p. 80—81°, and displayed all the 
properties of slightly impure «-methylcinnamic acid. 

The identity of the acid obtained in this as well as in the pre- 
liminary experiment is established by the following data : 

The melting point of the acid recrystallised from water or distilled 
under ordinary pressure was 82—83°. Its equivalent (determined 
by titration with N/10-NaOH) was 165, and, after recrystallisation 
from light petroleum, 163. Analysis gave C, 74:2; H, 6-2 (a mono- 
basic acid, C;9H, 0,, requires C, 74-0; H, 6-2%; equivalent, 162). 
A cold solution of its sodium salt at once decolourised (a) bromine, 
giving a precipitate accompanied by a characteristic pungent odour, 
and (b) permanganate, the odour of benzaldehyde becoming per- 
ceptible. 

A specimen of «-methylcinnamic acid (‘‘ phenylerotonic acid’’) was 
made in accordance with Perkin’s directions (J., 1877, 31, 391) from 
sodium propionate, propionic anhydride, and benzaldehyde and its 
properties were compared in detail with those of the above acid. The 
results, including mixed melting points, confirmed the identification. 

The sodium salt of the acid in aqueous solution was readily and 
quantitatively reduced by shaking it for some time with clean, liquid 
sodium amalgam. The reduced acid, solidified on distillation (b. p. 
about 160°/16—17 mm.), and a portion, after draining on porous 
earthenware, had m. p. 36-5° and equivalent 163-5 (a monobasic 
acid, C,9H,,0,, requires 164); on nitration the acid gave a nitro- 
derivative, m. p. 123°. These characters correspond closely with 
those ascribed by previous workers to benzylmethylacetic acid and 
its p-nitro-derivative (Conrad and Hodgkinson, Annalen, 1878, 
193, 302; Conrad and Bischoff, ibid., 1880, 204, 181; Edeleanu, J., 
1888, 53, 558). 

From data given in the preceding pages it may be calculated that, 
of the fraction (b. p. 125—155°) taken from the mixed product 
arising from the reaction between ethyl sodiomethylmalonate and 
benzylideneacetophenone, about 50% was ethyl «-methylcinnamate 
and at least 38°% was ethyl benzoylacetate. 

It is proposed to extend the experiments and to investigate other 
instances of reaction of monoalkylated malonic and cyanoacetic 
esters with «$-unsaturated ketones, which reactions, unlike those 
with «8-unsaturated esters, may be used to ascertain whether change 
takes place to any extent in the sense of Thorpe’s hypothetical 
scheme. 


[Received, August 5th, 1931.] 
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CCCXXV.—Synthetical Experiments in the Chromone 
Group. Part III. Diflavones. 


By KuusnHat CxHanp GuLati and KRISHNASAMI 
VENKATARAMAN. 


THE Allan—Robinson method of heating aromatic hydroxy-ketones 
with acid anhydrides to obtain chromone derivatives (J., 1924, 125, 
2192) has proved so valuable for the synthesis of naturally occurring 
flavone pigments that the possibilities of the reaction for the pre- 
paration of various types of substituted y-pyrone appear to be 
worth study. Two such applications, one giving chromones derived 
from pyrogallol and the other pyrones derived from «-naphthol, 
have been reported (Venkataraman, J., 1929, 2219; Bhullar and 
Venkataraman, this vol., p. 1165). The preparation of dichro- 
mones by the action of acid anhydrides on 4 : 6-diacetylresorcinol (I) 
is now described. Diflavone (II; R=Ph) has been prepared by 
Ryan and O’Neill (Proc. Royal Irish Acad., 1915, 32, 48) by two 
methods different from ours. Ryan and others (ibid., 1915, 32, 
167, 185, 193; 1930, 39, 425) found that the ester and chalkone 
methods were not applicable to the synthesis of substituted di- 
flavones ; the former did not proceed and the latter led to the isomeric 
dicoumaranones. Other members of the dichromone series are 
dichromone, 2 : 2’-dibenzyldichromone (Algar, Fogarty, and Ryan, 
ibid., 1924, 36, 315), 2 : 2’: 3: 3’-tetramethyldichromone and 3:3’- 
dimethyldiflavone (Wittig, Ber., 1926, 59, 116). Wittig used the 
Robinson method. 

The condensation of 4 : 6-diacetylresorcinol with benzoic anhydride 
and sodium benzoate led to a mixture of diflavone (II; R=Ph) and 
an alkali-soluble substance whose constitution as 7-hydroxy-6- 
acetylflavone (III; R=Ph) was obvious from its properties and the 
mode of isolation. By using anisic anhydride and sodium anisate, 
4’: 4"'.dimethoxydiflavone (II; R = C,H,OMe) and 7-hydrozxy-4'- 
methoxy-6-acetylflavone (III; R = C,H,OMe) were obtained. De- 
methylation of the former with hydriodic acid gave the 4’: 4’- 
dihydroxydiflavone (II; R= C,H,OH). The action of veratric 
and trimethylgallic anhydrides respectively on diacetylresorcinol 
led only to the corresponding 7-hydroxy-6-acetylflavones [III: 
R = C,H,(OMe), and C,H,(OMe),]. Finally, as in the case of 
certain other polyhydroxy-ketones, the action of acetic anhydride 
and sodium acetate on diacetylresorcinol yielded a mixture of pro- 
ducts somewhat difficult to purify. The alkali-insoluble substance 
obtained in the reaction appeared from its analysis to be diacetyl- 
dimethyldichromone (IV); the amount was insufficient for fuller 
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investigation. The alkali-soluble substance corresponded in its 
properties to the alkali-soluble substances obtained in the preceding 


0 0 0 
HC Re ROK COs HO /\V/N er 
Ack JA HC CH OA CH 
ie hit WANNA RAZ 
SO 0 So 
(I.) (II.) (III.) 


reactions and has therefore been formulated as 7-hydroxy-6-acetyl-2- 
methylchromone (III; R= Me). An attempt to prepare dimethyl- 
dichromone (II; R = Me), for comparison with (IV), by heating 
diacetylresorcinol with ethyl acetate and sodium gave only the 
unchanged diketone. 

During trials of different methods for the conversion of resorcinol 
diacetate into 4 : 6-diacetylresorcinol, one of the products obtained 
was resacetophenone 2-monoacetate (V). (By the partial acetylation 
of resacetophenone, Tahara, Ber., 1892, 25, 1300, obtained the 4- 


O O 
MeC/ )CMe HO OAc 
AcC YCAc iAc 
O O 
(IV.) (V.) 


monoacetate.) This conversion involves p-migration of an acetyl 
group; the Fries reaction on phenyl acetate, however, yields o- 
hydroxyacetophenone (Freudenberg and Orthner, Ber., 1922, 55, 
1748). 

EXPERIMENTAL. 


4 : 6-Diacetylresorcinol (I).—Treatment of resacetophenone with 
zinc chloride, glacial acetic acid, and phosphorus oxychloride 
(Torrey and Kipper, J. Amer. Chem. Soc., 1908, 30, 850) and of 
resorcinol diacetate with zinc chloride (Eijkmann, Centr., 1904, I, 
1597; 1905, I, 814) led to unsatisfactory results. The following 
modification of Heller’s method (Ber., 1912, 45, 418) gave com- 
paratively good yields. Dry redistilled resorcinol diacetate (100 g.) 
and sublimed ferric chloride (44 g.) were mixed and heated at 180° 
for 3 hours in an atmosphere of carbon dioxide. The product, 
treated with very dilute hydrochloric acid and crystallised from 
alcohol (charcoal) and then from benzene, gave colourless needles 
(15 g.), m. p. 182°. 

The process was repeated under widely varying conditions, but the 
yield of a pure colourless product could not be improved. When a 
solution of resorcinol diacetate (5-0 g.) and ferric chloride (4-2 g.) in 
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glacial acetic acid (10 c.c.) was boiled for 6 hours, and the reaction 
mixture poured into hot water, the product (2-3 g.) obtained crystal- 
lised from boiling water in colourless needles, m. p. 119—120°, and 
was identified as resacetophenone 2-monoacetate (V) (Found : C, 61-7; 
H, 5:2. C,9H,)0, requires C, 61-8; H, 5-1%). Heated with ferric 
chloride (2-1 g.) for 3 hours at 180°, the substance (5-0 g.) gave diacet- 
ylresorcinol (0-6 g.). When the substance was boiled with 50% 
hydrochloric acid for 1 hour, and the solution salted out after cooling, 
resacetophenone was obtained. An alcoholic solution of the sub- 
stance gave with ferric chloride a bright orange-red colour : res- 
acetophenone 4-monoacetate melts at 74° (Tahara, loc. cit.) and 
gives a violet colour with ferric chloride. 

Following Wittig (loc. cit.) for the preparation of dipropionyl- 
resorcinol, resorcinol diacetate (10-0 g.) was heated to 130° (thermo- 
meter in the liquid), finely powdered zinc chloride (3-0 g.) added with 
stirring, and the mixture carefully heated until there was a sudden 
and rapid rise of temperature. The mixture was allowed to cool and 
ground with aqueous methyl alcohol; the residue, crystallised from 
benzene, gave resacetophenone (4-1 g.), m. p. 142°. 

When resorcinol diacetate was heated with aluminium chloride 
under different conditions, two substances were isolated. One was 
resacetophenone monoacetate. The other, obtained in minute 
amount, crystallised from hot water in colourless needles, m. p. 83— 
84° (Found: C, 60-9; H, 5-1%); in alcoholic solution it gave no 
coloration with ferric chloride. 

Diflavone (11; R = Ph).—An intimate mixture of 4 : 6-diacetyl- 
resorcinol (4-0 g.), benzoic anhydride (60 g.), and sodium benzoate 
(12-0 g.) was heated at 180—185° for 8 hours. The product was 
ground, boiled with 10% alcoholic caustic potash (340 c.c.) for 30 
minutes, and poured into a large excess of water. The precipitate 
was washed with water and crystallised from dilute acetic acid, 
giving long colourless needles (1-2 g.), m. p. 281—282° (Ryan and 
O’Neill give m. p. 281—282°, after softening at 275°) (Found: (, 
78-7; H, 3-5. Cale. for C,,H,,0,: C, 78-6; H, 3-5%). The pale 
yellow solution in concentrated sulphuric acid exhibited a faint green 
fluorescence: before crystallisation the material gave a brown 
solution and a violet fluorescence. According to Ryan and O'Neill, 
diflavone gives with sulphuric acid a pale yellow solution and a 
brilliant blue fluorescence. 

7-Hydroxy-6-acetylflavone (III; R = Ph).—The alkaline filtrate 
(above) after removal of the diflavone was saturated with carbon 
dioxide. The brown powder precipitated (1-0 g.) was crystallised 
repeatedly from dilute acetic acid, giving colourless needles, m. Pp. 
123° (Found : C, 72-9; H, 4:3. C,,H,,0, requires C, 72-8 ; H, 43%); 
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which gave a faint blue fluorescence in sulphuric acid and an orange 
coloration with alcoholic ferric chloride. 

4’: 4". Dimethoxydiflavone (II; R = C,H,-OMe).—The condens- 
ation was carried out in the above way with diacetylresorcinol 
(5-0 g.), anisic anhydride (Robinson and Venkataraman, J., 1926, 
2345) (58 g.), and sodium anisate (10-0 g.). The product (2-9 g.) 
insoluble in the alkali hydroxide crystallised from aqueous pyridine 
in yellow needles, m. p. 192° (decomp.) (Found: C, 73-1; H, 4-2. 
CygH 4.0, requires C, 73-2; H, 42%). It was sparingly soluble in 
the common organic solvents, gave no ferric chloride reaction, and its 
bright red solution in sulphuric acid exhibited a violet fluorescence. 

4’: 4". Dihydroxydiflavone (II; R = C,H,-OH).—Crude dimethoxy- 
diflavone (1-9 g.) was dissolved in acetic anhydride (20 c.c.), and 
hydriodic acid (d 1-7; 20c.c.) added. When the reaction had moder- 
ated, the whole was boiled for 2 hours and poured into ice-cold 
saturated sodium bisulphite solution. The reddish precipitate was 
crystallised twice from alcohol, giving colourless needles (0-8 g.), 
m. p. 317° (Found: C, 72:3; H, 3-2. C,,H,,0, requires C, 72-4; 
H, 35%). 4’: 4''-Dihydroxydiflavone assumes an intense red colour 
in contact with sulphuric acid, and the pale orange solution in sul- 
phuric acid has a faint green fluorescence. The substance gives in 
aqueous caustic soda a magenta solution. An alcoholic solution 
gives hardly any coloration with ferric chloride; turns yellow on the 
addition of potassium acetate solution and deposits yellow needles 
after a moment; and gives a very pale yellow curdy precipitate with 
lead acetate solution. A solution of the substance in absolute alcohol 
gives with sodium amalgam a bright magenta colour, which slowly 
becomes dirty brown and finally brownish-green; with magnesium 
and hydrochloric acid it gives a pink coloration. The substance is 
sparingly soluble in boiling glacial acetic acid, but readily forms a 
yellow solution on the addition of a drop of sulphuric acid ; no mineral 
acid compound, however, is deposited on cooling. 

When the dihydroxy-compound was boiled with acetic anhydride 
and a few drops of pyridine during 2 hours, and the product crystal- 
lised from alcohol, colourless needles, m. p. 204—205°, were obtained 
(Found : C, 69:7; H, 3-7. C,gH,,0, requires C, 69-7; H, 3-7%). 

7-Hydroxy-4'-methoxy-6-acetylflavone (III; R = C,H,-OMe).—The 
alkaline filtrate after removal of the dimethoxydiflavone (above) was 
saturated with carbon dioxide. The precipitate obtained crystallised 
from dilute acetic acid in flesh-coloured needles (0-3 g.), m. p. 160— 
161° (Found: C, 69-7; H, 4-5. C,,H,,0, requires C, 69-6; H, 
45%). The red solution of the substance in sulphuric acid showed 
a weak violet fluorescence. An alcoholic solution gave a brown 
colour with ferric chloride. 
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7-Hydroaxy-3' : 4'-dimethoxy-6-acetylflavone [III ; R = C,H,(OMe),]. 
—Diacetylresorcinol (5-0 g.), veratric anhydride (Allan and Robin- 
son, J., 1926, 2334) (61 g.), and sodium veratrate (10-0 g.) were 
heated together at 190° for 6 hours, and the product was 
boiled with alcoholic potash. When the solution was poured into 
water, no diflavone separated. Carbon dioxide was passed through 
the clear liquid for several hours, and the precipitate collected (4:3 g.), 
After repeated crystallisation from glacial acetic acid, the substance 
was obtained as minute yellow needles, m. p. 182° (Found: C, 67:1; 
H, 4:7. Cy9H,,0, requires C, 67-0; H, 4:7%). It gave a yellow 
solution in aqueous caustic soda, a red solution with a faint violet 
fluorescence in sulphuric acid, and a weak orange coloration with 
alcoholic ferric chloride. The acetyl derivative melted at 141° 
(Found: C, 65-6; H,4-7. C,,H,,0, requires C, 65-9; H, 4-9%). 

3’:4':5': 3:4" : 5” - Hexamethoxydiflavone. — Trimethylgallic 
anhydride (compare Fischer and Freudenberg, Ber., 1913, 46, 1129; 
Kalff and Robinson, J., 1925, 127, 181). Toa mixture of trimethyl- 
gallic acid (“ Organic Syntheses,” 6, 96) (80 g.), pyridine (35 g.), and 
toluene (115 ¢c.c.), cooled in ice and mechanically stirred, a 20% 
solution of carbonyl chloride in toluene (115 c.c.) was added during 
2 hours. After 2 hours’ further stirring, ice-cold dilute hydrochloric 
acid was introduced, the mixture stirred, and the product collected, 
and washed successively with water, sodium carbonate solution and 
water, and dried in a desiccator. The substance (62 g.), m..p. 153— 
156°, was used directly for the chromone synthesis. 

Diacetylresorcinol (2-0 g.), trimethylgallic anhydride (12-0 g,), 
and sodium trimethylgallate (4-0 g.) were heated together at 200° 
for 4 hours. The mass was then boiled with 10% aqueous caustic 
potash (50 c.c.) for a few minutes and cooled ; the dark brown residue, 
repeatedly crystallised from dilute acetic acid, gave a minute amount 
of yellow needles, m. p. 134—136° (decomp.). 

7 - Hydroxy - 3’: 4’ : 5’ - trimethoxy - 6 - acetylflavone [IIT; R= 
C,H,(OMe),].—The alkaline filtrate (above) was saturated with 
carbon dioxide, and the precipitate obtained crystallised from 
aqueous acetic acid, forming long yellow needles (0-65 g.), m. p. 
224—225° (Found: C, 65-0; H, 4:9. C,9H,,0, requires C, 649; 
H, 4:9%). The pale brown solution of the substance in sulphuric 
acid had a weak violet fluorescence. ‘The alcoholic solution gave 4 
dark red colour with ferric chloride. The acetyl derivative melted at 
156—157° (Found: C, 64-2; H, 4:8. C,,H,.0, requires C, 641; 
H, 4:8%). 

3 : 3'-Diacetyl-2 : 2'-dimethyldichromone (IV).—A mixture of di- 
acetylresorcinol (5-0 g.), fused.sodium acetate (10-0 g.), and acetic 
anhydride (50 g.) was vigorously boiled under reflux during 8 hour. 
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The excess of acetic anhydride was then distilled off, and the residue 
treated with boiling alcoholic caustic potash (100 c.c.) for a few 
minutes. After dilution with much water, the precipitate was 
collected, dissolved in glacial acetic acid (charcoal), poured into water, 
and finally crystallised from molten naphthalene. The light brown 
plates (0-3 g.) obtained melted at 261—264° (decomp.) (Found: C, 
66-4; H, 45. C,,H,,0, requires C, 66-2; H, 4:3%). The di- 
chromone forms in sulphuric acid a red solution with a green 
fluorescence, 

7-Hydroxy-6-acetyl-2-methylchromone (III; R = Me).—Acidific- 
ation of the alkaline filtrate and crystallisation of the precipitate 
from dilute acetic acid gave small needles (1-4 g.), m. p. 1834—135° 
(after sintering at 104°) (Found : C,65-8; H,4°8. C,,H,)0, requires 
(, 66:0; H, 4.5%). The pale orange solution of the chromone in 
sulphuric acid has a violet fluorescence. The alcoholic solution 
gives with ferric chloride a_reddish-violet colour. 


ForMAN CHRISTIAN COLLEGE, 
LAHORE. [Received, July 27th, 1931.] 





CCCXXVI.—10-Chloro-5 : 10-dihydrophenarsazine and 
its Derivatives. Part XV. Monoacyl Derivatives. 


By Lestizg ALDERMAN ELson and CHarites STANLEY GIBSON. 


Ir has been emphasised in previous papers of this series that if 
substituted diphenylamines of type (I) undergo condensation with 
arsenious chloride and when substituted diphenylamine-6’-arsonic 
acids of type (II) undergo ring closure accompanied by reduction 
in hydrochloric acid solution, the production of two isomeric mono- 
substituted 10-chloro-5 : 10-dihydrophenarsazines (III) and (IV) is 


: xX 
ae, 
( 7 B ) * 
NH: 
O C) - (III.) SOPED 
NH— xX NH- Xx 
(I.) he, ym. its (II.) 
™ [ ly 


NH’ 
(IV.) 


theoretically possible. Up to the present, the product obtained 
in either of the above ways has always been homogeneous (J., 1926, 
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2242; 1927, 1229, 2499; 1928, 2204; 1929, 2743; 1930, 1124, 1622; 
this vol., p. 294) and there may be considerable difficulties in orient- 
ing the homogeneous product in particular cases (J., 1929, 767, 


1473). 
A homogeneous monoacety] derivative of 10-chloro-5 : 10-dihydro- 
phenarsazine (V) has now been obtained as indicated : 


i. sO,H, 
hy 2 fo NH-— ‘OMe 
AsO,H, 
¢ JBr H Dea oN, 


( sari y 1 


AsCl 
Qn Xoo Poon 


and, further, the substituted 10-chloro-5: saciditicion diel 
zines obtained by condensing o-aminophenylarsonic acid with 
m-bromopropiophenone and m-bromo-n-butyrophenone (Elson, 
Gibson, and Johnson, J., 1930, 1128) respectively and effecting 
ring closure under the usual conditions were also homogeneous. 
The homogeneous product (V) has m. p. 268—270° (decomp.) and 
gives a blue-purple colour in concentrated sulphuric acid. 

On the other hand, the product of the condensation of m-acetyl- 
diphenylamine with arsenious chloride is not homogeneous and 
two products (VIa) and (VIb) have been obtained. These are iso- 


As cl \ 


5 OS 
PP al NH bl 
NH— 10Me XN ‘ (VI.) 


Cl 
OX ated coMe 


meric. The less soluble product [labelled (VIa)] has m. p. 280° 
(decomp.); it was readily separated and obtained pure. The other, 
m. p. 250° (decomp.), may not have been obtained completely free 
from (Vla). The compound (VIa) gave a bright red colour in 
sulphuric acid, while (VI) gave a red-purple colour in the same 
conditions. 

10-Chloro-3-acetyl-5 : 10-dihydrophenarsazine (VII) has _ been 





synt! 
arsor 


This 

same 
poun 
not sl 
pount 
(Vd). 

chlorc 
shows 
point 

conch 
acety] 
5: 10- 
conce} 
more 

acetyl 





compl 
Thi: 
produc 
dihydr 
with 
stitute 
given 
phenai 
the co 
arsazir 
1929, _ 
the ot] 
5: 10-a 
phenar. 
the sar 
indistiz 
dihydre 
* 3.B 
(this vol 





— - Oo ee 


— 


oe 7 @ws”" “Se 











PHENARSAZINE AND ITS DERIVATIVES. PART XV. 2383 


synthesised as shown, the intermediate 3-acetyldiphenylamine-6- 
arsonic acid not being isolated : 


* — 
H,O.As H,O | 
Own, ; SX oom ~— CBO ome | 
K ail 
asl — 
OMe ; 
‘5 \NH” 


This compound (VII) has m. p. 270° (decomp.) and gives the 
same blue-purple colour with concentrated sulphuric acid as com- 
pound (V) does and the mixture of these two pure substances does 
not show any alteration of the melting-decomposition point. Com- 
pound (V) is therefore 10-chloro-3-acetyl-5 : 10-dihydrophenarsazine 
(Vb). Compound (VIa) on admixture with the synthesised 10- 
chloro-3-acetyl-5 : 10-dihydrophenarsazine or with compound (V) 
shows a very considerable depression of the melting-decomposition 
point; they are obviously different substances and it must be 
concluded that the less soluble product of the condensation of m- 
acetyldiphenylamine and arsenious chloride is 10-chloro-1-acetyl- 
5: 10-dihydrophenarsazine (Via). From the colour it gives with 
concentrated sulphuric acid and from its low melting point, the 
more soluble product is evidently still a mixture of the 1- and 3- 
acetyl compounds, which it has been found impossible to separate 
completely. 

This is the first example of the realisation of the simultaneous 
production of the two isomeric monosubstituted 10-chloro-5 : 10- 
dihydrophenarsazines from the condensation of arsenious chloride 
with a substituted diphenylamine of type (I). Although a sub- 
stituted diphenylamine-6’-arsonic acid of type (II) has again only 
given one of the two possible isomeric 10-chloro-5 : 10-dihydro- 
phenarsazines, it has been possible to show that in this case it is 
the compound substituted in the 3- position in the dihydrophen- 
arsazine which is produced (compare Gibson and co-workers, J., 
1929, 1229; 1930, 1662). It seems reasonable to conclude that 
the other compounds prepared as above are 10-chloro-3-propionyl- 
5: 10-dihydrophenarsazine and _  10-chloro-3-butyryl-5 : 10-dihydro- 
phenarsazine respectively, especially as these two compounds give 
the same blue-purple colour in concentrated sulphuric acid solution 
indistinguishable from that produced by 10-chloro-3-acetyl-5 : 10- 
dihydrophenarsazine. 


* 3-Bromoacetophenone-4-arsonic acid is described by Gibson and Levin 
(this vol., p. 2390). 
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p-Acetophenonedichloroarsine has been obtained by the reduction 
of acetophenone-p-arsonic acid (Gibson and Levin, this vol., p. 2399), 
p-acetyldiphenylarsonic acid, COMe-C,H,AsPhO-OH, together with 
its semicarbazone, by the Bart-Schmidt reaction on diazotised 
p-aminoacetophenone, and 4: 4’-diacetyldiphenylarsonic acid, 
(COMe:C,H,),AsO-OH, by the same reaction using p-acetophenone- 
arsenious oxide (Gibson and Levin, loc. cit.). 

The bromination of acetophenone-p-arsonic acid, with the object 
of obtaining bromine-substituted derivatives for use in other con- 
densations with aromatic primary amines, has afforded indications 
of the production of two compounds containing one atom (possibly 
in the w-position) and two atoms of bromine respectively in the 
molecule; but the analytical figures indicate that the products 
have not been obtained pure. 


EXPERIMENTAL. 

3-Acetyldiphenylamine-6'-arsonic acid was prepared by boiling 
for 5 hours a mixture of m-bromoacetophenone (21 g.), o-amino- 
phenylarsonic acid (22-8 g.), anhydrous potassium carbonate (18-4 
g.), amyl alcohol (105 c.c.), and a trace of copper powder. Volatile 
materials were removed by steam distillation, the resulting aqueous 
solution boiled with charcoal, and the filtrate acidified with hydro- 
chloric acid. The crude product (22-5 g.; 64% yield) was erystal- 
lised first from dilute alcohol and then from dilute acetic acid and 
obtained in pale buff-coloured prisms, m. p. 154° (Found : As, 22:1. 
C,,H,,0,NAs requires As, 22-4%). When the same series of pro- 
cesses was carried out starting with m-aminoacetophenone (5 g.), 
o-bromophenylarsonic acid (10-5 g.), potassium carbonate (8-2 g.), 
amyl alcohol (33 c.c.), and a trace of copper powder, the crude 
product obtained weighed 6-5 g. (yield, 52%). This was purified 
in the same way and had m. p. 154°, identical with that of the 
3-acetyldiphenylamine-6’-arsonic acid obtained as above. 

10-Chloro-3(or 1)-acetyl-5 : 10-dihydrophenarsazine (V) was ob- 
tained by reducing 3-acetyldiphenylamine-6’-arsonic acid (7-6 g.), 
dissolved in alcohol (30 c.c.) and hydrochloric acid (30 c.c.), with 
sulphur dioxide after addition of a trace of iodine. It crystallised 
from acetic acid in bright yellow needles, m. p. 268—270° (decomp.) 
after a further recrystallisation from acetone (Found: Cl, 11:2. 
C,4H,,ONCIAs requires Cl, 111%). A very smail quantity, added 
to concentrated sulphuric acid, dissolved, producing an intense 
blue-purple colour. 

10-Bromo-3(or 1)-acetyl-5 : 10-dihydrophenarsazine was prepared 
in a similar way using hydrobromic acid. The compound was, 
as in the previous case, homogeneous and crystallised from acetic 
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acid in bright yellow needles, m. p. 269° (decomp.) (Found: Br, 
21-4. C,,H,,ONBrAs requires Br, 21-9%). 

3(or 1)-Acetylphenarsazinic acid was obtained by suspending the 
above compound (V) (1 g.) in acetone (23 c.c.), adding a solution 
of chloramine-T (2-05 g.) in water (20 c.c.), and allowing the mixture 
to stand for 16 hours. After filtration and washing with water, 
the product was dissolved in warm dilute aqueous sodium hydroxide, 
and from the filtered solution after addition of hydrochloric acid 
it was obtained in colourless needles, undecomposed at 290° (Found : 
As, 23-4. C,,H,,O,NAs requires As, 23-6%). 

3-Propionyldiphenylamine-6'-arsonic acid was obtained by con- 
densing m-bromopropiophenone (22-5 g.) with o-aminophenyl- 
arsonic acid (22-8 g.) in the presence of potassium carbonate (18-4 
g.), amyl alcohol (105 c.c.), and a trace of copper powder as described 
for the corresponding acetyl compound. ‘The product crystallised 
from dilute acetic acid (charcoal) in almost colourless, soft plates, 
m. p. 160° (Found: As, 21-1. C,;H,,0,NAs requires As, 21-5%). 

10-Chloro-3(or 1)-propionyl-5 : 10-dihydrophenarsazine.—The pre- 
ceding compound was reduced in aleohol—hydrochloric acid solution 
with sulphur dioxide in the presence of a little iodine as described 
for the corresponding acetyl compound. The product crystallised 
from acetic acid in soft yellow needles, m. p. 227° after previous 
softening and darkening (Found: Cl, 11-0. C,;H,,ONCIAs requires 
Cl, 106%). A small quantity, dissolved in concentrated sulphuric 
acid, gave a blue-purple colour indistinguishable from that given 
by 10-chloro-3-acetyl-5 : 10-dihydrophenarsazine in the same con- 
ditions. 

3-Bulyryldiphenylamine-6'-arsonic acid, prepared in the usual 
way by condensing m-bromobutyrophenone (17 g.) with o-amino- 
phenylarsonic acid (16-3 g.) in the presence of potassium carbonate 
(13 g.), amyl alcohol (75 c.c.), and a trace of copper powder, was 
purified by converting it into its sodium salt. This, after drying 
on porous porcelain, was dissolved in water, and the acid precipitated 
from the filtered solution by means of hydrochloric acid. On 
recrystallisation from acetic acid it was obtained in discoloured 
needles, m. p. 125—126° (Found: As, 21-05. C,,H,,0,NAs 
requires As, 20-65%). 

10-Chloro-3(or 1)-butyryl-5 : 10-dihydrophenarsazine.—The previous 
acid was reduced in alcohol—hydrochloric acid solution in the presence 
of a little iodine with sulphur dioxide in the usual manner. The 
product crystallised from acetic acid (charcoal) in orange-coloured 
needles, m. p. 210° (Found: Cl, 10-45. C,,H,,ONCIAs requires 
Cl, 10-29%). This compound also gave a blue-purple solution when 
a small quantity was dissolved in cold concentrated sulphuric acid. 
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10-Chloro-3-acetyl-5 : 10-dihydrophenarsazine (VII).—A mixture 
of 3-bromoacetophenone-4-arsonic acid (Gibson and Levin, loc, 
cit.) (14 g.), aniline (5 g.), amyl alcohol (39 c.c.), potassium carbonate 
(9-6 g.), and a trace of copper powder was boiled for 5 hours. The 
product obtained as in previous cases could not be purified readily 
and was immediately dissolved in equal volumes of alcohol and 
hydrochloric acid and reduced with sulphur dioxide after the addition 
of a trace of iodine. The product was recrystallised several times 
from acetic acid and obtained in bright yellow needles, m. p. 270° 
(decomp.) (Found: Cl, 11-7; As, 23-3. C,,H,,ONCIAs requires 
Cl, 11-1; As, 23-5%). On addition of cold concentrated sulphuric 
acid to a trace of the compound a deep blue-purple colour developed. 
Admixture with compound (V) caused no depression of the melting- 
decomposition point. 

3-Acetyldiphenylamine-2’-carboxylic Acid.—A mixture of m.- 
aminoacetophenone (17 g.), potassium o-chlorobenzoate (11 g.), 
amyl alcohol (28 c.c.), and a trace of copper powder was boiled for 
6 hours. The acid, precipitated by addition of hydrochloric acid 
to the filtered solution after removal of volatile material by steam 
distillation, was purified by recrystallisation from dilute acetic 
acid (charcoal) and obtained after further crystallisation from 
aqueous alcohol in almost colourless, silky needles, m. p. 166° 
(Found : C, 70-9; H, 5-35. ©C,;H,,0,N requires C, 70-6; H, 5-1%). 

3-Acetyldiphenylamine was obtained by heating the preceding 
compound for 1 hour at 250°. When the tarry product was dis- 
tilled under reduced pressure, the desired product was obtained, 
b. p. 240°/20 mm. It solidified on cooling and after recrystallisation 
from alcohol was obtained in pale yellow prisms, m. p. 93° (Found : 
C, 80-1; H, 6-5; N, 6-85. C,,H,,ON requires C, 79-6; H, 6-2; 
N, 6-6%). 

It was found most satisfactory to use monochlorobenzene (20 
c.c.) as the medium for the condensation of 3-acetyldiphenylamine 
(5 g.) with arsenious chloride (5 g.). The mixture was boiled for 
8 hours, and the solid product washed with benzene. On recrystal- 
lisation from acetone, a portion appeared to be very sparingly 
soluble and was easily separated. This after further recrystal- 
lisation from acetone had m. p. 280° (decomp.) (Found: Cl, 11-6; 


As, 23-5. C,,H,,ONCIAs requires Cl, 11-1; As, 23-5%). This § 


compound, dissolved in cold sulphuric acid, developed a brilliant 
red coloration (VIa). On admixture with an authentic specimen 
of 10-chloro-3-acetyl-5 : 10-dihydrophenarsazine (VII) or with 
compound (V) a considerable depression of the melting-decom- 
position point was observed; the samples chosen had a melting- 
decomposition point of about 250°. 
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‘The more soluble portion after many recrystallisations from 
acetone had m. p. 250° (decomp.), the highest observed (Found : 
Cl, 11-65; As, 23-6. C,,H,,ONCIAs requires Cl, 11-1; As, 23-5%). 
A solution of a very small quantity in cold concentrated sulphuric 
acid was red-purple. 

A solution of acetophenone-p-arsonic acid (16 g.) in hydrochloric 
acid (50 c.c.) was reduced with sulphur dioxide after addition of 
a little hydriodic acid. The oil which separated was extracted 
with benzene, the benzene solution dried with calcium chloride, and 
the benzene evaporated. The p-acetylphenyldichloroarsine (aceto- 
phenone-p-dichloroarsine) was distilled under reduced pressure. 
It had b. p. 212—215°/30 mm. and crystallised from benzene in 
colourless rectangular prisms, m. p. 100° (Found: Cl, 26-35. 
C,H,OCI,As requires Cl, 26-8%). After bromine (1 mol.) had been 
added to the compound dissolved in carbon tetrachloride, and the 
mixture warmed on the water-bath, only unchanged p-acetyl- 
phenyldichloroarsine could be isolated. 

p-Acetyldiphenylarsonic Acid.—A_ solution of p-aminoaceto- 
phenone (7 g.) in hydrochloric acid (10-5 c.c.) and water (50 ¢.c.) 
was diazotised below 0° with a solution of sodium nitrite (3-8 g.) 
in water (6 ¢.c.). To this solution was added with stirring a solution 
of phenylarsenious oxide (10 g.) in 10% sodium hydroxide solution 
(50 ¢.c.) and then a further 70 c.c. of sodium hydroxide. The 
reaction was completed by warming on the water-bath until all 
frothing had subsided; the solution was then made feebly acid 
with hydrochloric acid and filtered from tarry by-product. The 
filtrate was made alkaline, concentrated to about 50 c.c. under 
reduced pressure, filtered from salt, and made acid with hydro- 
chloric acid. The precipitated acid was recrystallised four times 
from water, and the compound thus obtained in colourless needles, 
m. p. 182°, moderately easily soluble in hot water but very sparingly 
soluble at the ordinary temperature (Found: As, 21-8. C,,H,,0,As 
requires As, 21-65%). When larger quantities than the above 
were used, the preparation was much less successful; the chief 
product isolated was phenylarsonic acid, only a small quantity of 
p-acetyldiphenylarsonie acid being obtained. The semicarbazone 
was obtained by mixing aqueous solutions of p-acetyldiphenyl- 
arsonic acid (1 g.) and acetonesemicarbazone (0-4 g.); the product 
slowly separated. It was purified by solution in 2N-sodium hydr- 
oxide (2 c.c.) (charcoal) and reprecipitation from the filtered solution 
with hydrochloric acid. From its behaviour on heating, the com- 
pound evidently contained water of crystallisation. It began to 
froth at about 140° and continued to do so until about 190°. The 
water could not be estimated directly, as it was retained until 
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about 140° and decomposition then set in (Found: As, 19-9; N, 
11-1. C,;H,,0,N,As,H,O requires As, 19-8; N, 11-1%). 

4: 4'-Diacetyldiphenylarsonic Acid.—p-Aminoacetophenone (5 g.), 
dissolved in hydrochloric acid (7-5 c.c.) and water (36 c.c.), was 
diazotised below 0° with a solution of sodium nitrite (2-8 g:) in 
water (5 c.c.) and to the resulting solution was added a solution 
of p-acetylphenylarsenious oxide (acetophenone-p-arsenious oxide; 
Gibson and Levin, this vol., p. 2401) (8-75 g.) in 10% sodium hydr- 
oxide solution (50 c.c.). After the addition of a further 50 c.c. 
of the sodium hydroxide solution, the product was worked up as 
described for p-acetyldiphenylarsonic acid. The less soluble pro- 
duct obtained on crystallisation from acetone and then from water 
was acetophenone-p-arsonic acid (m. p. 176°). The acetone mother- 
liquor was evaporated to dryness, and the residue recrystallised 
from water. Only a small amount of 4 : 4’-diacetyldiphenylarsonic 
acid was. obtained in colourless plates, m. p. 194° (Found : As, 21-3. 
C,,H,,;0,As requires As, 21-7%). 

Bromination of Acetophenone-p-arsonic Acid.—The acid (1 g.) 
was mixed with bromine (0-8 g.; rather more than | mol.) in chloro- 
form (10 c.c.), and the mixture gently warmed. The suspended 
substance became semi-solid and then completely solid. After 
cooling and standing for 1 hour, the solid material was recrystallised 
from dilute acetic acid, colourless prisms being obtained, m. p. 
187—190° (Found: As, 25-5; Br, 26-4%. Atomic ratio of As : Br, 
1: 0-97). Acetophenone-p-arsonic, acid was boiled for 3 hours 
with an excess of bromine dissolved in carbon tetrachloride. The 
solid product after recrystallisation from dilute acetic acid had 
m. p. 196—198° (Found: As, 19-5; Br, 38-0%. Atomic ratio of 
As : Br, 1 : 1-83). 

Guy’s Hospirat Mepicat Scuoor (UNIvERsITy ofr Lonpon), 
Lonpvon, 8.E. 1. [Received, August 6th, 1931.] 





CCCXXVII.—Benzaldehyde-p-arsonic Acid, Arsonic 
Acids of Acylphenylketones and their Derivatives. 
Chemotherapeutic Examination of these and other 
Arsonic Acids. 


By CHARLES STANLEY Gisson and Barnetr LEVIN. 


A DETAILED study has been made of substituted phenylarsonic 
acids in which one of the substituting groups is either an acyl 
(COMe, COEt) or the aldehyde group with a view to the chemo- 
therapeutic examination of these parent substances and of their 
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derivatives which are readily accessible. The substances can be 
conveniently classified as o-, m-, and p-compounds according to the 
relative positions of the arsonic acid and the acyl or aldehyde groups 
in the molecule. 

o-Compounds : - Acetophenone-o-arsonic acid, its semicarbazone and 
thiosemicarbazone together with propiophenone-o-arsonic acid and its 
semicarbazone may be regarded as the simplest representatives. In 
preparing 5-bromoacetophenone-2-arsonic acid (I) by the Bart- 
Schmidt reaction from the hydrochloride of 5-bromo-2-aminoaceto- 
phenone, a by-product, C,H,O,N,Br, was obtained. This may be 
the oximino-compound (II) or the nitroso-compound (III), the latter 
being the more probable, since when once formed by the action of 
nitrous acid on 5-bromo-2-aminoacetophenone it escapes reaction 
with sodium arsenite. The constitution of 5-bromo-2-aminoaceto- 
phenone (and also of the acid I) was proved by converting it into 


COMe CO-CH:N-OH CO-CH, 
AsO,H, tH, NH-NO 
B Br B 
(I.) (II.) (III.) 


2:5-dibromoacetophenone and oxidising this to 2 : 5-dibromo- 
benzoic acid, which was identical with 2 : 5-dibromobenzoic acid 
prepared by bromination of anthranilic acid and subsequent replace- 
ment of the amino-group by bromine. 

m-Compounds: Of the compounds belonging to this class, 
acetophenone- and propiophenone-m-arsonic acids and their semt- 
carbazones are the simplest. In addition, 2-hydroxyacetophenone- 
5-arsonic acid and its semicarbazone and 4-bromoacetophenone- 
3-arsonic acid and its semicarbazone are also described. Although 
m-aminoisovalerophenone was isolated from the mixture of reduction 
products of the nitration of isovalerophenone (compare Elson, 
Gibson, and Johnson, J., 1930, 1128), it was not converted into the 
corresponding arsonic acid, the quantity obtained being too small 
for the purpose. The investigation could therefore not be extended 
to compounds containing 5 carbon atoms in what from the point of 
view of this investigation may be regarded as the principal side chain 
(see below). The di-p-tolwenesulphonyl derivative is a convenient 
compound for the identification of m-aminoisovalerophenone. We 
have not succeeded in preparing benzaldehyde-m-arsonic acid by the 
Bart-Schmidt reaction (compare Balaban, this vol., p. 855), although. 
Scott and Hamilton (J. Amer. Chem. Soc., 1930, 52, 4122) have 
described the p-nitrophenylhydrazone of this acid. 

p-Compounds: For reasons which will appear later, more 
attention has been devoted to compounds having the principal side 
41 
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chain and arsonic acid group in the para-position to each other. 
Acetophenone-p-arsonic acid (Lewis and Cheetham, J. Amer. Chem. 
Soc., 1923, 45, 510; Ogden and Adams, ibid., 1925, 47, 827) and 
benzophenone-p-arsonic acid may be regarded as representatives of 
a series of compounds which have been described (Albert, D.R.-P. 
468402, 1924; U.S.Pats. 1425929, 1425930, 1425931; Deutsche 
Gold- und Silber-Scheideanstalt u. Albert, E.P. 249584, 249588, 
1924; Margulies, F.P. 562460, 1924, E.P. 199091—3, 1922, 220668, 
1923; compare Albert, Klin. Woch., 1924, 3, 2184) as yielding 
derivatives possessing marked activity against trypanosomes, 
From acetophenone-p-arsonic acid its oxime, semicarbazone, thio- 
semicarbazone, ketazine, semioxamazone, phenylhydrazone, and 
p-bromophenylhydrazone have been prepared and, incidentally, its 
reduction product acetophenone-p-arsenious oxide. 2-Hydroxyaceto- 
phenone-4-arsonic acid (IV) was prepared by the following series of 
reactions : 

m-nitrophenol —-> m-nitroanisole —-> m-anisidine ——> acet-m- 
anisidide —-> 4-amino-2-hydroxyacetophenone —-> (IV) 
and 3-nitroacetophenone-4-arsonic acid as well as 3-aminoacetophenone- 
4-arsonic acid (V) by the following reactions : 

p-acetamidoacetophenone —> 3-nitro-4-acetamidoacetophenone —> 
3-nitro-4-aminoacetophenone —-> 3-nitroacetophenone - 4 - arsoni¢ 
acid —> (V). 

3-Bromo-4-acetamidoacetophenone (Raiford and Davis, J. Amer. 
Chem. Soc., 1928, 50, 158) after hydrolysis with hydrochloric 
acid was converted into the hydrochloride of the base and from 
this, by the Bart—Schmidt reaction, 3-bromoacetophenone-4-arsonic 
acid was obtained and converted into its semicarbazone. 

Although not strictly belonging to this series, 4-acetyldiphenyl- 
amine-6'-arsonic acid (VI) was prepared in two ways as indicated 
(compare Gibson and Johnson, J., 1927, 2499) : 


Cx ie fa: 
TH B ay, 
20s Om 
ne NH 
Cum + a om 


Propiophenone-p-arsonic acid and its semicarbazone were examined 
as the next homologues to the corresponding acetophenone com- 
pounds. On attempting to extend the series to the n-valero-com- 
pounds, it was found that p-bromo-n-valerophenone (from n-valery! 
chloride, bromobenzene, and aluminium chloride) gave on condens- 
ation with sodium arsenite a small quantity of a substance, m. p. 
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203°, containing arsenic which was inadequate even for complete 
identification; the condensation of 4-bromo-3-nitro-n-valerophenone 
with sodium arsenite also did not succeed. 

It is somewhat remarkable that of the acids now described, only 
acetophenone-p-arsonic acid can be prepared by the alternative 
method to the Bart-Schmidt reaction, in this case by the condens- 
ation of sodium arsenite with p-bromoacetophenone under the 
specified conditions (Deutsche Gold- und Silber-Scheideanstalt, 
Austr. P., 1002111, 1922). 

In addition to the failures just recorded, 4-bromo-3-nitroaceto- 
phenone, 4-bromo-3-aminoacetophenone, and 2-bromo-5-nitroaceto- 
phenone all failed to react with sodium arsenite. The non-reactivity 
of the bromine atom having an adjacent nitro-group is unexpected 
(compare Borsche, Stackmann, and Makaroff-Semljanski, Ber., 1916, 
49, 2222; Turner and co-workers, J., 1927, 1113; 1928, 332, 334). 
Actually in one experiment, when 4-bromo-3-nitroacetophenone was 
heated with sodium arsenite in aqueous alcohol, a certain amount 
of a product separated from the resulting solution in large colourless 
crystals, readily soluble in water. This material, after purification, 
appeared to be the expected sodium salt of 3-nitroacetophenone- 
4-arsonic acid with 4 mols. of water of crystallisation. Several 
careful repetitions of the experiment failed to give the same result 
and the conditions of the reaction appear to be narrowly prescribed 
(compare Hamilton and Rudermann, J. Amer. Chem. Soc., 1930, 52, 
3284, who failed to effect the condensation of o-chloro- and o-bromo- 
nitrobenzenes with sodium arsenite). 

From benzaldehyde-p-arsonic acid, which is the lowest member 
of this series, the oxime, semicarbazone, thiosemicarbazone, semi- 
oramazone, phenylhydrazone, and p-bromophenylhydrazone have been 
prepared. 

Some of the compounds now described have been mentioned in 
the patent literature, but they do not appear to have been indexed 
as new substances. 

Chemotherapy Results. 

Apart from compounds mentioned above, the results of the 
therapeutic examination of phenarsazinic acid and certain of its 
derivatives, of certain diphenylaminearsonic acids as well as of 
simpler acids all of which have been previously prepared in this 
department are given below. Most of the compounds have been 
examined by Professor Warrington Yorke of the Liverpool School 
of Tropical Medicine and Hygiene on behalf of the Chemotherapy 
Committee of the Medical Research Council. In these cases, mice 
were used as the experimental animals which were infected intra- 
peritoneally with 7’. equiperdum. The compounds marked * were 
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examined by Miss F. M. Durham and those marked § by Miss 
Winifred Strangeways at the National Institute for Medical Research 
on behalf of the above Committee. In these cases, the mice were 
infected intravenously with the same trypanosomes. We are very 
greatly indebted to these collaborators. In the tables, 7’ = the 
maximum tolerated dose and C = the curative dose, both expressed 
in mg. per 20 g. mouse; the chemotherapeutic index (C/7’) can be 
calculated in those cases where the curative dose has been 









determined. 
C, or report on therapeutic 
o-Compounds. T. action. 
Acetophenone-0-arsonic ACid ........cesececscevecseesenesenes 0-6 0 
2 9 »»5 semicarbazone.............++ 0-75 0 
an » thiosemicarbazone ......... 1-25 0 
Propiophenone-o- arsonic acid semicarbazone .........++ 0-5 0 
3-Acetyldiphenylamine-6’-arsonic acid ...........seseeeeeee 0-125 0 
3-Propionyldiphenylamine-6’-arsonic BEE . cevescocscesece 0-1 0 
4-Acetyldiphenylamine-6’-arsonic acid ............sseseeeee 0-125 0 
3-Methyldiphenylamine-6’-arsonic GI. devecidecrsasansce 0-125 Very slight curative action. 
2 : 4-Dinitrodiphenylamine-6’-arsonic acid ............++. 0-25 0 
5-Nitro-2- -methyldiphenylamine-6’-arsonic acid ......... 0-12 0 
5- -3- es a. nistinese 0-2 0 
2- Bromo-2’-nitro-4’- -methyldiphenylamine-€ - arsonic 
I ccpnneccccuterseccscncenssnencsccasvensepeecesnenecsenseoss 1-0 0 
2-Bromo-2’-amino-4’-methyldiphenylamine-6’-arsonic 
CUTE enadnndncabideneennreccenycscnnoneneicanesoncnsennsneeeneene 0-5 0 
IID GE © © hnidcrcccicndccetctnesescccseccdcscsesecse 0-025 0 
N-Acetylphenarsazinic acid * — .......csecececescsescseeeeees 0-5 Some curative action in maximum 
doses. 
N-Propionylphenarsazinic acid * ........csscesseseseeeseees 0-25 0 
N-Benzoylphenarsazinic acid * ... 0-1 0 
2-Methylphenarsazinic acid ........... 1—2 Slight and transient curative action 
in maximum doses. 
l(or 3) : 6-Dimethylphenarsazinic acid ......... iu Very slight curative action. 
2: 2’-BisphemarsaZinic acid  ........ccscecececsecccsecscscces 2 0 
m-Oompounds. 
Acetophenone-m-arsonic acid — .........0seeeeee . Very slight curative action. 
semicarbazone . ” 9 
Propiophenone-m- arsonic GUE cansstsceiotesesneses 0 
semicarbazone 0 
2- Hydroxyacetophenone-5- ATBONIC ACIA  ... 2. .escceseseees 0 
semicarbazone 0 
m-Methoxyphenylarsonic acid” evbeccoossessssbessosbsooedees 2-5—5-0 Very slight curative action in toxic 
p-Compounds. 
Benzaldebyde-p-arsonic acid ss. sesesseeseneseeeeeereeees 5—10 Definite curative action in mazi- 
mum doses. 
” ” GUIIBD . crcccnccsccscqnesesocsse 1-0 Slight curative action in maximum 
doses. 
” % semicarbazone  ......+..++. 50—100 Some curative action in maximum 
oses. 
” ’ thiosemicarbazone ...... 20—30 #5—10 (observed during >30 ee | 
” > gg Bee we wees 20 10 € « o # . 
p-bromophenylhydrazone 2-0 0 ; 
Acetophenone-p-arsonic acid ........cscscceeeceesecsesesecees 1-2 Definite curative action in maxi- 
mum doses. 
” ” GHD ecccccvsccccvccecseseses 1-0 Slight curative action in maximum 
doses. 
” ” semicarbazone .........+++ 25 6-25 (observed during >30 days). 
” » °° = «= gg Qeweeeoecccee 15 5 ” ” ” we 
» ” thiosemicarbazone ecenes 20 Definite curative action in maxi- 
mum doses. ‘ 
” ”» KetaZine .......cccccccccesees 10 Very slight curative action in max 
mum doses. 
” ” phenylhydrazone ......... 0-5 0 
” ” p-bromophenylhydrazone 1-0 0 
Propiophenone-p-arsonic Acid — .......ceeececesececsecececes 1-0 0 
SemicarbazOne ......+..+++ 0-1 0 
N -Acetyldiphenylamine-4- “ATEONIC ACID * .......0ceceeee eee 0025 0 


The results illustrate generally what has been previously observed 
by other workers, that those compounds having the arsonic acid 
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(decomp.) (Found : As, 23-4. C,9H,,0,N,As requires As, 23-8%). 
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group in the p-position to another group are less toxic than the 
isomeric o- and m-compounds and are more curative (compare, for 
example, Gough and King, J., 1930, 671). The o- and m-compounds 
are not curative even in toxic doses. 

The most interesting compounds from a chemotherapy standpoint 
are benzaldehyde-p-arsonic acid and acetophenone-p-arsonic acid 
and their derivatives. The acids themselves are moderately toxic, 
but their derivatives (with the exception of the phenylhydrazones) 
are very much less toxic. The small curative action of the parent 
acids is greatly increased in their derivatives, which reach fairly high 
values in the cases of benzaldehyde-p-arsonic acid thiosemicarbazone 
and acetophenone-p-arsonic acid semicarbazone. 

It appears to us somewhat surprising that the slight curative 
action of the parent acids is entirely suppressed in their pheny]l- 
hydrazone derivatives. It may be concluded that the dipheny]l- 
amine and phenarsazinic acids are of much less value chemothera- 
peutically than the arsonic acids of simpler structure. 


EXPERIMENTAL. 


Acetophenone-o-arsonic acid was prepared from o-aminoaceto- 
phenone by the Bart-Schmidt reaction in a similar manner to that 
used for the preparation of the corresponding m-compound. The 
crude acid (75% yield) was purified by acidification of a solution of 
the sodium salt with concentrated hydrochloric acid. It crystallised 
in long colourless needles, m. p. 285—286° (decomp.) (Found : 
As, 30-1. C,H,O,As requires As, 30-7%). The semicarbazone was 
prepared and purified in exactly the same way as the analogous 
compound of the m-acid. It was obtained in colourless plates, m. p. 
234—235° (decomp.) (Found: As, 25-3. C,H,,.0,N,As requires 
As, 24-99%). The thiosemicarbazone was obtained by adding thio- 
semicarbazide to acetophenone-o-arsonic acid (5-5 g.) dissolved in 
boiling water (90 c.c.) and filtering off the crystalline precipitate 
after 2 hours. It was purified by dissolving it in an aqueous solution 
of sodium bicarbonate (charcoal) and acidifying the filtered solution 
with concentrated hydrochloric acid (Congo-red). It crystallised 
in almost colourless radiating needles (3 g.; 42% yield), m. p. 181° 
(decomp.). The compound is very sparingly soluble in water and 
insoluble in alcohol and benzene (Found : As, 23-7. C,H,,0,N,SAs 
requires As, 23-7%). 

Propiophenone-o-arsonic acid was obtained from o-aminopropio- 
phenone by the Bart—Schmidt reaction in 75% yield. When aqueous 
solutions of the acid and of acetonesemicarbazone were mixed, the 
semicarbazone crystallised in acicular needles, m. p. 206—207° 
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5-Bromo-2-acetamidoacetophenone (compare Baeyer and Bloem, 
Ber., 1884, 17, 963) was prepared from o-acetamidoacetophenone 
(26-5 g.; 0-15 mol.), dissolved in a mixture of acetic acid (265 c.c.) 
and water (265 c.c.), by dropping in slowly and with constant shaking 
a solution of bromine (7-7 c.c.; 0-15 mol.) in acetic acid (150 c.c.). 
Towards the end of the reaction the bromo-derivative began to 
separate and finally the mixture set to a crystalline paste. After 
standing, the precipitate was collected and recrystallised from 
alcohol, 20 g. being obtained; m. p. 160°. The acetyl derivative 
was hydrolysed by boiling for 10 minutes with 25% hydrochloric 
acid. The hydrochloride crystallised on cooling in long thin prisms, 
which after drying under reduced pressure over potassium hydroxide 
had m. p. 180—181°. 5-Bromo-2-aminoacetophenone was obtained 
from it both by treating a suspension in water with sodium hydroxide 
and by dissolving it in alcohol and adding an equal volume of water. 
This base crystallised from aqueous alcohol in colourless rectangular 
plates, m. p. 86—88° (Found: N, 66; Br, 36-7. C,H,ONBr 
requires N, 6-5; Br, 37-4%). 

The Bart-Schmidt reaction on the hydrochloride of 5-bromo- 
2-aminoacetophenone was carried out in a similar manner to that 
for the preparation of 3-bromoacetophenone-4-arsonic acid. The 
coupled solution, after being heated on the water-bath, was filtered 
from tarry by-product and acidified with concentrated hydrochloric 
acid. The brownish solid which separated was recrystallised from 
alcohol (charcoal) and obtained in needles, m. p. 278° (to a red 
liquid). This substance contained no arsenic and is either 5-bromo- 
2-nitrosoaminoacetophenone (III) or 5-bromo-2-amino-oximinoaceto- 
phenone (II) (Found: C, 39:0; H, 2:3; N, 11-7. C,H,O,N,Br 
requires C, 39-5; H, 2-9; N, 11-7%). The filtrate from this sub- 
stance was evaporated under reduced pressure in alkaline solution, 
and acidification with hydrochloric acid (Congo-red) precipitated 
5-bromoacetophenone-2-arsonic acid (8 g., crude). It is soluble in 
water but crystallises only very slowly from this solution. It is 
more conveniently purified by adding hydrochloric acid to its 
solution in aqueous sodium carbonate. It is thus obtained in 
colourless crystals which turn brown at 188° but do not decompose 
completely until 291—293° (Found: As, 23-4. C,H,0,BrAs 
requires As, 23-2%). The sodium salt may be obtained by allowing 
a hot solution of the acid in concentrated sodium hydroxide or 
carbonate solution to crystallise, or by the addition of alcohol to the 
aqueous solution of the acid exactly neutralised with sodium 
hydroxide; it then crystallises in fine needles. 

A solution of the hydrochloride of 5-bromo-2-aminoacetophenone 
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(13-5 g.) in hydrobromic acid (18%, 46 c.c.) was cooled to — 5° and 
treated with sodium nitrite (4 g.) in water (7 c.c.). The diazo- 
solution was poured into a solution of cuprous bromide [prepared 
by the reduction of a solution of copper sulphate (10-2 g.) and 
potassium bromide (5-1 g.) in water (46 c.c.) with sulphur dioxide] 
in hydrobromic acid (d 1-49; 19 c.c.). The mixture, after being 
heated on the water-bath, was allowed to cool and the solidified oil 
filtered off after further addition of water. This 2 : 5-dibromoaceto- 
phenone on recrystallisation from alcohol (charcoal) was obtained in 
colourless needles, m. p. 41° (Found: Br, 58-2. C,H,OBr, requires 
Br, 57-6%). On boiling this ketone with a 3% aqueous solution of 
potassium permanganate for 2—3 hours and passing sulphur dioxide 
into the concentrated filtrate from the precipitated manganese 
dioxide, 2: 5-dibromobenzoic acid was obtained in quantitative 
yield. It crystallised from boiling water in long thin needles, m. p. 
156°. It was identical with the compound obtained by brominating 
anthranilic acid and subjecting the resulting 5-bromoanthranilic 
acid hydrobromide to the Sandmeyer reaction. 

For obtaining acetophenone-m-arsonic acid the following was 
found to be the most satisfactory method. m-Aminoacetophenone 
(10 g.), dissolved in concentrated hydrochloric acid (15 c.c.) and 
water (70 c.c.), was diazotised in the usual way in a 2-litre beaker 
with a solution of sodium nitrite (5-33 g.) in water (9 c.c.) below 0°. 
To the cold, mechanically stirred diazo-solution was added a con- 
centrated aqueous solution of sodium arsenite (15 g.); considerable 
frothing then took place. After further stirring, the solution was 
made alkaline with sodium hydroxide solution (10%, 100 c.c.), care 
being taken to control the excessive frothing. The resulting red 
solution was heated on the water-bath for 15 minutes and then 
acidified with concentrated hydrochloric acid (Congo-red), boiled 
with charcoal, and filtered hot from tarry by-product. After being 
made alkaline, the filtrate was evaporated under reduced pressure 
on the water-bath to about 50 c.c.; sodium chloride then began to 
separate. The solution was again boiled with charcoal and filtered, 
and the filtrate acidified with hydrochloric acid (Congo-red). The 
precipitated oil rapidly solidified and a further quantity of the acid 
crystallised on cooling (yield, 8 g.; 45% crude). The crude product 
was extracted several times with alcohol and on evaporation of the 
filtered alcoholic solution the arsonic acid remained as an oil which 
rapidly crystallised. It was dissolved in the calculated quantity of 
standard sodium hydroxide solution, the solution treated with 
charcoal, and the filtrate acidified. Acetophenone-m-arsonic acid 
crystallised in long colourless needles, m. p. 156° (yield, 4-6 g. ; 25%) 
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(Found: As, 30:5. C,H,O,As requires As, 30-7%). It was 
moderately easily soluble in hot water and in alcohol and sparingly 
soluble in cold water. . 

Acetophenone-m-arsonic acid semicarbazone, prepared by adding 
acetonesemicarbazone (2-25 g.) to a hot solution of the acid (4-5 g.) 
in water (67 c.c.), was obtained in a yield of 3-8 g. It was further 
purified by dissolving it in the calculated quantity of standard 
sodium carbonate solution (charcoal) and acidifying the filtrate with 
hydrochloric acid. It was thus obtained in colourless plates, 
undecomposed at 305° (Found: As, 25-3. C,H,,0,N3As requires 
As, 24-9%). 

Propiophenone-m-arsonic acid was obtained from m-aminopropio- 
phenone by the Bart-Schmidt reaction in 46% yield. It crystallised 
from water in colourless needles, m. p. 212° (decomp.) (Found: 
As, 29:4. C,H,,0,As requires As, 29-1%). The corresponding 
semicarbazone was obtained in the usual way in 75% yield in large, 
pale yellow crystals. It was purified by solution in half the calcul- 
ated quantity of sodium carbonate solution and reprecipitation with 
hydrochloric acid (Found: WN, 12-8. Cj, 9H,,O,N,As requires 
N, 13-3%). 

5-Acetamido-2-hydroxyacetophenone was prepared from phen- 
acetin as described by Kunckell (Ber., 1901, 34, 124), acetyl chloride 
being used instead of acetyl bromide. The yield was poor, 24 g. 
from 80 g. of phenacetin. The acetyl derivative was hydrolysed by 
boiling with 15% hydrochloric acid for 2 hours and basifying the 
solution with aqueous ammonia. 

2-Hydroxyacetophenone-5-arsonic Acid.—5-Amino-2-hydroxyaceto- 
phenone (15 g.), dissolved in concentrated hydrochloric acid (21 ¢.c.) 
and water (120c.c.), was treated below 0° with a concentrated aqueous 
solution of sodium nitrite (7-25 g.). An aqueous solution of sodium 
arsenite (20-4 g.) was added with stirring, followed by a 10% aqueous 
solution of sodium hydroxide (140 c.c.). The resulting mixture was 
heated for 1 hour on the water-bath, acidified with concentrated 
hydrochloric acid whilst still hot, and filtered (charcoal), and the 
yellow filtrate was made alkaline with sodium hydroxide solution, 
evaporated under reduced pressure to small bulk, and acidified with 
hydrochloric acid (Congo-red). After 24 hours, the brown precipitate 
was collected and recrystallised twice from water (charcoal). The 
arsonic acid was obtained in colourless prismatic needles, m. p. 
189—192° (decomp.). It is moderately easily soluble in water and 
its aqueous solution gives a reddish-purple coloration with ferric 
chloride (Found: As, 29-0. C,H,O;As requires As, 28-8%). Its 
semicarbazone, prepared in the usual way from acetonesemicarbazone, 
was purified by reprecipitation by hydrochloric acid from its solution 
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in sodium carbonate solution. After addition of hydrochloric acid, 
the solution was boiled (charcoal) and from the filtrate the compound 
was deposited in almost colourless needles, slowly decomposing from 
about 245° (Found: As, 22-9. C,H,,0;N,As requires As, 23-7%). 

4-Bromo-3-nitroacetophenone (compare Borsche and co-workers, 
loc. cit.) was prepared by adding p-bromoacetophenone (45 g.) in 
small quantities to mechanically stirred nitric acid (d 1-5; 300 g.) 
cooled in a freezing mixture. The mixture was poured on ice after 
some 15 minutes, and the precipitate collected, washed thoroughly 
with water, and recrystallised from methyl alcohol. It had m. p. 
120° (the melting point given by the above workers is 116-5°) and 
was obtained in 70% yield. It did not condense with sodium 
arsenite when heated in aqueous methy] alcohol in a sealed tube, and 
attempts to effect its reduction with iron and acetic acid and with 
tin and concentrated hydrochloric acid gave unsatisfactory results. 
In order to convert it into 4-bromo-3-aminoacetophenone, the acetyl 
derivative of this substance was first obtained by the method of 
Stephen and Keewit (this vol., p. 82). Stannous chloride crystals 
(7 g.) and acetic anhydride (9-2 g.) were mixed in a Claisen flask 
fitted with an air condenser and, after a few minutes, the above 
nitro-ketone (2-4 g.) was added. After the initial vigorous reaction 
was over, the mixture was heated on the water-bath for 45 minutes 
and then the acetic acid removed from the dark clear solution under 
reduced pressure. The thick oily residue was taken up in water, 
filtered, and the filtrate made alkaline with an excess of sodium 
hydroxide. The liquid was thoroughly extracted with ether, the 
ethereal solution on evaporation giving an oil which readily solidified 
on mixing with water. The 4-bromo-3-acetamidoacetophenone was 
twice crystallised from aqueous alcohol and obtained in pale yellow, 
hexagonal plates, m. p. 118° (yield, 1 g.) (Found: N, 5-6. 
C,9H,,0,NBr requires N, 55%). This acetyl derivative was boiled 
for 10 minutes with 15%. hydrochloric acid; the hydrochloride then 
crystallised from the solution. Recrystallised from alcohol, it was 
obtained in needles which began to darken at 198° and melted with 
decomposition at 206°. The free base, 4-bromo-3-aminoacetophenone, 
was obtained from the hydrochloride by boiling for a few minutes 
with 10% sodium hydroxide solution. It separated as an oil which 
rapidly solidified. When recrystallised from alcohol, it was obtained 
in almost colourless plates, m. p. 117° (Found: N, 6-7. CsH,ONBr 
requires N, 6-5%). 

4. Bromoacetophenone-3-arsonic Acid.—A suspension of the hydro- 
chloride made by boiling 4-bromo-3-acetamidoacetophenone (9 g.) 
with hydrochloric acid (18%; 25 c.c.) for 5 minutes, diluting the 
resulting _ solution with water (40 c.c.), and rapidly cooling it to 
41 
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below 0°, was diazotised by treatment with sodium nitrite (2-4 g.) in 
water (5 c.c.) and then treated with a concentrated aqueous solution 
of sodium arsenite (6-5 g.). The resulting solution was made 
alkaline with 10% aqueous sodium hydroxide and worked up as in 
previous similar experiments. The crude 4-bromoacetophenone- 
3-arsonic acid precipitated on acidification was recrystallised from 
water and obtained in colourless plates or needles, m. p. 198° 
(decomp.) (Found: As, 23-2. C,H,O,BrAs requires As, 23-2%). 
The semicarbazone, readily prepared in the usual manner by means 
of acetonesemicarbazone, crystallised from the mixture of the pure 
reactants in colourless large plates, which were washed with water 
and alcohol. It was almost insoluble in water, alcohol and acetic 
acid and remained unmelted at 300° (Found: N, 11-15. 
C,H,,0,N,BrAs requires N, 11-05%). 
m-Aminoisovalerophenone.—isoValerophenone (48-5 c.c.)—pre- 
pared from isovaleryl chloride, benzene, and aluminium chloride 
under analogous conditions to those used for the preparation of 
p-bromoacetophenone—was run slowly and with stirring into nitric 
acid (d 1-5) below 0°. The resulting mixture, after standing in the 
freezing mixture for some 30 minutes, was poured on ice (400 g.) 
and after extraction with ether the ethereal solution was washed 
with sodium carbonate solution and finally with water and dried 
with calcium chloride. The ether was evaporated and the residue 
fractionally distilled under reduced pressure. A yellow oil was 
obtained which distilled for the greater part at 178—181°/19 mm. 
This oil was evidently a mixture, as it gave an oily product on 
oxidation with potassium permanganate. The mixture (42 g ) and 
tin (45 g.) were treated gradually with concentrated hydrochloric 
acid, and this mixture, after being heated on the water-bath for an 
hour, was made strongly alkaline with sodium hydroxide and steam- 
distilled. The steam distillate was extracted with ether, and the 
ethereal solution dried with sodium sulphate and evaporated, an 
oil (10 g.) being finally obtained, b. p. 154—157°/17-5 mm. From 
previous work (Elson, Gibson, and Johnson, loc. cit.) it seemed likely 
that this product volatile in steam might be reasonably pure o-amino- 
isovalerophenone (Found: N, 8-3. ©,,H,,ON requires N, 7-9%), 
but on conversion into the bromoisovalerophenone—a pale yellow 
liquid, b. p. 141—143°/17 mm.—and oxidation of the latter with 
potassium permanganate the bromobenzoic acid obtained had, after 
several crystallisations from water, m.p.132—140° and was a mixture 
of o- and m-bromobenzoic acids. The residue from the steam distil- 
lation was extracted with ether, and this solution finally yielded an 
oil, b. p. 179—181°/14 mm. (Found: N, 8-0. C,,H,,;ON requires 
N, 7:9%). This was converted by the Sandmeyer reaction into the 
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corresponding bromo-compound, which was obtained as a pale 
yellow liquid, b. p. 153—155°/19 mm., in 50% yield (Found: Br, 
32°6. C,,H,,0Br requires Br, 33-2%). The latter on oxidation 
with potassium permanganate solution gave a quantitative yield 
of m-bromobenzoic acid, m. p. 154°, identical with an authentic 
specimen. 

Di-p-toluenesulphonyl-m-aminoisovalerophenone was obtained from 
m-aminoisovalerophenone (1-8 g.), p-toluenesulphonyl chloride 
(2-0 g.), and sodium hydroxide (NV, 12 c.c.) under the usual conditions. 
The resulting oil solidified on mixing with methyl alcohol and after 
recrystallisation from ethyl alcohol was obtained in colourless 
needles (Found: C, 62:3; H, 5-6. C,;H,,0,N,S requires C, 61-9; 
H, 56%). A small amount of the same substance was obtained 
from the impure 0-aminoisovalerophenone. 

Acetophenone-p-arsonic acid was prepared by two methods. 
(a) p-Aminoacetophenone (20 g.)—prepared from acetanilide, acetyl 
chloride, carbon disulphide, and aluminium chloride—was diazotised 
in hydrochloric acid solution below 0°. Treatment of the diazo- 
solution with a concentrated solution of sodium arsenite caused 
excessive frothing. The resulting solution was made alkaline with 
10% aqueous sodium hydroxide (200 c.c.), and the arsonic acid 
separated as in analogous cases. The crude acid amounted to 24 g. 
(66% yield) and was purified by recrystallisation from water (char- 
coal) and obtained in colourless needles, m. p. 175° (Found : As, 31-1. 
Cale. : As, 30-7%). «-Chloro- and w-bromo-acetophenone-p-arsonic 
acids could not be prepared by the Bart—Schmidt reaction on the 
corresponding amino-compounds. 

(b) p-Bromoacetophenone was first prepared by adding redistilled 
acetyl chloride (100 g.) to bromobenzene (420 g.) and anhydrous 
aluminium chloride in a 3-litre flask fitted with a reflux condenser. 
After the initial vigorous reaction had abated, the mixture was 
heated on the water-bath for 2 hours and then, after cooling, poured 
on ice. The lower layer was separated and the aqueous layer 
extracted with ether, the ethereal solution being added to the bromo- 
benzene layer and this mixture dried with calcium chloride. After 
removal of the ether and bromobenzene at the ordinary pressure, the 
residue was fractionated under reduced pressure. The p-bromo- 
acetophenone distilled at 124—128°/12 mm.* This compound 


* A similar reaction was carried out with p-dibromobenzene (23-6 g.), 
acetyl chloride (8 g.), and anhydrous aluminium chloride (13-5 g.). The dark 
red liquid was decomposed with ice (150 g.) and a little hydrochloric acid, and 
the oily layer, after separation from the aqueous layer, was extracted with 
carbon tetrachloride. The solvent was evaporated and the uncrystallisable 
red oil was treated with semicarbazide hydrochloride (3-5 g.) in concentrated 
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(70 g.), dissolved in alcohol (1120 c.c.), was mixed with a solution of 
sodium arsenite (126 g.) in water (1120 c.c.) and heated in an auto- 
clave at 160—170° for 16 hours. The clear yellow solution was 
evaporated on the water-bath until free from ethyl alcohol, and the 
remaining solution acidified with hydrochloric acid (Congo-red), 
approximately 5 g. of the acetophenone-p-arsonic acid being obtained. 
The filtrate was evaporated to dryness on the water-bath, the solid 
residue dissolved in sodium carbonate solution, filtered from arseni- 
ous oxide, and then reprecipitated with concentrated hydrochloric 
acid. The precipitate was thoroughly extracted with alcohol, and 
the alcoholic extract evaporated; the resulting oil, which solidified 
on mixing with water, gave after recrystallisation from water a total 
amount of 24 g. (28%) of the required acid. Nitration of aceto- 
phenone-p-arsonic acid under analogous conditions to those pre- 
viously used for the nitration of acetophenone (Elson, Gibson, and 
Johnson, loc. cit.) gave a product, colourless needles decomposing 
at ca. 200°, containing no nitrogen, which appeared to be carboxy- 
phenyl-p-arsonic acid (Found: As, 29-7. Calc.: As, 30-5%). 

Acetophenone-p-arsonic acid oxime was prepared by dissolving the 
acid (2-5 g.) in NV /5-sodium hydroxide (20 c.c.) and adding hydroxy]- 
amine hydrochloride (1-5 g.). After the clear solution had been 
warmed for some little time over a flame, the oxime crystallised on 
cooling; it was recrystallised from water. It decomposed at 
ca. 188° [compare Albert, Amer. P. 1647662, who gives m. p. 157° 
(decomp.)]; yield, 1 g. (Found: . As, 28-5. C,H,,O,NAs requires 
As, 28-9%). 

The semicarbazone was obtained by adding acetonesemicarbazone 
to an aqueous solution of the acid and allowing the solution to stand 
for 24 hours. It was purified by dissolving it in the calculated 
quantity of aqueous sodium carbonate (charcoal), filtering the 
solution, and acidifying it with hydrochloric acid. The colourless 
microcrystalline powder froths without changing colour at about 
210° and thereafter remains unchanged up to 300° (Found: As, 
24:3. C,H,,0,N,As requires As, 24-9%,). When alcohol is added 
to a solution of the semicarbazone in the calculated quantity of 
2N-sodium carbonate, the sodium salt crystallises in flat colourless 
prisms. 

Acetophenone-p-arsonic acid thiosemicarbazone was prepared by 
adding thiosemicarbazide (0-3 g.) to the pure acid (0°8 g.) dissolved 





sodium acetate solution (20 c.c.) and then with an equal volume of alcohol. 
The crystalline solid which separated was recrystallised from alcohol and 
obtained in thin prisms, m. p. 201°. It proved to be p-bromoacetophenone- 
semicarbazone (Found: N, 16-0. C,H,,ON,Br requires N, 16-4%), identical 
with an authentic specimen prepared from p-bromoacetophenone. 
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in hot water (4 c.c.). The compound separated immediately and 
was further purified by dissolving it in the calculated quantity of 
2N-sodium carbonate, filtering the solution, and precipitating the 
thiosemicarbazone with concentrated hydrochloric acid. It does 
not decompose below 290° (Found in material dried at 110°: As, 
24-4. C,H,,0,N,SAs requires As, 23-7%). 

Acetophenone-p-arsonic acid ketazine, [AsO,H,*C,H,°CMe:N°],, was 
obtained in attempting to prepare the hydrazone. The acid (6 g.) 
in hot water (8 c.c.) was mixed with hydrazine hydrate (1 c.c.) and 
acetic acid (3 g.), and the mixture heated for a short time on the 
water-bath. The ketazine crystallised in small, pale yellow plates 
which remained undecomposed at 290° (Found: N, 6-2. 
C, gH ,,0,N.As, requires N, 5-8%). 

Acetophenone-p-arsonic acid semioxamazone, 

AsO,H,°C,H,*CMe:N-NH:-CO-CO-NH,, 

was deposited almost immediately on addition of semioxamazide 
(1-03 g.) to a solution of the acid (2-44 g.) in water (10 c.c.). It was 
recrystallised from water, in which it was moderately easily soluble, 
and obtained in yellow needles which turned black at ca. 217° 
(Found: As, 22-6. C,)H,.0O;N,As requires As, 22-8%). The 
sodium salt crystallised from a solution of the semioxamazide in 
2N-sodium carbonate. The phenylhydrazone was prepared by add- 
ing phenylhydrazine (0-7 g.) in acetic acid (4 c.c.) to a hot solution 
of acetophenone-p-arsonic acid (1-1 g.) in water (10 ¢.c.). The 
precipitated phenylhydrazone was dissolved in alcchol (50 c.c.), and 
water added until crystallisation commenced. It was obtained in 
pale yellow leaflets, m. p. 225° (decomp.) (Found: As, 224. 
C,,H,,;0,N,As requires As, 22-5%). The p-bromophenylhydrazone 
was prepared similarly from p-bromophenylhydrazine. It was 
recrystallised twice from 60% aqueous alcohol and obtained 
in yellow needles, m. p. 227° (decomp.) (Found: N, 6°9. 
C,,H,,0,N,BrAs requires N, 6-8%). 

Acetophenone-p-arsenious oxide, prepared by dissolving aceto- 
phenone-p-dichloroarsine (Elson and Gibson, this vol., p. 2387) in 
warm sodium hydroxide solution, was precipitated when carbon 
dioxide was passed through the solution. It was washed thoroughly 
with water and dried at 110°. It is a white powder which does not 
decompose below 300° (Found: As, 34-9. C,H,O,As requires 
As, 35-:7%). 

m-Nitrophenol (40 g.), dissolved in sodium hydroxide solution 
(15 g. in water, 90 c.c.), was treated fairly rapidly with methyl 
sulphate (30 g.), the mixture being kept coolinice. The precipitate 
was collected after some hours; it was well washed with dilute 
sodium hydroxide solution and, after drying in air, was used for the 
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preparation of m-anisidine. The m-nitroanisole (35 g.) was mixed 
with tin (50 g.) and hydrochloric acid (equal vols. of conc. acid and 
water, 160 c.c.), and a trace of graphite added. The mixture was 
cautiously heated until the vigorous reaction had started and, when 
this had subsided, it was boiled for 2 hours. The resulting solution 
was basified with sodium hydroxide solution and extracted with 
ether, the ethereal solution dried with anhydrous sodium sulphate, 
and the ether evaporated. The residual crude m-anisidine was 
heated with acetic anhydride on the water-bath for 1 hour and the 
acet-m-anisidide, which solidified after treatment with water, was 
recrystallised from aqueous alcohol. 

For the preparation of 4-acetamido-2-hydroxyacetophenone, acet- 
m-anisidide (74 g.) in dry carbon disulphide (160 c.c.) was treated 
with acetyl chloride (96-6 g.); a colourless crystalline mass was then 
deposited. To this mixture was added powdered aluminium 
chloride (210 g.) in seven equal portions, a vigorous reaction taking 
place. The mixture was heated for 1—2 hours on a hot plate, the 
carbon disulphide decanted as far as possible, the dark viscous layer 
treated cautiously with crushed ice and then with dilute hydro- 
chloric acid, and the semi-solid material separated from the aqueous 
layer. The ketone was obtained solid by dissolving it in 10% aqueous 
alcohol and allowing the solution to crystallise. This crystalline 
material was then twice recrystallised from 30° aqueous alcohol 
(charcoal). It may also be purified by crystallisation from benzene, 
in which the liquid impurities are more soluble. The ketone 
crystallised from either alcohol or benzene in thin, pale yellow 
needles, m. p. 91°. The yield was variable, the best being 35% of 
the theoretical (Found: N, 7:2. C,)9H,,0,N requires N, 7-2%). 

4-Amino-2-hydroxyacetophenone was obtained by boiling the above 
acetyl derivative (17 g.) with 15% hydrochloric acid (25 ¢.c.) for 1 
hour. The resulting dark red solution was basified with sodium 
carbonate, and the precipitated base recrystallised three times from 
60% aqueous alcohol. It was obtained in colourless plates, m. p. 
122—123° (to a red liquid), which turn brown on exposure to air 
(Found: N, 9-2. C,H,O,N requires N, 9:3%). Acet-o-anisidide, 
when submitted to the Friedel-Crafts reaction, gave an oil which 
could not be purified; when this was taken up in aqueous alcohol, 
crystalline material separated in insufficient amount for fuller 
investigation. 

4-Amino-2-hydroxyacetophenone was converted into 2-hydroxy- 
acetophenone-4-arsonic acid by the Bart-Schmidt reaction under 
analogous conditions for the preparation of 2-hydroxyacetophenone- 
5-arsonic acid. The crude acid, obtained in small yield, was recrys- 
tallised from water, in which it was readily soluble, and obtained in 
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prismatic needles, m. p. 156° (Found: As, 28-7. C,H,O;As requires 
As, 28-8%). 

3-Nitro-4-acetamidoacetophenone was prepared by adding p-acet- 
amidoacetophenone (20 g.) during } hour to well-stirred nitric acid 
(d 1-5; 100 c.c.) at 0°. After standing for some 15 minutes, the 
mixture was poured on ice (400 g.), and the precipitated nitro- 
compound recrystallised from alcohol and obtained in yellow 
needles (21 g.), m. p. 137° (Found: N, 13-2. C, 9H 90,N, requires 
N, 126%). This compound was converted into 3-nitro-4-amino- 
acetophenone by boiling with concentrated hydrochloric acid for a 
few minutes, a red oil being formed which rapidly solidified. This 
was recrystallised from aqueous alcohol and obtained in long yellow 
needles, m. p. 148—149° (Found: N, 15-8. C,H,O,N, requires 
N, 15-6%). A further quantity may be obtained by basifying the 
aqueous solution. On oxidation in the usual way with potassium 
permanganate (3% aqueous solution) 3-nitro-4-acetamidoaceto- 
phenone gave an almost quantitative yield of 3-nitro-4-acetamido- 
benzoic acid having, after recrystallisation from aqueous alcohol, 
m. p. 282—283°, identical with the acid obtained in the same way 
from 3-nitro-4-acetamidotoluene. 

The insolubility of 3-nitro-4-aminoacetophenone necessitated a 
slight modification of the usual conditions for producing 3-nitro- 
acetophenone-4-arsonic acid. 3-Nitro-4-acetamidoacetophenone (10 
g.) was boiled for 10 minutes with concentrated hydrochloric acid 
(30 ¢.c.) and this solution, separated from a small quantity of oily 
material, was added slowly after cooling to a mechanically stirred 
solution of sodium nitrite (3-6 g.) in water (50 c.c.) at — 5°. A 
concentrated aqueous solution of sodium arsenite (10 g.), followed 
by sufficient 10° aqueous sodium hydroxide, was added to render 
the mixture alkaline. After being stirred for some time, the mixture 
was heated on the water-bath until the vigorous evolution of nitrogen 
had subsided. The arsonic acid was obtained in the usual way 
after acidification with concentrated hydrochloric acid. This 
material was extracted thoroughly with absolute alcohol, the solvent 
evaporated, and the residue crystallised from water, in which it was 
sparingly soluble. It was obtained in rectangular plates, m. p. 
228—230° (Found: As, 25-8. C,H,O,NAs requires As, 25-9%). 
For preparative purposes, it is sufficient to purify the crude acid by 
acidification of its solution in 2N-sodium carbonate. The attempted 
preparation of this acid by (a) the action of nitric acid (d 1-5) on a 
solution of acetophenone-p-arsonic acid in concentrated sulphuric 
acid, (b) slow addition of acetophenone-p-arsonic acid to con- 
centrated nitric acid, and (c) the action of a mixture of nitric and 
acetic acids on a solution of the arsonic acid in a mixture of acetic 
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acid and acetic anhydride was unsuccessful. From the solution 
in (b) carboxyphenyl-4-arsonic acid was isolated in good yield. 

3-Nitroacetophenone-4-arsonic acid (5 g.) in 25% sodium hydr- 
oxide solution (4 c.c.) and water (5 c.c.) was added to a hot sus- 
pension of ferrous hydroxide [ferrous sulphate crystals (42 g.), water 
(125 c.c.), 25% sodium hydroxide solution (40 c.c.)], the mixture 
shaken thoroughly for 10 minutes and filtered, and the precipitate 
washed. The filtrate was boiled with barium chloride solution, 
filtered from the barium sulphate, and concentrated under reduced 
pressure. After separation from sodium chloride, the solution was 
acidified, and the precipitated acid recrystallised from water, in 
which it was readily soluble when hot. 3-Améinoacetophenone- 
4-arsonic acid was thus obtained in somewhat reddish prisms, 
unmelted at 290° (Found: As, 28-8. C,H,,O,NAs requires As, 
28-9°%) [compare Austr. P. 102211, where the compound is described 
as having m. p. 230° (decomp.), which has not been confirmed; 
further, an attempt to prepare this acid by the method described in 
this patent, viz., by heating 4-bromo-3-aminoacetophenone with 
sodium arsenite and copper powder, was unsuccessful, although a 
material which after recrystallisation from water remained unmelted 
at 290° was obtained, but the amount was inadequate for fuller 
investigation]. 

On boiling 3-bromo-4-acetamidoacetophenone (Raiford and Davis, 
loc. cit.) with 20% hydrochloric acid, the hydrochloride of the base 
was obtained. To a suspension of this hydrochloride (17-5 g.), 
obtained by rapidly cooling its solution in hot concentrated hydro- 
chloric acid (25 c.c.) and water (62 c.c.) below 0°, was added a solution 
of sodium nitrite (4-75 g.) under the usual conditions. After the 
diazotisation, concentrated sodium arsenite (13 g.) solution was 
added, nitrogen being evolved, and finally the solution was made 
alkaline with 10% aqueous sodium hydroxide. This solution was 
worked up in the usual way and 3-bromoacetophenone-4-arsonic acid 
obtained. This was recrystallised from water (charcoal) and 
obtained in colourless prisms having hexagonal ends, m. p. 190— 
191° (slight decomp.) (yield, 4 g.) (Found: As, 22-9; Br, 24-8. 
C,H,O,BrAs requires As, 23-2; Br, 24-75%). The semicarbazone 
was obtained in 80% yield from acetonesemicarbazone in the usual 
manner. It was almost insoluble in water and having been prepared 
from pure materials it was sufficient to purify it by the addition of 
hydrochloric acid to its filtered solution in the calculated quantity 
of 2N-sodium carbonate (Found in material dried at 110°: N, 
10-7. C,H,,0,N,BrAs requires N, 11-1%). The semicarbazone 
was dissolved in hot concentrated sodium carbonate solution or 
sodium hydroxide solution; the sodium salt crystallised on cooling. 
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4- Acetyldiphenylamine-6'-arsonic acid was prepared in two ways. 
(a) p-Bromoacetophenone (25-6 g.), o-aminophenylarsonic acid 
(27-8 g.), potassium carbonate (22-4 g.), and amyl alcohol (128 c.c.) 
together with a trace of copper powder were boiled for 5 hours. The 
product was isolated as previously described (compare Gibson and 
Johnson, loc. cit.) and the crude acid amounted to 74% of the 
theoretical amount. It was first repeatedly recrystallised from 
dilute acetic acid (charcoal) and then from aqueous alcohol, and 
obtained in brownish crystals, m. p. 205—208° (Found: As, 21:8. 
C,,H,,0,NAs requires As, 22-4%). 

(b) p-Aminoacetophenone (8-0 g.), o-bromophenylarsonic acid 
(16-67 g.), potassium carbonate (12-9 g.), amyl alcohol (52 c.c.) and 
a trace of copper powder were heated together and the resulting 
mixture was worked up in exactly the same manner as in the previous 
experiment, the crude acid being obtained in 44% yield. It was 
recrystallised from aqueous alcohol and obtained in brownish 
crystals, m. p. 205—208°, identical with the previous product. 

Propiophenone-p-arsonic acid, prepared in the usual way from 
p-aminopropiophenone, was purified by solution in sodium hydroxide 
solution (charcoal) and reprecipitation from this filtered solution 
by means of hydrochloric acid ; it was then recrystallised from boiling 
water and obtained in colourless prismatic needles, remaining 
undecomposed at 295°. It is moderately easily soluble in hot water, 
but sparingly soluble in water and alcohol at the ordinary tem- 
perature (Found: As, 29-0. C,H,,0,As requires As, 29-1%). The 
semicarbazone was prepared in the usual way from the acid (3 g.) in 
water (20 c.c.) and acetonesemicarbazone (1-5 g.), 2-75 g. being 
obtained (Found : As, 23-5. C,)H,,0,N,As requires As, 23-8%). 

An attempt to prepare p-acetamido-n-valerophenone from 
n-valeryl chloride, aluminium chloride, and acetanilide in carbon 
disulphide was unsuccessful. Substitution of n-valeryl bromide 
for the chloride led to no better result. 

n-Valeryl bromide, which does not appear to have been previously 
described, was prepared by dropping phosphorus tribromide (25 g.) 
on n-valeric acid (28 g.). After the addition was complete the 
mixture was heated on the water-bath for 2 hours, the upper layer 
was separated from the lower viscous layer and distilled through a 
fractionating column. -Valeryl bromide was obtained as a colour- 
less fuming liquid, b. p. 64°/66 mm., in 50% yield (Found: Br, 
48-9. C;H,OBr requires Br, 48-4%). 

p-Bromo-n-valerophenone, prepared from n-valery] chloride, bromo- 
benzene, and aluminium chloride in the same manner as p-bromo- 
acetophenone, distilled at 168—169°/20 mm. and solidified to a 
colourless mass (yield, 45%). On recrystallisation from aqueous 
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alcohol, it was obtained in colourless plates, m. p. 37—38° (Found : 
Br, 33:4. C,,H,,O0Br requires Br, 33-2%). When this ketone was 
heated with sodium arsenite in aqueous methyl alcohol in a sealed 
tube as in the preparation of acetophenone-p-arsonic acid, only a 
small amount of solid material containing arsenic and having m. p. 
203° was obtained. 

4-Bromo-3-nitro-n-valerophenone was prepared by adding a 
mixture of nitric acid (d 1-5; 6 c.c.) and concentrated sulphuric 
acid (20 ¢.c.) to a solution of p-bromo-n-valerophenone (29 g.) in 
sulphuric acid (200 g.), the temperature being maintained below 
— 5°. The mixture was kept at this temperature for 1 hour and 
then poured on ice, and the precipitated solid, after being freed as 
far as possible from acid, was recrystallised from benzene or aqueous 
alcohol. The yield of yellowish-brown needles, m. p. 196—197°, 
was poor (Found: N, 5-5. €,,H,,O,NBr requires N, 4-9%). This 
compound did not condense with sodium arsenite under the same 
conditions as those mentioned above. 

A 22% yield of benzaldehyde-p-arsonic acid can be readily obtained 
if the following details are followed. p-Aminobenzaldehyde (20 g.) 
is treated with hydrochloric acid (34 c.c.) and water (40 c.c.) and 
allowed to stand for several hours to ensure as complete solution as 
possible. After the addition of further water (120 c.c.) the solution 
is diazotised below — 5° with sodium nitrite (12 g.) in water (20 c.c.). 
The diazotised solution is coupled with a concentrated solution of 
sodium arsenite (33:3 g.), and 10% sodium carbonate solution 
(120 c.c.) added. The crude acid obtained in the usual way is 
extracted with absolute alcohol, and the alcohol evaporated on the 
water-bath, the resulting oil rapidly solidifying on mixing with 
water. It is obtained in colourless needles on recrystallisation from 
50% aqueous acetic acid or from water. It crystallises in colourless 
needles undecomposed at 280° (Found in material dried at 110°: 
As, 33-0. C,H,0,As requires As, 326%). Benzaldehyde-m-arsonic 
acid could not be prepared in an analogous manner. 

Benzaldehyde-p-arsonic acid oxime was prepared from the arsonic 
acid in the same way as acetophenone-p-arsonic acid oxime. On 
recrystallisation from hot water, in which it was moderately easily 
soluble, it was obtained in colourless needles, m. p. 157° (decomp.) 
(Found : N, 6-0. C,H,0,NAs requires N, 5:7%). The correspond- 
ing semicarbazone, prepared in the usual way from the arsonic acid 
and acetonesemicarbazone, was recrystallised from water, in which 
it was sparingly soluble, and was obtained in prismatic needles, 
undecomposed below 300° (Found: N, 14:8. C,H 90,N;As 
requires N, 146%). The sodium salt of this semicarbazone was 
obtained by the addition of alcohol to an exactly neutralised solution 
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in 2N-sodium carbonate. It crystallised from alcohol in colourless 
needles. 

Benzaldehyde-p-arsonic acid thiosemicarbazone, obtained in the 
usual way by the condensation of equimolecular proportions of the 
reactants in aqueous solution, was recrystallised from hot water, 
in which it was very sparingly soluble, and obtained in pale yellow 
prisms, almost unchanged at 300° (Found : N, 13-6. C,H,)0,N,SAs 
requires N, 13-99%). The phenylhydrazone, prepared from the acid 
(1 g.) in water (8 c.c.) by addition of phenylhydrazine (0-7 g.) in 
acetic acid (4 c.c.), was recrystallised from aqueous alcohol and 
obtained in yellow needles, m. p. 186° (Found : N, 8-9. C,,H,,0,N,As 
requires N, 8-8%). The p-bromophenylhydrazone was prepared in 
an analogous manner to the corresponding derivative of aceto- 
phenone-p-arsonic acid. On recrystallisation from aqueous alcohol 
it was obtained in brownish-yellow needles, m. p. 233° (decomp.) 
(Found: N, 7-0. C,,H,,0,N,BrAs requires N, 7:0%). The semi- 
ocamazone, also prepared similarly to the corresponding derivative 
of acetophenone-p-arsonic acid, was recrystallised from water, in 
which it was somewhat sparingly soluble, and obtained in colourless 
fine needles, undecomposed at 300° (Found : As, 23-6. C,H,,0;N,As 
requires As, 23-8%). ¢ 


One of the authors (B. L.) is indebted to the Department of 
Scientific and Industrial Research for a grant which has enabled 
him to take part in this investigation, the expenses of which have 
been largely met by a grant from the Government Grant Committee 
of the Royal Society for which the authors express their thanks. 


Guy’s Hosprrat Mepicat Scoot (UNiveRsITy oF LoNDoN), 
Lonpon, S.E. 1. [Received, August 6th, 1931.] 





OCCXXVITI.—The Organic Compounds of Gold. Part 
II. Co-ordination Compounds. 
By CHARLES STaNLEY Grsson and Wiix1AmM Morris CoLtes. 


It is now shown that the material used for the preparation of gold 
alkyl derivatives, described as gold tribromide (Gibson and Simonsen, 
J., 1930, 2531) or auric bromide (Pope and Gibson, J., 1907, 91, 
2063; compare also Kharasch and Isbell,* J. Amer. Chem. Soc., 


* In their previous paper (J. Amer. Chem. Soc., 1930, 52, 2918) Kharasch 
and Isbell did not give any intimation that they proposed to develop the work 
of Pope and Gibson (loc. cit.), and in their later paper (ibid., 1931, 58, 2701), 
which was presented for publication some five months after that of Gibson and 
Simonsen (J., 1930, 2531) had appeared, they have applied the reaction between 
the Grignard reagent and gold halides on the same lines and used precisely the 
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1931, 53, 2701), was actually hydrated bromoauric acid probably 
of the formula HAuBr,,3H,O (Lengfeld, Amer. Chem. J., 1901, 26, 
324). Contrary to the statements in the literature (e.g., Mellor, 
“Treatise on Inorganic and Theoretical Chemistry,” III, 607), 
pure gold tribromide is almost insoluble in warm dry ether and 
also in dry ether containing anhydrous hydrogen bromide. More. 
over, it does not react with alkylmagnesium halides. Gold tri- 
bromide is also very sparingly soluble in water, but readily soluble 
in aqueous solutions of hydrogen bromide and soluble chlorides 
and bromides. When water is added to a suspension of gold tri- 
bromide in anhydrous ether containing hydrogen bromide, heat 
is evolved and solution takes place, practically the whole of the 
gold compound being obtained in the ethereal layer. A more 
convenient method of obtaining from pure gold tribromide an 
ethereal solution of bromoauric acid for the preparation of the 
gold alkyl compounds is described on p. 2411. 

The highest yield of diethylgold bromide so far obtained in the 
present work is 17:-4%, calculated on the quantity of pure gold, 
the actual initial material, six molecular proportions of ethylmag- 
nesium bromide being used. Theoretically, this quantity of the 
Grignard reagent would react with one molecular proportion of 
a compound having the composition HAuBr,,3H,O to give half 
a molecular proportion of a compound of the formula (AuR,Br),. 
The yield is 10-2% with three molecular proportions of the Grignard 
reagent, 14-1°% with five, and, as stated by Pope and Gibson, dimin- 
ishes if more than six molecular proportions are employed. Even 
under the best conditions unchanged inorganic gold compound and 
metallic gold are always isolated. 

It has been found convenient to isolate the ethylenediamine 
compound in the first instance, especially in the cases of those 
dialkylgold bromides which are not solid at the ordinary temperature. 
These salts when pure can be kept almost indefinitely and the 
dialkylgold bromide can be recovered easily from them by treat- 
ment with hydrobromic acid. By this method we have prepared 
di-»-propylgold bromide and the corresponding di-n-butyl compound 
from ethylenediaminedi-n-propylgold bromide (I; R =C,H,) and 
ethylenediaminedi-n-butylgold bromide (I; R = C,H,) respectively. 
The two former compounds, the physical properties of which are 
being examined in detail, have been described by Kharasch and 
Isbell (loc. cit.); of these, di-n-propylgold bromide was obtained 





same methods as the original authors (P. and G.). In the circumstances, the 
form of the present paper has had to be modified, but I wish to emphasise that 
the present series of investigations is being continued by myself and co-workers 
on the lines originally planned.—C. S. Grsson. 
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by them in small yield and, from the analytical data given, it may 
not have been pure. Up to the present, we have been able to 
prepare dicyclohexylgold bromide (of which Kharasch and Isbell 
obtained 0-081 g. from 2 g. of auric chloride) neither from pure 
gold tribromide nor from bromoauric acid prepared as originally 
described.* 


NH, R Et Br Et Br Br Br 

C,H, Aug Br Aug 5 Aug Aug SAuc 

NH, R Et Br’ Et Br Br Br 
a (II) (III.) 


It has been shown that the constitution of diethylgold bromide 
should be represented as (II) (Gibson and Simonsen, loc. cit.) and 
it would appear desirable to write it as always having the double 
formula. Presumably, the other dialkylgold halides are constituted 
similarly.t Actually, it appears that in all the so-called ‘“‘ tervalent ”’ 
gold compounds the metal has a co-ordination number of 4 and it 
is suggested that this method of regarding them is more in keeping 
with modern ideas and tends to remove the anomaly of the presence 
of a tervalent metal in Group I of the Periodic Classification (com- 
pare Sidgwick, ‘‘ Electronic Theory of Valency,” 1927, p. 262). 
There is little evidence for the existence of the tervalent gold ion, 
Au***, and it is suggested that the formula of gold tribromide 
will be found to be (AuBrg),, where is at least 2. In this case 
its constitution will be represented as (III). The molecular weight 
of gold tribromide, which does not appear to have been determined, 
is under investigation in these laboratories. 

With the hope of obtaining a more convenient initial material 
than bromoauric acid for the preparation of organic gold compounds 
by means of the Grignard reaction, we investigated a number of co- 
ordination compounds of gold, which, not being salts, might be 
soluble in ether and behave suitably in the reaction. The com- 
pounds investigated can be readily prepared, e.g., from pyridine, 
by the reaction : 

M/AuX,] + C;H,N = MX + [C,H;N-AuX,] 
(M = univalent metal, X = Cl or Br) 

* Probably the most remarkable compound referred to by Kharasch and 
Isbell is diacetylgold bromide, which, however, was not analysed and no 
details of its preparation are given. 

{t The non-existence of gold alkyls or aryls of the type AuR, referred to by 
Kharasch and Isbell (loc. cit., p. 2703) has been previously commented upon 
(Gibson, “‘ Troisitme Conseil de Chimie Solvay; Rapports et Discussions,”’ 
1928, p. 422). The explanation of their non-existence would appear to be 
that in such compounds the gold atom could not be 4-covalent as it can be in 


compounds of the types (AuR,X)., (AuRX,),, (AuX3),, and the co-ordinated 
compounds described here and in the previous papers of this series. 
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From sodium chloroaurate the compound [C;H;N-AuCl,] which 
was described by Francois (Compt. rend., 1903, 136, 1557) was 
obtained and this on recrystallisation from pyridine gave a salt, 
[(C;H;N),AuCl,|Cl, also described by Francois. These two com- 
pounds should be written fully as (IV) and (V) respectively and 
they have been compared with the new analogous bromine deriv- 
atives, pyridinotribromogold, [(C;H,N-AuBr,], and dipyridinodibromo- 
gold bromide, [(C;H;N),AuBr,]Br. Pyridinotrichlorogold and 
pyridinotribromogold can be crystallised from alcohol, acetone, and 
chloroform. They are insoluble in water and can be used for 
estimating gold; they are only very sparingly soluble in ether. 
In spite of their sparing solubility they yield diethylgold bromide 
when their suspensions in ether (with or without pyridine) are 
treated with ethylmagnesium bromide, but the yield is less satis- 
factory than that obtained in the method already developed. 
Quinolinotribromogold, isoquinolinotribromogold, 2-aminopyridinotri- 
bromogold (VI), and re (VII) have also 


k 5H;N 
Pay 
a Qian or seach 
i Au — \Br 


i 
(VI.) 
Br 
N-AuBr , 
C,H,N cl C. Npr} | NH Na, 
Aug Cl NH C,H, Au C,H, ‘Br, 
C;H,N Cl. Br| | NH, NH, 
(V.) | plone a (VIII.) 
(VII.) ‘Br 


been prepared. Pyridinotrichlorogold and pyridinotribromogold 
are exactly analogous to pyridinodiethylbromogold and ammino- 
diethylbromogold recently described by Gibson and Simonsen 
(loc. cit.; compare Kharasch and Isbell, loc. cit., who merely remark 
that dialkylgold bromides are soluble in pyridine). These new 
co-ordination compounds are extremely stable; they are but slowly 
attacked by aqua regia and only slowly reduced to metallic gold 
when suspended in sulphurous acid. 

Ethylenediamine also forms a co-ordination compound with gold 
tribromide under the same conditions of reaction. This compound 
is best purified by solution in the minimum quantity of water and 
adding alcohol until crystallisation commences. It is stable when 
pure, but suffers reduction somewhat readily if impurities are 
present. It is a salt, diethylenediaminogold tribromide, and its 
constitution would appear to be best represented as in (VIII). 
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It is immediately decomposed by hydrobromic acid. In the present 
work the bromoauric acid liberated was identified by conversion 
into pyridine bromoaurate (Gutbier and Huber, Z. anorg. Chem., 
1914, 85, 383), which was obtained in quantitative yield and analysed. 


EXPERIMENTAL. 


The Material previously used for the Preparation of Gold Alkyl 
Compounds (Gibson and co-workers, loc. cit.)—The material used 
for analysis had been kept for several weeks in a vacuum desiccator 
over potassium hydroxide in the absence of light; it was “dry ” 
and highly crystalline. A filtered solution of the material (about 
1-2 g.) in water (50 c.c.) was divided into two portions, and sulphur 
dioxide passed through both until they were colourless. The 
precipitated gold was weighed, and the bromine determined in 
the filtrates by means of standard silver nitrate and potassium 
thiocyanate solutions [Found: Au (i) 0-1946 g., (ii) 0-1981 g.; 
Br (i) 0-3183 g., (ii) 0-3229 g. Atomic ratios Au : Br = (i) 1 : 4-04, 
(ii) 1:4-02]. This material is therefore bromoauric acid which, 
being soluble in ether, must contain water, probably of combination 
(see above). 

New Method of preparing the Material—Pure gold tribromide 
was prepared by a method based on that of Ephraim (Ber., 1919, 
52, 241; compare, however, Meyer, Compt. rend., 1909, 148, 346). 
A solution of “ fine” gold in aqua regia is evaporated to crystal- 
lisation on the water-bath, hydrochloric acid being added several 
times. The crystalline residue is dissolved in a moderate quantity 
of water, and the solution filtered from silver chloride after some 
hours. When sulphurous acid is slowly added to the mechanically 
stirred filtrate, the gold is deposited as a fine brown powder, which 
is washed by being mechanically stirred with hot water until the 
filtrate is free from chloride and then dried at 100°. A weighed 
quantity of this gold is placed in a wide-mouth glass stoppered 
flask (400 c.c.) together with some large glass beads to act as a mill. 
About twice the theoretical quantity of pure bromine is slowly 
added, the mixing being as thorough as possible. Although heat 
is evolved in this reaction, it is inadvisable to cool the flask unduly, 
for it is then difficult to get intimate contact between the reactants 
on account of the crystallisation of the gold tribromide; the con- 
tents of the flask should be almost fluid at room temperature. 
When the addition is complete the stopper is securely fastened, 
and the flask kept away from direct light for some 48 hours. The 
flask, with its stopper removed, is then placed over solid sodium 
hydroxide until free bromine is no longer present in the apparatus 
(48—60 hours). The gold tribromide is stable over sodium hydr- 
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oxide at the ordinary pressure and is obtained in practically 
quantitative amount. Z.g., Au taken, 15-00, 7-75, 20-01 g.; AuBr, 
obtained, 33-19 (33-24), 17-12 (17-18), 43-60 (44-30) g. respectively. 
The quantities in parentheses are'the calculated yields. 

The solution of bromoauric acid now used for the preparation 
of gold alkyl compounds is made as follows: To the contents of 
the flask is added slowly the calculated quantity of concentrated 
hydrobromic acid (348-5 g. HBr/l.) : all the gold tribromide should 
gointo solution. (If the flask is cooled somewhat, crystalline bromo. 
auric acid separates in quantity.) To this solution dry ether (50 c.c.) 
is added very slowly and with ice-cooling and again all should be 
in solution. The liquid is filtered through a fine sintered glass 
funnel with long sides into a separating funnel, the flask and filtering 
funnel being washed with successive and known quantities of dry 
ether (a total of not more than 100 c.c.) until the whole of the gold 
compound has been transferred. Fused calcium chloride is added 
in small quantities to the filtered solution, and the almost clear 
lower aqueous solution run off as long as it separates; the volume 
of this solution is always noted and is rather more than 80% of 
the volume of the hydrobromic acid used. Finally, more fused 
calcium chloride is added and the solution kept in the absence of 
light for some days. Three days before carrying out a preparation 
of gold alkyl compound, the contents of the separating funnel are 
transferred as completely as possible to another dry separating 
funnel containing fresh fused calcium chloride and immediately 
before being used this solution is filtered through another sintered 
glass funnel in a dry atmosphere into the reaction vessel. For 
about 15 g. of gold, the volume of the ethereal solution of bromoauric 
acid is about 250 c.c. 

With this solution, the reaction is carried out as recently described 
(Gibson and Simonsen, loc. cit.) ; by using 6 mols. of ethylmagnesium 
bromide and starting with gold (15-01 g.), ethylenediaminodiethyl- 
gold bromide (Gibson and Simonsen, loc. cit.) (4:0 g.; 17-4%) is 
obtained. The ethylenediamine co-ordination compound is pre- 
cipitated at once when ethylenediamine is mixed with the ligroin 
or ether-ligroin solution of the gold alkyl bromide. It can be 
recrystallised from water or aqueous alcohol. All the ethylenedi- 
amine compounds so far investigated can, after purification, be 
stored almost indefinitely. 

Recovery of Gold Alkyl Compounds from their Co-ordination 
Compounds.—Amminodiethylbromogold (Gibson and co-workers, 
loc. cit.) was finely ground and suspended in water and after 
addition of hydrobromic acid the mixture was thoroughly 
stirred and then extracted with ligroin (b. p. 40—60°). Evaporation 








of the 
zold | 
soluti 
when 
cf die 
dried, 

Eth 
plepa 
bromi 
cryste 
ing V1 
at ca. 
CeF 59 
46-€9 
of th 
soludl 
loc. iy 
buty: 
buty] 

Etl 
parec 
n-but 
from 
alcoh 
(Fow 
N, 6: 
from 

All 
by a 
mech 
made 
potas 
the s 
pyrid 
colou 
comy 
wate! 

Py 
powd 
Whe: 
brigh 
the s 
(Fou: 
requi 





eS = 















PART II. CO-ORDINATION COMPOUNDS. 2413 


of the ligroin solution gave an almost quantitative yield of diethyl- 
zold bromide, m. p. 58°, identical with an authentic specimen. A 
solution in cold water of ethylenediaminodiethylgold bromide, 
vhen treated with hydrobromic acid, gave an immediate precipitate 
cf diethylgold bromide, which, after being washed with water and 
dried, had m. p. 58°. 

Ethylenediaminodi-n-propylgold bromide (1; R=C,H,) was 
prepared in the usual manner, 6 mols. of n-propylmagnesium 
bromide being used (yield, 2-2 g. from 15-0 g. Au). This on re- 
crystallisation from water was obtained in colourless needles, turn- 
ing violet at ca. 130° and decomposing extensively without melting 
at ca. 190° (Found: C, 23-3; H, 5-7; N, 63; Br, 18-95; Au, 46-3. 
C.E,.N,BrAu requires C, 22-7; H, 5-2; N, 6-6; Br, 18-9; Au, 
46-€9%%). When hydrobromic acid is added to an aqueous solution 
of the compound, di-n-propylgold bromide is obtained as an oil 
soluole in ligroin (b. p. 40—60°) (compare Kharasch and Isbell, 
loc. it.) The physical properties of this substance and of di-n- 
butygold bromide, obtained similarly from ethylenediamino-di-n- 
butykold bromide (see below), are still under investigation. 

Ethjlenediaminodi-n-butylgold bromide (I; R = C,Hy) was pre- 
pared as in the case of the di-n-propyl compound, from 6 mols. of 
n-butwmagnesium bromide, 4-5 g. of crude compound being obtained 
from 15-01 g. of gold. This crystallised from water or very dilute 
alcohol in colourless needles, gradually decomposing from ca. 190° 
(Found: N, 6-6; Br, 17-5; Au, 43-4. CyjjH,,N,BrAu requires 
N, 6-2; Br, 17-7; Au, 43-7%). The compound was also obtained 
from branoauric acid prepared as described in the previous papers. 

All the co-ordination compounds described below were prepared 
by addin; the base, either by itself or dissolved in alcohol, to a 
mechanicilly stirred, filtered solution of potassium bromoaurate 
made by (issolving pure gold tribromide in an aqueous solution of 
potassium bromide. The addition of the base was continued until 
the supermtant liquid was just colourless, as was the case with 
pyridine, quinoline, and isoquinoline, or until no further change in 
colour was loticed, as in the case of the other bases. The insoluble 
compound vas mechanically stirred with successive quantities of 
water, dried,and purified in the manner described. 

Pyridinotrvromogold (as IV) as prepared is a deep red, crystalline 
powder, insohble in water and very sparingly soluble in ether. 
When recrystillised from alcohol or acetone, it was obtained in 
bright red or sarlet needles, but some oxidation or bromination of 
the solvent wa: noticed. It is best recrystallised from chloroform 
(Found : C, 11-4; H, 1-4; N,2-5; Br, 46-8; Au, 38-3. C;H;NBr,Au 
requires C, 11-6;H, 1-0; N, 2-7; Br, 46-5; Au, 38-2%). Pyridino- 
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trichlorogold (bright yellow needles from chloroform), prepared in 
a similar way from sodium chloroaurate, has the properties described 
by Francois (loc. cit.). Both compounds decompose from about 
150° without melting, pyridine being evolved in the first place. 
They are both somewhat soluble in pyridine (see below). 

Pyridinotribromogold (48 g.) was suspended in dry ether (150 c.c.) 
and dry pyridine (20 c.c.), and the mixture mechanically stirred; 
the solution became deep red but only a small amount of the com. 
pound appeared to dissolve. A filtered ethereal solution of ethyl. 
magnesium bromide (rather more than 3 mols.) was added under 
the usual conditions, followed by ice and an excess of hydrobroniec 
acid to decompose unchanged initial material and any pyridinodi- 
ethylgold bromide that had been produced. The product was 
worked up in the usual way, and diethylgold bromide (2-3 g.’ ob- 
tained, m. p. 57-58°. When pyridine was not added and only 
2 mols. of ethylmagnesium bromide were used, the yield of diehy]. 
gold bromide was definite but much smaller. From pyridinotri- 
chlorogold (24 g.) in ethereal suspension, without pyridine, 3 mols. 
of ethylmagnesium bromide being used, only 0-5 g. of diethylgold 
bromide was obtained. When pyridinotribromogold (36-8 ¢.) was 
added to a mechanically stirred and filtered solution of ethylmag- 
nesium bromide (2 mols.), and the product worked up in tk usual 
manner, the amount of diethylgold bromide (identified a; ethyl. 
enediaminodiethylgold bromide) obtained was very small. 

Dipyridinodibromogold bromide (as V) was prepared by rcrystal- 
lising pyridinotribromogold from pyridine. The compoind is a 
very sparingly soluble salt which decomposes without melting, 
giving off pyridine in the first instance. It is somewhatdarker in 
colour (deep red needles) than the monopyridino-compount (Found : 
C, 19-9; H, 2-0; N, 3-8; Br, 40-7; Au, 33-2. C,H N,Br,Au 
requires C, 20-2; H, 1-7; N, 4:7; Br, 40-3; Au, 334%). The 
corresponding chloro-compound was prepared similary and ob- 
tained in reddish-yellow needles. It does not melt on bing heated, 
but at about 135° it loses pyridine and is converted into a bright 
yellow compound (probably pyridinotrichlorogold) anc then suffers 
further decomposition. This dipyridinodichlorogold clloride, which 
was originally described by Frangois (loc. cit.), is also a ery sparingly 
soluble salt (Found: Au, 43-4. Cale.: Au, 42-7%) 

Quinolinotribromogold was recrystallised from ciloroform and 
obtained in deep red, lustrous prisms which decompse above 200° 
(Found ; C, 19-5; H,1-6; N,2-4; Br,42-2; Au, 34-3. C,H,NBr,Au 
requires C, 19-1; H, 1-25; N, 2-5; Br, 42-4; Av 34:8%). Like 
the following compound, it is insoluble in water ad is not a salt. 
It is almost insoluble in ether, 








isog 
obtair 
prope! 
pound 

2-A 
precip 
black 
ca. 16 
C,H, 
37-1 % 
one O 
colou1 
and 2: 
is co- 
nitrog 

Di- 
as a | 
best p 
in ac 
subste 
heater 
requil 

An 
brom) 
in ace 
This 1 
two n 

Die 
additi 
of inc 
in the 
prepa 
soluti 
dissol 
aleoh« 
until 
small 
has n 
positi 
N, 9- 
Br, 4 
treate 
forma 
leavir 





ad 
ut 
e. 











PART II. CO-ORDINATION COMPOUNDS. 2415 


isoQuinolinotribromogold, when recrystallised from chloroform, is 
obtained in violet-red plates (brick-red as powder). In its general 
properties it is almost indistinguishable from the preceding com- 
pound (Found: C, 19-2; H, 1-6; N, 2-8; Br, 41-9; Au, 348%). 

2-Aminopyridinotribromogold (V1) was obtained as a dull red 
precipitate and when recrystallised from chloroform formed almost 
black small prisms. It melts with profound decomposition at 
ca. 160° (Found: C, 11-95; H, 1-4; N, 5-6; Br, 43-6; Au, 37-1. 
C;H,N,Br,Au requires C, 11-3; H, 1-4; N, 5-3; Br, 45-15; Au, 
37:1%). As the compound is not a salt, its constitution must be 
one of the two suggested and since the compound is similar in 
colour and general properties to the above pyridino-, quinolino-, 
and tsoquinolino-compounds, it seems probable that the gold atom 
is co-ordinated with the pyridine-nitrogen rather than with the 
nitrogen of the amino-group. 

Di-2-pyridylaminotribromogold (VII), obtained in the first place 
as a brownish-red precipitate, is readily soluble in acetone and is 
best purified by precipitation with dry ether from its filtered solution 
in acetone. For analysis this operation was repeated and the 
substance obtained as a scarlet powder which decomposed on being 
heated (Found : N, 4:3; Br, 43-8; Au, 37-5, 37-45. C,gH,N,Br,Au, 
requires N, 4-0; Br, 45-9; Au, 37-7%). 

An attempt to prepare a co-ordination compound of gold tri- 
bromide and diphenylamine gave a dark green product, less soluble 
in acetone than the preceding compound and insoluble in ether. 
This material appears to consist largely of a compound containing 
two molecules of diphenylamine to one molecule of gold tribromide. 

Diethylenediaminogold tribromide (VIII) was first obtained by the 
addition of ethylenediamine to the concentrated aqueous solutions 
of inorganic bromoaurates containing hydrobromic acid obtained 
in the attempted preparation of dicyclohexylgold bromide. It is 
prepared by adding ethylenediamine to a concentrated aqueous 
solution of a bromoaurate, filtering off the yellow precipitate, 
dissolving this in the minimum quantity of cold water, and adding 
alcohol to the filtered solution. The purification should be repeated 
until the product is stable in air and obtained in bright yellow, 
small plates, readily soluble in water and insoluble in alcohol. It 
has no melting point. From its salt-like character and its com- 
position, its constitution is believed to be that suggested (Found : 
N, 9:7; Br, 43-4; Au, 35-3. C,H,,N,BrzAu requires N, 10-1; 
Br, 43-0; Au, 35:4%). When its yellow aqueous solution was 
treated with hydrobromic acid, it became dark red owing to the 
formation of bromoauric acid. This was extracted with ether, 
leaving the aqueous solution practically colourless. When the 
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ethereal solution was evaporated in a desiccator, dark red crystals 
were left. These were readily soluble in water and on addition of 
pyridine yielded a dark red, crystalline precipitate, very sparingly 
soluble in water. It was recrystallised from alcohol and proved 
identical with pyridine bromoaurate prepared by Gutbier and Huber 
(loc. cit.) (Found: N, 2-5; Br, 54:3; Au, 33-1. Cale.: N, 2-35; 
Br, 53-6; Au, 33-1%). 


The expenses of these investigations are being met from grants 
from the Government Grant Committee of the Royal Society and 
from Imperial Chemical Industries Limited which are gratefully 
acknowledged. We also acknowledge our indebtedness to Sir 
William Pope, F.R.S., who has continued to place at our disposal 
a portion of the gold being used. 


Guy’s Hosprrat Mrepicat ScHoont (UNIVERSITY OF LONDON), 
Lonpon, S.E. 1. [Received, August 11th, 1931.] 





CCCX XIX.—Reactions of w-Substituted Acetophenone 
Derivatives. Part I. w-Halogeno-derivatives of 
wm- and wp-Dinitroacetophenone. 

By Jonn Wi11amM Baker. 


THE development and the experimental verification of electronic 
theories of substitution in the benzene nucleus have also thrown 
considerable light on various subsidiary problems, notably that 
of side-chain activity, and have rendered possible the classification 
of such side-chain reactions into four main categories (Ingold and 
Rothstein, J., 1928, 1219; compare Ingold and Patel, J. Indian 
Chem. Soc., 1930, 7, 97). In the present series of investigations 
it is proposed to study certain side-chain reactions of w-substituted 
acetophenone derivatives, more especially side-chain nitration and 
the replacement of halogens and ¥-halogens in derivatives of the 
type Ar-CO-CHRX. The present communication deals with the 
action of acetyl nitrate on various w-halogeno-derivatives of m- 
and p-nitroacetophenones and the properties of the resulting o- 
halogeno-wm- and -wp-dinitroacetophenones.* 

When a solution of w-iodo-m-nitroaceiophenone (prepared by 
the action of alcoholic potassium iodide on the corresponding o- 
bromo-derivative) in a mixture of acetic anhydride and nitric acid 


* The initial action of acetyl nitrate on m- and p-nitroacetophenone them- 
selves also appears to be side-chain nitration, but the w-nitro-compounds are 
further converted into substances (C,H,O,N),, the nature of which is under 
investigation. 
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(d 1-52) is evaporated in a vacuum at the ordinary temperature, 
no iodine is liberated but a colourless crystalline compound separates 
from the solution. Although apparently quite stable under such 
conditions, this compound immediately decomposes, with liberation 
of iodine, on exposure to air. Its constitution is, however, clearly 
indicated by its decomposition products. It was first shown that 
the effective reagent is the nitric acid, since the brown solution 
formed when «w-iodo-m-nitroacetophenone is added to absolute 
nitric acid at 0°, is decomposed either by ice and potassium hydrogen 
carbonate or by evaporation in a vacuum at the ordinary temper- 
ature, iodine being liberated. On the other hand, only a very 
slight liberation of iodine occurs when the w-iodo-compound is 
boiled with acetic anhydride, and most of the material may be 
recovered unchanged. 

When the unstable compound, obtained by the action of acetyl 
nitrate, is decomposed with water, the main product is m-nitro- 
phenylglyoxal. A small amount of m-nitrophenacyl acetate can 
also be isolated (see below). The constitution of the latter product 
was proved by direct comparison with a synthetic specimen (Evans 
and Brooks, J. Amer. Chem. Soc., 1908, 30, 407). The identity 
of the m-nitrophenylglyoxal was established by the similarity of 
its properties with those described by Evans and Witzemann (ibid., 
1911, 33, 1772), by conversion into its osazone and a semicarbazone 
identical with that of a specimen obtained by oxidation of m- 
nitrophenacyl alcohol (loc. cit.). All the oxidising agents invest- 
igated by Evans and Witzemann convert m-nitrophenylglyoxal 
directly into m-nitrobenzoic acid, but with nitric acid its conversion 
into m-nitrobenzoylformic acid, identical with a specimen synthesised 
by Claisen and Thompson’s method (Ber., 1879, 12, 1943), was 
efiected. The glyoxal readily reduces warm ammoniacal silver 
nitrate solution. 

It would thus appear that the action of acetyl nitrate on w-iodo- 
m-nitroacetophenone involves side-chain nitration, the unstable 
compound being «w-todo-mw-dinitroacetophenone. This is decom- 
posed by water in accordance with the following scheme, similar 
to that previously suggested for the decomposition of phenylbromo- 
cyanonitromethane and «-bromo-«-nitro-«-phenylethane into benzoyl 
cyanide and acetophenone, respectively (Baker and Ingold, J., 
1929, 434): RCO-CHI —\> RCO-CHI-NO, ——> 
[R-CO-CH(OH):-NO,]-—> R-CO-CHO + HNO, (R = m-NO,°C,H,:), 
the iodine being formed by interaction of the liberated nitrous 
and hydriodic acids: 2HNO, + 2HI = I, + 2H,O + 2NO. The 
iodine so formed was determined quantitatively, and the formation 
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of nitric oxide qualitatively demonstrated, by isolation of the 
unstable w-iodo-compound with exclusion of air and moisture in a 
manner described on p. 2423. 

Somewhat less conclusive results were obtained in the case of 
w-todo-p-nitroacetophenone. The initial product.of the action of 
acetyl nitrate is an unstable compound which similarly liberates 
iodine on exposure to air and is most probably w-iodo-wp-dinitro- 
acetophenone. Decomposition with water affords a solid product, 
which appears from the analysis figures to consist mainly of p- 
nitrophenacyl acetate and is oxidised by nitric acid to p-nitiro- 
benzoylformic acid, giving the same colour reaction (with thiophen 
and concentrated sulphuric acid) as does the corresponding m- 
derivative. The mechanism of the formation of m- and p-nitro- 
phenacyl acetates from the unstable intermediates, which un- 
doubtedly contain very labile iodine, is not yet clear. A priori it 
seems reasonable to assume that the initial unstable compound has 
a similar constitution to that established for the m-nitro-derivative, 
but further investigation of the reaction is intended. 

Further light is thrown on the mechanism of the initial side- 
chain nitration of w-iodo-m- or -p-nitroacetophenone by the observ- 
ations that, under identical conditions, »-chloro- and w-bromo- 
m- and w-bromo-p-nitroacetophenone are all unattacked by acetyl 
nitrate. In each series only the halogen atom is varied and hence 
the nature of this substituent would seem to be an important factor 
in the mechanism of the nitration involved. The inductive (—/) 
effects of chlorine, bromine and iodine are in the order Cl>Br>l1, 
whilst their tautomeric (+ 7’) effects are in the reverse order 
I>Br>Cl, and hence, since only the iodine derivatives undergo 
side-chain nitration, this reaction must require an accession of 
electrons to the w-carbon atom : 

é— .. 


a 
R-CO-CH<}, RCOCH-I 4H 
3+! Sn eee al + 
NO,—OAc NO, OAc 


It would appear that whilst the tautomeric effect of chlorine 
or bromine is insufficient to outweigh the contrary polar effect of 
the carbonyl group (which will tend to render the -carbon atom 
incipiently positive) and so initiate the attachment of the positively 
polarised portion of the reagent molecule, the greater tautomeric 
effect of iodine is capable of so doing, side-chain nitration thus 
belonging to the category A, as predicted by Ingold and Rothstein 
(loc. cit.). 

In order to compare the relative stability of the w-halogeno-wm- 
and -wp-dinitroacetophenones the corresponding bromo-derivatives 
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were prepared indirectly by the action of bromine on the potassium 
salts of wm- and wp-dinitroacetophenone. When an _ ice-cold 
aqueous solution of the potassium salt of wp-dinitroacetophenone 
is treated with 1 mol. of bromine water, p-nitrobenzoic acid, and 
not the w-bromo-compound, is precipitated, and the presence of 
bromonitromethane can be detected in the filtrate by its charac- 
teristic lachrymatory odour. Under these conditions the reaction 
which occurs is evidently between hypobromous acid and the anion 
of the aci- form of wp-dinitroacetophenone ; 


8 
r a, 


R-CO--CH:INO—O xe RCO 
= re | + CH,Br-NO, 
HO—Br OH 


This affords confirmatory evidence of the distribution of the anionic 
charge in such ¥-acidic systems (Baker, J., 1929, 2257). By the 
action of an ethereal solution of bromine on a suspension of the 
appropriate, finely divided, potassium salt in the same solvent, 
however, the required w-bromo-wp- and -wm-dinitroacetophenones 
were readily prepared. In contrast to the marked instability of 
the corresponding w-iodo-derivatives, the bromo-compounds are 
stable crystalline substances. They are unattacked by cold water, 
but are decomposed by boiling water, yielding the corresponding 
nitrobenzoic acid (and, presumably, bromonitromethane). The 
stability of the corresponding nitrophenylglyoxal under these 
conditions precludes the assumption that this compound is an 
intermediate in the decomposition, the necessary corollary being 
that in the bromo-compounds fission of the molecule R-CO-CHBr-NO, 


= RCO,H + CH,Br-NO, occurs in preference to replacement 
of the halogen by hydroxyl, which appears to be the main reaction 
in the case of the -iodo-compounds. 

In considering the mechanism of such hydrolysis of «-halogeno- 
ketones two salient factors emerge. First, the polar effect of a 
carbonyl group, and, in the cases considered in this communication, 
the even greater effect of the dipolar nitro-group, attached to the 
«carbon atom must induce on this atom an incipient positive 
charge. Hence, whatever may be the mechanism of reactions 
resulting in the replacement of the halogen atom, it probably in- 
cludes a stage which involves the electrostriction of a basic (positive- 
centre seeking) reagent to this «-carbon atom. 

Secondly, the same effects which render the «-carbon atom 
incipiently positive will also tend to inhibit the separation of the 
halogen as a halide ion. Moreover, were such anionisation of the 
halogen a rate-determining factor in the mechanism, the order of 
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electron affinity Cl>Br>I would predict a reversal of the observed 
order of stabilities, the iodine derivative then being the most stable. 
Again, then, it would appear that the mechanism involves a stage 
which is facilitated by the positive character of the halogen atom 
(compare Bennett and Berry, J., 1927, 1676). In this connexion 
the greater tendency of iodine, relative to bromine, to co-ordinate 
a proton (greater stability of iodinium salts) may well be an im- 


portant factor when attack by a reagent polarised in the direction 
b+6— 


HX is involved. 
EXPERIMENTAL. 


Preparation of Materials.—w-Chloro-m-nitroacetophenone. The 
claim of Dale and Nierenstein (Ber., 1927, 60, 1026) to have obtained 
this compound by the action of diazomethane on m-nitrobenzoyl 
chloride has been challenged by Bradley and Robinson (J., 1928, 
1310); it was therefore prepared by passing the theoretical amount 
of chlorine gas into molten m-nitroacetophenone. It crystallised 
from ether in stout short prisms, m. p. 103° (Dale and Nierenstein, 
loc. cit., gave m. p. 97°) (Found: C, 48-3; H, 3-2. Calc. for 
C,H,O,NC1: C, 48-1; H, 3-0%). 

«-Bromo-m-nitroacetophenone. This was prepared by the method 
of Evans and Brooks (J. Amer. Chem. Soc., 1908, 30, 406) by the 
action of bromine in chloroform on m-nitroacetophenone. After 
most of the solvent had been distilled off, the product crystallised. 
Recrystallised from ethyl acetate-ligroin, it had m. p. 96°. The 
same compound was obtained by the action of aqueous-alcoholic 
potassium bromide on the -chloro-derivative. 

«-lodo-m-nitroacetophenone. The w-bromo-compound (24 g.) 
was warmed for a few minutes with a solution of 18 g. of potassium 
iodide in 100 c.c. of 90% alcohol, just sufficient water added to 
dissolve the separated potassium bromide, and the warm solution 
filtered. The w-iodo-compound crystallised, and was purified by 
recrystallisation from ether-ligroin, from which it Separated in 
rhombic prisms, m. p. 96° (mixed m. p. with the w-bromo-derivative 
depressed to 84°). A further quantity was obtained by concentra- 
tion of the mother-liquor (Found: C, 33-2; H, 2:1. C,H,0,NI 
requires C, 33-0; H, 2-1%). 

«-Bromo-p-nitroacetophenone was prepared by the action of 
bromine in acetic acid (Engler and Zielke, Ber., 1889, 22, 209) on 
p-nitroacetophenone (prepared from ethyl p-nitrocinnamate by 
Drewson’s method; Annalen, 1882, 212, 160; compare Perkin 
and Ballenot, J., 1886, 49, 441). Crystallised from ethyl acetate- 
ligroin, it had m. p. 98°. 

«-lodo-p-nitroacetophenone was obtained from the w-bromo- 
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compound in a similar manner to the m-derivative. It crystallised 
from ethyl acetate-ligroin in compact masses of feathery needles, 
m. p. 97—98° (Found: C, 33-2; H, 2-2%). 

wp-Dinitroacetophenone was prepared in accordance with the 
scheme: NO,°C,H,CH:CH:-NO, —> NO,°C,H,-CHBr-CHBr-NO, 
—> NO,°C,H,°CH:CBr-NO, —> NO,°C,H,°C(OMe),*CH,-NO, —> 
NO,°C,H,°CO-CH,°NO, (Thiele and Haeckel, Annalen, 1902, 325, 
1). The potassium salt was obtained by the action of cold alcoholic 
potassium ethoxide (1 mol.) on a solution of the wp-dinitro-compound 
in the same solvent. The precipitated salt was washed with cold 
absolute alcohol and then with dry ether (Found: K, 16-2. C,H;N,K 
requires K, 15-7%). It exploded when gently heated or on addition 
of one drop of concentrated sulphuric acid. 

Action of bromine on the potassium salt. (a) In water. An 
aqueous solution of the theoretical quantity (1 mol.) of bromine 
was slowly added to an aqueous solution of the potassium salt at 
)°. A white precipitate formed and slowly flocculated. Crystallised 
from ethyl acetate-ligroin, it was identified as p-nitrobenzoic acid 
(m. p. and mixed m. p. 238°). Extraction of the acidified filtrate 
with ether afforded a small amount of a very lachrymatory oil, 
probably bromonitromethane. 

(b) In ether. Formation of w-bromo-wp-dinitroacetophenone. The 
theoretical quantity of dry bromine in anhydrous ether was slowly 
added to a fine suspension of the dry potassium salt in ether at 0°. 
After removal of potassium bromide by filtration, evaporation of 
the ethereal solution under reduced pressure at the ordinary tem- 
perature afforded w-bromo-wp-dinitroacetophenone, which crystallised 
from ether in stout prisms, m. p. 89—90° (Found: C, 33-4; H, 
1:8; Br,* 26-9. C,H;O;N,Br requires C, 33-2; H, 1-7; Br, 27-7%). 
Boiled with water, the w-bromo-compound slowly passed into 
solution and, on cooling, p-nitrobenzoic acid (m. p. and mixed m. p. 
239°) crystallised. The w-bromo-compound immediately liberated 
iodine from aqueous or alcoholic potassium iodide, but attempts 
to isolate p-nitrophenylglyoxal by the action of exactly 1 mol. of 
alcoholic potassium iodide gave only p-nitrobenzoic acid. 

om-Dinitroacetophenone. mw-Dinitrostyrene (Friedlander and 
Lazarus, Annalen, 1885, 229, 233) was boiled with bromine (1 mol.) 
in chloroform, the solvent evaporated, and the residue drained on 
porous porcelain. Crystallised from acetic acid, «8-dibromo-«-nitro- 
3-m-nitrophenylethane had m. p. 158° (Found: Br, 44-6. C,H,O,N,Br, 
requires Br, 45-2). This was converted by the action of alcoholic 
sodium acetate into w-bromo-mw-dinitrostyrene, which crystallised 
from ethyl acetate in slender needles, m. p. 114—115° (Found : 

* Control analysis of a less pure sample. 
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C, 35-1; H, 2-1. C,H,0,N,Br requires C, 35-2; H, 18%). This 
was converted by methyl-alcoholic potassium hydroxide, in a 
manner similar to that used in the case of the p-compound, into 
the dimethylacetal, which was obtained as a gum on acidification 
of the reaction mixture. After dissolution in ether a small amount 
of insoluble material was removed. The residue from the dried 
ethereal solution partly crystallised. Recrystallised from ethy| 
acetate-ligroin, this portion had m. p. 103—104°. It contained 
bromine and appeared to be, not the acetal, but the initial methyl 
alcohol addition product, «-bromo-«-nitro-8-methoxy-B-m-nitro- 
phenylethane (Found: C, 35-7; H, 3-0. C,H,O;N,Br requires 
C, 35-4; H, 2:9%). The non-crystalline product was hydrolysed 
by addition of an equal volume of concentrated hydrochloric acid 
to its solution in boiling glacial acetic acid. The ketone was pre- 
cipitated as a thick red oil; this, since it could not readily be induced 
to crystallise, was converted by alcoholic potassium ethoxide 
directly into the potassium salt, which was purified by washing 
with cold alcohol and ether. 

«o-Bromo-mw-dinitroacetophenone was prepared from the above 
potassium salt in the same manner as that used for the corresponding 
p-derivative. It crystallised from ether—ligroin in compact clusters 
of tiny needles, m. p. 87° (Found: Br, 27-1. C,H;O;N,Br requires 
Br, 27-7%). Like the p-derivative, it liberated iodine from potas- 
sium iodide and was converted by boiling water into m-nitrobenzoic 
acid (m. p. and mixed m. p. 141°). 

m-Nitrobenzoylformic acid. The nitrile (Claisen and Thompson, 
loc. cit.) is rapidly (2 hrs.) hydrolysed to the amide by cold aqueous 
hydrogen chloride saturated at 0°. The reaction may become 
vigorous after about 1-5 hrs. and should be conducted in a large, 
loosely stoppered vessel. The purified amide was hydrolysed by 
15—20% potassium hydroxide at 100° for 0-5 hr., and the solution 
acidified with dilute hydrochloric acid and extracted with ether. 
The residue from the dried ethereal solution crystallised. Recrystal- 
lised from benzene, the acid afforded clusters of small prisms, 
m. p. 105° (loc. cit., m. p. 783—79°) (Found : C, 49-2; H, 2-6. Cale.: 
C, 49-2; H, 26%). 

m-Nitrophenacyl alcohol. The acetate, m. p. 53°, was prepared 
from «-bromo-m-nitroacetophenone and hydrolysed to the alcohol, 
m. p. 91—92°, as described by Evans and Brooks (loc. cit.). It 
formed a semicarbazone, m. p. 214° after crystallisation from 
absolute alcohol. 

m-Nitrophenylglyoxal. The alcohol was oxidised by aqueous 
copper acetate as described by Evans and Witzemann (loc. cit.). 
The glyoxal was obtained as a pale yellow gum which rapidly 








redu 
cryst 
whic 
it w 
avail 
howe 
(m. 
acetc 

Ac 
phen 
acetc 
4 c.c 
2 cx 
was | 
at tl 
After 
cryst 
finall 
filled 
Wher 
drain 
even 
medi 
being 
the 1 
effect 
diagr 
The s 
acetoy 
was e 
the ve 
of dry 
throu; 
of the 
After 
transf 
to the 
previo 
stoppe 
with < 
and t¢. 
tube ] 
and th 


mav 














ACETOPHENONE DERIVATIVES. PART I. 2423 


reduced ammoniacal silver nitrate but could not be induced to 
crystallise. With semicarbazide acetate it afforded a semicarbazone, 
which crystallised with difficulty from absolute alcohol (in which 
it was only sparingly soluble). With the quantity of material 
available the m. p. could not be raised above 198° (decomp.), which, 
however, was not depressed by admixture with the semicarbazone 
(m. p. 203°) of the decomposition product of w-iodo-wm-dinitro- 
acetophenone (below). 

Action of Acetyl Nitrate on w-Iodo-ma- and -pw-dinitroaceto- 
phenones.—An almost saturated solution of w-iodo-mw-dinitro- 
acetophenone in a mixture of 
4 c.c. of acetic anhydride and Fie. 1. 

2 c.c. of nitric acid (d 1-52) -N, 

was evaporated in a vacuum 5B 

at the ordinary temperature. 
After 12—24 hours, colourless 
crystals began to separate until 
finally the whole solution was 
filled with a crystalline mass. 
When an attempt was made to 
drain these on porous porcelain, 
even in a desiccator, they im- 
mediately decomposed, iodine 
being liberated. Analysis of 
the unstable compound was 
effected in the apparatus shown 
diagrammatically in Fig. 1. 
The solution of w-iodo-m-nitro- 
acetophenone in acetyl nitrate 
was evaporated at 18 mm. in 
the vessel A, a very slow stream 
of dry nitrogen being bubbled 
through the ‘liquid by means 
of the fine capillary tube B. 
After the unstable compound had crystallised, the crystals were 
transferred under suction, by suitable manipulation of the taps, 
to the sintered glass disc fused into C, the whole filter tube C having 
previously been weighed filled with nitrogen and closed with a 
stopper. By means of the tap funnel D the crystals were washed 
with a little acetic anhydride (in which they are readily soluble) 
and then with sodium-dried ligroin (b. p. 40—60°). The filter 
tube E was then replaced by one containing potassium hydroxide 
and the last traces of nitric acid and acetic anhydride were removed 
in a vacuum (24 hrs.). After the apparatus had again been filled 
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with dry nitrogen, C was removed, quickly stoppered, and again 
weighed. The filter tube C was then washed with a large volume 
of water containing a little potassium hydrogen carbonate to neutral- 
ise any trace of nitric acid which may have remained, the solution 
acidified with acetic acid, and the liberated iodine titrated with 
thiosulphate solution (Found: 0-3045 g. of «w-iodo-mw-dinitro- 
acetophenone required 9-2 c.c. of 0-1030N-sodium thiosulphate; 
whence the amount of iodine in the compound is 39-5%. C,H;0,N,I 
requires I, 39-4%). 

Subsequent addition of potassium iodide caused a further slow 
liberation of iodine, and in another determination, where potassium 
iodide was added in the initial decomposition, 0-1634 g. of the 
unstable compound required 15-1 c.c. of 0-1030N-thiosulphate, 
equivalent to 0-1975 g. of iodine (approx. 3 atoms per mol. of the 
«-iodo-compound). The mechanism of this further liberation of 
iodine has not been elucidated. After titration the solution was 
extracted with ether. The residue from the dried ethereal extract 
gave a small amount of crystalline material which, after draining 
on porous porcelain, crystallised from ether in clusters of slender 
prisms, m. p. 53°, not depressed by admixture with a synthetic 
specimen of m-nitrophenacyl acetate (above) (Found: C, 53-7; 
H, 4-1. Cale.: C, 53-8; H, 4-:0%). 

When the decomposition of the unstable iodine compound was 
effected by boiling with a dilute solution of sodium thiosulphate 
in boiled-out distilled water in a flask attached to a small eudiometer 
(the whole apparatus being filled with the solution), a small volume 
of nitric oxide (brown fumes on admission of oxygen) was obtained. 

Similar evaporation of a solution of w-iodo-p-nitroacetophenone 
in acetic anhydride-nitric acid (d 1-52) afforded a brownish com- 
pound containing iodine which could rapidly be drained on porous 
porcelain but was similarly decomposed with liberation of iodine 
on further exposure to air. 

Hydrolysis of w-Iodo-mw- and -pw-dinitroacetophenones.—A solu- 
tion of w-iodo-m-nitroacetophenone in acetic anhydride-nitric acid 
was evaporated in a vacuum until most of the solvent had been 
removed. The whole product was then decomposed with water, 
extracted with ether, and the ethereal extract washed successively 
with sodium thiosulphate and sodium carbonate solutions and 
finally with water. The residue from the dried ethereal extract 
of the neutral products was a pale yellow gum which reduced am- 
moniacal silver nitrate but could not be induced to crystallise. 
With semicarbazide acetate in the usual manner, it afforded the 
semicarbazone, m. p. 203° (decomp.) after crystallisation from hot 
alcohol (in which it was only sparingly soluble), of m-nitrophenyl- 
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glyoxal, not depressed by admixture with the semicarbazone obtained 
from the synthetic specimen prepared as described above (Found : 
C, 463; H, 3-6; N, 23-8. C,H,O,N, requires C, 45-9; H, 3-4; 
N, 23-8%). It was converted, as described by Evans and Witze- 
mann, into its osazone, m. p. 233° after crystallisation from benzene 
(loc. cit., m. p. 223°) (Found: N, 18-8. Cale.: N, 19-5%). 

The mother-liquor from the initial semicarbazone formation 
slowly deposited the more soluble semicarbazone, m. p. 177° after 
crystallisation from alcohol, of m-nitrophenacyl acetate, not de- 
pressed by admixture with the semicarbazone prepared from a 
genuine synthetic specimen (Found: C, 47-1; H, 4:4; N, 20-3. 
C,,H,0;N, requires C, 47-2; H, 4-3; N, 20-0%). 

The acid fraction obtained in the initial hydrolysis of w-iodo- 
mw-dinitroacetophenone consisted essentially of m-nitrobenzoic 
acid, which, before purification, gave the characteristic colour 
reaction of m-nitrobenzoylformic acid. 

Oxidation of the m-nitrophenylglyoxal obtained in the above 
decomposition to m-nitrobenzoylformic acid was effected by nitric 
acid (2:1), but unless the conditions are carefully controlled the 
sole product is m-nitrobenzoic acid, which was the only product 
obtained with all the oxidising agents used by Evans and Witzemann 
(loc. cit.). The best result was obtained by gently warming the 
aldehyde with nitric acid (2: 1) until the reaction started and then 
allowing it to proceed without external heating for 5—10 minutes. 
The solution was then heated gently to incipient ebullition until 
the brown fumes began to clear (5 mins.), poured into cold water, 
extracted with ether, and the extract well washed with cold water. 
After evaporation of the ether from the dried solution at the ordinary 
temperature in a vacuum, the residue crystallised completely on 
keeping. It crystallised from benzene in clusters of small prisms, 
m. p. 105°, either alone or mixed with a genuine specimen of m- 
nitrobenzoylformic acid obtained by Claisen and Thompson’s 
method (loc. cit.). With semicarbazide acetate, the acid forms a 
derivative, decomp. 285—290°, which is soluble in water but in- 
soluble in alcohol, and contains sodium. It is probably the sodium 
salt of the semicarbazido-acid (compare the similar formation of 
such a sodium salt with cycloheptane-1l-acetic-l-glyoxylic acid; 
Baker, J., 1926, 127, 1680). 

Similar hydrolysis of the product obtained by the action of acetyl 
nitrate on the unstable w-iodo-wp-dinitroacetophenone gave a 
solid, which was filtered off and dissolved in ether. The filtrate 
was extracted with ether and the combined ethereal solutions were 
washed successively with dilute sodium thiosulphate solution, 
water, sodium carbonate solution, and water. Concentration of 
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the dried ethereal solution gave a crystalline product which after 
successive crystallisation from ethyl acetate-ligroin and ether 
gave (?) p-nitrophenacyl acetate,* m. p. 124° (Found: C, 54-0; H, 
4-3; N, 6-55. C,)H,O;N requires C, 53-8; H, 4:0; N, 63%). 
Boiled with water and phenylhydrazine, it was converted into ( ?) 
the phenylhydrazone of p-nitrophenacyl alcohol, which crystallised 
from benzene in fine needles, m. p. 178° (Found : N, 15-2. C,,H,,0,N, 
requires N, 15-5%). Oxidised with nitric acid as described above 
it was converted into p-nitrobenzoylformic acid, m. p. 150° (previous 
softening) after crystallisation from benzene (Found: N, 7:3. 
C,H,0,N requires N, 7-:2%). 

Action of Acetyl Nitrate on w-Bromo-m- and -p- and w-Chloro-m- 
nitroacetophenones.—Evaporation of solutions of any of these 
derivatives in acetic anhydride-nitric acid in a vacuum at the 
ordinary temperature gave only the original material (m. p. and 
mixed m. p.). 


The author desires to express his thanks to the Government 
Grant Committee of the Royal Society for a grant with the aid of 
which some of the expense incurred in this investigat*on has been 


met. 
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CCCXXX.—Hydroxy-carbonyl Compounds. Part V. 
The Preparation of Couwmarins and 1 : 4-Pyrones 
from Phenol, p-Cresol, Quinol, and a-Naphthol. 


By ALEXANDER Rospertson, WILLIAM F’. SANDROCK, and (in part) 
CATHERINE B. HENDRY. 


In developing their procedure for the preparation of 1 : 4-benzo- 
pyrones by condensation of phenols with esters of acylacetic acids, 
Simonis and his collaborators (Ber., 1913, 46, 2014; 1914, 47, 697, 
2229) depended mainly on the results of hydrolytic decomposition 
experiments to establish the nature of their products. They do noi 
appear to have made direct comparisons of their 1 : 4-pyrones either 
with authentic specimens,or with the isomeric coumarins. Con- 
tinuing the studies on this reaction described in Parts III and IV 
of the present series of papers (this vol., pp. 1255, 1877), we have 
repeated the experiments of Simonis and his co-workers on the 
condensation of ethyl «-methylacetoacetate with phenol, p-cresol, 
and quinol and have confirmed the conclusions of these authors. 


* The analysis figures also agree with NO,"C,H,-CO-CHO,0-5Me-CO, Et. 
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On ring closure with acetic anhydride and sodium acetate the 
ketones (II, R = H), (II, R = Me), and (II, R = OH) gave rise to 
the 1 : 4-benzopyrones (I, R = H), (I, R = Me), and (I, R = OH) 
respectively. The same 1 : 4-pyrones resulted from the condens- 
ation of ethyl «-methylacetoacetate with the appropriate phenols 
in the presence of phosphoric oxide. 


O CoH, — CoH, O 
/\oMe @:: 2\/\co oN7\cMe 
R CMe RL JCOEt pe LA 28 
le 
aA Me CO 
(I.) (II.) (IIT.) (IV.) 


The products in each case can be identical only if both reactions give 
rise to 1:4-benzopyrones. Further, these results support the 
conclusions of Canter, Curd, and Robertson (this vol., p. 1245) that, 
in general, w-substituted o-hydroxyacetophenones * (R-CO-CH,X ; 
X = OMe, Me, etc.) on vigorous acetylation behave in the normal 
manner, yielding 1 : 4-pyrones. 

Attempts to condense quinol and ethyl acetoacetate were entirely 
unsuccessful. 

Compared with that of the simpler monohydric phenols, the 
behaviour of «-naphthol is interesting, for on condensation with 
ethyl acetoacetate and with ethyl «-methylacetoacetate by means 
of phosphoric oxide it affords the naphthacoumarins (III, R = H) 
and (III, R = Me) respectively. In each case the nature of the 
product was conclusively established by comparison with an authen- 
tic specimen of the coumarin and with the isomeric 1 : 4-«-naphtha- 
pyrone (type IV). 

A discussion on the possible reasons for the difference in the 
behaviour of phenols on submission to the Simonis reaction is 
reserved until more complete data have been collected. At this 
stage, however, it may be noted that the condensation of esters of 
acylacetic acids with phenols in the presence of sulphuric acid 
(Pechmann reaction) invariably gives rise to coumarins. On the 
other hand, when phosphoric oxide replaces sulphuric acid as the 
condensing agent, the course of the reaction depends “ntirely on the 
nature of the phenol and appears to be independent of the nature of 
the ester involved. The simpler monohydric phenols which have 

* Bhullar and Venkataraman (this vol., p. 1165) erroneously state that 
Allan and Robinson (J., 1924, 125, 2192) found that w-methoxyresaceto- 
phenone on vigorous benzoylation gave rise to a product which they con- 
sidered to be 7-hydroxy-3-benzoylflavone. Allan and Robinson obtained the 
latter compound from resacetophenone and also showed that the ring closure 
of w-methoxyresacetophenone in this manner was not accompanied by 
nuclear acylation. 
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been tested (Simonis and co-workers, loc. cit.), together with quinol 
and guaiacol (Heilbron, Barnes, and Morton, J., 1923, 123, 2559), 
give rise to 1 : 4-benzopyrones, whereas resorcinol, phloroglucinol, 
pyrogallol, and «-naphthol yield coumarins. 


EXPERIMENTAL. 


o- Methoxypropiophenone.—(A) o-Methoxybenzoy] chloride (Fischer 
and Slimmer, Ber., 1903, 36, 2585) (59 g.) was gradually added to a 
suspension of ethyl sodio-«-methylacetoacetate [from sodium (7 g.) 
and ethyl «-methylacetoacetate (50 g.)] in dry ether (400 c.c.). A 
mild reaction ensued and after 16 hours the mixture was heated on 
the water-bath for 4 hours. Sufficient water was added to dissolve 
the sodium chloride, and the ethereal layer was separated and dried 
over sodium sulphate. Removal of the solvent left the product as 
a viscous brown oil (83 g.). This oil (23 g.) was hydrolysed by 
boiling with a solution of potassium hydroxide (20 g.) in 50% alcohol 
(200 c.c.) for 3 hours. After the greater part of the alcohol had 
been removed by distillation, the residue was diluted with water 
(400 c.c.) and the solution was neutralised with hydrochloric acid. 
o-Methoxypropiophenone was isolated by means of ether and had 
b. p. 125—127°/14 mm.; yield, 6-5 g. (Found: OMe, 18-4. Cale. 
for C,>H,,0, : OMe, 18-9%) (compare Fischer and Slimmer, loc. cit.). 
The semicarbazone separated from dilute methyl alcohol in thick 
rectangular plates, m. p. 154° (Found: N, 19-1. C,,H,;0.N, 
requires N, 19-0%). 

(B) To a solution of ethylmagnesium iodide [from magnesium 
turnings (4 g.) and ethyl iodide (26 g.) in ether (300 c.c.) cooled 
below 0°], o-methoxybenzonitrile (Ahrens, Ber., 1887, 20, 2955) 
(25 g.) in ether (30 c.c.) was added, and after 16 hours, the addition 
compound was worked up as usual. The resulting oil was distilled 
in a vacuum and gave almost pure o-methoxypropiophenone (15 g.), 
b. p. 130—131°/12 mm. The semicarbazone had m. p. and mixed 
m. p. 154°. 

o-Hydroxypropiophenone.—The foregoing ketone (7-5 g.) was 
demethylated by refluxing in benzene (40 c.c.), with anhydrous 
aluminium chloride (7-5 g.). A brownish-yellow layer gradually 
formed below the benzene, and after one hour the mixture was 
cooled, and the product decomposed with ice. The crude ketone 
was isolated by means of ether, and extracted from the ethereal 
solution with 10% aqueous potassium hydroxide. o-Hydroxy- 
propiophenone was then obtained by acidification, ether extraction 
and vacuum distillation as a colourless oil (4 g.), b. p. 116°/12 mm., 
which gave a violet coloration with aqueous ferric chloride (compare 
Fischer and Slimmer, /oc. cit.). The semicarbazone crystallised from 
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methyl alcohol in rectangular prisms, m. p. 213° (Found: N, 19-7. 
C,9H,,0,N, requires N, 20-2%). 

2 : 3-Dimethyl-1 : 4-benzopyrone (I; R=H).—A mixture of 
o-hydroxypropiophenone (3 g.), sodium acetate (5 g.), and acetic 
anhydride (30 g.) was heated at 170—180° (oil-bath) for 10 hours, 
and the warm solution was poured into dilute hydrochloric acid 
(200 c.c.). Next day the mixture was neutralised with sodium 
hydroxide, and the oily product (1-6 g.) gradually solidified. Crystal- 
lised from dilute alcohol (charcoal), the 1 : 4-pyrone formed rhombic 
plates, m. p. 96—97° (Found : C, 75-8; H,6-1. Cale. for C,,H490, : 
(, 75-9; H, 58%). A specimen of the pyrone, prepared according 
to the directions of Petschek and Simonis (loc. cit.), was found to be 
identical (m. p. and mixed m. p. 96—97°). 

Mixed with 3: 4-dimethylcoumarin (Peters and Simonis, Ber., 
1908, 41, 837), the pyrone (obtained by either method) showed a 
depression in m. p. of about 33°. 

2:3: 6-Trimethyl-1 : 4-benzopyrone (1; R = Me).—2-Hydroxy- 
5-methylpropiophenone was conveniently prepared by the following 
modification of Auwers’s method (Ber., 1914, 47, 3318): Propionyl 
chloride (25 g.) was gradually added to a mixture of p-tolyl methyl 
ether (30 g.) and anhydrous aluminium chloride (60 g.) in carbon 
disulphide (150 c.c.). After having been kept at room temperature 
for 2 hours, the mixture was heated on the steam-bath for 2 minutes 
and then cooled. The solvent was decanted, and the residual double 
compound was washed with carbon disulphide and then decomposed 
with ice and water. The resulting oil was isolated by means of 
chloroform and distilled under diminished pressure, b. p. 125— 
130°/12 mm.; yield, 23-4 g. The hydroxy-ketone thus obtained 
was contaminated with traces of the methyl ether and was purified 
by solution in 5% sodium hydroxide and removal of the insoluble oil 
with ether. Recovered from the alkaline solution, 2-hydroxy- 
5-methylpropiophenone was obtained as a colourless oil (15 g.), 
b. p. 128—129°/14 mm. 

Vigorous acetylation of this ketone (2 g.) with acetic anhydride 
(20 c.c.) and sodium acetate (3 g.) was effected at 180—190° during 
20 hours. On isolation, 2: 3 : 6-trimethyl-1 : 4-benzopyrone was 
obtained as an oil which gradually crystallised. Recrystallised 
from dilute alcohol (charcoal), it formed colourless elongated prisms, 
m. p. 105—106° (Found: C, 76-9; H, 6-6. Calc. for C,,H,,0, : 
C, 76-6; H, 64%). This pyrone was identical with a specimen 
prepared by the method of Petschek and Simonis (loc. cit.). 

3:4: 6-Trimethylcoumarin.—A mixture of p-cresol (4-5 g.) and 
ethyl «-methylacetoacetate (6 g.) was carefully added to cold 80% 
ane’ — (30 c.c.). Next day the reaction mixture was poured 

KS 
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into ice-water, and the product was crystallised from dilute alcohol 
(charcoal). The cowmarin formed colourless, elongated, rectangular 
prisms, m. p. 165° (Found: C, 76-8; H, 6-5. C,,H,.0, requires 
C, 76-6; H,6-4%). The compound is readily soluble in alcohol and 
acetic acid and the solutions are non-fluorescent. A mixture of this 
coumarin and 2:3: 6-trimethyl-1 :4-benzopyrone began to melt 
at about 90°. 

6-Hydroxy-3 : 4-dimethyleowmarin.—The procedure described by 
Borsche (Ber., 1907, 40, 2731) for the preparation of this coumarin 
gave disappointing results. The following modification was more 
satisfactory : Concentrated sulphuric acid (20 c.c.) was gradually 
added to a solution of quinol (5 g.) and ethyl «-methylacetoacetate 
(5 g.) in alcohol (20 c.c.) cooled in ice-water, and the mixture was 
kept at room temperature for 7 days. The dark red liquid, which 
exhibited a striking green fluorescence, was poured on ice, and the 
solid (0-65 g.) collected. Crystallised from dilute alcohol, the coumarin 
melted at 236° (decomp., after sintering at 230°) (Borsche gives 
m. p. 235—236°). Acetylation of this compound (0-7 g.) with acetic 
anhydride (7 c.c.) and pyridine (6 c.c.) gave the acetate, which 
separated from alcohol in rectangular plates, m. p. 159—161° 
(Found : C, 67-7; H, 5-4. C,3H,,0, requires C, 67-2; H, 5-2%). 

6-Hydroxy-2 : 3-dimethyl-1 : 4-benzopyrone.—On applying — the 
Nencki reaction to quinol as described by Goldzweig and Kaiser 
(J. pr. Chem., 1891, 43, 93), we obtained only traces of 2: 5-di- 
hydroxypropiophenone. The ketone, however, was conveniently 
obtained from quinol dipropionate by the method of Rosenmund 
and Lohfert (Ber., 1928, 61, 2606). This ester was prepared by the 
interaction of quinol (10 g.) and propionyl chloride (20 g.) in the 
presence of pyridine (40 c.c.) cooled in ice-water, and crystallised 
from alcohol in plates (14 g.), m. p. 112—113° (compare Hesse, 
Annalen, 1880, 200, 246). 

The reaction mixture resulting from the acetylation of 2 : 5-di- 
hydroxypropiophenone (1 g.) by means of acetic anhydride (10 c.c.) 
and sodium acetate (1-5 g.) at 170—180° for 12 hours was poured 
into water. Next day the solid was collected, washed with water, 
and crystallised from dilute alcohol. The acetate of the pyrone 
formed colourless, elongated rectangular prisms (0-6 g.), m. p. 139° 
(Found: C, 67-5; H, 5-4. C,,H,,0, requires C, 67-2; H, 5-2%). 
Deacetylation of this compound (0-6 g.) with cold 5% methyl- 
alcoholic potassium hydroxide (20 c.c.) during 3 hours afforded 
6-hydroxy-2 : 3-dimethyl-1 : 4-benzopyrone, m. p. 247° after sinter- 
ing at 241° (Found : C, 69-8; H, 5-5. Calc. for C,,H,.0,: C, 69°; 
H, 5-3%). 

A specimen of this pyrone, prepared according to the directions of 
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Simonis and Lehmann (Ber., 1914, 47, 692), melted at 246° after 
sintering at 242° (these authors give m. p. 242°). Mixed with a 
specimen prepared from 2: 5-dihydroxypropiophenone, it showed 
no depression in m. p. The acetyl derivative crystallised from 
dilute alcohol in elongated rectangular prisms, m. p. and mixed m. p. 
139° (Found : C, 67-0; H, 5-4%). 

A mixture of 6-hydroxy-2 : 3-dimethyl-1 :4-benzopyrone and 
6-hydroxy-3 : 4-dimethylcoumarin began to melt at 195°, and a 
mixture of the corresponding acetates melted at 110—128°. 

4-Methyl-«-naphthacoumarin (III; R = H).—(A) Sufficient phos- 
phoric oxide was gradually added to a mixture of «-naphthol (5 g.) 
and ethyl acetoacetate (5 g.) to form a thin paste, and the mixture 
was kept at 60—70° for a short time. Further quantities of «-naph- 
thol (5 g.) and phosphoric oxide (excess) were added and the reaction 
was completed by heating on the steam-bath for 10 minutes. The 
product was isolated in the usual manner and washed with water, 
and the coloured impurities were removed by trituration with 5% 
aqueous sodium hydroxide. Crystallised from methyl alcohol 
(charcoal), the coumarin formed colourless needles (2-6 g.), m. p. 
170° (Found: C, 79-6; H, 4:8. Calc. for C,,H,,0,: C, 80-0; 
H, 4:8%). A solution of the compound in concentrated sulphuric 
acid exhibits a green fluorescence. Mixed with an authentic 
specimen of 2-methyl-1 : 4-«-naphthapyrone, m. p. 174—174-5° 
(Wittig, Annalen, 1925, 446, 155), it showed a depression in m. p. 
of about 35°. 

(B) The following modification of Bartsch’s procedure (Ber., 1903, 
36, 1966) gave an improved yield of the coumarin (compare Baco- 
vescu, Ber., 1910, 43, 1280): A mixture of «-naphthol (5 g.) and 
ethyl acetoacetate (5 g.) was dissolved in 84% sulphuric acid (50 c.c.). 
The solid which first separated dissolved during the course of 12 
hours, and the coumarin was precipitated by pouring the reaction 
mixture on ice. It separated from warm methyl alcohol in needles 
(7-5 g.), m. p. 170° alone or mixed with a specimen prepared by 
method (A). 

2 : 3-Dimethyl-1 : 4-«-naphthapyrone (IV; R = Me).—A mixture 
of 2-propionyl-«-naphthol (Hantzsch, Ber., 1906, 39, 3096) (3 g.), 
acetic anhydride (20 c.c.), and sodium acetate (5 g.) was heated for 
16 hours at 180—190° and then poured into dilute hydrochloric acid. 
Next day the brown solid was crystallised from a small volume of 
alcohol (charcoal), and the product was well washed with ether to 
remove a small amount of the acetate of the unchanged ketone. 
Recrystallised from dilute alcohol, the 1 : 4-pyrone formed elongated 
prisms, m. p. 143—144° (Found: C, 80-3; H, 5-5. C,;H,,0, 
requires C, 80-4; H, 5-4%). The compound is readily soluble in 
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acetone, acetic acid, and hot ligroin. In concentrated sulphuric 
acid it exhibits a green fluorescence. 

3 : 4-Dimethyl-«-naphthacoumarin (II1; R = Me).—(A) The con- 
densation of ethyl «-methylacetoacetate (5 g.) and «-naphthol (5 g.) 
by means of phosphoric oxide was effected by the procedure used in 
the case of ethyl acetoacetate. The coumarin crystallised from 
acetic acid in colourless, rod-like prisms (2°6 g.), m. Pp. 203—204° 
(Found: C, 80-2; H, 5-4. ©,;H,,0, requires C, 80-4; H, 5-4%). 
The colourless solution of the compound in concentrated sulphuric 
acid has a green fluorescence. 

(B) To a well-cooled mixture of «-naphthol (5 g.) and ethyl 
a-methylacetoacetate (5 g.), 84% sulphuric acid (50 c.c.) was added, 
and next day the mixture was poured into ice-water. The solid 
was collected, washed, and crystallised from acetic acid, forming 
colourless rod-like prisms, m. p. and mixed m. p. 203—204° (Found : 
C, 80-0; H, 55%). Mixed with 2: 3-dimethyl-1 : 4-«-naphtha- 
pyrone, the coumarin (prepared by either method) showed a depres. 
sion in m. p. of about 100°. 


The authors are indebted to the Chemical Society for grants which 
have in part defrayed the cost of this investigation. 
LonDON ScHooL oF HYGIENE AND 


TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. 


East LonDON COLLEGE, 
[ Received, July 18th, 1931.) 





CCCXXXI.—A Synthesis of 2-Hydroxy-4 : 5-dimethoxy- 
benzoic Acid. 
By Frank 8S. H. Heap and ALEXANDER ROBERTSON. 


By the oxidation of dehydrodeguelin with potassium permanganate, 
Clark (J. Amer. Chem. Soc., 1931, 53, 2007) has isolated a hydroxy- 
dimethoxybenzoic acid, giving a blue ferric chloride reaction and 
considered to be 2-hydroxy-4 : 5-dimethoxybenzoic acid; we have 
prepared this acid from 2-hydroxy-4 : 5-dimethoxybenzaldehyde 
(J., 1930, 2434). 

2-Acetoxy-4 : 5-dimethoxybenzaldehyde——On repeated crystallis- 
ation from methyl alcohol, 2-hydroxy-4 : 5-dimethoxybenzaldehyde 
(loc. cit.) formed straw-coloured, thick plates, m. p. 107°. Acetyl- 
ation of the aldehyde (4 g.) by means of acetic anhydride (12 c.c.) 
and pyridine (4 c.c.) at 37° for 16 hours afforded the acetate, which 
crystallised from dilute alcohol as a voluminous mass of hair-like 
needles (4 g.), m. p. 95° (Found: C, 58-6; H, 55. C,,H,,.05 
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requires C, 58-9; H, 5-4%). The compound is readily soluble in 
acetic acid and acetone and does not give a ferric chloride reaction. 

2-Hydroxy-4 : 5-dimethoxybenzoic Acid.—Potassium permanganate 
(2-5 g.), dissolved in water (60 c.c.), was gradually added to a solution 
of 2-acetoxy-4 : 5-dimethoxybenzaldehyde (2 g.) in acetone (50 c.c.) 
maintained at 50°. After 15 minutes, the reaction mixture, cooled 
to 0°, was cleared with sulphur dioxide, and on slow evaporation of 
the acetone, 2-acetoxy-4 : 5-dimethoxybenzoic acid crystallised. A 
solution of the compound in saturated aqueous sodium bicarbonate 
(15 c.c.) was filtered from a trace of unchanged aldehyde and acidified 
with 15% hydrochloric acid. The acid, thus precipitated, crystal- 
lised from dilute acetone in colourless needles (1-6 g.), m. p. 166° 
(Found: C, 55-0; H, 5-1. C,,H,,0, requires C, 55-0; H, 5-0%). 
It is readily soluble in alcohol or acetic acid and sparingly soluble 
in water. 

A solution of the acetyl derivative (1 g.) in 10% aqueous potassium 
hydroxide (10 c.c.) was kept at room temperature for 2 hours. 
Acidification of the solution with dilute hydrochloric acid gave 
2-hydroxy-4 : 5-dimethoxybenzoic acid, which crystallised from 
dilute acetone in clusters of almost colourless, rhombic prisms 
(0-5 g.) showing characteristic twinning, m. p. 213—-214° (decomp.) 
(Found: C, 54:3; H, 5-4; OMe, 30-7. Cale. for C;H,O,(OMe), : 
CU, 545; H, 5-1; OMe, 31-3%]. The acid is readily soluble in warm 
alcohol or acetone and sparingly soluble in warm water. It separ- 
ates from alcohol in clusters of squat prisms, from dilute acetic acid 
in aggregates of irregular plates, and from a solution in aqueous 
sodium bicarbonate on acidification in colourless needles. With 
alcoholic ferric chloride the compound gives an intense blue color- 
ation which assumes a faint tinge of purple on dilution with water. 





Lonpon ScHOOL oF HYGIENE AND East LonpDOoN COLLEGE. 
TrRopicAL MEDICINE, 
UNIVERSITY OF LONDON. [ Received, July 22nd, 1931.] 





CCCXXXII.—The Reaction between Thallic Chloride 
and Potassium Thiocyanate. 


By I. K. Tarnt. 


WHILE making a study of the tests for thallium in presence of iron, 
titanium and zirconium, the author observed that solutions of 
thallic chloride and potassium thiocyanate became deep yellow 
when mixed. The colour quickly faded and a yellow or white 
solid was then precipitated. The yellow colour appeared and 
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faded, but no solid was precipitated, in the presence of sulphuric 
acid. The solid proved to be thallous thiocyanate. ‘The reduction 
of thallic salts by thiocyanates has been observed previously (Abegg’s 
“‘ Handbuch,” III, i, 417. Compare the corresponding reduction 
of ferric and cupric salts; Philip and Bramley, J., 1913, 103, 795; 
1916, 109, 597). Attempts to isolate thallic thiocyanate by means 
of ether or other organic solvent were unsuccessful. 

It was noticed that the mixed solutions emitted a strong odour 
of hydrogen cyanide. The liquid also contained sulphate and was 
strongly acid. If hydrogen cyanide and sulphuric acid are the 
only products of the oxidation of the thiocyanate radical by the 
thallic salt, the simplest equation to represent the reaction would 
be 3TICl, + 4KCNS + 4H,O = 3TICNS + 4KCI + HCN + 5HCI 
+ H,SO,. 

The correctness of this equation was tested by experiments in 
which the sulphate and the total acid were estimated. After a 
solution containing a known quantity of thallic chloride has been 
treated with sufficient potassium thiocyanate, the sulphate formed 
can be determined by adding excess of barium chloride solution 
to the filtrate after removal of the thallous thiocyanate. The 
hydrochloric and sulphuric acids can be determined after filtration 
of the thallous thiocyanate, by titration with standard sodium 
carbonate solution and methyl-orange. Hydrocyanic acid is such 
a weak acid (dissociation constant 0-097) that it does not interfere 
with the titration. In the actual procedure, two solutions of thallic 
chloride containing 5 g. and 10 g. of the salt per 100 c.c. were pre- 
pared. In 10 c.c. of each of these solutions, the quantity of thallic 
salt present was determined by precipitation as thallous iodide 
(Found: 0-4714 and 0-9736 g. TII respectively). Other 10 c.c. 
portions of the same solutions were then treated with an excess 
of N /5-potassium thiocyanate solution and the amounts of sulphate 
and free mineral acids formed were determined by the methods 
mentioned above (Found: BaSQ,, 0-1050 and 0-2131 g.;-Na,CO, 
equiv. to free mineral acid, 0-1671 and 0-3430 g. Calc. from the 
equation given above: BaSQ,, 0-1107 and 0-2290 g.; Na,C0O,, 
0-1760 and 0-3639 g.). The total acidity developed and the quantity 
of sulphate produced are very nearly in agreement with the require- 
ments of the equation formulated above. 

If, instead of potassium thiocyanate solution being added to 
one of thallic chloride, the reverse procedure is followed, a known 
volume of the latter solution being gradually added to an excess 
of potassium thiocyanate solution, the results obtained are in better 
agreement with the equation. The precipitate formed in this case 
is colourless, not yellow. 
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TICI, 
in 10 c.c. TI BaSO, BaSO, Na,CO, Na,CO, 
of soln. obtained. found. cale. required. cale. 
0-800 g. 0-7598 g. 0-1768 g. 00-1786 g. 0-2815g. 0:2840g. 
1-600 g. 1-520 g. 0-3505 g. 0-3574g. 0-5591g. 0-5680g. 


From the above results it is obvious that under favourable con- 
ditions the reaction between thallic chloride and potassium thio- 
cyanate may take place quantitatively according to the equation 
given. The author is investigating the reaction in greater detail 
with the object of evolving a volumetric or gravimetric method 
of determining thallium in the higher state of oxidation. 

The precipitate obtained when solutions of thallic chloride and 
potassium thiocyanate are mixed responds in aqueous solution to 
the tests for thallous and thiocyanate ions. In order, however, 
to establish the constitution of the salt, the precipitate was dried 
at 100°, and after a weighed portion had been dissolved in hot water, 
the thallium in solution was precipitated as thallous iodide. The 
weight of thallous iodide obtained from both the yellow and the 
white precipitate was about 3% higher than that calculated by 
multiplying the weight of the precipitate by the ratio TII/TICNS. 
The following table gives the results obtained for four samples 
thus analysed. 


Ppte., dried at 100°. TII obtained. TIL cale. Diff. (approx.) % 
Yellow, 0-420 g. 0-548 g. 0-533 g. 2-7 
Yellow, 0-250 g. 0°327 g. 0-317 g. 3-1 
White, 0-420 g. 0-546 g. 0-531 g. 2-7 
White, 0-675 g. 0-873 g. 0-850 g 2-6 


The cause of this difference has not yet been investigated. It 
may be that the slightly increased weight of thallous iodide is due 
to contamination of the thallous thiocyanate with thallous chloride, 
in which case the weight of thallous iodide actually obtained will 
be greater than that calculated from the ratio TII/TICNS. 


Summary. 


(1) By the interaction of thallic chloride and potassium thio- 
cyanate in aqueous solution, hydrocyanic, hydrochloric, and sulphuric 
acids are produced, the formation of sulphuric acid being due to 
the fact that a part of the thallic chloride acts as an oxidising agent. 

(2) The reaction takes place very nearly in accordance with the 
equation given on p. 2434. 

UNIVERSITY OF ALLAHABAD, 

INDIA. [Received, March 16th, 1931.] 
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CCCXXXIII.—A Syringe-pipette for Precise 
Analytical Usage. 

By Avaust Krocu and Ancet B. Keys. 
AccorDING to Ostwald—Luther (“‘Hand- und Hilfsbuch zur Aus- 
fiihrung physicochemischer Messungen,”’ 4th edn., 1925, p. 181 
et seq.) the limit of accuracy of pipette deliveries is about 0-5 /oo, 
but the usual type of pipette does not reach this standard in the 
sizes below 5e.c. A special form of pipette, used with the greatest 
care, may deliver a volume of the order of 1 ¢.c. with an error of 
1 part in a 1000. We have carefully calibrated pipettes specially 
prepared for the attainment of the highest accuracy and find 
approximately the errors given by Ostwald—Luther. 

For some time syringes have been used in this laboratory for 
the delivery of baryta solution in the determination of carbon 
dioxide (Krogh and Rehberg, Biochem. Z., 1930, 225, 177) and it 
had been noted that the accuracy of delivery is much better than 
that of pipettes when the plunger is fitted with a top stop and com- 
plete delivery is made. Trevan’s micrometer syringe (Biochem. 
J., 1925, 19, 1111) can be used as an automatic pipette. . Trevan 
gives the results of weighing 8 consecutive 1 c.c. deliveries from 
his syringe which show a mean variation representing + 0-4 c.mm. 
and a maximum variation of 1-6 c.mm. From these beginnings 
we have developed a syringe-pipette which not only makes deliveries 
with unique precision, but also possesses a number of other 
advantages. 

Fig. 1 shows the syringe in the filled position. The syringe itself 
is of glass with a solid blue glass plunger, the two being unusually 
closely and smoothly ground. The steel rods SS are attached to 
the top of the barrel by a tight-fitting ebonite collar and serve as a 
firm support for the top stop. The delivery of the syringe can be 
set to any desired fraction of the maximum capacity by means of 
the steel adjusting screw A, which is released or locked in position 
by the set screw L. The fibre guides G afford a convenient finger 
grip, but their chief purpose is to prevent rotation of the plunger; 
this is necessary because of the practical difficulty of grinding the 
lower end of the plunger exactly plane and 90° to the barrel and 
of ensuring similar exactness at contact of the plunger with the 
topstop. The completesyringe may be taken apart and re-assembled 
within a very few minutes. 

Any injection needle of the Record type will fit the syringe, but 
we have found it advisable to seal the junction between needle and 
syringe with De Khotinsky or other removable cement. For most 
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purposes blunt-pointed Krupp stainless 
(‘‘ Rostfreie ’’) steel canule, 5—6 cm. 
long with external diameter of 0-80— 
0:90 mm., are suitable. Since the 
ordinary ‘‘ Rostfreie ’’ needles are made 
with a brass (nickel-plated outside) nib, 
it is well to use special needles for 
corrosive liquids or solutions of the 
noble metals. Needles made entirely 
of stainless steel are obtainable from 
Krupp on special order and these may 
be used for most acids, alkalis, dilute 
silver solutions, ete. Platinum needles 
will be supplied to order by the same 
firm. Glass needles, sealed to the 
syringe with De Khotinsky cement, 
give excellent results if properly made,* 
but must be handled with care. 

In use, the syringe is flushed twice 
or more with the liquid to be delivered, 
driving out air bubbles completely, and 
is then filled slowly until the plunger 
firmly meets the stop. The needle is 
slowly withdrawn from the solution in 
the vertical position, shaking or contact 
of the needle with the wall of the 
container being avoided. The liquid is 
delivered at once with a steady motion 
of the plunger, the syringe always being 
kept in the vertical position. 

Where possible, it is best to deliver 
with the tip of the needle immersed ; 





* Heavy-wall glass tubing of bore some- 
what smaller than the outside diameter of 
the syringe tip is drawn out with a straight 
taper of at least 3 cm. to the delivery point, 
which must be cut clean and straight and 
have a bore at the tip between 0-3 and 0-6 
mm. The end for junction with the syringe 
is enlarged by boring, blowing, or shaping, 
as is preferred, so that about 3 or 4 mm. of 
the needle will slip over the tip of the 
syringe. The junction is sealed with a liberal 
amount of De Khotinsky cement. It is well 
to polish the tip of the needle on a very 
smooth stone or with rouge. 
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quite as good results are obtained, however, if a slight amount 
of care is exercised when delivery is made in air. In the 
latter case, when the delivery is properly made, a drop of liquid 
will adhere to the tip of the needle; this is picked off completely 
by lightly touching the tip of the needle several times against the 
wall of the delivery vessel at an angle. Subsequent deliveries are 
made without necessarily flushing between each delivery; if air 
bubbles * appear on refilling (after delivery in air), it is an indication 
that the previous delivery has been made too forcibly. When not 
in use, the syringe may be either stored dry or filled with water. 
It is not necessary to grease the plunger. 

We have made a large number of calibrations of these syringes 
by weighing successive deliveries of water. When such calibrations 
are made by a routine technique without special vigilance against 
error, weights accurate to 0-1 mg. being used on a balance similarly 
precise, the indicated error in the constancy of delivery is something 
less than + 0-1 c.mm. 

The attainable precision of the syringes was tested by weighing 
successive deliveries on a more delicate balance with specially 
calibrated weights. The most careful procedure was used and 
suitable precautions were taken to eliminate errors due to evapor- 
ation, change of temperature, etc. A typical result is given below: 


UNE TION, ccrccvacsincanneianes Z. 2. 3. 4, 
H,O delivered, g. .........sss00e 1-49721 1-49721 1-49717 1-49716 
Deviation from mean, mg. + 0-022, +0022 —0018 — 0-028 


The errors in delivering viscous liquids from the ordinary pipette 
are much larger than those made with liquids of viscosity similar 
to that of water. We have found that when the syringe-pipette 
is used to deliver blood serum (viscosity about twice that of water) 
the error is practically the same as when water is delivered. 

In attaining precision of the order that we are discussing, the 
effects of even slight changes in temperature must be considered. 
Any changes in temperature of the syringe during a series of de- 
liveries are too slight to have any effect. Changes in temperature 
of the room from day to day, and even during the day, presented 
a more serious problem, which was solved by counter-balancing 
expansion in the syringe itself by the expansion of the rods (SS in 
Fig. 1). 

By choosing materials having suitable coefficients of expansion, 
the attempt was made to produce a syringe-pipette that would 
deliver the same volume of fluid at any reasonable working tem- 


* Small air bubbles which remain in the syringe do not affect the accuracy 
of the delivery unless they are subjected to variable degrees of compression. 








perati 
a seri 
The r 


Syri 
numl 


1 
2 
3 


Me 
to be 
have 
corres 
screw 
gradu 
to chi 
the in 
are 1 
made 

Sin 
purpc 
why i 
Most 
the a 
on th 
small 
theore 
by Bj 
Titrie 
19, 2’ 
of col 
itis m 
than i 
The f: 
indefi 
using 
using 
by th 
than | 

Fro 
that 1 
one a 





w= SS & &@ @ 


et NSS 











A SYRINGE-PIPETTE FOR PRECISE ANALYTICAL USAGE. 2439 


perature. The results were thoroughly satisfactory as judged by 
a series of calibrations covering the temperature range 10° to 26°. 


The results are tabulated below : 
Vol. calculated from 


Syringe Temp. ofair,syringe, Mean wt. of H,O density of H,O 
number. and water. delivered, g. (referred to 4-0°). 
1 10-6° 1-50381 1-50422 
19-5 1-50193 1-50443 
25-5 1-49997 1-50457 
2 20-0 1-52310 1-52580 
26-0 1-52083 1-52570 
3 11-0 1-33014 1-33063 
20-0 1-32834 1-33070 


Mention has already been made of the means whereby the amount 
to be delivered may be varied at will. With the stop screws we 
have been using (18 threads per cm.), each revolution of the screw 
corresponds to about 0-0160 c.c. On the smooth shank of each 
screw is a longitudinal line; the position of this line is referred to 
graduations on the top plate. It is a matter of but a few minutes 
to change the delivery to any desired amount within the range of 
the instrument. In general, we find that four fillings and deliveries 
are made with the syringe-pipette in the same time that one is 
made with other pipettes. 

Since the syringe-pipette is designed primarily for analytical 
purposes, it seems pertinent to mention briefly some of the reasons 
why it is peculiarly adapted to the requirements of precise analysis. 
Most volumetric analyses are titrimetric in nature. In general, 
the accuracy of a titrimetric determination ultimately depends 
on the concentration in which the titration is made, so that the 
smaller the volume at the end of the titration the greater is the 
theoretically attainable accuracy, a fact which has been discussed 
by Bjerrum (“‘ Die Theorie des alkalimetrischen und azidimetrischen 
Titrierungen,” Stuttgart, 1914) and Rehberg (Biochem. J., 1925, 
19, 270). Within the range of applicability the same will be true 
of colorimetric or nephelometric determinations. In other words, 
itis more advantageous to measure small volumes with high accuracy 
than it is to measure larger volumes with the same relative accuracy. 
The fact that the amount of material available for analysis is seldom 
indefinitely large is another, and frequently compelling, reason for 
using small volumes. Everything indicates the desirability of 
using concentrated reagents in small amounts; these are delivered 
by the syringe-pipette, as we have seen, with far greater accuracy 
than otherwise possible. 

From the very reason of the higher concentrations used, it follows 
that the quantities employed must be more delicately adjusted to 
one another. This is particularly true of so-called “ back-titra- 
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tions *’ where an excess of a reagent is titrated. It is here that 
the adjustable volume of the syringe is almost indispensable. 


Summary. 

A syringe-pipette is described which extends considerably the 
range of useful accuracy of volumetric procedures and delivers with 
great rapidity volumes of the order of 1—2 ¢.c. with a precision 
of 0-1 c.mm. The volume to be delivered is adjustable according 
to the needs of the operator. 

Changes in temperature, within ordinary working limits, have 
no significant effect on the volume delivered by the syringe-pipette, 
the independence of the temperature being achieved by counter. 
acting expansion with another expanding system. 

The application of the syringe-pipette to chemical analysis is 
briefly discussed. 


The participation of the junior author (A. B. K.) in this work was 
made possible by a Fellowship grant from the National Research 
Council of America. 


THE UNIVERSITY, COPENHAGEN. [ Received, July 27th, 1931.] 





CCCXXXIV..—The Determination of Chlorides with 
the Highest Accuracy. 


By Ancet B. Keys. 


THE aim of the investigations which form the subject of the present 
article was the development of a method for the determination of 
chlorides in samples containing as little as 5 mg. of chloride, with 
the further requirements that the limit of error should be smaller 
than 0-1% of the total chloride and that the analysis should be 
rapid. 

Space does not permit a review of the numerous papers on the 
quantitative estimation of chlorides; with the exception of gravi- 
metric methods, the literature list at the end of this article covers 
most of the field. Only one method, that of Sorensen (1902), is 
more than sufficiently precise, but this requires large samples and 
is very time-consuming. 

Presentation of the Method.—The present method is essentially 
a small-volume Volhard titration in which the excess of silver 
nitrate is reduced to the order of 1—2% and all operations are 
carried out in a single vessel. Both the sample for analysis and 
the silver nitrate solution are measured out with an accuracy of 
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recently been constructed in this laboratory. 
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about 1 part in 15,000 by means of the adjustable syringe-pipettes 
described in the preceding paper. The excess of silver nitrate is 
titrated with ammonium * thiocyanate (0-05 to 0-2M, depending 
on the particular requirements) by means of the Rehberg micro- 
burette (Biochem. J., 1925, 19, 270). Since the adjustment of the 
amount of silver nitrate to the amount of chloride in the sample 
for analysis is a prime necessity, the method may be most simply 
described by the consideration of a specific example. 

A solution, approximately 0-160M in chloride, is to be analysed 
by means of, say, approximately 0-150M-silver nitrate solution 
and 0-1M-ammonium thiocyanate (standardised to within 1%). 
For the delivery of the silver nitrate solution a syringe-pipette is 
available which delivers exactly 1-7000 c.c. (the temperature is not 
specified because the syringe-pipettes have hardly any temperature 
coefficient). Accordingly, 0-255 milli-equivalent of silver nitrate 
will be delivered. The Rehberg microburette, in the usual form, 
has a total range of 100 c.mm. and, if the end-point is to be reached 
at about the middle of the microburette, a total of 0-05 x 0-10, 
i.e., 0-005 milli-equivalent, of thiocyanate will be delivered and a 
similar amount of silver nitrate will be used up with the formation 
of the insoluble silver thiocyanate. There should be, then, about 
(:250 milli-equivalent of chloride in the sample, and this amount 
will be contained in 0-250/0-160 or 1-5625 c.c. if the concentration 
is 0:160M. A syringe-pipette is set to deliver about this volume 
and the exact delivery is determined by weighing the amount of 
distilled water delivered (see the preceding paper for the details 
of this simple and rapid adjustment). 

The foregoing may be termed the preliminary to analysis and 
the syringe-pipettes, having been set and calibrated, serve to analyse 
any solution which is within 2% of 0-160M in chloride. The sub- 
sequent analytical procedure may now be described in detail. The 
chloride solution is measured out into the Pyrex centrifuge titration 
tube shown in Fig. 1 by means of the appropriate syringe-pipette, 
and the silver nitrate solution is added from the other syringe- 
pipette. The tube is shaken for an instant and about 1 c.c. of 
concentrated chlorine-free nitric acid is added in a fine stream (as 
from a pipette with a narrow-bore tip), washing the sides of the 
tube completely. The tube is now stoppered with the glass capsule 
(stopper in Fig. 1) as used here in the Rehberg micro-chloride method. 
After standing over-night, or at least 2 hours, in the dark, the tube 





* Sodium and potassium thiocyanates frequently contain traces of chloride: 


this is never the case with the ammonium salt. 


t A double size with a capacity of 0-2 c.c., subdivided into c.mm., has 
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is centrifuged for 10—15 minutes at 3000 R.P.M., three drops of 
saturated ferric alum [Fe,(SO,)3,(NH,),SO,,24H,O] solution, fol. 
lowed by about 2 c.c. of ether, are added and titration is made with 
0-1M-ammonium thiocyanate delivered from the Rehberg micro. 
burette. 

Fig. 1 gives a diagrammatic representation of the appearance 
of the tube during the titration. The very fine delivery tip of the 
microburette dips directly into the titration mixture and stirring 
is accomplished by a current of washed air or nitrogen from a second 
fine glass tube reaching to within 3—4 mm. 





























nm. 2s of the top of the silver chloride precipitate. 

a ] As a result of centrifuging, the precipitate 

0 = forms a compact mass which offers very 

d | > Air little exposed surface and is almost com. 

IF pletely removed from the sphere of 
titration. 

er Titration is carried out at a rate such 

3/ that the silver thiocyanate precipitate is 

almost entirely flocked and carried to the 

4h Hl interface between the ether and _ the 

SAE] titration mixture shortly before the end- 

od =} point is reached. The end-point is taken 

P| Badles as the first definite trace of salmon-pink 

os which persists for more than 5 seconds. 

7/ F b| 6 The colourless ethereal layer and a milk- 

of | glass plate behind the titration tube afford 

8r HY, Stopper excellent conditions for comparison. To 

“f / \\ achieve the highest accuracy, in which the 

a i | end-point is judged within 0-1—0-2 c.mm. 

io \V | | of the thiocyanate, requires some practice 





| in judging the rate of titration and the 
exact end-point, but no unusual ability 
is necessary. After the burette is read, an additional c.mm. is 
added to satisfy the analyst that the end-point was correct. Titra- 
tion is carried out by white light; excellent results are obtained 
with a “ daylight ” lamp at night or in a dark room. 

The calculation of the results may be made in a variety of ways. 
The basic reaction, in milli-equivalent terms, c.c. AgNO,[AgNO,] = 
e.c. Cl-[Cl-] + e.c. NH,CNS [NH,CNS], may be used in the follow- 
ing form: mg. chloride/100 c.c. = 

10000 (c.c. AgNO,)[AgNO,] 10 (c.mm. NH,CNS)[NH,CNS] . 
2-8203 (c.c.Cl-) 2-8203 (c.c. Cl-) 

Since only 1—2% of the total silver nitrate is titrated with thio- 

cyanate, it is not necessary to know the titre of the ammonium 
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thiocyanate with extreme precision; 1%, or at most 0-5%, accuracy 
will suffice. 

Two different known amounts of chloride may be used for the 
determination of the various concentrations. This is particularly 
convenient when the strength of the thiocyanate is not known. 
Two standard chloride solutions may be used, but it is easier to 
use two different amounts of the same standard solution in view 
of the ease of adjustment of the syringe-pipettes. 


Fie. 2. 
0-2380 ee ee eph aa 








= eS OSE AEE TAS: Ss Tsk ll 
0.15000 N m Cl 








60 


50 . 








40 Z i 














Milli-equivalents chloride 

eo 

) 

| 

| 

] 
| 

hindicia 

| 

T 

| 

| 





+ 
' 














— 
i=) 
———_;— 


15350 C.C. 
015000 Nin CI 























plu l at l j | J l l | j 
10 20 30 40 650 60 70 80 90 100 
Cubic millimetres. NH,CNS. 





Sem 


0-2300 


Fig. 2 shows a typical graph of two known amounts of chloride, 
from which the milli-equivalents of chloride in the unknowns may 
be read off directly. 

Scheme for Routine Chloride Determinations.—Approximate 
chloride concentrations, where not known, are determined within 
roughly 1% by any of the numerous rapid methods which are 
available. The Rehberg micro-method (Biochem. J., 1926, 20, 
483) requires only 0-1 c.c. and is very rapid. On the basis of the 
approximate chloride concentrations, appropriate syringe-pipettes 
and suitable silver nitrate concentrations are chosen. The various 
samples and solutions are allowed to come to the same temperature. 
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The chloride unknowns and standards are delivered into the 
centrifuge titration tubes, the syringe-pipette being flushed out 
several times whenever a new solution is taken. Two or more 
tubes are used for each different solution, but the syringe-pipette 
is not flushed between these deliveries. The silver nitrate solution 
is now delivered into the tubes in lots of 5 to 10 tubes at a time. 
When the addition of silver nitrate is completed for a set of tubes, 
they are shaken, the sides washed down with the nitric acid, the 
glass capsules inserted in the mouths, and the lot placed in a dark 
room or light-tight cupboard. Several standard chlorides are 
usually included in about each fourth lot of tubes. 

On the following day the tubes are centrifuged, and returned to 
the dark to be withdrawn in sets of 5 or 6 for titration: the ferric 
alum and ether are added immediately prior to titration. In the 
meantime the microburette has been flushed out four or five times 
with the ammonium thiocyanate to be used, and both the burette 
tip and the air delivery tube wiped off with water. After the 
completion of each titration these tubes are wiped off with dry 
filter-paper, two more drops of the thiocyanate solution delivered, 
the burette tip again wiped off, and the burette re-filled. The 
silver nitrate is protected from unnecessary exposure to the light 
at all times. 

A large number of observations have shown that when the amount 
of thiocyanate needed for titration is increased much beyond 0-005 
milli-equivalent, there is a considerable loss of accuracy with the 
method. Adherence to this titration limit imposes some difficulty 
when solutions more concentrated than 800 mg. chloride/100 c.c. 
are encountered and for these cases we find it convenient to dilute 
the chloride samples before the final analysis. For example, sea 
water of salinity 35°, may be diluted with 2 parts of water. 

Results obtained with the Present Method.—The method which 
has been described enables the analyst to perform 60—70 analyses 
a day and uses only 1 to 2 c.c. in the actual determinations. With 
a 10 c.c. sample, the approximate chloride may be determined and 
an exact analysis made in triplicate. The percentage accuracy 
is related to the chloride concentration, but with concentrations 
of the order of 600 mg. Cl/100 c.c. it is not difficult to dis- 
tinguish between solutions differing by only 1 part in 10,000 of 
chloride. 

The following table gives the results of over 100 analyses made 
on 24 different solutions of four types. The figures are really for 
total halide reckoned as chloride ; as in practically all other chloride 
methods, there is no distinction made between chloride, bromide, 
and iodide. 
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Results of Chloride Determinations (g. chloride /1000 c.c.). 
Solutions of NaCl and KCl. 


5-7836 57498 5-7095 5-7261 56952 6-1595 

5-7830 5-7501 5-7092 5:7258 56952 6-1602 

5-7833 5-7486 5-7086 §°7272 5-6952 6-1600 

5°7827 5-7506 —- 5:7272 a 6-1602 

5-7836 5-7488 — — — 6-1600 

Mean 5-78324 5-74968 5:7091 5-7266 5-6952 6-1600 
Solutions containing Cl-, Na+, K+, Ca++, HCO,-, SO,--. 

5-7040 5-7191 5°7486 5:7072 6-1804 5-0381 

5:7037 5-7188 5°7515 5-7069 6-1801 5-0387 

5°7037 5-7188 5-7486 5-7076 6-1807 5-0379 

5-7019 5-7182 5°7486 5-7075 6-1804 5-0376 

— _- oo 5-7073 6-1801 5-0379 

Mean 5-7033 5:7187 5-7493 5-7073 6-1803 5-0380 

Physiological perfusion media containing Cl-, Nat, Ca++, HCO,-, urea, 

dextrose. 

6-1353 6-1758 6-9598 6-1210 6-1299 6-9594 

6°1355 6-1748 6:9587 6-1210 6-1299 6-9596 

6-1355 6-1758 6-9607 6-1212 6-1297 6-9592 

6°1351 6°1754 6-°9594 — 6-1301 6°9592 

— 6-1760 6-9596 — 6-1295 6-9598 

Mean 6-1353 6-1756 6-9596 6°1211 6-1298 6-9594 

Sea water (with high organic and nitrogen content) in various concentrations. 

6°3550 6°3250 18-9716 18-8754 18-9750 19-0650 

6-3558 6°3250 18-9704 18-8761 18-9757 19-0643 

6-3539 6°3252 18-9716 18-8754 18-9750 19-0631 

6-3548 6-3250 — 18-8750 18-9750 19-0672 

Mean 6-°3549 6°3251 18-9712 18-8755 18-9752 19-0649 


The method has been applied to routine determinations of chloride 
in this laboratory over a period of some months ; in over 700 analyses 
the average variation between duplicates has been about 1 part 
in 5000 of chloride. 
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Summary. 


A rapid method for the determination of chlorides utilising the 
Volhard titration is presented. The method uses 1—2 c.c. of 
chloride solution, and determinations in triplicate may be made 
on a sample of 10 c.c. The absolute sensitivity is of the order of 
0-001 mg. chloride. 

A scheme for routine chloride determinations is given; following 
this procedure, one analyst can make over 50 analyses per day. 
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CCCXXXV.—Researches in the Phenanthridine Series. 
Part I. A New Synthesis of Phenanthridine Homo- 
logues and Derivatives. 


By Giupert T. Morean and LEsLtIE Percy WALLS. 


Most of the work on phenanthridine was done between 1889 and 
1905 by Pictet and his co-workers, who developed a method of 
preparation (Pictet and Hubert, Ber., 1896, 29, 1182) in which 
acyl-o-xenylamines were dehydrated by fusion with zinc chloride. 
The disadvantages of this method are those inherent in the use of 
zinc chloride: long heating, wasteful methods of purification 
leading to poor yields, and inapplicability to compounds containing 
reactive substituents such as nitro-groups. 
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An improved method of preparation of phenanthridine derivatives 
is now described which obviates these difficulties. The dehydration 
of acyl-o-xenylamines has been found to proceed smoothly by 
refluxing them with phosphorus oxychloride; the reaction is fairly 
general and has been used successfully in the preparation of alkyl., 
chloroalkyl-, phenyl-, and nitrophenyl-phenanthridines. It fails, 
however, in the case of formyl-o-xenylamine, so that phenanthridine 
itself cannot be prepared in this manner. 
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Application of phosphorus oxychloride to the preparation of 9-a- 
chloromethylphenanthridine is noteworthy in that a few months ago 
the first successful application of the Bischler—-Napieralski reaction 
to a substituted chloro-acetamide was recorded (Child and Pyman, 
this vol., p. 37). In addition, the preparation of methyl-, ethyl., 
and phenyl-phenanthridines and 9-o-, 9-m-, and 9-p-nitropheny|. 
phenanthridines is described in the experimental part. These 
nitro-compounds are well-defined stable substances which are 
soluble in fairly concentrated acid. 

Pictet (Annalen, 1892, 266, 151) records the reduction of phenan- 
thridine to 9: 10-dihydrophenanthridine by tin and hydrochloric 
acid, and since the reduction of 9-nitroacridone by sodium amalgam 
in alcohol resulted in the formation of 9-amino-5 : 10-dihydro- 
acridine (Clemo, Perkin, and Robinson, J., 1924, 125, 1784), it 
seemed desirable to employ a method of reduction of the nitro- 
phenylphenanthridines which did not involve hydrogenation of 
the pyridine ring. This end was attained with iron and acidified 
water, reagents which, although not reacting with phenanthridine 
itself, reduced the isomeric 9-nitrophenylphenanthridines smoothly 
to the corresponding amines, obtained in this way as crystalline 
solids dissolving in dilute acid to diazotisable solutions. The 
soluble diazonium salts coupled with alkaline @-naphthol solution 
to yield red azo-compounds. 

A difference was exhibited in the colours of the acidic solutions 
of the isomeric bases, for whereas the o- and p-compounds furnished 
orange-red tints, the m-isomeride gave nearly colourless solutions: 
the intensity of colour was reduced by the addition of concentrated 
mineral acid. The molecules of the o- and p-compounds contain 
the possibility of quinonoid tautomerism in which reversal of 4 
long chain of conjugated linkages is involved (Watson and Meek, 
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J., 1915, 107, 1567), but a similar type of quinonoid structure 
cannot be postulated for the m-compound. 
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The effect of solution in dilute acids is to bring the selective ab- 
sorption into the range of visible colour; addition of concentrated 
mineral acid causes the attachment of a proton to each terminal 
basic group with suppression of tautomerism ; in any concentration 
the weaker acetic acid does not produce this effect. Itis noteworthy 
that 9-o- and 9-p-nitrophenylphenanthridines are yellow, whereas the 
m-compound is white; 9-o-aminophenylphenanthridine is yellow. 

The colourless acetyl compounds derived from these bases are 
conveniently converted into quaternary salts by the methods. 
employed so successfully in the acridine series by Ullmann and 
Marié (Ber., 1901, 34, 4307); addition of methyl sulphate to their 
solutions in hot nitrobenzene induced crystailisation of the quater- 
nary methosulphate. 9-0-Acetamidophenyl-10-methylphenanthridi- 
nium methosulphate forms buff-coloured needles, and the m-iso- 
meride almost colourless needles. The p-compound, a yellow crystal- 
line substance containing nitrobenzene of crystallisation, is freed 
from combined solvent by crystallisation from alcohol. Hydrolysis 
of the acetyl methosulphates proceeds readily when they are re- 
fluxed with concentrated hydrochloric acid, but the 9-aminophenyl- 
10-methylphenanthridinium chlorides, unlike the analogous acridine 
compounds (Benda, Ber., 1912, 45, 1787), do not separate on cooling ; 
they are precipitated on addition of ammonia until the solution is 
approximately of p, 5, and are readily purified by crystallisation 
from hot water. The o-compound occurs in orange prisms, the 
m-isomeride in flat yellow needles, and the p-isomeride in scarlet 
plates. The quaternary salts are moderately easily soluble in hot 
and slightly soluble in cold water, but more soluble in mineral acid. 
These three quaternary chlorides have been tested on trypanosomes 
by Professor Warrington Yorke, who finds that they have no trypano- 
cidal potency. 

EXPERIMENTAL. 
Acyl-o-xenylamines. 

Acetyl- and propionyl-o-xenylamines were obtained by warming 

the base for a few minutes with the appropriate acid anhydride, 
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and pouring the mixture into water. Although the method has 
been regarded as unsatisfactory for this series (Scarborough and 
Waters, J., 1927, 89), in our experiments both compounds were 
obtained quantitatively, and crystallised in colourless prismatic 
needles which for the acetyl compound melted at 120° (Found: 
C, 79-65; H, 6-3. C,,H,,0N requires C, 79-6; H, 6-15%), and for 
the propionyl at 67° (compare Pictet and Hubert, loc. cit.). 

Chloroacetyl-o-xenylamine.—A solution of 40 g. of o-xenylamine 
in a large volume of ether (ca. 500 c.c.) was cooled in ice and stirred 
while being treated with 14 g. of chloroacetyl chloride. The pre- 
cipitated o-xenylamine hydrochloride was washed with ether; 
the combined ethereal filtrates after successive extraction with 
dilute acid and water, were dried over anhydrous potassium car. 
bonate. On evaporation of the ether, crystalline chloroacetyl-o. 
xenylamine was left (28 g.; 93% of the theoretical yield) sufficiently 
pure for the purpose in view. It crystallised from ligroin or alcohol 
in flat colourless prisms, m. p. 98-5° (Found: N, 5-75; Cl, 14-05. 
C,,H,,ONCI requires N, 5-7; Cl, 14-45%). 

Benzoyl-o-xenylamine, prepared by the Schotten—Baumann 
method, was obtained in small needles, m. p. 86° (compare Pictet 
and Hubert, loc. cit.). 

o-Nitrobenzoyl-o-xenylamine.—To a solution of 24 g. of o-xenyl- 
amine in 15.c.c. of dry pyridine were added slowly 25 g. of o-nitro- 
benzoyl chloride, and after being heated on the steam-bath for 
1 hour the product was poured into water. On crystallisation 
from spirit, 37 g. (82% yield) of small, pale yellow, prismatic needles 
were obtained, m. p. 129—131° eee: N, 8-9. Cy 9H,,05N, 
requires N, 8-8%). 

This method, using the appropriate nitrobenzoyl chloride, was 
employed in the preparation of m-nitrobenzoyl-o-xenylamine (41 g.; 
yield, 91%), colourless prismatic needles, m. p. 134° (Found: N, 
9-05%), and p-nitrobenzoyl-o-xenylamine (39 g.; yield, 86%), pale 
yellow, prismatic needles, m. p. 158-5° (Found : N, 8-65%). 


Alkyl- and Aryl-phenanthridines. 
9-Methylphenanthridine —Acetyl-o-xenylamine (5 g.) was heated 
gently with twice its weight of freshly distilled phosphorus oxy- 
chloride in a dry atmosphere. The vigorous effervescence of 
hydrogen chloride subsided after a few minutes, but slow ebullition 
was continued for 1 hour. Excess of phosphorus oxychloride was 
distilled away under reduced pressure, and the residual gum warmed 
with dilute hydrochloric acid (80 c.c. N; an excess required owing 
to the low solubility of 9-methylphenanthridine hydrochloride). 
The acid solution, after filtration from a small insoluble residue, 















R 


was | 
ether 
the € 
volur 
anthi 
need 
yield, 
80°) i 
for C 

Fo: 
pared 
conve 
acety 
slowl 
hours 
lixivi 
zinc | 
poure 
oil, a 
reduc 
solidi 
white 
foreg 

9-F 
amine 
the 
lised 
plate: 
N, 6: 

9-w 
g.) al 
resid 
was ¢ 
sulph 
The e 
B33 
The , 
easily 
readil 
phori 
Cl, 15 
9-Phe 
xenyl: 
of the 


has 
und 
ere 
tic 
id: 
for 


ine 


tly 
hol 
05. 


nn 


yl. 
r0- 
for 
on 
les 
N; 


‘as 


B: 
N, 
ile 


| 


mn 
AS 
d 


g 














RESEARCHES IN THE PHENANTHRIDINE SERIES. PART I. 2451] 


was basified with ammonia, and the liberated oil extracted with 
ether. The extract was dried over anhydrous sodium sulphate, 
the ether evaporated, and the residue crystallised from a large 
volume of alcohol containing hydrochloric acid. 9-Methylphen- 
anthridine hydrochloride was obtained in almost colourless, felted 
needles, from which the base was liberated as a white solid (3-2 g.; 
yield, 70%), conveniently crystallised from petroleum (b. p. 60— 
80°) in white opaque needles, m. p. 84° (Found : N, 7-5, 7:25. Cale. 
for C,4H,,N: N, 7-:25%). 

For purposes of comparison, 9-methylphenanthridine was pre- 
pared by Pictet’s method (Pictet and Hubert, loc. cit.), a more 
convenient method of purification being employed. Ten g. of 
acetyl-o-xenylamine and 30 g. of zinc chloride sticks were heated 
slowly to 250—300° and maintained between these limits for 3 
hours. Excess of zinc chloride was extracted from the mass by 
lixiviation with water, and the horny residue, which still contained 
zine compounds, was extracted with alcohol. This solution was 
poured into concentrated aqueous sodium hydroxide, and the basic 
oil, after being separated in ether and dried, was distilled under 
reduced pressure. The fraction (23 g.) collected above 200°/14 mm. 
solidified ; it crystallised from petroleum (b. p. 60—80°) in opaque 
white needles, m. p. 83—83-5° (alone and in admixture with the 
foregoing preparation). 

9-Ethylphenanthridine was prepared from propionyl-o-xenyl- 
amine (5 g.) and phosphorus oxychloride (10 g.) as described for 
the methyl compound. The crude product (4-3 g.), directly crystal- 
lised from petroleum (b. p. 40—60°), gave the base in fine colourless 
plates (3-6 g.; yield, 80%), m. p. 56-5° (Found: C, 87-3; H, 6-45; 
N, 6-9. Cale. for C,;H,,N: C, 86-95; H, 6-3; N, 6-8%). 

9-«-Chloromethylphenanthridine.—Chloroacetyl-o-xenylamine (27 
g.) and phosphorus oxychloride (54 g.) reacted vigorously. The 
residual gum after removal of excess of phosphorus oxychloride 
was extracted several times with hot dilute sulphuric acid, the 
sulphate of the base being more soluble than the hydrochloride. 
The extract on neutralisation yielded a mass of white needles (20 
g.; yield, 80%), m. p. 134° after recrystallisation from alcohol. 
The chloro-compound was very soluble in benzene, moderately 
easily in hot alcohol, but much less in petroleum; it dissolved 
readily in aqueous dilute mineral acids, but was insoluble in phos- 
phoric and dilute acetic acids (Found: C, 73-6; H, 4-45; N, 6-25; 
Cl, 15-4. C,,H,)NCl requires C, 73-9; H, 4-4; N, 6-15; Cl, 15-6%). 
9-Phenylphenanthridine was prepared similarly from benzoyl-o- 
xenylamine (4 g.) and phosphorus oxychloride. Neutralisation 
of the acid extract gave the base (2-9 g.; yield, 75%), which was 
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soluble in dilute phosphoric acid. It crystallised from benzene, 
alcohol, or petroleum in white plates, m. p. 105—106-5° (Found: 
N, 5-55. Cale. for C,yH,,N: N, 55%). Pictet and Hubert (loc. 
cit.) gave m. p. 109°, but a specimen prepared by their method 
melted at 105—106° and gave no depression on admixture with 
our product. 

9-0-Nitrophenylphenanthridine.—o-Nitrobenzoyl-o-xenylamine (20 
g.) was refluxed for 2 hours with phosphorus oxychloride (40 g.). 
The initial vigorous evolution of hydrogen chloride slackened after 
20 minutes; the solution deepened in colour from pale yellow to 
dark brown. Removal of excess of oxychloride left a gum, which 
was heated with 2N-caustic soda solution. On cooling, a brown 
crystalline solid was obtained which was boiled with an excess 
of 2N-sulphuric acid (250 c.c. in three portions; the hydrochloride 
is less soluble); a residue of tar was neglected. Addition of am- 
monia to the extract precipitated a buff-coloured solid (15-5 g.). 
Crystallisation from benzene gave yellow leaflets which effloresced 
on exposure and had an indefinite melting point. The presence 
of benzene of crystallisation appeared probable, and by crystal- 
lisation from alcohol pale yellow prisms of sharp melting point 
122-5° were obtained (14 g.; yield, 74%). The nitro-compound, 
which was quite stable to light and to moist air, was very soluble 
in benzene and acetone, less soluble in alcohol, and almost insoluble 
in petroleum; it gave crystalline salts from dilute mineral acids 
(2N) (Found: C, 75-85; H, 4:3; N, 9-25. C,gH,.0O,N, requires 
C, 76-0; H, 4:0; N, 9-35%). 

9-m-Nitrophenylphenanthridine was prepared similarly from 
m-nitrobenzoyl-o-xenylamine (20 g.), except that the product was 
worked up differently owing to its lower solubility in acid. In this 
case there was no formation of tarry products. The gum left after 
removal of the excess of phosphorus oxychloride, when heated with 
caustic soda solution, was converted into a white powder (18 g.), 
which crystallised from benzene-alcohol in long felted white needles 
of 9-m-nitrophenylphenanthridine (11-5 g.; yield, 61%), m. p. 
172°; the mother-liquor contained unchanged acyl compound. 
Crystallised from a large volume of alcohol, the nitro-compound 
separated in transparent white prismatic needles of the same melting 
point (Found: C, 75-95; H, 4-15; N, 9°35%). 

9-p-Nitrophenylphenanthridine.—Incomplete ring closure, occur- 
ring also in the preceding preparation, made the purification of this 
substance more difficult. p-Nitrobenzoyl-o-xenylamine (13 -) 
was boiled for 3 hours with a large excess of phosphorus oxychloride 
(65 g.). By working up the product by the method described for 
the m-compound, a pale yellow powder was obtained which was 
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crystallised from a mixture of equal volumes of alcohol and benzene. 
The first crop (3-2 g.) consisted of pure 9-p-nitrophenylphenanthridine ; 
evaporation of the mother-liquor left a mixture of this substance 
and -nitrobenzoyl-o-xenylamine, which was boiled again with 
phosphorus oxychloride and worked up in the same way. By a 
repetition of this process, eventually 8 g. of pure 9-p-nitrophenyl- 
phenanthridine were obtained (yield, 65%) in long felted yellow 
needles, m. p. 192°. This nitro-compound was slightly soluble 
in 2N-hydrochloric acid; it dissolved readily in hot benzene or 
acetone, but was much less soluble in alcohol (Found: C, 76-1; 
H, 4:2; N, 9-45%). 


Aminophenylphenanthridines. 


9-0-A minophenylphenanthridine.—9-o-Nitrophenylphenanthridine 
(10 g.) and iron filings (10 g.) were ground together and heated with 
acidified dilute alcohol. Reduction commenced on boiling, and 
black iron oxide formed; after 6 hours’ ebullition, excess of chalk 
was added.- The dried residue after draining from water was 
extracted in a Soxhlet apparatus with chloroform; the extract 
on cooling deposited the base in transparent yellow plates (6 g.; 
2nd crop, 1-8 g.; yield, 90%). The pure base crystallised from 
benzene, and melted at 168-5° (Found: C, 84:9; H, 5-25; N, 
10-2. C,9H,,N, requires C, 84-45; H, 5-2; N, 10-35%). 

The amine dissolved in boiling dilute hydrochloric acid to an 
orange-red solution which deposited, on cooling, transparent brown- 
ish-yellow prisms of the hydrochloride. On addition of sodium 
nitrite to a hydrochloric acid solution, a bright yellow flocculent 
precipitate of the diazonium salt formed which dissolved on dilution ; 
this solution gave with alkaline B-naphthol a red precipitate of the 
azo-compound. The base was acetylated by warming with acetic 
anhydride for 5 minutes at 100° and pouring the solution into water. 
The acetyl compound, obtained in colourless cubes by crystallisation 
from benzene, contained solvent of crystallisation (Found: loss 
of weight on heating, 11-55, 11-35. C,,H,,ON,,3C,H, requires 
loss, 11-19%). The solvent-free product melted at 185° (Found : 
C, 80-75; H, 5-05; N, 89. C,,H,g,ON, requires C, 80-75; H, 
5:15; N, 9-0%). 

9-m-Aminophenylphenanthridine was obtained in good yield by 
the reduction of the nitro-compound in acidified dilute alcohol 
with iron; the base was separated from unreduced nitro-compound 
by extraction of the crude product with hot 0-5N-hydrochloric 
acid. It crystallised from a large volume of benzene in clumps of 
discoloured irregular prisms, m. p. 159—161° (Found: C, 84-25; 
H, 5-6; N, 10-0. C, gH,4N, requires C, 84-45; H, 5-2; N, 10-35%). 
4L 
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By warming the base with acetic anhydride for 5 minutes and 
pouring the solution into water, the acetyl compound was obtained. 
It was crystallised by dissolving it in pyridine at 100° and adding 
an equal volume of boiling petroleum (b. p. 80—100°); on cooling, 
colourless prisms, m. p. 237-5°, separated (Found: C, 80-75; H, 
5-3; N, 8-9. C,,H,,ON, requires C, 80-75; H, 5-15; N, 90%). 

9-p-Aminophenylphenanthridine was prepared similarly from the 
9-p-nitro-compound. It proved difficult to purify by crystallisation 
and was converted directly into the acetyl compound by warming 
with acetic anhydride. After removal of coloured impurities by 
heating with benzene, it crystallised from pyridine and petroleum 
in colourless prismatic needles, m. p. 219° (Found: C, 81-25; H, 
5-2; N, 9-15. C,,H,,ON, requires C, 80-75; H, 5-15; N, 9-0%). 
By crystallisation from alcohol, irregular prisms were obtained 
which lost solvent of crystallisation at 120—130° and then melted 
sharply at 219°. 

Hydrolysis of 9-p-acetamidophenylphenanthridine. When a solu- 
tion of this compound in alcohol containing 10% hydrochloric acid 
was boiled, the colour deepened to orange and an intractable gelatin- 
ous complex containing acid separated. Hydrolysis could not be 
effected by this method. The acetyl compound (3 g.) was boiled 
with 50 c.c. of alcohol containing 10% caustic potash; hydrolysis 
proceeded smoothly and after 1 hour crystals of the base began to 
separate. After 3 hours, most of the alcohol was removed by 
evaporation, excess of water added, and the crystalline product 
collected and dried. It was slightly soluble in benzene and chloro- 
form, moderately easily soluble in alcohol, and very soluble in 
nitrobenzene, aniline, and pyridine. It was conveniently recrystal- 
lised from pyridine-petroleum (b. p. 80—100°), forming clusters 
of small, felted, slightly discoloured needles, m. p. 197—199° (Found : 
C, 84-45; H, 4:9; N, 10-3. Cy, 9H,,N, requires C, 84-45; H, 5:2; 
N, 10-35%). The base dissolved in dilute acid to a deep orange- 
red solution; the colour was repressed by concentrated mineral 
acid but not by acetic acid. 


Quaternary Salts of the Phenanthridine Series. 


9-0-Acetamidophenyl-10-methylphenanthridinium Methosulphate.— 
9-o-Acetamidophenylphenanthridine (5 g.) was dissolved in nitro- 
benzene (30 c.c.), and the solution boiled to expel moisture. The 
temperature was allowed to fall slightly, and methyl sulphate (2-2 
g.) added with shaking. Heat was liberated and the colour of the 
solution deepened to red. After a few minutes, buff-coloured 
needles separated rapidly; they were drained and washed with 
benzene and then with ether (yield, 5-5 g.). The quaternary salt 
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was moderately easily soluble in water or alcohol, but almost in- 
soluble in organic non-hydroxylic solvents. It melted at ca. 225° 
(decomp.) but sintered and darkened at a lower temperature (Found : 
C, 63-15; H, 5-0; N, 6-45; S, 7-1. C,3H,.0;N,S requires C, 63-0; 
H, 5-0; N, 6-4; S, 7-3%). 

9-0- Aminophenyl - 10-methylphenanthridinium Chloride.—The 
quaternary acetyl compound (4 g.) was refluxed for 1 hour with 
5N-hydrochloric acid (18 c¢.c.). No crystals separated from the 
cold yellow solution, but when ammonia was added dropwise until 
neutrality was almost attained (about py 5) a yellow precipitate 
formed which redissolved on boiling to an orange-red solution. 
Clusters of orange-yellow prisms separated on cooling (2-7 g.). 
The salt was moderately easily soluble in hot water, but only slightly 
so in cold; it was more soluble in mineral acid. When heated 
above 170°, it became deep red and sintered, but melted fairly 
sharply at 226° with vigorous decomposition (Found: C, 71-3; 
H, 5-5; N, 83; Cl, 10-4. C,)H,,N,Cl,H,O requires C, 70-9; H, 
56; N, 8-3; Cl, 105%. CO, )H,;N,Cl requires C, 74-9; H, 5-3; 
N, 8-75; Cl, 11-1%). 

9-m-Acetamidophenyl-10-methylphenanthridinium _methosulphate, 
prepared in the same way as its isomeride, separated from nitro- 
benzene solution in almost colourless, prismatic needles, which 
were recrystallised from alcohol. The quaternary salt became 
yellow at 170° and melted at ca. 209° (decomp.) (Found: C, 63-3; 
H, 5-1; N, 6-2; 8S, 7-1. C,.3H,.O;N,S requires C, 63-0; H, 5-0; 
N, 6-4; S, 7-3%). 

9-m-Aminophenyl-10-methylphenanthridinium chloride, obtained 
by hydrolysis of the preceding compound, separated from water 
as flat yellow needles of similar properties to its isomeride. It 
deepened in colour at 160°, sintered rapidly at 218°, and melted 
at 222° (decomp.) (Found: C, 70-8; H, 5-65; N, 8-4; Cl, 10-35. 
C,5H,,N,Cl,H,O requires C, 70-9; H, 5-6; N, 8-3; Cl, 10-5%). 

9-p-Acetamidophenyl-10-methylphenanthridinium Methosulphate.— 
When 9-p-acetamidophenylphenanthridine (3-5 g.) in hot nitro- 
benzene (35 c.c.) was treated with methyl sulphate (1-5 g.) under 
the conditions already described, yellow transparent plates were 
precipitated (5-2 g.). The yield was greater than that calculated 
from the sum of the weights of the reactants, and when boiled with 
water the substance dissolved with liberation of nitrobenzene. 
Crystallisation of the complex from alcohol gave a solvent-free 
product in yellow prisms (3-5 g.), and from the mother-liquor a 
good yield of nitrobenzene was obtained by distillation in steam. 
The first product was evidently a double compound of the quaternary 
salt and nitrobenzene—a hypothesis confirmed by an analysis for 
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nitrogen. The salt darkened at 170° and decomposed at ca. 228° 
(Found for the complex containing nitrobenzene: N, 7-4. 
C.3H,.0;N,S,C,H;*NO, requires N,7-5%. Found for thesaltcrystal- 
lised from alcohol : C, 63-2; H, 4-85; N, 6-15; 8, 7-2. C.3H..0;N.S 
requires C, 63-0; H, 5-0; N, 6-4; S, 7-3%). 

9-p-Aminophenyl-i0-methylphenanthridinium chloride was pre- 
pared in the same way as its isomerides, which it resembled. It 
crystallised from hot water in clusters of scarlet plates, almost 
insoluble in cold water but very soluble in acid. It melted with 
vigorous decomposition at 247° after sintering at a lower temperature 
(Found: C, 71-25; H, 5:5; N, 8-5; Cl, 10-45. OC, 9H,,N,Cl,H,0 
requires C, 70-9; H, 5-6; N, 8-3; Cl, 10-5%). 

CHEMICAL RESEARCH LABORATORY, 

TEDDINGTON, MIDDLESEX. [Received, July 31st, 1931.] 





CCCXXXVI.—The Ignition of Gases. Part VI. 
Ignition by a Heated Surface. Mixtures of Methane 
with Oxygen and Nitrogen, Argon, or Helium. 


By CLement ALBERT NAyYLor and RicHARD VERNON WHEELER. 


In Parts II and IV of this research (J., 1922, 121, 2079; 1924, 
125, 1869), the phenomena of the ignition of methane—air mixtures 
by heated surfaces are discussed. The work has been continued 
during the past seven years, the lag on ignition, in particular, 
being studied with a view to determine the factors that control it. 
The experimental method was a modification of that used by 
Mason and Wheeler (loc. cit.), wherein the inflammable mixture to 
be studied was rapidly admitted to an evacuated vessel of quartz, 
heated to the desired temperature. The lowest temperature of the 
reaction-vessel necessary to cause the mixture admitted to it to 
inflame, no matter how long after its admission, is recorded as the 
“‘ignition-temperature ” of that mixture. The values for different 
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mixtures are relative only, being dependent, for example, on the 
size of the reaction-vessel. ‘The modification of the method intro- 
duced by us enabled the gas mixtures to enter the heated vessel 
more rapidly than in Mason and Wheeler’s experiments, so that 
zero time was more sharply defined. The “ ignition-temperatures ” 
recorded for similar mixtures in the two researches under otherwise 
identical conditions differ slightly on this account. 

The results of the present research show that, under the conditions 
of experiment, the reactions between methane and oxygen (in 
admixture with an inert gas) resulting in the production of flame 
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are thermal reactions catalysed by the products of an initial slow 
and flameless combustion. This appears to be the view held by 
Egerton (see Nature, 1927, 120, 694). 

Two reaction-vessels were used for the experiments with methane 
and air, both of transparent quartz, the one of 48 c.c. (ratio, 
surface : volume 1-3) and the other of 440 c.c. capacity (ratio, 
surface : volume 0-6). The ignition-temperatures for all mixtures 
of methane and air were lower in the larger vessel. The reason 
for this has been explained, in the light of knowledge then available, 
in J., 1922, 121, 2079. 

The heat developed by the oxidation of the products of the 
initial slow combustion is in part absorbed by the inert gas present, 
so that the total amount of heat acquired by the reacting gases 
depends upon the thermal properties of the inert gas. When the 
nitrogen in methane—air mixtures is replaced by argon, having both 
a lower specific heat and a lower thermal conductivity, the ignition- 
temperatures are lowered, whilst replacement by helium, of high 
thermal conductivity, raises them. The loss of heat to the walls 
of the reaction-vessel in unit time is considerably greater when 
helium is present than with either argon or nitrogen. The acceler- 
ation of the reactions is therefore checked by the presence of helium, 
and a higher initial temperature is required to enable them to 
acquire sufficient speed to produce flame. 

Formaldehyde and carbon monoxide are produced during the 
period of lag. The addition of small amounts of formaldehyde or 
carbon monoxide to any methane—air mixture lowers its ignition- 
temperature and shortens the lag on ignition, formaldehyde being 
the more effective. It can be presumed that the formaldehyde 
ordinarily produced by the oxidation of methane during the period 
of lag catalyses the subseqvent reactions in the same way as does 
the added formaldehyde. 

The addition of traces of iodine, ethyl iodide, ethyl bromide, 
carbon tetrachloride or lead tetraethyl to methane-air mixtures 
raises their ignition-temperatures and decreases the rates of the 
reactions that occur below the ignition-temperatures. The view 
held by Egerton (loc. cit.) is that, the combustion of hydrocarbons 
being autocatalytic, “ anti-knocks,” such as lead tetraethyl, delay 
oxidation by destroying the catalyst. The inhibiting action of these 
substances appears to take place on the surface of the reaction-vessel. 

With mixtures of methane and oxygen, the slow flameless com- 
bustion, according to Fort and Hinshelwood (Proc. Roy. Soc., 1930, 
A, 129, 284), is a ‘‘ chain reaction,’ and the influence of the 
methane-concentration is great compared with that of the oxygen- 
concentration. In our experiments with the oxygen diluted by 
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different inert gases, on the contrary, the rate of reaction is influenced 
mainly by the concentration of the oxygen. Further, a “ chain 
reaction”’ is characterised by a high temperature coefficient. 
Although we cannot calculate the temperature coefficient exactly 
from our results, we can obtain approximate values if we assume 
the reciprocal of the lag on ignition to be a measure of the velocity 
of the reaction. The temperature coefficient is low and decreases 
with increasing temperature, as the following calculations, using 
the Arrhenius equation, show : 








Small Large 
reaction-vessel. reaction-vessel. 
Methane Temp. 
in air, %. range. K. E. K. E. 
4 f 700—800° 1-19 35,500 1-15 31,000 
( 800—900 1-14 34,000 
8 J 700—790 1-22 41,000 1-14 30,000 
L 790—900 1-15 34,000 
12 J 730—800 1-25 48,000 1:13 28,000 
L 800—900 1-19 44,500 


The heats of activation are also given in this table. The average 
value for the small vessel is 40,000 calories, as compared with 
65,000 calories recorded by Fort and Hinshelwood for methane- 
oxygen mixtures. On the “chain reaction ’’ hypothesis, it can be 
assumed that the presence of an inert gas breaks the chain. The 
high concentration of inert gas in our experiments has apparently 
prevented the propagation of any “ chain reaction.” 


EXPERIMENTAL. 


The apparatus used (Fig. 1) consisted of a cylindrical vessel of 
quartz, A, heated to the desired temperature by a platinum-wound 
electric resistance furnace, B. The ends of the furnace were water- 
cooled and the winding was so arranged as to give a uniform tem- 
perature over the length occupied by the reaction-vessel. Tem- 
peratures were measured by a platinum and platinum-rhodium 
thermo-couple and a milli-voltmeter. One end, a, of the reaction- 
vessel was attached by a ground joint to a glass gas-holder, C, and 
the other end, 6, by a similar joint, to a three-way tap, D. ‘This 
tap allowed of communication between the reaction-vessel and 
either a recording manometer or an evacuated glass globe, E, of 
4 |. capacity. 

In carrying out an experiment, the temperature of the furnace 
was adjusted with the reaction-vessel filled with nitrogen. To the 
gas-holder (a bell-glass standing in a mixture of glycerol and water), 
there was introduced from a storage-holder just sufficient of the 
required gas-mixture to fill at atmospheric pressure the heated 
reaction-vessel and its connexions, which were then thoroughly 
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evacuated. The measured quantity of the gas-mixture was allowed 
to enter the reaction-vessel rapidly by suitable manipulation of the 
taps on the apparatus. During determinations of the ignition- 
temperatures and lags on ignition, the three-way tap, D, was in 
communication with the manometer. If it was desired to sample 
the gases in the reaction-vessel during the lag period, the tap, D, 
did not communicate with the manometer, but was in such a 
position that, after a given interval of time, it could be turned to 
connect the reaction-vessel with the evacuated globe, E, whence 
the sample was subsequently removed through a Sprengel mercury 
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pump for analysis. To preserve constancy of condition of the 
quartz surface, the reaction-vessel was rapidly evacuated after each 
experiment and filled with nitrogen (see J., 1922, 121, 2091). 

The Influence of the Size of the Reaction-vessel.—Taffanel and Le 
Floch (Compt. rend., 1913, 157, 469), using a similar method of 
experiment to ours, which originated with Mallard and le Chatelier 
(Ann. Mines, 1883, 4, 280), have shown that, for a given mixture 
of methane and air in two quartz reaction-vessels of 15 and 275 c.c. 
capacity, the ignition temperature was lower in the larger vessel. 
We confirm this. Our experiments, with reaction-vessels of 48 and 
440 c.c. capacity, are not directly comparable with those of Taffanel 
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and Le Floch, or with our earlier experiments, because of differences 
in experimental method. The results, which include determinations 
of the lags on ignition at different temperatures as well as the 
ignition temperatures, are recorded in Tables I and II. 


TABLE I. 
Relative Ignition-Temperatures of Methane—Air Miztures. 
Reaction-vessel, 48 c.c. Reaction-vessel, 440 c.c. 
Ratio, surface : volume 1-3. Ratio, surface : volume 0-6. 
Ignition- Lag at ignition- Ignition- Lag at ignition- 
CH,, %.- temp. temp., secs. temp. temp., secs. 
2-25 — — 650° 9-5 
2-95 682° 10-6 641 13-2 
4-55 —_ — 636 12-4 
5-15 —_ —_— 634 16-5 
5-40 679 18-6 — — 
5-80 — — 632 18-5 
6-40 678 16-0 632 16-1 
7-65 —_ — 634 12-1 
8-30 690 13-9 — = 
8-65 — — 635 12-0 
9-00 —_ — 636 — 
10-00 — — 638 14-5 
10-20 704 9-8 _- — 
11-90 — — 643 13-5 
13-75 728 6-3 “= aa 
14-10 — — 649 10-2 
TABLE II. 


Lags on Ignition of Methane—Air Mixtures at Temperatures higher 
than their Ignition-Temperatures. 





Lag., secs. 
- 
Reaction-vessel, Reaction-vessel, 
Temp. CH,, %. 48 c.c 440 c.c. 
1-60 —- 3-06 
3-90 4-96 3°27 
700° 7-95 8-92 3-71 
> -65 11-75 4-03 
12-65 — 4:33 
15-60 os 5-19 
1-90 1-33 1-53 
| 3-90 1-56 1-67 
750 8-70 2-44 2-07 
| 13-00 3-56 2-25 
17-65 a 2-67 
1-65 0-64 0-83 
| 3-90 0-75 0-85 
800 7-95 0-93 1-10 
| 12-65 1-27 1-26 
15-60 1-61 1-36 
1-90 0-23 0-24 
3-90 0-28 0-29 
900 8-70 0-32 0:36 
| 13-00 0-36 0-44 
17°65 0-40 0-51 
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From the curves in Fig. 2 (ignition-temperatures), it is evident 
that the rates of the reactions resulting in flame are influenced 
mainly by the concentration of the oxygen in methane-air mixtures. 
The same conclusion is to be drawn from the records of lags on 
ignition at different temperatures (Table II), which are all shorter 
the higher the concentration of the oxygen. Comparing the results 
in the two reaction-vessels, the rate at which the heat of the reactions 
is communicated to the wall of the vessel is proportional to its 
area, and is lower the less the ratio surface-volume. At low tem- 
peratures, therefore, when the lags on ignition are comparatively 
long, the rate of transference of heat to the wall of the reaction- 
vessel is a dominant factor, but at high temperatures, when the 
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lags are short, the rate of attainment of thermal equilibrium when 
the gas-mixture is admitted to the heated reaction-vessel assumes 
importance. Temperature equilibrium is attained more rapidly in 
the smaller vessel. The lags, therefore, are shorter in the smaller 
vessel at high temperatures. 

Temperatures higher than 900° could not conveniently be used 
with the 440 c.c. reaction-vessel. Determinations of the lags have, 
however, been made up to 1175° in the smaller vessel and the 
results are recorded in Table III. From these results it is possible 
to estimate the temperature necessary to cause the ignition of any 
mixture of methane and air with a given short interval of time of 
contact between the mixture and the heated surface. For example, 
to ignite a mixture containing 10% of methane in 0-001 sec. would 


require a temperature of 1590°. 
4L2 
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Temp. CH,, %- Lag., sec. Temp. CH,, %. 
2-50 0-16 2-50 
4-95 0-19 4-40 
8-65 0-25 7-95 
ih t™ 4 12-50 0-26 tia 11-40 
925 16-05 0-30 1025" ) 15-50 
21-00 0-37 20-45 
26-40 0-36 22-00 
2-50 0-09 26-30 
6-45 0-13 2-50 
8-45 0-15 7-30 
975° . 11-90 0-16 1075°_ - 11-40 
16-00 0-19 18-50 
19-40 0-20 27-50 
26-40 0-24 ( 6-65 
1175 12-00 
_ J 18-50 
| 24-70 
Fie. 3. 
770 
[ 
i—t--4 / 
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The Influence of Chemically Inert Gases.—With mixtures of 
methane and oxygen, no diluent gas being present, the lowest 
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Lag., sec. 
0-05 
0-07 
0-08 
0-09 
0-12 
0-12 
0-14 
0-15 
0-037 
0-052 
0-059 
0-072 
0-100 
0-013 
0-020 
0-033 
0-041 
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ignition-temperature is obtained with the mixture for complete 
combustion, though a curve (see Fig. 3) showing the relationship 
between the ignition-temperatures and the percentages of methane 
in the mixtures shows that the rates of the reactions are rather 
more dependent on the oxygen than on the methane concentration. 
This observation is confirmed by measurements of the lags on 
ignition at 650°, for the lags, over a wide range of mixtures, were 
shorter the higher the concentration of the oxygen (see Table IV). 


TABLE IV. 
Lag on Ignition of Methane—Oxygen Mizxtures at 650°. 


(Reaction-vessel, 48 c.c. Ratio, surface : volume 1-3). 
CH, % =... 22:90 28-25 38-30 39-75 43-65 47:00 50-15 5 
Lag., S€CS.... 1-16 1-28 1-33 1-51 1-65 1-87 2-18 Z 


rs 


‘40 
8 


2 


~~] 


With the addition of nitrogen, as in methane-air mixtures, the 
ignition-temperatures are higher and, as we have seen, their values 
are markedly dependent on the oxygen-concentration. This sug- 
gested that the nitrogen might not be acting merely as a diluent. 
Comparative series of determinations were therefore made, in a 
50 * c.c. reaction-vessel, in which the nitrogen of air was replaced 
by an equal amount of (a) argon and (b) helium. The results are 
recorded in Table V, together with those for methane-oxygen 
mixtures. 

TABLE V. 


Relative Ignition-Temperatures of Methane—Oxygen, Methane- 
Oxygen—Argon, and Methane—Oxygen—Helium Mixtures. 











Methane— Methane— 
Methane—Oxygen. Oxygen—Argon. Oxygen-—Helium. 
in ——__ ~ 
Methane, Ignition- Methane, _Ignition- Methane,  Ignition- 
%. temp. %. temp. %. temp. 
4-95 615° 3°95 663° 4-10 698° 
14-25 598 5-10 662 4-65 696 
17-70 594 5°85 662 5-00 695 
21-35 585 6-80 668 5-60 697 
27-50 580 7°85 671 6-45 699 
33°00 576 9-05 678 7-05 702 
36-80 575 9-75 681 7-45 703 
41-35 578 11-15 690 7-65 706 
48-90 591 12-00 699 9-70 715 
56-20 636 13-55 709 12-00 736 
58-05 651 14-00 766 


The effects of argon and helium are what would be expected 
from the thermal properties of these gases (see p. 2457), the character 
of the curves relating percentages of methane to ignition-temper- 


* The 48-c.c. vessel used for the experiments with methane—oxygen mixtures 
was broken by an explosion. 





2464 NAYLOR AND WHEELER: THE IGNITION OF GASES. 


atures being no different from that for methane—air mixtures (see 
Fig. 3). An ignition-temperature curve for methane—air mixtures 
in the 50-c.c. vessel has been added to Fig. 3 (in dotted line) for 
comparison. Each of the three gases, nitrogen, argon, and helium, 
therefore, acts merely as a diluent of the oxygen. 

The Period of Lag.—A study of the reactions taking place during 
the pre-flame period was made by analyses of the gases during 
series of experiments with a 5-8% methane—air mixture in the 
440 c.c. reaction-vessel. In individual experiments, the contents 
of the reaction-vessel were rapidly removed, in the manner pre- 
viously described, after a measured interval of time. ‘Temperatures 
of 624°, 634°, and 655° were used. The mixture did not ignite at 
624°, whilst at 634° and 655° the lags were 16-3 and 8-32 secs. 
respectively. The results are recorded in Table VI. 


TaBLE VI. 
Analyses of Gases during Period of Lag on Ignition. 


(Methane-air, 5-8% methane.) 





Duration Analysis of gases, per cent. 
of 
heating. CO,. O,. co. CH,. H-CHO. H,0. 
Temperature 624°. 

5 secs. 0-07 18-60 0-11 4:10 1-52 1-88 
ws 0-17 14-82 0-45 4-07 1-11 2-35 
IS ns 0-32 15-33 1-19 3-63 0-66 3°67 
ae 0-37 15-80 1-39 3°70 0°34 3°86 
30 ,, 0-77 15-38 1-73 3°14 0-16 5-16 

1 min. 1-82 13-05 1-81 2-12 0-05 7:32 

2 mins. 2-96 11-96 1-31 1-52 0-04 8-53 

3 5s 3°29 10-25 0-84 1-1] 0°54 8-82 

4 5 3-68 10-82 0-47 0-74 0-76 9-21 

5 5s 3-84 10-57 0-54 0-58 0-83 9-60 
20 5, 4-82 9-31 0-14 0-34 0-54 10-38 

Temperature 634°. 

1 sec. 0-11 19-13 nil 5-45 0-26 0-48 

4 secs. 0-12 18-96 nil 5-38 0-31 0-56 

7 0-09 18-95 0-10 5-27 0-35 0-75 
ws 0-18 17-84 0-53 4-57 0-53 1-96 
13 ,, 0-53 16-80 0-77 4-13 0-40 2-99 
30 ts 3°59 12-15 nil 2-16 0-06 7-26 
16 ,, 5:47 8-17 0-08 0-06 0-21 11-30 

T'emperature 655°. 

1 ws 0-08 19-15 0-07 5-54 0-12 0-42 

2 0-16 18-83 0-05 5-42 0-18 0-60 

3 5 0-12 19-19 0-09 5-57 0-04 0-43 

5 5, 0-13 18-90 0-16 5°45 0-06 0-65 

7 o 0-58 17-47 0-43 4-73 0-07 2-09 

S w 3-58 12-07 nil 2-16 0-07 7:23 


The percentages of formaldehyde and steam are calculated from 
the carbon and hydrogen balances. Tests for formaldehyde were 
made during each experiment by confining a portion of the sample 
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of gases over water to which phenylhydrazine hydrochloride, 
potassium ferricyanide and hydrochloric acid were subsequently 
added. Positive results were obtained in the majority of the tests 
and the intensity of the colour produced served as a rough guide 
to the quantities of formaldehyde present. 

With a view to isolate any other intermediate compound that 
might be formed during the lag period, 40 1. of a 5-8% methane-air 
mixture were passed slowly through the reaction-vessel heated at 
624°, and the products led through a vessel cooled by solid carbon 
dioxide-ether and thence into water. Both the condensed liquid 
and the water solution were tested for alcohols, aldehydes, organic 
acids, peroxides and glycols. Only formaldehyde could be detected. 

From the results recorded in Table VI, it will be seen that at 
624° a rapid reaction occurred as soon as the mixture entered the 
heated vessel. This rapid reaction, which is not so marked at the 
higher temperatures, no doubt occurs at the surface of the vessel 
as one or other of the reacting gases is adsorbed. It is followed by 
a comparatively slow reaction. When the temperature of the vessel 
was below the ignition-temperature of the mixture (i.e., at 624°), 
the reaction continued to be slow until the methane was consumed, 
but at or above the ignition-temperature it rapidly accelerated just 
before flame was due to appear. The beginning of the period of 
acceleration corresponded with the removal of formaldehyde and 
carbon monoxide from the gases, suggesting that the heat derived 
from the oxidation of these intermediate compounds was responsible. 
If this supposition were correct, it would be expected that the 
addition of traces of either formaldehyde or carbon monoxide to 
the mixture initially would influence the rate of reaction. The 
resu'ts of such tests, recorded in Table VII, show that the addition 


TaBLeE VII. 


The Effect of Traces of. Formaldehyde and Carbon Monoxide on the 
Lag on Ignition of a 5-6—5-7°% Methane—Air Mizture. 


Mixture with air. Temp. Lag., secs. 
° . 
ae |S eae Te { on a2 
626 6-2 
5-7% Methane, with 0-02% formaldehyde ...... 631 4-4 
| 640 3-0 
K , . 2 . 
56% Methane, with 0-25% carbon monoxide { oan 7 
‘ ; 2 ‘ 
5-7% Methane, with 0-02% formaldehyde and /[ 4 on 
0-25% carbon MONOXIAE .........ccccescccvecsccees \ 640 2.7 


of 0-02% of formaldehyde lowered the ignition-temperature of a 
56—5-7% methane-air mixture slightly and reduced the lag con- 
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siderably. Carbon monoxide was not so effective, but the two 
together had rather more influence than formaldehyde alone. 

The Action of “ Inhibitors.”—The discovery by the late Professor 
H. B. Dixon that the presence of traces of nitric oxide lowers the 
ignition-temperature of methane and other inflammable gases 
(Trans. Faraday Soc., 1926, 22, 267) led us, in connexion with the 
work on which each of us was employed for the Explosives in 
Mines Research Committee, to discuss together the possibility of 
finding some substance that would act, in the reverse direction to 
nitric oxide, as an inhibitor of the ignition of methane (see T'rans. 
Inst. Min. Eng., 1930, 80,11). A remembrance of early anomalous 
results for the ignition of methane prepared from methyl iodide 
suggested that iodine might prove to be such a substance. Parallel 
experiments were therefore outlined, to be carried out by Professor 
Dixon with the “ concentric tube ”’ apparatus, devised by Dr. H. F. 
Coward and himself (J., 1909, 98, 514), and by ourselves with the 
apparatus described in this paper. The former apparatus has 
proved more suitable for the work and experiments with it have 
been continued, under the direction of Dr. H. F. Coward, since 
Professor Dixon’s death. 

The results of some of the experiments that we have made, with 
iodine, halogen compounds, and lead tetraethyl, are summarised in 
Table VIII. Each of those substances was found to raise the 
ignition-temperature of a 5-8°% methane-air mixture, the degree of 
elevation varying with the amount present. In Table VIII the 
maximum elevation is recorded in each instance, together with the 
amount of the substance that produced it. 


TABLE VIII. 


The Effect of ‘‘ Inhibitors’’ on the Ignition-Temperature of a 5-8% 
Methane—Air Mixture. 


Nature and quantity, %, of Ignition- Lag at ignition- 
inhibitors. temperature. temperature, secs. 
es Rk eo SE ane ee 749° 3°6 
UU I OPTI cnc cnc wndcckstevsdeenseecnccss 760 2-8 
BOOED MUEBIND, OIG icc civescedscnscsccvesccess 744 3-6 
Carbon tetrachloride, 0-23 ...........seeeee- 689 3-0 
Lead tetraethyl, trace ............sessceceeeee ca. 707 55-0 
FOO INOUE oii kids batciscnvaescsesvitiracabinders 632 18-5 


For comparison with the results recorded in Table VI, series of 
experiments were made with a 5-8% methane—air mixture con- 
taining traces of (a) ethyl iodide and (b) lead tetraethyl, in the 
440 c.c. reaction-vessel at 624°, samples of the products being 
removed after a given interval of time in each experiment. The 
results are recorded in Table IX. 
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TABLE IX. 


Analyses of Gases during Combustion of a 5-8% Methane—Air 
Mixture at 624°. The Effect of Inhibitors. 


(a) The effect of ethyl iodide (0-14%). 





a ar) Analysis of gases, %. 
oO 
heating. CO,. O,. co. CH,. H:CHO. H,0. 
5 secs. 0-13 18-78 0-28 4-94 0-65 1-27 
i. a 0-14 18-29 0-45 4-86 0-55 1-13 
16 6s 0-20 17-70 0-65 4-68 0:47 1-61 
, ee 0-35 17-60 1-14 4-38 0-14 2-56 
1 min. 0-61 16-16 1-44 3°50 0-46 4-00 
2 mins. 1-16 14-11 1-60 2-50 0-75 5-72 
1-36 14-01 1-74 2°32 0-59 6-23 
‘4 1-51 14-17 1-52 1-56 1-41 6-93 
S Se 2-22 12-34 1-76 1-48 0-54 7-95 
(b) The effect of lead tetraethyl (trace). 
20 sees. 0-38 18-87 nil 5-91 . ° 
1 min. 0-19 19-00 0-12 5-22 
2 mins. 0-26 18-57 0-31 5-00 
> ww 0-36 18-05 0-36 4-74 
. = 0-39 17-77 0-54 4-52 
Bw 0-47 16-93 0-71 4-16 


* The exact quantity of lead tetraethyl added not being known, the 
quantities of formaldehyde and steam formed could not be calculated. 


The effect of the ethyl iodide has been to reduce the rate of 
reaction to about one-half, whilst the lead tetraethyl has reduced it 
to about one-twentieth. Each substance affects the surface re- 
actions. With lead tetraethyl, or rather, with the lead oxide. 
produced from it, the effect is long-continued, being noticeable in 
successive experiments with pure methane-air mixtures. 


This work forms part of the researches that we are carrying out 
for the Safety in Mines Research Board, to whom our thanks are 
due for permission to publish this paper. 


SaFETy IN Mines RESEARCH STATION, 
Harpur Hitz, Buxton. [Received, July 1st, 1931.] 





CCCX XX VII.—* After-Burning”’ during Gaseous 
Explosions: Its Ability to cause Ignition. 


By Outver CoLigNy DE CHAMPFLEUR ELLIs and 
RicHARD VERNON WHEELER. 


WuEN an explosive gas-mixture is ignited at the centre of a closed 
sphere, at an initial pressure P;, the burning gas cannot materially 
fall in temperature until, at a moment usually designated P,, or 7’, 
(the moment of maximum pressure), the flame-surface reaches the 








2468 ELLIS AND WHEELER: ‘“‘ AFTER-BURNING ’’ DURING GASEOUS 


wall of the sphere. Then, as the gases there cool, the combustion 
reactions are completed on a falling temperature gradient. These 
supplementary chemical reactions must begin at the wall of the ~ 
sphere and, as the gases there contract in volume, the adjacent 
layers of gases nearer and nearer to the centre of the sphere lose 
heat by expansion and conduction, and complete the combustion 
reactions. 

This prolonged combustion is not the “‘ after-burning ” to which, 
in a previous paper (J., 1927, 30), we have drawn particular atten- 
tion. Without excluding consideration of the prolonged combus- 
tion now mentioned, we were then principally concerned with a 
phenomenon of reluminescence during gaseous explosions which, 
some time before there is any possibility of cooling of the burning 
* gases at the wall of the explosion-vessel, is first manifested near its 
centre (if ignition is at the centre) and spreads outwards. Com- 
bustible gas mixtures can be chosen of such a nature that this 
central “ after-burning ”’ is the only phenomenon of markedly actinic 
reluminescence that survives the period of inflammation. 

We have shown that, in gaseous explosions in a closed sphere 
(with central ignition), as the flame-surface approaches the wall the 
almost motionless gases at the centre are hotter than those in a 
dark zone where gases are moving rapidly inward from the flame- 
surface. This is illustrated on Plate I, Fig. 1, which is a snapshot 
taken in a vertical plane 54 milliseconds after the ignition of a 
mixture of carbon monoxide and air (20-2% CO, saturated with 
moisture at 13°) at the centre of a glass sphere 9 cm. in diameter. 
The luminous central gases have risen within the shell of flame, 
which has nearly reached the wall of the sphere. With the simple 
combustion reactions of carbon monoxide with a mixture of oxygen 
and nitrogen, this delayed emission of energy under the conditions 
of experiment suggests that the rise in pressure exerts upon the 
chemical equilibrium an effect that outweighs the tendency for 
reversal consequent on the equivalent rise of temperature. 

Under the simple conditions described, therefore, the central 
“ after-burning ” is primarily caused by the rise in pressure, whilst 
the “ after-burning ”’ that starts at the wall of the explosion-vessel 
is primarily caused by the fall in temperature. 

Additional evidence that combustion is incomplete in the neigh- 
bourhood of the flame-surface has been obtained by a new optical 
method of studying flames, devised by Ellis and Morgan, a descrip- 
tion of which will shortly be published. By this method it can be 
shown that, during an explosion in a sphere, the temperature rises 
to a maximum at the centre when ignition is at the centre, whereas, 
failing continuance of the emission of energy in the recompressed 
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{To face p. 2468.] 








Puate II. 
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The ignition of a methane-air mixture by the “‘ after-burning ”’ of a carbon monoxide- 
air explosion. A, flame-surface of carbon monoxide-air explosion ; B, “ after- 
burning” gases ; C, flame of methane—air explosion. 

















Pruate III. 







































of mixture ignited by the “‘ after-burning ” gases. 








The ignition of a 24% carbon monoxide—air mixture by the “‘ after-burning” of 
a similar mixture. A, flame-surface ; B, “‘ after-burning”’ gases ; C, flame 
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gases within the flame, the temperature would fall towards a 
minimum at the centre. 

It may now be recalled (Ellis and Wheeler, loc. cit., p. 314) that 
the region where the pre-cooling reluminescence is first manifested 
is near the point of ignition of the explosive mixture, wherever that 
may be, provided that the mixture is motionless at the moment of 
ignition. If ignition is at the wall of the explosion-vessel, therefore, 
the ‘‘ central’ type of reluminescence occurs in gases lying quite 
close to the wall. This fact enables us to demonstrate the ability 
of these reluminescent gases to ignite a fresh explosive mixture of 
either methane and air or carbon monoxide and air when suitably 
projected from their environment into it. 

Mr. J. Harwood, M.Sc., has, at our request, carried out parallel 
series of experiments in which jets of argon, heated by sudden 
compression of the gas to 1/80th of its original volume, have been 
projected into different inflammable mixtures. The more readily 
ignitable mixtures, such as hydrogen and oxygen, could occasionally 
be inflamed by such jets, but mixtures of methane and air or carbon 
monoxide and air could not be ignited, despite the high temperature 
of the jets; considerably higher, according to calculation, than 
that of the jets of “‘ after-burning ”’ gases in our experiments. 


EXPERIMENTAL. 


In carrying out the experiments, it was essential that no gases 
forming at the moment any part of a flame-surface should be 
projected with them. This consideration determined the position 
of the point of ignition of the primary explosive mixture. It had 
to be within that region of the wall of the explosion-vessel from 
which the “ after-burning’’ gases were to issue. It is true that, 
under these conditions, the gases immediately in contact with the 
wall before their projection would be cooled, but the cooler sheath 
would rapidly be stripped off the shaft of gases as it emerged. The 
necessity for avoiding the projection of any of the flame-surface 
determined also the time at which release of the “‘ after-burning ”’ 
gases should take place. It had to be remembered that the local 
release of pressure that would necessarily occur at that moment 
would cause the flame-surface to be distorted by the general motion 
towards the vent (see Ellis, Trans. Inst. Min. E'ng., 1930, 80, 45). 
Lest this distortion should be so great that part of the flame-surface 
would follow the ‘“ after-burning”’ gases through the vent, the 
flame was allowed to spread a considerable distance from the point 
of ignition before the vent was opened. 

The necessity for these arrangements will be grasped from the 
photographs on Plate I, Figs. 2 and 3, of the ignition of explosive 
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mixtures at the wall of a sphere. In Fig. 2, the vent, neat the 
point of ignition at the right-hand side, has not yet been opened, 
and there are three superposed snapshots of the final stages of 
combustion. The expiring flame-surface (three images) can be 
seen on the left-hand side, whilst the right half of the sphere is 
filled with ‘ after-burning ” gases. In Fig. 3, a single snapshot, 
the vent was opened far too soon for our purpose, and part of the 
flame-surface has been projected through the vent. In the experi- 
ments now to be described, the movements of the flame-surface 
were registered by a continuous photographic record on sensitised 




















paper wrapped on a revolving drum. No ignition of the external 
explosive mixture has been attributed to “ after-burning ” gases if 
such a photograph has shown that the flame-surface had approached 
the vent. 

The wall of a spherical explosion-vessel of glass, 12-1 cm. in 
diameter, was ground down so as to leave a small opening with a 
plane rim. A three-way tap was fitted diametrically opposite this 
opening. The rim of the opening (see Fig. 1) bore on and protected 
a thin rubber washer between it and a brass plate, a, 7 mm. thick 
and 12-3 cm. in diameter, having a circular vent, 12-5 mm. in 
diameter, concentric with the opening in the wall of the sphere. 
In a shallow recess in the brass plate, concentric with the vent, 
lay a microscopist’s ‘‘ cover-glass,” 6, 0-1 mm. thick, its margin 
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moistened with metaphosphoric acid. This glass disc was held in 
position by a steel washer secured by steel clips. Electrodes passed 
through ebonite bushes in the brass plate near to the steel washer 
and terminated in sparking-points, c, 1-5 mm. apart, bent over so 
as just to clear the surface of the glass disc. On the other side of 
the brass plate there was a deep circular groove, concentric with 
the vent and 10-4 cm. in diameter, which received one end of a 
glass cylinder, 62 cm. in length, which could be closed at the other 
end. The sphere and the cylinder were clamped together in a 
frame, with the brass plate as a party wall. Both vessels were 
painted dead black except for a central window, 7 mm. wide, stretch- 
ing across the sphere and 12-5 cm. along the cylinder, through which 
the lens of the revolving-drum camera was focused on the plane of 
the spark-gap. 

The two vessels were evacuated simultaneously at the same rate, 
so as to avoid displacement or injury of the thin glass disc. They 
were then slowly filled, at the same rate, with the required explosive 
mixtures which had been prepared beforehand in glass gas-holders. 
The mixture in the sphere was then ignited, the outer end of the 
cylinder having been opened just beforehand. When a sufficient 
pressure had been attained within the sphere, the glass disc gave 
way, as though being punched out, and a jet of “ after-burning ” 
gases was projected into the cylinder. 

Two records thus obtained are shown, much reduced in size, on 
Plates II and III. It was noticeable throughout the experiments 
that the luminance of the “ after-burning” gases, when in rapid 
motion and projected as a tongue only 12-5 mm. in diameter, was 
considerably poorer than that of the same gases when at rest within 
the explosion-vessel. Often, the luminous gases yielded no photo- 
graphic record. Usually, the first image on that portion of the 
sensitised paper that related to the end of the cylinder near the 
sphere was that of a flame-surface returning towards the sphere, 
the secondary ignition having occurred in the cylinder about 30 cm. 
from the vent. 

Plate II records an experiment in which “ after-burning ” gases 
from a mixture of air and carbon monoxide (29% CO, saturated 
with moisture at 19-8°) were released into a mixture of methane and 
air (9°5°% CH,). These gases, which, it will be noted, emerged 
when the flame-surface, A, had nearly reached the far boundary of 
the sphere, produced a faint image, B, on the sensitised paper. 
Ignition of the methane-air mixture occurred within a region 
30—32 em. from the vent and the resulting flame, C, can be seen 
on Plate IT returning towards the sphere, which it reached 5 centi- 
seconds after the “ after-burning ” gases had issued from the vent, 
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and in part passing into the sphere. The “lag” on ignition of the 
methane—air mixture being rather long, it is assumed that the 
portion of the tongue of “after-burning” gases that ignited it was 
the tip, splayed out when its speed of movement had nearly ceased. 

When the position of the mixtures was reversed, methane—air 
being in the sphere and carbon monoxide-—air in the cylinder, there 
was hardly any “ lag ”’ on ignition of the latter, and it is supposed 
that the side of the jet of “ after-burning ”’ gases caused ignition, 
quite close to the vent, when moving at its muzzle velocity. 

When methane—air mixtures were in both vessels, the lag on 
ignition of that in the cylinder was considerable, and ignition 
could be prevented altogether by a slight modification of the 
experimental arrangements. 

With carbon monoxide—air mixtures of the same composition in 
both vessels, ignition by the “ after-burning ” gases projected from 
the sphere was obtained with all mixtures containing between 22 
and 29-4% of carbon monoxide (saturated with moisture at room 
temperature). The example given on Plate III relates to 24% 
mixtures. Ignition was also obtained when the mixtures contained 
more than 29-4°% of carbon monoxide, but this was not necessarily 
by “after-burning ” gases, for, when there was excess of com- 
bustible gas in the mixture in the sphere, the expelled gases, though 
barely luminous as they emerged through the vent, became highly 
luminous on passing through air. 

In carrying out these experiments, we had expected to find 
sufficient unintentional variation in thickness of the glass discs to 
cause material differences in the times at which, with the same 
explosive mixture, the “ after-burning ” gases were released. The 
disappointingly uniform quality of the cover-glasses, however, did 
not enable us to study this effect. Discs 0-127 mm. thick did not 
break sufficiently quickly. 


For assistance in carrying out this work, we wish to thank Messrs. 
G. A. Russell and H. Staples. Our thanks are due also to the 
Safety in Mines Research Board for permission to publish the 
results, which form part of a research that we are carrying out for 
them. 


SaFrety tn Mines RESEARCH LABORATORIES, 
SHEFFIELD. [Received, August 5th, 1931.] 











CC 


IN « 
new 
acid 
and 
Sinc 
ethe 


ploy 


benz 
3-nu 
arso’ 
crys 
corr 
be 3 
4-be 
conv 


(VII 
reac’ 
prep 


benz 
2-an 
with 
(Spie 
pher 





sS eet OS ee IV Re 











BALABAN : SOME BENZYLOXYPHENYLARSONIC ACIDS. 2473 


CCCXXXVIII.—Some Benzyloxyphenylarsonic Acids. 
By IstporE ELKANAH BALABAN. 


In continuation of work (Balaban, J., 1928, 809; 1929, 1088) on 
new methods for the preparation of 3 : 4-dihydroxyphenylarsonic 
acid, the scheme undertaken was to prepare its 4-benzyl ether (IV) 
and examine the hydrolysis of this acid to the dihydroxy-compound. 
Since the syntheses carried out have not led to the formation of this 
ether, an account is now given of the results obtained. 

The following series of reactions illustrates the first method em- 
ployed : 


ere Oxo oy SE me 
OH 0-C,H 0-C,H, 0-C,H 
(II.) (III.) (IV.) 


3-Nitro-4-hydroxyphenylarsonic acid (I) is readily converted by 
benzyl chloride and sodium hydroxide in alcoholic solution into 
3-nitro-4-benzyloxyphenylarsonic acid (I1), whereas 4-benzyloxyphenyl- 
arsonic acid, which can be similarly prepared, failed to give any 
crystalline substance on nitration. Reduction of (II) gave the 
corresponding amino-acid (III), in which the amino-group could not 
be replaced by hydroxyl. With chloroacetamide, (III) yields 
4-benzyloxyphenylarsonic acid 3-glycineamide, which could not be 
converted into a benzisooxazine derivative. 

Attention was next directed to 4-nitropyrocatechol 1-benzyl ether 
(VII), which on reduction and application of the Bart-Schmidt 
reaction should give the compound (IV). In all, three methods of 
preparation were tried, but without success. 


on = Oan,—> Oo 


he O-C,H, O-C,H, 
(VI) (VII.) 


2: 4-Dinitrochlorobenzene was converted into 2 : 4-dinitrophenyl 
benzyl ether (V) and this was reduced in very poor yield to 4-nitro- 
2-aminopheny] benzyl ether (VI) by ammonium sulphide : reduction 
with aluminium amalgam or by West’s method was unsuccessful 
(Spiegel and Sabbath, Ber., 1901, 34, 1944, could not reduce 4-nitro- 
phenyl benzyl ether with tin or stannous chloride and hydrochloric 
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acid, or with alcoholic ammonium sulphide, but succeeded with 
iron and 1% acetic acid). Sufficient of compound (VI) has not 
been obtained to continue the synthesis. In repeated attempts 
to convert 4-nitropyrocatechol methylene ether into (VII) by means 
of sodium benzyloxide (compare Robinson and Robinson, J., 1917, 
111, 929), benzoic acid was the only substance isolated. Finally, 
2-chloro-5-nitrophenol (Meldola, Woolcott, and Wray, J., 1896, 69, 
1326), when treated with benzyl alcohol and potassium hydroxide 
in alcohol, gave a small yield of a substance, m. p. 175°, which is 
possibly 2-chloro-5-hydroxylaminophenol. 

3-Amino-4-hydroxyphenylarsonic acid gives an olive-green colour 
with aqueous ferric chloride. Of about forty arsonic acids tested 
by this reaction, those containing an o-hydroxy- or o-amino-pheny| 
group usually gave a colour; the diamino- and triamino-phenyl- 
arsonic acids behaved similarly. The test may prove of value in 
helping to identify these acids. 


EXPERIMENTAL. 

2:4-Dinitrophenyl Benzyl Ether (V).—This ether was readily 
obtained in 70% yield by heating together 2 : 4-dinitrochlorobenzene 
(20-25 g.), benzyl chloride (20 c.c.), and potassium hydroxide (5-6 g.) 
in water (20 c.c.) on the water-bath for 1 hour. When the oil 
obtained after treatment of the reaction mixture with water and 
concentrated hydrochloric acid was stirred with 95% alcohol, the 
required ether (19-3 g.) separated. It crystallised from acetone 
(charcoal) in pale yellow, stout, hexagonal prisms, m. p. 154° with 
previous softening (Kumpf, Annalen, 1884, 224, 128, gives m. p. 
150°). 

4-Nitro-2-aminophenyl Benzyl Ether (V1).—The above dinitro- 
compound (13-7 g.), suspended in boiling 95% alcohol (500 c.c.), was 
treated with ammonium sulphide (75 c.c.) in small amounts. After 
3 hours, the solution was filtered hot, 8-5 g. of unchanged dinitro- 
compound being recovered. The mother-liquor after removal of 
solvent was diluted with water and extracted with ether. The 
crude base (2-0 g.) had m. p. 92°. The hydrochloride crystallised 
from 2N-hydrochloric acid, in which it was sparingly soluble, in 
almost colourless lamine, m. p. 220° (efferv.) (Found: N, 10:3. 
C,3H,.0,N,,HCl requires N, 10-0%). 

4-Benzyloxyphenylarsonic Acid.—A mixture of 4-hydroxypheny]- 
arsonic acid (21-8 g.), benzyl chloride (12-65 c.c.; 1 mol.), sodium 
hydroxide (8-0 g.; 2 mols.), alcohol (80 c.c.), and water (20 c.c.) was 
heated under reflux on the water-bath for 15 hours. After removal 
of alcohol the solution was acidified with hydrochloric acid (Congo- 
paper), 15-4 g. (yield, 50%) of the acid being obtained. It crystal- 








lised 
at 30 
very 
boilir 
3-1 
(yielc 
hour: 
solub 
C13H 
hot : 
irreg' 
3-2 
was 
(viele 
iron 1 
alcoh 
black 
quire 
chlor 
solub 
(char 
N, 4: 
4-] 
taine 
acetic 
plate: 
requi 
Aci 
—19- 
35 ce. 
reflux 
remo’ 
were 
whick 
N, 9+ 
very | 
REs 





+s. wr 











BALABAN : SOME BENZYLOXYPHENYLARSONIC ACIDS. 2475 


lised from 95% alcohol in anhydrous colourless needles, unmelted 
at 300° (Found : As, 24-5. C,3H,,0,As requires As, 243%). It is 
very sparingly soluble in boiling acetic acid and almost insoluble in 
boiling water. The barium salt crystallises in glistening laminz. 

3-Nitro-4-benzyloxyphenylarsonic acid (II), similarly prepared 
(yield, 36%) from 3-nitro-4-hydroxyphenylarsonic acid (heating, 20 
hours), crystallised from boiling water, in which it was very sparingly 
soluble, in anhydrous colourless needles (Found: As, 21-4; N, 4:3. 
C,3H,,0,NAs requires As, 21-2; N, 40%). It is readily soluble in 
hot acetic acid but insoluble in alcohol. The barium salt forms 
irregular plates. 

3-Amino-4-benzyloxyphenylarsonic acid (III)—The above acid 
was reduced at 80—90° with ferrous hydroxide, the amino-acid 
(yield, 73-6%) being obtained only by repeated extraction of the 
iron residues with 0-2N-sodium hydroxide. It separated from 50% 
alcohol in anhydrous, colourless, elongated, hexagonal plates which 
blacken at ca. 220° (Found: As, 23-1; N, 4:1. C,,H,,0,NAs re- 
quires As, 23-2; N, 4:3%). It is readily soluble in dilute hydro- 
chloric acid, in hot acetic acid and warm 95% alcohol, but sparingly 
soluble in water. The acetamido-derivative crystallises from water 
(charcoal) in anhydrous, fine, colourless needles (Found : As, 20-3; 
N, 4-2. C,;H,,0;NAs requires As, 20-5: N, 3-8%). 

4-Benzyloxyphenylarsonic Acid 3-Glycineamide.—This acid, ob- 
tained in 55% yield by the usual method, crystallised from 66% 
acetic acid (charcoal) in anhydrous, almost colourless, hexagonal 
plates, m. p. 215° (efferv.) (Found : As, 19-8; N,7-1. C,;H,,0,N,As 
requires As, 19-7; N, 7-4%). 

Action of Alcoholic Potassium Hydroxide on 2-Chloro-5-nitrophenol. 
—19-3 G. of the chloronitrophenol, 12-4 g. of potassium hydroxide, 
35 c.c. of water, and 12-5 c.c. of benzyl alcohol were heated under 
reflux for 21 hours on the steam-bath. After acidification and 
removal of solvent an oil was obtained from which 1-2 g., m. p. 175°, 
were separated. The substance crystallised from 95% alcohol, in 
which it was fairly readily soluble, in yellow hair-like needles (Found : 
N, 9-1, 8-8, 9-1; Cl, 22-2. C,H,O,NCI requires N, 8-8; Cl, 22-2%), 
very sparingly soluble in boiling water. 

RESEARCH LABORATORY, Messrs. MAy & BAKER, LTD., 

Lonpon, S.W. 18. [Received, July 27th, 1931.] 
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CCCXXXIX.—Some Acids derived from Diphenyl-4- 
aldehyde. 


By DonaLtp HoLtroyDE Hey. 


THis communication deals with the preparation of diphenyl-4- 
aldehyde and its conversion into dipheny]-4-carboxylic acid, diphenyl- 
4-acrylic (by two methods) and -4-propiolic acids, and p-phenyl- 
benzylidenemalonic acid. 

From 4-methyldiphenyl, by side-chain chlorination and sub- 
sequent hydrolysis, Knowles (J. Amer. Chem. Soc., 1921, 43, 896) 
obtained a viscous oil, b. p. 121°, which he described as dipheny]-4- 
aldehyde, although this aldehyde had already been prepared as a 
solid, m. p. 57°, b. p. 184°/11 mm., by Rousset (Bull. Soc. chim., 
1897, 17, 809) by hydrolysis of p-phenylbenzoylformanilide, and 
Gattermann (Annalen, 1906, 347, 381) also had obtained it, m. p. 
60—61°, from diphenyl by his method for the synthesis of aldehydes. 
The present work confirms Gattermann’s results. 

Oxidation of the aldehyde with alkaline potassium permanganate 
gave diphenyl-4-carboxylic acid. By heating the aldehyde with 
sodium acetate and acetic anhydride, diphenyl-4-acrylic acid was 
obtained together with p-phenylbenzylidene diacetate. The latter 
compound was also readily obtained by warming the aldehyde with 
acetic anhydride and a drop of sulphuric acid (compare Blanksma, 
Chem. Weekblad, 1909, 6,717). Addition of bromine to diphenyl-4- 
acrylic acid in acetic acid solution gave «$-dibromo-8-4-diphenylyl- 
propionic acid, from which, by prolonged boiling with alcoholic 
potassium hydroxide, diphenyl-4-propiolic acid was obtained. 
Further, by the condensation of diphenyl-4-aldehyde with malonic 
acid, p-phenylbenzyiidenemalonic acid was obtained, which when 
heated readily gave diphenyl-4-acrylic acid with the elimination 
of carbon dioxide. 

Knowles obtained his methyldiphenyl by the action of solid 
benzenediazonium chloride on toluene in the presence of aluminium 
chloride, which is known to give rise to a mixture of 2- and 4-methy]- 
diphenyls (Mohlau and Berger, Ber., 1893, 26, 1997; Gomberg 
and Pernert, J. Amer. Chem. Soc., 1926 48, 1377); further, his 
“ pure ’ 4-methyldipheny] is described as an oily liquid, b. p. 264°, 
whereas it has been described elsewhere as a solid, m. p. 49—50° 
(e.g., Kliegl and Huber, Ber., 1920, 53, 1655). Also, Bamberger 
(Ber., 1895, 28, 403), by coupling p-nitrozsodiazobenzene hydroxide 
with toluene, and Kuhling (Ber., 1895, 28, 41; 1896, 29, 165), by 
a somewhat similar reaction, obtained a 4-nitromethyldiphenyl, 
which, though first thought to be 4-nitro-4’-methyldiphenyl, was 
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later proved to be 4-nitro-2’-methyldiphenyl (Klieg] and Huber, 
loc. cit., p. 1646), thus indicating that in these reactions union of 
the two benzene nuclei is effected mainly at the position ortho with 
respect to the methyl group. Consideration of these results there- 
fore suggests that the products described by Knowles are probably 
mixtures of the 2- and 4-substituted compounds, or, if they are 
pure substances, the corresponding 2-substituted compounds, 
although both of these suggestions appear to be at variance with 
the low boiling point recorded by him for the aldehyde. 


EXPERIMENTAL. 


Diphenyl-4-aldehyde.—By the following modifications of Gatter- 
mann’s method (loc. cit.) the yield of the aldehyde was increased 
to more than 70% of the yield calculated from the weight of diphenyl 
taken. 

A stream of dry carbon monoxide and hydrogen chloride was 
passed for 8 hours into a well-stirred solution of 60 g. of diphenyl 
in 240 c.c. of dry benzene containing 90 g. of aluminium chloride 
and 12 g. of cuprous chloride at 35—40°. After standing over- 
night, the dark-coloured semi-solid product was poured on ice; 
a yellow oil then separated. The mixture was distilled with steam 
to remove the benzene and any unchanged diphenyl. The residue 
was extracted with ether, the extract washed with dilute hydro- 
chloric acid and with water, and the ether evaporated. The semi- 
solid residue thus obtained was shaken with an excess of a saturated 
aqueous solution of sodium bisulphite, and after 12 hours the brown 
bisulphite compound was filtered off, washed with alcohol and 
with ether, and warmed with aqueous sodium carbonate. A brown 
oil separated which solidified on cooling; it was then dried on a 
porous plate and twice crystallised from light petroleum (b. p. 80— 
100°), diphenyl-4-aldehyde (52 g.) being obtained in very pale 
yellow plates, m. p. 60°.. The 2 : 4-dinitrophenylhydrazone separated 
immediately when an alcoholic solution of 1 g. of the aldehyde 
was added to a solution of 1 g. of 2 : 4-dinitrophenylhydrazine in 
2 c.c. of concentrated sulphuric acid and 15 c.c. of aleohol (compare 
Brady, this vol., p. 756); recrystallised from xylene, it formed 
brilliant scarlet plates, m. p. 239° (Found: N, 15-2. C,jgH,,0,N, 
requires N, 15-5%). 

Diphenyl-4-carboxylic Acid.—Diphenyl-4-aldehyde (7 g.) was 
gently boiled for 3 hours with aqueous sodium carbonate with the 
gradual addition of an aqueous solution of potassium permanganate 
(8 g. in 150 c.c.). The liquid was saturated with sulphur dioxide, 
and the precipitated acid (6-5 g.) filtered off and recrystallised from 
alcohol (m. p. 224—225°). 
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Diphenyl-4-acrylic Acid.—Diphenyl-4-aldehyde (5 g.) was boiled 
under reflux for 8 hours with 3 g. of fused sodium acetate and 25 
c.c. of acetic anhydride. [After a shorter period of heating (2 
hours) the greater part of the aldehyde was recovered unchanged. | 
The mixture was poured into water and warmed with an excess 
of sodium carbonate. The brown insoluble material was filtered 
off and crystallised twice from toluene, diphenyl-4-acrylic acid being 
obtained in mats of very pale buff needles, m. p. 223—224° to a 
cloudy liquid, which finally became clear at 240° (Knowles, loc. 
cit., gives m. p. 184°) (Found : C, 80-6, 80-4; H, 5-5, 5-6. C,;H,,0, 
requires C, 80-4; H, 54%). The acid was almost insoluble in 
sodium carbonate and sodium hydroxide solutions. 

The toluene mother-liquors on evaporation deposited a second 
substance, which on recrystallisation from absolute alcohol gave 
p-phenylbenzylidene diacetate in pale buff plates, m. p. 131° (Found : 
C, 71-7; H, 5-8. C,,H,,O, requires C, 71:8; H, 56%). The 
diacetate was hydrolysed to diphenyl-4-aldehyde and acetic acid 
by warming with moderately concentrated sulphuric acid. Ethyl 
diphenyl-4-acrylate, obtained by refluxing 2 g. of the acid for 6 
hours with absolute alcohol saturated with dry hydrogen chloride 
and then evaporating the alcohol, crystallised (twice) from light 
petroleum (b. p. 80—100°) in very pale yellow prisms, m. p. 87° 
(Found : C, 80-85; H, 6-2. C,,H,,0, requires C, 80-95; H, 6-35°%). 

Action of Bromine on Diphenyl-4-acrylic Acid.—4 G. of the acid 
were dissolved in approximately 250 c.c. of glacial acetic acid, and 
a solution of 2-9 g. of bromine in 20 c.c. of the same solvent added. 
After 48 hours, the solution was diluted with water until, after 
further standing, a white solid gradually settled, which was filtered 
off and dried. Recrystallisation from light petroleum (b. p. 80— 
100°), to which a small quantity of absolute alcohol had been added, 
gave small white plates of «$-dibromo-8-4-diphenylylpropionic acid 
(5 g.), m. p. 196—197° (decomp.) (Found: Br, 41-9. C,;H,,0,Br, 
requires Br, 41-7°%). The acid, esterified as described above, gave 
the ethyl ester, which crystallised from absolute alcohol in small 
white needles, m. p. 123° (Found: Br, 39-2. C,,H,,0,Br, requires 
Br, 38-8%). 

Action of Alcoholic Potassium Hydroxide on «-Dibrcmo-8-4- 
diphenylylpropionic Acid.—Solutions of 2-5 g. of the dibromo-acid 
and of 2 g. of potassium hydroxide in alcohol were mixed (immediate 
white precipitate), boiled under reflux for 6 hours, and poured into 
water. After evaporation of most of the alcohol, the clear alkaline 
solution was acidified ; a white flocculent precipitate then separated, 
which was dried and crystallised from light petroleum (b. p. 40— 
60°)-chloroform, pale yellow, microscopic crystals, m. p. 158— 
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165°, being obtained which still contained bromine. This product, 
which appeared to consist mainly of «-bromodiphenyl-4-acrylic 
acid (Found: C, 63-6; H, 4:5. Cale. for C,;H,,0O,Br: C, 59-4; 
H, 36%), was refluxed for 5 hours with alcoholic potassium hydr- 
oxide and subsequently treated as before. Recrystallisation of 
the product twice from light petroleum (b. p. 40—60°)-chloroform 
gave diphenyl-4-propiolic acid in small, pale yellow prisms, m. p. 
175—176° (Knowles, loc cit., gives m. p. 147°) (Found: C, 81-0; 
H, 4:8. C,;H,,0, requires C, 81:1; H, 45%). The bromine was 
not completely removed even by this prolonged treatment with 
alcoholic potassium hydroxide, for the first small batch of crystals 
obtained gave low results for carbon (Found: C, 79-2; H, 43%). 
Unlike diphenyl-4-acrylic acid, diphenyl-4-propiolic acid is readily 
soluble in aqueous alkali. 

p-Phenylbenzylidenemalonic Acid.—3 G. of diphenyl]-4-aldehyde, 
1:8 g. of malonic acid, and 2 c.c. of glacial acetic acid were heated 
on the water-bath for 14 hours. On cooling, the product, which 
solidified, was filtered off and washed with chloroform. Recrystal- 
lisation from either aqueous alcohol or aqueous acetic acid gave 
p-phenylbenzylidenemalonic acid in very pale yellow prisms, m. p. 
215° (decomp.) (Found: C, 71-5; H, 4:7. C,.H,,0, requires 
C, 71-6; H, 45%). The acid was readily soluble in alkalis, alcohol 
and acetic acid, but only sparingly soluble in light petroleum, 
toluene and chloroform. If the period of heating in the above 
condensation was extended to 12 hours on the steam-bath, and 
the product digested with hot toluene and filtered, a large proportion 
of diphenyl-4-acrylic acid separated. When p-phenylbenzylidene- 
malonic acid was heated at 215—220° for a short time, rapid evolu- 
tion of carbon dioxide took place: the product, which solidified 
on cooling, was recrystallised from toluene, and diphenyl-4-acrylic 
acid obtained (m. p. and mixed m. p. 223—224°), identical with 
that synthesised by the Perkin reaction. 





THE UNIVERSITY, MANCHESTER. [ Received, July 17th, 1931.] 


CCCXL.—The System Cobalt Chloride-Zine Chloride. 
By Henry Basserr and WILLIAM LEONARD BEDWELL. 


In aqueous solutions zine chloride has a reddening effect on cobalt 
chloride because it favours the kationic condition of cobalt (Bassett 
and Croucher, J., 1930, 1796). It is thus somewhat remarkable 
that in the anhydrous system, CoCl,—ZnCl,, all the melts and solids 
are blue. The fusion diagram of the system has now been examined 
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in order to explain the different behaviour of zinc chloride in the 
two cases. 

Since the present work was finished the system CoCl,—ZnCl, has 
been examined by Ferrari and Inganni (Atti R. Accad. Lincei, 1930, 
12, 668), but this only came to our knowledge when our paper was 
in proof. The fusion and eutectic temperatures found by the 
Italian authors are all from 13° to 20° below those found by us. 
This may be due partly to lack of stirring and partly to failure to 
dehydrate each individual melt. Owing to an insufficient number 
of observations at the zinc chloride end of the system they draw 
their fusion curve as a continuous one with the eutectic point at 
100% ZnCl, instead of at 93% as found by us. This we think 
partly accounts for their difficulty in interpreting their results. 


EXPERIMENTAL. 


The materials used were stick or lump zinc chloride, untreated 
before mixing, and cobalt chloride of the ordinary quality * unless 
otherwise stated. Anhydrous cobalt chloride was prepared from 
the hexahydrate by gentle heating in a porcelain dish. A mixture 
of the two chlorides, totalling about 50 g., was made up by weight to 
give approximately the desired composition. The mixtures were 
melted either in hard glass test-tubes (6 x 1 inch) immersed in a 
lead bath, or in silica tubes heated directly by three Bunsen burners 
according to the temperature at which fusion occurred. A steady 
stream of dry hydrogen chloride for removing oxide from the melt 
was bubbled through the mixture for about 3 hours, by which time 
purification appeared to be complete. 

Oxidation of the melt at high temperatures was so rapid that it 
was difficult to avoid the formation of some oxide as soon as the 
passage of the hydrogen chloride ceased. The analysis was able to 
detect this (see p. 2482). 

Determination of the Freezing Point of the Melt.—(a) Thermo- 
meter experiments. Sand contained in fireclay crucibles was heated 
to redness in a muffle furnace and poured round a piece of brass 
tubing (7’’ x 1}’’) placed in a large fireclay crucible so as to fill 
the latter. Sufficient sand to fill the brass tube to a depth of 1} 
to 2’ was poured in from a small crucible of the requisite size kept 
specially for the purpose. The tube containing the melt was dis- 
connected from the stream of hydrogen chloride and placed inside 
the brass tube, which was then withdrawn, leaving the greater part 
of the tube surrounded by hot sand. 

The temperature of the melt was determined with a mercury 


* Found on analysis to contain less than 0-1% of insoluble matter and 


0-2% NiCl,,6H,0. 
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thermometer reading to 360° (or 445°), readings being taken every 
half minute, and the freezing point determined from the break in 
the cooling curve. The thermometer was calibrated in steam and 
aniline vapour after each experiment. The boiling points were 
corrected to the barometric pressure, those of water being obtained 
from tables and those of aniline deduced from the following formula. 

The variation in the boiling point of aniline with pressure for a 
range of 145—185° is given by 


log.9 Pm = (—0-05223 A/T) + B 


where ~m =the barometric pressure, A = 45,951, B = 8-1278, 
and 7’ =the boiling point in degrees absolute (International 
Critical Tables, Vol. III, p. 221). 

The temperature of the exposed stem of the thermometer below 
the level of the sand obviously differed considerably from that above 
it; hence the readings required for applying stem-exposure correction 
were obtained with two subsidiary thermometers. 

The mouth of the tube was closed by a copper cap with three holes 
through which passed two thermometers and a platinum stirrer. 
The latter was constantly used, until solidification occurred, to 
prevent supercooling. 

(b) Thermocouple experiments. An electric crucible furnace was 
heated to the requisite temperature (600—850°), the current 
switched off, and the tube inserted through a hole specially cut in 
the asbestos covering so that it rested in a small fireclay crucible 
placed on the bottom of the furnace. The rim of the silica tube 
rested on the asbestos cover when the base was supported by the 
crucible. Slipping of the tube was thus prevented. A platinum— 
platinum-5°% rhodium thermocouple, which had been calibrated 
against a platinum resistance thermometer, was used to measure 
the temperature of the melt. The temperatures were read on a 
galvanometer scale graduated in 10° and could be estimated to 
1—2° with the aid of a pocket lens. 2—4% of zinc chloride were 
volatilised during the heating and this had to be allowed for in 
making up the mixture. 

A copper cap with two holes to allow the passage of the thermo- 
couple and stirrer (if desired) covered the mouth of the tube. 

Analysis of the Melt.—(1) Experiments in which the melt was 
stirred. The thermometer and the stirrer were melted out, the 
tube was allowed to cool and broken, and a convenient amount of 
solid was weighed, dissolved in water, and made up to 250 c.c. 
Accurate weighing of the solid was not attempted because of its 
deliquescence and the fact that the weight taken was not necessary 
for the determination of the composition of the melt. 
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(Il) Experiments in which the melt was unstirred. Any volatilised 
zinc chloride having been rinsed from the upper part of the tube, 
the mixture was dissolved by immersing the tube and its contents 
in water in a large porcelain basin heated on a water-bath. Com- 
plications due to lack of homogeneity in the melt were thus avoided. 
A few drops of concentrated nitric acid were added to dissolve any 
flocculent zinc hydroxide. The solutions were made up to a suitable 
volume and a known portion was taken for analysis, which was 
performed as follows : 

1. The total chloride was determined by weighing as silver 
chloride after precipitation with silver nitrate. 

2. The cobalt and zinc together were weighed as pyrophosphate 
after precipitation with diammonium phosphate. The slight 
amount of cobalt remaining in solution was precipitated by hydrogen 
sulphide and weighed as Co,O, after strong ignition. 

3. The cobalt alone was estimated by precipitation with «-nitroso- 
8-naphthol and weighed as Co,0, after ignition over a powerful 
Bunsen burner. 

The weight of zinc chloride calculated from the pyrophosphate 
determination was greater than that deduced from the weight of 
silver chloride, because the former included the zine present as 
oxide as well as that present as chloride. The percentage of cobalt 
chloride calculated from the pyrophosphate result therefore de- 
creased as the weight of zinc oxide in the melt increased and the 
difference between the percentages of cobalt chloride calculated 
from these two estimations indicates the basicity of the melt. 

The Freezing Point of Zinc Chloride.—(a) Previous determinations. 
The melting point of zinc chloride has been given as 262° (Braun, 
Pogg. Annalen, 1875, 154, 190), 240—258° (Foussereau, Ann. Chim. 
Phys., 1885, 5, 241), 250—260° (Lorenz, Z. anorg. Chem., 1906, 3, 17), 
290—297° (Schultze, ibid., 1899, 20, 338), 365° (Griinauer, ibid., 1904, 
39, 389), and 281—287° (Hachmeister, idid., 1919—1920, 109, 145). 

Imperfect purification of the zinc chloride was almost certainly 
responsible for melting points in the vicinity of 260°, no mention 
being made of any dehydration of the chloride used, but the last 
three experimenters in the above list worked with carefully purified 
material. 

Schultze purified the zinc chloride by digesting the previously 
melted salt with concentrated hydrochloric acid, evaporating the 
resulting liquid until all the water and most of the acid were driven 
off, then removing the remainder by electrolysis. He did not 
follow a regular cooling curve, but observed the thermocouple to 
remain steady for a considerable time at 290° and 297° in two 
experiments. There is no mention of any stirring. 
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Hachmeister purified the zinc chloride by mixing it with ammon- 
ium chloride and then removing the latter by sublimation, thus 
obtaining “dry ” zinc chloride, although no analysis was made to 
confirm this. The melting point was determined from the halt in 
the cooling curve, a thermocouple being used to measure the temper- 
ature. Again there is no mention of any stirring. 

Griinauer made mixtures of zinc chloride and ammonium chloride 
in proportions such as 11 molecules to 1 molecule respectively, and 
added hydrochloric acid to dissolve the solids. The resulting 
solution was heated in an air-bath to 120° during 1 hour. This 
temperature was maintained for 3 hours, then gradually raised to 
150°, kept there for 2 hours, after which it was kept at 260° for 5 
hours. The residue was stirred and heated over a naked flame 
until above its melting point; it was then electrolysed until all 
evolution of hydrogen at the cathode ceased. Traces of ammonium 
chloride (0-14—0-31%) remained. The zinc chloride so prepared 
was melted in a tube and stirred with a thermocouple until solidific- 
ation was seen to commence at the bottom of the tube, the temper- 
ature then remaining constant until the whole had solidified. The 
freezing point was thus found to be 360—365°. 

He also dissolved zinc chloride in concentrated hydrochloric acid 
and gradually evaporated the solution in a current of hydrogen 
chloride at 300—350°, then fused the resulting solid and passed 
hydrogen chloride through it for 1} hours. The melting point of 
zinc chloride so purified, determined as above, was 365°. There is 
thus a difference of 80° in the three determinations of the melting 
point of carefully purified zinc chloride. 


(b) Our determinations. 


TABLE I. 
Composition as 
shown by analysis f 
Experi- of the solidified Freezing point 
ment. melt. (corrected value). Remarks. 
A 99-83% ZnCl, 313-1° There were two differ- 
0-17% Zn(OH), ent melts and two 
different analyses. 

B 99-83% ZnCl, 313-1 Mercury thermometer 

0-17% Zn(OH), used, with continuous 
stirring. 

C Prepared exactly as 311+ 3 Thermocouple used 
in Expts. A & B with stirring. - 3° 
but not analysed. was the possible error 

of the instruments. 

D Untreated commer- 297-7 Mercury thermometer 
cial zine chloride used with stirring. 


containing 96-34% 
ZnCl, and 3-66% 
Zn(OH).. 
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Composition as 
shown by analysis 


TABLE I (contd.). 


Experi- of the solidified Freezing point 
ment. melt. (corrected value). Remarks. 
LE (As in Expt. C) 298-2 Supercooled to 283° 


and rose to 298-2° 
on freezing. Mercury 
thermometer used 
without stirring. 


F ‘ Crystals appeared at The melt wascontained 
355° + 3°. Complete in an air-cooled hard 
solidification occurred glass tube. It was 
at 310°+ 3°, but _ stirred with the 
caused little halt in thermocouple until 
the rate of cooling. completely solidified. 

G ‘i Crystals appeared at is 
350° + 3°, complete 
solidification at 310° 

L 3°. 

H - Crystals appeared at Ditto, except that stir. 
370° + 3°, complete ring was stopped as 
solidification at 310— soon as crystals ap- 
312° + 3°. peared at the bottom 

of the melt. 

I * Inoculated at 360° and Asin F, but inoculated 
340°. No solidific- | with octahedral ZnCl, 
ation induced. The _ crystals. 
melt froze at 310° + 
3°. 

J “ Inoculated at 365°, Asin F, but inoculated 
350° and 335°. No with bipyramidal 
solidification induced. ZnCl, crystals. 

The melt froze at 
310° + 3°. 

kK - The crystal remained As in F, but inoculated 
in the body of the with a crystal of 
liquid, which froze at CoCl,. 
310° + 3°. 

L i Supercooled to 292° Inoculated with zinc 


and froze at 297-2°. 


chloride (which had 
frozen at 313°) just as 
the melt had begun to 
solidify. Mercury 
thermometer used 
without stirring. 


Discussion of the Results obtained.—The freezing point of zine 


chloride was found to be 313°. 


The values previously obtained 


below this figure were probably due to incomplete purification, or 
lack of stirring, or both. Experiments D and E show that appreci- 
able errors are produced both by the zinc oxide or hydroxide present 
in commercial zinc chloride and by failure to stir the melt during 
solidification. 

The value obtained by Griinauer is 52° higher than that obtained 
in the present investigation. It is reasonable to suppose that the 
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bulk of the liquid would be at a much higher temperature than that 
on the outside which he saw solidifying and consequently the temper- 
ature he obtained for his freezing point is too high. Experiments 
F, G, and H simulate his determinations and, although slight 
solidification occurred at the bottom of the tube at about the 
temperatures found by him, the bulk of the melt did not solidify 
until the temperature fell to 310° + 3°. His high result probably 
originated in this way, but it must be assumed that he erred in 
saying that the temperature remained constant at 365°. The 
method is clearly inaccurate, because rapid cooling causes a marked 
diminution in the length of the halt. 

Anhydrous zinc chloride appears to exist in several distinct 
crystalline forms and three of these can be obtained by wet methods 
(Bassett and Croucher, loc. cit., p. 1807). Mr. R. C. Spiller of the 
Mineral Department, University Museum, Oxford, has examined 
the crystals and reports as follows :— 

‘There are at least three distinct crystalline modifications which 
can be readily distinguished from each other. 


(a) Cubic octahedra—quite isotropic. 

(6) Acute tetragonal bipyramids with a perfect basal cleavage 
and negative birefringence. 

(c) Crystals which are optically biaxial with positive bire- 
fringence. Such crystals may be either diamond- 
shaped rhombs, pseudo-hexagonal plates (twinned), 
star-shaped twins, or of indefinite shape. 


‘* None of them is isomorphous with the rhombohedral anhydrous 
cobalt chloride as described by Pauling (Proc. Nat. Acad. Sci., 1929, 
15, 709). 

‘‘ On watching the crystallisation of molten zinc chloride under the 
microscope a monotropic polymorphic change is observed. If the 
cooling is slow, the change from the unstable to the stable form is 
very rapid. Quicker cooling arrests the rate of change and it is 
possible to get amorphous zinc chloride and the unstable and stable 
forms side by side. The stable form is too opaque to allow the 
determination of its optical properties. The unstable form appears 
to be biaxial, probably with negative birefringence, therefore pre- 
senting a fourth crystalline modification.” 

The differences in the stabilities of the three forms a, b, and c 
must be very slight, for they can exist for weeks at the ordinary 
temperature side by side in the same mother-liquor. We have only 
been able to obtain one freezing point for zinc chloride. Even by 
inoculation with forms (a) and (b) (see Expts. I, J) above, we were 
not able to induce crystallisation of molten zinc chloride at any 
4M 
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temperature other than that at which it normally occurs (313°). It 
had seemed possible that the separation of different forms might 
partly account for the varied values for the freezing point of zinc 
chloride recorded in the literature. 

Not having any of the pseudo-hexagonal plates of zinc chloride 
available, we tried inoculation with plates of cobalt chloride (Expt. 
K), but again without result. 

It is conceivable that the difference between the freezing points 
obtained for pure stirred and unstirred zinc chloride is due to the 
fact that the latter may be an isomeric form possessing a lower 
freezing point. Experiment L, in which the supercooled melt was 
inoculated with pure stirred zine chloride which had frozen at 313°, 
was accordingly performed, but the freezing point then obtained 
did not differ appreciably from the previous determinations without 
inoculation (Experiment E), so we conclude that there is no experi- 
mental evidence to justify the assumption that the different values 
recorded for the freezing point of zine chloride are due to the 
existence of polymeric forms freezing at different temperatures. 

The Freezing Point of Cobalt Chloride.—The freezing point of iron- 
and nickel-free cobalt chloride is given as 724° by Ferrari (loc. cit.). 


Our determinations. 
Co,0, obtained from melt, 
Freezing point as percentage of total 


Material and method used. found. cobalt chloride. 
Ordinary cobalt chloride. The 
melt was unstirred ............ 734° + 7° 0-57 


Iron- and nickel-free cobalt 
chloride. The melt was 
GE kbidcclintieacestsctucsisas 735 +7 0-45 


In this case lack of stirring does not seem to cause supercooling. 
The cobalt chloride was dissolved in water after the experiment and 
the small amount of oxide formed (as black crystals) during the 
experiment was filtered off and weighed after ignition. Its amount 
is too small to affect the results appreciably. The freezing point of 
pure cobalt chloride may be taken as 735° + 7°, the possible error 
of the instruments being 7° at this temperature. 

Freezing Points of Mixtures of Cobalt Chloride and Zinc 
Chloride (Table II).—No stirring unless stated. 

An earlier series of measurements (Table III) had been made by 
means of mercurial thermometers. The cooling curves were not 
started at a sufficiently high temperature to show the upper break and 
only show that due to the eutectic solidification. The thermometer 
readings were corrected as previously described and probably give 
more trustworthy values for the eutectic temperature than those of 
Table IT. 
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; TABLE II. 
C Percentage CoCl,. Cooling curve shows 
Cale.from Calc. from upper halt lower halt 
silver pyrophos- at at No. on 
e chloride. phate. Mean. (See Fig. 1.) Fig. 1. 
; 7-15 7-19 7:17 300° 300° XVII 
5 10-35 10-40 10-37 367 na XVIII 
18-10 18-17 18-14 480 oa XIX 
s 27-00 26-91 26-95 550 ea xX 
30-93 30-61 30-77 580 es XXI 
e 38-51 38-45 38-48 605 a XXII 
r 54-22 53-74 53-99 627 od XXIII 
69-01 66-42 67-72 650 not followed XXIV 
. 73°75 73-08 73-41 682 300° 3=XXV 
: 96-59 95-26 95-93 720 - XXVI 
| 97°37 96 96-68 725 99 XXX 
28-70 97°65 98-18 730 a XXXI 
t M. Cooling curve of CoCl, followed down 
4 to 280° 735 — XXXII 
8 The following melts were stirred as long as possible. 
e Slope of cooling. 
Curve changed at 
- N. 25-0 Not Stirred until 316 316 XXVII 
analysed. solidified. 
O. 59-98 59-55 59-75 655 300 XXVIII 
P. 83-17 82-40 82-79 700 ” XXIX 


were analysed. 








( 93-94 93-26 93-50 (top) 
Q 95-32 94-30 94-81 (centre) 
, | 30-32 30-22 30-27 (top) 
29-64 29-49 29-56 (centre) 
. 
d TABLE III. 
e Percentage CoCl,. 
t Calc. from Calc. from Eutectic point 
A silver chloride. pyrophosphate. Mean. (corr.). 
r The following were stirred :— 
Zine chloride (for comparison) 313-1° 
2% CoCl, (not analysed) 312-2 

¢ 7:77 7-67 7-72 311-0 

16-56 16-29 16-42 311-4 
, 19-59 19-30 19-45 312-8 
27-44 26-61 27-03 312-0 
t 37-86 37-11 37-48 310-7 
| R. 42-03 40-84 41-44 310-8 
r The following were unstirred :— 
e S. 40% (not analysed) 296-4 
f 52-35 52-04 52-20 294-7 

65-13 64-71 64-94 293-5 





76°37 76-02 








Melts were made up to give about 94% and 30% CoCl,. Portions from the 
top and the centre of the solid, which had not been stirred during solidification, 
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Discussion of Results. 

The values for the eutectic temperatures shown in Table III for 
the stirred experiments vary over a range of 2-4°, which is within 
the limit of experimental error, for several reasons :— 

(a) The thermometer was only standardised at two temperatures, 
the higher being more than 100° below the freezing point, so an 
error might well be introduced which was not eliminated by the 
correction employed. 

(b) The halt in the cooling curve due to the eutectic solidification 
was generally very sharp, but occasionally it was not. 

(c) The most serious source of error probably arose from the basicity 
of the melts, some containing more than 1% of zinc hydroxide or 
oxide. Experiment D showed that the presence of zine hydroxide 
in zine chloride caused a considerable lowering of the freezing point 
and it is reasonable to suppose that the same effect would be pro- 
duced on a zinc chloride—cobalt chloride melt, thus making possible 
an error of several degrees. 

Melts containing more than 45% of cobalt chloride were too 
viscous to be stirred at temperatures below 450°, consequently the 
observations given in Table III were made with mercurial thermo- 
meters on such melts unstirred. The values for the eutectic point 
so obtained are 18—21° lower than those obtained for the stirred 
melts containing less cobalt chloride. Two experiments, R and §, 
made with mixtures containing about 40% of cobalt chloride, one 
stirred, the other unstirred, showed that the supercooling due to 
lack of stirring lowered the apparent value of the eutectic point from 
310-8° to 296-4°. 

It may be concluded, therefore, that the eutectic point of the 
system lies at 313—311° and at practically the same temperature as 
the melting point of pure zinc chloride. 

As Table II and Fig. 1 show, the cooling curves of all melts con- 
taining more than about 7% of cobalt chloride show two well- 
defined halts if the observations are started at a sufficiently high 
temperature. The lower halt is clearly due to eutectic solidification 
and below it the mixtures are completely solid. When allowance is 
made for the errors due to supercooling and to the thermocouple 
equipment the temperature of the lower halt agrees very well with 
that of the halt found with mercury thermometers. If the temper- 
atures of the upper halt are plotted against percentage composition 
of the melt (Fig. 1), they lie on a smooth curve which is a straight 
line from 100% CoCl, to about 40%; it then bends down sharply 
towards the composition axis, which it reaches at the point corre- 
sponding to 7% CoCl,, where there is only one halt on the cooling 
curve, showing that this is the eutectic mixture. 
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The well-defined upper halt is shown to be due to supercooling 
of the melt, because it disappears when the melt is stirred (Expts. 
O and P) and is replaced by a marked alteration in the slope of the 
cooling curve. The supercooling which occurs when the melt is 
unstirred allows sufficient solid to separate rapidly enough to keep 
the temperature constant for a short time. When the melt is 
stirred, however, separation of solid is such a gradual process from 
the point at which it commences that it can do no more than cause 
a retardation in the rate of cooling. This retardation is large for 
melts containing from 100 to 40% CoCl, since a small temperature 


Fie. 1. 


Each division = 20 degrees. 
. + 
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Each division = 2 minutes. 


change corresponds to a large change in composition of the melt, 
but in the region 10—30% CoCl, exactly the opposite holds and 
with such melts the upper halt becomes quite obliterated by stirring 
(Expt. N). All the upper halt temperatures obtained without 
stirring will be slightly too low. The position of the sharp breaks 
in the cooling curves obtained without stirring is much easier to 
judge than that of the change of slope in cooling curves obtained 
with stirring. 

It is evident from the temperature-composition diagram that 
two solid phases are concerned. The curve running from 100% to 
7%, CoCl, corresponds to the separation of pure cobalt chloride 
and not of a solid solution of zine chloride in cobait chloride. If the 
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latter occurred, the eutectic halts in the cooling curves would not 
be found with melts very rich in cobalt chloride, whereas even a 
melt containing only 2% of zinc chloride gave a good eutectic halt. 

The absence of any detectable freezing point depression at the 
zine chloride end of the diagram makes it practically certain that 
the solid phase separating from melts containing 0—7°%, of cobalt 
chloride is a solid solution of cobalt chloride in zinc chloride. In 
this connexion it is of interest that in the two systems CoCl,—Mn(Cl, 
and CoCl,-CdCl,, both of which give continuous series of solid 
solutions (Ferrari and Inganni, Ati R. Accad. Lincei, 1928, 8, 238), 
mixtures containing from O0—20% of cobalt chloride freeze at 
practically the same temperature. Only after this limit is passed 
do the freezing-point curves rise steadily to the freezing point of 
cobalt chloride. The appearance of the solidified melts, so far as 
we have been able to examine it, was consistent with the above 
interpretation of the freezing point curves. The cooling curves 
relating to the experiments in Table II are given in Fig. 1. The 
scale of all is the same and is indicated at the sides, but in order to 
separate the curves they are started at different points on the 
diagram. In each case the temperature at which the upper halt 
occurred is indicated. Assuming that cooling conditions were 
always the same, as was approximately the case, the length of the 
eutectic halt should get progressively smaller as the percentage of 
cobalt chloride in the melt increases. Inspection of the curves 
shows, however, that while in a general sense this does happen, the 
length of the halt is disproportionally long for the melts containing 
very little zinc chloride. It would seem that either the eutectic 
halt is too long in the case of melts containing least zinc chloride or 
else not long enough in the case of those containing most. 

It was thought that there might possibly be some polymorphic 
change in the solid cobalt chloride occurring immediately after the 
eutectic solidification the heat effect of which served to increase 
the apparent length of the eutectic halt. To test this possibility 
a cooling curve of pure cobalt chloride was followed down to 280° 
(Expt. M, Table II), but no indications of heat evolution could be 
detected at any temperature other than the usual freezing point. 

Another possibility was that segregation occurred during solidific- 
ation of the unstirred melts. If this took place in such a way as to 
cause an accumulation of the eutectic mixture round the thermo- 
couple, the effect would be to make the eutectic halt appear longer 
than it would have done if the mixture just round the thermo- 
couple had the average composition of the whole melt. No such 
segregation could be detected in melts containing a high percentage 
of cobalt chloride (Expt. Q, Table II). 
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With the less viscous melts containing only moderate amounts of 
cobalt chloride there was the possibility of a type of segregation 
producing just the opposite effect and shortening the eutectic halt 
owing to cobalt chloride separating at the higher temperatures 
settling down in the melt and so removing some of the eutectic 
from the immediate vicinity of the thermocouple. (Crystals of 
cobalt chloride do actually sink in molten zinc chloride.) A melt 
containing 30°% CoCl, did not show segregation of this type, how- 
ever (Expt. Q, Table I). 

The occurrence of slight segregation shows the need for dissolving 
the whole of the solidified melt prior to analysis in the case of experi- 
ments where there had been no stirring. 

Although the irregularities in the length of the eutectic halt may 
be due partly to segregation, it is probable that they are mainly 
due to small differences in the rate of cooling, as shown by the 
thermocouple, owing to slight differences in the position of the 
latter in the melts in different experiments. This is bound to have 
varied somewhat, though the endeavour was made to have it always 
in the same position. 

The inability of cobalt and zinc chlorides to form a continuous 
series of mixed crystals is due to the fact that the crystalline forms 
of the two compounds are different. The fact that cobalt chloride 
can dissolve to the extent of 7% in solid zinc chloride suggests 
that a second crystalline form of cobalt chloride probably exists, 
though it may well be too unstable to be isolated in the pure 
condition. 

We are now in a position to explain the fact that all mixtures of 
anhydrous cobalt and zine chlorides are blue. The colour is that of 
anhydrous cobalt chloride either liquid or solid according to the 
temperature. The reddening effect of zinc chloride in aqueous 
solutions is connected with the formation of definite ionic compounds. 
Under anhydrous conditions no such combination occurs, probably 
because of the complex, essentially covalent, character of cobalt 
chloride and of zinc chloride in both the solid and the molten 
condition (Bassett and Croucher, loc. cit., p. 1812). The molten 
compounds are, of course, conducting, but there is no evidence to 
show the precise character of the ionisation involved and even if any 
red ions are formed their colour is entirely masked by the blue colour 
of the non-ionic cobalt chloride present in, proportionally, far 
greater amount. 

The inability of cobalt and zinc chlorides to combine in the 
anhydrous condition in spite of the fact that they form several 
hydrated compounds is a striking instance of what is very likely of 
frequent occurrence. It shows how unwise it is to assume, as is 
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sometimes done, that a hydrated double or complex salt remains 
a double or complex salt after dehydration. 


Summary. 

The freezing points of cobalt and zine chlorides have been 
determined to be 735 + 7° and 313° respectively. The freezing 
points of mixtures of the two chlorides have also been measured. 
The freezing-point curve consists of two branches, one corresponding 
to the separation of cobalt chloride and the other to a series of solid 
solutions of cobalt chloride in zinc chloride, containing up to a 
maximum of 7% of cobalt chloride. 

The influence of stirring of the melts on the character of the 
cooling curves has been examined. 

An explanation is given of the fact that all melts and solids in the 
anhydrous system CoCl,—ZnCl, are blue. 


We should like to acknowledge the assistance we obtained from 
a number of preliminary measurements made by Mr. H. H. 
Croucher. 
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CCCXLI.—1 : 3-Benzdioxin. 


By FrepEerick Dante. CHaTraway and Harry IRVING. 





1:3-Brenzp1ox1n has been obtained by eliminating the nitro- 
group from 6-nitro-1 : 3-benzdioxin (Chattaway and Calvet, Anal. 
Soc. Fis. Quim., 1928, 26, 420) and also by heating o-hydroxybenzyl 
alcohol with methylene sulphate (Baker, this vol., p. 1770). 

Its properties and reactions have now been somewhat more fully 
studied. When nitrated by fuming nitric acid, it yields 6: 8- 
dinitro-1 : 3-benzdioxin. This is readily oxidised by chromic acid 
to 6: 8-dinitro-4-keto-1 : 3-benzdioxin, which when heated with 
aqueous alkali yields 3 : 5-dinitrosalicylic acid and formaldehyde : 


O NO, O 
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EXPERIMENTAL. 


6-Acetamido-1 : 3-benzdioxin was obtained when a solution of 
9 g. of 6-nitro-1 : 3-benzdioxin in 50 c.c. of acetic anhydride at 
100° was reduced by the addition of 10 g. of sodium in small portions. 
5 lt was also formed when 6-amino-1 : 3-benzdioxin was heated with 
: acetic anhydride containing a drop of concentrated sulphuric acid. 
It crystallised from boiling acetic acid, in which it was sparingly 
soluble, in small colourless rhombic plates, m. p. 224° with slight 
. decomposition (Found: C, 62:0; H, 5:5; N, 7-2. Cyj9H,,0,N 
requires C, 62-2; H, 5:7; N, 7:25%). 

Preparation of 1:3-Benzdioxin.—In the following preparation, 
the troublesome isolation of 6-aminobenzdioxin is avoided. 

250 C.c. of concentrated hydrochloric acid were added in portions 
of 10 c.c. to 60 g. of finely powdered 6-nitro-1 : 3-benzdioxin (1 
mol.) and 120 g. of granulated zine (excess) in 750 c.c. of ethyl 
r alcohol at 70°. Reduction proceeded vigorously with the evolution 
of much heat, and the addition of the acid was so regulated 
that no material loss of alcohol occurred through volatilisation. 
The nitrobenzdioxin slowly dissolved and the solution became very 
dark in colour. When reduction was complete (1 hour), the solution 
was filtered from any excess of zinc, cooled, and diazotised slowly 
(20 minutes) at 0° to — 5° (mechanical stirrer) with 30 g. of finely 
powdered sodium nitrite (1-3 mols.). The solution was then stirred 
ss for a further 10 minutes and warmed gradually on a water-bath. 
L Nitrogen and acetaldehyde were freely evolved and when the 
| evolution of nitrogen ceased the solution was distilled in a current 
of steam. Alcohol, which came over first, was collected separately 
(A) until a test portion gave a turbidity on large dilution with 
water. Distillation was continued until the distillate was no longer 
milky. Chloroform then extracted 9-3 g. of 1 : 3-benzdioxin from 
h | the aqueous distillate: Fractionation of the alcoholic distillate 
(A) under a long column gave nearly pure alcohol, and an aqueous 
residue from which chloroform extracted a further 1-6 g. of benz- 
dioxin. The benzdioxin was purified by distillation in steam 
(twice), in which it is readily volatile; finally, after drying over 
sodium sulphate, it was twice fractionated under reduced pressure 
(20 mm.). 

|: 3-Benzdioxin is at the ordinary temperature a colourless 
liquid which has a pleasant smell recalling that of the catechol 
ethers. Cooled in a freezing mixture, it solidifies to a mass of 
colourless crystals, m. p. 12-5°. It is practically insoluble in water, 
but very readily soluble in all organic solvents. It boils without 
decomposition at 210—211°/754 mm., 161—162°/225 mm., 100-5— 
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101-5°/20 mm. It has d%* 1-174 and n}* 1-5478, whence [R;]p = 
36-78 (calc., 36-63). 

Nitration of 1:3-Benzdioxin: Formation of 6: 8-Dinttro-1 : 3- 
benzdioxin.—20 C.c. of fuming nitric acid (d, 1-5) to which a little 
urea nitrate had been added were cooled to — 5°, and 2 g. of 1 : 3- 
benzdioxin added drop by drop (5 minutes) with vigorous shaking. 
After 5 minutes, the pale brown liquid formed was poured over 
crushed ice; 6 : 8-dinitro-1 : 3-benzdioxin (2 g.) then separated as 
a viscous, pale yellow solid, which was repeatedly macerated with 
water and washed by decantation to free it from excess of nitric 
acid and any nitrosalicylic acids formed. It was collected, dried 
on a water-bath, and recrystallised from alcohol, in which it was 
rather sparingly soluble, and from which it separated in flattened 
prisms of a very pale yellow colour, m. p. 135—136° (Found: C, 
42-8; H, 2-8; N, 12-5. C,H,O,N, requires C, 42-5; H, 2-65; 
N, 12-4%). 

[The remainder of the work described in this paper was carried 
out in association with Mr. Max Goepp of the Queen’s College.] 

Oxidation of 6: 8-Dinitro-1 : 3-benzdioxin: Formation of 6: 8- 
Dinitro-4-keto-1 : 3-benzdioxin.—2 G. of chromic acid (1 mol. + a 
slight excess) were added to 5-5 g. of 6 : 8-dinitro-1 : 3-benzdioxin 
dissolved in 50 c.c. of hot acetic acid. Oxidation proceeded smoothly 
with the evolution of heat and the reaction was completed by 
boiling for 4 minutes. On cooling, 6 : 8-dinitro-4-keto-1 : 3-benz- 
dioxin (5:3 g.) separated as a crystalline solid. It was moderately 
easily soluble in boiling acetic acid, from which it separated in 
fine colourless slender prisms, m. p. 196-5—197-5° (Found: N, 
11-65. C,H,O,N, requires N, 11-6%). 

Hydrolysis of 6 : 8-Dinitro-4-keto-1 : 3-benzdioxin to 3 : 5-Dinitro- 
salicylic Acid and Formaldehyde.—1 G. of the substance was boiled 
with 50 c.c. of 10% aqueous caustic soda. The solid slowly dis- 
solved, formaldehyde was evolved, and a deep orange-coloured 
solution resulted, from which disodium 3: 5-dinitrosalicylate 
separated on cooling. On acidification, the free acid separated as 
a crystalline solid. It crystallised from dilute hydrochloric acid 
in fine colourless needles containing water of crystallisation. After 
being dehydrated at 110°, it melted at 173° and did not depress the 
melting point of authentic specimens of anhydrous 3 : 5-dinitro- 
salicylic acid prepared by the nitration of both 3- and 5-nitro- 
salicylic acid with ice-cold fuming nitric acid (compare Hiibner, 
Annalen, 1879, 195, 46). 
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CCCXLII.—Acetylation in Aqueous Alkaline Solutions. 
By FRepERIcK DANIEL CHATTAWAY. 


ALTHOUGH it is well known that acetic anhydride does not react 
very rapidly with cold water, and that many amines and other 
substances can be acetylated in aqueous solution (Hinsberg, Ber., 
1890, 23, 2962; Pschorr and Sumuleanu, Ber., 1899, 32, 3407; 
Lumiére and Barbier, Bull. Soc. chim., 1905, 33, 783), it is somewhat 
surprising to find that compounds containing hydroxyl and amino- 
groups can generally be quantitatively acetylated by adding acetic 
anhydride to their somewhat dilute solutions in aqueous caustic 
alkalis. 

The amount of alkali used should be sufficient to leave the liquid 
slightly alkaline at the end of the operation, so much ice should be 
added that a little remains unmelted, and the acetic anhydride 
should be added quickly. 

Acetylation under these conditions is so rapid as to appear almost 
instantaneous and in a very short time is practically complete. 
The best procedure is to dissolve the compound to be acetylated in 
an aqueous solution of a little more than the theoretical amount of 
sodium or potassium hydroxide, to add a suitable quantity of crushed 
ice, and then to pour in rapidly an equivalent amount of acetic 
anhydride. After a few seconds’ shaking, the acetylated product 
separates in a practically pure condition, either at once or, when it is 
acidic, after addition of a mineral acid. 

Many compounds hitherto obtained only with difficulty by drastic 
and inconvenient methods can thus be rapidly and easily prepared. 

Phenyl Acetate—94 G. of phenol (1 mol.) were dissolved in a 
solution of 60 g. of sodium hydroxide (1-5 mols.) in 100 c.c. of water. 
The liquid was cooled and mixed with 500 g. of crushed ice, 128 g. of 
acetic anhydride (1-25 mols.) were then quickly added, and the 
mixture was vigorously shaken for a few seconds. Phenyl acetate 
at once separated as a colourless liquid. After being washed with a 
little dilute aqueous sodium hydroxide and then with water, it was 
dried over calcium chloride and distilled, b. p. 195-3°/763-7 mm. ; 
yield, 134 g. (98-5% of the theoretical). 

By a similar procedure using appropriate quantities of sodium 
hydroxide and acetic anhydride the following yields of the corre- 
sponding acetyl derivatives were obtained. 

o-Nitro-phenol, 14 g.; o-nitrophenyl acetate, 16 g., very pale 
yellow prisms with domed ends, m. p. 41°. 

p-Nitrophenol, 14 g.; p-nitrophenyl acetate, 17 g., slightly yellow, 
compact prisms, m. p. 83°. 
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2: 4:6-Tribromophenol, 33 g.; 2:4: 6-tribromopheny! acetate, 
37 g., colourless rhombic plates, m. p. 87°. 

p-Aminophenol, 11 g.; p-acetamidophenyl acetate, 18 g., colour- 
less flattened prisms with domed ends, m. p. 155—156°. 

a-Naphthol, 15 g.; «-naphthyl acetate, 18 g., long colourless 
prisms with domed ends, m. p. 48—49°. 

8-Naphthol, 15 g.; @-naphthyl acetate, 19 g., colourless needles, 
m. p. 71—72°. 

Catechol, 11 g.; o-phenylene diacetate, 19 g., large colourless 
flattened prisms, m. p. 64—65°. 

Resorcinol, 11 g.; m-phenylene diacetate, 18 g., b. p. 279°/ 
753-3 mm. 

Quinol, 11 g.; p-phenylene diacetate, 19 g., large colourless 
flattened prisms with domed ends, m. p. 123—124°. 

Pyrogallol, 13 g.; 1 : 2 : 3-triacetoxybenzene, 24 g., long colourless 
prisms, m. p..172—173°. 

Gallic acid, 19 g.; 3:4: 5-triacetoxybenzoic acid, 25 g., large 
colourless transparent plates, m. p. 162—163°. 

Methyl salicylate, 15 g.; methyl o-acetoxybenzoate, 19 g., com- 
pact colourless prisms with domed ends, m. p. 52—52:-5°. 

Salol, 21 g.; phenyl o-acetoxybenzoate, 24 g., slender colour- 
less prisms, m. p. 99-5°. 

Salicylic acid itself is not acetylated under these conditions. 

p-Hydroxybenzoic acid, 14 g.; p-acetoxybenzoic acid, 17 g., 
long colourless flattened prisms, m. p. 189—190°. 

Anthranilic acid, 13-7 g.; 0-acetamidobenzoic acid, 15 g., com- 
pact colourless prisms, m. p. 185—186°. 

Sulphanilic acid, 17 g.; p-acetamidobenzenesulphonic acid, 18 g., 
colourless needles which when heated blacken and decompose 
without previously melting. 

Glycine, 11 g.; acetamidoacetic acid, 14 g., colourless, compact, 
much twinned, rhombic prisms, m. p. 206—207° (decomp.). 
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CCCXLITI.—The Chemistry of the Three-carbon System. 
Part XXVIII. Homomesitones, C,H,,O and 
C,H,,0. 

By GrorGE ARMAND RoBErT Kon and Ernzst LEeton. 
Ir has been shown by Abbott, Kon, and Satchell (J., 1928, 2514) 


that two molecules of methyl ethyl ketone condense to unsaturated 
ketones, C,H,,0, in two different ways. Straight-chain ketones of 
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the type (I) are produced with alkaline condensing agents, whilst 
acids lead to branched-chain products of the type (II), the corre- 
sponding By-ketones being also formed in each case : 


(l.) CMeEt:-CH-COEt CMeEt:CMe-COMe (H1.) 


Both types were found to form equilibrium mixtures with their 
Gy-isomerides under the influence of suitable catalysts, and an 
additional interest attaches to them because definite indications 
were obtained of their existence in cis- and trans-modifications. 

The higher homologues, C,)H,,0, derived from diethyl and 
methyl propyl ketone, have now been prepared. 

‘The intermolecular condensation of diethyl] ketone can give rise to 
only two homomesitones, viz., (IIT) and (IV), whilst methyl propyl 
ketone can give four products; of these, (V) and (VI) should be 
formed with alkaline, and (VIT) and (VIII) with acid condensing 
agents : 


(IIL) CH,Me-CEt-CMe-COEt CHMe:CEt-CHMe-COEt (IV.-) 
(V.) CH,Et-CMe:CH-COPr+ CHEt:-CMe-CH,°COPr« = (VI) 
(VII.) CH,Et-CMe:CEt-COMe CHEt:CMe-CHEt-COMe (VIII.) 

([X.) CH,Me-CEt-CH-COMe CHMe:CEt-CH,-COMe  (X-) 


The behaviour of these compounds with sodium ethoxide has been 
examined, and for the sake of quantitative comparison the equili- 
bration of the similarly constituted ketones (IX) and (X) (Kon and 
Linstead, J., 1925, 127, 815) and of the homomesitones described 
by Abbott, Kon, and Satchell has been repeated under the standard 
conditions developed by Kon and Linstead (J., 1929, 1269). 

Homomesitones (111) and (1V).—The action of alkaline condensing 
agents on diethyl ketone has been studied by Franke and Kéhler 
(Annalen, 1923, 438, 314), who state that they were unable to 
obtain a pure homomesitone; the only definite substance isolated 
had a b. p. (247°) and composition suggesting a different structure. 
Ekeley and Scott Carpenter (J. Amer. Chem. Soc., 1924, 46, 446) 
claim to have isolated a small amount of a homomesitone which gave 
“an odour of diethyl ketone ” and acetic acid on oxidation; finally, 
Grignard and Fluchaire (Ann. Chim., 1928, 9, 5) obtained a small 
amount of unsaturated ketone (?) by the dehydration of the corre- 
sponding ketol; the properties of this substance, which did not 
yield a semicarbazone, differ from those of Ekeley and Scott Carpen- 
ter’s ketone, notably in being practically odourless. 

In our hands, the action of sodium ethoxide on diethyl ketone did 
not yield a trace of homomesitone, although a fair amount of a 
higher-boiling oil, evidently identical with Franke and Koéhler’s 
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compound, was formed; its properties point to its being a cyclic 
ketone, C,,H,,0. 

The action of acid condensing agents on diethyl ketone was 
equally unsatisfactory, and we were therefore obliged to resort to 
synthesis for the preparation of the ketones (III) and (IV). These 
were readily obtained pure by standard methods; both formed 
characteristic semicarbazones and possessed a strong camphoraceous 
odour. In this and other properties they differ appreciably from 
Grignard and Fluchaire’s compound, and it appears improbable 
that the latter can have the constitution (III) assigned to it. The 
same remark applies also to Ekeley and Scott Carpenter’s product, 
more especially as in the presence of sodium ethoxide the compound 
(LLL) passes completely into its By-isomeride (1V) (see below), which 
cannot yield diethyl ketone on oxidation. 

On the other hand, methyl propyl ketone readily undergoes 
intermolecular condensation with both alkaline and acid condensing 
agents. Thus, with sodium ethoxide a fair yield of homomesitone 
is obtained (compare Franke and Kohler, loc. cit.), quite analogous 
to that obtained from methyl ethyl ketone and possessing a similar 
rather unpleasant odour. Its physical properties closely resemble 
those of the ketone prepared by Grignard and Fluchaire (loc. cit.) by 
the dehydration of the corresponding ketol, to which the structure 
(V) was assigned. Although the homomesitone has a high mole- 
cular refraction, which denotes a considerable proportion of the 
«8-form (V), it has an appreciable affinity for iodine chloride and is 
evidently an equilibrium mixture of the two isomerides (V) and (VI). 
This conclusion is readily confirmed by treating the mixture with 
aluminium amalgam, whereby the «f-ketone is converted into a 
bimolecular reduction product, leaving the pure #y-ketone (VI) 
which is readily recognised by its high iodine addition. The pro- 
portion of these two products is 3 to 1, in good agreement with the 
composition of the equilibrium mixture (73% «8) as estimated by 
the iodometric method. 

It was not possible to isolate the «8-ketone in a pure state. Both 
ketones were synthesised, but although a pure Sy-ketone was readily 
obtained, the «8-ketone afforded by the Blaise—Maire reaction was 
contaminated with impurities which raised its density, whilst that 
prepared by Darzens and Rost’s method (Compt. rend., 1911, 153, 
772) contained much of the isomeric By-ketone; neither specimen 
gave asemicarbazone. The identity of the synthetic «8-ketone with 
that contained in the equilibrium mixture was readily established 
by the preparation of the same solid dihydroresorcinol derivative 
from each. 

The action of acid condensing agents on methyl propyl ketone 
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has been examined by Grignard and Colonge* (Compt. rend., 1930, 
190, 1349), who used halogen acids, and by Descudé (Ann. Chim. 
Phys., 1903, 29, 486), who employed acetyl chloride and zinc 
chloride; these authors did not, however, characterise the products 
obtained. 

We have found that Descudé’s method gives a good yield of crude 
homomesitone, which is appreciably denser than that described 
above and possesses a strong camphoraceous odour, quite different 
from that of the ketones (V) and (VI). Unfortunately, it is 
difficult to isolate a pure ketone from it although a small quantity 
of a semicarbazone, m. p. 154°, can usually be obtained. 

We were therefore again obliged to resort to synthesis and readily 
obtained the two ketones (VII) and (VIII) pure; the second of these 
(Sy) gave a semicarbazone, m. p. 154°, identical with that obtained 
by Descudé’s method, proving that the intermolecular condensation 
of methyl propyl ketone with acids gives a product with a branched 
chain. Moreover, the properties of the pure «8-ketone (VII) proved 
to be very similar to those of the crude ketone obtained by Descudé’s 
method, although it could not be isolated; this, however, is not 
surprising in view of the great solubility of the semicarbazone of (VII). 

It should be stated that no definite indications have been obtained 
of the existence in stereoisomeric forms of any of the new ketones 
now described, although the very intractable nature of the com- 
pounds (V) and (VI) may perhaps be due to this cause. 

Tautomerism of the Homomesitones.—The equilibria and mobilities 
determined in the course of the present work can be summarised as 
follows : 


Ketone % aB at Half-change 
(aB-form). equilibrium. Mobility. period (mins.). 
(I) 67* 1100 4 

(IX) 44 930 6 
(V) 73 268 12 
(IT) 17* 2-9 3,700 

(IIT) 0(?) 0-95 7,300 

(VII) 0(?) 0-32 21,500 


* Determined by Abbott, Kon, and Satchell (loc. cit.). 


The extremely slow equilibration of the «-substituted ketones (II), 
(III), and (VII) is at once apparent, and illustrates the profound 
retarding effect of the «-substituent already observed in several 
other cases (compare this vol., p. 1411); it is noteworthy that the 
change is remarkably free from side reactions (addition of alcohol, 
etc.). 

* Added in proof.—Colonge (Bull. Soc. chim., 1931, 49, 426) has given further 
details of this work and concludes that the same homomesitone is produced 
both by acid and by alkaline reagents. The synthesis now described show 
that this view is incorrect. 
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Again, the great effect of the «-group on the equilibrium, favouring 
the Py-form, is also noteworthy; this agrees with the observations 
of Kon and Thakur (J., 1930, 2217) and of Abbott, Kon, and Satchell 
on ketones; there can be no doubt that the effect of an «-alkyl 
group on ketone equilibria is precisely the opposite to that in acids. 

Finally, attention is directed to the equilibration of the ketone 
(II) and its ®y-isomeride, on which additional information has now 
been obtained. It is clear that the change is less simple than 
hitherto believed, and that cis-trans-isomerism plays a considerable 
part init. For instance, it has now been found that the two stereo- 
isomeric forms of the By-ketone, although very similar in physical 
properties, have widely different reactivities towards iodine chloride ; 
that derived from the semicarbazone, m. p. 203—204°, has an addi- 
tion of only 43% (ketone a), whilst that corresponding to the com- 
moner, more soluble, semicarbazone, m. p. 163°, has an addition of 
95%, (ketone 6). Mixtures of the two semicarbazones melt at 
intermediate temperatures ; as a rule, preparations melting at about 
180° or higher were employed in the previous work (Abbott, Kon, 
and Satchell) and these give a ketone with an addition of 80—85%,. 

The pure «$-ketone and the pure ketone 6 give, on treatment with 
sodium ethoxide, equilibrium mixtures with an addition of about 
81%, a value distinctly higher than that previously found; the 
difference may be due to the prolonged treatment with sodium 
methoxide which was employed in the earlier work and has since 
been shown to favour side reactions. 

The equilibrium mixtures obtained in this way contain appreciable 
quantities of the ketone a which can be easily recognised. Unfor- 
tunately, we have not been able to obtain enough of this substance 
for a thorough investigation; a single experiment on the equili- 
bration of the pure ketone a suggests that the «8-@y equilibrium is 
established much more rapidly than the equilibrium between the 
cis- and trans-forms of the By-ketone ; this, therefore, most probably 
proceeds through the intermediate formation of the «$-ketone, the 
relationship being somewhat similar to that observed by Linstead 
and Mann (this vol., p. 726) in the equilibration of citraconic acid. 

The presence of both forms of the ®y-ketone in the equilibrium 
mixture makes the actual point of equilibrium uncertain, but the 
value previously found appears to be at least of the right order, and 
has been used in calculating the mobility given on p. 2499. 


EXPERIMENTAL. 
The preparation of the new substances obtained is given below. 
The equilibrations were, unless otherwise stated, carried out exactly 
as described by Kon and Linstead (loc. cit:), the products being 
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analysed iodometrically by the method of Linstead and May (J., 
1927, 2565). For this purpose reference curves were constructed 
for the iodine additions of each pair of ketones, the number J 
representing the addition in 10 minutes in chloroform solution. 

e- Methyl-A¢-hepten-y-one.—The equilibration data of this ketone 
were determined by Mr. R. D. Satchell on the specimen described 
by Abbott, Kon, and Satchell (Joc. cit.), and analysed with the aid of 
the reference curve already given. 


TANG EIB sescvcnsseascvsnces 10 20 30 60 120 
Pin Pokemcsethatsrclucbseecesss 50-1 43-8 39-1 36-9 36-5 
aB-Ketone, % — ....ccccccseees 48-3 57-0 63-0 65-8 66-3 


3-Ethylhexen-y-ones.—The ketones were prepared as described 
hy Kon and Linstead (loc. cit.), but the regeneration from the semi- 
carbazone was carried out by Kon’s method (J., 1930, 1616). The 
pure ketones had the following properties: «8, b. p. 74°/29 mm., 
di” 0-85621, nf 1-45373, [Rip 39-90; By, b. p. 70°/26 mm., 
di?* 0-85453, nii* 1-44271, [R,]p 39-10. 


Reference curve : 


Mixture (% af)...... 100 90 75 50 


9 
A Sins 42 135 261 418 62: 


on 


The following results were obtained with the «B-ketone : 


TAD GHD sccccccccqescduasensccsoese 10 20 40 80 
Fy Be shh sebise casera dit Avsderieetectetieick 35-9 41-4 43-9 44-8 
aB-Retone, %  s.cccccccscssvccvevcoces 62°5 51-5 47-0 44-0 


The recovered samples were then combined and again treated with 
sodium ethoxide for 2 hours; the product had b. p. 71—73°/26—27 
mm., di 0-85918, ni} 1-44773, J 45-2 (= 43-5% «8). A specimen 
of the By-ketone similarly treated gave a product, b. p. 68—72°/25 
mm., di* 0-85510, ni 1-44622, J 44-3 (= 445% a8). 

The combined equilibrium mixtures of ketone obtained above 
were treated with aluminium amalgam (compare Abbott, Kon, and 
Satchell, loc. cit.); the low fraction was isolated readily from the 
semicarbazone of the By-ketone, m. p. 144°, after one crystallisation. 

ys-Dimethylhexene-B-ones (Homomesitones).—The «®-ketone was 
prepared as described by Abbott, Kon, and Satchell (loc. cit.), and 
had the properties and iodine additions recorded there. 

The stereoisomeric By-ketones were prepared by several methods. 
Synthesis leads to a mixture, as previously found (loc. cit.), and so 
does treatment of the «$-ketone with sodium ethoxide, followed by 
reduction with aluminium amalgam, although only one form is 
present in some cases. The semicarbazones prepared from these 
mixtures contain mostly the low-melting form, whilst the high- 
melting one, although very sparingly soluble, is only obtained pure 
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with the greatest difficulty. A specimen of it, m. p. 200—201°, 
gave on regeneration by Kon’s method, the a ketone, b. p. 47°/14 
mm., d2” 0-8520, n%* 1-43818, [R,]p 38-81 (Cale., 38-72), J 43-2% 
(Found: C, 76:4; H, 11-2. C,H,,0 requires C, 76-2; H, 11-1%); 
on recombination with semicarbazide, it gave a product, m. p. 201° 
without purification. The pure low-melting form gave the 6 ketone, 
b. p. 47°/11 mm., d?” 0-85187, ni” 1-43748, [R,]p 38-74, J 94-9%. 
There is thus a remarkable difference in the iodine addition of the 
two forms, although their physical properties are very similar; there 
is quite an appreciable difference in smell, the ketone a having a 
slightly mouldy odour reminiscent of some camphor derivatives. 
Mixtures of the semicarbazones, m. p. 163° and 203—204°, melt at 
intermediate temperatures, but both m. p.’s are depressed by the 
addition of the «8-semicarbazone. 

Equilibrations. The reference curve given by Abbott, Kon, and 
Satchell has been constructed by using the pure «$-ketone and a 
By-ketone regenerated from a semicarbazone melting at about 180°, 
and therefore containing both a and 6 forms. A similar curve has 
now been constructed for mixtures of pure «8- and pure 6 ketone 
from the following values : 

Mixture, % af ...... 100 90 75 50 25 10 0 
SEO. susiceocaseuaiics 34 161 342 632 821 90:2 94-9 
This curve gives maximum values for the «$-content of a given 
mixture because it is assumed that all the addition is due to the very 
additive b ketone, whilst actually some of it is due to the inert form a. 
The pure «$-ketone was equilibrated with the following results : 


pg 8 Re Ore ee eee mone 24 48 72 118 
i Te \neborcnensicintDoqsacnccpemaunenes 32-0 55-7 66-4 69-7 
bh, er eee 76-5 57-0 46-0 41-0 


The mobility calculated from these figures is about 2-9, Abbott, Kon, 
and Satchell’s value for the point of equilibrium being assumed. 
The combined samples (5 g.) were warmed on the steam-bath with 
1 g. of sodium dissolved in 20 c.c. of isopropyl alcohol for an hour. 
The ketone isolated, b. p. 42—45°/9 mm., had d?” 0-8574, nj* 
1-44321, J 80-8%; it gave a semicarbazone, m. p. 163°, after one 
crystallisation. 

Pure specimens of «$-ketone and b ketone were each warmed on 
the steam-bath with sodium ethoxide for 2 hours. The recovered 
ketones had J 80-9 and 81-7% respectively, and these therefore 
appear to represent the equilibrium value. The specimen derived 
from b was converted into the semicarbazone,. which after one 
crystallisation from methyl alcohol formed characteristic rhombic 
crystals, m. p. 178—180°, so that the production of the a ketone was 


evident. 
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A similar experiment was performed with the pure ketone a, of 
which only a very small amount was available. The recovered 
ketone showed very little change in iodine addition (J 45%); this 
can be taken to mean that the production of the highly additive 
form 6 is slow as compared with the three-carbon change. 

The pure «8-ketone (10 g.) was then treated with sodium ethoxide 
as above; the product had the unusually high addition of 84-1% 
(= 22% «8 from the latest curve). It was treated with a large 
excess of aluminium amalgam after which it had b. p. 50°/14 mm., 
J 94-8%,; it formed the more soluble semicarbazone, m. p. 163°, and 
thus appeared to be the pure ketone b. Quite an appreciable residue 
of high-boiling bimolecular by-product was also obtained in this 
experiment, showing that some «$-ketone was present in the 
equilibrium mixture. 

A similar large-scale experiment was performed with the pure 
ketone b. The equilibrated ketone had an addition of 83-3% before 
and 91-5% after reduction. On treatment with semicarbazide, it 
gave a mixture of semicarbazones melting after one crystallisation 
at 173—175°, thus confirming the presence of the ketone a; the 
iodine addition of the product points to the presence of some 15% 
of a in the mixture. 

From these results it can be concluded that although the pro- 
portion of the a and the b form of the @y-ketone varies in the equili- 
brium mixture, 6 predominates largely. The point of equilibrium 
becomes uncertain, but the value previously found (17% «$) appears 
to be of the right order. 

3-Methyl-c-ethylheptenones, (III) and (IV).—Diethyl ketone 
(340 g.) was kept in the cold with alcohol-free sodium ethoxide 
prepared from 40 g. of sodium for 6 days. The resulting oil was 
isolated by means of ether, washed, dried, and carefully fractionated, 
but practically the whole boiled below 35°/25 mm. (diethyl ketone) 
and some 20 g. at 126—130°/16 mm. In another experiment the 
mixture was kept for 12 days, and 65 g. of high-boiling fraction were 
obtained from 170 g. of diethyl ketone; no trace of ketone boiling 
at the correct temperature for the latter appeared to be formed. 
The high-boiling fraction had b. p. 124—128°/12—18 mm., d? 
0-9312, n%° 1-48917, and was evidently a cyclic compound (Found : 
C, 79-5; H, 11-1. C,,H,,0 requires C, 79-5; H, 10-9%). 

Diethyl ketone was saturated with hydrogen bromide at 0° (Grig- 
nard and Colonge, Joc. cit.), and kept for 2 days, after which it was 
taken up in ether, washed, dried, and the ether evaporated. No 
high-boiling fraction (homomesitone) was formed. Descudé’s 
method of condensation was also tried, but a homomesitone fraction 
was not isolated. 
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5-Methyl-c-ethyl-A®-hepten-y-one (III).—«-Methy]-88-diethylacrylic 
acid (this vol., p. 1416) was converted into its chloride, b. p. 
84°/12 mm., by means of thionyl chloride, and this was added to 
ethylzinc iodide (Blaise and Maire, Ann. Chim. Phys., 1908, 15, 556 ; 
compare Dickins, Hugh, and Kon, J., 1928, 1630), a 50% yield of 
ketone, b. p. 94°/23—21 mm., being obtained. This was converted 
into the semicarbazone, which crystallised from methyl alcohol in 
pearly plates, m. p. 153° (Found: C, 62-4; H, 9-9. C,,H,,ON, 
requires C, 62-5; H, 10-0%). The ketone regenerated from it with 
the aid of oxalic acid, b. p. 80°/10 mm., d?* 0-86218, nj\* 1-45453, 
[R,]p 48°45 (Cale., 47-96), had a powerful camphoraceous odour ; 
in all these properties it differs appreciably from the substance 
described by Grignard and Fluchaire (loc. cit.). 

5-Methyl-c-ethyl-A‘-hepten-y-one (IV).—«-Methyl-f-ethyl-A*-pen- 
tenoic acid (this vol., p. 1416) was converted into the chloride, b. p. 
74°/15 mm., and this treated in ethereal solution with ethylmagnes- 
ium iodide (Darzens and Rost, loc. cit.; Abbott, Kon, and Satchell, 
loc. cit.), a 50% yield of ketonic fraction,\b. p. 883—88°/18 mm., being 
obtained. The semicarbazone was readily formed, and crystallised 
from methyl alcohol or acetone in clusters of needles, m. p. 109° 
(Found : C, 62-5; H, 10-3. C,,H,,ON, requires C, 62-5; H, 10-0%). 
The ketone regenerated from it had a pleasant camphoraceous 
odour, less intense than that of the «$-ketone; b. p. 74°/10 mm., 
d}* 0-85640, nj)" 1-44522, [R,]p 47-96 (Calc. 47-96). 


Equilibrations. Reference Curve : 
Mixture (% af)...... 100 90 
J, % 43 22-2 


50 25 10 0 
“7 82-5 91-3 94:3 95-0 


io | 
m— OL 


/¢ 


The high addition of the By-ketone and mixtures containing up to 
25%, of «8-ketone was a source of difficulty. The pure ketone can 
absorb more than the theoretical quantity of halogen, so at the end 
of 10 mins. it is colourless; on the addition of potassium iodide, 
some of the halogen is liberated. Similarly, there is a marked “ back 
reaction ”’ at the end of the titration. These difficulties can be 
partly overcome by working with more dilute solutions, but Kon and 
Thakur’s method (loc. cit.) is the most satisfactory. 


Expt. Ketone. Time (hrs.). J, %. % af-. 
(1) aB 4 5-9 97-5 
(1) o 214 18-5 89-5 
(2) Recovered material from (1) 168 95-0 0 
(3) By 168 94-9 0 


The material from Expt. (2) was analysed, and it was found that no 
measurable addition of alcohol had occurred (Found: C, 77:7; 
H, 11-7. Cale., C, 77-9; H, 118%); on treatment with semi- 
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carbazide, the By-semicarbazone, melting correctly at 109° after two 
crystallisations, was obtained. 

E-Methylnonen-3-ones, (V) and (VI).—Methyl propyl ketone 
(100 g.) was treated with ice-cold, alcohol-free, sodium ethoxide 
from 12 g. of sodium as described on p. 2503, and the products 
isolated and fractionated after 2—3 days. Unchanged ketone (25 g.) 
was recovered, and also the following fractions : (1) 55—92°/17 mm.., 
5 g.; (2) 92—94°/17 mm., 13 g.; (3) 94—105°/17 mm., 5 g.; some © 
20 g. of higher-boiling oil being neglected. The second fraction on 
redistillation had b. p. 88—89°/15 mm., and contained the required 
homomesitones, d}?* 0-84917, nj®* 1-45163, [R,]p 48-93 (Calc., 
47-96), J 32-49% (Found: C, 77:9; H, 11-8. ©C,,H,,0 requires 
C, 77-9; H, 11-7%). It had a characteristic, rather unpleasant 
odour. No semicarbazone could be obtained from it. 

In another experiment, the yield of redistilled homomesitone 
fraction was 18 g., with J 33-4%; this value did not alter after 3 
hours’ treatment with sodium ethoxide, and therefore represents 
the equilibrium value. 

On treatment with aluminium amalgam the homomesitone gave 
about 75% of a viscous bimolecular reduction product, b. p. 140— 
145°/2 mm., and 25%, of pure By-ketone (VI); this had b. p. 89°/19 
min., dj: 0-84444, ni} 1-44191, [R,], 48-40, J 84-6%, and was used 
for equilibrations. Another specimen obtained in the same way also 
had J 84-6%. 

1-Methyl-4-ethyl-1-propylcyclohexane-3 : 5-dione.—The homomesi- 
tone (5-4 g.) was added to ethyl malonate (5-3 g.) and sodium (0°8 g.) 
in 20 c.c. of alcohol, and the mixture refluxed over-night. It was 
then cooled, poured into water, neutral impurities were removed 
with ether, and the aqueous layer strongly acidified and repeatedly 
extracted with ether. The extract was evaporated, and the residue 
refluxed for 3 hours with an excess of 20° potassium hydroxide. 
The cooled product was extracted with ether, strongly acidified, 
and again thoroughly extracted. On removal of the ether, an oil 
was obtained which solidified and, after two crystallisations from 
dilute alcohol, formed needles, m. p. 106° (Found : C, 73-3; H, 10-2. 
C,H, 50, requires C, 73-5; H, 10:2%). The 1-methyl-4-ethyl- 
1-propyleyclohexane-3 : 5-dione rapidly decomposes on keeping. 

-Methyl-A<-nonen-8-one (V).—Liquid {-methyl]-$-propylacrylic 
acid (this vol., p. 1414) was converted into the chloride, b. p. 100°/26 
mm., and this on treatment with propylzinc iodide gave a moderate 
yield of the ketonic fraction, which on redistillation boiled at 90— 
92°/16 mm., d2” 0-8608, nz” 1-45183, [R;]p 48-3, J 8-6. The low 
molecular refraction suggests the presence of impurities (esters) 
which raise the density. A semicarbazone could not be obtained. 
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The action of propylmagnesium iodide in $-methyl-B-propyl- 
acrylyl chloride gave a 60% yield of a product, b. p. 90—96°/16 mm., 
d®* 0-84118, n®7 1-45053; this had a much higher iodine addition 
(55%), and evidently contained a considerable quantity of the 
By-isomeride. It was used for condensation with ethyl sodio- 
malonate as described on p. 2505, the compound, m. p. 106°, being 
obtained in good yield. 

&-Methyl-A”-nonen-3-one (VI).—f-Methyl-A*-hexenoic acid (this 
vol., p. 1415) was converted into the chloride, b. p. 68°/16 mm., 
which on treatment with propylmagnesium iodide gave a 65% yield 
of a fraction, b. p. 94°/17 mm., J 73-6. As a semicarbazone could 
not be obtained from it, this was treated in ethereal solution with 
aluminium amalgam; the product then had b. p. 94°/18 mm., 
d?* 0-84130, n}* 1-44291, [Rz]p 48°56 (Cale., 47-96), J 85-3% 
(Found : C, 77-6; H, 11-6. ©, ,H,,O requires C, 77-9; H, 11-7%). 
The ketone is thus in every way similar to the By-ketone isolated from 
the equilibrium mixture. 

Equilibrations. Reference Curve : 


Mixture (% af)...... 100 90 66-7 50 33°3 10 0 
Wg Ty eaucescsctcsnnse 8-6 17-5 38-3 52-6 64-2 74-4 85-3 
Ketone. Time (mins.). J, % % af. 
af 10 16-3 91-0 
es 20) 19-0 89-0 
99 40 51-2 86-0 
By 10 65-4 31-5 
20 56-0 46-0 
40 45-7 58-0 


The combined fractions from the equilibration of the By-ketone were 
treated with sodium ethoxide, and then had b. p. 95°/22«mm., J 
34-5 (71% af), in good agreement with the equilibrium value already 
obtained. The equilibration of the «8-ketone clearly shows that it 
contains some inert impurity, but this should not materially affect 
the accuracy of the reference curve. 
y-Ethyl-3-methylhepten-B-ones.—300 G. of methyl propyl ketone 
were treated with acetyl chloride and zinc chloride by Descudé’s 
method (loc. cit.). About 100 g. were recovered unchanged, whilst 
on progressive refractionation of the residue, a portion, b. p. 74— 
76°/11 mm., d%” 0-8681, n®* 1-45023 was obtained. After pro- 
longed treatment with semicarbazide, the semicarbazone, m. p. 
154°, identical with that described below, was isolated from it in 
small amount. Efforts to obtain a further quantity of this ketone, 
by treating the higher chlorine-containing fraction of the reaction 
product with alcoholic alkali or sodium ethoxide, were unsuccessful, 
as no semicarbazone could be obtained from the products. For the 
same reason, the «$-ketone was not identified in any of the fractions 
obtained, probably owing to the great solubility of its semicarbazone. 
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The action of hydrobromic acid on methyl propyl ketone also 
leads to the formation of a homomesitone fraction very similar in 
properties to that described above, and evidently containing ketones 
with a branched chain because its iodine addition rose to 75% after 
treatment with sodium ethoxide : we have so far failed to isolate a 
pure compound from it. 

y-Ethyl-8-methyl-Av-hepten-B-one (VII).—The «-ketone was 
obtained in 50% yield by treating methylzinc iodide with the 
chloride of 8-methyl-«-ethyl-8-propylacrylic acid (this vol., p. 1417), 
b. p. 82—83°/10 mm.; it was purified by redistillation, and boiled 
at 83°/14 mm., d?* 0-85589, n 3” 1-45353, [R,]p 48-72 (Calc., 47-96) ; 
it had a strong camphoraceous odour (Found: C, 77-6; H, 11-5, 
Ci9H,,0 requires C, 77-8; H, 118%). The semicarbazone was 
formed with difficulty, and was very soluble; it crystallised from 
light petroleum (b. p. 60—80°) in plates, m. p. 123° (Found: C, 
62:7; H, 9-9. C,,H,,ON, requires C, 62-6; H, 9-9%). 

3-Methyl-y-ethyl-A*-hepten-B-one (VIII). The isomeric By-ketone 
was obtained in 56—60% yield from the chloride of $-methyl- 
«-ethyl-A*-hexenoic acid (this vol., p. 1417), b. p. 80°/15 mm., with 
either zinc or magnesium methyl iodide. It was converted into the 
semicarbazone, which formed needles, m. p. 154°, after two crystal- 
lisations from methyl alcohol or, better, acetone containing a little 
ammonia to prevent possible decomposition (this solvent has been 
very successfully employed in these laboratories for a number of 
semicarbazones) (Found: C, 62-6; H, 10-0. C,,H,,ON, requires 
C, 62-6; H, 99%). The ketone regenerated from it by Kon’s 
method had b. p. 69°/11 mm., d?” 0-84503, n?® 1-44050, [R; |p 48-10 
(Cale., 47-96) ; it possessed a pleasant camphoraceous odour. 

Equilibrations. Reference Curve : 

Mixture (% af) ...... 100 90 75 50 25 10 0 

J, % 7-4 29-3 53-5 77-7 92-2 95-5 97-0 
The same difficulties were encountered as in the previous case and 
were overcome in the same way. 


Expt. Ketone. Time (hrs.). i. = % aB-Ketone. 
(1) ap 48 28-4 90-5 
(1) a 117 48-7 79-0 
(1) ” 290 66-7 62-5 
(2) 45% aB 6 (at b. p.) 98-5 0 
(3) aB 6 (at b. p. with sodium 97-0 0 
isopropoxide) 


The authors’ thanks are due to the Royal Society and to the 
Chemical Society for grants which have defrayed the cost of this 
investigation. 

IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

Lonpoy, S. W. 7. [Received, July 3rd, 1931.] 














NOTE. 


The Reaction of Bromine with isoPropyl Alcohol. By Joun 
FREDERICK JAMES Dippy, HERBERT BEN WATSON, and EpMunp 
Denys YATES. 

AccorDING to Etard (Compt. rend., 1892, 114, 753), «««-tribromo- 

acetone is formed, together with isopropyl bromide, by treatment of 

isopropyl alcohol with bromine. Friedel (Bull. Soc. chim., 1865, 3, 

250) states that both tri- and tetra-bromoacetones are produced, 

but he did not separate them. <A study by Brochet (Compt. rend., 

1894, 119, 1270; Ann. Chim. Phys., 1897, 10, 134) of the reaction 

of chlorine with the same alcohol led to the isolation of as-tetra- 

chloroacetone only. 

In our experiments, bromine was added slowly to 500 c.c. of iso- 
propyl alcohol (b. p. 82°) contained in a flask under a reflux con- 
denser. At first reaction proceeded vigorously, much heat being 
evolved, but ultimately warming on the water-bath became necessary 
and after addition of 300 c.c. of bromine (somewhat less than 1 mol.) 
there was no further change. Two layers separated. The top 
layer (175 g.) consisted of constant-boiling hydrobromic acid (b. p. 
124°. % HBr, 46-6). Careful fractionation of the lower layer gave 
the following: isopropyl bromide, 570 g. (b. p. 61°. Br found, 
64-8; calc., 65%), monobromoacetone, 40 g. (b. p. 38—40°/14 mm. 
Br found, 59-0; cale., 58-4%), as-dibromoacetone, 18 g. (b. p. 53— 
56°/14 mm. Br found, 73-7; calc., 74-1%), «««-tribromoacetone, 
35 g. (b. p. 128—129°/14 mm. Br found, 81-6; calc., 81-4%), and 
as-tetrabromoacetone, 240 g. [b. p. 139°/14 mm., 258° (decomp.)/ 
760 mm., m. p. 36-8° (De Jong, Rec. trav. chim., 1903, 22, 286, gives 
37—38°). Br found, 85-5; cale., 855%]. No acetone was de- 
tected. Both the tri- and the tetra-bromoacetone gave bromoform 
with caustic soda or ammonia, and carbylamine with aniline and 
alkali. 

The main products of this reaction are therefore isopropyl 
bromide and as-tetrabromoacetone. It is obvious that acetone 
first produced by oxidation reacts with bromine, while the hydrogen 
bromide formed simultaneously attacks a further portion of the 
alcohol. The yield of products isolated was 88%, of the theoretical.— 
Tue TECHNICAL COLLEGE, CARDIFF. [Received, August Ist, 1931.] 
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CCCXLIV.—A Sensitive Direct-reading Mercury 
Manometer. 


By Harry W. MELVILLE. 


Durinc the course of an investigation of the oxidation of phos- 
phorus trioxide vapour at low pressures, a direct-reading manometer 
was required which was sensitive to at least 0-001 mm. of mercury. 
Since the use of the simple U-tube manometer employing oil or 
sulphuric acid was precluded owing to the solubility of the phos- 
phorus trioxide in these liquids, a manometer was devised employ- 
ing a principle which, it is believed, has not been previously used 
in this connexion. 

The manometer consists essentially of a small inverted glass 
cup (C) floating in mercury as shown in Fig. 1. The simple theory 
is as follows. Let the pressures of gas on the outside and inside of 
the cup be identical; the cup will then sink into the mercury until 
the weight of liquid displaced is equal to the weight of the cup. If 
the pressure is now increased on the outside of the cup by Ap the 
total force exerted downwards on the cup is proportional to rr? . Ap, 
where r is the radius of the cup. This will result in the cup sinking 
further into the mercury by a distance Az,* the weight of mercury 
displaced being equal to Ax .2nrip, where ¢ is the thickness of the 
cup and o the density of mercury. For equilibrium, then, 


Ap .nr? = K . Ax. 2rrtp, 


where K is a constant depending only on the units used to express 
Ap. The sensitivity Ax/Ap is thus given by Ax/Ap = r/2Ktp, and 
in order to make this large, r must be large and ¢ small. Calculation 
showed that if r = 1 cm., t = 10° cm., and the smallest value of 
Ax which can be detected is 10-° cm. (by means of a microscope 
fitted with an eye-piece scale), the required sensitivity could be 
reached. 

Two different forms of the manometer were constructed as shown 
in Figs. 1 and 2. They differed only in the arrangement of the 
guides for the cup. The glass cups were made from 1 cm. tube by 
drawing and blowing it simultaneously. The tubing was then cut 
into convenient lengths by covering the selected parts with paraffin 
wax, drawing a furrow in the wax with a fine steel point, and 
etching through with hydrofluoric acid. For practical purposes, 
the limit to the thickness was about 10-? cm.: cups were made 

* In addition the levels of the mercury outside and inside the cup change 
but this motion is small compared with the motion of the cup in this par- 


ticular case and is therefore neglected in the simple theory. 
4N 
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with t= 5 x 10° ecm. or less, but they were rather fragile and 
were easily broken when being attached to their guide rods. The 
cup was attached to the glass rod (R).as shown in Fig. 1. At the 
lower end of the rod a small tube (M) filled with mercury was 
fused on in order to sink the cup well into the mercury and bring 
the centre of mass of the floating system below the surface of the 
mercury. This tube moved in a glass guide, and a guide (P) of 
platinum wire or foil served at the upper end of the rod. The 
large ground joint facilitated the adjustment and removal of the 
cup, and the tap allowed the manometer to be used differentially. 
The second design is shown in Fig. 2. In this case the cup was 
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supported by two thin glass fibres (Ff) so that vertical motion 
could easily take place, whereas horizontal movement was prevented. 
These were attached to a glass rod (R), which in turn was fused to 
one half of a ground joint as shown. The large joint was necessary 
for the insertion and removal of the cup. The small joint was 
made slightly eccentric with respect to the large one so that the cup 
could be accurately adjusted when the manometer was evacuated. 
The motion of the cup was observed by means of a fine glass 
pointer (G). A considerable magnification of the motion can be 
obtained by making the pointer much longer than the supporting 
fibres. The side tube (7) prevented the blocking of the tube 
leading to the apparatus in the event of mercury being forced out 
of A by sudden pressure changes in the apparatus. 

Although the manometer in Fig. 2 is not quite so compact as 
that in Fig. 1, the absence of glass and metal guides eliminates to 
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a large extent any tendency to stick. During experiments with 
manometer 2 the highest sensitivity reached was 2 x 10-4 mm. of 
mercury. An attempt was made to increase this still further by 
replacing the mercury by concentrated sulphuric acid (compare 
expression for Ax/Ap), but there was no increase in sensitivity, 
showing that the limit was governed by the elasticity of the 
supporting fibres. 


UNIVERSITY OF EDINBURGH. [Received, May 16th, 1931.] 





CCCOXLV.—The Effect of Unsaturated Chromophores 
on Pyronine Dyestuffs. Part I. 


By Bric Brexart Dixsuit and Jamuna Datt TEwaRI. 


SATURATED compounds behave as frictionless media for the passage 
of light waves in the visible and ultra-violet region of the spectrum, 
as is evident from the fact that such compounds show no absorption 
in these two regions. The entrance of unsaturation introduces 
friction into the molecule, causing it to absorb light waves in these 
two regions, and, in general, the converse holds. Any increase of 
unsaturation in the dye molecule enhances the colour of the com- 
pound. Examples of this type are found in dyes derived from 
succinic (Dutt and Thorpe, J., 1924, 125, 2524) and maleic acids 
(Lunge and Burckhardt, Ber., 1884, 17, 1598, 1600; Burckhardt, 
Ber., 1885, 18, 2864, 2878). In order to elucidate this point, dyes 
have been prepared by condensing various aromatic hydroxy- and 
amino-compounds with aconitic acid, and these are directly com- 
pared with the analogous dyes obtained from tricarballylic acid, 
the saturated acid corresponding to aconitic acid. The resulting 
dyes will have the general formule (I) and (II). The free carboxyl 


O 
A\N\/\R , 
cA CY 


(I.) ae Ae 
CH O 
th ia 





0 sod 
iu CO,H CH,-CO,H 
Aconiteins. Tricarballyleins. 


group has very little effect on the colour of the dyestuffs (Tewari and 
Dutt, J. Indian Chem. Soc., 1928, 5, 60). 
Aconitic anhydride could, theoretically, have either of the struc- 
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tures (III) and (IV), but the former is the more stable of the two 
because the interposition of a double bond between the two carbon 
atoms brings their two carboxyl groups so near each other that the 
anhydride formation between them takes place with greatest ease 


CH—CO\,, CH—CO,H 
(a.) ¢——co~ (—00.9 AV) 
CH,—CO,H CH,—CO 


(Beesley, Ingold, and Thorpe, J., 1915, 107, 1080; Ingold and 
Thorpe, 1919, 115, 320; Kon, 1921, 119, 810; Dhar and Dutt, J. 
Indian Chem. Soc., 1927, 4, 253). 

The absorption maxima of the dyestuffs given in Table I clearly 
show that unsaturation in the molecule considerably enhances the 
intensity of the colour. 


EXPERIMENTAL. 

Phenol-, resorcinol-, phloroglucinol-, and m-diethylaminophenol- 
aconiteins and -tricarballyleins were prepared and purified in the 
same way as the corresponding cinchomeroneins (Tewari, J., 1929, 
1642) and iminazophthaleins (Tewari and Dutt, J. Indian Chem. Soc., 
1927, 4, 202). The isolation and purification of catechol-aconitein 
and -tricarballylein were effected as for catecholitaconein (Dhar and 
Dutt, ibid., p. 248). These compounds, being insoluble in water, 
were extracted from the insoluble tin sulphide by means of alcohol. 

The preparation and purification of the m-dimethylaminophenol 
compounds were the same as for the corresponding diethyl com- 
pounds (see above). 

The condensation of m-phenylenediamine with these acids was 
done in an oil-bath at 150—160°, dry hydrogen chloride being used as 
a condensing agent. The dyestuff was extracted with glacial acetic 
acid, largely diluted with water, and precipitated from this acid 
solution by the addition of ammonia. It was recrystallised from 
acetic acid. 


TABLE I. 
Absorption maxima, wu. 
Phenol, etc. Aconiteins. Tricarballyleins. 
SUNNY. Sicnuscdiccivetouhbisduatbbebesiniestacnetiose 5530 5480 
INNES. saasdubncidedipiieriwesenkesecssioneaes 4930 4870 
PIII gintiticscipnecdninssinsacvenssecens 4940 4880 
m-Diethylaminophenol- ................seceeaes 5560 5500 
m-Dimethylaminophenol-  ..............0s.000+ 5550 5480 
Catechol-..... i ehehsaneotihnbencisdecinaaineenas 4960 4920 
m-Phenylenediamine- ...........cccccccccccccece 4910 4840 
Pr IIIIEE™ dccanectincscescdaccesdcevetersudeosineies 4950 4910 
Ie nse peinees bev dresebinceiécenececdesssstvciinns 5540 5500 
EINE: sncntidinniancerscccessesaceomapsaueabe 5530 5470 
Tetrabromoresorcinol- ..............eceeeeeeeeees 5490 5400 
Tetraiodoresorcinol. ...........ccecsssscssesescees 5600 5540 
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TABLE II. 
Analysis, %. 
Colour in alcohol, o 
Appear- and effect of addition Fluor- Found. Required. 
Aconitein. ance. M. p. of alkali(or acid*). escence. OC. H. Go i. 
Phenol- Colourless 250° Light pink; deepened —_ 66-8 4-1 66-4 4-3 
needles (decomp.) 
Resorcinol- Orange- 190° Orange-yellow ; Green 63:0 35 63-5 5-5 
yellow (decomp.) increased 
powder 
Catechol- Dark 150° Red ; transient green — 63-3 3-9 63-5 3-5 
needles 
Phloroglucinol- Brown Blackens at Red; deepened _ 58-5 3-4 58-1 3-2 
powder 195° 
m-Diethyl- Violet-red 112° Bright pink; Brown CN, 6-6) CN, 6-2) 
aminophenol- powder intensified * 
m-Dimethyl- Red powder 118° Rose-red ; intensified * — (N, 7°2) CN, 7-1) 
aminophenol- (decomp.) 
m-Phenylene- Dullred 248° Deep yellow ; Greenin (N,15-8) (N, 15-8) 
diamine- powder intensified * acetic 
acid 
o-Cresol- Dark brown 195° Nearly colourless ; -- 71-6 4:8 71-4 4:8 
powder (decomp.) pink * 
m-Cresol- Orange-red 126° Orange-yellow ; pink * — 71-0 4-7 71-4 4:8 
powder (decomp.) 
Pyrogallol- Black >300° Red. == 57-4 3-8 58-1 3-5 
shining 
powder 
Tetrabromo- Brick-red Decomp. Red; intensified - (Br, 48-9) (Br, 48-8) 
resorcinol- crystalline above 170° 
powder 
Tetraiodo- Dark red Decomp. Dark red ; intensified -—- (1, 60-3) (I, 60-2) 
resorcinol- powder above 187° 
Tricarballylein. 
Phenol- Dark brown 220° Light orange; red _ 65-3 4:8 65:7 4:9 
powder (decomp.) 
Resorcinol- Bright 207° Yellow ; intensified Bright 63-6 4-4 63-2 4-1 
yellow (decomp.) green 
powder 
Catechol- Dark black 180° Red; transient green -— 63-2 4-3 63-2 4-1 
powder (decomp.) 
Phloroglucinol- Bright 119° Bright red —_ 57-9 3-6 57-8 3:8 
brown 
powder 
m-Diethyl- Scarlet 140° (de- Deep rose-pink * Brown (N, 6-0) CN, 6+2) 
aminophenol- powder comp. ; 
shrinks at 
130°) 
m-Dimethyl- Scarlet 138° Deep pink * Brown CN, 7-5) CN, 7-1) 
aminophenol- powder 
m-Phenylene- Brown 198—200° Faint yellow; _ (N,15-7) = (N, 15-6) 
diamine- powder (decomp.; deepens * 
blackens at 
190°) 
o-Cresol- Dark brown 168° Dirty red; brilliant _ 68-1 5-7 67-4 5-6 
powder (decomp.) red in acetic acid; 
on dilution turns 
yellow 
m-Cresol- Black 220° Deep red — 67-6 5-4 67-4 5-6 
powder (decomp.) 
Pyrogallol- Scarlet 236° Rose-red ; dirty red _— 57-6 3-8 57-6 3-8 
powder (decomp. ; 
darkens at 
195°) 
Tetrabromo- Dull red 187° Pink; deep red _ (Br, 48-4) (Br, 48-9) 
resorcinol- powder (decomp. ; 
darkens at 
177°) 
Tetraiodo- Scarlet 215° Pink; deep red Faint CI, 60-0) cI, 60-0) 
resorcinol- powder (decomp.) green 


* Denotes effect of addition of acid. 


Pyrogallol compounds were prepared and purified in the same 
way as in the case of the corresponding compound of itaconic acid 
(Dhar and Dutt, loc. cit.). 





2514 MATHESON AND HUMPHRIES: THE REACTIVITIES OF 


o-Cresol-aconitein and -tricarballylein——A mixture of 2 g. of the 
required acid and 2-5 g. of o-cresol was heated at 120—130° with 
a few drops of concentrated sulphuric acid for about 10 hours, till 
the melt became quite hard and brittle on cooling. The dyestuff 
was extracted by means of dilute caustic soda solution, reprecipit- 
ated as a thick red mass by gradual addition of hydrochloric acid, 
and crystallised from alcohol. The corresponding m-cresol com- 
pounds were similarly prepared and purified. 

The bromine and iodine compounds of resorcinol-aconitein and 
-tricarballylein were prepared in the same way as eosin and ery- 
throsin from fluorescein. 


The properties and analyses of these compounds are given in 
Table II. 


In conclusion we wish to thank Dr. S. Dutt for his interest in this 
work. 


UNIVERSITY OF ALLAHABAD, INDIA. [Received, July 1st, 1931.] 





CCCXLVI.—The Reactivities of w-Halogen Atoms in 
Acetophenone. 


By DonaLp MATHESON and JAMES ERNEST HUMPHRIES. 


In this paper is given a comparison of the reactivities towards aniline 
of chlorine, bromine, and iodine atoms in the w-position of aceto- 
phenone, the reactions being carried out in alcohol at 40°. Under 
these conditions w-chloroacetophenone shows little reactivity, but 
the bromo- and iodo-compounds are distinctly reactive, the order 
being I>Br. This order of reactivity is the reverse of that usually 
found for nuclear halogen; e.g., Rheinlander (J., 1923, 123, 3099) 
found for halogenonitrobenzenes and bases in alcohol the order 
Br>Cl>I, except for the one case of picryl iodide, which reacted 
more rapidly with methylaniline than did the chloride and bromide 
(see also Ann. Reports, 1929, 132, et seq.). 

A reactive halogen is generally rendered negative, or given a 
tendency towards anionisation, by the influence of certain groups, 
€.g., 2: 4-nitro-groups in the case of nuclear halogen, and oxygen in 
the case of chlorodimethyl ether (Allan, Oxford, Robinson, and 
Smith, J., 1926, 404). The oxygen in w-halogenoacetophenone has 
the opposite effect, however (Ray and Robinson, J., 1925, 1619; 
Lapworth and Manske, J., 1928, 2537; 1930, 1978), and Bennett and 
Berry (J., 1927, 1678) assumed a positive charge on the chlorine 
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atom in «-chloroacetophenone to account for its rapid reaction with 
potassium iodide, via the formation of a complex between the chloro- 
compound and the iodide ion. 

In the first series of experiments equimolecular proportions of the 
halogen compound and aniline were used, the reaction being followed 
by titration of the halogen acid liberated. The reaction did not 
go to completion at 40° and it was assumed that the liberated 
halogen acid formed an unreactive salt with aniline. The ter- 
molecular equation was modified to account for the aniline removed in 
this way (compare Rheinlander, loc. cit.). In the second series the 
aniline was present in much greater concentration and the reaction 
was regarded as a unimolecular one, with constant concentration of 
aniline. This method had the advantage of removing the acid, 
which may have acted as a negative catalyst (compare Senter and 
Porter, J., 1911, 99, 1053), and under these conditions -chloro- 
acetophenone displayed distinct reactivity (in the first series no 
hydrogen chloride was liberated when «w-chloroacetophenone and 
aniline were kept at 40° for several days). 


EXPERIMENTAL. 

Absolute alcohol was used and was prepared by repeated drying 
over lime and distillation. Aniline was purified by fractional 
distillation and freezing. «-Chloroacetophenone and w-bromoaceto- 
phenone were prepared by adding the theoretical quantity of chlorine 
to, or aspirating bromine into, acetophenone dissolved in ligroin ; this 
solvent was used because the products are not very soluble in it. 
«-Iodoacetophenone was prepared by Collet’s method (Compt. rend., 
1899, 128, 312) except that the alcoholic solution of w-chloro- or 
«-bromo-acetophenone was kept over sodium iodide instead of 
potassium iodide. The sodium salt is the more soluble and the 
reaction is quickened and gives a purer product. 

The reaction vessel was a three-necked Woulff’s bottle, the central 
hole being fitted with a mercury-sealed stirrer. One side orifice was 
fitted with a condenser; the other with a stopper, being used for 
introduction of the reactants and withdrawal of the mixture. The 
solutions, 0-2M, of the reactants were made up separately, warmed 
to 40°, and mixed. 5 C.c. of the mixture were removed at definite 
intervals and run into 25 c.c. of 0-1N-silver nitrate solution. The 
whole was shaken with benzene, which removed organic matter 
from the aqueous layer and coagulated the silver halide precipi- 
tate. The excess of silver nitrate was titrated with ammonium 
thiocyanate without separation of the benzene and water layers. 
A i a experiment, for w-iodoacetophenone, gave the following 
results. 
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a~-z 


a-—-z 
Time (c.c. 0-1N- Time (c.c. 0-1N- 

{mins.). AgNO;). a — 2x. k x 104. (mins.). AgNO,). @— 2x. k x 104, 
13-25 4-40 3-80 22-1 46-25 3-62 2-24 20°8 
22-25, 4:15 3-30 20-8 74-50 3:27 1-54 20-8 
33-50 3°85 2-70 21-1 89-25 3-11 1-22 21-0 

Mean 21-1 


For w-bromoacetophenone : mean k X 104 = 13-4. 
Ratio ky : ker = 1: 0-67. 
There was no action with w-chloroacetophenone. 
When the experiments were repeated with 0-2. M-halogencompound 


and 5M-aniline, the reaction was rapid. The results of typical 
experiments are given below. 


w-Iodoacetophenone. w-Bromoacetophenone. w-Chloroacetophenone. 
Time Time Time 
(mins.). a—a. kx 10. (mins.). a — 2. k x 10. (mins.). a — x. k X 10. 
5 1-95 1-85 5 2-20 1-64 10 2-23 0-80 
75 1-08 2-00 7°75 1-30 1-70 19 1:53 0-62 
11 0-72 1-85 11-75 0-73 1-64 22 1-37 0-58 
14 0-25 = 2-00 Mean 1-66 Mean 0-67 
Mean 1-9 
Ratio ky : ker 4 ke = 1:0-°88: 0-35. 
UNIVERSITY OF ABERDEEN. [Received, July 24th, 1931.] 





CCCXLVII.—Studies in the Reactivity of Aromatic 
Hydroxyl Groups. Part II. 


By Haroxtp LLEWELYN BasseEtr. 


In continuation of the work previously reported (J., 1930, 1313), 
the rates of reaction of certain halogenated phenols with acetyl 
bromide have now been determined, and as the experiments were 
carried out under exactly the same conditions as before, the figures 
obtained in the two series are strictly comparable. 

The compounds dealt with in the present paper are the mono- 
halogenated phenols, s-trichlorophenol, and o-bromo-p-cresol. All 
these reacted normally with the exception of the o- and p-iodo- 
phenols. The half-periods of the reactions, in minutes, were as 
follows. The reciprocals of these values, against phenol as unity, 
are given in parentheses, and to facilitate discussion the results 
already recorded for phenol and the cresols are included. 


PCHOOOL, .ccieroccqsesoncs 6-17 (2-35) m-Iodophenol ......... 87 (0-167) 
TUTORS sascceseccccces 8-5 (1-71) m-Bromophenol ...... 95 (0-153) 
SOE weicdiechoaencsaks 14-5 (1-0) o-Bromo-p-cresol ...... 136 (0-107) 
ORO ses scescecindcces 25-25 (0-574) o-Chlorophenol ......... 142 (0-102) 
p-Chlorophenol ...... 41 (0-354) o-Bromophenol ......... 210 (0-069) 
p-Bromophenol ...... 43 (0-337) s-Trichlorophenol ...... very slow 


m-Chlorophenol ...... 57 (0-254) 
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In general this series indicates that (so far as may be judged from 
the ionisation constants recorded for phenols) the rate of reaction 
of acetyl bromide with a phenol in a non-ionising solvent increases 
with the acidity of the phenol. The notable exception is that the 
o-substituted phenols are abnormally slow in reaction, and this may 
be ascribed to steric hindrance. With s-trichlorophenol there was 
very little reaction even after several days at room temperature. 
It is of particular interest that a p-methyl group activates o-bromo- 
phenol to nearly the same extent as it activates phenol. Steric 
hindrance effects are undoubtedly due to a combination of spatial 
and chemical factors and it can scarcely be supposed that the 
spatial factor can be affected by the presence of a p-methyl group, 
so this result opens up the possibility of separating the effects of 
these two factors: experiments are in progress on these lines. 
Since it has been suggested by various workers (compare Olivier, 
Rec. trav. chim., 1929, 48, 227) that the first stage in the reaction 
of an acid halide with a hydroxy-compound is addition, it is a 
reaction in which the spatial factor might be expected to have a 
substantial effect. 

In each case the p-substituted phenol reacts more rapidly than 
its m-isomeride. The groups concerned are op-directing and work 
at present in progress indicates that in monosubstituted phenols in 
which the substituent is m-directing the m-compound reacts more 
rapidly than the p-isomeride. 

Finally, it may be of significance that, if the substituting groups 
are arranged in order of diminishing op-directing influence 
(Br>I>Cl>CH,), the ratio para-rate/meta-rate also diminishes in 
the same order. It is true that owing to the abnormal reaction of 
p-iodophenol the ratio for the iodophenols cannot be obtained 
directly, but it is indicated by the fact that m-iodophenol reacts 
more rapidly than m-bromophenol, and this accords with the 
anomalous position of iodine in the series. 


EXPERIMENTAL. 

As in the previous examples (loc. cit.), the experiments were 
carried out by dissolving in ethyl acetate a quantity of the phenol 
equivalent to 1 c.c. of acetyl bromide, and making up the solution 
to 8 c.c. To this 1 c.c. of acetyl bromide was added, the whole 
being maintained at 0°. The reaction was followed by withdrawing 
quantities of 1 c.c. at suitable intervals, quenching with water, and 
titrating with standard alkali. 

Probably owing to the ready hydrolysis of the acetates, the end- 
points were a little difficult to obtain, especially in the slower re- 
actions. In the case of the o- and p-iodophenols bromine slowly 

4n2 
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separated during the reaction, especially with the o-compound. 
On addition of water arid starch, the yellow colour due to the bromine 
changed to blue after a few minutes, showing the development of 
free iodine. 


Tue TatTeM LABORATORIES, UNIVERSITY COLLEGE, 
CARDIFF. [Received, July 21st, 1931.] 





CCCXLVIII.—10-Chloro-5: 10-dihydrophenarsazine and 
its Derivatives. Part XVI.  10-Alkyl-5:10- 
dihydrophenarsazines as Convenient Sources of 
Aliphatic Dichloroarsines. 


By CHARLES STANLEY GIBSON and JoHN DoBNEY ANDREW 
JOHNSON. 


Ir has been shown (Gibson and co-workers, J., 1926, 450; Rec. 
trav. chim., 1930, 49, 1006; Seide and Gorski, Ber., 1929, 62, 2186) 
that the formation of 10-chloro-5 : 10-dihydrophenarsazine from 
diphenylamine and arsenious chloride should be written 


(a) NH(C,H;), + AsCl, 9 NH(C,H,),AsCl + 2HCI, 


since 10-chloro-5 : 10-dihydrophenarsazine is decomposed into 
arsenious chloride and diphenylamine hydrochloride by hydrogen 
chloride. When the reaction is carried out under the usual con- 
ditions, under which the hydrogen chloride produced escapes from 
the sphere of the reaction, it proceeds almost quantitatively from 
left to right. 10-Chloro-5 : 10-dihydrophenarsazine (or a derivative) 
is also produced when dichloroarsines (R’AsCl,) are heated with 
aromatic secondary amines (R,NH), the reaction being expressed 
thus : 


(6) R,NH + R’AsCl, = NH(R,),AsCl + R’H + HCl(R, = R—H) 


(Burton and Gibson, J., 1926, 464; compare Lewis and Stiegler, 
J. Amer. Chem. Soc., 1925, 47, 2546; 1930, 52, 4164; Seide and 
Gorski, loc. cit.; Scherlin and Epstein, Ber., 1928, 61, 1823; Gibson, 
J. Amer. Chem. Soc., 1931, 53, 376). Seide and Gorski (loc. cit.) 
also showed that 10-methyl- and 10-phenyl-5 : 10-dihydrophenars- 
azines (Aeschlimann, J., 1927, 413) when heated with hydrogen 
chloride are decomposed into diphenylamine hydrochloride and 
methyldichloroarsine and phenyldichloroarsine respectively and 
therefore concluded that it is unlikely that the 10-alkyl- or 10-ary]- 
compounds are intermediate products in reaction (b), which was 
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suggested as a possibility by Burton and Gibson (loc. cit.); for all 

practical purposes, the reaction . 
(c) NH(R,),AsR’ + 2HCl = R’AsCl, + R,NH 

is complete. 

Although Seide and Gorski only studied two examples and 
worked with small quantities of materials, the yields of 
dichloroarsines obtained by them were so good that it was con- 
sidered desirable to see how far the reaction is general and to 
what extent it can be used for the preparation of alkyldi- 
chloroarsines, particularly of those not readily accessible by other 
methods. 

10-Methyl-, -ethyl-, -propyl-, -isopropyl-, -isobutyl-, -sec.-butyl-, 
-n-butyl, -n-amyl-, and -diethylmethyl-5 : 10-dihydrophenarsazines 
have been prepared by the action of the appropriate alkylmagnesium 
halide on 10-chloro-5 : 10-dihydrophenarsazine (Aeschlimann, loc. 
cit.). These are all highly crystalline compounds whose lack of 
colour is explained by the theory of colour of dihydrophenarsazines 
previously elaborated (J., 1929, 1238; Rec. trav. chim., loc. cit.). 
On being kept for some months in stoppered bottles, some of them 
acquired a yellow colour. The yields in which these 10-alkyl- 
5: 10-dihydrophenarsazines are obtained appear to depend on 
the yield of the Grignard reagent from a given quantity of alkyl 
halide rather than on the reaction between the Grignard reagent 
and the 10-chloro-compound. If the formation of the Grignard 
reagent did not appear to be complete, the yield of the 10-alkyl- 
compound was low, although an excess of the former was normally 
taken. This was particularly the case with the iso-alkyl compounds. 
From the n-alkyl bromides, high yields of the 10-alkyl-compounds 
are obtained. The 10-alkyl-5: 10-dihydrophenarsazines have a 
mildly irritating effect on the skin of the face. 

The 10-alkyl-5 : 10-dihydrophenarsazines were readily decom- 
posed by treatment at 110—130° with dry hydrogen chloride. 
Indications of the preliminary formation of an addition compound 
were observed, a crystalline solid being deposited on the surface 
of the flask as soon as hydrogen chloride was bubbled through the 
liquid. By means of a special apparatus, action of the dichloro- 
arsines on the rubber stoppers was prevented throughout the work. 
Methyl-, ethyl-, n-propyl-, isopropyl-, n-butyl-, isobutyl-, sec.-butyl-, 
and n-amyl-dichloroarsines were obtained crude in yields varying 
from 65 to 85% of the theoretical and, after distillation under 
diminished pressure, they were obtained as colourless liquids in 
yields varying from 50 to 67%. This method seems admirably 
suited for the preparation of normal and branched-chain alkyl- 
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dichloroarsines. The physical constants of the alkyldichloroarsines 
were determined on twice-distilled specimens. 
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In the table are given the densities (reduced to vacuum standard) 
and the boiling points under various pressures of the above eight 
dichloroarsines. For the density determinations specially calibrated 
weights were used, and about 10 c.c. of liquid in each case. The 
determination of the boiling points at reduced pressures was carried 
out by means of the pressure regulator described in the following 
paper. From the slope of the boiling point—pressure curves (which 
are not quite accurately represented by an equation of the form 
A—log, p = K/T), the molecular heats of vaporisation and Trouton’s 
constant at 760 mm. are calculated to be: MeAsCl,, 7890 cals. and 
19-4; EtAsCl,, 9180 cals. and 21-4; Pr«AsCl,, 10,400 cals. and 23-1; 
PréAsCl,, 11,500 cals. and 26-0; n-BuAsCl,, 12,200 cals. and 26-2; 
sec.-BuAsCl,, 10,700 cals. and 23-5; and n-AmAsCl,, 11,950 cals. 
and 24-6 respectively. The somewhat high values in some cases of 
Trouton’s constant may indicate some association in the liquid 
state. If the densities of the n-alkyldichloroarsines are plotted 
against the number of carbon atoms, an anomaly is revealed in the 
case of the butyl compound. 


Boiling points at : 


Dy 20 3650 100 200 400 ~§ 760 

Substance. (vac.). M.p. mm. mm. mm. mm mm. mm. 
MeAsCl, ...... 18358 —42-5° — 55°5° = 72-1° = 891° -:109-1° = 132-5° 
EtAsCl, ...... 16595 — — 74-0 90-0 109-6 131-2. 155-3 


2 — 88:8 107-5 126-9 151-2 F753 
67:0° 85-5 102-6 121-0 145-0 168-6 
90-5 105-0 125-6 147-2 172-0 194-1 
77-8 95:8 _— —_ _— 
85:0 99-4 113-7 132-1 156-7 181-8 


bo 
@ 


n-PrAsCl, ... 15380 —% 
4s0-PrAsCl, 1-4900 
n-BuAsCl, ... 14664 
¢so-BuAsCl, 1-4465 
sec.-BuAsCl, 1-4128 


I 11 


n-AmAsCl,... 1-4035 —45-5 103-0 123-1 142-6 164-1 189-0 212-9 


(Densities should not be in error by more than 1 part in 10,000.) 
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EXPERIMENTAL. 


The general procedure for the preparation of the 10-alkyl-5 : 10- 
dihydrophenarsazines was as follows. The alkylmagnesium bromide 
(2 mols.; 1 g.-mol. in 480 c.c. of ether) was prepared in a 3-litre 
flask fitted with a reflux condenser of wide diameter. The flask 
was held above a vessel containing ice and water, and purified 
10-chloro-5 : 10-dihydrophenarsazine (1 mol.) added in_ small 
quantities. Each addition produced a momentarily vigorous 
reaction and the “‘ wetting ” of its wall soon resulted in a blockage 
of the condenser. This was most conveniently removed by pouring 
ether down the condenser until a column of about 10 cm. remained © 
above the solid. By cooling the flask in ice-water, the whole of 
the chloro-compound was sucked into the flask. When the addition 
of the chloro-compound was complete the mixture was heated for 
30 minutes on the water-bath and finally ice and dilute sulphuric 
acid were added. In those reactions which did not proceed so 
well, some solid remained at this stage and this was removed by 
filtration and the ethereal solution was washed with dilute sulphuric 
acid and then with dilute sodium hydroxide solution. Any pre- 
cipitated solid was removed by filtration and the ethereal solution 
was then washed with water, dried with potassium carbonate, and 
evaporated. The residue readily solidified and was usually crystal- 
lised from alcohol; for the sec.-butyl and isobutyl compounds 
aqueous alcohol was used, these compounds having a tendency 
to separate as oils. 

The figures in parentheses indicate the yields in grams of the 
pure 10-alkyl-5 : 10-dihydrophenarsazine obtained from 100 g. of 
10-chloro-5 : 10-dihydrophenarsazine. 10-Methyl-, m. p. 106—107° 
(64); 10-ethyl-, m. p. 75° (68); 10-n-propyl-, m. p. 85-5—86-5° 
(79); 10-isopropyl-, m. p. 87—88° (38) (Found : As, 26-2. C,,H,,NAs 
requires As, 26-3%); 10-n-butyl-, m. p. 94—95° (69) (Found: As, 
25-4. C,,H,,NAs requires As, 25-1%); 10-isobutyl-, m. p. 73—74° 
(51 g., crude) (Found: As, 25-4%); 10-sec.-butyl-, m. p. 85—86° 
(74 g., crude) (Found: As, 25:2%); 10-n-amyl-, m. p. 90—92° 
(55) (Found: C, 646; H, 6-5; As, 24-6. C,,H, )NAs requires 
C, 65-1; H, 6-4; As, 240%); 10-diethylmethyl-, m. p. 110—111° 
(4) (Found: As, 24:3%). From 64 g. of 10-chloro-2-methyl-5 : 10- 
dihydrophenarsazine and propylmagnesium bromide, 50 g. of pure 
2-methyl-10-propyl-5 : 10-dihydrophenarsazine, m. p. 83-5—84-5°, 
were obtained (Found: As, 25-3. C,gH,,NAs requires As, 25-1%). 

In concentrated sulphuric acid, all the alkyl derivatives yield 
deep red solutions; those of the ethyl, isopropyl, sec.-butyl, and 
diethylmethyl compounds become green on addition of a little 
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concentrated nitric acid; in all cases the colour changes to brown 
or reddish-brown with excess of concentrated nitric acid. 

The decomposition of the 10-alkyl-5 : 10-dihydrophenarsazines 
was carried out in a vacuum distillation flask of the Claisen type. 
The necks of the flask were elongated and of such a diameter that 
the thermometer and leading-in tube were of sliding fit for a length 
of 5—6cm. This arrangement prevented any action of the dichloro- 
arsines on the stoppers. A similar arrangement was made for 
the side arm (provided with a short condenser) leading to the all- 
glass receiver of the Perkin type. The leading-in tube for the 
hydrogen chloride was provided with a glass stopper, as was the 
capillary tube which replaced this tube of ordinary dimensions 
for the redistillation of the dichloroarsines. The flask, about half- 
filled with the alkyl compound, was heated in an oil-bath at 110— 
130°. When the compound had melted, a rapid stream of hydrogen 
chloride was bubbled through it. After a time the inlet tube in- 
variably became blocked and its tap was then turned off. The 
melt was then automatically sucked into the tube and this was 
frequently cleared by this means. If this failed, the temperature 
of the bath was raised to 140—180° (the higher temperature in the 
case of the higher homologues) and the pressure in the apparatus 
reduced. The contents of the flask finally melted and the dichloro- 
arsine distilled. When all volatile material appeared to have 
passed over, the temperature of the bath was lowered to about 
130° and the passage of the hydrogen chloride recommenced. These 
operations were repeated until no more distillate was obtained or 
the contents of the flask had decomposed extensively. The dis- 
tillate was usually coloured and contained some solid. After one 
distillation under reduced pressure the dichloroarsine was obtained 
pure, but it was submitted to a second distillation in each case. - 

The figures in parentheses give the percentage yields of pure 
dichloroarsine obtained in each case. Methyl- (67); ethyl- (65); 
n-propyl- (64) (Found: Cl, 37-2. C,H,Cl,As requires Cl, 37-5%); 
isopropyl- (67) (Found : Cl, 37-8%); n-butyl- (52); isobutyl- (starting 
from crude 10-isobutyl-5 : 10-dihydrophenarsazine, 55) (Found : Cl, 
34-2. C,H,Cl,As requires Cl, 34-99%) ; sec.-butyl- (starting from crude 
10-sec.-butyl-5 : 10-dihydrophenarsazine, 54) (Found : Cl, 35-2%); 
n-amyl- (51) (Found : Cl, 32-2. C;H,,Cl,As requires Cl, 32-7%). 

Owing to an accident resulting in loss of the material during the 
determination of its boiling points the data for isobutyldichloro- 
arsine are omitted from the table in the introductory portion of 
the paper. All the dichloroarsines are readily superheated and 
supercooled. Only three crystallised in a mixture of solid carbon 
dioxide and acetone, although the others became very viscous. 
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They all possess a very pungent odour which at the same time is 


reminiscent of decaying fungus. 


Guy’s Hospirat Mepicat ScHoonr, UNIVERSITY OF LONDON, 
Lonpon, S.E.1. [Received, August 6th, 1931.] 





CCCXLIX.—A Simple Pressure Regulator. 


By Jonny Dopney ANDREW JOHNSON. 


Many of the pressure regulators which have been designed for 


distillation under diminished pressure 
either require special electro-magnetic 
devices or involve the motion of long 
columns of mercury; in the latter case, 
there is an obvious danger of breakage. 
The apparatus now described appears to 
be novel and can be readily constructed 
in the laboratory. Various modifications 
of it have been tried and found effective, 
but it is not necessary to describe them 
in detail. The construction of the regu- 
lator is apparent from the diagram and 
attention is directed to a few points in 
order to ensure its successful working. 
The internal diameters of the tubes 
should be as nearly as possible those 
indicated, since the sensitivity largely 
depends on the ratios of these diameters. 
A quantity of mercury is placed in the 
reservoir D, so that with the taps H, G 
and E and the screw-clip F open it rises 
some distance in tubes A and C. The 
screw-clip F is then closed, and the regu- 
lator connected at # to the distillation 
apparatus, pump and gauge. The mercury 
rises in C and falls slowly between K and 
H because of the large diameter of D. The 
diameter of D must not be too large, other- 
wise the setting of the regulator for a given 
pressure cannot be accomplished suffici- 
entlysensitively. When the gaugeregisters 
approximately the pressure required, D is 
adjusted until the mercury is almost touch- 
ing the fine jet K, the tap H then being 
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closed. The mercury now falls more rapidly in the arm KH, but by 
opening the screw-clip F slightly and cautiously air is allowed to 
enter the apparatus through the tube B. F is opened until the 
mercury in the gauge begins to fall; it also falls in C and rises in A 
until the jet K is below the mercury surface. The entry of air is then 
restricted and after a few minutes a steady state is reached such that 
a decrease in pressure causes air to enter through K more rapidly 
and an increase of pressure restricts the access of air. In practice, 
the quantity of mercury which is being agitated around K in the 
tube A should not be great : the lower the pressure the smaller the 
quantity agitated. If, in order to arrive at the required pressure, 
the screw-clip F has to be opened so much that a large quantity of 
mercury gets into tube A, the reservoir D should be lowered slightly, 
. tap H opened, and mercury thus withdrawn from A. After H has 
been closed, F may be readjusted. When the pressure in the distil- 
lation apparatus is suddenly altered by any large amount, e.g., in 
changing the receiver or stopping the distillation, taps H and G 
should be closed simultaneously and, in the latter case, the regulator 
should be disconnected at HZ. The diameter of the jet K in the 
present apparatus is about 0-7 mm. 

A little trouble is almost certain to be experienced at first in 
adjusting the regulator, by mercury moving out of the top of C, 
and particularly with the screw-clip F. When the pressure tubing 
at F is new, it is difficult to open it slightly by the screw-clip and 
mercury is apt to rush into tube A and out at H. However, when 
the tubing has been used for some little time, and after experience, 
the regulator can be set to within 1 or 2 mm. of the required pressure 
and with care the pressure will not vary more than 2—3 mm. The 
regulator is least sensitive below a pressure of 100 mm., but between 
this and 760 mm. it holds the pressure steady to within 1—2 mm. 


Guy’s Hospitat Mepicat ScHoot (University or Lonpon), 
Lonpon, S.E. 1. [ Received, September 3rd, 1931.] 





CCCL.—Polycyclic Aromatic Hydrocarbons. Part 
VI. 3:4-Benzphenanthrene and its Quinone. 
By James WILFRED CooK. 
TuHE Pschorr phenanthrene synthesis with «-(2-naphthyl)-o-amino- 
cinnamic acid (I) may lead to 1 : 2-benz-4-anthroic acid (II) or 
3: 4-benz-l-phenanthroic acid (III). The reaction was first in- 
vestigated by Weitzenbéck and Lieb (Monatsh., 1912, 33, 564), 
who isolated a crude acid which, when sublimed in a vacuum, gave 
an acid, m. p. 243°, and when sublimed at atmospheric pressure 
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3 : 4-BENZPHENANTHRENE AND ITS QUINONE. 2525 
gave a hydrocarbon, m. p. 158—160°. The same hydrocarbon 
was later obtained by Mayer and Oppenheimer (Ber., 1918, 51, 
510), but their acid melted at 218°. These authors all assumed 
that their hydrocarbon was 3:4-benzphenanthrene (Mayer and 
Oppenheimer prepared its picrate, m. p. 140—141°), since Elbs 
(Ber., 1886, 19, 2211) had already described 1 : 2-benzanthracene 
as melting at 140° and giving a picrate, Mm. p. 133°. More recently, 
however, Barnett and Matthews (Chem. News, 1925, 130, 339) and 
Dziewonski and Ritt (Bull. Acad. Polonaise, A, 1927, 186) prepared 
pure 1: 2-benzanthracene, m. p. 158—159°, so that the opinion 
was expressed (Cook, J., 1930, 1090) that the hydrocarbon of 
Weitzenbéck and Lieb was really 1:2-benzanthracene. Re- 
examination of the reaction has shown this to be correct. 

By purification of the product of the Pschorr reaction there was 
obtained the acid, m. p. 218°, which Mayer and Oppenheimer 
described. This was not benzphenanthroic acid (III) as they 
supposed, but was a mixture of this compound with benzanthroic 
acid (II). It was separated into its constituents by fractional 
crystallisation of the sodium and potassium salts. The former 
acid (III) had m. p. 240—241° and was evidently the acid which 
Weitzenbéck and Lieb obtained fortuitously. The constitution 
of the two acids was shown by oxidation with chromic acid, (IT) 
being converted into 1 : 2-benzanthraquinone-4-carboxylic acid (IV), 
which passed into 1 : 2-benzanthraquinone when heated, whereas 
(III) was largely decarboxylated and oxidised to 3 : 4-benz-9 : 10- 
phenanthraquinone (V). This o-quinone reacted readily with o- 
phenylenediamine to form 1 : 2-benz-3 : 4-(1’ : 2'-naphtha)phenazine. 
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The crude mixture of acids (II and III) was partly decarboxylated 
by vacuum sublimation at 230°, but neither the purified mixture 
nor the pure benzphenanthroic acid could be decarboxylated to 
any appreciable extent, even by sublimation at 400° at atmospheric 
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pressure. This observation suggested that the decomposition of 
the crude mixture was due to the catalytic action of an impurity, 
possibly a trace of copper from the Pschorr reaction, and led suc- 
cessfully to complete elimination of carbon dioxide from the benz- 
phenanthroic acid by heating it in the presence of finely divided 
copper. The resulting 3 : 4-benzphenanthrene was characterised by 
its picrate and by oxidatiofi to the aforementioned o-quinone. 

All the other hydrocarbons composed of four condensed benzene 
rings are well-characterised compounds, and this final member of 
the group, in common with the others, is now being utilised in 
animal experiments, in the search for. cancer-producing hydro- 
carbons of known chemical structure. In its low melting point 
(68°) and ready solubility 3:4-benzphenanthrene is in striking 
contrast to some of the other members of this group (naphthacene, 
m. p. 331°, and chrysene, m. p. 254°). 


EXPERIMENTAL. 
(Analyses marked with an asterisk are microanalyses by Dr. A. 
Schoeller.) 

a-(2-Naphthyl)-o-aminocinnamic acid (I) was conveniently purified 
through its somewhat sparingly soluble potassium salt and was 
then recrystallised from aqueous alcohol. The purified amino- 
acid (40 g.) was diazotised and shaken with copper powder as 
described by Mayer and Oppenheimer (loc. cit.). After 30 hours 
the solution no longer gave a diazo-reaction, and the solid was 
collected, dried in a vacuum desiccator, and extracted with boiling 
benzene. The concentrated benzene extract deposited crystals 
(14 g.), red resinous by-products mostly remaining in the liquor. 
The solid was sublimed at 230—260°/4 mm., and the sublimate 
extracted with warm dilute aqueous ammonia. The insoluble 
residue (1-8 g.) was crystallised from alcohol and yielded 1 : 2- 
benzanthracene (0-4 g.), which, after recrystallisation from alcohol, 
formed colourless plates, m. p. 159—160°, alone or mixed with an 
authentic sample prepared by the method of Barnett and Matthews 
(loc. cit.). Oxidation with sodium dichromate in boiling acetic 
acid yielded pure 1: 2-benzanthraquinone. The alcoholic liquors 
from the benzanthracene yielded no pure substance. 

The precipitate obtained by acidifying the ammoniacal extract 
crystallised from acetic acid as a yellow powder, m. p. 218—220°, 
the m. p. being unaltered by further crystallisation (yield, 9 g.). 
The substance was dissolved in warm dilute sodium hydroxide 
solution. The crystals which separated on cooling were recrystal- 
lised from water until they formed colourless leaflets, a sample of 
which gave an acid melting sharply at 240°. This required two 
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or more recrystallisations, depending on the concentration of the 
solution and the time of standing. 3 : 4-Benz-1-phenanthroic acid 
(III), precipitated from a solution of the sodium salt, and crystal- 
lised from acetic acid, formed very pale yellow, silky needles, m. p. 
240—241°, unchanged by further crystallisation from methyl 
alcohol (Found: C, 83-7; H, 4:7. C,,H,,.0, requires C, 83-8; 
H, 44%). Solutions of this acid had a violet fluorescence. The 
combined liquors from the crystallisation of the sodium salt were 
acidified, the precipitate was recrystallised from alcohol and then 
dissolved in dilute potassium hydroxide solution. The resulting 
potassium salt was twice recrystallised from a little hot water. 
The almost colourless, silky needles were decomposed with hydro- 
chloric acid; the resulting 1 : 2-benz-4-anthroic acid (II) crystallised 
from acetic acid as yellow needles, m. p. 281—282° (*Found: C, 
83-6; H, 4-6. C,,H,,0, requires C, 83-8; H, 44%). From 40 g. 
of «-(2-naphthyl)-o-aminocinnamic acid, prepared from 600 g. of 
2-methylnaphthalene, there were obtained 2-25 g. of benzphenan- 
throic acid and 0-2 g. of benzanthroic acid. 

1 : 2-Benzanthraquinone-4-carboxylic Acid (IV).—1: 2-Benz-4- 
anthroic acid (1 part) was oxidised by boiling its solution in glacial 
acetic acid with sodium dichromate (2 parts) for ? hour. The 
product, which was completely soluble in hot dilute sodium car- 
bonate solution, crystallised from alcohol in yellow-ochre needles, 
m. p. 292—293° (decomp.) (Found: C, 75:2; H, 3-5. CygH 90,4 
requires C, 75:5; H, 3:3%). When 1 : 2-benzanthraquinone-4- 
carboxylic acid was sublimed at 360—380° in an atmosphere of 
carbon dioxide, it was largely decarboxylated. The sublimate, 
after treatment with ammonia to remove unchanged acid, was 
recrystallised from alcohol and shown to consist of 1 : 2-benzanthra- 
quinone by direct comparison with an authentic sample. 

3: 4-Benz-9 : 10-phenanthraquinone  (V).—3: 4-Benz-1-phenan- 
throic acid (0-25 g.) was oxidised by boiling its solution in glacial 
acetic acid with sodium dichromate (0-5 g.) for ? hour. The pro- 
duct was extracted with very dilute sodium carbonate solution. 
Very little passed into solution, and the residue was dried and re- 
crystallised from cyclohexane (*Found : C, 83-5; H, 4-0. Cy gH 190, 
requires ©, 83:7; H, 3:9%). 3:4-Benz-9 : 10-phenanthraquinone 
formed ruby-red needles, m. p. 187—188°, and was completely 
soluble in sodium bisulphite solution containing a little alcohol. 
The red quinone was reprecipitated when the clear yellow solution 
was boiled with mineral acid. 

The same quinone was formed by oxidation of 3 : 4-benzphenan- 
threne (see below) with sodium dichromate in acetic acid. 

1 : 2-Benz-3 : 4-(1' : 2’-naphtha)phenazine.—A solution of 3: 4- 
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benzphenanthraquinone (V; 0-07 g.) in glacial acetic acid (10 c.c.) 
was boiled for a few minutes with o-phenylenediamine (0-07 g.). 
On cooling, the phenazine separated as canary-yellow needles which, 
after recrystallisation from acetic acid, had m. p. 189—190° (*Found : 
N, 8:2. C,,H,,N, requires N, 8-5%). 

3 : 4-Benzphenanthrene.—3 : 4-Benz-l-phenanthroic acid (III; 1 
g.) was intimately mixed with copper powder (0-2 g.) prepared by 
the method of Gattermann, and the mixture heated at 400° in an 
atmosphere of carbon dioxide. Oily drops collected in the upper 
part of the sublimationtube. These became solid when well cooled 
and the product, which was completely insoluble in aqueous ammonia, 
was dissolved in a little hot alcohol. The cooled solution deposited 
a very small amount of a substance which crystallised in slender 
yellow needles, m. p. 230—231°. This gave no benzphenanthra- 
quinone on oxidation and was not further examined. The alcoholic 
filtrate was treated with an alcoholic solution of picric acid (1 g.). 
The picrate which separated (0-9 g.) was recrystallised from alcohol 
and formed long vermilion needles, m. p. 126—127° (Found: C, 
63-1; H, 41. C,gH,,.,CgH,0,N, requires C, 63-0; H, 33%). 

A benzene solution of this picrate was decomposed by shaking 
with dilute aqueous ammonia, the benzene removed on the water- 
bath, and the residual oil dissolved in a little alcohol. The cold 
solution slowly deposited 3:4-benzphenanthrene as_ colourless 
needles, m. p. 68° (Found: C, 944; H, 5-6. C,,H,, requires 
C, 94-7; H, 53%). This hydrocarbon, unlike 1 : 2-benzanthracene, 
gave no colour with concentrated sulphuric acid. 

1 : 2-Benzanthracene Picrate——1:2-Benzanthracene (5 g.) was 
treated with picric acid (12-5 g.) in alcoholic solution, and the 
picrate twice recrystallised from benzene. It formed dark red 
needles, m. p. 141-5—142-5° (compare Mayer and Oppenheimer, 
loc. cit.), and contained one molecule of picric acid and not two 
molecules, as stated by Elbs (loc. cit.) (Found: C, 63-2; H, 3-9. 
Cale. for C,,H,.,CgH,0,N, : C, 63-0; H, 3-3%). 


The author is indebted to Mr. F. Goulden for assistance in the 
preparation of «-(2-naphthyl)-o-aminocinnamic acid. 
THE RESEARCH INSTITUTE OF THE CANCER HospiITAt (FREE), 


Lonpon, S.W. 3. [ Received, March 16th, 1931. 
Revised, August 28th, 1931.] 
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CCCLI.—Polycyclic Aromatic Hydrocarbons. Part VII. 
5: 6-cycloPenteno-1 : 2-benzanthracene, a Cancer- 
producing Hydrocarbon. 


By James WILFRED Cook. 


In attempting to define the kind of molecular structure necessary 
for the development of cancer-producing activity, some condensed 
derivatives of 1 : 2-benzanthracene were prepared (this vol., p. 499). 
To secure greater diversity of type it was considered desirable to 
indicate the most probable structural formule for these hydro- 
carbons, and to reserve more complete chemical examination for 
any compounds which should prove active. Such a case has arisen 
in the substance described as cyclopentenobenzanthracene. A 0-:3% 
solution in benzene was applied twice weekly to the skin of 10 mice.* 
The mortality was high, only four mice remaining alive after 155 
days. Two of these then bore tumours and a third mouse developed 
a tumour by the 178th day. One of the three tumours was shown 
to be an undoubted cancer, when the mouse died on the 220th 
day; the other two were papillomas which would probably have 
become malignant if the mice had lived longer. 

cycloPentenobenzanthracene was further characterised by its 
picrate and quinone and the structure previously suggested ti ) was 
confirmed by oxidation of the quinone to anthraquinone-1 : 2: 5 : 6- 
tetracarboxylic acid, -~ orientation of which was ws by its 
formation from 1:2: 5:6-dibenzanthraquinone, a substance of 
well-established canstination (Clar, Ber., 1929, 62, 357; compare 
Cook, this vol., p. 488). 
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An isomeride was isolated from the mother-liquors of 5 : 6-cyclo- 
penteno-1 : 2-benzanthracene. This also was characterised by the 
tt of its picrate and quinone, and is almost certainly 
6 : 7-cyclopenteno-1 : 2-benzanthracene (II). A consideration of the 
intramolecular changes frequently encountered during the form- 
ation of hydrocarbons of this nature (this vol., pp. 487, 489) renders 
the only alternative 7 : 8-cyclopenteno-structure extremely improb- 
able. 


* I am indebted to Professor E. L. Kennaway for details of these pre- 
liminary animal experiments, which are being repeated and extended.—J.W.C. 
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The two hydrocarbons gave identical fluorescence spectra, similar 
to that of 1 : 2-benzanthracene (Hieger, private communication). 


EXPERIMENTAL, 

Isomeric cycloPentenobenzanthracenes.—The crude resinous ketone 
prepared from hydrindene (200 g.), 2-methyl-1-naphthoy] chloride 
(210 g.), and anhydrous aluminium chloride (210 g.) by the method 
previously described (this vol., p. 502) was heated at 450° for 2 
hours, and the residue distilled in a vacuum. The distillate, b. p. 
255—280°/7 mm., was dissolved in hot cyclohexane, and the solution 
allowed to crystallise. The product, m. p. 125—170°, was twice 
recrystallised from benzene and yielded 6 g. of pure 5: 6-cyclo- 
penteno-1 : 2-benzanthracene (I), m. p. 199—200°. 

The benzene-liquors were evaporated to dryness and the residue 
was recrystallised from cyclohexane; it then had m. p. 135—141° 
(8-8 g.). The crystals were dissolved in acetic acid containing picric 
acid (15 g.); the picrate which separated was recrystallised 4 times 
from benzene and then formed bright red needles (3-2 g.), m. p. 
180° (Found: C, 65-2; H, 4-1. C,,H,,,C,H,0,N, requires C, 65-2; 
H, 3-8%). 

This picrate (of 6: 7-cyclopenteno-1 : 2-benzanthracene) was 
shaken with benzene and dilute sodium carbonate solution, the 
benzene solution washed, dried with calcium chloride, and boiled 
with animal charcoal, and the benzene removed on the water-bath. 
The residual 6 : 7-cyclopenteno-1 : 2-benzanthracene (II) formed clus- 
ters of colourless needles, m. p. 164—165° (Found: C, 94-0; H, 
6-2. C,,H,, requires C, 94:0; H, 6:0%). Like its isomeride, this 
hydrocarbon gave a carmine solution in concentrated sulphuric 
acid. 

6 : 7-cycloPenteno-1 : 2-benzanthraquinone.—The aforesaid hydro- 
carbon, m. p. 164—165° (0-4 g.) was oxidised with sodium dichromate 
(0-8 g.) in boiling glacial acetic acid (10 c.c.), and the product 
sublimed at 220°/4 mm. The quinone, recrystallised from benzene- 
cyclohexane, formed stout orange needles, m. p. 182—184° (Found : 
C, 84:3; H, 4-5. C,,H,,0, requires C, 84-6; H, 4-7%). 

5 : 6-cycloPenteno-1 : 2-benzanthracene picrate was prepared from 
the hydrocarbon, m. p. 199—200° (0-7 g.) and picric acid (1-5 g.) 
in acetic acid solution. It crystallised from benzene in chocolate- 
brown needles, m. p. 195° (Found: C, 65:2; H, 3-99. 
Cy,H,,,Cg.H,0,N, requires C, 65-2; H, 3-8%). 

5 : 6-cycloPenteno-1 : 2-benzanthraquinone was prepared and puri- 
fied in the same way as its isomeride. It formed orange needles, 
m. p. 184-5—185-5°, depressed by the isomeric quinone (Found : 
C, 84-4; H, 4-8. C,,H,,0, requires C, 84-6; H, 4-7%). 
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Anthraquinone-1 : 2 : 5 : 6-tetracarboxylic Acid.—(i) 1:2 : 5 : 6-Di- 
benzanthraquinone was successfully oxidised by the method em- 
ployed by Scholl and Schwinger (Ber., 1911, 44, 2994) for the 
oxidation of 1 : 2-benzanthraquinone to anthraquinone-1 : 2-dicarb- 
oxylic acid. The dibenzanthraquinone (9 g.) was dissolved by 
gentle warming in concentrated sulphuric acid (100 c.c.), and the 
solution poured into water (360 c.c.). The almost boiling suspen- 
sion was treated, gradually and with stirring, with powdered 
potassium permanganate (57 g.). Oxalic acid was then gradually 
added to destroy the manganese dioxide, and the orange suspension 
cooled and filtered. The solid was extracted with boiling aqueous 
ammonia, leaving a residue of unchanged dibenzanthraquinone 
(3-1 g.). The filtrate, on acidification, yielded a precipitate (3 g.), 
which was recrystallised from hot water. Analysis showed that 
the substance consisted essentially of the tetracarboxylic acid, but 
contained inorganic matter which could not be removed by re- 
crystallisation. The acid was accordingly purified through its tetra- 
methyl ester. For this purpose, the acid (3 g.) was dissolved in a 
slight excess of aqueous ammonia, and the hot solution treated 
with a solution of silver nitrate (5-5 g.). The dried silver salt 
(6-3 g.) was suspended in benzene (50 c.c.) and heated for 24 hours 


‘with methyl iodide (4 ¢.c.). The solid in suspension was collected 


and repeatedly extracted with boiling xylene. Tetramethyl anthra- 
quinone-1 : 2 : 5 : 6-tetracarboxylate, which separated from the filtered 
solution, was recrystallised from xylene and obtained as a cream- 
coloured powder, m. p. 292—293°, very sparingly soluble in most 
media (Found: C, 59-7; H, 3-7. C 2H,,09 requires C, 60-0; H, 
3-6%). 

For hydrolysis, the ester (0-3 g.) was heated under reflux for 1 
hour with potassium hydroxide (0-45 g.) in alcohol (75 c.c.). The 
potassium salt which separated was collected, dissolved in water, 
and again boiled for 1 hour with aqueous potassium hydroxide. 
The acid was precipitated by hydrochloric acid and recrystallised 
from boiling water. Anthraquinone-1 : 2: 5: 6-tetracarboxylic acid 
formed small, soft, cream-coloured needles which did not melt at 
360° (Found: C, 56:0; H, 2-5. C,gH,O0;) requires C, 56-3; H, 
2-1%). It was sparingly soluble in hot water and could not be 
sublimed without decomposition. Both the acid and its tetra- 
methyl ester gave the Liebermann anthraquinol reaction with zine 
dust and alkali. 

(ii) 5 : 6-cycloPenteno-1 : 2-benzanthraquinone (0-75 g.) was oxid- 
ised with potassium permanganate (4-5 g.) exactly as described in 
the case of dibenzanthraquinone. The resulting acid was methy]l- 
ated through its silver salt, and yielded a substance which was in 
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every way identical with the above tetramethyl anthraquinone- 
1:2:5:6-tetracarboxylate. 


The author desires to express his thanks to Mr. F. Goulden, 
who prepared the crude mixture of hydrocarbons used in this 
investigation. 


THE RESEARCH INSTITUTE OF THE CANCER HospPITAL (FREE), 
Lonpon, 8.W.3. ([Received, August 29th, 1931.] 





CCCLITI.—The Formation and Characteristics of Crystals 
of Lead Azide and of Some Other Initiating Explosives. 


By Frank Dovetas MILEs. 


No account is to be found in the literature of the crystallography 
of even the more usual of those explosives which detonate with 
sufficient energy and at high enough velocity to function as initiators 
to other explosives. It is the object of this paper. to give this 
information and to detail methods by which single crystals, large 
enough for measurement or other experimental purposes, can be 
obtained, in the cases of the three substances now in most general 
use: lead azide, mercuric fulminate, and lead styphnate (lead 
trinitroresorcinoxide). 

The greatest interest attaches to lead azide, for it was found in 
the course of the work that there are two crystalline modifications, 
both anhydrous. The ordinary or «-azide can be made by double 
decomposition without risk, although when large crystals are grown 
by the cooling of hot saturated solutions, unexplained explosions 
may occur. The less stable, or 6-form, shows a greater sensitive- 
ness to causes of accidental explosion, and during its formation by 
double decomposition is very liable to detonate. The long crystals 
which Curtius and Rissom (Ber., 1891, 24, 3346) observed to explode 
when lead azide was crystallised from hot aqueous solution were 
almost certainly of the 6-variety. 

Mercuric azide, which Wohler and Krupko (Ber., 1913, 46, 2056) 
and Stettbacher (Z. ges. Schiess-Sprengstoffw., 1920, 15, 211) found 
to be very sensitive and treacherous, presents similar phenomena. 
In this case also, there appear to be two modifications, of which 
the @-variety is more unstable than its lead analogue. Mercurie 
azide may explode spontaneously either when dry or under water, 
but only when the $-form is present. 


EXPERIMENTAL. 
On account of the very small solubility of these compounds in 
water, special methods had to be adopted in all cases. It was 
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found very difficult to obtain satisfactory crystals. Whenever 
possible, the crystallographic data were derived in the following 
way. Angular measurements were made on a combination instru- 
ment which was at once a single-circle goniometer and an X-ray 
spectrometer. Sufficient X-ray diagrams of complete rotation 
were then made to define the unit cell unequivocally; from those 
taken on the three principal axes, the lengths of the three sides of 
the unit cell were found approximately. One of the spacings of 
planes parallel to two principal axes was then measured accurately 
on the X-ray spectrometer, filtered copper radiation being used. 
To do this; a face was in each case ground on the crystal parallel 
to the planes selected, by means of a special rotary grinding attach- 
ment. This measurement gave one axial length precisely; the 
others were then calculated from it and from the axial ratios pre- 
viously determined. The calculated densities should be trust- 
worthy to 1 part in 300. 

Lead Azide.—Lead azide may be crystallised from solution in 
ammonium acetate or chloride, from Rochelle salt, or from sodium 


Fie. 1. 





a-Lead azide. 


acetate. A solution containing 17 g. of sodium acetate in 100 c.c. 
was saturated with finely divided lead azide at 75°, and allowed to 
cool to about 30° during 20 hours. The best crystals were about 
2 mm. long and 1 mm. wide. Numerous experiments were made, 
for the crystals were usually ill-developed or hollow, and often the 
product was lost in a violent explosion when the crystallisation was 
nearly complete. The material separated from the mother-liquor 
was never unduly sensitive, however large the crystals might be. 
The idea that large crystals of such explosive substances as lead 
azide are always excessively sensitive to shock or friction has been 
widely received, but in view of these facts seems to have little 
foundation. It is possible to grow from solution in ammonium 
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acetate single, rather unevenly developed crystals of lead azide 
which are 3 cm. or more in length, but can be crushed to powder 
with a spatula without explosion. 

Analysis of the selected crystals gave Pb, 70-8, 71-0 (calc. for 
PbN,: Pb, 71-:1%). For the determination of density, finely 
granular azide was prepared under conditions which ensured homo- 
geneous crystals and the absence of basic material, and was dried 
in a vacuum. Redistilled benzene was employed as immersion 
liquid and air was removed from the crystals by boiling the benzene 
under reduced pressure. The density found in benzene was 4-71 
at 25°. 

Crystal system: orthorhombic. Class: holohedral. 

Axial ratios: a:6:c¢c = 0-586: 1: 1-433. 

Forms observed: c{001}, p{110}, p’{120}, {011}, q’{013}, of111}, 

o’{121}, 0’’{112}, (0’, o’’, and p always very small). 


The angles co and ap’ (70° 34’ and 49° 31’ respectively) were selected 
for calculation of the axial ratios. Other calculated angles agreed 
with the observed values within 13’, but in the principal zone (100) 
the divergencies were 35’ or less. 


Unit cell: a = 6-64 A.) Cell volume = 1223-7 A3, 
b = 11-34,, + Contains 12 molecules. 
c = 16-25,, | d (040) = 2-835 A. 


Twelve molecules in the cell is an abnormal number for an ortho- 
rhombic crystal, and indicates that the molecules or ions must be 
arranged about the elements of symmetry in equivalent groups of 
three. The calculated density (the mass of the hydrogen atom 
being taken as 1-662 x 10-*4 g.) is 4-71 (observed 4-71). 

The optic axial plane is (100). The acute bisectrix is the 5 axis. 
The axes emerge from the {011} faces at an angle (in air) of 74-5° 
with each other. The optical sign is negative. By using Madan’s 
solution of phosphorus in methylene iodide, ~) was found by the 
Becke method to be 1-860 + 0-005. Neither of the other indices 
was determined, but both were observed to be higher than 2-05. 

8-Lead Azide.——The $-form was discovered in the attempt to 
grow the ordinary crystals by a diffusion method. To avoid ex- 
plosion, it was found best to fill a capsule of 1}’’ diameter with 
sodium azide solution (7 g./100 c.c.), and to place it in the centre 
of a 4-inch crystallising dish containing lead nitrate (4 g./100 c.c.) 
to the depth of $ inch. Water was then run in very slowly until 
the level was 4 inch above the rim of the capsule. After about 
16 hours, the dish was almost filled with radiating clusters of thin 
needles showing brilliant reflex on their broader faces, some being 
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4 cm. long. Under certain conditions, the $-modification resulted 
from simple mixing of the two solutions. Sodium azide solution 
(3-4%) was added to lead nitrate solution (4%) until a marked blue 
opalescence, followed by a distinct turbidity, was seen. After an 
hour, the colloidal material had disappeared and §-crystals were 
present. If the conditions vary slightly from those given, «-material 
only may result, for the 8 —>« transition may be very rapid (Found 
for a sample of material made by the first method, and freed as 
far as possible from the «-crystals which are always present: Pb, 
71-0, 71-2; N, 29-1, 28-9. Calc. for PbN,: Pb, 71-1; N, 28-9%. 
Lead was determined as sulphate; nitrogen by measuring the gas 
produced by oxidation with cerium ammonium nitrate). 

The determination of density could not be made in any of the 
ordinary ways, for the crops of crystals always contained «-material 
and were for the most part so fine and defective that not more than 
about a centigram of clear transparent needles could be collected 
at once. This amount of the best crystals was weighed in a small 
glass bow] hanging by a single fibre of viscose silk from the arm of 
an assay balance sensitive to less than 10° g. The weighing was 
done first in air, then in ethylene dibromide. Air was removed 
by suspending the loaded pan in the dibromide under a beil-jar 
and exhausting the air above the liquid. The mean of three experi- 
ments gave D*® = 4-93. The less stable form has therefore a 
higher density than the stable one. 

The best crystals available for measurement were from 1-0 to 
1-5 mm. long, about 0-5.mm. wide and 0-2 mm. thick. Fig. 2 shows 


the typical habit. 
Fic. 2. 





(a) (101) (i2) 


B-Lead azide. 








Crystal system: monoclinic. Class: holohedral. 

Axial ratios: a:6:c = 0-578: 1: 1-993, 8 = 90° 49’. 

Forms observed : c{001}, predominant ; {101}; {101} very narrow ; 

{103} replaces {101} in crystals grown at 50—60°. 

In this instance, the angular measurements, although useful to 
identify the forms, were useless for calculation, and X-ray methods 
alone were employed. Two axial lengths (a and c) were obtained 
by measuring the spacings (200) and (0014); the third (6) by cal- 
culation from a rotation diagram taken on [010] at 4 cm. distance 
with a very narrow beam. The results were :— 

a = 5-10 A.; 6 = 8:83 A.; c = 17-60 A. 
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The angle 8 was determined by a special method. From oscillation 
diagrams, it had been found that the planes (2014 and 2014) could 
both reflect from the same (001) face, the crystal being rotated on 
the [010] axis. Both reflexions were received on the same film, 
and 8 was calculated from the angular distance of each from the 
beam, and from the quantities a and c. 

The unit cell so defined contains the substance of eight (8-13) 
molecules, accounts for all the reflexions observed on rotation 
diagrams, and is the smallest that will do so. 

The plane of the optic axes is (010). The acute bisectrix lies 
in the obtuse angle between the a and c axes at very approximately 
56° with the c axis. One optic axis emerges through (001); the 
_ other through (101). 

When dry and protected from light, the crystals of the 8-azide 
remain unchanged for years. They may be heated in a vacuum 
at 200° for short periods without obvious change, but in water, 
or more rapidly in a solution of a lead salt, they pass into the «- 
form by a process of solution and recrystallisation. Comparison 
by means of the fall hammer showed that the sensitiveness of the 
8 was markedly higher than that of the «-azide. The tests were 
carried out on powders made by crushing crystals of each variety 
to about the same grain. 

Mercuric Azides.—«-Mercuric azide was prepared by mixing 
a saturated solution of mercuric chloride with an equivalent one 
of sodium azide made slightly acid with hydrazoic acid. Crystals 
slowly appeared in thin, evenly developed prisms 2—4 mm. in 
length (Fig. 3c). The prisms were optically biaxial and negative 
in sign. Since they showed straight extinction in all three principal 
sections, this variety of mercuric azide is almost certainly ortho- 
rhombic (Found: Hg, 70-4. Calc. for HgN,: Hg, 70-45%). The 
solubility in water was found to be 0-257 g. in 100 g. of solution 
at 20°. 

a-Mercuric azide is not abnormally sensitive, for no explosion 
occurred during these tests, and the substance was many times 
dried and coarsely powdered without mishap. 

Small amounts of azide were also made by distilling hydrazoic 
acid into a suspension of mercuric oxide in water according to the 
method of Stettbacher (loc. cit.). A mass of interlacing needles 
crystallised as the reaction liquid cooled, and frequently detonated 
either during the crystallisation or when the contents of the vessel 
were moved. It was found possible, however, by careful work, 
to separate and dry some of the crystals. The dry material was 
unusually sensitive to friction—much more so than $-lead azide— 
and sometimes detonated spontaneously during drying. Micro- 
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scopic examination revealed that there were two kinds of material 
clearly distinguishable by their appearance and by their double 
refraction, which was positive in the direction of elongation for 
the « (Fig. 3a) and negative for the @-variety (Fig. 3b), although 
the latter was rather variable in its optical properties. The diffusion 
method gave the same result and a mixture of both kinds of crystal 
was always obtained when the «-azide was recrystallised from water 
or from acetone. In every case when the @-crystals were present 
the material was sensitive to touch and was liable to explode 
spontaneously. 

The 8-crystals could not be collected for analysis, but in a speci- 


Fia. 3. 
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(a) (6) 


Mercuric azides. 


men obtained by recrystallisation and containing as high a pro- 
portion of them as possible the estimation of mercury as sulphide 
gave Hg, 70-4, 70-4%. The identity of the aggregates illustrated in 
Fig. 3a and the insensitive «-prisms (Fig. 3c) was established by 
optical tests and measurement of the terminal angles of the prisms. 
In water, or more rapidly in mercuric nitrate solution, the 8 was 
found to be unstable and to be repiaced by the «-type, just as in 
the parallel case of lead azide. 

The Explosions during the Formation of 8-Lead Azide.—No satis- 
factory explanation has been found for the apparently spontaneous 
detonations which occur during crystal growth. The case of the 
$-azide of lead is important, and some observations may be re- 








2538 MILES : THE FORMATION AND CHARACTERISTICS OF 


corded which seem to indicate the direction in which an explanation 
may be sought. 

By trial with variations of the diffusion method already described, 
it was found that explosions still occurred when lead nitrate was 
replaced by lead acetate, and sodium azide by calcium azide, when 
the surrounding water was slightly acid or alkaline, or when very 
dilute solutions of the reacting salts were used. It is unlikely, 
therefore, that any subsidiary chemical reaction was the cause. 
Silver and mercurous azides may be made in this way without ex- 
plosion. Neither has been found in a 8-modification. 

The instability of the 8-azide cannot itself be the cause in the case 
of the lead salt, for the sensitiveness of this substance, once isolated, 
is too low. Garner and Gomm (this vol., p. 2123) have studied the 
thermal decomposition of the lead azides and have found that the 
heat of activation of the slow thermal change is 38,750 calories 
for the 8-substance, whereas for the «-azide it is 47,600 calories. 
These figures are too close to one another to support the idea that 
the structure of the $-azide might be very easily broken down. 

No trace of a third modification of lead azide could be detected 
even on the occasion when the crystallisation was examined under 
the microscope just before an explosion occurred. 

The explosions happened not only at the ordinary temperature, 
but also when the whole experiment was carried out at 0° or at 60°. 
The crystals formed at the high temperature were in one respect 
different from the others. When immersed in warm lead nitrate 
solution, they dissolved only very slowly and evenly, triangular 
etch-figures consistent with the symmetry being developed regularly 
all over the principal faces. The material made at room temperature, 
still more so that grown at 0°, dissolved very rapidly and irregularly. 
The «-prisms were seen to eat their way into the $-crystal at certain 
places and finally to divide it, whilst portions of it remained un- 
attached. The crystals of the low-temperature crops, moreover, 
showed considerable differences among themselves. By using a 
Leitz dark-ground condenser with a 100 c.p. Pointolite lamp, it 
was seen that in dilute nitric acid (1%), solution was often very 
uneven; fragments of the crystal were detached from the edges 
and dissolved in the surrounding liquid. Occasionally the frag- 
ments formed a brilliant cloud round the crystal. The phenomena 
strongly recalled those observed by Traube during the solution of 
mercuric chloride and other salts (Z. physikal. Chem., 1928, 138, 
85), but the particles were by no means all ultra-microscopic. Many 
were distinctly acicular and about 2u in length. In other cases, 
solution was quite even, with no breaking-up into particles visible 
in the dark-ground illumination. 
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These differences which can be seen in recoverable crystals are 
possibly significant of greater differences of the same kind in crystals 
too unstable for recovery. According to modern views, especially 
those held by Smekal (Physikal. Z., 1926, 27, 837), distortions of 
the crystal structure are often sufficiently marked to determine 
many of the physical properties. At the places in a crystal where 
such distortion occurs, the energy of the structure will be higher 
than normal. One possible process by which apparently spontane- 
ous detonation might occur would involve the delivery to an element 
of the crystal of an increment of energy sufficient to initiate deton- 
ation. If the crystal structure were distorted, the increment 
necessary at certain points of the crystal might be very 
low and a detonation which would spread throughout 
the crystal might be set up from no readily apparent 


cause. 
Mercuric Fulminate.—The best crystals were obtained 


from ammoniacal solution. A mixture of equal volumes 
of concentrated aqueous ammonia (d 0-88), water, and 
alcohol was saturated with the technical fulminate. 
The solution was filtered and allowed to stand, and in 
order to prevent too rapid evaporation of ammonia 
the surface of the liquid was covered with a sheet. of 
filter-paper which was prevented from sinking by means 
of glass floats. After some days, pyramidal crystals 
1—2 mm. long were found attached to the under side 
of the paper by their more pointed ends (Fig. 4). The 
development of these crystals was the same as that 
of the fulminate which had not been recrystallised. 
By a modification of the thiosulphate method of titration 
(Philip, Z. ges. Schiess.-Sprengstoffw., 1912, 7, 181) 
they were found to contain 99-4% of anhydrous 
fulminate. 


Fic. 4. 





Mercuric 
fulminate. 


Crystal system: orthorhombic. Class: probably holohedral. 
Axial ratios: a:b: ¢ = 0-712: 1: 1-353. 
Forms observed: {111}; {010}; {001} (only on crystals from 
aqueous ammonia). 

Observed angles : (010); (111) — 57° 48’; (100); (111) — 41° 30’. 
Unit cell: a = 5-48 A.) Cell volume = 440-7 A’. 

b= 7:71 ,, ;Contains 4 molecules. 

¢ = 10-43 ,, |d (040) = 1-927 A. 


The calculated density is 4:26. For the direct determination 
technical fulminate was twice dissolved in aqueous ammonia and 
reprecipitated by acetic acid, and was then dried in a vacuum, The 
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purity of the material was given by the thiosulphate method of 
estimation as 99-99%. The density was determined in «-bromo- 
naphthalene at 20° with the precautions necessary for a powder 
and found to be 4-307. Mercury fulminate is very liable to be 
impure and it is not surprising that the two values given in the 
literature are both higher. Berthelot (Compt. rend., 1880, 90, 946) 
gave the figure 4-42 for technical material; Solonina (Z. ges. Schiess.- 
Sprengstoffw., 1910, 5, 69) found 4-39 for fulminate purified by 
solution in potassium cyanide. 

The plane of the optic axes is (010). The acute bisectrix is the 
c axis and the optical sign is positive. ap) was found to be 1-530 + 
0-005 and Bp to be 1-56 + 0-005. y is very high. The axial angle 
in air (2Z) [measured on crystals developed on (001)] is 66-4°. 


Fie. 5. 





Lead styphnate. 


When the recrystallisation was carried out by the method given, 
but from a mixture of equal volumes of aqueous ammonia (25% 
NH,) and water, the alcohol being omitted, the fulminate was 
recovered in thin plates developed on (001) and of irregular outline. 
The purity of this material was low (98-3%). It was found from 
the examination of rotation and powder diagrams that in spite’ of 
the surprising differences in habit these plates were essentially 
identical with the ordinary crystals. 

Lead Styphnate-—The diffusion method in the form employed 
for 6-lead azide was the only one which gave measurable crystals. 
Lead nitrate solution (10 g./100 c.c.) was placed in the inner dish, 
and a dilute solution of magnesium styphnate in the outer one. 
In a fortnight, a fringe of crystals formed round the rim of the 
inner dish. Many were hollow, and only one complete at both ends 
was obtained. 
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The analysis gave results in accordance with the accepted formula 
for lead styphnate, C,H(NO,),(OH),,PbO. The molecule of water 
is firmly retained even at 100°, but it can be driven out by heating 
at 120° in a vacuum. This dehydration causes no change in the 
shape or clarity of the crystal. 


Crystal system: monoclinic. Class: holohedral. 

Axial ratios: a:6:c = 0-799: 1 : 0-638, 8 = 92° 51’. 

Forms observed: p{011}, g{110}; 7{201}, o{211}, very variable ; 
b{010}, c{00O1}, o’{111}, small; {201}, o{211}, o’{111} very 
small. 


The angles pq (68° 24’), bg (51° 24’), and bp (57° 30’) were selected 
for calculation. Five out of six calculated angles agreed with the 
observed values within 5’. 


Unit cell: a = 10-02 A.) Cell volume = 1003-9 A3. 
b = 12-54 ,, ; Contains 4 molecules. 
c= 800 ,, d(400) = 2-503 A. 


The density determined in benzene at 20° was 3-085. The value 
calculated from the cell dimensions is 3-077. 

The 6 axis is the obtuse bisectrix. The acute bisectrix axis lies 
in the acute angle between the a and c axes, making an angle of 
50° with the former. The sign is negative. ap is 1-550 + 0-005. 
Both 8 and y appeared to be over 1-8, but could not be measured. 

Lead Styphnate Hydrate-—From the jelly which is always formed 
when solutions of a lead salt and of a soluble styphnate are mixed 
in the cold, a hydrate is deposited if the salts are pure and the 
solution dilute. A solution of pure magnesium styphnate con- 
taining 6 g. of combined and 0-5 g. of free styphnic acid in 100 c.c. 
was mixed with the same volume of equivalent lead nitrate solution 
diluted with four times its volume of water. After standing for 
36 hours at 10°, the jelly first formed had given place to fibrous 
masses of fine needles with a few large crystals of the ordinary salt. 
The needles were unstable in contact with water, and when stirred 
rapidly became dehydrated. They were removed quickly by 
filtration on a Buchner funnel, washed with alcohol and ether, 
and dried in a desiccator [Found : PbO, 45-8; loss in a high vacuum 
at 120°, 7:6. Cale. for C,H(NO,),(OH),,PbO,H,O: PbO, 45-9; 
H,O0, 7-4%]. 

When dry the substance is comparatively stable, although it 
eventually loses a molecule of water at the ordinary temperature. 


I wish to make acknowledgment to Messrs. Imperial Chemical 
Industries for permission to publish this paper, and to Mr. M. 
40 
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Milbourn, who assisted with the X-ray measurements and the 
density determinations of the lead azides. 


THE NosBet RESEARCH LABORATORIES, 
ARDEER. [Received, August 18th, 1931.] 





CCCLIII.—Derivatives of 1: 2:3: 4-T'etrahydroxy- 
benzene. Part I. 
By Witson Baker and Hitary ANNoT SMITH. 


Compounps derived from tetrahydroxybenzenes are not of frequent 
occurrence in nature, and of these substances derivatives of 
1: 2:3: 5-tetrahydroxybenzene occur most frequently. Many 
examples of this type are met with in compounds of the 2- and 
3-phenylchromone groups, e.g., the flavonols gossypetin and querce- 
tagetin, the flavones baicalein, scutellarein and wogonin, the flav- 
anone carthamidin, the isoflavones irigenin and tectorigenin, and 
carajurin, the anhydro-base derived from a flavylium salt. Deriv- 
atives of 1 : 2: 4: 5-tetrahydroxybenzene have recently been shown 
by K®égl to occur in certain lichen colouring matters, e.g., polyporic 
acid and atromentin, and embelic acid is now shown by Hasan and 
Stedman (this vol., p. 2112) to be also derived from this parent 
hydroxy-compound. 

Derivatives of 1 : 2 : 3 : 4-tetrahydroxybenzene are represented in 
nature by parsley apiole (1 : 4-dimethoxy-2 : 3-methylenedioxy- 
allylbenzene), the isomeric dill apiole (3 : 4-dimethoxy-1 : 2-methyl- 
enedioxy - 5-allylbenzene), 1: 2:3: 4-tetramethoxyallylbenzene 
which has been isolated from parsley oil (Thoms, Ber., 1908, 41, 
2760), and the coumarin fraxetin (7 : 8-dihydroxy-6-methoxycou- 
marin). 

The present work describes a preliminary investigation into the 
possible methods of synthesising substances derived from 1 : 2 : 3: 4- 
tetrahydroxybenzene, which could be used as intermediates in the 
synthesis of the four naturally occurring compounds of this type. 

It appears that derivatives of 1: 2:3: 4-tetrahydroxybenzene 
have only been synthesised twice : Einhorn, Cobliner, and Pfeiffer 
(Ber., 1904, 37, 119) prepared 4-nitropyrogallol from pyrogalloi 
carbonate, and hydrolysed the related base to 1: 2:3: 4-tetra- 
hydroxybenzene; and Bargellini (Gazzetta, 1916, 46, 249) oxidised 
7 : 8-dimethoxycoumarin (daphnetin dimethyl ether) by means of 
aqueous potassium persulphate to a hydroxy-derivative which was 
subsequently shown by Wessely and Demmer (Ber., 1929, 62, 120) 
to be 6-hydroxy-7 : 8-dimethoxycoumarin. 

Two new methods for the synthesis of 1 : 2: 3 : 4-tetrahydroxy- 
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benzenes have now been devised, both starting from pyrogallol 
1 : 2-dimethyl ether. This substance was prepared from pyrogallol- 
carboxylic acid, itself obtained by heating pyrogallol with potassium 
hydrogen carbonate, a process which gives more than twice the yield 
previously obtained by heating the reactants in aqueous solution. 
Under the conditions of the Gattermann reaction pyrogallol 1 : 2- 
dimethyl] ether gave 2-hydroxy-3 : 4-dimethoxybenzaldehyde (I), whose 
constitution follows from its methylation to 2:3 : 4-trimethoxy 
benzaldehyde, and from the fact that it exhibits the properties of 
an o- rather than a ee 


CHO OMe ° is 
OMe 
Oe OMe OMe Me 
OMe Me 
io ) (III.) we ) 


Oxidation of the Pond (I) by hydrogen peroxide in N-alkali 
solution (Dakin, Amer. Chem. J., 1909, 42, 477; Barger, J., 1918, 
113, 218) yielded 1 : 2-dihydroxy-3 : 4-dimethoxybenzene (II), 
which gave a dibenzoyl derivative, and a diacetate which was identical 
with the substance obtained by Ciamician and Silber (Ber., 1896, 29, 
1807) from dill apiole. Methylation of (II) gave 1: 2:3: 4-tetra- 
methoxybenzene (III), and methylenation with methylene sulphate 
and alkali (Baker, this vol., p. 1765) yielded 1 : 2-methylenedioxy- 
3 : 4-dimethoxybenzene (IV), a substance which has been obtained 
by the degradation of dill apiole (Ciamician and Silber, Joc. cit.). 
Compound (IV), whose formation confirms the structure assigned to 
the aldehyde (I), was characterised by the formation of its dibromo- 
derivative. 

Nitration of pyrogallol 1 : 2-dimethyl ether in a mixture of acetic 
acid and acetic anhydride gave 4-nitropyrogallol 1 : 2-dimethyl ether 
(V), whose constitution was established by methylation to the 
known 4-nitropyrogallol trimethyl ether, and from the fact that it 
shows the properties characteristic of an o-nitrophenol. Under 
slightly different conditions 4 : 6-dinitropyrogallol 1 : 2-dimethyl ether 
(VI) is obtained as well as (V). 


OMe OMe OMe 4 
OMe NO, OMe OMe / ‘ome 
H OMe oF res 
No, No, i 
(V.) (VI.) lode (VIII.) 


Reduction of the methyl ether of (V) gave 4-aminopyrogallol tri- 
methyl ether (VII), whose hydrochloride when oxidised in aqueous 
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solution with chromic acid gave 2 : 3-dimethoxy-p-benzoquinone 
(VIII) in over 50% yield. By reducing the quinone (VIII) with 
zine and acetic acid in benzene, the corresponding quinol was ob- 
tained as an oil which gave the crystalline 2 : 3-dimethoryquinol 
diacetate (IX), and on methylation 1 : 2 : 3 : 4-tetramethoxybenzene 
(III). The quinone (VIII), which can be converted into a deriv- 
ative of pentahydroxybenzene by Thiele’s method (Ber., 1898, 31, 
1247; Annalen, 1900, 311, 341), is being subjected to further investi- 
gation. 


OAc MeO OMe Mops OMe 
ax) ( \OMe OFCD (X.) 
* i Me 
OAc 


The amino-group of the base (VII) could not be successfully 
replaced by hydroxyl through the diazonium compound, and 
attempts to prepare 2 : 3-dinitro-8-phenylhydroxylamine, which 
might rearrange to give a suitable intermediate, by reduction of 
3-nitroveratrole with zinc dust and ammonium chloride gave as 
the chief product 0-azoryveratrole (X). The 3-nitroveratrole was 
prepared by the thermal decomposition of 2-nitroveratric acid, for 
a supply of which the authors are indebted to Dr. J. M. Gulland. 

Other methods of synthesising 1 : 2 : 3 : 4-tetrahydroxybenzenes 
are being investigated, and will be described in a later communic- 
ation. 

EXPERIMENTAL. 


Pyrogallolcarboxylic Acid.—-Finely powdered pyrogallol (80 g.) 
and potassium hydrogen carbonate (400 g.) were intimately mixed 
in a loosely corked 2-litre flask in an atmosphere of coal gas. The 
flask was heated at 160—170° for 2 hours, water (1600 c.c.) added, 
and the product dissolved by heating on the water-bath. The hot 
dark solution was acidified with concentrated hydrochloric acid 
(400 c.c.), and after a few hours the pyrogallolcarboxylic acid was 
collected, washed with much cold water, and dried on the water- 
bath (average yield, 80 g.). 

Pyrogallol 1: 2-Dimethyl Ether.—Pyrogallolearboxylic acid was 
converted into its 3 : 4-dimethyl ether by methylation with methyl 
sulphate and alkali (Mauthner, J. pr. Chem., 1914, 89, 304); elimin- 
ation of carbon dioxide from this acid (100 g.) by heating and dis- 
tillation in a vacuum and subsequent redistillation under ordinary 
pressure gave pyrogallol 1 : 2-dimethyl ether (60 g.), b. p. 230— 
240° (Herzig and Pollak, Ber., 1903, 36, 661). 

2-Hydroxy-3 : 4-dimethoxybenzaldehyde (1).—A solution of pyro- 
gallol 1 : 2-dimethyl ether (50 g.) and anhydrous hydrogen cyanide 
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(20 g.) in dry ether (200 c.c.) was slowly saturated with dry hydro- 
gen chloride at 0° in presence of a few grams of powdered anhydrous 
zine chloride. After 12 hours, fresh ether was added, and then 
crushed ice till all the solid had dissolved, the temperature being 
kept at 0°. The ethereal layer was at once separated, and the 
aqueous solution containing the aldimine hydrochloride was hydro- 
lysed by refluxing it for 1 hour under a layer of ether, which was 
then separated. The aqueous layer was again hydrolysed as before, 
the ethereal layers were united, shaken with an excess of aqueous 
sodium bicarbonate, dried over sodium sulphate, and distilled, leay- 
ing the crude aldehyde (20 g.) as a yellowish oil which partly crystal- 
lised. The solid was collected by filtration; it crystallised from 
water in colourless needles or better from light petroleum (b. p. 40— 
60°) in compact prisms, m. p. 74° (Found: C, 595; H, 5-5. 
CyH4,0, requires C, 59-3; H,5-5%). The non-crystalline material 
gave a solid bisulphite compound, from which the aldehyde was 
regenerated in the crystalline condition. 2-Hydroxy-3 : 4-dimethoxy- 
benzaldehyde dissolves in sodium hydroxide solution with a yellow 
colour; it is slightly volatile in steam and gives a dull brownish-red 
colour with ferric chloride in aqueous or alcoholic solution. The 
phenylhydrazone separates from methyl alcohol in pale yellow prisms, 
m. p. 156° (Found: N, 10-1. ©,,H,,0O,N, requires N, 10-3%). 

Methylation with methyl sulphate and alkali gave a non-phenolic 
aldehyde crystallising from light petroleum in highly refracting 
prisms, whose melting point, 31-5°, was not depressed when they 
were mixed with 2:3: 4-trimethoxybenzaldehyde (Schaaf and 
Labouchére, Helv. Chim. Acta, 1924, 7, 357, record m. p. 37°; 
Barger and Ewins, J., 1910, 97, 2258, give m. p. 30°). 2:3:4-Tri- 
methoxybenzaldehydephenylhydrazone separates from methyl alcohol 
in very pale yellow prisms, m. p. 155—156° (Found: N, 9-6, 
C,gH,,0,N. requires N, 9-8%). 

The aldehyde (I) was also prepared from pyrogallol 1 : 2-dimethyl 
ether by the Tiemann—Reimer reaction, but the yield was very poor. 

1 : 2-Dihydroxy-3 : 4-dimethoxybenzene (II).—Pure 2-hydroxy- 
3: 4-dimethoxybenzaldehyde (7-5 g.; 1 mol.) was dissolved in 
N-sodium hydroxide solution (1 equiv.), and an approximately 3% 
solution of hydrogen peroxide (1-25 mols.) added. The yellow solu- 
tion turned dark brown and the temperature rose to about 40°. 
After } hour sodium bicarbonate was added, the solution extracted 
several times with ether, the extracts shaken with dilute aqueous 
sodium bisulphite to remove any unchanged aldehyde, dried over 
sodium sulphate, and distilled, leaving a pale brown oily residue (6 g.), 
which could not be obtained crystalline (compare Ciamician and 
Silber, loc. cit.). The substance gives a purple colour with ferric 
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chloride in aqueous solution, and a deep green in alcoholic solution. 
Prolonged treatment with boiling acetic anhydride and sodium 
acetate gave a diacetate, which after crystallisation from chloroform 
and then light petroleum formed colourless crystals, m. p. 83—84° 
(Found: C, 56-8; H, 5-7. Cale. for C,,H,,0,: C, 56-7; H, 5-6%) 
(Ciamician and Silber, loc. cit., record m. p. 85°). The dibenzoyl 
derivative, prepared by the Schotten-Baumann method, was 
crystallised from dilute alcohol and then light petroleum (b. p. 
40—60°) and obtained in small colourless prisms, m. p. 96° (Found : 
C, 69-8; H, 5-0. C,,H,,0, requires C, 69-8; H, 4-8%). 

1:2:3:4-Tetramethoxybenzene (III).—Methylation of 1 : 2-di- 
hydroxy-3 : 4-dimethoxybenzene with methyl sulphate in aqueous 
alkaline solution gave a solid which crystallised from light petroleum 
(b. p. 40—60°) in small colourless prisms, m. p. 88°5° (Found: C, 
60-6; H, 7-0. Cale. for C,9H,,0,: C, 60-6; H, 7-1%). Ciamician 
and Silber (loc. cit.) and Bignami and Testoni (Gazzetta, 1900, 30, 
240) record the melting point of 1 : 2 : 3 : 4-tetramethoxybenzene as 
89°, and Einhorn, Cobliner, and Pfeiffer (Joc. cit.) give m. p. 83°. 

1 : 2-Methylenedioxy-3 : 4-dimethoxybenzene (IV).—The methylen- 
ation of the o-dihydroxy-derivative (II) by means of methylene 
sulphate and alkali in aqueous-acetone solution (compare methylen- 
ation of catechol; Baker, loc. cit.) yielded an oil, which was heated 
with excess of alkali for } hour, extracted with ether, and twice 
distilled under 2 mm. pressure, giving a colourless, fairly mobile oil 
(Found: C, 59-8; H, 5-8. Cale. for CjH,,0,: C, 59-4; H, 55%). 
1 : 2-Methylenedioxy-3 : 4-dimethoxybenzene is volatile in steam 
and has an odour recalling that of veratrole ; it could not be obtained 
in the crystalline condition, and, owing to the small amount avail- 
able, its boiling point could not be accurately determined. The free 
positions of the nucleus are very reactive, and by the action of 
bromine in acetic acid at the ordinary temperature the dibromo- 
derivative was readily produced, which was precipitated with water ; 
it crystallised from alcohol, and then from light petroleum in colour- 
less needles, m. p. 91° (Found: Br, 47-4. Cale. for C,H,0,Br, : 
Br, 47-:1%). Ciamician and Silber (loc. cit.) were also unable to 
obtain the substance (IV) (isolated from dill apiole) in the solid 
condition ; they obtained the dibromo-compound (colourless needles 
from alcohol, m. p. 92°) by the bromination of dill-apiolic acid. 

4-Nitropyrogallol 1:2-Dimethyl Ether (V).—The following con- 
ditions gave the maximum yield of the mononitro-compound. 
Pyrogallol 1 : 2-dimethyl ether (5 g.) in glacial acetic acid (20 c.c.) 
and acetic anhydride (5 c.c.) was cooled to about 3° and a solution 
of nitric acid (3-2 g.; d 1-42) in acetic acid (20 c.c.) added during 
10 minutes, the temperature being kept below 5°. After remaining 
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for 1 hour at room temperature, the mixture was poured into ice 
and water (100 g.), and the solid product was collected, washed, and 
crystallised from a small amount of methyl alcohol, from which 
yellow compact prisms (2-4 g.), m. p. 102—103°, separated (Found : 
N, 6:8. C,H,O;N requires N, 7:0%). 4-Nitropyrogallol 1 : 2-di- 
methyl ether is slightly volatile in steam and dissolves in aqueous 
alkaline solutions with a light orange colour. 

4-Nitropyrogallol Trimethyl Ether.—A mixture of 4-nitropyrogallol 
1 : 2-dimethy] ether (8 g.), methyl sulphate (25 g.), potassium carbon- 
ate (12 g.), and xylene (16 c.c.) was stirred and heated at 130° for 
10 minutes. Water was then added, the xylene removed in steam, 
and, when cold, the solid (8 g.) was collected, washed, and dried ; 
it crystallised from light petroleum (b. p. 60—80°) in long colourless 
needles, m. p. 44° (Einhorn, Cobliner, and Pfeiffer, loc. cit., and 
Thoms and Siebling, Ber., 1911, 44, 2123, give m. p. 44°; the 
isomeric 5-nitropyrogallol trimethyl ether has m. p. 99°). 

4 : 6-Dinitropyrogallol 1 :2-Dimethyl Ether (V1).—The nitration 
of pyrogallol 1 : 2-dimethyl ether (5 g.) in acetic acid (20 c.c.) with 
nitric acid (5 g.; d 1-42) in acetic acid (20 c.c.) without cooling, gave 
4-nitropyrogallol 1 : 2-dimethyl ether and also 4 : 6-dinitropyrogallol 
1 : 2-dimethyl ether; the latter separated from the methyl-alcoholic 
mother-liquors in yellow needles, m. p. 76°, which were recrystallised 
from light petroleum (b. p. 60—80°) (Found: N, 11-3. C,H,O,N, 
requires N, 11-59%). The substance is easily soluble in the usual 
organic solvents and dissolves in alkaline solutions with a yellow 
colour. Its constitution follows from its methylation by means of 
methyl sulphate and potassium carbonate in xylene to 4 : 6-dinitro- 
pyrogallol trimethyl ether, m. p. 85° (Thoms and Siebling, loc. cit., 
and Pollecoff and Robinson, J., 1918, 113, 656, record m. p. 85°; 
the isomeric 4 : 5-dinitropyrogallol trimethyl ether has m. p. 118-4°). 

4-Aminopyrogallol Trimethyl Ether (VI1).—4-Nitropyrogallol tri- 
methyl ether (6 g.) was reduced by heating with tin (18 g.), concen- 
trated hydrochloric acid (30 c.c.), and water (12 c.c.); the tin was 
removed as sulphide, and the filtered solution evaporated to dryness 
under diminished pressure in an atmosphere of carbon dioxide, 
leaving the hydrochloride of the base. The pure hydrochloride, 
obtained from the free base and hydrogen chloride in ether, had 
the properties described by Graebe and Suter (Annalen, 1905, 340, 
222). 

2 : 3-Dimethoxy-p-benzoquinone (VIII).—4-Aminopyrogallol _ tri- 
methyl ether hydrochloride (2 g.) in water (100 c.c.) was slowly 
stirred into a solution of chromic acid (4-5 g.) in water (150 c.c.), the 
temperature being kept between 6° and 9°. The solution was then 
slowly warmed to 60°, kept at room temperature for 4 hours, and 
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extracted several times with ether. After drying, the extracts 
yielded the almost pure quinone as a brownish-orange crystalline 
residue (1-1 g.). It separated from warm light petroleum (b. p. 
60—80°) in bright orange-red needles, m. p. 66—67° (Found: C, 
57-0; H, 4:8. C,H,O, requires C, 57-1; H, 48%). 2: 3-Dimeth- 
oxy-p-benzoquinone is easily soluble in ethyl and methyl alcohols, 
acetone, acetic acid, ether, and benzene. It dissolves in concen- 
trated sulphuric acid. with a bright olive-green colour, and in dilute 
sodium hydroxide solution with a pinkish-violet colour which 
rapidly becomes brown and then slowly acquires a greenish tint. 

This quinone was also prepared by the oxidation of 4-amino- 
pyrogallol trimethyl ether with ferric chloride in aqueous solution, 
and by the oxidation of 3-aminoveratrole with chromic acid under 
the conditions usually employed for oxidising aniline to p-benzo- 
quinone, but both reactions gave very poor yields. 

2 : 3-Dimethoxyquinol Diacetate (1X).—2 : 3-Dimethoxy-p-benzo- 
quinone (2 g.) in benzene (50 c.c.) was shaken with water (50 c.c.), 
acetic acid (5 ¢.c,), and zinc dust until the colour of the quinone had 
disappeared. The benzene layer was dried over sodium sulphate, 
and yielded 2 : 3-dimethoxyquinol as a light-brown oily residue. 
This substance could not be obtained in the pure state. On distil- 
lation in a vacuum it underwent considerable decomposition, and 
was very readily oxidised to the parent quinone, Methylation with 
methyl] sulphate and alkali readily yielded 1 : 2 : 3 : 4-tetramethoxy- 
benzene, m, p. 88-5°, whose melting point was not depressed on ad- 
mixture with a specimen of 1 : 2:3: 4-tetramethoxybenzene pre- 
pared as previously described. 2 : 3-Dimethoryquinol diacetate was 
obtained by boiling the dimethoxyquinol with acetic anhydride and 
sodium acetate for 4—6 hours, treating the solution with water, and 
extracting the diacetate with ether. The extracts yielded a residue 
which was crystallised twice from dilute alcohol (charcoal) and 
obtained in colourless irregular prisms, m. p. 54—56° (Found: C, 
56-6; H, 5-7. Cy.H,,0, requires C, 56-7; H, 5-6%). 

3-Nitroveratrole.—A mixture of crude 2-nitroveratric acid (20 g.), 
copper powder (4 g.), and sand (20 g.) in a distilling flask attached 
to a receiver was cautiously heated and agitated over a naked flame. 
Carbon dioxide was evolved and a little 3-nitroveratrole distilled, 
completion of the reaction being indicated by the sudden appearance 
of white fumes. The substance was now distilled under diminished 
pressure and then redistilled, 3-nitroveratrole (9 g.) being collected 
as a light yellow solid, m. p. 65—66°, b. p. 168—169°/20 mm. 

o-Azoxyveratrole (X).—3-Nitroveratrole was reduced in 50% 
alechol by the addition of zinc dust in presence of ammonium 
chloride. After the addition of zinc the warm solution was filtered, 
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diluted, and extracted with ether. The extracts yielded a semi- 
solid product which contained traces of a 8-phenylhydroxylamine 
derivative and a primary base, but consisted almost entirely of 
o-azoxyveratrole ; this crystallised from benzene, and then from 
alcohol in pale yellow prisms, m. p. 125—126° (Found ; C, 60-5; H, 
5:7. C,gH,,0;N, requires C, 60-4; H, 5-6%). 
THE Dyson PERRINS LABORATORY, 
OxFORD, [ Received, August 10th, 1931.] 





CCCLIV.—Alkyl Derivatives of Ethyl Malonate and 
Ethyl Cyanoacetate. 


By Grorce RoGEerR CLEMO and CHARLES ROBERT SYDNEY 
TENNISWOOD. 


In the course of some synthetic work in progress in this laboratory, 
the need arose for esters of the di($-chloroethyl)-malonic or -cyano- 
acetic type. It was considered that these compounds would result 
from the action of 6-chloroethyl toluene-p-sulphonate on ethyl sodio- 
malonate or -cyanoacetate respectively (compare Peacock and Tha, 
J., 1928, 2303). [8-Chloroethyl toluene-p-sulphonate and #-cyano- 
ethyl toluene-p-sulphonate are referred to hereafter as ester A and 
ester B respectively. An improved method for the preparation of 
the former (compare Clemo and Perkin, J., 1922, 121, 642) is recorded 
in the experimental part.] All attempts, however, to effect a satis- 
factory condensation of ester A and ethyl sodiomalonate in absolute 
alcohol, ether, or benzene have failed, the ester A being decomposed 
in part under the alkaline reaction conditions, giving sodium chloride 
and sodium toluene-p-sulphonate. With ester A and ethyl sodio- 
cyanoacetate, which is alkylated in certain cases with considerably 
greater ease than is ethyl sodiomalonate (compare Hessler, J. Amer. 
Chem. Soc., 1913, 35, 990), there are indications that the highest- 
boiling fraction of the reaction product contains ethyl di(§-chloro- 
ethyl)cyanoacetate, but so far it has not been possible to isolate it 
from the unchanged ester A. 

On account of these unexpected results and in view of the fact 
that §-cyanoethyl toluene-p-sulphonate, which is markedly less 
stable to aqueous alkalis than ester A (compare Clemo and Walton, 
J., 1928, 723), condenses readily with potassium pyrrole (Clemo 
and Ramage, this vol., p. 49), it became a matter of interest to 
examine the action of ester B on ethyl sodio-malonate and -cyano- 
acetate respectively. 

Ester B reacted smoothly with ethyl sodiomalonate in either 


absolute alcohol or ether, and ethyl 8-cyanoethylmalonate and ethyl 
402 
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di(8-cyanoethyl)malonate could be isolated in 63°% and 80% yields 
of the theoretical respectively. In this reaction the use of ether as 
a solvent favoured the formation of the di-alkylated compound. 

Molecular amounts of ester B and ethyl sodiocyanoacetate reacted 
in alcohol so easily that only the di-8-cyanoethyl derivative could be 
isolated, but no reaction occurred when ether was used as the solvent. 

When alcohol is used in these condensations, the sodium toluene-p- 
sulphonate separates in an easily filterable crystalline form, and 
its weight enables the extent of the reaction to be judged. 

Of the numerous synthetical possibilities of 6-cyanoethyl-malonic 
and -cyanoacetic esters, only a few have been investigated: for 
instance, ethyl di(§-cyanoethyl)malonate is a very convenient 
material for the preparation of pentane-1 : 3 : 3 : 5-tetracarboxylic 
ester, or acid, and thus of 4-ketohexahydrobenzoic acid (compare 
Perkin, J., 1896, 69, 1509; Emery, Ber., 1891, 24, 283). A further 
obvious application is for the preparation of derivatives of barbituric 
acid. 

EXPERIMENTAL. 

8-Chloroethyl Toluene-p-sulphonate—Toluene-p-sulphonyl chloride 
(300 g.) and anhydrous ethylene chlorohydrin (300 g.) were heated 
on the water-bath until evolution of hydrogen chloride ceased (24— 
36 hrs.). The excess of chlorohydrin (180 g.) was removed on the 
water-bath under reduced pressure, and the clear light brown residual 
liquid washed with aqueous sodium hydroxide; the ester then 
readily separated, without the formation of troublesome emulsions, 
from the aqueous layer, which was twice shaken with benzene. The 
benzene washings were added to the ester, and the whole was dried 
and fractionated, giving 270 g., b. p. 210°/21 mm. 

Ethyl 8-Cyanoethylmalonate—Sodium (2-3 g.) was dissolved in 
absolute alcohol (30 c.c.), and ethyl malonate (16 g.) added, followed 
by a hot solution of ester B (22-5 g.) in absolute alcohol (30 c.c.). 
The vigorous reaction which set in was completed by refluxing for 
8 hours. After cooling, the sodium toluene-p-sulphonate was 
filtered off (17-8 g.; cale., 19-4 g.). The filtrate was worked up in 
the usual way and fractionation gave 7-6 g. of a fragrant colourless 
liquid, b. p. 165°/18 mm., 135°/0-2 mm. (Found: C, 55-8; H, 6-9; 
N, 6-6. Cy 9H,;0,N requires C, 56-3; H, 7-0; N, 6-6%), and 4:8 g. 
of an oil, b. p. 200—205°/0-2 mm., which crystallised on cooling, 
m. p. 61:5°. The latter was ethyl di(§-cyanoethyl)malonate, which 
is best prepared as follows. 

Ethyl Di(-cyanoethyl)malonate-—The condensation of ethyl sodio- 
malonate with ester B was carried out as above, after 3 hours’ re- 
fluxing further quantities of sodium (2-3 g.) in alcohol (30 c.c.) and 
of ester B (22-5 g.) were added, and the mixture was refluxed for 
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12 hours. After being filtered from the sodium toluene-p-sulphonate 
(36 g.; cale., 39 g.), the liquid was worked up in the usual way and 
gave ethyl di(B-cyanoethyl)malonate (21 g. or 80%), b. p. 200—205°/0-2 
mm., m. p. 61-5° (Found: C, 58-5; H, 6-8; N, 10:3. C,3H,,0,N, 
requires C, 58:7; H, 6-8; N, 10-5%). 

Ethyl Di(8-cyanoethyl)cyanoacetate—Ethyl cyanoacetate (2-83 g.) 
was treated successively with two lots of sodium (0-6 g.) and ester B 
(5-7 g.) in absolute alcohol (50 c.c.). The total reaction time allowed 
was 18 hours. When the product was worked up, 4-5 g. (86%) of a 
pale yellow oil were obtained, b. p. 197—202°/0-2 mm., which solidified 
on standing to a mass of pale yellow crystals, m. p. 38° (Found : 
C, 60-6; H, 5-8; N, 19-4. C,,H,,0,N, requires C, 60-3; H, 5-9; 
N, 19-2%). The ester is readily soluble in the common organic 
solvents other than low-boiling petroleum. 

Ethyl Propane-1 : 3 : 3-tricarboxylate —Ethy] 6-cyanoethylmalonate 
(4 g.) was refluxed for 5 hours with alcoholic hydrogen chloride 
(20 c.c.; 40% HCl). After cooling, ammonium chloride (0-9 g.; 
cale., 1-1 g.) was filtered off, and the propanetricarboxylic ester 
obtained (3-8 g. or 80%), b. p. 165—166°/22 mm. 

Pentane-1 : 3: 3 : 5-tetracarboxylic Acid —Ethyl di(@-cyanoethyl)- 
malonate (2 g.) was refluxed for 3—4 hours with alcoholic potassium 
hydroxide (30 c.c.; 20%). Considerable separation of the potassium 
salt occurred and after removal of the alcohol this was decomposed 
by a little concentrated hydrochloric acid, and the solution extracted 
repeatedly with ether. The gummy mass left after removal of the 
ether was dissolved in the minimum amount of water and placed in 
a vacuum desiccator. The crystals which separated (1-0 g.) had m. p. 
184° (decomp.). Perkin records the m. p. of the acid as 185—187° 
(Found : C, 43-8; H, 5-0. Calc. for C,H,,0,: C, 43-6; H, 48%). 

Ethyl Pentane-1 : 3 : 3 : 5-tetracarboxylate—Ethyl] di(8-cyanoethyl)- 
malonate (3 g.) on hydrolysis with alcoholic hydrogen chloride (30 
c.c.; 40%) as described above yielded 2-8 g. (70%) of the tetra- 
carboxylic ester, b. p. 217—219°/20 mm. 


One of the authors (C. R. 8. T.) is indebted to the Council of Arm- 
strong College for a scholarship which has enabled him to take part 
in this investigation. 


UNIVERSITY OF DuRHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, August lst, 1931.] 
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CCCLV.—The Attempted Isolation of Copper 
Benzaldehyde. 


By Dennis Brook Brices, Harotp SAENGER, and WILLIAM 
WARDLAW. 


BERNOULLI and ScuaaF state (Helv. Chim. Acta, 1922, 5, 721) that, 
although copper has no direct action on pure benzaldehyde, com- 
bination may be brought about by allowing a solution of benzaldehyde 
in toluene, benzene, or ethyl acetate to react with the metal at 50° : 
the copper slowly dissolves to give a deep green solution, from which 
green crystals can be isolated. In the earlier experiments the crude 
product was recrystallised from toluene and assigned the empirical 
formula Cu(Ph-CHO),. Later Schaaf (ibid., 1923, 6, 535) described 
a better method of purification : the crude substance is dissolved in 
pyridine and the pyridine derivative, 2[Cu(Ph-CHO),],5C;H,;N, is 
isolated and heated to 150°, whereby pure copper benzaldehyde is 
stated to remain. The stability of this product is remarkable. Not 
only is it resistant to heat, but it is said to be unattacked by dilute 
hydrochloric acid or alkalis. By analogy with the sodium derivative, 
ONa*CHPh-CHPh:ONa, prepared by Church (Annalen, 1863, 128, 
295) and Beckmann and Paul (ibid., 1891, 266, 25), Bernoulli and 
O-CHPh 
O-CHPh’ 
on this work (Ann. Reports, 1922, 123), Professor R. Robinson states : 
‘The constitution of the compound is not yet clear, the obvious 
possibility that it is copper hydrobenzoin being difficult to reconcile 
with the stability to acid.” 

In view of the theoretical interest of copper benzaldehyde and the 
possibility that other metallic derivatives might be prepared we 
have reinvestigated the method of preparation of the copper salt. 
Although we have carefully observed all the experimental details 
given by the authors and repeated the preparation many times, yet 
in no case have we isolated copper benzaldehyde. The substance 
we invariably obtain from the reaction between copper and benz- 
aldehyde, dissolved in toluene, is copper benzoate associated with 
one molecule of water and one molecule of benzaldehyde. When 
this product is recrystallised from pyridine, the compound isolated 
is Cu(Ph-CO,),,2C;H;N,H,O, which on careful heating loses one 
molecule of water and one molecule of pyridine to form an emerald- 
green substance, Cu(Ph-CO,),,C;H;N. On prolonged heating at 
150°, anhydrous copper benzoate and not copper benzaldehyde is left. 
To prove the existence of the compound Cu(Ph-CO,),,Ph*CHO,H,O 
we heated copper benzoate, Cu(Ph-CO,),,2H,O, with a solution of 
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benzaldehyde in toluene. A deep green solution was obtained from 
which crystals of the required composition separated. It is note- 
worthy that the copper retains its covalency of four—a molecule of 
benzaldehyde replacing a molecule of water. Both in crystalline 
form and in composition these crystals were identical with our pro- 
duct isolated from the reaction described by Bernoulli and Schaaf. 
On theoretical grounds the formation of copper benzoate when 
copper is heated with benzaldehyde and toluene is not unexpected. 
It is well known that benzoyl hydrogen peroxide is formed by the 
aerial oxidation of benzaldehyde (Baeyer and Villiger, Ber., 1900, 
33, 1582), and it appears highly probable, therefore, that the follow- 
ing reactions will take place : 


Ph-CHO + 0, —> Ph:CO-0-0H 
Ph-CO-0-0H + Ph-CHO —> 2Ph-CO-OH 
Ph-CO-0-0H + Cu —> CuO + Ph-CO-OH 

CuO + 2Ph-CO-OH —> Cu(Ph-CO,), + H,O 


In addition there is no doubt that benzoic acid in toluene slowly 
attacks copper at room temperature. It is very significant that 
p-nitrobenzaldehyde in toluene does not attack copper when main- 
tained in contact with it at 50° for several days. The formation 
of a peroxide in this case would not be anticipated. Using the 
method outlined by Bernoulli and Schaaf, we have not been able 
to obtain copper benzaldehyde and accordingly the existence of such 
a substance appears to us very doubtful. 


EXPERIMENTAL. 

Preparation of Benzaldehyde Copper Benzoate.—Pure electrolytic 
copper together with 32 c.c. of pure benzaldehyde and 168 c.c. of 
pure toluene (16% benzaldehyde-toluene solution by volume) was 
heated under reflux at 50° for several hours until the solution had 
attained a deep green colour; it was then allowed to cool. After 
several hours, brilliant bluish-green crystals separated, which were 
washed with toluene and air-dried. The yield was small [Found : 
Cu, 14-86, 14-82, 14-80; C, 59-57; H, 4-15. Cu(Ph-CO,),,Ph-CHO,H,O 
requires Cu, 14:79; C, 58-66; H, 4:19%]. The method outlined 
above is that given by Bernoulli and Schaaf for the preparation of 
copper benzaldehyde. They state that their product can be re- 
crystallised from toluene. Our product was so slightly soluble in 
this solvent that it was useless as a medium for recrystallisation. 
Moreover, toluene appeared to decompose our substance, for the 
crystals became light blue. Benzaldehyde copper benzoate was also 
prepared by replacing the copper in the above experiment with 
copper benzoate; bluish-green crystals separated, which were 
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washed with toluene and air-dried (Found: Cu, 14:8; C, 595; 
H, 4-15%). 

Benzaldehyde copper benzoate is insoluble in water, but very 
soluble in aqueous ammonia. In contact with ether, it turns light 
blue, copper benzoate being formed. The ethereal layer leaves, 
on evaporation, a white residue smelling strongly of benzaldehyde. 
A similar observation is made with alcohol. Hydrochloric acid 
liberates benzoic acid from the compound. When boiled with 
concentrated caustic soda solution, it yields a black residue con- 
taining copper and sodium benzoate. The solid on distillation first 
melts to a brown liquid, white fumes with the odour of benzaldehyde 
being evolved. Benzene distils at 70—80°, benzoic acid at 245°, and 
finally phenol at 300°, free copper remaining in the flask. This 
result is interesting, since the literature reveals that the distillation 
of copper benzoate gives benzene, benzoic acid, phenol, diphenyl 
ether, and phenyl benzyl ether. Steam distillation yields benzoic 
acid. When the crystals are heated with potassium permanganate, 
manganese dioxide is formed. 

Preparation of Dipyridine Copper Benzoate-——The product ob- 
tained from the reaction between copper and the benzaldehyde— 
toluene solution was dissolved in the minimum quantity of warm 
pyridine, in a nitrogen atmosphere. From the deep blue liquid 
obtained—still maintained in a nitrogen atmosphere—dark blue 
needles (A) slowly separated, which were washed with toluene and 
air-dried [Found : Cu, 13-4; C, 60-1; H, 4-8; N, 5-9. 

Cu(Ph:CO,).,2C;H;N,H,O 
requires Cu, 13-2; C, 59-8; H, 4:6; N, 5-8%]. 

The same compound was prepared by dissolving copper benzoate 
in hot pyridine and filtering the resulting blue solution into excess 
of toluene. The blue needles (B) which separated were washed 
with toluene and air-dried. To ensure a product of constant com- 
position the crystals were kept in contact with pyridine for several 
days. They were then drained on a porous tile and air-dried until 
all odour of pyridine had disappeared (Found: Cu, 13-3; C, 59-8; 
H, 4-:9%). The method outlined in the first case is essentially that 
by which Schaaf (loc. cit.) claims to have isolated the compound 
2{Cu(Ph-CHO),],5C;H;N. 

Properties of dipyridine copper benzoate. When heated, the com- 
pound changes first to the monopyridine copper benzoate, then 
to copper benzoate, and finally to metallic copper. In other respects 
it behaves similarly to benzaldehyde copper benzoate [Found after 
prolonged heating of compound (A) at 150°: Cu, 20-68; C, 55-0; 
H, 3-5. Cu(Ph-CO,), requires Cu, 20-80; C, 55-0; H, 33%]. 

Preparation of Monopyridine Copper Benzoate—When the dark 
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blue crystals (A) were heated for a short time at ca. 150° in an air- 
oven, they became dull green [Found: Cu, 16-5; C, 58-8; H, 4-1. 
Cu(Ph-CO,),,C;H;N requires Cu, 16-5; C, 59-3; H, 39%]. This 
new compound was prepared in better-formed crystals by dissolving 
the crude product from the reaction between copper and benzalde- 
hyde-toluene in hot pyridine, filtering the solution into excess of 
toluene and allowing it to cool. The blue needles which separated 
were washed with toluene, then transferred to a beaker, a very small 
amount of toluene was added, and the whole heated to 150° in an 
air-oven. Emerald-green crystals were produced [Found: Cu, 
16-35; C, 59-2; H, 4:1; N, 3-65. Cu(Ph-CO,),,C;H;N requires 
N, 3-6%]. 

This new substance was also obtained by heating pure copper with 
pyridine (60 c.c.) and benzaldehyde (40 c.c.) in a nitrogen atmosphere 
and then concentrating the greenish solution at 130° in an air-oven. 
At first the solution turned blue and, as the concentration increased, 
this altered to bluish-green and then emerald-green. At the same 
time dark green crystals were deposited. The large crystals were 
washed with toluene, crushed to a powder, and heated at 140° till 
benzaldehyde could no longer be detected (Found: Cu, 16-8; C, 
58-7; H, 3-9%). 

Monopyridine copper benzoate behaves similarly to dipyridine 
copper benzoate. 

Action of p-Chlorobenzaldehyde and Toluene on Copper.—Pure 
electrolytic copper foil was heated at 50° with p-chlorobenzaldehyde 
in toluene solution. The solution quickly became green and, on 
cooling, deposited a greenish flocculent solid. 

Action of Benzoic Acid in Toluene on Copper.—Pure electrolytic 
copper foil was kept with benzoic acid in toluene solution. The 
solution immediately acquired a bluish colour, and copper benzoate 
finally separated. 

Preparation of Monoquinoline Copper Benzoate—-When mono- 
pyridine copper benzoate is kept in contact with quinoline for 
several days, the pyridine is replaced by quinoline. The solid 
product is washed with toluene and air-dried and proves to be 
monoquinoline copper benzoate [Found : Cu, 14-63; H, 4:4; N, 3-3. 
Cu(Ph-CO,),.,C,H,N requires Cu, 14-63; H, 3-9; N, 32%]. The 
compound is light green and behaves similarly to the pyridine 
derivative. 

UNIVERSITY OF BIRMINGHAM, BRADFIELD COLLEGE, 


EDGBASTON. BERKS. 
[Received, August 7th, 1931.] 
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CCCLVI.—Aromatic Arsenic Compounds containing 
Sulphur Groups attached to the Nucleus. Part 
III. 3:3'-Diamino-4 : 4’-dithiolarsenobenzene, the 
Thiol Analogue of Salvarsan. 


By Harry JAMES BaRBER. 


THE unique position of salvarsan and its immediate derivatives as 
therapeutic agents and the view, for which there is increasing 
evidence, that the thiol group plays an essential rdle in the action of 
organic arsenicals render the preparation of the thiol analogue of 
salvarsan of dual interest. 

With this object, due regard being given to the properties of 
sulphur-containing arsenicals (J., 1930, 2047, 2725), the following 
suitable schemes were investigated : 








AsO3H, AsO,H, AsO ,H, AsO,H, 
Ty Y __ ‘AT —_- T 
‘Q NO, +> Oro, Oh O, Ono, 
“og SO,H SO,Cl zi H 
(IL.) 
AsO,H, AsS, AsO.H, wh 
IN NO, > Oro, Ore, 
ines | ane n en ee 
f- & ; (III.) 
As=—S,—As J ol As————As 
SH SH 
(V.) (IV.) 


With regard to scheme A, 3-nitro-4-thiocyanophenylarsonic 
acid (1) was converted readily into 3-nitro-4-sulphophenylarsonic acid 
(II) by oxidation, but the conversion of this into the disulphide by 
a similar series of reactions to that employed in Part I (loc. cit.) for 
the 2-sulphophenylarsonic acid failed at the first stage. A small 
quantity of 2 : 2’-dinitro-4 : 4'-diarsonodiphenyl disulphide (III) was 
obtained as an intermediate stage of the oxidation of the thio- 
cyano-acid. 

With regard to scheme B, alkali sulphides produced with 4-chloro- 
3-nitrophenylarsonic acid (VII) a yellow amorphous substance, con- 
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taining one sulphur atom attached to the nucleus and two to the 
arsenic atom (VI). The action of oxidising agents on this compound 
was studied quantitatively with the view of determining the nature 
of the sulphur group (thiol or disulphide) and the state of oxidation 
of the arsenic atom. Completely satisfactory equations for the 
formation and oxidation of this substance have not been found, but 
the following are close approximations : 


1. R = NO,°C,H,Cl. 
R-AsO,H, + 4KSH = R-As(SK), + K,S, + 3H,O 
2. R = NO,°C,H,(As8,). 
2RCl + K,S, = RS-SR + 2KCl 
3. R = NO,°C,H,(AsO,H,). 
RC] + KSH = R-SH + KCl 
Equation | is analogous to the equation representing the action of 
mercaptans on arsonic acids (Barber, J., 1929, 1021). It is probable 
that reaction 3 proceeds simultaneously with 1, since an attempt to 


produce 4-chloro-3-nitrophenylarsenic disulphide under very mild 
conditions showed that the halogen atom was very easily replaced. 


Oxidation. 
Acid 4. 2SH°C,H,(NO,)-As:S, + 51, + 6H,O = 


iat an at, )-AsO,H,]. 
+ 10HI + 48 
Alkaling 5. 
a" AsO,H, 
4. 12NaOBr ++ 2H,0 = + 2H,S80, + 12NaBr 
INO, NO, + alkali excess 
rd 4 
SH SO,H Na,SO, 


It has not been found possible to isolate the arsenical portions of 
the reaction products formed under the conditions of the titrations, 
but equation 5 was confirmed by sulphate determinations. The 
reaction in acid solution is in accordance with the representation 
R-AsS, and in alkaline with R-As(SNa),. A more detailed discussion 
of the structure is not attempted here. 

The arsenic disulphide (V1) can be converted by mild oxidation 
with iodine into the disulphide arsonic acid (III). This acid has 
properties similar to those of the other disulphide arsonic acid pre- 
viously described, but its hydrolysis and oxidation are accompanied 
by remarkable colour changes. The solution of the acid in caustic 
alkali has momentarily a red-brown colour, but this rapidly passes 
through green to an intense blue-violet, which slowly fades: the 
sequence of changes is accelerated by warming. In weak alkalis such 
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as ammonia or sodium carbonate the normal reddish solution is 
obtained, but no further change occurs except on the addition of a 
drop of hydrogen peroxide; the complete reaction is then obtained. 
The arsenic disulphide (VI) also gives the reaction with alkali and 
hydrogen peroxide but not with alkali alone. This reaction has 
already been noted (loc. cit.) with the thiocyano-acid (I), but the 
amino-compound corresponding to (VI) gives no such reactions. 
It seems probable that the effect is one of oxidation at the sulphur 
atom in which the hydrogen peroxide or the arsonic acid group is the 
oxidant. More drastic oxidation of the arsenic disulphide (VI) gives 
the sulphonic acid (II). 

The arsenic disulphide (VI) on reduction with ferrous hydroxide 
gives an amino-compound (V), one sulphur atom between two 
molecules being eliminated. 

Reduction of either (V) or (VI) with sodium hyposulphite gave a 
product which was undoubtedly an impure thiosalvarsan (IV). The 
reduction of the arsonic acid (III), which might be expected to give 
a purer product, was less’successful, as the arseno-compound prepared 
in this way separated in a flocculent form and could not be removed 
by filtration and washed. Attempts to reoxidise the arseno-com- 
pound (IV) or the amino-compound (V) to the corresponding arsonic 
acid have so far failed. 

The arseno-compound (IV) had the usual physical properties, 
but so far none of the many condensation reactions of salvarsan base 
has been achieved with this substance. In fact, it appears to be 
non-basic, as does also the amino-compound (V). The presence of 
the o-aminothiophenol residue has been established satisfactorily by 
the preparation of a number of cyclic compounds, which will form 
the subject of Part IV. 


EXPERIMENTAL. 

3-Nitro-4-sulphophenylarsonic Acid  (II).—(a) 3-Nitro-4-thio- 
cyanophenylarsonic acid was evaporated repeatedly with nitric 
acid (d 1-52) and finally several times with water to remove the 
excess of acid. A solution of the crystalline residue in a little water 
was filtered from a small quantity of the disulphide (III) and 
evaporated almost to dryness; the residual crystalline mass, freed 
from mother-liquor by washing with glacial acetic acid, formed 
brownish prisms extremely soluble in water or alcohol (Found : As, 
23-1; N, 4:3; S, 9-8. C,H,O,NAs requires As, 22:9; N, 4:3; 
S, 98%). 

(6) The compound (VI) was treated similarly, but the product 
contained a small amount of inorganic material (Found: As, 22-5; 
vy, 5-0; S, 10-6%). 
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3-Nitro-4-thiolphenylarsenic Disulphide (V1).—When solutions of 
4-chloro-3-nitrophenylarsonic acid (20 g.) in alcohol (50 c.c.) and 
of potassium hydrosulphide (140 c.c. of 15%, or an equivalent 
quantity) were mixed, they became yellow and then dark red. After 
being boiled for 5 minutes, the mixture was diluted to 500 c.c. with 
water and made acid with hydrochloric acid. The yellow precipitate 
was removed at once, washed with hot water, and purified by solution 
in cold N/5-sodium hydroxide (500 c.c.), filtration, and reprecipit- 
ation (yield, 17—20 g.). The preparation was carried out similarly 
with sodium monosulphide or disulphide. 

The following table summarises the results : 


Oxidation 
(atoms of QO). 
Mols. 
KSH or S Hypo- 
No Na,S. As. S(As). (total). N. Iodine. bromite. 
1 3°6 26-0 21-9 30°5 5-45 2:1 11-7 
21-9 

2 3-5 27-3 
3 4-5 27-7 
TT ee: 27-1 = (3-1 (13-8 
sf 6 { 37.5} 19-7 30-1 {38 {13-6 
6 4-0 26-2 23-8 31-4 2°5 13-6 
7 3-0 30-6 2-5 14-1 
8 4-0 26-8 33-4 5:3 
9 5-0 27°5 32-2 


C,H,O,NS,As requires As, 25-7; S(As), 21:9; S (total), 32-8; 
N, 4:8%. Nos. 4 and 5 are different fractions of the same crude 
product obtained by partial extractions with alkali. No. 7 was 
obtained from 4-chloro-3-nitrophenylarsinic acid. Nos. 8 and 9 
were from sodium sulphide preparations. It is evident that, while 
none is pure, all are essentially the same product. 

The titrations were carried out as follows :—Acid. The arsenic 
disulphide (0-1 g.), dissolved in 2N-sodium hydroxide (2—3 c.c.) 
and water (20 c.c.), was added to N/10-iodine (25 c.c.), acidified with 
2N-sulphuric acid (20 c.c.), and kept for 5 minutes; the excess of 
iodine was then titrated with standard thiosulphate solution. 

Alkaline. The arsenic disulphide in dilute alkali solution as before 
was treated with N/5-sodium hypobromite (50 c.c.), warmed at 
80° for } hour, and cooled. Potassium iodide solution (20 c.c. of 
10%) was added and then 2N-sulphuric acid (80 c.c.); the liberated 
iodine was titrated after 2—3 minutes. The sulphur attached to 
arsenic [S(As)] was determined gravimetrically as sulphate after 
hypobromite oxidation as above. Both titrations were tested and 
gave consistent results on a given sample. 

2 : 2'-Dinitro-4 : 4'-diarsonodiphenyl Disulphide (II1).—A suspen- 
sion of the freshly precipitated compound (VI), kept alkaline by 
sodium bicarbonate, was treated with a concentrated solution of 
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iodine in potassium iodide until no more dissolved. The liquid was 
filtered from the insoluble material, diluted considerably with water, 
heated at 90° for 4 hour, treated with charcoal, and again filtered. 
The crude acid, precipitated by addition of hydrochloric acid, was 
purified as above, the operation being repeated several times 
(Found: As, 26-3; N, 5-0; S, 11-6. C,,H,,)0,)N,S,As, requires 
As, 27-0; N, 5-0; S, 115%). 

3 : 3’-Diamino-4 : 4'-dithiolarsenobenzene (IV).—(a) The com- 
pound (VI) (5 g.), dissolved in 2N-sodium hydroxide (40 c.c.), was 
reduced at 0—5°, by the addition of sodium hyposulphite (10 g.) 
and ice (40 g.). The colourless solution obtained was filtered 
(charcoal) and added to a filtered solution of sodium hyposulphite 
(40 g.) in water (400 c.c. containing magnesium chloride, 100 c.c. of 
40% solution), the whole being then heated at 55—60° for 2 hours. 
The arseno-compound which separated was washed by decantation 
and then by suction and dried in a vacuum to constant weight. 
The product was a yellow amorphous powder insoluble in acids, 
soluble in sodium hydroxide to a pale yellow solution, which usually 
gave some colour with sodium nitroprusside. The substance was 
apparently diazotisable and then gave a strong coupling reaction 
with sodium §-naphthoxide, but the condensation reactions of 
salvarsan base have not yet been achieved with this product. The 
analyses show a considerable contamination, which is partly 
accounted for by inorganic material and partly by sulphur-containing 
impurities, as is the case with salvarsan [Found: As, 31-2 (mean 
of 5); N, 5-75 (mean of 5); 8, 16-4, 14-4, 17-6 (mean 16-1); C, 31-1; 
H,30. As:N:S:C:H=1:0-99:1-2:6-2:7-2. C,,H,.N,S,As, 
requires As, 37:7; N, 7-05; S, 16-1; C, 36-2; H, 3-0%]. 

(b) The compound (V) (5 g.), dissolved in 2N-sodium hydroxide 
(50 c.c.), was added to sodium hyposulphite solution (50 g.; 500 c.c.) 
containing magnesium chloride (120 c.c. of 40% solution) at 0°, the 
mixture treated with charcoal, and the liquid filtered rapidly 
before the arseno-base began to separate. The reduction was 
carried out at 55—60°, and the product worked up in the usual way ; 
prepared by this method, it separated in a form more suitable for 
filtering and washing, and this probably accounts in part for its 
greater purity (Found: As, 34-8; N, 6-0; S, 16-9%). 

3 : 3'-Diamino-4 : 4'-dithioldiphenyldiarsenic Trisulphide (V).— 
The compound (VI) (10 g.) was dissolved in just sufficient 2N-sodium 
hydroxide and reduced at 90° with ferrous hydroxide (60 g. of 
ferrous sulphate in 60 c.c. of water; 20 g. of sodium hydroxide in 
40 c.c. of water). After filtration the solution was made acid to 
Congo-red with hydrochloric acid, and the product was removed, 
dissolved in sodium hydroxide solution, and reprecipitated with acid. 
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The pale yellow, amorphous powder obtained had apparently very 
feebly basic properties; it gave, however, a coupling reaction with 
8-naphthol after diazotisation. The sulphur atom which is detached 
from arsenic presumably forms alkali sulphide during the reduction, 
since hydrogen sulphide is evolved on acidification of the reduction 
mixture (Found: As, 29-1; N, 5-8; S, 30-4. C,,H,.N,S,;As, 
requires As, 30-4; N, 5-7; S, 32-4%). 


RESEARCH LABORATORIES, May & BAKER, LID., 
Lonpon, 8.W.18. [ Received, April 13th, 1931.] 





CCCLVII.—Properties of Conjugated Compounds. Part 
XIII. The Michael Reaction and the Manner of 
Formation of Certain Saturated Double-addition 
Products. 


By Ernest HaroLtp FarRMER and THAKORBHAI NARANJI 
MEHTA. 


As a consequence of the authors’ demonstration that a plural mode 
of attachment of ester-addenda to butadienoid compounds could 
obtain (J., 1930, 1610), it seemed probable that a detailed study of 
the course followed by the Michael and other allied reactions which 
proceed in alkaline solution could ultimately give unequivocal 
information as to the order of events in these reactions and con- 
sequently as to the mechanism of an important type of unsym- 
metrical addition and the manner of polarisation of conjugated 
esters. If, during addition, the anionic component of the addendum 
were the first to become attached, the resulting system could be 
prototropic (A) or non-tautomeric (B) : 


R-CH-CH:CH:CH:CO,R’ R-CH:CH-CH-CH-CO,R’ 
8 .~) 
(A) CH(CO,R’), CH(CO,R’), (B) 


in the former case the completion of addition could yield a A- or 
A’-form of an a8-addition product (in most cases, probably, the 
latter almost exclusively in view of the relative activating tendencies 
of the groups attached to the prototropic system) and in the latter 
case an ordinary «$-addition product. This means that the complex 
anions necessarily formed intermediately could not be in equilibrium 
with one another, so that there is no possibility of «8, «3-isomeris- 
ation except via the retrograde Michael reaction, thus: «-Pro- 
duct => Reactants == «8-Product. If, on the other hand, the 
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kationic component first became attached, the resulting system 
would be anionotropic, 


oe —ao eo 
R-CH:CH-CH-CH,°CO,R R-CH-CH:CH:-CH,°CO,R 
@ @ 


so that a direct mechanism for the production of isomeric forms akin 
to the mechanism of bromination would be provided. Both views 
have been put forward in connexion with the addition of unsym- 
metrical addenda to mono-olefinic esters, nitriles and ketones. It 
is important to note, however, that if the initiation of «3-ester 
addition to butadienoid compounds is dependent on the appearance 
of positive polarity on the 3-carbon atom of the butadiene chain, then 
polarisation of the Thiele type is effectively produced before reaction 
commences. 

In the preceding paper consideration has been given to the ratio 
in which «$- and «8-addition products are formed from various 
butadienoid. esters and ketones: the results which have been 
obtained do not give clear and definite support to the view that an 
anionotropic mechanism determines the additive mode. There is, 
however, a series of observations on record which seems to indicate 
that a consideration other than the simple ones outlined above may 
enter into the problem relating to the formation of ester (and allied) 
addition products. 

It was shown by Bechert (J. pr. Chem., 1894, 50, 13) and Hinrich- 
sen (Annalen, 1904, 336, 339) that cinnamaldehyde reacts with 
cyanoacetic ester and with malononitrile in the presence of a few 
drops of alcoholic sodium ethoxide to yield cinnamylidenecyano- 
acetic ester, PheCH:CH-CH:C(CN)-CO,R, and cinnamylidenemalono- 
nitrile, Ph-CH:CH-CH:C(CN),, respectively; later it was shown 
by Meerwein (Annalen, 1908, 358, 71) that cinnamaldehyde con- 
denses with methyl malonate in the presence of a molecular pro- 
portion of sodium methoxide to yield a saturated trimalono-com- 
pound which could reasonably be represented as the double-addition 


Ph-CH-CH,—CH-CH,*CO,H 


Ph-CHX-CH,*CHX-CH(CO,R), CH,°CO,H CH,:CO,H 
(I.) (IV.) 
sabaateaaias “Veale CH, <GHPh~ CH cH.cH,CO,H 
Ph-CHX:CH:CH-CH(CO,R), (V.) 
(IIL) Ph-CH,-CHX-CHX-CH(CO,Et), 
[X = CH(CO,Et),] (VI.) 


product (I) of cinnamylidenemalonic ester, Ph*CH:CH-CH:C(CO,R),. 
The tendency to the formation of this compound was so great that 
even when strictly molecular amounts of the reactants were employed 
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it still appeared—mixed with unchanged cinnamaldehyde but 
unaccompanied by isolable amounts of cinnamylidenemalonic ester 
or either of the simple addition products thereof (II and III). The 
constitution assigned to the saturated addition product rested on its 
hydrolysis to a tribasic acid represented as (IV), which in turn was 
convertible by the action of sodium on its ester, followed by hydro- 
lysis, into a cyclic keto-acid represented as (V). 

Now the formation of a double-addition product of this kind could 
be expiained by assuming the steps : (1) the formation of cinnamylid- 
enemalonic ester, (2) the formation of an «3-addition product (ITT) 
which subsequently suffered Sy, «8-double bond displacement, and 
(3) the addition of another molecule of malonic ester at the «$-double 
bond of the resulting compound (compare Meerwein, loc. cit., p. 338). 
The correctness of this view was, however, at least open to doubt, for 
although a simple ester-addition product of cinnamylidenemalonic 
ester had never been obtained * (consequently the possibility of 
realising the postulated «3-addition had not been tested), yet there 
was evidence to show that in the parallel reaction with potassium 
cyanide the same conjugated ester yielded first an «$-addition 
product, Ph-CH:CH-CH(CN)-CH(CO,Et),, and then a saturated 
double-addition product representable as 

Ph-CH(CN)-CH,°CH(CN)-CH(CO,Et), 

(Thiele and Meisenheimer, Annalen, 1899, 306, 252). If the mono- 
addition product in the latter instance were indeed wholly of «$-type, 
then the representation of additive mode as determined by mobile 
ion tautomerism (of either type) in the simple manner envisaged 
above would become impossible of acceptance so far as ester addition 
is concerned. Although it is by no means certain from the published 
evidence that the «$-hydrocyanide referred to was unaccompanied 
by an isomeric «8-product, or that the corresponding double- 
addition product was unaccompanied by one or both forms of the 
mono-addition product, there was, however, another possibility to 
consider, viz., that the formula reasonably assigned to the double- 
addition product was incorrect and ought to be replaced by the 
only alternative formula (VI) which could correspond with Meerwein’s 
observations. A substance of this formula would of course give 
cyclopentanone- instead of cyclohexanone-derivatives on cyclisation, 
but its formation would be dependent on the occurrence of re- 
arrangement of the first-formed «$-addition product whereby the 
malonic ester group became transferred to the y-carbon atom. 


* There is little doubt that Knoevenagel and Herz’s alleged cinnamylidene- 
dimalonic ester, prepared by condensation of cinnamaldehyde and malonic 
ester in the presence of piperidine (Ber., 1904, 37, 4483), was actually 
cinnamylidenemalonic ester (Meerwein, loc. cit., p. 336). 
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As the manner of hydrogen cyanide addition to cinnamylidene- 
malonic ester and other conjugated compounds was already under 
investigation in connexion with another series of experiments, the 
authors thought it advisable to examine the reactivity of croton- 
aldehyde towards malonic ester. The formation of crotonylidene- 
malonic ester under the condensing action of piperidine had been 
effected by Meerwein (loc. cit.), but the preparation of crotonylidene- 
dimalonic ester (VII) had not been accomplished. Farmer and 
Healey had unsicessfully attempted to prepare the latter 9™- 
pound and the corresponding cyanoacetic ester addition product by 
addition to crotonylidenemalonic ester (J., 1927, 1065), and the 
present authors in renewing these attempts have found that, although 
some condensation can be effected between crotonaldehyde and 
malonic ester in the presence of a few drops of sodium ethoxide 
solution, the product is complex and cannot be satisfactorily frac- 
tionated; on the other hand, they have found that the interaction 
of the two substances in the presence of a molecular proportion of 
sodium ethoxide yields very readily an analogue (VIII) of Meerwein’s 
double-addition compound (I). The behaviour of this substance 
(which appeared to be quite free from crotonylidenedimalonic ester 
or its «3-isomeride) paralleled that of Meerwein’s compound. It 
yielded by hydrolysis a tribasic acid (IX), and to some extent a 
cyclised derivative thereof. The latter compound (X) was also 
obtained by submitting the ester of (VIII) to the Dieckmann 
reaction and hydrolysing the solid ketonic ester so obtained, to 
which one of the formule (XI) and (XII) should apply. 


CH,-CH:CH-CHX-CH(CO,Et),  CH,-CHX-CH,-CHX-CH(CO,Et), 





(VII.) (VIIL.) 
CH,-CH-CH,—CH-CH,CO,H 4, —CHMe— Ci CH-CH,*CO,H 
CH,-CO,H CH,°CO,H *<CO- H> 
(IX.) bn 
CHMe CHMe 


Zo% iN, 
CH, CH, xno, CH, CH, 
(XI.) ng CH-CH,-CO,Et > CO,H CH-CH,°CO,Et 
+ 
Note ‘€O,Et CO-CO,Et 
CHMe 





ra 
(XIL) Et0,C-CH CH, 
CO CH-CH,-CO,Et 


‘of, 


[x ~ CH(CO,Et),] 
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Actually the former formula was correct, since the Dieckmann 
reaction product gave $-methylglutaric acid and oxalic acid as the 
final products of oxidation with permanganate ; it followed also from 
the fact that 8-methylglutaric acid was obtained that the formula 
(VI), as representing the original double-addition product, was finally 
confirmed, since the Dieckmann reaction product from (VII) should 
have yielded ethylsuccinic acid. 

The formation of the saturated double-addition compound from 
crotonaldehyde and malonic ester thus constitutes the third known 
example of this type of additive reaction. Preliminary experiments 
on the addition of malonic ester to sorbic ester in the presence of a 
molecular proportion of sodium ethoxide indicate that a saturated 
double-addition compound is formed in this example also. It seems 
clear, therefore, that although reaction can proceed direct from 
aldehyde to double-addition product in one operation, it need not 
necessarily do so, but can start from the butadiene ester ; in all cases, 
however, the employment of the sodium enolate of the addendum is 
necessary. It is a remarkable fact that in the formation of double- 
addition compounds from both cinnamylidene- and crotonylidene- 
malonic ester it has not been possible to arrest reaction at the stage 
intermediate between the formation of the butadiene ester and the 
double-addition compound. (In all of the numerous additions to 
butadiene esters under “catalytic” conditions which have heen 
studied, reaction appears to cease at the stage of simple addition.) 

The conditions and manner of formation of double-addition com- 
pounds will be further investigated, but there is little doubt that 
radical-migration plays no part in their production. Therefore, 
since there is no appearance that the proportions in which «$- and 
«5-addition products are formed are purely fortuitous, the experi- 
mental evidence in favour of butadienoid polarisation of a con- 
jugative type is strengthened in direct proportion as the evidence of 
an anionotropic relationship between isomeric addition products is 
weakened. 

EXPERIMENTAL. 

Condensation of Ethyl Malonate with Crotonaldehyde.—(a) With a 
fractional molecular proportion of sodium ethoxide at 0°. Condens- 
ation under these conditions proceeded to some extent, but the 
condensation product was obviously not homogeneous and could 
not satisfactorily be resolved into its component compounds by 
fractional distillation. 

(b) With a molecular proportion of sodium ethoxide. Freshly dis- 
tilled crotonaldehyde (28 g.; 1 mol.) and ethyl malonate (192 g.; 
3 mols.) were mixed and cooled in a freezing-mixture. A solution 
of sodium ethoxide (9-2 g. of sodium in 140 c.c. of absolute alcohol) 
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was gradually added during 1 hour, the temperature not being 
allowed to rise. The solution, which had become yellow and viscous, 
was kept for 3 hours at room temperature and then diluted with a 
large quantity of water. The alkaline liquor was extracted with 
ether to remove the neutral products of reaction: these consisted 
of unchanged ethyl malonate and a very small quantity (too small 
to allow of identification) of an oil, b. p. 140—150°/13 mm. The 
mother-liquor, after acidification with the calculated quantity of 
hydrochloric acid, yielded an acidic reaction product on extraction 
with ether. This substance, obtained as a colourless viscous liquid, 
was immediately hydrolysed by boiling with 35° hydrochloric acid 
for 30 hours. The acid obtained by extracting the product with 
ether was a thick viscous oil which began to solidify after standing 
for some days in a vacuum desiccator and became completely solid 
after being kept for 3 months with occasional scratching of the 
containing vessel and trituration with common organic solvents. In 
later experiments it was found advantageous to esterify the hydro- 
lysed product directly by dissolving it in alcohol and saturating 
the solution with dry hydrogen chloride; the oily product obtained 
could then be easily separated into two compounds, (i) a colourless 
oil, b. p. 140°/11 mm.., and (ii) a colourless oil, b. p. 187—188°/11 mm. 
The former of these was ethyl 1-methyleyclohexan-3-one-5-acetate, 
which was later obtained (see below) in a different way; it yielded a 
semicarbazone (colourless prisms, m. p. 152°, from ethyl acetate. 
Found: C, 56:3; H, 8-2. C,,.H,,0,N, requires C, 56-4; H, 83%). 
The latter compound was ethyl 8-methylpimelate-8’-acetate (Found : 
C, 61:0; H, 8-7. C,.H,.0, requires C, 60-7; H, 8-9%), which 
yielded on hydrolysis with hydrochloric acid pure 6-methylpimelic- 
8’-acetic acid in almost quantitative yield. The acid was obtained 
in colourless cubes, m. p. 130°, after crystallising in turn from ether- 
petroleum and acetone-chloroform (Found: equiv., 77. Calc. : 
equiv., 77-3), and from the acid the corresponding crude anhydride 
was obtained as a non-solidifiable liquid by boiling with acetyl 
chloride. By saturating an alcoholic solution of the acid with 
hydrogen chloride at 0°, ethyl 8-methylpimelate-8’-acetate was re- 
generated in very pure condition (Found: C, 60-5; H, 8-7%). 
Ethyl 1-Methylcyclohexan-3-one-4-carboxylate-5-acetate —Sodium 
(6-2 g.) was pulverised under xylene, and the xylene replaced by 
benzene. To the suspension, ethyl §-methylpimelate-§’-acetate 
(42 g.) was added, and the mixture heated to 90° in an oil-bath. A 
vigorous reaction ensued which was completed by heating the pro- 
duct for 5 hours at 100°. The jelly-like sodium derivative was 
decomposed with ice-cold 10% sulphuric acid, and the derived ester 
extracted with ether. The ether—benzene liquor, freed from a small 
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amount of acidic material by shaking with sodium carbonate, was 
dried and distilled. It yielded pure ethyl 1-methylcyclohexan-3-one- 
4-carboxylate-5-acetate as a colourless oil, b. p. 170—172°/11 mm., 
which solidified after several days and gave colourless needles, m. p. 
47°, on recrystallisation from light petroleum (Found: C, 62-1; 
H, 8:3. C,,H,.0; requires C, 62-2; H, 82%). Yield, 75%. No 
semicarbazone of this strongly enolic substance could be obtained ; 
the phenylhydrazone crystallised from alcohol in long needles, m. p. 
111° (Found: C, 66:5; H, 7-8. C,9H,,0,N, requires C, 66-6; 
H, 7-894), but decomposed on keeping. 
1-Methylcyclohexan-3-one-5-acetic Acid.—Ethyl 1-methylcyclo- 
hexan-3-one-4-carboxylate-5-acetate was boiled with equal volumes 
of alcohol, hydrochloric acid, and water for 3 hours, the free alcohol 
was then expelled, and hydrolysis continued for 12 hours. The 
product was neutralised and traces of residual neutral material were 
removed by extraction with ether. From the alkaline liquor an oil 
was isolated which solidified after distillation (b. p. 185°/9 mm.). 
This crystallised in long colourless needles, m. p. 77°, from petroleum 
(Found: C, 63-7; H, 8-1. C,H,,0, requires C, 63:5; H, 8:2%). 
The corresponding silver salt was obtained as a white powder 
(Found: Ag, 39-1. C,H,,0,Ag requires Ag, 39-0%); the semi- 
carbazone separated from methyl alcohol as a white crystalline 
powder, m. p. 218° (Found: C, 52-6; H, 7-5. C,,H,,0,N, requires 
C, 52-8; H, 75%); the ester obtained by warming the silver salt 
with alcoholic ethyl iodide was a colourless oil, b. p. 144°/13 mm., 
obviously identical with the above-described ethyl 1-methylcyclo- 
hexan-3-one-5-acetate (Found : C, 66-5; H,9-1. C,,H,,0, requires 
C, 66-6; H, 9-15%), since it yielded a semicarbazone, m. p. 152°, 
identical with that previously obtained (Found : C, 56-3; H, 8-3%). 
Oxidation of Ethyl  1-Methyleyclohexan-3-one-4-carboxylate- 
5-acetate.—To an ice-cold suspension of the ester in very dilute 
aqueous caustic potash, 3° permanganate solution equivalent to 7 
atoms of oxygen was slowly added, with rapid stirring. The solution 
was kept over-night and then the small amount of residual per- 
manganate was reduced by addition of a little hydrogen peroxide. 
After removal of the manganese mud, the solution was concentrated, 
acidified, and extracted with ether; the residue left on evaporation 
of the mother-liquor to dryness was also extracted with ether. The 
first ethereal extract yielded a water-soluble oily acid, partial 
solidification of which set in after inoculation with a crystal of 
8-methylglutaric acid. This solid portion was drained on a porous 
tile, and the dry solid extracted in turn with benzene, chloroform, 
and ether. The benzene extract yielded crystals of 8-methylglutaric 
acid which after recrystallising in turn from benzene and ether- 
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petroleum melted at 87°, and did not depress the melting point of an 
authentic sample of the acid. The chloroform contained an acid 
which was extremely difficult to recrystallise, but this on further 
oxidation with permanganate yielded 8-methylglutaric acid. The 
ethereal extract on concentration deposited crystals of oxalic acid, 
but a much larger quantity of the same acid was obtained on evapor- 
ating the ethereal extract of the solid residue (above). It was found 
that chromic acid yielded gummy oxidation products differing 
greatly from those here described. 


The authors desire to thank the Government Grant Committee of 
the Royal Society and the Chemical Society for grants which have 
defrayed a portion of the cost of the investigation. 
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CCCLVIII.—Action of the Grignard Reagent upon 
Amino-nitriles. ; 


By THomAs STEVENS STEVENS, JOHN MurDOocH Cowan, and JOHN 
MacKinnon. 


INCIDENTALLY to another investigation (Stevens, J., 1930, 2109) the 
action of phenylmagnesium bromide on «-dimethylamino-§-phenyl- 
propionitrile, CH,Ph°CH(NMe,)-CN, was studied: the expected 
ketone, CH,Ph-CH(NMe,)-COPh, was not obtained, but instead the 
cyano-group was replaced by phenyl, yielding CH,Ph-CH(NMe,)Ph. 
This process has now been applied to other amino-nitriles, and it has 
been found that the reaction may either take the course of double 
decomposition as above (I), or, less frequently, the normal one of 
ketone formation (IT). 


R,R,C-R; MgXCN (L.) 
wr Tene 


pee 3t\4 
niga —> ; R,R,C-CR,:NMgX R,R,C-COR, 
AN Eig ig NR,R, NR3Ry tt) 


The greater part of this investigation was carried out in ignorance 
of the work of Bruylants and his collaborators (Bull. Acad. roy. 
Belg., 1924, 10, 166 and subsequent papers), who have found that the 
reaction (I) occurs with a large number of tertiary «-amino-nitriles ; 
piperidino-nitriles were principally studied.* 

The results, summarised in the table below, are of a preliminary 


* We have been in communication with Professor Bruylants, who has 
kindly expressed his willingness that we should pursue this investigation. 
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nature, and it is not claimed that in every case the reaction has 
proceeded exclusively in the direction stated. 


R,R,. Rg Ry. R,- Product. R, R,. R, R,. R;. Product. 
H,H Me, Me Me I and II H, Ph Me, Me Me I 
H,H Me,Me Ph II H, Ph Me, Me Ph I 
Ze 6, Ph Me I H, Ph Me, Me CH,Ph I 
H,H Et, Ph Me II H, CH,Ph Me,Me Ph I 

H, Me C,;H,,> Ph I 


Nitriles containing the group NH, or NHMe, of which methyl- 
aminoacetonitrile was examined with considerable thoroughness, did 
not give favourable results; Bruylants records similar observations. 

The “normal” Grignard-nitrile reaction (II) was only observed 
in cases for which R, = R, = H; it was not encountered by the 
Belgian investigators, who studied only one compound of the type 
indicated. On the other hand, the reaction 


2B, RCN 1 oR.MgX [eee ] R,). + 2MgXCN 

mE’: YS NR,R, 2 32 + Me? 
which they frequently observed, especially when both R, and R, 
were hydrocarbon radicals, has not been met with in the present 
study. 

The reaction (I), and also the processes (III) (Spaith, Monatsh., 
1914, 35, 319) and (IV) (Robinson and Robinson, J., 1923, 123, 
532), 

RO-CH,°OR + R’MgX —> RO-CH,R’ + ROMgX (III.) 

R,N-CH,°OR + R’MgX —> R,N-’CH,R’ + ROMgX (Iv.) 
and others, can be correlated (empirically or otherwise) with the 
formal structural possibility of ionisation of the type 


R,N-CH,"CN —> R,N:CH, + CN 
Then mobility of the cyano-group would be associated with that 
structural environment which confers “‘ pseudo-basic ’’ properties 
on a hydroxyl radical. Accordingly the nitriles (V) and (VI) 
(a y-amino-nitrile), corresponding to notoriously ‘ pseudo-basic ” 
alcohols, were investigated; as anticipated, they reacted with 
methylmagnesium iodide according to scheme (I). 


CH of \/OHN cH, ma CN 
(V.) Sa /NMe ve *\ (VI.) 
. CH Ci 
CN \VWYA\y/ 
Me 


The association of the reaction course (II), in place of (I), with the 
group >N-CH,°CN may be classified along with the fact that in 
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reaction (III) formals are attacked by the Grignard reagent much less 
readily than the higher acetals. In each case the presence of hydro- 
carbon substituents in the methylene group favours the process of 
double decomposition. 


EXPERIMENTAL. 

The known amino-nitriles were prepared in each case according to 
the authority cited; in reactions of the Strecker type, it was often 
found convenient to employ the combination : aldehyde—potassium 
cyanide—amine hydrochloride or amine + acetic acid, the use of 
hydrogen cyanide or the conversion of the aldehyde into bisulphite 
compound being avoided. 

The amino-nitrile (1 mol.), diluted with ether, was added gradually 
to the cooled Grignard reagent (2 mols.), and, after 15 hours, the 
whole was warmed on the water-bath. Unless otherwise stated, the 
mixture was treated with ice and sulphuric acid, and the acid layer 
separated, basified, and distilled in steam. The acid in salts of 
tertiary bases was estimated by titration with alcoholic potash, with 
phenolphthalein as indicator. 

Dimethylaminoacetonitrile (von Braun, Ber., 1907, 40, 3937).—In 
the reaction with methylmagnesium iodide, the volatile bases were 
collected in hydrochloric acid. The solution was evaporated to 
dryness and the bases were liberated by concentrated aqueous alkali 
in presence of ether. On distillation of the dried ethereal solution 
(column), ethyldimethylamine passed over with the ether; it was 
converted into the picrate, m. p. 200° (Hanhart and Ingold, J., 1927, 
1006, give m. p. 200—201°) (Found: C,H,0,N;, 74-6. Cale. for 
C,H,,N,C,H,0,N,: C,H,O,N,, 756%). After removal of the ether, 
the residue distilled at 123°, and yielded a methiodide, m. p. 167° 
alone or mixed with authentic acetonyltrimethylammonium iodide 
(Stoermer and Dzimski, Ber., 1895, 28, 2223). 

The same amino-nitrile, treated with phenylmagnesium bromide, 
gave phenacyldimethylamine, which was isolated as the picrate, 
m. p. 141°, identical with a specimen prepared from authentic 
phenacyldimethylamine (benzyldimethylamine picrate melts at 94°). 

Anilinoacetonitrile (Bucherer and Schwalbe, Ber., 1906, 39, 2800) 
with methylmagnesium iodide yielded ethylaniline, b. p. 206°, m. p. 
and mixed m. p. of hydrochloride, 176—178°. 

Ethylanilinoacetonitrile—The preparation described by Knoeve- 
nagel (Ber., 1904, 37, 4083) gave unsatisfactory results, and at- 
tempted modifications led to little improvement. The nitrile was 

converted by methylmagnesium iodide into ethylanilinoacetone, 
b. p. 143°/11 mm. This product, which does not appear to have 
been described, was characterised as the phenylhydrazone, colourless 
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leaflets from methyl alcohol, m. p. 96° (Found: N, 15-5. C,,H,,N, 
requires N, 15-7%); this derivative decomposed spontaneously, 
under conditions which have not been defined. For comparison, the 
ketone was synthesised by warming a mixture of ethylaniline 
(2 mols.) and bromoacetone (1 mol.) to 30°. Reaction set in with 
evolution of much heat, and, after addition of benzene, the solution 
was filtered from ethylaniline hydrobromide and distilled in a 
vacuum. The ketone obtained yielded a phenylhydrazone identical 
with that just described. 

«-Piperidinopropionitrile (Knoevenagel, loc. cit., p. 4086) yielded 
with phenylmagnesium bromide 1-«-phenylethylpiperidine, a colour- 
less, unpleasant-smelling oil, volatile in steam. The picrate, con- 
veniently prepared in ether, crystallised from alcohol in irregular, 
deep yellow prisms, m. p. 140—142° (Found: C,H,0,Ns;, 54-5. 
C,3H,9N,C,H,0,N, requires CgH,0,N3, 54-8%). For comparison, 
the same substance was prepared as follows (reaction of Leuckart 
and Wallach) : acetophenone (1 mol.), piperidine (1 mol.), and formic 
acid (80%; 2—3 mols.) were heated at, 170—200° for 3 hours 
(sealed tube). The basified product was extracted with benzene, and 
the benzene layer thoroughly washed with water and evaporated. 
The residue, on treatment with ethereal picric acid solution, gave 
a-phenylethylpiperidine picrate, identical with that described above. 

a-Dimethylaminophenylacetonitrile, prepared from benzaldehyde, 
dimethylamine, potassium cyanide, and acetic acid in cold aqueous 
alcohol, boiled at 120°/16 mm. (equiv., by decomposition with acid 
and back-titration with alkali and methyl-red, 159. C,)H,.N, 
requires equiv., 160). With methylmagnesium iodide it gave 
a-phenylethyldimethylamine, isolated as the picrate, m. p. and mixed 
m. p. 137—139° (compare Stevens, loc. cit.). Treatment with phenyl- 
magnesium bromide yielded benzhydryldimethylamine, m. p. and 
mixed m. p. 68—69° (Stevens, loc. cit.). By the action of benzyl- 
magnesium chloride, «$-diphenylethyldimethylamine was produced 
as an oil, which distilled slowly in steam, and gave a hydrochloride 
erystallising from alcohol-ether in colourless needles or stout 
lamine, m. p. 187—188° (Found: HCl, 13-9. C,,H,N,HCI 
requires HCl, 14-0%). Dry distillation of the hydrochloride yielded 
stilbene, m. p. and mixed m. p. 122—124°. The picrate crystallised 
from methyl alcohol in yellow leaflets, which, even after frequent 
recrystallisation, softened markedly at 130° and melted at 156—157° 
(Found : C,H,0,N3;, 50-4. C,gH,gN,C,H,0,N; requires C,H,0,N;, 
50-4%). 

Synthesis of «-Diphenylethyldimethylamine.—Deoxy benzoinoxime 
was reduced in boiling alcohol with a moderate excess of sodium 
amalgam, the solution being kept faintly acid with acetic acid. The 





2572 ACTION OF THE GRIGNARD REAGENT UPON AMINO-NITRILES. 


product was diluted with water, extracted with benzene, basified, and 
again extracted. From the second extract, gaseous hydrogen 
chloride precipitated «8-diphenylethylamine hydrochloride, m. p. 
253°. Konowalow (Ber., 1895, 28, 1860) gives 251-5—252-5°; other 
workers record lower values. The acetyl and benzoyl derivatives 
melted at 148° and 177° respectively, as found by Leuckart and 
Janssen (Ber., 1889, 22, 1412). The hydrochloride was methylated 
by heating with excess of formalin (38%) at 130° for 3 hours. Afte 
a considerable quantity of neutral material had been removed by 
extraction, the liquors were basified, and the base was extracted and 
converted into the hydrochloride, identical with the above. 
a-Dimethylamino-8-phenylpropionitrile was obtained as an oil, 
b. p. 148—150°/25 mm., when phenylacetaldehyde sodium bisul- 
phite was left over-night with a slight excess of potassium cyanide 
and dimethylamine in aqueous solution. The hydrochloride crystal- 
lised from alcohol-ether in colourless needles, m. p. ca. 170° (efferv.) 
(Found: Cl, 16-7. C,,H,,N,,HCl requires Cl, 16-8). Treatment 
with phenylmagnesium bromide gave «$-diphenylethylamine, identi- 
fied as hydrochloride and picrate. : 

1-Cyanohydrohydrastinine (V) (Dobbie and Tinkler, J., 1904, 85, 
1009).—After reaction with methylmagnesium iodide, the mixture 
was treated with ice and ammonium chloride, and the ethereal layer 
washed thoroughly with water and extracted with dilute hydrochloric 
acid. Addition of solid potassium iodide to the acid extract pre- 
cipitated 1-methylhydrohydrastinine as hydriodide, identical, m. p. 
and mixed m. p., with a specimen prepared from hydrastinine hydro- 
chloride and methylmagnesium iodide, as described by Freund and! 
Lederer (Ber., 1911, 44, 2357). The methiodide melted at 230°, as | 
found by Freund and Lederer. 

%-Cyano-9 : 10-dimethyl-9 : 10-dihydroacridine (VI) was prepared 
according to Kaufmann and Albertini (Ber., 1911, 44, 2055), but 
methylacridine methosulphate was used in place of the metho- 
chloride. The reaction product was decomposed with ice and 
ammonium chloride, and the washed and dried ethereal solution gave 
on evaporation 9:9: 10-trimethyl-9 : 10-dihydroacridine (Found : 
C, 85-5; H, 7-5. C,,H,,N requires C, 86-1; H, 7-6%). The action 
of methylmagnesium iodide on methylacridine methiodide yielded 
an identical product, isolated in a similar manner (compare Freund 
and Bode, Ber., 1909, 42, 1755). 


The authors are indebted to the Carnegie Trustees for a teaching 
fellowship held by one of them (T. S.8.), and to Mr. A. W. Anderson 
for assistance with the experimental work. 


THE UNIVERSITY, GLASGOW. [Received, August 20th, 1931.] 
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EFFECT OF INTENSIVE DRYING ON RATE OF DISTILLATION, ETC. 2573 


CCCLIX.—The Effect of Intensive Drying on the Rate 
of Distillation and on the Vapour Pressure of 
Ethyl Bromide. 


By JoHN WiILLiAmM SMITH. 


Ir has been observed by several investigators that dry liquids’ boii 
wnly with difficulty. Apart from the historical experiments of 
Prof. and Mrs. Baker (J., 1922, 121, 568; 1923, 123, 1223), Roberts 
and Bury, for instance, found (J., 1923, 123, 2037) that on several 
occasions when nitrobenzene was kept with phosphoric oxide for 
over a week, its behaviour on distillation recalled Baker’s observ- 
ations. The author (J., 1927, 869) noticed that the rate of distil- 
lation of nitrogen tetroxide, between baths at approximately con- 
stant temperatures, decreased considerably as the substance was 
dried. These results suggested the possibility that the abnormal 
behaviour observed with liquids after intensive drying might be due, 
at least partially, to the slowing down of the rates of evaporation and 
condensation of liquids after such treatment. This explanation 
seemed all the more probable because there was some evidence that 
intensively dried solids show the same phenomenon even more 
markedly. Besides the “ slow ” behaviour of very pure dry sulphur 
trioxide and phosphoric oxide (Smits and others, J., 1924, 125, 2554, 
2573; 1926, 1108, 1603; Proc. K. Akad. Wetensch. Amsterdam, 1930, 
33, 514, 619; Z. physikal. Chem., 1930, 149, 337), two other series 
of experiments indicate this effect, viz., the apparent zero vapour 
ressure of very dry calomel (Smith and Menzies, Z. physikal. Chem., 
911, 76, 713) and the retardation of the evaporation and condens- 
ation of ammonium chloride (Rodebush and Michalek, Proc. Nat. 
Acad. Sci., 1928, 14, 131; J. Amer. Chem. Soc., 1929, 51, 748). 

The author’s earlier observations upon nitrogen tetroxide were not 
altogether convincing, owing to there being a column of phosphoric 
oxide between the two bulbs. Hence the experiment was repeated 
under conditions to which such a criticism would not apply. Stable 


|| .iquids with relatively high vapour pressures are not numerous, so 


the choice fell on ethyl bromide, which, in the absence of oxygen, 
showed no sign of decomposition on standing, even in the light. 


EXPERIMENTAL. 

Preparation of Materials——The ethyl bromide was purified by 
shaking it several times with sulphuric acid, then several times with 
sodium carbonate solution; it was then washed, dried over calcium 
chloride, and fractionally distilled three times. It was introduced 
into storage bulbs, together with resublimed phosphoric oxide, and 
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the bulbs were evacuated and sealed. These bulbs were ciosed by a 
sealed-in glass septum, so that the liquid could be distilled directly 
into a drying apparatus without contact with moisture. 

The phosphoric oxide was resublimed in a current of very dry 
oxygen. That used in the storage bulbs was once so treated, whilst 
that employed in the drying apparatus proper was twice distilled, 
being sublimed into the apparatus itself on the second occasion. 
The method employed was similar to that described previously (J., 
1927, 869). The resublimed phosphoric oxide was tested for lower 
oxides or free phosphorus by the permanganate method (this vol., 
p. 528). 
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“ Durosil ” glass was used,.and this was freed from capillaries by 
the method described by Smits and others (J., 1926, 2657). For 
the construction of most of the apparatus, wide tubing was used. It 
was first re-fused until no sign of capillaries remained, and then 
drawn down to suitable diameter for use. 

Apparatus, Type A.—To test in the simplest possible manner 
whether the rate of distillation of ethyl bromide was changed after 
carefuldrying, thesimple apparatus illustrated in Fig. 1 was employed. 
This consisted of two bulbs, A and C, which could be immersed in 
baths at known temperatures to known depths, and a wide tube Bto 
contain phosphoric oxide. The apparatus could be connected 
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through the tube D with a storage tube F, whilst tube EZ was con- 
nected to a high-vacuum pump system. 

After careful cleaning and washing, the apparatus was dried by 
heating it almost to softening point whilst a current of dry air was 
drawn through it. It was then connected to the pumps and to the 
storage bulb, and was highly evacuated for several days, the whole 
being heated periodically almost to the softening point of the glass. 
At intervals, the evacuation was interrupted, the apparatus flooded 
with dry air, and then evacuated again. After this treatment, dry 
air was admitted to the system under slight pressure, the top of the 
tube from B was cut off, and a current of dry air maintained through 
the apparatus during the short period whilst the phosphoric oxide 
sublimation tube was placed in position. Phosphoric oxide was 
distilled into the vessel B, the top of this tube being finally drawn off 
with the oxygen current still passing. The evacuation and heating 
processes were then repeated with the exception that tube B was 
kept cool throughout. With the apparatus still evacuated, the 
whole was shut off from the pump system at tap G, and the septum 
of the storage bulb was broken by the small electromagnetically 
operated breaker. 

The liquid was then distilled from the storage bulb to A, and the 
capillary a sealed off. Bulb A was cooled in a mixture of carbon 
dioxide snow and alcohol, whilst the apparatus was evacuated so as 
to remove as much dissolved air as possible. The liquid was then 
cooled in liquid air, and the apparatus exhausted to a high vacuum. 
After the tap G had been closed, the liquid was allowed to melt 
again, after which it was frozen and the apparatus re-evacuated. 
To remove the occluded air as completely as possible, the process was 
repeated twice again, after which there was no appreciable residual 
pressure in the apparatus when the liquid had been allowed to warm 
to the ordinary temperature and been frozen again in liquid air. 
Finally, with the apparatus at a high vacuum, and with the liquid 
frozen at liquid-air temperature, capillary b was sealed off. 

Extensive series of distillations, performed during the first few 
days after sealing each apparatus, showed that the times recorded 
for the distillation of a fixed quantity of liquid between baths at 
constant temperatures were reproducible to about 2%. To dry 
the ethyl bromide, it was distilled on to the phosphoric oxide in B. 
The quantity of drying agent was very large compared with that of 
the liquid. 

Four pieces of apparatus of this type survived a sufficient period 
of drying to enable extensive series of measurements to be made, and 
each showed interesting results bearing on the problem under 
investigation. 
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Apparatus A. 1.—This was a failure. During the night after 
sealing a crack developed in the tube connecting bulb A to the 
phosphoric oxide tube B, and, therefore, moist air was drawn into 
the apparatus. The following morning the apparatus was re-fused to 
the vacuum pumps, the crack repaired, and the sealing-off process 
repeated as before. In spite of the precautions which were taken, 
however, sufficient moist air must have come into contact with the 
phosphoric oxide and with the ethyl bromide to cause considerable 
deactivation of the drying agent. Hence a retardation of the drying 
effect or a completely negative result was not unanticipated : there 
was no retardation in the rate of distillation over a period of 15 
months. 

This apparatus, however, served a useful réle as a “ blank ” 
experiment in which phosphoric oxide was present. First, it showed 
that the effects observed with the other pieces of apparatus were not 
due to the decomposition of the ethyl bromide during the period of 
the measurements, and secondly, it established the reproducibility 
of the method, which had also been checked by blank experiments 
with apparatus containing no phosphoric oxide, 

Apparatus A. 2.—The second apparatus, on the other hand, 
showed a very pronounced change after quite a short period of dry- 
ing. It was intended to observe two distinct series of rates of dis- 
tillation, with the ethyl bromide evaporating first without, then with 
ebullition. The first series gave a perfectly reproducible rate, but 
with the ebullitional distillation the results were much less con- 
cordant, since the time of distillation seemed to depend considerably 
on the vigour with which the ebullition was initiated. As drying pro- 
ceeded, the ebullition occurred with diminishing vigour, so that even 
violent shaking of the apparatus caused ebullition only when the 
heating bath was at quite a high temperature. 

The time of the non-ebullitional distillation rose steadily during 
the first 44 months, till it reached about 2} times its original value. 
That this was not due to the admission of permanent gas or to the 
products of a reaction inside the vessel, was shown by the fact that 
after a further period of 8 weeks the time required for distillation had 
fallen again, but not quite to its original value. The most probable 
explanation seems to be that, in spite of the careful preparation of 
the glass, asmall capillary hadremained in the walls of the apparatus, 
and that between the 19th and 27th weeks of the drying process this 
capillary had burst and ejected moisture and nuclei into the appar- 
atus. The time of distillation continued to fall for a short time, but 
never reached its initial value. It showed a slight rise again after 
40 weeks, and this rise continued slowly. The results obtained for 
distillation in one direction through the apparatus for three different 








tem] 
was 
the « 
with 


to e1 


disa] 
of tl 
woul 
ing, 

sligh 
to + 


Perio 
Bath 


A; 
effec 
of di 
the ¢ 
state 
equil 
heat 
had 


Ve 


— rel lO SCO} 





DISTILLATION AND ON VAPOUR PRESSURE OF ETHYL BROMIDE. 2577 
temperatures of the warm bath are plotted in Fig. 2. The cold bath 
was at 0° in each case. Readings were also taken for distillation in 
the opposite direction, and showed exactly the same type of change 
with the time of drying. 

The reluctance of the ethyl bromide inside the closed apparatus 
to enter into a state of ebullition remained, however, even after the 
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disappearance of the distillation effect. Measurements were made 
of the lowest bath temperature at which the liquid in one bulb 
would maintain a permanent state of ebullition after vigorous shak- 
ing, whilst the other bulb was immersed in ice. The results were 
slightly irregular, but the following average values could be obtained 
to+ 1°: 
Period of drying (weeks) .......++-++s+e++ 0 12 19 27 53 
Bath temp. required for ebullition ... 35° 40° 45° 48° 60° 
Apparatus A. 3.—This apparatus again showed a pronounced 
effect, but not so great as in the experiment last described ; the rates 
of distillation measured are summarised in Table I. Supposing that 
the effect were due to a polymerisation of the molecules in the dry 
state, accompanied by a slowness in the attainment of the internal 
equilibrium, it seemed probable that if the whole apparatus were 
heated for some time to a temperature higher than that at which it 
had been standing, it might be possible to dissociate these poly- 
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merised molecules and obtain a liquid which should be even less 
associated than the normal liquid. Therefore, after 5 months’ dry- 
ing, the apparatus was placed in an air thermostat at 50° for 2 days. 


TABLE I, 

Time of drying Time of distillation (mins.) with the warm bath at 
(weeks). 10°. 15°. 20°. 
0 87 58 38 
4 88 60 38 
7 104 69 45 
12 130 86 52 
17 150 96 56 
21 160 101 62 
*21 160 101 —- 
26 163 103 64 


* After heating at 50° for 2 days. 


It was then allowed to cool to room temperature and the distillation 
experiment was repeated. Exactly the same time of distillation was 
found as that observed immediately before this operation. 

After the ethyl bromide in this apparatus had been drying for 6 
months there was no tendency for the time required for distillation 
to fall in the manner observed with the second apparatus, but it was 
still rising, although after this period the rate of increase was very 
slow. As no septum had been connected to this apparatus, it could 
not be attached to a vapour-pressure gauge. However, another 
apparatus of similar design was constructed and filled to a fixed mark 
with some of the ethyl bromide which had been purified at the same 
time as the sample used in this apparatus. The apparatus was 
evacuated and sealed with the usual precautions, and the time of 
distillation of this ‘‘ moist ” ethyl bromide in the apparatus deter- 
mined. The apparatus was emptied again, and connected to a glass- 
spring manometer, a mercury gauge, and a vacuum-pump system. 
It was dried and charged with phosphoric oxide in the same way as 
the previous pieces of apparatus, and ethyl bromide from the drying 
apparatus A. 3 was introduced to the same mark as was used for the 
undried specimen. The apparatus was then evacuated and sealed 
in such a manner that the inside of the glass-spring indicator was in 
contact with the vapour, whilst air could be admitted to balance the 
pressure on the outside of the gauge. This pressure was read on the 
mercury gauge. Vapour-pressure measurements were then made at 
0°, 5°, 10°, and 15°. The values obtained, however, were, within 
experimental error, identical with those obtained previously with 
pure, but not very intensively dried, ethyl bromide. Nevertheless, 
the time of distillation of this sample of ethyl bromide was also found 
to be almost identical with that of the undried ethyl bromide (the 
average time for one distillation at 15° was one minute longer than 
for the undried sample). This last fact renders the vapour pressure 
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results valueless, since sufficient moisture must have been absorbed 
during the rapid transfer to destroy the slow distillation effect. 
It was intended to leave the ethyl bromide to dry over phosphoric 
oxide whilst still connected to the pressure gauge, but, owing to a 
breakdown in the thermostatic arrangements, the gauge was 
broken. 

Apparatus A. 4.—This contained a glass capillary tube in bulb C 
to enable surface-tension measurements to be made. The lower end 
of this capillary tube was expanded to a bell shape, holes being made 
in the sides of the bell to allow of the free passage of liquid in and out 
of the tube. After the usual cleaning precautions, this capillary 
tube was dried by heating it for a long time almost to its melting 
point, whilst a current of dried and filtered air was drawn through, 
and it was placed in position in the apparatus whilst still at as high 


_a temperature as was consistent with safety. 


This apparatus, however, showed no change in either surface ten- 
sion or rate of distillation during 34 months, after which a crack 
developed. The diffusion of moisture from the walls of the capillary 
tube to the phosphoric oxide must have been very slow, so it seems 
probable that the ethyl bromide never reached such a dry state as in 
the other pieces of apparatus. This non-appearance of a surface- 
tension change, therefore, has no significance. 

Apparatus B. 1.—To make a more thorough investigation of the 
effect of intensive drying on the rate of distillation of liquids, it was 
desirable to accelerate the drying process as much as possible, and 
also to be able to connect the apparatus, after drying, to a pressure 
gauge, in order to test whether or not the vapour pressure of the 
liquid changes at the same time as the rate of distillation. It would 
have been preferable to have had a pressure gauge connected to the 
apparatus throughout the investigation, but it was considered that 
there was too great a danger of fracture during the period of drying. 
Hence the apparatus was closed by a sealed-in glass septum, arranged 
so that it could be connected later to a pressure gauge. The appa- 
ratus shown on the left-hand side of Fig. 3 was adopted, the circul- 
ation principle described by Smits, de Liefde, Swart, and Claassen 
(J., 1926, 2659) being employed. As the tubes for the distillation 
experiments were quite distinct from the circulating and drying 
portion of the apparatus, no uncertainty was introduced owing to 
possible compression of the phosphoric oxide. Redoubled pre- 
cautions were taken to eliminate moisture from the surface of the 
glass, and the apparatus was charged in the usual way. 

Measurements of the rates of distillation were made between bulbs 
D and E, whilst during the periods when the apparatus was left for 
the material to dry, it was placed in an air-bath at about 30°, and 
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cold water passed through the inner tube of the double-walled vessel 
A, thus causing circulation of the ethyl bromide vapour. 

After the “ no drying ” standardisation, distillation tests could not 
be made for 7 weeks, the time required having then risen consider- 
ably. Hence it is impossible to say whether the time of drying—time 


Fie. 3. 
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of distillation curve showed an initial period during which little or no 
change occurred, followed by a sharp rise, as in the other two cases. 
It continued to rise steadily, but did not show such a large change as 
in either of the previous pieces of apparatus. This: was not un- 
expected : the apparatus being of a more complex form, there was 
not only a greater surface of the glass vessel to dry, but also the 
diffusion of the water vapour from these walls to the phosphoric 
oxide must have been retarded considerably. The results are given 
in Table II. 


py ¥ 


TABLE II. 
Period of drying Time of distillation (mins.) with the warm bath at 
(weeks). 10° 15°. 20°. 
0 96 + 1 63 + 1 41 +1 
7 156 96 63 
10 165 100 68 
18 177 107 72 
23 180 110 74 
29 184 112 76 


Similar effects were observed with the rate of ebullitional distillation, 
but the results were less closely reproducible. 

After 6 months’ drying, the apparatus was connected to a system 
of pressure gauges as shown on the right-hand side of Fig. 3. The 
side tube above the septum F was connected to a further septum 
M, a glass-spring gauge N, and thence through a constriction 6 to a 
wide tube O to contain phosphoric oxide, a wide side tube P, and a 
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second glass gauge Q. The last was connected through the con- 
striction c with the mercury manometer R, and through taps S and 
T tothe vacuum pumps. After this part of the apparatus had been 
tested for leakage, it was connected to the drying apparatus and 
baked out whilst evacuated. Resublimed phosphoric oxide was then 
introduced into D, the apparatus baked again, and finally sealed off 
under high vacuum at the constriction c, thus isolating the portion 
up to the inside of the spring of Q from the mercury manometer and 
the pumps. It was then allowed to stand for 6 weeks, to enable the 
glass tubes to dry as completely as possible. During this period the 
whole of the new portion of the apparatus except O was warmed 
periodically to drive the moisture to the phosphoric oxide. 

After this interval, the null position of the gauge @ was fixed, 
comparison being made with the reference pointer U. The ethyl 
bromide was condensed in LZ, and frozen with liquid air. The 
septum fF was then broken, bringing the vapour from the drying 
apparatus into contact with the vapour-pressure gauges up to the 
inside of Q. No detectable rise in pressure could be observed on this 
gauge, showing that no permanent gas had been produced during 
the prolonged standing of the apparatus. The temperature of the 
liquid was then allowed to rise, the vapour pressure being balanced 
by admitting air to the outer sheath of gauge Q@. The bulb E was 
then immersed in a constant-temperature bath at 0°, and the vapour 
pressure determined. Similar measurements were made also at 5°, 
10°, and 15°, both after raising and after lowering the temperature, 
but the values observed (Table III) were almost identical with those 
which had been obtained previously with ordinary ethyl bromide. 


TABLE III. 
NN ceciodieniaiiciaes 0° 5° 10°sidSS—iad“SEs«é*2? 5° 0° 
Vapour Undried 165-3 207-3 257-2 317-0 317-0 257-2 207-3 165-3 
as Dried ... 165-6 207-4 256-9 316-6 316-8 257-1 207-4 165-7 


These results do not agree with those of Smits, who found (Z. 
physikal. Chem., 1927, 129, 33) that intensive drying of ethyl 
bromide for 26 months at 22-90° increased the vapour pressure from 
43-40 cm. to 44-85 cm. No great retardation was observed in the 
rate of attainment of a steady vapour pressure state. 

Next, in order to determine whether the liquid could be separated 
into two fractions of different vapour pressure, bulb P was cooled 
in carbon dioxide snow and alcohol, and half the liquid allowed to 
distil from ZH to P; E was then also cooled, and the constriction 5 
sealed off. Thus the vapour of the liquid in was in contact with 
the inside of gauge N, whilst the vapour of that in Q was in contact 
with the outside of gauge N and with the inside of gauge Q@. Any 
4P2 
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difference in vapour pressure between the two fractions should have 
been detectable through a deflexion in gauge N. Bulbs E and P 
were then immersed in the same constant-temperature bath at 0°, 
but no deflexion of the pointer of N could be detected. The vapour 
pressure of the head fraction, measured on gauge Q, was also the 
same as had been observed previously. This shows that if any 
fractionation had occurred, internal equilibrium must have been 
reattained almost completely during the short period before measure- 
ments could be made. 


Discussion of Results. 

These experiments indicate that the rate of distillation of ethyl 
bromide in a vacuum across a constant temperature gradient is 
retarded by intensive drying. During the initial stages of the dry- 
ing, little or no change is observed, but afterwards there is a sudden 
rise in the time required, continuing for some time, but the rate of 
rise diminishing with time. The largest effects were observed in 
apparatus of simple design. The presence of excess moisture in the 
initial stages seems to prevent the effect completely, and a carefully 
dried capillary tube designed for surface-tension measurements had 
the same effect. The abnormality was destroyed immediately by 
transfer of the liquid from one apparatus to another, although con- 
tact with the atmosphere was minimised as far as possible. The 
vapour pressure of ethyl bromide showing this effect was completely 
unchanged, and if there was any retardation in the rate of attain- 
ment of a steady vapour pressure state this was not very marked. 
Also, during the drying some change occurred which caused con- 
siderable superheating to take place. When ebullition did occur, 
it was somewhat irregular, but there was none of the almost explosive 
violence usuaily associated with a superheated liquid. Such behavi- 
our, however, did not run completely parallel to the change in the 
rate of distillation, since, after presumably a small amount of mois- 
ture had crept into Apparatus A. 2 and destroyed the distillation 
effect very considerably, the readiness of ebullition showed no 
corresponding change. 

These facts suggest that intensive drying does not change the 
internal equilibrium between the various species of molecules, but 
that the effects observed are due to some other cause. The case may 
be parallel, perhaps, to that of a perfect crystal of a deliquescent or 
efflorescent substance, which remains quive stable so long as it is 
perfectly pure and subjected to no distortion. It seems probable 
that the prolonged contact with phosphoric oxide may. cause the 
removal of nuclei of some type from the system, but whether this is a 
true drying effect or not is still uncertain. 
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Summary. 

After intensive drying for a few months over phosphoric oxide, the 
rate of non-ebullitional distillation of ethyl bromide between bulbs 
at constant temperatures in a sealed apparatus was retarded con- 
siderably. The vapour pressure, however, remained unaltered and 
no difference could be detected between that of “ head ” and “ tail ” 
fractions after distillation. Ebullition occurred with considerably 
more difficulty in the dried liquid. The results are interpreted as 
indicating that the internal equilibrium in a liquid is not disturbed 
by intensive drying, but that the effects observed are due to some 
form of superheating, probably induced by the removal of nuclei of 
some type during the phosphoric oxide treatment. 


The author expresses his deep indebtedness to the Department of 
Scientific and Industrial Research for a Senior Grant, which has 
enabled him to devote his whole time to research work, and especially 
to Professor F. G. Donnan, F.R.S., for his kindly advice and criticism 
throughout these investigations. 

Tse Srr Witt1am Ramsay LABORATORIES OF 


INORGANIC AND PHysICAL CHEMISTRY, 
University COLLEGE, LoNDON. [Received, May 13th, 1931.] 





CCCLX.—Studies in Polymorphism. Part II. 
Further Researches on o-Nitroaniline. 


By Norman Hort HartsHoRNE and ALAN STUART. 


MENTION has already been made (Part I; J., 1930, 729) of the slow 
development of dark brown patches in films of o-nitroaniline after 
the change from the “ unstable ”’ to the “ stable ” form is complete. 
This phenomenon has now been studied and is mainly due to a 
change into a third polymorph of still higher stability. We have 
therefore renamed the “ unstable” and the “stable ” form the «- 
and the @-form respectively, and have called the third variety the 
y-form. The last we now identify with the form described crystallo- 
graphically by von Jaeger (Z. Krist., 1905, 40, 114) and by Hermann 
and Burak (ibid., 1928, 67, 189). 

The present paper records the m. p. and crystallographic pro- 
perties of the y-form and some additional crystallographic data for 
the other two forms. Also, our results are discussed in relation to 
the work of the above authors. 

y-Form.—Four slides were prepared from a specimen of o-nitro- 
aniline which had been recrystallised five times from absolute 
alcohol, dried by a current of dry air, and then placed over phos- 
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phoric oxide until the 8-form gave a constant m. p. of 70-15°. (The 
methods used to clean and manipulate the slides and cover-slips 
and to determine the m. p.’s were as described in Part I.) Two of 
these slides were placed with calcium chloride in a stoppered tube 
maintained at 60° by a thermostat, the object being to accelerate the 
formation of the dark brown patches which it was desired to study. 
The nitroaniline was prevented from evaporating by sealing on the 
cover-slips with glycerol—litharge cement. This was not applied, 
however, until some evaporation round the edges had occurred, so 
that it was not in contact with the nitroaniline. The two remaining 
slides were placed in a desiccator (calcium chloride) at room tem- 
perature. 

The heated slides were examined from day to day with a polarising 
microscope, with the following results. All the «-form had dis- 
appeared by the end of the first day, and the films consisted mainly 
of the original spherulites of the $-form and large single crystals 
with irregular outlines, formed apparently by the recrystallisation 
of small 8-crystals. In addition, however, there were patches of 
material which, between crossed Nicols, proved to be multiply 
twinned crystals, the laminz of which possessed an oblique extinc- 
tion of 7° (in sodium light) with reference to the trace of the twinning 
planes, and marked extinction dispersion in white light, shown by 
the fact that they did not extinguish perfectly but gave, instead, a 
dark green colour. These twinned crystals gradually increased in 
size at the expense of the surrounding $-crystals, and at the end of 
3 weeks they occupied the greater part of the films. After a month 
am. p. determination on one of the slides gave the values, 8-form 
69-95°,* twinned crystals 71-2°. 

The two slides kept at room temperature were also examined from 
time to time under the microscope. The changes occurring in them 
were naturally much slower than those in the heated slides. After 
about a fortnight the films consisted of 8-spherulites, and large irregu- 
lar 8-crystals, formed presumably by recrystallisation from small 
8-crystals as in the case of the heated slides. After about a month, 
dark brown patches had started to develop. ‘These showed a very 
confused structure under the microscope, and between crossed 
Nicols they gave dark greens and reds instead of extinguishing per- 
fectly. At the end of 3 months one slide had been entirely converted 
into this material, but the other still preserved some of the original 
8-crystals. A m. p. determination on the latter slide gave: 8-form 
70-15—70-2°, dark brown patches 71-15°. 


* The crystals observed were at the edge of the slide, so possibly water 
from the glycerol—litharge cement was responsible for this slight depression 
of the normal value. 
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The m. p.’s of the twinned patches on the heated slides and the 
dark brown patches on the unheated slides, taken in conjunction with 
their optical properties, showed that they were composed of the 
same material, which was different from, and of higher stability than, 
either the «- or the 6-form. This y-form appears to be the most 
stable variety of o-nitroaniline, for specimens which we have had under 
observation for over 18 months have shown no change. Its oblique 
extinction and extinction dispersion show that it is not orthorhombic. 

Crystals of o-nitroaniline obtained by other methods, given in 
Table I, in the course of experiments on the purification of the 


TABLE I. 
M. p.’s of y-o-nitroaniline from various sources. 
Method of preparation. M. p. 
1. Transformation of B- to y-form on slides (i) 71-2° 
(ii) 71-15 
2. 5 Recrystallisations from alcohol—water,* then slow sub- 71-2 


limation in a vacuum 


3. 10 Recrystallisations from alcohol—water (i) 71-2 

(ii) 71-25 

4. 12 Recrystallisations from alcohol—-water, then 1 re- (i) 71-3 
crystallisation from acetone-ligroin-carbon tetra- (ii) 71-15—71-2 

chloride (iii) 71-2 


(iv) 71-25—71-3 
* In all cases equal volumes of each of the solvents in a mixture were used. 
substance and on its preparation in a form suitable for the gonio- 
meter, were also proved by their m. p.’s to be the y-form. To 
determine the latter in such cases, the crystals were powdered in a 
carefully dried agate mortar and a little of the powder was spread 
between a slide and a cover-slip held together by 
fine cotton-covered wire. The ‘slide was then 
inserted in the m. p. apparatus prev iously described. 
o-Nitroaniline was first described crystallographi- 
cally by von Jaeger (loc. cit.) as orthorhombic, 
bipy ramidal, the crystals (obtained from a solution 
of the substance in a mixture of ‘acetone, ligroin, 
and carbon tetrachloride) being elongated in the 
direction of the vertical axis and showing the 
forms a(100), b(010), p(110), m(210), and 0(414). 
Von Groth (Chem. Krist., Vol. IY, 1917, p. 180), | |J § 
taking von Jaeger’s measuremerts, renamed the ~Y 
p,m, and ofacesthus: p(120), m(11¢@), and 0(212), and 
gave the axial ratios a: 6 : c = 0:6834 : 1 : 0-5792. 
Fig. 1 shows o-nitroaniline accor‘ling to these authors. Hermann 
and Burak (loc. cit.) examined the kubstance by X-rays and described 
it as orthorhombic, holohedral, space group V7’, having spacings 
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a:b:¢ = 10-09: 29-44:8-52A., equivalent to axial ratios of 
0-3427 : 1 : 0-2894, these being nearly half the values given by von 
Groth. They crystallised their material from the same solvent as 
that used by von Jaeger. 

The first crystals obtained in our work which were measurable on 
the goniometer were those formed as in Preparation 2 (Table I), 
and with the exception that the forms a(100) and m(110) (von 
Groth’s nomenclature) appeared to be very rarely developed, the 
angular values agreed closely with von Jaeger’s. A complete 
examination was not possible owing to the poor development of the 
end faces. Our results are given in Table II, cols. 2 and 3, the 
corresponding values of von Jaeger being in the last column. 


TaB_eE II. 
Angular measurements of y-crystals. 
Sublimed Crystals from 
crystals. solution. 
—__ |r" ————, 
No. of Mean No. of Mean Von 
readings. value. readings. value. Jaeger. 
a@:o = (110): (212) an om an ane 50° 51’* 
b:p = (010) : (120) 11 36° 15’ 32 36° 11’* 36 11-5* 
m:m = (110): (110) — — 12 68 46 — 
p:m = (120):(110) — — 40 19 . 27 19 23 
m : a = (110) : (100) one an 6 34 24 34 22 
o:m = (212):(110) —- — 9 49 38* 48 59 
b:o = (010): (212) 6 77 =22 3 77 «(29 77 20-5 
0:0 = (212): (212) 3 25 22 one on 25 19 
0:0 = (212): (312) — — 2 78 185 78 185 


* Fundamental angles. 


After many trials, measurable crystals from solution were obtained, 
using von Jaeger’s solvent (Table I, Preparation 4). No details 
being given by him, we used equal volumes of the ingredients, and 
ligroin of b. p. 40—60°. The best crystals were grown by the slow 
evaporation of solvent from a saturated solution. The angles of 
these crystals showed no appreciable deviations from the values of 
von Jaeger, with the exception of o : m and, to a less serious extent, 
b: 0 (Table II, cols. 4, 5, and 6). Von Jaeger calculated these two 
angles to be 48° 9’ and 77° 23’, but we find that his calculation was 
incorrect and make them 50° 1’ and 77° 32-5’ respectively. His 
observed values differ considerably from these, particularly in the 
former case, and our own o:m value does not agree with this 
calculation either. To investigate these discrepancies it would have 
been desirable to repeat the measurement of von Jaeger’s funda- 
mental angle a : 0, but we were unable to get any acceptable readings 
from it at all. Using instead our value of 0: m (in preference to 
b:o0, on the grounds of better reflexions and more concordant 
readings) and, with von Jaeger, 6: p as our fundamental angles, 
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we calculate that the angle b : 0 should be 77° 27’. This is in good 
agreement with our observed value and in fair agreement with 
that for the sublimed crystals (coi. 3). Our results therefore agree 
better amongst themselves than do von Jaeger’s. The axial ratios 
calculated from our fundamental angles are a:b:c = 0-6834: 
1 : 0-5867,. but in view of the small number of readings obtained 
on end faces, we do not regard the c ratio as definitive. 

This goniometric study confirmed the orthorhombic symmetry of 
the crystals. Their m. p.’s [Table I, Preparation 4, (i) and (iii)}, 
however, were the same as the m. p.’s of the multiply twinned 
crystals on the slides, which, from their optical properties, were 
undoubtedly not orthorhombic. Further, although many of the 
former crystals appeared to give straight extinction in all positions 
round the prism zone, in agreement with their orthorhombic sym- 
metry (an exact determination was impossible owing to the thickness 
and shape of the crystals), they showed, in certain positions, the green 
dispersion colour characteristic of the crystals on the slides. Our 
explanation of these apparent anomalies is based on the following 
observations. 

Some of the crystals deposited from the ternary solvent were 
found by microscopic examination to be twinned. Their m. p.’s 
[Table I, Preparation 4, (ii) and (iv)] were the same as those of other 
crystals from this solvent. Typical examples are illustrated in 
Fig. 2. Types (i) and (ii) had a central striated portion which 
probably consisted of fine multiple twins, on each side of which 
appeared larger individuals which possessed a maximum oblique 
extinction of about 7° with reference to the vertical edge, and marked 
extinction dispersion similar to that given by the multiple twins on 
the slides. In some cases [Type (i)] the individuals were similarly 
orientated optically and appeared to form complementary parts of a 
single monoclinic crystal, as inspection of the edge angles (measured 
under the microscope) given in the figure will show. In others 
[Type (ii)] the optical and geometrical orientation was opposite. 
Crystals of Type (iii) were simple twins essentially like those of Type 
(ii) but of acicular habit and without the central striated portion. 
With all three types, straight extinction was observed at right angles 
to the direction of maximum extinction.* The crystals were there- 
fore monoclinic and twinned by rotation about the clino-axis. They 
were not perfect enough to give good goniometric measurements and 
so no complete examination was possible, the prism faces being 
often curved and the end faces as a rule merely indicated. A few 

* Straight extinction was also observed with some of the y-crystals on the 


slides, and these showed no dispersion of the extinction position. This con- 
firms the monoclinic symmetry of this form. 
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acceptable measurements round the prism zone gave the following 
angular values in order : 34° 33’, 19° 22’, 36° 18’; these are very near 
to those of m:a, p:m, and b: p respectively of the orthorhombic 
type given in Table IT. 

From the above observations we have been led to suggest that the 
orthorhombic crystals are composed of submicroscopic monoclinic 
laminz twinned, probably by rotation about the clino-axis, in such a 
way as to give pseudo-orthorhombic symmetry. The marked 
tendency towards multiple twinning, sometimes very. fine, shown by 
the y-form on microscope slides lends support to this hypothesis. 
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It should be remarked that, if this is so, the optical properties of the 
monoclinic laminz show that their 6 or ortho-axis is the a axis of the 
pseudo-orthorhombic crystal. It is to be expected that X-ray 
measurements would reveal the truly monoclinic nature of the 
crystals, and the fact that the work of Hermann and Burak (loc. cit.) 
did not do so is, of course, at variance with our explanation.* We 
hope shortly to carry out a re-examination of the substance by 
X-rays. 

The following optical data about the y-form, in addition to those 
recorded above, have been obtained on the polarising microscope : 
Pleochroism, X = orange, Y = yellow, Z = orange; optical axial 

* It is assumed that Hermann and Burak were dealing with the same 
form as von Jaeger, since they used the same solvent. 
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plane and Z (for sodium light) normal to the face giving the maximum 
extinction; 2V near 90°, sign doubtful. 

6-Form.—In the course of our attempts to prepare suitable 
material for the goniometer, we tried separating the crystals from a 
partially solidified melt of o-nitroaniline, by rapidly pouring off the 
liquid—on the principle of the well-known method of preparing 
monoclinic sulphur. The following procedure was found to be 
satisfactory. About 2 g. of the substance, recrystallised 10—12 
times from alcohol—water and dried over phosphoric oxide for several 
weeks, were sealed in a thick-walled glass tube about 4’’ long and ?” 
wide, which had previously been carefully cleaned and dried. The 
tube was then immersed in a large beaker of water, being held in an 
upright position by means of a special kind of clamp which could be 
rotated in situ, thus inverting the tube without removing it from the 
beaker. The water was heated to melt the nitroaniline, and was 
then allowed to cool very slowly. When a suitable quantity of 
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solid had formed, the tube was inverted, and the liquid allowed to 
drain off completely from the crystals, which always remained stuck 
to the walls of the tube at the end where they had formed. The 
tube was then removed from the bath, dried, cut in halves, and the best 
crystals were picked out. Examination on the polarising microscope 
showed them invariably to have the optical properties of the 6-form, 
and this was confirmed by the following m. p.’s of different specimens : 
70°2—70-35°, 70-15°, 70-2°. When doing these m. p. determinations, 
it was often observed that, after the crystals had melted, they started 
to solidify with still rising temperature, showing that the substance 
was undergoing transformation to the y-form, a fact confirmed by 
subsequent microscopic examination. 

The best crystals obtained in this way were elongated plates 
(Fig. 3), the faces parallel to the direction of elongation being often 
well formed. The end faces, however, were usually non-existent 
and were never good enough to give reflexions on the goniometer. 
These crystals gave straight extinction and no dispersion in all 
directions normal to the axis of elongation. When lying on one of 
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the broad faces, they gave an obtuse bisectrix figure tilted slightly 
in a direction normal to the optic axial plane. After much difficulty 
we succeeded in preparing a few end sections [Fig. 3, (ii)] by cutting 
the crystals into short lengths with a razor. (Any form of grinding 
seems to be quite out of the question with the substance.) These 
sections gave an oblique extinction of 14° (in sodium light) with 
reference to the longer edge (see figure), and dispersion in white light. 
The $-form is therefore not orthorhombic as stated in Part I, but 
monoclinic, the reason for this mistake being that at that time the 
only material available was that on slides, on which the crystals 
always lie so as to give straight extinction, being elongated along 
the 6 axis. 

The faces developed were referred to the (100) : (001) zone and the 
angle a:c = (100) : (001) gave the value 42° 35’ (mean of 19 read- 
ings). Since, as stated above, no end faces were developed, further 
examination was impossible. The pleochroism was X = light 
orange, Y = yellow, Z = dark orange; 2E probably small, sign 
negative; optic axial plane and X normal to the end section. 

a-Form.—We have not attempted to prepare the «-form otherwise 
than on microscope slides, but have been able to obtain it in larger 
crystals than those hitherto described, by using o-nitroaniline dis- 
tilled on to the slides (see Part I, p. 728), the low stabilisation rate of 
such specimens enabling us to crystallise the «-form at a higher 
temperature, and therefore more slowly than is usually possible. 
The crystals were commonly simply twinned and occasionally 
multiply twinned. The maximum oblique extinction was 21° (this 
replaces our approximate value of 24° given in Part I), but some 
crystals presented faces showing straight extinction. The «-form 
is therefore monoclinic. There was a considerable degree of dis- 
persion, but the extinction position was not dispersed. The faces 
showing straight extinction gave in sodium light what appeared to 
be an inclined optic normal figure, and those having the maximum 
oblique extinction a Z bisectrix figure, which was probably obtuse 
but may have been given by a very large acute angle. The optic 
axial plane and Z are therefore normal to the monoclinic symmetry 
plane. The pleochroism is X = pale yellow, Y = yellow, Z= 
orange. 

It is significant that the m. p.’s of o-nitroaniline recorded in the 
literature cover a range of temperature, viz., 68° to 71-5°, which 
almost coincides with that covered by the m. p.’s of the three poly- 
morphs. The m. p. determined by the ordinary capillary-tube 
method must depend upon whether unstable forms are present or 
not, which in turn depends upon the age and method of preparation 
of the specimen, and these factors no doubt influenced some of the 
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previous determinations. The fact that the highest m. p. which we 
have observed for the y-form, viz., 71-3°, is below the upper limit of 
these determinations is, we think, due to our apparatus enabling us 
to detect the commencement of melting at a lower temperature than 
is possible in the ordinary method. The extensive recrystallisation 
of the substance, in the final stages of which specially purified alcohol 
was used (details of the procedure will be published later), the pro- 
longed drying of the final product, and our use of a carefully standard. 
ised thermometer, make it unlikely that either the purity of our 
material or the measurement of our temperatures was at fault. 

Our discovery that the @-form is deposited from a melt has a 
bearing on any attempt to determine the f. p. of o-nitroaniline. 
Preliminary experiments on this property were mentioned in Part I, 
and a further study is in progress in the light of the facts now 
recorded. 

Summary. 

1. In addition to the two polymorphs, « and 8, previously 
described, a third, y, has been identified, which is apparently the 
most stable form of o-nitroaniline. It is the same form as that 
studied crystallographically by von Jaeger and by Hermann and 
Burak, and has been prepared by the stabilisation of the @-form on 
microscope slides, by slow sublimation in a vacuum, and by re- 
crystallisation from aqueous alcohol, or from acetone-ligroin—-carbon 
tetrachloride. 

2. The m. p. of the y-form is 71-2—71-3°. It is monoclinic but, 
presumably by fine multiple twinning, can assume a pseudo-ortho- 
rhombic habit. Some of its optical properties have been determined. 

3. The 8-form is monoclinic, but in thin films it is always elongated 
in the direction of the b axis, and thus under the microscope appears 
to be orthorhombic. 

4. Some additional optical properties of the «- and the $-form are 
recorded. The former is monoclinic. 


UNIVERSITY COLLEGE OF SWANSEA, 
UNIVERSITY OF WALES. [ Received, July 25th, 1931.] 





CCCLXI.—Synthetical Experiments in the Chromone 
Group. Part IV. 1:4-Ba-Naphthapyrones. 
By Barta Krisona MENON and KrisHNASAMI VENKATARAMAN. 


Ir was shown by Bhullar and one of us (this vol., p. 1165) that 
2-acetyl-l-naphthol reacts readily with acid anhydrides to form 
mixtures of y-pyrones and their 3-acyl derivatives, the production of 
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the latter, not usually obtained with ketones of the benzene series, 
being a remarkable feature of the reaction. The action of acid 
anhydrides on 1-acetyl-2-naphthol has now been studied. 

Acetic anhydride and sodium acetate gave only 2-acetyl-3-methyl- 
1 : 4-8x-naphthapyrone (I), and aromatic anhydrides gave naphtha- 
flavones unsubstituted in the 2-position. It is known that resaceto- 
phenone reacts with acetic anhydride to give the 3-acylated chromone 
(Tahara, Ber., 1892, 25, 1302; Nagai, ibid., p. 1287; von Kostanecki 
and Rozycki, Ber., 1901, 34, 102), and with benzoic and anisic 
anhydride to give 7-hydroxyflavone and 7-hydroxy-4’-methoxy- 
flavone respectively (Robinson and Venkataraman, J., 1926, 2345). 
(I) has previously been prepared by Schneider and Kunau (Ber., 1921, 
54, 2302) by heating 8-naphthyl methy] ether with sulphoacetic acid ; 
as described by them, on treatment with alcoholic ammonia it gave 
the 3-methylnaphthapyrone (II; R = Me). 

On heating 1l-acetyl-2-naphthol with benzoic, anisic, and tri- 
methylgallic anhydride respectively, together with the appropriate 
sodium salt, §«-naphthaflavone (II; R= Ph), 4’-methory-Ba- 
naphthaflavone (Il; R = C,H,-OMe), and 3’: 4’ : 5’-trimethoxy-Ba- 
naphthaflavone [II; R = C,H,(OMe),] were obtained. 1-Acetyl- 
2-naphthol was found in every case to be less reactive than 2-acetyl- 
l-naphthol; there was no 2-acylation and the yields of the pyrones 
were comparatively poor. {«-Naphthaflavone has been described 
by Tambor, Plattner, and Zuch (Helv. Chim. Acta, 1926, 9, 463), who 
used the bromoflavanone method. 

Tambor and others (loc. cit.) found that the interaction of 1-acetyl- 
2-naphthol with benzaldehyde led directly to the flavanone; 2- 
acetyl-l-naphthol behaves normally with aldehydes (von Kosta- 
necki, Ber., 1898, 341, 705; 1899, 32, 1034; Bhullar and Ven- 
kataraman, loc. cit.), the chalkones being formed. We have treated 
1-acetyl-2-naphthol with anisaldehyde, veratraldehyde, and piperonal 
and obtained in each instance the corresponding flavanone [III; 
R = C,H,OMe, C,H,(OMe),, or CsH,-0,CH,], no trace of a chalkone 
being formed as shown by the absence of a ferric chloride coloration 
and the inability to form an acetyl derivative. The usual method of 
converting the flavanone into the flavone by bromination and treat- 
ment with alkali (von Kostanecki, Levi, and Tambor, Ber., 1899, 32, 
326) presented difficulties in the case of our naphthapyranones; but 
on boiling them with phosphorus pentachloride in benzene (compare 
Léwenbein, Ber., 1924, 57, 1515; Hattori, Bull. Chem. Soc. Japan, 
1927, 2, 171) the naphthaflavones [IT; R = C,H,-OMe, C,H,(OMe)., 
or CgH,:0,CH,] were obtained. The first was identical with the 
product of the action of anisic anhydride on 1-acetyl-2-naphthol. 
Demethylation of 4’-methoxy-$«-naphthaflavone and 3’: 4’- 
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anhydride (7 g.), and sodium acetate (4 g.) were heated together for 








EXPERIMENTS IN THE CHROMONE GROUP. PART IV. 2593 


dimethoxy-«-naphthaflavone respectively gave 4’ -hydroxy-8«-naphtha- 
flavone (II; R = C,H,°OH) and 3’ : 4’-dihydroxy-Ba-naphthaflavone 
{II; R = C,H,(OH),]. The colour reactions of the substances are 
detailed, but the dyeing properties will be recorded later, together 
with those of other hydroxynaphthaflavones. 


CAc CH CH, 
SN JAN oo 
oc *CMe oc OR oc «CHR 
re) O | oO 


Aen 2 
(I.) (II.) (III.) 


The interaction of l-acetyl-2-naphthol with ethyl formate and 
sodium and ring closure of the oxymethylene ketone by means of 
alcoholic sulphuric acid led to 1 : 4-8«-naphthapyrone (II; R = H), 
the parent member of the series. 


EXPERIMENTAL. 

1 : 4-Ba-Naphihapyrone (Il; R = H).—To an ice-cooled suspen- 
sion of sodium wire (3 g.) in dry ether (50 c.c.), a mixture of l-acetyl- 
2-naphthol (Fries, Ber., 1921, 54, 709) (5 g.) and ethyl formate 
(10 g.) was gradually added with vigorous shaking, and the whole 
left over-night. The solid yellow mass was then dissolved in ice cold 
water and extracted with ether, and the aqueous layer separated and 
acidified with dilute sulphuric acid. The pale yellow oil obtained 
was extracted and dried (magnesium sulphate) in ether, recovered, 
and refluxed with absolute alcohol (50 c.c.) and concentrated sul- 
phuric acid (10 c.c.) during 3 hours. The sticky product obtained 
when the solution was poured into water was washed with dilute 
aqueous caustic soda, then with water, and dried in a desiccator. 
Two crystallisations from light petroleum (b. p. 60—80°) gave 
1 : 4-8a-naphthapyrone in stout, pale yellow needles, m. p. 103° 
(Found: C, 79-3; H, 4:5. C,,H,O, requires C, 79-6; H, 4:1%). 
The substance is readily soluble in alcohol, benzene, and glacial 
acetic acid, sparingly soluble in cold light petroleum, and moderately 
easily soluble in the hot solvent. The colourless solution in boiling 
glacial acetic acid is unchanged in colour but develops a blue 
fluorescence on the addition of a drop of sulphuric acid. The 
colourless solution in sulphuric acid exhibits a blue fluorescence. 
The solution in absolute alcohol becomes turbid yellow on treatment 
with sodium amalgam and gives with magnesium and hydrochloric 
acid a brownish-orange colour. 

2-Acetyl-3-methyl-1 : 4-8«-naphthapyrone (1) and 3-Methyl-8a- 
naphthapyrone (Il; R =.Me).—1-Acetyl-2-naphthol (2 g.), acetic 
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5 hours at 170°. The mixture was cooled, water (100 c.c.) added, 
and the whole boiled for 2 hours and again cooled. The solid that 
separated (1-3 g.) crystallised from alcohol in pale yellow needles, 
m. p. 157°, identified as (I) (Schneider and Kunau, loc. cit., give m. p. 
157—158°; Wittig, Annalen, 1925, 446, 155, gives m. p. 156—157°) 
(Found : C, 75-8; H, 5-2. Cale. for C,,H,,0,: C, 76-2; H, 47%). 
Treatment of the substance with alcoholic ammonia (Schneider and 
Kunau, loc. cit.) gave 3-methyl-1 : 4-8«-naphthapyrone, m. p. 168° 
(Wittig gives m. p. 164°) (Found: C, 79:7; H, 5-0. Cale. for 
C,4H,,0,: C, 80-0; H, 47%). The colourless solution in sulphuric 
acid has a blue fluorescence. 

Ga-Naphthaflavone (Il; R= Ph).—An intimate mixture of 
l-acetyl-2-naphthol (2 g.), benzoic anhydride (20 g.), and sodium 
benzoate (4 g.) was heated for 4 hours at 180—185°. A solution of 
the product in boiling alcohol (80 c.c.) was heated with aqueous 
caustic soda (10 g. in 20 c.c. of water) for 15 minutes on the water- 
bath and poured into a large volume of water. The precipitate 
obtained crystallised from alcohol (charcoal) in colourless needles 
(0-9 g.), m. p. 163° (Tambor, Plattner, and Zuch, loc. cit., give 164°) 
(Found : C, 83-6; H, 4-6. Cale. for C,,H,.0,: C, 83-8; H, 43%). 
The colourless solution in sulphuric acid shows a blue fluorescence. 

4’. Methoxy-B«-naphthaflavone (II; R = C,H,-OMe).—1-Acetyl-2- 
naphthol (2 g.), anisic anhydride (15 g.), and sodium anisate (5 g.) 
were heated together for 4 hours at 185—190°. After the product 
had been boiled with 10% sodium carbonate solution (100 c.c.) 
during 2 hours and cooled, the undissolved residue was extracted 
with light petroleum, which left a substance (0-08 g.), m. p. 170°; 
this gave a yellow non-fluorescent solution in sulphuric acid and was 
not identified. The petroleum extract on cooling deposited the 
methoxynaphthaflavone, which crystallised from alcohol in clusters 
of long needles (1-2 g.), m. p. 165° (Found: C, 79-1; H, 4-9. 
Co9H,,0, requires C, 79-5; H, 4-6%). The crystals are coloured 
greenish-yellow by concentrated sulphuric acid, and the very pale 
yellow solution in the acid exhibits a brilliant sky-blue fluorescence. 

3’: 4’ : 5’-Trimethoxy-Ba-naphthaflavone (II; R = C,H,(OMe),3].— 
The chromone synthesis was carried out as in previous cases with 
l-acetyl-2-naphthol (2 g.), trimethylgallic anhydride (12 g.), and 
sodium trimethylgallate (5 g.). Hydrolysis of the excess of an- 
hydride was effected by means of 5% sodium carbonate solution 
(200 c.c.); the undissolved material crystallised from alcohol (char- 
coal) in long silky needles (0-4 g.), m. p. 159° (Found: C, 72-7; 
H, 5-2. C,.H,,0; requires C, 72:9; H, 5-0%). The pale yellow 
solution in sulphuric acid has a weak green fluorescence. 

4’. Methoxy-8«-naphthaflavanone (III ; R = C,H,-OMe).—A mixture 
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of 1l-acetyl-2-naphthol (1-4 g.), anisaldehyde (1 g.), and alcohol 
(20 c.c.) was after addition of 50% caustic soda solution (2 g.) boiled 
for an hour on the water-bath, and the red liquid then poured on 
ice and acidified with acetic acid. The resinous mass was washed 
and repeatedly crystallised from alcohol, giving colourless, slender, 
rectangular prisms (1-2 g.), m. p. 143° (Found: C, 78-6; H, 5-5. 
Co9H,,0, requires C, 78-9; H, 5-3). The crystals are coloured 
bright orange by contact with sulphuric acid, and the yellow solution 
in the acid has a weak blue fluorescence. The alcoholic solution gives 
no coloration with ferric chloride, and when heated with acetic 
anhydride and a drop of pyridine and poured into water the sub- 
stance is recovered unchanged. 

A solution of the flavanone (1 g.) in dry benzene (10 c.c.) was boiled 
for 10 minutes with phosphorus pentachloride (2-5 g.), cooled, and 
filtered. The solid, washed with a little dry benzene and crystallised 
twice from alcohol, gave 4’-methoxy-8«-naphthaflavone, m. p. 165°. 

4’.Hydroxy-8«-naphthafiavone (II; R = C,H,-OH).—A solution of 
the 4’-methoxynaphthaflavone (0-5 g.) in glacial acetic acid (10 c.c.) 
and acetic anhydride (5 c.c.) was boiled with hydriodic acid (d 1-7; 
10 c.c.) for an hour, cooled, and poured into sodium bisulphite 
solution. The pale brown precipitate crystallised from alcohol in 
lemon-yellow rhombic plates, m. p. 283—285° (Found: C, 78-9; 
H, 4:4. Cy gH,.0, requires C, 79-2; H, 4:2%). The hydroxy- 
naphthaflavone dissolves in sulphuric acid with a pale yellow colour 
and a bright, pure blue fluorescence and in aqueous caustic soda 
with a greenish-yellow colour. The alcoholic solution gives no 
coloration with ferric chloride, a yellow colour with potassium 
acetate, and no precipitate with lead acetate or barium chloride 
solution. The colourless solution in boiling glacial acetic acid turns 
bright greenish-yellow on the addition of a drop of sulphuric acid. 
The solution in absolute alcohol gives a bright orange coloration with 
magnesium and hydrochloric acid; and with sodium amalgam turns 
greenish-yellow. 

3’ : 4’-Dimethoxy-Ba-naphthaflavanone [III; R = CgH,(OMe),].— 
A mixture of 1-acetyl-2-naphthol (2-3 g.), veratraldehyde (2 g.), 
alcohol (40 c.c.), and 50% caustic soda solution (4 g.) was treated in 
the same way as the similar mixture containing anisaldehyde. After 
three crystallisations from alcohol, the product was obtained in 
colourless rhombohedral plates (2-5 g.), m. p. 157° (Found: C, 
75-1; H, 5-7. C,,H,,0, requires C, 75-4; H, 5-4%). The yellow 
solution in sulphuric acid has a scarcely perceptible green fluorescence. 
The other properties are similar to those of 4’-methoxy-8«-naphtha- 
flavanone. 

The condensation was repeated, l-acetyl-2-naphthol (2-1 g.) and 
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veratraldehyde (1-8 g.) being added to an ice-cold solution of sodium 
(0-5 g.) in absolute alcohol (30 c.c.) and left over-night. The red 
solid which had separated was removed ; the filtrate was poured on 
ice and acidified, and the precipitate collected. Both substances, on 
crystallisation, gave the flavanone. 

3’ : 4’-Dimethoxy-Ba-naphthaflavone [II; R = C,H,(OMe),], ob- 
tained from the flavanone (2 g.) by the phosphorus pentachloride 
method described above, crystallised from alcohol in colourless 
feathery needles: (0-2 g.), m. p. 168° (Found: C, 75-6; H, 5-2. 
C.,H,,0, requires C, 75-9; H, 4:8%). The yellow solution in 
sulphuric acid is non-fluorescent. The colourless alcoholic solution 
develops a pink colour after a few days. 

The benzene filtrate, on addition of alcohol and concentration on 
the water-bath, gave unchanged flavanone (1 g.). 

3’ : 4’-Dihydroxy-«-naphthaflavone, obtained by the demethy]l- 
ation method previously described, crystallised from absolute 
alcohol, containing a few drops of glacial acetic acid, in pale yellow 
flakes, m. p. 302—304° (Found: C, 74:8; H, 4:3. Cy 9H 0, 
requires C, 75-0; H, 3-9%). The very pale yellow solution in 
sulphuric acid exhibits a bluish-green fluorescence. The almost 
colourless solution in boiling glacial acetic acid turns bright yellow 
on the addition of a drop of sulphuric acid, but there is no separation 
of a mineral acid compound on cooling. The alcoholic solution gives 
a dark malachite-green coloration with ferric chloride; a greenish- 
yellow colour with potassium acetate; a greenish-yellow turbidity 
with lead acetate; and is unaffected by barium chloride solution. 
With magnesium and hydrochloric acid, the solution in absolute 
alcohol gives a bright orange colour, which becomes bright red on 
standing; and with sodium amalgam it turns orange-red. 

3’ : 4’-Methylenedioxy-8«-naphthaflavanone (III ; R=C,H;.0,CH,). 
—The reaction was carried out with 1l-acetyl-2-naphthol (2-4 g.), 
piperonal (2 g.), alcohol (40 c.c.), and 50% aqueous caustic soda 
(4g.). After repeated crystallisation from alcohol, the substance was 
obtained as pale yellow needles, m. p. 169°. The same substance 
was obtained by using sodium ethoxide in place of caustic soda 
(Found: C, 75-2; H, 4-6. C,)H,,0, requires C, 75-4; H, 4-4%). 

3’ : 4’-Methylenedioxy-Bu-naphthaflavone (II; R = C,H,:0,CH,), 
obtained from the flavanone by the phosphorus pentachloride 
method, crystallised from alcohol in colourless needles, m. p. 225— 
226° (Found: C, 75-6; H, 4:1. C,)9H,,O, requires C, 75-9; H, 
3-8%). The substance dissolves in sulphuric acid, giving a yellow 
solution with a blue fluorescence. 


THE iNDIAN INSTITUTE OF SCIENCE, BANGALORE. 
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CCCLXII.—The Surface Reactions between Ethylene 
and the Halogens. 


By Ronatp B. Mooney and Hueu G. REID. 


It has been shown by Norrish (J., 1923, 123, 3006) and Stewart and 
Edlund (J. Amer. Chem. Soc., 1923, 45, 1014) that the reaction 
C,H, + Br, —> C,H,Br, does not take place in the gas phase, but 
on the surface of the containing vessel. The nature of the surface 
determines the speed of the reaction, the catalytic efficiency decreas- 
ing in the order stearic acid>glass>cetyl alcohol>paraffin wax. 
The presence of a film of water accelerates the reaction. The 
addition of chlorine to ethylene is a surface reaction of the same type 
(Norrish and Jones, J., 1926, 55; Stewart and Fowler, J. Amer. 
Chem. Soc., 1926, 48, 1187; Stewart and Smith, ibid., 1929, 51, 
3082), although at room temperature the reaction is complicated by 
the formation of the substitution products C,H,Cl, and C,H,Cl, 
(Bahr and Zieler, Z. angew. Chem., 1930, 43, 233). At — 20°, the 
addition reaction predominates. The much slower reaction between 
ethylene and iodine differs from the above reactions in that it is 
reversible under ordinary conditions; at equilibrium there is an 
appreciable concentration of free ethylene and iodine. This equili- 
brium has been studied by Mooney and Ludlam (Proc. Roy. Soc. 
Edin., 1929, 49, 160) for the reaction in the gaseous phase and by 
Polissar (J. Amer. Chem. Soc., 1930, 52, 956) for that in carbon 
tetrachloride solution. 

Mooney and Ludlam measured the velocity of both the formation 
and the decomposition of the di-iodide, in presence of solid iodine 
and di-iodide. Velocity coefficients were calculated on the assump- 
tion that the reaction was homogeneous, in which case the rate of 
change of pressure would be given by 


dp /dt = ky Pou, — k,Pown, x Pr, 


where Po,z,1, and P;, are constant in presence of the solids. The 
values of k, obtained were not constant but showed a drift with time; 
they also depended on the previous history of the reaction system, 
e.g., the temperature to which it had been heated; this affected the 
amount of ethylene adsorbed. This result suggested that the 
reaction is not homogeneous, but takes place on the surface of 
ethylene di-iodide, iodine, or the glass walls, and thus resembles the 
addition reactions of ethylene with the other halogens. The 
formation and decompositién of ethylene di-iodide in carbon tetra- 
chloride solution (Mooney and Ludlam; Polissar, locc. cit.) are 
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homogeneous reactions catalysed by iodine atoms, the rate of the 
reactions being given by 


d{I,]/dt = k,(C,HI,]0,F* — b,[C,H,J[1,F. 


If we assume the same mechanism for the gas reaction, the values 
of k, and k, obtained are nearly 10° times greater than the values 
found by Polissar for the homogeneous reaction in carbon tetra- 
chloride solution. This large discrepancy between the velocity of 
the reaction in solution and that of the gas reaction as found by 
Mooney and Ludlam, again suggests that the latter reaction is 
largely heterogeneous. 

We have now carried out some experiments to discover the nature 
of this gas reaction. The results show that it is a reaction which 
takes place largely on the surface of the iodine crystals. Paraffin 
and moist glass surfaces are comparatively inactive, although a glass 
surface covered with a film of ethyl alcohol shows an activity 
approximately equal to that of iodine crystals. 


EXPERIMENTAL, 

Reaction between Ethylene end Iodine on Various Surfaces.—The 
reaction in question takes place with pressure change so that it can 
be most easily followed manometrically. A 500-c.c. flask was used 
as the reaction vessel, except in Expts. I and II, for which a litre 
flask was used. The iodine was introduced and the air displaced 
by ethylene. The flask was then connected by a ground joint to a 
capillary, 50 cm. long, leading to a water manometer.* The flask 
and joint were completely immersed in a thermostat kept at 30° 
+0-1°. The course of the reaction was followed by measuring the 
change of pressure at constant volume, corrections being made for 
barometric changes. 

Variation of the nature of the surface caused large changes in the 
velocity of the reaction. This is illustrated in Fig. 1. The slope of 
curve XX gives the rate of reaction for 1 g. of iodine crystals of 
moderate size. For curve XVI the same weight of iodine was used, 
but the surface was increased by powdering the crystals, and the 
glass walls of the flask were coated with paraffin wax. The surface 
for curve V was formed by subliming small crystals on to the glass 
walls of the flask, while in X XIII the whole surface of the flask was 
moistened with alcohol and drained before introduction of the iodine. 

Table I summarises certain of the experiments. The rate of 


* Preliminary qualitative experiments had shown that the reaction (between 
ethylene and iodine) was not inhibited by drying both reactants with phos- 
phoric oxide; it was therefore not thought necessary to take precautions to 
ensure constant pressure of water vapour. 
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change of pressure, dp/dt, in the fourth column was obtained from 
the slope of the initial part of the curve. 


Fie. 1. 
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qq 


Pressure decrease (cm. of H,O). 
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Solid iodine. was present in all the experiments, and the other 
surfaces studied were glass, paraffin wax, ethylene di-iodide, and 
ethyl alcohol. The glass surface was cleaned before each experi- 
ment by immersion in chromic acid overnight, washing with distilled 


TABLE I. 

Expt. No. Iodine surface. Other surface. <P (om. of H,O/min.). 
I 6G. powdered Glass; 450 cm.?, 0-42 
II 5 G. ‘as Paraffin; 450 ,, 0-44 
XVI 1G. - to - mR om 0-08 

ae . {Glass + 300 ,, 

XVIII 1G. - \ paraffin ; f300 °° 0-09 
eee ‘ {Glass + 600 ,, p 
XIX 1G. ” \ paraffin; /300 ,, 0-09 
xX 1 G. crystals Glass ; 300 ,, 0-03 
IV 1 G. sublimed Glass; 308 5 0-5 
V 9 9 j ” 300 9 0-5 
VI ”° 9 ” 600 9 0-8 
VII se - a 600 ,, 0°75 
VIII ee ‘ af 900 ,, 0-9 
XVI 1 G. powdered Paraffin; 300 ,, 0-08 
XXIV oa - C.H,I,; 300 ,, 0-14 
IV 1 G. sublimed Glass ; 300 ,, 0-5 
V is ‘“ oe 300 5, 0-5 
XXV Ln ie C,H,I,; 300 ,, 1-2 
XIV 1G. powdered Alcohol; 300 ,, 0-80 
XV 2° 2 2° 300 Pe) 0-6 
XXII ti ‘a 300 ,, 5-0 


water, and drying in an air-blast. The paraffin surface was best 
obtained by melting about 5 g. of paraffin wax in the cleaned, dried 
flask and rotating it in every direction until it solidified in a fairly 
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uniform layer. Whenever an increased glass surface was required 
it was obtained by adding a number of glass rods, of measured sur- 
face area, to the flask before filling it with ethylene. To obtain a 
surface of ethylene di-iodide, 5 g. of the pure crystals were melted 
without decomposition, and the flask was rotated as in te < case of 
paraffin until a uniform solid layer was formed. 

The following are the main features of our results. No difference 
is found in the behaviour of glass and paraffin surfaces. When the 
glass surface is increased (Expts. XVI, XVIII, XIX) there is no 
corresponding increase in the velocity, which suggests that neither 
paraffin nor glass surfaces play any considerable part in the reaction. 
If, however, iodine is sublimed in small crystals on to an increasingly 
large glass surface (Expts. [V—VIII), which effectively increases the 
iodine surface, there is a corresponding increase in the speed of the 
reaction. If powdered iodine is used, the speed is about ten times 
less than that observed when the iodine surface is increased by 
sublimation. The speed can be reduced still further by using large 
crystals instead of powdered iodine (Fig. 1, Expt. XX). It is 
evident that under the conditions of our experiments the reaction 
between ethylene and iodine takes place almost entirely at the 
surface of solid iodine, and that glass or paraffin surfaces are of 
secondary importance. A surface of ethylene di-iodide crystals 
seems to be more active than glass or paraffin, but very much less 
active than an iodine surface. The results obtained with the alcohol 
surface are very irregular, but it is obvious from a comparison of 
Expts. XIV, XV, and XXIII with Expt. XVI that the presence of 
alcohol greatly accelerates the reaction. It is significant that 
Semenow’s method of preparing the di-iodide (Jahresber., 1864, 483) 
involves passing ethylene over iodine crystals covered with alcohol. 

The graphs obtained by plotting pressure against time are fairly 
straight lines for experiments with powdered iodine or large crystals, 
but in those with iodine sublimed as small crystals on to the walls 
there is a gradual falling off in speed. This is probably due to 
gradual decrease of the iodine surface owing to the disappearance of 
the smallest crystals. The deceleration is not due to the back 
reaction (decomposition of ethylene di-iodide), for the reaction was 
never followed very far towards equilibrium. At 30° the pressure 
of ethylene in equilibrium with iodine and ethylene di-iodide is 
18 mm. of mercury: in our experiments it was never below 
700 mm. 

The Reaction on a Glass Surface —Although we have no measure- 
ments for the rate of the reaction on a glass surface alone, we can at 
least give an upper limit for this value. It is of interest to compare 
this upper limit with the published figures for the reactions C,H, + 
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Cl, —> C,H,Cl, and C,H, + Br, —> C,H,Br, on wet glass surfaces. 
The course of these reactions can be represented by 


— a[C,H,)/dt = k{(C.H,][X5] ~ + 2 « (I) 


where X, = Cl, or Br,. Assuming that it is similarly bimolecular, 
we have calculated velocity coefficients for the reaction between 
ethylene and iodine on the glass surface: — d{C,H,]/dt = 0-022 
(mm. Hg/min.) on the surface of 1 g. of iodine crystals + 300 sq. cm. 
of glass at 30° (Expt. XX). The rate of the reaction on the glass 
surface alone is certainly much less than this, but we shall take this 
value for the upper limit. Substituting in (1) the values [(C,H,] = 
760 mm., and [I,] = 0-5 mm., we obtain k;, = 0-022/0-5 x 760 = 
58 x 10°. The velocity coefficient ky, for C,H, + Cl,—> 
C,H,Cl, (Norrish and Jones, loc. cit.) is approximately 10-3 at 18°. 


Fia. 2. 











3-2 33 3-4 3-5 
109/T. 

Values for kp,, at 0° are 10° (Stewart and Edlund) and 5 x 10° 
(Norrish). The reactivity of the halogens towards ethylene on a 

glass surface therefore increases in the order I,<Cl,<Br,.* 
Temperature Coefficient—The most important result of the above 
experiments is that the reaction takes place almost entirely on the 
iodine surface. A second series of experiments has been carried out 
on measured iodine surfaces. The most uniform crystals of iodine 
were selected, and the surface area of a weighed portion of them 
found approximately by fitting them as closely together as possible 
on a sheet of graph paper. Twice the area covered by the iodine 
gave a first approximation to the surface area of the crystals. Values 
were obtained for the rate of the reaction per sq. cm. of iodine surface 
at temperatures 11°, 21°, 30°, and 37-3°. From these values the 
* In a recent paper Boer (Z. physikal. Chem., 1931, B, 18, 134) has shown 


that the adsorption of iodine on glass is practically negligible. This accounts 
for the low catalytic activity of a glass surface in our experiments. 
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*“‘ apparent ”’ heat of activation of the reaction was calculated. The 
results are given in Table II, and in Fig. 2 the logarithm of S, the 
ratio rate/area, is plotted against the reciprocal of the absolute 
temperature. The points lie on a line, which is reasonably straight 
in view of the approximate nature of the experiments. From the 
slope of this curve the “ apparent ” heat of activation was found to 
be 19-8 + 3 kg.-cals. 


TABLE II. 

Expt. No. Temp. Area,cem.?. Rate (cm. H,O/hr.). Rate/area. 
XXVIII 11-15° 14 0-22 0-015 
XXIX 11-10 16 0-18 0-011 
XXX 21-1 14 0-83 0-059 
XXXI 21-4 16 0-72 0-045 
XXVI 30-1 17 1-88 0-11 
XXXIII 37°3 17 3-1 0-18 
XXXIV 37°3 18 6-7 0-37 
XXXV 37-3 94 23-4 0-25 


Mechanism of the Reaction.—There are two possible mechanisms 
for the reaction: it takes place either (1) in a layer of ethylene 
adsorbed on the iodine surface, or (2) between gaseous ethylene 
molecules and solid iodine at the moment of impact. The latter 
mechanism being assumed, and postulating that all the energy of 
activation is supplied by the kinetic energy of the ethylene molecules, 
the energy of activation can be calculated from the formula 
log, Z/Z, = — E/RT, where Z, and Z are the numbers of molecules 
respectively striking the surface and reacting. For example, in 
Expt. XXX, Z/Z, = 8-2 x 10-”, which leads to the value EH = 12-2 
kg.-cals. This is definitely lower than the value of E calculated 
from the temperature coefficient, viz., 19-8 + 3 kg.-cals. If it is 
assumed that n internal degrees of freedom of the ethylene molecule 
(and also the energy of the iodine molecules in the crystal) contribute 
towards the heat of activation, 


Z $n e-E/RT(E /RT)” —1 


te) 








(Hinshelwood, “‘ Kinetics of Chemical Change in Gaseous Systems,” 
2nd Ed.). To bring the value of Z up to the lower limit calculated 
from the temperature coefficient, it is necessary to assume n > 19. 
To raise Z to the mean value, 19-8 kg.-cals., one must assume 50 
degrees of freedom. The molecular heat of ethylene is 11-3 cals. 
and the atomic heat of solid iodine is 6-6 cals., which indicate 11 and 7 
active degrees of freedom respectively. The total, » = 18, is 
scarcely sufficient to raise the value of HZ to the neighbourhood of 
that calculated from the temperature coefficient. We may there- 
fore conclude that the first mechanism is more probable, 1.e., that 
the reaction takes place in the layer of ethylene adsorbed on the 
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surface of the iodine crystals. In order to maintain the equilibrium 
C,H, + I, == C,H,I,, the decomposition of the adsorbed di-iodide 
must also be catalysed by the iodine surface. 

It is difficult to say whether the reaction on the iodine surface is a 
simple addition reaction or whether it goes via iodine atoms and the 
free radical C,H,I, as has been shown to hold for the homogeneous 
reaction in solution (Schumacher, J. Amer. Chem. Soc., 1930, 52, 
3132; Schumacher and Wiig, Z. physikal. Chem., 1930, B, 11, 45). 

We have made some measurements to test the relation between 
reaction rate and ethylene pressure. The reaction vessel containing, 
in these cases, 5 g. of iodine crystals, was connected to a mercury 
manometer, evacuated, and filled with ethylene at the pressure 
required. The figures given below show that, for a constant iodine 
surface, the rate is proportional to the ethylene pressure. 


Expt. No. Poa,(mm. Hg). dP/dt (mm./hr.). (dP /dt)/P. 
XXXVIII (a) 740 10-1 0-014 
(b) 260 3-0 0-012 
XXXIX (a) 750 10-5 0-014 
(d) 320 5-2 0-016 


The reaction is therefore expressed kinetically by the equation 
dPon,/dt = k.S.Po.4,, where S is the area of the iodine surface. 
This resembles the kinetics of the reactions between chlorine or 
bromine and ethylene on a glass surface, where the rate is equal to 
kK(G.Po,)-Pon, and k(G.P3,,).Pc.u, Where G is the area of the 
glass surface. 

Reaction between Ethylene and Cyanogen.—Since many of the 
properties of cyanogen are similar to those of the halogens, some 
experiments were conducted to find out if ethylene will combine with 
cyanogen at a surface as it does with chlorine, bromine, and iodine. 
In the first experiment, which gave entirely negative results, equal 
volumes of ethylene and cyanogen were introduced into a 500-c.c. 
flask, loosely packed with glass wool, and kept at 150°. Even after 
six weeks, no pressure decrease was observed, except a few mm. 
attributed to the formation of paracyanogen. The glass wool, which 
had turned slightly brown, was extracted with alcohol, but no trace 
of ethylene dicyanide (succinonitrile) could be found in the extract. 
This might have been due, as in the case of iodine, to poor adsorption 
of cyanogen on glass. Silica gel was used in the second experiment 
to get better adsorption of cyanogen. The apparatus is shown in 
Fig. 3. The catalyst, A, was electrically heated to 110°. By cooling 
the opposite limb below room temperature by a stream of water at 


.10°, a convection current was set up which kept the gases con- 


tinuously circulating over the silica gel catalyst. After 4 weeks the 
gases were frozen out into tube B, with liquid air. When the tube 
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was allowed to become warm, the ethylene boiled off, leaving 
crystals of cyanogen, which in turn melted and evaporated. A white 
crystalline solid was left behind. This substance did not melt, but 
sublimed slowly at room temperature and rapidly at 60°. It was 
finally shown to be ammonium carbonate. The silica gel, which had 
turned dark brown, was extracted with water. The solution obtained 
had a brilliant violet fluorescence which became green and less intense 
on addition of a drop of sodium hydroxide 
solution. The substance responsible 
for this fluorescence is almost certainly 
azulmic acid, C,H;ON;, which is formed 
by the interaction of cyanogen and 
Hg Menometer aqueous ammonia (Beilstein, ‘‘ Organ- 
ische Chemie,” Vol. II, p. 553, 4th 
7 Edn.). The solution was evaporated to 
P 


Fic. 3. 


2 


dryness and the residue examined for 
succinonitrile or its hydrolysis product, 
ammonium succinate, by heating with 
zinc and testing for pyrrole with a shaving 
of red pine moistened with hydrochloric 
acid.* <A very slight reddening of the 
pine shaving was observed. This, how- 
ever, is probably to be attributed to 
azulmic acid rather than to a trace of a 
succinic acid derivative. It is clear that 
the reaction C,H, + (CN), = C,H,(CN), 
does not take place to any appreciable 
extent on a glass surface at room tem- 
perature or on silica gel at 110°. 
Ethylene and the Cyanogen Halides.— 
If there is any reaction between ethylene 
and the cyanogen halides (CN-Cl, CN-Br, 
CN-I), three different kinds of reaction 
product are possible, viz., C,H,X,, 
C,H,(CN)X, and C,H,(CN),, where X = Cl, Br, or I. In our experi- 
ments at 37°, no reaction was observed between the chloride or 


? 


bromide and ethylene, but with the iodide a slow reaction, which pro- 
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* In order to obtain satisfactory results with the pine-shaving test, it was 
found necessary to purify the zinc dust by heating it in a Rose crucible in a 
stream of hydrogen. If this precaution were not taken, the zinc dust con- 
tained sufficient nitrogenous matter to give a positive test. Using the purified 
zine dust, it was possible to detect the presence of as little as 0-01 mg. of am- 


monium succinate. If oxalic acid is present, the test is much less sensitive 


because the red coloration is bleached by the vapours given off. 
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ceeded without pressure change, took place. The products, identi- 

fied by their m. p.’s, were ethylene di-iodide and cyanogen. It is 

improbable that this is a direct reaction according to the equation 
2CN-I + C,H, —> C,H,I, + (CN); 

it is more likely that an equilibrium exists : (CN), + I, == 2CNI. 

The ethylene present in the system will remove the free iodine until 

the cyanogen iodide is completely decomposed. 


Summary. 

1. The reaction between ethylene and iodine has been shown to be 
a surface reaction. It thus falls into line with the corresponding 
reactions between ethylene and the other halogens. 

2. The reaction takes place almost entirely on the surface of solid 
iodine. 

3. Glass and paraffin walls are equally unimportant as catalysts. 

4. The rate of the reaction is proportional to the pressure of 
ethylene. 

5. The heat of activation of the reaction, calculated from the 
temperature coefficient, is 19-8 + 3 kg.-cals. 

6. The reaction probably takes place in the layer of ethylene 
adsorbed on the surface of the solid iodine. 

7. No reaction takes place between ethylene and cyanogen or 
its chloride or bromide at the temperatures studied. The reaction 
between ethylene and cyanogen iodide at 37° leads to the formation 
of cyanogen and ethylene di-iodide. 


We desire to express our thanks to Dr. E. B. Ludlam and Professor 
Kendall, F.R.S., for their interest and advice, and to Imperial 
Chemical Industries Ltd. for a grant towards the cost of apparatus. 
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CCCLXIII.—The Action of Nitric Oxide on Alkaline 
Hydroxides. 
By EpwarpD BaARNEs. 


THaT nitric oxide reacts with caustic potash was first observed 
by Gay-Lussac (Ann. Chim., 1861, 1, 397), who found that after 
3 months’ contact with the solution it gave rise to one-quarter of 
its volume of nitrous oxide, potassium nitrite being produced 
simultaneously. The subject was studied more fully by Russell 
and Lapraik (J., 1877, 32, 35), who showed that nitrogen is also 
formed, and by Emich (Monatsh., 1892, 13, 90), who investigated 
4Q 
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the interaction of the gas with the solid, and represented the results 
thus : 

4NO + 2KOH = N,O + 2KNO, + H,O 

3NO + 2KOH = N + 2KNO, + H,O 
The author (J. Soc. Chem. Ind., 1926, 45, 259) found that the rate 
of the reaction depends on the area of surface of the potash and 
may, with powdered material, become rapid, and that solid sodium 
hydroxide also reacts with nitric oxide, but very much more slowly 
than potassium hydroxide. 

Although the above facts have long been known, a number of 
workers with nitric oxide appear either to have overlooked them 
or to have regarded the reaction with caustic potash as taking 
place so slowly that it could be ignored. For example, Gray (J., 
1905, 87, 160), in his determination of the atomic weight of nitrogen, 
after fractionating his nitric oxide to remove nitrous oxide, subse- 
quently passed it over solid potash, thus again introducing nitrous 
oxide. It was thought, therefore, that a fuller investigation of 
the action of nitric oxide on alkalis might prove useful, and the 
hydroxides of each of the alkali metals and of the alkaline earths 
were included, observations being made over wider temperature 
ranges than heretofore in the case of sodium and potassium hydr- 
oxides. 

ExPERIMENTAL. 

Preparation of Nitric Oxide——Numerous papers have been pub- 
lished on the preparation of pure nitric oxide, and several reactions 
have been stated to give the pure gas directly. It is improbable, 
however, that any reaction will yield perfectly pure gas, for nitric 
oxide reacts with water, aqueous solutions, many reducing agents, 
and concentrated sulphuric acid. The best procedure appears to 
be to prepare the gas by one of the common methods and purify 
it by fractionation: that used in these experiments was prepared 
by the action of sodium nitrite solution on ferrous sulphate in 
hydrochloric acid as described by Thiele. The higher oxides of 
nitrogen and acid impurities wére removed by passage through 
aqueous sodium hydroxide, and drying was effected by concentrated 
sulphuric acid. Nitrogen was then removed by solidifying the 
product in liquid air and pumping out all uncondensed gas. The 
most difficult impurity to remove is nitrous oxide, the best method 
apparently being to bubble the gas through liquid nitric oxide, as 
suggested by Gray. The chief obstacle in the way of carrying 
out this last step in the purification is the difficulty of collecting 
and storing a sufficient quantity of the gas, for storage over water or 
aqueous solutions is not permissible. In view of Lunge’s nitrometer 
method of estimating nitrates and nitrites, it was at first thought 
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that nitric oxide might be stored over concentrated sulphuric acid.* 
To test this, some clean pumice was boiled with concentrated acid 
and then sealed in a tube attached to a manometer. After evacu- 
ation, the tube was filled with nitric oxide (about 27 c.c.): after 
a day, the pressure in the tube had fallen by 15 cm., and after 15 
days by nearly 50cm. The residual gas contained sulphur dioxide, 
nitrogen (1-05 c.c.), and nitrous oxide (1-15 c.c.) besides unchanged 
nitric oxide. The matter was not further investigated but it is 
evident that this method of storage is excluded. 

Mercury is the best liquid over which to store nitric oxide. The 
gas-holder should be of the closed type and made entirely of glass, 
and should have an air-trap; but since such a vessel will be made 
of blown glass, the great density of mercury will limit its size to 
an effective capacity of about } litre. The use of evacuated glass 
globes is inconvenient for most kinds of work. In this work the 
nitric oxide was liquefied, and the middle fraction collected in a 
mercury gas-holder; it still contained a little nitrous oxide but 
no appreciable amount of any other impurity. 

Analysis of Gaseous Product.—When nitric oxide reacts with 
alkalis it gives rise to nitrous oxide and nitrogen. It is therefore 
necessary to analyse gaseous mixtures containing these three gases. 
No very satisfactory method of doing this has been described. The 
author (loc. cit.) partly worked out a method of analysing mixtures 
of the oxides of nitrogen, but it was not very convenient for mix- 
tures containing large percentages of nitric oxide. Some further 
experiments have been done with this object. What is required 
is a substance that will completely absorb nitric but not nitrous 
oxide. Liquid reagents will dissolve the latter, and their vapour 
pressure makes them unsuitable for use in connexion with a Toepler 
pump. ‘Tests were made with a number of solids such as sodium 
peroxide, potassium tetroxide, mixtures of potassium hydroxide 
with potassium bromite, sulphite, permanganate, or plumbate, 
but the only substance found to be at all suitable was lead peroxide 

* Very few references are to be found in the literature respecting the action 
of nitric oxide on sulphuric acid. Gay-Lussac (Ann. Chim. Phys., 1816, 1, 
408), in discussing the formation of chamber crystals, states that the con- 
centrated acid does not sensibly absorb the gas. Rose (Pogg. Ann., 1839, 
47, 605) appears to have used the fuming acid. Bodenstein (Z. Elektrochem., 
1918, 24, 183) found that, after a week’s contact, sulphur dioxide was pro- 
duced, and the acid then attacked mercury. A number of reference books 
give absorption coefficients for nitric oxide in various concentrations of 
sulphuric acid, ignoring the possibility of chemical action; most of these 
figures have been obtained by experiments in which the gas was brought 
into contact with the acid and mercury, the latter having the effect of partially 
reversing the reaction by re-forming nitric oxide from the nitrogen compound 
produced in the acid. 
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prepared by passing chlorine into alkaline plumbite; the product 
was washed and boiled with dilute nitric acid, made into a paste 
with water, and mixed with finely granular pumice which had been 
separated from dust and coarse particles by sifting. Two tubes 
were filled with columns of this mixture, about 25 cm. long, between 
plugs of glass-wool. After being dried in an air-oven, these tubes 
were sealed together and also sealed to the pump. It was found 
that under certain conditions they would completely absorb nitric 
but not nitrous oxide. According to Miiller and Barck (Z. anorg. 
Chem., 1923, 129, 314), lead peroxide combines with nitric oxide 
to form lead nitrite, but the tubes described ceased to absorb actively 
long before all the peroxide had been acted upon, so that their 
absorbing capacity was rather limited. The method was found 
suitable for mixtures containing small concentrations of nitric 
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oxide but not for large quantities; and as the gaseous products in 
the present work usually contained only small percentages of un- 
changed nitric oxide, the method was generally applicable. 

The apparatus used is shown in Fig. 1. At the end of an experi- 
ment tap B was closed and tap A was opened. After the gas had 
been left in contact with the peroxide for a few minutes for the 
absorption of unchanged nitric oxide, the spiral was cooled in liquid 
air, tap B opened, and the nitrogen formed in the experiment was 
pumped out and measured. Tap B was then closed, the liquid 
air removed, and the nitrous oxide pumped out and measured. 
The Toepler pump used was specially made with a large barrel 
(about 400 c.c.). It was found that when the spiral was immersed 
in liquid air and nitric oxide was introduced after evacuation, 
about 0-5 c.c. could be pumped out at each stroke. It was not, 
therefore, difficult to pump out the nitrogen and nitric oxide from 
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their mixture with nitrous oxide. This method was used in some 
cases. There is no difficulty in analysing mixtures of the first two 
gases by liquid reagents. 

Procedure.—The powdered alkali was placed in a tube about 
1 cm. in diameter between plugs of glass-wool (a silver boat being 
used if necessitated by the temperature employed). The reaction 
tube was heated in an electric furnace whose temperature was 
controlled by rheostats, and read by a thermocouple. In most 
experiments the volume of nitric oxide, after measurement in the 
gas-burette, was introduced into the evacuated tube containing 
the alkali, tap A being closed. Pressure changes were observed 
by means of the constant-volume manometer. At the end of the 
experiment the manometer tap was closed after the mercury had 
been raised above the level of the tap, and the resulting gas was 
analysed. In introducing a volume of gas from a mercury gas- 
burette into a vacuum, it is almost impossible to avoid small globules 
of mereury being carried into the reaction chamber; in experiments 
in which the alkali was contained in a silver boat, the gas-holder 
was therefore connected directly with the reaction chamber in 
place of the gas-burette. For all experiments the apparatus was 
made entirely of glass, all connexions being made by fusing. Most 
connecting tubes were of capillary tubing, and the taps had obliquely 
bored keys. The apparatus was tested for leaks before each experi- 
ment, and the taps of the burette and manometer were sealed by 
raising the mercury into the tubes above them during the experi- 
ment. Nevertheless, in many cases leaks started during the course 
of the reaction and the results had to be rejected. 

Potassium Hydroxide.——In order to carry out experiments at 
higher temperatures, and because it is desirable to use a chemical 
individual rather than a mixture, it was necessary to obtain potash 
as anhydrous as possible. Several of the best available samples 
of stick were tested and found to contain 14—16% of water. The 
potash used was dehydrated as far as possible by heating to 450— 
500° in a silver boat in a stream of electrolytic hydrogen, which had 
been purified by passage through a column of red-hot copper gauze, 
then through syrupy phosphoric acid, and finally over solid potash 
and phosphoric oxide. The heating and passage of the gas were 
continued till no more water was given off. When subjected to 
this treatment, caustic potash (purified by alcohol) yielded a beauti- 
ful white crystalline mass having a pearly lustre. It hissed on the 
addition of a little water, and it dissolved in water much more 
rapidly than ordinary potash. 

Emich studied the action of nitric oxide on potassium hydroxide 
up to 175°, but the use of anhydrous hydroxide in a silver vessel 
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enabled observations to be extended up to 500°, the temperature 
at which the thermal decomposition of nitrous oxide becomes 
appreciable. The hydroxide in a silver boat was sealed in a hard- 
glass tube, which was sealed to the apparatus by means of graded 
glass junctions. The tube was evacuated, heated to 500°, and a 
known volume of nitric oxide introduced. The rate of reaction 
was too rapid for measurement. After } hour the gas was pumped 
out and analysed: 45-9 c.c. of nitric oxide gave 8-1 c.c. of nitrogen 
and 0-1 ¢c.c. of nitrous oxide. An experiment at 420° gave a similar 
result. It was subsequently found, however, that these results 
do not give much information about the primary reaction, for 
nitrous oxide, an initial product, is itself decomposed under the 
experimental conditions, as shown by the following tests. 

A bulb-tube with two arms was sealed to the end of the reaction 
tube in place of the gas-holder or gas-burette. Nitrous oxide from 
a cylinder was dried and passed through the apparatus after the 
key of tap A had been removed. When the air had been displaced, 
the key was replaced, and the end of the bulb-tube sealed off. The 
bulb-tube was cooled in liquid air, and any uncondensed gas was 
then completely removed by pumping. The liquid air was removed 
so that the nitrous oxide vaporised, and then replaced, and the 
apparatus again pumped out. After the reaction tube had attained 
the desired temperature, the nitrous oxide was allowed to gasify 
again and come into contact with the alkali. At the end of the 
experiment the bulb-tube was again cooled in liquid air and the 
uncondensed decomposition products were pumped out and col- 
lected ; after 28-8 c.c. of nitrous oxide had been exposed for } hour 
to the action of potassium hydroxide in a silver boat at 420°, only 
3-2 ¢.c. remained undecomposed. Although references in the 
literature suggest that silver has no action on the gas, yet it was 
found that the silver boat alone decomposed it at 420°, but 
less rapidly than the alkali. Further experiments showed that 
at 350° the silver boat had no appreciable action, but $ hour’s 
contact with fused hydroxide in the boat at this temperature effected 
extensive decomposition. At 250° also after exposure for 2—3 
days to the action of caustic potash, nitrous oxide was largely 
decomposed. These experiments show that, owing to the secondary 
reaction between the nitrous oxide formed and the alkali, it is not 
to be expected that there will be a constant ratio between the 
nitrogen and nitrous oxide in the product of the primary reaction : 
the ratio will depend on the duration of the experiment, the per- 
centage of nitrogen increasing with time. That this is so, is shown 
by the following results of the action of nitric oxide on caustic 


potash at 250°. 
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Duration of experiment. Composition of resulting gas, %. 
15 minutes N,O, 54; N, 46 
ee N,O, 34; N, 68 


Even at 100°, after 48 hours’ contact, about 2% of the nitrous 
oxide was decomposed. In the above experiments on the decom- 
position of nitrous oxide by potash, the gas uncondensed by liquid 
air was found to contain 11—17% of oxygen in the nitrogen, and 
the alkali contained a little nitrite after the experiment. If the 
alkali was fused (m. p. 316°), the silver vessel was attacked and 
the alkali darkened in colour, since the latter formed a peroxide 
with the oxygen and this reacted with the silver. According to 
Briner, Miener, and Rothen (J. Chim. physique, 1926, 23, 609), 
nitrous oxide is decomposed thermally at and above 700° according 
to the equations N,O —> N, + 40, and N,JO—~> NO + 3N,. Ap- 
parently in the presence of caustic potash these reactions take 
place at lower temperatures. The nitrite is formed by the nitric 
oxide from one reaction and part of the oxygen from the other 
reacting with the alkali. Although the alkali was the purest 
available, it is possible that the decomposition of the nitrous oxide 
was due to the presence of a trace of impurity in it. As some 
experiments at 250° were carried out without a silver vessel, it 
appears that this metal was not necessarily concerned in the change. 

The above experiments show that some of the nitrogen formed 
in the reaction between nitric oxide and potassium hydroxide at 
higher temperatures is a secondary product of the decomposition 
of nitrous oxide, but there appears little doubt that two primary 
reactions occur, one of which gives rise to nitrous oxide and the 
other to nitrogen: with rise of temperature the ratio N,/N,O in- 
creases, but owing to the secondary decomposition it is not possible 
to determine this ratio at higher temperatures. 

Emich (loc. cit.) states that when nitric oxide reacts with potas- 
sium hydroxide, nitrite but no nitrate is formed ; as his experiments 
were qualitative, however, and as it is difficult to test for nitrate 
in the presence of nitrite, it was thought desirable to examine this 
point quantitatively. Nitric oxide was passed over potassium 
hydroxide at 100°, and the volumes of nitrous oxide and nitrogen 
formed were measured. The solid was dissolved, and the amount 
of nitrite in the solution determined by titration with acidified 
permanganate. The following figures were obtained : 


Volumes of gases collected (c.c. at N.T.P.): N,O, 28:3; Ng, 3-7. 
Vol. of N/10-KMn0O, required : 62-3 c.c. 
calc. from vols. of gases: 63-7 c.c. 


9? bP] bP] 
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equivalent to the amounts of gases formed according to Emich’s 
equations. 

Sodium Hydroxide.—The stick alkali usually contains compara- 
tively small quantities of water. The samples used were (i) A.R. and 
(ii) “from sodium.” They were heated in a silver boat in a stream 
of pure dry hydrogen at 400—450° till no more water was given off. 

At room temperature this alkali, even when powdered, reacts 
very slowly with nitric oxide. A tube about half full of coarsely 
powdered hydroxide, fused to a manometer at one end, was evacuated 
and filled with the gas at atmospheric pressure. The following 
figures give some idea of the rate of reaction : 

Duration of experiment (days) ............ 14 22 39 63 85 
Decrease of pressure (cm. of Hg) ......... 12 19 28-5 37 45 
It is seen that about 80% of the gas had reacted in 85 days. In 
another experiment a tube was about one-third filled with finely 
powdered hydroxide. After 27 days the gaseous contents were : 
N,0, 49:4; N,, 1:2; NO, 49-4%. 

As with potassium hydroxide, heat greatly accelerates the rate 
of reaction. A series of experiments was carried out with fused 
sodium hydroxide in a silver boat at 350° (m. p. 318-4°; von Hevesy). 
The results of these experiments varied widely as regards the per- 
centages of nitrogen and nitrous oxide in the product. It was 
subsequently found that, as in the case of caustic potash, this 
variation was due to a secondary reaction in which nitrous oxide 
is decomposed, but the decomposition was less rapid than with 
potash under similar conditions: 28-7 c.c. of the gas, free from 
nitrogen, after 40 minutes’ contact with fused alkali in a silver 
boat at 360° gave 4:3 c.c. of gas uncondensed by liquid air. In 
spite of this secondary reaction, an experiment in which contact 
between nitric oxide and the alkali lasted for 20 minutes gave, 
after absorption of unchanged nitric oxide, a gas containing 42%, 
of nitrous oxide, and no doubt with shorter time of contact a higher 
percentage could have been obtained. 

Before testing the action of nitric oxide at lower temperatures, 
the action of nitrous oxide was first examined. The powdered 
alkali (from sodium) in the absence of silver gave no appreciable 
amount of gas uncondensed by liquid air after 44 hours’ contact 
at 250°. A series of experiments with this alkali and nitric oxide, 
in which the duration of contact was varied, gave the following 
results at 250° : 


f16% N, 84% N,O. (13% N, 87% N,O. 


10 mins. 4 }76/ N, 83% N,O. 30 mins. ) 160, N, 84% N,O. 


60 mins. 15% N, 85% N,O. 
14hrs. 18% N, 82% N,O. 
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As the volume of nitrogen obtained was only about 1 c.c. (one- 
thirtieth of nitric oxide used), the accuracy with which this volume 
of gas could be pumped out and measured probably did not exceed 
about 3%. It appears, therefore, that at 250° there are produced 
approximately 85% of nitrous oxide and 15% of nitrogen, and that 
the secondary reaction either does not take place or is very slow. 

Rubidium Hydroxide—A small quantity of the chloride was 
converted into the sulphate, and this, in turn, into the hydroxide 
by double decomposition with recrystallised baryta. After filtration, 
the solution was concentrated in a platinum dish in a vacuum over 
solid caustic potash, and then transferred to a silver boat and heated 
slowly to 300° in a current of dry hydrogen. In this way the 
hydroxide was obtained as a white crystalline mass. This was 
roughly powdered and sealed in a tube. After evacuation, a known 
quantity of nitric oxide was admitted, and changes of pressure at 
17° were observed: it fell from about 62-5 cm. to 14-0 cm. in 6 
hours and then remained almost constant. The gaseous residue 
contained approximately 96% of nitrous oxide and 4% of nitrogen. 

A tube of the same size and shape was loaded with a quantity 
of potassium hydroxide (dried in hydrogen), which had been reduced 
as nearly as possible to the same state of division as the rubidium 
hydroxide, and was slightly greater in amount. The same volume 
of nitric oxide was introduced and the tube was maintained at the 
same temperature as in the previous experiment. After 6 hours, 
the pressure had fallen only to 48-5 cm., and after 24 hours it had 
not attained complete constancy. 

Hence it appears that rubidium hydroxide is more reactive than 
potassium hydroxide towards nitric oxide. Owing to the small 
quantity available, however, no experiments were carried out at 
higher temperatures. 

Cesium Hydroxide—A quantity of crude sulphate was available 
owing to the kindness of Dr. H. F. Harwood; this was converted 
into the chloride by double decomposition with barium chloride. 
The chloride was purified from other alkaline chlorides by precipit- 
ation as the double antimony compound CsSbCl,, and then con- 
verted into the hydroxide, which was rendered anhydrous as in 
the foregoing case. 

Some powdered cesium hydroxide was treated with nitric oxide 
under conditions as nearly identical as possible with those described 
in the previous section. Decrease of pressure was almost complete 
in 2} hours; the half period was about 33 minutes. The gaseous 
product consisted of nitrous oxide with only a trace of nitrogen. 
Apparently this hydroxide reacts more rapidly than any of its 


congeners. 
4Q2 








2614 BARNES: THE ACTION OF 


Several experiments were carried out with cesium hydroxide 
in a silver boat at ca. 260°, with the following results : 


Period of contact. Composition of resulting gas, %. 
1 minute N,O, 29; N, 71 
10 minutes N,O, 27; N, 73 
— N,O, 21; N, 79 


In an experiment in which nitric oxide was left in contact with the 
hydroxide at 290° for about 40 seconds, the product contained 
33% of nitrous oxide and 67% of nitrogen. It appears that, as 
in the case of potassium hydroxide, there is a secondary reaction 
in which nitrous oxide is decomposed by alkali, but this was not 
tested by direct experiment. In spite of this secondary reaction, 
it seems fairly certain that when reaction takes place at 260° a 
considerably larger percentage of nitrogen is formed by primary 
reaction than in the case of potassium hydroxide under similar 
conditions. 

Lithium Hydroxide —Although lithium shows affinities with 
magnesium rather than with the alkali metals, it was decided to 
include this hydroxide in the comparative study. It was prepared 
by double decomposition between the sulphate and baryta. The 
clear solution was evaporated in a vacuum; it showed a strong 
tendency to become supersaturated, and crystals were only obtained 
after several weeks. The large needle-like crystals of the mono- 
hydrate were dehydrated by heating in a current of air (hydrogen 
was used in later experiments). According to de Forcrand (Compt. 
rend., 1908, 146, 802), a very stable hydrate, 8LiOH,H,O, is formed 
above 140°, which is very difficult to dehydrate, and therefore the 
temperature was raised slowly so that the water should be driven 
out below this temperature. 

It was found that even finely powdered lithia reacted extremely 
slowly with nitric oxide. In an experiment in which the conditions 
were generally similar to those employed with the alkali hydroxides 
at ordinary temperatures, except that the lithia was in the form 
of a fine powder, the pressure fell by about 5 cm. in a month, and 
by only 10 cm. in 4 months. It would apparently take years for 
the reaction to become complete. In an experiment at 280°, the 
reaction appeared to be practically complete in 90 hours, but the 
fall of pressure was much less than under similar conditions with 
the other alkalis. The residual gas consisted of 72% of nitrous 
oxide and 28% of nitrogen. The amounts of these gases were, 
however, considerably greater than Emich’s equations (p. 2606) 
require for the volume of nitric oxide used. According to Oswald 
(Ann. Chim., 1914, 1, 97), lithium nitrite begins to decompose at 
185°, and it would therefore appear that the primary reaction at 
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higher temperatures is more complicated than at lower, and that 
nitrate is formed as well as nitrite (or a basic nitrite). An experi- 
ment at 265° gave a somewhat similar result (25% of nitrogen). 

Calcium Hydroxide.—This was prepared by slaking lime (from 
marble), and heating the product to 120° in an oven to drive off 
excess of water. It consisted of a granular powder, not the im- 
palpable powder given by quicklime from limestone. 

A tube was almost completely filled with this substance and 
sealed to the apparatus. It was thought that, as the hydroxide 
was porous, some oxygen might be adsorbed on its surface and 
not completely removed by mere evacuation. Therefore, after 
evacuation a little nitric oxide was introduced, and after some time 
the tube was again evacuated, and more gas added. In spite of 
the large surface of the hydroxide, the reaction was very slow, as 
is shown by the following figures : 

Duration of experiment (days) .........++. 7 23 37 ] 
Decrease of pressure (CM.)  .......seeeeeeeees 6-8 13-6 16-7 22°5 
After 73 days, 17-4 c.c. out of 30 c.c. of the gas remained unchanged, 
and after absorption of nitric oxide, the residual gas consisted of 
nitrous oxide with about 5% of nitrogen. 

An experiment was also carried out at 115—120°, and the pressure 
fell by 45 cm. in 24 hours. On repetition with the same alkali, re- 
action was much slower, and after 67 hours the pressure had de- 
creased by only 41 cm. The composition of the resulting gas was 
77% of nitrous oxide and 13% of nitrogen in the first case, and 
95% and 5% respectively in the second. Some doubt is felt as to 
whether this difference is real and not due to error, but there is 
little doubt that the proportion of nitrogen does not exceed 13%. 
Experiments at higher temperatures cannot be carried out owing 
to the instability of the hydroxide in a vacuum. 

Strontium Hydroxide.—Some strontium hydroxide was prepared 
by mixing concentrated-solutions of sodium hydroxide and strontium 
chloride, filtering off the crystals, washing them, and recrystallising 
them from hot water. The octahydrate was then dehydrated by 
heating in a silver boat at 100° in a stream of hydrogen till no more 
water was given off (according to de Forcrand, this hydrate loses all 
its water at 100°). A tube was filled with this substance in the finely 
granular condition, and after evacuation nitric oxide was introduced. 
The following figures give an idea of the rate of reaction at room 
temperature (16—23°) : 


Duration of experiment (days) ............ 18 51 73 
Decrease of pressure (CM.) ......s..eeeeeeees 6-6 14 20 


No analysis was made of the products of the reaction. 
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Barium Hydroxide —The baryta used was obtained by recrystal- 
lising the best available commercial material and removing the 
water of crystallisation by heating in a silver boat in a current of 
hydrogen slowly to 100° and then to a higher temperature, care 
being taken not to reach the m. p., viz., 325°. The porous product 
was powdered before use. At room temperature nitric oxide 
reacted very slowly with this material. In one experiment after 
six days the pressure had decreased by 20 cm.; in another case 
after 26 days 40% of the gas had reacted. After absorption of 
unchanged gas, the residue consisted of nitrous oxide with about 
3% of nitrogen. At 108—110°, reaction was complete in 5—6 
hours. Two experiments gave 7-5 and 7% of nitrogen and 92-5 
and 93% of nitrous oxide as the composition of the residual gas. 

At 250° the reaction required about 1} hours; three experiments 
in which the gases were analysed after 2 hours, 1 hour, and 15 
minutes gave the following proportions of nitrogen: 7,5,5%. The 
temperature at which barium nitrite begins to decompose is given 
by Oswald (loc. cit.) as 235°, and it is probable that in these experi- 
ments the reaction did not follow the normal course. The reaction 
was then examined at a temperature well above 235°. A tube was 
made of such a length that the whole of the baryta that it contained 
was in the middle portion of the electric furnace and at 290° or 
slightly higher. In two experiments in which nitric oxide was 
left in contact for 18 hours and for 3 hours, the gaseous product, 
after absorption of unchanged gas, consisted of nitrous oxide with 
20% and 9% of nitrogen respectively. In the first case, the pres- 
sure became constant when it had fallen by only 39cm.; the volumes 
of the gaseous products were also greater than could have been 
derived from the volume of nitric oxide if the reaction had been 
according to Emich’s equations. In the second case reaction was 
incomplete; an attempt was made to estimate the amount of 
nitrite formed by titration with acidified permanganate. Owing 
to the impossibility of getting a clear solution of the product without 
acidification, however, the method could not be applied with any 
accuracy; it appeared that nitrite had been formed, but in con- 
siderably less amount than would correspond with the gases obtained. 
As with lithium, the reaction appears to become more complex at 
higher temperatures, and nitrate is apparently formed as well as 
nitrite. 

Sodium Carbonate——The anhydrous substance was sealed in a 
tube and heated to 290°. After evacuation, 25 c.c. of nitric oxide were 
introduced. After 7 hours no change in pressure was observed, and 
the uncondensed gas pumped out contained only a trace of nitrogen ; 
0-77 c.c. of gas was condensed in the liquid-air spiral, and on treat- 
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ment with baryta solution it yielded a white precipitate and about 
half of it was absorbed. These small quantities of gas may have 
been due to a little air not having been removed from the surface 
of the powdered carbonate, or they may indicate a slight reaction. 

Order of Reaction —Barr (J., 1924, 125, 961) measured roughly 
the rate of decrease in volume of nitric oxide placed in contact with 
50% potassium hydroxide solution at 10—22°. His results sug- 
gested that the reaction was probably of a higher order than bi- 
molecular. 

Experiments were carried out with the object of determining 
the order of reaction as accurately as possible. Powdered caustic 


Fig. 2. 
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potash could not be used for this purpose, for the area of active 
surface decreased during the reaction and so vitiated the results. 
By shaking a measured volume of nitrous oxide with a known 
volume of saturated potassium hydroxide solution in a gas-burette, 
it was found that this gas is practically insoluble, and so the use 
of the saturated solution appeared to be permissible. In order 
to reduce the time of reaction to a few weeks so that a thermostat 
may be used, it is necessary to make the area of the surface of the 
solution large compared with the volume of gas employed. The 
arrangement shown in Fig. 2 was devised with this object. A tube 
about 2} cm. in diameter and 28 cm. long was about two-thirds 
filled with caustic potash solution saturated at the temperature 
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of the thermostat (29-7°). One end of the tube was connected by 
as short a capillary as possible to a constant-volume manometer, 
and the other end to the pump and gas-holder by means of a narrow 
tube constricted about 1 cm. above the junction. The tube was 
evacuated and left over-night. It was then filled with nitric oxide 
and the narrow tube was sealed off at the constriction. Changes 
of pressure were read at intervals for three weeks. The following 
are some of the readings, k being the value of 1 /t. log a/(a—z2) : 


Press. Press. 
t change a—~z t change a—2 
(hours). (mm.). (mm.). k x 104. (hours). (mm.). (mm.). k x 104, 

0 0 763-3 119-5 321-3 334-9 29-9 

4:5 18-7 738-4 168-5 389-7 243-7 29-4 
10-5 43-1 705-8 222-0 442-3 173-6 29-0 
30-5 113-8 611-6 335-5 507-5 86-6 28-2 
54-5 185-2 516-4 432-5 537-3 50-2 27-3 
80-5 247-7 433-0 504-5 553-3 46-9 24-0 
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The velocity coefficient corresponds more nearly to a unimolecular 
reaction than to one of a higher order. It therefore indicates a 
surface reaction or solution effect but gives no other information 
about the mechanism of the change. 

The production of nitrous from nitric oxide by reaction with 
alkalis suggests the formation of a hyponitrite as a possible inter- 
mediate stage. This hypothesis has been put forward by Moser 
(Z. anal. Chem., 1911, 50, 401) and by Zimmermann (Monatsh., 
1905, 26, 1293) to explain the reaction of nitric oxide with water, 
Moser giving the equation 4NO + 2H,O = 2HNO, + H,N,O,. 
There appears, however, to be no experimental evidence in support 
of this theory. A number of samples of the product of the reaction 
of nitric oxide on alkalis were carefully tested but no indication 
of the presence of hyponitrite was found. (The test was carried 
out by adding silver nitrate solution to the alkali solution, acidifying 
with dilute nitric acid, and then carefully adding sodium carbonate 
solution: a bright yellow curdy precipitate should be formed.) 
According to Divers and Haga, the hyponitrites of the alkalis are 
moderately stable in the dry condition. Even in solution in the 
presence of excess of alkali they are fairly stable. It was found 
by the author that sodium hyponitrite solution, made strongly 
alkaline with sodium hydroxide, still gave the test very clearly 
after several months’ standing, so that if a hyponitrite were formed 
in the reaction it is highly improbable that it would rapidly de- 
compose either in the dry state or in strongly alkaline solution. 

A more probable explanation of the reaction is suggested by 
the work of Briner and Wroczynski (Compt. rend., 1909, 141, 
1372) and Briner and Boubnoff (Compt. rend., 1913, 156, 228), who 
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found that, when subjected to pressure, nitric oxide yielded nitrous 
oxide, nitrogen trioxide, and nitrogen. They concluded that the 
two primary reactions, NO = 3N, + 40, and 2NO = N,O + 40). 
take place simultaneously, the second predominating. By measur- 
ing the length of the column of blue liquid formed in the capillary 
in which the gas was compressed, they deduced that at 700 atm. 
the reaction was half complete in 40 minutes, whilst under 50 atm. 
more than a year was required before the column of blue liquid 
appeared. From a large number of experiments, they concluded 
that these reactions take place even at ordinary pressures but with 
extreme slowness, and that the effect of pressure in accelerating 
the reaction is due simply to the increase in absolute concentration 
of the molecules. In a subsequent paper, Briner, Biedermann, 
and Rothen (J. Chim. physique, 1926, 23, 157) stated that even 
in liquid nitric oxide at atmospheric pressure these reactions occur, 
the blue colour of the liquid deepening in the course of a few days 
owing to the accumulation of trioxide. 

These results have an obvious bearing on the action of nitric 
oxide on alkalis. That the rate of decrease of pressure corresponds 
to a unimolecular reaction suggests that the reaction is preceded 
by adsorption of the gas on the surface of the alkali. In this surface 
layer the concentration of nitric oxide molecules will be increased, 
and the rate of the reactions discovered by Briner may become 
appreciable. The oxygen liberated by these reactions would 
rapidly react with nitric oxide to give trioxide, which would at 
once give nitrite with the alkali. 


Conclusions. 


(1) The hydroxides of all the alkalis and alkaline earths react 
with nitric oxide at ordinary temperatures with the formation of 
nitrous oxide mixed with a few units % of nitrogen. The equations 
4NO + 2MOH = N,O + 2MNO,+ H,O and 6NO + 4MOH = 
N, + 4MNO, + 2H,O (M = Li, Na, K, Rb, Cs, }Ca, 48r, Ba), 
suggested by Emich for M = K, appear correctly to represent the 
reactions occurring. 

(2) The rate of reaction of nitric oxide with the hydroxides of 
the alkali metals increases with the atomic weight of the element. 
It depends on the area of the surface of the alkali; as this area 
varies greatly with the state of division of the substance, it is possible 
to make only a very approximate comparison, but the following 
statement gives a rough idea of the duration of the reaction with 
the powdered substances at ordinary temperatures :—LiOH, 
several years; NaOH, several months; KOH, several days; RbOH 
and CsOH, several hours. 
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(3) Elevation of temperature increases the rate of the reaction 
in all the cases examined, and also increases the percentage of 
nitrogen in the gas produced. 

(4) At about 250° the proportion of nitrogen in the gas obtained 
increases with the atomic weight of the element in the cases of the 
three alkali metals examined. 

(5) Potassium hydroxide, or some impurity present even in the 
best samples, decomposes nitrous oxide appreciably at 250°. Cesium 
hydroxide appears to behave similarly, and sodium hydroxide also 
at somewhat higher temperatures. 

(6) Baryta and lithia react with nitric oxide at temperatures 
above those at which the nitrites of these elements begin to decom- 
pose. Nitrous oxide is formed, but the reactions appear to be more 
complex than at lower temperatures. 

(7) The reactions discovered by Briner in the decomposition 
of nitric oxide under pressure appear to account for the action of 
the gas on alkalis. The following equations represent these primary 
reactions: NO = 4N, + 40, and 2NO=N,0-+ 30,. The rate 
of conversion of nitric into nitrous oxide corresponds approximately 
to a unimolecular reaction, and so these reactions appear to take 
place on the surface of the alkali and not in the body of the gas. 


This work was carried out during a limited period of leave from 
India, and so had to be brought to a close before all was done that 
might be desired. It was regarded as a preliminary survey of the 
subject, and no very great quantitative accuracy is claimed. 

The author wishes to thank Professor H. B. Baker, C.B.E., 
F.R.S., for his great kindness in offering all facilities for carrying 
out this work, and for his personal interest while it was in progress. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonvon, 8.W. 7. [Received, September 3rd, 1931.] 





CCCLXIV.—3-Jodoalizarin. 


By ARTHUR GEORGE PERKIN and CHARLES WILLIAM HERBERT 
Srory. 


2 : 2’-DIHYDROXYHELIANTHRONE, in boiling pyridine solution, is 
converted by iodine into the 3 : 3’-di-iodo-derivative (I) in almost 
quantitative amount (Hardacre and Perkin, J., 1929, 180), and 
from 2-hydroxyanthraquinone the 3-iodo-compound can be prepared 
in @ similar manner. 

If other hydroxyanthraquinones, containing the (-hydroxyl 
group and an unsubstituted 8-position adjacent thereto, could be 
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thus iodinated, they would be available for the production of 
hydroxy-2 : 2’-dianthraquinonyls by the Ullmann reaction. With 
this object the behaviour of alizarin and anthra- and flavo-purpurins 
towards iodine in these circumstances was studied, with negative 


co co co 
‘oH, HO OH \_ On 
C i co O OH 
(I.) (II.) (III.) 


results, and such a failure, at least in the case of the last two com- 
pounds, which can be regarded respectively as 2: 7: 8- and 2:5: 6- 
trihydroxyanthraquinone (compare 2-hydroxyanthraquinone) was 
remarkable. As the result of a long series of experiments, in addi- 
tion to 2-hydroxyanthraquinone, 2 : 7-dihydroxyanthraquinone 
proved to be the only other reactive member of this group; and 
this, which is less readily attacked than the 2-hydroxy-compound, 
yields, curiously enough, only the 3-iodo-derivative (II). The very 
similar 2 : 6-dihydroxyanthraquinone (anthraflavic acid) could not 
be thus iodinated. 

The reaction in the case of alizarin appears to be inhibited by 
the presence of the 1-hydroxyl group, for a pyridine solution of 
alizarin 1-methyl ether gave with iodine a quantitative yield of the 
3-iodo-compound. Demethylation with haloid acid at 140° gave 
3-iodoalizarin (III), and that the iodine was not simultaneously 
eliminated is a proof that it occupies the position indicated. 3-lodo- 
alizarin closely resembles alizarin, not only in appearance, but in 
its general reactions. Like 3-bromoalizarin, it dyes shades which 
are analogous to, but possess a slightly more yellow tone than, those 
which are given by alizarin itself. 

Though this method is effective for the iodination of alizarin 
l-methyl ether, it does not appear to have general application, 
because, from the analogous anthrapurpurin 1 : 7-dimethyl ether 
(Perkin and Storey, J., 1928, 229), an iodo-compound could not 
be obtained. 

By the gentle action of alkali on 1 : 3-dibromo-2-hydroxyanthra- 
quinone, Hardacre and Perkin (loc. cit.) obtained 3-bromoalizarin, 
and it appears probable that if 1-bromo-3-iodo-2-hydroxyanthra- 
quinone could be prepared, in similar circumstances it would yield 
3-iodoalizarin. However, when 1-bromo-2-hydroxyanthraquinone 
is gently iodinated in pyridine solution the sole product is 3-iodo- 
2-hydroxyanthraquinone, and this elimination of the bromine 
atom, it might be inferred, is to be ascribed to the reducing action 
of the hydriodic acid which is simultaneously produced. If, how- 
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ever, 1l-bromo-2-hydroxyanthraquinone is treated in pyridine 
solution with much iodine, there is obtained, in addition to 3-iodo-2- 
hydroxyanthraquinone, a small amount of a sparingly soluble 
compound which crystallises in red prismatic needles. As this in 
acetic acid solution is very readily reduced by zinc dust or sodium 
bisulphite to 3-iodo-2-hydroxyanthraquinone, it seems likely that 
it is a peroxide and contains the group CI-C-O-O-C-CI. The analyti- 
cal figures given by this red substance, however, are not in harmony 
with so simple a view of its structure, and though, curiously enough, 
it so readily passes into 3-iodo-2-hydroxyanthraquinone, it is not 
reproduced from the latter by the action of iodine. When sufficient 
material is available, the further examination of this compound 
will be undertaken. 


EXPERIMENTAL. 


3-Iodoalizarin 1-Methyl Ether—To alizarin 1-methyl ether (pre- 
pared from 2-benzoylalizarin and diazomethane; Perkin and 
Storey, loc. cit.) (0-5 g.) in warm pyridine (7 c.c.), iodine (1-1 g.) 
was added, the mixture boiled for 2 minutes and poured after a 
short time into acidified sodium bisulphite solution. The yellow 
product (0-7 g.; cale., 0-75 g.) crystallised from acetone in yellow 
plates, m. p. 285—237°. It dissolved in sulphuric acid with a brown- 
ish red colour, and evolved iodine when strongly heated. 

3-Iodoalizarin.—The methy] ether (0-1 g.), suspended in a mixture 
of acetic acid (2 c.c.) and hydrobromic acid (3 c.c.), was heated at 
140° for 2 hours. The crystalline product was acetylated, and 
the acetyl 3-iodoalizarin isolated as yellow needles, m. p. 205—207° 
after recrystallisation from alcohol (Found: C, 47-9; H, 2-4. 
C,,H,,0,1 requires C, 48-0; H, 2-4%). The acetyl compound, 
by hydrolysis with hydrochloric acid in the presence of acetic acid, 
gave orange-red needles of 3-iodoalizarin, which became more 
scarlet after recrystallisation from m-xylene and melted at 227— 
229° (Found: C, 46-3; H, 2-0. C,,H,O,I requires C, 46-0; H, 
1-9%). It dissolves in sulphuric acid with a dull orange-red colour, 
very similar to that given by 3-bromoalizarin, whereas alizarin 
thus gives a deep maroon-coloured liquid. In dilute potassium 
carbonate it is soluble with a violet-blue tint, slightly bluer than 
that given by both alizarin and 3-bromoalizarin in similar circum- 
stances, but on the other hand it is deposited from its hot alkali 
solution by acid as a yellow precipitate, that yielded by alizarin 
being orange-coloured. 

Comparative dyeing experiments, carried out with alizarin and 
3-iodoalizarin on woollen cloth mordanted with chromium, alum- 
inium, tin, and iron, showed that except in the case of the iron 
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mordant, iodoalizarin dyes more yellow shades than alizarin. These, 
however, are hardly so yellow as those given by 3-bromoalizarin. 


Cr. Al. Sn. Fe. 
Alizarin Deep maroon Red Red-orange Purple-black 
Iodoalizarin Red maroon Scarlet Orange Deep black 


3-Iodo-2 : 7-dihydroxyanthraquinone.—A solution of isoanthra- 
flavic acid (1 g.) and iodine (1-5 g.) in pyridine (7 ¢.c.) was boiled 
for 30 minutes. The mixture, poured into acidified sodium bi- 
sulphite, gave 1-35 g. of product (cale., 1-52 g.), indicating that 
reaction was hardly complete. This was acetylated, and the acetyl 
compound repeatedly crystallised from benzene until the melting 
point was constant (filtrate A) (Found : C, 48-3; H, 2-5. C,gH,,O,l 
requires C, 48-0; H, 2-4%). The almost colourless prisms melted 
at 218—221° and dissolved in sulphuric acid with a deep red colour. 

Hydrolysis of the acetyl compound with hydrochloric acid in 
the presence of acetic acid gave orange-yellow needles of 3-iodoiso- 
anthraflavic acid (somewhat redder in tone than those of isoanthra- 
flavic acid regenerated from its acetyl derivative), which became 
darker in colour at about 300° and melted at 305—307° to a black 
liquid (Found : C, 46-5; H, 1-9. C,,H,O,I requires C, 46-0; H, 1-9%). 

Filtrate A, by evaporation, gave pale yellow needles, the more 
soluble fraction of which, after recrystallisation from alcohol- 
benzene and acetic acid, melted at 195—205°. As destructive 
distillation gave but a trace of iodine, this product evidently con- 
sisted, at least in the main, of acetylisoanthraflavic acid. 

Iodination of 1-Bromo-2-hydroxyanthraquinone.—To 1-bromo-2- 
hydroxyanthraquinone (0-6 g.) in pyridine (7 c.c.), iodine (1-5 g.) 
was added, and the solution boiled for 15 minutes. The dull red 
product was isolated in the usual manner and acetylated, and the 
crude acetyl derivative extracted with much boiling benzene, a 
trace of a black impurity remaining undissolved. The concentrated 
extract deposited crystals and these, after recrystallisation from 
the same solvent, consisted of yellow prismatic needles, m. p. 225— 
228° (Found: C, 49-0; H, 2-4. Cale. for C,gH,O,1: C, 49-0; 
H, 2-3%). Hydrolysis gave fine yellow needles, m. p. 278—280°, 
evidently consisting of 3-iodo-2-hydroxyanthraquinone (Found : 
C, 48-1; H, 1-9. Cale. for C,,H,0,I: C, 48-0; H, 2-0%). 

A solution of 1-bromo-2-hydroxyanthraquinone (0-6 g.) in pyridine 
(7 c.c.) was treated with iodine (1-5 g.), and the mixture boiled 
for 15 minutes. The deposit which separated on cooling was col- 
lected, washed with alcohol, and treated with boiling acetic anhydride 
and a trace of pyridine. The reddish-brown product was repeatedly 
extracted with acetone (residue B), the extract concentrated, and 
the dull yellow needles obtained, which were contaminated with 
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red specks evidently of B, again extracted with acetone; the 
crystals, m. p. 225—227°, consisted of 3-iodo-2-acetoxyanthra- 
quinone. The residue B was recrystallised twice from acetic acid 
and obtained in red prismatic needles which melted at 289—290° 
to a black liquid, and appeared to contain acetic acid of crystallisation, 
two different samples heated at 160° losing respectively 14 and 
12-4% by weight (Found in material dried at 100°; C, 51-8; H, 
3-0%. Found in material dried at 160°: C, 52-8, 52-9; H, 2-4, 
2-45; I, 35-9%). The compound dissolves in sulphuric acid with 
a yellow colour, is insoluble in hot sodium hydroxide solution, and 
does not contain an acetyl group in that it is unaffected by treat- 
ment with hydrochloric acid in the presence of boiling acetic acid. 
A hot solution in acetic acid becomes immediately pale yellow on 
addition of a trace of zinc dust or sodium bisulphite, and from the 
liquid water precipitates yellow flocks of 3-iodo-2-hydroxyanthra- 
quinone, identified by means of the acetyl compound, m. p. 225— 
227°. 
CLOTHWORKERS’ RESEARCH LABORATORY, 
THE UNIVERsitTy, LEEDs. [Received, September 1st, 1931.] 





CCCLXV.—The Yellow Colouring Matter of Khapli 
Wheat, Triticum Dicoccum. 
By Joun AnsEL ANDERSON and ARTHUR GEORGE PERKIN. 


As part of a series of investigations on the nature of rust in wheat, 
which are being carried out under the direction of the National 
Council of Canada, the organic constituents of a resistant variety, 
“ Khapli,” are being examined in the hope that amongst them a 
substance toxic to the fungus will be detected. For reasons which 
have been given by Newton and Anderson (Canad. J. Res., 1929, 
1, 86), attention is being directed, in the first place, to the presence 
in this plant of compounds possessing a phenolic character. From 
admixture with these a flavone-like colouring matter, present in 
trifling amount, has been isolated, a description of which forms 
the subject of this paper. 

When an alcoholic solution of the leaves is evaporated, the 
residue exhaustively extracted with ether, and the extract con- 
centrated, a trace of yellow dye can be isolated with difficulty by 
means of benzene. The yield from 68 lb. of dried leaf was 1-3 g., 
and the total amount available for investigation about 3 g.  T'ricin 
(the name suggested for this new colouring matter) has the formula 
C,;H,0;(O°CH;), (Found: C, 61-7; H, 4-4; CH,, 9-3. C,,H,,0, 
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requires C, 61-8; H, 4:3; CH;, 9:1%). It separates from dilute 
alcohol in pale yellow needles, m. p. 288°, soluble in dilute alkali 
solution with a yellow tint. In alcoholic solution it gives a red- 
brown colour with ferric chloride and a yellow precipitate with 
lead acetate; an oxonium sulphate separates as bright orange 
needles when tricin in hot acetic acid is treated with sulphuric 
acid. ‘Tricin dyes a pale yellow colour on aluminium-, pale brown 
on iron-, and a deep green-yellow on chromium-mordanted wool. 
Gentle acetylation gives diacetyl tricin, pale yellow needles, m. p. 
211—213° (Found : C, 60-7; H, 4-4; CH;, 7-4. C,,H,,0, requires 
C, 60-9; H, 4-4; CH, 7:3%), which, by further treatment, yields 
triacetyl tricin, colourless needles, m. p. 251—254° (Found: C, 
60-5; H, 4:5; CH, 6-8. C,3H 90, requires C, 60-5; H, 4-4; 
CHg, 6-6%). 

Demethylation of tricin with hydriodic acid gives tricetin (Found : 
C, 59-2; H, 3-4. C,;H,,0, requires C, 59-6; H, 3-3%), which 
erystallises from alcohol in pale yellow needles, and decomposes 
slowly when heated above 330°. Its colour reactions are of a 
similar character to those of tricin, though it dyes much more 
strongly than the latter, the shades obtained resembling those 
given by kaempferol. Tetra-acetyl tricetin (Found: C, 59-5; H, 
4-0. C,,H,,0,, requires C, 58-7; H, 3-8%), colourless needles, 
m. p. 260—261°, passes by further acetylation into penta-acetyl 
tricetin, colourless needles, m. p. 244° (Found: C, 58-6; H, 4-1. 
C,;H90,. requires C, 58-6; H, 3-9%). Hydrolysis with boiling 
hydriodic acid gave 60-1% of tricetin (cale., 59%). 

Fusion of tricetin, of which but a trace was available, with 
potassium hydroxide at 200° gave two products ; one was, without 
doubt, phloroglucinol, and the other was an acid resembling gallic 
acid in its general properties. Such a result indicated that tricetin 
was 5:7:3’: 4’: 5’-pentahydroxyflavone, though its colour reac- 
tions, notably those with alkali (compare myricetin, 3 : 5:7: 3’: 4’: 5’- 
hexahydroxyflavonol), hardly harmonised with this view. A syn- 
thesis of this 5: 7: 3’: 4’ : 5’-pentahydroxy-compound, a detailed 
account of which will be given in a later communication, has afforded 
proof that this is not tricetin. The possibility that tricetin is a 
pentahydroxyisoflavone is under consideration, and further experi- 
ments are in progress in the hope of synthesising this compound. 


The investigation has been supported by the National Research 
Council of Canada. 


CLOTHWORKERS’ RESEARCH LABORATORY, UNIVERSITY OF LEEDS. 
UNIVERSITY OF ALBERTA. [Received, September 1st, 1931.] 
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CCCLXVI.—The Effect of a 2-p-Toluenesulphonyl 
Group on the Reactivity of the Halogen Atom of a 
Glucosidyl Halide. 


By THe~tMa MurieEt REYNOLDS. 


By the action of p-toluenesulphonyl chloride and pyridine on 
3: 4: 6-triacetyl 6-glucosidyl chloride (I) (Brigl, Z. physiol. Chem.., 
1921, 116, 1) the author has obtained a glucosidyl chloride having 
the structure 2-p-toluenesulphonyl 3:4: 6-triacetyl «-glucosidyl 
chloride (II). Its properties showed it to be a glucosidyl chloride 
and not a pyridinium salt, as might have been anticipated in view 


CHC! CHCl (-CH-OMe 
| CH-OH L H-0-SO,°C;H, | CH-0-S0,°C;H, 


)CH-OAc —> | CH-OAc CH-OAc 
i — — 

OH CH 'H 
CH,-OAc CH,OAc CH,-OAc 
(I.) (II.) (III.) 


of the formation of tetra-acetylglucosidopyridinium bromide from 
acetobromoglucose (Fischer and Raske, Ber., 1910, 43, 1750), and 
the behaviour of 3: 4: 6-triacetyl §-glucosidyl chloride towards 
trimethylamine (Micheel, Ber., 1930, 63, 386). 

2-p-Toluenesulphony] 3 : 4 : 6-triacetyl glucosidyl chloride differs 
from previously described glucosidy] halides, including 3-p-toluene- 
sulphonyl triacetyl glucosidyl bromide (Freudenberg and Ivers, 
Ber., 1922, 55, 929), by virtue of the comparative inactivity of 
the chlorine atom. The rotation of a methyl-alcoholic solution 
remained almost constant for 14 days at 20—24°, and the compound 
was recovered unchanged after treatment similar to that which 
transformed the 3-p-toluenesulphonyl compound into the corres- 
ponding methylglucoside, namely, shaking a cold methyl-alcoholic 
solution of the substance with silver carbonate or silver oxide. It 
reacted, however, with methyl alcohol at higher temperatures, 
and the prolonged action of silver nitrate and pyridine in boiling 
methyl alcohol (Schlubach and Schréter, Ber., 1928, 61, 1216; 
Hickinbottom, J., 1929, 1676) yielded 2-p-toluenesulphonyl 3 : 4 : 6- 
triacetyl methylglucoside (III). 

2-p-Toluenesulphonyl 3 : 4 : 6-triacetyl glucosidyl chloride was 
equally stable in the presence of pyridine in the cold, but it formed 
a pyridinium chloride at higher temperatures. In addition, all 
efforts to prepare the corresponding benzyl-, phenyl-, or nitropheny!- 
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glucoside, or to replace the chlorine atom by iodine, resulted in the 
recovery of the unchanged initial material. 

The high specific rotation (+ 134-8°) of this substance and the 
direction of the change in rotation caused by glucoside formation 
([a]iy + 131-4° —» [a]? + 31-8°) indicated that it was an «- 
glucosidyl chloride. The rotation of an «-glucosidyl halide in a 
hydroxylic solvent falls steadily, whereas that of a $-glucosidy]l 
halide rises to a maximum and then falls slowly to an equilibrium 
value (Schlubach, Stadler, and Wolf, Ber., 1928, 61, 287; Hickin- 
bottom, Joc. cit.). It has now been found that similar behaviour 
is displayed by «- and 8-glucosidy] halides when dissolved in pyridine 
and, in this connexion, it may be noticed that 2-trichloroacetyl 
3:4: 6-triacetyl $-glucosidyl chloride *(Brigl, loc. cit.) reacts with 
pyridine, forming a quaternary salt, although it does not react 
with trimethylamine (Micheel, loc. cit.). The mutarotation of 
2-p-toluenesulphonyl 3 : 4: 6-triacetyl «-glucosidyl chloride was 
followed in solution in pyridine at 100° and in boiling methyl alcohol, 
the reaction being very slow at lower temperatures. Under these 
somewhat drastic conditions the pyridine solution darkened slowly 
and the rapid fall in rotatory power appeared to indicate that some 
hydrolysis occurred in the methyl-alcoholic solution. It was obvious, 
however, that the substance was an «-glucosidy] chloride. 


EXPERIMENTAL. 

All the solvents used were pure and dry. The specific rotations 
employed in plotting mutarotation curves were calculated from 
the weight of glucosidy] halide initially present in the solution. 

2-p-Toluenesulphonyl 3 : 4: 6-Triacetyl «-Glucosidyl Chloride (I1).— 
(1) A solution of p-toluenesulphonyl chloride (7-8 g.) and pyridine 
(10 c.c.) in chloroform (15 c.c.) was added to a suspension of 3 : 4 : 6- 
triacetyl @-glucosidyl chloride (12-5 g.) in chloroform (50 c.c.). 
After 48 hours, the solution was washed successively with dilute 
sulphuric acid (5%), potassium bicarbonate solution (3%), and 
water and dried over sodium sulphate, the chloroform removed, 
and the residue macerated with ether; the solid obtained crystal- 
lised from carbon tetrachloride in colourless platelets, m. p. 121— 
122°. Yield, 9-8 g. or 53% of the theoretical. 

(2) 3:4:6-Triacetyl 6-glucosidyl chloride (5 g.) was warmed 
gently with p-toluenesulphony] chloride (3 g.) and pyridine (1-6 
c.c.). After a few minutes a jelly-like mass was formed which 
solidified on standing and, after 24 hours, was ground with water. 
The product was washed with water, dried, and recrystallised. 
Yield, 3-3 g. or 45% of the theoretical. 

A specimen which had been recrystallised three times from carbon 
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tetrachloride had m. p. 122—123°, and [«]}f* + 134-8° in chloro- 
form (c = 1-618) (Found: OC, 47-6; H, 49; Cl, 7:5; 8, 66. 
C19H,30,9CIS requires C, 47-6; H, 4:8; Cl, 7-4; 8, 6-7%). After 
being kept for 8 months in a corked tube, it had m. p. 116—118°, 
and [«]f + 132-7° in chloroform (c = 1-628). 

The substance was insoluble in light petroleum, almost insoluble 
in water and ether, and difficultly soluble in methyl and ethy] alcohols 
and cold carbon tetrachloride, but readily soluble in chloroform, 
benzene, ethyl acetate, acetone, and hot carbon tetrachloride. 
After boiling for a few minutes, an aqueous solution was acid to 
litmus, reduced Fehling’s solution, and gave a precipitate of silver 
chloride with silver nitrate solution. A solution in pyridine slowly 
darkened at 100° and, after’3 hours, the addition of ether yielded 
an amorphous precipitate which became syrupy in air. This syrup 
probably consisted essentially of a pyridinium chloride, since it 
was readily soluble in cold water, giving a neutral solution which 
yielded an immediate precipitate of silver chloride with silver 
nitrate solution and did not reduce Fehling’s solution. 

The reaction between 3:4: 6-triacetyl §-glucosidyl chloride 
(0-3024. g.), p-toluenesulphonyl chloride (0-178 g.), and pyridine 
(0-25 c.c.) in chloroform (to 20 c.c.) was followed polarimetrically, 
giving the following results : 


Time (hours) —_ 1-0 297 19-0 22-92 24-95 27-67 29-99 
[oJ 106° 16-9 129-79 :144-9° 148-19 150-12 149-6° 
Time (hours) 41-76 45:98 66-66, 78-71 139-79 176-52 
[avs 4 145-1° 142-9° 134-29 127-2 106-1 983° 


Mutarotation of 3 : 4 : 6-Triacetyl 8-Glucosidyl Chloride in Pyridine. 
—The following results were obtained (J = 1, c = 1-518) : 


Time (hours) 0-08 0-95 2-88 3-88 4-55 5-42 6-37 
[a}ie-is" + 17-3° 45-5° 108:8° 125-3° 129-2° 134:0° 131-7° 
Time (hours) 8-0 10-45 =22+5 46-5 
Se css +129-2° 122-0° 85-7° 56-0° 


The mutarotation of 3 : 4 : 6-triacetyl 8-glucosidy] chloride (0-3024 
g.) in the presence of pyridine (0-25 ¢.c.) in chloroform (to 20 c.c.) 
was also observed (/ = 2) : 


Time (hours) ......... 0-79 30 18:95 22-8 26-39 29-74 
SE  seaseansaninis + 215° 28-8° 130-3° 149-9° 159-5° 162-8° 
Time (hours) ......... 41-49 66:29 78-36 139-42 176-22 
SO srenssnspenees +164-0° 153-0° 149-2° 132-12 123-8° 


Mutarotation of 2-Trichloroacetyl 3:4 :6-Triacetyl ®-Glucosidyl 
Chloride in Pyridine.—The following results were obtained for 
l= 0-5, c = 1-526: 
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Time (hours) ......... 0-08 0-78 3-42 4-58 5-62 7-0 
[are oseqeoobopsnces — 105° —6-6° +30-1° 70-8° 80-0° 100-9° 


Time (hours) ......... 8-05 10-55 22-55 26-55 29-85 46-18 
[a] Rte ncceeseescnces +110-0° 115-1° 118-6° 111-6° 104-8° 81-4° 
The addition of ether to this solution then yielded an amorphous 
precipitate which had the properties of a pyridinium chloride. 

Mutarotation of «'-Acetobromoglucose in Pyridine.—The following 
results were obtained for 7 = 1, c = 2-42: 
Time (hours) .............+ 0-07 0-65 5-0 7:3 10-1 
gl ABR e M RE +202-2° 193-12 144-3° 115-0° 715° 
After 22 hours the solution was too dark in colour to permit further 
readings to be obtained. 

Mutarotation of 2-p-Toluenesulphonyl3 : 4 : 6-Triacetyl «-Glucosidyl 
Chloride.—(a) In pyridine. The following results were obtained : 

(1) 7=1, c= 1-564. [a] + 136-8°, remained constant for 
5 days. 

(2) 1=0-5, c= 1-558. [a] + 134-9°, remained constant for 
24 hours. 

(3) The solution was immersed in a boiling water-bath, samples 
being withdrawn at intervals for observation (c = 1-530) : 


TUE CROUID) ccs vicccsacccicvccsss -— 1 2 3 
EDD: dscbbntesssskewdcsenaseotnsesanes +134-1° 128-1° 120-2° 113-7° 
E copcsopebinasr onsen nqunquasesinangens ] 1 0-5 0-5 


The solution darkened slowly and after 4 hours it was impossible 
to obtain accurate readings. 

(b) In methyl alcohol. The following results were obtained : 

(1) J = 2,c = 1-008. 


Time (days) .......+. ead 63 120 133° 592 73 
[a] A. eceeeeveeeere +130-0° 127-1° 125-6° 125-6° 59-6° 58-7° 
(2) 1=1, c=1-492. [a]§ + 129-9°, remained constant for 


24 hours. 
(3) The solution was heated under reflux, samples being with- 
drawn at intervals for observation (J = 1, c = 1-542): 


5 9-0 11-0 


Time (hours) ......... — 1 3°25 4 : 11-0 
59-6° 20-2° 


IR acesctpssscesspeopeces +132-0° 132:0° 121-1° 10 
(4) A methyl-alcoholic solution of (II) whose rotation ([«]j 
+ 131-4°, 1 = 1, c = 1-256) had remained constant for 4 days was 
refluxed for 34 hours with the equivalent quantities of silver nitrate 
and pyridine, also dissolved in methyl alcohol. The filtered solution, 
which was made up to 20 e.c. with methyl alcohol, gave [«]j;° 
+ 31-8° (J = 2). The reaction was then complete. 
2-p-Toluenesulphonyl 3 : 4 : 6-Triacetyl B-Methylglucoside (I11).— 
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2-y-Toluenesulphonyl 3 : 4 : 6-triacetyl «-glucosidyl chloride (5 g.) 
was dissolved in warm methyl alcohol (100 c.c.) and mixed with 
silver nitrate (1-8 g.) and pyridine (0-85 c.c.) in methyl alcohol 
(100 ¢.c.). The precipitation of silver chloride commenced im- 
mediately and was complete after 8 hours’ refluxing. The solution 
was filtered with the addition of a little charcoal and concentrated 
to about 30 ¢.c. The glucoside crystallised in white needles, m. p. 
156—157°. Yield, 3 g. or 60% of the theoretical. After two 
recrystallisations from alcohol a specimen had m. p. 157—157-5°, 
and [«}* + 3-4° in chloroform (c = 2-015) (Found: C, 50-6; 
H, 5-7. CygH,,0,,8 requires C, 50-6; H, 55%). 

The author wishes gratefully to acknowledge her indebtedness 
to Professor J. C. Earl for the interest which he has taken in the 
work. 


UNIVERSITY OF SYDNEY. [Received, July 25th, 1931.] 





CCCLXVII.—The Absorption Spectra of Phenanthri- 
pyridine Alkaloids. 
By ANDRE GIRARDET. 


THE investigation of the phenanthripyridine alkaloids pukateine, 
laureline, and laurepukine (Helv. Chim. Acta, 1931, 14, 481) sug- 
gested a comparison of their ultra-violet absorption spectra with 
those of substances having the same nucleus, and the possibility of 
thus determining the relative positions of common natural sub- 
stituents (OH, OMe, O,CH,). The method would have a con- 
siderable advantage over any other yet known in requiring only a 
minute quantity of the alkaloids. 

The following alkaloids have been examined: pukateine and 
laureline, which may be considered as epiisothebaine and epi- 
morphothebaine, if the three types of auxochrome mentioned above 
are regarded as equivalent; laurepukine, which was found to be 
either epi- or iso-bulbocapnine ; dicentrine and its epi- or tso-form, 
domesticine, as well as glaucine, isothebaine, morphothebaine, 
bulbocapnine, apomorphine, its epi-form, and aporphine. Further, 
their spectra have been compared with those of morphine and 
thebaine, relatively closely related, and of corydaline, belonging to a 
very different class of compound. 

All the substances examined were analytically pure; their 
absorption spectra did not vary after repeated crystallisations. 

Kitasato has placed on record (Acta Phytochimica, Vol. III, No. 2) 
practically the whole of our knowledge of this type of compound 
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(apomorphine, bulbocapnine, dicentrine, and domesticine). He 
deduced very simple laws showing the relationship between these 
derivatives, although his experimental data were so scanty—data 
which the author is now able to extend. 

The technique employed was similar to that of Steiner (Bull. Soc. 
Chim. biol., 1924, 251) and Kitasato, a Baly tube being used, and a 
Bellingham and Stanley spectrograph giving a spectrum of 120 mm. 
from 44240 to 42340. The iron are enabled the results to be 
directly compared with those of Kitasato. The method is not strictly 
ae but careful study of many photographs has led to 


OHMa| cy SN y “ead \\NMe \ A JNMe 
f™ * "2 DTA \4 


. ee ¢ 
on OMel CY ( ‘ 
\ 7 \/ \F 


(I.) (IT.) (III.) 


R, 
Rf OO OMe/ ‘i 
s\ 4 NMe ON JN 
(IV—XVI.) | ? Me | (XVITI.) 
Ra \ 4 \\oMe 
NY \ jr 
Vo 


= OH. V,R;=R,=OMe. VI, R; = OMe; R,=R, 
;=R,;= OMe; R,y=OH. VIII, R, = OH; R,+R, 
0,CH,. IX, R, = OH; R, + R,=0,CH,. X, R,= R,= OMe; Rg 
R, = 0,CH,. XI, R; + R,=0,CH,; R,; = R,=OH. XII, R,=R, 
OH; R, + R,=0,CH,. XIII, R, = R, = R, = R,= OMe. XIV, Rs 
R,; =OMe; R,+R,=0,CH,. XV, R,+R,=0,CH,; R,=R, 
OMe. XVI, R, = R; = OMe; R, + R; = O,CH,. 


I I +i il 


comparative results which are trustworthy and appear to justify the 
deductions made below. 

The time of exposure was 1 minute on Wellington anti-screen 
plates. It was found unnecessary to investigate solutions more 
concentrated than N/10,000 in 98% alcohol. 

The positions of the maxima and minima of Kitasato’s curves 
have been confirmed, but the author’s bands are more distinct than 
his. 

The identity of the absorptions of the active (d-) and of the 
racemic form of bulbocapnine (Dobbie, J., 1903, 83, 631; Kitasato, 
Acta Phytochimica, loc. cit., p. 241) has been confirmed. 
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Contrary to the statement of Dobbie (loc. cit.) that there is no 
difference between the absorptions of corybulbine and its methyl 
ether, the author finds that the phenolic hydroxyl has always a 
slight hypsochromic influence compared with methoxyl (Fig. 4). 

Steiner (loc. cit., p. 251) found no difference in absorption between 
morphine and berberine alkaloids and their respective hydro- 
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chlorides. The fusion of three absorption bands of papaverine into 
one by its transformation into the salt induced him to assign a 
determining importance to the isoquinoline nucleus in that particular 
compound. The author has always found a minute hyperchromic 
effect as the result of the conversion into the salt. The effect is, 
however, much larger for apomorphine with no substituents in the 
upper benzene ring. The presence of any auxochromes in the 180- 
quinoline nucleus may therefore be considered as inhibiting practic- 
ally all the effect due to the nitrogen being tertiary or quinquevalent. 
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As the curves do not bring out very clearly the exact values, the 
frequencies for the maxima and minima are given below. 


I Morphine 3485 3770 
II Thebaine 3515 3970 
III Aporphine hydrochloride 3640 4150 
IV Apomorphine 3150 3360 3610 3985 

Apomorphine hydrochloride 3150 3360 3610 4025 
V Epiapomorphine dimethyl ether 3150 3360 3720 3990 
VI Morphothebaine hydrochloride 3220 3500 3720 3985 
VII isoT hebaine 3720 3985 
Vill Pukateine 3240 3520 3745 3970 

Pukateine methyl ether 3240 3520 3730 3965 
IX Laureline 3220 3500 3710 3940 
xX Bulbocapnine methyl ether 3210 3350 3710 3970 
XI or XII Laurepukine 3220 3535 3750 3930 

Laurepukine dimethyl ether 3260 3540 3710 3970 
XIII Glaucine 3250 3380 3540 3935 
XIV Dicentrine 3200 3380 3540 3900 
XV or XVI Domesticine methyl ether 3200 3380 3540 3900 
XVII Corydaline 3570 3960 


Morphine (I) with only four double bonds has an absorption (Fig. 1) 
more hypsochromic than thebaine (II) with five double bonds. The 
introduction of a sixth, in aporphine (III), has a similar effect, 
further increased by the change in fixation of the nitrogen ring and 
the loss of all auxochromes. At the same time, there is a marked 
hyperchromic effect in the last two cases. 

Aporphine has only one absorption band; the presence of two 
auxochromes in positions 3 and 4 or 5 and 6 produces a second one, 
very shallow and hypochromic, at the frequency 3200 or there- 
abouts. At the same time, the aporphine minimum is narrowed by 
165 A. Substitution in positions 3 and 4 (apomorphine, IV) does 
not change the aporphine maximum appreciably, but substitution 
in positions 5 and 6 (epiapomorphine, V) narrows it by 80 A. 

Bulbocapnine methyl ether (Fig. 2) has the same absorption 
maximum at the frequency 3720 as epiapomorphine ; its first band, 
however, is hypochromic and more accentuated than that of the 
latter. 

Formula (XI) for laurepukine accords with Kitasato’s observation 
(loc. cit., p. 237) that a change from a methylenedioxy-group to two 
vicinal methoxyls has a hypsochromic influence equivalent to 50 A. 
This, however, only affects the first band. 

Corydaline (XVII), which possesses a nucleus quite different from 
that of the phenanthripyridines, has an absorption spectrum not 
to be mistaken. 

Dicentrine (XIV) (Fig. 3) differs from glaucine (XIII) in having a 
methylenedioxy-group instead of two methoxyls; the deviation is 
50 A. The second maxima coincide, but the second minimum of 
glaucine is moved towards the ultra-violet by 35 A and is strongly 
hypochromic. 
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The first half of the curve of domesticine (XV or XVI) is identical 
with that of dicentrine, but the other part is hypochromic. The 
replacement of a methylenedioxy-group by two methoxyls is without 
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effect (contrast bulbocapnine—laurepukine). This is not conclusive 
evidence for formula (XV), which Kitasato informs the author he 
now favours, and formula (XVI) must still receive consideration. 
A decision cannot, however, be made on these lines, as the absorption 
spectrum of a phenanthripyridine substituted in positions 6 and 7 is 
not available for comparison. 

The second maxima of the ethers of laurepukine and pukateine 
(VIII) (Fig. 4) are slightly bathochromic, compared with those of 
the non-methylated natural substances. Apart from this small 
difference, the curves for pukateine and its ether are very similar ; 
but those for laurepukine and its ether are different. This is 
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evidence in favour of the betaine structure for the phenolic com- 
pound (Helv. Chim. Acta, 1931, 14, 481). 

The comparison of these ethers shows the great similarity of the 
effects produced by substitution in position 4 only and in positions 
3and 4. It also appears that this type of substitution inhibits the 
hypsochromic effect inherent in the change from a methylenedioxy- 
group to two methoxyls. 

Morphothebaine (VI) has its first curve displaced towards the 
visible end of the spectrum to the extent of 40 A, compared with 
laurepukine dimethyl ether; its second curve is widened by 15 A. 
both at its maximum and at its minimum (effect of substitution in 
position 6 compared with positions 5 and 6). Such substitution does 
not modify the second band of epiapomorphine. 
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Substitution in positions 3, 4, and 5 (isothebaine; VII) (Fig. 5) 
produces the same second band (shallow) as substitution in positions 
5 and 6 alone or in 3, 4, and 6, but prevents the formation of the 
first band; it strikes a mean between the absorption of aporphine 
and epiapomorphine. Substitution in positions 3, 5, and 6 
(laureline; IX) instead of 3, 4, 5, and 6 narrows the second band 
minimum by 30 A; the first minimum is very hypochromic. The 
first maximum and the second minimum of laureline practically 
coincide with those of glaucine, dicentrine and domesticine (com- 
pare Fig. 3), but its first band is wider and the second narrower. 
Laureline is therefore more nearly related to the compounds sub- 
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stituted in positions 3, 4, 5, and 6 than to those substituted ing 


positions 2, 3, 5, and 6. 

As regards the hyperchromic influence of substituents on the first 
band, two of them, either in positions 3 and 4 or in 5 and 6, produce 
the same small effect, but substitution in positions 3, 4, 5, and 6 
increases it considerably; the effect is greater in the case of sub- 
stitution in positions 3, 4, and 6 and still more so with substituents 
in positions 2, 3, 5, and 6. 


The author wishes to express his thanks to Dr. R. D. Haworth of 
Newcastle for sending him a sample of epiapomorphine dimethyl 
ether and of bulbocapnine methyl ether, to Prof. K. Brand for a 
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sample of isothebaine from Gadamer’s collection, to Prof. Z. 
Kitasato for a sample of domesticine methyl ether, and to Mr. E. 
Schlittler who synthesised some aporphine for him. He is also 
indebted to Prof. J. Kendall for the use of the spectroscope, to 
Dr. E. B. Ludlam for valuable advice and criticism, to the Moray 
Fund of this University for a grant towards the cost of the 
apparatus, and to the Ramsay Memorial Trustees for a Swiss 
Fellowship. 


DEPARTMENTS OF CHEMISTRY AND MEDICAL CHEMISTRY, 
THE UNIVERSITY, EDINBURGH. [ Received, May 5th, 1931.] 





CCCLXVIII.—T risulphonylmethanes. 


By Davin T. Grsson. 


In his presidential address to the Chemical Society (J., 1913, 103, 
724), Frankland raised the interesting question whether “ optical 
activity can be preserved in the case of an asymmetric system 
becoming ionised at the central atom’’ (compare Kenyon and 
Phillips, Trans. Faraday Soc., 1930, 458; Kuhn and Albrecht, 
Ber., 1927, 60, 1297; Shriner and Young, J. Amer. Chem. Soc., 
1930, 52, 3332). Accordingly, as some of the trisulphonylmethanes 
(V) are comparable in strength with monochloroacetic acid, it 
seemed worth while attempting the resolution of one suitably 
asymmetrically constituted. 

The preparation of such test compounds has been rendered 
possible by the discovery that the process devised by Brooker and 
Smiles (J., 1926, 1723) can be extended to compounds containing 
‘SO,°CH,°CO,Et, -SO,°CH,°CO-CH,, and -SO,°CH,°SO,° groups; and 
that alkylthiol groups can also be introduced into the reactive 
methylene, illustrating, incidentally, the similarity between thiol- 
sulphonic alkyl esters and aromatic disulphoxides (J., 1924, 125, 
176; 1925, 127, 224, 1821). Further, it is often possible to use 
solid sodium carbonate instead of sodium ethoxide as condensing 
agent. In introducing an alkylthiol group into a sulphonylacetone, 
R-SO,°CH,°CO-CHg, it is advisable to use a thiolsulphonic ester, 
R-SO,"SAlkyl, derived from the same sulphinic acid, as evidence 
of a partial exchange of R-SO, groups was once obtained. 


X-SO 


X-$0,-CH-CO-CH, X-SO 
¥ ° ys>CH: ¥-80,7 He 
(I.) (II.) (III.) 
ek X-SOn ,-H 
VY) ¥.g0,><so,z ¥80,-“<sz °Y") 
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The acetyl or ester group can be readily hydrolysed, and the 
resulting sulphide-sulphone (II) oxidised to a mixed disulphone 
of type (III). The disulphones (III) were first obtained more directly 
by Posner’s method (Ber., 1903, 36, 200) with the important im- 
provement of fractionating the disulphide mixture before oxidising 
it. Thus a good yield of pure disulphone was easily obtained; but 
the odours evolved during the process are so offensive that the more 
circuitous method may be preferable. The disulphones can then 
be condensed afresh with a disulphoxide, and the resulting di- 
sulphonethiolmethane (IV) oxidised to trisulphone. 

On these lines three unsymmetrical trisulphonylmethanes were 
prepared (III —» IV — > V): phenylsulphonylmethylsulphonyl- 
ethylsulphonylmethane (V; X = Ph, Y = Et, Z = Me), from either 
methylsulphonylethylsulphonylmethane and diphenyl disulphoxide 
or phenylsulphonylethylsulphonylmethane and methyl p-toluene- 
thiolsulphonate; phenylsulphonyl-p-tolylsulphonylmethylsulphonyl- 
methane (V; X = Me, Y = Ph, Z = C,H,Me), also in two ways; 
and phenylsulphonyl-3 : 5-dichlorophenylsulphonylmethylsulphonyl- 
methane (V; X = Me, Y = Ph, Z = C,H,Cl,). 

The extensive work of Tréger (J. pr. Chem., 1920; 101, 126, et 
seq.) has shown that the SO,*CH, group imitates CO-CH, closely 
in reaction, and Aschan, discussing the bromination of acid chlorides 
(“‘Terpene und Campher,” p. 107), suggests that the sulphonyl 
chlorides might react in the form R°CH:SOCI‘OH. These tri- 
sulphones may therefore be capable of existing in a symmetrical 
enolic form, though no suggestion of such enolisation is actually 
made by Tréger, or by Schroeder and Herzberg (methionic acid; 
Ber., 1905, 38, 3391), and it has been definitely rejected by Hiickel 
(‘‘ Theoretische Grundlagen der Organischen Chemie’’). Shriner, 
Struck, and Jorison (J. Amer. Chem. Soc., 1930, 52, 2060) say that 
it ‘‘ violates the principles of the octet theory.” The last authors 
consider that alkaline solutions of bis(phenylsulphonyl)methane 
(III; X = Y = Ph) constitute “ the first case in which the position 
of one of the negative charges is unquestionably on the methylene 
carbon atom.” 

Preliminary attempts to resolve the disulphonylethanes 
(R°SO,),CH-CH, showed that they are too weakly acidic to form 
salts. 

The trisulphonylmethanes are slightly soluble in hot water, but 
do not separate, when the solution is cooled, until a few drops of 
mineral acid are added. They are extremely soluble in solutions 
of organic bases, but only the first of them formed well-defined 
crystalline salts with brucine and hydroxyhydrindamine. With 
them no sign of resolution could be detected, and while this may 





be | 
the 


T 
mel 
(est 
war 
mor 
wit] 
sym 
mer 
(met 
tion: 
oxid 
Tl 
or Si 
hour 
sodit 
evap 
impu 
from 
acid - 
filtra: 
shaki 
hydrc 
with | 
Th 
Claess 
by B: 
merca 
forma 
are et. 
2C,H, 
182— 
The 
ally th 
The d 
respect 
Bis( 
(Ber., . 
hydrog 
methy] 





(b. p. 





= > 


ss —@ @O ct US 


et 
ly 
2g 
yl 


al 
ly 
1; 
el 
rr, 
at 
rs 
ne 
on 
ne 


ut 
of 


ed 
th 
ay 











GIBSON : TRISULPHONYLMETHANES. 2639 


be due to enolisation, it is more probable that ionisation has rendered 
the activity too fugitive to be observed. 


EXPERIMENTAL. 

The disulphones (III) were prepared by shaking the less reactive 
mercaptan with the calculated amount of 40% formalin solution 
(estimated by Romijn’s method, Z. anal. Chem., 1897, 36, 18) and 
warming the mixture till a homogeneous liquid was obtained. The 
more reactive mercaptan was then added, and the whole agitated 
with concentrated hydrochloric acid. Even when preparing the 
symmetrical disulphones (X = Y) it is advantageous to add the 
mercaptan thus in two stages, lest the heat generated cause loss 
(methyl mercaptan, b. p. 6°). The oil which separated was frac- 
tionated with a Widmer column, and the appropriate fraction 
oxidised with permanganate. 

The disulphoxide and the compound containing the SO,*CH,°SO, 
or SO,°CH,°CO» group were warmed in alcoholic solution for several 
hours with sodium ethoxide (calc. amount); or with solid anhydrous 
sodium carbonate until it had all dissolved. The alcohol was 
evaporated, the solution made alkaline if necessary, any insoluble 
impurity removed with ether, and the required product precipitated 
from the aqueous solution with acetic acid. If desired, the sulphinic 
acid which was simultaneously formed could be removed from the 
filtrate with mineral acid. The oxidations were conducted by 
shaking with cold acid 2}°% permanganate solution, or with per- 
hydrol in acetic acid. In the latter case any excess was destroyed 
with sulphurous acid before the product was worked up. 

The Disulphones.—Bis(ethylthio)methane was prepared by 
Claesson (J. pr. Chem., 1877, 15, 176) from methylene iodide, and 
by Baumann (Ber., 1886, 19, 2813) from chloroform, and sodium 
mercaptide, but it is much more satisfactorily obtained from 40% 
formalin (20 c.c.) and ethyl mercaptan (25 g.). The first runnings 
are ethyl disulphide, evidently produced by the reaction : CH,O + 
2C,H "SH = CH,°OH + C,H,*S'S-C,H;. The main fraction, b. p. 
182—184°, is the required disulphide (yield, 75°%). 

The corresponding disulphone, m. p. 104°, was obtained in practic- 
ally theoretical yield by oxidation with 1°, permanganate solution. 
The dibromo- and the dichloro-derivative, m. p. 131° and 98° 
respectively, were obtained as described by Baumann. 

Bis(methylsulphonyl)methane also has been obtained by Baumann 
(Ber., 1890, 23, 1875) in a circuitous way from formaldehyde and 
hydrogen sulphide. It is much more easily obtained by condensing 
methyl mercaptan with formaldehyde and oxidising the product 
(b. p. 145—150°) as above. The disulphone, m. p. 142°, and its 
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dibromo-derivative, m. p. 234°, as Baumann states, were obtained ; 
the dichloro-derivative melts at 152° (Found : Cl, 29-7. C,;H,0,CI,8, 
requires Cl, 29-4°%). 

Bis(methylsulphonyl)ethane was obtained from methyl mercaptan 
and acetaldehyde. The disulphide boils at 156—158° (Found : 
C, 39-2; H, 805. C,H,,S, requires C, 39-4; H, 82%). The 
disulphone (permanganate) has m. p. 122° (Found: C, 25-9; H, 
5-4. C,H,,0,8, requires C, 25-8; H, 5-4%). The monoiodo- 
derivative was obtained by treatment of the disulphone with potas- 
sium iodide and iodate in acetic acid; m. p. 225° (Found: I, 41-1. 
C,H,O,IS, requires I, 40-7%). 

Methylthioethylthiomethane was prepared from ethyl mercaptan, 
formaldehyde, and methyl mercaptan; the main fraction had b. p. 
163—167° (Found: C, 39:3; H, 8-2. C,H )S, requires C, 38-8; 
H, 8:2%). The disulphone (permanganate), purified by sublimation 
in a vacuum at 110°/11 mm., melted at 94—95° (Found: C, 26-6; 
H, 5-8. C©,H,,0,S, requires C, 25-8; H, 5-4%): a mixture with 
bis(ethylsulphonyl)methane, m. p. 102°, melted below 75°. 

Phenylthioethylthiomethane was obtained from phenyl mercaptan, 
formaldehyde, and ethyl mercaptan; b. p. 147—151°, nj 1-598 
(Found: C, 59:0; H, 6-9. C,H,,S, requires C, 58-7; H, 6-6%). 
It gave a much better yield (65%) of the disulphone than Posner 
(loc. cit.) obtained, who did not isolate the intermediate disulphide. 
The same disulphone was also obtained from ethyl phenylsulphonyl- 
acetate and ethyl p-toluenethiolsulphonate by oxidising the oil 
which separated when an aqueous extract of the reaction mixture 
was warmed. The mother-liquor deposited sodiwm phenylsulphonyl- 
acetate, indicating considerable loss of ester by hydrolysis (Found : 
Na, 10-3. C,H,0,SNa requires Na, 10-3%). 

a- Phenylsulphonyl-«-methylsulphonylethane. From phenyl mercap- 
tan, acetaldehyde, and methyl mercaptan,. «-phenylthio-«-methyl- 
thioethane, b. p. 140—145°/10 mm., was obtained (Found : C, 58-5; 
H, 6-6. C)H,.S, requires C, 58:7; H, 65%). This was oxidised 
to the disulphone, m. p. 104° after recrystallisation from benzene 
(Found: C, 43-7; H, 4-9. C,H,,0,S, requires C, 43-6; H, 4-9%). 
The disulphone was not readily soluble in alkali, and showed no 
tendency to form a salt with hydroxyhydrindamine. 

Methyl p-toluenethiolsulphonate was obtained by methylating 
sodium p-toluenethiolsulphonate with methyl iodide (25% yield) 
or methyl sulphate (65% yield). Unlike the ethyl ester (Otto, 
Ber., 1882, 15, 129), it is a crystalline solid, m. p. 58°, b. p. 193°/10 
mm. (decomp.) (Found: C, 47:4; H, 4:9. C gH, 0,8, requires 
C, 47-5; H, 495%). 

Phenylsulphonylmethylsulphonylmethane. Condensation of phenyl 
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mercaptan, formaldehyde, and methyl mercaptan gave the di- 
sulphide, b. p. 148—152°/11 mm. (Found : C, 56-8; H, 5-9. C,H,)S, 
requires C, 56-5; H, 5-9%). The disulphone had m. p. 147° (Found : 
C, 41-1; H, 4-7. C,H,,0,S, requires C, 41-0; H,4-4%). Attempts 
to obtain it from phenylsulphonylacetone and methyl p-toluene- 
thiolsulphonate gave a compound (a), m. p. 77° (Found: C, 51-4; 
H, 5-5; 8S, 24-9. C,,H,,0,S, requires C, 51-2; H, 5-4; S, 248%). 
This was easily soluble in alkali, and when the solution was warmed, 
the acetyl group was hydrolysed, and a compound (b) precipitated, 
m. p. 80° (Found: C, 50:3; H, 5-8; S, 29-5. C,H,,0,S, requires 
C, 50-0; H, 5-6; S, 29-6%). On oxidation, (b) gave a disulphone, 
melting at about 146° but not identical with phenylsulphonyl- 
methylsulphonylmethane (147°), «-phenylsulphonyl-«-methylsul- 
phonylethane (104°), or phenylsulphonylethylsulphonylmethane 
(112°). The extra methylene group must therefore be in the phenyl 
nucleus.* Compounds (a) and (b) are accordingly derivatives of 
p-tolylsulphonylmethane, and this is confirmed by the fact that 
the disulphone from (b), after recrystallisation from benzene, 
melts at 154°. p-Toluenesulphonylmethylsulphonylmethane, prepared 
directly from the respective mercaptans, melts at 158°, and a mix- 
ture of the two between 154° and 158°. 
Phenylsulphonyl-p-tolylsulphonylmethane (III; X=Ph, Y= 
C,H,). Phenylsulphonylacetone (10 g.), p-tolyl disulphoxide (15 
g.), and sodium ethoxide gave «-phenylsulphonyl-«-p-tolylthio- 
acetone (12 g.), m. p. 99° (from alcohol) (Found : S, 20-1. C,g,H,,0,8, 
requires 8, 20-0%). When this was warmed for a few minutes in 
alkaline solution, the acetyl group was removed and phenylsulphonyl- 
p-tolylthiomethane was precipitated, m. p. 85° (alcohol) (Found : 
C, 60-5; H, 5-2. C,,H,,0,8, requires C, 60-5; H, 5-05%). It 
gave the disulphonylmethane, on oxidation with perhydrol, in 
practically theoretical yield; m. p. 115° (alcohol) (Found : C, 54:3; 
H, 4:7. ©,,H,,0,S, requires C, 54-3; H, 45%). 
Trisulphones.—Bis(ethylsulphonyl)phenylthiomethane (IV; 
X = Y = Et, Z = Ph) was obtained by Fromm’s method (Annalen, 
1889, 253, 166) in 30% yield (m. p. 83°) and from bis(ethylsulphony)) - 
methane, phenyl disulphoxide, and sodium ethoxide in 65% yield 
(m. p. 88°). Either sample gave the same trisulphone (V) with 
alkaline permanganate in 80% yield (m. p. 165°); the bromo- 
derivative had m. p. 134° (compare Laves, Ber., 1892, 25, 361). 
The use of excess of disulphoxide gave no sign of the disubstitution 
which Smiles (loc. cit.) found with CO-CH,-CO compounds. An 
attempt to obtain (V) directly from bis(ethylsulphonyl)methane 
and benzenesulphony! chloride gave unexpectedly bis(ethylsulphonyl)- 
* Mr. J. D. Louden’s suggestion. 





2642 GIBSON : TRISULPHONYLMETHANES. 


chloromethane, m. p. 96° (Found: C, 26:3; H, 40. C;H,,0,CIS, 
requires C, 25-8; H, 4:7%). 

Methylsulphonylethylsulphonylphenylthiomethane (IV; X = Me, 
Y = Et, Z= Ph) was obtained from methylsulphonylethylsul- 
phonylmethane and phenyl disulphoxide, purified by sublimation, 
and recrystallised from benzene; m. p. 126° (Found: C, 40:5; 
H, 5-0; equiv., 284. C,)H,,0,8, requires C, 40-8; H, 48%; 
equiv., 294). 

Phenylsulphonylethylsulphonylmethylthiomethane (IV; X = Ph, 
Y = Et, Z = Me), obtained from phenylsulphonylethylsulphonyl- 
methane, methyl p-toluenethiolsulphonate, and sodium ethoxide, 
had m. p. 98° (methyl alcohol) (Found: C, 40-8; H, 4-85. C,)9H,,0,8, 
requires ©, 40-8; H, 4:8%). 

Phenylsulphonylmethylsulphonylethylsulphonylmethane (V) was ob- 
tained by oxidation of either of the two preceding compounds. The 
product from the former melted at 216°, that from the latter at 
216—219°, and a mixture of the two at the same temperature 
(Found: C, 37:3; H, 4:7; equiv., 316, 319, 321. OC, )H,,0,S, 
requires C, 36-9; H, 43%; equiv., 326). It is sparingly soluble 
in all the usual cold solvents, but does not separate from pure water 
until a few drops of a mineral acid are added. It is acid to thymol- 
blue, and as it is not precipitated from its salts by acetic acid, it 
can thus be conveniently freed from any unoxidised generator. 
The bromo-derivative has m. p. 141° (Found: ©, 29-8; H, 3-4. 
Ci 9H,,0,BrS, requires C, 29-7; H, 3-2%). 

The brucine salt of the trisulphone was obtained by crystallising 
the substances in the requisite proportion from a mixture of alcohol 
(2 parts) and chloroform (1 part). It separated in stout prisms, 
m. p. 140—150° (efferv.), and had [«],4,, — 25-7° (1 = 1) in 3-5% 
aqueous alcohol solution (Found: equiv., 747. C,;H,,0,,N,8, 
requires equiv., 766). The rotation and m. p. were unaltered by 
repeated recrystallisation, and when the salt was carefully decom- 
posed with ammonia, the ammonium salt was inactive. 

The two active hydroxyhydrindamines were obtained as described 
by Pope and Read (J., 1912, 101, 764). The trisulphone (2-1 g.) 
and d-hydroxyhydrindamine (1-0 g.) were refluxed with ethyl 
acetate (80 c.c.) till all had dissolved. On cooling, 85% of the salt 
crystallised, m. p. 159° (Found: N, 2-85. C,,H,;0,NS, requires 
N, 295%). It is very readily soluble in alcohol, water, and acetone. 
[<]sae1 = + 17-3° in water (3-3 g. in 100 c.c.), +- 18-5° in dry alcohol 
(7-25 g. in 100 c.c.), + 33-2° in pure acetone (6-39 g. in 100 c.c.), 
changing to + 31-7° after 24 hours, and +- 24-5° in pure dry acetone 
(4-265 g. in 100 c.c.), changing to + 33-2° after 4 hours. When, 
however, the trisulphone was liberated from the salt, its solutions 
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were inactive. Even by adding the calculated quantity of levo- 
hydroxyhydrindamine to a solution containing the salt from the 
d-base, an inactive solution was obtained, and there was no sign 
of any fugitive activity. 

Phenylsulphonyl - p -tolylsulphonyl -3 : 5-dichlorophenylthiomethane, 
obtained from phenylsulphonyl-p-tolylsulphonylmethane, 3: 5: 3’: 
5’-tetrachlorodiphenyl disulphoxide, and sodium ethoxide in 90% 
yield, and recrystallised from alcohol, sintered at 123° and melted 
at 145° (Found: Cl, 14-6. OC, 9H,,0,C1,S, requires Cl, 14-6%). 

Phenylsulphonyl-p-tolylsulphonylmethylthiomethane, obtained from 
the same disulphonylmethane, methyl p-toluenethiolsulphonate, 
and sodium carbonate in 60% yield, had m. p. 105° (Found: C, 
50-7; H, 4:75. C,;H,,0,S8, requires C, 50-6; H, 45%). 

Phenylsulphonylmethylsulphonyl-p-tolylthiomethane, obtained from 
phenylsulphonylmethylsulphonylmethane and di-p-tolyl disulph- 
oxide, had m. p. 169° (Found: C, 50:3; H, 5-1. C,;H,,0,8, 
requires C, 50-5; H, 4:5%). 

Phenylsulphonyl-p-tolylsulphonylmethylsulphonylmethane, obtained 
from either of the two preceding compounds by means of perhydrol, 
melted at 174°, and a mixture at the same temperature (Found : 
C, 46:9; H, 4:9. C,;H,,0,S, requires C, 46-4; H, 41%). Its 
salts with cinchonine, brucine, and d-hydroxyhydrindamine showed 
no tendency to crystallise. 

Phenylsulphonylmethylsulphonyl - 3 : 5 - dichlorophenylthiomethane, 
obtained from the disulphonylmethane and the tetrachlorodiphenyl 
disulphoxide, had m.p. 147° (Found : C, 40-8; H, 3-0. C,,H,,0,C1,8, 
requires C, 40-8; H, 2-9%). With perhydrol, it gave the trisulphone, 
m. p. 208° (becoming blue) (Found : C, 38-4; H, 3-3. C,,H,,0,C1,8, 
requires C, 38-0; H, 2:7%). No crystalline salts were obtained 
from this trisulphone. 

Analytical Note.—As the halogenated sulphones -SO,°CX,°SO,° 
were sometimes difficult to decompose by the usual Carius method, 
they were warmed till dissolved with alkaline sulphite solution. 
The solution was cooled, and the halide precipitated in the usual 
way with silver nitrate. In addition to those cited above, the 
method was tried with 2: 2-dichloro-1 : 3-dithiolan dioxide, m. p. 
233° (water) (Found: Cl, 29-5. C,H,0,CI,S, requires Cl, 29-8%), 
and 2-bromo-2-methyl-1 : 3-dithiolan dioxide, m. p. 248° (Found : 
Br, 30-0. C,H,O,BrS, requires Br, 30-3%). 

Tetrabromomethyl-1 : 3 : 5-trithian 1 : 3-Dioxide—By methylating 
1: 3: 5-trithian 1 : 3-dioxide in the cold with methyl sulphate, the 
monomethyl derivative was obtained (Found: C, 22:2; H, 3-9; 
S, 44:6. C,H,O,S, requires C, 22-2; H, 3:7; 8, 444%). The 
tetrabromo-derivative, obtained by bromination below 50°, had 
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m. p. 205° [Found (by Carius method at 310°): 8S, 17-6; Br, 59-3, 
59-5. Found (by alkaline sulphite method) : Br, 60-0. C,H,O,Br,S, 
requires Br, 60-1; 8, 18-0%]. 


The author is indebted to The Carnegie Trustees for a Teaching 
Fellowship; and to the Chemical Society for a grant towards the 
purchase of material. 


UNIVERSITY OF GLASGOW. [Received, August 10th, 1931.] 





CCCLXIX.—Optical Rotatory Powers of 4d-f-Octyl 
Hydrogen Phthalate and its Salts in Various Con- 
centrations, and the Influence of Added Electrolytes. 


By H. Gorpon Rutz and Joun M. Hi. 


SincE 1873, when Landolt examined the rotatory powers of tartaric 
acid and its derivatives, optically active acids and their salts have 
been the subject of many detailed investigations. From these it 
has emerged that the Landolt-Oudemans law does not hold in its 
original simplicity and that the characteristic influence of the 
positive ion in the salts may in some cases persist even at high 
dilutions. In addition, it has been discovered that added electro- 
lytes frequently induce specific changes in the rotatory powers of 
the acids and their salts. 

Apart from a few investigations on «-bromocamphor-z-sulphonic 
acid, practically all these researches have dealt with hydroxy-acids. 
Stubbs (J., 1911, 99, 2284) has reviewed and extended the data 
obtained by Schneider in 1881 for the rotatory power of /-malic acid 
in aqueous solution. 

In discussing the shift towards a positive rotation resulting from 
the addition of various chlorides, Stubbs concludes that for univalent 
kations the magnitude of the displacement is in the order of their 
electro-affinities, viz., Cs>Rb>K>Na>NH,>Li>H. For bivalent 
ions the arrangement is Ba>Ca>Mg>Cd>Zn> Hg, among which 
Ba and 4Ca have an effect greatly exceeding that of Cs. Mercuric 
chloride only produces an insignificantly small change. Among 
the acid and neutral salts of malic acid, the negative molecular 
rotations are in the order Li>Na>K. 

Stubbs advances no very definite suggestions as to the nature of 
the ionic influence, but surmises that it may be connected with the 
presence of an alcoholic hydroxy] group in the molecule of malic acid. 
It is noted that when the hydroxyl is definitely attacked and a 
chemical complex formed, the great sensitiveness of the acid to 
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changes of concentration disappears (Rosenheim and Itzig, Ber., 
1899, 32, 3432). Similar though less comprehensive results have 
been obtained for tartaric acid by Clough (J., 1914, 105, 49) and 
by Patterson and Anderson (J., 1912, 101, 1833), who also 
observed that the rotatory power of homogeneous ethyl tartrate 
was affected in much the same manner by the addition of neutral 
salts. 

More recently, Darmois (Ann. Physique, 1928, 10, 70; Trans. 
Faraday Soc., 1930, 384) has studied various organic and inorganic 
salts of tartaric acid and the effect of added salts. The positive 
rotations of the tartrates at moderate concentrations in aqueous 
solution were found to be given by 

CH,Ph:-NH,’>Rb*’>Cs*>K°>NH,'>Na‘>Li'>(Et),N’. 
Of these, the first five raise the rotatory power with respect to the 
tartaric ion at extreme dilutions, and the remaining salts have lower 
values. Added halides influence the rotation of sodium tartrate in 
the sense K>Na>Cd>Mg>Ca, the highest value being given in 
the presence of potassium chloride. These results are in the main 
interpreted on the assumption that the electronic orbits in the 
tartrate ion are deformed by the oppositely charged positive ions, 
the greater the deformation the higher being the positive rotatory 
power. The optical effect of the univalent ions of the alkali metals 
is concluded to be in the reverse order of their ionic radii 
(Li>Na>K>Rb>Cs) 

as calculated from ionic mobility with the aid of Stokes’s formula. 
Owing to its high degree of hydration, the lithium ion has the greatest 
radius and thus exerts a diffused electric field; whereas the rubidium 
and cesium ions are less hydrated, and their fields more intense. 
In a similar manner the tetraethylammonium ion is strongly hydrated 
and brings about a small deformation as compared with the benzyl- 
ammonium ion, which exists in the unhydrated state. 

In an investigation dealing with malic acid, Bancroft and Davies 
(J. Physical Chem., 1930, 34, 897) attribute the optical sensitiveness 
towards concentration and other changes in environment to the 
presence of the free hydroxyl group attached to the asymmetric 


OH HO 
x * 
o—C0 le: HO—C 


HO-C-H i 2 
CH,*CO,H CH,°CO,H 
l-Rotatory. d-Rotatory. 
atom. These authors assume the existence of two tautomeric forms 


of malic acid, viz., the normal structure, which is levorotatory, and 
4R2 
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an ethylene-oxide form which is held to be responsible for the 
dextrorotation in concentrated solutions. This hypothesis is open 
to criticism on the ground that it requires the ethylene-oxide struc- 
ture to be formed in the presence of concentrated hydrochloric acid, 
a reagent which brings about a strong dextrorotation. 
a-Bromocamphor-z-sulphonic acid and its salts (Walden, Z. 
physikal. Chem., 1894, 15, 196; Monatsh., 1929, 53, 14; Campbell, 
Thesis, Edinburgh, 1930; J. Physical Chem., 1931, 1143) undergo 
little variation in rotatory power with change of concentration, and 
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exhibit few regularities under the influence of added salts. Camp- 
bell, however, finds that with alkali halides, the rotatory powers 
show very small differences in the order K>Na>Li, and also 
inclines to the view that the changes of greater magnitude observed 
by other investigators are dependent on the presence of alcoholic 
hydroxy] groups in the optically active solute. 

In order to obtain further evidence bearing upon this problem, 
an examination has now been made of the alkali and ammonium 
salts of d-8-octyl hydrogen phthalate under various conditions. 
These derivatives contain no alcoholic hydroxyl groups and the 
only polar complexes present are those derived from carboxylic 


groups. 
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Owing to the insolubility of the free acid, the concentration 
effects could not be studied in aqueous solution, but the results 
obtained in alcohol show that the rotatory power is only influenced 
in a minor degree by change of concentration. The observed values 
of [7 ]54, for alcohol, together with those relating to various salts 
in the same solvent are illustrated in Fig: 1. For a concentration 
of 0-5M, they range from 160° for the free acid to 37° for the rubidium 
salt, and fall into the order (H)>Li>NH,>Na>K>Rb. In 
aqueous solution (Fig. 2), the rotations for the different salts lie 


Fia. 2. 


140° 











— 40 


d-sec.-B-Octyl hydrogen phthalate. Aqueous solutions of alkali salts. 
© Lithium. < Ammonium. O Sodium. A Potassium. 


closely together at concentrations below c = 5 (0-167M for the 
sodium salt), but at somewhat higher concentrations they exhibit 
characteristic differences of the same nature as those found for 
alcoholic solutions. Eventually, the values for aqueous solution 
become reversed in sign. A similar salt effect, (H)>Li>Na>K, 
which also involves an inversion in sign, has recently been recorded 
for salts of l-menthyl hydrogen naphthalate in methyl! alcohol (Rule 
and McLean, this vol., p. 669). 

These changes in rotatory power due to the varying nature of the 
metallic or other positive radical present in the active solute are 
repeated when sodium d-octyl phthalate is examined in water or 
aqueous alcohol containing neutral added salts. Here again the 
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displacements towards a negative value caused by univalent ions 
derived from the alkali chlorides (Table I) are given by 
Cs>Rb>K>Na>NH,>Li. 
This series is identical with that deduced above for the rotatory 
powers of the corresponding d-octyl phthalates. It is also identical, 
even to the position of NH,, with the series found by Stubbs for the 
influence of added salts upon free malic acid. The resemblance to 
the case of malic acid is still further emphasised by the changes due 
to bivalent ions, which for the phthalate are in the order 
Ba>Sr>Ca>Mg> Hg. 
For malic acid Stubbs records Ba>Ca>Mg>Hg. In both series 
the depression due to the comparatively un-ionised mercuric salt is 
negligible, and those due to the alkaline-earth metals are much 
greater than for equivalent amounts of the univalent alkalis. As 
may be seen from Table I, the influence of a salt in depressing the 
rotatory power becomes relatively greater in more dilute solution. 
In this and other tables, M denotes the molarity of the halide. 


TABLE I. 


Influence of added electrolytes wpon the rotatory power of sodium 
d-6-octyl phthalate (0-2M in water ; 1 = 2). 


Halide. M. O5461° [a]sa6a- A. 
POGUE csccdeccersccccsccses — + 1-35° +11-24° — 
BM dddeancscconsiccssces 0-5 —0-04 — 0:33 —11-6 
: eeerrrerer nee 0-5 —0-19 — 1-58 —12-8 
TEE Ke venenessisbasacears 0-5 —0-58 — 4:83 — 16-1 
BRR a cavsddestecsescanassnes 0-5 — 1-06 — 8-82 — 20:1 
BEE ca sicewcscssscncensss 0-5 —1-31 —10-9 22-1 
REM 8 dhawotncecnedsqucsien 0-5 —1-79 — 14-9 — 26-1 
BEE sideketieccenccceuavonen 0-05 -+0-78 + 6-5 — 48 
BRM evececdecansscsccccacwas 0-10 +0-38 + 3-2 — 8-2 
IE, Abbieennnciccoonendes 0-05 +0-51 + 4-2 — 71 
SED siadauipsaiiatunsceti 0-05 +0-13 + 11 —10-1 
RRR RRRROR ARE 0-0375 +031 + 26 — $6 
PLn. Wackcastssecinceceses 0-025 +0-54 + 45 — 638 
SR an cota sancapteeten 0-0125 +0-92 + 7-7 — $5 
Pe sth sssccccosencsucacs 0-0375 +-0°37 + 3-1 — $1 
BR tivcccnsvdcsdectenscs 0-025 -+ 0-56 + 4:7 — 65 
CMe) oncseceesscessssosen 0-0375 +0-47 + 3-9 — 73 
SNS cactetnuhsanbeniinnnes 0-025 +0-66 + 55 — §7 
IS gisticinntlishaitiantis 0-05 40-38 + 32 — 90 
SITS idhensdahissasiinliiivcs 0-0375 +059 + 49 — 63 

In aqueous alcohol (1: 1 by vol.) (0-2M; 1 = 2). 

DE. scebetseusahabienen — + 5-37 +44-7 — 
CREA. © divecsissvevecsatesan 0-05 +4-78 +39-8 — 49 
I cht cated gana 0-025 +5-10 +42:5 — 22 
BEM e ccrcccessvcccescovese 0-025 +531 + 44-2 — 0:5 


Discussion of Results. 
Owing to the insolubility of octyl hydrogen phthalate in water, 
the concentration changes observed in the case of the free acid were 
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limited to those occurring in alcoholic solution. The salts, however, 
could be examined in aqueous and in alcoholic solution, and in both 
instances underwent considerable variations in rotatory power. 
The magnitude of the effect in water at high dilutions is probably 
due in some part to aqueous hydrolysis. 

The regular and very definite changes in rotation produced by the 
addition of neutral salts indicate clearly that this behaviour is not 
in any way peculiar to optically active hydroxy-acids, as has been 
assumed by a number of investigators. In this respect /-malic acid 
and d-octyl hydrogen phthalate present so complete a parallel as to 
suggest that the basic cause is to be traced to the only structural 
factor common to the two molecules, viz., the carboxyl group. The 
hypothesis advanced by Darmois (loc. cit.) for the salts of tartaric 
acid, according to which the optical variations are due to a deform- 
ation of the active ion under the influence of the added kation, may 
be applied equally to the cases under consideration. Similarly, 
the observation of Patterson and Anderson, that homogeneous 
tartaric ester undergoes variations of the same nature, may be 
explained by assuming that the presence of the polar salt brings 
about corresponding deformations in the characteristic dipoles of 
the carbethoxyl or hydroxyl groupings. From this standpoint there 
is no essential difference between the added salt effects and those 
resulting from the addition of polar solvents. The greater differences 
observed between the various alkali salts in alcoholic as compared 
with aqueous solutions appear to be in agreement with the state- 
ment of Darmois that the electrical effects are increased in the 
medium of lower dielectric constant. 

The direction of the change in rotation which occurs when the 
salts of octyl hydrogen phthalate are examined at increasing con- 
centrations is in the sense to be expected on the assumption of an 
ionic influence. With rising concentration the probability of deform- 
ation due to the proximity of the oppositely charged ions will 
increase, and the rotatory power will fall. 

The large variations which have been observed in the rotatory 
powers of «-hydroxy-acids with change of concentration are possibly 
related to alterations in the molecular state. As is well known, 
hydroxy- and carboxy-derivatives possess highly developed powers 
of association, both amongst themselves and with each other, and 
considerable changes may be expected to occur as the association 
complexes of the hydroxy-acid break down in the presence of a 
strongly dissociating soivent such as water. 

Levene and Rothen (J. Physical Chem., 1930, 2579), from a 
detailed investigation of mandelic acid and a consideration of the 
properties of other known active acids, have formulated the general 
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rule that the change in rotation of an optically active acid (or of its 
ion) produced by the kations of neutral salts is in the same sense as 
that observed on passing from the active ion to the active molecule. 
No support for this generalisation is to be found in the properties of 
d-8-octyl hydrogen phthalate. The changes produced by added 
kations are in this case towards a levorotation, and thus in the 
contrary direction to that found on passing from the active ion to 
the active molecule. 

In the following communication it is shown that octyl hydrogen 
phthalate undergoes optical changes of the same order and sign in 
the presence of highly polar solvents, especially those of aromatic 
type. 

EXPERIMENTAL, 

The d-8-octyl hydrogen phthalate employed was prepared by the 
method of Pickard and Kenyon (J., 1907, 91, 2058; 1922, 121, 
2540). Alkali salts of the acid were obtained by titrating an aqueous 
or alcoholic solution of the compound with a solution of the required 


Solvent. 1. M. a20* [M},. Solvent. M. 20° [My]? 


5461° 5461° 


Lithium d-B-octyl phthalate. Ammonium d-B-octyl phthalate. 
C,H,O 4 0-035 + 2-26° +160° C,H,O 4 0-036 + 2-13° +147-5° 
99 2 0-070 + 2:22 +157°5 99 2 0-072 + 2-01 +139-5 
99 2 0-176 + 536 +152-2 os 1 0-183. + 2-40 +1313 
” 1 0-369 + 5-39 +146-2 ‘a 1 0-360 + 457 +126-9 
99 1 0-528 + 7:53 +142-6 - 1 0-539 + 661 +122-7 
os 1 0-717 +10-08 +140-7 oa 1 0-719 + 857 +119-2 
H, 2 0-070 + 1:79 +127 - 1 1-078 +11-95 +110-9 
9s 1 0-176 + 0-78 + 44:3 H,O 2 0-072 + 1:58 +110 
os 1. 0-352 + 0-65 + 12-2 ~ 1 0-180 + 0-60 + 33:5 
9» 1 0-530 + 0:00 + 0 ee 1 0-360 + 0:20 + 5-6 
” 1 0-705 — 049 — 6-9 os 1 0-540 — 0:36 — 6-7 
ve 1 0-899 — 1:74 — 19-4 
Sodium d-B-octyl phthalate. Potassium d-B-octyl phthalate. 
C,H,O 4 0-034 + 155 +115 C,H,O 4 0-032 + 0-94 + 74 
” 2 0-067 + 145 +107°5 os 2 0-063 + 0-85 + 67-5 
” 1 0-168 + 152 + 90:3 99 2 0-165 + 1:85 + 57:3 
’ 1 0-335 + 2-44 + 72-7 op 1 0-321 + 155 + 48-4 
»» 1 0-500 + 2:99 + 59-8 99 1 0-473 + 1:98 + 41-6 
9° 1 0-666 + 3:37 + 52-1 99 1 0640 + 2:36 + 36-9 
”” 1 0-833 + 368 + 44-2 
H,O 2 0-067 + 1:62 +120-3 H,O 2 0-064 + 1-58 +123 
99 1 0-169 + 0:79 + 46:8 os 1 0-167 + 0-62 + 37 
’” 1 0-335 + 021 + 63 - 1 0316 — 0:22 — 70 
9» 1 0-502 — 0-56 — 11-2 99 1 0-474 — 1:10 — 23-2 
” 1 0-668 — 1:33 — 19-9 - 1 0-666 — 2-45 — 36-8 
-_ 1 0-833 — 2:08 — 25-0 
Solvent. l. M. of [My 
Rubidium d-B-octyl phthalate. 
C,H,O 4 0-028 +073 + 65-4 
” 2 0-055 +-0-65 + 58:8 
” l 0-139 +0-67 + 48-0 
» 1 0-276 +1-14 + 41:3 
” 1 0-413 +1-61 + 38-9 
»”» 1 0-551 +1-99 + 36-1 
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metallic hydroxide or alkoxide, and using an outside indicator. 
Finally the solution was evaporated to dryness in a desiccator. 

As a check, the solutions were also prepared directly by weighing 
a definite amount of the acid into a calibrated flask, adding a little 
water or alcohol and the calculated volume of metallic hydroxide 
or alkoxide dissolved in the same solvent, and subsequently making 
up to the mark. The rotations obtained by these two methods 
agreed within experimental error. 

As most of the salts were deliquescent, they were kept in a desic- 
cator, and in order to ensure that the optical properties had under- 
gone no change in the meantime, the rotatory power was again 
determined at the end of each series of determinations. 

In experiments with added salts, the latter were of A.R. quality. 
Where possible, solutions were made up by weighing out the dried 
salts, but with deliquescent substances such as magnesium or 
calcium chloride, the salts were employed in the form of standardised 
solutions. In the majority of determinations the added salt was 
present in a concentration of 0-5M; in a few cases owing to low solu- 
bility smaller concentrations were adopted. Aqueous alcohol was 
used with mercury and cadmium chlorides in order to prevent 
precipitation of mercury and cadmium octyl phthalates, which are 
insoluble in water. 

For the sodium salt, no confirmation could be obtained of the 
existence of a small minimum rotatory power (in alcohol, M = 0-6) 
previously observed by Rule, Miles, and McGillivray (J., 1929, 2274). 


Summary. 

The rotatory powers of d-8-octyl hydrogen phthalate and its 
alkali salts undergo considerable variations with change of con- 
centration. 

Salt formation lowers the rotation of the acid, the relative dis- 
placements towards a negative value being represented by 
Rb>K>Na>NH,>Li. 

The addition of electrolytes also produces a marked depression in 
the rotatory power of sodium octyl phthalate. Using various 
inorganic chlorides, it is found that the depressions resulting from 
univalent kations fall into the same sequence as that repre- 
senting the solutions of the homogeneous active salts, viz., 
Cs>Rb>K>Na>NH,>Li. Equivalent amounts of certain bi- 
valent kations produce still greater depressions, in the sense 
Ba>Sr>Ca>Mg(>Cs), whereas the addition of mercuric chloride, 
which is relatively un-ionised, only leads to an inappreciable change. 
These variations are identical in every respect with those observed, 
by Stubbs and by Schneider for /-malic acid. 
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It is therefore concluded that the sensitivity of malic and tartaric 
acids towards neutral electrolytes and change of concentration is 
not necessarily related to the presence of alcoholic hydroxyl groups 
in these compounds, as has been assumed by various investigators, 
but may be due to the carboxyl group, which is the only structural 
peculiarity common to these compounds and octyl hydrogen 
phthalate. 


UNIVERSITY OF EDINBURGH. [Received, July 30th, 1931.] 





CCCLX X.—Studies in Solvent Action. Part II. Ro- 
tatory Powers of d-B-Octyl Hydrogen Phthalate and 
its Methyl Ester. 


By H. Gorpon RvLE and Joun M. HI. 


In view of the regular manner in which the rotatory power of 
d-8-octyl sodium phthalate is affected by the presence of added salts, 
it was considered of interest to examine the behaviour of the com- 
pound towards organic solvents. Striking variations have already 
been established in the case of J-menthyl methyl naphthalate (Rule 
and McLean, this vol., p. 674), the rotation of which is depressed by 
polar solvents to an extent depending upon the polarity of the 
medium. 

[t is now found that octyl hydrogen phthalate undergoes similar 
variations in solvents derived from benzene, but that the effects in 
simple aliphatic solvents are less regular. The observed data are 
contained in Table I, in which the rotatory powers are arranged in 
descending order of magnitude. Dipole moments, p (in e.s.u.), are 
those given in Debye’s ‘‘ Polare Molekeln ’’ (1929) except where 
otherwise stated. 

In benzene solvents the rotatory powers vary from 150° to 74°, 
and arrange themselves approximately in the same order as the 
dipole moments of the liquid media. . Benzaldehyde is displaced to 
a small extent, apparently owing to the presence of benzoic acid or 
an intermediate product of oxidation, since the rotatory power is 
still lower when measured in benzaldehyde which has been allowed 
to stand for several days after distillation (compare also the low 
value obtained for acetic acid). As in the case of /-menthy! methyl 
naphthalate, the lowest values are observed in strongly polar 
solvents, indicating that the changes are probably due to deform- 
ation, possibly accompanied by dipole association between solvent 
and solute, which will have the effect of lowering the internal] electrical 
field exerted by the polar substituents in the active compound. A 
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small part of the diminution in optical activity, however, may be 
attributed to increased ionisation in the solvents of high dielectric 
constant. o-Dichlorobenzene, in which the adjacent CCl-dipoles 
reinforce each other’s field, is found to occupy the expected position 
in the table; the case of p-disubstituted derivatives is discussed 
later. Further, a comparison of benzaldehyde (76-3°) and benzo- 
phenone (109-8°) illustrates the steric influence of the methyl group 
in hindering the approach of the polar groups in solvent and solute, 


TABLE I. 

(1) d-8-Octyl hydrogen phthalate in benzene solvents (1 = 2). 

Solvent. C. — [M}. yp xX 10%, 
C,H,°CH, eeeeceeeeees 5-020 5-43° 150-5° 0-4 
+e ERR 5-000 5-21 145-0 0 
C,H;‘OMe ............ 5-004 4-53 126-0 1-16 
CRN: dddessncesusces 5-000 4-26 118-6 1-5 
MES . Sicdteeeesaases 5-000 4-21 117-2 1-25 (1-5 ?) 
RIE Scopececesanccs 5-000 4-15 115-5 1-55 
CI cnccinenenes 5-018 3-87 107°3 1-51 (1-60) 
ea Se 5-000 3°76 104-6 2-25 
2 a 5-000 2-88 80-2 3°84 
RS ccccccacecss 5-016 2-83 78-5 3-90 
ks: ere 5-000 2-74 76-3 2-75 
(C.H,*CHO* ......... 5-000 2-67 74-3) 
[CsH,"CO-CH, ...... 5-020 3:96 109-8 2-97] 


Maximum range of rotation, 76°. 
* Several days after distillation. 


(2) d-8-Octyl hydrogen phthalate in methane solvents (1 = 2). 


[(CpH,°OH ........0005 5-024 5-85 162-0 1-74] 
_ ° pa 5-004 5-56 154-6 1-73 
hs 5-024 5-48 151-8 1-66 
atone 4-012 4-32 149-8 0 

ea iikiatk cba’ 5-000 5:38 149-7 1-10 
CURD vosciceseses 5-000 5-15 143-3 2-72 
he 5-000 5-10 141-9 0 

I cidcivdssatedes 5-000 5-05 140-5 1-61 
CH,°CO-CH, ......... 5-000 5-04 140-3 2-97 
CREE on..cnccccons 5-000 4-98 138-5 0-74 (1:4*) 
SE Sinsassccakiccen 5-020 4-89 135:6 3-94 (3-1) 
GENS * Ssdsecicsores 1-014 0-92 126-2 3-78 (3-05) 


Maximum range of rotation, 36°. 
* C. P. Smyth and H. E. Rogers, J. Amer. Chem. Soc., 1930, 52, 1824. 


thus leading to a higher rotatory power. Several examples of this 
type have already been discussed in connexion with /-menthy] methyl 
naphthalate. 

In aliphatic solvents a similar tendency is evident, although there 
are here numerous exceptions. The five lowest positions are again 
occupied by strongly polar liquids, with acetonitrile and nitro- 
methane at the foot of the list, but the arrangement of the remainder 
of the table reveals no regularities. From the abnormally low 
rotation found in carbon disulphide, it may be suggested that two 
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separate solvent influences are at work: one propagated through the 
chemically active carboxyl group, and probably representing the 
main effect, and a secondary one through the less active octyl ester 
grouping. The investigation of octyl acetate and of the correspond- 
ing esters of monosubstituted acetic acids (Pickard and Kenyon, 
J., 1914, 105, 835; Rule and R. K. S. Mitchell, J., 1926, 3203) has 
shown that these compounds are affected in a remarkably similar 
and very irregular manner by aliphatic solvents, a similarity which 
must be ascribed tothe presence of the carboxy-estercomplex common 
to all the active compounds. In every case an abnormally low 
rotatory power was observed in carbon disulphide, in which the 
rotation was usually reversed in sign. Aromatic solvents on the 
other hand gave definite evidence of a polar influence. Probably 
the considerable variation in molecular form and volume of the 
methane derivatives is one factor bearing upon these differences. 
The smaller steric hindrance offered by the less bulky molecules 
would be expected to facilitate their effective approach to the 
already well-screened dipoles of the CO,C,H,,-group. 

On the above assumption of a dual route of propagation it would 
be anticipated that the secondary influence could be made more 
prominent by repressing the chemical activity of the free carboxyl 
group, ¢.g., by converting the phthalate into its methyl ester. In the 
latter compound the ester groups are of similar polarity and differ 
principally in the greater steric hindrance offered by the sec.-octyl 
than by the methyl radical. The rotatory powers observed with 
the methyl ester are given in Table II. 

As in the case of the acid ester, the rotatory power of methyl octyl 
phthalate dissolved in benzene derivatives varies regularly in 
accordance with the polarity of the medium. Anisole is slightly dis- 
placed with respect to benzene, but the remaining solvents fall into 
" positions corresponding to their dipole moments. In view of the 
small difference between the values in benzene and anisole solutions, 
as compared with the considerable gap between those for benzene 
and bromobenzene, it would appear that the higher rotations in 
anisole and toluene are due to the presence of the methyl group in the 
side chain of the solvent molecule. Aliphatic solvents in general 
give higher rotations for both esters, and although the acid ester 
could not be examined in hexane owing to its insolubility, the diester 
in this solvent was found to exhibit a high rotatory power. Anisole 
and toluene are not only partly aliphatic in character, but the polar 
nature of the former is to some extent masked by the screening 
influence of the methyl group. A similar two-fold influence is 
shown in the much higher rotation given by acetophenone as com- 
pared with benzaldehyde. 
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Among the methane solvents, it is not even possible to trace the 
limited polar influence which was evident in the case of the acid 
ester. At present no suggestion is advanced to account for the 
divergent properties of the two series of solvents, except to draw 
attention to a contributary factor in the more pronounced variations 
in molecular form and volume which obtain among the aliphatic 
compounds. Such variations will necessarily affect the ease with 
which the polar groups in solvent and solute can approach one 


TABLE II. 
(1) Methyl d-8-octyl phthalate in benzene solvents (1 = 2). 
Solvent. C aa [My po x 10%. 
I ocscsccciss 5-040 3-87° 112-2° 0-4 
CePRGMEEED cccccccscvee 5-048 3°71 107-4 1-16 
ge IRR 5-048 3-60 104-2 0 
ME: Siietinesetecanes 5-052 3°07 88-8 1-5 
Je * | Se 5-040 3-06 88-7 1-51 
esate, 5-044 3-02 87-5 1-50 (1:25) 
EE sacisensittitiaciens 5-046 2-99 86-6 1-55 
oo x 7, ene 5-044 2-76 80-0 2-25 
5A Bt eerrrreeee 5-050 2°72 78-7 2-75 
GUE cienncokenine 5-048 2-64 76-4 3-84 
CMe cccsscciesss 5-052 2-58 74:6 3-90 
[C,H,‘CO-CH, ...... 5-052 3-45 99-8 2-97] 
Maximum range of rotation, 37-6°. 

(2) Methyl d-B-octyl phthalate in methane solvents (1 = 2). 
TESTER CT i 5-050 4-90 141-8 0 
a) ere 5-046 4:73 137-0 2:72 
GE ncsccceeees 5-048 4-65 134-6 1-72 
CH,°CO,BH ............ 5-044 4-58 132-7 0-74 (1:4) 
CH,-CO-CH, .......... 5-050 4-56 131-9 2-97 
 * ee errreren 5-052 4:54 131-3 1-66 
eee 5-040 4-48 129-9 1-73 
ern 5-036 4-41 127-9 3°94 (3-1) 
CH,‘NO, ............ 5-042 4:24 122-9 3°78 (3-05) 
lates 5-054 3-95 114-2 1-61 
ME, AadAAhieoncenvaned 5-040 3:78 109-6 0 
CG ipcvindexauscanhe 5-040 3-76 109-0 1-10 
GE: 4c0ksthcccnqcanvesesn 5-050 3:22 93-2 0 


Maximum range of rotation, 48-6°. 


another, and so lead to irregularities. On the other hand, the 
greater bulk and rigidity of the benzene ring in the aromatic solvents 
tend to minimise differences due to the structures of the attached 
substituents. 

The rotation of the diester dissolved in carbon disulphide is seen 
to be abnormally low. This resemblance to the behaviour of octyl 
acetate supports the suggestion that, with the esterification of the 
carboxyl group in octyl hydrogen phthalate, an increasing proportion 
of the solvent influence is transmitted through the octyl ester com- 
plex -CO,C,H,,. Inso far as the regularities in benzene solvents are 
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concerned, the esterification of the second carboxyl group reduces 
the maximum range of rotation to about half that observed for the 
acid ester. 

Experiment has shown that disubstituted nitro- and chloro- 
benzenes also bring about a depression in rotatory power. As these 
compounds, apart from o-dichlorobenzene, are solids, their influence 
was determined by using them in benzene solution, and the observed 
molecular rotation was: then compared with that found for pure 
benzene (values of [M],,,, in benzene, c= 5: acid ester, 145-0°; 
diester, 104-2°). In Table III, f, = mole-fraction of polar solvent 
in benzene mixture, A = depression as compared with value in 
pure benzene. 

TABLE III. 
Rotations in mixtures of benzene and substituted benzenes (c = 5,1 = 2). 
d-B-Octyl hydrogen phthalate. 


p x 10". So ae [M}.- A. 
om peers 3-85 0-1555 435° 121-1° 23-9° 
m-C,H,(NOz)._ ...... 3-80 0-1512 4-10 113-8 31-2 
8 8: eee 1-52 0-4113 4-65 129-4 15-6 
RIL veniconesinn 2-25 0-4224 4-22 117-4 27-6 
BO TEA As sssivescceess 0 0-4250 4-82 134-1 10-9 

Methyl d-B-octyl phthalate. 
Se oe 3°85 0-1793 3-25 94-7 9-5 
m-C,H,(NOz)._ «...+- 3-80 0-1506 3°23 94-1 10-1 
CERRO seeccscssosesce 1-52 0-4221 3°34 96-4 7:8 
on = errr 2-25 0-4283 3°15 91-5 12-7 
ag tt ts See 0 0-4345 3°35 97-0 7-2 


(p-Dinitrobenzene proved to be too sparingly soluble for inclusion 
in the above tables, and for the same reason the m-isomeride could 
not be used in as high a concentration as was possible with the 
chlorobenzenes. ) 

As in the case of the /-menthyl methyl naphthalate previously 
investigated, the tendency is for each polar group in the disubstituted 
benzenes to exert an individual influence upon the optically active 
phthalates. All three esters register a greater depression of rotatory 
power in the presence of m-dinitrobenzene than in that of nitro- 
benzene, although these two substances have practically the same 
dipole moment. Similarly, p-dichlorobenzene, despite the fact that 
it is completely non-polar with respect to a uniform external field, 
behaves as a comparatively strongly polar compound towards the 
localised charges in the solute molecules. The phthalates are 
affected by p-dichlorobenzene to about the same extent as by 
chlorobenzene, this being a somewhat smaller change than was 
found for the naphthalic ester. o-Dichlorobenzene, as already 
stated, produces a marked diminution in rotatory power. 

Solvent Effect and the Influence of Added Electrolytes.—In the case 
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of d-octyl hydrogen phthalate, the change in rotation of the acid 
ester on solution in strongly polar solvents is in the same direction 
as that undergone by the sodium salt in the presence of intensely 
charged kations, both being towards an increased negativity. It 
would be a matter of considerable interest to determine how far this 
correlation of the two effects is a general one, and to what extent it 
holds when the optically active molecule contains other polar groups 
in addition to the carboxyl complex. 

The detailed experimental evidence necessary for a decision on this 
point is not yet available. On the hypothesis advanced by Darmois, 
however, tartaric acid and its ion exhibit an increased positive 
rotation under the influence of the highly positive fields exerted by 
Ba**+, Ca**+,Cst and Rb*t. This may be compared with the tendency 
towards an increased positivity indicated by the following observ- 
ations of Pribram (Ber., 1889, 22, 6) on the rotatory power, [«]p, of 
tartaric acid in alcohol, to which was added an equal volume of 
various organic liquids : 


EtOH + C,H,°NQg......... +3:79° EtOH + Cel g  ..cccccccee. —411° 
a | eereren +3°17 ee ot? 5: . ee —6-19 
a + Me’C,H,’NO, ... —0-69 a f+ AGES occcvccceses — 6-52 
at. SE deeenieueks —3-62 er). Eeeentonn — 8-09 


Although chlorobenzene forms an exception, among the remaining 
solvents there is no doubt that the highly polar compounds shift 
the rotation towards positive values. 

Information bearing upon the behaviour of malic, methoxy- 
succinic, and mandelic acids in the presence of solvents is very 
scanty, but what is available appears to indicate the existence of a 
parallel in these cases also. 


EXPERIMENTAL. 

Solvents required for this investigation were purified by the 
methods described by Rule and McLean (loc. cit.). Methyl d-6-octyl 
phthalate was prepared by adding an excess of methy] iodide in small 
portions to dry finely divided silver d-8-octyl phthalate, with thorough 
shaking aftereach addition, as a considerable evolution of heat occurs. 
After a further 5—6 hours on a mechanical shaker, the bottle con- 
taining the reaction mixture was opened, the contents extracted 
with sodium-dried ether and filtered from silver salts. The ethereal 
solution was washed with aqueous alkali, and finally with water, and 
then dried over calcium chloride. Ether and methyl iodide were 
removed in a vacuum and the resulting crude methyl] ester was main- 
tained in a vacuum desiccator at 30—40° for one day to remove the 
last traces of the volatile liquids. The ester cannot be distilled, as 
it decomposes at moderate temperatures, and it was therefore 
employed without further purification. The homogeneous liquid 
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gave as, + 42-27° (|= 2) (Found: C, 70-1; H, 8-5. C,,H,,0, 
requires C, 69-8; H, 8-3%). 
Summary. 

The variation in the rotatory power of octyl hydrogen phthalate 
and its methyl ester in solution may be summarised as follows. 

(a) In solvents derived from benzene the rotations vary with the 
polarity of the medium; the higher the dipole moment of the latter, 
the lower are the observed rotations. 

(6) The influence of aliphatic simple solvents is irregular. 

(c) A screening of the dipole by the alkyl group is noted on com- 
paring benzaldehyde with acetophenone. 

(d) m- and p-Disubstituted benzenes bring about considerable 
depressions in rotatory power, even though the compounds of the 
latter type may have zero dipole moments. In such cases the polar 
groups appear to be so far removed from one another as to function 
individually. 

(e) The depressions in the rotatory power of sodium octyl phthalate 
caused by the kationic charges of added electrolytes may be com- 
pared to the depressions undergone by octyl hydrogen phthalate in 
the presence of solvents containing dipoles A similar relationship 
exists in the case of tartaric acid and its ion, where both effects 
operate to bring about an increase in positive rotation. 


The authors wish to record their indebtedness to the Moray Fund 
for a grant which has defrayed most of the expenses incurred in this 
and the preceding investigation. 


UNIVERSITY OF EDINBURGH. [Received, July 30th, 1931.] 





CCCLXXI.—Acid and Salt Effects in Catalysed Re- 
actions. Part XXV. Catalytic Effects in the 
Intramolecular Transformation of Phorone. 


By H. M. Dawson and E. Spivey. 


OBSERVATIONS on the reaction between phorone and iodine in a 
suitably buffered reaction medium have shown that the substitution 
of hydrogen occurs at a rate which is proportional to the concen- 
tration of the phorone but is independent of the concentration of the 
iodine. The relations involved are similar to those associated with 
the reaction of the halogens on the simple ketones, and suggest that 
the rate of disappearance of the iodine is determined by the speed 
of some intramolecular change, probably keto —> enol in type, in 
the phorone molecule. 
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On account of the limited solubility of phorone in water, the 
investigation of the conditions which affect the velocity of the 
reaction cannot be carried out in pure aqueous solution, and for this 
purpose a mixture of water and ethyl alcohol containing 50 vols. % 
of the latter has been used as solvent. 

Preliminary observations (Battye and Dawson, Proc. Leeds Phil. 
Soc., 1929, 2, 21) on the reaction rate in presence of buffer mixtures 
(pa 2-7—8-8 according to potentiometric measurements) have 
shown that the plot of the velocity against pq gives a catenary curve 
which is symmetrical with respect to the point of minimum velocity 
characterised by pg = 6-0 or approximately [H‘];= 1-0 x 10. 
So far as the general form of the v-pg curve is concerned, it can be 
explained on the assumption that the reaction is catalysed by 
hydrogen and hydroxy] ions, the joint effect of which is expressed 
by the equation 

v = % + Von = &,[H"] + Fou[OH’]. 

If these ions are the only effective catalysts, the minimum speed 
of the reaction should be given by v1; = 2k,[H'];, whereas the 
actually observed minimum velocity is about 50 times this value. 
The divergence may be regarded as a clear indication of the existence 
of catalytic effects other than those attributable to the hydrogen 
and hydroxy] ions. 

In the present investigation attention has been directed to the 
explanation of the above difference, and in particular, to the catalytic 
effects produced by the solvent medium and by the constituents of 
acetate buffers. 

The measurements were made at 25° with phorone, purified by 
repeated crystallisation from 50% alcohol, which melted sharply at 
27-7°. To remove from the absolute alcohol the impurity which is 
responsible for the absorption of a small amount of iodine, the 
alcohol was treated with iodine, then with sodium, and distilled three 
times. The use of 50% alcohol as solvent interferes with the sharp- 
ness of the end-point in the titration of the iodine with 0-01N-sodium 
thiosulphate, but satisfactory conditions were obtained by running 
the 20-c.c. samples of the reaction mixture into 200 c.c. of ice-cold 
water, to which 5 c.c. of a saturated solution of sodium chloride were 
added when the end-point was nearly reached. Furthermore, the 
difficulties of titration which arise from the separation of phorone 
on dilution were largely eliminated by the use of phorone solutions 
of low concentration, usually 0-04. The values recorded for the 
reaction velocities and the catalytic coefficients are, however, those 
which refer to a phorone concentration of one mol. per litre. 

Hydrochloric Acid as Catalyst—In the presence of hydrochloric 
acid (0-005 or 0-01M) the catalytic effect is mainly due to the 





2660 DAWSON AND SPIVEY: ACID AND SALT EFFECTS IN 


hydrogen ion, but the influence of the solvent necessitates the intro- 
duction of a small correction factor when the data are used for the 
derivation of k,. The velocity v is given by v = k,[H*] + vs, where 
vg is the velocity due to the solvent, whence k, = (v — vs)/[H’]. 
The results obtained in typical experiments are summarised below : 


Phorone conc. HCl cone. v . 108, obs. vg . 10°. k, . 10°. 
0-04 0-005 0-662 0-013 130 
0-02 0-01 1-32 0-013 131 
0-02 0-005 0-665 0-013 130 


The value thus derived for k, on the assumption that the hydro- 
chloric acid is completely ionised is 130 x 10°. 

Autocatalysis.—When iodine is added to a solution of phorone 
a measurable amount of the halogen is found to have disappeared 
after a few minutes. The velocity of the change increases continu- 
ously, and in its later stages the speed of the reaction is approximately 
proportional to the concentration of the hydriodic acid formed, as 
measured by the fall in the concentration of the iodine. There is, 
however, a very marked departure from this simple relation in the 
earlier stages of the autocatalysed reaction, and this would seem to 
be accounted for almost completely by the catalytic activity of the 
solvent which introduces a factor that remains constant throughout 
the process. 

The fact that the solvent is a mixture of water and alcohol imposes 
certain limitations on the analysis of the experimental data, but it 
would seem permissible to assume that the acid and basic functions 
of the complex solvent are essentially determined by the water as 
the more readily ionisable constituent. The value of Ky = 
[H"] - [OH’] for the aqueous-alcoholic solvent is, however, unknown, 
and for this reason it is not possible to determine the magnitude of the 
coefficient ko, from the equation [H"*]; = / kou'Kw/k,, in which 
[H*]; is the hydrogen-ion concentration corresponding with the 
minimum reaction velocity for a series of dilute buffer solutions of 
varying py value. The value of kog'Ky is, however, given by 
k,. (HJ? = 1:3 x 10%, 

Having regard to the nature of the solvent, the reaction velocity 
in the initial stages of the autocatalysed reaction should be given by 

v= % + Von + vs = kx[H"] + kounlOH'] + vs 
= ky{H"] + koxKw/[H'] + vs 
in reference to which it may be pointed out that if the catalytic 
effect of the solvent is sufficiently great, the rate of increase of the 
hydrogen-ion concentration may be such that the influence of the 
hydroxyl ion is not of any importance so far as the actual course 
of the reaction is concerned. The experimental data show, indeed, 
that the hydroxyl term can be left out of account, and in these 
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circumstances the equation for the velocity of the autocatalysed 
reaction becomes 
dec|dt = (kya + vs)(m — x) = ky(r + «)(m — 2) 

where m is the initial concentration of the phorone, r = vs/k,, and 
« is the measured fall in the iodine concentration, and consequently 
the concentration of the hydrogen ion, after time t. 

On integration, the above equation may be written 

log (r + x)/(1 — 2/m) = (m + r)kyt + logr 

according to which the plot of log (r + x)/(1 — x/m) against ¢ is a 
straight line which intercepts the ordinate t = 0 at logr. Since r is 


Fie. 1. 





2-0} 


log (r + x)/(1—x/m). 





log x/(1 — x/m). 











100 200 300 400 
$. 


Autocatalysis of phorone. Continuous lines show plot of logy, (r + x)/(1 — x/m) 
against t (minutes) for 0-04 and 0-094M-phorone solutions. Dotted curve shows 
corresponding plot of logy, x/(1 —x/m) for 0-04M-phorone. 


small compared with z, in the later stages of the reaction, an approxi- 
mate value of r may be obtained by plotting log z/(1 — x/m) against 
tand extrapolating. The process is then repeated with log (r + x)/ 
(1 — x/m) and leads thereby to a final value of r = 0-000100. The 
individual values of r given by independent experiments deviate 
from the mean by less than 3% and, as required by the above 
equation, the results obtained with 0-04 and 0-1M-phorone solutions 
show that r is independent of the phorone concentration. Further- 
more, since r is very small in comparison with m, the slope of the line 
obtained when log (r + x)/(1 — 2/m) is plotted against ¢ should be 
proportional to the phorone concentration, and this is also in agree- 
ment with our experiments. The diagram shows the graphs for 
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0-04 and 0-:094M-solutions of phorone. The dotted curve shows the 
plot of log z/(1l — 2/m) against ¢ for the former solution. This 
should be a straight line if the catalytic effect were solely due to the 
hydrogen ion. Its divergence from linearity illustrates the effect of 
the solvent catalysis in the early stages of the autocatalysed reaction. 
In accordance with the previous equation 
2-30 (r + 2) 
_ (m + ryt 0810 (1 — x/m)r 

and the values of k, given by a typical experiment with 0-04/- 
phorone are shown in col. 4 of Table I. Col. 1 gives the values of ¢, 
col. 2 the number of c.c. of 0-01N-thiosulphate required for titration 
of the iodine in 25 c.c. of the reaction mixture, and col. 3 the corre- 
sponding value of x. 


TABLE I. 
Autocatalysed reaction with 0-04M-phorone and 0-0016.M-iodine. 
t Na,§S,0,, t Na,S,03, 
(mins. ). c.c. z.104. k,.10%. (mins.). C.c. 2.10%. ky. 10°. 
0 9-935 — — 424 4-855 8-26 132 
76 9-625 0-52 (137) 474 3°26 10-83 131 
151 9-195 1-22 os 513 1-695 13-38 131 
240 8-355 2-57 133 524 1-25 14-10 131 
330 7-05 4-69 132 


The mean value of k, from a number of similar experiments is 
0-130, which agrees with that afforded by the measurements made 
with hydrochloric acid as catalyst. Since r = vg/k, is 0-00010, it 
follows that vg = 0-013 x 10°. With regard to the hydrogen-ion 
concentration represented by r, it may be noted that the actual 
course of the autocatalysed reaction, in which the solvent catalysis 
plays an important part, is the same as that which would obtain if 
the only catalytic entity were the hydrogen ion with an initial 
concentration equal to 0-00010 (pg = 4). 

The results thus provided by the study of the autocatalysed 
phorone reaction are similar to those obtained in the investigation 
of the corresponding reaction for mesityl oxide by Dawson and Key 
(J., 1928, 2154). For the latter, the value of r = vg/k, is 0-000047, 
which indicates that the effective action of the solvent (5 vols. % 
alcohol), expressed in terms of an equivalent initial hydrogen-ion 
concentration, is rather less than half as large as the solvent action 
in the phorone reaction. 

The data obtained by Dawson and Powis (J., 1912, 101, 1503) in 
the investigation of the autocatalysed acetone reaction were recently 
examined (Dawson, J., 1927, 458) on the assumption that the solvent 
action is negligibly small. The existence of a solvent effect has since 
been definitely established (Dawson and Key, J., 1928, 543; Dawson 
and Spivey, J., 1930, 2180), and it would now seem probable that in 
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this case the initial stages of the reaction are affected, not only by 
hydroxyl-ion catalysis, but also by the catalytic action of the solvent. 
In connexion with the elucidation of this question, further experi- 
ments are in progress. 

Acetic Acid as Catalyst.—In 50% alcoholic solution, acetic acid is 
ionised to a much smaller extent than in a corresponding pure 
aqueous solution. For this reason the disturbance caused by the 
catalytic action of the liberated hydriodic acid is more pronounced, 
and the accuracy with which the initial velocity of the acetic-acid 
catalysed reaction can be determined is considerably less than that 
which is readily attained in the investigation of the catalytic effects 
produced by acetic acid in pure aqueous solution containing acetone. 
In the absence of a knowledge of the ionisation constant of acetic 
acid in 50% alcohol it is, moreover, not possible to calculate the 
reaction velocities due to its catalytic effects. On the other hand, 
the observed results may be utilised for the derivation of the ionis- 
ation constant. The equation for the reaction velocity is 


v = k,[H"] + &[A’] + kn[HA] + vs 
and since k, is very small compared with k,, whilst [H"] = [A’], 
this becomes 
v = k,[H"] + kn.c + vg 
whence [H*] = (v — kine — vg) [ky 


in which c is the concentration of the acetic acid and k, is the 
corresponding catalytic coefficient, the value of which (hk, = 
7 x 10-*) has been derived from experiments with acetate buffers. 
For 0-1M-acetic acid, v = 80-0 x 10-6, which gives [H*] = 5-1 x10 
and K = [H"*]?/c = 2-6 x 10-*. The corresponding data for 0-5M- 
acid are v = 130 x 10, [H"] = 1-18 x 10°, and K = 28 x 10°. 
The mean value, K = 2-7 x 10%, for 50% alcoholic solution 
compares with K = 1-8 x 10- in aqueous solution. 

Reaction Velocity in Acetate Buffers.—In presence of a mixture of 
acetic acid and sodium acetate, the reaction is somewhat anomalous 
in that the velocity diminishes as the reaction proceeds and does not 
show the normal autocatalytic effect which, however, is obtained 
with pure acetic acid. For a given concentration of acetic acid, the 
effect becomes more marked as the proportion of acetate increases. 
Although the anomalous behaviour cannot yet be explained, it is 
sufficient to note that the velocity diminishes linearly with the fall 
in the iodine concentration, and it is therefore possible to determine 
the initial velocity with the same precision as when the autocatalytic 
effect is normal. 

For a series of buffers represented by 0-1CH,°CO,H ++ xCH,°CO,Na, 
the initial velocity of the phorone reaction shows a rapid fall on the 
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addition of small quantities of acetate, passes through a minimum, 
and subsequently increases linearly with the acetate concentration. 
The relations are similar to those which have been observed in corre- 
sponding experiments with acetone in aqueous solution. In accord- 
ance with the previous method of interpretation, the slope of the 
linear portion of the curve affords a measure of the catalytic activity 
(k,) of the acetate ion, and by extrapolation to x = 0, a measure of 
the catalytic effect due to the combined action of the solvent (vg) and 
of the undissociated acetic acid (0-1k,,) is obtained. The actual 
v—2« plot leads to kg = 11 x 10 and vs + 0-1k,, = 13-7 x 10°, 
whence k, = 7 x 10°. 

The value thus derived for k, may be somewhat affected by the 
incidence of hydroxyl-ion catalysis in the more concentrated acetate 
buffers, and possibly by inert-salt action. These factors are elimin- 
ated in the process of extrapolation by which &,, is determined, but, 
on the other hand, the extrapolated velocity represents mainly the 
influence of the solvent, and in consequence the value of k,, can only 
be approximate. 

The initial reaction velocities obtained in our experiments are 
shown in the last column of Table II. Col. 1 gives x, and col. 2 the 


TABLE II. 
Catalytic effect of 0-1CH,*CO,H + 2CH,°CO,Na. 


2. [H*]. 10% v.10 vm. 10% vg. 10% vg. 10%. Ueaic.. 10%. Vers, . 10°. 
0 5-10 66-3 0-7 — 13-0 80-0 80-0 
0-02 13-5 1-75 0-7 0-22 13-0 15-7 15-3 
0-04 6°7 0:87 0-7 0:44 13-0 15-0 14-6 
0-06 4-5 0-58 0-7 0-66 13-0 14-9 14-6 
0-10 2-7 0-35 0-7 1-10 13-0 15-1 15-0 
0-30 0-9 0-12 0-7 3°3 13-0 17:1 17-0 
0:50 0-5 0-07 0-7 5-5 13-0 19-3 18-7 
0-80 0:3 0:04 0-7 8-8 13-0 22°5 23-0 
1-0 0:3 0-04 0-7 11-0 13-0 24-7 25-0 


values of [H*] calculated from K = 2-7 x 10; cols. 3—6 give the 
partial velocities due respectively to the hydrogen ion (v,), the acetic 
acid molecule (v,,), the acetate ion (v,), and the solvent (vg), and 
col. 7 gives the calculated total velocity Veic, = Un + Um + Va + Us. 

The agreement between the observed and calculated velocities 
for the acetate buffer series affords strong evidence for the multiple 
character of the observed catalytic effects. 

The phorone reaction is thus seen to be similar to the acetone and 
the mesityl oxide reaction which have been previously examined with 
reference to the associated catalytic effects. The catalytic co- 
efficients derived from the experiments with acetone (in water), with 
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refer in all cases to a ketone concentration of one mol. per litre 
and 25°. 


TABLE III. 
Comparison of catalytic coefficients. 

Acetone. Mesityl oxide. Phorone. 
fi SR. decd ve 1-72 (100) 420 (100) 130 (100) 
a 0-:0055 (0-33) 0-10 (0-025) 0-007 (0-005) 
Beet o BOP cnncncree 0-015 (0-9) 0-20 (0-05) 0-011 (0-008) 
kon» 10%......... 25,000 (15 x 105) 185,000 (0-45 x 105) oe 
gs BP cerccaces 0-000025 (0-0015) 0-02 (0-005) 0-013 (0-01) 


Although the comparison of the numbers in the table is restricted 
by the variation in the reaction medium, it may be noted that all 
the coefficients are greatest for the mesityl oxide and, in general, 
least for the acetone reaction. If for each reaction the coefficients 
are expressed in terms of the corresponding value of k, (k, = 100), 
the numbers in parentheses are obtained, and these indicate that the, 
relative catalytic effects of the acetic acid molecule and the acetate 
ion are much the largest for the acetone reaction and least for the 
phorone. The relative solvent effects are, however, in the inverse 
order. 

Summary. 

The intramolecular transformation of phorone which precedes the 
substitution of iodine for hydrogen is accelerated by acids and bases. 
The catalytic effects produced by hydrochloric and acetic acids and 
by acetate buffers in 50% alcohol have been determined, and a 
detailed study has been made of the autocatalysed reaction, which 
shows that the course of this is largely determined in its earlier stages 
by the catalytic influence of the solvent medium. 


THE UNIVERSITY, LEEDs. [ Received, August 7th, 1931 





CCCLX XII.—Eaxperiments on the Synthesis of Antho- 
cyanins. Part VI. A Synthesis of Chrysanthemin 
Chloride. 


By Sutinzo Murakami, ALEXANDER ROBERTSON, and RoBERT 
ROBINSON. 


THE method (Part V; J., 1928, 1460) employed for the synthesis 
of callistephin chloride (3-8-glucosidylpelargonidin chloride) has 
now been extended to the synthesis of 3-8-glucosidyleyanidin 
chloride and careful direct comparisons have established the identity 
of the salt with chrysanthemin chloride. 

This well-characterised anthocyanin was first isolated by Will- 
stiitter and Bolton (Annalen, 1916, 412, 136) from the flowers of the 
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deep-red chrysanthemum (Chrysanthemum indicum, Linn.) and 
later obtained by the regulated hydrolysis of the cyanidin digluco- 
side, mecocyanin (Willstatter and Weil, ibid., p. 231). There is, 
moreover, reason to believe that asterin (Willstatter and Burdick, 
ibid., p. 149) is identical with chrysanthemin, the slight recorded 
divergences being the effects of small proportions of admixed foreign 
substances (compare Willstatter and Robinson, Ber., 1928, 61, 2503). 
The sodium salt of w : 3 : 4-trihydroxyacetophenone, 
C,H,(HO),-CO-CH,°OH, 
was prepared in the known manner (Voswinkel, Ber., 1909, 42, 
4651), dissolved in water, and shaken with a solution of acetic 
anhydride in benzene. The resulting w-hydroxy-3 : 4-diacetoxy- 
acetophenone (1) could fortunately be separated from any triacetate, 
that might be formed simultaneously, by taking advantage of the 
separation of a compound with calcium chloride. This interesting 
substance can be crystallised from chloroform—light petroleum and 
on treatment with water yielded the pure diacetoxybenzoylcarbinol. 
The latter was converted into the acetylated $-glucoside (II) by the 
action of O-tetra-acetyl-«-glucosidyl bromide and silver carbonate 


on the substance in chloroform solution. 
OAc 


AcO COK OAc 
(I.) £80 \co-cu,ou | (1.) 


CH,*0-C,H,0(OAc), 


As in the analogous synthesis of callistephin chloride, the flavylium 
salt was prepared by condensation of the substituted phenacyl- 
glucoside with O-benzoylphloroglucinaldehyde and hydrogen 





bend OAc 
HO’ YX —_0Ae 
0-C,H,O(OAc), 
BzO (III.) 


chloride in chloroform-ether solution and the product, presumed in 
the present case to be (III), was hydrolysed by means of aqueous 
sodium hydroxide. The pyrylium nucleus was thus modified and 


Cl Cl 


bead OH OH 
HO, YX “Nox N—< “oH 
0-C,H,,0; JOH 
HO (IV.) (V.) 





reconstituted when the mixture was acidified with hydrochloric acid. 
The resulting 3-8-glucosidyleyanidin chloride (IV) was isolated in a 
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pure condition; it gave cyanidin chloride * (V) on hydrolysis and 
was found to be identical with chrysanthemin chloride in every 
respect. We are deeply indebted to Geheimrath Professor R. 
Willstatter for very kindly sending us a fine specimen of chrysan- 
themin chloride from the deep-red chrysanthemum. 

This proof cf the 3-glucoside constitution of chrysanthemin 
chloride has some important consequences ; for example, mecocyanin 
chloride must now be regarded as a 3-(glucosidylglucosidyl)cyanidin 
chloride, since its colour reactions are closely similar to those of 
chrysanthemin chloride and the bioside yields the monoglucoside on 
partial hydrolysis. It is probable that keracyanin and prunicyanin, 
which resemble mecocyanin, are also 3-biosides. The behaviour of 
cyanin chloride, however, differs so widely from that of mecocyanin 
chloride that the attachment of the carbohydrate residue to position 
3 cannot be assumed and, since the strong ferric chloride reaction 
proves that positions 3’ and 4’ likewise bear hydroxyl groups, cyanin 
chloride must be 5- or 7-(glucosidylglucosidyl)cyanidin chloride if it 
is a bioside. 

Until recently we were of the opinion that cyanin, peonin, pelargo- 
nin and malvin were biosides, but a different view is now considered 
to be tenable. 

The properties of fisetinin chloride (see Part XI) have rendered it 
probable that cyanin is cyanidin 3 : 5-diglucoside and this is sup- 
ported by considerations mentioned in Part XII relating to the 
stability of cyanin to oxidising agents and to the partial hydrolysis 
of the substance. The relation of this hypothesis to the work of 
Karrer and his collaborators on the methylation of the anthocyanins 
is discussed in the following communication. 


EXPERIMENTAL. 
o-Hydroxy-3 : 4-diacetoxyacetophenone (I)—An improvement in 
the preparation of w-chloro-3 : 4-dihydroxyacetophenone (Drezkow- 
ski, J. Russ. Phys. Chem. Soc., 1893, 25, 154; Ber., 1893, 26, 589; 
D.R.-P. 71312) consists in the addition of an equal volume of toluene 
to the reactants. The reaction is complete in 1 hour (heating at 


. Synthetic cyanidin chloride had been compared by two of the present 
authors with two specimens of natural cyanidin chloride, one from mecocyanin 
chloride and one of unknown origin; it has now been compared also with 
cyanidin chloride from cyanin chloride ex cornflowers and from cyanin chloride 
ex dahlias. 

por comparisons were made in considerable detail and no divergences were 
noted. 

We wish to thank Geheimrath Professor R. Willstatter for the provision 
of specimens of the anthocyanin from the two sources mentioned and also 
for a large specimen of mecocyanin chloride. 
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110—115° in the oil-bath) and the product is separated by steam- 
distillation of the toluene and crystallisation of the residue from 
water. The sodium salt of w : 3 : 4-trihydroxyacetophenone (5 g.) 
was dissolved in water (25 c.c.) and agitated in the cold with a solu- 
tion of acetic anhydride (5 c.c.) in benzene (10 c.c.). After a few 
minutes, during which the vessel was cooled in melting ice, the 
benzene layer was separated, concentrated until almost all the 
benzene had been removed, and then the residue taken up in chloro- 
form. This solution was mixed with powdered anhydrous calcium 
chloride, shaken, gently heated, and then kept for 12 hours. 

The crystalline calcium chloride compound of the carbinol was 
purified by dissolution in chloroform at room temperature and 
precipitation by the addition of light petroleum. The colourless 
prisms are stable in ordinary air and have m. p. 126—127° (Found : 
Ca, 6-4. 2C,,H,,.0,,CaCl, requires Ca, 65%). The carbinol was 
regenerated from the crude double compound by treatment with 
water; it was collected, washed, and crystallised from alcohol, 
forming colourless elongated plates (3-2 g.), m. p. 86—87° (Found : 
C, 57-3; H, 46; CH,°CO, 34:3. C,.H,.0, requires C, 57-7; H, 
4-8; 2CH,°CO, 34:1%). The substance is sparingly soluble in cold 
ether but is fairly soluble in most organic solvents; it reduces 
Fehling’s solution in the cold in the presence of a little alcohol. 

«-O-T etra-acetyl-B-glucosidoxy-3 : 4-diacetoxyacetophenone  (II).— 
Dry silver carbonate (15 g.) was added to a solution of O-tetra- 
acetyl-«-glucosidyl bromide (14-5 g.) and w-hydroxy-3 : 4-diacetoxy- 
acetophenone (7:5 g.) in dry chloroform (30 c.c.) with vigorous 
agitation for 15 minutes, followed by heating on the steam-bath for 
15 minutes under reflux. The liquid was filtered and mixed with 
light petroleum, giving an oil that was triturated with water until it 
crystallised. The substance was recrystallised from 80% methyl 
alcohol forming colourless, stout, prismatic needles (5 g.), m. p. 
105—105-5° (Found : C, 53:7; H, 5-2. C.gH390;; requires C, 53-6; 
H, 5-2%). The substance is readily soluble in most organic solvents, 
sparingly so, however, in ether, light petroleum and carbon di- 
sulphide; it is appreciably soluble in hot water. 

3 - 8 - Glucosidoxy - 5:7: 3': 4’ : tetrahydroxyflavylium Picrate 
(Picrate related to IV).—A solution of w-O-tetra-acetyl-8-glucosid- 
oxy-3 : 4-diacetoxyacetophenone (1-0 g.) and O-benzoylphloroglucin- 
aldehyde (0-5 g.) in chloroform (10 c.c.) and dry ether (85 c.c.) was 
saturated with hydrogen chloride at room temperature; the con- 
densation proceeded rather slowly and after a week the dark red 
precipitate was collected, and a further quantity obtained by the 
addition of ether to the filtrate (yield, 1-1 g.). The crude tetra- 
acetylglucosidoxybenzoyloxyhydroxydiacetoxyflavylium chloride 
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(2-0 g.) was dissolved in 10° aqueous sodium hydroxide (22 g.), the 
solution kept for 3} hours at room temperature with occasional 
shaking, and the mixture then acidified with 10° hydrochloric acid 
(25 g.) and kept for 12 hours. Benzoic acid was removed by 
filtration and the filtrate, with washings, was thrice extracted with 
amyl alcohol (20 c.c., 20 c.c., 10 c.c.); this amyl alcohol layer was 
washed thrice with 0-005% hydrochloric acid (10 c.c. each time). 
The combined aqueous acid solution was extracted with ether, 
nearly neutralised, and the pyrylium salt converted into the lead 
salt and regenerated in the manner described by Willstatter and 
Burdick (Annalen, 1916, 412, 155; compare J., 1928, 1468). The 
pyrylium salt (0-62 g.), purified in this way, was dissolved in the 
minimum of 0-01°% hydrochloric acid (ca. 5 c.c.), and saturated 
aqueous picric acid (45 c.c.) added. The picrate that separated on 
keeping crystallised from hot semi-saturated aqueous picric acid as 
a deep brownish-red, crystalline mass exhibiting a feeble metallic 
glance (0-58 g.). Under the microscope the plates appear brown by 
transmitted light; the substance has m. p. 178° (decomp. 182°) 
(Found in material dried at 110° in a vacuum: C, 48-2; H, 3-6; 
N, 6:3. C,,H.30,,N, requires C, 47-8;-H, 3-4; N, 62%). Sub- 
sequently much larger quantities of this substance were available, 
especially when it was found that the original condensation could be 
conveniently effected by dry ethyl acetate solution. The details of 
this process are exactly similar to those employed for the synthesis 
of idaein chloride (see subsequent part of this series) and are therefore 
not included here. In these later experiments it was found that the 
pure picrate crystallised from half-saturated aqueous picric acid in 
microscopic quadrilateral, not quite rectangular prisms, orange by 
transmitted light and crimson with bronze glance in mass (m. p. 
170—175° or higher according to the rate of heating; vigcrous 
decomp., 190—193°) (Found in air-dried material: C, 43-4; H, 4-4; 
N, 5-3; loss at 110° in a.vacuum, 9-7. C,,H,,0,,N3,4H,O requires 
C,43-2; H,4-2; N, 5-6; 4H,O, 96%). The substance also crystal- 
lises in isolated needles and radiating clusters of needles and from 
dilute solutions it often separates in characteristic palm-leaf-shaped 
crystals. The latter is the form that is always obtained when 
saturated aqueous picric acid is added to a hot solution of pure 
chrysanthemin chloride in dilute hydrochloric acid. 

This derivative was prepared from “ asterin ” chloride (Willstatter 
and Burdick, loc. cit.) and from chrysanthemin chloride (Willstatter 
and Bolton, loc. cit. ; compare Willstatter and Robinson, Ber., 1928, 
61, 2500) and by analysis and a comparison of all the properties the 
three specimens were found to be identical; they all crystallised 
with 4H,O. 
4s 
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3-3-Glucosidyleyanidin Chloride (Chrysanthemin Chloride) (IV).— 
The pure picrate (1-6 g.) was dissolved in 2% methyl-alcoholic 
hydrogen chloride (100 c.c.), and the chloride precipitated by the 
addition of much ether. This was collected and triturated with 
cold 3% ethyi-alcoholic hydrogen chloride; it then quickly crystal- 
lised. The substance was dissolved in the minimum of hot 0-5% 
aqueous hydrochloric acid and five volumes of 3%, ethyl-alcoholic 
hydrogen chloride were added. The flavylium salt then separated 
in tiny diamond-shaped leaflets curiously uniform in size and shape 
(0-02—0-1 mm. long and from 2-5 to 3-5 times as long as broad) and 
presenting a very fine appearance on account of their brilliant bronze 
reflex. The crystals closely resemble those of which Willstatter and 
Bolton reproduced a microphotograph (loc. cit., p. 146) (Found in 
different air-dried specimens: C, 49-4, 49-5; H, 4:8, 4:9; Cl, 7-1, 
7-0; loss at 110° in a high vacuum, 4-9, 4-8. C,,H,,0,,C1,1-5H,0 
requires C, 49-3; H, 4-7; Cl, 6-9; 1-5H,O, 53%. Found in material 
dried at 110° in a vacuum: C, 52-0; H, 4-4; Cl, 7-0. C,,H,,0,,Cl 
requires C, 52-0; H, 4:3; Cl,7-3%). In every respect this substance 
was found to be identical with chrysanthemin chloride from Chrysan- 
themum indicum L., a specimen of which was very kindly sent to us 
by Professor Willstatter; all the properties mentioned by Willstatter 
and Bolton (loc. cit., pp. 146—147) were observed as characteristic of 
the synthetic specimen; the solubilities were not, however, deter- 
mined quantitatively. The natural specimens could be used to induce 
the crystallisation of the synthetic and vice versa. The solubility in 
7°% sulphuric acid of the two specimens was shown to be identical 
by colorimetric comparison of the saturated solutions. The colour 
reactions, violet with sodium carbonate and blue with sodium 
hydroxide, the ferric chloride reaction under different conditions, 
the ease of pseudo-base formation, and many other properties were 
directly compared and no divergence was observed in any instance. 

The distribution number of the synthetic salt was found to be 
19-1 and 19-0 in a second experiment; Willstatter and Bolton found 
the number 19-0. 

Willstatter and Schudel (Schudel, Dissert., Zurich, 1918) have 
observed that ethyl acetate extracts chrysanthemin from aqueous 
solution in the presence of picric acid. We dissolved synthetic 
chrysanthemin chloride (5-00 mg.) in saturated aqueous picric acid 
(50 c.c.) and shook the solution with ethyl acetate (50 c.c.) saturated 
with picric acid. The lower layer was separated, mixed with much 
ether and light petroleum, and extracted with 1° hydrochloric acid 
(50 ¢.c.). The aqueous solution so obtained was freed from picri¢ 
acid by means of ether and made up to 100 c.c. with 1% hydrochloric 
acid. It was colorimetrically compared with the upper layer from 








EXT 


the 
dilv 
37° 
laye 
37°] 
a si 

C 
The 
was 
Pu - 
The 
wer 
viol 
(8)- 
viol 
note 
hyd 
bece 

T 
were 
were 
iron 
redd 

A 
the : 
of n 
paris 
statt 
chry 

TI 
auth 
and | 
of a 
chry: 
and 
react 


TH 





cal 
ur 
um 
ns, 
re 


be 


nd 


ve 
us 
tic 
oid 











EXPERIMENTS ON THE SYNTHESIS OF ANTHOCYANINS. PART VI. 2671 


the original mixture, which was also freed from picric acid and 
diluted to 100 c.c. with 1% hydrochloric acid. It was found that 
37-5% of the pigment had passed into the ethyl acetate—picric acid 
layer. The natural chrysanthemin gave 37-4%, and “ asterin ” gave 
37-1% in this experiment. When ethyl phenylacetate was used in 
a similar way, the pigment was not extracted. 

Colour reactions in a range of buffered solutions of graded py. 
The method of Robertson and Robinson (Biochem. J., 1929, 23, 35) 
was employed and the numbers refer to solutions of py 3-2 (1) to 
Pu 11-0 (14) and then to more alkaline solutions of unknown px. 
The natural and synthetic specimens gave identical results which 
were as follows: (1) salmon-red; (2), (3) bluish-red, fading; (4) 
violet-red ; (5), (6), (7) brown-violet-red, deepening in the series; 
(8)—(13) brown-violet; (14) dull violet; (15) violet; (16) bluish- 
violet; (17) violet-blue. The appearances after various times were 
noted and at all stages identity was observed. In 0-2N-sodium 
hydroxide the solutions gave a pure blue colour, but this quickly 
became green and later yellow. 

The methyl-alcoholic solutions employed for the colour reactions 
were used for other comparisons, for example, the following. 10 C.c. 
were diluted with water to 100 c.c. and a solution (5 c.c. of 0-1%) of 
iron alum was added. The violet solutions so obtained rapidly 
reddened together and in 6 minutes the colour was almost discharged. 

A considerable series of comparisons has also been made between 
the synthetic chrysanthemin and the product of the semi-hydrolysis 
of mecocyanin; these include distribution ratios and colour-com- 
parisons and as a result we have confirmed the statement of Will- 
statter and Weil (Annalen, 1916, 412, 233) that mecocyanin yields 
chrysanthemin. 

The chrysanthemin produced by following the method of these 
authors was isolated by extraction with ethyl acetate—picric acid 
and by removal of cyanidin as its picrate by means of ether extraction 
of an aqueous solution (Willstatter and Schudel, Joc. cit.). The 
chrysanthemin was ultimately crystallised as picrate and chloride 
and identified by means of its distribution number and colour 
reactions. 


THE UNIVERSITIES OF OXFORD 
AND MANCHESTER. [ Received, August 29th, 1931.] 
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CCCLXXIII.—Ezperiments on the Synthesis of 
Anthocyanins. Part VII. The Four Isomeric 
B-Glucosides of Pelargonidin Chloride. 


By Anpris Leén, ALEXANDER ROBERTSON, ROBERT ROBINSON, 
and TIRUVENKATA R. SESHADRI. 


PELARGONIDIN 3-8-GLUCOSIDE (callistephin) has already been 
synthesised (Part V) and we now place on record the synthesis of the 
remaining isomeric $-glucosides. 

O-Benzoylphloroglucinaldehyde and 4-tetra-acetyl-8-glucosidoxy- 
w-acetoxyacetophenone were condensed together under the influence 
of hydrogen chloride in ethyl acetate solution; the hydrolysis and 
reconstitution of the pyrylium ring offered no difficulty and the 
resulting pelargonidin chloride 4’-8-glucoside (I) crystallised with 
facility. It is quite unlike callistephin and pelargonenin in its 
colour reactions with alkalis. 

Again, O-benzoylphloroglucinaldehyde was converted into a 
tetra-acetyl-$-glucoside, and this substance must have the con- 
stitution (II). This follows from the success of the flavylium salt 
synthesis, but it was also demonstrated in the following manner. 

Methylation and subsequent hydrolysis of the glucoside furnished a 
monomethy!phloroglucinaldehyde glucoside, and the same substance 
was prepared in stages from 4 : 6-dihydroxy-2-methoxybenzaldehyde. 


a 


HO —< oe «H,,0;  (AcO),C,H,0-0% NOH 
“i CHO 


HO (I.) (iI.) BzO 


The condensation of (II) with w : 4-dihydroxyacetophenone provided, 
after the usual stages, pelargonidin chloride 7-8-glucoside (III). 
This substance bears some resemblance to pelargonenin, but: its 
alcoholic solution does not exhibit fluorescence. By elimination of 
alternatives we were thus satisfied that pelargonenin chloride, the 
product of the partial hydrolysis of pelargonin (Willstatter and 
Bolton, Annalen, 1916, 412, 133), must be pelargonidin chloride 
5-glucoside (IV), and this view was confirmed by the preparation 
of the isomeric pelargonidin chloride monomethyl ethers (V 
and VI). 

5-O-Methylpelargonidin chloride (V, R = OMe) (and the related 
flavylium salt in which Me replaces OMe) exhibits the colour reactions 
and fluorescence of pelargonenin chloride, but 7-O-methylpelargon- 
idin chloride (VI, R = OMe) (and the related orcinol derivative) does 
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not exhibit fluorescence in alcoholic solution and is similar to the 
pelargonidin 7-8-glucoside chloride. 

We were anxious to clinch this matter by a synthesis of pelargon- 
enin chloride and although we ultimately succeeded in achieving our 


Cl Cl 


ram, 


cs 
O 0 
C.H,,0.0% < on HO, YY < You 
sH1105 C) i = 


bd 


HO (ITT.) C,H,,0;° (IV.) 
Cl Cl 
uu“ as 
HO, Som OH XO) < oH 
OH OH 
WY 
(V.) HO (VI.) 


object the method which we were compelled to adopt is a highly 
unsatisfactory one. O-Benzoylphloroglucinaldehyde was benzoy]l- 
ated again and yielded 6-hydroxy-2 : 4-dibenzoyloxybenzaldehyde, 
as was proved by methylation and hydrolysis. This substance was 
converted into a tetra-acetylglucoside which could not be purified 
but, of course, must bear the glucosidoxy-group in the o-position to 
the formyl residue. On hydrolysis it furnished a solution of phloro- 
glucinaldehyde glucoside, also not isolated, and the crude product 
was condensed in cold alcoholic solution with w : 4-dihydroxyaceto- 
phenone. After purification of the resulting flavylium salt a 
pelargonidin 5-8-glucoside was isolated in orange-red needles, and 
this substance (IV) has the properties of pelargonenin chloride as 
recorded by Willstatter and Bolton (Joc. cit.). 

The position is, therefore, that pelargonin yields pelargonidin- 
5-glucoside on hydrolysis and it would be natural to conclude that 
the anthocyanin is a pelargonidin 5-bioside. However, there is 
strong evidence available that position 3 does not bear a hydroxyl 
group and we have convinced ourselves that this is so by an examin- 
ation of the rate of destruction of various synthetic and naturally 
occurring members of the group by means of ferric chloride in very 
dilute solution. All the synthetic glucosides now described and 
pelargonidin are rapidly attacked, but pelargonin and callistephin 
are only very slowly broken down. This is an extension of the work 
of Karrer, Widmer, Helfenstein, Hiirliman, Nievergelt, and Mon- 
sarrat-Thomas (Helv. Chim. Acta, 1927, 10, 729) on the oxidation of 
anthocyanins by means of hydrogen peroxide and we accept the 
views of these authors in regard to the effect of the hydroxyl in 
position 3 in rendering the molecule vulnerable. 

Our method can be used to test a large number of substances in 
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this connexion and we find that the contrast holds in all cases— 
hydroxy] in position 3, rapid loss of colour—hydroxy] in position 3 
absent or modified, relative stability. 

We are, therefore, convinced that pelargonin is pelargonidin 
3 : 5-diglucoside (VII) 


cl 
Ho/\/% < oH 
\v l0-C,H,,0; 
CgH,,0;° (VII.) 
co—< Me 
vir, Meo’ Nome | 
\cHZ No-C,H,,0; 
C,H,,9;° 


[Methylation of glucose rests is not represented. ] 


This theory can, we imagine, be easily reconciled with and is, indeed, 
supported by, the results of Karrer and others (Joc. cit.) and Karrer 
and Widmer (Helv. Chim. Acta, 1928, 11, 837) on the methylation 
of monardaein and other anthocyanins. 

In the first series of experiments it is evident, as we have pre- 
viously suggested, that the ring opened and the newly formed 
hydroxyl was methylated. This gave the substance (VIII) and 
naturally the action of hot hydrochloric acid split off the glucose 
residues and yielded the 5:7: 4’-trimethyl ether of pelargonidin. 
This explanation applies also to the methylation of cyanin, peonin, 
and malvin chlorides, which we consider are also 3 : 5-diglucosides. 
In the experiments of Karrer and Widmer (loc. cit.) on the methyl- 
ation of monardaein the pyran ring was probably not opened and 
the process may be represented in the following manner. Following 
the suggestion of Willstitter respecting delphinin, we assume that 
the p-hydroxycinnamoyl groups of monardaein are attached to the 
carbohydrate part of the molecule. Methylation affects then the 
phenolic groups in the acid and the free hydroxyl groups at positions 
4’ and 7 in the pelargonidin nucleus. We obtain (IX) by hydrolysis 
of the product with alcoholic potassium hydroxide, followed by the 
action of aaa acid. 


& 


MeO ——<_0Me may) —< one 
lon 


Joau.o, C,H,,0,; \~ 
Ke (IX.) HO (X.) 


On further aiid by hot 20% hydrochloric acid, this monardin 
‘ : . /o HY 
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(pelargonin) dimethyl ether chloride yields pelargonidin dimethy] 
ether chloride (X). 

The alkali colour reactions no longer offer a difficulty for reasons 
fully explained in subsequent papers of this series. 


EXPERIMENTAL. 

3: 7:4'-Trihydroxy-5-methylflavylium Chloride. (V, R= Me).— 
A solution of 6-orcylaldehyde (2-5 g.) and w-hydroxy-p-acetoxyaceto- 
phenone (2-0 g.) in dry ethyl acetate (70 c.c.) was saturated with dry 
hydrogen chloride and kept at room temperature for 36 hours. The 
product which had separated was then collected and washed with 
dry ethyl acetate (yield, 3-5 g.). This product was contaminated 
with a small amount of xanthylium salt formed by the self-con- 
densation of 6-orcylaldehyde and this exhibited a strong greenish- 
yellow fluorescence in alcoholic solution. The separation of this 
impurity was rather tedious and was carried out as follows. The 
impure salt was dissolved in warm 70% alcohol containing 1% of 
hydrogen chloride, and hydrogen chloride was passed into the warm 
solution until the liquid began to deposit crystals; on cooling, the 
solution deposited the chlorides. After twelve recrystallisations in 
this way a product was obtained which did not exhibit the xanthyl- 
ium salt type of fluorescence in alcoholic solution, and the salt was 
then twice recrystallised as before and obtained in orange-red, 
elongated, rectangular prisms—deep red in mass (Found in air-dried 
material: C, 60-0; H, 4:7.. C,gH,,0,Cl,H,O requires C, 59-6; 
H, 4-6%). 

The salt is readily soluble in alcohol to a pelargonenin-type 
fluorescent solution, and is only slightly soluble in dilute hydro- 
chloric acid (5—10%). With sodium carbonate it gives a blue- 
violet solution which is bluish in thin layers. Addition of sodium 
hydroxide gives the same colour, but this fades in about 2 minutes. 
In alcoholic solution a bluish-purple coloration is obtained on the 
addition of sodium carbonate. 

3:5:4'-Trihydroxy-7-methylflavylium Chloride (VI, R = Me).— 
A solution of y-orcylaldehyde (0-6 g.) (prepared from atranorin by 
the method of St. Pfau, Helv. Chim. Acta, 1926, 5, 650) and w-hydr- 
oxy-4-acetoxyacetophenone (1-4 g.) in dry ethyl acetate (40 c.c.) was 
saturated with dry hydrogen chloride, and the solution kept at room 
temperature for 36 hours. The product which had crystallised was 
collected and washed with dry ethyl acetate (yield, 1-0 g.). The salt 
was dissolved in warm alcohol, the solution filtered, and concen- 
trated hydrochloric acid (} vol.) added. Alcohol was evaporated 
until the solution showed signs of depositing solid. On cooling, the 
flavylium salt separated in dark red, rhombic, microscopic prisms 
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(Found in air-dried material: C, 56-1; H, 5-1. C,,H,,0,Cl,2H,O 
requires C, 56-4; H, 5-0%). 

The salt is readily soluble in alcohol and the solution is quite 
non-fluorescent. It is practically insoluble in cold concentrated 
hydrochloric acid, and only slightly soluble in 5—10% hydrochloric 
acid. With sodium carbonate the salt gives a violet coloration, and 
sodium hydroxide gives the same colour which, however, fades 
almost instantly. An alcoholic solution on the addition of sodium 
carbonate assumes a bluish-violet tinge. 

2-Hydroxy-4-benzoyloxy-6-methoxybenzaldehyde.—4 : 6-Dihydroxy- 
2-methoxybenzaldehyde (7 g.) (prepared by Gattermann’s method 
from phloroglucinol monomethyl ether) and benzyl bromide (5-2 g.) 
were dissolved in acetone (60 c.c.), and anhydrous potassium carbon- 
ate (10 g.) added to the solution, which was refluxed during 14 hours. 
After filtration the acetone was removed under diminished pressure ; 
the residue on trituration with cold water gradually solidified. 
Recrystallised from methyl alcohol and then from ethyl alcohol, the 
ether was obtained as elongated prisms, m. p. 101—102° (Found : 
C, 70-0; H, 5-4. C,;H,,0, requires C, 69-8; H, 5-4%). 

This ether is practically insoluble in cold methyl or ethyl alcohol, 
but readily soluble in ether and in ethyl acetate. In aleoholic 
solution it gives a reddish-brown coloration on the addition of a drop 
of aqueous ferric chloride. The colour developed is identical with 
that given by dimethylphloroglucinaldehyde. 

Proof of the constitution of this substance is afforded by the fact 
that it condenses with w-hydroxy-4-acetoxyacetophenone to a 
flavylium salt. 

3: 4’-Dihydroxy-7-benzyloxy-5-methoxyflavylium Chloride.—A solu- 
tion of the benzyl ether of 6-methylphloroglucinaldehyde (2-5 g.) and 
«-hydroxy-4-acetoxyacetophenone in ethyl acetate (40 c¢.c.) was 
saturated with dry hydrogen chloride. After 3 days the product 
which had separated was collected and well washed with dry ethyl 
acetate (yield, 2-5 g.). The salt was dissolved in warm methy] 
alcohol, and concentrated hydrochloric acid (;', vol.) added to the 
filtered solution. Methyl alcohol was evaporated until the residue 
showed signs of crystallising ; on cooling, the solution deposited the 
salt as bright red, rhombic plates (brilliant green reflex) (Found in 
air-dried material: C, 66-6; H, 4-9. C,,H,,0,;Cl requires C, 67-1; 
H, 4-6%). 

The salt is very sparingly soluble in 1% hydrochloric acid and is 
readily soluble in warm alcohol to a solution which exhibits greenish- 
yellow fluorescence. An alcoholic solution becomes red-violet on 
the addition of aqueous sodium carbonate solution and the colour is 
stable. 
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Sodium hydroxide solution gives the same colour, but the latter 
fades in 1 minute. 

3:7: 4'-Trihydroxy-5-methoxyflavylium Chloride (V, R = OMe).— 
The benzyl derivative (0-8 g.) was suspended in a mixture of glacial 
acetic acid (300 c.c.) and concentrated hydrochloric acid (150 c.c.), 
which was then refluxed for 1 hour; the solid dissolved during the 
first 15 minutes. The solvent was then distilled until solid began to 
separate; on cooling, the residue deposited the 5-methyl ether of 
pelargonidin chloride as deep red, elongated prisms with a green 
reflex. This salt was dissolved in warm methyl alcohol, and con- 
centrated hydrochloric acid (4 vol.) added. Methyl alcohol was then 
evaporated until the solution began to crystallise; on cooling, the 
chloride separated as red-brown, elongated, rectangular prisms with 
a faint green reflex (Found in air-dried material: C, 55-5; H, 5-0; 
MeO, 8-5. C,gH,,0,Cl,14H,O requires C, 55-4; H, 46; MeO, 
8-9%). The salt is readily soluble in warm methyl and ethyl alcohol. 
It is nearly insoluble in cold dilute hydrochloric acid (1%, to 5%) 
and is sparingly soluble in the warm solvents. An alcoholic solution 
exhibits a greenish-yellow fluorescence. With aqueous sodium 
carbonate the salt gives a blue-violet solution which is stable. Addi- 
tion of sodium hydroxide produces no change in colour, but the latter 
rapidly fades to a dirty yellow. 

3:5: 4'-Trihydroxy-7-methoxyflavylium Chloride (VI, R = OMe). 
-—6-Hydroxy-2-benzoyloxy-4-methoxybenzaldehyde (2-0 g.) and 
o-hydroxy-4-acetoxyacetophenone (3 g.) were dissolved in dry ethyl 
acetate (50 c.c.), and the mixture saturated with dry hydrogen 
chloride. The solution quickly assumed a deep red colour and after 
3 days part of the product had separated, and the remainder was 
precipitated by the addition of dry ether (300 c.c.). The benzoyl 
derivative was dissolved in warm alcohol, and warm concentrated 
hydrochloric acid (4 vol.) added. On cooling, the solid separated 
in red elongated prisms which have a greenish-yellow fluorescence in 
alcoholic solution. 

The benzoyl derivative was not further purified but was debenzoyl- 
ated at once. The solid (3 g.) was added to 8% sodium hydroxide 
solution (60 c.c.) in an atmosphere of hydrogen, and the mixture 
vigorously agitated until the solid dissolved ($ hour). The mixture 
was kept at room temperature during 3 hours, and was then acidified 
with concentrated hydrochloric acid (100 c.c.). The solution was 
heated on the water-bath (to 80°) for 20 minutes and kept at room 
temperature over-night ; the 7-methyl ether of pelargonidin chloride 
then separated. The salt was collected and washed with 4% 
hydrochloric acid to remove sodium chloride and then with ether to 


remove benzoic acid. Since the solid could not be crystallised, it 
4s2 
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was converted into picrate. The chloride was dissolved in hot 
saturated alcoholic picric acid, and water added until the solution 
became cloudy. On cooling, the solution deposited the picrate in 
red-brown needles, which were recrystallised from a warm aqueous- 
alcoholic solution of picric acid (50% alcohol saturated with picric 
acid in the cold), and the picrate obtained as red-brown needles. 

The picrate was dissolved in warm methy] alcohol, and hot 15% 
hydrochloric acid (4 vol.) added. Methyl alcohol was evaporated 
until the solution showed signs of depositing the chloride. The 
cooled residue deposited the chloride as a crystalline solid, which was 
collected and washed with 4% hydrochloric acid to remove traces 
of picric acid. 

The chloride was dissolved in warm methyl alcohol, and con- 
centrated hydrochloric acid (4 vol.) added. The alcohol was 
evaporated to a certain extent and, on cooling, the salt separated as 
dense clusters of rectangular prisms, red-brown by transmitted light 
under the microscope, and in mass exhibiting a green reflex (Found : 
C, 59-4; H, 4-4; MeO, 9-6. C,,H,,0;Cl requires C, 59-8; H, 4-4; 
MeO, 9:7%). The salt is slightly soluble in 1—2°% hydrochloric acid 
and is readily soluble in alcohol to a solution that shows no fluor- 
escence. With sodium carbonate solution this salt gives a violet 
colour which is bluish-violet in thin layers. Sodium hydroxide gives 
a more bluish-violet, which rapidly fades. An alcoholic solution 
gives a bluish-violet with sodium carbonate and this violet is much 
redder than that given by the 5-methyl ether. 

Potassium Salt of «-4-Dihydroxyacetophenone.—w-4-Diacetoxy- 
acetophenone (Robertson and Robinson, J., 1928, 1464) (20 g.), 
mixed with potassium hydroxide solution (20 g. in 80 c.c. of water), 
was heated in a boiling water-bath, a clear solution resulting in a 
few minutes. The heating was continued for a further 15 minutes ; 
the solution was then allowed to cool in an ice-chest and large, 
colourless, shining plates filled the liquid. The salt was collected, 
washed repeatedly with cold alcohol, and dried in an evacuated 
desiccator over soda-lime (yield, quantitative). 

The potassium salt is stable in air, easily soluble in boiling water, 
much less readily soluble in cold water, and almost insoluble in 8% 
aqueous potassium hydroxide or boiling alcohol. It crystallises 
from a small volume of boiling water (1 g. in 2 c.c.) as colourless 
shining, rectangular plates, which were ground with alcohol, washed 
repeatedly, and finally dried over soda-lime in a desiccator. On 
heating, it loses water of crystallisation at 120°, turns brown at about 
235°, and decomposes at 275° (Found : loss of weight at 120°, 15-6; 
K, 17-1. C,H,0,K,2H,O requires 2H,O, 15-9; K, 17-3%). 

The corresponding silver salt crystallised in clusters of colourless 
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needles when aqueous silver nitrate was added to a dilute aqueous 
solution of the potassium salt. Carefully washed, it remained 
unchanged in cold water for a considerable time, but on warming it 
darkened and a mirror was rapidly formed. 

« :4-Dihydroxyacetophenone.—When excess of concentrated hydro- 
chloric acid was added to a warm concentrated aqueous solution of 
the potassium salt, and the solution cooled, the ketone separated as 
colourless flat needles. It is sparingly soluble in cold dilute hydro- 
chloric acid, but is readily soluble in boiling water and separates on 
cooling. In boiling benzene, chloroform, or ether it is rather spar- 
ingly soluble, whereas it easily dissolves in cold alcohol or acetone ; 
it is also easily soluble in aqueous sodium carbonate. The pure 
substance sinters at 170° and melts at 177—178° (Found : C, 63-3; 
H, 5-2. C,H,O, requires C, 63-2; H, 5-2%). 

The substance reduces Fehling’s solution in the cold within a 
minute and deposits silver from ammoniacal silver nitrate on warm- 
ing. It furnished o : 4-diacetoxyacetophenone when heated with 
sodium acetate and acetic anhydride for 2 hours on the steam-bath ; 
the derivative crystallised from alcohol in colourless prisms, m. p. 
98°, identical with the specimen obtained from w-chloro-4-hydroxy- 
acetophenone (loc. cit.). An osazone was readily obtained by mix- 
ing a hot aqueous solution of the ketone (0-5 g.) and a hot solution of 
phenylhydrazine (2 c.c.) in dilute acetic acid. In a few seconds 
turbidity appeared and a yellow crystalline precipitate filled the 
liquid. The reaction was completed by gentle heating for 15 minutes 
and the product was twice crystallised from alcohol, forming golden- 
yellow threads, m. p. 212—214° (Found: N, 16-6. C,9H,,ON, 
requires N, 17-0%). 

5-O-Benzoylpelargonidin Chloride.—A solution of the dihydroxy- 
ketone (0-5 g.) and 2-O-benzoylphloroglucinaldehyde (1 g.) in dry 
ethyl acetate (40 c.c.) was saturated with dry hydrogen chloride. 
Within a minute of passing the gas the solution became strongly 
fluorescent, appearing green by reflected and red by transmitted 
light, and crystals separated in a few minutes. After 24 hours an 
equal volume of ether was added and the brilliant indigo-like 
crystals (thick plates) of benzoylpelargonidin chloride were collected. 
The yield was theoretical and the substance was identical with the 
specimen obtained by Robertson, Robinson, and Sugiura (J., 1928, 
1533) from diacetoxyacetophenone. 

o-Hydroxy-4-8-tetra-acetylglucosidoxyacetophenone.—A solution of 
the potassium salt of w : 4-dihydroxyacetophenone (4 g.) in a mixture 
of water (40 c.c.) and acetone (40 c.c.) was treated gradually in the 
cold with «-tetra-acetylglucosidyl bromide (8-8 g.) in acetone (20 c.c.) 
with shaking. The clear colourless solution was kept for 24 hours 
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with occasional shaking ; acetone was then removed under diminished 
pressure below 30°, and the viscous semi-solid residue washed 
repeatedly with cold water and kept in the ice-chest over-night. 
The resulting colourless solid was dissolved in a little cold methyl 
alcohol, and the solution rendered just turbid by addition of water ; 
colourless flat needles were slowly obtained, m. p. 135—137° with 
sintering a few degrees lower (yield, 2-5 g.). The purified substance, 
m. p. 149—150°, was sparingly soluble in cold methyl and ethyl 
alcohols and especially so in 70% alcohol; it was easily soluble in 
the hot solvents and in chloroform and acetone. It was sparingly 
soluble in ether and reduced Fehling’s solution in the cold and 
ammoniacal silver nitrate on heating (Found: C, 54:5; H, 5:3. 
- CygH,g04. requires C, 54-7 ; H, 5-4%). 

5-O- Benzoyl - 4’ - O - tetra-acetylglucosidylpelargonidin Chloride.— 
«-Hydroxy-4-$-tetra-acetylglucosidoxyacetophenone (2:5 g.) and 
2-0-benzoylphloroglucinaldehyde (1-7 g.) were dissolved in a mixture 
of dry ether (80 c.c.) and chloroform (40 c.c.), and the solution 
saturated in the cold with dry hydrogen chloride. In a few minutes 
the liquid became fluorescent and after a few hours reddish-brown 
crystals began to be deposited from the reddish-violet solution. 
After 3 days, dry ether (120 c.c.) was added so as completely to pre- 
cipitate the pyrylium salt, which was then filtered off, repeatedly 
washed with dry ether, and dried in an evacuated desiccator over 
sulphuric acid. The soft, thin, microscopic needles have a reddish- 
brown colour in bulk (yield, 3 g.). ‘On heating, the salt darkens at 
182°, sinters at 193°, and decomposes at 198° (Found: C, 58-6; 
H, 4:4. C3,H;,0,,Cl requires C, 58-3; H, 45%). 

The substance dissolves in glacial acetic acid to a yellowish-red 
solution with an intense green fluorescence which disappears on 
addition of water. Aqueous sodium carbonate dissolves it to a 
bluish-pink solution, which becomes pure blue on the addition of 
acetone. The solution in methyl alcohol is red and non-fluorescent 
and becomes colourless on dilution; on addition of concentrated 
hydrochloric acid the red colour reappears and the solution exhibits 
a green fluorescence. 

4’-8-Glucosidylpelargonidin Chloride——The  tetra-acetylbenzoy| 
compound (2 g.) was mixed with 8% aqueous sodium hydroxide 
solution (40 c.c.) previously cooled below 10°; a deep blue colour, 
at first formed, faded through green and a clear brown solution 
resulted. After this had been kept at room temperature in an 
atmosphere of nitrogen for 3 hours, it was cooled in ice and treated 
with enough 14% hydrochloric acid to neutralise the alkali and make 
the acid concentration 2%. The deep crimson solution was slowly 
heated to 60° and kept for 12 hours; the acid concentration was then 
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increased to 5% by the addition of concentrated hydrochloric acid, 
and the solution extracted with an equal volume of ether. The 
deep red, crystalline precipitate was collected, extracted with boiling 
2% hydrochloric acid (20 c.c.), and the salt separating from the 
filtrate was then crystallised twice from 50° methyl alcohol con- 
taining 2% cf hydrochloric acid. It was obtained in shining, red, 
narrow plates, tapering at the ends (yield, 0-5 g.). When rapidly 
heated, it decomposed at 184° (Found in air-dried material : loss in 
weight at 105° in a high vacuum, 9-6; Cl, 6-9. C.;H»,0j9Cl,2-75H,O 
requires H,O, 9-6 ; Cl, 6-9°%. Found in material dried at 105° in a high 
vacuum : ©, 54-0; H,4-7. C,,H,,0,,.Cl requires C, 53-8; H, 45%). 

The substance is not readily soluble in cold water but dissolves 
on warming; it is only sparingly soluble in cold 5% aqueous hydro- 
chloric acid or in cold acetone; but it dissolves easily in cold ethyl 
and methyl alcohols. 

The aqueous and alcoholic solutions are non-fluorescent and deep 
red ; on dilution, or keeping, the colour changes to bluish-violet and 
then it is discharged ; addition of hydrochloric acid slowly restores 
the colour. Aqueous sodium acetate solution, added to a dilute acid 
solution of the pigment, brings about the same discharge of colour 
after a preliminary change to bluish-violet. Aqueous sodium 
carbonate and sodium hydroxide in aqueous and alcoholic solutions 
give reddish-violet colorations, which appear bluish-violet on 
dilution. 

The distribution number was determined by the method of 
Willstatter and Zollinger (Annalen, 1916, 412, 208) using pyridine- 
free amyl alcohol saturated in the cold with 0-5% aqueous hydro- 
chloric acid. With the air-dried pigment (10-033 mg.), amyl alcohol 
(50 c.c.), and 0-5% hydrochloric acid (50 c.c.) the first extraction gave 
the distribution number 36-6 and the second, 35-8. 

Hydrolysis. The glucoside was boiled for 5 minutes with 15% 
aqueous hydrochloric acid. The solution was almost decolourised 
and pelargonidin chloride crystallised in the characteristic shape of 
swallows’ wings. It was completely extracted from 0-5% aqueous 
hydrochloric acid by amy] alcohol and it was found in every respect 
to be identical with an authentic specimen (J., 1928, 1535). 

The picrate. The chloride was dissolved in water and mixed with 
a boiling aqueous solution of picric acid; the brown-red solution 
soon deposited deep red, rhombic prisms. The derivative was 
recrystallised from boiling aqueous picric acid, crushed under ether, 
washed repeatedly with this solvent, and finally dried in a vacuum 
over calcium chloride. It then decomposed at 146—148° with 
previous sintering (Found: N, 5-8. C,,H,,0,,N,,3H,O requires 
N, 59%). 
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2-0-Benzoylphloroglucinaldehyde.—The method of preparation of 
this important intermediate was modified as described below. 

Phloroglucinaldehyde which had been dried over concentrated 
sulphuric acid in an evacuated desiccator for 24 hours (18-6 g.) was 
mixed in a weil-corked bottle with cold water (400 c.c.) and 10% 
potassium hydroxide solution (72 c.c.). The clear solution was then 
cooled in ice, and pure benzoyl chloride (14 c.c.) added in portions 
of 1 ¢.c., with vigorous shaking and occasional cooling in ice. After 
the addition of the acid chloride was completed (30—45 minutes) 
the mixture was mechanically shaken until the odour of benzoyl 
chloride disappeared (about 30 minutes). Cold aqueous sodium 
bicarbonate was then added, till the liquid reacted alkaline to 
litmus, and the vigorous shaking continued for a minute or so. The 
precipitate was collected, and the filtrate treated with more benzoyl 
chloride (5 c.c.) and excess of sodium bicarbonate solution. It was 
again shaken until the benzoyl chloride had completely reacted and 
the fresh precipitate was collected. By this means the yield of the 
benzoyl derivative was increased by nearly 15%. The total solid 
was dissolved in boiling alcohol (200 c.c.), a little charcoal added, and 
the filtered solution added to cold water (800 c.c.); a curdy pre- 
cipitate was formed which was collected after 12 hours. The yield 
of this crude product after drying in an evacuated desiccator over 
sulphuric acid was 21 g.; m. p. 182—187°. 

The dry crude product was ground into a paste with chloroform 
(50 c.c.), and the mixture boiled for a minute and allowed to cool. 
The solid was collected, washed with a little cold chloroform (10 c.c.), 
and crystallised from the minimum volume of boiling 95% ethyl 
alcohol. At this stage the substance was quite pure, m. p. 200— 
201° to a dark red liquid, but it had a light red colour. It was dis- 
solved in acetone (100—150 c.c.), boiled with a little animal charcoal, 
and the filtered solution poured into water (1 litre). By this means 
a colourless crystalline solid was obtained, m. p. 201° (yield, a little 
more than 10 g.). 

The alcoholic mother-liquor obtained from the crystallisations was 
poured into a large volume of water, and the precipitated solid 
collected. The product from several experiments was then boiled 
with chloroform, cooled, collected, and repeatedly crystallised from 
95% alcohol, whereby a further quantity of pure benzoylphloro- 
glucinaldehyde was obtained. 

The chloroform extract contained most of the 2 : 4-dibenzoy]- 
phloroglucinaldehyde which had been produced in small yield (0-5— 
1-0 g.) along with some monobenzoylphloroglucinaldehyde and other 
impurities. It was first extracted with aqueous sodium bicarbonate 
and subsequently thrice with 8° aqueous sodium carbonate solution 
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in order to remove all the monobenzoylphloroglucinaldehyde. The 

carbonate solution was acidified with hydrochloric acid, and the 

precipitate crystallised from 95% alcohol. 

The remaining chloroform solution was washed with water, and 
the solvent evaporated. The residue was washed with a little aleohol 
and crystallised twice from benzene (animal charcoal). The di- 
benzoylphloroglucinaldehyde separated in colourless plates, m. p. 
139—140° (Found: C, 69-9; H, 4-0. C,,H,,0O, requires C, 69-6; 
H, 38%). 

Salts of 2-O-Benzoylphloroglucinaldehyde.—Pure colourless 2-0- 
benzoylphloroglucinaldehyde (12 g.) was dissolved in dry acetone 
(100 c.c.), and the solution cooled in ice and treated with a cold 
solution of potassium (1-7 g.) in absolute alcohol (25 c.c.). The 
faint brown liquid was shaken and after 10 minutes treated gradually 
with dry ether (500 c.c.), with vigorous shaking. The potassium 
salt slowly separated as a light yellow powder. It was collected, 
repeatedly washed with dry ether, and kept in an evacuated desiccator 
over solid caustic potash for 24 hours (yield, 13 g.) (Found: K, 11-8. 
C,,4H,O;K requires K, 13-2%). 

The salt underwent vigorous decomposition when heated above 
70° and it did not undergo condensation with «-tetra-acetylgluco- 
sidyl bromide in cold dry acetone, chloroform, or benzene solution. 

The monosilver salt. The potassium salt (4 g.) was dissolved in 
cold acetone (50 c.c.), a little cold water (2 c.c.) being added to 
clarify the solution. It was then gradually treated at 0° with an 
aqueous solution of silver nitrate (4 g. in 20 c.c.) with vigorous 
shaking. The brownish-red precipitate was collected, washed 
repeatedly with cold water and subsequently with cold acetone, and 
dried on porous porcelain in an evacuated desiccator. The dark 
brown powder weighed 2-5 g. This preparation was carried out in 

the dark room. 

2 - Benzoyl - 4 - 8 - tetra-acetylglucosidylphloroglucinaldehyde.—First 
method. The above-described silver salt (2-5 g.) was shaken with a 
solution of «-tetra-acetylglucosidyl bromide (6 g.) in dry benzene 
(80 c.c.) during 24 hours. The filtered solution was twice extracted 
with 10% aqueous sodium carbonate (25 c.c. each time) in order to 
remove any benzoylphloroglucinaldehyde present, washed with 

water, and the solvent removed under reduced pressure. The 
residue was dissolved in a little acetone, mixed with a little aqueous 
sodium acetate, and after 12 hours poured into water (500 c.c.). 
The colourless precipitate after two crystallisations from 95% ethyl 
alcohol (charcoal) was obtained in colourless, thin, flat needles, 
m. p. 144—145° (yield, 0-2 g.) (Found: C, 57-2; H, 4:8. C,,H,,0,, 
requires C, 57-1; H,4:8%). The substance is readily soluble in cold 
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chloroform, benzene, and acetone, rather less readily soluble in 
ether, and very sparingly soluble in light petroleum. It is best 
crystallised from boiling methyl or ethyl alcohol. Ferric chloride 
imparts a brown-red colour to the alcoholic solution. 

Second method. Pure 2-0-benzoylphloroglucinaldehyde (6-8 g.) 
was dissolved in a mixture of acetone (30 c.c.) and aqueous potassium 
hydroxide (2-4 g. in 48 c.c.), and a solution of «-tetra-acetylglucosidy] 
bromide (16-8 g.) in cold acetone (30 c.c.) was added with vigorous 
shaking. The whole was brought, by the addition of acetone (30 c.c.), 
into a homogeneous solution, which was kept for 30 hours with 
occasional shaking. It was then poured into water (1 litre) containing 
a few drops of acetic acid and kept for 12 hours. The pasty solid was 
collected, dried in a desiccator, ground with chloroform (60 c.c.), 
boiled for a minute, and cooled; most of the unreacted benzoyl- 
phloroglucinaldehyde was then deposited in an almost pure condition 
(3-0 g.). The chloroform filtrate was twice shaken with 10% aqueous 
sodium carbonate (40 c.c. and 30 c.c. respectively), by which means 
it was completely freed from unreacted monobenzoylphloroglucin- 
aldehyde. The emulsion which was invariably produced during 
this process had to be resolved by means of a centrifuge. The 
chloroform layer was then washed with water containing a little 
acetic acid, the solvent evaporated, and the brown viscous residue 
crystallised from 95°%, ethyl alcohol (10 c.c.). When the dark brown 
solution was inoculated with a crystal of the pure glucoside the whole 
was filled with a mass of needle-like crystals; these were collected 
and the coloured impurities were completely removed by washing 
with cold 95% alcohol (5 c.c.). The solid was then quite colourless 
and had m. p. 143° (yield, 1-6—1-8 g.). A second crystallisation 
from dilute alcohol raised the melting point to 144—145°. This 
specimen was identical with that obtained by the first method. 

Methylation of  2-Benzoyl-4-8-tetra-acetylglucosidylphloroglucin- 
aldehyde. Formation of 2-Benzoyl-4-8-tetra-acetylglucosidyl-6-O- 
methylphloroglucinaldehyde.—The tetra-acetylglucoside (0-7 g.) was 
dissolved in pure acetone (20 c.c.), methyl iodide (3 c.c.) and silver 
carbonate (1-5 g.) were added, and the whole was shaken vigorously 
for 48 hours. The residue after filtration was repeatedly washed 
with acetone. After removal of the solvent, the colourless semi- 
solid residue was taken up in ether, and the solution shaken twice 
with 5% aqueous potassium hydroxide and twice with water; the 
alkaline extract gave no precipitate on acidification, thus showing 
that methylation was complete. 

The glass resulting from the removal of the ether was easily 
soluble in the ordinary organic solvents and was therefore purified 
by dissolution in a little boiling ethyl alcohol and addition of water 
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so that the solution was just clear at the boiling point. On cooling, 
a colourless semi-solid was deposited and this slowly became hard and 
crystalline. It was then collected, powdered, and washed with cold 
water, and this process repeated; the purified substance was dried 
over concentrated sulphuric acid in an evacuated desiccator for 48 
hours. It sintered at about 85°, became vitreous and then easily 
fluid at about 120°. It did not give any colour with ferric chloride 
in alcoholic solution and was only slowly attacked by aqueous 10% 
potassium hydroxide. The yield was satisfactory (Found : C, 58-1; 
H, 5-2. CygH390,, requires C, 57-8; H, 5-0%). 

The hydrolysis of the foregoing substance was attempted with 
aqueous-alcoholic hydrochloric acid with the idea of first removing 
the glucose residue, leaving the benzoyl group to be removed by 
subsequent treatment with aqueous potash so that 2-O-methylphloro- 
glucinaldehyde could be isolated from the alkaline solution. This 
was contemplated, as it was found that 2-O-methylphloroglucin- 
aldehyde was rather sensitive to hydrochloric acid and was trans- 
formed into a dark product which was strongly fluorescent in alkaline 
solution. The process of hydrolysis with aqueous alcoholic hydro- 
chloric acid, however, took a different course. The benzoyl and the 
acetyl groups were removed and 4-$-glucosidyl-2-O-methylphloro- 
glucinaldehyde was obtained in fair yield. The methylation product 
(0-4 g.) was dissolved in ethyl alcohol (8 c.c.), the solution heated to 
50—60° in a water-bath, and 15° aqueous hydrochloric acid (4 c.c.) 
added. The turbidity that appeared at first soon disappeared and 
the clear solution was maintained at 50—60° for 4 hours and then 
kept for 12 hours. The alcohol was distilled in a vacuum until a 
light yellow crystalline solid appeared; more water (2—4 c.c.) was 
then added, and the mixture extracted with ether in order to remove 
benzoic acid. The solid was collected and crystallised twice from 
80% ethyl alcohol (animal charcoal), forming colourless, compact, 
elongated plates and prisms which sintered at 235°, melted at 237— 
239°, and decomposed at a higher temperature. 

4-8-Glucosidyl-2-O-methylphloroglucinaldehyde is almost insoluble 
in ether, chloroform, and benzene; it is slightly soluble in cold water 
or alcohol, but it is easily soluble in the hot solvents. It dissolves 
in aqueous potassium hydroxide, and an alcoholic solution gives a 
brownish-red coloration with ferric chloride (Found: C, 51-1; 
H, 5-7. C,4H,,0, requires C, 50-9; H, 5-5%). 

The removal of the benzoyl group under the above conditions of 
hydrolysis is not an isolated instance. This method is also applic- 
able in the parallel case of 6-O-benzoyl-2 : 4-O-dimethylphloro- 
glucinaldehyde (Robertson, Robinson, and Struthers, J., 1928, 
1455), from which 2 : 4-O-dimethylphloroglucinaldehyde could be 


2686 LEON, ROBERTSON, ROBINSON, AND SESHADRI: 


obtained in good yield: the former (0-25 g.) was dissolved in ethy, 
alcohol (12 ¢.c.), and the solution treated with 15° aqueous hydro- 


chloric acid (6 ¢.c.) and kept at 50—60° for 4 hours. Subsequently 


the dimethyl ether, m. p. 70°, could be isolated. ’ 

The hydrolysis of the methylation product proceeded easily 
cold alcoholic potash and a pure product was obtained after one 
crystallisation. The benzoyltetra-acetyl compound (0-2 g.) was 
treated with 10°, methyl-alcoholic potassium hydroxide (4 c.c.) in 
the cold, and the clear solution kept for 3 hours. The alcohol was 
then distilled in a vacuum at room temperature, the residue dis- 
solved in the minimum quantity of water (2—3 c.c.), and the solution 
saturated with carben dioxide. On vigorous stirring, a colourless 
crystalline precipitate was formed and this was collected, washed 
with a little water, and crystallised from 80° ethyl alcohol. The 
crystalline substance, m. p. 237 (decomp.), was identical with 
the product obtained by acid hydrolysis. 

The final ane of 4-8-glucosidyl-2-O-methylphloroglucin- 
aldehyde to 2-0- satthptehienaiasnalinhade could not be accom- 
plished because the glucoside was stable in dilute acid solutions, and 
concentrated acids, especially on warming, produced a dark colour- 
ing matter which exhibited a characteristic fluorescence in alkaline 
solutions. Hence the identity of the methylglucosidylphloro- 
glucinaldehyde was established by its synthesis from 2-O-methyl- 
phloroglucinaldehyde. 

2-0-Methylphloroglucinaldehyde (1 g.) was dissolved in acetone 
(10 c.c.), and potassium hydroxide (0-5 g.) in water (10 c.c.) added; 
the solution was then slowly treated, with shaking, with «-tetra- 
acetylglucosidyl bromide (3-7 g.) dissolved in acetone (10 c.c.) and 
kept at room temperature for 24 hours with occasional shaking. 
This mixture was poured into cold water (200 c.c.) containing a little 
acetic acid and after 12 hours the colourless solid was collected and 
crystallised from 95% ethyl alcohol (15 ¢.c.). Almost the whole of 
the tetra-acetylglucoside crystallised on cooling in sheaves of colourless 
long needles (0-6 g.), m. p. 147—148°. A second crystallisation from 
95°% alcohol raised the melting point to 149—150° (Found : C, 53-0; 
H, 5:2. C,.H,,0,, requires C, 53-0; H, 53%). Almost pure 
2-O-methylphloroglucinaldehyde (0-4 g.) was recovered from the 
alcoholic mother-liquor. 

The tetra-acetyl compound (0-1 g.) was mixed with 10% aqueous 
potassium hydroxide (2 ¢c.c.) and the clear solution was kept for 1 
hour and then saturated with carbon dioxide ; a colourless crystalline 
precipitate quickly filled the liquid. This was collected (m. p. 227°) 
and crystallised from 80% ethyl alcohol. It then melted at 237— 
239° and was identical with the specimen obtained by the hydrolysis 
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of 2-0O- benzoyl -4 : 6 - tetra-acetylglucosidyl - 6 -O - methylphloro- 
glucinaldehyde. 

3: 4'- Dihydroxy - 5 - benzoyloxy - 7-8-tetra-acetylglucosidoxyflavylium 

loride.—2-O - Benzoy] - 4 : 8 - tetra - acetylglucosidylphloroglucin- 

idehyde (1-7 g.) and w : 4-dihydroxyacetophenone (0-7 g.) were dis- 
solved in a mixture of dry chloroform (40 c.c.) and ether (45 c.c.), 
and the solution rapidly saturated with dry hydrogen chloride. 
Very soon a deep red colour and a strong green fluorescence deve- 
loped and after 4 hours the liquid was filled with a mass of dark 
brown crystals. It was kept for 60 hours and filtered, and the solid 
washed repeatedly with dry ether. The product, a brown-red solid 
(prisms), was powdered and kept in an evacuated desiccator for 24 
hours (2 g.); a small specimen was exposed to the air for several 
days (Found: C, 57-7; H, 4:7. CggHs30,;Cl,0-5H,O requires 
U, 57-6; H, 4-5%). 

The pure substance sinters at 177°, then shrinks and decomposes 
at 184—186°; it is insoluble in water, but readily soluble in methyl 
and ethyl aleohol and in aqueous alkalis. The solution in glacial 
acetic acid has an orange colour and a green fluorescence. Aqueous 
sodium carbonate dissolves the salt to a deep violet solution, the 
colour of which very rapidly fades; on addition of acetone to the 
violet solution the colour becomes purple. 

7-8-Glucosidylpelargonidin Picrate—The benzoyloxyflavylium 
chloride (1 g.) was dissolved in pure methyl alcohol (22-5 c.c.) in a 
flask which was then filled with nitrogen. Methyl-alcoholic potass- 
ium hydroxide (5 c.c. of 25°) was then added, whereupon a small 
precipitate appeared; this was brought into solution by addition 
of a few drops of water and the clear solution was kept in the atmos- 
phere of nitrogen for } hour. The whole of the alcohol was then 
removed under diminished pressure at the ordinary temperature, the 
residue taken up with water (12-5 c.c.), and concentrated hydro- 
chlorie acid (2-5 c.c.) added. The acid solution was shaken thrice 
with ether (20 c.c. each time) to remove benzoic acid and then more 
concentrated hydrochloric acid (6 c.c.) was added and the mixture 
kept for 2 days. The dark red crystalline product was recrystallised 
from 2° aqueous hydrochloric acid and then treated with a boiling 
aqueous solution of picric acid. The deep red solution first formed 
rapidly deposited a mass of shining red crystals (thin rectangular 
plates) and after cooling and keeping for 12 hours the crystals were 
collected and washed repeatedly with ether (dry solid, 0-4 g.). It 
was easily soluble in saturated ethyl-alcoholic picric acid and 
crystallised from a small volume of this solvent in deep red, tiny, 
rectangular plates (0-3 g.). On heating it sintered at 120°, grew 
dark at about 140°, and melted to a dark liquid and decomposed at 
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about 180° (Found in a specimen dried in air : loss of weight at 105° 
in a vacuum, 4:3; N, 6-3. C,,H,,0,,N3,1-5H,O requires H,O, 3-9; 
N,6-1%. Found in a specimen dried at 105° in a vacuum : C, 48-5; 
H, 3-4. C,,H,,0,,N, requires C, 49:0; H, 35%). The use of 
ethyl-alcoholic potash in place of methyl-alcoholic potash for the 
hydrolysis of the benzoyl compound was found to be very dis- 
advantageous. 

7-8-Glucosidylpelargonidin Chloride.—The pure picrate (0-3 g.) was 
dissolved in 5% methyl-alcoholic hydrochloric acid (6 ¢.c.), and ether 
(80 c.c.) was added to the clear solution with vigorous shaking. The 
chloride was precipitated as a red powder; it was collected, washed 
repeatedly with ether, and dissolved in hot 2% aqueous hydrochloric 
acid. Even so it separated as a gelatinous solid, but crystallisation 
of this from ethyl alcohol containing 2% of hydrochloric acid 
resulted in the production of deep red, thin needles (methyl alcohol 
was unsuitable for this crystallisation) (Found in an air-dried 
specimen: C, 48-5; H, 5-2; Cl, 7-2; loss at 110° in a vacuum, 9-2. 
C,,H,,0,,C1,3H,O requires C, 48-2; H, 5-2; 3H,O, 10-3; Cl, 6-8%. 
Found in anhydrous substance: C, 53-5; H, 4:5. C,,H,,Oj9Cl 
requires C, 53-8; H, 4-5%). 

The substance dissolves easily in water to an orange-red solution; 
sodium carbonate gives a deep violet-red colour; on dilution the 
violet develops a bluish tinge. An alcoholic solution containing a 
little hydrochloric acid is deep red without fluorescence ; on addition 
of sodium hydroxide it turns into a bright reddish-violet with bluish 
tinge in thin layers; dilution with acetone turns it violet-blue, blue 
and finally colourless. Sodium hydroxide added to an aqueous 
solution gives an unstable violet-red but the colour (orange-red) 
returns rapidly on addition of concentrated hydrochloric acid. 

The distribution number was determined in the same way as for 
the 4’-glucoside except that only 6-50 mg. were dissolved in 0-5% 
hydrochloric acid (50 ¢.c.) and shaken with amyl alcohol (50 c.c.). 
After the first extraction the amyl alcohol layer contained 46-7% 
of the pigment and the second extraction removed only 32:5% of the 
remainder. This apparent discrepancy is probably due to the 
readiness with which the substance passes into the pseudo-base. 
The table opposite summarises the main characteristics of the 
different glucosides of pelargonidin. 

Colour intensity comparisons of the glucosides of pelargonidin were 
made in dilute methyl-alcoholic hydrochloric acid solution (1 c.c. of 
aqueous hydrochloric acid, d 1-16, made up to 1000 c.c. with methyl 
alcohol). The anthocyanins derived from pelargonidin may be 
arranged with regard to their colour intensities in decreasing order 
as 4’-glucoside (20), callistephin (8), 7-glucoside (5), pelargonin 
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No allowance was made for the additional mass 


of the disaccharide unit in pelargonin and hence the figure should be 


corrected to about (3). 


Solutions of equal concentration of the 5- 


and 7-methyl ethers of pelargonidin have about equal tinctorial 
intensity; the 5-methyl ether has the feebler colour in the ratio 


3-7/4. 

Callistephin (3-glucoside). 

Dark brown mass of hair-fine needles 
with bronze reflex. 

Readily soluble in water. 

Readily soluble in 0-5% up to 7% 
aqueous hydrochloric acid; moder- 
ately soluble in 10% hydrochloric 
acid. From concentrated acid solu- 
tions it separates as a gelatinous 
mass. 

Easily soluble in methyl and ethyl 
alcohols. 

Alcoholic solutions are red tinged with 
violet and much yellower than 
pelargonidin solutions. They ex- 
hibit no fluorescence. 

Aqueous solutions are yellowish-red 
and on dilution reddish-yellow. 

With aqueous sodium carbonate a red- 
dish-violet to violet-red solution is 
obtained; with sodium hydroxide 
in alcoholic solution it is a shade 
bluer. 


7-Glucoside. 

Scarlet-red fine needles. 

Easily soluble in water. 

Easily soluble in 0-5% aqueous hydro- 
chloric acid, and much less soluble 
in 5% acid. Exhibits a great tend- 
ency to separate as a gelatinous 
mass from aqueous acid solutions. 

Easily soluble in alcohols. 


Alcoholic solutions are non-fluorescent 
and deep red. 


Aqueous solutions are orange-red ; 
not intense. 

Aqueous sodium carbonate gives a 
deep pink colour; alcoholic sodium 
hydroxide produces violet-red. 


4’-Glucoside. 


Glistening, scarlet-red, narrow plates 
tapering at the ends. 

Not easily soluble in water. 

Rather sparingly soluble in 05% 
aqueous hydrochloric acid and 
almost insoluble in 5% acid solu- 
tions. 


Easily soluble in methly and ethyl 
alcohols. 

Alcoholic solutions are non-fluorescent 
and deep red. 


Aqueous solutions are deep red and 
on dilution turn bluish-violet. 

Sodium carbonate or sodium hydr- 
oxide added to aqueous or alcoholic 
solutions produces a reddish-violet 
colour which turns bluish-violet on 
dilution. 


Pelargonenin (5-glucoside). 
Scarlet-red needles. 
Sparingly soluble in water. 
Very difficultly soluble in 0-5% hydro- 
chloric acid or acid of higher con- 
centration. 


Easily soluble in methyl alcohol, but 
less soluble in ethyl alcohol. 

Colour of alcoholic solution between 
those of callistephin and pelargon- 
idin; strongly fluorescent. 

The acid aqueous solutions are red, 
having a more bluish tinge. 

Aqueous sodium carbonate solution 
gives a violet-blue and in alcoholic 
solution it is pure blue. Addition of 
acetone also gives a pure blue colour. 


Attempts to prepare 2-Tetra-acetylglucosidylphloroglucinaldehyde 


from Phloroglucinaldehyde.—The usual 
phenolic glucosides were employed without success. 


methods for obtaining 
We attempted 


to condense phloroglucinaldehyde and _tetra-acetyl-«-glucosidy! 
bromide in the presence of potassium hydroxide (1 mol.) in aqueous- 


acetone solution. 


After 24 hours the solution was poured into 
water, but the brown semi-solid could not be crystallised or used in 
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condensations to flavylium salts. The second attempt was on the 
same lines as Fischer’s synthesis of phloroglucinol-d-glucoside (Ber., 
1912, 45, 2470) and various organic solvents were used for the 
glucosidyl bromide but without success. Ultimately, we achieved 
a part of our object through the use of dibenzoylphloroglucinaldehyde 
after failing to obtain the triphenylmethy] ether of O-benzoylphloro- 
glucinaldehyde although six methods were tried. These included 
the use of triphenylmethyl chloride and iodide and potassium 
hydroxide, pyridine and silver oxide as agents. Further trials are 
in progress. 

Dibenzoylphloroglucinaldehyde.—This derivative was obtained as 
a by-product in the preparation of 2-benzoylphloroglucinaldehyde 
as already described. The yield was very variable and the larger 
the quantity employed the greater the percentage yield of the diben- 
zoyl compound; for example, 18-6 g. of phloroglucinaldehyde 
yielded 0-5 to 2-0 g. of the by-product, whereas in an experiment 
with 40 g. of phloroglucinaldehyde, a little more than 7 g. of pure 
dibenzoylphloroglucinaldehyde was isolated from the chloroform 
extract. 

Preparation of Dibenzoylphloroglucinaldehyde.—(A) Phloroglucin- 
aldehyde (2-3 g.) was dissolved in acetone (20 c.c.), 10% aqueous 
potassium hydroxide (9 c.c.) and pure benzoyl chloride (1-7 c.c.) 
were added, and the whole was shaken on the machine for } hour, at 
the end of which further acetone (20 c.c.), potassium hydroxide 
solution (9 c.c.), and benzoyl chloride (1-7 c.c.) were introduced and 
the shaking was continued as before. At this stage the solution was 
deep red and contained some precipitated oily matter. Enough 
acetone was added to produce a clear solution, along with more 
potassium hydroxide (4-5 c.c.) and benzoyl chloride (0-9 c.c.), and the 
benzoylation was completed by shaking for $ hour. The acetone 
was largely removed under reduced pressure, and a large volume of 
water added and decanted from the semi-solid mass precipitated. 
This residue was dried and its chloroform solution extracted twice 
with a cold saturated solution of sodium bicarbonate, and then twice 
with 10° sodium carbonate, which removed about 0-1 g. of mono- 
benzoylphloroglucinaldehyde. The chloroform solution was finally 
washed with water and evaporated under reduced pressure. The 
brown-red pasty residue solidified in contact with ether, and this 
solid dissolved in benzene to form a yellowish-red solution, which was 
filtered from an insoluble residue and gradually treated with light 
petroleum until the precipitation of brown impurity was complete, 
leaving a clear, almost colourless solution. After filtering, the 
solution was concentrated to crystallisation and the product was 
recrystallised from benzene, forming colourless plates, m. p. 139— 
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140°. The yield of the pure substance varied considerably ; the best 
yield obtained was 1-2 g. When larger quantities of phloroglucin- 
aldehyde were benzoylated, the yield of the dibenzoyl compound 
was poor and tribenzoylphloroglucinaldehyde was obtained as the 
main product. 

(B) From monobenzoylphloroglucinaldehyde. This method pro- 
duces almost regular yields, though when more than 2 g. of mono- 
benzoylphloroglucinaldehyde were used the yield and the purity of 
the product were considerably reduced. 

2-O0-Benzoylphloroglucinaldehyde (2 g.) was dissolved in dilute 
aqueous potassium hydroxide (0-5 g. in 20 c.c.), and acetone (16 c.c.) 
added. The clear solution was treated with benzoyl chloride (0-9 
c.c.) and shaken for 15 minutes. Enough sodium bicarbonate 
solution was now added to make the liquid alkaline and also more 
benzoyl chloride (0-2 c.c.) and the mixture was shaken for } hour. 
By working as before, we obtained the pure product (1-0 g.), m. p. 
139—140° (Found: C, 69-9; H, 4:0. C,,H,,0, requires C, 69-6; 
H, 3-8%). The dibenzoyl compound was rather sparingly soluble in 
alcohol and ether and very sparingly soluble in light petroleum ; but 
it dissolved readily in chloroform, benzene, or acetone. An alcoholic 
solution gives a brownish-red coloration with ferric chloride. 

(C) The use of pyridine enabled the preparation to be carried out 
on a larger scale. Benzoyl chloride (10-6 c.c.) was added in portions 
of about 0-5 c.c. to a vigorously agitated solution of O-benzoyl- 
phloroglucinaldehyde (20 g.) in dry pyridine (160 c.c.) cooled in 
melting ice. After 4 hours the solution was poured into water 
(800 c.c.) with stirring; the viscous red material solidified after 20 
hours to a rose-coloured mass (24-8 g., m. p. ca. 110—120°). The 
dried crude product was extracted with chloroform (120 c.c.), leaving 
a residue of unchanged monobenzoate (5-4 g., m. p. 195°), and the 
red solution was washed twice with 10° aqueous sodium carbonate 
(200 c.c.) (acidification of these extracts afforded 2-4 g. of the mono- 
benzoate, m. p. 182°) and then with very dilute acetic acid, dried, and 
the solvent removed. The residue was crystallised from 96% 
alcohol (> 500 c.c.) (yield, 9-2 g. of m. p. 136°, or 54%). 

The constitution of dibenzoylphloroglucinaldehyde was established 
by methylation with methyl iodide and silver carbonate and hydro- 
lysis of the product with alkali. By this process 6-O-methylphloro- 
glucinaldehyde was obtained and thus the substance is 2 : 4-O-diben- 
zoylphloroglucinaldehyde. 

2 : 4-Dibenzoyl-6-O-methylphloroglucinaldehyde.— Dibenzoylphloro- 
glucinaldehyde (1-8 g.) was dissolved in pure acetone (40 c.c.), mixed 
with methyl iodide (3 g.) and silver carbonate (3 g.), and the whole 
mechanically agitated for 30 hours. The solution was filtered, the 
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solid washed with warm acetone, and the solvent removed under 
reduced pressure. When the colourless semi-solid residue was 
treated with a little boiling ether a clear solution was at first formed, 
but colourless crystals were soon deposited (0-9 g.). The substance 
was insoluble in water and light petroleum and was readily soluble 
in cold acetone, chloroform, and benzene. After three crystallisations 
from ethyl alcohol it occurred as spear-shaped plates, m. p. 133— 
134° (Found: C, 70-3; H, 44. Cale. for C,.H,,0,: C, 70-3; 
H, 4:3%). A mixture with dibenzoylphloroglucinaldehyde melted 
below 110°. This substance has been made by Karrer and Helfen- 
stein (Helv. Chim. Acta, 1927, 11, 793) from 2-methylphloroglucin- 
aldehyde by benzoylation and they give the melting point as 131°. 
The methylation product (0-6 g.) was heated with 10% aqueous 
potassium hydroxide (4 c.c.) at 40—50° for } hour and subsequently 
kept for 3 hours. When the clear, light yellow solution was rapidly 
saturated with carbon dioxide, straw-coloured crystals separated ; 
recrystallised from dilute ethyl alcohol, these formed extremely long, 
straw-coloured needles which sintered slightly at 202° and melted to 
a dark liquid and decomposed at 208—210°. The substance is 
identical with 2-methylphloroglucinaldehyde obtained from mono- 
methylphloroglucinol by Gattermann’s method. 
Tribenzoylphloroglucinaldehyde.—If, in the preparation of dibenz- 
oylphloroglucinaldehyde from phloroglucinaldehyde in one oper- 
ation, exactly twice the quantities were used and the experiment was 
carried out as before, very little. dibenzoyl derivative could be 
obtained. On the other hand, a colourless crystalline product 
insoluble in cold dilute sodium hydroxide solution and giving no 
ferric chloride colour reaction could be isolated by the following 
procedure : The chloroform solution which had been shaken with 
aqueous sodium carbonate was dried over fused calcium chloride 
and evaporated, and the viscous residue repeatedly treated with 
small volumes of warm ether and decanted from the dark red 
insoluble residue. The ethereal solution on slow evaporation 
yielded an almost colourless crystalline solid. After repeated 
crystallisation from benzene-light petroleum it was obtained in 
colourless hexagonal plates, m. p. 121—122°. It could be more 
readily purified when it was dissolved in chloroform, the solution 
shaken twice with 2° aqueous potassium hydroxide, washed with 
water containing a little acetic acid, and dried over fused calcium 
chloride, and the solvent removed. The residue crystallised readily 
from benzene-light petroleum; m. p. 121—122° (Found: C, 72-0; 
H, 4:0. C,,H,,0, requires C, 72-1; H, 39%). The substance is 
very easily soluble in chloroform, acetone, or benzene, much less 
soluble in ether, and very sparingly soluble in light petroleum. It 
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crystallises from methyl and ethyl alcohols in colourless needles 
which, when rapidly heated, melt at 80° with vigorous decomposition ; 
on slow heating, there is sintering at 80° and the solid then melts at 
about 118°. A specimen which has been first crystallised from 
methyl alcohol retains its composition and melting point in spite of 
subsequent crystallisations from other anhydrous solvents (Found 
in an air-dried specimen : C, 71-1, 70-8; H, 4:3, 4-1; loss in weight 
at 110° in a vacuum, 3-5. C,.H,,0,,0-5CH,O requires C, 71-0; 
H, 4-2; CH,O, 33%). The alcohol of crystallisation is completely 
removed at 110° in a high vacuum : the anhydrous substance, after 
crystallising from benzene-light petroleum, melts at 121—122° 
without any previous sintering at 80°. 

Attempts to prepare 2: 4-Dibenzoyl-6-tetra-acetyl-8-glucosidyl- 
phloroglucinaldehyde.—(A) Dibenzoylphloroglucinaldehyde (0-4 g.) 
was mixed with acetone (4 c.c.), water (4 ¢c.c.), and 10° potassium 
hydroxide solution (1-3 c.c.), and tetra-acetylglucosidyl bromide 
(1 g.) in acetone (6 c.c.) gradually introduced with cooling. After 24 
hours (occasional shaking) the red solution was added to water 
(100 c.c.) containing a few drops of acetic acid and kept for 24 hours. 
The pasty solid that separated was dissolved in chloroform and 
extracted once with 5% potassium hydroxide solution. It was 
subsequently washed with water and with very dilute acetic acid. 
The residue after removal of the solvent crystallised from 95°% ethyl 
alcohol in colourless plates and prisms, m. p. 144—145° (mixed 
m. p. with dibenzoylphloroglucinaldehyde, 115—122°; with 
2-benzoyl-4-tetra-acetyl-8-glucosidylphloroglucinaldehyde, 120— 
125°). A second crystallisation produced no change in the shape of 
the crystals or the melting point. The substance was insoluble in 
cold dilute potassium hydroxide solution and its alcoholic solution 
gave no colour with ferric chloride. The air-dried substance 
suffered no loss in weight when it was heated at 105° in a vacuum 
(Found: C, 56-1, 55-8; H, 5-6, 55%). The tetra-acetylglucoside 
of dibenzoylphloroglucinaldehyde (C,,H3,0,;) requires C, 60-7; 
H, 4:7%, and we were unable to determine the true nature of this 
well-defined substance. 

(B) Powdered silver carbonate (3 g.) was added to dibenzoyl- 
phloroglucinaldehyde (2 g.) and tetra-acetyl-«-glucosidyl bromide 
(8-8 g.) dissolved in dry benzene (80 c.c.), and the mixture shaken 
for 48 hours; the liquid was then filtered, and the residue 
repeatedly washed with cold benzene. The combined filtrates were 
thrice extracted with 5° potassium hydroxide solution, then washed 
twice with water containing a little acetic acid, and the solvent was 
evaporated. The colourless glassy mass was dissolved in ethyl 
alcohol (10—20 c.c.), and the solution poured into water (200 c.c.). 
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The solid was dissolved in the minimum of 95% ethyl alcohol (15 ¢.c.) 
and the semi-solid obtained on cooling was removed from the mother- 


liquor and triturated with cold water, causing crystallisation. After 


the process had been repeated twice, the material sintered at about 
85°, became a glassy mass at 110° and fluid at 145°. It dissolved 
only slowly in dilute potassium hydroxide solution, and an alcoholic 
solution did not give any appreciable colour with ferric chloride 
(Found: C, 62-0; H, 4:5. C,,H,,0,, requires C, 61-8; H, 4-7%). 
Cy,H,,0,, is the formula of the de-acetylated glucoside. However, 
repeated attempts to hydrolyse it with aqueous and alcoholic potash, 
aqueous and alcoholic baryta, and aqueous sodium hydroxide did not 
yield any definite products except benzoic acid. Acetylation by 
Fischer’s method (Ber., 1917, 50, 1055) with acetic anhydride and 
pyridine failed to give rise to any easily crystallisable acety] 
derivative. 

(C) The method of Takahashi (J. Pharm. Soc. Japan, 1925, 525, 
4), which has also been employed by Zemplén (Ber., 1928, 61, 2486), 
is probably the most effective known glucoside synthesis and we 
have applied it to the present case. In other examples, one of us 
(A. R.) has been able to show that the products are {-glucosides 
that can be hydrolysed by emulsin. 

Dibenzoylphloroglucinaldehyde (2 g.), tetra-acetylglucosidyl bro- 
mide (4:5 g.), and freshly prepared silver oxide (2-2 g.) (compare 
Helferich and Klein, Annalen, 1926, 450, 225) were dried over 
phosphoric oxide in a vacuum for 48 hours, powdered together, and 
pure quinoline (7 ¢c.c.) added. The mixture was stirred for 15 
minutes; the temperature then rose to 50° and the mass thickened. 
After the whole had been kept in the desiccator for 2 hours, acetic 
acid (35 c.c.) was introduced and the filtered solution poured in a 
very fine stream into ice-water (300 c.c.). 12 Hours later the process 
was repeated. The product, a yellow powder, was collected after 
5—6 hours, dried, and dissolved in chloroform (50 c.c.); the solution 
was washed twice with 5% aqueous potassium hydroxide and then 
with very dilute acetic acid and dried over sodium sulphate. Evapor- 
ation of this solution and crystallisation of the residue from alcohol 
(long keeping) gave a substance, m. p. 224—226°, in spherical, dense 
aggregates of colourless needles; the nature of this substance was 
not elucidated, since we were unable to make use of the analytical 
results. Other methods of working up the crude product were the 
following. 

(A) The chloroform was removed on the steam-bath, and the 
yellowish-green residue dissolved in hot alcohol and added to ice- 
water; the process was repeated (using animal charcoal) (yield, 
3-8 g.). This material (4-6 g.) along with acetic anhydride (15 c.c.) 
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and pyridine (10 c.c.) was heated on the steam-bath for 1 hour, and 
the product decomposed by means of ice-water (300 c.c.); solidi- 
fication occurred after 4 hours. The product was thrice dissolved 
in ethyl alcohol and precipitated by means of ice-water; the white 
powder was amorphous and melted over a range below 100° (Found : 
C, 55:3; H, 50%). 

(B) The chloroform solution was diluted with light petroleum 
(2 vols.), precipitating a reddish oil; on standing, the substance, 
m. p. 223—224° (after crystallisation from alcohol), separated in 
white balls on the sides of the vessel. The solvent was then removed ; 
the residual yellow oil partly solidified on keeping. The substance 
crystallised from absolute alcohol in long needles, but the separation 
of these was instantly followed by that of a second substance. By 
working with benzene-light petroleum mixtures the main product 
could be ultimately separated in colourless prisms, 'm. p. 143—144°; 
this substance crystallised from alcohol in long needles, m. p. 144— 
145° (Found : C, 55-7; H, 5-4. C,;H3.0,;,3-5H,O requires C, 55-6; 
H, 5-1%). The substance is evidently identical with the compound 
previously obtained (see p. 2693) and we give the composition as a 
tentative suggestion; direct proof of the existence of solvent of 
crystallisation was not forthcoming. Dibenzoyltetra-acetylgluco- 
sidylphloroglucinaldehyde has the composition C,;H,.0,;. The 
substance is easily soluble in chloroform and its alcoholic solution 
does not become coloured on the addition of ferric chloride. 

5-8-Glucosidylpelargonidin Chloride (Pelargonenin Chloride) (IV).— 
The crude glucoside as obtained by the Takahashi process was 
hydrolysed by means of methyl-alcoholic baryta and in other 
experiments by means of ethyl-alcoholic potassium hydroxide, but 
the resulting phloroglucinaldehyde could not be purified. In the 
condensation to pelargonenin chloride it was therefore not attempted 
to isolate the glucoside and the experiment was carried out under 
the following conditions, which succeed only because the 5-gluco- 
sidylanthocyanidins are relatively resistant to acid hydrolysis 
(hence their production by partial hydrolysis of the di-monosides). 
The present instance is the first of an anthocyanin synthesis effected 
in a hydroxylic solvent. 

The crude “ glucoside ” (2 g.) in alcohol (80 c.c.) under nitrogen 
was hydrolysed in the cold by the addition of potassium hydroxide 
(1-8 g.) in alcohol (30 c.c.), and the mixture kept for 3 days with 
frequent shaking. A solution of the sodium salt of w : 4-dihydroxy- 
acetophenone (0-5 g.) in alcohol (12 ¢.c.) which had been acidified by 
means of dry hydrogen chloride was then added, and the whole 
slowly saturated with hydrogen chloride at 0°. The alcoholic 
solution became dark red and acquired a strong green fluorescence ; 
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it was filtered into ether (450 c.c.) and the chocolate-red precipitate 
was collected and dried (average yield in 29 operations, 0-32 g.). 
This product (9-65 g.), which was far from homogeneous, was dis- 
solved in 0-5°% hydrochloric acid (500 c.c.), and the filtered solution 
extracted with amyl alcohol (350 c.c.); this involved loss but 
ensured the removal of pelargonidin. The aqueous solution was 
mixed with saturated aqueous picric acid (500 c.c.); after 16 hours, 
the picrate slowly separated as a red precipitate. This was collected, 
dried, and converted into chloride by solution in methyl-alcoholic 
hydrogen chloride and precipitation with ether. The crude chloride 
was triturated with cold 5% methyl-alcoholic hydrogen chloride ; 
it then became crystalline and, on drying, the deep red substance 
acquired a green lustre. At this stage the salt could be crystallised 
by Willstatter and Bolton’s method (loc. cit.), namely, from 2% 
aqueous hydrochloric acid, and this was carried out twice (Found in 
air-dried material : loss in a vacuum over sulphuric acid, 3-8; loss 
at 110° in a high vacuum, 7-6. C,,H,,0,9Cl,2H,O requires H,O, 
3-5; 2H,O, 70%. Found in anhydrous material : C, 53-9; H, 4-6. 
C.;H_,0,9Cl requires C, 53-8; H, 45%). The bright red needles 
had all the properties of pelargonenin recorded by Willstatter and 
Bolton (who also recorded the loss of half the solvent of crystal- 
lisation in a desiccator) and we have recently prepared a solution of 
pelargonenin from pelargonin and made a direct comparison of the 
colour reactions of the natural and the synthetic substance. The 
solutions in 0-5% hydrochloric acid used in this case were colori- 
metrically matched, extracted with amyl alcohol containing 10 
volumes °% of benzene, and the organic layers were found to be a 
perfect match. The distribution number of pelargonenin in very 
dilute solution was found as high as 48—50, but when this experi- 
ment was performed we were unaware of the variation of distribution 
number with the concentration and a further report on the distribu- 
tion number of pelargonenin will be submitted. The alkali colour 
reactions of pelargonenin closely resemble those of pelargonin, but 
the former gives a bluer violet than the latter in aqueous sodium 
carbonate. We were at first inclined to attribute the divergence to 
impurity of the pelargonin, especially since a gladiolus, ‘‘ Flaming 
Sword,” appeared to contain a pelargonin which gave a reaction 
identical with that of pelargonenin. However, the gladiolus 
anthocyanin was later found to contain a trace of cyanin, which 
accounted for the blue shade of its solution in soda, and a very pure 
specimen of pelargonin, kindly sent to us by Professor Karrer, gave 
the redder tinge. Finally, the pelargonenin which we have prepared 
from pelargonin is identical with our synthetic material in respect 
of the alkali colour reaction. 
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We consider this slight divergence of pelargonenin from pelargonin 
is further evidence in favour of the 3 : 5-monoside constitution for 
the latter anthocyanin. 

Comparison of the Stability of Certain Flavylium Salts in the 
Presence of Ferric Chloride——Synthetic pelargonenin chloride 
(2-002 mg.) was dissolved in 1% hydrochloric acid (50 c.c.), and the 
solution colorimetrically matched by solutions (50 c.c.) of pelargonin 
chloride, salvinin chloride, monardin chloride, and pelargonidin (and, 
in an experiment made at a different time, approximately similar 
solutions of callistephin, pelargonidin 4’-glucoside and 7-glucoside 
were tested, all in 1% hydrochloric acid). A solution (50 c.c.) of 
ferric chloride (5 g. of anhydrous salt in 2000 c.c. of water with a drop 
of hydrochloric acid; 0-125%%) which was yellow-brown in colour 
was added. All the solutions, with four exceptions, faded rapidly 
and decolorisation was complete in 35 minutes. 

The callistephin, pelargonin, monardin, and salvinin (Karrer has 
stated that monardin and salvinin are identical with pelargonin) 
solutions were unchanged after 3 days. 

Note on the Methylation of y-Orcylaldehyde.—We are much indebted 
to Dr. St. Pfau for a specimen of atranorin with the aid of which we 
have prepared y-orcylaldehyde by his method (Helv. Chim. Acta, 
1926, 9, 650). 

A mixture of the aldehyde (0-5 g.), methyl iodide (5 c.c.), potass- 
ium carbonate (2 g.), and acetone (15 c.c.) was refluxed for 2 hours ; 
the product crystallised from light petroleum in colourless needles, 
m. p. 91—92° (alone or mixed with the specimen synthesised from 
p-orsellinonitrile) ; Robertson and Robinson (J., 1927, 2201) give the 
m. p. 90—91°. 

Characterisation of Anthocyanins derived from Pelargonidin by 
Means of their Colour Reactions in Alkaline Solutions.—The pro- 
cedure of Robertson and Robinson (Biochem. J., 1929, 35) was 
adopted. The numbers refer to buffered solutions of graded py as 
prescribed in that memoir. 

Callistephin (3-glucoside of pelargonidin). 1° Hydrochloric acid 
gives an orange solution, pink in thin layers. Saturated sodium 
carbonate, reddish-violet, gradually fading. (1) Orange, rapidly 
fading to pink; (2) similar loss of colour, but more rapid and giving 
a fainter pink; (3) intense pink at first, rapidly loses colour; (4) 
bluish-pink, also loses colour but less quickly than (3); (5) bluish- 
red, still slower loss of colour. At this time (2) faint orange-pink, 
(3) very faint bluish-pink, and (4) feebler than (3). (6) Duller 
bluish-red; (7) browner red; (8) brown-red with violet tinge; 
(9) rather dull reddish-brown-violet; (6)—(9) colour more stable 
than (2)—(5). (10) Violet-red; (11) and (12) reddish-violet, rather 
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bright colour; (12)—(17) give same reddish-violet. After 20 
minutes : (3), (4), (6) nearly colourless ; (6) pink; (7), (8), (9) brown- 
red, faded; (10) intermediate; (11)—(17) still reddish-violet ; 
sodium carbonate, faded to a weak pink. After 1 hour: 1% hydro- 
chloric acid unchanged ; sodium carbonate pale yellow; (1) orange; 
(2) weak pink descending series to (5), which is very faint pink; 
(6) stronger pink and ascending series brown-red to (9) ; (9) brownish- 
red; (10) violet-brown-red ; (11, 12, 13, 14) reddish-violet ; (15) much 
more faded reddish-violet ; (16) very faded and much duller. After 
24 hours: 1% hydrochloric acid retains colour undiminished ; 
sodium carbonate very pale yellow; (1) unchanged orange; (2), (3), 
(4) descending series, (4) being faint pink; (5) colourless; (6) very 
faint pink ascending series to (9), which is not much changed; 
(10)—(12) reddish-violet ; (13) faint violet, much faded; (14) and 
(15) colourless; (16) very pale yellow. This series as a whole after 
a day was-more intensely coloured than the 4’-glucoside. The 
colourless solution (5) regained its colour immediately after addition 
of concentrated hydrochloric acid in the cold. 4'-Glucoside of 
pelargonidin. 1°, Hydrochloric acid, orange-red, pink in thin layers 
and bluer than callistephin; sodium carbonate, greenish-blue with 
violet-red dichroic effect; (1) orange-pink; (2) bluer pink; (3) 
bluish-red ; colour fades, (1) losing its orange colour last and (3) most 
rapidly ; (4) bluish-red; (5) violet-red; (6) reddish-violet ; (2), (3), 
and (4) now very pale ; (7) and (8) dull reddish-violet ; (9) dull violet ; 
(10) bluish-violet (dichroic red);' (11) dull violet-blue with red 
dichroic effect ; (12) and (13) blue with violet tinge (red dichroic) ; 
(14)—(17) same as (13). After 20 minutes: (1) pink, weaker than 
callistephin; (2)—(4) colourless; (5) bluish-pink faded; (6)—(9) 
ascending series of colour intensity; (9) distinctly violet tinged; 
(10) violet ; (11)-—-(17) blue tinged violet (dichroic) ; sodium carbon- 
ate colour about the same as (10)—(17) and fades much less easily 
than callistephin. After 1 hour : (1)—(4) colourless; (5) very faint 
pink; the rest as before, the colour slightly faded. After 24 hours : 
(5) colourless; (6) almost colourless, having only a tinge of the 
original colour; (7)—(10) faint pink, equal in intensity, only slightly 
faded from the previous day; (11, 12) very faint violet-blue, much 
more faded ; (13, 14) almost colourless, only a tinge of blue; (15, 16, 
17) colourless ; sodium carbonate colourless ; 1° hydrochloric acid, 
very faint orange-red, much faded. (1)—(5) do not recover colour 
immediately on addition of concentrated hydrochloric acid; the 
colour appears only slowly and after 24 hours it is completely 
recovered. This series as a whole is much less intense in colour after 
a day than the callistephin series. 
7-Glucoside of pelargonidin. 0-5% Hydrochloric acid, red-orange ; 
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(1)—(4) weaker orange; (5) violet-red; (6) bluish-pink; (1)—(6) 
rapidly decolourised, quicker than pelargonin; (7) duller red- 
violet, at this point there is a gap. (8) and (9) violet; (10) violet, 
duller than pelargonin; (11, 12, 13) similar to (10); (14) similar 
colour, diminishing, but not so rapidly as pelargonin ; (15) similar to 
(14); sodium carbonate deep pink, decolourising rapidly. After 
20 minutes: 0-5% hydrochloric acid unchanged; (1)—(5) colour- 
less; (6)—(8) increasing to dull violet; (9)—(14) like (8), and so the 
7-glucoside is more stable at the alkaline end than pelargonin; 
sodium carbonate, very faint pink. After 2 hours: (1)—(7) quite 
colourless, whereas pelargonin has always a very weak pink colour ; 
(8) weak pink; (9)—(11) increasing violet; (12) and (13) similar to 
(11); (14) weaker reddish-violet; (15), and sodium carbonate, 
almost colourless (weak pink). After 24 hours: 0-5% hydrochloric 
acid, almost decolourised (very faint pink); (1)—(7) colourless ; 
(8)—(11) increasing to weak brownish-pink; (12)—(14) equal to 
(11); (15) a trace bluer; sodium carbonate, colourless. Unlike the 
pelargonin series, the yellow colour at the alkaline end does not 
appear and pseudo-base formation is quicker throughout in the 
7-glucoside series ; this probably explains the anomalous distribution 
numbers that were obtained. Pelargonin. 0-5°% Hydrochloric acid 
gives red-orange; (1) and (2) reddish-violet turning into weak pink ; 
(3) bluish-pink, rapidly decolourised ; (4) more intense bluish-pink, 
decolourised less readily; (5) violet-red, decolourises more slowly ; 
at this point there isa gap. (6) and (7) permanganate colour, slower 
decolorisation; (8) reddish-violet; (9) and (10) a little bluer, but 
still reddish-violet ; (11)—(13) similar to (10); (14, 15) similar, but 
rapidly decolourised ; sodium carbonate, reddish-violet with a bluish 
tinge. After 20 minutes: (1)—(5) colourless; (6)—(8) increasing 
reddish-violet ; (9)—(13) red-violet ; (14)—(15) almost decolourised, 
only a greenish shade; sodium carbonate, yellow. After 2 hours : 
(6, 7) also decolourised-; (8, 9, 10) increasing red-violet; (11) equal 
to (10); (12) weaker; (13) decolourised, faint greenish colour; (14) 
greenish-yellow; (15) and sodium carbonate, brownish-yellow. 
After 24 hours: 0-5°% hydrochloric acid unchanged; (1)—(4) 
diminishing series, very weak pink; (5) colourless; (6)—(9) increas- 
ing to weak violet; (10) equal to (9); (11)—(15) and sodium 
carbonate, yellow. 7-Methyl ether of pelargonidin. A methyl- 
alcoholic hydrochloric acid solution was employed and it had the 
same molar concentration as the anthocyanin solutions. 0:5% 
Hydrochloric acid, orange, pink in thin layers, same as the 5-methy] 
ether; (1) and (2) as 0-5% hydrochloric acid; (3) and (4) a little 
bluer; (5) bluer pink; (6)—(9) dull reddish-violet; (10) same as 
above, but violet in thin lavers; (11)—(15) and sodium carbonate, 
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similar to (10). After 2 hours : 0-5% hydrochloric acid almost same 
as before; (1)—(7) colourless; (8)—(11) increasing red-violet, much 
duller and redder than 5-methyl ether; (12) and (13) equal to (11); 
(14) and (15) very weak red-violet; sodium carbonate, almost 
colourless (very faint pink). After 24 hours: 0-5% hydrochloric 
acid, weak colour; (1)—(8) colourless; (9)—(11) increasing colour 
to dull red-violet (weak); (12) and (13) weak red-violet; (14) and 
(15) almost colourless, tinge of pink; sodium carbonate, colourless. 
5-Methyl ether of pelargonidin. A methyl-alcoholic hydrochloric 
acid solution was employed. 0-5° Hydrochloric acid, orange, pink 
in thin layers; (1) and (2) alittle bluer; (3) still bluer; (4), (5) violet- 
red; (6)—(8) more intense violet-red; (9) reddish-violet; (10) 
violet; (11)—(15) and sodium carbonate, a little bluer violet. After 
2 hours: (1)—(5) colourless; (6)—(10) increasing red-violet with 
(10) a shade bluer; (11)—(15) increasing bluer-violet, but intensity 
about the same; sodium carbonate, faint pink. After 24 hours : 
0-5°%, hydrochloric acid unchanged; (1)—(7) colourless; (8)—(11) 
colourless (tinge of violet); (12) and (13) bluish-violet; (14) weak 
violet; (15) weak violet-red; sodium carbonate, colourless. 

For purposes of comparison with other anthocyanidins (Robertson 
and Robinson, loc. cit.) the colour reactions of the methyl ethers of 
pelargonidin were also studied under the standard conditions. 

5-Methyl ether of pelargonidin. 0-5% Hydrochloric acid, orange- 
red, pink in thin layers; (1) bluer pink; (2) very much bluer; (3), 
(4), (5) violet-red: these colours are brighter than those of the 
7-methyl ether in agreement with the behaviour of the corresponding 
glucosides; (6) permanganate; (7) same; (8) a shade bluer; (9) 
red-violet ; (10) violet ; (11) bluish-violet ; (12) violet-blue; (11) and 
(12) blue in thin layers; (13) blue, violet tinge due to dichroism ; 
(14), (15) and sodium carbonate, blue with violet-tinge. After 20 
minutes : (1) much weaker; (2) colourless; (3) weaker than (1); 
(4) much weaker than (5) and contains an opalescent precipitate of 
colour base. After 4 hours: (1)—(3) colourless; (4) and (5) very 
nearly colourless; between (6) and (5), a gap; (6)—(8) increasing 
red-violet ; (9)—(12) also increasing and bluer; (13)—(15) equal to 
(12); sodium carbonate, colourless. After 24 hours: hydrochloric 
acid unchanged; (1)—(6) colourless; (7) has only a tinge of red- 
violet; (8)—(10) increasing red-violet; (11)—(14) bluish-violet, 
getting bluer; (15) faint bluish-violet ; sodium carbonate, colourless 
with a tinge of yellow. On addition of ammonia to an alcoholic 
solution it becomes violet-blue with red fluorescence, blue in thin 
layers; the colour rapidly fades to yellowish-green and finally is 
yellow with a green fluorescence. 7-Methyl ether. Hydrochloric 
acid, orange-red, pink in thin layers as the 5-methyl ether; (1)—(3) 
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same as above; (4) browner and bluer shade; (5) dull red-violet ; 
(6) and (7) dull permanganate; (8) a shade bluer, but still duller than 
the 5-methyl ether; (9) red-violet duller than 5-methyl ether; (10)— 
(15) and sodium carbonate, same as (9). After 20 minutes : (1) very 
weak colour; (2)—(4) colourless; (5)—(8) increasing series; the rest 
intense as before. After 4 hours: (1)—(6) colourless; (7) very faint 
violet; (8) weak violet; (9)—(14) fairly good red (but dull violet) ; 
(15) very weak red-violet; sodium carbonate, almost colourless (a 
little brown). After 24 hours: hydrochloric acid, unchanged ; 
(1)—(7) colourless; (8) almost colourless; (9)—(11) increasing red- 
violet (dull); (12) and (13) same as (11); (14) weak red-violet ; (15) 
and sodium carbonate, almost colourless, just a trace of brown. On 
addition of ammonia to an alcoholic solution it develops a greener 
blue with deeper red dichroism than the 5-methyl ether; this is also 
blue in thin layers at first but in a few seconds degenerates and the 
colour changes to orange. 
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CCCLXXIV.—Ezaperiments on the Synthesis of the 
Anthocyanins. Part VIII. A Synthesis of 
(nin Chloride. 


By Lxropotp FERDINAND LEvy, THEODORE POSTERNACK, and 
RoBERT ROBINSON. 


THE pigment of the skins of purple-black grapes has been the subject 
of a large number of investigations and the early history was sum- 
marised by Willstatter and Zollinger (Annalen, 1915, 408, 83; 1916, 
412, 195), who isolated the substance as the crystalline chloride, 
C,3H,;0,.Cl, and named it cenin chloride. This was recognised as 
the flavylium chloride derived from a glucoside of a dimethyl ether 
of delphinidin and the anthocyanidin was termed cenidin. It is 
clear that Willstatter and Zollinger obtained these substances or at 
least the anthocyanin in a practically pure condition, but on account 
of certain small divergences, which it is now known are common with 


anthocyanidins derived from natural sources, it was not stated that 
4T 
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cenidin is identical with malvidin (Willstatter and Mieg, Annalen, 
1915, 408, 122). The accepted constitution of malvidin (I) was first 
propounded by Gatewood and Robinson (J., 1926, 1959), who based 
their argument on the colour reactions of the substance and of 
3-O-methyldelphinidin chloride which they had synthesised. The 
first to show, indirectly, a relation between malvidin and cenidin and 
to give a direct proof of the position of the methoxyl groups in cenin 
itself were Anderson and Nabenhauer (J. Amer. Chem. Soc., 1926, 
48, 2997). They converted cenin from Isabella grapes into a tetra- 
acetate, oxidised this by means of potassium permanganate in 
acetone solution, and obtained acetylsyringic acid. Almost at the 
same time Karrer and Widmer decomposed a number of antho- 
cyanins, including malvin and cenin, by means of boiling 10O—15% 
sodium or barium hydroxide and obtained syringic acid (Helv. Chim. 
Acta, 1927, 10, 5). 


& OMe OMe 

H /On OH HO wa 
OH “OMe (II.) We Sate 
HO (I.) C,H,,0; 


Karrer and Widmer (ibid., p. 758) consider that the cyclamin 
chloride which they isolated from the flowers of Cyclamen persicum, 
Mill. is probably identical with cenin, and Scott-Moncrieff (Biochem. 
J., 1930, 24, 767) has obtained “‘ primulin chloride ” from Primula 
polyanthus. This is not homogeneous, but the main constituent 
of this pigment is undoubtedly identical with cenin. The trimethy! 
ethers of delphinidin synthesised by Bradley, Robinson, and Schwar- 
zenbach (J., 1930, 793) can be described as the 3-, 5-, and 7-methy] 
ethers of malvidin and thus their reactions on comparison with those 
of cenin should give a clue to the position of the glucose residue in 
the anthocyanin. It was at once obvious from the description of the 
reactions of cenin and from our own experiments on the crude pig- 
ment that the behaviour of cenin is quite different from that of the 
5- and 7-methyl-malvidins but approximates closely to that of the 
3-methyl ether. This finding was communicated to Miss Scott- 
Moncrieff, who made a direct comparison of her “ primulin chloride ” 
with the three methylmalvidins and concluded that primulin chloride 
is the 3-glucosidyl derivative of malvidin chloride. The synthesis 
of cenin chloride has been effected along the lines of the syntheses of 
callistephin and chrysanthemin, but many difficulties were encoun- 
tered in the preparation of the required ketonic glucoside. The 
trouble was that the hydroxy] groups in the substance 

HO-C,H,(MeO),°CO-CH,°OH 
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were almost equally readily acylated and the devices employed in 
the earlier cases proved insufficient. 

Ultimately the problem was solved in the following manner. 

O-Acetylsyringoyl chloride reacting with two molecular propor- 
tions of diazomethane gave a good yield of the diazoketone, 
AcO:C,H,(MeO),*CO-CHN, (III), and this was changed by formic 
acid to a formoxy-derivative, AcO-C,H,(MeO),*CO-CH,-O-CHO (IV), 
which could be hydrolysed by prolonged refluxing of an alcoholic 
solution to the w-hydroxy-ketone, AcO-C,H,(MeO),*CO-CH,°OH (V). 
Alternatively (III) yields (V) directly when it is treated with 50% 
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formic acid. It is noteworthy that the next stage gives poor results 
when the acetoxy- is replaced by the benzoyloxy-group. 

The tetra-acetylglucoside of (V) was, however, obtained in the 
usual manner and condensation with 2-O-benzoylphloroglucin- 
aldehyde in ethyl acetate solution in the presence of hydrogen 
chloride proceeded smoothly. The product was hydrolysed by 
sodium hydroxide, and the anthocyanin reconstituted by the action 
of hydrochloric acid. It was easily purified through the picrate and 
finally crystallised from methyl-alcoholic hydrogen chloride. From 
the method of synthesis this substance must be 3-8-glucosidyl- 
malvidin chloride (II). The salt is identical with cenin chloride 
and we have been able to place this beyond doubt as a result of the 
possession of a large specimen of cenin picrate which was very kindly 
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sent to us by Professor R. Parisi of the Laboratorio di Chimica 
agraria dell’ Instituto Superiore agrario at Bologna. Professor 
Parisi has made a careful study of the pigments of North Italian 
grapes and the specimen to which we have referred was derived from 
a variety known as “ Fogarina.”’ After several recrystallisations 
of the picrate it was converted into chloride and this was crystallised 
in the same way as the synthetical specimen. Careful comparisons 
showed that the natural and the synthetic anthocyanin were identical 
in all respects. This is confirmed in a later paper of this series and 
polarimetric measurements and comparisons will be submitted in due 
course. We are indebted to Mrs. A. M. Robinson for kindly measur- 
ing the absorption of cenin, natural and synthetic specimens, in the 
visible region. It will be seen that no divergencies outside the limits 
of experimental error were observed. 


EXPERIMENTAL. 

Acetylsyringic Acid and its Anhydride——When syringic acid is 
heated with acetic anhydride it yields acetylsyringic acid and also 
the anhydride of the latter acid; the yield of the anhydride is 
increased by the addition of catalysts such as pyridine or zinc 
chloride. 

(I) Syringic acid was heated for 3 hours on the steam-bath with 
4 times its weight of acetic anhydride and a few drops of pyridine. 
The greater part of the solvent was removed under reduced pressure, 
and the residue mixed with water and kept for some hours. The 
precipitated solid was collected and boiled with 100 times its weight 
of water; it melted, but was soon transformed into a hard crystalline 
mass. The aqueous solution, filtered hot, deposited on cooling a 
small quantity of acetylsyringic acid (m. p. 187°). The insoluble 
residue (yield 70—80%; m. p. 190—195°) was recrystallised from 
benzene, forming prismatic needles, m. p. 195—197°. The substance 
is insoluble in cold dilute alkaline solutions and sparingly soluble in 
cold alcohol and benzene (Found: C, 57:1; H, 5-1. C,.H,,0,, 
requires C, 57-1; H, 48%). 

Treated on the steam-bath for } hour with 2N-sodium hydroxide, 
the compound dissolved, and after cooling and acidification syringic 
acid, m. p. 202°, was recovered. Similar results were obtained by 
the use of a small quantity of zinc chloride as catalyst. 

(II) In accordance with the prescription of Anderson and Naben- 
hauer (J. Amer. Chem. Soc., 1926, 48, 3000) syringic acid (15 g.) was 
refluxed for 4 hour with acetic anhydride (225 c.c.). The mixture 
was afterwards treated as above, 1500 c.c. of boiling water being 
used for the extraction of the crude acetylated product. Acetyl- 
syringic acid (10 g.) and its anhydride (2-1 g.) were obtained. 
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(III) The best method for the acetylation of syringic acid without 
the formation of any anhydride is to shake a cold alkaline solution of 
syringic acid with a mixture of ether and acetic anhydride. 

A solution of syringic acid (1 mol.) in N-sodium hydroxide (2-5 
mols. NaOH) cooled to 0° is shaken for 5 minutes with a solution of 
acetic anhydride (1-5 mols.) in ether (5 vols.). The aqueous layer is 
acidified and pure acetylsyringic acid immediately crystallises 
(yield, 8394; m. p. 187°). 

w-Diazo-4-acetoxy-3 : 5-dimethoxyacetophenone (II1).—The method 
used was that described by Bradley and Robinson for the prepar- 
ation of w-diazo-4-benzyloxy-3 : 5-dimethoxyacetophenone (J., 1928, 
1559); but in the present case, owing to the sparing solubility of 
acetylsyringoyl chloride in ether, the chloride was dissolved in 
benzene or chloroform. 

Acetylsyringoyl chloride (17-5 g.), dissolved in the smallest 
possible amount of chloroform (ca. 30 c.c.), was gradually added to 
an ethereal solution of diazomethane (from 32 c.c. of nitrosomethyl- 
urethane) previously cooled to — 10°. A slow evolution of nitrogen 
occurred and the diazo-ketone soon crystallised. It was collected 
on the following day (14-0 g.; m. p. 130—132°; 1-0 g. was in addi- 
tion obtained by concentration of the mother-liquor). The crude 
compound contained a little chlorine but was easily purified by 
crystallisation from benzene containing some light petroleum. 
The quadratic yellow tablets (m. p. 134° decomp.) are readily soluble 
in chloroform, sparingly soluble in cold alcohol and benzene, and 
very sparingly soluble in ether and light petroleum (Found: N, 
10-4. C,.H,.0;N, requires N, 10-6%). Experiments were under- 
taken with the object of transforming the diazo-ketone into w-hydr- 
oxy-4-acetoxy-3 : 5-dimethoxyacetophenone directly. For this 
purpose, the substance was dissolved in dilute aqueous-alcoholic 
sulphuric acid or in aqueous alcohol, and the mixture refluxed until 
the evolution of nitrogen ceased. The amorphous flocculent product 
readily reduced Fehling’s solution in the cold, but could not be 
crystallised. 

w : 4-Diacetoxy-3 : 5-dimethoxyacetophenone.—A mixture of -diazo- 
4-acetoxy-3 : 5-dimethoxyacetophenone (12 g.) and acetic acid 
(24 c.c.) was heated at 70° until the evolution of nitrogen ceased and 
was then boiled for a few minutes. The crystals that separated on 
cooling were collected and washed with ether (9-1 g.); the aqueous 
solution furnished a further amount (1-0 g.), and the ethereal solution 
contained a less pure product (m. p. 115—118°). The substance 
crystallised from methyl! alcohol in stout prismatic needles, m. p. 
123° (Found: C, 56-6; H, 5:5. C,,H,,0, requires C, 56-8; H, 
5-4%). 
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a :4- Dihydroxy - 3 : 5 - dimethoxyacetophenone.—Methyl-alcoholic 
potassium hydroxide (24 c.c. of 25%) was gradually added to the 
foregoing diacetate (6 g.) dissolved in hot methyl alcohol. The 
potassium salt separated and after the mixture had been kept at 60° 
for } hour the substance was collected and washed with alcohol and 
ether (yield, 5-0 g.). The microscopic prisms are rather sparingly 
soluble in cold water (Found: K, 15-4. C, 9H,,0;K requires 
K, 15-6%). 

The potassium salt was suspended in 5 times its weight of 2N-acetic 
acid and heated until its dissolution was complete; the phenolic 
carbinol separated on cooling in clusters of fine needles and, recrystal- 
lised from boiling water, had m. p. 93—95°. This hydrated product 
loses its solvent at 100—105° and then melts at 132° (Found: 
C, 56-8; H, 5-8. C,9H,,0; requires C, 56-6; H, 5-7%). 

The substance gives a weak olive-green coloration with ferric 
chloride in alcoholic solution and it reduces Fehling’s solution in 
the cold. 

Attempts to acetylate this substance in position 4 were ultimately 
successful, but owing to the very poor yield, never more than 20— 
25%, we temporarily abandoned the use of 4-acetoxy-compounds 
and turned our attention to the benzoates. In this way a process 
for the preparation of an w-hydroxy-4-acyloxy-derivative of the series 
was discovered. The actual application in the benzoate series 
failed at a later stage, but the process worked out with the benzoates 
succeeded with the acetates and the synthesis could be carried 
through to the end. An indication of the methods used in our early 
experiments in the preparation of the w-hydroxy-4-acetoxydi- 
methoxyacetophenone is given by the following examples of attempts 
to carry out a partial 4-acetylation of the phenolic carbinol. 

(A) The potassium salt (1 g.), suspended in 5 c.c. of water, was 
_shaken with a solution of acetic anhydride (0-6 g.) in 10 c.c. of 
chloroform. 

(B) The potassium salt (1 g.), suspended in a solution of 0-3 g. of 
potassium hydroxide in 5 c.c. of water, was shaken with a solution 
of acetic anhydride (1-2 g.) in 10 c.c. of chloroform. 

(C) The free phenol (0-8 g.) was dissolved in a solution of acetic 
anhydride (0-6 g.) in 10 c.c. of chloroform. The mixture was 
shaken with 5 c.c. of N-potassium hydroxide. 

These variations gave similar results, but the yields did not exceed 
0-2—0-25 g.; the substance crystallised from hot water in rectangular 
prisms, m. p. 123°; and a mixture with the diacetyl derivative 
(m. p. 123°) melted at 100—105°. A further description is given 
below. 

w-Diazo-4-benzoyloaxy-3 : 5-dimethoxyacetophenone.—The conditions 
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for the preparation of benzoylsyringoyl chloride were not detailed 
by Heap and Robinson (J., 1929, 71) and we operated as follows : 

Benzoylsyringic acid (16 g.) was suspended in benzene, phosphorus 
pentachloride (1 mol.) gradually added, and the mixture kept at 0° 
for 5—6 hours. It was then worked up after the addition of water 
and 12 g., m. p. 125° (7° higher than recorded), were obtained. The 
chloride (6 g.) yielded the diazo-ketone (5 g.) in the usual manner ; 
it crystallised from benzene—light petroleum in four-sided plates, 
m. p. 168—172° (decomp.) (Found: C, 62-5; H, 45; N, 8-5. 
C,7H,,0,N, requires C, 62-6; H, 4-2; N, 8-6%). 

4 - Benzoyloxy - w -formoxy-3 : 5-dimethoxyacetophenone.—On the 
addition of the diazo-ketone (4-0 g.) to absolute formic acid (8 c.c.) 
evolution of nitrogen occurred in the cold and soon ceased. The 
mixture was heated, then cooled; the formyl derivative, which 
crystallised, was washed with ether (yield 3-1 g., and 0-4 g. was 
obtained from the mother-liquor) (Found : C, 62-9; H, 4-7; CH,0O, 
17-9. C,,H,,0, requires C, 62-8; H, 4:7; CH,O, 18-0%). 

w-Hydroxy-4-benzoyloxy-3 : 5-dimethoxyacetophenone.—(1) The 
diazo-ketone (1 g.) was refluxed with N-sulphuric acid (7-5 c.c.) and 
sufficient ethyl alcohol (10 c.c. of 96%) to keep the substance in 
solution until the evolution of nitrogen ceased (about 5 minutes). 
The liquid was cooled, and diluted with water, and the product 
crystallised from 50% alcohol. The microscopic, stellate, prismatic 
needles had m. p. 173—175° (yield, 0-6 g.). This substance is 
insoluble in dilute alkaline solutions, gives no ferric chloride reaction, 
and reduces Fehling’s solution. 

(II) 4-Benzoyloxy-«-formoxy-3 : 5-dimethoxyacetophenone (2-0 
g.) was refluxed for 15 hours with water and alcohol just sufficient 
to keep it in solution. The product (yield, 1-8 g.) had m. p. 175— 
177° alone or mixed with the substance prepared by method I. 

(III) Probably the best method is the following: The w-diazo- 
ketone (2 g.) was added to 50% formic acid (50 c.c.), and the mixture 
heated on a water-bath. A brisk evolution of nitrogen occurred and 
the reaction was completed after 5 minutes. On cooling and 
dilution with water the product was precipitated (yield, 1-8 g.; 
m. p. 168—172°). After two crystallisations from aqueous alcohol 
the substance melted at 175—177° (the mixed m. p. with the 
a-hydroxy-ketone gave no depression). The substance is very 
sparingly soluble in water, moderately easily soluble in alcohol and 
benzene, easily in acetone and chloroform, and insoluble in ether and 
light petroleum (Found: C, 64-2; H, 5-0; CH,O, 19-9. C,,H,,0, 
requires C, 64-5; H, 5-1; CH,O, 19-6%). 

4- Benzoyloxy - w-acetoxy -3 : 5 - dimethoxyacetophenone.—(A) The 
w-diazo-ketone (1 g.) and glacial acetic acid (5 c.c.) were heated on a 
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water-bath. A brisk evolution of nitrogen occurred and the reaction 
was complete after 5 minutes. On cooling and dilution with water 
the w-acetoxy-ketone was precipitated ; it crystallised from aqueous 
alcohol in pale brown clusters of prisms, m. p. 143° (Found: C, 


63°6; H,5-1. C,9H,,0, requires C, 63-7; H,5-0%). The substance 


quickly reduced Fehling’s solution on heating. 

(B) The w-hydroxy-ketone (1 g.) was dissolved in acetic anhydride 
(10 c.c.), and a drop of pyridine added. After being heated on a 
steam-bath for 2 hours, the mixture was cooled and mixed with 
water. The solid, crystallised from dilute alcohol, melted at 143° 
(mixed m. p. not depressed). 

w : 4 - Dibenzoyloxy - 3 : 5 - dimethoxyacetophenone.—w - Hydroxy- 
4-benzoyloxy-3 : 5-dimethoxyacetophenone (0-75 g.) was dissolved 
in pyridine (10 c.c.), benzoyl chloride (0-4 g.) added, and the mixture 
shaken and allowed to remain. The product solidified when 
repeatedly washed with cold water and crystallised from benzene— 
light petroleum in microscopic needles, m. p. 128° (Found: C, 68-0; 
H, 5-0. C,,H90, requires C, 68-6; H, 48%). The substance is 
moderately easily soluble in alcohol, easily in acetone and chloroform, 
and insoluble in ether and light petroleum. 

4-Benzoyloxy - w - O - tetra-acetyl - 8 - glucosidoxy-3 : 5-dimethoxyaceto- 
phenone.—w - Hydroxy - 4- benzoyloxy-3 : 5-dimethoxyacetophenone 
(1-13 g.; dried at 120° for 5 hours) was dissolved in dry benzene at 
40° (30 c.c.), O-tetra-acetyl-«-glucosidyl bromide (2 g.) added, 
followed by dry silver oxide (3-2 g.), the mixture was well shaken 
for 45 minutes at 40° and refluxed for 15 minutes, and the liquid 
filtered. The cooled filtrate on dilution with light petroleum 
(300 c.c.) furnished a gum, which was washed with hot and then with 
cold water. A solution of it in methyl alcohol (8 c.c.) was cooled 
and diluted with water; the gum was then reprecipitated but in 
a less sticky condition. The treatment was continued until the 
substance was obtained as a colourless solid. The tetra-acetyl- 
glucoside crystallised from 70% aqueous methyl alcohol in colourless 
leaflets, m. p. 80—90° (Found : C, 57-9, 57-8; H, 5-4, 5-0. C,,H,,0,; 
requires C, 57-6; H, 5:3%). The yield, however, was only 0:1 g., 
and several attempts to improve it were unsuccessful. In tests, the 
glucoside condensed with O-benzoylphloroglucinaldehyde in ethereal 
solution saturated with hydrogen chloride to give a pyrylium salt. 
This substance on hydrolysis with cold 8°% sodium hydroxide solution 
and subsequent acidification with 7% hydrochloric acid gave « 
solution of an anthocyanin chloride with the distribution number of 
a monoglucoside. This was doubtless the first synthesis of cenin. 

«-Formoxy-4-acetoxy-3 : 5-dimethoxyacetophenone (IV).—The w-di- 
azo-4-acetoxy-3 : 5-dimethoxyacetophenone (4 g.) was added to 




















EXPERIMENTS ON SYNTHESIS OF ANTHOCYANINS. PART VIII. 2709 


anhydrous formic acid (8 c.c.); instant evolution of nitrogen 
occurred and the substance dissolved. The mixture was heated on 
a steam-bath for 10 minutes, a blue colour appearing. On cooling, 
the w-formoay-4-acetoxy-ketone crystallised, m. p. 148—150°. After 
two crystallisations from benzene-light petroleum the ketone was 
obtained in long, colourless, prismatic needles, m. p. 152-5° (Found : 
C, 55°8; H, 5-2; CH,O, 22-5. C,,H,,0, requires C, 55-3; H, 5-0; 
CH,O, 22-0%). The mother-liquor on dilution with dry ether gave 
a further quantity (total yield, 3-1 g.) and the blue colour of the 
solution changed to yellow. Addition of formic acid or hydrochloric 
acid reproduced the blue colour. The substance is very sparingly 
soluble in water, ether, and light petroleum. 

«w-Hydroxy-4-acetoxy-3 : 5-dimethoxyacetophenone (V).—The first 
preparation of this substance is mentioned on p. 2706. 

(A) The w-diazo-4-acetoxy-ketone (9 g.) was heated with 50% 
formic acid (50 c.c.) on the steam-bath for 10 minutes. On cooling 
and dilution with water (300 c.c.), a cream-coloured precipitate was 
obtained and after two crystallisations from hot water the substance 
occurred as small flat needles, m. p. 119—120° after drying at 100° 
to remove water of crystallisation (yield, 8 g.) (Found: C, 56-6; 
H, 5-4; CH,O, 23-9. C,3H,,0, requires C, 56-7; H, 5-5; CH,O, 
24-4%). 

(B) w-Formoxy-4-acetoxy-3 : 5-dimethoxyacetophenone (2 g.) was 
refluxed with sufficient 50% alcohol to keep it in solution. After 4 
hours the alcohol was removed by distillation; the residue crystal- 
lised from hot water in small flat needles, m. p. 105° after drying in 
a vacuum and 121—122° after drying at 100°. The m. p. of a mix- 
ture with the product from (A) was not depressed. The substance 
is sparingly soluble in water and soluble in the usual organic solvents ; 
its aqueous solution quickly reduces Fehling’s solution in the cold. 

«-Benzoyloxy-4-acetoxy-3 : 5-dimethoxyacetophenone.—(A) The w-di- 
azo-4-acetoxy-ketone (0-57 g.) and benzoic acid (0-6 g.) were well 
ground together and heated in a wax-bath at 110—120° for about an 
hour; effervescence of nitrogen then ceased. The orange-coloured 
molten mixture was cooled, and the solid well ground and extracted 
with boiling water. The w-benzoyloxy-4-acetoxy-ketone crystallised 
from 95% alcohol in rectangular plates, m. p. 158—159° (Found : 
C, 63-4; H, 4:9; CH,O, 17-4. C,,H,,0, requires C, 63-7; H, 5-0; 
CH,O, 17-3%). 

(B) The w-hydroxy-4-acetoxy-ketone (0-5 g.) was dissolved in 
pyridine (10 ¢.c.), benzoyl chloride (1 c.c.) added with shaking, and 
the mixture kept for 1 hour; water was then added. The product 
was crystallised twice from alcohol and obtained in needles, m. p. 
158—159° (mixed m. p. with substance from A, no depression). 
472 
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The substance is very sparingly soluble in water, but soluble in 
the usual organic solvents. 

w - O - Tetra - acetyl - 8 - glucosidoxy - 4 - acetoay - 3 : 5-dimethoxyaceto- 
phenone.—Dry silver oxide (30 g.) was added to a solution of w-hydr- 
oxy-4-acetoxy-3 : 5-dimethoxyacetophenone (10 g.) and O-tetra- 
acetyl-«-glucosidyl bromide (22-3 g.) in dry benzene (60 c.c.) at 40°. 
When the mixture was shaken, the temperature immediately rose 
to 73°. Agitation was continued for 30 minutes and finally the 
mixture was warmed on a water-bath before filtration. The 
filtrate was cooled and mixed with light petroleum (400 c.c.), pre- 
cipitating a pale straw-coloured syrup, which was washed with hot 
and then with cold water, dissolved in warm methy] alcohol (10 c.c.), 
and reprecipitated by water. After this process had been repeated 
five times a crystalline substance, m. p. 65—75°, was obtained. 
It was dried (13-4 g. or 57-5%) and crystallised from dry ether, 
forming plank-shaped needles, m. p. 83—85° (decomp.) (Found : 
C, 53-3; H, 5-6; CH,O, 11-3.. C,,H3.0,; requires C, 53-4; H, 5-5; 
CH,O, 10-6%. C,4H90,, requires C, 53-1; H, 5-5; CH,O, 11-43%). 
Hence it seems that this glucoside may have lost one acetyl group. 

7 - Hydroxy - 5 - benzoyloxy - 3 - O-tetra-acetyl-8-glucosidoxy-4' -acetoxy- 
3’ : 5’-dimethoxyflavylium Chloride—Dry hydrogen chloride was 
passed into a solution of w-O-tetra-acetyl-8-glucosidoxy-4-acetoxy- 
3 : 5-dimethoxyacetophenone (5-6 g.) and O-benzoylphloroglucin- 
aldehyde (5-0 g.) in dry ethyl acetate (75 c.c.; distilled over phos- 
phoric oxide) cooled to 15° and protected from access of moisture. 
A small quantity of a yellow crystalline substance separated in the 
course of 2 hours. After 72 hours the deep red mixture was sub- 
mitted to filtration, and the filtrate diluted with dry ether (500 c.c.) ; 
a dark red precipitate was then obtained. This was collected, washed 
with dry ether, and air-dried (yield, 4-1 g.) (Found: C, 54-4; H, 
4:9; Cl, 4:2. CygHgg0,,Cl,2H,O requires C, 54-6; H, 4-9; Cl, 41%). 

The salt is readily soluble in alcohol to a red solution, and this 
becomes purple on the addition of sodium hydroxide. Dilute sodium 
carbonate solution gives a violet coloration much more slowly than 
the concentrated reagent, probably indicating a slow hydrolysis of 
the 4’-acetoxyl group. This hydrolysis is a necessary preliminary 
to the exhibition of a strong alkali colour-reaction. 

3-8-Glucosidylmalvidin Picrate-—The crude benzoylpenta-acety]- 
glucosidylmalvidin chloride (5-25 g.) was finely powdered and added 
to 8% sodium hydroxide solution (105 c.c.) cooled to 10°. Air was 
excluded from the apparatus by nitrogen. The solid quickly dis- 
solved to a dark reddish-brown, almost black solution. After 
remaining for 3 hours at room temperature, the solution was acidified 
with 7% hydrochloric acid (189 c.c.) so that the concentration of the 
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hydrogen chloride was brought to 2%. The liquid, which immedi- 
ately assumed a deep red colour, was heated to 60° in order to com- 
plete the regeneration of the oxonium salt; a precipitate, probably 
malvidin chloride, was removed. Saturated aqueous picric acid 
(200 c.c.) was added to the cooled filtrate; 3-8-glucosidylmalvidin 
picrate then separated as a reddish mass. This was collected after 
24 hours (yield, 3-5 g.). The picrate was powdered and washed with 
an ethereal picric acid solution in order to remove traces of malvidin 
picrate. The crude picrate (6-5 g.) was crystallised by dissolving 
it in alcohol (300 c.c.) and adding an equal volume of hot aqueous 
picric acid. On cooling, long slender red needles with a 
greenish reflex were obtained (Found: C, 44:1; H, 4:4; N, 5-2. 
Cy9H,,0;9N3,4H,O requires C, 43-8; H, 4:5; N, 5-3%). The sub- 
stance decomposed at 202°. 

Other specimens of this picrate have been obtained and these 
contained 1-5 H,O, probably as the result of a variation in the con- 
ditions of exposure to the air, or perhaps it is a matter of the degree 
of purity of the samples. 

3-8-Glucosidylmalvidin Chloride (nin Chloride) (I11).—The crude 
picrate was crystallised once, dried, and dissolved in warm 4% 
methyl-alecholic hydrogen chloride; the chloride was then pre- 
cipitated by the addition of ether. This material became beautifully 
crystalline when rubbed with cold 6% methyl-alcoholic hydrogen 
chloride and could then be crystallised from the warm solvent in 
very friable hexagonal plates violet by transmitted light and exhibit- 
ing a wonderful yellow metallic glance; in mass the substance was 
brown-bronze. This specimen gave rather poor analyses, but the 
natural product crystallises in the same form and distribution-ratio 
experiments proved that the material crystallised from hot 6% 
methyl-aleoholic hydrochloric acid contains about 2% of malvidin. 
The best way to obtain the pure chloride is to dissolve the substance 
in very dilute methyl-alcoholic hydrogen chloride, increase the 
concentration of acid, and almost at once precipitate the chloride 
with ether. The amorphous solid can then be dissolved in 1% 
methyl-alcoholic hydrogen chloride, the solution filtered, and the 
concentration increased to 4—5% in the cold. The chloride then 
crystallises with a remarkable sheen and is perfectly pure and free 
from anthocyanidin (Found in air-dried material: C, 47-4; H, 5-4; 
Cl, 6:3; MeO, 10-3. Found in material dried at 110° in a high 
vacuum: C, 52:1; H, 4:8; Cl, 6-5; MeO, 11-2. C,,H,,;0,,.Cl,3H,O 
requires C, 47-1; H, 5:3; Cl, 6:1; MeO, 106%. C,,H,;0;,Cl 
requires C, 51-9; H, 4-7; Cl, 6-6; MeO,11-7%). Crystallisation by 
Willstatter and Zollinger’s method (loc. cit., p. 93) gives a mixture 
of prismatic forms and the substance has a green lustre. Slow 
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crystallisation from dilute methyl-alcoholic hydrogen chloride 
produces hard dense balls like bronze filings; the substance gives 
a violet-blue smear on paper or porcelain. 

The number of comparisons that we have made between synthetic 
and natural specimens is considerable. At first we prepared cenin 
chloride from purple-black grapes of uncertain origin and Miss 
R. Scott-Moncrieff kindly sent us both cenin and primulin, which is 
identical with cenin. Using only 1°5 mg./50 c.c., we found the 
distribution number of all these specimens to be about 17-5. The 
primulin contained anthocyanidin and gave 21-3, 17-5 in successive 
shakings; cenin chloride (natural) gave 17-8, and the synthetic 
specimen gave 17-4. This was an apparent anomaly, since Will- 
statter and Zollinger (loc. cit.) give the distribution number 10-4 for 
cenin chloride and Scott-Moncrieff (loc. cit.) gives 8-6 for primulin 
chloride (doubtless this is partly due to the less completely methyl- 
ated delphinidin glucoside which primulin contains). The explan- 
ation of this discrepancy is given in the following communication, 
and under the standard conditions cnin specimens, natural or 
synthetic, exhibit the same behaviour in the distribution test. 
These specimens of natural pigments (including primulin) all crystal- 
lised in the highly characteristic manner which we have described. 
The opportunity to carry the matter a stage further arose when 
Professor Parisi, to whom we are deeply indebted, sent us a fine 
specimen of partly purified cenin picrate from “ Fogarina ”’ grapes. 
It was found that crystallisation of cenin picrate from aqueous picric 
acid is not a good process of purification, since the separation of the 
salt is complete on each occasion; it is necessary to lose something. 

(A) The natural “ cenin ” picrate (2°2 g.) was dissolved in boiling 
alcohol (150 c.c.), and saturated aqueous picric acid (75 c.c.) added ; 
the crystals (X) were collected soon after their formation (further 
separation occurs on keeping, but it was not desirable to add this 
material to the first crop) and the mother-liquor was diluted with 
cold saturated picric acid and kept in the ice-chest, thus giving a 
second fraction (Y). (X) (1-35 g.) gave a weaker ferric chloride 
reaction than did (Y) (0-5 g.), and the latter was much darker in 
colour. (X) was then crystallised from a mixture of alcohol (70 c.c.) 
and saturated aqueous picric acid (35 c.c.), the orange-red hair-like 
crystals being allowed to separate completely. The latter process 
was repeated with the same quantities and the bundles of scarlet 
needles were collected, washed with ether, and dried at 100° (0-87 g.) 
(Found : C, 46-4; H, 4:1; N, 5-6; MeO, 6-8. C,,H,,0,9N,,1-5H,O 
requires C, 46-5; H, 4:1; N, 5-6; MeO, 83%. Found in material 
dried at 110° in a high vacuum: C, 47-9; H, 3:9; N, 58. 
CogH,;0,.N, requires C, 48-1; H, 3-7; N, 5-8%). The methoxyl 








hav 
aqu 
10 
cen 
hea 
(a fi 
sati 
The 
(For 
in n 
This 
but 
C. 
chlo 
resp 
addi 
dark 
W 
of tz 
intel 
exhi 
(colo 
and 
oxon 
and 
of th 
Tk 
100° 
110° 
only 
the e 
Mc 
folloy 
Co 
—Th 








\ 


Ae 


Oo OO VP 2Aaw 








EXPERIMENTS ON SYNTHESIS OF ANTHOCYANINS. PART vill. 2713 


determinations, as might be expected, gave low results with the 
picrate, but the derived chloride gave satisfactory figures. The 
conversion was carried out in the manner already described and with 
precisely the same results (Found in air-dried material: C, 47-6; 
H, 5-2; Cl, 6-2; MeO, 10-2, 10-1. C,,H,;0,,C1,3H,O requires 
C, 47-4; H, 5-3; Cl, 6-1; 2MeO, 10-6%. Found in material dried 
at 110° in a high vacuum: C, 52-0; H, 4:8; Cl, 65; MeO, 11-3. 
C.3H,;0,.Cl requires C, 51-9; H, 4-7; Cl, 6-6; 2MeO, 11-7%). 

(B) “nin ” chloride (0-4 g.) from “ Fogarina” grapes (without 
having been purified through the picrate) was dissolved in 0-2N- 
aqueous sodium hydroxide (100 c.c.), and a stream of air passed for 
10 minutes. The greenish-brown liquid was just acidified, con- 
centrated hydrochloric acid (5 c.c.) then added, and the solution 
heated on the steam-bath until no further colour change occurred 
(a few minutes). The picrate was precipitated and crystallised from 
saturated aqueous picric acid (30 c.c.) mixed with alcohol (20 c.c.). 
The substance separated in orange-red slender needles (0-09 g.) 
(Found in material dried at 100°: C, 46-5; H, 4:0; N, 5-6. Found 
in material dried at 110° in a vacuum: C, 48-0; H, 3:7; N, 5-8%). 
This process gives a product which is quite pure; it is expeditious 
but wasteful. 

Careful comparison in detail showed that our synthetic cenin 
chloride and the material of natural origin were identical in every 
respect. Pure cenin chloride is not entirely unchanged on the 
addition of ferric chloride to an alcoholic solution; there is a definite 
darkening and dulling of the colour, and a change towards violet. 

Willstatter and Zollinger (loc. cit.) observed the effect of addition 
of tannin to cenin solutions; they become bluer and the tinctorial 
intensity is increased. The synthetic and the natural cenin chloride 
exhibited this interesting phenomenon to precisely the same extent 
(colorimeter). We have directly compared solubilities, crystal form 
and appearance, rate of pseudo-base formation and recovery of 
oxonium salt on acidification, and numerous reactions and properties 
and have found no divergencies whatsoever between the behaviour 
of the two specimens. 

The picrate was prepared from the synthetic chloride and dried at 
100° (Found: C, 46-5; H, 4:0; N, 5-6. Found in material dried at 
110° in a vacuum: C, 48-0; H, 3-7; N, 5-8%); this removed the 
only discrepancy which we noted in the course of our work, since 
the earlier specimen contained 4H,O. 

More exact distribution number determinations appear in the 
following communication. 

Comparison of Colour Reactions in Buffered Solutions of Graded px. 
—The method was that of Robertson and Robinson (Biochem. J., 
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1929, 23, 35) and the py of the numbered solutions and other details 
are recorded in the memoir cited. The natural and the synthetic 
cenin chloride gave identical results at every stage. (1) Pink; 
(2) bluer, rapidly fading ; (3) cherry-red, fading ; (4) deeper and bluer 
and fades more slowly; (5) still deeper red-violet and fades still 
more slowly; (6) similar; (7) duller and bluer violet; (8) duller 
violet, tendency to slate-colour; (9) bluish-violet; (10) richer 
bluish-violet; (11) still more intense violet, blue in thin layers; 
(12)—(16) the same as (11). After 1} hours: (1) rose; (2) very 
faint pink; (3), (4), (5) almost colourless; (6) pale dull violet; (7) a 
little deeper colour; (8) similar; (9) dull bluish-violet; (10)—(15) 
somewhat faded but still rich bluish-violet; (16) slate. After 24 
hours: (1) rose; (2), (3), (4) decreasing to faint pink; (5), (6), (7) 
colourless; (8) weak grey; (9) more intense bluish-grey ; (10)—(14) 
bluish-violet ; (15) very pale violet-blue; (16) yellow. In summer 
the colours are more faded ; (14), (15) being very pale after 24 hours. 

Examination of the More Soluble Fraction of the Picrate from 
“ Fogarina’’ Grapes.—The picrate (Y, above) was converted into 
the chloride and this gave a very intense ferric chloride reaction 
(bluish-violet) in aleoholic or aqueous solution. The salt was dis- 
solved in 0-5% hydrochloric acid, an equal volume of concentrated 
hydrochloric acid added, and the solution boiled for 30 seconds ; 
the anthocyanidin, which separated as a black powder in the ice- 
chest, was collected, washed, and dried at 100° (Found: Cl, 8-4, 
8-6; MeO, 9-2, 9-2%). The methoxyl content, if it is all due to 
malvidin, gives the percentage of that anhydrous anthocyanidin 
present as 54-5. Direct estimation was made by treatment of a very 
dilute solution with sodium hydroxide and subsequent acidification. 
Under standard conditions the recovery of delphinidin was less than 

%, and that of malvidin about 80%. The result was to show that 
this anthocyanidin specimen contained about 45% of malvidin. 

The remainder may then be petunidin (like delphinidin, this is 
destroyed in the sodium hydroxide treatment), approximately 20%, 
and delphinidin or other substances. 

Extraction with successive quantities of a reagent that easily 
takes up malvidin, has a certain solvent action on petunidin, but 
does not extract delphinidin from dilute acid solutions confirmed 
the view that petunidin is present in the mixture. The reagent is a 
mixture of anisole (4 vols.) and ethyl amyl ether (1 vol.) containing 
picric acid (5 g. in 100 ¢.c.)._ The anthocyanidin (3-0 mg.) was dis- 
solved in 0-5% hydrochloric acid (100 ¢c.c.) and shaken with 5 
successive volumes (50 c.c. each) of the reagent. All the malvidin 
was found in the first two extracts, which were deep brown-orange ; 
the last three extracts formed a series in which the colour gradually 
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decreased ; ultimately delphinidin was left in the solution, and was 
not extracted. This was demonstrated on a smaller scale by working 
rapidly with larger volumes of the reagent; it was necessary to take 
into account the fact that delphinidin is gradually destroyed in the 
aqueous solution. 

The figures we have given are provisional, since, for example, the 
petunidin content is very indirectly derived; it depends on the 
accuracy of the methoxyl determination and of the estimation of 
malvidin as well as on the assumption that the methoxyl groups occur 
wholly in the anthocyanidins present. Nevertheless the indications 
are that delphinidin 3’-methy] ester is present together with malvidin 
and delphinidin. 


The authors wish to thank the Royal Commissioners for the 
Exhibition of 1851 for a Studentship (Overseas). The grants made 
for the assistance of research by Imperial Chemical Industries 
Limited are gratefully acknowledged. 

As in other parts of this series, most of the microanalyses have 
been carried out in the laboratory of Dr.-Ing. A. Schoeller of Berlin. 


UNIVERSITY OF OXFORD. 
UNIVERSITY COLLEGE, LONDON. [Received, August 31st, 1931.] 





CCCLXXV.—Experiments on the Synthesis of Antho- 
cyanins. Part IX. Synthesis of Oxycoccicyanin 
Chloride. Observations on the Distribution Num- 
bers of the Anthocyanins. 


By Lrorotp FERDINAND Levy and RoBerT RoBINsON. 


Ixy a communication which has been submitted to the Biochemical 
Society, Miss K. E. Grove and one of us have shown that one of the 
pigments of American. cranberries (Oxycoccus macrocarpus, Pers.) 
is 3-8-glucosidylpeonidin chloride (I), and it happened that this 
substance had been synthesised before it was thus identified as a 
natural product. 


pn OMe OMe 
Ho/ ——< 0H COX _oAe 
oats C al | 
CH,-0-C,H,0(OAc), 


HO 


The present communicaticn deals with the synthesis of the antho- 
tyanin but not with the comparison with the natural product. The 
ketonic-glucoside component for the synthesis could in this instance 
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be obtained by the method used for the callistephin intermediate, 
starting from the 4-hydroxy-w-acetoxy-3-methoxyacetophenone of 
Nolan, Pratt, and Robinson (J., 1926, 1968). The sodium derivative 
of the related dihydroxymethoxyacetophenone reacted with acetic 
anhydride, yielding w-hydroxy-4-acetoxy-3-methoxyacetophenone, 
AcO-C,H,(MeO)-CO-CH,-OH, and from this a _tetra-acetyl-6- 
glucoside was obtained in the usual manner. 

The remaining stages of the synthesis of (I) were also effected in 
accordance with our normal procedure and offered no difficulty. 

Distribution Numbers of Anthocyanins.—It has been found that the 
distribution numbers of cenin chloride and of oxycoccicyanin chloride 
vary with the concentration of the solution in such a way that, in 
order to derive a distribution constant, the concentration in the amyl 
alcohol must be squared. Incidentally the agreement of natural 
with synthetic cenin chloride over a range of concentrations was very 
satisfactory, but the significance of the phenomenon is also of general 
interest. It appears to us to show that the salts are associated to 
double molecules in aqueous solution and occur as single molecules 
in amy] alcohol. 

Certainly the colour of the solutions is quite different, those 
in amyl alcohol being much bluer-red than those in 0-5% hydro- 
chloric acid. The concentration of chloridion is so great relatively 
to that of the anthocyanin that we need not consider the question 
of ionic dissociation; whether the oxonium kations are free in the 
solution or bound to chlorine ions by electrovalencies, the fact 
remains that association of either the salts or kations occurs in the 
aqueous medium. 

The difficulty experienced in separating the anthocyanins and 
anthocyanidins by crystallisations from aqueous acid solutions is 
probably connected with this phenomenon. 

It is also probably of the same nature as that involved in the 
blueing effect of tannin on cenin solutions (Willstatter and Zollinger, 
Annalen, 1916, 412, 212); the tannin is evidently able to attach 
itself to the cenin molecule even in the presence of much minera' 
acid, but whether the effect is due to the colour of this complex or 
disruption of the cenin complexes is not clear. 


ExPERIMENTAL. 


«-Chloroacetovanillone.—The method of Pratt and Robinsoa 
(J., 1923, 123, 753) was modified and the yield greatly improved. 

The following are the main points: (a) The reaction mixture was 
heated on the steam-bath after the second addition of aluminiun 
chloride until evolution of hydrogen chloride ceased. (b) The 
ethereal mother-liquor on evaporation gave a light brown crystalline 
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mass (30 g.), which after one crystallisation from benzene-light 
petroleum furnished the pure material (25 g., m. p. 102°). (ce) 
Very crude material may be easily purified by distillation, b. p. 
207—210°/22 mm. 

4-Hydroxy-w-acetoxy-3-methoxyacetophenone.—This substance has 
been prepared by a modification of the method of Nolan, Pratt, and 
Robinson (J., 1926, 1968). 

A mixture of -chloroacetovanillone (10 g.), anhydrous potassium 
acetate (9 g.), glacial acetic acid (3 c.c.), and absolute ethyl alcohol 
(72 c.c.) was refluxed for 1 hour. The filtered solution was evapor- 
ated to dryness under diminished pressure, and the product dried in a 
vacuum over solid potassium hydroxide. The w-acetoxy-ketone was 
extracted with hot benzene, from which it crystallised on con- 
centration (yield, 6°4 g.; colourless prisms, m. p. 110°, were ob- 
tained on crystallisation from benzene-light petroleum). 

w : 4-Dihydroxy-3-methoxyacetophenone.—4 - Hydroxy-w-acetoxy-3- 
methoxyacetophenone (12-5 g.) was heated with 16% aqueous 
sodium hydroxide (70 c.c.) on the steam-bath. The sodiwm salt 
began to crystallise in light yellow plates before the whole of the 
substance had passed into solution. The cooled mixture was 
submitted to filtration, and the solid washed with alcohol and dried 
(9 g.). It crystallised from hot water (charcoal) in almost colourless, 
rhombic plates (Found: Na, 9-8. C,H,O,Na,1-5H,O requires Na, 
99%). 

The sodium salt (1 g.) was heated with 2N-acetic acid (10 ¢.c.) on 
the steam-bath until it dissolved; on cooling, o : 4-dihydroxy-3- 
methoxyacetophenone crystallised (0-7 g.). The hydrated substance 
crystallised from water in colourless flat needles, m. p. 158—160° 
after being dried at 100° (Found in dried material: C, 59-0; H, 5-6. 
CyH 190, requires C, 59-3; H, 5-5%). The aqueous solution of this 
carbinol reduces Fehling’s solution immediately in the cold and gives 
a deep violet coloration with ferric chloride. 

o-Hydroxy-4-acetoxy-3-methoxyacetophenone.—The sodium salt of 
o :4-dihydroxy-3-methoxyacetophenone (14:5 g.), suspended in 
water (72 c.c.), was shaken with a solution of acetic anhydride (10 
¢.c.; 1-5 mols.) in chloroform (150 c.c.) for 15 minutes; complete 
dissolution then occurred. The chloroform layer was separated, 
and the aqueous layer extracted twice with chloroform (60 c.c.). 
Water (14-5 ¢.c.) was added to the combined chloroform extracts, 
which were then evaporated to dryness under diminished pressure 
at 25°. The colourless residue crystallised from water in colourless, 
voluminous, flat needles (11-2 g.), m. p. 88—90°. After being dried 
in a vacuum at 80°, the substance melted at 96° (Found: C, 56-9; 
H, 5-5; loss on heating at 100° in a vacuum, 3-9. C,,H,,0;,$H,O 
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requires C, 56:7; H, 5-6; 4H,O, 39%. Found in anhydrous 
material: C, 59-1; H, 5-4. ©C,,H,,0; requires C, 58-9, H, 5-4%). 
The carbinol reduces Fehling’s solution quickly in the cold, is in- 
soluble in alkalis, and does not give a ferric chloride reaction. 
Further acetylation by heating with acetic anhydride produced 
w : 4-diacetoxy-3-methoxyacetophenone, m. p. 76° (Nolan, Pratt, 
and Robinson, loc. cit., give m. p. 73°). 

w-O-Tetra-acetyl - 8 - glucosidoxy-4 - acetoxy - 3 - methoxyacetophenone 
(I1).—Dry silver oxide (20 g.) was added to a solution of w-hydroxy- 
4-acetoxy-3-methoxyacetophenone (8-4 g. ; dried at 100° in a vacuum) 
and O-tetra-acetyl-«-glucosidyl bromide (27 g.) in dry benzene (50 
c.c.) at 40°. When the mixture was shaken, the temperature 
quickly rose to 70°. After agitation for 30 minutes the cooled 
mixture was boiled and submitted to filtration. The filtrate was 
diluted with light petroleum (300 c.c.); the tetra-acetylglucoside 
was then precipitated as a straw-coloured gum. After being washed 
with hot and with cold water, the gum was converted, by repeated 
dissolution in methyl] alcohol (15 ¢.c.) and precipitation by means of 
water, into an amorphous colourless solid (6-0 g.), which crystallised 
from dry ether in colourless. plank-shaped needles, m. p. 74—76° 
(decomp.) (Found: C, 540; H, 5-6. C,;H,,0,, requires C, 54-2; 
H, 5-4%). The methoxyl content estimated was too high, possibly 
as the result of loss of acetyl groups. 

7-Hydroxy-5-benzoyloxy-3-O-tetra-acetyl-8-glucosidoxy-4' -acetoxy-3' - 
methoxyflavylium Chloride.—Dry hydrogen chloride was passed into 
a filtered solution of w-O-tetra-acetyl-8-glucosidoxy-4-acetoxy-3- 
methoxyacetophenone (6-0 g.) and 2-O-benzoylphloroglucinaldehyde 
(5-0 g.) in dry ethyl acetate (100 c.c.) cooled to 10° and protected 
from access of moisture. A small quantity of the aldehyde separated 
in the course of 2 hours. After standing for 2 days, the deep red 
mixture was submitted to filtration, and the filtrate diluted with 
dry ether (500 c.c.). The dark red precipitate of the glucosidic 
flavylium chloride was collected, well washed with dry ether to remove 
hydrogen chloride, and dried over solid potassium hydroxide (yield, 
6-0 g.) [Found: C, 55-5; H, 4-7; Cl, 4:9, 5-1. Cy 9H370,,Cl1,14H,O 
requires C, 55-7; H, 4:8; Cl, 4:2%. Cy3H,,0,,Cl,14H,O (loss of 3 
acetyl groups) requires C, 55-5; H, 4:75; Cl, 5-0%]. 

The salt is readily soluble in alcohol to a reddish solution with a 
violet tinge and it is insoluble in cold 0-5% hydrochloric acid. The 
alcoholic solution gives a purplish-violet coloration with sodium 
hydroxide. Concentrated and dilute aqueous sodium carbonate 
solutions give bluish-green colorations. 

3-8-Glucosidylpeonidin Picrate.—The crude pyrylium salt (6-0 g.) 
was finely powdered and mixed with 8° sodium hydroxide solution 
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(144 c.c.) which had been cooled to 10°; air was excluded from the 
apparatus by hydrogen. After 3 hours, the solution was acidified 
with 7% hydrochloric acid (260 c.c.) to give a 2% hydrochloric acid 
solution and the clear, deep red solution was warmed to 60° to 
complete the formation of the oxonium salt. A saturated aqueous 
picric acid solution (400 c.c.) was added to the cooled solution; 
3-8-glucosidylpeonidin picrate was then precipitated as a reddish 
mass (3-9 g. after drying). The crude powdered material was washed 
with ethereal picric acid in order to remove peonidin picrate; the 
derivative crystallised from aqueous picric acid in reddish-brown, 
microscopic, plank-shaped needles (2-9 g.), which darkened at 110° 
and decomposed at 165—180° (Found: C, 43-2; H, 4-6; N, 5-6; 
loss at 105° in a high vacuum, 9-3. C,gH,;0,,N3,4-5H,O requires C, 
43-5; H, 44; N, 5-4; 4H,O, 9-3. Found in dried material: C, 
47-8; H, 3-9; N, 5-7. C,,H,;0,,N3,0°5H,O requires C, 48-0; 
H, 3:7; N, 60%). It is evident that the salt tenaciously retains 
solvent of crystallisation. 

3-8-Glucosidylpeonidin Chloride (Oxycoccicyanin Chloride) (I).— 
The pure crystalline picrate (2-7 g.) was dissolved in 2% methyl- 
alcoholic hydrogen chloride (150 c.c.)._ The chloride was precipitated 
by the addition of dry ether (1100 c.c.) as a reddish-brown flocculent 
mass (1-25 g.). This material was crystallised by dissolving it in 
0:-5% hydrochloric acid (10 c.c.), a nearly saturated solution, and 
then adding 5% ethyl-alcoholic hydrogen chloride (50 ¢.c.). The 
anthocyanin crystallised on stirring in dark brown, rectangular, 
flat needles (0-9 g.) (Found: C, 49-1; H, 5-2; Cl, 6-6; CH,0, 5:8; 
loss at 110° in a vacuum, 8:1, 7-8, 7-3. C,,H,,;0,,C1,2H,O requires 
C, 49-4; H, 5-1; Cl, 66; CH,0, 5-8; 2H,O, 6-8%. Found in 
anhydrous material: C, 53:1; H, 4:3; Cl, 7:0; CH,O, 6:3. 
C',.H,,0,,Cl requires C, 53-0; H, 4-6; Cl, 7-1; CH,0, 6-2%). 

3-8-Glucosidylpeonidin chloride occupies an intermediate position 
between callistephin chloride and cenin chloride and its colour 
reactions reflect this circumstance. 

Callistephin is barely affected by ferric chloride, but cenin gives a 
noticeable deepening of the colour of the solution ; glucosidylpeonidin 
exhibits this property but to a less degree than cenin. Callistephin 
dissolves in aqueous sodium carbonate to a reddish-violet solution, 
cenin gives a bluish-violet, and 3-glucosidylpeonidin gives a rich, 
full violet. As is the case with callistephin and cenin, the colour is 
unchanged by addition of sodium hydroxide, although fading occurs 
as the result of ring fission. 

In the ferric chloride oxidation test described in Part VII (p. 2697) 
3-glucosidylpeonidin and peonin exhibit great stability (1-90 mg. of 
the former in 50 c.c.; the peonin and peonidin solutions were matched 
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with this), whereas the peonidin solution is decolorised in 10 minutes, 
The distribution number of the anthocyanidin is mentioned below 
and colour reactions in buffered solutions and absorption measure- 
ments are described elsewhere. 


TABLES OF DATA, 


Substance. Distribution No. G.-mols. 
—, — Ne XC Log Cw. Log Caa. K= 
(in (ing.-mols. First Second forsecond ———-———_  —‘—. AA x 102 
mgs.). x 10-*). shaking. shaking. (calc.). First. Second. First. Second. Cw ” 


Synthetic cenin chloride. 


14-8 25-41 5-90 6-23 23-86 13777 13497 9-0-1759 Ss s«0-1716 Ss 9-42 
9-96 17-10 7-57 7-67 15-81 11987 1-:1640 00-1121 0-0835 1080 
7-246 12-44 8-67 8-85 10-78 1-0554 1-0151 0-0327 00-0023 10-23 
5-007 8-59 10-1 10-4 7-71 08879 08400 11-9388  1-9050 9-76 
4-065 6-98 11-5 11-77 6-18 0:7910 0.737 T9044 [-8618 1042 
3-035 5-21 12-7 13-4 4-55 0-6578 0.5953 11-8206 1-7849 9-62 
2-280 3-91 14-7 15-5 3-34 0-5235 00-4504 11-7599 1-7138 9.92 
1-600 2-75 16-93 17-53 2-28 0-3578 + 0-2742 11-6675 1-6016 949 
1-320 2-267 18-4 _ —_— 0-2670 _ 1-6200 — 9-40 
0-975 1-674 19-95 — _ 0-1271 _ T-5237 _ 8-33 


3-B-Glucosidylpeonidin chloride, 
14-96 28-00 11-11 11-70 24-89 13960 1:3420 0-4930 0-4643 Seen. 


10-000 18-71 13:17 = 14-20 16-24 1-2110 1-1445 0-3930  0-3630 0-376 


0-382 
7-17 13-42 18-49 17-36 11-20 1-0500 0-9663 03460  0-2887 pm 
0-40: 
5-00 9-36 18-80 20-10 7-60 0-8807 0-7838  0-2445 0-1840 ooen 
; 384 
4-00 7-48 20-55 21-88 5-95 0-7750 0°6672 0-1858  0-1145 0-395 
0-365 
3-00 5-61 22-69 24-53 4-34 0-6374 00-5053 01038 0-0275 0-372 
0-355 
2-00 3-74 26-10 27-70 2-77 0-4423 0-3014 11-9878 1-8850 0-339 
0°295 
1-45 2-71 27:36 =. 30-56 1-96 0-2932 0-1352 1:8750 1:7775 0-286 
0-263 
nin chloride from Fogarina grapes (compare Part VIII). 
10-215 17-54 7-46 7-47 16-23 10-54 
9-78 
7-310 12-54 8-57 8-68 11-48 10-09 
9-45 
5-073 8-71 10-05 10-80 7-83 9-77 
10°24 
3-910 6-71 11-22 11-70 5-96 9-72 
9-24 
3-105 5-33 12:79 13-31 4-65 10-02 
9-51 


Distribution Numbers of Anthocyanins.—In order to avoid the 
preparation of a standard solution we had formed the habit of making 
direct comparisons between the aqueous acid and amyl-alcoholic 
layers; the fact that this procedure eliminated a weighing led to 
anomalous results and the cause of these was easily traced to the 
effect of varying the concentration. 

We still, however, prefer the direct comparison of the two layers 
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and in adopting this device it is necessary to make the composition 
of the solvent, in the two solutions compared, identical. Thus it 
might be desired to take M c.c of the amyl-alcoholic (or,other solvent) 
layer and N c.c. of the acid layer; one would then make up the M c.c. 
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of pigmented alcohol together with N c.c. of 4% hydrochloric acid 
to 50 c.c. (say) by means of ethyl alcohol and compare this with 
N c.c. of the aqueous layer together with M c.c. of amyl alcohol 
also made up. to 50 c.c. by means of ethyl alcohol. [The amyl 
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alcohol and the acid employed must have been previously brought 
into equilibrium with one another; this should be done in the 
following manner. Amy] alcohol is shaken and washed with several 
changes of 4% or 1% hydrochloric acid; this amyl alcohol should 
then be used to saturate the acid of 4% or 1% concentration which is 
to be used in the experiments.] A green filter is very serviceable 
in colorimetric work with anthocyanins. 

The tables on p. 2720 give the results of experiments on the 
distribution of cenin chloride, natural and synthetic, between amyl 
alcohol and 0-5% hydrochloric acid andsimilar data for 3-8-glucosidyl- 
peonidin chloride. The actual distribution number for cenin 
varies from 5-9 to 20-0 as the mg./50 c.c. varies from 15 to 1. 

Notes on the Tables—‘ First shaking’ and ‘Second shaking’ 
refer to the first and second extractions of the 4% hydrochloric acid 
solution of the pigment by means of an equal volume of amy] 
alcohol. The equation, mD?/(100—D) =K, gives the distribution 
constant (K) in terms of the mass of substance taken (m) and the 
distribution number (D). 

In order to compare different anthocyanins directly the mass has 
been expressed as g.-mol. x 10- and account has of course been 
taken of the solvent of crystallisation known as the result of analysis 
to be present. The curves, log C,,-log Cy, are seen to be straight 
lines with the slope } and therefore C*,,/Cy = K. As the solutions 
become very dilute, the distribution number appears not to conform 
to the law very accurately; this may be due to experimental error 
in the colorimetry or to a partial dissociation of the associated 
complexes. 

The authors wish to thank the Royal Commissioners for the 
Exhibition of 1851 for a Studentship (Overseas) awarded to one of 
them. 
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CCCLX XVI.—Experiments on the Synthesis of Antho- 
cyanins. Part X. Synthesis of 3-B-Galactosidyl- 
cyanidin Chloride, which is believed to be identical 
with Idaein Chloride, and of 3-B-Galactosidylpeoni- 
din Chloride. 

By (Miss) Katuryn E. Grove and Rosert Rosinson. 


WILLSTATTER and Ma.uison (Annalen, 1915, 408, 15) isolated 
idaein chloride from the cranberry (Vaccinium vitis idaea, Linn.) 
and characterised the anthocyanin as a galactoside of cyanidin. 
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The colour reactions observed were similar to those of chrys- 
anthemin and therefore there can be little doubt that idaein is a 
3-galactosidyleyanidin (I). Employing the methods of the chrys- 
anthemin synthesis (Part VI) but starting with d-galactose instead 
of glucose, we have obtained a product the properties of which are in 
agreement with those of idaein chloride as described by Willstatter 
and Mallison. 

In this case the galactoside intermediate could not be crystallised, 
but the amorphous product, C,H,(AcO),°CO-CH,°O-C,H,O(OAc),, 
gave satisfactory analytical figures and the anthocyanin, obtained by 
condensation with benzoylphloroglucinaldehyde and through sub- 
sequent stages in the usual manner, crystallised with facility. 

For comparison with oxycoccicyanin chloride, 3-8-galacto- 
sidylpeonidin chloride (II) has also been synthesised. It has been 
found that absorption curves, in the visible region at least, do not 
distinguish the glucoside, chrysanthemin, from idaein or the glucoside 
from the galactoside of peonidin; nor do the alkali colour reactions. 

On the other hand the distribution numbers are characteristic 
and it is interesting to observe that within limits the sugar rather 
than the anthocyanidin appears to be the controlling factor. Thus 
the distribution constants for idaein chloride and 3-8-galactosidyl- 
peonidin are practically identical, whereas we find the distribution 
of chrysanthemin chloride is similar to that of pure synthetic oxy- 
coccicyanin chloride (see preceding communication). 

A certain number of distribution experiments with mixtures of 
idaein and chrysanthemin chlorides (both synthetic) have been 
carried out and the results show that, on the association hypothesis, 
a certain proportion of an idaein-chrysanthemin complex is produced. 
We have not been able to solve the mathematical problem presented 


by this system. 
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EXPERIMENTAL. 


o-Hydroxy-3 : 4-diacetoxyacetophenone.—A cooled solution of acetic 
anhydride (20 c.c.) in chloroform (100 c.c.) was added to one of the 
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sodium salt of w : 3: 4-trihydroxyacetophenone (Voswinckel, Ber., 
1909, 42, 4651) (20 g.) in water (100 c.c.) and the mixture was 
shaken vigorously for 10 minutes. The chloroform layer was then 
separated and the water layer was shaken with a little chloroform, 
which was added to the original extract. Water (20 c.c.) was added 
to the combined extracts and the chloroform was evaporated under 
diminished pressure at 30—35°. The residue crystallised from water 
(charcoal) in colourless elongated plates (11-5 g.), m. p. 86—87°. 
This modification of the method described in Part VI has practical 
advantages. 

w-O-Tetra-acetyl-8-galactosidoxy-3 : 4-diacetoxyacetophenone.—Dry 
silver carbonate (15 g.) was added to a solution of w-hydroxy-3 : 4- 
diacetoxyacetophenone (6 g.) and O-tetra-acetyl-«-galactosidy] 
bromide (Robertson, J., 1929, 1820) (15 g.) in dry benzene (40 c.c.) 
at 35°. The temperature of the mixture rose rapidly to 52° and 
there was a vigorous evolution of carbon dioxide. The mixture 
was well stirred and the temperature was maintained at 55—60° for 
45 minutes, after which the solution was refluxed for 15 minutes. 
The crude galactoside was precipitated from the filtered solution by 
the addition of light petroleum (500 c.c.) and the resulting syrup 
was washed thoroughly first with hot and then with cold water. 
Attempts to crystallise this substance were unsuccessful, but a pure 
amorphous solid was obtained by repeated precipitations from 
methyl alcohol solutions by the addition of water. The substance is 
very sparingly soluble in ether, but is readily soluble in other com- 
mon organic solvents (Found: C, 53-7; H, 5-3. C,,H3)0,, requires 
C, 53-6; H, 5-2%). 

7 - Hydroxy - 5 - benzoyloxy - 3-O-tetra-acetyl-8-galactosidoxy-3' : 4'-di- 
acetoxyflavylium Chloride.—A solution of w-O-tetra-acetyl-8-galacto- 
sidoxy-3 : 4-diacetoxyacetophenone (2 g.) and O-benzoylphloro- 
glucinaldehyde (Robertson and Robinson, J., 1927, 1713) (1-8 g.) 
in dry ethyl acetate (50 c.c.) was saturated with dry hydrogen chlor- 
ide at room temperature, and protected from the access of moisture. 
There was a slight precipitation of the sparingly soluble O-benzoy!- 
phloroglucinaldehyde while the hydrogen chloride was being 
introduced and the solution became red, the colour deepening on 
standing. After 3 days the solution was filtered, and dry ether 
(ca. 500 c.c.) was added in order to precipitate the pyrylium salt. 
This was collected and used in the preparation of the picrate without 
further purification (yield, 2-2 g.) [Found: C, 55-1; H, 4-6; Cl, 7-1. 
C.gH,;0;,C],H,O (5-benzoyl-3-galactosidylcyanidin chloride) requires 
C, 55-4; H, 4:5; Cl, 5-9%]. 

3-8-Galactosidylcyanidin Picrate.-—8°, Sodium hydroxide solution 
(40 c.c.) cooled to 10° was added to the finely powdered benzoy]l- 
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galactosidyleyanidin chloride (2-2 g.) in an apparatus from which the 
air was excluded by nitrogen. The solid gradually dissolved to a 
dark green, almost black, solution, which was kept at room tem- 
perature for 3 hours and then acidified with 7% hydrochloric acid 
(65 ¢.c.), whereupon it became dark red; the formation of the 
oxonium salt was completed by heating to 60°. After cooling, the 
solution was filtered, an equal volume of saturated aqueous picric 
acid added, and the mixture kept in the ice-chest until the separation 
of the precipitate was complete. The product was quite readily 
soluble in hot water, but was almost insoluble in the cold. It 
crystallised from very dilute solutions in matted, long, hair-like 
needles, which formed a dark red-brown powder when dried (yield, 
1-2 g.). 

3-8-Galactosidylcyanidin Chloride (Idaein Chloride) (1).—The 
picrate (3 g.). was dissolved in warm methyl alcohol (35 c.c.), 15% 
methyl-alcoholic hydrogen chloride (4 g.) added, and the chloride 
precipitated as an amorphous red solid by the addition of dry ether 
(ca. 250 c.c.). This material (1-7 g.) could be purified by the method 
described by Willstatter and Mallison (loc. cit.) for idaein, that is, 
by dissolution in water (0-5 g. in 50 c.c.), addition of concentrated 
hydrochloric acid (10 c.c.), addition of alcohol (20 c.c.) to the filtered 
liquid, and slow evaporation in a crystallising dish. The chloride 
was obtained by this method in clumps of brownish-green crystals. 
For further purification the chloride (1-0 g.) was dissolved in 0-5% 
hydrochloric acid (20 ¢.c.), 5% ethyl-alcoholic hydrogen chloride 
(60 c.c.) added, and the solution filtered and kept in the ice-chest. 
The chloride crystallised in microscopic red-brown prisms with a 
green refiex (Found: C, 49-9; H, 4-7; Cl, 7-0; loss at 105° in a 
high vacuum, 3-9. C,,H,,0,,Cl,H,O requires C, 50-1; H, 4-6; 
Cl, 7-0; H,O, 3-6%. Found in anhydrous material: C, 51-8; H, 
43; Cl, 7-4. C,,H,,0,,Cl requires C, 52-0; H, 4-4; Cl, 7:3%). 

The solubility, colour reactions, and other properties of the 
chloride are identical with those recorded by Willstatter and Malli- 
son (loc. cit.) for idaein chloride. The 3-8-galactosidyleyanidin 
chloride is fairly readily soluble in water to a dark reddish-brown 
solution when concentrated, and an orange-red solution when 
dilute. In very dilute solutions the colour is discharged owing to the 
formation of the pseudo-base, but it is restored by the addition of 
acid to the solution. The chloride is easily soluble in 0-5% hydro- 
chloric acid, less readily soluble in 3% acid, and is almost insoluble 
in 6% hydrochloric acid, but somewhat more readily soluble in 7% 
sulphuric acid. Warm solutions in the latter solvent deposit brown 
rhombic crystals of the sulphate on cooling. 

With sodium hydroxide a solution of the chloride gives a clear 
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blue coloration which rapidly becomes green and then yellow, but 
with sodium carbonate a stable violet coloration is produced. With 
ferric chloride in alcoholic solution it gives a blue coloration which 
changes to violet on dilution with water. Copper acetate gives a 
blue colour in alcoholic, and a red-violet precipitate in aqueous 
solution. Lead acetate gives a blue precipitate from an alcoholic 
solution. Alum produces a very stable violet colour in an aqueous 
solution, and bismuth nitrate a red-violet colour. The chloride 
melts with frothing at 210°. 

Distribution Ratios—I. With ethyl acetate (compare Schudel, 
Thesis, Ziirich, 1918). 3-8-Galactosidyleyanidin chloride (5-25 mg.) 
was dissolved in cold saturated aqueous picric acid (50 c.c.) and 
shaken with pure ethyl acetate previously saturated with picric 


Wt.in mg. G.-mols. x 10-. Dist. K. Log Cw. Log Cua. 
3-078 6-135 17-7 0-233 0-70 0-04 
3-850 7-66 15-7 0-224 0-81 0-08 
5-084 10-12 13-67 0-234 0-94 0-14 
7-711 15-30 11-64 0-234 1-13 0-25 

10-199 20-30 10-21 0-235 1-26 0-32 
15-063 29-97 8-41 0-230 1-44 0-40 
For chrysanthemin chloride (natural). 
3-038 5-94 22-5 0-387 0-66 0-13 
4-011 7-84 20-1 0-398 0-80 0-20 
4-848 9-90 19-03 0-377 0-93 0-26 
Mixtures of chrysanthemin and idaein chlorides. 

Wt. in mg. G.-mols. x 10-. Distribution No. 
Id. Chrys. Id. Chrys. 1. 2. 
2-980 2-985 5-930 5-836 15-37 15-49 
3-902 3-887 7-765 7-599 14-41 14-53 
5-066 5-060 10-080 9-892 14-04 14-50 
2-408 4-810 4-792 9-404 14-95 14-41] 
4-992 2-435 9-934 4-760 15-96 15-96 
6-026 2-039 11-990 3-986 12-92 13-04 


acid (50 c.c.). The ethyl acetate layer was separated, diluted with 
ether (300 c.c.), and extracted with 0-5% hydrochloric acid (100 c.c.). 
This aqueous solution was washed twice with ether (100 c.c.) and 
compared colorimetrically with the mother-liquor, which had also 
been freed from picric acid by shaking with ether. The pigment was 
extracted from the aqueous picric acid solution by the ethyl acetate- 
picric acid solution to the extent of 50-2%. 

II. With amyl alcohol. Willstatter and Bolton (Annalen, 1916, 
412, 136) give the distribution ratio for idaein chloride as 16-9 for 
the first shaking and 14-9 for the second. Assuming that the high 
distribution in the first case is due to the presence of a small amount of 
cyanidin, and that the second shaking is therefore correct, this 
figure agrees very closely with that obtained for a similar concen- 
tration of 3-8-galactosidylcyanidin chloride, namely, 15-1. 
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The assumption made should be valid because the distribution 
number for idaein chloride must always rise as the solutions become 
less concentrated. For an explanation of the table of results on 


p. 2726 compare Part IX (p. 2722). 
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o-O-Tetra-acetyl--galactosidoxy-4 - acetoxy - 3 - methoxyacetophenone, 
—o-Hydroxy-4-acetoxy-3-methoxyacetophenone (see Part IX) (7 g.) 
and O-tetra-acetyl-a-galactosidyl bromide (18-5 g.) were dissolved 
in dry benzene (50 c.c.) at 35°, and dry silver carbonate (20 g.) 
added. A vigorous reaction ensued and the temperature rose 
quickly to 45°; this was maintained for 45 minutes by warming in 
a water-bath. The solution was then refluxed for 15 minutes, 
filtered, and the product precipitated as a gum by the addition of 


0- 


0 


0-1 0-2 


Log Cumyl alcohol. 
© 3-B8-Galactosidyleyanidin chloride. 
A 3-8-Galactosidylpeonidin chloride. 
Gi Chrysanthemin chloride (natural). 
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light petroleum. Thus gum was washed with hot and then with 
cold water, dissolved in acetic anhydride (20 c.c.) and pyridine 
(10 c.c.), kept for 12 hours, and poured into cold water. The 
product was obtained as an amorphous solid by repeated pre- 
cipitations from methyl-alcoholic solution by means of water 
(yield, 7 g.) (Found: C, 54-2; H,5-5. C,;H3)0,, requires C, 54-2; 
H, 5-4%). 

7-Hydroxy-5-benzoyloxy-3-O0-tetra-acetyl-B-galactosidoxy-4’ - acetoxy- 
3’-methoxyflavylium Chloride—w-O-Tetra-acetyl-8-galactosidoxy-4- 
acetoxy-3-methoxyacetophenone (2-0 g.) and O-benzoylphloroglucin- 
aldehyde (1-6 g.) were dissolved in dry ethyl acetate (70 c.c.) and 
the solution was saturated with hydrogen chloride at 0° and kept 
in the ice-chest for 36 hours. The deep red solution was then 
filtered, and the product obtained as a dark red amorphous solid 
by precipitation with dry ether (ca. 750 c.c.) (yield, 2-5 g.) [Found : 
C, 54:7; H, 4-7; Cl, 5-8. Cy 9H,,0,,C1.2H,O (benzoylgalactosidyl- 
peonidin chloride) requires C, 54-3; H, 4-8; Cl, 5-6%]. 

3-8-Galactosidylpeonidin Picrate—The finely powdered, crude 
benzoylgalactosidylpeonidin chloride (2-5 g.) was dissolved in 8% 
aqueous sodium hydroxide (50 c.c.) in an atmosphere of nitrogen, 
and the solution kept at room temperature for 3 hours. Sufficient 
7% hydrochloric acid to make the solution 2% acid was then added 
and the solution was heated to 60° in order to complete the form- 
ation of the oxonium salt. After cooling, an equal volume of 
saturated aqueous picric acid was added to the filtered solution and 
the mixture was kept for 12 hours. The dark red precipitate was 
recrystallised by dissolving it in warm ethyl alcohol, adding an equal 
volume of hot aqueous picric acid (saturated in the cold), and 
cooling. The product was obtained in microscopic, dark red-brown 
needles (2-0 g.) (Found: C, 46-0; H, 4-1; N, 5-6. C,,H,,0,,N;,H,0 
requires C, 46-2; H, 4-0; N,5-8%). 

3-8-Galactosidylpeonidin Chloride (I1).—3-8-Galactosidylpeonidin 
picrate (2-0 g.) was triturated with warm absolute methyl alcohol 
(100 c.c.), the solution filtered and acidified with 13% methyl- 
alcoholic hydrogen chloride (20 c.c.), and the chloride obtained as an 
amorphous, dark red solid by precipitation with dry ether (ca. 500 
c.c.). This material (0-5 g.) was crystallised by dissolving it in 0-5% 
hydrochloric acid (9 c.c.), adding 5% ethyl-alcoholic hydrogen chlor- 
ide (50 c.c.), and keeping the solution in the ice-chest for 3 days. 
The substance was obtained as microscopic dark red-brown needles 
with a dark green reflex (yield, 0-25 g.) (Found: C, 48-5; H, 5-2; 
Cl, 6-5; CH,0, 5-9; loss at 105° in a high vacuum, 8:2. 
CogHo3,0,,Cl,2-5H,O requires C, 48-6; H, 5-2; Cl, 6-5; CH,O, 5-7; 
H,O, 8-3%. Found in anhydrous material: C, 52-8; H, 4-6; Cl, 
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7-2; CH,O, 6-1. C,.H,,0,,Cl requires C, 53-0; H, 4-7; Cl, 7-1; 
CH,0, 6-2%). 

3-8-Galactosidylpeonidin chloride is readily soluble in water and 
dilute acids, giving dark brownish-red solutions when concentrated 
and orange-red solutions when dilute. It is readily soluble in 
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alcohol to a bluish-red solution. Addition of sodium carbonate to 
its solutions or to the solid gives a stable violet coloration; sodium 
hydroxide gives a similar colour which rapidly becomes green and 
then yellow. 

The distribution of 3-8-galactosidylpeonidin chloride between 
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amyl alcohol and 0-5% hydrochloric acid was determined by the 
standard method with the following results : 


Wt.in mg. G.-mols. x 10. Dist. K. Log Cw. Log Caa. 
2-395 4-403 20-47 0-232 0-54 0-05 
4-108 7-550 16-08 0-232 0-80 0-08 
4-601 8-457 14-53 0-209 0-86 0-09 
6-262 11-514 13-00 0-224 1-00 0-17 
9-031 16-605 11-03 0-239 1-16 0-27 

13-330 24-50 9-41 0-239 1-34 0-36 


Absorption Curves.—The specimen of natural chrysanthemin 
chloride was kindly sent to us by Professor Willstatter; it was not 
recrystallised. The specimen of synthetic material was specially 
prepared for this purpose and was exceptionally pure. Conse- 
quently the slight divergence shown in the curves is not significant. 


The authors wish to express their gratitude to the National 
Research Council (U.S.A.) for a Fellowship awarded to one of them. 
Grants made by Imperial Chemical Industries Limited have 
greatly assisted the work. 

The micro-analyses were carried out in the laboratory of Dr.-Ing. 
A. Schoeller of Berlin. 
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CCCLXXVII.—Experiments on the Synthesis of 
Anthocyanins. Part XI. Fisetinin Chloride. 
By Eric Lawrence FonseKA and RoBEeRT ROBINSON. 


EMPLOYING -resorcylaldehyde in the place of 2-O-benzoylphloro- 
glucinaldehyde but otherwise following the method for the synthesis 
of chrysanthemin chloride (Part VI), we have obtained 3-8-glucosi- 


= OH - 
(I.) JOr é> 
HO earners OH 
COx- 
a on 
UO Jo-ceH0s 
CeH,,0;-0 (II.) 


dylfisetinidin chloride (I). This substance has alkali-colour- 
reactions very similar to those of cyanin chloride and this supports 
the constitution (II) for the latter anthocyanin advanced in Parts VI 
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and VII of this series. It is evident that the large effect of sub- 
stitution in position 3 in cyanidin chloride is only noticeable if the 
hydroxyl] in position 5 remains free. Substitution of the hydrogen 
of hydroxyls in both positions 3 and 5 has very little effect on the 
colour reactions in alkaline solutions. 

This applies to the cyanidin, peonidin, and malvidin series but not 
strictly to the pelargonidin series. The 3-glucosides of the resorcinol 
type in all these series have been prepared and will be described in 
due course. 

EXPERIMENTAL. 

w-Tetra-acetyl-B-glucosidoxy-3 : 4-diacetoxyacetophenone.—The pre- 
paration of the glucoside was carried out under the following con- 
ditions. The carbinol (2 g.) and tetra-acetylglucosidyl bromide 
(5 g.) in dry benzene (20 c.c.) were heated to 40° and silver carbonate 
(6 g.) was added. The temperature was maintained at 50—60° for 
45 minutes and then at 80° for 15 minutes. The glucoside ulti- 
mately isolated weighed 1-65 g. 

Fisetinin Picrate-—A solution of 8-resorcylaldehyde (0-7 g.) and 
«-tetra-acetyl-8-glucosidoxydiacetoxyacetophenone (1-94 g.) in ethyl 
acetate (ca. 10 c.c.) was saturated with hydrogen chloride at 0°, all 
the materials having been thoroughly dried. After the gas had 
been passed for 3 hours, the solution was kept for 36 hours in the ice- 
chest; it was then filtered, and the flavylium salt precipitated by 
means of ether (yield, 1-63 g.). The crude chloride (6 g.) was finely 
powdered and added to 8% sodium hydroxide solution (144 c.c.) at 
10° under hydrogen, and the mixture kept for 3 hours at room 
temperature. Hydrochloric acid (260 c.c. of 7%) was then added to 
the reddish-brown solution, which became clear deep red and was 
heated at 60° in order to complete the formation of the flavylium 
salt. The picrate, precipitated by the addition of saturated aqueous 
picric acid (400 c.c.), was crystallised by the addition of saturated 
aqueous picric acid to its solution in hot methyl alcohol, clusters of 
flat red needles (4:2 g.) being obtained after two crystallisations 
(Found in air-dried material: C, 42-9; H, 4:2; N, 5:7. Found in 
material dried at 105° in a vacuum: C, 49-0; H, 3-8; N, 6:1. 
C,,H,30,,N3,5H,O requires C, 43-3; H, 4:4; N, 5-6%. C,,H,,0,,N, 
requires C, 49-1; H, 3-5; N, 6-4%). 

Fisetinin Chloride—The picrate was converted into chloride 
in the usual manner by solution in methyl-alcoholic hydrogen chlor- 
ide and precipitation with ether. The crude salt crystallised on 
trituration with 5% ethyl-alcoholic hydrogen chloride and was 
recrystallised from 3% ethyl-aleoholic hydrogen chloride. It 
separated in short, slender, microscopic needles, often forming dense 
clusters. The mass was dark brown-green with a weak lustre 
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(Found in an air-dried specimen: C, 51-0; H, 4-9; Cl, 7-2; loss at 
110° in a high vacuum, 3-3, 3-2. Found in dried material: C, 
53-1; H, 4:9; Cl, 7-4. ©,,H,,0;9Cl,1-5H,O requires C, 50-9; H, 
4-9; Cl, 7-2; 1H,O, 3-7%. C,,H,,0;,C1,0-5H,O requires C, 52:8; 
H, 4-6; Cl, 7-4%). 

Fisetinin chloride is generally similar to chrysanthemin in its 
properties, but its solutions in dilute hydrochloric acid have a more 
orange-red tinge. It has a higher distribution number than chrys- 
anthemin: this and other properties will be recorded later. It 
dissolves in aqueous sodium carbonate to a royal-blue solution, pure 
blue on dilution; addition of sodium hydroxide produces no change 
in the blue shade but soon destroys the colour, leaving a brown- 
green, yellow, or colourless solution according to the concentration. 


UNIVERSITY OF OXFORD. [Received, August 31st, 1931.] 





CCCLXXVIII.—Ex periments on the Synthesis of Antho- 
cyanins. Part XII. Fisetinidin and Luteolinidin 
Chlorides. 


By Anprés LEON and Ropert Rosrnson. 


THE object of the work described in this communication was to make 
a more careful comparison of the colour reactions of fisetinidin and 
luteolinidin (Pratt and Robinson, J., 1925, 127, 1128) with those of 
eyanin chloride and chrysanthemin chloride. Eventually another 
interest of the work emerged and we describe it in this series in order 
to complete the evidence for the 3 : 5-diglucoside constitution of 
pelargonin, cyanin, and malvin. 
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Luteolinidin (I) is stable to oxidation by means of ferric chloride, 
but cyanidin and fisetinidin (II) are easily attacked. Fisetinin 
chloride (see preceding communication), in which position 3 bears 
the glucose residue, is stable and so is chrysanthemin chloride. 
Cyanidin 5-glucoside has been prepared in solution by two methods, 
the first following the pelargonenin synthesis (Part VII) and the 
second involving partial hydrolysis of cyanin chloride. A dis- 
tribution test showed that the two methods gave the same substance. 
This 5-glucoside is unstable to ferric chloride. Cyanin chloride is as 
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stable as chrysanthemin chloride and fisetinin chioride. Further- 
more, malvin is found to be stable and the 5-glucoside of malvidin, 
which will be described in detail later, is as unstable as malvidin 
chloride itself. Ginin chloride is stable. Fisetinidin and luteolini- 
din chlorides were previously obtained by the demethylation of their 
methyl ethers (loc. cit.) so that it is improbable that the salts were 
quite homogeneous. We have now prepared these substances by 
applications of the newer method utilising hydroxy-aldehydic and 
hydroxy-ketonic components in which the hydroxy] groups are either 
unprotected or acylated. 


EXPERIMENTAL 


Some Derivatives of 8-Resorcylaldehyde.—The Schotten—Baumann 
benzoylation of 8-resorcylaldehyde under conditions similar to those 


.employed for the preparation of O-benzoylphloroglucinaldehyde 


(see Part VII) yields as main product a substance that crystallises 
from alcohol, benzene or water in colourless needles, m. p. 103° 
(Found: C, 696; H, 4:2. C,,H,)0O, requires C, 69-4; H, 4-1%). 
On methylation by means of methyl iodide and potassium carbonate 
in boiling acetone solution, it yields a methyl ether, which crystallises 
from methyl alcohol in colourless needles, m. p. 85—86° (Found : 
C, 70-2; H,4-8. C,;H,,0, requires C, 70-3; H, 47%). Hydrolysis 
of this benzoyloxymethoxybenzaldehyde by means of aqueous- 
alcoholic sodium hydroxide furnishes the known 4-hydroxy-2- 
methoxybenzaldehyde, m. p. 154—155° (compare Gattermann and 
Kélner, Ber., 1899, 32, 278). Consequently the benzoylation of 
3-resorcylaldehyde affects the hydroxyl in the p-position to the 
formyl group, and this is in contrast to the behaviour of phloro- 
glucinaldehyde, which is benzoylated in the o-situated hydroxyl group. 

3 : 4-Diacetoxyacetophenone.—The most convenient method of 
preparation is one that depends on the reduction of the w-chloro- 
derivative, but we have been unable to follow Dreczowski’s method 
(Ber., 1909, 42, 4651) using zinc dust and hydrochloric acid with 
satisfactory results. The following process is the result of a con- 
siderable number of trials. «w-Chloro-3 : 4-diacetoxyacetophenone 
(10 g.) was mixed with iron filings (10 g.), sodium iodide (1 g.), 
ethyl alcohol (90 ¢.c.), and 10% sulphuric acid (100 c.c.), and the 
whole continuously stirred at 40—50° during 1 hour. The warm 
solution was filtered and extracted with ether. The crude product 
was re-acetylated by heating on the steam-bath for 2 hours with 
acetic anhydride (50 c.c.) and sodium acetate (2 g.) and isolated in 
the usual way (yield 5-5 g.; m. p. 86—87°; after crystallisation from 
acetic acid, m. p. 87—88°). 

5-O-Benzoyl-luteolinidin Chloride.—A solution of O-benzoylphlo-o- 
4uU 
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glucinaldehyde (7:3 g.) and 3: 4-diacetoxyacetophenone (6-0 g.) 
in dry ethyl acetate (200 c.c.) was saturated with hydrogen chloride 
at 0° during 2 hours, After 48 hours the red crystalline solid was 
collected (8-35 g.) and dilution of the filtrate with ether afforded an 
amorphous, dark red precipitate (1-45 g.), also substantially the 
desired substance. The crude product was dissolved in 94% 
alcohol, and hydrogen chloride introduced. On cooling, the 
benzoyl-luteolinidin chloride separated in crimson crystals (decomp. 
182°) (Found: C, 61-2; H, 4-0. C,,H,,0,Cl,H,O requires C, 61-6; 
H, 3-9%). The scarlet alcoholic solution of this salt gives with ferric 
chloride a dark red colour which becomes violet on the addition of 
water. The solution in aqueous sodium carbonate is pure blue, 
but in a few seconds the tone becomes more and more violet. 

Iuteolinidin Chloride (1).—The debenzoylation of the above- 
described salt was effected in the usual manner by means of 8% 
sodium hydroxide solution in the cold in a neutral atmosphere and by 
subsequent acidification of the solution. The crude product was 
boiled with saturated aqueous picric acid, and the resulting choco- 
late-brown powder crystallised twice from alcohol containing a little 
picric acid (Found : C, 49-7; H, 2-9. C,,H,,;0,.N3,0-5H,O requires 
C, 49-6; H, 2-7%) (decomp. above 210°). This crystallised picrate 
was transformed into the chloride in the usual way; the chloride 
was crystallised from ethyl alcohol containing hydrogen chloride 
and, although it was sparingly soluble, separation did not occur 
readily and it was necessary to concentrate the solution by dis- 
tillation (Found: C, 54-1; H, 4-4. C,;H,,0,Cl,1-5H,O requires C, 
54-0; H, 4-2%). 

The colour reactions (Robertson and Robinson, Biochem. J., 1929, 
23, 35) in a range of buffered solutions were the following: (a) 
1% hydrochloric acid, (b) 20% hydrochloric acid ; the other solutions 
correspond to the numbers in the original paper (loc. cit.). (a) 
Golden-yellow ; (b) yellow : great divergence from (a); (1) rose-red; 
(2) the same, a little deeper; (3) the same, a little deeper; (4) rose- 
red with a little violet tone; (5)—(10) the same, a little deeper in 
each case; (11), (12), (13), (14), (15) light Bordeaux-red. 

After } hour: (1), (2), (3), (4), (5), (6), (7), (8), (9) form a scale 
decreasing in violet (permanganate) tone; (10), (11), (12), (13), (14), 
(15) are bright light red and do not differ. 

After 4 hours: (a) and (b) no change; (1), (2), (3), (4), (5), (6) 
contain precipitated colour-base and the solution is almost de- 
colorised; (7), (8), (9) are increasing red-violet (permanganate); 
(7) has a little precipitate; (10), (11), (12), (13), (14), (15) are 
unchanged. 

After 20 hours: (a) Golden-yellow with a little precipitate; (b) 
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golden-yellow, a little weaker; (1), (2), (3), (4), (5), (6) colour-base ; 
(7) red-violet (permanganate) with some precipitate; (8) deeper 
red-violet; (9) deeper red-violet; (10), (11), (12), (13), (14), (15) 
bright, light red. 

Fisetinidin Chloride (I1).—A slow stream of hydrogen chloride 
was passed for 1 hour through an ice-cold solution of .6-resorcyl- 
aldehyde (3 g.) and w : 3 : 4-triacetoxyacetophenone (6 g.) in ethyl , 
acetate (85 c.c.); after 5 days the crystalline precipitate (7-2 g.) 
was collected. The crude product (5 g.) was recrystallised from 
0-5% hydrochloric acid (400 c.c.) (2-25 g. separated) and then from 
aqueous-alcoholic hydrochloric acid by concentration of the solution. 
The red crystals had a green lustre (Found: C, 55-4; H, 4:3. 
C,;H,,0;Cl,H,O requires C, 55-5; H, 40%). An alcoholic solution 
develops a pure blue coloration on the addition of potassium acetate, 
and other colour-reactions were observed in the standard manner 
(Robertson and Robinson, loc. cit.). Dilute methyl-alcoholic 
solutions of fisetinidin are more violet than those of cyanidin, which 
preserve a redder shade. 

(a) Red-orange; (b) weaker red-orange (cyanidin is much bluer 
red); (1) rose, weaker and fading more quickly than cyanidin; (2) 
a little bluer; (3) cherry-red, fading; (4) still bluer (cyanidin de- 
posits colour base at this concentration); (5) violet-red; (6) darker 
violet-red; (7) the same; (8) similar to (6) but fisetinidin is now 
brighter than cyanidin; (9) similar; (10) very bright red-violet 
(cyanidin is blue-violet); (11) a little bluer; (12) deeper, similar 
colour; (13) violet; (14) sharp change to violet-blue; (15) blue, 
bright tone. After 20 hours: (a) and (b) identical orange-red 
(cyanidin still red); (1) weak violet with precipitate of colour base ; 
(2) similar, a little redder; (3), (4), and (5) violet-red with little 
colour-base (cyanidin gives ample precipitate); (6) and (7) red- 
violet, no precipitate; (8) deeper violet; (9) still more intense 
violet; (10), (11), (12); and (13) identical, somewhat more intense 
violet ; (14) pale salmon-pink ; (15) the same (cyanidin is yellow). 

Comparison of Some Anthocyanidins and Anthocyanins related to 
Cyanidin and Malvidin in Respect of their Stability to Ferric Chloride. 
—The 5-8-glucosidylmalvidin chloride and 5-8-glucosidyleyanidin 
chloride used in this comparison were obtained by applying the 
methods of the pelargonenin synthesis (Part VII, p. 2695), the w : 4-di- 
hydroxyacetophenone being replaced by w: 4-dihydroxy-3 : 5- 
dimethoxyacetophenone (Bradley, Robinson, and Schwarzenbach, 
J., 1930, 793) and w : 3: 4-trihydroxyacetophenone, respectively. 
Both anthocyanins will be described in greater detail in a subsequent 
communication; they were purified through their picrates and were 
quite free from anthocyanidin, as was proved by the fact that ether 
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extracted nothing from an aqueous solution containing picric acid. 
In addition the 5-8-glucosidyleyanidin chioride (cyanenin chloride) 
has been obtained in solution by partial hydrolysis of cyanin chloride. 

The difficulty in effecting this operation is that pure cyanin chloride 
is sparingly soluble even in hot hydrochloric acid of moderate con- 
centration. An attempt to overcome this by using crude cyanin 
chloride from the cornflower (a specimen was used for which, and for 
the pure specimen, we are indebted to Professor Willstatter) gave 
certainly a monoglucoside, but, owing to the presence of bluer im- 
purities, no colour match with the synthetic material was possible. 
Cyanin (0-5 g., well crystallised; from deep red dahlia flowers) was 
dissolved in hot 0-5% hydrochloric acid (500 c.c.) and heated on the 
steam-bath; hydrochloric acid (100 c.c., d 1-16) was then gradually 
added during 15 minutes, and the mixture heated for 30 minutes 
longer. The coloured salts, it was found on trial, then distributed 
themselves between the acid and amyl alcohol. The solution was 
diluted to 1500 c.c., saturated with picric acid, and extracted with 
cyclohexanone (500 c.c.), further picric acid (25 g.) being added. 
The cyclohexanone solution was separated, filtered through a large 
folded filter moistened with cyclohexanone, shaken with 0:5% 
hydrochloric acid (100 ¢.c.), and diluted with light petroleum 
(2000 c.c.). The filtered aqueous acid solution was then extracted 
with ether containing picric acid until no further cyanidin picrate 
was extracted. Ether was removed from the residual aqueous 
solution by boiling it under diminished pressure and it was then 
extracted with several sma!l volumes of diethyl ketone with the 
addition of picric acid in each case. The diethyl ketone extracts 
were separated, filtered through a filter moistened with diethyl 
ketone, and diluted with much benzene, and the monoglucoside 
taken up in 0-5% hydrochloric acid. The aqueous solution was re- 
peatedly washed with benzene and then filtered. It had a cyanin-red 
colour, perhaps a shade bluer, and was entirely free from cyanidin. 
Judging from the distribution, it contained the pure monoglucoside. 
A comparison with the synthetic specimen was made in the following 
manner. A portion of the solution was extracted with n-butyl 
alcohol, previously brought into equilibrium with 0-5% hydro- 
chloric acid, and it was found that the distribution number was very 
high. The solution was made up to 50 c.c. with the aqueous acid- 
butyl alcohol and matched colorimetrically with a similar solution 
prepared from the synthetic material; the amount of the latter 
available made 27-5 c.c. of solution. Four portions of 6 c.c. were 
measured from a burette in each case, and carefully measured 
volumes of benzene added (1 c.c., 2 c.c., 3 ¢.c., 4 ¢.c. to each series). 
Hydrochloric acid ( 6 c.c. of 0-5%) was then added to each of the 8 
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tubes and the contents were shaken; the agreement of the dis- 
tribution in the two series was complete. The 5-glucoside gives a 
beautiful pure blue coloration with sodium carbonate and since 
the product of the hydrolysis of cyanin gives as bright and blue a 
shade as cyanin itself it is necessary to conclude that chrysanthemin 
is not a product of the partial hydrolysis. This is the only argument 
with which we are acquainted which supports the 5-bioside view of 
the structure of cyanin as against the 3 : 5-dimonoside hypothesis, 
but it is insufficient to influence our judgment, since all the other 
evidence points to the 3 : 5-dimonoside structure. 

The test with ferric chloride was carried out exactly as described 
for the derivatives of pelargonidin type in Part VII (p. 2697). In the 
cyanidin series, cyanin chloride (2-25 mg.) was dissolved in 0-5% 
hydrochloric acid (50 c.c.); this constituted the standard and the 
other solutions were roughly matched with it (the 5-glucoside from 
the hydrolysis was independently tested on another occasion and 
gave the same result). Three minutes after the solutions were mixed, 
the synthetic 5-glucoside was destroyed; in 10 minutes, fisetinidin 
and cyanidin followed suit. Cyanin, fisetinin, and chrysanthemin 
were slowly oxidised at about the same rate; in 1 hour 35 minutes 
the colour was nearly discharged, Luteolinidin was considerably 
more stable and the colour lasted for afew hours. The anthocyanins 
of the pelargonidin and malvidin series are much more stable than 
the cyanidin-type derivatives, so that, in the latter case, it appears 
that oxidation and break-up of the molecule may be initiated at the 
vicinal hydroxyls of the catechol nucleus. Even here, however, 
the effect of the hydroxy] in position 3 is very striking and evidently 
cyanin does not contain this group. Mecocyanin and idein (syn- 
thetic) show the same behaviour in this test as cyanin. In the 
malvidin series somewhat more dilute solutions were employed 
(about 1-25 mg. of cenin chloride in 50 c.c.) and malvidin and its 
5-glucoside were destroyed in 5—10 minutes; malvin, cenin and 
reso-cenin (5-deoxycenin) remained unaffected for 3 days and the 
colour gradually faded in the course of 10 days to a weak bluish-pink. 
In our opinion this remarkable series of consistent contrasts demands 
the acceptance of the view that pelargonin, peonin, cyanin, and 
malvin are similarly constituted and do not contain a free hydroxyl 
in position 3. For other reasons we know that position 5 carries a 
glucose residue. 


We wish to thank the Academy of Sciences of Madrid for a 
Ramsay Memorial Fellowship awarded to one of us. 


UNIVERSITY OF OXFORD. 


University COLLEGE, LONDON. [Received, August 31st, 1931.] 








2738 LEVY AND ROBINSON : 


CCCLXXIX.—Experiments on the Synthesis of Antho- 
cyanins. Part XIII. 5-8-Glucosidyl- and 5- 
Lactosidyl-hirsutidin Chlorides. 


By LEopoLD FERDINAND LEvy and RoBeEerT RoBINsoN, 


KaRRER and WipMER (Helv. Chim. Acta, 1927, 10, 758) isolated 
a diglucosidic anthocyanin termed hirsutin from Primula hirsuta 
and showed that the related hirsutidin is a methylmalvidin, since 
it could be oxidised to syringic acid. The synthesis of hirsutidin was 
accomplished by Bradley, Robinson, and Schwarzenbach (J., 1930, 
793) and in this way it was shown to be malvidin 7-methy] ether (I). 
The present communication is concerned with the preparation of the 
5-glucoside (II) and 5-lactoside derived from this anthocyanidin and 
it may be noted that the latter bioside is the first synthetic di- 
glucosidic anthocyanin to be prepared. The methods which we have 
employed offer no new feature, and indeed the requisite glucoside 
had already been obtained by Karrer, Lichtenstein, and Helfenstein 
(Helv. Chim. Acta, 1929, 12, 991). A point of interest in connexion 
with the lactoside is the very great ease with which it passes into a 
crystalline pseudo-base, a property which is apparently not shared by 
hirsutin. Anthocyanins of this group are also characterised by their 
remarkably sparing solubility in dilute aqueous and alcoholic hydro- 
chloric acid. It is proposed to continue the investigation and at- 
tempt a synthesis of hirsutin by condensing the glucoside employed 
in this communication with the intermediate for cenin (Part VIII). 


OMe a OMe 
—< OH MeO, (ON __< SoH 
OH OMe OH OMe 
CH, ,0;°0 (I1.) 





EXPERIMENTAL. 

2-0 - Benzoyl - 4 - O - methylphloroglucinaldehyde.—The method of 
Bradley, Robinson, and Schwarzenbach (loc. cit.) for the preparation 
of this substance has been modified and improved mainly by the sub- 
stitution of silver carbonate for the silver oxide previously employed. 

A mixture of 2-O-benzoylphlorogiucinaldehyde (5-0 g.), methyl 
iodide (8-8 g.), finely divided silver carbonate (8 g.), and pure acetone 
(50 c.c.) was mechanically shaken for 48 hours, and after filtration the 
precipitate was washed with acetone. The light orange crystalline 
residue obtained by evaporation to dryness under reduced pressure 
was dissolved in ether (about 250 c.c.), filtered from a trace of in- 
soluble flocculent material, and washed with 10° aqueous sodium 
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carbonate. On acidification of the aqueous layer, unchanged alde- 
hyde (0-2 g.) was recovered. The ethereal solution was twice shaken 
with 5% aqueous potassium hydroxide (20 e.c. and 10 ¢.c.) and the 
alkaline solutions were acidified at once with dilute acetic acid. 
After a short time, a pink crystalline precipitate (3-75 g.), m. p. 
97—100°, was obtained. This monomethyl ether crystallised from 
ethyl alcohol in colourless plates, m. p. 109° as stated by Bradley, 
Robinson, and Schwarzenbach (loc. cit.). The ethereal mother-liquor 
yielded the dimethyl ether (0-35 g.). 

When a dry ethereal solution of O-benzoylphloroglucinaldehyde 
was treated with diazomethane, only a small yield of monomethyl 
ether was obtained (0-6 g. from 2-5 g., 1-8 g. of unchanged material 
being recovered). No dimethyl ether was produced. 

3 - Hydroxy -5 - O - tetra - acetyl-8-glucosidoxy-4' -acetoxy-7 : 3’ : 5’-tri- 
methoxyflavylium Chloride.—2-0- Tetra - acetyl - 8 - glucosidyl - 4 - O- 
methylphloroglucinaldehyde (1-7 g., m. p. 177°; Found: C, 53-0; 
H, 5-3; MeO, 6-6. Cale. for C,.H,,0,,: C, 53-0; H, 5-3; MeO, 
6-2%) was obtained from 4-O-methylphloroglucinaldehyde (2-0 g.) 
by the method of Karrer, Lichtenstein, and Helfenstein (loc. 
cit.). 

The tetra-acetyl glucoside (1-35 g.) and w-hydroxy-4-acetoxy-3 : 5- 
dimethoxyacetophenone (1-05 g.) were dissolved in dry ethyl acetate 
(40 c.c.), and the solution was cooled with ice-water and saturated 
with dry hydrogen chloride; in 1 hour it became deep red. After 
48 hours, dry ether (500 c.c.) was added, and the dark red precipitate 
collected, well washed with ether, and dried (1-8 g.) [Found : C, 49-8 ; 
H, 5:2; Cl, 6:35; MeO, 12-9. C,,H;,0,,C1,3-5H,O (penta-acetyl 
derivative) requires C, 50-0; H, 5-4; Cl, 4:35; MeO, 11-4%]. 

C.,H,70,.C],2H,O (completely de-acetylated substance) requires 
C, 49-8; H, 5-4; Cl, 6-14, MeO, 16-1%. These figures indicate partial 
loss of acetyl groups. 

5-8-Glucosidylhirsutidin Chloride (I1)—The crude flavylium salt 
(1-8 g.) was treated with 8% cold aqueous sodium hydroxide (50 c.c.), 
and the solution allowed to remain for 90 minutes under hydrogen. 
The substance dissolved slowly to a deep blue solution, turning after 
a few minutes to yellowish-green. Hydrochloric acid (80 c.c. of 7%) 
was added, and the 2% acid solution so obtained was heated to 60° 
and filtered from a trace of insoluble material. When the deep red 
solution was cooled, 5-$-glucosidylhirsutidin chloride separated 
(0-95 g.). The mother-liquor, after being extracted twice with amyl 
alcohol and washed with ether, furnished a little more of the pure 
glucoside (0-07 g.). When the powdered material was stirred with 
5% methyl-alcoholic hydrogen chloride (150 c.c.) and warmed to 
about 30°, it dissolved, but was quickly deposited in a finely divided 
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condition, leaving a light pink mother-liquor. When again stirred 
with a like quantity of the solvent, the substance, without dis- 
solving, crystallised in fine slender needles (0-68 g.), which were 
purple by transmitted light and beetle-green in mass (Found : 
C, 49-2; H, 5-5; Cl, 63; CH,O, 15-9; loss on heating at 
105° in a high vacuum over phosphoric anhydride, 7:7, 7-5, 7:1. 
C,,H,;0,,Cl,2-5H,O requires C, 49-0; H, 5-5; Cl, 6-1; CH,O, 
15-8; 2-5H,0, 7-7%. Found in anhydrous material; C, 53-3; 
H, 5-2; Cl, 5-45; CH,0, 16-2. C,,H,,0,.Cl requires C, 53-1; 
H, 5-0; Cl, 6:5; CH,O, 17-1%).. The low figures for Cl and MeO 
after drying may be due to loss of methy] chloride on heating. 

The substance is very sparingly soluble in cold 05% 
hydrochloric acid to a very faint pink solution. On warming, the 
substance dissolves to a reddish solution, but, on cooling, it separates 
almost completely. For this reason the distribution numbers could 
not be determined. The salt dissolves in aqueous sodium carbonate 
to a rich-coloured solution, violet in thick layers and blue in thin 
layers, permanganate by artificial light. The addition of sodium 
hydroxide changes the colour through green to yellow. With aqueous 
sodium acetate a blue-violet solution is obtained and this becomes 
blue on the addition of acetone. 

2-O - Hepta-acetyl - 8 - lactosidyl-4-O-methylphloroglucinaldehyde.—A 
solution of 4-O-methylphloroglucinaldehyde (2:3 g.) and O-hepta- 
acetyl-«-lactosidyl bromide (10-7 g.) (E. Fischer and H. Fischer, 
Ber., 1910, 43, 2521) in pure acetone (30 c.c.) was cooled to 5—10°, 
and aqueous potassium hydroxide (0-8 g. in 8 c.c,) added dropwise 
with shaking. After 30 minutes, more acetone (30 c.c.) was intro- 
duced and the mixture kept for 12 hours. After removal of the ace- 
tone in a vacuum, the brown gummy residue was well washed with 
cold water; it crystallised from ethyl alcohol in colourless needles, 
m. p. 163—164°, and 164° after several recrystallisations (yield, 
3-4 g.) (Found: C, 51-9; H, 5-3; CH,O, 3:95. C,,H4.O,, requires 
C, 51-8; H, 5-4; CH,O, 4-25%). The substance is very sparingly 
soluble in water, but is freely soluble in most organic solvents. 

3 : 4’-Dihydroxy-5-O-hepta-acetyl-8-lactosidoxy-7 : 3’ : 5'-trimethoxy- 
flavylium Chloride.—A solution of the hepta-acetyl lactoside (3-26 g.) 
and w : 4-dihydroxy-3 : 5-dimethoxyacetophenone (1:20 g.) (see 
Part VIII, p. 2706) in dry ethyl acetate (60 ¢.c.) was cooled to 0° and 
saturated with dry hydrogen chloride. After 2 hours the flavylium 
salt began to ecrystallise, and after 20 hours the mixture was filled 
with crystals. The salt was collected after the addition of dry ether 
(400 c.c.), well washed with ether, and dried (3-90 g. or 90%) [Found : 
C, 46-8; H, 5-6; CH,0, 10-6. C,,H,,0,,Cl,4:5H,O (diacetate) 
requires C, 46-9; H, 5-75; CH,O, 10-7%]. 
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5-8-Lactosidylhirsutidin Chloride.—Theabove flavylium salt (3-9 g.) 
was hydrolysed by treatment with cold 8% aqueous sodium hydrox- 
ide (90 c.c.) in a stream of hydrogen for 90 minutes; the greenish- 
yellow solution was then acidified with 18% hydrochloric acid 
(60 e.c.). The 2% acid solution obtained was heated to 60° in a 
water-bath, a deep red solution being obtained. On cooling, the 
5-8-lactosidylhirsutidin chloride, mixed with some of the related 
pseudo-base, separated; it was collected after a few days (2:3 g.). 
When a small portion was warmed with 0-5% hydrochloric acid, it 
dissolved to a reddish solution, and, on cooling, the almost colourless 
pseudo-base crystallised. This was recrystallised from water, 
forming clusters of needles which darkened at 102°, lost water of 
crystallisation, and decomposed at 150—165° (Found: C, 45-1; H, 
6-2; CH,0, 12-3. C, 9H,,0,,,6H,O requires C, 45-3; H, 6-3; CH,0, 
11-7%). A chlorine estimation gave a negative result. The 
pseudo-base was reconverted into the oxonium salt when warmed 
with 5% hydrochloric acid or on treatment with cold 5% ethyl- 
alcoholic hydrogen chloride, from which the chloride separated on 
keeping. 

The major portion of the substance was converted into the 
chloride by the latter method and then crystallised from hot 5% 
methyl-alcoholic hydrogen chloride. Microscopic flat needles were 
obtained which were reddish by transmitted light and dark beetle- 
green in mass (Found: C, 45-5; H, 5-9; MeO, 12-1; loss at 105° 
in a high vacuum, 12-1, 11-1, 12-6. Cy H,,0,,C1,5H,O requires C, 
45-5; H,5-9; MeO, 11-7; 5H,O,11-3%. Found in substance dried 
over phosphoric oxide in a high vacuum at 105°: C, 51-3; H, 5-35; 
Cl, 6-0; MeO, 14-8. C,,H,,0,,Cl requires C, 51:1; H, 5:3%). 
Different estimations of chlorine gave divergent results and the 
same was true of the micro-Zeisel estimations of the anhydrous 
material, 

This salt is soluble in hot 6° hydrochloric acid but separates, on 
cooling, in an amorphous condition. 

The rather stable bluish-violet solution in aqueous sodium car- 
bonate (which fades rapidly to yellowish-green on the addition of 
sodium hydroxide) has a bluer tone than that given by 5-glucosidy!- 
hirsutidin chloride in the same circumstances. This has a bearing 
on the contrast between pelargonenin and pelargonin (Part VII, 
p. 2696), the former being the bluer in alkaline solution. Mecocyanin 
(3-bioside) gives a bluer solution than chrysanthemin (3-monoside) 
and now this lactoside (5-bioside) has a similar relation with respect 
to the corresponding glucoside (5-monoside). If, therefore, pelar- 
gonenin and pelargonin were 5-monoside and 5-bioside respectively, 
the — — be reversed. There is no anomaly if the 3: 5- 
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dimonoside configuration is accepted. The distribution number of 
this anthocyanin is very low, definitely diglucosidic. 


The authors wish to thank the Royal Commissioners of the 
Exhibition of 1851 for a Studentship (Overseas) awarded to one of 
them. They are also indebted to Imperial Chemical Industries 
Limited for grants which have materially assisted the work. 
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CCCLXXX.—Orientation in the Addition of Halogens 
and Hydrogen Halides to Simple Ethylene Deriv- 
atives. PartI. Some Additions with Iodine Mono- 
chloride. 


By CHristoPpHER Keik INcoLpD and HENRY GEOFFREY 
SMITH. 


THE term orientation, as applied in connexion with additions to 
conjugated unsaturated systems, is usually employed merely in 
relation to the constitutions of the products of addition, but the 
theoretical consideration of the subject emphasises the importance 
of another circumstance associated with addition reactions which 
essentially involves the idea of oriéntation, namely, the location in 
the system of the point of initial attack. In additions with halogens 
and with hydrogen information as to this does not emerge auto- 
matically from a knowledge of the constitutions of addition products ; 
yet there are a number of theoretical questions which could be 
answered were such data available. The case of halogen additions 
is the more readily amenable to practical treatment, and accordingly 
experiments have been instituted with the object of determining, for 
unsymmetrical addition products, such as the 1 : 2-dibromide of 
butadiene and the 3 : 4-dibromide of sorbic acid, which is the point 
of commencement of addition and which the point of its completion. 
Two methods of attaining this end are being explored, namely, the 
appropriate applications of the competition method of Francis and 
others, and the use of unsymmetrical halogens such as iodine mono- 
chloride. As to the first, it is known that the eventual position of 
the successfully competing anion marks the point of completion of 
the corresponding addition reaction. With regard to the second, 
however, it seemed desirable to confirm, by observations on the 
addition of iodine monochloride to simple ethylene derivatives, the 
theoretical inference that the location of the iodine atom indicates 
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the point of initiation of addition. For this reason our work on the 
addition of iodine monochloride to conjugated unsaturated compounds 
was preceded by a study of its action on some ethylene derivatives 
of simple constitution. 

Although iodine monochloride is a commonly used reagent for 
unsaturated compounds, few observations on its direction of addition 
have been recorded. Michael (J. pr. Chem., 1899, 60, 450) showed 
that its addition to propylene leads to a mixture, of which 
CH,°CHCI-CH,I was found to be the main constituent, although no 
quantitative method of analysis was used. Ingle (J. Soc. Chem. 
Ind., 1902, 21, 591), judging from the colour of the silver halide 
precipitate given by the products of the action of Wijs’s and Hubl’s 
solutions on unpurified styrene, concluded that choride ion was 
more rapidly liberated than iodide ion, and that therefore the addi- 
tion product was essentially C,H,-CHCI-CH,I. Erlenmeyer (Annalen, 
1896, 289, 270) showed conclusively that C,H,-CHCI-CHI-CO,H is 
a principal product of the action of iodine monochloride on cinnamic 
acid. All this is consistent with the theory of the initiation of 
reaction by the iodine end of the halogen molecule, and the following 
results, details of which will be found in the experimental section, 
supply definite confirmation. (1) The addition product of iodine 
monochloride, in solution (mol. fraction 0-05) in dilute hydrochloric 
acid at the ordinary temperature, and propylene contains 69% of 
CH,°CHCI-CH,I and 31% of CH,*CHI-CH,Cl. (2) The addition 
product formed from pure styrene contains at least 95% of 
C,H,;-CHCI-CH,I. (3) Crotonic acid yields at least 92% of 
CH,°CHCI-CHI-CO,H. (4) Ethylenesulphonic acid yields at least 
90% of CH,Cl-CHI-SO,H. 


EXPERIMENTAL. 


Addition of Iodine Monochloride to Propylene.—Propylidene 
chloride, prepared from propaldehyde by Reboul’s method (Ann. 
Chim. Phys., 1898, 14, 458), b. p. 85—87°, was treated at 100° in 
closed tubes with excess of alcoholic potassium hydroxide, and the 
product was slowly distilled. The issuing gas was washed with 
water, ammoniacal silver nitrate, and dilute sulphuric acid, and 
dried with fused calcium chloride and phosphoric oxide, all these 
reagents being kept at 40° throughout the distillation. The dried 
«-chloro-A*-propylene was collected in a tube cooled in liquid air, 
and again distilled, b. p. 35°, through the same train of purifying 
agents. 

isoPropylidene chloride, prepared from acetone by Friedel’s 
method (Annalen, 1859, 112, 236; 1865, 134, 263), b. p. 69—71°, 
was treated with alcoholic potassium hydroxide as in the preceding 
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preparation, and the 8-chloro-A*-propylene, b. p. 23°, was similarly 
isolated and purified. 

Well-washed propylene, prepared from isopropyl alcohol by 
Newth’s method (J., 1901, 79, 917), was conducted through a 
solution of freshly distilled and frozen iodine monochloride (mol. 
fraction 0-05) in dilute hydrochloric acid. The oily addition product 
was washed with cold dilute sodium hydroxide solution and water, 
dried by fused calcium chloride, and completely distilled under 
reduced pressure (compare Simpson, Annalen, 1862, 127, 372). The 
product was treated at 0° with an excess of ethyl-alcoholic potassium 
hydroxide, and, after completion of the reaction, the temperature of 
the solution was raised. ‘Towards the end of the ensuing distillation 
of the chloropropylenes their removal was assisted by the passage 
of air through the alcoholic solution, and the whole apparatus was 
finally swept out with air. The gases were treated at 40° with the 
washing and drying agents mentioned in the first paragraph, and 
the chloropropylenes were collected at the temperature of liquid air, 
and then completely redistilled through the same purifying and dry- 
ing train to ensure freedom from traces of allylene. Several samples 
prepared in this way were kept in sealed tubes until required for 
analysis. 

The refractometric analyses were carried out with a Pulfrich 
instrument, and all the specimens were examined on the same day 
and with the same setting on the circle, differences of refractive 
index being read directly on the drum. The temperature throughout 
was 11-5° and the wave-length that of the green line of the mercury 
are. The observed indices were: «-chloro-At-propylene 1-41353; 
8-chloro-A*-propylene 1-40317; mixtures from propylene, 1-40673, 
1-40617, 1-40637, 1-40651 (mean, 1-40644). The corresponding 
percentages of 8-chloro-A*-propylene are: 65-6%, 71:0%, 69:1%, 
67-8% respectively (mean, 68-6%). 


The heterogeneity of this addition precludes comparison with the 


reaction of propylene with hydriodic acid (compare Part IT). on 
Addition of Iodine Monochloride to Styrene—Freshly distilled 
styrene was treated with the theoretical quantity of a solution of 
iodine monochloride in concentrated hydrochloric acid, in the 
presence of methylene chloride, and the product was extracted with 
this solvent. A portion of the solution was warmed at 50° with 
aqueous-alcoholic potassium iodide solution in order to estimate the 
yield of addition product by titration of the liberated iodine, whilst 
another portion was shaken with warm aqueous alcohol containing 
a little sulphuric acid in order partly to liberate halide ion, which was 
analysed in the form of the corresponding silver salts. In the 
following table the yields of addition product are calculated on the 
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styrene used, but the yields of halide liberated by hydrolysis are 

based on the addition product formed : 

Sample No. Yield of addn. prod. Yield of halides. Mols. % AgC! in halides. 
1 65-2 94-3 


6-5 
2 97-5 76-4 94-9 
2 97-5 81-9 95-0 
1 96-5 96-9 91-6 
3 96-7 102-8 87:9 


These figures show that with diminishing halide-liberation the 
proportion of chloride contained in the halides rises asymptotically 
to 94-7%. Assuming that the rates of separation of 8-halogens are 
negligible in comparison with the rates of separation of «-halogens, 
this implies the presence of 94-7°, of the «-chloro-8-iodo-isomeride 
in the mixed addition compounds. If, however, the speeds of 
liberation of 8-halogens are not negligible, the proportion of «-chloro- 
8-iodocompound necessary to give the observed figures must be 
higher. Thus the figure recorded is a minimum value for the 
proportion of this isomeride in the addition product of iodine 
monochloride to styrene. 

Addition of Iodine Monochloride to Crotonic Acid.—Crotonic acid, 
m. p. 72°, prepared by Delépine and Bonnet’s method (Compt. rend., 
1909, 149, 39) was treated with the theoretical quantity of iodine 
monochloride in chloroform. The solvent was removed in a vacuum 
and the residue was crystallised from ligroin, from which 8-chloro- 
«-iodobutyric acid separated in prisms, m. p. 64° (Found: C, 19-2; 
H, 2-7. C,H,O,CII requires C, 19-3; H, 2-4%). 

The chloro-iodo-acid was heated for 2 hours on the steam-bath 
with a three-fold excess of 4N-ethyl-alcoholic potassium hydroxide. 
The product, on being poured into water, acidified, and extracted 
with ether, yielded nearly pure crotonic acid (m. p. and mixed m. p.), 
which was crystallised from ligroin. 

The chloro-iodo-acid was dropped slowly into boiling pyridine, 
and the solution, after being cooled, was poured into water, acidified, 
and extracted with ether. The product, after crystallisation from 
water to remove crotonic acid, a considerable quantity of which was 
always produced, yielded «-iodocrotonic acid as colourless needles, 
m. p. 113° (Found: C, 22-4; H, 2-6. C,H,;O,I requires C, 22-6; 
H, 23%). 

A preparation of «-chloro-8-iodobutyric acid led to the isolation 
of 87-6% in the pure condition. The combined residues were well 
mixed and the chloro-iodo-acids were estimated in a sample by 
decomposition with hot aqueous potassium hydroxide and potassium 
iodide and subsequent neutralisation and titration with thiosulphate. 
The residues were thus shown to account for a further 8-7% of 
chloro-iodo-acids, and on treatment with pyridine they yielded 
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a-iodocrotonic acid in quantity sufficient to prove the presence of at 
least 0-8% of 8-chloro-«-iodo-acid, calculated on the weight of 
crotonic acid employed in the preparation. These figures lead to 
91-8% as a minimum for the proportion of $-chloro-«-iodo-acid 
in the addition product of iodine monochloride and crotonic acid. 

Addition of Iodine Monochloride to Ethylenesulphonic Acid.—The 
acid prepared by Kohler’s method (Amer. Chem. J., 1898, 20, 680) 
was treated in the cold for several days with the theoretical quantity 
of iodine monochloride in hydrochloric acid. The product was 
diluted, the halogen acids precipitated by treatment with lead 
carbonate, and the lead removed as sulphide. The acid solution 
thus obtained was neutralised with potassium carbonate and 
evaporated to dryness. The residue was almost completely soluble 
in alcohol, and potassium «-iodoethylenesulphonate crystallised there- 
from in long needles (yield, 90%) (Found : C, 8-8; H, 1-1; 8, 11-7; 
I, 46-4; K,.14-1. C,H,O,ISK requires C, 8-8; H, 0-8; S, 11-8; 
I, 46-7; K, 144%). The residues from the crystallisation of this 
salt contained chlorine as well as iodine; hence the presence of 
potassium «-chloroethylenesulphonate is not excluded. Kohler 
(loc. cit.; Amer. Chem. J., 1899, 24, 349) has shown that the action 
of bromine water on ethylenesulphonic acid under conditions 
comparable with those described above leads to «-bromoethylene- 
sulphonic acid, the «$-dibromoethanesulphonic acid originally 
formed being too unstable to permit of its isolation from the aqueous 
solution. 


THE UNIVERSITY OF LEEDs. 
UNIVERSITY COLLEGE, LONDON. [Received, September 9th, 1931.] 





CCCLXXXI.—Orientation in the Addition of Halogens 
and Hydrogen Halides to Simple Ethylene Deriv- 
atives. Part II. Addition of Hydrogen Halides 
to Propylene and n-A*-Amylene. 


By CuRIsTOPHER KeELK INGOoLD and (Miss) Etste RAMSDEN. 


ALTHOUGH suggestions have already been made (Burton and Ingold, 
J., 1928, 912; compare Bennett, Ann. Reports, 1929, 26, 121; 
Farmer, ibid., 1930, 27, 87) with regard to the mechanism of the 
influence of solvents on orientation in the additions of halogens and 
halogen hydrides to conjugated unsaturated systems, the consider- 
ations hitherto advanced have been concerned solely with effects 
relating to the direction taken by the final stage of reaction. It is 
obvious, however, that any general treatment of this side of the 
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subject of conjugative additions must take account also of the effect 
of solvents on the orientation of the point of incidence of reaction. 
It was after a preliminary consideration of the principles which might 
be expected to operate in this connexion that we decided, before 
proceeding further, to control our views by envisaging their applic- 
ation in the more elementary problem of orientation in additions to 
singly unsaturated systems. We discuss in this paper only the 
comparatively simple case of the addition of hydrogen halides to 
olefins of the type R-CH:CH,, where R is an alkyl group. 

The group R, acting in the direction of the residue -CH:°CH,, is 
considered to repel electrons. In so far as this effect travels through 
the molecule, it must lead to the orientation R*CH(X)-CH,(H) and 
should be but little influenced by the medium. 

The group R, acting also in the general direction of the residue 
‘CH:CH,, but outside the molecule itself, is likewise considered to 
repel electrons, anions, and the negative ends of polarised molecules, 
and to attract protons,* kations, and the positive ends of polarised 
molecules. This effect must tend to orient the addendum in the 
sense of the expression R°*CH(H)-CH,(X), and since it travels 
through the medium, it must be profoundly affected by the nature 
of the medium. 

It is quite clear that this second effect should be strongest in gas 
reactions, weaker in non-polar solvents, and very weak in strongly 
polar solvents; but a more precise relationship between the magni- 
tude of the influence and the nature of the solvent is difficult to 
define. If the group R were at a comparatively large distance, e.g., 
100 A.U., from the point at which its effect is being considered, the 
matter would be simple: we could take the dielectric constant of 
the solvent (or its equivalent in terms of the electric moment and 
distortion coefficient of the solvent molecules) as the measure of the 
influence of the medium on the externally propagated polar field. 
But at the short distances with which we are concerned other 
electrical phenomena enter the problem, namely, electrical saturation 
effects, including influences due to electrostriction and molecular and 
field anisotropy, and the interactions of quadrupoles and higher multi- 
poles with one another and with dipoles, and to distortion effects ; 
the statistical calculation of these combined influences is at present 
impossible. It is true that all these component forces together con- 
tribute to the internal pressures of liquids but so also does the effect 
of quantum-mechanical reciprocal perturbations, which (so far as we 
have been able to follow the application of perturbation-theory to 
our problem) would not contribute to a proportional extent to 


* Except that very near the surface of R it may be overlaid by selectivity 
in the van der Waals forces. 
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the influence of solvents on the orienting molecular field.* Thus 
the dielectric constant takes count of too little and the internal 
pressure of too much, and a rough correlation with orientation is the 
most that can be expected from either property; up to the present 
we have not been able to think of a macrophysical quantity which 
should provide a true measure of the local electrical susceptibility of 
a solvent. Where, however, two solvents differ very widely, and in 
the same sense, with regard to both their dielectric constants and 
their internal pressures, it should be possible, we think, to predict with 
moderate certainty their relative effects on orientation in addition. 

The effect of the medium on the additive reagent itself has also 
to be considered. Reagents such as hydrogen halides, which add in 
the molecular form and have greater chemical activity as molecules 
than as ions, will be deactivated in an environment characterised by 
high electrical susceptibility, and under these conditions might select 
the more exclusively for attack those positions in which the electron 
availability is highest. In the cases with which we are now con- 
cerned this medium-effect would collaborate with that discussed 
above, and to that extent theoretical expectation regarding the 
direction and relative magnitude of the influence of solvents on 
orientation is simplified. 

There are a number of scattered observations in the literature 
(compare, for instance, Michael and Zeidler, Annalen, 1911, 385, 
265: Ipatief and Ogonowski, Ber., 1903, 36, 1988) indicating a 
medium-effect on orientation in the addition of hydrogen halides 
to as-alkylated ethylenes; but in the record of these experiments 
some essential datum (usually concentration, the importance of 
which is shown below) is omitted, and it is therefore scarcely possible, 
on the basis of known results, to make any more precise deduction 
than that a medium-effect exists. 


* If it were not for the quantum-mechanical effect, the reflection that, 
for the microphysical problem of reaction in solution, a complex of molecular 
electric quantities, which together contribute to internal pressure, must take 
the place occupied by the dielectric constant in macrophysical relations 
would possibly furnish a physical basis for the cohesion principle of Richard- 
son and Soper (J., 1929, 1873); for a reaction in which the cohesion of the 
products is greater than that of the factors must involve a net separation of 
charges—a resultant opening of molecular field forces—and it should there- 
fore be assisted by those electrical conditions (high local electrical suscepti- 
bility) which make for a high internal pressure (high cohesion), just as the 
separation of a pair of oppositely charged plates would be assisted by a 
medium of high dielectric constant in the macrophysical case. Probably the 
quantum-mechanical effect on cohesion is to be blamed for the circumstance 
that the Richardson-Soper relation is only rough, and for the fact that the 
various measures of cohesion which have been proposed from time to time 
do not precisely agree with one another. 
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We have studied the addition of hydrogen iodide to propylene, and 
the addition of hydrogen bromide and of hydrogen iodide to n-At- 
amylene. It will be sufficient to refer here to the most fully investig- 
ated reaction, namely, the addition of hydrogen iodide to propylene. 

Propane, acetic acid, nitrobenzene, and water were employed a3 
solvents, light being excluded in all cases. The preceding discussion 
makes it clear that, whilst isopropyl iodide should be the main 
product, the proportion of n-propyl iodide formed by addition in 
dilute solution should be highest in propane and lowest in water. 
This is so. 

The dielectric constants * of the four solvents place them in the 
following order : 


Propane (1-8) < Acetic acid (7-1) < Nitrobenzene (36) < Water (80) 


Addition of hydrogen iodide to propylene in various solvents. 
Percentage 
primary 
todide, 
30% 
Propane 





No solvent. 





20} 


10 


Nitrobenzene 
Acetic acid 


Water 
0 : P 
0-0 0-2 











0:8 1-0 
Concentration of hydrogen iodide, mol.-fraction. 


i 4 








0-4 0-6 
whereas their internal pressures ¢ place them in a different order, 
namely : 

Propane (0-56) < Nitrobenzene (1-07) < Acetic acid (1-95) < Water 
(4-60). 
Their relative effects on the orientation of the addition reaction in 

dilute solution correspond to the second of these series. 

The connexion between the orientation and the nature of the 
solvent and concentration of the solution, so far as we have traced 
these relations, is exhibited on the accompanying diagram. 

The special form of the curve for water is possibly explicable by 
the circumstance that, whilst the other solutions remain homo- 

* The assumed dielectric constant for liquid propane is based on the known 
values for pentane and its higher homologues. 


+ The figures are relative values due to Mortimer (J. Amer. Chem. Soc., 
1923, 45, 633), the recorded value for hexane being adopted for liquid propane. 
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geneous, the aqueous solutions separate into two phases at an early 
stage of dilution. One can well imagine that, with progressive 
dilution, the reaction would be retained in the hydrocarbon layer until 
the quantity of water was sufficient to strip practically the whole 
of the hydrogen iodide from that phase, and only then would the 
reaction pass into the aqueous phase; on this basis the upper portion 
of the water curve should be asymptotic to the curve appropriate to 
a hydrocarbon solvent, whilst the lower portion should be asymptotic 
to the true water curve. 


EXPERIMENTAL. 


Materials —Hydrogen bromide, generated by dropping concen- 
trated hydrobromic acid on to phosphoric oxide, was passed over 
moist red phosphorus, through a vessel at — 35°, over phosphoric 
oxide, and then either into a strong-walled tube cooled in liquid air, 
or into a solvent, or into a previously prepared solution of known 
strength according to the requirements of the experiment. 

Hydrogen iodide, generated analogously with precautions against 
the access of atmospheric oxygen and light, was passed over moist 
red phosphorus, through a concentrated solution of calcium iodide, 
over phosphoric oxide, and either into a tube surrounded by liquid 
air, or into a solvent, or into a solution of known concentration. 

Propylene was prepared from isopropyl alcohol and syrupy 
phosphoric acid. Dried and fractionated, it had b. p. — 49° to 
— 47°. 

n-At-Amylene was prepared from n-amyltrimethylammonium 
iodide, via the hydroxide. It was washed with acid and water, 
dried, and distilled. Our b. p., 29—31°, does not agree with that 
recorded by Brochet (39—40°; Bull. Soc. chim., 1892, 7, 567), by 
von Braun (39—40°; Annalen, 1911, 382, 19), and by Norris and 
Joubert (39—40°; J. Amer. Chem. Soc., 1927, 49, 873), notwith- 
standing that von Braun used the same method of preparation as 
that employed by ourselves. It agrees moderately well, however, 
with the b. p. given by Kirrmann (30-5—31°; Bull. Soc. chim., 1926, 
39, 988) and by Bougel (32-5°; ibid., 1927, 41, 1475), and exactly 
with the most recent record, namely, that of Dykstre, Lewis, and 
Boord (29—31°; J. Amer. Chem. Soc., 1930, 52, 3396). 

Propane, prepared from n-propyl iodide by the Grignard reaction, 
had b. p. — 44° to — 42°. Acetic acid was purified by freezing, 
and nitrobenzene by distillation. 

The n-propyl iodide required for the refractometric analyses was 
prepared by Norris’s method (Amer. Chem. J., 1907, 38, 640) from 
carefully fractionated samples of n-propyl alcohol of different 
origins. The iodide was washed thrice with water, thrice with 
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sodium hydrogen carbonate, once with sodium hydrogen sulphite, 
and thrice with water. It was dried with calcium chloride and dis- 
tilled until the refractive index remained constant. The refractive 
indices of several samples prepared in this way were not quite the 
same, and the specimens were therefore washed successively with 
calcium chloride solution, sulphuric acid, sodium hydrogen sulphite 
and water, and were again dried and distilled in oxygen-free nitrogen 
inthe dark. They then had the same refractive index, njij" 1-51249. 

tsoPropyl iodide was prepared by Norris’s method (loc. cit.) from 
carefully fractionated samples of isopropyl alcohol of various origins. 
The products were washed successively with water, sodium hydrogen 
carbonate, sodium hydrogen sulphite and water, and were dried with 
calcium chloride and distilled in the absence of light and oxygen. 
Their indices of refraction were identical, n}5°" 1-50419. 

n-Amy] iodide («-iodo-n-pentane), prepared from the alcohol with 
analogous precautions, had b. p. 153—155°/756 mm., njii" 1-49060. 

sec.-n-Amyl iodide (8-iodo-n-pentane), obtained from a single 
sample of sec.-n-amyl alcohol prepared by ourselves, had b. p. 
142—144°/748 mm., njiy 1-50140. 

n-Amyl bromide («-bromo-n-pentane), obtained from the alcohol 
and hydrobromic acid, had b. p. 126—128°/756 mm., niiy 1-43603. 

sec.-n-Amyl bromide ($-bromo-n-pentane), prepared analogously 
from our own alcohol, had b. p. 114°/748 mm., nix" 1-44945. 

Method.—When the solution of hydrogen halide could not be 
prepared, or when its concentration could not be accurately adjusted 
at the ordinary temperature, the reagent and the solvent were 
separately introduced into the thick-walled reaction-tube at the 
temperature of liquid air. The olefin was enclosed in a comparatively 
thin-walled tube which was introduced into the reaction-tube before 
the latter was sealed. The materials having attained the ordinary 
temperature, the reaction tube, enclosed in a brass tube to exclude 
light and as a precaution in case of bursting, was shaken in order to 
break the inner tube containing the olefin, and then left (on a shaking 
machine in the experiments with aqueous solutions) for the requisite 
period (1—-50 days). The product was isolated by methods which 
varied according to the nature of the solvent, and was distilled to 
constant refractive index with precautions analogous to those used 
in the preparation of the reference halides. A Pulfrich instrument, 
and the green line of the mercury are spectrum, were used for the 
refractometric analyses, differences of refractive index being read 
directly on the drum; a linear mixture law was assumed in calculat- 
ing the compositions of the mixtures of isomeric halides. In the 
experiments with propylene the analytical error is estimated as 
03%. 
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Results —These are assembled in the following table, in the head- 
line of which “ Mol.-fraction HX” denotes the mean molecular 





Reagents. Solvent. Mol.-fraction HX. Primary %. 
{— 1-00 22-1 
Propane 0-64 22-7 
” 0-15 24:8 
Nitrobenzene 0-61 16-5 
i 0-23 11-6 
” 0-13 10-5 
Propylene and Acetic acid 0-48 10-5 
hydriodic acid os 0-17 6-5 
~ 0-10 6-0 
Water 0-55 21-9 
a 0-24 20-4 
és 0-19 14-6 
a 0-16 3-4 
7. 0-12 2:8 
~- 1-00 0-0 
n-A2-Amylene and { Water 0-34 0-0 
hydrobromic acid ve 0-30 0-0 
es 0-23 0-0 
-- 1-00 1-7 
-4a- 4 + 
meehmylene andl Water 0-24 0-0 
. ' © 0-16 0-0 


fraction of hydrogen halide in its mixture with the solvent (if any) 
during the progress of the reaction, and “‘ Primary % ” represents 
the percentage of primary halide in the alkyl halides formed by 
addition. The temperature throughout was 18° + 2°. 


UNIVERSITY COLLEGE, LONDON. [Received, September 9th, 1931.] 





CCCLXXXII.—The Modes of Addition to Conjugated 
Unsaturated Systems. PartIII. Further Remarks 
and Observations bearing on the Mechanism of 
Addition of Halogens and Hydrogen Halides. 


By CurRIstoPpHER KELK INGOLD and Henry GEOFFREY SMITH. 


(1) Additions of Halogens to Conjugated Unsaturated Systems in 
which Structural Influences favour Anionotropic Change (Case la ; 
compare J., 1928, 910). 

Orientation. —The addition of halogens to conjugated unsaturated 
hydrocarbons was discussed in Part I (loc. cit.; compare J., 1929, 
2022, footnote), where it was shown that the views advanced 
regarding these reactions accommodated all the relevant facts up 
to then established. In order to provide further illustrations of the 
method of applying the theory several predictions were made, and one 
of these, namely, that the dibromide of Sy-dimethylbutadiene should 
contain a high proportion of the 1 : 4-isomeride, previous conclusions 
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to the contrary notwithstanding, has since been verified (Farmer, 
Lawrence, and Scott, J., 1930, 510). Farmer and his collaborators 
have also shown (loc. cit.; J., 1929, 172) that high proportions of 
1:4-product are obtained from «3- and «y-dimethylbutadiene,* 
and that the proportion of the 1 : 4-dibromide of cyclopentadiene is 
increased when the solvent is changed from hexane to chloroform. 
All these results, published subsequently to the appearance of Part I, 
are consistent with the theory and are implicit as predictions in the 
discussion. Consistent, although less crucial, is Muskat and North- 
rup’s recent observation (J. Amer. Chem. Soc., 1930, 52, 4043) 
that the addition of chlorine to butadiene yields both 1: 2- and 
1 : 4-products. The considerations relating to the above methylated 
butadienes follow directly from the analogous illustrations which 
were given, and it was shown to be a general consequence of the 
theory that the proportion of 1 : 2-compound formed in a non-polar 
or difficultly polarisable solvent should be higher than that produced 
in a polar or readily polarisable solvent. Amongst the applications 
of theory given in Part I are several which illustrate the effects to 
be anticipated from the presence of ethenyl and aryl substituents, and 
it is explained, inter alia, why «-phenylbutadiene should yield 
practically exclusively y3-dihalides. Muskat and Huggins sub- 
sequently showed (J. Amer. Chem. Soc., 1929, 51, 2496) that the 
dichloride, prepared in various solvents at widely differing tem- 
peratures, uniformly possesses this orientation. 

Thus, so far as orientation in the addition of halogens to conjugated 
unsaturated hydrocarbons is concerned, the theory has hitherto 
remained consistent with established results. ‘Two further develop- 
ments seem desirable. 

The first relates to the provision of typical instances of oriented 
halogen additions outside the range of additions to aliphatic and 
aromatic hydrocarbons. Besides alkyl, ethenyl and aryl substi- 
tuents, any suitably placed, neutral group, containing unshared 
electrons in association with the atom by which it is attached, must 
fall within the category of influences favourable to anionotropic 
change, and must therefore come into the purview of constitutional 
effects indicated in the heading to this s@ction. Methoxyl- and 
halogen-substituted, conjugated poly-enes should therefore fit into 
the theoretical scheme hitherto illustrated exclusively by reference 
to the reactions of hydrocarbons : «-bromobutadiene should add in 
the y8-positions, «-bromohexatriene in the e¢-positions, p-bromo- 
«§-diphenylbutadiene in the y8-positions, and so on. No data 


* The former result is confirmation of a previous finding by Duden and 
Lemme (Ber., 1902, 85, 1388) with which the authors of Part I were 
unacquainted, 
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concerning examples of this type appear to have been recorded 
hitherto, and we have therefore examined the action of bromine, 
in hexane, in chloroform and in acetic acid, at various temperatures, 
on «-bromobutadiene. We are able to show that in all cases the 
dibromide has the expected orientation and is unaccompanied by 
any perceptible amount of an isomeride. 

Incidence of Reaction—The second development concerns the 
prevision of a more intimate test of mechanism than is likely to be 
furnished by the accumulation of further orientation results of the 
type considered above. 

The theory of halogen additions presumes initial attack by the 
halogen molecule at the «-atom of the butadiene chain, leading to 
the entrance of a halogen kation at this point, subsequent distribu- 
tion of the remainder of the halogen molecule between the $- and 
8-carbon atoms depending on a. transient electrolytic dissociation 
and a contemporaneous electromeric change identical in type with 
that which characterises ordinary anionotropic systems. Now prior 
attack at the «-carbon atoms is a necessary supposition so far as the 
formation of the 1 : 4-compound is concerned, but there is a possible 
alternative conception of the source of the 1 : 2-isomeride, namely, 
that attack commences at the B-carbon atom; for it is evident that 
a reaction thus initiated could be completed only by the attachment 
of the halide residue to the «-atom of the system.* Thus, in contrast 
to our view ¢ which makes differences of orientation dependent on 
differences in the mode of completion of reaction, it would be possible 
to attempt to relate orientation phenomena to differences in reaction 
incidence. The diagnosis of an unsymmetrical halide such as a 
1 : 2-dibromide does not, of course, in itself yield any information 
about the order of the entrance of the halogen atoms, and thus it 
seemed desirable to determine, for some typical unsymmetrical 
addition products, which is the point of initiation of addition and 
which the point of its completion. 

Two methods were employed for this purpose. In the first, which 
was applied to butadiene, the addition of iodine monochloride was 
studied. The fundamental assumption is that the location of the 

® , 

* The conditions of addition here contemplated are such as would preclude 

a substantial amount of anionotropic interconversion of the fully formed 


isomerides, and it is known that these conditions are normally realised in the 
addition of bromine to butadiene (Farmer, Lawrence, and Thorpe, J., 1928, 
729). 

+ This does not arbitrarily and completely exclude f-attack; but each 
vinyl group of the butadiene chain is a powerful electron-source, wherefore 
the a-positions should be activated and a-attack should prevail. Our attitude 
with regard to the assumption of simultaneous f-attack is, therefore, that it 
must await the provision of evidence requiring it. 
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iodine atom in the addition product marks the point of commence- 
ment of the reaction (Ingold and Smith, this vol., p. 2742). Farmer, 
Lawrence, and Thorpe found (loc. cit.) that the product of the 
addition of two atoms of bromine to butadiene in chloroform at 
— 15° contained, besides the preponderating 1 : 4-dibromide, some 
37% of the 1:2-compound. We find that in the product of the 
action of iodine monochloride on butadiene in methylene chloride 
at — 35° the 1 : 4-addition compound, CH,I-CH:CH-CH,Cl, which 
here also is the main constituent, is accompanied by not less than 
22% of the 1:2-isomeride. CH,I-CHCl‘CH:CH,; we have no 
evidence that the other possible product of 1 : 2-addition, 
CH,Cl-CHI-CH:CH,, was present in significant quantity. The two 
dihalogeno-compounds, on elimination of hydrogen halide, yielded 
a- and 8-chlorobutadiene respectively,* and these, on addition of 
bromine,t gave the appropriate chlorodibromobutenes, from which 
the expected products were derived by ozonolysis. The constitu- 
tions thus established for the two chloroiodo-compounds both 
indicate the C,-atom as the point of incidence of reaction, and the 
obvious analogies with the addition of bromine show that the theory 
of C,-initiation is adequate to account for the formation of both 
dibromides. 

We did not employ an analogous method in the case of isoprene 
because certain of its possible addition compounds would be tertiary 
halides, and the marked tendency to ionise possessed by tertiary 
halogen would have introduced complications. For instance, 
anionotropic systems in which the mobile group is a tertiary halogen 
atom are known to be exceptionally labile and the occurrence of 
isomerisation subsequently to the completion of addition would 
accordingly have been difficult to prevent. In order to avoid this 
disturbance we made use of the competition principle established by 
the experiments of Terry and Eichelberger (J. Amer. Chem. Soc., 
1925, 47, 1067) and of Francis (ibid., p. 2340). These authors have 
shown (compare Burton and Ingold, J., 1928, 912; Ingold, Ann. 
Reports, 1928, 25, 131) that the kation, CH,Br-CH}, formed in the 
first stage of the addition of bromine to ethylene can be caused to 
take up a foreign anion in place of the originally liberated bromide 
ion. The foreign ion will naturally compete with a success propor- 
tional to its aptitude for co-ordination and to its concentration ; 
accordingly, whilst a stable anion, with small power of co-ordination, 


* The degradation of B-phenylethylammonium hydroxides (Hanhart and 
Ingold, J., 1927, 997), in which the —7’-effect is exerted by phenyl in the 
presence of a proton-seeking reagent, provides analogy for the expected effect 
of vinyl in these reactions. 

+ This takes place at the double linking which is least de-activated by the 
halogen originally present (Ingold and Ingold, J., 1930, 2354). 
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e.g., NO,’, is best introduced in large concentration as a soluble salt, 
e.g., NaNO,, an unstable anion, having a large tendency to co- 
ordinate, e.g., OH’, may be supplied as the anionic component of a 
feebly ionising, covalent substance, such as water : 

CH,{CH, —*> CH,Br-CH,’ + Br’ —> CH,Br-CH,-OH + Br’ + H’. 
It is clear that this process can be applied in the study of the modes 
of addition of conjugated unsaturated systems, and that, having a 
choice of competing anions, it should be possible to select one which 
would not migrate subsequently to the completion of addition. In 
order to ensure the requisite inertia in the anionotropic systems 
which might be formed by addition, all that is necessary is that the 
anion shall be sufficiently basic (Burton and Ingold, J., 1928, 904) ; 
and to. this end we chose the hydroxide ion as a competing anion 
suitable for the intended application to isoprene, and introduced 
it, in the form of water. From the theory of the process it is evident 
that the location of the hydroxide ion (as a hydroxyl group) in the 
final product will indicate the point of completion of the reaction, 
and will thus yield indirect evidence as to its point of incidence. 
Staudinger, Muntygler, and Kupfer have shown (Helv. Chim. Acte, 
1922, 5, 756) that the product of the addition of two atoms of bromine 
to isoprene consists largely of the 1 : 4-dibromide, but the presence 
of comparatively small amounts of 1 : 2-isomerides would not have 
been detected by their method. Bromination in the presence of 
water under our conditions led to a mixture of several bromo- 
hydroxy-compounds. The principal product (at least 47%) had 
the constitution CH,Br-CMe:CH-CH,°OH. This substance obviously 
corresponds to the 1 : 4-dibromide recognised as the main isomeride 
by Staudinger and his collaborators, and the constitution of the 
hydroxy-compound shows that, in the formation of these products 
of terminal addition, reaction commences preferentially at the C,-end 
of the $-methylbutadiene chain; and C,-attack corresponds to 
polarisation in that direction, which would be favoured by the 
inductive electron repulsion of the $-methyl substituent. An 
important by-product (at least 16%) had the structure 
CH,Br-CMe(OH)-CH:CH,. Although this is a 1 : 2-addition com- 
pound, its constitution proves that it also arises from a reaction 
initiated at the «-carbon atom; this substance also results, therefore, 
from a normal primary polarisation. In addition to these two 
compounds a third isomeride (small amount), of the formula 
CH,(OH)*CMe:CH-CH,Br, was qualitatively recognised. Since an 
anionotropic modification of this substance would be a tertiary 
bromide, the established structure, whilst indicating C;-attack, does 
not directly exclude the theory of C,-initiation; nevertheless we 
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have encountered no evidence either of C,-attack in isoprene or of 
Cg-attack in butadiene, both modes of reaction which are intrinsically 
more probable than C,-attack in isoprene, and on these indirect 
grounds we are disposed to accept at its face-value the evidence 
furnished by the constitution of the compound that it arises from a 
reaction incident at the 8-carbon atom. Whether this deduction 
is correct or not, the structure clearly establishes the occurrence of a 
small amount of polarisation in the direction contrary to that 
favoured by the polarity of the 6-methyl substituent. The method 
employed to determine the constitutions of these bromo-hydroxy- 
compounds was in all cases the same, namely, removal of the 
halogen atom by reduction and subsequent ozonolytic fission. 

Finally the action of bromine on «-phenylbutadiene was also 
examined under analogous conditions of competition. After 
removal of the bromine atom the hydroxyl group was located on the 
y-carbon atom, and this shows the bromohydrin to have the con- 
stitution CHPh:CH-CH(OH)-CH,Br. Accordingly it must be con- 
cluded that the addition of the halogen is initiated at the 8-carbon 
atom; and this is the anticipated position, because the strong 
electron-releasing capacity of the phenyl substituent would induce 
polarisation in the corresponding direction. 

Our conclusions in relation to the modes of polarisation of the 
conjugated unsaturated compounds studied in their additive 
reactions with halogens, and with regard to the orientations of the 
points of incidence of reaction and the orientations of the products, 
may be summarised as follows : 


Incid- Main By- 


Compound, Polarisation. ence, product. product. 
~v\ a. 
Butadiene CH,—CH—CH=CH, a ad af 
CH; 
ae —CH=CH, (major) a ad aB 
Isoprene ; CH; 
(cu,-%-cu—cu, (minor) 5 da ( 23y) 
\A A 
; ‘\y ss ‘™® 
a-Phenylbutadiene Ph—CH—CH=CH—CH, r) dy — 
; ‘™ “—— ly 
a-Bromobutadiene Br—CH+=CH—CH=CH, C) by _— 


(2) Additions of Hydrogen Halides to Conjugated Unsaturated 
Systems in which Structural Influences favour Anionotropic 
Change (Case 2a; compare J., 1928, 910). 


The theory of hydrogen halide additions, which are regarded as 
being initiated by the kationic component of the addendum (Part I, 
loc. cit.; Ann. Reports, 1928, 25, 147; Ingold and Ingold, J., 1936, 
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2354), follows in a simple manner from the foregoing discussion. The 
point of incidence of reaction, deduced from the polarity of the 
substituents as already illustrated, marks the point of entrance of 
hydrogen. The stable position or positions of the halogen then 
depend on anionotropic equilibrium (Burton and Ingold, J., 1928, 
904, et seq.) as affected by the substituents present, including that 
which has become modified by the accession of the hydrogen atom. 

The first of these conclusions is confirmed, without complications 
related to the second, by the formation of compounds having the 
properties of allyl halides, 


CHCl HBr 
(CH) >CH and (CH,)<__ >CH 
cH cH 


from cyclopentadiene and cyclohexadiene respectively (Kraemer and 
Spilker, Ber., 1896, 29, 554; Crossley, J., 1904, 85, 1420): «-attack 
by the hydrogen of the hydrogen halide is here clearly indicated. 

With regard to the second conclusion, it should be noted first that, 
when hydrogen halide additions to conjugated unsaturated hydro- 
carbons are carried out, as they frequently are, in a nearly non-polar 
solvent (e.g., excess of the hydrocarbon), the stable products may 
not always at once arise if the anionotropic system is insufficiently 
mobile, i.e., if there is too little tendency towards the dissociation 
of the ions formed in the first stage of addition. It happens, how- 
ever, that, in the most thoroughly investigated examples, one of the 
anionotropes is either a tertiary halide or a benzyl halide and 
either circumstance would probably confer sufficient mobility on the 
tautomeric system to permit the expectation of equilibrium products 
under the experimental conditions recorded. As an illustration 
reference may be made to Farmer and Marshall’s recent demon- 
stration that the monohydrobromide of Sy-dimethylbutadiene (this 
vol., p. 139), prepared under a variety of conditions, in all cases 
consists essentially of the product HCH,’CMe:CMe’CH,Br. 

The application of both principles together may be exemplified 
by the additive reactions of less symmetrically constituted hydro- 
carbons. Having regard to the normal direction of polarisation of 
8-methylbutadiene (isoprene). and the structure of the tautomeric 
kation which would be formed on union with a proton, it will be 
evident that the main direction of addition of hydrogen bromide 
should be H,Brs. Staudinger, Kreis, and Schilt have in fact shown 
(Helv. Chim. Acta, 1922, 5, 743) that the main constituent of isoprene 
monohydrobromide has the constitution HCH,*CMe:CH:’CH,Br. 
Similarly, the orientation of the addition of hydrogen bromide to 
a-phenylbutadiene should clearly be H;Br,. Riiber has proved 
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(Ber., 1911, 44, 2977) that the monohydrobromide of this hydro- 
carbon has the expected structure, C,H,-CH:CH-CHBr-CH,H. 

Finally, in order to extend the range of experimental illustrations 
beyond the sphere represented by the addition reactions of hydro- 
carbons, we have investigated the addition of hydrogen bromide to 
a-bromobutadiene. The theory of this case is closely similar to that 
which relates to the corresponding reaction of «-phenylbutadiene, 
and almost exclusive addition in the sense HsBr,, would be anticipated. 
We show, in fact, that the homogeneous addition product has the 
constitution BreCH:CH-CH&r-CH,H. 


EXPERIMENTAL. 


Action of Iodine Monochloride on Butadiene.—Butadiene was 
obtained by distilling the liquid deposited by compressed coal gas 
and also by Thiele’s method (Annalen, 1899, 308, 333). The crude 
hydrocarbon was converted by absorption in bromine into its 
tetrabromide, m. p. 117°, which was purified by crystallisation from 
ligroin, and reconverted into butadiene by the action of zinc and 
alcohol. The gas issuing from this reduction was well scrubbed with 
water, dried with calcium chloride and phosphoric oxide, and con- 
densed at the temperature of liquid air in a well-dried bulb, from 
which it was subsequently redistilled (b. p. — 4°). 

The iodine monochloride, which was purchased, was purified by 
distillation under reduced pressure and by partial freezing, precau- 
tions being taken against the access of moisture and, as far as 
possible, of light. 

The methylene chloride used as solvent was washed with water, 
dried with calcium chloride and phosphoric oxide, and distilled. 

The halogenation vessel, which was fitted with a mercury-sealed, 
spiral ribbon stirrer and suitable sealed-in connexions, was dried by 
warming in a stream of phosphoric oxide-dried air, and was kept in 
the dark at — 35° in a bath of liquid ammonia throughout the 
addition experiments. 

Methylene chloride was first introduced, then the butadiene was 
distilled in from a weighed bulb, and finally the correct amount of a 
dilute solution of freshly purified iodine monochloride in methylene 
chloride was slowly added with rapid stirring. The light brown oil 
which remained after the solvent had been pumped off at 0° in the 
dark in a stream of dry nitrogen at low pressure was digested with 
an excess of dry, finely divided sodium hydroxide. The vapours 
which escaped condensation in the short water-cooled condenser 
were collected in a bulb cooled in liquid air, and the gaseous contents 
of the apparatus were swept into this bulb with a stream of nitrogen 
at the end of the decomposition. The same bulb was fitted with an 
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efficient condenser, fed with ice-cold water, to serve as a still-head, 
and its contents were slowly distilled up to the ordinary temperature, 
the vapours being led successively through ammoniacal silver 
nitrate, dilute sulphuric acid, and bromine. The absence of more 
than a trace of white precipitate in the silver nitrate solution indicated 
the absence of perceptible quantities of vinylacetylene, and, except 
in earlier unsuccessful experiments, the recovery of butadiene tetra- 
bromides from the bromine trap was small. The mixture of chloro- 
butadienes had b. p. 53—63°; yields up to 76% were obtained 
(Found : C, 53-8, 54-0; H, 5-7, 5-5; Cl, 40-8, 40-6. Cale.: C, 54-2; 
H, 5-7; Cl, 40-1%). 

This mixture was now treated at — 35° in ligroin solution with the 
calculated amount of bromine, which was added with rapid stirring 
in exactly the same manner as the iodine chloride in the original 
addition experiment. The ligroin used was a light fraction which 
had been purified with fuming sulphuric acid and with permanganate 
and dried with phosphoric oxide. The bromine employed had been 
dried with sulphuric acid, distilled, and further purified by partial 
freezing. After removal of the solvent by distillation through a long 
Dufton column, the chlorodibromobutenes were obtained as a straw- 
coloured oil (yields, nearly quantitative) which distilled at 92— 
96°/15 mm., leaving only a small amount of residue (Found : C, 19-4; 
H, 2-2. Cale.: C, 19-3; H, 20%). 

The ozonides, which were obtained from the chlorodibromobutenes 
by the action of ozonised oxygen.in chloroform solution below 0°, 
were examined in three ways. (1) They were boiled with water for 
30 minutes. The volatile products, which were passed through 
water, yielded carbon monoxide, the identity of which was confirmed 
by its solubility in ammoniacal copper salts, and an aqueous solution 
of formaldehyde, the p-nitrophenylhydrozone of which was isolated 
and identified (m. p. and mixed m. p.). The liquid remaining in the 
flask was made alkaline with sodium hydrogen carbonate, extracted 
with ether, acidified with mineral acid, and again thoroughly 
extracted. The neutral extract, which had lachrymatory properties, 
rapidly developed free hydrogen bromide and yielded a gum, doubt- 
less a polymeric form of «-bromoacraldehyde. The acid extract 
gave «8-dibromopropionic acid, which after a single distillation under 
reduced pressure showed a correct m. p. (62—63°) and mixed m. p. 
(Found : M, by titration, 232. Cale., 232). The aqueous solution 
remaining from the extractions with ether contained both chloride 
and bromide, and the weight and composition of the silver salts 
precipitated from a measured volume indicated the presence of 
0:89 mol. of hydrochloric acid and 0-20 mol. of hydrobromic acid 
per mol. of chlorodibromobutenes. The yield of pure dibromo- 
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propionic acid represented 22 mols. % of the original chlorodibromo- 
butenes. 

(2) The ozonides were reduced in ethereal solution by the gradual 
addition of aluminium amalgam until the reactions of ozonides had 
disappeared. After removal of the residual metal, the acids were 
extracted with sodium hydrogen carbonate, and the «$-dibromo- 
propaldehyde obtained on evaporation of the dried ethereal extract 
was converted by boiling with concentrated aqueous sodium acetate 
into «-bromoacraldehyde, which was isolated as described below and 
identified by its odour and lachrymatory character, its b. p. (46°/15 
mm.), the m. p. of its semicarbazone (160°), and by analysis (Found : 
C, 26-9; H, 2-1; Br, 59-5. Cale.: C, 26-7; H, 2-2; Br, 59-3%). 
The acid recovered from the sodium hydrogen carbonate solution 
was «$-dibromopropionic acid, the recovery representing 18 mols. % 
of the chlorodibromobutenes. 

(3) The ozonides were boiled for 15 minutes with a concentrated 
aqueous solution of sodium acetate, the product was distilled in 
steam, and the distillate extracted with ether. The extract yielded 
a-bromoacraldehyde (Found : C, 26-6; H, 2:2%), the yield, allowing 
for a 60% conversion from «$-dibromopropaldehyde, corresponding 
to 58 mols. % of the chlorodibromobutenes. 

Action of Bromine and Water on Isoprene.—Isoprene was. prepared 
by thermal decomposition of limonene in Harries and Gottlob’s 
apparatus (Annalen, 1911, 383, 228), which was slightly modified to 
permit the use of a low pressure as recommended by Staudinger and 
Klever (Ber., 1911, 44, 2213). The reflux system included a spiral- 
coil condenser above the ordinary double-surface condenser, and 
both units were fed with ice-water; the upper end of the system was 
connected to a bulb cooled in liquid air and thence to a water-pump. 
The hydrocarbon fraction of b. p. 30—40° was converted into its 
hydrobromide by treatment with cold hydrogen bromide in acetic 
acid (600 g./l.), and the dibromoisopentane, which was separated 
by precipitation with water and extraction with ether, was carefully 
purified by distillation (b. p. 74—75°/15 mm.) and decomposed with 
excess of boiling concentrated methyl-alcoholic potassium hydroxide. 
In this decomposition a short reflux condenser was used to withhold 
the alcohol; the isoprene escaped this and was condensed at the 
temperature of solid carbon dioxide and ether. At the end of the 
process some water was added to the alkaline solution to facili- 
tate the escape of the hydrocarbon. The recovered isoprene was 
washed with water, dried with fused calcium chloride, and distilled 
(b. p. 34°). 

Isoprene (20 g.), and a solution of redistilled bromine (15 c.c.) in 
50% aqueous alcohol (1 1.), were added alternately in portions of 
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one-fifth, commencing with the isoprene, to the same solvent (2 1.), 
each addition of isoprene after the first following on the disappearance 
of the colour of the bromine. The solution was vigorously shaken 
after each addition of hydrocarbon, and rapidly mechanically stirred, 
with external cooling, during the running in of the bromine solution. 
After neutralisation, the solution was distilled in portions through 
an efficient column in order to remove the bulk of the alcohol, and 
the product was removed from the residual liquid by extraction with 
ether, and directly reduced by means of an excess of 3% sodium 
amalgam in dilute acetic acid at the ordinary temperature (hydrogen 
and palladised asbestos were also used), until, on working up a test 
portion, bromine was shown to be absent. The unsaturated alcohols 
were extracted from the neutralised solution by means of ether, 
dried with potassium carbonate, and esterified by warming on the 
water-bath for 20 hours with twice their weight of acetic anhydride. 
The esters, b. p. 120—140°, which were isolated by extraction with 
ether after hydrolysis of the excess of acetic anhydride, were shown 
by amalysis and quantitative saponification to consist essentially of 
acetoxypentenes, containing, in all probability, a certain amount of 
ethoxypentenes arising from the direct intervention of alcohol in 
the original reaction with bromine. The yields throughout were 
excellent. 

The ozonides obtained from the acetoxypentenes by treatment 
with ozonised oxygen in methylene chloride below — 30° were freed 
as much as possible from this solvent by passage of a stream of dry 
oxygen under reduced pressure at 0°, dissolved in ether, and reduced 
with successive small portions of aluminium amalgam until the 
reactions of ozonides were no longer obtained. The filtered ethereal 
solution was distilled up to 36° through a long Dufton column into 
a small amount of ice-water and the ethereal layer in the distillate- 
receiver was re-extracted with water. The combined aqueous 
solutions responded to tests for formaldehyde and acetaldehyde; 
the p-nitrophenylhydrazone which was isolated proved to be that 
of the former (m. p. and mixed m. p.).._ The qualitative recognition 
of acetaldehyde was based on (a) the formation of a white precipitate 
with Leys’s reagent (a solution of yellow mercuric oxide in alkaline 
aqueous sodium sulphite), and (b) the development of a blue colour 
with sodium nitroprusside and piperidine. When the residue from 
the distillation of the ether and its more volatile solutes was distilled, 
the first runnings, b. p. 36—65°, were found to be rich in acetone, the 
p-nitrophenylhydrazone and 2 : 4-dinitrophenylhydrazone of which 
were isolated (m. p.’s and mixed m. p.’s): in one experiment the 
yield of the latter represented approximately 40%, of the original 
acetoxypentenes. The treatment of the remaining fraction, b. p. 
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50—80°/19—15 mm., became modified as our knowledge of its 
behaviour increased. In the earlier experiments it was partly 
separated into less and more volatile fractions, which were hydro- 
lysed as described below, and it was in this way that the main 
constituents of the mixture were originally recognised. With the 
quantities at our disposal, however, separation by distillation was 
unsatisfactory, and, in the later experiments, the whole fraction was 
hydrolysed by warming it for a short time with very dilute sulphuric 
acid. Ether was added, the sulphuric acid precipitated with freshly 
prepared barium carbonate, the aqueous solution extracted twice 
with ether, and the ethereal solution washed once with water, dried, 
and distilled. «-Hydroxyisobutaldehyde was thus obtained, in 
yields up to 16 mols. % of the acetoxyaldehydes, as a liquid, b. p. 
134—136°, which subsequently crystallised, the solid having m. p. 
64—66° (Found: C, 54:1; H, 94. Cale.: C, 545; H, 9-1%). 
The combined aqueous extracts contained glycollaldehyde, which, 
having been qualitatively recognised, was roughly estimated by 
means of Fehling’s solution (reduction occurs in the cold), and then 
precipitated in the form of its phenylosazone, m. p. 169° (Found : 
C, 70-5; H, 5:9; N, 23-7. Cale.: C, 70-6; H, 5-9; N, 23-5%). 
For the preparation of the osazone a standard procedure, based on 
that of Fenton and Jackson (J., 1899, 75, 578), was used which was 
known to lead to a 60% conversion. The reduction of copper salts 
indicated a content of the aldehyde corresponding to 51%, and the 
yield of osazone, on the basis of the conversion given, represented 
glycollaldehyde equivalent to 47% of the original acetoxyaldehydes. 

Action of Bromine and Water on «-Phenylbutadiene.—Muskat and 
Grindley (J. Amer. Chem. Soc., 1930,'52, 1574) have examined the 
action of halogen-free hypochlorous and hypobromous acids on 
a-phenylbutadiene; their oily addition products yielded much 
benzaldehyde on ozonolysis and that derived from hypochlorous 
acid gave 8-chloro-«-phenylbutadiene amongst the products of its 
thermal decomposition. 

The hydrocarbon, prepared from cinnamaldehyde and methy]l- 
magnesium bromide by Heide’s method (Ber., 1904, 37, 2103), had 
b. p. 90—91°/15—16 mm., and it crystallised on cooling in ice. The 
methods of treatment with bromine and of reduction of the product 
were substantially the same as those described in relation to the 
experiments on isoprene. The halogen-free material on distillation 
gave a more volatile fraction, probably containing y-pheny]-«-methy]- 
allyl ethyl ether, together with a main fraction, b. p. 133—135°/14— 
15 mm., consisting of y-phenyl-«-methylallyl alcohol (Found : 
C, 80-8; H, 8-0. Cale.: C, 81-1; H, 8-1%), which was identified 
by the m. p. (93°) of its phenylurethane, and the mixed m. p. of this 
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compound with a specimen derived from a sample of alcohol prepared 
according to Klages’s method (Ber., 1902, 35, 2650). The ozonide 
of the more volatile fraction on boiling with acidified water gave 
benzoic and pyruvic acids, of which the latter was identified by the 
preparation of its phenylhydrazone (compare Burton, J., 1929, 
455). 

Action of Bromine on «-Bromobutadiene.—The bromohydrocarbon, 
prepared from pure butadiene dibromide (m. p. 54°) by Willstatter 
and Bruce’s method (Ber., 1907, 40, 3924), had b. p. 91—93°. 
Treatment with bromine (1 mol.) (a) in hexane at — 35°, (6) in 
chloroform at — 35°, (c) in chloroform at + 35°, and (d) in acetic 
acid at 20°, followed by direct distillation of the solvent and sub- 
sequently of the product, yielded in all cases a straw-coloured oil, 
b. p. 110—112°/15 mm., 114—115°/18 mm., 109—112°/14 mm., 
115—116°/20 mm., which was identified as «y3-tribromo-As-butene 
(Found: C,; 16-5, 16-8, 16-7, 16-7; H, 2-1, 1-8, 2-0, 1-9; Br, 81-6, 
82-1. C,H,;Br, requires C, 16-4; H, 1-7; Br, 81-9%). All four 
specimens on ozonolysis by the second or third of the methods 
described in connexion with the degradation of the chlorodibromo- 
butenes yielded carbon monoxide, hydrogen bromide, and, «-bromo- 
acraldehyde (Found : C, 26-7, 26-6; H, 2-3, 2-3%; semicarbazone, 
m. p. and mixed m. p.’s, 160°). 

Action of Hydrogen Bromide on «-Bromobutadiene.—Dry hydrogen 
bromide (1 mol.), free from bromine, was liquefied and subsequently 
allowed to set to a compact solid mass in a tube cooled in liquid air. 
‘Dry ether was added and after this had solidified above the hydrogen 
bromide the bromohydrocarbon was introduced, and the tube was 
sealed, kept at the ordinary temperature for several days, and finally 
heated at 60° for 1 hour. No great pressure was released when the 
tube was opened, and the product, after removal of the ether, had 
b. p. 59—61°/15 mm., and gave no indication of containing a more 
volatile fraction (Found: C, 22-1; H, 2:7; Br, 75-0. C,H,Br, 
requires C, 22-4; H, 2-8; Br, 74:8%). The substance was identified 
as ay-dibromo-A*-butene by its behaviour towards permanganate. 
When it was treated with this reagent (equivalent to 4-5 atoms of 
oxygen) in aqueous acetone in the presence of excess of magnesium 
sulphate, first at the ordinary temperature and later at 35—40°, a 
product was obtained which, on removal of the metallic oxides and 
the acetone, and working up for organic acids by thorough extraction 
of the acidified solution with ether, yielded only «-bromopropionic 
acid, b. p. 109—112°/14—15 mm., m. p. 22—23° (after one distil- 
lation). Owing to the hygroscopic character of this acid, its identi- 
fication was completed by converting it into its chloride with thionyl 
chloride, and thence into the amide with ammonia in dry benzene. 
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Crystallised from benzene, the amide had m. p. 122—123°, both 
alone and after admixture with a specimen prepared from propionic 
acid via «-bromopropiony] bromide. 


THE UNIVERSITY OF LEEDS. 
UnivERsSITY COLLEGE, LONDON. [Received, September 9th, 1931.] 





CCCLXXXITI.—The Modes of Addition to Conjugated 
Unsaturated Systems. Part IV. Further Remarks 
and Observations on the Additions of Pseudo-acids. 


By Jack BLoom and CHRISTOPHER KELK INGOLD. 


General.—A statement of the position of this and the preceding paper 
in the general scheme of these investigations necessitates reference 
to the classification of additions to conjugated unsaturated systems 
which prefaced the brief review given in Part I (J., 1928, 910). This 
classification, which is based on the nature of addenda and the 
structural influences affecting unsaturated systems, may be restated 
in the following modified form : 

Case 1. Both parts of addendum stable as anions [e.g., Br,,ICl]. 
Structural influences (a) favour, (6) inhibit anionotropy. 

Case 2. One part of addendum stable as anion and the other as 
kation, the kationic component being the more reactive [e.g., HBr]. 
Structural influences (a) favour, (6) inhibit anionotropy. 

Case 3. One part of addendum stable as anion and the other as 
kation, the anionic component being the more reactive [e.g., HCN, 
CH,(CO,Et),]. 

Case 4. Both parts of addendum stable as kations [e.g., H,]. 

Although cases 2 and 3 were not formally separated in Part I, 
the basic reason was given for effecting such a separation : it is that 
the mechanism of addition is different, reaction being initiated by 
kation-attack in case 2 and by anion-attack in case 3. One conse- 
quence of this is that the place of anionotropic phenomena in the 
orientation theory of case 2 is taken by reversibility effects in case 3. 
An alternative statement is that whilst, in case 2, the electromeric 
displacements which determine the distribution of the anion take 
place in a first-formed kation, which, after co-ordination, yields the 
molecular products, in case 3 they occur in the original unsaturated 
molecule, which, after co-ordination, gives the anions of the products ; 
in short, the distribution of the anion is determined in the final stage 
of addition in case 2, but in the initial stage of addition incase3. A 
second, dependent difference is that, whereas in case 2 the anion- 


affinity required for the addition of the anionic component of the 
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addendum is furnished by the positive charge introduced in the first 
stage of addition, in case 3 the mechanism does not thus automatic- 
ally furnish the necessary form of reactivity and hence some kind of 
electron-sink must be present originally in the unsaturated molecule. 
The effect of this on the classification is that the sub-division of case 2 
according to the character of the structural influences contained in 
the unsaturated complex has no counterpart in case 3, in which 
electropolar nature of the dominating constitutional effect is pre- 
determined. It still remains true that the analogies between the 
two cases in regard to the orientation effects they exhibit are very 
close; nevertheless the difference of mechanism leads to distinctions 
which, it is now considered, are of sufficient importance to justify the 
separation indicated. 

Cases la, 2a, and 3 of the revised classification were briefly re- 
viewed in Part I. Further consideration was given to cases la and 
2a in the preceding paper, and this communication continues the 
discussion of case 3. 


Addition of Pseudo-acids to Derivatives of Conjugated Poly-enes. 


In connexion with the general outline, given in Part I, of the 
orientation theory of these reactions, reference was made to the 
addition (Michael’s reaction) of malonic ester to sorbic ester. The 
choice of this as a standard case with which to illustrate the prin- 
ciples submitted was deliberate. It had long been known that the 
main product of this reaction is the «3-addition compound, and, at 
that time (1928), four independent investigations (Vorlander, 1906; 
Farmer, 1924; Kohler and Butler, 1926; Farmer and Healey, 1927) 
had been carried out with the object of detecting the simultaneous 
production of an «®$-addition isomeride—all without success. 
Further, the analogous addition of malonic ester to vinylacrylic ester 
had been independently studied by Kohler and Butler (1926) and by 
Farmer and Healey (1927) with completely parallel results: «8- 
addition could not be detected. Finally, Farmer and Healey (1927) 
had investigated the effect of replacing methyl malonate by ethyl 
methyleyanoacetate in both these reactions; the results were 
exactly the same; and, summarising their experience with all these 
reactions, the last-named investigators stated: ‘“ In no experiment 
could any divergence from the (a8) type of addition be observed, and 
in particular, there is little doubt of the entire absence of «8-products.” 
Despite this body of consistent experience, theoretical considerations 
indicated that, in the case of sorbic ester (and the same could have 
been said of any 8-monoalkylvinylacrylic ester), the addition 
products with malonic and cyanoacetic esters should contain 
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significant amounts of the «$-isomerides; and thus the authors of 
Part I, being unable to convince themselves that the cause of the 
discrepancy lay with the theory, stated their conclusions with 
respect to sorbic ester, and directed attention to the contrary indi- 
cation of recorded observation. Since Part I was published, Farmer 
and Mehta have shown (J., 1930, 1610) that, notwithstanding the 
previous failures to detect «$-addition compounds,* the product of 
the addition of methyl malonate to methyl sorbate does indeed 
contain 8-5 + 1-5% of the «8-isomeride. 

A serious difficulty having been resolved by this important experi- 
mental demonstration, it is possible to continue the discussion, 
initiated in Part I, of the group of examples represented by the 
esters of vinylacrylic acid and its alkyl and aryl derivatives. The 
elementary theory is that the conductivity of unsaturated ions, 
including dipolar ions, guarantees the distribution between Cs; and 
Cg of the positive charge produced by the primary polarisation, 
whilst the greater lability of double bond electrons than of single 
bond electrons determines the dominant reactivity of C; : 


, le “™ 
R—>CH—CH —>CH=CH —>CO,R’ 
6 y B a 


This holds provided the conditions of substitution in the Cs: C,- 
and C,:C,-units, which determine the respective degrees of 
reversibility of the corresponding addition reactions, are com- 
parable, and it is for this reason that sorbic ester, in which 
both Cs and Cg, are tertiary, rather than vinylacrylic ester, was 
selected as a test case in Part I, and is now treated as the point of 
departure. 

Sorbic and Crotonylidenemalonic Esters.—Reference has already 
been made to Farmer and Mehta’s result for the addition of methyl 
malonate to methyl sorbate. We have shown that ethyl cyano- 
acetate and ethyl sorbate yield an addition product containing 
10 + 2% of the af-isomeride. It follows that the replacement of 
methyl malonate by a more reactive y-acid has little effect on the 
orientation of addition. We have also examined the addition 
product of methyl cyanoacetate and methyl crotonylidenemalonate 
and find that it contains 16 + 2% of the «6-compound. This shows 
that the increased efficacy of the «-situated electron-sink does not 
alter the type of orientation, though it diminishes the disparity 
between the proportions of the isomerides. 

Vinylacrylic Ester—The influence of 3-alkylation may be en- 
visaged as a simple application of the effect (Cooper, Ingold, and 


* Detailed references to the previous literature will be found in this paper. 
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Ingold, J., 1926, 1868) of the $-alkylation of acrylic esters in re- 
pressing Michael-equilibria * in favour of the factors, 
R—>(C—CHX, == R—C + CHX;. 
In the more complex case of vinylacrylic esters, «3-addition would be 
selectively repressed by 58-alkylation, the double equilibrium, «8- 
products => factors —~ «$-products, being shifted towards the right. 
Accordingly methyl vinylacrylate and methyl malonate should give 
considerably less than 8-5°% of «$-addition product, and, in con- 
formity with previous experience of this reaction (above), we find 
that the proportion of «$-isomeride is certainly under 2%. 
8-Methylsorbic Ester—Analogously, the product of addition of 
malonic ester to this ester should contain substantially more than 
8-5% of the «8-compound. This inference still awaits verification. 
y-Methylsorbic Ester—Not only $-alkylation in acrylic esters, but 
a-alkylation also is known to repress Michael-equilibria in favour of 


the factors (Cooper, Ingold, and Ingold, loc. cit.), the alkyl group in 


(x T™ 
this case acting through an unsaturated linking, R-—> C=C —CHX,. 


It follows that the effect of y-alkylation in vinylacrylic esters should 
be qualitatively similar to that of 8-alkylation. In particular, 
y-alkylsorbic esters, in reaction with cyanoacetic esters, ought to 
yield a considerably higher proportion than 10% of af-addition 
product. Farmer and Mehta have in fact shown (loc. cit.) that the 
proportion of «$-isomeride in the product of addition of methyl 
cyanoacetate to methyl y-methylsorbate is much more nearly 50%. 


* Regarding the establishment of these equilibria, see Vorlander (Ber., 
1900, 38, 3185) and Ingold and Powell (J., 1921, 119, 1976). The last-named 
authors regret that at the time of the publication of their paper, and indeed 
for some years afterwards, they remained unaware that the general pheno- 
menon to which they had directed attention had been observed by Vorlander 
many years earlier. 

+ Since this paper was written a further publication by the same authors 
has appeared (this vol., p. 1904) in which they give 70—74-5% as the pro- 
portion of af-isomeride formed from ethyl cyanoacetate and ethyl y-methy]- 
sorbate. The authors also confirm their earlier result for methyl sorbate 
and ours for ethyl B-methylsorbate (using, however, ethyl malonate, whereas 
we used ethyl cyanoacetate), and, by showing that crotonylideneacetone and 
methyl malonate yield 27—29% of af-product, they provide a new instance 
of the effect (p. 2767) of increasing the efficacy of the a-situated electron-sink. 
Incidentally, several of the points in the paragraph on the relative facility 
of addition (p. 2770) are illustrated; notably, the positions assigned to 
B-methylsorbic and f$-dimethylsorbic esters in the alkyl-substituted series, 
and the relation of £-methylsorbic ester to its phenyl analogue, f-styryl- 
cinnamic ester, are substantiated. Thus these most recent results are con- 
sistent both with the observational data now recorded and with our generai 
interpretation of the conjugative additions of pseudo-acids. 
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8-Methylsorbic Esters.—An entirely similar argument shows that 
g-alkylation in vinylacrylic esters should selectively repress «®- 
addition. As an example, the proportion of «$-isomeride in the 
product of the addition of ethyl cyanoacetate to ethyl $-methyl- 
sorbate should be definitely less than 10%. We find that, although 
appreciable, it is not more than 2%. 

a-Methylsorbic Esters —Analogously, the product of addition of 
ethyl cyanoacetate to ethyl «-methylsorbate should contain sub- 
stantially less than 10% of the «$-compound. We find that the 
proportion is appreciable but is actually not more than 2%. 

Cinnamylideneacetic and Cinnamylidenemalonic Esters.—The very 
great electron-releasing power of the 3-phenyl substituent in these 
compounds would be expected (compare Part I) strongly to repress 
a3-addition and thus to cause the formation of high proportions 
of «$-addition products. So far as cinnamylideneacetic esters are 
concerned, Vorlainder and Groebel (Annalen, 1906, 345, 206) showed 
that this is so, the products of addition with malonic esters consisting 
wholly or almost wholly of the «$-isomerides; we have, indeed, 
confirmed this result using a different experimental method. With 
regard to methyl cinnamylidenemalonate, it is known that «f- 
addition products are formed with hydrogen cyanide (Thiele and 
Meisenheimer, Annalen, 1899, 306, 247) and with nitromethane 
(Kohler and Engelbrecht, J. Amer. Chem. Soc., 1919, 41, 764), and 
that, in the latter case at least, the isomeride isolated is substantially 
the only one produced. The reaction with methyl malonate pursues 
a complicated course which is at present the subject of investigation. 
The reaction with methyl cyanoacetate is also complex, but in this 
case we are able to show that it is initiated by «$-addition,'since the 
actual products, methyl «-cyanocinnamylideneacetate and methyl 
malonate, whilst they have no intelligible connexion with a product 
of «3-addition, are the substances to be expected from the incursion 
of a retrograde Michael reaction following the formation of the 
«3-isomeride. 

8-Styrylcinnamic Hster—The presence of phenyl substituents in 
both 8- and 8-positions is expected strongly to repress both «8- and 
«3-addition, and it is therefore scarcely surprising that, using 
cyanoacetic ester, we were unable to obtain practicable yields of 
addition products. Should it be possible to find a sufficiently 
active y-acidic addendum, the products of addition, in contrast to 
those derived from cinnamylideneacetic ester, should consist largely 
of 1 : 4-addition compounds. 

Muconic Ester—The 8-positions should evidently be the more 
reactive towards the anions of J-acids, and this is consistent with the 
known mode of attachment of cyanoacetic and malonic esters 
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(Farmer, J., 1922, 121, 2015; 1923, 123, 3324; Farmer and Mehta, 
this vol., p. 1762). The formation of a dicyclopropyl ester rather 
than a cyclopentadiene ester from methyl ««’-dichloromuconate and 
methyl malonate (Farmer, J., 1923, 123, 3332) is closely allied and is 
also consistent. 

Facility of Additions.—The preceding considerations enable us to 
foretell the effect of structural changes in the unsaturated substance 
on the facility of addition in simple cases, i.e., the relative yields in 
which addition products should be formed with a given addendum 
under given conditions of temperature and concentration. Thus for 
substitution by methyl the order should be, 

vinylacrylic ester>sorbic ester>«- and £-methylsorbic esters> 
y- and 8-methylsorbic esters> 83-dimethylsorbic esters 
and for substitution by pheny] it should be, 
vinylacrylic ester>cinnamylideneacetic ester> 8-styrylcinnamic 
ester. 
The recorded facts confirm the first sequence to the following 
extent : 
vinylacrylic ester>sorbic ester>«- and $-methylsorbic esters> 
y-methylsorbic ester, 
the positions of 8-methyl- and $8-dimethyl-sorbic esters being as yet 
unknown.* The second sequence is completely confirmed by experi- 
ment. It can also be foreseen that the disparities in the second 
sequence should be greater than those in the corresponding methy]- 
sequence, viz., 
vinylacrylic ester>sorbic ester>-methylsorbic ester, 
and this also is fully confirmed by experimental results. 


EXPERIMENTAL. 

Addition of Methyl Malonate to 8-Vinylacrylate—The addition 
product (Kohler and Butler, op. cit.) was first examined by ozonolysis 
in conjunction with Schryver’s test for formaldehyde, by which it 
was found possible to detect 1 part of this substance in the presence 
of 500 parts of acetaldehyde in solutions of concentration 0-2—2-0°, 
with respect to the latter. Acetaldehyde was present in the volatile 
ozonolysis product, but formaldehyde could not be detected with 
certainty. The less volatile products were treated with cold hydro- 
gen peroxide and the acids were isolated, and esterified with methy] 
alcohol. Malonic and succinic acids were obtained on fractionation 
of the esters and saponification of the fractions. 

On reduction in aqueous acetic acid by means of hydrogen and 
platinum-black the addition product yielded methyl pentane-zz- 


* See footnote, p. 2768. 
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tricarboxylate, b. p. 172—176°/19—20 mm. (Found: C, 53-3; H, 
7:4. C,,H,,0, requires C, 53-6; H, 7-39), which on boiling for 8 
hours with 20% hydrochloric acid gave almost pure pimelic acid 
(m. p. and mixed m. p.). Since $-vinylacrylic acid is now preparable 
in quantity (Burton and Ingold, J., 1929, 2028), the yield in the 
Michael reaction is 75%, and the subsequent processes are practically 
quantitative, this series of reactions seems to constitute a method at 
least as convenient as any which exist for the preparation of pimelic 
acid. §-Ethylglutaric anhydride could not be separated from the 
unpurified pimelic acid by digestion with acetic anhydride and 
subsequent distillation. 

“Addition of Ethyl Cyanoacetate to Ethyl Sorbate—The addition, 
carried out by a method based on that of Kohler and Butler (op. cit.), 
gave in 76% yield a product, b. p. 180—189°/15—16 mm., sub- 
sequently shown to consist of a mixture of ethyl «-cyano-8-methyl- 
Av-pentene-ae-dicarboxylate and ethyl «-cyano-$-propenylglutarate 
(Found: C, 61-3; H, 7-4. C,3H,,0,N requires C, 61-6; H, 7-5%). 
It was completely hydrolysed by boiling first with dilute sulphuric 
acid until carbon dioxide ceased to be evolved, and then with aqueous 
sodium hydroxide in order to*complete the elimination of nitrogen 
as ammonia. The oily acid was left in contact with hydriodic acid 
(8 parts; prepared by saturating the commercial acid with hydrogen 
iodide below 0°) at the ordinary temperature for 1 day, and the 
solution was then slightly diluted with water, mixed with phosphorus 
(0-25 part), and heated at 140° for 6 hours. The acid product, which 
was further reduced by zinc dust and acetic acid in order to eliminate 
some combined iodine, after complete distillation in the vacuum of 
an oil-pump, was obtained as a colourless oil from which $-methyl- 
pimelic acid, m. p. 47—48°, could be obtained by cooling and seeding. 
The over-all yield of the distilled mixture of acids based on the original 
addition product was, in the two best experiments, 85%, and 87%, 
and it is considered that the loss was mainly mechanical, because, 
in a control experiment in which each process was duplicated before 
proceeding to the next, the over-all yield was lower but the com- 
position the same. The samples of distilled acid (Found: C, 55-5; 
H, 7:8; M, by titration, 175, 175. Cale. for Cg,H,,0,, dibasic : 
C, 55-2; H, 80%; M, 174) were dehydrated with acetic anhydride 
and the §-n-propylglutaric anhydride was separated from the 
polymolecular §-methylpimelic anhydride by distillation (this 
method of separation is due to Farmer and Mehta, loc. cit.), and con- 
verted into its anilic acid, on the yield of which (m. p. 128°. Found: 
C, 67-4; H, 7-5. Cale.: C, 67-4; H, 7-6%) the figure for the pro- 
portion of «-addition given in the introduction is based. The 
methylcyclohexan-3-one, obtained by completing the distillation at 
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a higher pressure, was identified as its semicarbazone (m. p. and mixed 
m. p. 191°). 

Addition of Methyl Cyanoacetate to Methyl Crotonylidenemalonate.— 
The addition reaction, carried out analogously, yielded a viscous 
oil, b. p. 182—187°/2 mm., 190—200°/3 mm., 211—220°/9 mm.., 
shown later to consist of a mixture of methyl «-cyano-B-methyl-Ay- 
pentene-xes-tricarboxylate and methyl «-cyano-«-carboxy-8-propenyl- 
glutarate (Found: C, 55-2; H, 5-8. C,,H,,O,N requires C, 55-1; 
H, 60%). It was hydrolysed, the hydrolysis product was reduced, 
and the reduced acids (Found: C, 55:2; H, 7-9%) were separated 
exactly as described above. 

Addition of Ethyl Cyanoacetate to Ethyl §-Methylsorbate—Ethyl 
8-hydroxy-$-methyl-Ayv-hexenoate (Burton and Ingold, J., 1929, 
2029) was distilled under ordinary pressure, and the ethyl 6-methyl- 
sorbate thus obtained was taken up in ether, dried with calcium 
chloride, and distilled. It had b. p. 102—104°/17—18 mm. (Found : 
C, 70-1; H, 9-2. C,H,,0, requires C, 70-1; H, 91%). The 
addition, carried out by the general method already mentioned, gave 
an oil (yield, 65%), b. p. 195—200°/5—16,mm., shown later to 
consist essentially of ethyl «-cyano-By-dimethyl-Ay-pentene-ae-di- 
carboxylate (Found: C, 62-6; H, 7-8. C,,H,,O,N requires C, 
62-9; H, 7-8%). On hydrolysis, reduction and dehydration by the 
method already described, it yielded no separable quantity of a 
substituted glutaric anhydride. The semicarbazone of the ketone 
had m. p. 191—195° (Found: C,.59-2; H, 9-2. Cale.: C, 59-0; 
H, 9-3°), and its oxime m. p. 72—73° (Knoevenagel, Annalen, 1897, 
297, 163, records 190—196° and 73° for the m. p.’s of these de- 
rivatives of 1 : 3-dimethylceyclohexan-3-one). 

The hydrolysis product on ozonolysis yielded methylsuccinic acid 
in quantity (m. p. and mixed m. p.). Acetone and acetaldehyde 
were qualitatively detected, and the p-nitrophenylhydrazone of the 
latter was obtained in quantity sufficient for confirmatory identi- 
fication (m. p. and mixed m. p.). 

Addition of Ethyl Cyanoacetate to Ethyl «-Methylsorbate-—The 
addition product (yield, 67°), consisting essentially of ethyl «-cyano- 
ae-dimethyl-Av-pentene-xe-dicarboxylate, had b. p. 196—200°/17—18 
mm. (Found: C, 62-8; H, 7-7. C,,H,,0,N requires C, 62-9; H, 
7-8°), and, on degradation as in the preceding example, gave similar 
results. The ketone had b. p. 174—176°, and its semicarbazone 
(Found: C, 58-8; H, 9-1. Cale.: C, 59:0; H, 93%) m. p. 166— 
167° (Harding, Haworth, and Perkin, J., 1908, 93, 1970, record 
174—177° as the b. p. of 1 : 4-dimethylcyclohexan-2-one and 167° as 
the m. p. of its semicarbazone). 

The hydrolysis product when ozonised gave a large amount of 
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methylsuccinic acid (m. p. and mixed m. p.), and a very small 
amount of acetaldehyde which was isolated as its p-nitrophenyl- 
hydrazone (m. p. and mixed m. p.). 

Addition of Methyl Malonate to Methyl Cinnamylideneacetate.— 
The product of this reaction (Vorlinder and Groebel, loc. cit.) was 
hydrolysed, decarboxylated at 160°, and examined by the method 
of ozonolysis. The ozonide, prepared in chloroform, was decom- 
posed with water and the products were oxidised with hydrogen 
peroxide. The products were tricarballylic acid, which was isolated 
as its lead salt and identified as such and as its anhydro-acid (m. p.’s 
and mixed m. p.’s), and benzoic acid. 

Addition of Methyl Cyanoacetate to Methyl Cinnamylidenemalonate. 
—This reaction proceeded rapidly in the cold in the presence of small 
proportions of sodium methoxide, and methyl «-cyanocinnamylidene- 
acetate separated in large yield as a yellow crystalline solid, m. p. 
143—145° (Found: C, 73:1; H, 5-2; N, 7-0. C,,H,,0,N requires 
C, 73-2; H, 5-2; N, 6-6%). Methyl malonate was obtained from 
the alcoholic liquid and identified by conversion into malonamide 
(m. p. and mixed m. p.). 

The cyano-ester was independently synthesised by adding a few 
drops of sodium methoxide solution to a mixture of cinnamaldehyde 
and methyl cyanoacetate. The mixture rapidly set to a yellow 
mass, which, having been drained and crystallised from methyl 
alcohol, was found to be identical with the previous specimen (m. p. 
and mixed m. p.). 

Formation and Properties of Ethyl 8-Styrylcinnamate.—Chalkone 
(10-4 g.), ethyl bromoacetate (10 g.), and zine (4 g.) were heated 
together in dry benzene (30 c.c.) until the zinc began to dissolve: 
the source of heat was then removed and the reaction was allowed 
to proceed spontaneously. After the spontaneous reaction had 
ceased, the mixture was heated for 30 minutes, cooled, poured into 
dilute sulphuric acid, and extracted with benzene. The residue 
obtained by drying and evaporating the solvent, on crystallisation 
from benzene, gave ethyl §-hydroxy-8-phenyl-8-styrylpropionate, 
needles, m. p. 93°, in almost theoretical yield (Found: C, 77-2: 
H, 6-8. C,.H,.0, requires C, 77-0; H, 6-6%). When this ester was 
heated for 1 hour with half its weight of potassium hydrogen sulphate, 
and the ethereal extract of the product was dried and distilled, ethyl 
8-styrylcinnamate was obtained in excellent yield as a pale yellow 
oil, b. p. 237°/10 mm. (Found: C, 82:3; H, 6-3. C, gH,,0, requires ° 
C, 82-0; H, 65%). Attempts to combine this ester with ethyl 
cyanoacetate in the presence of various proportions of sodium 
ethoxide uniformly resulted in the recovery of unchanged materials. 

Miscellaneous Observations.—{i) p-Bromobenzyl cyanoacetate, pre- 
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pared by boiling a benzene solution of p-bromobenzyl bromide 
with silver cyanoacetate, separated from benzene in prisms, 
m. p. 84—85° (Found: C, 47:3; H, 3:1. Cy gH,O,NBr requires C, 
47-3; H, 3-2%). 

(ii) Methyl -y-benzoyl-8-phenyl-x-carboxybutyrate, prepared from 
chalkone and methyl malonate in the presence of piperidine, crystal- 
lised from methyl alcohol in prisms, m. p. 104° (Found: C, 70-9; 
H, 5-9. C, 9H,,0; requires C, 70-6; H, 59%). Its constitution 
follows from its hydrolysis to y-benzoyl-8-phenylbutyric acid (Vor- 
lander and Knotsch, Annalen, 1897, 294, 332), which was identified 
by its m. p., and that of its oxime. 

(iii) 8-Styrylcinnamic acid was prepared by boiling its ethyl ester 
(above) for 2 hours with 10% aqueous-alcoholic potassium hydroxide, 
precipitating the acid with hydrochloric acid, and crystallising it 
from alcohol or acetic acid, from which it separated in rhombic 
prisms, m. p. 145° (Found: C, 81-4; -H, 5-5. C,,H,,0, requires 
C, 81-6; H, 56%). On treatment of the acid with 2 atoms of 
bromine in cold chloroform combination slowly took place, and, on 
removal of the solvent, a viscous liquid was obtained which solidified 
only after rubbing with ether. The solid product, a bromo-s- 
styrylcinnamic acid, crystallised from alcohol in needles, m. p. 170° 
(Found: C, 61:5; H, 40. C,,H,,0,Br requires C, 62-0; H, 
4-0%). The reduction of 8-styrylcinnamic acid will be described in 
a later communication. 

THE UNIVERSITY OF LEEDS. 
UnIvERSITY COLLEGE, LONDON. [ Received, September 9th, 1931.] 





CCCLXXXIV.—Organic Derivatives of Silicon. Part 
XLV. The Fission of Aromatic Si—R Links by 
Aluminium Chloride. 

By Watter Eric Evison and Freperic STANLEY KIPPING. 


Wir the object of working out a general method for the production 
of alkyl derivatives of aromatic silicon compounds, the Friedel and 
Crafts reaction was tried with diphenylsilicon dichloride. 
Aluminium chloride dissolves in the dichloride, giving a red 
solution, but no evolution of halogen acid occurs even at about 100°. 
’ On the addition of ethyl bromide, a reaction starts at the ordinary 
temperature, and when heat is applied halogen acid is rapidly 
evolved. Alkyl derivatives of the dichloride are not obtained ; the 
products are silicon tetrachloride, phenylsilicon trichloride, and 
ethyl derivatives of benzene. Since diphenylsilicon dichloride is 
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stable towards hydrogen chloride at 200°, it was inferred that the 
dichloride had reacted with the aluminium chloride as follows : 


SiPh,Cl, + AICI, = PhAICl, + SiPhCl, ; 
SiPhCl, + AIC], = PhAICI, + SiC]. 


Further experiments confirmed this view. Diphenylsilicon 
dichloride, heated alone with aluminium chloride at about 70°, 
gives silicon tetrachloride and a solid, which is decomposed by water, 
with the formation of benzene and basic aluminium salts, and which, 
after it has been well washed with light petroleum, gives aceto- 
phenone when it is treated with acetyl chloride and then with 
water. 

Other phenyl derivatives of silicon are decomposed by aluminium 
chloride, probably in an analogous manner. Tetraphenylsilicane, in 
chloroform solution, is decomposed at the ordinary temperature; at 
about 50° during 30 minutes at least 80° of the silicon in the original 
compound is converted into silicon tetrachloride. 

Octaphenylcyclosilicotetrane under like conditions is algo attacked 
by aluminium chloride at the ordinary temperature and when the 
filtered solution is treated with water, it gives a solid, most of which 
is insoluble in organic solvents. It was hoped that this solid might 
be an octahydroxycyclosilicotetrane, Si,(OH),, formed by the 
hydrolysis of an octachlorocyclosilicotetrane, but its low hydrogen 
value indicated that Si-Si links had been severed with the formation, 
possibly, of silico-oxalic acid. 

Trianhydrotrisdiphenylsilicanediol in chloroform solution gives 
silicon tetrachloride at the ordinary temperature, the oxygen atoms 
in the Si-O-Si groups being also displaced by chlorine, but a great deal 
of charring occurs. 

The Si-CH,Ph link also undergoes fission by aluminium chloride, 
tetrabenzylsilicane giving silicon tetrachloride even at the ordinary 
temperature. 


EXPERIMENTAL. 


Diphenylsilicon Dichloride, Ethyl Bromide, and Aluminium 
Chloride.—Diphenylsilicon dichloride (20 g.; 1 mol.) was treated 
with anhydrous aluminium chloride (10-5 g.; 1 mol.), which dissolved 
completely, giving a dark red viscous liquid. Ethyl bromide 
(40 g.; 5 mols.) was then added in five equal portions in the course 
of 2 days. The first and the second portion caused a considerable 
development of heat and a brisk evolution of hydrogen bromide, but 
the later ones did not cause any notable rise in temperature or other 
sign of a reaction. The mixture was afterwards warmed gently until 
the evolution of halogen acid, containing probably some silicon 
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tetrachloride, had ceased; the total amount of the acid, collected in 
water, was approximately only 2} mols., although the whole of the 
ethyl bromide had been changed. This result, and the fact that 
most of the hydrogen bromide is evolved during the addition of the 
first 2 mols. of ethyl bromide, seem to show that the supposed 
phenylaluminium dichloride is converted into ethyl derivatives, 
which are decomposed by hydrogen bromide during the later stages 
of the reaction. 

The main product had gradually separated into two layers in the 
course of the reaction; the upper one was colourless and fumed 
strongly; the lower one was a very viscous, dark red liquid. The 
upper layer, decanted, began to boil at about 70° and four fractions 
were collected up to 185°/760 mm.; two others were collected from 
100° to 130°/45 mm. Each fraction was separately treated with 
water; an examination of the products proved that the first four 
fractions consisted of silicon tetrachloride mixed with an oil which 
was free from halogen; the two higher fractions consisted of a 
similar oil, mixed with a small proportion of phenylsilicon trichloride. 
The lower, dark red layer, treated with water, gave a little silica and 
phenylsiliconic acid and an oil similar to the products referred to 
above. The combined portions of oil boiled from 140° to 220° and 
doubtless consisted of various ethyl derivatives of benzene; the 
fraction of lowest b. p. on prolonged oxidation with nitric acid 
afforded benzoic acid, and a higher fraction with alkaline per- 
manganate gave what seemed to be a mixture of benzenedicarboxylic 
acids. 

Attempts to prepare ethyl derivatives of diphenylsilicon dichloride 
by this method, but using a very small proportion of aluminium 
chloride, were unsuccessful. 

Diphenylsilicon Dichloride and Aluminium Chloride.—Diphenyl- 
silicon dichloride (10 g.; 1 mol.) was treated with aluminium 
chloride (15 g.; 3 mols.), most of which dissolved, giving a dark red 
solution, but no evolution of halogen acid occurred. At 70° the 
mixture began to fume and in the course of about an hour drops of 
a colourless liquid, which gradually increased in quantity, condensed 
in the upper portions of the reaction flask. The liquid, decanted 
from the pasty or solid matter, distilled between 60° and 80° and was 
proved to be silicon tetrachloride. The residue in the reaction flask, 
treated with ice, gave an oil, b. p. 70—90°, which proved to be 
benzene. 

Diphenylsilicon dichloride (15 g.) was warmed with aluminium 
chloride (20 g.) at 70° during about 1 hour only. Light petroleum 
free from aromatic hydrocarbons was then added, the clear solution 
decanted, and the residue well washed with light petroleum. This 
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residue, cooled in ice, was treated with acetyl chloride at the ordinary 
temperature; after 1 hour the solution was poured on ice; the 
yellow oil which separated was proved to be acetophenone. 

Tetraphenylsilicane and Aluminium Trichloride.—Tetraphenyl- 
silicane, dissolved in chloroform, was treated with aluminium 
chloride (about 4} mols.) and after 12 hours the yellowish-brown 
solution was distilied on a water-bath. The distillate contained 
silicon tetrachloride and the weight of silica obtained from it showed 
that about 80% of the tetraphenylsilicane had been converted into 
the tetrachloride. The residue in the flask, with water, gave a small 
quantity of a yellow glue-like solid, probably phenylsiliconic acid, 
and an appreciable quantity of what seemed to be carbon. 

Octaphenylcyclosilicotetrane and Aluminium Chloride.—Octa- 
phenyleyclosilicotetrane (Kipping and Sands, J.; 1921, 119, 830), 
dissolved in chloroform, was treated with aluminium chloride (8} 
mols.), and the mixture left during 24 hours at the ordinary tem- 
perature. The dark brown solution was then decanted, the residue 
washed with chloroform, and the combined filtered solutions poured 
on ice. The yellow pasty product which was precipitated, washed 
with acetone and with benzene, afforded a yellow powder, the weight 
of which, when air-dried, was about 25% of that of the silicohydro- 
carbon used. This product, dried at 130°, charred to some extent 
when ignited with sulphuric acid and gave 71% of silica; it evolved 
hydrogen with alkali in the cold and gave a hydrogen value (c.c. per 
g.) of 144, but as nearly 50% of the powder did not dissolve, it 
must have contained some compound having a much higher hydrogen 
value than that of silico-oxalic acid (H.V. 184). As it was evident 
that Si-Si links had undergone fission, and that in addition a great 
deal of charring had occurred, no further attempts to prepare the 
hydroxide, Si,(OH),, were made. 

Trianhydrotrisdiphenylsilicanediol and Aluminium Chloride.— 
The silicon compound, (SiPh,O),, dissolved in chloroform, was 
treated with rather more than 6 mols. of aluminium chloride. The 
solution became red but no other change was noted. The mixture 
was left for a few days at the ordinary temperature, during which time 
it turned black, and the decanted chloroform solution was then 
distilled ; the distillate fumed strongly and gave silica with water and 
also a glue-like product soluble in aqueous alkali which no doubt was 
phenylsiliconic acid. The residue from which the chloroform 
solution had been decanted contained a considerable quantity of 
what seemed to be carbon. 

Tetrabenzylsilicane and Aluminium Chloride.—The silicohydro- 
carbon, dissolved in chloroform and treated with more than 4 mols. 
of aluminium chloride, gave a deep red solution which soon began to 
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fume strongly. After 12 hours, the solution, decanted and distilled, 
gave a considerable proportion of silicon tetrachloride. No tetra- 
benzylsilicane could be isolated from the residue from which the 
chloroform had been distilled. 


UNIVERSITY COLLEGE, NoTTINGHAM. [Received, August 29th, 1931.] 





CCCLXXXV.—The Configurations of the Aldoximes. 


By Tuomas Weston Jonns Taytor, Donatp H. G. WINCELEs, 
and Marcia 8. Marks. 


At the present time configurations are allotted to a pair of geo- 
metrically isomeric aldoximes on the following basis :—-an oxime 
whose acetyl derivative on alkaline hydrolysis regenerates the 
original oxime is said to have the configuration (I), while if the 
product of the action of alkali is the nitrile R-CN or the acid R-CO,H, 
the configuration is said to be (II). These on the convention of 
Brady and Bishop (J., 1925, 127, 1357) are respectively the «- and 
6-configurations. 
(I.) RCH R-CH (IL.) 
NOH HON 


The evidence upon which this view is based is not extensive and 
the configurations of the aldoximes are known with less certainty 
than are those of the ketoximes, The more important points of 
the evidence are the study of the optical properties by von Auwers 
and Ottens (Ber., 1924, 57, 446), the investigation of the action of 
alkalis on the isomeric 2-chloro-5-nitrobenzaldoximes by Brady and 
Bishop (loc. cit.), and the properties of salicylaldoximes (Brady, 
this vol., p. 105). None of these is conclusive if taken alone; the 
deduction from the optical properties depends upon the assumption 
that in geometrical isomerism arising from the arrangement of the 
groups attached to the system >C:N- the optical properties of the 
isomerides will differ in the same direction as do those of compounds 
where the isomerism arises from the arrangement about the group 
>C°C< or about a saturated carbon ring. The second piece of 
evidence is perhaps stronger, but is somewhat invalidated by the 
fact that in the splitting off of hydrogen chloride from one of the 
isomeric oximes the product was not an isooxazole but a hydroxy- 
nitrile, and there is no proof that a ring has been formed as a stage 
of the reaction; if this stage does not exist, the argument loses much 
of its force. Taken together the three pieces of evidence are more 
convincing, but it seemed desirable to seek in a new direction for 
fresh evidence. 
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extremely feeble basicity of the nitrogen atom in the pyrrole system. 





THE CONFIGURATIONS OF THE ALDOXIMES. 


The configurations of two isomeric oximino-ketones, such as the 
benzilmonoximes, are known with a reasonable degree of certainty 
(see, inter alia, Taylor, this vol., p. 2018). One marked distinction 
between such isomerides is that the «-form (III) readily gives a series 
of co-ordination complexes with metals, whereas the $-form (IV) 
gives none, or else gives them much less readily and in doing so is 
converted into the «-form. This distinction appears to be general for 
all oximes of the type, and the compositions and characteristics of 
the complexes obtained from such «-oximes are, in general, the same 
whatever the nature of the groups R, and Rg. 

RrQ-C-Ry Ry{¥-—R, 
(IIT.) O NOH O HON (IV.) 

If it were possible to obtain the two isomeric forms of an aldoxime 
in which an atom capable of forming a co-ordinate link with a metal 
was situated with respect to the oxime group in exactly the same 
way as the oxygen atom of the carbonyl] group is situated with respect 
to the oxime group in the benzilmonoximes, the formation of 
metallic complexes by one oxime and the failure to obtain them from 
the other would justify the conclusion that the former oxime has a 
stereochemical configuration similar to that of «-benzilmonoxime 
and the latter has one similar to that of 8-benzilmonoxime. A study 
of the behaviour of their acetyl derivatives towards alkalis would 
then provide fresh evidence as to the syn- or anti-elimination of acetic 
acid in the case of the nitrile-forming (8) aldoxime, and the con- 
figuration of all aldoximes would be known with greater certainty. 

No oxime having the suitable structure and occurring in two 
geometrically isomeric forms is known. Some preliminary experi- 
ments were made with the two furfuraldoximes; one of these was 
found to give metallic complexes and the other not, but it soon 
became clear that the complexes formed were in no way similar in 
structure to those given by «-benzilmonoxime. One marked 
characteristic of oximes of type (III) is that they form with ferrous 
iron a blue compound soluble in benzene, but form no ferric complex 
(Whiteley, J., 1903, 83, 24; Taylor and Ewbank, J., 1926, 2818). 
The complex-forming furfuraldoxime (8, m. p. 91°), however, forms 
no ferrous complex, but gives a deep red coloration with ferric 
solutions; further its cobalt complex is entirely unlike that of 
«-benzilmonoxime. The complexes obtained resemble much more 
closely those formed by $-benzaldoxime which have been described 
by Hieber and Leutert (Ber., 1927, 60, 2296), and it was clear that 
the oxygen atom of the furan ring was not entering into the complex 
formation. This is not surprising in view of such facts as the 
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The desired oximes could be found in the oximes of quinoline- 
2-aldehyde (V and V1), since the work of Tschugaev (Ber., 1906, 39, 
3382) and of Emmert and Diehl (Ber., 1929, 62, 1738) shows clearly 
that the nitrogen atom is capable of forming co-ordinate links with 
metals. Unfortunately all attempts to obtain the two geometrically 
isomeric forms of this oxime have been unsuccessful; only one form 
seems to exist. 


(V.) CH CH (VI.) 
ti 
¥ NOH ~ HON 


This oxime, however, forms a series of metallic complexes which 
are analogous with those of «-benzilmonoxime: there is the very 
characteristic blue ferrous compound; there is no ferric compound; 
it gives a typical grass-green copper complex and a cobalt complex, 
RCo, whose physical properties closely resemble those of the com- 
plexes from the benzilmonoxime. Hence there is little doubt that 
the configuration of this oxime is similar to that of «-benzilmonoxime 
and that it is (V) and not (VI). Now alkaline hydrolysis of the acetyl 
derivative of this oxime has been found to regenerate the oxime 
unchanged ; on the convention of Brady and Bishop it is an «-oxime. 
These facts provide strong evidence to support the view that the 
original assumption of Hantzsch, that an acetylaldoxime loses acetic 
acid under the action of alkalis if the hydrogen atom and the acetoxy- 
group are in the syn-position to one another, is erroneous, a deduction 
which is in agreement with that made from the three pieces of 
evidence already in existence which have been discussed above. 

The failure to obtain the second stereoisomeric quinoline-2- 
aldoxime hardly weakens the force of the argument used here unless 
the assumption is made that in solution the oxime fs a mixture of the 
two forms and that the metallic complexes are derived from one 
of these, while the acetyl compound is derived from the other. 
Since there was no sign of a second form under any conditions, such 
an assumption seems extremely improbable. The only other 
possibilitv would be that the oxime is really a $-oxime, but on 
acetylation gives the «-acetyloxime; this would seem to be excluded 
by the fact that hydrolysis by sodium carbonate regenerates the 
same and not a different oxime. 


EXPERIMENTAL. 
The methods of analysis for the metallic complexes were those 
described by Taylor and Ewbank (J., 1926, 2818). All temperatures 
are corrected for the error of the emergent stem. 


(1) The Furfuraldoximes.—The «- and @-oximes were prepared as 
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described by Brady and Goldstein (J., 1927, 1961). No indications 
of metallic complex formation with cobalt, nickel, copper, ferrous or 
ferric iron could be obtained from the «-oxime. 

The 8-oxime in alcoholic solution with ferric chloride gives a 
red coloration which fades on standing, but no coloration with 
ferrous sulphate and sodium hydroxide solutions. If aqueous 
copper acetate is added to the alcoholic solution of the oxime, a dark 
green copper complex is precipitated; for analysis it was well 
washed with alcohol and hot water (Found: Cu, 21-9, 22:3; N, 
65%). These figures correspond to no simple derivative, but 
resemble those obtained by Hieber and Leutert (loc. cit.) for the 
copper derivative of 8-benzaldoxime. 

No nickel complex could be obtained, but cobalt acetate gave 
a snuff-coloured complex which explodes above 200°. It is soluble 
in alcohol, chloroform, benzene, acetone and pyridine, but could 
not be recrystallised. Unlike the cobalt complex of «-benzilmon- 
oxime it is decomposed by hot dilute mineral acids; it is stable to 
alkalis. It was very difficult to purify the complex; its analysis 
seems to indicate the formula R,Co (Found: Co, 20-6; N, 9-7. 
Cale. : Co, 21-1; N, 10-0%). 

(2) Quinoline-2-aldoxime.—o-Aminobenzaldehyde (Muller, D.R.-P. 
418497) and oximinoacetone (Charrier, Gazzetta, 1907, 37, 145) 
were condensed together according to the method of Pfitzinger 
(J. pr. Chem., 1902, 66, 263). The product was recrystallised twice 
from alcohol and once from benzene, m. p. 188°. 

An acetyl derivative has been described by Pfitzinger; his 
observations could not be repeated and from the melting point that 
he records there is little doubt that his conditions of treatment were 
too vigorous and that his acetyl compound is the dehydration 
product, quinaldinonitrile. The oxime can be acetylated by gently 
warming it with excess of acetic anhydride and then diluting the 
solution with aqueous sodium carbonate, or more conveniently by 
the action of acetyl chloride in benzene solution in the presence of a 
little pyridine. Acetylquinoline-2-aldoxime forms colourless needles, 
m. p. 128—130° (decomp.), from benzene-ligroin (Found : C, 67-0; 
H, 4:7. C,,H,O,N, requires C, 67-3; H, 4:7%). When it was 
boiled for 3 hours with dilute sodium carbonate solution, a crude 
product resulted, m. p. 184—185°, which after recrystallisation 
from alcohol was identified by m. p. and mixed m. p. as the original 
oxime. 

The oxime gives with aqueous ferrous sulphate and sodium 
hydroxide a blue precipitate which is rapidly oxidised in the air 
with separation of ferric hydroxide; if the oxime is dissolved in 
aqueous-alcoholic sodium hydroxide, addition of benzene, followed 
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by that of ferrous sulphate, gives-a blue coloration in the benzene 
layer which fades on standing. 

The cobalt complex separated slowly as dark red crystals from an 
aqueous-alcoholic solution containing the oxime, and cobalt and 
ammonium acetates; it is sparingly soluble in benzene (Found: 
Co, 10-0. R,Co requires Co, 10-39%). With cupric solutions in the 
presence of ammonium acetate, the alcoholic solution of the oximes 
gives a grass-green precipitate of the copper complex similar in 
appearance and properties to that of «-benzilmonoxime. 

Repeated attempts were made to convert the oxime into its 
stereoisomeric form by means of the ordinary hydrogen chloride 
method, the action of sulphuric acid (Brady and Whitehead, J., 
1927, 2933), and the action of ultra-violet light on the alcoholic 
solution contained in a quartz vessel (Stoermer, Ber., 1911, 44, 667; 
Brady and McHugh, J., 1924, 125, 547). In every case the oxime 
recovered was identical with that described above, and there was 
no sign that any conversion had taken place. 

The So-called Metallic Derivatives of 8-Benzilmonoxime (Note by 
T. W. J. T.).—Pfeiffer and Richarz (Ber., 1928, 61, 106) obtained a 
cobalt complex by allowing $-benzilmonoxime to stand for a long 
time with a solution of cobalt acetate; this they describe as a 
complex of the 8-oxime (compare Gmelin’s “ Handbuch,” 8th edn, 
Kobalt B 309). As has already been pointed out, the stability of 
these complexes is so great that it is impossible to regenerate the 
oxime from them and determine its configuration. Experiments with 
the copper derivative, which is easily decomposed, indicate, however, 
that during the formation of metallic complexes by the $-oxime 
the configuration is changed and the complexes are really those of 
the «-oxime. §-Benzilmonoxime in alcoholic solution with copper 
acetate gives very slowly a green precipitate, the formation of which 
is accelerated by the presence of ammonia. From this complex by 
the action of dilute mineral acids the «-oxime is obtained. Now, 
since the 8-oxime is the more stable of the two, and is never converted 
into the «-form by any direct method, this result must mean that the 
conversion has taken place during the formation of the metallic com- 
plex and that the complex is derived from the «-form. This view 
is confirmed by the fact that the formation of the cobalt complex 
from the $-form, which is very slow, is accelerated by illumination 
with ultra-violet light, a procedure which is known to convert the 
more stable form of a ketoxime into the less stable form (Stoermer, 
loc. cit.). 

Summary. 

Quinoline-2-aldoxime forms a series of metallic derivatives which 

are of the same type as those given by «-benzilmonoxime. It is thus 
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highly probable that the configuration of the oxime group with 
respect to the co-ordinating atom (nitrogen in the one case and oxygen 
in the other) is the same in the two compounds. Since the con- 
figuration of «-benzilmonoxime is known with reasonable certainty, 
that of the aldoxime can be taken as established. The configuration 
so reached indicates that the elimination of acetic acid from an 
acetylaldoxime with nitrile formation is a reaction involving groups 
in the anti-position to one another, and supports the views as to the 
configurations of aldoximes which have recently been put forward. 


Our thanks are due to Imperial Chemical Industries for a grant 
which has covered part of the expense of this work. 


THE Dyson PERRINS LABORATORY, 
OXFORD. [Received, June 13th, 1931.] 





CCCLXXXVI.—The Dihalides of Pyridine. 
By Davin MattHew WILLIAMS. 


THE formation of dihalides by pyridine and other similar bases has 
been reported by many investigators (Hofmann, Ber., 1879, 12, 
988; Dittmar, Ber., 1885,18, 1612; Trowbridge and Diehl, J. Amer. 
Chem. Soc., 1897, 19, 558; Mouneyrat, Compt. rend., 1903, 136, 
1470; Cremer and Duncan, this vol., p. 1857), but a systematic 
study of their formation, stability, and structure, as distinct from 
those of the perhalides, does not seem to have been undertaken. 

All the possible dihalides of pyridine and chlorine, bromine, and 
iodine have now been prepared with the exception of the di-iodide, 
which could not be obtained from solution. The least stable is the 
dichloride, which is obtained as a white crystalline precipitate by 
mixing pyridine and chlorine in equimolecular amounts in carbon 
tetrachloride. It decomposes spontaneously in air, generally in the 
course of a minute or so after all the solvent has been removed from 
it. The most stable is the iodochloride, C;H;NICI, obtained first by 
Dittmar (loc. cit.) but in the best yield by using carbon tetrachloride 
as solvent. This compound and the iodobromide can be recrystal- 
lised from hot alcohol with only slight decomposition, but they 
decompose slowly in the presence of water and immediately in the 
presence of potassium iodide, liberating all their halogen. ‘The 
bromochloride is not so stable and decomposes in hot alcohol, although 
quite stable in dry air. The dibromide is not so stable as the bromo- 
chloride and it decomposes readily in air. It seems that the di- 
iodide is formed in carbon tetrachloride solution, as is shown by the 
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change in colour that occurs when pyridine is added to a solution of 
iodine, but all attempts to precipitate it failed. 

An attempt was next made to study the extent of the dissociation 
of the compounds in solution by measuring the vapour pressure of 
the free halogen. For this purpose the dibromide was chosen as 
being the most likely to be highly dissociated (the dichloride was 
found to have many disadvantages for this purpose). Carbon 
tetrachloride was chosen as solvent, since the dibromide reacted 
with most other solvents, such as alcohol and acetone, in which it is 
more soluble. The vapour pressure of the bromine in a saturated 
solution of the dibromide in carbon tetrachloride (about 0-02M) was 
less than 0-002 mm. of mercury, and thus too small to be measured 
by the bubbling method, which was the one used. This proves that 
the dibromide exists in an inert solvent more or less completely as 
undissociated molecules. 

In considering the structure of these dihalides, two possibilities 
suggest themselves. (a) One of the halogen atoms, the more 
electropositive one in the case of the mixed dihalides, co-ordinates 
itself with the nitrogen atom, forming a pyridinium ion and leaving 
the other halogen atom as an ion : 

SN2+ 12Cl.-—> SNi1I2+ °C: 

If this is the case, the substances would be electrolytes in a suitable 
solvent. This hypothesis explains why the iodochloride and the 
iodobromide are more stable than the dibromide, since the more 
electropositive iodine would co-ordinate more readily with the 
nitrogen. (5) One of the halogen atoms may be united to the nitro- 
gen by the mechanism suggested by Bennett and Willis (J., 1929, 
263), in which one halogen atom becomes 2-covalent owing to the 
absorption of two valency electrons into the core (Sidgwick, ‘‘ The 
Electronic Theory of Valency,” p. 292). This tendency increases 
from chlorine to iodine. But in view of the greater stability of the 
bromochloride compared with the dibromide, it seems probable 
that the less electropositive halogen would exert an influence on the 
halogen through which union occurs. 

The measurement of the conductivity of the iodochloride (as 
the most stable of these dihalides) in a suitable solvent seemed a 
likely way of distinguishing between the possibilities. The choice 
of solvent was considerably limited by the small solubility of the 
compound in non-hydroxylic solvents such as nitrobenzene with 
fairly high dielectric constants. On the other hand it reacts slowly 
with cold alcohol and acetone with the development of the yellow 
colour of iodine. It is readily soluble in pure pyridine, giving 2 
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faint yellow solution, and therefore an attempt was made to measure 
its conductivity in this solvent. The results obtained were not 
conclusive, as the conductivity was very small and might well be 
due to traces of moisture in the solvent reacting with the dihalide, 
forming halogen acids. On the assumption that the conductivity 
is due to the ionisation of the substance itself, the abnormally low 
value of 2-3 is found for Ay. On the other hand, within the limits of 
experimental error, which was necessarily large in measuring such 
small conductivities, 1/A is a linear function of Ac, as would be the 
case if the iodochloride were a weak electrolyte. In any case, the sub- 
stance must exist in solution in pyridine to a very large extent as 
undissociated molecules, and this brings it into line with some 
of the pyridine salts the conductivity of which was investigated by 
Wynne-Jones (this vol., p. 795). The most probable formula for 
these dihalides is therefore C;H;N<I°Cl, two of the valency electrons 
of the iodine atom being assumed to have entered the core. 

An attempt to extend this work to other types of nitrogen com- 
pounds, so as to obtain more soluble dihalides and thus get more 
trustworthy conductivity measurements, has not yet been successful. 
The halogen compounds of the Schiff’s bases (James and Judd, J., 
1914, 105, 1427) were found to be very unstable in the presence of 
moisture. 

EXPERIMENTAL. 

All the dihalides were prepared by slowly adding the calculated 
volume of a M-solution of the halogen in carbon tetrachloride to a 
definite volume of a M-solution of pyridine in the same solvent. 
Owing to the possible formation of the perhalide, slightly more 
than the calculated quantity of pyridine was used. The dihalide 
was precipitated immediately; it was separated, washed with the 
solvent, and dried in a vacuum. The yields were 80—90°%%, except 
in the case of the dichloride (yield, about 40%). 

The titratable halogen was determined by treating the compound 
with a few c.c. of concentrated potassium iodide solution, adding 
rather less than an equal volume of alcohol, shaking the mixture until 
a clear solution was obtained, and titrating this with N/10-thio- 
sulphate without an indicator. 

Pyridine dichloride was obtained as a white crystalline pre- 
cipitate which decomposed rapidly when the solvent was removed 
from it. It liberated chlorine and hydrogen chloride, often in dense 
white fumes, and left an oil containing pyridine and another sub- 
stance not yet identified. The highest m. p. found was 47°, but this 
varied according to the rate of heating. Because of the extreme 
instability of the dichloride no analysis was attempted. 

Pyridine dibromide, a red crystalline solid, decomposing slowly in 
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moist air and smelling strongly of bromine, decomposed in alcohol, 
acetone, etc., and could not be recrystallised ; m. p. 62—63° (Found : 
Br, 67-1; I equiv., 120-2. C;H;NBr, requires Br, 66-99%; I equiv., 
119-5). 

Pyridine bromochloride, a white crystalline solid, decomposing very 
slowly in moist air, could not be recrystallised; m. p. 107—108° 
(Found: Br, 40-8; Cl, 17-8; I equiv., 98-1. C;H;NCIBr requires 
Br, 41-1; Cl, 18-3%; I equiv., 97-3). 

Pyridine iodochloride was obtained after recrystallisation from 
alcohol as pale yellow needles, m. p. 134°, very sparingly soluble in 
benzene and carbon tetrachloride, slightly more soluble in nitro- 
benzene, and readily soluble in hot alcohol, cold acetone, and cold 
pyridine (Found: I, 52-7; Cl, 15-2; I equiv., 121-2. Cale. for 
C5H;NCIL: I, 52-6; Cl, 14-7%; Iequiv., 120-7). 

Pyridine iodobromide, after recrystallisation from alcohol, con- 
sisted of golden-yellow needles, m. p. 
116—117°. It is very similar to the 
iodochloride in all its properties (Found: 
I, 44:9; Br, 27-5; I equiv., 143-1. 
C;H-NBrI requires I, 44-4; Br, 28-0%; 
I equiv., 143-0). 

Measurement of the Vapour Pressure of 
| a Solution of the Dibromide in Carbon 
Tetrachloride at 0°.—Dry airwasaspirated 
| . | | through a solution of bromine in carbon 
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tetrachloride containing an excess of 
pyridine over that required for the form- 
ation of the dibromide, the solution being 
in a modified form of Arnold wash-bottle. 
The brominewasthen absorbed by bubbling through potassium iodide 
solution. The maximum concentration of bromine possible, without 
precipitation occurring, is about 0-02M. On aspirating 4 1. of air 
through carbon tetrachloride containing 0-02 mol. /l. of bromine and 
0-1 mol./l. of pyridine, kept at 0°, the iodine liberated was equivalent 
to about 0:1 c.c. of 0-0113N-thiosulphate solution. The vapour 
pressure of the bromine in the solution is thus less than 0-002 mm. 
of mercury. The vapour pressure of a 0-02M-solution of bromine 
in the same solvent at 0° was found to be 0-2624 mm. Hence the 
dissociation of the dibromide in solution in carbon tetrachloride 
must be extremely small. 

The Conductivity of Pyridine Iodochloride in Pyridine at 25°.— 
B.D.H. Pure pyridine was dried by standing over sticks of potass- 
ium hydroxide for a week and was then fractionally distilled through 
an 18-inch column. The fraction, b. p. 115—115-8° (corr.), was re- 
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distilled, and a fraction of b. p. 115-2—115-6° used for the con- 
ductivity measurements. 

The cell used was of the type described by Hartley and Barrett 
(J., 1913, 103, 789). Small amounts of a concentrated solution of 
the iodochloride from a weight burette were added to the pyridine 
in the cell, dry air being passed through the cell during each addition. 
All measurements were made at 25°. 

Results.—The conductivity of the solvent was found to be 11 x 10-7 
mho. The equivalent conductivity for each concentration is given 
in the table, c being expressed in g.-equivs. per litre. 


ex 108... 1:16 2:31 3-53 6-20 9-58 10:95 12:52 1480 17-40 
Mi ensesnscc 2-396 2-234 2-083 1-970 1-888 1-813 1-765 1-691 1-637 





In the diagram the values of 1/A are plotted against Ac. It will be 
seen that 1/A, is 0-415, which gives the extremely low value of 2-4 for 
Ay. It seems, therefore, fairly conclusive that the substance is not a 
weak electrolyte and that the conductivity is due to reaction with 
traces of water present in the solvent. 


THE Epwarp Davies CHEMICAL LABORATORIES, 
ABERYSTWYTH. [Received, September 10th, 1931.] 





CCCLXXXVII.—The Action of Bromine wpon 
o-T'olylhydrazones and o-Nitrophenylhydrazones. 
By Freperick DanreL CHATTAWAY and ARTHUR B. ADAMSON. 


Tue action of bromine upon the o-tolylhydrazones of o-, m-, and 
p-nitrobenzaldehydes is very similar to its action upon the corre- 
sponding p-tolylhydrazones (J., 1930, 157, 843). 

When an excess of bromine is used, substitution takes place in the 
®-position and in the 3- and 5-positions in the o-tolylhydrazine 
nucleus. When only the calculated quantity (2 mols.) of bromine 
is used, the hydrogen atom in the «-position and one in the 3-position 
in the o-tolylhydrazine nucleus are replaced. If less than this amount 
of bromine is used, the product, even under carefully regulated 
conditions, is chiefly a mixture of this dibromo-derivative and the 
unsubstituted hydrazone. 

NH-N:CHR NH-N:CBrR NH-N:CBrR 

a Me Br’ \Me 

Br Br 
(R = 0o-, m-, or p-CgH,°NO,) 


All these w-bromo-compounds are very reactive. Those derived 
from m- and p-nitrobenzaldehyde-o-tolylhydrazones react with 


excess Br, 
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ammonia, yielding the corresponding hydrazidines, and when boiled | “ 
with an acetic acid solution of sodium acetate, give the corresponding | * 
8-acetylhydrazides of m- or p-nitrobenzoic acid. ” 
OH,-CO,Na NH, . ” 
R-NAc-NH-COR’ <——— R-:NH:N:CBrR’ —~> R-NH:N°C(NH,)R’ §f ac 
The w-bromo-derivatives (I) of o0-nitrobenzaldehyde-o-toly]- ” 
hydrazone behave differently. They do not yield hydrazidines or ” 
6-acetylhydrazides but, when heated with alcohol or when treated 
with ammonia, readily lose hydrogen bromide and form the explosive 
ketoendoaryliminodihydrobenzisodiazole oxides (11) (compare J., 1930, 


" jo : : — mi 
159, 845), which may be reduced to the corresponding benzisodiazoles 0: 


(IIT). c 
CO CO = 


ac’ 

CBr:N-NHR a /\NW 
NO, L_W>NR— >| | J oNR 9 ®. 
(1.) (II.) O (III.) pr 
(R = C,H,MeBr or C,H,MeBr,) p-1 









Since all the w-halogen derivatives of arylhydrazones containing 

a nitro-group in an ortho-position in the aldehyde nucleus lose § *’ 
hydrogen bromide or hydrogen chloride in this way, it was of interest wh 
to examine the behaviour of similar w-halogen derivatives of hydr- J ?™ 
azones containing a nitro-group in an ortho-position in the hydrazine Br 
nucleus. : 
The action of bromine upon benzaldehyde-o-nitrophenylhydrazone | “* 
and upon o-, m-, and p-nitrobenzaldehyde-o-nitrophenylhydrazones ber 
causes in each case substitution in the w-position and in the p-position wh 
in the hydrazine nucleus. ™ 
The w-bromo-derivatives thus obtained closely resemble the f . q 
other w-halogen compounds previously described. Those derived § ~ ; 
from benzaldehyde- and m- and p-nitrobenzaldehyde-o-nitrophenyl- § ~ 
hydrazones, when acted upon by ammonia, yield characteristic _ 
hydrazidines, and when boiled with an acetic acid solution of sodium ar 
acetate, are converted into corresponding #-acetylhydrazides. col 
The one derived from o-nitrobenzaldehyde-o-nitrophenylhydrazone d 
again behaves similarly to other w-halogen-o-nitrobenzaldehyde- alec 
hydrazones and yields an explosive benzisodiazole oxide. ty 
The nitro-group therefore behaves like other groups substituted in wih, 
the hydrazine nucleus and, like them, modifies only to a limited 7 
extent the properties of the derived compounds. Ps 
Ex PERIMENTAL. dibr 
«-Bromo-m-nitrobenzaldehyde-3-bromo-o-tolylhydrazone. — A solu- § ™- | 
tion of 2-1 ¢.c. (2 mols.) of bromine in’ 10 c.c. of acetic acid was slowly mr 
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added to a suspension of 5 g. (1 mol.) of m-nitrobenzaldehyde-o- 
tolylhydrazone in 100 c.c. of acetic acid. A dark-coloured solution 
was formed from which o-bromo-m-nitrobenzaldehyde-3-bromo-o- 
tolylhydrazone separated as a yellow solid. This crystallised from 
acetic acid, in which it was moderately easily soluble, in slender, 
bright yellow prisms, m. p. 164° (Found: Br, 38-6. C,,H,,0O,N,Br, 
requires Br, 38-7%). 

«o-Bromo-m-nitrobenzaldehyde-3 : 5-dibromo-o-tolylhydrazone.—To a 
suspension of 5 g. of m-nitrobenzaldehyde-o-tolylhydrazone in 
100 c.c. of acetic acid, 4 c.c. (excess) of bromine were added and the 
mixture was heated for some time at 100° to complete the reaction. 
On cooling, w-bromo-m-nitrobenzaldehyde-3 : 5-dibromo-o-tolylhydr- 
azone separated as a bright yellow solid. It crystallises from acetic 
acid, in which it is moderately easily soluble, in bright yellow plates, 
m. p. 152° (Found: Br, 49-0. C,,H,,O,N,Br, requires Br, 48-8°%). 

«-Bromo-p-nitrobenzaldehyde-3-bromo-o-tolylhydrazone.—This was 
prepared in a similar manner by the action of bromine (2 mols.) upon 
p-nitrobenzaldehyde-o-tolylhydrazone (1 mol.). It crystallises in 
two polymorphic forms, separating from hot acetic acid, in which it 
is moderately easily soluble, in bright yellow needles of a labile form 
which, on standing in the mother-liquor, quickly dissolve and com- 
pact orange prisms of the stable form separate, m. p. 186° (Found: 
Br, 38-8. C,,H,,0,N,Br, requires Br, 38-7%). 

o-Bromo-p-nitrobenzaldehyde-3 : 5-dibromo-o - tolylhydrazone.—This 
was obtained by the action of a large excess of bromine upon p-nitro- 
henzaldehyde-o-tolylhydrazone. It crystallises from acetic acid, in 
which it is moderately easily soluble, in slender, bright yellow prisms, 
m. p. 175° (Found: Br, 48-7. C,,H, 9O.N,Br, requires Br, 48-8%). 

The following hydrazidines were prepared by the action of 
2 c.c. of concentrated aqueous ammonia upon a suspension of 
2 g. of the -bromo-compound in 40 c.c. of alcohol. They are 
moderately easily soluble in alcohol and readily dissolve in concen- 
trated hydrochloric acid, forming colourless solutions from which 
colourless unstable hydrochlorides may be obtained. 

3-Bromo-o-tolyl-m-nitrobenzenylhydrazidine crystallises from 
alcohol in red plates, m. p. 149° (Found: Br, 22-8. C,,H,,0,N,Br 
requires Br, 22-9%), 3 : 5-dibromo-o-tolyl-m-nitrobenzenylhydrazidine 
in yellow needles, m. p. 150° (Found: Br, 37-5. C,,H,.0.N,Br, 
requires Br, 37-4%), 3-bromo-o-tolyl-p-nitrobenzenylhydrazidine in 
very dark red prisms with a pronounced green reflex, m. p. 152° 
(Found: Br, 23-0. C,,H,,0,N,Br requires Br, 22-99%), and 3:5- 
dibromo-o-tolyl-p-nitrobenzenylhydrazidine in orange-red needles, 
m. p. 171° (Found: Br, 37-4. C,,H,,0O,N,Br, requires Br, 37-4%). 
m-Nitrobenz-B-acetyl-3 : 5-dibromo-o-tolylhydrazide.—A mixture of 
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o-bromo-m-nitrobenzaldehyde-3 : 5-dibromo-o-tolylhydrazone (2 g.), 
anhydrous sodium acetate (2 g.), and 40 c.c. of acetic acid was boiled 
under refiux for 2 hours. The colourless solution so formed was 
poured into 400 c.c. of cold water; m-nitrobenz-f-acetyl-3 : 5-di- 
bromo-o-tolylhydrazide then separated as a white solid. It crystal- 
lises from alcohol, in which it is moderately easily soluble, in colour- 
less prisms, m. p. 176° (Found: Br, 33-6. C,gH,,0,N,Br, requires 
Br, 33-9°). 

p-Nitrobenz-3-acetyl-3-bromo-o-tolylhydrazide, prepared similarly 
from w- bromo- p-nitrobenzaldehyde - 3 - bromo -o0- tolylhydrazone, 
erystallises from alcohol in colourless prisms, m. p. 195° (Found: 

gr, 20-5. CygH,,0,N,Br requires Br, 20-4°,). 

« - Bromo- 0 - nitrobenzaldehyde - 3 - bromo- 0 - tolylhydrazone. — This 
separated in yellow crystals from the solution obtained by adding 
2:1 c.c. of bromine (2 mols.) in 10 c.c. of acetic acid to a suspension 
of 5 g. of o-nitrobenzaldehyde-o-tolylhydrazone (1 mol.) in 50 c¢.c, 
of acetic acid. It decomposes when warmed with acetic acid but may 
be recrystallised from a mixture of benzene and high-boiling petrol- 
eum, from which it separates in yellow plates which darken in colour 
when exposed to light; m. p. 106° (Found: Br, 38:7. 
C,,H,,O,N,Br, requires Br, 38-7°,). 

When boiled for a few minutes with alcohol or when ammonia gas 
is passed into the solution in benzene, it loses hydrogen bromide and 
is converted into the explosive 3-keto-1 : 2-endo-3'-bromo-o-tolyl- 
imino-2 : 3-dihydro-1 : 2-benzisodiazole 1-oxide, which separates as 2 
bright yellow solid. This crystallises from alcohol, in which it is 
moderately easily soluble, in bright yellow prisms, explosion point 
151° (Found: Br, 24-4. C,,H,gO,N,Br requires Br, 24:4°%). 

3-Keto-1 : 2-endo-3’-bromo-o-tolylimino-2 : 3-dihydro-1 : 2-benziso- 
diazole-—Excess of a solution of stannous chloride in hydrochloric 
acid was added to a cooled solution of the explosive compound in a 
mixture of equal parts of acetic and concentrated hydrochloric acids. 
On dilution with water, 3-keto-1 : 2-endo-3’-bromo-o-tolylimino-2 : 3- 
dihydro-1 : 2-benzisodiazole separated as a pale yellow solid. It 
crystallises from dilute acetic acid in very pale yellow, hair-like 
needles, m. p. 181° (Found: Br, 25-3. C,,H,,ON,Br requires 
Br, 25-3%). 

«-Bromo-o-nitrobenzaldehyde-3 : 5-dibromo-o - tolylhydrazone.—This 
could not be prepared by the direct bromination of o-nitrobenzalde- 
hyde-o-tolvihydrazone (compare J., 1930, 159), but was obtained as 
a yellow solid by the addition of 2-1 c.c. of bromine (1 mol.) toa 
suspension of 10 g. of o-nitrobenzaldehyde-3 : 5-dibromo-o-tolyl- 
hydrazone (1 mol.) in 100 c.c. of acetic acid. It crystallises from 4 
mixture of benzene and high-boiling petroleum in yellow flattened 
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prisms which rapidly darken on exposure to light; m. p. 137° 
(Found: Br, 49-0. C,,H,,O,N,Br, requires Br, 488°). 

When ammonia gas was passed into a solution of this compound 
in benzene, 3-keto-1 : 2-endo-3’ : 5'-dibromo-o-tolylimino-2 : 3-dihydro- 
1 : 2-benzisodiazole 1-oxide separated as a bright yellow solid. This 
crystallises from alcohol in bright yellow tablets, explosion point 
145° (Found: Br, 39-1. C,,H,O,N,Br, requires Br, 38-9°,). 

«-Bromobenzaldehyde-4-bromo-2-nitrophenylhydrazone.—5 G. of 
benzaldehyde-o-nitrophenylhydrazone were suspended in 100 c.c. of 
warm acetic acid, and 3 c.c. of bromine (slight excess) added. On 
cooling, w-bromobenzaldehyde-4-bromo-2-nitrophenylhydrazone separ- 
ated as an orange solid. It crystallises from acetic acid, in which it 
is moderately easily soluble, in orange-yellow prisms, m. p. 166° 
(Found: Br, 40:3. C,,H,O,N,Br, requires Br, 40-1°,). 

«-Bromo-m-nitrobenzaldehyde-4-bromo-2-nitrophenyihydrazone, pre- 
pared similarly from m-nitrobenzaldehyde-o-nitrophenylhydrazone, 
crystallises from acetic acid as a felted mass of bright orange prisms, 
m. p. 201° (Found: Br, 35-8. C,,H,0O,N,Br, requires Br, 36-0°%), 
and «-bromo-p-nitrobenzaldehyde-4-bromo-2-nitrophenylhydrazone, 
obtained similarly from p-nitrobenzaldehyde-o-nitrophenylhydr- 
azone, in bright orange prisms, m. p. 242° (Found: Br, 35-°8%). 

t- Bromo-2-nitrophenylbenzenylhydrazidine, prepared in the usual 
way, crystallises from alcohol, in which it is rather sparingly soluble, 
in almost black prisms with a green reflex; m. p. 188° (Found : 
Br, 24:0. C,,H,,O,N,Br requires Br, 23-9°%). 

1- Bromo-2-nitrophenyl-m-nitrobenzenylhydrazidine is so sparingly 
soluble in the usual organic solvents that it cannot be crystallised 
from them; it crystallises from hot aniline, in which it is easily 
soluble, in dark brown needles, m. p. 245° (decomp.) (Found: Br, 
20:7. Cy3H,)0,N;Br requires Br, 21-:0%). The hydrochloride 
erystallises from a mixture of equal parts of alcohol and hydrochloric 
acid in pale yellow plates, m. p. 235° (decomp.) (Found: Cl, 8-2. 
C,H ,90,N;Br,HCl requires Cl, 8-5%). 

t- Bromo-2-nitrophenyl-p-nitrobenzenylhydrazidine crystallises from 
a mixture of equal parts of aniline and alcohol as a felted mass of 
brown needles, m. p. 249° (Found: Br, 20-8. C,,H,)0,N;Br 
requires Br, 21-0°%). 

m - Nitrobenz - 8 - acetyl -4- bromo -2-nitrophenylhydrazide, prepared 
from  w-bromo-m-nitrobenzaldehyde-4-bromo-2-nitrophenylhydr- 
azone in the manner described for the o-tolylhydrazide, crystallises 
from alcohol in colourless shining plates, m. p. 173° (Found: Br, 
18-7. C,;H,,O,N,Br requires Br, 18-9°,). 

o- Bromo -o - nitrobenzaldehyde - 4 - bromo-2-nitrophenylhydrazone.— 
Excess of bromine (4 c.c.) was added to a suspension of 5 g. of o-nitro- 
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benzaldehyde-o-nitrophenylhydrazone in 100 c.c. of hot acetic acid 
and the mixture was heated until a clear orange solution was formed. 
On cooling, -bromo-o-nitrobenzaldehyde-4-bromo-2-nitrophenylhyir- 
azone separated as an orange solid. It erystallises from acetic acid 
in deep orange prisms, m. p. 137° (Found: Br, 35-9. C,g,H,O,N,Br, 
requires Br, 36-0°,). 

When ammonia gas was passed into a solution of this compound 
in benzene, 3-keto-1 : 2-endo-4’-bromo-2’-nitrophenylimino-2 : 3-di- 
hydro-\ : 2-benzisodiazole 1-oxide separated as a bright yellow solid. 
It crystallises from alcohol in bright yellow prisms, a point 
142° (Found: Br, 21-8. C,,H,O,N,Br requires Br, 22-0°%). 

THE QUEEN’s COLLEGE LABORATORY, 

OXFORD. [ Received, September 2nd, 1931.] 


CCCLXXXVIII.—The Action of Bromine and of 
Chlorine upon 2:4-Dinitrobenzaldehyde-phenyl- 
and -p-tolyl-hydrazones. 





By FreperIcK DANreL CHATTAWAY and ARTHUR B. ADAMSON. 
THE action of halogens upon the aryl hydrazones of 2 : 4-dinitro- 
benzaldehyde is of particular interest since, owing to the presence of 
a nitro-group in an ortho-position in the aldehyde nucleus, the 
w-halogenated derivatives might be expected to yield explosive 
compounds, containing a three-membered nitrogen ring, similar to 
those derived from aryl hydrazones of o-nitrobenzaldehyde (J., 1925, 
127, 2407: 1930, 159, 845). The action of bromine and of chlorine 
upon 2 : 4-dinitrobenzaldehyde-phenyl- and -p-tolyl-hydrazones has 
therefore been studied. 

30th halogens substitute in the o- and p-positions in the pheny! 
residue and in the o-positions in the p-tolyl residue as well as in the 
«-position. As with other hydrazones containing a phenyl residue, 
chlorination proceeds further than bromination, the final products 
being respectively 









NH-N—-CBr NH-N—-CCl 
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whilst in the case of the Pattie the final products are 
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and 
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The first products of regulated halogenation which have been 
isolated are in the case of the phenylhydrazone 





NH-N—CBr NH-N—-CCl 
Nias a 
C Cana OP NO, 
af 
Br No, Cl NO, 
and in the case of the p-tolylhydrazone 
NH:-N—CBr NH-N—-CCI 
\Br NO, Cl NO, 
? yi 2 and y ™ 
Me NO, Me NO, 


All these w-halogenated derivatives may be obtained by the action 
of bromine and chlorine respectively upon suitably substituted 
phenyl- and p-tolyl-hydrazones of 2 : 4-dinitrobenzaldehyde, the 
w-hydrogen atom being in each case easily replaced by halogen. 

The w-halogen compounds resemble those derived from the corre- 
sponding o-nitrobenzaldehyde hydrazones, but they are much more 
stable. «-Bromo-2 : 4-dinitrobenzaldehyde-3-bromo - p - tolylhydrazone 
and w-bromo-2 : 4-dinitrobenzaldehyde-3 : 5-dibromo-p-tolylhydrazone, 
when treated with ammonia, lose hydrogen bromide, forming the 
explosive nitroendoaryliminoketodihydrobenzisodiazole oxides (1), 
which are easily reduced to the corresponding nitroendoarylimino- 
ketodihydrobenzisodiazoles (11). 


co 
CBr:N-NHR “\N wai 
ptaaaialn NH, _.. TR (y,) HO 
XO, NO, ——+ NO, L__ >NR I.) — 

0 

CO 
(II.) i i 
No, J-—x>NR 


(R = C,H,MeBr or C,H,MeBr,) 


In the other cases examined, ammonia had no action upon the 
o-halogen compounds except under conditions which brought about 
almost complete decomposition into tarry matter. 


EXPERIMENTAL. 

«-Bromo-2 : 4-dinitrobenzaldehyde-4-bromophenylhydrazone.—To a 
suspension of 3 g. of 2: 4-dinitrobenzaldehydephenylhydrazone 
(1 mol.) in 50 ¢.c. of acetic acid was added a solution of 1 c.c. of 
bromine (2 mols.) in 10 ¢.c. of acetic acid. A clear solution was 
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formed from which «-bromo-2 : 4-dinitrobenzaldehyde-4-bromophen)l- 
hydrazone slowly separated as a yellow solid. This crystallises from 
acetic acid, in which it is moderately easily soluble, in orange-brown 
plates, m. p. 176° (decomp.) (Found: Br, 35-9. C,3;H,O,N,Br, 
requires Br, 36-0°,). 

wo - Bromo-2 : 4-dinitrobenzaldehyde-2 : 4-dibromophenylhydrazone.— 
Excess of bromine (5 c.c.) was added to a suspension of 3 g. of 
2 : 4-dinitrobenzaldehydephenylhydrazone in 50 c.c. of acetic acid 
and the mixture was heated at 100° for 30 minutes to complete the 
bromination. On cooling, «w-bromo-2 : 4-dinitrobenzaldehyde-2 : 4- 
dibromophenylhydrazone separated as an orange solid. It crystallises 
from acetic acid, in which it is moderately easily soluble, in orange 
prisms, m. p. 202° (decomp.) (Found: Br, 45-7. C,,;H,0,N,Br, 
requires Br, 45-9°,). 

w -Chloro-2 : 4-dinitrobenzaldehyde-2 : 4-dichlorophenylhydrazone.— 
Chlorine was slowly passed into a suspension of 4 g. of 2 : 4-dinitro- 
benzaldehydephenylhydrazone in 50 c.c. of acetie acid. The 
hydrazone dissolved and w-chloro-2 : 4-dinitrobenzaldehyde-2 : 4-di- 
chlorophenylhydrazone separated as an orange solid. Chlorination 
was stopped when there was no further separation of solid. The 
product crystallised from acetic acid, in which it was moderately 
easily soluble, in flattened orange prisms, m. p. 196° (decomp.) 
(Found: Cl, 27-1. C,,;H,0,N,Cl, requires Cl, 27-3°%,). 

«-Chloro-2 : 4-dinitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone 
was obtained as a yellow solid when a suspension of 4 g. of 2 : 4-di- 
nitrobenzaldehydephenylhydrazone in 50 ¢.c. of acetic acid was 
saturated with chlorine. It erystallises from acetic acid, in which it 
is easily soluble, in two polymorphic modifications. Rapid cooling 
of the solution yields slender, bright yellow prisms of a labile form 
which, on warming in contact with the mother-liquor, slowly dis- 
solves and orange prisms of the stable form separate. Both forms 
melt at 129°, transformation occurring before melting (Found : 
Cl, 33-4. C\,H,O,N,Cl, requires Cl, 33-5°%,). 

These w-halogenated compounds are not affected by prolonged 
boiling with alcohol. When they are dissolved in benzene and 
ammonia gas is passed into the solution, they do not react at the 
ordinary temperature, but when the temperature is raised, rapid 
decomposition takes place and tarry products are formed, from 
which no definite compound has been isolated. Similar decomposi- 
tion occurs when the w-halogenated compounds are heated with a 
solution of anhydrous sodium acetate in acetic acid. 

«-Bromo-2 : 4-dinitrobenzaldehyde-3-bromo-p-tolylhydrazone.—This 
separated as an orange solid when 1 c.c. (2 mols.) of bromine in 
10 c.c. of acetic acid was added to a suspension of 3 g. (1 mol.) of 
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2 : 4-dinitrobenzaldehyde-p-tolylhydrazone in 60 c.c. of acetic acid. 
It erystallises from acetic acid, in which it is easily soluble, in 
flattened orange prisms, m. p. 141° (Found: Br, 35-0. C,,H,j0,N,Br, 
requires Br, 34-9°). 

6-Nitro-1] : 2-endo-3'-bromo-p-tolylimino - 3 - keto - 2 : 3-dihydro-1 : 2- 
benzisodiazole l-oxide separates as a bright yellow solid when 
ammonia gas is passed into a cold solution of o-bromo-2 : 4-dinitro- 
benzaldehyde-3-bromo-p-tolylhydrazone in benzene. Rapidly 
crystallised from hot alcohol, in which it is sparingly soluble, it 
separates in bright yellow, rhombic tablets, explosion point 133° 
(Found: Br, 20-9. C,,H,O,N,Br requires Br, 21-2%). 

When the explosive compound (2 g.) is boiled for several hours with 
alcohol (25 e.c.), it is converted into 6-nitro-1 : 2-endo-3’-bromo-p- 
tolylimino-3-keto-2 : 3-dihydro-1 : 2-benzisodiazole. This crystallises 
from acetic acid, in which it is easily soluble, in colourless prisms, 
m. p. 250° (Found: Br, 21-9. C,,H,O,N,Br requires Br, 22-1%). 

«- Bromo -2 : 4-dinitrobenzaldehyde -3 : 5-dibromo- p-tolylhydrazone, 
prepared by the action of an excess of bromine upon 2 : 4-dinitro- 
benzaldehyde-p-tolylhydrazone, crystallises in two polymorphic 
forms. It separates from acetic acid, in which it is easily soluble, as 
the labile form in bright yellow prisms, which when allowed to stand 
in contact with the mother-liquor, slowly dissolve and the stable form 
separates in more compact orange prisms. Both forms melt at 152°, 
transformation occurring before melting (Found: br, 44-5. 
C),H,O,N, Bry requires Br, 44-7%). 

The action of ammonia upon its solution in benzene yields 6-nitro- 
1: 2-endo-3' : 5’ -dibromo-p - tolylimino-3-keto-2 : 3-dihydro-1 : 2-benz- 
isodiazole 1-oxide. Rapidly crystallised from alcohol, in which it is 
sparingly soluble, it separates in bright yellow, six-sided plates, 
explosion point 142° (Found: Br, 35-0. C,,H,0,N,Br, requires 
Br, 35-19%). 

When boiled with aleohol for several hours, this explosive com- 


*/ 


pound yielded 6-nitro-1 : 2-endo-3’ : 5’-dibromo-p-tolylimino-3-keto- 
2 : 3-dihydro-1 : 2-benzisodiazole, which crystallises from acetic acid, 
in which it is easily soluble, in colourless prisms, m. p. 279° (Found : 
Br, 36-1. -C,,H,O,N, Br, requires Br, 36-3°). 

o-Chloro-2 : 4-dinitrobenzaldehyde-3-chloro-p-tolylhydrazone, ob- 
tained by regulated chlorination of 2 : 4-dinitrobenzaldehyde-p- 
tolylhydrazone in acetic acid, crystallises from acetic acid, in which 
it is moderately easily soluble, as a felted mass of bright orange 
prisms, m. p. 170° (decomp.) (Found: Cl, 19:3. C,4H,0,N,Cl. 
requires Cl, 19-2%), and w-chloro-2 : 4-dinitrobenzaldehyde-3 : 5-di- 
chloro-p-tolylhydrazone, prepared by the action of an excess of chlorine 
upon a suspension of 2 : 4-dinitrobenzaldehyde-p-tolylhydrazone in 
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acetic acid, in bright yellow prisms, m. p. 151° (decomp.) (Found 
Cl, 26-4. C,,H,O,N,Cl, requires Cl, 26-4°%). 

Although explosive benzisodiazole oxides derived from these 
two «-chloro-compounds were probably formed when.ammonia was | 
passed into their solutions in benzene, they could not be isolated in a 
state of purity from the tarry products of the reaction. 

The following hydrazones, prepared in the course of this investig- 
ation, were converted into the respective w-halogen compounds by 
the action of bromine and chlorine upon acetic acid suspensions of 
the hydrazones. 

2 : 4-Dinitrobenzaldehyde-2 : 4-dibromophenylhydrazone, bright red 
needles, m. p. 204° (Found: Br, 35°8. C,,H,0,N,Br, requires Br, 
36-0% ), 2 : 4-dinitrobenzaldehyde-2 : 4-dichlorophenylhydrazone, bright 
red prisms, m. p. 207° (Found : Cl, 20-1. C,,HgO,N,Cl, requires Cl, 
20-0°,), 2 : 4-dinitrobenzaldehyde-3-bromo-p-tolylhydrazone, crimson 
prisms, m. p. 179° (Found: Br, 21-2. C,,H,,0,N,Br requires Br, 
21-6°,), 2 : 4-dinitrobenzaldehyde-3 : 5-dibromo-p-tolylhydrazone, labile 
form, bright red prisms, stable form, purple prisms, m. p. 182° 
(Found: Br, 34:7. C,,H,,0,N,Br, requires Br, 34:9%,), 2 : 4-di- 
nitrobenzaldehyde-3-chloro-p-tolylhydrazone, dark red needles, m. p. 
192° (Found: Cl, 10-7. C,,H,,0O,N,Cl requires Cl, 10-6%), and 
2 : 4-dinitrobenzaldehyde-3 : 5-dichloro-p-tolylhydrazone, labile form, 
bright red prisms, stable form, purple prisms, m. p. 200° (Found : Cl, 
19-1. Cy4Hy90,N,Cl, requires Cl, 19-2%). 

THE QUEEN’S COLLEGE LABORATORY, 


OXFORD. {| Received, September 2nd, 1931.] 





CCCLX XXIX.—Alternation in Long-chain Compounds. 
New X-Ray Data for Long-chain Ethyl and 
Methyl Esters and Iodides, and a Preliminary 
Thermal Examination of the Esters. 


By Tuomas MALKIN. 


FRANCIS, Prrer, and Makin (Proc. Roy. Soc., 1930, 4, 128, 224), 
who measured the large crystal spacings of a series of ethyl esters of 
the normal fatty acids, observed an unexpected increase in the 
spacings of certain equimolecular mixtures. The investigation has 
therefore been continued, and it is now found that ethyl esters exist 
in two crystalline forms, one of which is stable over a limited range 
of temperature near the m. p. The large spacings of the new form 
are longer than those of the normal form measured by the above 
authors, and this suggests the explanation of the increase noticed 

















PLaTE I. 


Ethyl stearate. 


Methyl margarate. 
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Methyl stearate. 
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(Index numbers refer to orders of reflexion.) 
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hy them. In the case of mixtures, the change from the metastable 
form into the normal stable form is greatly retarded, so that a fused 
mixture solidifies and remains in the metastable condition over < 
considerable period. 

The long spacings of a series of methyl esters have also been 
measured. In contrast to the ethyl esters, which crystallise in 
lavers of single molecules, these crystallise in double molecules; 
moreover, evidence of a second crystalline form is found only in the 
case of methyl esters of acids containing an odd number of carbon 
atoms. 

The bearing of these results on the phenomena of alternation will 
he discussed in a later section. 


EXPERIMENTAL. 

X-Ray Technique and Materials.—Throughout the work a Miller 
spectrograph and a Shearer X-ray tube were used (iron anticathode, 
2K\axFe = 1-932). The specimens were mounted in two ways: 
(1) a thin layer of material crystallised from a solvent was pressed 
on to a glass strip (pressed layer), (2) a thin layer was melted on to 
the strip by means of a warm spatula, and allowed to solidify 
(melted layer). 

The esters examined were prepared from the fatty acids used in 
the previous investigation, and the iodides were synthesised from 
these and purified by the author. 

X-Ray Examination of the Esters.— Ethyl esters. Francis, Piper, 
and Malkin (loc. cit.) determined the large spacings (pressed layers) 
for a series of ethyl esters. Two missing members (C,, and C,,) have 
now been examined and the completed data for the series from 
C, to C,, acids are given in Table I (a), and plotted in Fig. 1. 

TABLE I. 
Long spacings of ethyl esters of fatty acids (in A.U.). 


No. of C 
atoms inester. 18, 19. 20. 21. 22. 23. 24. 25. 26. 27. 28. 
a) Pressed 23-0 24-6 25:5 26-8 28-0 29-2 30-1 31-4 32-1 33:9 34-6 
Melted 27-1 28-6 29-8 31-3 32-4 


The * pressed ” spacing is also obtained from a melted layer, if 
this is allowed to cool to room temperature; but if the temperature 
is maintained a few degrees below the m. p., the longer spacing of 
another crystalline form appears.* This form is stable over a small 
range of temperature immediately below the m. p. 

The change is well shown in the case of ethy! stearate [Plate I, (a) 
ind (b)}. A thin layer of ester was melted on a glass strip, mounted 

* Smith (this vol., p. 803) has described two forms of ethyl palmitate and 
thy] stearate. 
4y¥ 
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on the spectrograph, and quickly enclosed by a small electrically 
heated oven so as to maintain the temperature a few degrees below 
The X-ray beam was first reflected for 3 hours to the right 
In the photograph, the more 


the m. p. 
and then for the same time to the left. 
closely spaced lines on the right of (a) correspond to a wider crystal 
spacing than the normal spacing on the left, and thus, during the 
exposure, the unstable form had slowly changed to the stable. For 
comparison, a photograph of pressed ethyl stearate (6) is shown 
immediately below (a). (The faint lines on this photograph are due 
Fie. 1. 
X-Ray data for ethyl and methyl esters of normal fatty acids. 





60 ad 
3 
4 
s. 
By 
é 
‘, 
“2 
of 
9 
50 = of 
44 
of 
44 
db 
a 
eS s’ 
= fg 
~ ae 
> j /e 
4 
= » 
om +! 
x 40 = v 
& s 
S 
ow 
N 














20 l —— l —— 
14 16 18 20 22 24 26 28 
Number of carbon atoms. 
Ethyl esters. @ Methyl esters. 
+ Values obtained for mixed esters by Francis, Piper, and Malkin. 

to 8 radiation, and are not to be confused with those of the new form, 

with which, by chance, they almost coincide.) The new spacings, 

which have been measured for the esters of margaric to heneicosanic 

acids, are given in Table I (6) and plotted in Fig. 1. The values 

obtained by Francis, Piper, and Malkin for mixed esters are also 

plotted in the figure, and are seen to fall reasonably close to the curve 
representing the metastable form. 

Differences in the crystal spacings, such as those found in the two 

forms of ethyl esters, are regarded as being due to a change in the 
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tilt of the chain with respect to the planes formed by the terminal 
groups. If, therefore, the diameter of the carbon atom is taken as 
‘54 A.U. (diamond), and a zig-zag chain of carbon atoms inclined 
tetrahedrally to each other is assumed, the above X-ray data for 
ethyl esters agree with a chain inclined at an angle of 67}° in the 
normal form, and a vertical chain in the metastable form.* 
Methyl esters. Spacings for pressed and melted layers are given 
in Table II and plotted in Fig. 1. 


TABLE IT. 
Long spacings of methyl esters of fatty acids (in A.U.). 


No. of C atoms 


in ester. 15. 16. 17. 18. 19. a 225 Se 23. 24. 
(a) Pressed ......... 38:8 41°8 43-2 46-5 47-8 51-2 52-6 55-6 56-7 60-4 
(b) Melted ......... 38:8 23-6 43-3 26-0 47-8 28:4 — 30-9 - 


Identical values are given for pressed and melted layers if the 
latter are allowed to cool sufficiently ; but in the case of esters of odd 
acids, another crystalline form is found to exist over a moderate 
range of temperature near the m. p. The spacings for this form are 
given in Table II (b). The values for pressed layers correspond to 
planes separated by double molecules with chains tilted at angles of 
63° and 674° for esters of even and of odd acids, respectively. The 
values for the metastable form correspond to layers of single mole- 
cules with chains tilted at an angle of 75°. 

The differences between methyl esters of odd and of even acids are 
illustrated in Plate I: (c) and (d) are photographs of pressed and 
melted layers of methyl! margarate; (e) and (f) of pressed and melted 
lavers of methyl stearate taken at different temperatures. Photo- 
graphs (c) and (d) show a distinct change in type, both the intensity 
distribution and the spacings of the lines being different. In (e) and 
(/), there is no difference between pressed and melted layers, except 
that, in the high-temperature pressed layer (35°) and in the melted 
layer, the strong first order has become much weaker. This weaken- 
ing of the first order probably explains why Shearer (J., 1923, 123, 
3153) reported methyl palmitate and stearate as single molecules. 
Shearer presumably used melted layers, in which case the first order 
is frequently missing, unless long exposures are given, and thus 
orders 4, 6, 8, would be regarded as 2, 3, 4, and the spacing conse- 
quently halved. 

From the fact that methyl esters crystallise in double molecules, 

* Actually, the data for the metastable form require the carbon atoms to 
be joined at an angle slightly greater than the tetrahedral, namely, 118°. 
Ingold (J., 1921, 119, 305) deduced theoretically an angle of 115° between 
methylene groups, and Piper (J., 1929, 237) found 111° 46’ in the case of 

id salts cf fatty acids. 
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it appears that the methyl group has some power of co-ordination 
similar to that of the hydrogen in carboxylic acids. This power, 
although much weaker in the esters, is, however, sufficient to account 
satisfactorily for the unexpected fa¢t that methyl esters melt at a 
slightly higher temperature than the corresponding ethyl esters. 
Thermal Examination of the E'sters.—Ccoling curves of ethyl esters, 
from ethyl margarate upwards, show two distinct arrests. In all 
cases the liquid changes to a transparent solid, which on further 
cooling becomes white and opaque, the visible changes correspondin, 
with the arrests in the curve and also with the changes in crystal 
spacings. The stability of the transparent form of esters of odd 
acids is greater than that of esters of even acids, and the change in 


Fic. 2. 


Ethyl stearate. Ethyl palmitate. Ethyl nonadecylate. 
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the case of the former is reversible. This is shown either by the 
X-ray method or by heating curves. In the case of even esters, it 
is not yet possible to decide whether the change is reversible or not : 
neither method gives evidence of reversibility. 

Typical cooling and heating curves are shown in Fig. 2 (a) and (c). 
In the case of ethyl palmitate, Fig. 2 (5), the two arrests are super- 
imposed, and therefore this ester could not be maintained in the 
metastable form long enough for an X-ray exposure. 

Table III gives the setting point and temperature of transition 
for a number of ethyl esters. The former lie on a smooth curve. 

Cooling curves for methyl esters of odd acids show two arrests and 
are of the same type as that given in Fig. 2 for cthyl stearate. The 
change from metastable to normal form appears to be irreversible. 
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Curves for methyl esters of even acids are of the normal type with a 
single arrest at the setting point. 

Alternation in Long-chain Compounds.— Baeyer (Ber., 1877, 10, 
1286) first noted the alternation in the m. p.’s of mono- and di-basic 
long-chain acids, and later Biach (Z. physikal. Chem., 1905, 50, 43) 
adduced evidence to show that alternation is a general property 
exhibited by other physical constants such as boiling point, solu- 
bility, molecular heat, refraction, and rotation, a view supported bv 
Pauly (Z. anorg. Chem., 1922, 119, 271) and Nekrassow (Z. physikal. 
Chem., 1927, 128, 208). On the other hand, Garner and Ryder 
J., 1925, 1277, 720) showed that there is no alternation in the 
molecular volumes of liquid fatty acids, and Verkade, Coops, and 
Hartman (Rec. trav. chim., 1926, 45, 373, 585) found no alternation 
in constants referring to the liquid state, in the case of di- and 
mono-basic acids and methyl esters of the former. A critical 
survey of the available data supports the view of the last authors, 

, that alternation occurs only in constants referring to the solid 


state. 
TABLE III. 
Setting point. Transition point. Capillary m. p.* 
Ethyl palmitate ......... 19-8° 21-05 25° 
margarate ......... 25-0 9-5 28 
a 3( 75 25-:5—26-0 34 
nonadecylate ...... 35> 5 24-3—24-7 37 
eicosanate ......... 40-3 32—35d 4L-0 
behenate ......... 47 1 34:5 48-0 


* Capillary melting points of long-chain compounds are usually slightly 
I : g g : 


higher than setting points. 


Differences between compounds of odd- and even-carbon content 
have been attributed to various causes; for instance, Biach (loc. cit.) 
considered that the carbon atoms in the chain are linked alternately 
by strong and weak bonds, and Cuy (Z. anorg. Chem., 1921, 115, 
273) and Pauly (loc. cit.) assumed that the carbon atoms are altern- 
ately positive and negative. Either of these effects would obviously 
produce a difference between odd and even members. Pauly also 
suggested that the chain is in the form of a tetrahedral zig-zag and 
that, consequently, the terminal groups in even and odd chains are 
respectively in the anti- and the syn-position (see Fig. 3). This view 
has been elaborated by Nekrassow (loc. cit.) and by Miiller (Proc. 
Roy. Soc., 1929, A, 124, 318). 

The difficulty with regard to these theories is that they imply 
alternation in all long-chain compounds, whereas, actually, the 
normal paraffins, methyl ketones, primary alcohols, and ethyl esters 
do not show this phenomenon. One would expect, therefore, some 
important crystallographic difference between the above series and 
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alternating series, and this is found to be the case. If one considers 
the form stable at the melting point, all the above non-alternating 
series possess vertical chains, whereas alternating series possess tilted 
chains.* 

A vertical chain requires an increase in length of chain per carbon 
atom of approximately 1-3 A.U.; the increase found for ethyl esters 
is 1-32, for paraffins 1-3 and 1-25 (Miiller, J., 1925, 127, 602; Proc. 
Roy. Soc., 1930, A, 127, 422), for ketones 1-3 (Saville and Shearer, 
J., 1925, 127, 595), and for alcohols 1-29 (Malkin, J. Amer. Chem. Soc., 


Fie. 3. 





Vertical chains. Tilted chains. 


Terminal groups are represented by circles, and terminal planes by dis- 

continuous lines. d= Long crystal spacing (2d in the case of double 
molecules). 
1930, 52, 3739). In alternating series, the chains are tilted, as 
shown in the case of fatty acids (Piper, Trans. Faraday Soc., 1929, 
25, 348), dibasic acids (Normand, Ross, and Henderson, J., 1926, 
2632; Caspari, J., 1928, 3236), iodides (this paper), and nitriles 
(unpublished). 

It appears, therefore, that alternation is caused by some effect 
resulting from a tilted chain (see Malkin, Nature, 1931, 127, 126), and 
the nature of this effect is illustrated by Fig. 3. 

In the case of vertical chains, there is no fundamental difference in 
the terminal planes between odd and even chains, and the density 


* Prior to the discovery of the second crystalline form, ethyl esters appeared 
to be an exception to this. 
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of packing is the same in these planes. In the case of tilted chains, 
however, there is an obvious difference between even and odd. The 
even are separated by similar closely packed planes, whereas the odd 
are separated by alternate loosely and closely packed planes. The 
crystalline structure of odd members would therefore be expected 
to be less stable, which is in agreement with their lower m. p.’s. 

The above views are in harmony with the work of Garner and 
Randall (J., 1924, 125, 881), Garner, Madden, and Rushbrooke 
(J., 1926, 2491), and Garner and King (J., 1929, 1849), who have 
shown that carbon chains in odd and even acids have the same 
structure, and have pointed out that alternation is due to some 
difference in the arrangement of the terminal groups. Piper (Joc. cit.) 
came to the same conclusions from his X-ray investigations. 

It is clear, moreover, from Fig. 3, that owing to the occurrence of 
alternate wide planes, the long spacings of odd alternating com- 
pounds should be slightly longer than those of the even, whereas in 
the case of non-alternating compounds the spacings of odd and even 
should increase linearly. This is found to be the case. X-Ray data 
for any alternating series, when plotted, fall on two almost parallel 
straight lines separated by about 0-5—1 A.U. according to whether 
single or double molecules are measured, the upper line representing 
the odd members. 

The iodides are interesting in this connexion, since, exceptionally, 
those with an odd carbon content melt at the higher temperature. 
A series has therefore been prepared and examined by means of 
X-rays (see Table IV and Fig. 4). The intensity distribution 


TABLE IV. 
Long spacings for higher alkyl iodides (in A.U.). 
Carbon content. oS 2 Bi: 3 2 8. Mm 
Long spacing (pressed layers)......... 42-6 44-0 47-2 48-5 53-5 56-2 60-8 


indicates an arrangement of double molecules. It will be seen that 
this reversal of the normal behaviour with regard to m. p. is accom- 
panied by a similar reversal in the spacings, and the line representing 
the even iodides is now the upper one. This is probably due to the 
large iodine atom having the same effect as an additional carbon 
atom, and thus giving an even chain the properties of an odd. A 
similar effect would be anticipated in the case of chlorides and 
bromides, and since there are no data in the literature, these com- 
pounds are being prepared for investigation. 

Other experimental facts support the view that alternation is a 
consequence of a tilted chain. Thus, the molecular volumes of 
solid odd fatty acids are greater than those of even (Garner and 
Ryder, J., 1925, 127, 721), and further, the chains of odd alternating 
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series are slightly less tilted than those of the even (see Caspari, 
loc. cit.; and compare the methyl esters, this paper). It is clear 
from Fig. 3 that alternate wide planes in the case of odd chains 
would cause both these effects. 

The difference in tilt between odd and even chains possibly 
explains the small differences in the increment of heat of crystal- 
lisation per methylene group found in the case of odd and even acids 
by Garner and King (loc. cit.). The data available indicate that a 
vertical chain is more loosely packed than a tilted one; for instance, 
the density of nonacontane (vertical) is 0-95 (Miiller, Proc. Roy. Soc., 
1928, A, 120, 440), whilst that of stearic acid (tilted) is 1-04 (idem, 
ibid., 1927, A, 114, 547), and consequently the forces holding the 


Fie. 4. 
X-Ray data for normal long-chain iodides. 
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chains together would be expected to be smaller in the case of the 
vertical chains. In agreement with this, Garner and King (loc. cit.) 
have shown that the increment in heat of crystallisation per methylene 
group for even acids (tilted) is 1-03 Cals., for odd acids (slightly less 
tilted) 0-965 Cal., and for hydrocarbons (vertical) 0-608 Cal. 
(Garner, van Bibber, and King, this vol., p. 1533). 


Summary. 


Ethyl and methyl esters of the higher fatty acids have been 
examined by means of X-rays, and the long crystal spacings deter- 
mined. Two crystalline forms of the ethyl esters are shown to exist; 
one form is stable over a small range of temperature immediately 
below the m. p., but changes on cooling to the form obtained when 
the esters are crystallised from solvents. In the case of methyl 
esters, it is shown that only esters of odd fatty acids exist in two 
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crystalline forms, one form again being stable over a small range of 
temperature immediately below the m. p. 

Methy] esters crystallise in layers of double molecules, and ethyl 
esters in layers of single molecules, and it is suggested that this is 
the cause of the slightly higher m. p.’s of the former. 

The theory of alternation is discussed, and the view advanced that 
the essential feature of an alternating series is that the zig-zag carbon 
chain is tilted with respect to the terminal planes. 


My best thanks are due to Dr. 8. H. Piper for his friendly interest 
in the work and for much advice on X-ray technique. 


H. H. Wits Puysicat LABORATORY AND THE CHEMISTRY DEPARTMENT, 
UNIVERSITY OF BRISTOL. [Received, July 24th, 1931.] 





CCCXC.—The Preparation and Some Properties of 
Amalgams of Titanium, Uranium, and Vanadium. 


By RonaLpD GROVES and ALEXANDER SMITH RUSSELL. 


THE work on metals which are ordinarily very difficult to deposit 
electrolytically from aqueous solution, and hitherto reported for 
molybdenum by Merrill and Russell (J., 1929, 2389) and for tungsten 
by Jackson, Russell, and Merrill (ibid., p. 2394), has now been 
extended to titanium, uranium, and vanadium. Conditions have 
been found for the deposition of these metals on a cathode of 
mercury by the electric current and, to a very small extent, indeed, 
on certain amalgams, by merely shaking the latter with acidified 
solutions of salts of such metals. The order has also been deter- 
mined in which these metals are removed by oxidising solutions 
from their solution or suspension in mercury, relative to metals such 
as tin, bismuth, and copper, whose electrode potentials in mercury 
are accurately known. In no case are the positions those to be 
expected from a knowledge of the general chemical character of 
these three metals. In mercury, owing to compound formation, 
these metals behave less reactively than they do in the free state. 
The nature of these compounds is at present under investigation 
by us. The action of these amalgams in assisting the production of 
hydrogen at a zinc amalgam-dilute sulphuric acid interface has also 
been investigated. 
EXPERIMENTAL. 

Previous Work on Titanium, Uranium, and Vanadium.—The only 
previous work on the electrolytic deposition of titanium is that of 
Becquerel (Ann. Chim. Phys., 1831, [ii], 48, 337), who claimed to 
have deposited the metal with iron on a platinum cathode from a 

4x2 
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solution of chlorides in hydrochloric acid. Except in presence of 
iron the deposition failed and this indicated to him that the deposit 
obtained was an alloy of the two metals. He did not work with a 
mercury cathode. The only previous work on the electrolytic 
deposition of uranium from aqueous solution is due to Férée (Bull. 
Soc. chim., 1901, 25, 622), who used a mercury cathode, an electro- 
lyte of uranous chloride in hydrochloric acid, and small current 
densities for long periods. He protected the mercury against attack 
by chlorine. He found the amount obtained varied capriciously and 
did not give precise conditions for a positive yield. The only claim 
to have deposited vanadium from aqueous solution is that of Cowper- 
Coles (Chem. News, 1899, 79, 147), who electrolysed a solution of 
sodium vanadate in hydrochloric acid with a platinum cathode. 
The work was repeated and not confirmed by Borchers (“‘ Elektro- 
metallurgie,” Leipzig, 1902, 498) and by S. Fischer (Trans. Amer. 
Electrochem. Soc., 1916, 30, 175). Setterberg (Ofvers. Finska Vet.- 
Soc., 1882, 39, 10) failed to obtain a deposit of vanadium from aqueous 
solutions under a variety of conditions. Schicht (Chem. News, 1880, 
41, 280; 42, 331), Gore (‘‘ Electrochemistry,” London, 1906, 101), 
and Meyers (J. Amer. Chem. Soc., 1904, 26, 1124) could not reduce 
vanadium electrolytically below the bivalent state. The last was 
the only worker to use a mercury cathode; his electrolyte was 
sodium vanadate. 

Deposition of Titanium, Uranium, and Vanadium on a Mercury 
Cathode.—The essentials for the successful deposition of each of 
these metals were found to be a high C.D. at the cathode, with 
adequate cooling of the apparatus, and separation of anode and 
cathode liquids. The cell used was a cylinder of glass 9 cm. long, 
and of 4 cm. internal diameter, drawn out to a diameter of 1-4 cm. 
at its base, where the cathode mercury was placed. Inserted in this 
to a depth of 5 cm. was a cylinder of unglazed porcelain, 9 cm. long 
and of 2 cm. internal diameter, shut at one end. Both glass and 
porcelain cylinders were supported vertically on a stand which could 
be gently rocked during an experiment. The anode was a rectangle 
of platinum foil, 0-5 cm.? in area, supported inside the porcelain 
cylinder 3 cm. above its base. The cathode was about 15 g. of 
mercury at the base of the glass cylinder. Owing to the heat 
generated, both glass cell and porcelain cylinder had to be kept cool. 
The former was cooled on its outside by a continuous stream of 
water emerging from a series of small holes in a rubber ring which 
encircled its top, the arrangement being such that every part of the 
surface was kept continuously wet. A spiral of thin glass through 
which water circulated, placed inside the porcelain cylinder, served 
to keep the anode liquid cool. 
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of For titanium the most suitable cathode liquid was found to be a 
it 7% solution of titanous chloride in 2N-hydrochloric acid, and the 
™ best anode liquid 2N-hydrochloric acid. The C.D. at the cathode 
= was best kept at 5 amp./cm.2. With this disposition, 0-2 g. of 
. titanium was deposited in an hour. Variations in the concentration 
- or nature of the acid appeared to be of minor importance, nor had 
at the addition of ferric chloride any noticeable effect. 
Kk For uranium, the most suitable cathode solution was uranyl 
d sulphate initially in 2N-sulphuric acid; the anode liquid was the 
” same acid. The C.D. at the cathode was best kept at 6 amp. /cm.?. 
A Soon after the electrolysis had begun, the yellow colour of the 
of electrolyte changed to the deep green of uranous sulphate. Later, 
» a suspension, probably of hydrated U,0,, appeared and the current 
“ fell. This was counteracted by gradually increasing the acid 
° strength by dropping concentrated sulphuric acid into the electrolyte. 
of The deposition was slower than that of titanium, about 3 hours 
“ being required to obtain 0-5 g. of uranium. Under no condition of 
, arrangement of cell, concentration, and C.D. could metal deposition 
E from hydrochloric acid solution be detected, a result directly opposed 
4 to Férée’s claim. For vanadium, sodium vanadate alone of many 
. vanadium compounds tried was found suitable for the cathode 
, liquid, a result at variance with that of Myers. It was found best 


to add this salt in fine suspension to 2N-sulphuric acid to form the 
cathode liquid. The best anode liquid was found to be 4N-sulphuric 
acid, and the best C.D. at the cathode from 4 to 5 amp./ 
em.2, As with uranium, sufficient sulphuric acid was added from 
time to time to avoid fall of current or formation of a precipitate. 
, The deposition was the slowest of the three, but 0-5 g. could be 
obtained in 4 hours without difficulty. 

The amounts of titanium, uranium, and vanadium deposited were 
determined by analysis of the electrolyte before and after the 
experiment; also by dissolving the metals completely from the 
mercury by acidified permanganate, reducing them to the titanous, 
uranous, and (bivalent) vanadous states and at the same time 
: removing dissolved mercury by shaking with zinc amalgam, and 
: titrating with permanganate. 

Some Properties of the Amalgams.—Each of the three metals was 
found to be 100% efficient as a reducing agent when shaken vigor- 
ously with acidified permanganate, dichromate, or ferric sulphate, 
i.e., the weight of metal oxidised was exactly equivalent to the 
concentration of oxidant reduced. In such reductions the mercury 
was unchanged ultimately. (At first, mercury would be oxidised 
simultaneously with, say, titanium, but on further shaking the 
mercuric ions would be reduced to metal by the titanium.) Titanium 
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in its amalgam was found to be oxidised to the titanic state by 
acidified permanganate, dichromate, quinquevalent vanadium, and 
ferric sulphate, but not beyond the titanous state by copper 
sulphate in sulphuric acid, the vanadium being then reduced to the 
quadrivalent state and the cupric ion to the metal. Uranium in its 
amalgam was less powerful. There was no appreciable oxidation 
of it by acidified copper sulphate. It was oxidised to the uranyl 
state by permanganate and by dichromate, but only slowly beyond 
the uranous state by quinquevalent vanadium, and not at all beyond 
uranous by ferric sulphate. Vanadium amalgam was very similar 
in its reducing action to that of titanium. 

Each of the metals in its amalgam was found to be completely 
insoluble in mercury when the amalgam was passed more than once 
through a ground-glass filter of the Gooch type with pores just 
sufficiently large to allow mercury to pass freely when the arrange- 
ment was attached to an ordinary water-pump. In each case, the 
mercury which passed was found to be free from the other metal, as 
shown by attempts to detect them by any oxidation method or by 
the more sensitive catalytic test to be described. 

The actions of titanium, uranium, and vanadium in assisting the 
production of hydrogen at a zinc amalgam-dilute sulphuric acid 
interface were investigated by the method of Russell and Rowell 
(J., 1926, 1885). The concentrations of sulphuric acid below which 
bubbles of hydrogen failed to appear within a minute when the acid 
was poured on to a 1% zinc amalgam containing titanium, uranium, 
or vanadium were found to be 0-0025, 0-01, and 0-025N respectively. 
Titanium, thus, has an effect comparable with platinum, tungsten, 
and molybdenum, and vanadium is least catalytic. By diluting 
a known weight of titanium with mercury it was found that approx. 
10-6 g. of titanium in 200 g. of mercury gave a detectable catalytic 
effect when a 1% zinc amalgam was covered with 2N-sulphuric acid. 
The corresponding figure for both uranium and vanadium was found 
to be 10-° g. 

Deposition of Metallic Titanium, Uranium, and Vanadium on Zine 
and Other Amalgams by Displacement.—The common metals of the 
B sub-group of the periodic classification may be divided sharply 
into two groups with regard to the behaviour of their ions in sul- 
phuric acid solution towards zinc amalgam. The ions of tin and 
less reactive metals are quantitatively reduced to the metallic state 
by the amalgam; those of metals more reactive than tin are not 
reduced in detectable quantity. With titanium, uranium, and 
vanadium, however, as has been previously shown with tungsten and 
molybdenum (Russell and Rowell, loc. cit.), a very small concentra- 
tion of the ions present was found to be reduced to the metallic state 
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in certain circumstances and after very vigorous shaking. As with 
tungsten, the concentrations of uranium and vanadium so deposited 
were below those detectable by known chemical tests, but were 
easily detectable by the catalytic action of the metal described above. 
On the other hand, the small concentrations of titanium and of 
molybdenum similarly deposited were just detectable by sensitive 
chemical tests. 

The procedure with zinc amalgam was as follows. Half of the 
amalgam was very vigorously shaken by hand for two minutes with 
a sulphuric acid solution of the ions of the metal under examination 
in a stoppered bottle. The other half was shaken equally vigorously 
for the same time with a solution of 2N-sulphuric acid. The 
amalgams were then freed from their solutions by decantation, 
washed with distilled water, and covered with 2N-sulphuric acid. 
The blank amalgam showed after a minute no bubbles of hydrogen, 
or perhaps a few bubbles only. The other, if traces of a metal which 
was catalytic had been deposited on it, showed a vigorous efferv- 
escence of hydrogen. Of the three metals, titanium, uranium, and 
vanadium, the second was most easily deposited by this shaking 
method, but, compared with tungsten and molybdenum, the 
amount deposited appeared to be very small. With titanium and 
vanadium, it was only after vigorous and prolonged shaking, that 
the deposition of these metals in this way was established. (Care 
had been taken to ensure that the solutions shaken with the zinc 
amalgam contained no traces of tungsten, molybdenum, or uranium, 
and that the amalgam itself was free from other catalytic metals.) 
Whenever the deposition had been established on zinc amalgam it 
was sought to establish it on amalgams of less reactive metals, such 
as tin and copper, and finally on mercury itself. In these attempts 
one-half of the amalgam or of the mercury was vigorously shaken 
with the solution to be tested, and the other similarly with dilute 
sulphuric acid. The amalgams or the mercury were then separated 
from the liquids with which they had been shaken, and well washed. 
Small quantities of zinc were added to all, and the amalgam was 
covered with 2N-sulphuric acid. The presence of a uniform layer 
of bubbles, like pin-points, which formed within a minute on 
the surface of the amalgam that had been shaken with the ions of the 
solution to be tested, as contrasted with absence of bubbles on the 
blanks, was taken as evidence that traces of catalytic metal had been 
deposited on the amalgams or mercury. In this way, it was shown 
that titanium and uranium, but not vanadium, were deposited in 
traces on pure mercury and on copper and tin amalgams as well as 
on the more reactive zinc amalgam. Uranium was deposited most 
quickly and obviously of the three, and vanadium least, or not at all, 
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on the amalgams tried. The concentrations of sulphuric acid below 
which bubbles failed to appear when zinc was added to an amalgam 
or to mercury shaken as described with solutions of titanium, 
uranium, and vanadium, were 0-0025, 0-01, and 0-025N respectively. 
These values are identical with those obtained with the metals 
deposited electrolytically, and indicate that the catalytic effect 
produced is not due to the presence in the solutions of titanium, 
uranium, and vanadium of some common impurity which happens 
to be deposited on mercury and more reactive metals. 

Whereas with tungsten and molybdenum, solutions of different 
salts so far tried appeared to give equally well a deposit of traces of 
the metal, there were marked differences with titanium. Mass for 
mass, the most active titanium solutions for this purpose were those 
of the sulphate in sulphuric acid which had been reduced by zinc and 
oxidised by permanganate more than once. When this solution was 
shaken vigorously with a pure zinc amalgam, sufficient titanium to 
give a marked evolution of hydrogen was deposited on the zinc. 
Often with more concentrated solutions, e.g., with the 15% solutions 
of titanous sulphate and chloride supplied commercially, the catalytic 
effect produced was markedly less, although never zero. A precipi- 
tate of pure titanous hydroxide, freshly dissolved in hydrochloric 
or sulphuric acid, gave hardly more than a trace of catalytic effect. 
It was diluted and allowed to stand for some weeks, whereupon it 
hydrolysed, forming a deposit. This gave a vigorous catalytic 
effect when shaken with zinc amalgam. The cause of these vari- 
ations is under investigation. Possibly a certain kind of ion capable 
of immediate reduction to the metallic state is formed in some 
solutions in greater concentration than in others. Similar variations 
were not observed with different uranium solutions ; the deposition 
was obtained equally well from uranyl nitrate, chloride, and sulphate. 
With all vanadium solutions the catalytic effect was very hard to 
substantiate. Sodium vanadate in sulphuric acid seemed the least 
unsuitable solution for the purpose. 

With tungsten and molybdenum, the deposition of traces of the 
metal on zinc amalgam began immediately the solution and the 
amalgam had been brought in contact; it is not an effect which 
occurs after the solutions have been reduced to the quadrivalent and 
tervalent states respectively, i.e., the states of oxidation below which 
it has hitherto been thought that these solutions cannot be reduced 
by zine or its amalgam. With titanium, uranium, and vanadium, 
the difficulty or slowness of deposition is so great that it cannot be 
said whether or not it occurs before the reduction to the tervalent, 
tervalent, and bivalent state of oxidation respectively. 

It was expected that solutions of chromium and manganese salts 
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when shaken with zinc amalgam would give sufficient deposition of 
the metal to be identified by catalytic action. These metals are 
similar in chemical character to vanadium, titanium, and molyb- 
denum, and their deposition at a mercury cathode by the electric 
current is much more easily accomplished. An extended series of 
experiments with different chromium and manganese salts in 
solution failed to give the slightest trace of catalytic activity, how- 
ever. The catalytic action of chromium deposited by electrolysis 
is doubtful, but manganese so deposited is a good catalyst (Russell 
and Rowell, loc. cit.). It would therefore appear that manganese is 
not deposited in traces by shaking, as are the other metals mentioned. 
The ordinary chemical tests available for tungsten, uranium, and 
vanadium were insufficiently sensitive to identify the quantities of 
these metals deposited on zinc amalgam by shaking. This was 
possible, however, with molybdenum and titanium, and a rough 
estimate of the masses of these metals deposited on a 1% zinc 
amalgam by shaking it for 2 minutes with 100 c.c. of N/10-molyb- 
denum or titanium ion in sulphuric acid was made. The amalgam 
on which the molybdenum had been deposited was shaken with 
excess of permanganate to oxidise the molybdenum completely in 
addition to the zinc. Molybdenum was determined in this solution 
colorimetrically by the addition of potassium cyanate and a frag- 
ment of zinc. The mean value obtained in a few experiments was 
approx. 10 g. Titanium was determined in a similar experiment 
by Das Gupta’s method (J. Indian Chem. Soc., 1929, 6, 763). The 
mean value obtained in a few experiments was also approx. 10~ g. 
Order of Removal of Titanium, Uranium, and Vanadium from 
Mercury by Oxidising Solutions.—This work is a continuation of 
previous work summarised by Russell (J., 1929, 2398) and carried out 
by his methods. Titanium was oxidised after tin and lead and 
before bismuth and copper, uranium after iron and molybdenum and 
before cobalt and mercury, vanadium after titanium and before 
bismuth. The experiments to settle this order were easily carried 
out as soon as amalgams containing quantities of approx. 0-5 g. of 
titanium, uranium, or vanadium had been prepared. The behaviour 
of titanium amalgam towards oxidising agents described above 
suggested that titanium would probably be removed from mercury 
after tin and lead. An amalgam containing 0-5 g. of tin or lead and 
0-5 g. of titanium was oxidised by acidified permanganate, dichromate, 
or ferric sulphate. The tin or the lead was found to be responsible for 
the whole of the reduction so long as a quantity in excess of a few 
mg. was present. When similar weights of bismuth or copper 
replaced the tin, the titanium did the whole of the reduction until its 
concentration had been reduced to a very small weight. As tin is 








2812 GROVES AND RUSSELL: THE PREPARATION AND 


known to precede lead, and bismuth copper, the order of removal 
becomes tin, lead, titanium, bismuth, copper. A similar series of 
experiments with an amalgam of uranium containing 0-5 g. of the 
metal in 200 g. of mercury mixed with similar quantities of iron, 
molybdenum, and cobalt, placed uranium after the first two and 
before the third. Analogous experiments with an amalgam of 
vanadium suggested that its position was very similar to that of 
titanium, and just inferior in the series. As with titanium, the 
positions assigned to uranium and vanadium are consistent with the 
behaviour of amalgams of these metals towards oxidising agents, 
a short account of which has been given above. The complete 
order of those metals investigated (omitting chromium, the redeter- 
mination of which is the subject of another investigation) is given 
in the summary. 
Discussion of Results. 

The positions found for the three metals under investigation are 
not, of course, their positions in the free state because, if they were, 
ions of all three should be completely reduced to the metallic state 
by contact with zinc, just as are those of tin, bismuth, or copper. 
Uranium, for example, from its position appears hardly more 
reactive than mercury, yet uranyl ions are only reduced to the 
tervalent state by zinc after prolonged shaking, and are not reduced 
below the quadrivalent state by shaking with tin. The electrode 
potentials of titanium, uranium, and vanadium have not yet been 
accurately determined, but it is clear from observations on these 
metals in the literature that all are more reactive than tin, and this 
statement is consistent with the great difficulty experienced in 
reducing their ions by zinc below the tervalent, tervalent, and bi- 
valent states, respectively, and possibly also with the difficulty in 
depositing them by the current. These metals, like other transition 
and pre-transition metals investigated (chromium, manganese, iron, 
nickel, cobalt, molybdenum, and tungsten), behave passively in 
mercury, effects most probably to be ascribed to compound form- 
ation. A preliminary account of some of these compounds has 
already been given by one of us (Nature, 1930, 125, 89) and a full 
account will be published in due course. 

The inversion of the ordinary phenomenon of displacement, i.e., 
the deposition of traces of titanium and uranium on less reactive 
metals like copper and mercury by mere contact of one of the latter 
with solutions of salts of the former, is a rare occurrence. Von 
Hevesy (Phil. Mag., 1912, 23, 628) showed a similar effect by a 
radioactive method. He deposited radioactive isotopes of lead and 
bismuth, presumably as metal, on noble metals such as platinum, 
gold, mercury, and copper, in some cases quantitatively. He 
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showed also that any radio-element, however reactive, could be 
deposited on a noble metal to a very small extent by mere contact of 
a solution of a salt of the former with the latter. These observations, 
as he showed, are consistent with Nernst’s theory of electrode 
potentials. In the cases under investigation, the amounts of reactive 
metals deposited, viz., 16-* to 10- g., are greater than the mass of the 
surface layer permitted by Nernst’s theory if the deposited metal forms 
no compound with the mercury, copper, or other metal. But there is 
no doubt that compound formation does occur with consequent 
removal of the surface layer of pure metal. It should thus be 
possible by sufficiently long and vigorous shaking to obtain masses 
of deposited metal identifiable by ordinary chemical tests. 

If catalytic action is to occur, the deposited metal must form a 
separate phase in the mercury, and therefore must be deposited in 
excess of its solubility in mercury. Of the transition and pre- 
transition metals investigated, manganese alone has been found to 
possess a detectable solubility (approx. 0-001%) at ordinary tem- 
perature. It alone of the metals which are known to have a detect- 
able catalytic action fails to show it when deposited by the shaking 
method. This is understandable because the amount of metal 
deposited by shaking as at present carried out is well below the limit 
of solubility of manganese. This argument cannot apply to 
chromium, the other metal which shows no catalytic action on 
shaking, but there the explanation is that the metal in no circum- 
stances shows the usual catalytic action. 

The present work is being extended by a study of compound 
formation of metals in mercury and of solubilities of transition and 
pre-transition metals therein. 


Summary. 


1. Conditions for the electrolytic deposition of titanium, uranium, 
and vanadium from aqueous solutions on a mercury cathode have 
been investigated. High current densities at the cathode, separation 
of cathode and anode liquid, an efficient system of cooling, and 
proper choice of cathode electrolyte are essential. The most 
suitable of the last are titanous chloride in hydrochloric acid and 
uranyl sulphate or sodium vanadate in sulphuric acid. 

2. The catalytic action of these three metals on the production of 
hydrogen at a zinc amalgam-—dilute sulphuric acid interface has been 
investigated. Titanium is nearly as good a catalyst as platinum, 
tungsten, and molybdenum, and better than uranium, which, in 
turn, is better than vanadium. 

3. Traces of metallic titanium, uranium, and vanadium have been 
deposited on zinc amalgam, and the first two, in addition, on tin and 
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copper amalgams and on mercury, by merely shaking solutions of 
salts of these metals with the amalgams or mercury. The quantity 
deposited is approx. 10-* to 10- g., and its presence is demonstrated 
by catalytic action. Uranium is most easily deposited in this way, 
and vanadium with most difficulty. Titanium, alone of the three, 
has been identified also by chemical tests. 

4. The order of removal of titanium, uranium, and vanadium 
from mercury by oxidising agents has been determined with respect 
to metals whose positions are known from earlier work. The order 
now is Zn, Cd, Mn, Tl, Sn, Pb, Ti, V, Bi, Cu, Fe, Mo, U, Co, Hg, Ni, W. 
Titanium and vanadium lie close together in this order and well 
above uranium. 


Dr. Ler’s LABORATORY, 
Curist CHURCH, OxFORD. [Received, September 11th, 1931.] 





CCCXCI.—The Constitution of the Bases formed by 
the Action of Phosphoryl Chloride on Acetanilide 
and on Phenacetin. 

By Orro Guipo BACKEBERG. 


THE action of phosphorus pentachloride on anilides of the type 
Ph-NH-CO-CH,R (R = Cl, Me, or Ph) leads, as von Braun and his 
collaborators have shown (Ber., 1930, 63, 3191), to the formation of 
quinoline derivatives, except in the case of acetanilide itself (R = H), 
which yields an amidine only, and no quinoline derivative. In this 
connexion Silberstein (D.R.-P. 137121) found that when acetanilide 
and phenacetin were treated with phosphoryl chloride, in addition 
to the corresponding substituted acetamidines, the bases C,,H,,N, 
(A) and C,9H,.0,N, (B) respectively were formed. The present 
investigation, primarily undertaken with the object of correlating 
Silberstein’s observations with those of von Braun, establishes the 
constitution of these bases, which are of interest owing to the power- 
ful local anesthetic action ascribed to them by Silberstein. 

Von Braun (loc. cit.) has shown that w-chloroacetanilide and 
phosphorus pentachloride form 3-chloro-4-anilino-2-chloromethyl- 
quinoline (I) and it therefore appeared probable that Silberstein’s 
bases (A) and (B) could be formulated as 4-anilinoquinaldine (II) 
and 4-p-phenetidino-6-ethoxyquinaldine (III) respectively. 


C-NHPh C-NHPh C-NH-C,H,-OEt 
“cel /\cH Eto)” SoH 
JCH,C1 (Me (Me 
N N N 


(I.) (II.) (III.) 
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The compound (II) was synthesised by Conrad and Limpach 
(Ber., 1887, 20, 953), and a specimen prepared by their method was 
found to be identical with Silberstein’s base (A); the compound (III) 
has not previously been described, but was similarly synthesised and 
found to be identical with the base (B). 

The compound (II), heated in a sealed tube with fuming hydro- 
chloric acid, lost the anilino-group and gave 4-hydroxyquinaldine 
and aniline; similar treatment of (III) removed the ethoxy-groups, 
but owing to considerable decomposition 4 : 6-dihydroxyquinaldine 
could not be isolated. 

The following mechanism of the formation of these quinaldine 
derivatives is proposed : 


NPh NPh 


C 
HO/ \CH, _P00%. “\oH _—" 
‘ee oO’ aa 


The simultaneous formation of diphenylacetamidine would occur 
as follows : 


cZNPh NHPh poo, Ph H,O 
Me C<OH ‘3 GOMe (—H,0) MeCENPh-COMe 


Me-C<Nitpp + CHs'CO,H 


Similar reactions would apply to the formation of (III) and of 
bis-(p-ethoxypheny])acetamidine. 


EXPERIMENTAL. 


4-Anilinoquinaldine (IT) (base A) was obtained in 10% yield as the 
hydrochloride by heating acetanilide (50 g.) with phosphory] chloride 
(55 g.) on the water-bath for 5 hours, pouring the product into water 
(100 c.c.), and heating the mixture to the boiling point. The bright 
yellow needles obtained on cooling were converted by repeated 
treatment with charcoal in dilute acetic acid solution into colourless 
needles, m. p. 266° after recrystallisation from aqueous-alcoholic 
hydrogen chloride (Found: Cl, 13-2. C,,H,,N,,HCl requires 
Cl, 13-1%). Recrystallisation of the salt from either water or dilute 
hydrochloric acid alone gave a product which analysis indicated 
had undergone partial hydrolysis. The free base, precipitated from 
a dilute acetic acid solution of the hydrochloride by ammonia, 
crystallised from dilute alcohol in white needles, m. p. 156° 
(Conrad and Limpach, loc. cit., give m. p. 151°). A specimen 
prepared by their method, after crystallisation from dilute alcohol, 
melted at 156°, alone or mixed with Silberstein’s base (A). 
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Decomposition of 4-Anilinoquinaldine.—The base (1 g.) was 
heated in a sealed tube with fuming hydrochloric acid (10 g.) at 250° 
for 18 hours. The dark product was evaporated on the water-bath, 
neutralised, and distilled in a current of steam; the distillate gave 
the reactions for aniline. The residue was evaporated to dryness, 
extracted with alcohol, and after removal of the alcohol the product 
was dissolved in hot water (5 c.c.), and the solution decolourised with 
charcoal. On cooling, white needles (0-2 g.) were obtained; after 
being dried at 110°, they melted at 232°, and gave no depression in 
admixture with authentic 4-hydroxyquinaldine (Conrad and Lim- 
pach, loc. cit.; Limpach, Ber., 1931, 64, 969) (Found : N, by micro- 
Dumas, 9-0. Calc. for C,)H,ON : N, 8-8%). 

4-p-Phenetidino-6-ethoxyquinaldine (III) (base B) was obtained as 
the hydrochloride in 15% yield from phenacetin and phosphory] 
chloride. The dark red, viscous product was dissolved in acetone, 
and ether added; the yellow precipitate, after purification as in the 
case of base (A), crystallised from alcoholic hydrogen chloride in 
pale lemon-yellow, silky needles, m. p. 264° (Found: Cl, 9-9. 
Cy9H.20.N,,HCl requires Cl, 9-9%). The free base crystallised from 
alcohol in white needles, m. p. 225° (Silberstein, loc. cit., gives 220°), 
alone or mixed with the base, m. p. 225°, synthesised in quantitative 
yield by Conrad and Limpach’s method (loc. cit.) by heating 4-chloro- 
6-ethoxyquinaldine with an equivalent of p-phenetidine at 190° for 
3 hours (Found: N, by micro-Dumas, 8-55. C, 9H,.0,N, requires 
N, 8-7%). 

The base (1 g.) was heated in a sealed tube with fuming hydro- 
chloric acid (10 g.) for 18 hours at 220°. Ethyl chloride escaped 
when the tube was opened, but the product contained much car- 
bonaceous matter, and 4: 6-dihydroxyquinaldine could not be 
isolated from it. 

4-Chloro-6-ethoxyquinaldine, obtained by refluxing 4-hydroxy-6- 
ethoxyquinaldine with excess of phosphoryl chloride for 4 hour, 
removing the excess of the latter under diminished pressure on the 
water-bath, and submitting the residue, made alkaline, to steam 
distillation, crystallised from dilute alcohol in white prismatic 
needles, m. p. 78° (Found: N, by micro-Dumas, 6-5. C,,.H,,ONCI 
requires N, 6-3%). 

4-Hydroxy-6-ethoxyquinaldine hydrochloride crystallised, when a 
solution of the base in hot dilute hydrochloric acid was cooled, in 
white needles which became pale pink on drying; m. p. 241—243° 
(Found : Cl,14-7. C,,H,,0,N,HCl requires Cl, 14-8%). 

4 : 6-Dihydroxyquinaldine—4-Hydroxy-6-ethoxyquinaldine (2 g.) 
was heated in a sealed tube with fuming hydrochloric acid (10 g.) 
at 150° for 3 hours, ethyl chloride being formed. The product was 
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evaporated to dryness on the water-bath, the residue dissolved in hot 
water, and the solution decolourised with charcoal and, when cold, 
neutralised with ammonia. The base (1-7 g.) crystallised from water 
in white needles, m. p. 308° (decomp.), which became anhydrous at 
110° (Found: loss of weight on heating, 9-5. C,,HjO,N,H,O 
requires H,O, 9-3%. Found for the anhydrous base: N, by micro- 
Dumas, 8-1. C,)H,O,N requires N, 8-0%). Aqueous and alkaline 
solutions of the base have a blue fluorescence, and the former give a 
red coloration with ferric chloride. 

In view of the results obtained it is proposed to continue the 
investigation of similar compounds. 


In conclusion the author records his appreciation of Prof. H. 
Stephen’s interest in the investigation. 


UNIVERSITY OF THE WITWATERSRAND, 
JOHANNESBURG, SouTH AFRICA. [ Received, September 7th, 1931.] 





CCCXCII.-—The Amphoteric Nature of Aluminium 
Hydroxide. 


By Ropert ANTHONY RoBrInson and Husert THomas STANLEY 
BRITTON. 


THE amphoteric nature of aluminium hydroxide has been estab- 
lished by measurements of the hydrogen-ion concentrations pre- 
vailing during the precipitation of the hydroxide and its subsequent 
dissolution in excess alkali (Hildebrand, J. Amer. Chem. Soc., 1913, 
35, 847; Blum, ibid., p. 1499; Britton, J., 1925, 127, 2120). How- 
ever, other experiments, and especially the somewhat scanty 
conductivity data, have not always supported this view. Thus, 
Chatterji and Dhar (Trans. Faraday Soc., Colloid Symposium, 1920, 
122) state that the addition of aluminium hydroxide to sodium 
hydroxide solution causes no “appreciable change” in the con- 
ductivity, a statement with which we do not agree, and conclude 
that the solution of aluminium hydroxide in alkalis is a case of true 
peptisation. On the other hand, Hantzsch (Z. anorg. Chem., 1902, 
30, 289), also as a result of conductivity measurements, concludes 
that an aluminate, NaAlO,, is formed which is afterwards hydrolysed 
to a hydrosol and is ultimately precipitated as crystalline aluminium 
hydroxide. Slade and Polack (Trans. Faraday Soc., 1914, 10, 150) 
hold the view that the hydrolysis of sodium aluminate produces 
crystalline aluminium hydroxide directly, without the intermediate 
colloidal phase, but that the crystals do not separate until nuclei are 
provided. Recently, Prasad, Mehta, and Joshi (J. Indian Chem. 
Soc., 1930, 7, 973) found that the conductivity of dilute solutions of 
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sodium hydroxide is considerably depressed by the addition of 
aluminium hydroxide, and they concluded that no definite aluminate 
exists in dilute solutions. In more concentrated solutions, however, 
they interpret their results as indicating the formation of Na,Al0,. 
In some of these experiments the aluminium hydroxide was prepared 
by precipitation and subsequent washing until the filtrate gave no 
test for chloride or sulphate, but since aluminium hydroxide is 
known to exhibit strong adsorption of electrolytes, it is very 
doubtful whether this is a satisfactory process. 

There is no record of any investigation of this problem by means 
of a conductometric titration ; as this has given valuable information 
in other problems, such a titration was therefore carried out. 


EXPERIMENTAL. 

100 C.c. of a solution of 0-003125M-Al,(SO,), were titrated with 
0-2N-sodium hydroxide, the specific conductivity, x, at 25° being 
measured at frequent intervals during the titration. The apparatus 
was that used in previous work (J., 1930, 1249, 1261, 2154). The 
following table contains a representative selection of the conductivi- 
ties measured at different titres. 


NaOH, c.c. 0 0-5 1-0 1-5 2-0 4-0 7-0 7:5 8-0 85 
« x 10° 0-96 0-98 1:00 1:03 1-07 1-23 1-47 1-52 1-59 1-69 
NaOH, c.c. 9-0 95 10:0 11:0 12:0 12:5 13:0 15:0 20-0 
x x 10° 1-76 1:82 1-88 2-00 2-11 2-16 2-28 2-94 4-69 


Sufficient alkali was added to give an excess over that required to 
form Al(ONa),, and then the solution was back-titrated with 0-2N- 
hydrochloric acid. The two titration curves so obtained are shown 
in Fig. 1, the alkaline titration of aluminium sulphate being repre- 
sented by the lower curve B proceeding from left to right, and the 
acid back-titration by the curve A proceeding from right to left. 
During the precipitation of aluminium hydroxide with alkali, sodium 
sulphate is formed, and the calculated specific conductivity due to 
this salt at different titres is shown by the curve D. The difference 
between curves B and D, represented by C, therefore gives the 
conductivity at different titres due to the aluminium salts in solution. 
These curves show that at 9-0 c.c. the conductivity of the solution is 
accounted for solely by sodium sulphate. This is the end-point of 
the precipitation, and further addition of alkali results in redis- 
solution of the aluminium hydroxide. 
The foregoing results are reproducible. 


Discussion. 
An examination of curves B or C reveals five distinct processes, 


three of which are concerned with precipitation, one with redis- 
solution, and one with the addition of excess alkali, viz. : 
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(Ia) Up to the addition of 1 ¢.c. of alkali [= 0-64 equiv. of alkali 
per mol. of Al,(SO,)3], no precipitation occurs. A soluble basic 
sulphate having the composition Al,03,2-68S0, is therefore formed 
whose equivalent conductivity must be lower than that of the 
normal sulphate. Britton (loc. cit.) found that precipitation began 
when the solution corresponded to Al,O03,2-65S80,. 

(1b) Between 1 and 7-5 c.c. there is precipitation of a basic sul- 
phate, this process being complete at 4-80 equivs. of alkali, corre- 


Fig. 1. 
HCI, c.c. 
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sponding to a precipitate of composition Al,03,0-60SO,. Williamson 
(J. Physical Chem., 1923, 27, 284) found that precipitates formed 
by the addition of 2—4 equivs. of alkali had the composition 
Al,03,0-6SO,,3H,0, and Miller (U.S. Public Health Reports, 1923, 
38, 1995) found that even up to 5 equivs. of alkali the precipitate 
was of this composition. 

(Ic) A change in direction occurs in the curves at 7-5 c.c., the 
conductivity due to the aluminium salts decreasing to zero at 9-0 c.c. 
(= 5-76 equivs.) of alkali, the precipitate then having the composition 
Al,03,0-12SO,. Britton found that the final precipitate had the 
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composition Al,0,,0-15SO,;, and Miller showed that. maximum 
insolubility occurred at 5-5 equivs., corresponding to Al,03,0-25S0,. 

(II) Redissolution of aluminium hydroxide begins at 9:0 c.c. and 
is complete at 12-7 c.c. (= 8-12 equivs.) of alkali. Therefore, little 
doubt can be entertained but that a sodium aluminate is formed of 
composition NaAlO,. The specific conductivity of the solution at 
the point of complete dissolution, after allowance is made for the 
conductivity of the sodium sulphate, leads to a value for the equiv- 
alent conductivity of sodium aluminate of approximately 60. Slade 
and Polack (loc. cit.) found an equivalent conductivity of about 54 at 
16° with a solution 0-1383N with respect to sodium. 

(III) Beyond 12-7 c.c. of alkali, a rapid increase in conductivity 
occurs which is characteristic of free sodium hydroxide. The 
observed conductivity at 20 c.c. is 0-00469 mho, that calculated on 
the assumption that 7-3 c.c. of alkali are present along with sodium 
aluminate and sodium sulphate being 0-00480 mho; the difference 
is certainly to be accounted for by a repression of the hydrolysis of 
the aluminate and of the ionisation of the unhydrolysed aluminate. 
There is no discontinuity in the curve at the points corresponding to 
Na,HAIO, or Na,AlO,, although according to Prasad, Mehta, and 
Joshi (loc. cit.), a minimum equivalent conductivity is observed in 
concentrated solutions in which the Na/Al ratio is 3:1. These 
investigators, however, used solutions prepared by boiling aluminium 
hydroxide with sodium hydroxide solutions; moreover, since the 
former was prepared by precipitation, it is doubtful whether it was 
completely free from adsorbed electrolytes. 

The back-titration with hydrochloric acid leads to the conclusion 
that these reactions are reversible, since the difference in conductivity 
between the curves A and B at any titre agrees at all points with that 
calculated for the requisite amount of sodium chloride. Owing to 
the fact that higher conductivities are being measured, however, 
some of the finer details in the direct titration curve of aluminium 
sulphate are lost. 

The reactions between aluminium sulphate and sodium hydroxide 
may be summarised thus : 

Al,03,380, —> Al,03,2-68SO, —> A1,03,0-6SO, —> 
(soluble) (insoluble) 
Al,0,,0-12S0, —> NaAl0Q,. 


(maximum insolubility) 


UNIVERSITY COLLEGE OF THE SOUTH-WEST, 
EXETER. [Received, July 11th, 1931.] 
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CCCXCIII.—The Polymorphism of Lead Monoxide. 
By Matcotm Percrvat APPLEBEY and HERBERT Marcus PowELL. 


LEAD monoxide occurs naturally in two forms, yellow (ortho- 
rhombic) and red (tetragonal). Methods of obtaining these in 
crystalline form from solutions in various concentrations of 
potassium hydroxide were described by Applebey and Reid (J., 
1922, 121, 2129). The polymorphism has been demonstrated by 
the solubility measurements of the same authors (loc. cit.) and of 
Randall and Spencer (J. Amer. Chem. Soc., 1928, 50, 1572). Crystals 
of the yellow form were measured by Nordenskiold (Pogg. Anzn., 
1861, 114, 619), but no goniometric work has been carried out on 
the red form. X-Radiograms of the two forms made by Kohl- 
schiitter and Scherrer (Helv. Chim. Acta, 1924, 7, 337) show that 
they are distinct. The density determinations of various workers are 
conflicting (see p. 2823). 

Applebey and Reid found that, from solutions of lead hydroxide 
in 3—4N-potassium hydroxide, a black substance of composition 
PbO was obtained. They also observed that their yellow crystalline 
lead oxide on exposure to light turned black either in air or in a 
vacuum. Renz (Z. anorg. Chem., 1921, 116, 62) records a similar 
blackening of the yellow oxide when illuminated under dilute 
hydrochloric acid. He found lead peroxide in the product, and 
attributed the darkening to the changes PbO—+» Pb + 40,; 
30, +- PbO —> PbO,, the dark colour produced being due to the 
lead formed. Applebey and Reid, however, found no peroxide. 
The question whether their product was another polymorphic 
form was left open. In preliminary experiments (unpublished) the 
black form was found to have a higher solubility than the yellow. 
The present work was carried out with the object of clearing up a 
number of unsettled points connected with this polymorphism. 


EXPERIMENTAL, 


Preparation of Specimens.—Kahlbaum’s lead hydroxide and 
Merck’s potassium hydroxide were used in carrying out preparations 
following the method of Applebey and Reid. The yellow form was 
obtained from solutions in 8—10N-hydroxide. Numerous attempts 
to obtain measurable crystals by slow cooling were unsuccessful. 
The colour of the substance so obtained was variable, greenish- 
yellow varieties frequently appearing. 

The red form was prepared by using alkali solutions of con- 
centration exceeding 15N. Under the microscope, the small square 
plates obtained were seen to vary in colour from bright orange or 
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red glittering plates to very deep red, almost purple, crystals with 
dull surfaces. In this case crystals large enough for goniometric 
measurement were obtained by slow cooling in a nickel crucible of a 
solution of 5-5 g. of lead hydroxide in 50 g. of potassium hydroxide 
and 5 c.c. of water; slow cooling is necessary, but results in the 
formation of the dull purplish crystals which reflect badly. 

The black form was difficult to prepare. Some 40 crystallisations 
from 3—6N-potash solutions were carried out before any black 
product was obtained. Black solids were produced, however, in a 
number of experiments carried out to determine solubilities in 
caustic soda (see p. 2827). Examined under the microscope, these 
consisted of opaque agglomerates of indefinite shape. On being 
crushed, they were seen to consist chiefly of yellow oxide with the 
black substance coating the fragments. Sometimes yellow crystals 
with black cores were obtained. The amount of black material was 
very small. 

















Fia. 1. 
‘caida C 
padbeararaanank 
< tahoe 
Taste I. 

Angle. Limits. Mean, obs. Cale. Diff. 
cr 001: 101 51° 8’—51° 45’ 61° 31’ —_ — 
rr’ 101: 101 76 50—77 25 77 +O 76° 58’ _ ste f 
rr 101:011 65 59—67 13 66 .35 67 12 0 37 


Measurement of Crystals of Red Oxide—Four measurable crystals 
were obtained, about 1 mm. square and very thin. Reflexions were 
poor, and those from one or two faces were too faint for measure- 
ment. The results are in Table I. 

The crystals (see Fig. 1) are of the tetragonal system: forms 
c{001} and r{101}. Through c a uniaxial interference figure is seen. 
Axial ratio, a:c = 1: 1-258. X-Ray workers give values for a: 
deduced from the unit cell dimensions from 1 : 1-25 to 1 : 1-297 (van 
Arkel, Rec. trav. chim., 1925, 44, 652; Dickinson and Friauf, 
J. Amer. Chem. Soc., 1924, 46, 2457). 

Our crystallographic axes are chosen in accordance with the 
recommendations of Barker (“‘ Systematic Crystallography,” 1930): 
classification angle cr = 51° 31’. 

Densities.—Densities were determined as follows at 20° by using 
a 10-c.c. density bottle. 








er! 
th 
air 
rea 
fol 
eX] 
me 
ass 
Oxi 
18§ 
92- 
coo 
weil 
pro 
0-12 
of t 


cha: 
trea 
This 
lead 
diox 
conc 
pres 
mat 














ith 
ric 
f a 
ide 
the 


ons 
ack 
na 
_ in 
1ese 
sing 
the 
tals 
was 


-1 bo 
. 


stals 
were 
sure- 


orms 
seen. 


(van 
‘iauf, 


the 
930) : 


using 








THE POLYMORPHISM OF LEAD MONOXIDE. 


Red (mean) 9-14. Yellow (mean) 9-56. 
Black (solid phase from Solubility Expt. 8.8) ...... 9-399. 
Black (solid phase from Solubility Expt. 8.5) ...... 9-330. 


From the widely differing values recorded in the literature it is clear 
that the forms of lead oxide used for density determinations by 
many workers were not homogeneous. Table II gives some of the 
more significant of the determinations, viz., those of Geuther 
(Annalen, 1883, 219, 56; specimens prepared by boiling excess of 
lead hydroxide with caustic soda) (A), Ruer (Z. anorg. Chem., 1906, 
50, 265; specimens crystallised from caustic soda solutions) (B), 
Applebey and Reid (loc. cit.) (C), and the present authors (D). 


TABLE IT. 
(A). (B). (C). (D). 
ERIE nee ole 9-13 9-28 9-27 9-14 
ED "oss Rcatteneeniond 9-29 9-52 8-70 9-56 


It is concluded that the value for the yellow in (C) must be in 
error, as all other workers are agreed that this form is denser than 
the red. The error is to be attributed to the incomplete removal of 
air from the yellow crystals which, owing to their form, occlude very 
readily. If 9-56 be taken as the density of the yellow form, it 
follows that the lower densities of the black solids cannot be 
explained by assuming them to be mixtures of yellow oxide and 
metallic lead (d 11-3). They may, however, be explained by 
assuming them to be mixtures of yellow oxide and hydrated lead 
oxide, e.g., so-called 3PbO,H,O (d® 7-952; Ditte, Ann. Chim. Phys., 
1883, 28, 123). Analysis of black solid from Expt. 8. 8 gave Pb, 
92-6 (PbO requires Pb, 92-83%). Strong heating followed by rapid 
cooling (to guard against carbonate formation) gave a loss of 0-18% 
weight. A mixture of yellow oxide and hydrated oxide in the 
proportion calculated from the densities requires a water content of 
0-12% : the calculation is only approximate, for a small error in any 
of the densities causes a relatively large error in the amount of water. 

On exposure of the black solid to air for a long time, its colour 
changed to a very light grey. A thin white deposit formed, and 
treatment with dilute nitric acid showed the presence of carbonate. 
This may be taken as further evidence of the presence of hydrated 
lead oxide in the black solid, since this is known to absorb carbon 
dioxide from the air, whereas the yellow oxide does not. It is 
concluded that the lower density of the black solid is due to the 
presence of hydrated oxide, and that the very small amount of black 
material has no appreciable effect. 

Solubility Measurements.—Solubility measurements of lead oxide 
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in caustic soda solutions of various concentrations were carried out 
at 84° and at 20°, in electrically regulated thermostats. The alkali 
solution of the approximate strength required was saturated by 
heating it with lead hydroxide at a temperature well above 84°, and 
then decanted into the large tube A (Fig. 2) fitted with a mercury- 
sealed stirrer to exclude carbon dioxide. Oxide crystallised out, 
and after stirring for several hours, samples of the solution were 
extracted by means of the solubility pipette B (for description and 
method of using, see Farrow, J., 1926, 

Fre. 2. 49). Calibrations of the pipette by 
weighing with mercury at 20° were 
carried out at intervals since caustic 
soda solutions attack the glass. Cali- 
brations at 84° were not so accurate 


holder er as at 20°, and it was therefore 
‘Pipette decided to calculate the volumes at 


84° by using the coefficient of ex- 
pansion of the soft glass of which the 
pipette was made. For sampling, the 
pipette, filled to a known level in the 
capillary and with stopper C pushed 
home, is removed and closed with 
the cap; it is washed with hot water, 
and the contents are extracted and 
titrated with sulphuric acid of ap- 
propriate strength, methyl-red being 
used as indicator. Both alkali and 





iter ws Cap lead hydroxide are titrated. The lead 
Glass Woo) is meanwhile precipitated as sulphate. 


Alcohol, regulated in amount so that 


it does not cause the precipitation of 
sodium sulphate, is added, and the 
lead sulphate recovered and weighed. 
Costals A correction for the lead is applied to 


the titre of sulphuric acid, and the 
volume normality (NV) of the sodium hydroxide found. The amount 
of lead present is expressed in g.-mols. per litre. The solution at 
84° is transferred with or, usually, without the solid to a similar 
apparatus at 20°, and stirred for about 5 days. Samples can then 
be withdrawn and analysed as above. The results are shown for 
84° in Table III, the nature of the solid deposited being indicated 
by initial letters (see bottom of table). In general, they represent 
means for two samples, the second extracted after a further hour's 
stirring after the first was removed. Expts. S. 11 and 8. 14 were 
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Taste III. 
Concentrations of PbO in solutions of NaOH at 84°. 
PbO, PbO, 
NaOH, = g.-mol. NaOH, g.-mol. 
Expt. Ny, per litre. Expt. N,. per litre. 
S. 2 2-048 0-1327 8. 7 7-208 0-3835 
8.21 3-103 0-2544 S. 6 8-407 0-3952 | 
8.10 4067 0-2650 }Y.N.-c. S.11 9-653 0-4824 |Y. 
S. 4 4199 00-2486 S.lla 9-818  0-4861 / 
S. 8 4-886 0-2936 8.14 11-42 0-5761 | 
S.9 6-366 0-3629 Y.C. S.l4a@ 11-57 0-5882 
8.24 6483 00-4492 Y.N.-c. 8.18 15-20 0-5588 
8.19 16-28 0-5999 }Y.+R. > R. 
8.20 20-65 0-8156 
Y. = Yellow. C.= Crystalline. N.-c. = Non-crystalline. R. = Red. 


[In the last case, transformation to the pure red oxide was rapid.] 


TaBLeE IV. 
Concentrations of PbO in NaOH solutions at 20°. 


PbO, g.-mol. Time from start 
Expt. NaOH, N,. per litre. of expt. (days). 
Ss. 1 2-102 0-1393 4 
S. 3 2-109 0-1327 5 |W.N.-c. 
8.21 3-202 0-1715 S | PbO, aq. 
S. 4 4-334 0-2447 8 
$.10 4:235 0-1896 8 lp 
4-243 0-1826 24 J 
Ss. 8 5-046 0-2308 ll B. 
S. 5 6-251 0-2454 6 S.-g. 
8. 9 6-580 0-1494 9 Y. (trace B). 
$.24 6-942 0-1767 6 \p LY 
S. 7 7-524 0-1684 6 = 
S. 6 8-734 0-1419 5 G.-y. 
§.25 8-725 0-1238 6 
S.11 10-25 0-1315 8 ly. 
8.14 12-05 0-1392 5 
8.15 13-00 0-1503 14 Y.+B. 
8.16 14-80 0-1614 5 » 2 
14-80 0-1585 14 
14-80 0-1576 34 jy. -> R.* 
14-70 0-1221 73 
14-70 0-1212 90 R. 
$.18 15°83 0-1619 6 R. (little Y). 
15-89 0-1388 68 R. 
8.17 16-19 0-1599 5 R. (little Y). 
16-22 0-1459 102 R. 
8.19 16-94 0-1609 12 R. 
$.22 17-90 0-1803 6 R. 
W.= White. B.= Black. S.-g. = Steel-grey. R.= Red. 


* The yellow solid was gradually converted into the red as the experiment 
proceeded. 


repeated as nearly as possible in independent determinations (lla 
and 14a). Table IV gives the results at 20°, which represent, in 
general, means for two or more samples extracted. Where no 
appreciable change occurred of lead oxide concentration with time, 
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the value in col. 4 is for the last sample extracted. The results are 


shown graphically on Figs. 3 and 4. 

The diagrams for 84° and 20° show two main curves CD and EF 
for the solubilities of the yellow and the red oxide respectively. 
The rate of attainment of equilibrium between solid and solution is 
very much lower at 20° than at 84°, as would be expected. It is 
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also lower the smaller the alkali concentration. This is shown, for 
example, by the facts that only at high alkali concentrations does 
the more stable red form appear at all in reasonable time, and that 
for the lowest alkali concentrations very little fall in lead oxide con- 
centration occurs on transference of the solution from 84° to 20°. 
The curve DX (Fig. 4) shows the probable true course of the solu- 
bility for yellow oxide down to the origin (the solubility in water is 
very small). The experimental values show greater and greater 
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divergence from this with decreasing alkali concentration. The 
random points below about 8N-alkali are accounted for by failure 
of the solution and solid to reach equilibrium. For the weakest 
alkali solutions, especially at 20°, the high lead concentrations are 
in part due to the fact that the solid phase consists wholly or partly 
of hydrated lead oxide. No importance is attached to the broken 
curve AB (Fig. 4) except as showing increased lead concentration 
when the solid is hydrated oxide. It is clear that the high lead con- 
centrations are not connected with the appearance of a black solid 
phase, since they are observed at 84° when no black solids appear 
and at 20° when the solid is yellow. Further, the point T (S. 15; 
Fig. 4) represents a yellow—black mixture but lies well on the yellow 
curve. Solubility measurements, it is concluded, provide no 
evidence of a black modification of lead oxide. 

The Black Colour of Certain Specimens of Lead Oxide.—Black 
oxide specimens, obtained either from potash solutions or by the 
action of light on the yellow crystals, do not show definite evidence 
of peroxide content on treatment with dilute nitric acid. When 
dissolved in air-free lead acetate solutions in evacuated tubes, they 
do not definitely give a black residue of metallic lead. 

Action of Heat——When heated in air or in a vacuum, a black 
unstable modification might be expected to change, e.g., to the 
yellow. Blackness due to metallic lead should be unaffected by 
heating in a vacuum, but destroyed owing to oxidation by heating 
in air. Some greenish-yellow specimens were first used. Heated 
in a vacuum for a short time at about 250°, they were blackened. 
A similar blackening occurred with the pure yellow crystals, but the 
degree of blackening varied for different samples with identical 
treatment. Treatment with lead acetate solution in the absence 
of air left a black cloud of metallic lead; on admission of air, this 
was converted into white hydroxide, which then dissolved, leaving 
a small brownish residue. The black cloud also dissolved in dilute 
nitric acid, leaving a similar brown residue, which dissolved on 
being warmed after addition of little oxalic acid. It is concluded 
that this was lead peroxide. Theaction of heat on other specimens 
was as follows: 

(a) Yellow oxide from heating carbonate: no blackening. 

(6) The same as (a), but washed with sodium hydroxide solution, 
then with water and dried over sodium hydroxide: in a vacuum 
turned greenish-black; in air no blackening. 

(c) Yellow crystalline oxide from potash solution: on gentle 
heating in air, first blackened and then on further heating became 
yellow again. 

(Z) Red crystalline oxide from potash solution: in a vacuum, 
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blackened ; in air, first blackened and then on further heating 
became red again. 

It is concluded that the action of heat is a simultaneous oxidation 
and reduction of sodium plumbite to give metallic lead and plumbate 
and hence peroxide (compare stannite, which gives tin and stannate). 
It is dependent on the presence of alkali incompletely washed out 
from the crystals. In the crystalline specimens, alkali is partly 
occluded, and the blackening can be observed on gentle heating in 
air. On further heating oxygen penetrates and oxidises the lead, 
thereby destroying the black colour. When the alkali is added 
afterwards to lead oxide originally free from it, the action is not so 
pronounced, and owing to the alkali being on the surface, the 
blackening is not produced on heating in air. 

Action of Light.—Ordinary litharge is acted upon by light in 
presence of air to give triplumbic tetroxide (Becquerel, “ La 
Lumiére,” 1868, Vol. 2, p. 54). The action does not take place in 
hydrogen or ina vacuum. Applebey and Reid found blackening of 
yellow crystalline oxide in air or ina vacuum. The following oxide 
specimens were exposed to sunlight. 

(a) Yellow crystalline (from potassium hydroxide) : blackened in 
air or in a vacuum (some samples blackened on a single day’s 
exposure, others only after some months). 

(6) Yellow oxide (by heating the carbonate): unaffected in a 
vacuum ; rapidly turned orange in air. 

(c) Oxide as in (t), washed with caustic soda solution, then with 
water, and dried over caustic soda: in a vacuum, very uneven 
blackening ; in air, a slight darkening followed by change to orange— 
if water is present, there is a rapid change to green (due to a trace 
of lead), followed by production of intense orange colour (Pb,0,). 

(d) Bright red crystals (from caustic potash): in air, after 
prolonged exposure, showed darkening. The crystals changed to 
dull purple and the uniaxial interference figure became indistinguish- 
able. The products from blackening by light were not present in 
sufficient quantity for identification as lead and peroxide, but from 
the parallelism of the results it is concluded that the effect of light 
is to bring about the same reaction as occurs on heating, and that 
this is again due to the presence of alkali in the crystalline specimens. 
The different behaviour of ordinary alkali-free litharge is thus 
explained. 

General Conclusions on the Colours of Lead Monoxide.—There are 
two polymorphic forms cnly, the red and the yellow. Black forms 
obtained from solution or by action of heat or light on the red or the 
yellow form owe their colour to the presence of metallic lead, though 
only by the action of heat is enough lead produced to be detected 
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satisfactorily. Green forms observed by numerous workers likewise 
owe their colour to small amounts of lead in the yellow form. The 
variation in colour of the red form down to purple and the dullness 
of the crystal faces of these dark varieties are due to the lead 
present. 

Summary. 

1. Crystallographic measurements of the red form of lead oxide 
are given. 

2. Densities, solubilities in sodium hydroxide solutions of con- 
centrations up to 20N at 84° and at 20°, and microscopic examin- 
ation of various preparations of lead monoxide fail to show definite 
evidence for a black modification. 

3. The black colour of certain lead oxide specimens is shown to 
be due to the presence of metallic lead, and its production by the 
action of heat or light on the red or the yellow form is peculiar te 
specimens prepared by contact with alkali. 


[INORGANIC CHEMISTRY LABORATORY AND DEPARTMENT OF MINERALOGY, 
OXFORD. [Received, August 5th, 1931.] 





NOTES. 


1 : 3-Dichloroanthraquinone. By ALAN AuGuST GOLDBERG. 


Tis substance, which was prepared by Meyer and Zahn (Annalen, 
1913, 396, 152) and by Junghaus (ibid., 1913, 399, 316), who gave 
no satisfactory proof of its structure, is best obtained in quantity by 
the following method, which leaves no doubt as to its constitution. 

Aluminium chloride (100 g.) was added to a solution of phthalic 
anhydride (50 g.) in m-dichlorobenzene (208 g.), and the mixture 
stirred at 100—-110° for 7 hours with exclusion of moisture (compare 
Eng. Pat. 288884). Water was then added, and the excess of 
m-dichlorobenzene (144 g.) distilled in steam. The residual oil was 
separated from the aqueous layer, pulverised after it had become 
friable, and extracted with a boiling solution of sodium carbonate 
(6 hours). ‘The extract was concentrated, cooled, and acidified with 
dilute hydrochloric acid. The dichlorobenzoylbenzoic acid, pre- 
cipitated as a nearly white gum which slowly solidified, was dissolved 
in aqueous ammonia (charcoal) and reprecipitated with cold dilute 
hydrochloric acid (yield, 72 g.). The acid is very soluble in alcohol 
and insoluble in ligroin, but crystallises from chloroform or benzene 
in hard white cubes, m. p. 106—107° (Found: Cl, 24-0. Cale.: Cl, 
24-1%). 

The above dichlorobenzoylbenzoic acid (20 g.) was dissolved in 5% 
47 
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fuming sulphuric acid (80 c.c.) and heated at 155—160° for 24 hours. 
The dark red melt was poured into ice-water, the product heated 
over-night on the steam-bath, and the coagulated dichloroanthra- 
quinone collected and freed from dichlorobenzoylbenzoic acid by 
extraction with dilute aqueous sodium hydroxide. The residue was 
dissolved in acetic acid and purified by treatment with chromic acid. 
The addition of water precipitated the dichloroanthraquinone 
(which must be the 1 : 3-dichloro-compound) in bright yellow flocks 
(17 g.), m. p. 206°, which crystallised from acetic acid in long, stout, 
yellow needles, m. p. 209—210° alone and in admixture with a 
specimen obtained from 2-aminoanthraquinone (Junghaus, loc. cit.; 
Goldberg, this vol., p. 1789) (Found: Cl, 25-6. Cale.: Cl, 25-6%). 


In conclusion the author wishes to thank Professor J. F. Thorpe, 
C.B.E., F.R.S., and Dr. H. King for their valuable advice and kind 
interest in this work ; also the Department of Scientific and Industrial 
Research for permission to publish the results and for a grant which 
made the investigation possible-—IMPERIAL COLLEGE OF SCIENCE 
AND TEecHNOLOGY, Lonpon, 8.W.7. [Received, July 20th, 1931.] 





Tribenzylsilicane. By WatterR Eric Evison and FREDERIC 
STANLEY Kippine. 


From the complex product of the interaction of sodium and benzy]- 
silicon dichloride, Steele and Kipping (J., 1928, 1431) isolated small 
proportions of tetrabenzylsilicane and tribenzylsilicy] oxide, and 
suggested that their formation probably occurred as follows : 


> Si(CH,Ph), -+ 2Na = >Si(CH,Ph)Na + Na-CH,Ph : 
Si(CH,Ph),Cl, + 2Na‘CH,Ph = Si(CH,Ph), + 2NaCl. 
Si(CH,Ph),Cl, + Na*CH,Ph = Si(CH,Ph),Cl + NaCl : 
28i(CH,Ph),Cl + Na,O = [Si(CH,Ph),],0 + 2NaCl. 


Some pure tetrabenzylsilicane being required for another investig- 
ation, a sample of Steele and Kipping’s crude silicohydrocarbon was 
fractionally crystallised from light petroleum; the mother-liquors 
gave deposits which were mixtures, but their further fractionation 
from the same or from a different solvent did not afford a separation 
of their components. When crystallised very slowly from cold light 
petroleum, the mixtures gave long needles of tetrabenzylsilicane and 
a small proportion of six-sided plates; the latter were separated 
mechanically and recrystallised until constant in melting point. 
The compound so obtained formed well-defined six-sided plates, 
m. p. 91°, readily soluble in benzene, chloroform, acetone, and hot 
light petroleum. On treatment with acetone and potassium hydr- 








wit 
imy 
hig! 
exp 
In 
pos: 
ther 
thar 
can 
thot 
of t] 
abnc 
of t! 
zirec 
clear 














irs. 
ted 
\ra- 


was 
cid. 

one 

cks 
out, 
ha 
cit. ; 
%). 
rpe, 
cind 
trial 
hich 
NCE 


ERIC 


1zyl- 
mall 
and 


vaCl. 


yaCl. 
stig: 
) was 
J uors 
ation 
ation 
light 
> and 
rated 
oint. 


lates, 
1 hot 








PHYSICO-CHEMICAL STUDIES, ETC. PART Il. 2831] 





oxide solution, it gave hydrogen and was converted into a sparingly 
soluble product, which was proved to be tribenzylsilicyl oxide (m. p. 
205°) by its properties and by a mixed melting-point determination. 

The compound, m. p. 91°, therefore, is tribenzylsilicane [Found : 
Si, 9-7; hydrogen value (c.c. per g.), 71-1; M, cryoscopic in benzene, 
279. C,,H,.Si requires Si, 9-4%; H.V., 74; M, 303]. 

It is probably the first product of the action of water on a sodium 
compound, Si(CH,Ph),Na, produced from tetrabenzylsilicane, and 
the tribenzylsilicyl oxide isolated by Steele and Kipping was possibly 
formed from it by the action of alkali. 

The fact that tribenzylsilicane is a solid whereas triphenylsilicane 
(Kipping and Murray, J., 1929, 364) is a liquid at the ordinary 
temperature is noteworthy; in most cases a phenyl derivative of 
silicane has a melting point considerably higher than that of the 
corresponding benzyl compound, but tribenzylsilicyl chloride, m. p. 
141°, and triphenylsilicyl chloride, m. p. 110°, dibenzylsilicon 
dichloride, m. p. 50°, and diphenylsilicon dichloride (oil), like the 
silico-hydrocarbons, SiHR,, are exceptions to the general rule.— 
UNIVERSITY COLLEGE, NoTTINGHAM. [Received, August 29th, 1931.] 





CCCXCIV.—Physico-chemical Studies of Complex 
Formation involving Weak Acids. Part II. The 
Constitution of Acetates in Solution. 


By Husert Tuomas STANLEY Britton and 
FLEETWOOD HarRy MEEK. 


THEORY demands that in order that acetic acid should combine 
with a base as a soluble acetate, the base itself must be able to 
impart to the solution a concentration of hydrogen-ions of py 
higher than 6-7, this being 2 py units higher than that of the negative 
exponent of acetic acid (see Britton, “‘ Hydrogen Ions,” p. 138). 
In the case of a number of metallic bases, however, this is not 
possible, for, as Britton (J., 1925, 127, 2110) has shown, the bases 
themselves are precipitated from solutions that are more acidic 
than py 6-7. On the other hand, normal lead and copper acetates 
can be crystallised from aqueous solutions in the pure condition, 
though it is significant that calculations, based on measurements 
of the equivalent conductivities of solutions of these salts, indicate 
abnormally small degrees of ionisation. Moreover, basic acetates 
of the metals, e.g., lead, copper, aluminium, beryllium, thorium, 
zirconium, can be obtained which dissolve in water to give quite 
clear solutions. It is highly probable that normal acetates undergo 
considerable hydrolysis in solution, which might account for the 
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low conductivities. Failure to realise that acetates of weak metallic 
bases do not ionise in solution in a normal manner has undoubtedly 
led to erroneous theories regarding the existence of complex acetate 
ions. This applies to the current explanation of the ability of 
alkali and ammonium acetates to dissolve lead sulphate. 

The following investigation was undertaken to ascertain the nature 
of typical metallic acetates in solution, and to correlate it with 
certain characteristic reactions. For this purpose, our studies 
have been confined to solutions of the acetates of lead, copper, 
aluminium, beryllium, and thorium. 


EXPERIMENTAL. 


The hydrogen-ion concentrations which are established during 
the progressive neutralisation of a weak acid, such as acetic, with 
a base may be found from K, = [H’][A’]/[HA], or from py = pz, 
+ log [A’]/[HA], where [A’] is the concentration of the weak acid 
anions, and [HA] that of undissociated acid. These mass-law 
expressions are applicable to the ionisation of acetic acid, and must 
therefore hold for all neutralisations in which that acid might 
participate, no matter what the base may be. Hitherto, it has 
been found to hold in the case of reactions with soluble bases, viz., 
alkalis, ammonium hydroxide, and organic bases. For dilute 
solutions, the above expression becomes 


~~: Fraction neutralised 
Pu = Px, + log( ————___— 


Fraction un-neutralised 
the assumptions involved being that the salt formed is completely 
ionised and that the concentration of undissociated acid is equal 
to that of the un-neutralised acid. The latter assumption becomes 
relatively true in the case of acetic acid soon after it has undergone 
10% neutralisation. 

I. Metallic Acetate—Acetic Acid Solutions.—In order to ascertain 
the mode of ionisation of acetates of sparingly soluble bases, several 
series of solutions were prepared, and in each series, the total con- 
centration of acetic acid, i.e., free and neutralised, was kept constant, 
whereas the concentrations of the base were varied so as to corre- 
spond to successive 10% stages of neutralisation. Instead of 
dissolving the sparingly soluble bases directly in the acid, the various 
solutions were prepared from solutions of the metallic acetates and 
acetic acid. The crystalline normal acetates of lead and copper 
were used, but since the acetates of beryllium, thorium, and 
aluminium have not yet been obtained in the pure state, solutions 
were made that contained these metals and acid in the stoicheio- 
metric proportion by metathesis of their respective sulphates with 
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barium acetate. These solutions were thoroughly agitated 
mechanically for a day, allowed to stand until all the barium 
sulphate had settled, and the almost clear solution was then removed 
by decantation and filtered. In every case the solution was free 
from barium and sulphate ions, and only a very slight entrainment 
of the weak metallic bases by the precipitated barium sulphate 
occurred. The concentrations of the total acetic acid in the solutions 



































were : 0-0197N in the case of the lead solutions; 0-01965N’, copper ; 
Fie. 1. 
6 en 
| 
ee A 
a) 
| 
ma J, , 
| os Mh 
* : me er je? 
4 dit Eo 
‘ §° 
= a 
, | 











a 
‘Wie agli 























sa88s 


40 60 80 
Acetic acid neutralised, %. 











3 
0 


bho 
oh 





100 


0-0135N, beryllium; 0-0213N, aluminium; and 0-0170N, thorium. 
The pg measurements were made at room temperature, viz., 18—20°, 
by means of the quinhydrone and the normal calomel electrode, 
and saturated solutions of either potassium chloride or nitrate 
were used as the junction liquid. The — are represented 
graphically in Fig. 1, and are recorded in col. 2 of Table I. (In 
this table, x represents the percentage degree of neutralisation, and 
v is the dilution, in litres, of the salt.) The curve “ ‘ Sodium is 
introduced for comparison and represents the course of neutral- 
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isation of acetic acid of approximately the same concentration, 
viz., 0-0200N. The specific conductivities of the various acetate 
solutions were determined at 25-0° and are given in col. 3 of Table I. 
The specific conductivities at 25° of the metallic acetates in aqueous 
solutions at comparable dilutions were also measured. These 
are given in col. 4, together with the corresponding equivalent 
conductivities, A (col. 6). 

If the metallic acetates were normal as regards their mode of 
ionisation, and also underwent ionisation to the same extent as does 
sodium acetate, then it would be expected that all the curves given 
in Fig. 1 would be very similar and almost coincident. This is seen 
not to be the case. It is significant, however, that, with the excep- 
tion of beryllium, the acetates of those hydroxides having the 
highest precipitation p, values, viz., copper and lead, lie nearest 
to the sodium curve. The pg at which copper ordinarily becomes 
precipitable as hydroxide is 5, whilst that for lead is approximately 
6. Although beryllium hydroxide begins to precipitate at pq 5-7. 
precipitation does not occur until at least 1 equivalent of alkali 
has been added, during the addition of which a considerable increase 
in Px ensues. It is evidently this property of beryllium hydroxide 
that is reflected in the latter portion of the acetate curve in Fig. 1. 
The aluminium and thorium curves are still lower and lie in the 
order of the precipitation p, values of the respective hydroxides, 
viz., 4:1 and 3-5. Another point of interest is that the cupric, 
aluminium, and thorium acetate solutions remained clear even 
though p, values were established in many of their solutions which 
were higher than those at which their respective hydroxides are 
normally precipitated. Table I shows that this is particularly true 
of many of the solutions of thorium and aluminium. It is, of course, 
possible that these solutions were on the point of precipitation, but 
no sign of this was evident on keeping. If this be the case, then 
it is likely that some portion of the hydroxides was in the state 
of either a colloidal or a pseudo-colloidal solution which was stabilised 
by some kind of partial combination with the acetic acid. 

The py, data permit of calculations of the ratio of the concen- 
tration of acetate ions to that of undissociated acetic acid of the 
various solutions. Such calculations were made on the basis of 
PRyoa, = 4°73, and the results are given in Table IT. 

Compared with the ratios corresponding to the sodium acetate— 
acetic acid mixtures, those of the aluminium, thorium, and beryllium 
acetates are all extremely low. Those of lead and copper, although 
much smaller, show relatively less deviation. The acetates of 
copper and lead, having hydroxide precipitation pg values which 
almost permit complete combination with acetic acid, would be 
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TABLE II. 
Ratios [OAc’]/[HOAc]. 
zs, % Na. Pb. Cu. Al. Th. Be. 
10 0-10 0-08 0-10 0-08 0-05 0-09 
20 0-23 0-16 0-20 0-14 0-07 0-16 
30 0-39 0-26 0-31 0-20 0-09 0-25 
40 0-63 0-36 0-45 0-26 0-09 0-34 
50 0-91 0-55 0-66 0-32 0-10 0-46 
60 1-35 0-81 0-91 0-35 0-11 0-56 
70 2-09 1-15 1-29 0-44 0-12 0-63 
80 3-63 1-74 2-24 0-55 0-13 0-72 
90 8-13 4-17 4:47 0-62 0-14 0-91 
100 100 14-45 12-88 0-81 0-38 1-32 


expected to approximate more closely to the ideal conditions 
represented by the sodium ratios. 

Attention has already been directed to the fact that the equivalent 
conductivities of the acetates of the heavy metals lead to remarkably 
low degrees of dissociation. This will be apparent from a com- 
parison of the data given in Table I for lead, copper, and beryllium 
acetates with those for sodium acetate in Table III. 


TaB_eE III. 
Equivalent Conductivities of Sodium Acetate at 25°. 


vv... 198 20-9 22:3 26-4 29:7 346 42:8 87:0 108-8 250-0 
A... 80:0 80:3 80-7 81:0 81-4 82:5 82-6 82-7 83-8 85-0 
a... 0-87 0-88 0-88 0-88 0-89 0-90 0-90 0-90 0-91 0-93 


The mobility of the sodium ion was taken as 50-9 (Johnston, 
J. Amer. Chem. Soc., 1909, 31, 1015). The equivalent conduc- 
tivities of sodium acetate were determined experimentally, since 
the published values of Lorenz and Ostwald (Z. anorg. Chem., 1920, 
114, 209) and of Jones and West (Carnegie Inst. Publications, 1912, 
No. 170) showed poor agreement. The specific conductivities of 
lead acetate solution at various dilutions have been determined by 
Noyes and Whitcomb (J. Amer. Chem. Soc., 1905, 27, 747) and by 
Jones (loc. cit.). Those for copper and beryllium acetate solutions 
have been determined by Ley (Ber., 1909, 42, 370) and by Sidgwick 
and Lewis (J., 1926, 2538) respectively. The experimental values 
obtained (col. 4 of Table I) agree reasonably well with those obtained 
by extrapolation (wherever possible) from the curves drawn from 
the above published data. 

To ascertain whether the p, values and the specific conductivities 
of the mixtures could be explained on the assumption that A,/A,, 
gave a true measure of «, two series of calculations have been made. 
In the first set, the concentration of acetate ions arising from the 
metallic acetates was found, use being made of the values of « 
given in col. 7 of Table I. The equivalent conductivities at infinite 
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dilution at 25° of the acetates of lead, copper, beryllium, and 
aluminium were obtained from the mobilities of the respective ions, 
viz., CH,°CO,’ = 40-8 (Johnston, loc. cit.); }Pb = 73, }Cu = 55 
(Landolt—Boérnstein, ‘‘ Tabellen,” 3 Aufl., 1927); }Be = 43 (Sidg- 
wick and Lewis, J., 1926, 1287), and Al = 49-2 (Heyrovsky, J., 
1920, 117, 19). Some doubt exists as to the accuracy of the last 
value, and no satisfactory value for the mobility of the thorium ion 
could be found. The acetate ions originate from both the metallic 
acetate and the free acetic acid. As the concentration of acetate 
ions due to the free acid is equal to the hydrogen-ion concentration of 
the solution, it follows that 


K = 10*-% = [H")([H*] + [OAc’))/({HOAc] — [H’}) 


where [OAc’] represents the concentration of acetate ions supplied 
by the salt. Hence the py values of the various solutions can be 
computed from conductivity data, and values so obtained are 
recorded in col. 8 of Table I. In the case of the lead and copper 
solutions, the calculated pq values compare remarkably well with 
those observed (col. 2). Too much weight, however, should not 
be placed on this agreement, for, as the curves in Fig. 1 show, the 
~u Values correspond to solutions that are extremely well buffered, 
so much so that these values will only be greatly affected by appre- 
ciable changes in [OAc’]/[HOAc]. With the beryllium and alu- 
minium solutions the agreement becomes poor with the diminishing 
concentrations of free acetic acid. Nevertheless, the agreement is 
surprisingly good in the case of the first four solutions in both 
instances, suggesting that, if beryllium and aluminium acetates 
ionise into their simple ions, they do so only in solutions containing 
relatively large amounts of acetic acid. Incidentally, the beryllium 
data may, perhaps, be regarded as supplying some confirmation of 
the mobility of the beryllium ion as determined by Sidgwick and 
Lewis (loc. cit.), and not of the value, viz.,:30, of Fricke and Schiitz- 
deller (Z. anorg. Chem., 1924, 131, 130). It should be mentioned, 
however, that, whilst Sidgwick and Lewis corrected their conduc- 
tivity data of beryllium chloride for hydrolysis, no such correction 
was here possible, for, unlike the pq values of beryllium chloride, 
those of beryllium acetate cannot, for obvious reasons, be used for 
the direct calculation of the hydrolysis, the extent of which, it is 
believed, must necessarily be considerable. In the second series of 
calculations, the contributions to the specific conductivities (col. 10, 
Table I) of the mixtures were computed and compared with the 
difference (col. 9) between the specific conductivities of the mixtures 
(col. 3) and the corresponding specific conductivities of the metallic 


acetates alone (col. 4). For this purpose, it was considered that, 
4z2 
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whereas the acetic acid would have no great effect on the ionisation 
of the acetate, the relatively large concentration of acetate ions 
originating from the salt would repress the dissociation of the acetic 
acid and thereby diminish the contribution of the free acid to the 
specific conductivity of each mixture. The values given in col. 10 
of Table I were therefore calculated by means of 

K (Acetic acid in mixture) = 1000 x (la: + lox,-co,’) ms 

[H")(350 + 40-8) /1000, 


the mobility of the hydrogen ion being taken as 350 (Johnston, 
loc. cit.). Comparison of the data given in the last two columns of 
Table I reveals that, with the exception of those corresponding to 
about 90% of free acid, no agreement exists, and this is especially 
marked as the free acid contents became smaller. Moreover, the 
observed differences are greater than those which would have been 
expected on the basis of the normal ionisation of acetates. Hence, 
it appears from the py data that, although the ratio [OAc’] /[HOAc] 
is approximately equal to that required by simple theory, the 
majority of the solutions are more conducting than would be 
expected on these grounds. It would appear, therefore, that the 
concentrations of acetate ions and of undissociated acetic acid are 
greater than indicated by the conductivity data, though the actual 
ratios are similar. If this be the case, then, in aqueous solutions 
of these acetates and also in solutions containing small quantities 
of free acid, the metallic acetate must furnish the solution, by 
hydrolysis, with some free acetic acid; and the acetate, thereby 
rendered basic, must ionise to provide the solution with an enhanced 
concentration of acetate ions. Hence lead acetate in solution 
might be expected to behave thus : 


Pb(OAc), + H,O —> Pb(OH),(OAc).-, -+- xHOAc 
Pb(OH),(OAc).-. => [Pb(OH),(OAc).,-4]° + yOAc’ 


The conductivity of such a solution would thus be composite and 
due to the ionisation of a somewhat highly conducting soluble basic 
acetate and feebly conducting acetic acid. In addition, some 
ionisation as metallic ions of the basic kation would undoubtedly 
occur, the extent depending upon the complex nature of the ion itself. 

II. Solutions of Basic Acetates—It has long been known that 
soluble basic acetates of lead, copper, aluminium, beryllium, and 
thorium may exist in solution. As far back as 1854, 
Crum (Annalen, 89, 156) obtained basic aluminium acetate, 
Al(OH)(CH,°CO,),,1-5H,O, which was readily soluble in water, and 
Berzelius (Pogg. Ann., 2, 242) found that a cold solution of copper 
acetate could be treated with much ammonium hydroxide 
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before precipitation of a basic acetate began. Jackson (J. Amer. 
Chem. Soc., 1914, 36, 2347) isolated the basic lead acetates, 
3Pb(CH,°CO,).,Pb0,3H,O and Pb(CH,*CO,),,2Pb0,4H,0, which 
were exceedingly soluble in water, whilst Langecker (Biochem. Z., 
1921, 122, 34) obtained lead acetate solutions which dissolved as 
much as 3 mols. of lead oxide. Relatively little enquiry of a 
physicochemical character has been made into the nature of these 
basic solutions, though Parsons (J. Physical Chem., 1907, 11, 659) 
observed that the freezing point of a lead acetate solution was raised 
somewhat on dissolution of lead hydroxide. From cryoscopic deter- 
minations, Blomberg (Z. Hlektrochem., 1915, 21, 438) postulated that 
lead acetate ionises thus, 2Pb(OAc), == PbOAc* + Pb(OAc),’, and 
also showed that the lead-ion concentration of a normal solution 
was exceedingly small. 

In order to obtain some insight into the mode of ionisation of basic 
lead acetate sclutions, measurements were made of their con- 
ductivity, py values (by the quinhydrone electrode), and lead-ion 
concentrations, by means of L.M.F.’sof lead-N-calomel combinations 
in which saturated potassium nitrate solution was used as junction 
liquid. The basic lead acetate solutions were prepared by shaking 
fairly concentrated lead acetate solutions with various amounts 
of litharge for several days, filtering, and diluting the filtrates to 
suitable volumes. The lead concentrations were determined gravi- 
metrically as lead sulphate, and the acetate contents by the method 
of Sandved (J., 1927, 2967). The lead electrodes were prepared 
by Glasstone’s method (J., 1921, 119, 1915), 7.e., by electrodepositing 
finely divided lead on platinum wire or foil, and 0-122 volt was taken 

as the normal electrode potential of lead (see Lewis and Randall, 

“ Thermodynamics,” p. 424), on the hydrogen scale (i.e., N-H’ = 0). 
In the basic lead acetate solutions here studied, the lead electrode 
gave steady and reproducible potentials. The specific conductivities 
of the solutions of the basic acetates and of normal lead acetate 
having the same lead content were determined at 25°. They are 
recorded in cols. 4 and 5 respectively of Table IV. In the penul- 
timate column, 7 represents the percentage of lead which is ionised 
in the basic acetate. The electrometric work was performed at 
the ordinary temperature. 





TABLE [YV. 
Conc. of soluble 
basic acetate, 100K of acetate. 
Cone. Pb(OAc),(OH)y. men el ¢ iene P 
of Ph w= y= pu. Basic. Normal. x10%, %. x 10?7, 


0-715M. 1-974 0-026 6-13 8-69 8-78 4:79 0-67 0-05 
0-728 1-814 0-186 6-38 8-39 8-82 2:95 0-41 0-09 
0-428 1-068 0-932 7-60 6-25 7-62 0-28 0-07 2-34 
0-574 1-046 0-954 7:38 7-28 8-27 0-68 0-12 2-04 
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The py values of the basic lead acetate solutions are seen from 
Table IV to increase as the acetate contents diminish and tend to 
exceed the py, value at which lead hydroxide is normally precipitated. 
As the p, values are determined by the ratio [OAc’]: [HOAc], it 
follows that the higher p, values are to be attributed to a diminution 
in the concentrations of hydrolysed acetic acid, consequent upon the 
dissolution of further amounts of lead oxide. Table IV reveals that 
the specific conductivities of the basic acetates are appreciably high 
in spite of the fact that the concentration of lead ions does not in 
any case exceed 1% of the total lead in solution. It also shows 
that the specific conductivity of a basic lead acetate solution is 
less than that of a normal lead acetate solution of the same lead 
concentration. Although the complex kation and anion theory of 
Blomberg might possibly explain the low lead-ion concentration of 
lead acetate solutions, it can scarcely be considered tenable in view 
of the evidence now advanced. The last column of Table IV con- 
tains the product of lead- and hydroxyl-ion concentrations of the 
basic acetate solutions. The solubility product of precipitated lead 
hydroxide does not appear to have been determined with certainty, 
though according to Applebey and Reid (J., 1922, 121, 2129), from 
E.M.F. determinations on alkali solutions of the red and the yellow 
form of lead oxide, the solubility product at 20° is either 4-7 x 10-6 
or 9-1 « 10-'6, depending on the oxide with which the solution is 
last in equilibrium. The data given in the last column show that 
the product [Pb] [OH’} is less than the solubility product as 
determined by the above authors, but as the solutions become 
more basic this value becomes greater, as would be expected. 


One of the authors (F. H. M.) desires to avail himself of this 
opportunity to thank the Plymouth Education Authority for a 
Scholarship, and the Senate of this College for a grant from the 
Andrew Simons Research Fund which has made this collaboration 
possible. 
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CCCXCV.—Benzquinazocolines. 
By Prarutta Kumar BoskE and Drnes CHANDRA SEN. 
THE object of the present investigation was to synthesise poly- 
nuclear heterocyclic compounds containing the quinazoline and 


quinoline rings. These substances were expected to possess appre- 
ciable therapeutic value, since compounds containing the compo- 
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nent rings have been known to exhibit pronounced physiological 
properties. 

We first sought to condense 2-quinolone and anthranilic acid (or 
its methyl ester) after the method of Sen and Ray (J., 1926, 646), 
which has made it possible to fuse a quinazoline residue to a carboline 
(Asahina, Manske, and Robinson, J., 1927, 1708) and to a quin- 
azoline ring (Aggarwal and Ray, J. Indian Chem. Soc., 1929, 6, 
722); under the conditions described by Aggarwal and Ray, how- 
ever, we failed to isolate the compound (V). 2-Pyridone and 
4-methyl-2-quinolone likewise failed to react with anthranilic acid 
in presence of phosphorus trichloride. From methyl anthranilate 
and 2-quinolone, a yellow crystalline product (m. p. 226°), which 
appeared to be (I) or (II), was once isolated in extremely poor 
yield. The failure of 2-quinolone to condense with anthranilic acid 
may be due to the fact that the imino-group is directly attached to 
a benzene nucleus : in the substances that have been condensed by 
the authors mentioned above (locc. cit.), the imino-group is attached 
to a pyrrole or a benzene ring through a carbonyl group. 

The interaction of 2-chloroquinoline and anthranilic acid, which 
might produce one or more of the isomerides (III), (IV), and (V), 
was next investigated. The condensation proceeded smoothly when 
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the components in equimolecular proportion were heated over a 
small flame, and the yield was fairly good. 2-Chloropyridine also 
reacted with anthranilic acid under similar conditions, yielding the 
quinoquinolone (V1) which Reissert had obtained by decarboxylating 
the product of interaction of 2-chloronicotinic acid and anthranilic 
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acid (Ber., 1895, 28, 119). This compound, like dimethyltetra- 
hydroacridone (VII), exhibited a violet-blue fluorescence in very 


CO . CO H, 
VAN \ 
(VI.) | Me; a. VIE.) 
\FY \F . 
NY Na Me Nu i, 


dilute acid solution and was not hydrolysed by alcoholic potassium 
hydroxide. The product obtained from 2-chloroquinoline, on the 
other hand, did not show any fluorescence in acid solution and was 
easily hydrolysed by dilute alkali (not by acid) to a carboxylic acid. 
This reaction is difficult to explain by formula (IV), which is 
analogous to (VI) and (VII). An attempt to synthesise the com- 
pound (IV) from 2-chloroquinoline-3-carboxylic acid and aniline 
was unsuccessful. 

An indication that in the condensation of 2-chloroquinoline and 
anthranilie acid the 8-hydrogen atom of the former is not involved 
under the experimental conditions has been furnished by the action 
of N-methylanthranilic acid upon 2-chloroquinoline and 2-chloro- 
4-methylquinoline ; N-methyl-N-quinolylanthranilic acid (VIIL; R = 
H) and its methyl derivative (VIII; R = Me) respectively were 
obtained but not a substance of type (IX). 


R co 
\ 
res eee H,-CO,H ooos — 
en ee VW 
¥ N NMe 


One of the N-hydrogen atoms in anthranilic acid therefore appears 
to be directly or indirectly responsible for ring closure with the 
carboxyl group. If the hydrogen atom reacts directly with the 
carboxyl group, the product from 2-chloroquinoline and anthranilic 
acid would be N-2-quinolylanthranil (III). The product could not 
be compared with an N-alkyl- or N-aryl-anthranil, since these are 
unknown, the so-called N-methylanthranil of Heller (Ber., 1903, 
36, 4178) being really a mixture (Bamberger, Ber., 1904, 37, 966): 
it resembled anthranil in being easily hydrolysable by alkali to a 
monobasic acid, but differed from it in being unaffected by treat- 
ment with ferrous sulphate and ammonia. The acid when heated 
lost water and reverted to the original compound, the yield being 
not less than 90%. Hot acetic anhydride produced the same 
change. Anthranilic acid cannot be converted into anthranil by 
heat. 

Further evidence has been brought forward against the anthranil 
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structure (III). Since a substituent in quinoline possesses almost 
identical chemical properties, whether it is in position 2 or 4, it was 
expected that the condensation product of 4-chloro-2-methyl- 
quinoline and anthranilic acid would have the same empirical 
formula and properties as the compound derived from 2-chloro- 
4-methylquinoline. As a matter of fact the former reaction gave 
N-2’-methyl-4'-quinolylanthranilic acid, C,NH;Me-NH-C,H,°CO,H, 
which partly decomposed when heated, yielding a tarry product. 
This fact indirectly supports the constitution (V) for the compound 
obtained from 2-chloroquinoline, which explains the most con- 
spicuous property of the compound and also strengthens the view 
that under the experimental conditions the 6-hydrogen atom does 
not take part in ring closure. 

The condensation product of 2-chloro-4-methylquinoline and 
anthranilic acid obtained by Ephraim (Ber., 1892, 25, 2710), to 
which he gave an anthranil structure, has properties similar to 
those of the compound derived from 2-chloroquinoline. Hence it 
should be assigned a similar structure. 

Attempts were made to synthesise the acid (I) from 2-chloro- 
quinoline and methyl anthranilate : the product was, however, (V). 

The constitution of the acid derived from the compound (V) by 
hydrolysis remains undecided : it must be either (I) or (II). 


EXPERIMENTAL. 

2-Chloropyridine was prepared in 62:5% yield by heating N- 
methylpyridone with phosphorus pentachloride (compare Fargher 
and Furness, J., 1915, 107, 690). As we were unable to get the 
reported yield of N-methylpyridone by the method of Fargher and 
Furness, we adopted the following method. 

Into a mechanically stirred solution of potassium ferricyanide 
(200 g.) in 600 c.c. of water, cooled in ice, were dropped solutions 
of potassium hydroxide (50 g.) in water (50 c.c.) and of pyridine 
methosulphate prepared by treating 20 g. of pyridine with 32 g. of 
methyl sulphate in the cold. The mixture was stirred for } hour, 
the potassium ferrocyanide removed, and the filtrate saturated 
with about 450 g. of potassium hydroxide. The mixture was then 
cooled, and shaken for 4 hour with 700—800 c.c. of ether. From 
the ethereal extract, dried over potassium carbonate, N-methyl- 
pyridone was obtained as a bright yellow oil, b. p. 259° (yield, 44%). 

Condensation of 2-Chloropyridine and Anthranilic Acid: Form- 
ation of (VI).—Equimolecular quantities of the components were 
heated together over a small flame till a vigorous reaction set in 
and the mass swelled up. The horny product was heated on a 
water-bath with water and treated with ammonia. From the 
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crystalline solid obtained, 2-anilinopyridine (m. p. 108°) was removed 
by distillation in steam; the residue crystallised from alcohol in 
yellow prisms, m. p. 210°, soluble in acetone and mineral acids 
(violet-blue fluorescence) but insoluble in alkali. The substance 
(Found: N, 14-3. Cale. for C,,H,ON,: N, 14:3%) remained un- 
altered when boiled with potassium hydroxide (2—10%) for 2 
hours, could not be methylated with methyl iodide and alkali in 
methyl-alcoholic solution, and appeared to be identical with Reis- 
sert’s compound (loc. cit.). 

Methyl anthranilate failed to react with 2-chloropyridine under 
the above conditions. 

N-Methylquinolone and 2-Chloroquinoline.—The former was pre- 
pared by a slight modification of the method of Perkin and Robinson 
(J., 1913, 103, 1977). Quinoline methosulphate solution and 10% 
aqueous potassium hydroxide were separately dropped into a 
saturated solution of potassium ferricyanide, vigorously stirred at 
0°. When the mixture became turbid it was shaken for 10 minutes 
with 600 c.c. of ether. The ethereal solution was worked up as 
described by Perkin and Robinson, the yield of methylquinolone 
being 23-5 g. from 25 g. of quinoline. 

A yield of 90—95% of 2-chloroquinoline was obtained by Perkin 
and Robinson’s method (loc. cit.). 

Condensation of 2-Chloroquinoline with Anthranilic Acid: Form- 
ation of Ketobenzquinazocoline (V).—The reactants (5 g. of each) 
were heated till a vigorous reaction set in and the mass swelled up. 
The viscous product was heated with a few c.c. of water on the 
water-bath for 5—10 minutes. The solution after decantation 
deposited crystals of 2-quinolone (mixed m. p. and analysis). The 
tarry residue, which solidified when treated with moderately con- 
centrated aqueous ammonia, was extracted with a small quantity 
of dilute hydrochloric acid; the extract on neutralisation deposited 
2-anilinoquinoline, m. p. 98°. The residue was digested with acetone 
(charcoal), and the filtered solution diluted with water; prismatic 
crystals (1-5 g.), m. p. 170°, gradually separated. These were 
sparingly soluble in benzene and chloroform but easily in alcohol. 
They were also soluble in mineral acids but not in aqueous ammonia 
or alkalis in the cold (Found : C, 78-5; H,4:1; N,11-2. C,,H,ON, 
requires C, 78-05; H, 4-1; N, 11-4%). 

Condensation of 2-Chloroquinoline with Methyl Anthranilate : 
Formation of (V).—The reaction (1 g. of each substance) was not so 
vigorous as in the previous case and required 15 minutes for com- 
pletion. The dark viscous product was extracted with ether, and 
the residue crystallised from acetone (charcoal), light yellow, pris- 
matic needles (0-5 g.), m. p. 170°, being obtained. The substance 
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resembled the previous compound (V) in properties and did not 
depress its m. p. 

Hydrolysis of (V).—0-5 G. of the substance was refluxed with 
25 c.c. of 16% alcoholic potassium hydroxide for 3 hours. The 
solution was filtered, the filtrate diluted with water and acidified 
with acetic acid, and the precipitate collected, dissolved in aqueous 
ammonia, and reprecipitated by means of acetic acid (yield, almost 
quantitative). The product formed colourless prisms, m. p. 198°, 
and dissolved in alkali in the cold, the solution showing a faint 
unstable bluish-violet fluorescence. The acid is soluble in alcohol, 
acetone or pyridine but not in cold dilute mineral acids. It is 
fairly readily soluble in hot strong mineral acids (Found: N, 10-5. 
C, gH .0,N, requires N, 10-6%). 

Condensation of 2-Chloroquinoline and N-Methylanthranilic Acid : 
Formation of N-Methyl-N-quinolylanthranilic Acid (VIII; R = H). 
—The condensation was effected in the usual manner. The product 
separated from water in prisms, m. p. 190°. In aqueous solution it 
was acid to litmus and effervesced with potassium carbonate. It 
dissolved in alkali or mineral acids in the cold. When heated with 
concentrated sulphuric acid for 15 minutes on a water-bath, it did 
not suffer any appreciable change, and hot acetic anhydride had no 
effect on it. The substance partly sublimed but did not undergo 
any chemical change when heated (Found: C, 73-1; H, 5-1; N, 
10:2. C,,H,,0,N, requires C, 73-4; H, 5-0; N, 10-1%). 

Condensation of 2-Chloro-4-methylquinoline and Anthranilic Acid. 
—The condensation was brought about after the method of Ephraim 
(loc. cit.). The product, m. p. 213°, had all the properties ascribed 
to it by that author. 

Action of methyl iodide. The substance (0-5 g.) was heated under 
reflux with methyl iodide (1 g.), methyl alcohol, and potassium 
hydroxide (6 c.c. of 4% solution) for 3 hours. The large yellow 
prismatic crystals that separated were collected and boiled with a 
little alcohol to remove unaltered material. The substance, m. p. 
140°, dissolved only sparingly in alcohol but easily in pyridine. It 
was probably the methyl ester of the following acid (Found: N, 
9-5. C,gH,,0,N, requires N, 9-6%). 

Hydrolysis. The condensation product (1 g.) was refluxed with 
alcoholic potash (20 c.c. of 10% solution) for 2 hours. The acid, 
isolated and purified as in the previous hydrolysis, formed yellow 
prismatic crystals, m. p. 210° (yield, about 93%). It was faintly 
acid to litmus, soluble in cold alkali but not in dilute acids, 
and dissolved sparingly in acetone or alcohol (Found: N, 10-1. 
C,,H,,0,.N, requires N, 10-1%). 

Condensation of 4-Chloro-2-methylquinoline and Anthranilic Acid : 
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Formation of N-2'-Methyl-4’-quinolylanthranilic Acid.—4-Chloro-2- 
methylquinoline (1-8 g.) and anthranilic acid (1-5 g.) were heated 
together as usual, the product was treated with methyl] alcohol, and 
the insoluble residue dissolved in hot potassium carbonate solution, 
filtered, and reprecipitated with acetic acid (yield, 0-9 g.). Purified 
by reprecipitation of the ammoniacal solution, it formed golden- 
yellow prisms, m. p. 307°, soluble in acids as well as alkalis (Found : 
N, 10-05. C,,H,,0,N, requires N, 10:1%). 

Condensation of 2-Quinolone with Methyl Anthranilate——The com- 
ponents (7 g. of each) were refluxed with 70 c.c. of phosphorus 
trichloride for 12—15 hours. The pasty residue, after the removal 
of phosphorus trichloride and oxychloride under reduced pressure, 
was decomposed with ice. The solution was filtered; it then 
deposited crystals of carbostyril, which were filtered off and the 
filtrate made slightly acid with hydrochloric acid. A granular pre- 
cipitate which slowly separated was collected, washed with water, 
and twice crystallised from dilute acetone, giving yellow cubes, m. p. 
226—227°, soluble in acids and alkalis. The substance was acid to 
litmus and gave a slow effervescence with sodium bicarbonate in 
aqueous-alcoholic solution (Found: N, 10-8. C,,H,,0,N, requires 
N, 10-6%). The yield was too small for further investigations. 

Condensation of 2-Chloro-4-methylquinoline and N-Methylanthra- 
nilic Acid: Formation of N : 4'-Dimethyl-N-2'-quinolylanthranilic 
Acid (VIII; R = Me).—The tarry mass obtained by heating equal 
parts of the reactants was treated with alcohol, and the yellow 
residue dissolved in aqueous ammonia and precipitated by means 
of acetic acid (yield, 30%). The white prismatic crystals, m. p. 
220°, showed a slight bluish-violet fluorescence in moderately dilute 
ammoniacal solution (Found: N, 9:5. C,,H,,0,N, requires N, 
9-6%). 

Condensation of 2-Chloro-4 : 7-dimethylquinoline and Anthranilic 
Acid.—The condensation product crystallised from acetone in 
colourless needles, m. p. 150° (yield, 0-9 g. from 2 g. of the quinoline). 
The compound was sparingly soluble in most organic solvents but 
easily in mineral acids (Found: N, 10-3. C,gH,,ON, requires N, 
10-2%). 

Hydrolysis. 10% Alcoholic potassium hydroxide brought about 
a smooth hydrolysis of the above substance, the yield being almost 
theoretical. The acid melted at 226° and showed the properties of 
other compounds of the series described above (Found: N, 96. 
C,,H,,0.N, requires N, 9-6%). 

UnIvVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, 
CALCUTTA. [Received, August 10th, 1931.] 
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CCCXCVI.—Synthesis of a New Disaccharide, 
neoT'rehalose. 


By WALTER NorMAN HawortH and WILFRED JOHN HICKINBOTTOM. 


By the additive union of triacetyl glucose 1 : 2-anhydride (Brigl, 
Z. physiol. Chem., 1922, 122, 257) and tetra-acetyl glucose in 
benzene solution we have prepared the hepta-acetate of a non-reducing 
disaccharide to which we have given the name of neotrehalose. It 
yields a crystalline octa-acetate on further acetylation and is easily 
deprived of its acetyl groups by dry ammonia to give the free 
crystalline sugar neotrehalose («-glucosidyl-$-glucoside). The rota- 
tional values of all these substances are given in a comparative 
table below. 

So far as it is possible to deduce ring structures from the chemical 
behaviour of partly acetylated sugar derivatives it would seem 
that both the reagents used in this synthesis should be regarded as 
derivatives of glucopyranose. Brigl (loc. cit.) showed that the 
triacetyl glucose 1 : 2-anhydride combines additively with methyl 
alcohol to yield a triacetyl derivative of 8-methylglucoside which 
passes on de-acetylation to @-methylglucopyranoside. It is also 
the case that, since tetra-acetyl glucose is obtained direct from 
tetra-acetyl glucosidyl bromide, which itself gives rise to 6-methyl- 
glucoside on condensation with methyl alcohol, followed by acetyl- 
ation, it seems reasonable to allocate a pyranose structure to this 
tetra-acetyl glucose. The union of both these reagents which has 
been carried out in the present synthesis may be expected, therefore, 
to give rise to a disaccharide which can be formulated as a digluco- 
pyranose, and this is the constitution which we tentatively allocate 
to neotrehalose. 

One may, however, reserve judgment on this question until suffi- 
cient of the disaccharide has been prepared for the purpose of a 
study of its constitution by methylation methods. There is no real 
ground for doubting the constitution here assigned beyond the fact 
that instances of the migration of acetyl groups in partly acetylated 


’ hexoses have already been observed (compare Haworth, Hirst, and 


Teece, J., 1930, 1405). Theoretically there can exist three non- 
reducing disaccharides of the type of trehalose according as two 
glucopyranose units are united through the reducing positions as 
the aa-, «8-, and $8-forms. Of these the first is known as the 
naturally occurring sugar trehalose (Berthelot, Ann. Chim. Phys., 
1859, 55, 272; von Lippman, Ber., 1921, 45, 3431; Schukov, 
Z. ver. Riibenzuck. Ind., 1900, 818), the rotations of which are given 
below side by side with those exhibited by neotrehalose. In addition, 
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figures are given for the synthetic isotrehalose obtained by Fischer 
and Delbriick (Ber., 1909, 42, 2783) by the condensation of tetra- 
acetyl glucosidyl bromide in the presence of silver carbonate. 


[a]p. 
OED. ccucnrsttinetancccasesseoniseveson +178° (hydrate); + 197° (anhydrous) 
Octa-acetyl trehalose ..............006: + 162° (in chloroform) 
IID. Sinnncacreencnariecsrcqennsyes + 95° (hydrate); + 100° (anhydrous) 


+ 82° (in chloroform) 
+ 90° (in benzene) 
SOP TORMMIOND (BB) ..ccccccccacccssscescscnse — 39° (anhydrous) 
Octa-acetyl isotrehalose ............... — 17° (in benzene) 


Octa-acetyl neotrehalose ............++. 


From the mode of synthesis it would appear that neotrehalose is 
the hitherto unknown «$-form of glucosidylglucose. The rotational 
values are, however, in disagreement with those foreshadowed by 
Hudson (J. Amer. Chem. Soc., 1916, 38, 1571) inasmuch as according 
to the statistical rules elaborated by him the rotation of an «{-1 : 1-di- 
glucose should be of the order [a] + 70°. Vogel and Debowska- 
Kurnicka (Helv. Chim. Acta, 1928, 11, 910) claim to have prepared 
a disaccharide (and its octa-acetate), which is described as «-tre- 
halose, having the rotation [«],» + 67° in close agreement with 
that calculated by Hudson. The properties of their product differ 
from those of neotrehalose and it is to be noted that the octa-acety] 
derivative, m. p. 68—70°, [«]p -+ 68° (in chloroform), is also totally 
different from that now described. The constitution of neotrehalose 
may be provisionally indicated by the formula (I). 





CH,°OH CH,°OH 
H | o H | o H 
Ks nia’ iu ~, 
| OH Hf on uf 
HO |——T | HO [7 
H HO | H HO 
(I.) O O (IL) 
CH,°OH | H HO 
=e HO | 
|“ »| Ke aN 
\ou uf NE A 
HO | H H [OH 
H HO CH,°OH 


It can be inferred from the work of Schlubach and Maurer (Ber., 
1925, 58, 1178) that trehalose should be given the constitution (II). 


EXPERIMENTAL. 

Union of 3 : 4 : 6-Triacetyl Glucose 1 : 2-Anhydride and 2:3: 4: 6- 
Tetra-acetyl §-Glucose.—The above crystalline substances (5-2 g. 
and 9-2 g. respectively) were mixed, covered with 2—3 c.c. of dry 
benzene, and kept at 90—100° for 37 hours, moisture being excluded. 
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The product, a viscid amber-coloured gum, was extracted repeatedly 
with hot water, and from the cooled extract globular aggregates of 
slender needles (1 g.) were deposited. The same product was also 
obtained by a similar treatment of the above triacetyl glucose 
| : 2-anhydride (1-5 g.) and the equilibrium mixture of «- and $-forms 
of 2:3:4: 6-tetra-acetyl glucose (7 g.). Yield, 0-2 g. The hepta- 
acetyl neotrehalose, recrystallised from water and then from carbon 
tetrachloride, was obtained in slender needles, m. p. 155—156°, 
|«|%° + 78° in acetone (c, 2-4) (Found: C, 48-9, 49-05; H, 5-8, 5-7. 
C3gH 3.0, requires C, 49-05; H, 5-7%). 

Hepta-acety! neotrehalose is not readily soluble in ether or benzene, 
but it crystallises from water as the monohydrate (Found : H,O, 2-6. 
C3gH;,0,2,H,O requires H,O, 2°75%), which, when the temperature 
is gradually raised, shows the same m. p. (155—156°) as the above 
anhydrous form. If the hydrate, contained in a capillary tube, is 
suddenly plunged into a bath at 130° it melts immediately ; if it is 
initially and suddenly heated to 120° and the temperature is 
gradually raised, it melts at 122—125° to an almost clear liquid. 

Octa-acetyl neoT rehalose.—Hepta-acetyl neotrehalose (0-24 g.) was 
acetylated in pyridine (1 c.c.) by the addition of 0-8 g. of acetic 
anhydride. After being kept at room temperature for 48 hours, 
the mixture was diluted with water. The white turbidity thus 
produced gave place, gradually, to a deposit of the octa-acetyl 
compound in small nodular masses. A further quantity was 
obtained by extracting the aqueous portion with chloroform or a 
large volume of ether. 

Octa-acetyl neotrehalose separates from warm alcohol in clusters 
of prismatic needles, m. p. 140—141° [Found: C, 49-1; H, 5-9; 
M (Rast), 638. C,,H,,0,, requires C, 49-5; H, 5-65%; M, 678). 
[x]? + 90° (in benzene; c 1-14, 1 0-5 dm.), + 82° (in chloroform ; 
e 5). It is very sparingly soluble in cold water, but sufficiently 
soluble in boiling water to enable small quantities to be recrystallised 
from this medium. In cold ethyl alcohol its solubility at room 
temperature is approximately 0-7—0-8%. It is more soluble in 
benzene, ethyl acetate, chloroform, or warm ethyl alcohol. 

neoT'rehalose («-Glucosidyl-8-glucoside)—A solution of hepta- 
acetyl «$-trehalose (0-36 g.) in 25 c.c. of warm absolute alcohol was 
saturated at room temperature with dry ammonia. After 18 hours 
the solvent was removed under diminished pressure; the gummy 
residue crystallised after trituration with alcohol, and the pure 
sugar was obtained by dissolving it in a small volume of water, 
adding absolute alcohol, and keeping the mixture in a desiccator. 
neoT'rehalose monohydrate was deposited in concentrically grouped 
clusters of small plate-like crystals (Found: C, 40-1, 39-9; H, 7-0, 
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6-9; M, in water, 329. C,,H,.0,,,H,O requires C, 40-0; H, 6-7% ; 
M, 342). 

When heated in a capillary tube, the substance softens at about 
145—150° and then swells to an opaque mass. As the temperature 
is raised, the mass gradually diminishes in bulk until at about 
210—220° it has become an almost transparent syrup with a faint 
brown tint. [«])p + 95° (c, 3-55 in water; /, 0-5 dm.) (calc. for 
anhydrous sugar, [«]» + 100°). The sugar is readily soluble in cold 
water, sparingly in absolute alcohol. It has a slight sweet taste. 
It has no apparent action on Fehling’s solution even after prolonged 
boiling. It is hydrolysed to glucose by warm dilute hydrochloric 
acid. 

A solution of neotrehalose in ca. 5°, hydrochloric acid was heated 
at 90—100°. Initially [«]) + 96-6° (c, 2-95), the specific rotation 
fell to + 52-2° after 2-6 hours. There was no change in rotation 
on further heating. In the hydrolysis products the presence of 
glucose was confirmed by the isolation of glucosephenylosazone, and 
by the formation of $-penta-acetyl glucose. 


The authors are indebted to the Royal Society for a grant from 
the Government Grant Committee. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, September 21st, 1931.) 





CCCXCVII.— Polysaccharides. PartIX. Evidence of 
the Pyranose Structure of Xylan. 


By WALTER NorMAN HaworTH and EpMUND GEORGE VINCENT 
PERCIVAL. 


EXPERIMENTAL evidence communicated in Part IV of this series 
(Hampton, Haworth, and Hirst, J., 1929, 1739) has been advanced 
in support of the view that xylan, the occurrence of which is wide- 
spread in plant products, contains only xylose units and that 
positions 4 and 5 of the pentose ring are involved either in the 
mutual union of adjacent members or in ring formation. Our 
results definitely revealed hydroxyl groups at positions 2 and 3 in 
xylan. We have sought for evidence as to which of the remaining 
positions, 4 or 5, is engaged in the mutual union of the C;H,0, 
units. This evidence would enable us to decide whether the 5 or 4 
position is involved in the ring formation of the individual units and 
whether the xylose units are of the furanose or pyranose type. 
From the general properties of xylan we had previously suggested 
that the individual members were xylopyranose units, and the new 
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evidence now communicated leads us finally to this conclusion. For 
the purpose of the present work we have prepared by a modified 
procedure a fully methylated specimen of xylan derived from 
esparto. It was shown in the former paper that methyl groups 
were introduced into the 2- and 3-positions, and from the present 
work the formulation of dimethyl xylan can be represented by a 
repetition of the scheme given below (I). 

This specimen of dimethyl xylan has been degraded by acetolysis 
at 0° during the very short interval of 10 minutes. In this way the 
complete scission of the polysaccharide to the ultimate C, units was 
averted and we were able by subsequent analysis to recognise among 
the products a partly methylated disaccharide to which, by the 
sequence of operations herein described, we are able to allocate the 
constitution (II). Adopting now a procedure which we had applied 
both to starch and to glycogen (Part VIII) and earlier to maltose 
and cellobiose (J., 1926, 3094; 1927, 2809), we investigated both the 
ring structure and the position of the biose union of the substituted 
disaccharide. The acetolysis products from dimethyl xylan were 
first deacetylated and then oxidised with bromine water in order to 
convert the sugars generated by the hydrolysis into the correspond- 
ing monobasic acids. Among these was a bionic acid derivative (III) 
from the disaccharide of the dixylose type. The bionic acid was 
methylated and esterified and yielded a methyl ester of hexamethyl 
dixylobionic acid (IV). 


1 ie H H OMe H 
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By hydrolytic cleavage this product (IV), which showed accurate 
analytical figures for C,,H;,0,), gave rise to crystalline 2:3: 4- 
trimethy! xylopyranose (V) in a yield of over 80%, and there was 
isolated as a second component 2 : 3: 5-trimethyl y-xylonolactone 
(V1) which, although distilling as a liquid in a yield of 73%, was 
recognised by conversion into the crystalline phenylhydrazide of the 
corresponding 2:3: 5-trimethyl xylonic acid. These crystalline 
products were compared directly with authentic specimens and _ their 
identity confirmed. It follows that, since the 4-position in the latter 
acid carries a free hydroxy! group, this must have been the point of 
linking with the 1-position of the adjoining xylopyranose unit (V). 
Moreover this lactone had been previously investigated by Haworth 
and Porter (J., 1928, 611), who degraded it to d-dimethoxysuccinic 
acid. Position 5 of the lactone represents the point of junction of 
the xylose ring which was opened by oxidation to the bionic acid and 
subsequently methylated to give the terminal CH,*OMe group in the 
y-lactone (V1). 

We can therefore apply the constitution (II) to the partly methyl- 
ated disaccharide which is here shown to be a dixylopyranose. It 
follows that the xylose units in the polysaccharide are of the pyranose 
type and that xylan can be represented by formula I (with H in 
place of Me). 


EXPERIMENTAL. 


Methylation of Xylan.—The methylation of xylan was carried out 
with the following quantities of reagents, which differ slightly from 
those previously used (Hampton, Haworth, and Hirst, J., 1929, 
1739): xylan (7-5 g.), potassium hydroxide (500 g. in 650 c.c. of 
water), and methyl sulphate (430 c.c.). The methyl sulphate was 
added to the alkaline solution of xylan during 4 hours at room 
temperature with continuous stirring. Thereafter the temperature 
was raised to 100° for 1 hour, the mixture was diluted with 2 litres 
of boiling water, and the liquid filtered through muslin. The crude 
methylated xylan obtained from two such operations was again 
methylated by the use of potassium hydroxide (365 g. in 400 c.c. of 
water) and methyl! sulphate (290 c.c.). The white methylated com- 
pound was washed with hot water, dissolved in chloroform, dried 
with magnesium sulphate, filtered through glass wool, and the 
dimethyl] xylan precipitated by an excess of ether. The product 
had the same constants as those already recorded (Hampton, 
Haworth, and Hirst, loc. cit.). 

Degradation of Dimethyl Xylan.—To dimethyl xylan (4 g.), dis- 
solved in glacial acetic acid (44 c.c.) and cooled to 0°, acetic anhydride 
(40 c.c.) containing concentrated sulphuric acid (1-6 ¢.c.) was added, 
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this mixture having previously been cooled to 0°. After remaining 
for 10 mins. at 0°, the mixture was poured into ice water (300 c.c.) 
and cautiously neutralised with sodium carbonate (40 g.), followed 
by barium carbonate. After 5 hours the solution was filtered and 
extractions with chloroform (800 c.c.) yielded, on evaporation, a 
viscid yellow syrup. 

Deacetylation. The above syrup was dissolved in acetone (50 c.c.) 
and allowed to react with N-sodium hydroxide (50 c.c.) at 15° for 
2 hours. The excess of alkali was then neutralised with N-hydro- 
chloric acid, and the acetone removed under diminished pressure 
at 30°. 

Oxidation. The above neutral solution was oxidised with bromine 
(1 c.c.) in the presence of barium benzoate (7 g. in 250 c.c. of water), 
the halogen being added at 0°, and the oxidation allowed to proceed 
during 40 hours in the dark. Thereafter the mixture was aerated 
to remove bromine, filtered from benzoic acid, and the barium salts 
were precipitated with sodium sulphate (4 g.). After filtration the 
solution was rendered alkaline and concentrated to 50.¢.c. Cautious 
acidification of the cold solution with dilute sulphuric acid caused 
the separation of more benzoic acid, which was removed. The 
filtrate was again rendered alkaline and concentrated for methylation. 

Methylation. The above aqueous solution was mixed with acetone 
(100 c.c.) and treated with 30% sodium hydroxide solution (81 c.c.) 
and methyl sulphate (33 c.c.) at 35—40° for } hour and finally at 
55—60°, the reagents being added in ,, portions every 10 minutes 
inthe usual way. The organic acids were liberated by adding dilute 
sulphuric acid (using Congo-red as indicator) in the presence of ice, 
and the solution was now extracted with chloroform. The aqueous 
residues were rendered alkaline, evaporated under diminished 
pressure, and extracted with boiling 95% alcohol. This extract 
was evaporated in a vacuum, and the solid material remaining was 
dissolved in water, added to the syrup obtained from the above 
chloroform extraction, and submitted to another methylation with 
the same quantities of reagents as before. This yielded a viscid 
brown syrup (2-5 g.). Several such preparations of material were 
carried out and finally the combined syrups were dissolved in methyl 
iodide and methylated twice by the Purdie method. From 10 g. of 
dimethyl xylan, the mixed esters resulting from this treatment 
weighed 5-6 g. A first distillation yielded the following: 
Fraction 1 (bath temperature 90—135°/0-06 mm.) 2 g., nj} 1-4452; 
fraction 2 (bath temperature 135—170°/0-06 mm.) 0-3 g., nj}’ 1-4561 ; 
fraction 3 (170—210°/0-06 mm.) 2-4 g., nj} 1-4618; fraction 4 (210— 
250°/0-06 mm.) 0-4 g., nj}° 1-4680; residue 0-5g. Fraction 3 was redis- 
tilled and showed b. p. about 170°/0-06 mm., nj" 1-4610 ; [«]i7’ + 10-4° 
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(c, 1:06 in water) (Found: C, 51-2; H, 8-1; OMe, 54-5; CO,Me, 
15:2. C,,H3,0,) requires C, 51:5; H, 8-1; OMe, 54:8; CO,Me, 
149%). Redistillation of fractions 2 and 4 yielded a further 
quantity (0-2 g.) of the same material as fraction 3, so that the com- 
bined yields of this ester (IV) amounted to 21% of the theoretical. 

Hydrolysis of the Bionic Ester—The above ester (2-0 g.) was 
hydrolysed at 100° with 2% hydrochloric acid (60 c.c.) and underwent 
the following polarimetric changes. [«]}}' + 10° (initial); -+ 25° 
(10 mins.); -++ 30° (20 mins.); + 31-8° (45 mins., constant). 

Isolation of 2:3:4-Trimethyl Xylose-——The acid solution . was 
neutralised with excess of barium carbonate and aerated during 2—3 
hours at 50° in contact with animal charcoal. The filtrate, on 
evaporation under diminished pressure, yielded a mixture of barium 
salts and a sugar. These residues were dried by distilling from 
them a mixture of benzene and alcohol, and were extracted repeatedly 
with dry ether. This extract yielded a syrup which crystallised on 
nucleation with 2 : 3: 4-trimethyl xylopyranose. The crude product 
weighed 0-82 g. (84% of the theoretical yield). On recrystallisation 
this showed m. p. 90—92°, [«]if° + 20-4° (after 4 hour). It was 
identified as «-2:3:4-trimethyl xylopyranose by mixed m. p. 
determination (compare Hampton, Haworth, and Hirst, loc. cit.) 
and by the following analysis (Found: C, 50-2; H, 8:7; OMe, 48:1. 
Cale.: C, 50:0; H, 8-3; OMe, 484%). Among the products 
derivatives of furfural were detected. 

Isolation of 2:3: 5-Trimethyl y-Xylonolactone.—The residue of 
barium salts remaining from the previous extraction was dissolved 
in water (10 c.c.) and acidified with N-hydrochloric acid (10 c.c.), 
and the aqueous solution was evaporated under diminished pressure. 
The residue, dried at 100°, was repeatedly extracted with dry ether 
and gave a pale yellow syrup, which was distilled : b. p. 80—90°/ 
0-05 mm., ni* 1-4450, [afi + 95-2° (after 4 hour); + 90-5° (23 
days); + 75-5° (14 days); 70-0° (20 days) (c, 1-05 in water). Yield, 
0-7 g. (73% of the theoretical). The phenylhydrazide of the corre- 
sponding acid was prepared from this lactone (compare Haworth 
and Porter, J., 1928, 611) and showed m. p. 88° alone or mixed with 
an authentic specimen (Found: C, 56:3; H, 7:2; N, 9-6; OMe, 
31-1. Cale. : C, 56-4; H, 7-4; N, 9-4; OMe, 31-:2%). 


The authors acknowledge with thanks a grant from the Depart- 
ment of Scientific and Industrial Research in aid of this work. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, September 21st, 1931.] 
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CCCXCVITI.—The Structure of 2:3: 4-T'rimethyl 
Glucose. 


By WILLIAM CHARLTON, WALTER NORMAN HaworTH, and REGINALD 
WILLIAM HERBERT. 


THE characterisation of 2:3: 4-trimethy] glucose (I) has been 
accomplished by its oxidation with nitric acid. Two products have 
been isolated as crystalline derivatives. The first of these is a 
degradation product represented by i-xylo-trimethoxyglutaric acid 
(II), which yields a crystalline methylamide identical with an 
authentic specimen obtained directly by oxidation of xylose, followed 
by methylation and methylamide formation. Simultaneously there 
is also formed a derivative of 2 : 3 : 4-trimethyl saccharic acid (III), 
which was isolated as the crystalline methyl ester of 2:3: 4- 
trimethyl 8-saccharolactone (1V) (compare Robertson and Waters, 
this vol., p. 1709). 


CH,-OH n> 
(.) i: 0. OF OH (III) 
) KB >} — ke n/COH 
seat om A Meo || 
H @.. H OMe 
| 
{ ey 
H cO,H ? 
Gn, Koa vr gH Kis ye Ge: ) 
MeO ‘| MeO bg 
H OMe OMe 


The determination of the structure of the above sugar is important 
inasmuch as it has a bearing on the constitution of the disaccharides 
gentiobiose and melibiose. A preliminary account of the oxidation 
to i-xylo-trimethoxyglutaric acid has been published (Haworth, 
“ Constitution of Sugars,’ Arnold & Co., 1929, p. 57), but the present 
more detailed experimental account has been unintentionally 
delayed, since it was completed three years ago. The identification 
of 2:3: 4-trimethyl glucose will be considerably simplified by the 
procedure now outlined for the preparation of 2:3: 4-trimethyl 
8-methylglucoside. This was obtained in a higher yield than was 
hitherto found possible in the earlier papers on the constitution of 
disaccharides (Haworth and Wylam, J., 1923, 123, 3120; Haworth, 
Hirst, and Ruell, ibid., p. 3125; Charlton, Haworth, and Hickin- 
bottom, J., 1927, 1527). Other work establishing the constitution 
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of the reducing residue in melibiose (Haworth, Loach, and Long, 
J., 1927, 3146) has, however, been published in the interim, and has 
provided an independent proof of the structure of 2 : 3 : 4-trimethy] 
glucose. 

EXPERIMENTAL. 

2:3:4-Trimethyl 8-Methylglucoside.—The following modification 

of the usual procedure led to the isolation of the above crystalline 
glucoside in a yield of 40% of the theoretical. 2:3: 4-Trimethy] 
glucose (2-5 g.) prepared by the hydrolysis of heptamethyl methy]- 
melibioside was dissolved in dry methyl alcohol (160 g.) containing 
1% of hydrogen chloride, and the solution boiled under reflux for 
5 hours; all reducing action had then disappeared. Sodium 
bicarbonate in very slight excess was added to remove the hydrogen 
chloride, and the solution evaporated to dryness under diminished 
pressure. The residue was dissolved in a small volume of water and 
extracted three times with chloroform, which left behind any traces 
of unchanged sugar along with mineral salts. From the dried 
chloroform extract, 2-5 g. of a yellow oil were obtained which 
crystallised immediately on nucleation with 2:3: 4-trimethyl 
8-methylglucoside prepared from methylated gentiobiose. After 
36 hours the semi-solid mass was transferred to a porous tile, which 
rapidly absorbed the liquid portion. The yield of purified crystal- 
line glucoside was 28%. The porous tile was extracted with chloro- 
form in a Soxhlet apparatus and yielded 1-5 g. of a yellow syrup. 
This was dissolved in 5°% hydrochloric acid (100 c.c.) and hydrolysed 
by boiling for 6 hours. The solution was neutralised with barium 
carbonate, filtered, and evaporated to dryness under diminished 
pressure. The residue was dissolved in chloroform to remove 
barium chloride and after evaporation the syrup was redissolved in 
dry methyl alcohol (100 c.c.) containing 1% of hydrogen chloride, 
and treated subsequently as described above. This recovery and 
regeneration of the glucoside were twice repeated. 

Oxidation of 2 : 3 : 4-Trimethyl Glucose.—2 : 3 : 4-Trimethyl glucose 
obtained by the hydrolysis of crystalline 2 : 3 : 4-trimethyl $-methy]- 
glucoside was oxidised at 70° for 1 hour with concentrated nitric 
acid and the temperature was afterwards raised to 100° for } hour. 
When the production of nitrous fumes had almost ceased, the nitric 
acid was removed in the usual manner by distillation under 
diminished pressure, the distillation being accompanied by con- 
tinued dilution with water. Finally the product was dried by 
distillation with large quantities of ethy] alcohol, and an ethyl- 
alcoholic solution of the residue containing 3—4% of hydrogen 
chloride was heated under reflux for 5 hours and then at 70° for 3 
hours. The solution was neutralised by barium carbonate and 
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filtered, and barium chloride precipitated from the alcoholic solution 
by the addition of ether. After filtration the clear solution was 
evaporated to a viscid syrup and traces of the barium chloride were 
removed by extracting the ester with chloroform. The ester was 
then distilled and divided into two fractions: (1) Bath temperature 
130—133°/0-1 mm., (2) bath temperature 140—150°/0-1 mm. 
Fraction (1) was fairly mobile. Fraction (2) represented the greater 
part of the product. It consisted largely of the ethyl ester of 
trimethyl saccharolactone (see below). Fraction (1) was dissolved 
in ethyl alcohol, and the solution was saturated with dzy methyl- 
amine, kept for 2} days at room temperature, and evaporated to 
half its bulk. The crystals deposited were collected and washed 
with ethyl acetate. The washings and mother-liquors were evapor- 
ated to dryness and redissolved; after some time further crops 
were obtained of the same crystalline substance, m. p. 167—168°, 
after several recrystallisations from ethyl acetate (Found: C, 48-3; 
H, 8-25. Cale. for Cyp>Ha0;N,: C, 48°35; H, 81%). This sub- 
stance was identified as the methylamide of i-xylo-trimethoxy- 
glutaric acid by direct comparison with a specimen prepared from 
other sources (Haworth and Jones, J., 1927, 2349) and by mixed 
m. p. determination (167—168°). 

2:3:4-Trimethyl glucose (1-25 g.) was dissolved in 20 c.c. of 
dilute nitric acid (d 1-26) and heated as described above. After 
removal of the nitric acid by repeated evaporation and dilution 
there remained a syrup (1-12 g.). This was esterified with 1-25% 
methyl-alcoholic hydrogen chloride and after isolation in the usual 
way the mixture of esters was distilled. Fraction (1) b. p. 122— 
i27°/0-2 mm., 0-4 g.; fraction (2) b. p. 140—150°/0-2 mm., 0-6 g. 
After some time the fractions yielded crystals, e.g., fraction (2) gave 
0-25 g. of a crystalline product, m. p. 107°; [a] + 104-3° in ethyl 
alcohol; [a]? + 98° in chloroform; [«]i* -+ 146-5° in benzene 
(Found: C, 48-4; H, 6-7; OMe, 49-6. Cale. for Cy9H,,0,: C, 
18-4; H, 6-6; OMe, 50-0%). This substance was identified as the 
methyl ester of 2 : 3 : 4-trimethyl saccharolactone. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [ Received, September 21st, 1931.] 
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CCCXCIX.—Conversion of 2:3: 4-Triacetyl a-Methyl- 
glucoside into 3: 4: 6-Triacetyl 2-Methyl a-Methy|- 
glucoside. 


By WattTeR Norman Hawortu, EpMuND LANGLEY Hirst, and 
(Miss) ErHet GERTRUDE TEECE. 


In an earlier paper (Haworth, Hirst, and Teece, J., 1930, 1405) 
-" have shown that 1: 2:3: 4-tetra-acetyl glucose gives rise to 

: 3:4: 6-tetra-acetyl $-methylglucoside by the migration of an 
roe group from position 1 to position 6. We now record a similar 
phenomenon in the case of 2:3: 4- triacetyl a-methylglucoside 
(Helferich, Bredereck, and Schneidmiiller, Annalen, 1927, 458, 111). 
With this substance (I) there is no possibility of a transference of 
an acetyl group from the reducing position, but it is noteworthy 
that methylation with Purdie's reagents introduces a methyl] group, 
in a yield of about 30%, at position 2, accompanied by the transfer- 
ence of the 2-acetyl residue to position 6. The crystalline product, 
3:4: 6-triacetyl 2-methyl «-methylglucoside (11), gives rise on deacetyl- 
ation to crystalline 2-methyl «-methylglucoside (III), and on hydrolysis 
to 2-methy] glucose (IV), which, as the crystalline 8-form, was found 
to be identical with the 2-methyl glucose described by Hickinbottom 
(J., 1928, 3140) and Brigl and Schinle (Ber., 1929, 62, 1716; 1930, 
63, 2887). According to the work of the latter authors 2-methy] 
glucose passes to phenylglucosazone by loss of the methyl group. 
This is the case, but the yield is poor and the glucosazone is accom- 
panied by the hydrazone of 2-methyl glucose. 





CH,-OH CH,-OAc 
H H H CL a 2 
(I.) aS H | mete | Oise > =.) 
AcO — \“ OMe AcO [| OMe 
H OAc H OMe 
CH, ag CH,-OH 
OH H | Oo H 
ers Kin H | a Ke m2) a 
HO |) H HO || OMe 
H OMe i OMe 


It is evident that little credence can be attached to methods of 
this kind which are intended to prove the orientation of a free 
hydroxyl in a group partly acetylated hexose. On the other hand 
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it is on record (Helferich and Giinther, Ber., 1931, 64, 1276) that the 
corresponding 2 : 3 : 4-tribenzoyl methylglucoside passes on methyl- 
ation and subsequent hydrolysis to the expected 6-methyl glucose, 
a result which seems to indicate that benzoyl] groups have not the 
capacity of free migration which is associated with the acetyl groups 
in the compounds we have studied. The mechanism of the above 
migrations has been referred to in the earlier paper by Haworth, 
Hirst, and Teece (loc. cit.). 


EXPERIMENTAL. 

Methylation of 2:3:4-Triacetyl «-Methylglucoside.—«-Methyl- 
glucoside was converted by Helferich, Klein, and Schafer’s method 
(Ber., 1926, 59, 81) into 6-trityl 2 : 3 : 4-triacetyl «-methylglucoside, 
which had m. p. 136°, [«]§° + 137° in pyridine (c, 1-66) in agree- 
ment with the constants recorded by Helferich and Becker (Annalen, 
1924, 440, 9). Removal of the trityl group by hydrogen bromide 
in acetic acid gave 2 : 3 : 4-triacetyl «-methylglucoside, m. p. 111°, 
[«~}*" + 147° in chloroform (c, 1-2) (Found: CH,°CO, 40-3. Cale. 
for C,3;H,0,: CH,°CO, 40-3%). The properties of the material 
used in the following experiments conformed exactly with those 
ascribed to 2:3:4-triacetyl «-methylglucoside by Helferich, 
Bredereck, and Schneidmiiller (loc. cit.). Methylation was effected 
by heating the substance (4 g.) in boiling methyl iodide (10 c.c.) for 
8 hours with silver oxide (20 g.). The product (3-9 g.) was extracted 
by chloroform and, on removal of the solvent, was obtained as a glass 
which crystallised partly when triturated with alcohol. The solid 
portion (1-3 g.) was recrystallised from alcohol, giving 3:4: 6- 
triacetyl 2-methyl «-methylglucoside as colourless needles, m. p. 120°, 
{x}? +- 145° in chloroform (c, 0-9) (Found: C, 50-3; H, 6-8; OMe, 
18-4. C,,H,.0, requires C, 50:3; H, 6-6; OMe, 186%). The 
liquid portion of the methylated product gave a high methoxyl 
value (OMe, 23%) and had lost part of its acetyl content during the 
methylation. 

2- Methyl «-Methylglucoside.—3 : 4 : 6-Triacetyl 2-methyl «-methyl- 
glucoside (0-9 g.) was de-acetylated by methyl-alcoholic ammonia 
(100 c.c. saturated at 0°). After 5} hours at room temperature the 
methyl alcohol and ammonia were removed by distillation under 
diminished pressure, leaving a white solid, which was dissolved in 
boiling ethyl acetate (18 c.c.). On cooling, 2-methyl «-methyl- 
glucoside separated as colourless prisms, m. p. 147—148°, [«]j? 
-+- 155° in water (c, 0-7) (Found: C, 46-5; H, 8-0; OMe, 29-7. 
C,H,,0, requires C, 46-1; H, 7-8; OMe, 29-8%). 

2-Methyl «-methylglucoside was hydrolysed by 7% aqueous 
hydrochloric acid in about 17 hours at 90—95°. The reaction was 
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followed polarimetrically. -[«}%" + 156° (initial value); 148° (40 
mins.); 132° (2 hrs.); 100° (44 hrs.); 91° (5}~hrs.); 76° (8 hrs.): 
72° (103 hrs.); 68° (13 hrs.); 65° (17 hrs., constant value). The 
solution was neutralised with silver carbonate and evaporated to 
dryness under diminished pressure, giving a syrup which partly 
crystallised. The solid was recrystallised from methyl alcohol, 
giving 2-methyl $-glucose (yield, 60%), m. p. 157—159°, [«]#’ + 16° 
in water (3 mins. after dissolution; c, 0-64); 20° (4 mins.); 24° 
(10 mins.) ; 27° (15 mins.); 41° (45 mins.); 52° (75 mins.); 56° (105 
mins.); 59-5° (135 mins.); 64° (230 mins.); 66° (6 hrs., constant 
value). From these figures the initial value [«]#’ + 12° was found 
by extrapolation (Found: C, 43-1; H, 7-5; OMe, 16-2. Cale. for 
C,H,,0,: C, 43:3; H, 7-3; OMe, 16-0%). 

2-Methyl glucose readily gave the phenylhydrazone, m. p. 174— 
175°, when treated at 15° with phenylhydrazine and glacial acetic 
acid in concentrated aqueous solution (Hickinbottom, loc. cit.; 
Brigl and Schinle, loc. cit.) (Found : C, 55-0; H, 7-3; N, 9-7; OMe, 
10-9. Cale. for C,;H.0;N,: C, 54:9; H, 7-1; N, 9-9; OMe, 
109%). When heated with phenylhydrazine hydrochloride and 
sodium acetate in aqueous solution it gave glucosazone, m. p. 206°, 
in poor yield. The loss of a methoxyl group during this transform- 
ation was confirmed by analysis, the osazone being found to have a 
negligible methoxyl content. The properties of the methyl glucose 
now described are therefore in complete agreement with those of the 
crystalline 2-methyl glucose prepared by Brigl and Schinle (Ber., 
1930, 63, 2887). 

For comparison a specimen of 2-methyi glucose was prepared from 
3:4: 6-triacetyl 2-methyl @-methylglucoside (Hickinbottom, loc. 
cit.; compare Brigl, Z. physiol. Chem., 1922, 122, 257). The 
2-methyl glucose so obtained had m. p. 157—158°, alone or when 
mixed with the material described above, and readily yielded the 
phenylhydrazone, m. p. 174—175°. A mixed m. p. determination 
with the above phenylhydrazone showed no depression. 





The authors express thanks to the Government Grant Committce 
of the Royal Society for a grant. 
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TC. 
(40 
“m CCCC.—The Third Variety of Triacetyl Methyl- 
; rhamnoside, 
tly | By WatteR Norman Hawortu, Epmunp Lanciey Hirst, and 
0), HENRY SAMUELS, 
a A NEW modification of the procedure given by Fischer, Bergmann, 
05 and Rabe (Ber., 1920, 53, 2362) for the preparation of the so-called 
; “”’-methylrhamnoside triacetate is herein described. This has 
int | enabled its preparation to be carried out with ease, and has afforded 
ae opportunity for a more detailed study of this interesting substance 
for which, as was shown in an earlier paper (Haworth, Hirst, and Miller, 
J., 1929, 2469), must not be confused with the y-sugar series inas- 
a much as it has been shown to be a rhamnopyranoside. In a later 
a paper (Bott, Haworth, and Hirst, J., 1930, 1395) the constitution 
ts T of this product was given as (I). Further evidence of this structure 
i, is now provided in that it is shown that, whilst the acety] groups at 
me, positions 3 and 4 are eliminated with cold alkali, the substituting 
rs , residues at positions 1 and 2, thoughstable to hotalkali, are extremely 
©’. Tiabile in the presence of very dilute acid. From a mathematical 
a analysis of the polarimetric data (for which we are indebted to Mr. 
vi E. Gordon Cox) it appeared that two consecutive reactions were 
= initiated by the action of N/100- or N/1500-acid at 20° on the so- 
ws called ‘‘ y”-monoacetyl methylrhamnoside. The first of these 
| changes is occasioned by hydrolysis of the methoxyl residue of the 
sa orthoacetic ester group and was catalysed by hydrogen ion. The 
a value of the velocity coefficient was approximately k, = 5-5 (in 


terms of mins. and natural logarithms and for N/100-acid). The 
specific rotation of the product given by this reaction was [«]}!” + 47°. 
For the second reaction, which was influenced by the hydrogen-ion 
concentration to a much smaller extent, the velocity coefficient was 
approximately k, = 0-11 {in terms of mins. and natural logarithms). 
From the figures given by Moelwyn-Hughes for the ordinary gluco- 
sides (Trans. Faraday Soc., 1929, 25, 81), the first reaction proceeds 
some 101 times as quickly as the hydrolysis of «-methylglucoside 
under comparable conditions. 

Once the above consecutive reactions are initiated they proceed 
simultaneously and we were able to associate the first reaction with 
the removal of a methyl residue. (At this stage the product reduces 
Fehling’s solution.) At the end of the second reaction an acetyl 
group is still largely intact. at position 2, and the 2-acetyl residue is 
removable under conditions similar to those which eliminate acetyl 
groups from positions 3 and 4 in the original “ y ”’-triacetyl methvl- 
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rhamnoside. The consecutive changes may be represented by the 
following formule : 





CH, 
MeO: ce ts 
AcO ae: 
Kt > 2s > Keo 
a i i 9, H OAc 
(I.) (followed by mutarotation 


to a- and §-forms in 
equilibrium) 


ce 


We have again examined the behaviour of the “ y ’’-monoacetyl 
dimethyl methylrhamnoside and have confirmed the observation 
in the earlier paper (Haworth, Hirst, and Miller, loc. cit.) that the 
substituent group at position 2 is eliminated during methylation in 
contact with sodium hydroxide. The hydrolysis of the resistant 
acetyl group does not proceed appreciably at 70° (after 3 hours’ 
treatment with N/10-sodium hydroxide solution), but at’80° it occurs 
to the extent of 64%. This explains also the observation of Bott, 
Haworth, and Hirst (loc. cit.) that in the case of the analogous 
““ ’-tetra-acetyl methylmannoside the whole of the acetyl groups 
and the methyl group are removed during methylation with methyl 
sulphate and alkali, and that during this procedure the solution 
became dark. The latter effect was evidently due to the removal of 
the orthoacetic ester group from positions 1 and 2 with the formation 
of the reducing sugar, which then underwent complete methylation 
by the re-introduction of a methoxyl residue at position 1. Under 
the conditions now given, it was possible to follow these consecutive 
changes. There is no disturbance of the pyranose ring structure, 
since methyl groups already occupy positions 3, 4, and 6 of the 
mannose residue before the removal of the orthoacetic ester group 
is initiated. 

EXPERIMENTAL. 

Preparation of “y”-Triacetyl Methylrhamnoside.—The following 
modification of Fischer, Bergmann, and Rabe’s process (loc. cit.) 
enabled the preparation of “‘ y ”-triacetyl methylrhamnoside to be 
carried out with ease and rapidity. A solution of triacetyl rhamno- 
sidyl bromide (10 g.) in dry methyl alcohol containing quinoline 
(4-4 c.c.) was kept at 16° for 90 minutes until the reaction was com- 
plete. After the addition of chloroform (100 c.c.) the quinoline was 
removed by shaking the solution with N/100-sulphuric acid. The 
chloroform layer was shaken successively with aqueous sodium 
bicarbonate and with water and was dried over anhydrous magnesium 
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sulphate. On evaporation under diminished pressure crystalline 
“y”-triacetyl methylrhamnoside was obtained. Recrystallisation 
from ether-light petroleum gave the pure substance, m. p. 83—84°, 
[«]s + 35° in chloroform (c, 2-0) (yield, 45% of the theoretical). 
‘“”’-Monoacetyl methylrhamnoside was obtained quantitatively 
by the action of methyl-alcoholic ammonia on the triacetyl deriv- 
ative. The swbstance used in the present experiments had m. p. 
140—141°, [«]®° + 16-4° in water (c, 2-0). 

Instability of “‘y”’-Monoacetyl Dimethyl Methylrhamnoside in 
Alkaline Solution.—When “ y ”’-monoacetyl methylrhamnoside was 
methylated by methyl sulphate and alkali the acetyl group was 
removed and trimethyl methylrhamnopyranoside, b. p. 79°/0-02 
mm., nj) 1-4440, was obtained in good yield (Found: OMe, 54-1. 
Cale.: OMe, 56-4%). This result was due to the instability of the 
acetyl group of “ y”’-monoacetyl dimethyl methylrhamnoside in 
alkaline solution. Control experiments in which “ y ’’-monoacetyl 
dimethyl methylrhamnoside (Haworth, Hirst, and Miller, loc. cit.) 
was heated under various conditions with N/10-sodium hydroxide 
showed that at 70° there was no appreciable hydrolysis at the end of 
90 minutes. At 80° during 3 hours, hydrolysis proceeded to the 
extent of 64°% (Found : CH,°CO, 11-1%) and at 100° it was complete 
in 30 minutes (Found : CH,°CO, 17-6. Cale. for C,,H ,0, : CH,°CO, 
17-3%). 

Instability of “ y”-Monoacetyl Methylrhamnoside and its Dimethyl 
Derivative in Acid Solution.—In neutral aqueous solution “ y ’’-mono- 
acetyl methylrhamnoside was stable. The rotation [«], -+ 16° 
remained constant for several days and there was no development 
of reducing power. In acid solution the substance was extra- 
ordinarily labile. Sufficient hydrochloric acid was added at room 
temperature to a neutral aqueous solution ({«]) + 16°) to make the 
concentration of acid N./100. In less than 30 seconds the rotation 
had risen to + 44°. The acid was neutralised at once, and the 
solution tested for reducing power by titration with Fehling’s 
solution. 

The solution containing the product from 0-10 g. of “ y ’’-mono- 
acetyl methylrhamnoside was equivalent in reducing power to 
0-075 g. of rhamnose. Total hydrolysis of the methylglycosidic 
group had been effected in less than 30 seconds. The acetyl group 
was still present but was now readily hydrolysable, and was removed 
in less than 3 hours at 15° by N/10-sodium hydroxide (Found : 
CH,*CO, 18-9. Cale. for CjH,,0, : CH,°CO, 19-5%). The rotation 
value, + 45°, was not constant but decreased regularly to a final 
value, + 28°, reached in about 20 minutes. [«]?° + 45° (30 secs. 


‘ 


after addition of acid); + 43° (2 mins.); 41° (3 mins.); 39-5° 
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(4 mins.); 38° (5 mins.); 36° (7 mins.); 34° (9 mins.) ; 31° (12 mins.) ; 
29° (15 mins.); 28° (20 mins., constant value). The fall in rotation 
from the maximum value (+ 45°) to the constant value + 28° could 
not be arrested by neutralising the solution or rendering it alkaline. 
The end value was the same in each case and the rates of fall were 
almost identical. 

In another experiment, when the acid concentration was reduced 
to N/1500, hydrolysis of the methylglycosidic group was still 
extremely rapid and the following observations were made: [z]j 
+ 17° in water (c, 1-0); -++ 23-5° (40 secs. after addition of acid); 
+ 26° (1 min.); 30-5° (2 mins.); 33-5° (3 mins.); 35° (4 mins.); 
36-5° (E mins.); 36-5° (6 mins.); 36° (7 mins.); 34° (9 mins.); 
33° (10 mins.); 31° (12 mins.); 29° (16 mins.); 28° (25 mins., 
constant value). 

Similar results were given by “‘ y ’-monoacetyl dimethyl] methy]- 
rhamnoside. When the substance was dissclved in N/100-hydro- 
chloric acid, hydrolysis of the glycosidic group took place so quickly 
that the reaction could not be follow ed polarimetrically. The 
following was a typical experiment : [«]?} + 36° (in water, constant 
value); -+ 48° (1 min. after addition of acid) ; 44° (2 mins.); 41° 
(3 mins.) ; 38° (4 mins.) ; 35° (6 mins.) ; 33° (8 mins.) ; 32° (10 mins.) ; 
30° (15 mins.); 29° (18 mins., constant value). 


The authors are indebted to the Government Grant Committee 
of the Royal Society for a grant in aid of their work. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, September 21st, 1931.] 





CCCCI.— Walden Inversion in the a-Glucoheptose Series. 
The Preparation of New Derivatives and the 
Determination of the Structure of Methyl-a-gluco- 
heptoside. 


By Water Norman HawortuH, EpMunp LanGLrEy Hirst, and 
MavuRIcE STACEY. 


a-GLUCOHEPTOSE, in yields of 55—60°%, of the theoretical, is con- 
sistently obtained by a modification of the procedure involving the 
reduction of «-glucoheptonolactone. Following the direct method 
of preparation of the glycoside, the crystalline $-methyl-«-gluco- 
heptoside (I) is the main product, and this by methylation gives in 
almost quantitative ‘yield the pentamethyl 8-methyl-a-glucoheptoside 
(II). From the latter, by hydrolysis, crystalline §-pentamethyl 
a-glucoheptose (III) was obtained having initially [«] — 62-5° in 
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water. This passes readily by oxidation to the crystalline penta- 
methyl «-glucoheptono-8-lactone (IV) and its rate of hydrolysis was 
studied polarimetrically, as was also the rate of formation of the 
lactone from the free pentamethyl «-glucoheptonic acid. The figures 
are comparable with those of other 8-lactones of the sugar series 
which have been studied. By degradative oxidation the lactone 
was converted into /-arabotrimethoxyglutaric acid (V), recognised 
as its crystalline methylamide, and this was accompanied by i-di- 
methoxysuccinic acid, which was again characterised as the methyl- 
amide derivative. For these reasons we ascribe the pyranose 
structure (I) to §-methyl-«-glucoheptoside. 








CH,-OH CH,*OMe CH,"OMe 
HC-OH HC-OMe HC-OMe 
HO al MeO | OMe ~ 1-9 OH 
ae eam >, — | 
” On R, » OMe hase OMe OMe 
(I.) (II.) (III.) 
CH,-OMe 
HC-OMe 
Me? CO: OH | Ka: Ov 
(V.) | iY CO OH ne a (IV. ) 
. eee 
OMe OMe OMe OMe 


A new method is described for the preparation of «-penta-acety]l 
«-glucoheptosidyl bromide (VI) («-acetobromo-«-glucoheptose), 5 g. 
of the bromide being obtainable from 3 g. of the sugar. When this 
substance in contact with activated silver chloride was boiled for 
10 minutes in dry ether it gave rise to $-penta-acetyl «-glucoheptosidyl 
chloride (VII) in almost quantitative yield. If the silver chloride 

had been kept for some weeks before use, this treatment yielded 
x-penta-acetyl «-glucoheptosidyl chloride (VIII), whilst this again was 
quantitatively converted into the $-isomeride (VII) by treatment 
with freshly prepared activated silver chloride. 

The replacement of the halogen in these compounds by the 
methoxyl group is readily effected in methyl-alcoholic solution by 
contact with dry silver oxide. Thus «-penta-acetyl «-glucohepto- 
sidyl bromide (VI) gave the crystalline penta-acetyl 8-methyl-«-gluco- 
heptoside (skeleton formula IX) identical with the product which was 
obtained by the direct acetylation of 8-methyl-«-glucoheptoside in 
the presence of pyridine. Similarly a quantitative yield of penta- 
acetyl «-methyl-«-glucoheptoside (skeleton formula X) was obtained 
by placing $-penta-acetyl «-glucoheptosidyl chloride in contact with 
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methyl alcohol and silver oxide. The same crystalline substance 
was also prepared in the following way. 3% Methyl-alcoholic 
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hydrogen chloride being used instead of the more usual 5°% solution, 
a-glucoheptose was condensed at the boiling temperature with this 
reagent. Under these conditions it did not give exclusively 8-methy] 
«-glucoheptoside, but yielded also a non-crystalline portion which 
on acetylation gave rise to penta-acetyl «-methyl-«-glucoheptoside. 
When §-penta-acetyl «-glucoheptosidyl chloride was warmed with 
methyl alcohol and quinoline instead of silver oxide a third crystalline 
variety of penta-acetyl methyl-«-glucoheptoside was formed. This 
substance (XI) was comparable with the third or so-called “ y 
forms of tetra-acetyl $-methylmannoside and triacetyl $-methyl- 
rhamnoside (Haworth, Hirst, and Miller, J., 1929, 2469; Bott, 
Haworth, and Hirst, J., 1930, 1395; Haworth, Hirst, and Samuels, 
preceding paper). Four of the five acetyl residues were eliminated 
by cold alkali: the fifth acetyl group is associated with the methyl 
residue as an orthoacetic ester group at positions 1 and 2. The 
name which should be ascribed to this compound is tetra-acetyl 
a-glucoheptose 1 : 2-orthomethylacetate (XI) and a similar nomen- 
clature should be adopted for the mannose and rhamnose analogues. 


EXPERIMENTAL. 


a-Glucoheptose (With Mr. R. W. Hersert).—The reduction of «- 
glucoheptonolactone (Fischer, Annalen, 1892, 270, 64; Kiliani, Ber. 
1886, 19, 767) by Fischer’s method (loc. cit.) or by Philippe’s modi- 
fication (Ann. Chim. Phys., 1912, 26, 289) gave variable, usually 
. poor, yields of glucoheptose. When, however, the conditions 
were rigidly controlled as specified below, yields of 55—60°% 
were consistently obtained. A solution of the lactone (10 g.) in 
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water (150 c.c.) was placed in a flask fitted with a stirrer and sur- 
rounded by a freezing mixture. 3° Sodium amalgam (150 g.) was 
added in portions of 10 g. By continuous addition of acid the 
mixture was kept very slightly acid to Congo-red.. The solution was 
concentrated under diminished pressure at 45° until sodium sulphate 
began to crystallise, and the thin syrup was poured with stirring 
into warm 80% alcohol. After filtration more alcohol was added 
and the solution kept for several hours until the separation of sodium 
glucoheptonate was complete. The clear solution was evaporated 
to a thick syrup and set aside to crystallise. The «-glucoheptose, 
after recrystallisation from half its weight of hot water, had m. p. 
193°, [«}#° — 20° equilibrium value in water. 

Methylation of §-Methyl-«-glucoheptoside.—a«a-Glucoheptose was 
boiled for 12 hours with 5° methyl-alcoholic hydrogen chloride : 
the product, which was isolated in the usual way, was mainly 
3-methyl-«-glucoheptoside, m. p. 169°, [«], — 75° in water (compare 
Fischer, Ber., 1895, 28, 1157). Some «-methyl-«-glucoheptoside 
was also formed and was identified as its crystalline penta-acetate 
(see below). <A solution of 8-methyl-«-glucoheptoside (3 g.) in water 
(10 c.c.) and acetone (60 c.c.) was methylated in the usual way with 
methyl sulphate (33 c.c.) and 30% aqueous sodium hydroxide 
(70 c.c.). The product (yield, almost quantitative) was distilled 
after one further methylation, giving pentamethyl 8-methyl-«-gluco- 
heptoside as a colourless mobile liquid, b. p. 140°/0-08 mm., njj" 
1-4487, [«}’ — 97° in water (c, 0-7), — 74° in chloroform (c, 1-1), 
— 58° in alcohol (c, 1-1), — 46° in ether (c, 1-0), — 42° in benzene 
(c, 1-2). The substance was non-reducing and was very soluble in 
all the ordinary solvents (Found: C, 53-0; H, 9:1; OMe, 61-2. 
C13H2,0, requires C, 53-0; H, 8-9; OMe, 63-2%). 

The hydrolysis of pentamethyl 8-methyl-«-glucoheptoside (2-5 g.) 
by 5°%% aqueous hydrochloric acid (50 c.c.) at 100° was complete in 
about one hour. The acid was neutralised with barium carbonate, 
and the product extracted from the neutral solution by chloroform. 
On distillation pentamethyl «-glucoheptose (2-3 g.) was obtained as a 
mobile syrup, b. p. 157°/0-18 mm., which soon crystallised. Re- 
crystallisation from a mixture of ether (1 vol.) and light petroleum 
(b. p. 60—80°; 4 vols.) gave large transparent monoclinic prisms of 
8-pentamethyl «-glucoheptose (1-6 g.), m. p. 84°, [a] — 62-5°, initial 
value in water (c, 0-8); — 60° (40 mins. after dissolution); — 58° 
(100 mins.); — 52° (16 hrs.); — 49° (24 hrs.); — 44° (48 hrs.); 
— 42-5° (equilibrium value). This substance reduced Fehling’s 
solution and was soluble in all the ordinary solvents except light 
petroleum (Found : C, 51-6; H, 8-8; OMe, 54:3. C,,H,,0, requires 
C, 51-4; H, 8-6; OMe, 55-3%). 
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Pentamethyl «-Glucoheptono-8-lactone.—8-Pentamethyl  «-gluco. 
heptose (3-6 g.), dissolved in water (60 c.c.), was oxidised by bromine 
(7 c.c.) for 5 days at 35—40°. The product was isolated in the usual 
manner and crystallised when its solution was evaporated to dryness 
under diminished pressure. Recrystallisation from ethyl acetate- 
light petroleum gave pentamethyl «-glucoheptono-8-lactone in small 
colourless prisms (3-2 g.), m. p. 83° (Found : C, 51-8; H, 8-2; OMe, 
55°5. Cy gH, 0, requires C, 51-8; H, 8-0; OMe, 55-7%). 

The rate of hydrolysis of the lactone in aqueous solution was 
studied polarimetrically. [a] -+ 40° (initial value in water; 
c, 1-1); 39° (12 mins. after dissolution); 38° (37 mins.); 37° (1 hr.); 
36° (2 hrs.); 33° (4 hrs.); 30° (6 hrs.); 27-5° (8 hrs.); 24° (10 hrs.); 
19° (15 hrs.); 13-5° (20 hrs.); 10° (30 hrs.) ; 9-4° (38 hrs., equilibrium 
value). 

The rotation of the acid in aqueous solution was determined by 
the method previously described in papers from this laboratory. 
[aji — 15° (initial value; c, 0-9, calc. as lactone); + 9° (equi- 
librium value after 24 hrs.). At equilibrium the proportions of acid 
and lactone were 56% and 44% respectively. 

Oxidation of Pentamethyl «-Glucoheptono-8-lactone.—The lactone 
(2-8 g.) was heated at 90° for 6 hours with concentrated nitric acid 
(d 1-42; 12-5 .¢.c.). The solution was evaporated to a syrup under 
diminished pressure, water was added and removed by distillation, 
the latter procedure being repeated until the whole of the nitric acid 
had been removed. The syrupy oxidation product was boiled for 
7 hours with 4°% methyl-alcoholic hydrogen chloride (150 c.c.). 
The acid was neutralised with silver carbonate, the solvent removed, 
and the syrup so obtained was distilled, giving (a) 1 g., b. p. 130— 
132°/0-02 mm., nji° 1-4404, [«]®" + 28° in methyl alcohol (c, 1-04) 
(Found: OMe, 58-9%), (b) 1 g., b. p. about 150°/0-02 mm., nj 
1-4450, [a}f" + 20° in methyl alcohol (c, 0-8) (Found: OMe, 59-2; 
CO,Me, 46-0. Calc. for methyl trimethoxyglutarate : OMe, 62-0; 
CO,Me, 47:2%). 

Fraction (a) crystallised partly on nucleation with a crystal of 
methyl i-dimethoxysuccinate (yield, 0-3 g.); m. p., alone or when 
mixed with an authentic sample, 68°. When treated with methyl- 
alcoholic methylamine, the syrupy portion of (a) gave i-dimethoxy- 
succinomethylamide, m. p. 208°. A mixed m. p. determination 
with an authentic specimen showed no depression. 

Fraction (b) when digested at 15° with methyl-alcoholic methy]- 
amine gave in 50% yield the methylamide of /-arabotrimethoxy- 
glutaric acid, m. p., alone or in admixture with a genuine specimen, 
171°. [a}§° + 60° in water (c, 0-9). 

Preparation of  «-Acetobromo-x-glucoheptose.—x«-Acetobromo- 
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a-glucoheptose, m. p. 110°, was prepared from §-hexa-acetyl «-gluco- 
heptose (Fischer, loc. cit.) by Glaser and Zuckermann’s method 
(Z. physiol. Chem., 1927, 166, 103) or directly from «-glucoheptose 
by the following modification of Levene and Raymond’s method 
(J. Biol. Chem., 1931, 90, 247). 

The sugar (3 g.) was dissolved in acetic anhydride (75 c.c.) con- 
taining anhydrous sodium acetate (0-5 g.) by heating at 100° for 
30 minutes. The solution was cooled, a little acetic acid being added 
to dissolve some crystalline material which separated, and hydrogen 
bromide was passed in until the solution was saturated. This was 
then kept for 2 hours at room temperature, toluene (300 c.c.) added, 
and the solvents rapidly removed by evaporation under diminished 
pressure at 35°. More toluene was added and evaporated until all 
the acetic anhydride had been removed. The syrupy product was 
dissolved in ether, the solution filtered, and the solvent removed. 
The acetobromo-compound («-penta-acetyl «-glucoheptosidy] 
bromide) then crystallised readily ; it was recrystallised from ether- 
light petroleum (yield, 5 g.). Material prepared by this method was 
more stable but less reactive than that obtained by Glaser and 
Zuckermann’s method. 

The rotation of the acetobromo-derivative was determined in 
chloroform, [«]}?" + 156° (c, 0-9), and in acetone, [«]}’ + 109 
(c, 0-6). 

8-Acetochloro-«-glucoheptose.—Activated silver chloride (1 g.) 
(Schlubach and Gilbert, Ber., 1930, 63, 2295; 1926, 59, 844) was 
added to a solution of «-acetobromo-«-glucoheptose (0-8 g.) in boiling 
dry ether (20.c.c.). The mixture was boiled for 10 minutes and after 
filtration the solution was concentrated to 3 c.c. and placed in the 
refrigerator. Large prismatic crystals of §-penta-acetyl «-gluco- 
heptosidyl chloride (8-acetochloro-«-glucoheptose) soon separated and 
after recrystallisation from ether-light petroleum had m. p. 125°, 
[«}}° + 11° in chloroform (c, 0-96). The yield was almost quanti- 
tative when the operations were conducted with small amounts of 
material (not more than 0-8 g.) and with rigid exclusion of light 
(Found: C, 46-3; H, 5-4; Cl, 8-0. C,,H,,0,,Cl requires C, 46-5; 
H, 5-3; Cl, 8-1%). 

a-Acetochloro-«-glucoheptose.—This substance,  «-penta-acetyl 
«-glucoheptosidyl chloride, was obtained in quantitative yield when 
«-acetobromo-«-glucoheptose was treated in the above manner with 
activated silver chloride which had been kept for some weeks and 
which had possibly become “ de-activated ”; m. p. 97°, [«]#” + 95° 
in chloroform (c, 1-1) (Found : C, 46-8; H, 5-4; Cl, 8:1. C,,H,,0,,Cl 
requires C, 46-5; H, 5-3; Cl, 8:1%). 

On treatment with freshly prepared activated silver chloride 
5A2 
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a«-acetochloro-«-glucoheptose was converted quantitatively into the 
above 8-isomeride, m. p. 125°, [«]%” + 11° in chloroform. These 
transformations carried out by means of silver chloride are some- 
what capricious and their course cannot always be predicted with 
certainty. The reactions appear to depend on a @atalyst which 
is usually present in freshly prepared substances of this type 
but is often absent from rigorously purified, highly stable material. 

Penta-acetyl 8-Methyl-«-glucoheptoside——Dry silver oxide (1 g.) 
was added to a solution of acetobromo-«-glucoheptose (1-5 g.) in 
methyl alcohol (15 c.c.). The mixture was shaken for 3 hours, 
filtered, and the solvent removed by distillation under diminished 
pressure. Thecrystalline product was recrystallised from hot water, 
giving long prisms of penta-acetyl 8-methyl-«-glucoheptoside, m. p. 
150°. This substance was soluble in hot water and in the usual 
organic solvents with the exception of light petroleum. [«]}° — 28° 
in acetone (c, 0-5), [«]~’ — 16° in chloroform (c, 0-8) (Found: 
C, 49-8; H, 63; OMe, 7-4; CH,°CO, 50-6. C,3H,.0. requires 
C, 49-8; H, 6-0; OMe, 7-1; CH,°CO, 49-5%). 

The same penta-acetate, m. p. 150° alone or in admixture with 
the material just described, was obtained when {$-methyl-«-gluco- 
heptoside (0-4 g.) was acetylated in pyridine (8 c.c.) by acetic 
anhydride (10 c.c.). After remaining for 2 days at 15°, the mixture 
was diluted with an equal volume of chloroform and poured into 
water (200 c.c.). The chloroform layer was washed with aqueous 
sodium bicarbonate and water and evaporated to dryness under 
diminished pressure. The solid residue was recrystallised from 
hot water. In this and in the preceding case the yield was 
quantitative. 

Penta-acetyl 8-methyl-«-glucoheptoside on treatment with methy]l- 
alcoholic ammonia gave quantitatively 8-methyl-«-glucoheptoside, 
m. p. 170°, [«]? — 75° in water. 

Penta-acetyl «-Methyl-«-glucoheptoside—As shown above, «-gluco- 
heptose and boiling 5% methyl-alcoholic hydrogen chloride give 
almost exclusively §-methyl-«-glucoheptoside. The equilibrium 
mixture formed by the action of boiling3°% methyl-alcoholic hydrogen 
chloride contains a smaller proportion of the 6-derivative (5 g. from 
8 g. of sugar). The non-crystalline portion (3 g.) was dissolved in 
pyridine and allowed to react with acetic anhydride (24 c.c.) for 
3 days at room temperature. An equal volume of chloroform was 
added, and the solution poured slowly into ice-water. The chloro- 
form layer was washed with aqueous sodium bicarbonate and with 
water, dried over magnesium sulphate and evaporated under 
diminished pressure to a thin syrup (A), which partly crystallised. 
The solid material was separated by filtration and crystallised 
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several times from aqueous alcohol, giving penta-acetyl «-methyl- 
a-glucoheptoside (1-5 g.) as short prisms, m. p. 169°, [«}%" + 91° in 
chloroform (c, 1-2) (Found : C, 49-6; H, 6-2; OMe, 7-0 ; CH,°CO, 49-4. 
C1 gHs,0 1. requires C, 49-8; H, 6-0; OMe, 7-1; CH,°CO, 49-5%). 

The liquid portion of (A) when evaporated to dryness under 
diminished pressure gave a crystalline mass, m. p. about 140° 
(indef.), [#]> + 31° in chloroform (c, 1-0). This appeared to contain 
both the «- and the @-variety of penta-acetyl methyl-«-glucohepto- 
side, but complete separation of the components could not be 
effected. 

Penta-acetyl «-methyl-«-glucoheptoside was obtained in quanti- 
tative yield when §-acetochloro-«-glucoheptose (1 g.), dissolved in 
dry methyl alcohol (10 c.c.), was shaken with silver oxide (0-5 g.) for 
2 hours at 15°. After filtration of the liquid and concentration to a 
thin syrup, light petroleum was added until a faint permanent 
turbidity appeared. Penta-acetyl «-methyl-«-glucoheptoside soon 
crystallised; after recrystallisation from aqueous alcohol it had 
m. p. 169°, alone or when mixed with a sample prepared by the 
method given above. [a]? + 91° in chloroform. 

A Third Form of Penta-acetyl Methyl-x-glucoheptoside.—f-Aceto- 
chloro-«-glucoheptose (0-7 g.) was heated for 5 hours at 40° with 
methyl alcohol (10 c.c.) containing quinoline (1 ¢.c.). The solution 
was kept over-night at room temperature, diluted with chloroform 
(3 vols.), and shaken several times with dilute aqueous hydrochloric 
acid until all the quinoline had been removed. After being shaken 
successively with aqueous sodium bicarbonate and with water, the 
chloroform layer was evaporated at 30° under diminished pressure 
to a stiff syrup, which was dissolved in ether. On the addition of 
light petroleum a jelly separated which crystallised on trituration 
and after draining on porous tile had m. p. 112°. This substance 
tended to separate as a jelly from aqueous alcohol. It was obtained 
in long needles (0-6 g.) by crystallisation from ether-light petroleum 
(b. p. 40—60°); m. p. 112°, [a |i? + 43° in chloroform (c, 0-6). The 
analytical figures for carbon, hydrogen, and methoxyl corresponded 
exactly to those required by “ y ”’-penta-acetyl methyl-«-glucohepto- 
side (Found: C, 49-5; H, 6-0; OMe, 7-4. C,gH,,0,, requires C, 
49-8; H, 6-0; OMe, 7-1%). 

Four of the five acetyl groups were removed in less than 2 hours 
when the substance, in acetone solution, was hydrolysed by N/10- 
aqueous sodium hydroxide at room temperature (Found : CH,°CO, 
41-0. Cale. for 5 acetyl groups, 49-5; calc. for 4 acetyl groups, 
39:7%). Prolonged treatment (6 hours) under similar conditions 
failed to hydrolyse the fifth group. 

“y”-Penta-acetyl methyl-«-glucoheptoside differed completely 
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in appearance from both «- and §-methyl-«-glucoheptoside penta- 
acetates. It was proved in the following way that the “ y’”’-form 
could not be a mixture of the «- and the 8-isomeride. Mixtures 
were made of «-methyl-«-glucoheptoside penta-acetate (m. p. 169°) 
and its 8-isomeride (m. p. 150°). Each mixture melted over a range 
of several degrees, and none began to melt below 135°. One of the 
mixtures (B), containing approximately 55% of the «-isomeride and 
45% of the 8-isomeride, had a rotation exactly equal to that of the 
“form ([«]%" + 43° in chloroform). The mixture (B) melted 
over the range 141—150°, whereas the “ y”’-form melted sharply 
at 112°. A mixture of (B) with the “ y”’-form had m. p. 80—130°. 
A mixture of the «- and the “ y ”-form melted over the range 110— 
155°, and a mixture of the 8- and the “y’”’-form over the range 
105—130°. 

The authors are grateful to Imperial Chemical Industries, Ltd., 
for a grant in aid of this work. 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, September 21st, 1931.] 





CCCCII.—Experiments on the Synthesis of Phenolic 
Aporphines. Part I. An Introduction and the 
Preparation of Nitro-derivatives of 3: 4-Dihydroxy- 
phenylacetic Acid. 

By Joun Masson GULLAND. 


Tue alkaloids related to aporphine (I) which occur in nature or are 
derived from morphine are phenols or phenolic ethers. They may 
be classified in two main groups, distinguished from each other by 
the positions of the oxygen atoms in ring I. On the one hand, in 
glaucine and dicentrine (2QMe), in laurotetanine and boldine (OH, 
OMe), and in domesticine and isodomesticine (OH, OMe, or possibly 
O,CH,), oxygen atoms are linked to positions 2 and 3. On the 
other hand, in apomorphine (20H), in corytuberine (20H or OH, 
OMe), in isocorydine, bulbocapnine, morphothebaine, apo-¥-codeine, 
and isothebaine (OH, OMe), in corydine (OH, OMe or 20Me), and 
in laurepukine (0,CH, or 20H), oxygen atoms occupy positions 3 
and 4. The sole recorded exceptions to this generalisation are 
pukateine and laureline, which Barger and Girardet (Helv. Chim. 
Acta, 1931, 14, 481) have recently shown to contain only one 
oxygen atom in ring I. These alkaloids, however, are abnormal in 
other ways, since they, and laurepukine which accompanies them, 
are levorotatory, whereas the naturally occurring aporphines have 
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hitherto been found to be dextrorotatory. Those derived from 
morphine are levorotatory. 

In passing, it may be mentioned that this distinction between 
natural and derived aporphines lessens the probability that Klee 
(Arch. Pharm., 1914, 252, 211) was correct in inferring an actual 
conversion of thebaine (levorotatory) into isothebaine (dextro- 
rotatory) in Papaver orientale after the period of vigorous growth. 
Since both alkaloids have in all likelihood the same antecedent 
components, it is probable that thebaine is destroyed at that time, 
and that the synthetic activities of the plant produce isothebaine 
by a somewhat different mechanism from that by which thebaine 


was originally formed. 
MeO/ a MeO, 
MeO» MeO 
eee CH, 





. aR ANN 
13 NH | 
/- GH cHY/CH, 
\e/\CH “2 

(II.) y (IIT.) 


NO, in 2’ or 6’. 
MeO in 5, or 4: 5, or 5: 6 or 
O,CH, in 4: 5. 

In previous memoirs (J., 1928, 581, 1132, 1834, 2083; 1929, 658), 
a general method was elaborated for the synthesis of ethers of both 
groups of aporphines, in which the requisite nitrophenylaceto- 
8-phenylethylamides (II) were converted into nitrobenzylisoquin- 
olines (III) by a modified Bischler—Napieralski reaction, using phos- 
phorus pentachloride to effect the ring-closure. The syntheses 
were then completed by methylation of the nitrogen atom to the 
quaternary salt, reduction of the nitro-group and dihydroiso- 
quinoline ring, and formation of the phenanthrene nucleus by 
Pschorr’s method. 

In each of the cases mentioned above, position 2 of the phenyl- 
ethylamine nucleus of the amide (II) was rendered reactive by the 
presence of a p-methoxyl or catechol ether group. In the absence 
of such activation, however, the Bischler—-Napieralski reaction fails, 
and Kay and Pictet (J., 1913, 103, 950) and Gadamer, Oberlin, and 
Schoeler (Arch. Pharm., 1925, 263, 81) obtained only non-basic 
anhydro-derivatives (IV) and no isoquinoline bases. 


“ R = OMe (K. and P.) 
R! H:C:N-CH,°CH, R = H (G., O. and S.) 
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It is clear that this behaviour is due to activation of the methylene 
group by the o-nitro-group, since the successful conversion of 
phenylaceto-8-phenylethylamide into 1-benzylisoquinoline has been 
recorded (Decker, Kropp, Hoyer, and Becker, Annalen, 1913, 395, 
299). In subsequent memoirs (J., 1929, 1444, 1666) it was 
shown that the activation of nitrophenylaceto-8-phenylethylamides 
by a p-acylamino-group was insufficient to ensure isoquinoline 
formation, and the conclusion must therefore be drawn that an 
ethereal oxygen atom in the p-position is essential for facile 
syntheses. 

The majority of aporphines are phenolic, and the application of 
the methods and conclusions outlined above to their synthesis 
involves practical difficulties which have been surmounted as 
described in the following publications. The importance of such 
syntheses in the determination of the constitution of phenolic 
aporphines is emphasised by the existence of conflicting statements 
by Gadamer (Arch. Pharm., 1911, 249, 503), Go (J. Pharm. Soc. 
Japan, 1929, 49, 128), and Spaith and Berger (Ber., 1931, 64, 2038) 
as to the constitutions to be assigned to corytuberine and its 
monomethy]l ethers, corydine and isocorydine. 

It was essential to “ protect” hydroxyl groups during the 
syntheses by replacing their hydrogens by a radical which conforms 
to the following specifications. First, it must be stable to thiony! 
chloride and phosphorus pentachloride, in order to withstand the 
treatment necessary in the earlier stages. Secondly, it must not 
be removed by hydrochloric acid under the conditions obtaining 
during the manipulation of the product of the Bischler—Napieralski 
reaction or during the reduction of the nitro-group and dihydro- 
isoquinoline ring. The sensitivity to aerial oxidation of amino- 
benzyltetrahydroisoquinolines would be greatly enhanced by the 
presence of a phenolic hydroxyl, and it is doubtful (see Part IV; 
this vol., p. 2900) if such bases can be diazotised satisfactorily. 
Thirdly, it must withstand hydrolysis by cold sodium carbonate. 
Fourthly, it should resemble, as far as possible, a methyl group in 
its influence on other parts of the molecule. Finally, it must be 
capable of being removed by comparatively mild reagents at the 
conclusion of the synthesis. Carbethoxyl and benzyl groups 
appeared to satisfy these conditions, and to have the additional 
advantage of being readily introduced into the starting materials. 

The protection of hydroxyls which would ultimately appear in 
ring III of the aporphines offers no serious obstacle, and the 
literature contains syntheses of phenolic isoquinolines in which 
protection has been achieved by carbethoxyl or acetyl groups. 
Nevertheless, the group ultimately selected for protection of the 
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nitrophenolic acids, viz., the benzyl group, is possibly more suitable 
in having greater stability to alkalis.* 

The protection of hydroxyls which would ultimately appear in 
ring I of the aporphine presents greater difficulties on account of 
the increased susceptibility to hydrolysis of nitrated, as compared 
with non-nitrated, phenolic ethers. Carbethoxyl groups have been 
found to afford satisfactory protection to hydroxyls in this category 
during the Bischler—Napieralski ring-closure (Part II; this vol., 
p- 2881), but their use in aporphine syntheses has had to be 
abandoned owing to unexpected results in the reduction of the ethyl- 
carbonatonitrobenzylisoquinoline methiodides. On the other hand, 
protection by the benzyl group is satisfactory, and the isomeric 2’- 
amino- and 6’-amino-3’ : 6 : 7 - trimethoxy-4'-benzyloxy-1-benzy1-2- 
methyltetrahydrotsoquinolines have been prepared (Parts III and 
IV). The latter has been converted into the corresponding phenolic 
aporphine, and the syntheses of other phenolic aporphines along 
these lines are in progress. 

The close similarity in manipulation of the stages of these 
syntheses warrants the assumption that the procedure described 
may be regarded as standard and generally applicable. It will be 
noted that nitrophenolic phenylacetic acids have been selected in 
which the hydroxy] and the nitro-group occupy m-positions relatively 
to each other. Maximal instability of the benzyl ether to acid 
reagents has thus been ensured in order to test as searchingly as 
possible the general validity of the method. The risk of fission by 
acids is less serious when the benzyloxy- and nitro-groups occupy 
0- or p-positions. Nitrated benzyl ethers are stable to alkalis under 
the conditions required in these syntheses. 

The synthesis of those phenolic aporphines which contain hydroxyl 
groups in ring I necessitated the preparation of 2-nitro-3 : 4-dihydroxy- 
phenylacetic acid (V), 2-nitro-4-hydroxy-3-methoryphenylacetic acid 
(VI), and the isomeric 2-nitro-3-hydroxy-4-methoxyphenylacetic 
acid (VII). 


ne PhCH,:O RO/ NNO, 
R’ H,co,H Me H,-CO,CH,Ph R CH,CO,H 


Xo, No, 

(V.), (VI.), (VII.) (VIII.) (IX.), (X.) 
(V) R=R’=H; (IX) R=H; 
(VI) R=H, R’= Me; (X) R= Me. 


(VII) R= Me, R’= H. 

* Since this was written, Kondo and Ishiwata (Ber., 1931, 64, 1533) have 
described the synthesis of 6-hydroxy-3 : 4-dimethoxynoraporphine from 
2-nitro-3 : 4-dimethoxyphenylacetic acid and m-benzyloxy-f-phenylethyl- 
amine. 
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The demethylation of 2-nitro-3 : 4-dimethoxyphenylacetic acid 
(V; R= R’ = Me) (Gulland and Haworth, J., 1928, 1132) was 
therefore studied. This reaction proved to be difficult to control, 
but conditions have been defined by which the acids (V) and (VI) 
may be obtained simultaneously by the action of boiling hydro- 
bromic acid. These acids readily yielded 2-nitro-3 : 4-diethyl- 
carbonatophenylacetic acid and 2-nitro-3-methoxy-4-ethylcarbonato- 
phenylacetic acid respectively when shaken with chloroformic ester 
and sodium hydroxide solution. These derivatives are extremely 
unstable to alkalis, the parent acids being regenerated, but are 
relatively resistant to concentrated hydrochloric acid, even when 
boiling. 

2-Nitro-4-benzyloxy-3-methoxyphenylacetic acid and 2-nitro-3 : 4- 
dibenzyloxy phenylacetic acid were prepared, although only in moderate 
vield, by heating the acids with benzyl chloride and sodium carbonate 
solution. The predominating products of the reaction were, how- 
ever, the corresponding benzy] esters, e.g., benzyl 2-nitro-4-benzyloxy- 
3-methoxyphenylacetate (VIII), from which the acids were obtained 
by short alkaline hydrolysis. The action of benzyl chloride on 
phenylacetic acids has been studied more closely in Part II (this 
vol., p. 2882), and esterification appears to be a normal occurrence 
under conditions comparable with those outlined above. 

The preparation of 2-nitro-3-hydroxy-4-methoxyphenylacetic 
acid (VII) by partial methylation of the acid (V) with methyl sulphate 
and aqueous sodium hydroxide was unsuccessful, no alkylation 
occurring at room temperature and methylation of both hydroxyls 
taking place on warming. Attempts to effect alkaline hydrolysis 
of the methoxyl in position 3 (ortho to the nitro-group) of 2-nitro- 
3 : 4-dimethoxyphenylacetic acid were also fruitless, 5 : 6-dimethoxy- 
anthranilcarbozylic acid being the sole product. The reaction 
followed a course of internal oxidation-reduction analogous to that 
described by Gulland, Robinson, Scott, and Thornley (J., 1929, 
2924) in the case of an allied compound. The most convenient 
preparation of the acid (VII) would therefore start from 2-nitro- 
isovanillin and follow the improved synthesis of the acid (VI) as 
detailed in Part III (this vol., p. 2886). 

The synthesis of phenolic aporphines which contain hydroxyl 
groups in positions 2 and 3 of ring I requires the preparation of 
(j-nitro-3 : 4-dihydroxyphenylacetic acid (IX) and its two mono- 
methyl ethers. Demethylation of 6-nitro-3 : 4-dimethoxyphenyl- 
acetic acid (X) (Callow, Gulland, and Haworth, J., 1929, 658) by 
boiling hydrobromic acid afforded a poor yield of the acid (IX), 
together with traces of the 3-methyl ether (see Part IV; this vol., 
p. 2898), which were extremely difficult to obtain in pure condition. 
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Alkakine hydrolysis of the acid (X) appears to be excluded by 
analogy with the corresponding 2-nitro-derivative (see above), and 
attempted demethylation of the methoxyl in position 3 by boiling 
aniline (compare Klemenc, Sitzungsber. Akad. Wissenschaft., 1912, 
121, 83) yielded only 6-nitro-3 : 4-dimethoxyphenylacetanilide. The 
preparation of the acid (IX) and of its 4-methyl ether would there- 
fore be most readily achieved by nitration of the corresponding 
benzyloxyphenylacetic acids as described in Part IV in the case of 
the 3-methyl ether. 
EXPERIMENTAL. 

The Demethylation of 2-Nitro-3 : 4-dimethoxyphenylacetic Acid.— 
The yields in this process depend on the intensity and duration of 
heating, and the following description is typical. 

A mixture of the acid (10 g.) and concentrated hydrobromic acid 
(70 c.c. of d 1-5) was raised rapidly to the boiling point by heating 
over a free flame, and the solution was maintained for 15 minutes 
at such a temperature that gentle ebullition occurred. The dark 
red solution was cooled in ice, and after 2 hours 2-nitro-4-hydroxy- 
3-methoxyphenylacetic acid was collected, washed with hydrobromic 
acid and then with water, and crystallised from water (yield, 2-2 g.). 

The filtrate from this reaction contained 2-nitro-3 : 4-dihydroxy- 
phenylacetic acid, which was isolated by diluting the solution with 
water (200 c.c.), filtering it from a little amorphous material, and 
extracting it repeatedly with ethyl acetate. The extracts were 
dried with sodium sulphate, and the ethyl acetate was removed by 
distillation, reduced pressure being finally employed to remove as 
much acetic acid as possible. The residual red oil solidified, and after 
being rubbed with benzene, in which it was insoluble, the crystals of 
2-nitro-3 : 4-dihydroxyphenylacetic acid were collected (5-5 g.). 

2-Nitro-4-hydroxy-3-methoxyphenylacetic acid formed orange- 
yellow needles when crystallised from water and shining orange 
leaflets when crystallised from toluene; both specimens melted at 
161° (Found: C, 47-6; H, 3-9. C,H,O,N requires C, 47-6; H, 
39%). This acid dissolved readily in alcohol, formed an orange 
solution in sodium hydroxide, and developed a feeble green colour 
with alcoholic ferric chloride. 

2-Nitro-3 : 4-dihydroxyphenylacetic acid, when crystallised from 
xylene, formed orange-yellow needles, m. p. 171°, which were 
readily soluble in water and in alcohol, and developed an intense 
blue-green colour with alcoholic ferric chloride, which changed to 
reddish-violet on addition of a trace of aqueous sodium carbonate 
(Found: C, 45-5; H, 3-5. C,H,O,N requires C, 45-1; H, 3:3%). 
The solution in alkali was crimson. 
2-Nitro-3-methoxy-4-ethylcarbonatophenylacetic Acid.—The phen- 
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olic acid (10 g.), dissolved in water (30 c.c.) and dilute aqueous sodium 
hydroxide (50 c.c. of 10%), was cooled in ice and shaken with 
chloroformic ester (10 g., added in two batches). The solution 
remained alkaline, and the red colour was discharged in the course 
of a few minutes. Excess of dilute hydrochloric acid was added, 
the liberated oil taken up in ether, and the ethereal extract shaken 
repeatedly with small quantities of ice-cold potassium bicarbonate 
solution. Acidification of this solution yielded the desired acid as 
an oil which rapidly crystallised ; it was dried on porous tile (11-4 g.) 
and recrystallised from benzene by dissolution in the solvent (char- 
coal), filtration, and concentration until crystals began to separate. 
2-Nitro-3-methoxy-4-ethylcarbonatophenylacetic acid formed colourless 
diamond-shaped tablets, which melted at 110—118° while losing 
solvent of crystallisation, and at 132—133° after being heated at 
110° (Found : loss at 110°, 11-7.° C,.H,,0,N,4C,H, requires loss, 
115%. Found: C, 48-1; H, 4:3. C,,H,,0,N requires C, 48-1; 
H, 43%). It was rather readily soluble in the usual solvents, and 
dissolved in 2N-sodium carbonate to form a colourless solution. The 
carbethoxy-group was instantly hydrolysed by cold 2N-sodium 
hydroxide, but the acid was not affected by heating at 100° in 
2N-hydrochloric acid for 20 minutes or in the concentrated acid for 
a shorter period. 

The ethereal extract from this preparation contained a pale pink, 
uncrystallisable oil, which was obtained by distilling the ether and 
stirring the residue with ligroin so as to dissolve the excess of chloro- 
formic ester. This oil, which may have been ethyl 2-nitro- 
3-methoxy-4-ethylcarbonatophenylacetate, produced by the intro- 
duction of the carbethoxy-group at the reactive methylene group and 
elimination of the carboxyl of the acid, was converted into the 
original phenolic acid by heating with dilute alcoholic potash on the 
water-bath for a few minutes and acidifying the product with hydro- 
chloric acid. Ethyl acetate extracted the acid, which was obtained 
by distillation of the solvent, and was crystallised from water 
(yield, 0-6 g.). 

Benzylation of 2-Nitro-4-hydroxy-3-methoxyphenylacetic Acid.—No 
benzylation occurred when the acid was heated with benzyl] chloride 
and powdered potassium carbonate in dry acetone, and the following 
procedure was therefore adopted. A mixture of the phenolic acid 
(10 g.) in sodium carbonate solution (300 c.c. of 2N) and benzyl 
chloride (30 c.c.) was boiled under reflux for about 1 hour until the 
red colour was discharged. The liquid was cooled, extracted with 
ether to remove the excess of benzyl chloride (see below), and acidi- 
fied. The oily benzylated acid, which soon crystallised, was dis- 
solved in hot benzene, the solution concentrated, and the crystals 
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(4-0 g.) which separated on cooling were recrystallised from benzene. 
2-Nitro-4-benzyloay-3-methoxyphenylacetic acid formed colourless 
hexagonal plates, m. p. 108—109°, or 144° after being dried at 100° 
(Found in material dried at 100°: C, 60-8; H, 4:9. C,.H,;O,N 
requires C, 60-6; H, 4:7%). This acid darkened on exposure to 
light. It formed a colourless solution in alkalis and was stable to 
boiling sodium hydroxide, but the benzyl group was readily 
hydrolysed by hot hydrochloric acid. 

The ethereal solution (see above) contained benzyl 2-nitro-4- 
benzyloxy-3-methoxyphenylacetate (VIII), which was obtained in 
crystalline condition (6-4 g.) by drying and distilling the ether, and 
stirring the residual oil with light petroleum to dissolve the benzyl 
chloride. On recrystallisation from light petroleum containing a 
little benzene it formed colourless needles, m. p. 80°, but it crystal- 
lised from alcohol in the same form, m. p. 101° (Found: C, 67-4; 
H, 5-0; N, 3:3. C,,H,,0,N requires C, 67-8; H, 5-2; N, 3-4°,). 
The ester (4-4 g.) was hydrolysed by heating under reflux with 
sodium hydroxide solution (55 c.c. of 2N) for 25 minutes. Water 
(50 c.c.) was added, and the cooied solution acidified with hydro- 
chloric acid. The regenerated acid separated in crystalline 
condition, m. p. 142°. 

2-Nitro-3 : 4-diethylcarbonatophenylacetic Acid.—2-Nitro-3 : 4-di- 
hydroxyphenylacetic acid (7 g.) was placed in a flask fitted with a 
mercury-sealed stirrer and swept out by a current of hydrogen. 
The flask was cooled in ice, and N-sodium carbonate solution 
(100 c.c.) was added. The deep red solution was stirred while 
chloroformic ester (7-7 c.c.) was run in from a burette; the colour 
rapidly changed to pale yellow. After 15 minutes, the mixture was 
extracted with ether to remove the excess of chloroformic ester, and 
the filtered solution was acidified with ice-cold hydrochloric acid. 
The resulting semi-solid precipitate was taken up in benzene, and 
the solution dried. When the benzene solution was evaporated to 
small volume, 2-nitro-3 : 4-diethylcarbonatophenylacetic acid crystal- 
lised in colourless needles, m. p. 115° after softening at 105°. It 
formed colourless needles, m. p. 127—128°, when crystallised from 
dilute acetic acid (Found: C, 47-4; H, 4:3. C,,H,,O,)N requires 
C, 47-1; H, 4:2%). This acid formed colourless solutions in cold 
dilute sodium carbonate and bicarbonate, but hydrolysis took place 
on standing, and was instantaneous in sodium hydroxide. It was 
recovered unchanged after being heated with boiling concentrated 
hydrochloric acid for 5 minutes. 

2-Nitro-3 : 4-dibenzyloxyphenylacetic Acid.—2 - Nitro-3:4-di- 
hydroxyphenylacetic acid (1 g.), benzyl chloride (8 g.), and 
potassium carbonate (4 g.) in water (70 c.c.) were heated under 
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reflux in a current of hydrogen for 3 hours. The aqueous layer had 
become lighter in colour, and the mixture remained alkaline. The 
excess of benzyl chloride and the ester were removed by ether 
extraction, and the solution was acidified with hydrochloric acid. 
The resulting oil was taken up in ether, washed, dried, and distilled, 
and the residue was crystallised by the careful addition of water to 
an alcoholic solution. 2-Nitro-3 : 4-dibenzyloxyphenylacetic acid 
formed long colourless needles, m. p. 85° (Found: C, 67-1; H, 4-9. 
Cy.Hg0,N requires C, 67-2; H, 48%). 

5 : 6-Dimethoxyanthranilcarboxylic Acid.—A solution of 2-nitro- 
3: 4-dimethoxyphenylacetic acid in N-sodium hydroxide was 
boiled under reflux for 50 hours, and acidified. The resulting yellow 
precipitate was crystallised from water and then from benzene, and 
formed orange needles, m. p. 175° (decomp.), which gave a colourless 
solution in sodium hydroxide (Found: C, 54:1; H, 4-2; N, 6:3. 
C,)H,O;N requires C, 53-8; H, 4-0; N, 63%). 

6-Nitro-3 : 4-dihydroxyphenylacetic Acid.—A mixture of 6-nitro- 
3: 4-dimethoxyphenylacetic acid (2 g.) and hydrobromic acid 
(20 c.c. of d 1-5) was boiled gently under reflux for 5 minutes after 
all the acid had dissolved. It was then cooled thoroughly in ice; 
any precipitate of impure 6-nitro-4-hydroxy-3-methoxypheny]- 
acetic acid which separated at this stage was collected. The filtrate 
was diluted with water and extracted thoroughly with ethyl acetate. 
After being dried and distilled, the extract yielded a red oil which 
solidified on being stirred with benzene, and was crystallised from 
toluene. 6-Nitro-3 : 4-dihydroxyphenylacetic acid formed yellow 
needles, m. p. 212° (Found: C, 45-7; H, 3-6. C,H,O,N requires 
C, 45-1; H, 3-3%). It dissolved readily in water, formed a cherry- 
red solution in sodium hydroxide, and gave a brilliant dark green 
coloration with alcoholic ferric chloride. 

6-Nitro-3 : 4-dimethoxyphenylacetanilide—A solution of 6-nitro- 
3: 4-dimethoxyphenylacetic acid (2 g.) in aniline (15 c.c.) was 
boiled under reflux for 90 minutes. (More prolonged boiling 
caused marked decomposition.) The product was poured into dilute 
hydrochloric acid, and the crystalline precipitate collected and 
recrystallised from alcohol, forming colourless needles, m. p. 261— 
202°, which were insoluble in boiling sodium hydroxide solution 
and hydrochloric acid (Found: N, 8-8. C,,H,,0;N, requires 
N, 8-9%). Extraction of the hydrochloric acid mother-liquors with 
chloroform yielded a small amount of red oil which probably 
contained some of the demethylated acid. 


THE Dyson PERRINS LABORATORY, 
OxFoRD. [Received, August 26th, 1931.] 
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CCCCIII.—Experiments on the Synthesis of Phenolic 
Aporphines. Part II. The Protection of 
Hydroxyls by the Carbethoxyl Growp, and the 
Action of Benzyl Chloride on Nitrophenylacetic 
Acids. 


By JoHn Masson GuLLAND, KATHERINE IsoBEL Ross, and CyriL 
JOSEPH VIRDEN. 


Two parallel investigations were carried out to test the possibility 
of employing the carbethoxy-group during aporphine syntheses 
as a protective radical for those hydroxyl groups which would 
ultimately make their appearance in ring I of the aporphine. 

In one of these researches, 2’-nitro-3’-methoxy-4'-ethylearbonato- 
phenylaceto-8-3 : 4-dimethoxyphenylethylamide (I) was prepared 
by the interaction of homoveratrylamine and 2-nitro-3-methoxy- 
4-ethylcarbonatophenylacetyl chloride, and converted into 2’-nitro- 
3’: 6: 7 - trimethoxy - 4’ - ethylcarbonato - 1 - benzyl - 3 : 4 - dihydroiso- 
quinoline (II) by the action of phosphorus pentachloride in chloro- 
form. In the second investigation, 2’-nitro-6 : 7-dimethoxy-3’' : 4’-di- 
ethylcarbonato-1-benzyl-3 : 4-dihydroisoquinoline (III) was prepared 
from the corresponding amide by a similar reaction. 


EtCO,°O EtCO,-O EtCO,°O 
MeO MeO EtCO,0\ 


NO, is ¥o,¢ H, NO, oH 


uC) » \ aH 00//” Ny seo \/ Nx 
MeO ‘H, M a. M 
COLA Ha MOLA CH MOLVA, ts 
H, oh, cH, 
(I.) (II.) (III.) 


The methiodides of the bases (II) and (III) were readily obtained 
by heating with methyl iodide. Unexpectedly, they defied all 
efforts to convert them into the corresponding aminobenzyl- 
N-methyltetrahydroisoquinolines in the next stage of the synthesis. 
Zine and hydrochloric acid, the reagents normally employed for the 
reduction, were ineffective, despite wide variations in the concen- 
tration of acid and of methiodide, in the temperature, and in the 
rate of addition of zinc dust. Experiments using stannous chloride 
or tin and hydrochloric acid, hydrogen and colloidal palladium, and 
sodium hydrosulphite were equally unsuccessful. Reduction of the 
nitro-group undoubtedly occurred, but the products were basic oils 
which contained neither primary amino-groups (failure to couple 











2882 GULLAND, ROSS, AND VIRDEN: EXPERIMENTS ON THE 


with §-naphthol after diazotisation) nor secondary amino-groups 
(failure to give Liebermann’s nitroso-reaction), and which did not 
appear to contain an indole nucleus. These tests are not absolutely 
conclusive, but in the absence of crystalline derivatives, which have 
not yet been obtained, the nature of these compounds has not been 
determined. 

It was concluded that the carbethoxy-group, though efficient as a 
protective radical during the Bischler—-Napieralski reaction, is 
unsuited for standard use during aporphine syntheses. 

During the conversion of 2-nitro-4-hydroxy-3-methoxypheny]- 
acetic acid and 2-nitro-3 : 4-dihydroxyphenylacetic acid into the 
corresponding mono- and di-benzyl ethers (Part 1; this vol., p. 2879), 
a considerable proportion of the benzyl ethers also underwent ester- 
ification to the benzyl esters. Partly in the hope of ascertaining how 
to avoid the formation of this by-product, and partly to determine 
the conditions under which esterification occurred, a rough study 
was made of the action of benzyl chloride on hot sodium carbonate 
solutions of phenylacetic acid, p-nitrophenylacetic acid, and 6-nitro- 
3 : 4-dimethoxyphenylacetic acid. 

Under the conditions investigated, phenylacetic acid formed no 
ester, but the nitrated acids yielded varying proportions of their 
benzyl esters. A high concentration of sodium carbonate reduced 
the amount of ester formed, as also did a weakly acid solution; 
esterification was more extensive in faintly alkaline solution. The 
proportion of benzyl chloride used has apparently little effect on the 
yield of ester. 


EXPERIMENTAL. 


2’ - Nitro-3' : 6 : 7 -trimethoxy -4' - ethylcarbonato - | - benzyl -3 : 4-di- 
hydroisoquinoline (I1).—2-Nitro-3-methoxy-4-ethylcarbonatopheny]- 
acetyl chloride was prepared by heating on the water-bath under 
reflux for 30 minutes a solution of the acid (2-8 g.) (Part 1; this vol., 
p. 2877) and thiony] chloride (2-2 c.c.) in chloroform (l5c.c.). After 
the soivent and excess of thionyl chloride had been distilled under 
reduced pressure, the residual acid chloride, a pale orange-coloured 
oil, was dissolved in dry benzene (15 c.c.) and added to a cooled 
solution of §-3:4-dimethoxyphenylethylamine (2-2 g.) in dry 
benzene (15 c.c.). The amide hydrochloride separated as a yellow 
gum, and 5 minutes later, dilute sodium carbonate solution was 
added. The benzene layer was separated, and the aqueous layer 
was extracted once with benzene; the mixed benzene solutions 
were washed with dilute hydrochloric acid and then with water, 
and dried with sodium sulphate. After the benzene had been 
evaporated, 2’ -nitro-3’ - methoxy - 4’ -ethylearbonatophenylaceto- 
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8-3 : 4-dimethoxyphenylethylamide (I) remained as an oil which 
could not be crystallised. 

This amide (3-9 g.) was dissolved in chloroform (35 c.c.) and 
treated with powdered phosphorus pentachloride (5 g.). The 
mixture, protected from moisture, was kept at room temperature 
for 48 hours; a considerable quantity of crystalline material had 
then separated from the brown solution. The solvent and phos- 
phorus oxychloride were removed by distillation on the water-bath 
under reduced pressure, and the yellow residue was dissolved in 
very dilute hydrochloric acid by heating on the water-bath. This 
solution was cooled in ice, treated with charcoal, filtered, and 
rendered just alkaline with sodium carbonate, any rise in tem- 
perature being carefully avoided. 2’-Nitro-3' : 6 : 7-trimethoxy- 
4'-ethylcarbonato-1-benzyl-3 : 4-dihydroisoquinoline separated as a 
colourless precipitate, which was washed with water and crystallised 
twice from methyl alcohol. It formed faintly brown, sharp-ended 
prisms, m. p. 137° (Found: C, 59-7; H, 5-6. C,,.H,,0,N, requires 
C, 59-5; H, 5-4%). Hydrolysis of the carbethoxy-group took place 
rapidly when the base was shaken with dilute sodium hydroxide 
(2), but slowly in presence of cold dilute aqueous ammonia or when 
warmed with dilute sodium carbonate solution. 

The methiodide was obtained by boiling a solution of the base 
(1-8 g.) in methyl iodide (10 c.c.) on the water-bath. Crystals soon 
filled the clear solution, and after the excess of methyl iodide had 
been distilled, the methiodide was crystallised from methyl alcohol, 
from which it separated in stellate clusters of yellow needles, m. p. 
160° (decomp.) (Found : C, 47-0: H, 4-8. C,,H,,0,N,,Mel requires 
C, 47-1; H, 46%). 

2’. Nitro-3’ : 4’-diethylcarbonatophenylaceto-8-3 : 4-dimethoxyphenyl- 
ethylamide.—2 - Nitro-3 : 4-diethylearbonatophenylacetyl chloride 
was obtained as a red oil when solvent and excess of thionyl 
chloride were removed in a vacuum below 50° from a mixture of the 
acid (Part I; this vol., p. 2879), thionyl chloride, and chloreform 
which had been boiled under reflux for 30 minutes. 

A solution of the chloride in dry benzene was added slowly to a 
cooled solution of homoveratrylamine (1-1 mols.) in the same solvent. 
A semi-crystalline precipitate formed, and, after 1 hour, ice-cold 
potassium bicarbonate solution was added. The precipitate dis- 
solved, and the benzene and aqueous layers were separated as 
rapidly as possible. The aqueous layer was extracted once with 
benzene, and the mixed benzene solutions were washed with ice-cold 
bicarbonate, dilute hydrochloric acid, and finally with water. The 
solution was dried and freed from solvent, and the amide remained 
in good yield as a yellow resin. 
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2’-Nitro-6 : 7-dimethoxy-3' : 4'-diethylcarbonato-1-benzyl-3 : 4-di- 
hydroisoquinoline (III).—The amide prepared as described above 
was dissolved in chloroform and mixed with a chloroform solution 
of phosphorus pentachloride (2 mols.). The solution, protected 
from moisture, was left at room temperature for 4 days, water added, 
and the chloroform distilled under diminished pressure. The 
residual dark tar was extracted repeatedly with water, and the 
mixed aqueous extracts were neutralised with cold bicarbonate 
solution. The base separated as a yellow amorphous precipitate 
which has not been obtained crystalline. 

The picrate was obtained as an oil, which soon crystallised, from 
alcoholic solutions of the base and excess of picric acid. When 
recrystallised from alcohol, it formed shining plates, m. p. 178—179°. 

The methiodide separated as yellow needles when a solution of the 
base in methyl iodide was boiled under reflux for 4 hours. It 
crystallised from methyl alcohol in the same form, m. p. 166-5° 
(decomp.) (Found: C, 46-5; H, 4-8. ©,4H,.09N2,MeI requires 
C, 46-6; H, 4-8%). 

Action of Benzyl Chloride on Phenylacetic Acid.—A solution of 
phenylacetic acid (5 g.) in sodium carbonate (40 c.c. of 2N) and 
benzyl chloride (6 c.c.) were heated under reflux on the water-bath 
for 2 hours. The mixture was cooled and extracted thoroughly 
with ether. The aqueous layer, on acidification with hydrochloric 
acid and extraction with ether, gave an almost quantitative yield 
of phenylacetic acid. The ethereal extract was dried and distilled, 
and yielded only ether and benzy] chloride. 

Benzyl p-Nitrophenylacetate—A mixture of p-nitrophenylacetic 
acid (5 g.) in sodium carbonate solution (40 c.c. of 2) and benzy! 
chloride (6 c.c.) was heated under reflux on the water-bath for 2 
hours. The solution was cooled, and extracted twice with ether. 
The aqueous layer on acidification gave a precipitate of the un- 
changed acid. The ethereal solution was washed, dried, and evapor- 
ated, and the residual oil dissolved in light petroleum and left 
over-night. Benzyl p-nitrophenylacetate separated in colourless 
needles, m. p. 92° alone or mixed with the specimen prepared from 
benzyl alcohol and the acid chloride (below) (Found: C, 66-6; 
H, 4-9. C,;H,,0,N requires C, 66-4; H, 4:8%). 

The experiment was repeated under various conditions with the 
following results. 


Acid, 2N-Na,CO;, Benzy] chloride, Time, Ester, 
g- c.c. c.c. hrs. g- 
8 70 9 3 0-2 
6 100 20 5 0-1 
5 15 15 3 0-5 
4 Nil; faintly acid 12 3 0-1 
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p-Nitrophenylacetic acid (10 g.) in chloroform (100 c.c.) was 
warmed gently for 1-5 hours on the water-bath with thionyl] chloride 
(50 g.). The chloroform and excess of thionyl chloride were distilled 
under diminished pressure at 40°, and the residual acid chloride was 
added slowly to benzyl alcohol (10 g.) dissolved in pyridine (30 c.c.) 
and cooled in ice. After 6 hours, the solution was mixed with dilute 
sulphuric acid, and extracted with ether. The extract, when dried 
and distilled, left a pasty crystalline mass, which was pressed on 
porous tile and crystallised from alcohol. Benzyl p-nitrophenyl- 
acetate formed colourless, cross-twinned needles, m. p. 92°. 

Benzyl 6-Nitro-3 : 4-dimethoxyphenylacetate.—6 - Nitro -3 : 4-di- 
methoxyphenylacetic acid (4-8 g.) was treated with benzyl chloride 
(15 c.c.) and sodium carbonate (10 c.c.; 1 mol.) as in the previous 
experiments. The ester (1-9 g.) crystallised from ethyl alcohol in 
needles, m. p. 117° (Found: C, 61-9; H, 5-1. C,,H,,0,N requires 
C, 61-5; H, 5-1%). 

THE Dyson PEerrRiIns LABORATORY, 

Oxr¥ForD. [Received, August 26th, 1931.] 





CCCCIV.—Ezperiments on the Synthesis of Phenolic 
Aporphines. Part III. 3-Hydroxy-4:5: 6- 
trimethoxyapor phine. 


By Joun Masson GULLAND, KATHERINE ISOBEL Ross, and NoRMAN 
Bryce SMELLIE. 


CoRYTUBERINE occurs in the roots of Corydalis species accompanied 
by a number of other alkaloids. Gadamer (Arch. Pharm., 1911, 
249, 498, 503, 641) recognised it as an aporphine and assigned to it 
the structure (I). The positions of its oxygen atoms were first 
established by the synthesis of its dimethyl ether by Gulland and 
Haworth (J., 1928, 1834). 


Hos? MeO MeO; 


HO! #3 HO HO! 
CH \OH, 





MeOX , /CHs CHAO og Meo! 
CH, CH, 
(I.) (II.) (III.) 


On methylation with diazomethane (Gadamer, loc. cit.), corytu- 
berine yielded two monomethyl ethers, corydine and isocorydine ; 
the former had also been isolated from Corydalis roots, but the latter 
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was at that time purely a synthetic product. Gadamer attempted 
to deduce the positions of the methyl groups thus introduced from a 
consideration of the behaviour with faintly alkaline alcoholic iodine 
solution (Pellagri reaction) of corytuberine, bulbocapnine (Gadamer 
and Kuntze, ibid., p. 598), and apomorphine. With this reagent, 
isocorydine, bulbocapnine, and apomorphine gave deep green 
solutions, which Gadamer interpreted as being due to quinhydrone 
formation. Consequently the p-position to the hydroxyl group was 
regarded as being unsubstituted, and isocorydine was believed to be 
the 4-methy] ether, and corydine the 3-methy] ether, of corytuberine 
(1). This conclusion seemed to be confirmed when Spath, Holter, 
and Posega (Ber., 1928, 61, 322) established the relative positions 
of the methoxyl and hydroxyl groups in bulbocapnine (II) by 
oxidising its ethyl ether to 4-methoxy-3-ethoxybenzene-l : 2-di- 
carboxylic acid, and Gulland and Haworth (J., 1928, 1132) proved 
that these groups are in the 3 : 4- and not the 1 : 2-positions in the 
phenanthrene nucleus by the synthesis of bulbocapnine methy] ether. 

In 1929, however, Go (J. Pharm. Soc. Japan, 1929, 49, 128) 
concluded that bulbocapnine and corydine, not isocorydine, are 
related, and stated that the ethyl ether of the first is converted into 
the ethyl! ether of the second by demethylenation and methylation of 
both hydroxyl groups. As a result, Go reversed the constitutions 
assigned to corydine and isocorydine by Gadamer, isocorydine being 
the 3-methyl ether and corydine the 4-methyl ether of corytuberine 
(1). Go also isolated isocorydine from Corydalis tubers (ibid., 
p. 126). 

After this paper had been submitted for publication, Spaith and 
Berger (Ber., 1931, 64, 2038) affirmed that corytuberine has the 
constitution (III), corydine being the 4-methy] ether and isocorydine 
the 5-methyl ether. The final decision as to the structures to be 
assigned to these bases can only be made after syntheses of some of 
the alternatives have been accomplished. The present communic- 
ation deals with the stages leading to the synthesis of 3-hydroxy- 
4:5: 6-trimethoxyaporphine, which Gadamer regarded as corydine 
and Go as isocorydine. 

A more economical process has been evolved for the preparation 
of the 2-nitro-4-hydroxy-3-methoxyphenylacetic acid (VI) required 
in this synthesis, since the yields by the method described in Part I 
(this vol., p. 2877) are only moderate on account of the simultaneous 
formation of the fully demethylated acid. 2-Nitrovanillin yielded 
5-keto-2-phenyl-4-(2'-nitro-4'-acetoxy-3'-methoxybenzylidene)-4 : 5-di- 
hydro-oxazole (IV) when condensed with hippuric acid in presence 
of acetic anhydride and sodium acetate. This azlactone is abnormal 
in that the lactone ring is opened by boiling 96% alcohol, ethyl 
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2-nitro-4-acetoxy-3-methoxybenzylidenehippurate being formed. The 
customary alkaline (sodium hydroxide) hydrolysis of azlactones to 
«-keto-acids is precluded in this case by the observations of Gulland, 
Robinson, Scott, and Thornley (J., 1929, 2924) on the hydrolysis of 
the azlactone derived from 2-nitroveratraldehyde. Boiling alcoholic 
hydrochloric acid or 50% sulphuric acid merely opened the lactone 
ring with the formation of 2-nitro-4-hydroxy-3-methoxybenzylidene- 
hippuric acid, but boiling 75% sulphuric acid gave small yields of 
2-nitro-4-hydroxy-3-methoxyphenylpyruvic acid (V). Much charring 
took place, however, and hydrolysis with intermediate strengths of 
sulphuric acid was therefore investigated. The yields remained 
unsatisfactory, and recourse had to be made to hydrolysis with 
alcoholic hydrochloric acid under pressure (compare Avenarius and 
Pschorr, Ber., 1929, 62, 321), the maximum yield being 53%. 
Oxidation of the acid (V) with hydrogen peroxide in alkaline solution 
yielded the acid (VI), which was benzylated as described in Part I 
(this vol., p. 2878), and converted into 2’-nitro 4'-benzyloay-3'-methoxy- 
phenylaceto-8-3 : 4-dimethoxyphenylethylamide (VII) by treatment of 
the acid chloride with homoveratrylamine. 


scO”) N:CPh HO, 
mn OH: C9 >0 ao, } CH,-CO-CO,H ss” aided 


a * Ww.) - "L, ) 


The amide (VII) was transformed by phosphorus pentachloride 
into the sparingly soluble hydrochloride of 2’-nitro-4’-benzyloxy- 
3’ : 6: 7-trimethoxy-1-benzyl-3 : 4-dihydrotsoquinoline (VIII), some 
precautions being required to avoid fission of the benzylether. The 
reduction of the methiodide or methosulphate of this base at first 
presented some difficulty. Reduction with zinc and hydrochloric 
acid (d 1-2) on the water-bath removed the benzyl group, whereas 
the substitution of 2N for concentrated hydrochloric acid yielded a 
basic oil, which did not diazotise and couple with 8-naphthol and did 
not therefore contain a primary amino-group. The catalytic reduc- 
tion of the methochloride of the base (VIII) and, for comparison, 
of nitropapaverine methochloride was then studied, palladised 
charcoal being used as catalyst. In the latter case the nitro-group 
was converted into an amino-group, although the isoquinoline ring 
was not reduced. The methochloride of the base (VIII) on the other 
hand absorbed a volume of hydrogen sufficient to reduce the nitro- 
group and the double bond, but the properties of the product were 
entirely novel for bases of this series and were not in agreement with 
those of the expected aminobenzyl-N-methyltetrahydroisoquinoline. 
Catalytic reduction was therefore abandoned. Ultimately, the 
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reduction was satisfactorily accomplished by means of zinc and 
hydrochloric acid of d 1-16 at 100° or better in ice. 2’-Amino- 
4'-benzyloxy-3’ : 6 : 7-trimethoxy-1-benzyl-2-methyltetrahydroiso- 
quinoline (IX) was an oil, which was characterised by conversion 
into the sparingly soluble dipicrolonate. The completion of the 
synthesis will be described in a later publication. 


CH,Ph-O, CH,Ph-O CH;Ph-0/ 
NO, CH, No, 0H, NH, CH, 
CO C CH 
MeO, \\NH MeO ‘wy -Me0/\“  \NMe 
Me 4 /CHsg Me NON /CH, MeO Jd: 
OH, CH, ‘H, 
(VIT.) (VIII.) (IX.) 


EXPERIMENTAL. 

5-Keto-2-phenyl-4-(2'-nitro-4' -acetoxy-3'-methoxybenzylidene)-4 : 5- 
dihydro-oxazole (IV).—2-Nitrovanillin (Pisovschi, Ber., 1910, 43, 
2137) was used in this preparation instead of 2-nitroacetvanillin, 
since the latter, as obtained from the nitration of vanillin, was not 
easily dried in large quantities and could only be purified with 
difficulty, probably because it contained 2-nitro-4-acetoxyproto- 
catechualdehyde as a by-product of the nitration. 

A mixture of dry 2-nitrovanillin (22 g.), hippuric acid (22 g.), and 
acetic anhydride (40 c.c.) was heated to 100° on the water-bath and 
powdered fused sodium acetate (24 g.) was added. The mixture 
was heated for 8—10 minutes, much water was added, and the 
heating was continued for 30 minutes to decompose the acetic 
anhydride. The solid, a mixture of crystalline azlactone and dark 
red tar, was collected, treated repeatedly with boiling water, and 
crystallised from acetone. After being carefully washed with 
acetone, the azlactone formed lustrous, golden-yellow, diamond- 
shaped plates, m. p. 171—172°; yield, 42% (Found: N, 7-4. 
C,,H,,0,N, requires N, 7-3%). Several attempts were made to 
employ larger quantities in one preparation, but the yields were 
poorer and contained more red colouring matter; the amount of 
this was also increased if the duration of heating was continued 
beyond 8—10 minutes. 

In the earlier experiments, the initial mixture was heated with 
alcohol (40 c.c.) on the water-bath and cooled, the solid collected, 
and heated repeatedly with boiling water. On crystallisation from 
alcohol, the azlactone, m. p. 171°, separated first in small quantity. 
After the solution had been concentrated, a large amount of ethyl 
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2-nitro-4-acetoxy-4-methoxybenzylidenehippurate separated, and after 
recrystallisation from alcohol, formed colourless needles, m. p. 149° 
(Found : C, 58-4; H, 4-7; N, 6-4; OMe + OEt, by Zeisel’s method, 
16-5. C,H 90,N, requires C, 58-8; H, 4-7; N, 6-5; 10Me + 10Et, 
17-7%). The ester (2 g.) was heated for 5 minutes with 2N-sodium 
hydroxide (15 c.c.) on the water-bath, and acidified with hydro- 
chloric acid. An oily precipitate of 2-nitro-4-hydroxy-3-methoxy- 
benzylidenehippuric acid (see later) separated, and became crystalline 
on being heated in the acid liquid. It melted at 197—198° (yield, 
1:3 g.) after being dried at 100°, and was converted into the azlactone 
by boiling acetic anhydride. 

Hydrolyses of the Azlactone.—2-Nitro-4-hydroxy-3-methoxy phenyl- 
pyruvic acid (V). The early experiments were carried out in pressure 
bottles, but later the following procedure was adopted. The azlac- 
tone (60 g.) and aqueous-alcoholic hydrochloric acid (600 c.c.; 
prepared by mixing 2 parts by volume of saturated alcoholic hydrogen 
chloride with 1 part of the concentrated acid, d 1-2) were heated for 
15 hours at 100° in an acid-proof enamelled autoclave, the pressure 
remaining at about 13 kg./cm.? throughout the reaction. The 
contents of the vessel were mixed with a little water, and extracted 
repeatedly with ether. This extract was filtered from dirt, and 
shaken with successive quantities of 2N-sodium hydroxide until all 
the «-keto-acid and its ethyl ester had been removed as indicated by 
the absence of deep red colour. The alkaline solution, which also 
contained benzoic acid, was kept at room temperature for 30 minutes 
to hydrolyse the ester of the keto-acid, and was then saturated with 
sulphur dioxide, and freed from benzoic acid first by filtration and 
then by extraction with ether. The solution of the bisulphite com- 
pound of 2-nitro-4-hydroxy-3-methoxyphenylpyruvic acid was 
shaken with charcoal, and decomposed by heating on the water-bath 
in an open basin with a slight excess of concentrated hydrochloric 
acid; this heating was not prolonged further than necessary. The 
solution was filtered from the solid (largely sodium chloride) which 
had separated, and both solid and filtrate were extracted with 
chloroform to remove impurities. The keto-acid did not dissolve 
in this solvent, but was then taken up in ether by thorough extraction 
of the sodium chloride and filtrate. When dried and distilled, the 
ether left almost pure 2-nitro-4-hydroxy-3-methoxyphenylpyruvic 
acid, m. p. 180°, which formed vellow needles, m. p. 182°, when 
crystallised from benzene and acetic acid or from water and con- 
centrated hydrochloric acid (Found: N, 5-3. C,)H,O,N requires 
N, 55%). It dissolved readily in water, ether, ethyl and methyl 
alcohols, and glacial acetic acid, but was insoluble in chloroform and 
benzene. The solution in alkali was very deep red. 
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With baryta. This reagent has proved useful in other cases (see 
Part IV; this vol., p. 2902). The azlactone (1-0 g.), barium hydr- 
oxide (2-2 g.; 5 mols.), water (10 c.c.), and alcohol (1-5 c.c., to 
prevent frothing) were heated under reflux for 12 hours in an oil- 
bath at 110—120°. The evolution of ammonia had then ceased, 
and the mixture was cooled and filtered. The colour reactions of 
the filtrate showed the probable presence of an isatin (compare 
Gulland, Robinson, Scott, and Thornley, Joc. cit.), but no homo- 
geneous material could be isolated from this or from the residue. 

With sulphuric acid. (i) The azlactone (1-5 g.) and sulphuric acid 
(15 c.c. of 50% by weight) were heated on the water-bath for 16 
hours. The mixture was filtered, and both solid and filtrate were 
extracted thoroughly with ether. The extract was filtered, and 
shaken repeatedly with sodium hydroxide solution, which became 
deep red. The alkaline solution was saturated with sulphur dioxide, 
and the solid collected and dried at 100°. It was treated with 
boiling light petroleum to remove traces of benzoic acid, and crystal- 
lised from dilute alcohol. 2-Nitro-«-benzamido-4-hydroxy-3-methoxy- 
cinnamic acid formed colourless needles, m. p. 197—198° (Found : 
N, 7:8. C,,H,,0,N, requires N, 7-8%), which were converted into 
the azlactone by boiling acetic anhydride. The solution in alkali 
was deep red. 

The filtrate from the sulphur dioxide precipitation (see above) 
was treated asin the hydrolysis with alcoholic hydrochloric acid, but 
only a trace of oily material was obtained as the final product. 

(ii) A similar experiment using 75% sulphuric acid was then 
carried out. The azlactone dissolved in a few minutes, and after 
5 hours a sublimate of benzoic acid covered the end of the condenser 
and upper part of the flask. The contents were worked up as before, 
and no precipitate of 2-nitro-«-benzamido-4-hydroxy-3-methoxy- 
cinnamic acid separated when sulphur dioxide was passed into the 
solution; the slight precipitate which did separate consisted of 
benzoic acid. The final product was an acidic oil, consisting 
largely of the «-keto-acid, but the amount was very small, owing to 
the extensive charring which had occurred during the hydrolysis. 

(iii) Similar experiments with 70% and 60% sulphuric acid were 
more successful, the reaction being stopped in each case when a 
considerable amount of benzoic acid had sublimed—3-5 and 6:5 
hours respectively. Both were worked up as before, and in each 
case small amounts of 2-nitro-«-benzamido-4-hydroxy-3-methoxy- 
cinnamic acid were obtained. The major portion of the product was 
the «-keto-acid, however, the yield in the former case being slightly 
larger, but the amounts obtained did not justify large-scale prepar- 
ations. 
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2-Nitro-4-hydroxy-3-methoxyphenylacetic acid (VI) was obtained 
in over 80% yield when the «-keto-acid was oxidised in alkaline 
solution by perhydrol, care being taken to avoid much rise in tem- 
perature by cooling in a freezing mixture. Next day, the pure 
product was precipitated with dilute sulphuric acid, and extraction 
of the mother-liquor with ether yielded a further quantity. 

2’- Nitro- 4’ - benzyloxy - 3'- methoxyphenylaceto - B - 3 : 4 - dimethoxy- 
phenylethylamide (VII).—2-Nitro-4-benzyloxy -3-methoxypheny]- 
acetic acid (4g.; Part I, this vol., p. 2879) in chloroform (40 c.c.) was 
heated on the water-bath for 14 hours with thionyl chloride (16 c.c.). 
The solvent and excess of thionyl chloride were removed at 45° 
under reduced pressure, and the residual acid chloride was dissolved 
in dry benzene (20 c.c.) and added to a cooled solution of homo- 
veratrylamine (2-8 g.) in the same solvent. After a few minutes, 
2N-sodium hydroxide was added, the benzene layer was separated, 
and after being washed successively with hydrochloric acid and 
water, was dried and distilled. The residue solidified after several 
days, and, when crystallised from alcohol, the amide formed colour- 
less plates, m. p. 112—113°; yield, 96% (Found: C, 64-9; H, 6-0. 
C,gH,,0,N, requires C, 65-0; H, 5-8%). 

2’-Nitro-4'-benzyloxy-6 : 7 : 3'-trimethoxy-1-benzyl-3 : 4-dihydroiso- 
quinoline Hydrochloride (VII1).—A solution of the amide (5-1 g.) in 
chloroform (50 c.c.) was thoroughly cooled in ice and salt, and mixed 
gradually with powdered phosphorus pentachloride (10 g.). (Care- 
ful cooling is essential at this stage; in similar experiments in which 
the mixing was carried out at room temperature, fission of the benzyl 
ether group occurred, and little or no hydrochloride could be isolated.) 
The mixture was left in ice for several hours, and was then kept for 
4—7 days at room temperature protected from moisture. Ice 
(30 g.) was added, and the chloroform and phosphorus oxychloride 
were removed under reduced pressure at 20—30°. The liquid was 
decanted from the crystalline, light brown solid, and discarded. 
The solid was dissolved in boiling alcohol (15 c.c.), mixed with hot 
hydrochloric acid (20 c.c. of 2N), and cooled slowly; rapid cooling 
is apt to result in the formation of a jelly which does not easily 
become crystalline. On some occasions the solid obtained from the 
ring-closure was not crystalline; it was extracted repeatedly with 
hot water containing a few drops of dilute hydrochloric acid, and the 
hydrochloride was obtained from the extract by adding 2N-hydro- 
chloric acid gradually while the solution cooled. The water-insoluble 
residue from such experiments usually contained some unchanged 
amide, which was recovered by recrystallisation from alcohol. 
2'-Nitro-4'-benzyloxy-6 : 7 : 3'-trimethoxy-1-benzyl-3 : 4-dihydroiso- 
quinoline hydrochloride, which was obtained in 65% yield, formed 
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colourless needles, m. p. 232—233° (decomp.), when crystallised 
from a mixture of equal volumes of alcohol and 2N-hydrochloric 
acid (Found: C, 62-5; H, 5:5. Cy gH,,0,N,,HCl requires C, 62-5; 
H, 5-4%). It was readily soluble in alcohol and hot water, but dis- 
solved only very sparingly in dilute hydrochloric acid. The benzyl 
group was split off by hot concentrated hydrochloric acid. 

2’-Nitro-4'-benzyloxy-6 : 7 : 3’-trimethoxy-1-benzyl-3 : 4-dihydro- 
isoquinoline was obtained by adding an excess of aqueous ammonia 
to a solution of the hydrochloride in methyl alcohol, extracting the 
base with ether, and drying and distilling fhe solvent. The residual 
oil slowly crystallised ; it then melted at 119°. 

The methosulphate separated as an oil when the base (0-56 g.) 
and pure methyl sulphate in dry toluene (20 c.c.) were heated for 
1 hour on the water-bath. The toluene was decanted, and the 
residue soon crystallised, and formed pale yellow needles, m. p. 85°, 
when recrystallised from water. 

The methiodide formed a yellow crystalline precipitate when the 
base and an excess of methyl iodide were heated under reflux for 30 
minutes on the water-bath. Most of the methy] iodide was removed 
by distillation, and the solid was collected, washed with ether, and 
dried ina vacuum. It melted at 108° and decomposed at 200°. 

Catalytic Reduction of Nitropapaverine Methochloride.—The 
methiodide was prepared by heating nitropapaverine (Pschorr, 
Ber., 1904, 37, 1926) (2 g.) and methyl sulphate (3 g.) in dry toluene 
(75 c.c.) at 130° for 4 hours. The toluene was decanted, and the 
residual methosulphate dissolved in hot water and mixed with solid 
sodium iodide. The methiodide which separated was collected and 
crystallised from a large volume of hot water, forming yellow prisms, 
m. p. 225°. The methiodide (0-2 g.) was converted into the metho- 
chloride by heating an aqueous solution with fresh silver chloride, 
and the resulting neutral solution of the methochloride was reduced 
by shaking with palladised charcoal in an atmosphere of hydrogen. 
26 C.c. at N.T.P. were absorbed, corresponding to 97% of the 
volume required to reduce the nitro-group only of the methochloride. 
The solution was filtered from the catalyst, and a portion was made 
alkaline with sodium hydroxide; no precipitate separated, thus 
indicating that the material was still a metho-salt and that the 
double bonds had not been reduced. Another portion, after being 
treated with sulphuric acid and sodium nitrite, formed a red azo-dye 
when added to an alkaline solution of 8-naphthol, thus showing the 
presence of the amino-group. The aqueous solution evidently 
contained aminopapaverine methochloride. 

Catalytic Reduction of 2'-Nitro-4'-benzyloxy-6 : 7 : 3'-trimethoxy- 
1-benzyl-3 : 4-dihydroisoquinoline Methochloride——The methiodide 
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(0-4 g.) was converted into the methochloride and reduced by the 
same method as that used in the case of nitropapaverine metho- 
chloride. 56 C.c. of hydrogen were absorbed at N.T.P., being 96% 
of that required to reduce the nitro-group and the double bond. 
The solution was filtered from catalyst, and on exposure to the air 
darkened very rapidly, finally becoming black. On treatment with 
dilute sulphuric acid and sodium nitrite, a solution was obtained 
which gave a deep purple coloration on being added to an alkaline 
solution of 8-naphthol; this colour, however, was also produced by 
the addition of alkali to the solution of the reduced base before 
treatment with nitrous acid. 

2'- Amino- 4’ -benzyloaxy - 6 : 7 : 3’ - trimethoxy - 1 - benzyl - 2 - methyl- 
3: 4-dihydroisoquinoline (IX).—The methiodide of the base (VIII) 
(1-2 g.), or the methosulphate, was heated with hydrochloric acid 
(d 1-16) on a gently boiling water-bath, and was reduced by the 
gradual addition of zinc dust until the solution became colourless. 
The solution was cooled, filtered from excess of zinc, and evaporated 
to small volume under reduced pressure at 40°. It was rendered 
alkaline with sodium carbonate solution in an atmosphere of 
hydrogen, and extracted thoroughly with ether, care being taken 
to exclude air as far as possible during the process so as to avoid 
aerial oxidation. The ethereal solution was washed with water, 
dried with potassium carbonate, and distilled, leaving the base as a 
pale brown oil. This diazotised and coupled with an alkaline solu- 
tion of 8-naphthol to form a crimson azo-dye. The dipicrolonate was 
obtained by mixing ethereal or alcoholic solutions of the base and 
picrolonic acid, and crystallised from alcohol, in which it was very 
sparingly soluble, in yellow needles, m. p. 207° (Found: C, 55-8; 
H, 5-2; N, 14:0. C,,H3,0,N,,2C,,)H,0;N,,2H,O requires C, 55-6; 
H, 5-1; N, 13-8%). 

THE Dyson PEeRRINS LABORATORY, 

OxFORD. [Received, August 26th, 1931.] 








CCCCV.—Experiments on the Synthesis of Phenolic 
Aporphines. Part IV. Laurotetanine. 


By RopErick Laneton DoveLas and JoHN Masson GULLAND. 


THE combined researches of Filippo (Arch. Pharm., 1898, 236, 601), 
Gorter (Bull. Jard. bot. Buitenzorg., 1921, 3, 180), Barger and 
Silberschmidt (J., 1928, 2919), Spath and Strauhal (Ber., 1928, 
61, 2395), and Callow, Gulland, and Haworth (J., 1929, 658) allow 
the constitution (I) to be assigned to laurotetanine, an alkaloid 
which occurs in the bark of various Lauracee, particularly the 
5B 
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Javanese Litsea species. The only point of uncertainty is the 
position of the hydroxyl group. The solution of this problem by 
synthesis is twofold, since it involves the production of a phen- 
anthraisoquinoline which is both a phenol and a secondary base. 
As this series of investigations was primarily concerned with the 
preparation of phenolic aporphines, it was decided in the first 
instance to ascertain the optimal conditions for the synthesis of 
3-hydroxy-2 : 5 : 6-trimethoxyaporphine (II). 


Me0,0H,, MeO 
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HO 
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CH H 
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Preliminary experiments indicated that 4-hydroxy-3-methoxy- 
phenylpyruvic acid was too susceptible to atmospheric oxidation 
to permit a successful large-scale preparation of the corresponding 
phenylacetic acid from acetvanillin via the azlactone. The follow- 
ing procedure was therefore adopted. 5-Keto-2-phenyl-4-(4'-benzyl- 
oxy-3'-methoxybenzylidene)-4 : 5-dihydro-oxazole (III), prepared from 
benzylvanillin (Dickinson, Heilbron, and Irving, J., 1927, 1888) 
and hippuric acid, was hydrolysed by boiling baryta solution, and 
the very sparingly soluble barium salt of 4-benzyloxy-3-methoxy- 
phenylpyruvic acid (IV) was isolated in excellent yield and decom- 
posed with acid. During hydrolyses of the azlactone (III) under 
widely varied conditions with sodium hydroxide, the usual reagent, 
a large quantity of an amorphous substance of unknown com- 
position was invariably produced: this greatly reduced the yield 
of the acid (IV), and rendered manipulation troublesome. Hydro- 
lysis with baryta may therefore prove of considerable value in 


CH,Ph:O, . CH,Ph:O, 
Meo( YenreeGPh : MoO rtyco-co,t 
(III.) CO (IV.) 
similar difficult cases, and a few examples have been examined 
in order to determine to what extent the method is generally 
applicable. The results are described in detail in the experi- 
mental section, but it may be mentioned here that the success of 
the method is dependent both on the low solubility of the barium 
salt of the keto-acid and on a moderate solubility of the barium 
salt of the arylidenehippuric acid. 

Oxidation of the acid (IV) in alkaline solution with perhydrol 
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afforded 4-benzyloxy-3-methoxyphenylacetic acid, which was readily 
converted into 6-nitro-4-benzyloxy-3-methoxyphenylacetic acid by 
nitration. The point of entry of the nitro-group was confirmed 
by debenzylation of this acid to 6-nitro-4-hydroxy-3-methoxyphenyl- 
acetic acid and subsequent methylation of this to 6-nitro-3 : 4- 
dimethoxyphenylacetic acid (Callow, Gulland, and Haworth, loc. cit.). 

After some unsatisfactory attempts to deviate from the customary 
procedure by the use of 8-3 : 4-dimethoxyphenyl-§-methoxyethy]l- 
amine (Mannich and Walther, Arch. Pharm., 1927, 265, 1) instead. 
of homoveratrylamine, 6'-nitro-4'-benzyloxy-3'-methoxyphenylaceto- 
6-3 : 4-dimethoxyphenylethylamide (V) was converted into the hydro- 
chloride of 6’-nitro-4’-benzyloxy-3’ : 6 : 7-trimethoxy-1-benzyl-3 : 4- 
dihydroisoquinoline (VI) by the action of phosphorus pentachloride. 
The methiodide of this base was much more readily debenzylated 
by warm concentrated hydrochloric acid than is the isomeric 
2-nitro-compound (Part III; this vol., p. 2887), this being yet: 
another example (compare J., 1929, 658) of the neutralisation by- 
the o-methoxyl of the electronic attraction of the nitro-group in. 
the 2-position as compared with that in the 6-position. 

The reduction of the methiodide was effected smoothly by zinc: 
dust and ice-cold hydrochloric acid (d 1-16), and 6’-amino-4’-benzyl- 
oxy-3' : 6 : 7-trimethoxy-1-benzyl-2-methyltetrahydroisoquinoline (VII) 
was obtained as an uncrystallisable oil, and characterised as the- 
sparingly soluble dipicrolonate. Sparing solubility and a facility 
for crystallisation appeared to be characteristic of the dipicrolonates. 
of aminobenzyl-N-methyltetrahydroisoquinolines (compare Part 
III), and this supposition has been found to be correct by the pre- 
paration of the dipicrolonates of 6’-amino-3’ : 4’ : 5 : 6-tetramethoxy- 
1-benzyl-2-methyltetrahydroisoquinoline, 2’-amino-3’: 4’: 5: 6- 
tetramethoxy-1-benzyl-2-methyltetrahydroisoquinoline (J., 1929,. 
658), and 2’-amino-6 : 3’ : 4’-trimethoxy-1-benzyl-2-methyltetra- 
hydroisoquinoline (J., 1928, 2083). Picrolonic acid is evidently 
an excellent reagent for the isolation, purification and identification 
of these somewhat intractable substances. 
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For the conversion of (VII) into 3-benzyloxy-2 : 5 : 6-trimethoxy- 
aporphine, it was inadvisable to decompose the dipicrolonate with 
alkali on account of the unavoidable loss and the introduction of 
impurities due to atmospheric oxidation, to which the base is 
extremely susceptible when in alkaline media. Attempts to 
decompose it by shaking with chloroform and dilute sulphuric 
acid were unsatisfactory, because the relatively large volume of 
chloroform required retained much of the salt undecomposed. 
Finally, the dipicrolonate was decomposed by stirring with methyl 
alcohol containing sulphuric acid. Most (91%) of the picrolonic 
acid could be removed by filtration, and the diazotisation was then 
carried out in methyl-alcoholic sulphuric acid by means of the 
exact amount of concentrated aqueous barium nitrite solution. 
An excess of nitrous acid in this operation leads to the formation 
of feebly basic, tarry material. After the diazotisation, the methyl- 
alcoholic solution was boiled, and 3-benzyloxy-2 : 5 : 6-trimethoxy- 
aporphine isolated as a basic oil. Debenzylation occurred slowly 
at room temperature in concentrated hydrochloric acid, but was 
rapid at 50°, and 3-hydroxy-2 : 5 : 6-trimethoxyaporphine (II) was 
obtained as an almost colourless phenolic and basic oil. Some 
colour reactions are recorded, but the description of this base will 
be given in a later publication. 


ExPERIMENTAL. 


5 - Keto -2- phenyl -4-(4' - benzyloxy -3' - methoxybenzylidene)-4 : 5-di- 
hydro-oxazole (II1).—A mixture of benzylvanillin (50 g.), hippuric 
acid (37 g.), and acetic anhydride (70 c.c.) was brought to 100° on 
the water-bath, mixed with powdered anhydrous sodium acetate 
(17 g.), and stirred until the azlactone separated. Heating was 
continued for 30 minutes, and the mixture was then cooled and 
stirred with alcohol. The solid was collected, triturated repeatedly 
with hot water, washed successively with alcohol and ether, and 
dried at 100°. The azlactone formed yellow needles, m. p. 195— 
196°, the yield being 80% of that theoretically possible (Found: 
N, 3-6. C,,H,,0,N requires N, 3-6%). 

Hydrolyses of the Azlactone.—(i) With sodium hydroxide solution. 
The azlactone (20 g.), sodium hydroxide (6 g.), and water (50 c.c.) 
were heated under reflux. The colour of the azlactone was rapidly 
discharged, and the liquid was filled with the colourless, sparingly 
soluble sodium salt of 4-benzyloxy-3-methoxybenzylidenehippuric 
acid. When this was collected and decomposed with dilute hydro- 
chloric acid, the acid separated ; it formed colourless needles, m. p. 
210°, after two recrystallisations from glacial acetic acid (Found: 
N, 3-7. C4H,,0;N requires N, 3-5%). 
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When the heating was prolonged, the sodium salt dissolved, 
forming a dark brown solution. After 6 hours this was cooled and 
saturated with sulphur dioxide. Benzoic acid separated, accom- 
panied by a large amount of plastic material, which solidified to 
an amorphous lump. The solids were removed—in some cases 
with difficulty owing to their adhesive nature—and the filtrate 
was evaporated in an open basin with slightly more than the calcul- 
ated quantity of concentrated hydrochloric acid necessary to 
neutralise the sodium hydroxide used. The use of a larger excess 
of acid caused fission of the benzyl ether and the formation of a 
purple tar which was always produced during hydrolyses of the 
non-benzylated 5-keto-2-phenyl-4-(4’-acetoxy-3’-methoxybenzyl- 
idene)-4 : 5-dihydro-oxazole. After a short time 4-benzyloxy-3- 
methoxyphenylpyruvic acid separated, and was collected in 54% 
yield when cold. This yield was decreased by the use of a larger 
proportion of sodium hydroxide in the hydrolysis. All attempts 
to crystallise the plastic by-product were unsuccessful; it was an 
acid, which formed a dark, tarry, sparingly soluble sodium salt. 

(ii) With barium hydroxide solution. The azlactone (35 g.), 
barium hydroxide (100 g.), water (350 c.c.), and alcohol (50 c.c., 
to prevent frothing) were heated under reflux for 4 days. (In one 
experiment, the colourless solid was collected after 8 hours, but 
proved on examination to be the barium salt of 4-benzyloxy-3- 
methoxybenzylidenehippuric acid.) When no more ammonia was 
evolved, the solid barium salt was collected, and washed with water, 
leaving barium benzoate in solution. The salt was ground with 
dilute hydrochloric acid at 40°, and practically pure 4-benzyloxy- 
3-methoxyphenylpyruvic acid (IV) separated in 90% yield. After 
recrystallisation from glacial acetic acid, it formed colourless 
needles, m. p. 179° (Found: C, 64:1; H, 5-5. C,,H,,0;,H,O 
requires C, 64-2; H, 5-7%). 

4-Benzyloxy-3-methoxyphenylacetic Acid.—Perhydrol (8 c.c.) was 
added to a well-cooled solution of the «-keto-acid (13 g.) in 2N- 
sodium hydroxide. Next day the solution was acidified with dilute 
sulphuric acid, and after 2 hours the crystalline precipitate was 
collected, and crystallised from benzene. The acid formed colour- 
less prisms, m. p. 116° (Found: C, 69-9; H, 5-9. C,,H,,0, re- 
quires C, 70-6; H, 5-9%). It could also be crystallised in colourless 
needles from water, in which it is rather sparingly soluble, but 
some decomposition occurred at temperatures over 90°. 

6-Nitro-4-benzyloxy-3-methoxyphenylacetic Acid.—A solution of 
4-benzyloxy-3-methoxyphenylacetic acid (65 g.) in glacial acetic 
acid (500 c.c.) was stirred mechanically and cooled as thoroughly 
as possible without allowing the solvent to solidify. Nitric acid 
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(d 1-42; 40 c.c.) was added gradually from a dropping funnel, and 
a mauve-coloured precipitate separated. 15 Minutes after all the 
nitric acid had been added, the mixture was poured into a large 
volume of water, and the yellow solid was collected, washed, dried, 
and crystallised from alcohol. 6-Nitro-4-benzyloxy-3-methoxyphenyl- 
acetic acid (58 g.) formed yellow needles, m. p. 222° (Found: N, 
4-1. C,,H,,O,N requires N, 4-4%). The sodium salt crystallised 
in colourless hair-fine needles from 2N-sodium hydroxide solution, 
in which it was sparingly soluble. 

6-Nitro-4-hydroxy-3-methoxyphenylacetic Acid.—A mixture of 6- 
nitro-4-benzyloxy-3-methoxyphenylacetic acid (0-5 g.), acetic acid 
(5 c.c.), and concentrated hydrochloric acid (5 c.c.) was boiled 
under reflux for 10 minutes, water was added, and the benzyl 
chloride removed by distillation in steam. The acid separated 
from the solution on cooling, and, when recrystallised from water 
containing a drop of hydrochloric acid, formed long yellow needles : 
these softened at 110° and melted at 170—171° after being dried 
in a vacuum desiccator, but melted at 184° after being dried at 
100° (Found: N, 6-3. C,H,O,N requires N, 6-2%). The solution 
in sodium hydroxide was orange-red, and no colour was developed 
with alcoholic ferric chloride. Methylation was effected by shaking 
with methyl sulphate and warm sodium hydroxide solution until 
the colour was discharged. Acidification precipitated 6-nitro-3 : 4- 
dimethoxyphenylacetic acid, which, after recrystallisation from 
benzene, melted at 206—207° alone or mixed with an authentic 
specimen. 

6’ - Nitro-4' - benzyloxy -3' - methoxyphenylaceto - 8 - 3 : 4 - dimethoxy- 
phenylethylamide (V).—When a suspension of 6-nitro-4-benzyloxy- 
3-methoxyphenylacetic acid (17-2 g.) and phosphorus pentachloride 
(25 g.) in chloroform was agitated gently for 20 minutes, the acid 
passed into solution in the form of the acid chloride, which cannot 
be isolated from the interaction of the acid and thionyl chloride. 
This solution was added gradually to a vigorously stirred and well- 
cooled mixture of homoveratrylamine (12 g.), chloroform (50 c.c.), 
and sodium hydroxide (250 c.c. of 2N and 400 c.c. of water). The 
stirring was continued for 20 minutes, the chloroform layer separ- 
ated, and the aqueous layer extracted with chloroform. The com- 
bined chloroform solutions were washed with dilute hydrochloric 
acid and with water, dried, and evaporated, and the residual solid 
was dissolved in the minimum of boiling acetone (reflux) and treated 
with charcoal. When the filtrate was cooled, the amide (12 g.) 
separated in crystalline condition suitable for the next stage. 
When recrystallised from methyl alcohol, 6’-nitro-4'-benzyloxy-3'- 
methoxyphenylaceto-8-3 : 4-dimethoxyphenylethylamide formed yellow 
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needles, m. p. 168° (Found: C, 64-9; H, 5-8. C,,H,,0,N, requires 
C, 65-0; H, 5-8%). 

6’-Nitro-4'-benzyloxy-3' : 6 : 7-trimethoxy-1-benzyl-3 : 4-dihydroiso- 
quinoline (VI).—The preceding amide (2 g.) was added to a well- 
cooled solution of phosphorus pentachloride (2 g.) in chloroform 
(12 c.c.), and immediately brought into solution by shaking. The 
mixture was kept at room temperature for 7 days protected from 
moisture, ice was added, and the solvent and phosphorus oxy- 
chloride were removed by distillation under reduced pressure at 
40°. The resulting gum soon solidified, the liquid was decanted, 
and the solid dissolved in hot methyl alcohol (15 c.c.) and mixed 
with hot 2N-hydrochloric acid (30 c.c.). The hot solution was 
filtered (charcoal), and on cooling, the filtrate deposited 6’-nitro- 
4’ -benzyloxy -3' : 6 : 7 -trimethoxy -1 - benzyl -3 : 4-dihydroisoquinoline 
hydrochloride as yellow needles, which were collected, washed 
with water, and dried in a vacuum desiccator; on being heated, 
it lost water of crystallisation and softened at 95—105°, hard- 
ened again, and melted at 210° (Found: loss at 100°, 10-1. 
CygHog0,N2,HC1,3H,O requires loss, 9:8%. Found in dried 
material: Cl, 6-8. C,g,H,,0,N,,HCl requires Cl, 7-1%). 

The base separated as an oil when aqueous ammonia was added 
to a solution of the hydrochloride in methyl alcohol. It was taken 
up in much ether, in which it was sparingly soluble, and the solution 
was dried rapidly with potassium carbonate and concentrated. The 
base separated in colourless prisms, m. p. 155—156°, which dis- 
solved readily in benzene, chloroform, and hot methyl and ethyl 
alcohols. Chloroform was not a suitable solvent for the extraction 
of the base, since the latter became contaminated with products 
of atmospheric oxidation. In subsequent preparations, therefore, 
the suspension in dilute aqueous ammonia from the decomposition 
of the hydrochloride was seeded, and the base gradually crystallised 
in colourless needles, m. p. 154°, which were dried and used for the 
next preparation without being recrystallised from alcohol, since 
that operation caused atmospheric oxidation to take place. 

The methiodide. On the first occasion on which the methiodide 
was prepared, it separated in bright yellow crystals when the base 
(1 g.) and an excess of methyl iodide were heated under reflux on 
the water-bath for 6 hours. The mixture was cooled and the crystals 
were collected, washed with ether (yield, 1-2 g.), and recrystallised 
from methyl alcohol. The methiodide formed bright yellow, trans- 
parent plates, m. p. 196—197° (Found in material dried at 100°: 
C, 53-2; H, 4-9. Found in material dried in a vacuum desiccator : 
C, 50°38; H, 52. C,,HO,N,I requires C, 53-6; H, 48%. 
C,,H,0,N.1,2H,O requires C, 50-6; H, 5-2%). 
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In subsequent preparations under the same conditions, the crude 
methiodide separated in pale greenish-yellow crystals, and formed 
straw-coloured, non-transparent tablets, m. p. 202°, when crystallised 
from methyl alcohol (Found in material dried in a vacuum desic- 
cator: C, 50-9; H,5-0%). Further small quantities were obtained 
by concentrating the methyl] iodide mother-liquors. 

6’ - Amino -4’ - benzyloxy -3’ : 6 : 7-trimethoxy-1-benzyl-2-methylietra- 
hydroisoquinoline (VII).—Zine dust was added gradually to a sus- 
pension of the methiodide (4-5 g.) in hydrochloric acid (d 1-16; 
70 c.c.), care being taken to prevent any rise in temperature above 
0°. After 3 hours the solution, which had become almost colour- 
less, was filtered from excess of zinc, covered with a layer of ether, 
and made alkaline with concentrated aqueous ammonia in an 
atmosphere of nitrogen. Any rise in temperature was again 
avoided. The base was taken up by repeated extraction with ether 
in a stream of nitrogen, but in spite of these precautions much 
oxidation took place and the aqueous layer became deep blue. 
The combined ethereal extracts were washed with water, dried 
with sodium sulphate, and evaporated, leaving the base as a brown 
gum (2-32 g.; 70%). This was dissolved in hot alcohol (50 c.c.) 
and mixed with picrolonic acid (3 g.) in hot alcohol (200 c.c.). On 
scratching or, better, seeding, the hot solution deposited the di- 
picrolonate; after several hours it was collected, washed, and dried 
in a vacuum desiccator; yield, 91% (Found: C, 55-1; H, 5-1; 
N, 13-8. C,H .0,No,2C,9H,O;N,,2H,O requires C, 55-6; H, 5:1; 
N, 13-8%). When recrystallised from methyl alcohol-acetone, it 
formed yellow needles, m. p. 193—194°. It was very sparingly 
soluble in hot alcohol, but dissolved easily in acetone. The base 
diazotised readily and then coupled with alkaline $-naphthol to 
form a crimson precipitate of an azo-dye. 

A reduction carried out at 40—50° with the same reagents yielded 
a gum which did not diazotise and couple, and had probably suffered 
debenzylation. In an attempt to avoid the aerial oxidation which 
complicates the ether extraction described above, the base was 
reduced as before in cold acid, and in the same solution was diazotised 
and treated with copper powder. Ultimately a small amount of a 
non-phenolic chlorine-free gum was obtained, which formed a 
picrolonate as minute yellow needles, m. p. 245° (Found : N, 16-6%). 
The analysis is not in agreement with that required by any obvious 
product. 

Dipicrolonates of Aminobenzyl-N-methyltetrahydroisoquinolines.— 
These separated at once in crystalline form when hot alcoholic 
solutions of the bases and picrolonic acid were mixed. They were 
recrystallised from alcohol. 6’-Amino-3’ : 4’ : 5 : 6-tetramethoxy-1- 
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benzyl-2-methyltetrahydroisoquinoline dipicrolonate formed yellow 
clusters of radiating needles, m. p. 150° (decomp.) (Found: N, 
15-0. C,;H,g0,No,2C,9H,0;N,,2H,O requires N, 15-0%). 2’-Amino- 
3°: 4’: 5 : 6-tetramethoxy-1-benzyl-2-methyltetrahydroisoquinoline di- 
picrolonate formed yellow, sack-shaped prisms, m. p. 201° (decomp.) 
(Found: N, 15-2. C,,H,.,0,N,,2C,,H,0;N,,2H,O requires N, 
15-0%).  2’-Amino-6 : 3’ : 4'-trimethoxy-1-benzyl-2-methyltetrahydro- 
isoquinoline dipicrolonate formed short, stout, yellow prisms with 
wedge-shaped ends, showing much cross-twinning, m. p. 207° 
(decomp.) (Found: N, 15-6. C,. 9H,,0,No,2C,,H,O;N,,2H,O re- 
quires N, 15-5%). 

3-Benzyloxy-2 : 5 : 6-trimethoxyaporphine and 3-Hydroxy-2 : 5: 6- 
trimethoxyaporphine (I1).—The picrolonate (1-9 g.) of the base (VII) 
was ground with a cold mixture of concentrated sulphuric acid (1 c.c.) 
and methyl alcohol (20 c.c.), and the precipitated picrolonic acid 
(0-9 g.; 91%) was collected and washed with a little methyl alcohol. 
The filtrate and washings contained the base together with a little 
picrolonic acid, and were cooled in ice and diazotised by the gradual 
addition of the calculated amount of barium nitrite in concentrated 
aqueous solution. The diazonium salt solution was kept in the ice- 
chest for several hours, the barium sulphate removed by filtration, 
and the filtrate boiled gently under reflux for 30 minutes; during 
this treatment the colour changed from green to brown. The 
solution was cooled, neutralised to Congo-red paper by the addition 
of sodium acetate solution, and the methyl alcohol was removed 
under reduced pressure at 40°. The resulting yellow solution con- 
tained a small amount of brown solid, which was removed by 
filtration (charcoal), and the filtrate was made alkaline with ammonia 
and extracted repeatedly with ether. The extract was shaken with 
sodium hydroxide solution and then with water, dried, and evapor- 
ated, leaving 3-benzyloxy-2 : 5 : 6-trimethoxyaporphine as a brown 
oil (0-52 g.; 64%), which dissolved readily in dilute acetic acid. 
The picrate, picrolonate, chloroplatinate, and hydriodide were 
amorphous. 

The base (0-5 g.) and concentrated hydrochloric acid (10 c.c.) 
were warmed at 50° for 30 minutes; oily drops of benzyl chloride 
were perceptible in the brown liquid. An equal volume of water 
and some charcoal were added, and the pale yellow filtrate was 
covered with a layer of ether and made alkaline with ammonia. 
Several extractions with ether removed the product, but much 
oxidation took place and the aqueous layer rapidly became deep 
green. The ether, which showed a faint blue fluorescence, was 
washed, dried, and distilled, leaving 3-hydroxy-2 : 5 : 6-trimethoxy- 
aporphine as an almost colourless gum, which dissolved readily in 
5B2 
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sodium hydroxide solution and in dilute acetic acid. With con- 
centrated sulphuric acid a green coloration was developed, becoming 
reddish-brown at 100°: with nitric acid, the colour was orange-red. 
A solution in Mandelin’s reagent was at first dull green, then sepia, 
claret, and finally violet-brown. A solution in Fréhde’s reagent 
was at first colourless, then yellow, and became pale orange-brown 
at 100°. 

Hydrolyses of Azlactones by Barium Hydroxide—The aldehydes 
were converted into azlactones by standard methods, and in each 
case the azlactone (5 g.), barium hydroxide (20 g.), water (70 c.c.), 
and alcohol (10 c.c., to prevent frothing) were heated in an oil-bath 
under reflux until no more ammonia was evolved. The mixture 
was cooled, and the residual barium salt collected, washed with 
water, and decomposed by grinding with dilute hydrochloric acid. 
The crude arylpyruvic acid was collected and dried in a vacuum. 


M. p. of crude M. p. recorded 


Aldehyde. arylpyruvic acid. in literature. Yield %. 
GUL cp qesesiecesseceesess 210° 215° (corr.) a. 85 
Benzaldehyde _............+6+ 155 164 b. 25 
Anisaldehyde .............++++ 181 186 ec. 23 
VGRIEEER sevacecsecacsnconccespecs —- ~ Nil 
m-Hydroxybenzaldehyde... — — 9 
p-Hydroxybenzaldehyde ... —- — 99 


a. Kropp and Decker, Ber., 1909, 42, 1188. 
b. Bettziecke and Menger, Z. physiol. Chem., 1927, 172, 56. 
c. Erlenmeyer and Wittenberg, Annalen, 1905, 337, 294. 

The unsuccessful hydrolysis of the azlactone of an o-nitro-aldehyde 
is recorded in Part III (this vol., p. 2890). The hydrolysis of the 
azlactone derived from p-nitrobenzaldehyde in the present con- 
ditions yielded no «-keto-acid, whilst the hydrolysis of the azlactone 
corresponding to m-nitrobenzaldehyde yielded only m-nitro-z- 
benzamidocinnamic acid (see below). 

5-Keto-4-m- and __ -4-p-nitrobenzylidene2-phenyl-4 : 5-dihydro- 
oxazole——A mixture of m-nitrobenzaldehyde (5 g.), hippuric acid 
(6 g.), acetic anhydride (10 c.c.), and powdered anhydrous sodium 
acetate (3 g.) was heated on the water-bath until the azlactone 
separated. Water was added, and the heating continued for 30 
minutes. The solid was collected, triturated with hot water, and 
recrystallised from alcohol. 5-Keto-4-m-nitrobenzylidene-2-phenyl- 
4 : 5-dihydro-oxazole (76% yield) separated in cream-coloured 
needles, m. p. 174° (Found: N, 9-7. C,gH,,0,N, requires N, 
95%). 

5- Keto-4-p-nitrobenzylidene - 2 - phenyl-4 : 5-dihydro-oxazole, pre- 
pared from p-nitrobenzaldehyde in an exactly similar manner, 
formed yellow needles, m. p. 233° (Found: N, 9-7. C,gH,90,N 
requires N, 9-5%). 
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m-Nitro-«-benzamidocinnamic Acid.—The azlactone (5 g.) was 
heated with barium hydroxide under the conditions detailed above 
until the evolution of ammonia had apparently ceased (4 days). 
The barium salt was collected and decomposed, and the solid crystal- 
lised from dilute acetic acid. The acid formed colourless needles, 
m. p. 223—224° (Found: C, 61-5; H, 3-7. C,,H,.0;N, requires 
C, 61-5; H, 3-8%). 

THE Dyson PEerRRins LABORATORY, 

OxForD. [Received, August 26th, 1931.] 





CCCCVI.—The Halogenation of Phenolic Ethers and 
Anilides. Part II. Additional Velocity Measure- 
ments in 99% Acetic Acid. 


By Atan Epwin BRADFIELD and BRYNMOR JONES. 


THE velocity coefficients for the chlorination at 20° of additional 
phenolic ethers and for a few phenol esters in “99% acetic acid ”’ 
have been determined by the method previously described (Orton 
and King, J., 1911, 99, 1360; Bradfield and Jones, J., 1928, 1006, 
3073). In the following tables are given the mean values obtained. 
Further work has shown that the value previously recorded for 
p-chlorophenyl m-nitrobenzyl ether is about 7% too high, and a 
revised value is now given. In Table I, square brackets denote 
concentrations in g.-mols. per litre. 

Comparison of the ratios of the velocity coefficients given in 
Tables II and III with those given in previous papers shows that 
the new results are in harmony with, and give further support to, 
the theory which has been developed on the basis of the activation 
theory of reaction velocity, viz., that the critical energy increments 
for the reaction of aromatic ethers with chlorine may be expressed 
as the sum of the characteristic individual contributions of the 
groups attached to the benzene nucleus. 

In addition, several new ratios are obtained. As would be anti- 
cipated from general experience, there is little difference between 
the rates of chlorination of corresponding bromo- and chloro-ethers, 
the ratio being 103: 100 for p-halogeno-ethers and 120: 100 for 
o-substituted compounds. In the latter compounds, two positions 
are available for the entering chlorine atom, and for a complete 
interpretation of the velocity measurements it is essential to know 
the rate of entry at each position, 7.e., the proportions of the isomeric 
substitution products formed must also be known. From the 
velocity coefficients it is not possible to deduce the relative amounts 
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TABLE I. 


Velocity coefficients for chlorination in 99% acetic acid. 


(1) Substances of the type RO SX and ROY» ; 
\ ieecall 


xX 
[Cl,] = 0-0075; [ether] = 0-0225; [HCl] = 0-0375, 

A = R= k. Xx = R= z 
p-Br CH, 1-256 p-Br m-NO,°C,H,-CH, 0-2006 
” C,H; 2-514 o-Br CH, 5-457 
Pr n-C,H, 2-847 .° p-NO,°C,H,°CH, 0-7503 
»»  is0-C,H, 5-506 p-Cl m-NO,*C,H,yCH, 0°1947 

»,  CgH,'CH, 0-8496 p-CO,Me CH, 0-7308 

»  p-NO,C,H,yCH, 0-1768 p-CO,Et CH, 0-8387 
(2) Substances of the type ROK YX. 

a 
[Cl,] = 0-04; [ether] = 0-12; [HCI] = 0-05. 

A = R= k. A= R= &. 

Cl C,H, 0-005714 Br CH, 0-0039 

o. C,H,-CH, 0-001960 he C,H 0-0080 


2 5 
i C,H;CH,  — 0-0025 


(3) Phenolic esters. 
[Cl,] = 0-02; [ester] = 0-20; [HCl] = 0-05. 


Ester. k. 
Phenyl benzoate ....ccccccccccccccescccccccssessocee 0-002025 
*n-Chloropheny! benzoate ...........seeeeeeeeeeeeeee 0-000015 
*Phenyl p-toluenesulphonate  .............0+e0e+0- 0-00013 
*+p-Chloropheny] ethyl carbonate ...............++. 0-00007 


* Maximum values. jf [Cl,] = 0:0075; [ester] = 0-0225; [HCl] = 0-0575. 


TABLE II. 


Relative directive effects of the groups —OR in o- and p-bromo- 
ethers, and dihalogeno-ethers. Values of 1l0OKY™/kQ™*. 





CH,°C,H,°A 
R= A= 
Me. Et. Pre, Pré, H. p-NO,. m-NOQ,. 
He = BBW» \ccccccscs 100 200 227 438 67°7 14-1 16-0 
SE avccaneniess 100 — = — = 13-8 — 
2:4-Dibromo 100 205 — — 64 _— _ 
2: 4-Dichloro — 199 — — 68-0 — — 


TABLE III. 


Relative directive effects of Br and Cl in compounds RO< »x. 


R= 100k RE /ker. R= L00k Re /ker™ 
CH, 102-5 C,H,-CH, 101-5 
C,H, 103 p-NO,‘C,H,-CH, 101-5 
n-C,H, 103-4 m-NO,"C,H,CH, 103 


iso-C,;H, 102-4 
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of the isomerides formed, except by an application of Holleman’s 
“product rule’ (“ Die direkte Einfiihrung von Substituenten in 
der Benzolkern,’’ p. 482). The equivalent of this in the present 
case is to assume that the effect of a given group X is the same 
whether it occupies the position ortho or para to the group OR. 
From this premise it may easily be shown that r = kOR/2k0R, 
where r is the fraction of the product which consists of the 2 : 6-com- 
pound, and the symbols £2} and k2% have the significance explained 
in earlier papers. However, the product rule also leads to a relation 
between the known velocity coefficients for dihalogeno-ethers and 
the corresponding para-substituted pores viz., 


Ae ai-Br ‘eu Kai. a (ky kos Br/ kp rat 
The values of AQE»3, and Ao calculated by substituting 
appropriate values in the right-hand side of this relation are 
0-00605 and 0-00202 respectively. The observed velocity coefficients 
for these dibromo-ethers, viz., 0-0080 and 0-0025, are subject to an 
unavoidable error; nevertheless, the lack of concordance is, we 
think, sufficient to cast. grave doubts on the applicability of the 
product rule. 

The error referred to above arises from the fact that in the reaction 
between 2 : 4-dibromo-ethers and chlorine, in addition to the main 
reaction leading to substitution in position 6, replacement of 
bromine by chlorine occurs, and free bromine (or bromine chloride) 
appears. This side reaction appears to be accelerated by sunlight. 
A similar replacement of bromine by chlorine in dibromoanilines 
has been observed by Orton and Reed (J., 1907, 91, 1543). 

The figures for the unsubstituted and p-chloro-esters bring out 
clearly the already well-known fact that the esterification of a 
hydroxyl group greatly diminishes its directive power. Indeed, 
with the p-chloro-esters only about 5—10% of the chlorine dis- 
appears in 3 days, and it can only be claimed that the velocity 
coefficients calculated during this period of the reaction represent 
maximum limiting values. On the other hand, esterification of the 
carboxyl group of anisic acid increases slightly the rate of chlorin- 
ation, the relative rates for this substance and its methyl and ethyl 
esters being 100 : 165 : 189. 

The next stage in the application of the experimental and 
theoretical methods which have been developed by the authors is 
the study of the effects of change of medium and/or reagent. With- 
out entering into its theoretical significance until more data are 
available, it may be pointed out that the relation between the 
relative rates of bromination of p-chloro- and p-bromo-ethers in 
50% acetic acid (Bradfield and Jones, J., 1929, 2810) and of 
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chlorination in 99% acetic acid may be expressed with some 
accuracy by the equation 


0-775 log (KOR: /kORs Browination — log (eee LOR) co rcatnation 


For instance, the experimental values for bromination are 1-00: 
2-31 : 7-11 for the methoxyl, ethoxy], and isopropoxyl groups, and 
from them the values 1-00: 1-91:4-57 may be calculated for 
chlorination, agreeing within about 4% with the observed values 
1-00 : 1-99 : 4-40. 

EXPERIMENTAL. 


The velocity measurements were carried out in the manner pre- 
viously described in an acetic acid medium containing 1 c.c. of water 
in 100 ¢c.c. of reaction mixture. Dichlorophenol, m. p. 43°, was 
prepared from p-chlorophenol by Orton and King’s method of 
chlorination (J., 1911, 99, 1185). The ethers were prepared from 
the phenols and alkyl iodides or benzyl chlorides by standard 
methods. p-Bromophenyl p-nitrobenzyl ether and 2 : 4-dichloro- 
phenyl benzyl ether have m. p.’s 114-5° and 62° respectively, these 
values being in each case about 2° higher than those recorded in the 
literature. The following ethers do not appear to have been 
prepared previously. p-Bromophenyl n-propyl ether, b. p. 126° 
(bath temp.)/11 mm.; nf 1-5386 (Found: Br, 37-2. C,H,,OBr 
requires Br, 37:2%). p-Bromophenyl m-nitrobenzyl ether, after 
recrystallisation from alcohol and acetic acid, melts at 89-3° (Found : 
Br, 26-2. C,3H,,O,NBr requires Br, 25-9%). p-Chlorophenyl 
m-nitrobenzyl ether melts at 73-8° (Found: Cl, 13-4. C,3;H)0,NCI 
requires Cl, 135%). 0-Bromophenyl p-nitrobenzyl ether has m. p. 
111-4° (Found: Br, 25-9. C,;H,,O,NBr requires Br, 25-99%). 
2: 4-Dibromophenyl benzyl ether melts at 67-8° (Found: Br, 47-1. 
C,3H, ,OBr, requires Br, 46-7%). 


The authors wish to acknowledge their indebtedness to the late 
Prof. K. J. P. Orton, F.R.S., for his interest and valuable advice, 
and to thank the Chemical Society and Imperial Chemical 
Industries, Ltd., for grants which have partly defrayed the cost of 
this investigation. 


University COLLEGE or N. WALEs, 
BAnGor. [Received, September 21st, 1931.] 
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CCCCVII.—The Halogenation of Phenolic Ethers and 
Anilides. Part III. The “Phase and Steric’’ 
Factor. 

By Atan Epwin BRADFIELD, WILLIAM OWEN JONES, and Frank 

SPENCER. 


From the data relating to the problem of substitution in the benzene 
nucleus, no simple relation of even a roughly quantitative kind has 
yet been traced between any single characteristic of a directing atom 
or group and its effect on the substitution reactions of the nucleus 
to which it is attached. Further development of the problem 
requires the logical analysis of (a) the effects of the directing group 
as the resultant of two or more variables, and/or of (6) the velocity 
coefficients representing the rates of the reactions as the resultants of 
two or more variables. 

Course (a) has been adopted by the majority of authors, including 
Fliirscheim, Lapworth, Robinson, and Ingold, all of whom resolve 
the constitutional effect of the group into three components. Course 
(b) has been adopted by Bradfield and B. Jones (J., 1928, 1006, 
3073; 1929, 2810), who, on the basis of the interpretation of the 
Arrhenius expression k = ae~“'“? provided by the kinetic activation 
theory of reaction velocity, resolve the observed velocity coefficients 
as the product of two factors, one of which, «, has been written as 
PSZ as a reminder that it is a compound term which includes any 
factors determined by periodic disturbances within the molecule 
(‘‘ phase factor” = P), or by the shape of the molecule (“ steric 
factor’? = S), whilst in the other, # represents a threshold value of 
the kinetic energy which the reacting molecules must possess. 

The main results hitherto achieved by the adoption of course 
(b) are: (i) The demonstration that for the nitration of mono- and 
di-substituted benzene derivatives the « terms relating to the differ- 
ent positions are identical.* (ii) On the assumption that the « terms 
relating to similar positions in a series of p-substituted phenolic ethers 
are identical, when the ethers are chlorinated in 99% acetic acid, 
the demonstration that the quantity Z may be represented as the 
sum of two terms, each representing the contribution of one group. 
(iii) A similar demonstration of an additive effect for the bromin- 
ation reactions of the same substances in 50% acetic acid. 


* In arecently published book, “‘ Theoretische Grundlagen der Organischen 
Chemie” (Leipzig, 1931), Hiickel (Bd. 2, Kap. 18) appears to have over- 
looked completely the fact that Bradfield and B. Jones were the first to 
point out the significance of measurements of the effect of temperature on 
velocity rates from the point of view of the “ steric factor.” 
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The assumption in (ii) and (iii) was made, in the first place, by 
analegy from (i), but shortly afterwards (J., 1928, 3077) it was 
pointed out that three other simple hypotheses embodying alternative 
assumptions would equally well account for the observed effects, and 
a method of distinguishing between these hypotheses was developed 
based on the study of the temperature coefficients of the reactions. 
A preliminary test with the then-available data failed to distinguish 
clearly between these hypotheses. The results of a long series of 
measurements now to be considered definitely show the original 
hypothesis to be correct, and exclude the alternative hypotheses. 

Data are now given relating to the original series of phenyl ethers 


of the type ROK YX, and to a new series of tolyl ethers of the 
x 


type ROC CH. For the purpose of discussion it is convenient 


to consider the two sets of data in separate sections. 


1. Phenyl Ethers. 

The first hypothesis (I) of Bradfield and Jones, based on the 

assumption stated in (ii) above, leads to the relation 

log (ky/ka)7, = T/T; . log (ky/ha)r, » - ~« (I) 
as an expression of the effect of temperature on the relative rates of 
two reactions. The second hypothesis (II) alternatively suggests 
that in the series of ethers the energy of activation is constant, the 
variations in rates of reaction arising from effects which cause a change 
in magnitude of the factor represented by «. The relative rates of 
two reactions are then unaltered by change of temperature, 7.e., 

log (ky /ky)r, = log (k,/ke)r, - « + «+. (2) 

The distinction which may be made between these hypotheses 
depends in the first instance on the accuracy with which the velocity 
coefficients are known (estimated to be within about 3%), and 
secondly on the temperature interval between the two sets of 
measurements. In practice, the diminishing solubility of the 
ethers in the acetic acid medium as the temperature decreases, and 
the freezing point of the acetic acid solutions set a lower limit, whilst 
an upper limit is set by the diminution in solubility of the chlorine 
with increase in temperature, and only the comparatively narrow 
range of 20—35° is available. 

A graphical method of comparison of the experimental data with 
the predictions of these hypotheses has been employed, both because 
of its simplicity and because it tends to eliminate the effect of errors 
in individual measurements. It will be seen that if the logarithms 
of the ratios of the velocity coefficients for pairs of ethers at the one 
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temperature be plotted against the logarithms of the ratios at the 
second temperature, according to Hypothesis I the points should lie 
on a straight line passing through the origin and of slope = 7',/7',, 
whilst according to Hypothesis II, they should lie on a straight line 
through the origin of slope = 1. Lines corresponding to equations 
(1) and (2) are shown in Fig. 1, together with the experimental points. 
Since 7',/7', = 1-051, the lines are not very divergent, and the 
portion of the diagram for values of log (k,/k,) << 1 has been omitted, 
since for these lower values no clear distinction between the 
hypotheses is obtained. It will be seen that Line I corresponding 
to Hypothesis I is, on the whole, in good agreement with the 
experimental points, while Hypothesis II (Line IT) fails completely 
to represent the facts. 

To indicate the stringency of the test and the distinction obtained, 
it may be stated (1) that about 50 experimental points are shown in 
the figure, (2) that in order to bring the points on to Line IT it would 
be necessary to alter the experimental values of (k,/kj)7-35- by 
about 10% for points at the lower left end of the diagram, and by 
about 30% at the upper right portion—changes which are quite 
outside the estimated experimental error. 

The two hypotheses discussed above represent two extremes. 
In addition, two equally simple intermediate hypotheses were 
formulated in which the magnitude of « is considered to be deter- 
mined by one group, either X or OR, whilst EZ is determined by the 
other. For the purpose of testing Hypothesis III, in which the 
group X is considered to determine «, pairs of ethers are taken such 
that the p-position in the one is occupied by, say, Cl, and in the other 
by NO,. For such pairs, Hypothesis III leads to the following 
relation for the temperature effect : 


log (ky/ky)7, = T'2/T, . log (ky/kz)7, + (T2. — T3)/T; . log & (3) 


where — is a constant. The numerical value of € is equal to the 
reciprocal of the ratio of the velocity coefficients for pairs of ethers 
in which R, = R,. This hypothesis is therefore represented by a 
straight line of slope 7',/7,, cutting the y-axis at a point y = 
(T, — T,)/T, .log ~. A distinction between this hypothesis and 
Hypothesis I is only obtained when é is greatly different from unity, 
a condition which is satisfied with the present data when X, = Cl or 
Br and X, = NO,.* Fig. 2 shows that this hypothesis is definitely 
incorrect. 

* Since p-chloro- and p-bromo-ethers with the same R are chlorinated at 
almost identical rates, the straight lines drawn for ratios of the types 
ker, NO, and kpe /kRS No, are practically coincident, and are shown by @ single 
line (Line III). Similarly in the discussion of Hypothesis IV, ket WL is 
treated as unity. 
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For Hypothesis I, all points should lie 
on Line I. 
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For Hypothesis III, all points 
should lie on Line III. 



























Fig. 3. 
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logy (2Keoty1 ether/Kpheny! ether) 35° 
W@W Similar points for ratios 
'% logie (Ktoiyi ether 1/toty1 ether 2): 


For Hypothesis I, all points 
should lie on Line I. 
For Hypothesis II, all points 
should lie on Line II. 
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In order to test the fourth hypothesis, in which the group R is 
assumed to determine the magnitude of «, pairs of ethers are taken 
in which R, and R, are fixed whilst X is varied, and the temperature 
effect is again considered. The relation obtained is of the form of 
expression (3), but the value of € is now given by the reciprocal 
of the ratio of the velocity coefficients for a pair of ethers with the 
same X. In order that the spacing of the lines representing 
Hypotheses I and IV may be well outside the experimental error, 
the only pairs of ethers considered in the graphical representation 
are those in which R, = C,H; or CH, and R,=m- or p- 
NO,°C,H,CH,. When X, = X,, this hypothesis is not differ- 
entiated from the second hypothesis, and points corresponding to 
such pairs, represented Ml in Fig. 3, should lie on Line II, whereas 
when X, and X, are different the corresponding points (plotted 
as +) should lie on Lines IVa and IVb, which correspond to equation 
(3), with the appropriate values of —. This hypothesis is seen to 
lead to conclusions contrary to experiment, and the first hypothesis 
remains as the only one capable of representing the experimental 
facts. 

In Bradfield and Jones’s derivation of expressions (1), (2), and (3), 
quoted above, it is tacitly assumed that Z, the collision number, is a 
constant which may be cancelled out. Although this is not strictly 
true, the error introduced is inappreciable. Z may be written as 


+ @\8 engin 
o 6. —<—— . . 
n(—L =?) N\NzV (U,? + Ug), Where o, and o, are molecular diameters, 


u,* and u,? the mean-square velocities of the molecules, and 7, and 
n, the numbers of molecules of reactants per c.c.; also u,? and u,* 
may be written 3R7'/M, and 3RT'/M,, respectively, where M, and 
M, are the molecular weights of the reactants. According to 
Norrish and Smith (J., 1928, 129), the effective volumes and there- 
fore the values of o are practically identical for most organic mole- 
cules in solution. Hence, for the chlorination of two ethers of 
molecular weight M, and Mz 


2; |Z, = V(Ma + Ms)M,/(Ma + Ma)My 


and the equation corresponding to (1) above (for example) becomes, 
on retaining the Z terms : 


log (k,Zp/k.Za)7, = T2/T, . log (kyZp/kyZa)r, - - (la) 


With p-chloroanisole and p-chlorophenyl p-nitrobenzyl ether, for 
which the difference in molecular weights is almost a maximum 
among the pairs of ethers considered here, substitution of the calcu- 
lated value of Z,/Z, and the appropriate values of k, and k, at 20° 
in equation (la) gives the calculated value of the ratio at 35° as 
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01504, whereas by equation (1) it is 0-1510. The difference is 
negligible. 
2. Tolyl Ethers. 

Particular interest attaches to the directive effect of the methyl 
group, for whilst, like the halogens, it normally behaves as a weak 
op-directing group in contrast to the hydroxy- and amino-groups 
(compare, however, Brady, Quick, and Welling, J., 1925, 127, 
2264), yet, like the last two groups and unlike the halogens, it 
appears to raise the general level of reactivity of the nucleus to 
which it is attached (Orton and King, J., 1911, 99, 1369; Wibaut, 
Rec. trav. chim., 1915, 34, 241; Ingold and Shaw, J., 1927, 2918). 
In this respect the methyl group in p-tolyl ethers behaves normally, 
as is evident from the following table showing the rates of chlorin- 
ation in acetic acid of phenyl and tolyl ethers, together with corre- 
sponding data for anilides and toluidides for comparison. 


X 











Rates of chlorination of RK Xs 
x. = &, X, = G, 
Sm H. CH, X,= Cl. H. CH. 
— athe 1:23 ca. 900 ca. 2000 0-0030 4-44 5-29 
NHAc ...... 0-21 40 77 v.slow 0-073 9 


As a result of the activating effect of the methyl group, p-tolyl 
ethers are chlorinated too rapidly for accurate measurement under 
the conditions employed. Ethers in which one of the ortho-positions 
is filled by halogen or by the nitro-group were therefore studied, 
although this involves a departure from the type of.ether mainly 
studied hitherto. 

With these ethers, when measurements are made with equal 
initial concentrations of ether and chlorine, the velocity coefficients 
calculated from the usual formula for bimolecular reactions show 
a steady rise of about 10% over the range 35—65% of change, but 
when the ether/chlorine ratio is increased to 3:1, constant values 
are obtained which are not altered by further increase in the pro- 
portion of ether (beyond the normal drift with concentration ; 
compare Bradfield and Jones, loc. cit.), as may be seen from the 
following figures : 





3-Bromo-p-tolyl benzyl ether at 20°. 







Mol. ratio, 

{ether]/[Cl,]. Calculated k and % change. Mean k. 
Fe 4-08 (38-6%) 4-41 (56-1% 4-71 (64-9%) —_ 
3:1 3°77 (34:9% 3°73 (54:5%) 3°76 (64-7%) 3°75 

10:1 3-58 (35-9%) 3-53 (50-4%) 3-54 (64-:3%) 3°55 





The main series of measurements were therefore made with the 
ratio 3: 1. 
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Ad hoc experiments have so far failed to disclose the nature of the 
disturbing effect in the 1: 1 experiments. It does not appear to be 
due to further chlorination of the primary product, for 3 : 5-dichloro- 
p-tolyl ether scarcely reacts with chlorine under the conditions 
employed, the velocity coefficient being not greater than 1/500 of the 
value for the primary reaction. 

The relative effects of the alkyl groups on the rate of chlorination 
of the tolyl ethers are interesting when compared with the values for 
the phenyl ethers (see Table I). When a nitro-group occupies the 
position ortho to the alkoxy-group, the ratio Me : Et : Pr¢ is that 
found previously, but when the nitro-group is replaced by halogen, 
the relative effects are appreciably different from the values in the 
phenyl series. So far as the nitrotolyl ethers are concerned, the 
similarity of the results to those obtained in the phenyl series 
suggests that the conclusions already drawn apply, mutatis mutandis, 
to these compounds. 


TABLE I. 


velative directive effects of the groups OR in compounds of the type 
x 


CH OR at 20°. Values of the ratio L0OKX® /kQ*. 
(p-) 


OR=OMe. OEt. OPre. O-CH,-C,H;. O-CH,-C,H,NO, 


X at Ch ..cccccscscesce 100 187 213 59 11-0 
BE ccvvevcccces 100 181 211 58 11-0 
 eidaennnen 100 203 © ©=-226 ces on 
Phenylethers 100 200 225 68 13-7 


Relative directive effect of bromine compared with chlorine in tolyl ethers. 


R= 100K BE /ket. R= 100K RE /Ker. 
Me 123 C,H,°CH, 120 
Et 118 p-NO,"C,H,yCH, 123 
Pra 122 


The implication of the figures for the chloro- and the bromo- 
tolyl ethers considered by themselves is that here also the groups 
attached to the nucleus each contribute a characteristic quota to 
either the « or the Z term of the expression k = «e-“’”?, and hence 
the four hypotheses considered in Section (1) appear to be also 
applicable here. The data for the toly] series of ethers are insufficient 
to provide a clear distinction between the first and the second 
hypothesis, but it is shown below that by combining them with the 
data for the pheny] series, a discrimination is reached in clear favour 
of Hypothesis I. It follows, from this proof that the « term has the 
same value in both series, that the peculiar effects of the methyl 
group in tolyl ethers (and presumably in toluidides) do not arise 
from any alteration in the phase or steric factors. 
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Before considering Hypotheses I and II in more detail, it may be 
pointed out that Hypotheses III and IV cannot here be tested. 
With the tolyl ethers alone the facts are again insufficient, but now, 
in addition, combination with the data for phenyl] ethers is inadmis- 
sible. For then Hypothesis III is no longer inductively true, since it 
requires that relative effects of the groups OR shall be independent 
of all other groups attached to the nucleus (compare Table [). 
Again, the test of Hypothesis IV requires that pairs of ethers possess- 
ing the same group X shall be available. This condition is obviously 
not satisfied with such pairs as p-chloroanisole and 3-chloro-p-toly! 
methyl ether. It should be noted that there is nothing in Hypo- 
theses I and II to preclude the joint consideration of two distinct 
series of compounds, provided that the effects of a given group OR 
or X are constant within each series. 

Returning to Hypotheses I and II, the expressions for velocity 
coefficients for a tolyl and a phenyl ether respectively become : 


k, = aeBhT and k, = 2acO"? 


the factor 2 being introduced in the second expression as there are 
two similar vacant positions in the phenyl ether. For the effect 
of temperature on the ratio (k, for tolyl ether) /(k, for phenyl ether), 
equations similar to (1) and (2) above, except that k,/k, now becomes 
2k, /ka throughout, are easily deduced. The theoretical lines and the 
experimental points are shown in Fig. 4, and again Hypothesis I 
emerges successfully from the test. 

In the above, the ex cathedra view is adopted that, where two 
similar positions are vacant, they are simultaneously available for 
substitution. Though it is not yet possible to prove it conclusively, 
some evidence can be brought to support this contention. First, 
consider the effect of temperature on the o:p-ratio. The two 
expressions 





log (ky/2kp)r, = T/T; . log (ho/2kp)7,- - + (4) 
log (ko/kp)7, = T2/Ty . log (ko[kp)r, - « + (8) 


are obtained according as -the two ortho-positions are, or are not, 
taken into account. In a typical case the calculation by the two 
expressions leads to similar results. For example, from the 0: p- 
ratio for the nitration of chlorobenzene, viz., 26-9 : 73-1 at —30°, the 
values 30-7 : 69-3 and 29-1 : 70-9 at 0° are calculated by (4) and by 
(5) for comparison with the value 30-1 : 69-9found. Inthe particular 
case of the nitration of toluene, arising from the fact that whereas 
the ratio k,/2k, <1, yet the ratio k,/k, >1, the changes calculated 
by (4) and (5) are not only numerically different, but opposite in 








direction ; and here expression (4) is definitely in better agreement 
with experiment, as shown : 
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— 30°. 60°. 

O: Dp. O:p. 
I  cxeisiscssisneriovinavees 55-6 : 41-7 57-5 : 38-5 
SAS WE CEE ctccessccesscesnes 57-4 : 38-6 
| ED Pabaakanainntnbe 53-2 : 42-9 


Secondly, in the joint consideration of the data for the phenyl 
and tolyl series of ethers, if only one of the ortho-positions in a 


Fia. 5. 
© Values of 


logio (Ktotyi ether/Kpheny! ether) at 20° 
plotted against those at 35°. 


x A few values of ys y 





logio (phenyl ether 1/Kpheny! ether 2) at Sf 

20° and 35°, plotted thus x, are gy 

included for comparison. y 
Ordinates and abscisse are kh, 





values at 20° and 35° respectively. ¥4 ° 
Z, ‘| y 
vs v2 


fut 7 













































p-substituted phenyl ether be considered, by Hypothesis I it is now 
points with co-ordinates log (k,/k,)r, and log (&,/k,)7, which should 
lie on Line I. The difference between Fig. 5, in which such points 
are plotted, and Fig. 4, in which the co-ordinates are log (2k,/k,)z, 
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and log (2k,/k,)7,, is not very great, but on the whole the latter 
shows slightly better agreement between the experimental points 
and the theoretical line. The accuracy of the data does not permit 
of final decision in either of the cases considered, but certainly 
favours the view that the two similar positions are simultaneously 
available. 

The results of the measurement of the relative effects of the 
alkyl groups when attached to oxygen in tolyl as compared with 
phenyl ethers represent the first departure from the strictly additive 
rule for the energies of activation which has been discovered. It is 
too early to discuss this anomaly, but the following observations may 
be made: (1) The effect is regular, and therefore can scarcely be 
due to lack of purity of the chloro- and bromo-tolyl ethers, which 
were prepared from a variety of materials by different methods. (2) 
On plotting the numerical values of the logarithms of the ratios of 
tolyl ethers with given alkyl groups against similar values for phenyl 
ethers, the points approximate to a straight line of slope 0-97. It 
may easily be shown that this result follows from the assumption 
that in the tolyl series the contribution of an alkyl group towards 
the total energy of activation is only 0-97 of the contribution made 
by it in the pheny] series. 


EXPERIMENTAL. 


The ethers were prepared by standard methods and purified by 
repeated crystallisation or vacuum-distillation. The recorded 
distillation temperatures are bath temperatures for distillation 
under 2 mm. pressure. 

3-Chioro-p-tolyl n-propyl ether, prepared from 3-chloro-p-cresol 
and n-propyl iodide in the usual manner, distilled at 106° and had 
ni 1-5161 (Found: Cl, 19-3. Cy 9H,,0Cl requires Cl, 19-3%). 
3-Bromo-p-tolyl n-propyl ether distils at 115°; nf 1-5362 (Found : 
Br, 35-0. C, 9H,,0Br requires Br, 34-9%). 3-Chloro-p-tolyl benzyl 
ether, prepared from the potassium salt of 3-chloro-p-cresol and 
benzyl chloride by the usual method, crystallises from alcohol as 
colourless needles, m. p. 50:5° (Found: Cl, 15:0. C,,H,,0CI 
requires Cl, 15-1%). 3-Chloro-p-tolyl p-nitrobenzyl ether, prepared 
similarly, yields pale yellow needles from acetic acid, m. p. 132° 
(Found: Cl, 13-2. C,,H,,0,NCl requires Cl, 12-8%). 3-Bromo-p- 
tolyl benzyl ether crystallises in colourless needles from alcohol, m. p. 
42-5° (Found : Br, 28-9. C,,H,,OBr requires Br, 28-9%). 3-Bromo- 
p-tolyl p-nitrobenzyl ether crystallises in pale yellow needles from 
acetic acid, m. p. 131-5° (Found: Br, 24-7. C,,H,,O,NBr requires 
Br, 24-8%). 3-Nitro-p-tolyl n-propyl ether, from the silver salt of the 
nitrocresol and n-propyl iodide, is a golden-yellow oil which distils 
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at 154°; nj 15301 (Found : C, 61-7; H, 6-9. C,9H,,0,N requires 
C, 61:5; H, 67%). 3-Nitro-p-tolyl isopropyl ether is a golden. 
yellow oil distilling at 134°; n?#° 1-5242 (Found: C, 61-7; H, 6-9. 
C19H,,0,N requires C, 61-5; H, 6-7%). 

The measurements of the velocity of chlorination at 20° and 35° 
were carried out by the method described previously (Orton and 
Bradfield, J., 1927, 986; Bradfield and Jones, locc. cit.), the medium 
being purified acetic acid containing a total of 1 c.c. of water per 
100 c.c. of reaction mixture. A slight modification of the procedure 
was adopted, however, for a number of the measurements at 35°, to 
minimise the loss of chlorine to the vapour phase. Three flasks, 
either of 50 c.c. or of 25 c.c. capacity, were employed for each velocity 
determination and one portion only was removed for titration 
from each flask. Some difficulty was experienced initially in the 
measurements with tolyl ethers, owing to the return of the 
starch iodide blue colour after the end-point of the titration had 
been reached, with a consequent loss of sharpness. This difficulty 
was overcome by titrating in the presence of carbon tetrachloride, 
in which the organic substances remained dissolved and so were 
protected from the reducing action of the aqueous hydriodic 
acid. 

The mean values of the velocity coefficients obtained are tabulated 
below. The diagrams given above are constructed from these 
data, together with those previously published, much of which has 
been checked by repetition. So far as possible, in taking ratios, 
the two values of the velocity coefficients employed were taken 
from two experiments in which the initial concentrations of the 
reactants were the same. 


Velocity Coefficients. 
Ethers of p-chloro- and p-bromo-phenol. 
[Cl,] = 0-0075; [HCl] = 0-0375. 
20°. 35°. 20°. 35°. 
pate, eat. 
[Ether] = 0-0075. 0-0075. 0-0225. 0:0075. 0-0075. 0-0225. 
Ethers of p-chlorophenol. Ethers of p-bromophenol. 


BE ate BW \ vicccscceses 5-778 13-69 — 5°845 15-54 — 
BUR sarcivosscce —_ — 6-921 — — —_ 
BI cccccccseces 2-926 7-320 6-909 — _ — 
BD éccecevacves 2-637 6-334 6-177 2-626 6-398 6-154 
| ee — — 3-087 — — 3-082 
PEER. casiccsscses — — 2-112 = — 2-175 
m-A:NQ,...... — — 0-5478 — = 0-5661 
p-A‘NQ, ...... — —_— 0-4620 — — 0-4796 


. A => CH,°C,H,. 
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Nitrophenyl and nitrotolyl ethers. 
[Cl,] = 0-02; [HCl] = 0-05; [ether] = 0-20. 


20°. 35°. 20°. 35°. 
Ethers of p-nitrophenol. Ethers of 3-nitro-p-cresol. 
Be EY hei ccsccsccexns — o 0-04949 0-1273 
BD arcdivcsinsese 0-005983 0-01920 0-04437 0-1182 
BP iknamisiaciectey 0-002993 0-009602 0-02186 0-05941 


Chloro- and bromo-tolyl ethers. 
[Cl,] = 0-0025; [HCI] = 0-0125. 


20°. 35°. 20°. 35°. 
Oa, ’ ama. 

[Ether] = 0-0075. 0-0125. 0-0075. 0-0075. 0-0125. 0-0075. 
3-Chloro-p-tolyl ethers. 3-Bromo-p-tolyl ethers. 

Te, eeerrrrre 11-25 - = 23-67 13-69 —- 28-56 

BEN Savuonticscuh 9-882 — 21-10 11-75 11:10 25-39 

| ee nerneee 5-283 — 11-72 6-490 — 14-27 
. ee 3-137 2-849 7-058 3-754 3-549* 8-489 
p-A'NO, ...... 0-5841 0-5798 1-429 0-7163 0-6925 1-747 


* Conc. of ether = 0-025 mol./litre. 
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CCCCVIIL.—Colloidal Sulphur. 
By Henry Bassett and REGINALD GRAHAM DURRANT. 


EXPERIMENTS referred to in an earlier paper (J., 1927, 1445) indi- 
cated that polythionic acids higher than pentathionic might exist. 
Further study showed that we were actually dealing with solutions 
containing colloidal sulphur, and this led us to undertake an 
investigation of this interesting substance. Where we use the 
term “micelle” in the present communication we mean the 
negatively charged complex aggregate without the compensating 
positive ions. 

Preparation—Following Debus (J., 1888, 53, 278), Odén (Z. 
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Chem. Ind. Koll., 1911, 8, 186) prepared colloidal sulphur from 
Wackenroder’s solution. Raffo (ibid., 1908, 2, 354) had prepared 
it from thiosulphate by the action of sulphuric acid, and Svedberg 
(tbid., 1909, 4, 49) from the same sources. ‘“‘ These sols are often 
called Odén’s sols’ (Freundlich, “‘ New Conceptions in Colloidal 
Chemistry,’’ Methuen, 1926, p. 88) in contradistinction to Weimarn’s 
sol (prepared by pouring an alcoholic solution of sulphur into 
water). We have followed Svedberg’s method but have been 
able to make several useful minor alterations (Expt. A). The 
distribution of sulphur throughout the process, with other experi- 
mental details, is given under Expt. B with Table I, and the results 
of analysis appear under Expt. C in Table IT. 

Nature of Stabilising Ion.—Freundlich and Scholz (Koll.-Chem. 
Beih., 1922, 16, 234) were the first to suggest that sulphur sols, 
prepared by the above method, probably owed their stability to 
the presence of pentathionic acid. They acted on their sols with 
alkali and estimated the thiosulphate produced iodometrically. 
Assuming the reaction, 2Na,S,0, + 6NaOH = 5Na,S,0, + 3H,0, 
they recorded from 0-47 to 0-67 millimols. of pentathionate per g. 
of sulphur in their several sols. 

The question of the existence of hexathionates arises. Debus 
(loc. cit., pp. 301—309) claimed to have prepared potassium hexa- 
thionate. Weitz and Achterberg (Ber., 1928, 61, 399) have recently 
published another method for its preparation. We have followed 
this method and have satisfied ourselves that it does yield a product 
containing K,S,0,, apparently to the extent of 34% (Expt. D). 
Partington and Tipler (J., 1929, 1382) found that potassium hexa- 
thionate could be obtained in a pure state by this method only 
when the original thiosulphate had been prepared by Foerster and 
Mommsen’s method (Ber., 1924, 57, 258), viz., by the interaction 
of potassium hydrogen sulphide and potassium hydrogen sulphite; 
otherwise, their products contained less hexathionate than did our 
specimen obtained from commercial potassium thiosulphate. 

Our reason for regarding our specimen as containing hexathionate, 
and not a mixture of pentathionate with colloidal sulphur, was that 
the crystals dissolved to form a clear liquid from which no sulphur 
could be precipitated by addition of concentrated potassium nitrate, 
whereas 0-06N-potassium nitrate was sufficiently concentrated to 
throw out all colloidal sulphur from our sols. 

It seemed likely that, if hexathionates and, possibly, higher 
polythionates exist, the stabilising ions of the sulphur sols would 
consist of these rather than of pentathionate. One might expect 
conditions in the micelle to be particularly favourable for the form- 
ation of the highest possible polythionate. 
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We have studied the action of alkalis on the sols with some care 
to see whether this point could be decided. We assume that the 
reaction with alkali can be represented by the equation 


2Na.S,5+n)0, + 6NaOH = 5Na,8,0, + 3H,O + 228. 


It is likely that the sulphur so liberated would be far more reactive 
than the bulk of the micellar sulphur so that its products of hydro- 
lysis would be formed rapidly enough to be measured along with 
the thiosulphate. On alkaline hydrolysis, sulphur gives rise to 
polysulphide and thiosulphate, via sulphide and sulphite (Bassett 
and Durrant, loc. cit., p. 1403). If atmospheric oxidation can occur, 
the polysulphide might be completely converted into thiosulphate 
(possibly thus: NaS, + 30 = Na,S,0,), for, whatever the precise 
mechanism of such oxidation, it occurs readily enough (idem, zbid., 
p. 1420). Our experimental results (Expts. E.ii and E.iii) show 
that, although mainly thiosulphate is formed, yet there is, at the 
same time, a proportion of sulphite and, presumably, sulphide. 

At the commencement of the action of alkali there is a very 
rapid formation of thiosulphate owing to the decomposition of the 
free and bound polythionate. At the end of the experiments 
formation of thiosulphate (or of a mixture of this with sulphide and 
sulphite) is proceeding at a very slow but fairly steady rate owing 
to hydrolysis of the precipitated sulphur. Complete destruction 
of the sol and precipitation of ordinary sulphur corresponds more or 
less to the end of the period of rapid thiosulphate formation, but 
it is not easy to determine the exact point. The rate at which the 
stabilising polythionate is decomposed is remarkable. It takes 
place far more rapidly (Expt. E.i) than does the action of alkali 
on an aqueous solution of pure potassium tetrathionate (Expt. F). 
Our results for the rate at which tetrathionate is decomposed agree 
reasonably well with those of Kurtenacker and Kaufmann (Z. anorg. 
Chem., 1925, 148, 369). According to these authors, alkali acts on 
pentathionate and tetrathionate at about the same rate. 

This striking difference suggests that the colloidal sulphur has a 
marked catalytic effect on the hydrolysis of the polythionate. It 
seems probable that the “‘ bound ”’ polythionate is hydrolysed much 
more rapidly than the “free.”” Although about two-thirds of the 
total polythionate in the sols used was free, it would be constantly 
passing into the bound condition owing to the reversible addition 
to the micelle considered on p. 2925, so that we can assume that 
the initial rapid production of thiosulphate in the hydrolysis of 
the sols by alkali is all due to-decomposition of ‘‘ bound ”’ poly- 
thionate. On certain assumptions, velocity coefficients can be 
calculated for the reaction between alkali and sulphur sols which. 
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on the whole, support the view that the polythionate present in the 
sols is hexathionate rather than pentathionate. The details are 
discussed in Expts. E.i and E.ii. 

Owing to the very great difference in the rates of hydrolysis of 
the polythionate and of the precipitated sulphur, it seems justifiable 
to assume that all production of thiosulphate during the first hour 
in Expts. E.i and E.ii was due to polythionate, and all which 
occurred after the first 10 hours was due to the precipitated sulphur. 


Fie. 1. 
4 = Expts. with Sol. 16. 


Time scale for Sol. 16. Hours. 
20 
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= Expts. on minute-scale. © = Expts. on hour-scale. 
14 Mg. of silver sulphide would be produced without treatment with alkali. 


The two portions of the curve of hydrolysis (Fig. 1) from 0 to 1 
hour and above 10 hours are approximately straight lines, which, 
when produced, cut at a level which corresponds to hexathionate, 
i.e., at a point corresponding to the weight of silver sulphide which 
could have been obtained if all the polythionate in the sol was 
hexathionate and if all of it had been converted into thiosulphate 
in the manner already considered (p. 2921). Although such a pro- 
cedure is perhaps less convincing than one might wish, the indications 
it gives make it very probable that the “‘ bound ”’ polythionate in 
the sulphur sols is essentially hexathionate. It may be that it is 
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hydrolysed so rapidly just because it is hexathionate, but such a 
view is not supported by the fact that pentathionate and tetra- 
thionate are hydrolysed by alkali at very similar rates (Kurtenacker 
and Kaufmann, loc. cit.). 

Our view is that in the “ bound ” condition the polythionate of 
the sulphur sols is hexathionate. When it becomes free it is mainly 
pentathionate, chiefly because the relative force of attraction 
between the pentathionate and an additional sulphur atom is less 
than the force of attraction between the latter and the lattice of a 
sulphur crystal. The irregular structure of the micellar sulphur 
surface occupies an intermediate position in this respect. 

For this reason we think that hexathionate is probably the 
highest polythionate capable of existence in spite of the views we 
have previously expressed as to the possible existence of even 
octathionates (Bassett and Durrant, loc. cit., p. 1445). In the 
preparation of hexathionate it would appear to be necessary to 
avoid the presence of colloidal sulphur as far as possible on account 
of its above-mentioned disruptive action. Even the pentathionate 
becomes very unstable so soon as the sulphur micelles have been 
coagulated, and the free polythionate in the filtrates from the 
sulphur coagulations was never higher than tetrathionate (Expt. G). 
In all probability this is partly due to the instability of penta- 
thionate in neutral or very faintly acid solution. Under more acid 
conditions pentathionate might well survive as in the filtrate 
referred to in Expt. I and in the original “ acid filtrates ’’ of Expt. B, 
Table I. 

When a sulphur sol is treated with moderately concentrated 
sodium hydroxide solution, the formation of an ordinary sodium 
gel occurs, and the polythionate contained in this appears to be 
protected from conversion into thiosulphate. This behaviour occurs 
much less readily with lithium hydroxide (Expt. E.iii). 

The phenomena observed when concentrated sulphuric acid acts 
upon sodium thiosulphate had led us to suppose that polythionic 
acids even as high as octathionic might be formed (Expt. H). We 
have found, however, that we were actually dealing with solutions 
containing a high proportion of the known polythionic acids with a 
small proportion of colloidal sulphur rendered insensitive to coagul- 
ation by the high acidity of the solutions (Expt. I). 

The Way in which Colloidal Sulphur originates—We conclude 
from the experiments quoted under H and I that in cold concen- 
trated sulphuric acid, thiosulphuric acid is partly converted into 
polythionic acids. 

Polythionates higher than tetra- tend to dissociate rapidly and 
unless some cause prevented it the sulphur lost would separate in 
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mass. The cause we believe to be coalescence of the molecules at 
this stage, when the concentration is high, due to mutual attraction 
of the sulphur atoms in the molecules of polythionic acids and a 
tendency for crystalline sulphur to be formed. Thus, micelles are 
formed with an inner nucleus of sulphur partly crystalline in 
character. The arrangement of sulphur atoms is still partly 
irregular, however, and on the irregular portions of the micelle 
polythionate ions still remain attached and impart a negative 
charge. The rest of the polythionate is rejected when polymerisation 
occurs, mainly as pentathionate if the aqueous medium is sufficiently 
acid, otherwise as tetrathionate. The polythionate remaining 
attached appears to be hexathionate. 

Ageing of the Sulphur Sols.—In a freshly prepared sulphur sol all 
the polythionate is in the “ bound ” condition and attached to the 
micelles. This was first proved on the small scale by recurding a 
sol with sodium nitrate, dissolving the curd in water, then curding 
the new sol immediately with potassium nitrate and testing the 
filtrate with silver nitrate. No trace of silver sulphide appeared. 
Sol 18 (200 c.c.) was prepared on these lines, after 11 days had been 
allowed to elapse for the less stable larger micelles to separate. The 
test was made a few hours later with the result as tabulated. Here 
the ratio of ““ bound” to “free”? was 20 to 1; after 159 days it 
was 59 to 50. This gradual change from bound to free polythionate 
anion is illustrated by the whole table and is accompanied by a 
deposition of sulphur which is proportional. This was proved 
directly by filtering Sol 18 after 159 days and weighing the dried 
sulphur deposit. These sulphur deposits, after being washed, have 
been examined repeatedly; they dissolve immediately in carbon 
disulphide and may be boiled with acidified silver nitrate without 
showing a trace of silver sulphide. This sulphur, therefore, is non- 
colloidal. The true curds obtained by coagulating sulphur sols 
are not soluble in carbon disulphide. The presence of colloidal 
sulphur seems to have a marked stabilising effect on the poly- 
thionate even though it is ‘free ’’ and unattached to the micelle. 
The total polythionate in these sols remains practically unchanged 
for months, though in absence of the colloidal sulphur all the 
polythionates decompose relatively quickly in aqueous solution 
(Foerster and Hornig, Z. anorg. Chem., 1922, 125, 119; Kurtenacker 
and Kaufmann, ibid., 1925, 148, 43; Bassett and Durrant, loc. cit., 
pp. 1421, 1444). 

Some important conclusions may be drawn from this. In the 
normal hydrolysis of pentathionates, tetra- and tri-thionate appear 
to some extent as intermediate stages. Did degradation to tri- 
thionate occur in the sulphur sols, further hydrolysis would inevit- 
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ably occur to give some sulphate in the practically neutral solution, 
and gradual disappearance of the polythionate would follow. The 
fact that this does not happen (see Expt. C, action of barium salt, 
Sol 17 after 86 days) seems to show conclusively that the poly- 
thionate is automatically kept graded up at least to the penta- 
condition (compare Bassett and Durrant, loc. cit., p. 1432). Such 
a grading up of the polythionate by the colloidal sulphur could 
only be effective in resisting decomposition if it were associated 
with a rapid and continuous interchange between the “‘free’”’ and 
the “‘ bound” polythionate due to the existence of a definite 
equilibrium between the two. That such equilibria occur in sols 
is well known (Pauli and Valko, ‘‘ Elektrochemie der Kolloide,”’ 
Wien, 1929, p. 103), but it will be hardly possible in many cases 
to fix the position of equilibrium with any nicety because the whole 
system is in an essentially unstable condition and is slowly changing. 
For instance, in the present case, when a sulphur sol is coagulated 
only the “‘ bound” polythionate goes into the coagulum: the sol 
obtained by solution (peptisation) of the latter in water will not 
be in equilibrium so far as its polythionate condition is concerned 
and some of the “‘ bound ” polythionate gradually becomes “ free.” 

A condition of stable equilibrium is not reached, however, because 
of another change which can be regarded as irreversible, and is one 
which probably affects the surface of the micelle. From the observed 
fact that the proportion of “free ’’ polythionate steadily increases, 
it may be deduced that the number of positions on the surface of 
the micelle, where attachment of polythionate ions is possible, 
steadily diminishes. The particles of the sol are “ageing,” and 
we suggest that this is due to the fact that the sulphur particles of 
the sol have only an imperfect crystal lattice initially. 

Attachment of polythionate ions only occurs at those parts of 
the surface where the atomic structure is irregular. As the ions 
break away in the course of the kinetic equilibrium between the 
“free”? and “ bound ”’ polytbionate, a few atoms of sulphur are 
each time removed. This helps to “‘smooth down” the irreg- 
ularities of the sulphur surface until finally a sulphur particle with 
completely crystalline structure is obtained, with consequent 
separation of the particle in the solid state as non-colloidal, crystal- 
line sulphur which can be seen, under the microscope, as octahedra. 
At the same time that this is happening, some of the “ free ” 
polythionate slowly deposits a part of its sulphur in the non- 
colloidal, crystalline condition—a process which can be represented 
by the equation 

HS (2+»)0¢—> H,8,0.4 + S, 


The H,S,O, subsequently becomes graded up again by attachment 
5c 
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to the sulphur micelle. This deposition of sulphur by the “ free” 
polythionate probably occurs partly on the already crystalline por. 
tion of the surface of the sulphur micelles, partly on the crystalline 
sulphur which has already settled out from the solution, and partly 
on the non-crystalline areas of the colloidal sulphur particles which 
are- thereby “‘ smoothed down ”’ and made crystalline by accretion 
instead of by corrosion. 

The process proceeds steadily until eventually the whole of the 
colloidal sulphur would become non-colloidal and crystalline and 
all the polythionate would become free. (Table II shows that 
with Sol 15 about two-thirds had become “free ’’ after 100 days, 
and that with Sol 18 about one-half had become “ free ” after 159 
days; also that the “‘ operating ’” polythionate of Sol 15 was more 
than twice as concentrated as that of Sol 18.) 

Some time before this point is reached hydrolytic decomposition 
of the polythionate will become marked, for there will not be 
sufficient colloidal sulphur present to keep it all graded up (see 
Expt. I). Throughout its life history, the surface of the particles 
in the sulphur sol will be kept saturated with polythionate ions in 
the sense that all the positions where they can become attached 
will be kept occupied except for the very short intervals of time 
when positions are vacated owing to the change “ bound ”’ poly- 
thionate — “‘ free ’’ polythionate. That the sol particles really are 
saturated with polythionate seems to be proved by the fact that, 
if a solution of tetrathionate is added, none of it is carried down 
in the coagulum. Thus in three cases we mixed equal volumes of 
Sol 12 with twice as much tetrathionate as the sol contained of 
polythionate, and then coagulated it by sodium or potassium 
nitrate. Then we made an analysis for total polythionate 
carried down by the curd, and obtained 7-9, 8-2, and 8-4 mg. of 
silver sulphide. In three parallel experiments, with no tetra- 
thionate added, we obtained 9-0, 8-5, and 8-3 mg. 

In the above way the polythionate plays a very important part 
in catalysing the change from colloidal to non-colloidal, crystalline 
sulphur which is of some interest in view of the fact that it also 
provides a stabilising ion which alone enables the sulphur to exist 
in the colloidal condition. 

This mechanism would not necessarily find a counterpart in other 
sols, for it depends upon the very peculiar constitution and character 
of the polythionates. The stability of sulphur sols, prepared as 
above, is very considerable at ordinary temperatures. Sulphur, 
soluble in carbon disulphide, separates in moderate amounts soon 
after the sol has been prepared, but the rate at which the deposition 
occurs falls off very rapidly (Expt. J). The fresh sol contains 
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particles or micelles of very varying size and containing varying 
proportions of stabilising polythionate. The proportion of large 
particles which contain little polythionate is relatively small, and 
it is these which separate in the early stages. Once they have been 
eliminated, the further separation of sulphur, though continuous, 
occurs much more slowly. . 

It is certain that the separation of ordinary sulphur from the 
sol is a secondary consequence of the elimination of polythionate 
from the micelle, and that the latter is not a secondary consequence 
of the coagulation of the sulphur from some other cause. This is 
shown by the fact that if a sol is coagulated by an electrolyte 
immediately after its preparation, no polythionate passes into the 
filtrate but all is retained in the coagulum (Expt. K). The longer 
the interval of time which elapses between the formation of the sol 
and its coagulation, the more polythionate is formed in the filtrate. 
The polythionate in the filtrate is a measure of the “free” or 
uncombined polythionate. 

It is well known (Pauli and Valké, op. cit., p. 103) that in most, 
and probably all, sols there is a definite equilibrium between the 
stabilising ion of the micelle and the same ion in the free condition. 
This equilibrium is disturbed by dialysis. In few, if any, cases 
does the relationship between the free and the bound stabilising 
ion appear to have been examined hitherto. 


Coagulation of the Sulphur Sols by Electrolytes. 


It is commonly recognised that the stability of colloidal solutions 
is determined by the presence of either positive or negative charges 
upon the particles, and that these charges are due to adsorbed or 
combined ions—the so-called stabilising ions. Linder and Picton 
(J., 1895, 67, 63) (see also Pauli and Valké, op. cit., p. 180) were 
the first to give a chemical explanation of the coagulation of sols 
by electrolytes, and to show that the coagulum carried down that 
ion of the added electrolyte which was of opposite sign to that 
carried by the sol particles. The view that colloid coagulation was 
in this sense very similar to the precipitation of ordinary “ insoluble ”’ 
salts was strongly supported by Duclaux (J. Chim. physique, 1907, 
5, 29; 1909, '7, 405), and during recent years much important 
work in support of it has been carried out by Pauli and his co- 
workers (see op. cit. for summary). In spite of this, the important 
part played by the stabilising ion has been almost completely 
ignored in a very large proportion of the work which has been done 
on the precipitation of colloids. It is exceptional: for the nature 
of the stabilising ion to be even mentioned, and still less frequently 
is its amount determined, although the whole quantitative behaviour 
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of sols depends upon this ion. It has become customary to deal 
with colloidal problems from an almost exclusively physical stand. 
point—in terms of potential—the more definitely chemical aspects 
having been largely ignored. It seems likely that the discordant 
and even contradictory results, sometimes obtained by different 
investigators in this field, would often be found to be due to differ. 
ences in the nature or amount of the stabilising ions, had these 
been determined and recorded. 

We have studied the stoicheiometry of the coagulation of sulphur 
sols by electrolytes in some detail. For work of this nature it is 
clearly advisable to use sols containing micelles with a relatively 
high proportion of stabilising ion, since otherwise the quantities 
one has to estimate are so small that experimental errors become 
serious. Sols which have been highly “ purified ” by dialysis con- 
tain, as a rule, only a very small proportion of stabilising ion, and 
are, in consequence, very sensitive to coagulation and quite unsuit- 
able for the purpose we had in view. 

The term “ coagulating value” as used by Freundlich (op. cit., 
p. 42) represents the concentration of the coagulating salt in milli- 
mols. per litre which is required to cause rapid coagulation. This 
is referred to as a y value to distinguish it from the concentration 
required to produce slow coagulation. We felt sceptical about 
some of the y values recorded for sulphur sols by Freundlich and 
Scholz (loc. cit.) and by Freundlich (op. cit., p. 89). Their figures 
and ours are given side by side [Table VII, Expt. L]; it will be seen 
that their y values for barium, calcium, magnesium, and zinc salts 
are practically identical (1-5 or 1-6), whereas we find Ba = 1-25; 
Ca = 2:5; Mg=14; Zn = 24. It may be that our experiments 
would be called “slow coagulation.”” In nearly every case the 
values are those which caused the gel to fall and leave a clear 
supernatant liquid in 10 minutes. Nevertheless, our values for 
the five alkali metals are of the same order as those of Freundlich 
and Scholz, which appear to have been recorded after from 5 to 
7-5 seconds. 

We conclude from these results, and also from our experiments 
with thorium hydroxide sols, that there is no sharp distinction 
between rapid and slow coagulation. Desai (Koll.-Chem. Beih., 
1928, 26, 357) also came to the same conclusion in his work on 
thorium hydroxide. Coagulation appears to be connected with, 
at least partial, neutralisation of the colloid particles. In the 
opinion of some, complete neutralisation is not necessary (see Penny- 
cuick, J., 1930, 1456), but our experiments appear to indicate that 
it is. 

For an electrolyte to be able to cause this neutralisation and 
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coagulation, the ion of opposite sign to the micelle must be capable 
of forming with the micelle a salt (or, more generally, a product) 
which is insoluble in the surrounding liquid medium under the 
prevailing conditions. For this reason, those ions which normally 
form ‘‘ insoluble” salts with the stabilising ion of the micelle are 
usually the most efficient coagulants for that particular sol. But 
the product formed by the coagulating ion and the micelle is prob- 
ably always much more insoluble than the product formed by the 
union of the coagulating ion with the simple stabilising ion of the 
micelle, and for this reason many ions will coagulate a sol which 
would not, under similar conditions, give a precipitate with the 
stabilising ion alone. 

We have been able to illustrate this in the case of thorium hydr- 
oxide sols and to correlate the solubility of simple thorium salts, 
basic salts, and the sol-coagulum produced by the corresponding 
anions. We cannot do so with sulphur sols because the solubility 
of very few metallic pentathionates (and of no hexathionates) has 
been determined (see Mellor, ‘‘ Inorganic and Theoretical Chemistry,” 
Vol. 10, pp. 621—629). 

Thus the greater insolubility of most basic salts and of many 
salts of complex acids as compared with the normal salts of the 
simple acids is perfectly analogous to the greater insolubility of the 
sol-coagula. The gel formed by coagulation of a scl by an electro- 
lyte may be looked upon as a special case of a very basic salt or of 
a salt of a very complicated acid. (In some cases, where coagulation 
is due to hydrogen ions, the gel is a very complex acid.) 

Ions, such as sodium, which usually give soluble salts are not 
generally such efficient coagulants for negative sols as other positive 
ions such as potassium, barium, or thorium, which form less soluble 
salts (Expt. M.i). The precipitation of simple electrolytes is 
governed by the law of mass action, which enables the qualitative 
and, in many cases, the quantitative behaviour of many compounds 
to be predicted. It seems certain that the same or a similar law 
applies to the electrolytic coagulation of colloidal solutions. Quali- 
tatively it evidently does, and it is found that with weaker sols 
or with weaker coagulating solutions relatively greater excesses of 
the coagulating electrolyte have to be used to cause coagulation 
(Expts. M. ii and iii). Any attempt to apply the law of mass action 
quantitatively to the precipitation of colloidal solutions is difficult, 
if not impossible, partly owing to the uncertainty as to how to 
express the active mass of the micelle. There are two other reasons, 
however. One is that the transition between complete precipitation 
and no precipitation is very sudden in the case of a sol, although 
it is quite gradual in the case of ordinary precipitations which 
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involve only simple ions. This makes it difficult to obtain partial 
precipitation of a sol; for example, although addition of barium 
ion equivalent to the polythionate ion of the micelle may pre. 
cipitate a sulphur sol completely, one-half or three-quarters of that 
amount may produce no coagulum. This peculiar difference 
between the two classes of precipitation appears to be connected 
with the fact that each micelle of the sol carries a large number 
of stabilising ions. On addition of a coagulating electrolyte, in 
amount insufficient for complete coagulation, one does not get 
complete neutralisation and consequent precipitation of an equiv- 
alent proportion of the sol micelles, but all the micelles become 
partly neutralised. Thus all the micelles remain charged to some 
extent—practically up to the point where the full amount of 
electrolyte required for complete coagulation has been added— 
and for this reason little, if any, precipitation occurs. 

The partially discharged micelles may, however, coalesce to produce 
larger particles still in suspension (see last two results, Expt. 0). 
In sulphur sols we have very heterogeneous micelles (Expt. N). 

Since all the micelles in a sol tend to be discharged at a similar 
rate, coagulation, brought about by the addition of electrolytes, 
would be absolutely sharp and sudden in the case of a sol in which 
all the micelles were of the same size and carried the same number 
of charges. With a very heterogeneous sol, however, it seems 
clear that this will no longer be quite true, and micelles with the 
larger mass/charge ratio will tend to be completely discharged and 
coagulated before the others, so that coagulation will tend to occur 
gradually. The more heterogeneous the sol the greater the range 
over which coagulation will take place, although this range will 
probably be small in all cases. With a given scl, the range appears 
to be greater the more concentrated the sol, so that in practice 
partial coagulation can only be satisfactorily achieved with con- 
centrated sols. The second reason why quantitative application of 
the law of mass action to colloidal precipitation is difficult, is that 
secondary changes seem to occur in the coagulum after it has 
been formed which are irreversible or, more probably, only slowly 
reversible. That such must be the case is shown, for instance, by 
the fact that, whereas a very considerable excess of potassium ion 
is needed to precipitate a sulphur sol, the coagulum which is pro- 
duced only redissolves very slowly and with difficulty in cold water 
(Expt. M. iii). There are strong indications that these secondary 
changes are connected with the elimination of combined water from 
the coagulum, for they are found to be less marked with coagula 
produced by ions such as sodium, magnesium, nickel, cobalt, iron, 
and copper, which have a strong tendency to remain hydrated, 
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and these coagula readily redissolve in cold water; still more 
rapidly do those produced by lithium nitrate or by mineral acids. 
Freundlich (op. cit., p. 75) remarks that “ hydration in hydrophilic 
sols plays a role similar to hydration in true solutions.” This is 
true, and in our view the amount of hydration is directly connected 
with the coagulant ion, and thus sulphur sols (Odén’s) are “ hydro- 
philic ” simply because they happen to be sodium salts rather 
than because they contain pentathionic acid, which is Freundlich’s 
view (op. cit., p. 89). 

The secondary changes may set in before complete neutralisation 
of the micelles has occurred, and may be partly responsible for the 
coarsening of the micelles and the increased turbidity of the sols 
produced by electrolyte additions which are insufficient to cause 
actual coagulation. They may also enable complete coagulation 
to occur after a long time from mixtures which are too dilute to 
allow of immediate curding (Expt. R). 

In the reaction-velocity experiments (Expt. D) the active mass 
of the micelle was taken as proportional to that of the stabilising 
ion regarded as evenly distributed throughout the sol, and there 
seems to be some justification for this. 

In examining the question as to whether a “ solubility product ” 
can be calculated for the gels obtained from colloidal sulphur, we 
have proceeded similarly, using the molar concentration of the 
bound polythionate. Both with barium and with potassium gels 
we have obtained a remarkable approximation to constancy of the 
expressions [Ba**}][S,O,’"] and [K*}*(S,0,”], respectively, using the 
value of the barium and potassium concentrations which caused 
coagulations reasonably soon. These values are very difficult to 
determine with any consistency and accuracy, owing very largely, 
we consider, to the different rate at which the secondary dehydration 
or other processes occur in sols of different strength. It is note- 
worthy that, since the precipitation of many substances, such as 
silver chloride—and, possibly, of most—passes through a colloidal 
phase, and is eventually the coagulation of a sol, it would be rather 
remarkable if a solubility-product law did not apply to this stage 
if it applies to the precipitation as a whole. 

Sulphur sols are made less sensitive to coagulation by other 
electrolytes in a remarkable way by acids, and to a less extent by 
sodium salts (Expt. O). Such a marked protective action of 
hydrogen ions on @ negative sol appears to be very unusual. It 
seems to us that this “ antagonistic action ” can be explained in a 
similar way to that offered above for the suddenness with which 
practically complete coagulation of a sol occurs. 

In spite of much work on the problem of solubility, we still have 
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to accept the solubility of any substance as being more or less a 
specific property, although some general empirical rules can be 
applied to groups of compounds. Acids are frequently much more 
soluble than their sodium salts, which, in turn, are more soluble 
than salts of most other metals. Again, with increase of concen- 
tration, something happens to the ions of an electrolyte which \s 
variously ascribed to formation of un-ionised molecules or to 
decrease of activity. In this kind of way the polyvalent micelles 
of the sulphur sol, if in presence of hydrogen or sodium ions, become 
extensively occupied by these, so that coagulation of the sols by 
other ions forming less soluble products is largely prevented. 

The antagonistic action of the hydrogen, lithium, or sodium ions 
is due to the fact that micellar salts are formed which are largely 
acid, lithium, or sodium salts and only partly salts of the other 
precipitating kation under test. They have the greater specific 
solubility characteristic of acids or of lithium or sodium salts, and 
so are much less readily precipitated. Hydrogen, lithium, or 
sodium ions, in sufficiently high concentration, can, however, 
themselves cause coagulation. 

Freundlich and Scholz (loc. cit.) consider that the antagonistic 
action is connected with hydration effects, but in what way they 
could not say. Odén (“‘ Der Kolloide Schwefel,” Nova Acta Upsala, 
1912, IV, 3, 66; see Pauli and Valké, op. cit., p. 195) and others 
assume that adsorption of the contra-ion is the cause of the antagon- 
istic action. The assumption of any such adsorption seems to us 
unnecessary to account for ordinary ion-antagonism of the kind 
referred to above. Occasionally we have tested for it in washed 
gels of sulphur, but with negative results (Expt. P). The anions 
of the coagulating electrolytes are not present in the coagula. 
There are other types of interference, however, where it does seem 
necessary to assume it, and especially in the case of the coagulation 
of sulphur sols by thorium nitrate. In very low or in high con- 
centrations, thorium nitrate is an effective coagulant for colloidal 
sulphur, though at intermediate concentrations it has no action 
(Expt. Q). This is most easily accounted for by supposing that 
the insoluble thorium-sulphur—polythionate product, which is 
formed by low concentrations of thorium nitrate, takes up addi- 
tional thorium ions when larger amounts are added, so that a much 
higher thorium nitrate concentration is required to enable the nitrate 
ion to precipitate the much more soluble nitrate of the new complex 
so produced. This complex might be regarded as a double salt 


{{S,8,0,hTh}Th'” —> {(8,8,0,];Th}Th(NO,),. 
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Thorium nitrate is the only salt which we have observed to behave 
in this way towards sulphur sols. This case would correspond to 
the two types of silver chloride sol [(AgCl),Cl]’ and {(AgCl),Ag] 
and the known double salts [AgCl,]Na and [Ag,IJ]NO;. Behaviour 
analogous to that of thorium nitrate is well known in the pre- 
cipitation of sols by multivalent ions (see, ¢.g., Ostwald, ‘“‘ Practical 
Colloid Chemistry,” 4th ed., p. 146). 

Coagulation of Sulphur Sols by Positive Ions in Amount Equivalent 
to the Stabilising Polythionate Ion.—Since the stabilising ion of the 
sulphur sols is a polythionate, and since the metallic polythionates 
are as a rule moderately soluble, the amount of electrolyte necessary 
for coagulation is generally greater than that equivalent to the poly- 
thionate of the micelle. We have, however, obtained complete 
coagulation with barium, neodymium, and thorium salts added in 
amount equivalent to this “bound” polythionate. There is a 
minimum sol concentration below which an excess of barium salt, 
at any rate, is required, and at very low sol concentrations we have 
shown that thorium nitrate, in equivalent concentration, causes 
coagulation to proceed very slowly. Whether excess of coagulant 
is required or only an amount equivalent to the stabilising ion, 
the sulphur coagulum always contains an equivalent amount of the 
precipitating positive ion (experiments illustrating this are given 
under Expt. R). 


EXPERIMENTAL. 
Experiment A (Theory, p. 2920). 


Preparation of Sulphur Sols.—A solution of 83-6 g. of sodium 
thiosulphate crystals in 50 c.c. of water is slowly added to 65:5 c.c. 
of concentrated sulphuric acid, the temperature being kept below 
25°. (This need not take more than } hour.) After addition of 
50 c.c. of water, the beaker containing the mixture is placed into a 
previously heated water-bath, and the temperature of the mixture 
raised to 85°. In about } hour practically all the sulphur dioxide 
has been driven off and the yellow mixture is almost clear, only a 
very small amount of solid non-colloidal sulphur being present. 

It is unnecessary to filter at this stage; nearly all the non- 
colloidal sulphur can be removed by decantation before cooling. 
It is very important not to heat the mixture above about 90°, and 
not to prolong the heating in the bath; otherwise, the bulk of the 
sulphur separates in the non-colloidal state. This is due to hydro- 
lytic decomposition of the stabilising polythionate in the hot acid 
solution. 

The yellow solution deposits practically all its colloidal sulphur 
on cooling to room temperature, and after standing for 3 hours 
502 
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this is collected on a Buchner funnel. This we find more satis- 
factory than centrifuging. The first filtration removes the bulk of 
the sulphate and acid. The sulphur is next dissolved in cold water 
and reprecipitated by an electrolyte in amount sufficient to cause 
curding. For this purpose we used 5N-sodium nitrate, since chloride 
would have interfered with our subsequent analyses. When large 
volumes of liquid are used, two precipitations with sodium nitrate 
and two more Buchner filtrations are sufficient to remove all 
sulphate, but sols so prepared contain a small amount of sodium 
nitrate derived from the mother-liquor retained by the last curd. 
This can be almost entirely avoided in the following way, which 
we actually applied to the case of sol 9a. 

After the second precipitation with sodium nitrate, the curd is 
separated and dissolved in a small amount of water, and about 
one-fifth of the solution so obtained is retained. The other four- 
fifths are curded with sodium nitrate, and the curd is collected, 
washed with the remaining fifth of the sulphur solution, and 
dissolved in water. 


Experiment B (Theory, p. 2920). 

Distribution of Sulphur during the Preparation of Sols 14, 135, 
and 17.—Each sol was prepared from 83-6 g. of crystalline sodium 
thiosulphate and should contain 21-56 g. of sulphur. No attempt 
has been made to include sulphur escaping as dioxide, whether 
formed by the primary reaction H,S,0,—>»>H,SO,+ 58 or by 
oxidation brought about by the hot, concentrated sulphuric acid. 
The values of r = [S,]/[S,0,”] (molar ratio) found for the acid 
jiltrates are in parentheses. 

Notes on Experiment B.—The weights of sulphur deposits are 
approximate; all other weights, and also the other volumes in 
Table I, are fairly accurate. 

The sulphur deposits were usually obtained in two portions, (a) 
that decanted from the original solution after digestion on the water- 
bath, and (6) that filtered from the final sol when the last sodium 
curd was dissolved in water. 

By analysis, the acid filtrate for Sol 17 gave normalities: H = 
8-33, SO, = 12-4, Na (by diff.) = 4-07, and the value of r, after 
2 days, = 1-45. The acid filtrate for Sol 14 gave r = 2-03 immedi- 
ately, and 1-51 after 5 months; Sol 15 gave r = 1-62 after 15 hours 
and 1-07 after 20 days. All these acid filtrates slowly deposited 
sulphur, partly colloidal, and the high r values are due to a small 
content of colloidal sulphur. When the original acid solutions 
are cooled, most of the pentathionic acid remains in the acid filtrate 
and most of the colloidal sulphur is left in the curd which separates. 
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TaBLeE I. 
Sol No. 14. Sulphur 
j Filtrates from successive deposited 
Original acid curds. The sol in the 
filtrate. Produced by sodium nitrate. itself. operations. 
Volume 110 c.c. .......45 225c.c. 265c.c. 190c.c. 200 c.c. 
Solution containing 
S 0-497 g. ... 0-092 g. 0-042 g. 0-027 g. 1-556 g. 
S as 8,0, 0-747 ,, 0-005 ,, 0-007,, 0-602,, 0-028,, 
TotalS 1-244,, 0-097 ,, 0:049,, 0-029,, 1-584,, 695¢. 
(r = 2-03.) Grand total = 9-960 g. 
Sol No. 15. 
Volume 182 c.c. ......0. 500 ¢c.c. 270 c.c. 200 c.c. 
Solution containing 
S 0-592 g. 1-994 g. 0-214g. 4-530 g. 
S as 8,0, 1-127,, ... 0:290,, O-O11,, 0-317 ,, 
[ TotalS 1-719,, 2-284 ,, 0-225,, 4:847,, 3-52. 
(r = 1-62.) Grand total = 12-59 g. 
Sol No. 17 
Volume 200 c.c. ......... 370 c.c. 200 c.c. 200 c.c. 
Solution containing 
2 SI 0-86 g....... 0-659 g. 0-099 g. 3-928 g. 
Stas 8,0, 1-76 ,, ...... 0-081 ,, 0-026,, 0-302 ,, 
TORE | PED 55 oe00e: 0-740 ,, 0-125,, 4-230,, 3-20g¢. 
(r= 1-45.) Grand total = 10-52 g.* 


* A small amount of “ Sol 17. 6’? was made containing sulphur not here 
shown. 


The weights of silver sulphide found correspond with polythionate 
here expressed as S,0,’’. 

It being assumed that the Buchner funnel retained 2 c.c. of 
liquor, then calculation from the volumes of curd filtrates for Sol 17 
indicates that the acidity of this sol was 8-33 x 2 x 2/370 x 200 = 
0-0004N, the normality of the “ acid filtrate’ being 8-33N. The 
other sols were less acid. 


Experiment C (Theory, p. 2920). 

Analyses of Sulphur Sols.—Table II gives the analyses of the 
numerous sulphur sols we have prepared, with references to the 
experiments made with the sols. All of the sols were analysed as 
soon as they reached a fairly stable condition, and most of them 
were re-analysed at intervals (sulphur separates out rather rapidly 
for the first two days). 

From the figures in the column “p,” an empirical formula for 
the average micelle can be deduced which will alter according to the 
age of the sol (also quoted). Thus for Sol 8 after 45 days the 


formula, if S,0,’’ is the stabiliser, would be Na.S,0,,80S, whereas 
if S,0,” 


is the stabiliser it would be Na,S,0,,78S, etc. The method 
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of arriving at the p values was to coagulate the sol by potassium 
nitrate, then to determine the polythionate in the filtrate and the 
potassium in the coagulum. These should agree with the {otal 
polythionate deduced from the weight of silver sulphide produced 
when the sol is boiled with acidified silver nitrate. 

For example, taking the analysis of Sol 17 after 86 days: 5 c.c. 
of sol yielded 0-0192 g. of silver sulphide, and another 5 c.c. yielded 
0-0063 g. of potassium sulphate from the potassium curd, which is 
equivalent to 0-0090 g. of silver sulphide. The filtrate from the 
potassium curd yielded 0-0102 g. of silver sulphide. Here the agree- 
ment was exact. In the same analysis the filtrate from the 0-0192 
g. of silver sulphide yielded 0-0354 g. of barium sulphate, and 
calculation shows that this corresponds to 0-0192 x 2 g. of silver 
sulphide (2 mols. of BaSO, for each mol. of Ag,S as required). 
This result with a sol which was 86 days old is important, because 
it shows that ageing does not cause the polythionate to decompose 
with formation of sulphate. Inspection of the table makes it 
evident that very little decomposition of any sort occurs. The 
only changes of importance are the separation of polythionate from 
the micelles into the surrounding medium and the slow deposition 
of sulphur—both changes become slower and slower with advancing 
age and (see p. 2924) doubtless are interdependent. 

One method of analysis, with silver nitrate, was described in our 
previous paper (loc. cit., p. 1451). The use of a weighed filter paper 
is not, however, necessary, for after detachment of the bulk of the 
dried precipitate of silver sulphide and sulphur, which is then heated 
in the ignition tube as described, the small quantity remaining on 
the paper is burnt with it and weighed as metallic silver. For 
accurate work this procedure is preferable. 

We have only used the weighed paper method for determining 
weights of sulphur, e.g., the sulphur deposits in Table I. 

It is very important to acidify silver nitrate before boiling it 
with the sols. We acidified it with nitric acid so that the con- 
centration of acid was not less than 0-13N and not more than 0-2N 
in the mixture. Below 0-13N, sulphur reacts slowly with silver 
nitrate, and above it, nitric acid oxidises silver sulphide after pro- 
longed boiling. Five minutes’ boiling, with intermediate acid 
concentration, is sufficient to complete the conversion of silver 
polythionates and also of silver thiosulphate into silver sulphide 
and sulphuric acid. 

The subsequent treatment (before drying and weighing) is to 
wash well with water, then with cold dilute aqueous ammonia, and 
finally with hot water. This removes all traces of adsorbed sulphuric 
acid. 
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TABLE II. 


Composition of Colloidal Sulphur Sols. 


(The last column in the table indicates the experiments in which the several 
sols are specifically referred to. The same sols and also the first six sols were 
also used in numerous other experiments of which no detailed account has been 
given.) 


Mg. from Molecular _ Milli-equivs. per litre Age 
10 c.c. of sol, ratios, of polythionate as of 
S,/ 8,/mi- 8,0,”. sol, 
total cellar days. 
Sol. 8,0,” 8,0,” Used in 
No. Ag,S.  S. =r. =p. Total. Bound. Free. Expts. 
1 22:2 149:0 62:3 17-9 1 
1 226 150-0 61-5 18-2 1 
2 134 97:2 56-2 10-8 1 
2 13:0 96-9 57:6 10-5 1 
2 129 881. 52-9 10-4 22 
3. Sl 36:9 92-2 2-5 1 
4 98 62:0 49-6 7-9 l 
5 13-1 50-8 30-0 10-6 8 
6 17-4 103-8 46-3 14-0 2 
6 17:0 100-8 45-9 13-7 10 
7 262 145-4 43-0 21:1 2 L 
8 218 1160 41:2 80-2 17-6 9-0 8-6 45 O,P 
9a 17-8 88:2 38-4 69-7 14:3 79 866-4 2 M,R 
9b 23-6 96:0 31-5 19-0 2 M 
9b 21-6 73°38 26-5 55-0 17-4 8-4 9-0 26 
10 20-8 1126 41-7 16-8 1| 
10 196 102-4 40-5 15-8 11 - 
10 187 93:2 38-9 15° g2/ @INR 
10 19-0 92-0 37:5 84-8 15-3 6:8 8-5 103} 
lla 15:5 108-5 54-2 12-5 ; + N.R 
lla 165 108-7 51-1 90-6 13-3 7:5 5:8 fiery 
llb 24:0 129-8 41-9 19-3 16 
12 21-8 147-0 52:5 17-6 3) 
12 22:0 1286 45-1 93-1 17-8 86 9-2 8; K 
12 22-4 130-8 45:2 18-0 17f 
13 20-2 1049 40-2 64-0 16-3 10-2. 61 12 
13 20-2 107-4 41-2 . 63-5 16-3 10-3. 6-0 20} M,R 
13. 21-4 1146 41:5 76-5 17-2 9-3 7-9 32 
14 5-5 77-8 109-5 4-4 a4 B 
14 6:3 84-4 102-9 155-7 5-1 3:4 1-7 33 
15 41:0 2265 428 605 330 234 96 6 
15 41-0 194-2 36-7 33-0 SILRELR 
15 42:0 1982 366 63:5 33:8 195 143 sof stip 
15 39-6 1656 32:5 905 31-9 11-4 205 100 
16 129 548 32-9 10-4 124) 
16 14:0 53:6 29-2 11-4 134} E 
16 136 57-5 32-7 10-9 144] 
17 39:0 196-4 39:2 559 314 21:9 9-5 2 
17 38:8 1766 37:2 526 31:3 21:0 103 io} B,C,R 
17 38:4 147-0 29-7 63-3 31-0 14-5 16-5 86 
18 15:6 146-0 72-5 76-4 12-6 120 06 <1 
18 16:0 151-2 73:5 88-8 12-9 10-6 82:3 io} E, J, K,P,R 
18 13:5 1284 73:7 136-3 10-9 59 59 159 
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Experiment D (Theory, p. 2920). 


Confirmation of the Existence of Hexathionate—We followed 
Weitz and Achterberg’s method (loc. cit.) in every particular and 
obtained crystals of which 31-4% was potassium chloride, 5-6% 
water, and the rest a mixture, giving the following resultsTon 
treatment with silver nitrate : 


Wt. of mixture, mg. Ag,S, mg. S, mg. r. 
B vincenenseveuedtin 107-4 47-6 15-2 2-46 
DD ciccosatancesbbiee 162-1 80-3 25-0 2-51 
TE sccscisvosuasscess 140-9 60-9 20-1 2-56 


If we take r = 2-50, the mixture, excluding potassium chloride, 
contained 50% of penta- and 50% of hexa-thionate. There was 
no indication of turbidity in the crystals or in the solution. When 
the latter was mixed with potassium nitrate, there was no sign of 
any precipitate, although the concentration of potassium nitrate 
was higher than that which had always curded colloidal sulphur. 


Experiment E.i (Theory, pp. 2921, 2922). 


Nature of Stabilising Polythionate-—Rapid action of alkali on 
Sol 15 at 22°; 20 c.c. of 0-05N-sodium hydroxide acting on 2 c.c. 
of Sol 15. Results summarised in Table IIT. Col. 1 gives the time 
in minutes for which the alkali acted. Col. 2 gives the weight of 
silver sulphide obtained. Col. 3 gives the percentage conversion 
to thiosulphate on the assumption that pentathionate is the stabil- 
ising polythionate, and that it reacts with alkali according to the 
equation 2Na,S,0, + 6NaOH = 5Na,8,0, + 3H,O. Col. 5 gives 
the percentage conversion to thiosulphate on the assumption that 
hexathionate is the stabilising polythionate, and that the reaction 
with alkali follows the course 2Na,S,0, + 8NaOH + O, = 
6Na,S,0, + 4H,O, which indicates some atmospheric oxidation 
occurring at the same time as the hydrolysis. 

In col. 4 are given the coefficients calculated for a bimole- 
cular reaction from the figures in col. 3, the formula used being 
k = 1/t.x/a(a — x), where a = 100. 

In cols. 6 and 7 are given coefficients calculated from the figures 
in col. 5 for a bi- and a ter-molecular reaction respectively, again 
taking a = 100, and using the expression k = 1/t. x(2a — z)/ 
2a2(a — x)? in calculating the third-order constant. In making 
these calculations we assume (1) that the alkali concentration 
remains constant throughout the reaction, and (2) that the con- 
centration of the polythionate is inversely proportional to the 
volume of the solution in spite of the fact that a large proportion 
of it is concentrated on the micelles. The figures show that 
calculated for a bimolecular reaction on the pentathionate basis is 
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reasonably constant, whilst & calculated on the hexathionate basis 
for a termolecular reaction also approximates to a constant. We 
attach especial significance to this last result in view of the fact 
that a third-order constant was obtained for the action of alkali 
on tetrathionate (Experiment F). Without attempting to explain 
the full meaning of these figures, it does seem to us that, if tetra- 
thionate gives a third-order constant, it is more likely that poly- 
thionates higher than tetra- would give a third-order constant rather 
than a second. We conclude, therefore, that the behaviour with 
alkali indicates that the polythionate of the colloidal sulphur 
micelles is hexathionate rather than pentathionate although, of 
course, the proof is not absolute. 


TaBeE III. 
em 2. 3. 4. 5. 6. , a 

Time, % Conver- 2nd order %Conver- 2nd order 3rd order 
t Ag.S, sion for forS,0,”’, sionfor for S,0,”, for S,0,”, 

(mins.). mg. 8,.0,"=2. kx. 80,2. Ex: kx 10°. 

1 11-5 29-1 41-0 21-9 28-9 31-96 

2 11-7 30-8 22-3 23-1 14-8 17-28 

4 13-6 46-6 21:8 35-0 13-6 17-08 

8 15-4 61-7 20-1 46-2 10-7 15-34 

15 16-3 69-2 15-0 51-9 7-2 11-08 

30 18-4 86-6 21-9 65-0 6-2 11-93 

50 19-2 93-3 25-8 70-0 4-7 10-11 

120 20-9 80-7 3-5 10-77 

360 21:8 86-2 1-7 7-16 


Initial normalities : OH’ = 0-045N; polythionate = 0-003N. 

Limiting weight of Ag,S = 20 mg. on the basis of pentathionate, and 24 
mg. on the basis of hexathioniate. The original polythionate before the action 
of alkali gave 8 mg. of Ag,S. The percentage conversion is readily calculated 
from the figures given in col. 2 of Table III. This experiment was carried 
out when Sol 15 was over 100 days old (see Table II) and when the free 
polythionate was practically two-thirds of the total polythionate. As stated 
on p. 2921, it is considered that the reaction with alkali occurs when the 
polythionate is in the bound condition. 


Experiment E.ii (Theory, pp. 2921, 2922). 


The experiments summarised in Table IV were made in order to 
examine the nature of the products formed after long-continued 
action of alkali on the sulphur sol. A fresh sol had to be used 
since none of Sol 15 remained. The reaction, except during the 
first few hours, was essentially hydrolysis of the sulphur separated 
from the micelle owing to destruction of the polythionate by the 
alkali in the first stage of the experiment. Sulphate was estimated 
in the filtrate from the silver sulphide and, as the table shows, the 
ratio Ag,S/BaSO, was very close to unity, which would correspond 
to formation of nothing but thiosulphate during the reaction. 
This appears to show that practically complete oxidation of the 
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products of hydrolysis had occurred: §S, + 2NaOH + O, = 
Na,S,0, + H,O. It must, however, be mentioned that in Expt. 
E.ii the silver sulphide was not examined for the possible presence 
of free silver due to the presence of unaltered sulphite in the alkaline 
solutions. In Expt. E.iii, such examination was made, and a small 
proportion of silver was found. It is thus likely that the silver 
sulphide of Expt. E.ii may have also contained a little free silver, 
but the excellent agreement between the tota] sulphur of col. 8 and 
that calculated from the composition of the sol suggests that there 
was very little. 
TaBLe IV. 


Action of 50 c.c. of 0-O5N-NaOH on 10 c.c. of Sol 16 at 22°. 








Sulphur, 
Sol e A ~ Ratio 
ana- Ag,S, BaSO,, in in Ag,S/BaSO,. . 
lysis g. g. Ag,S, BaSO,, free, total, , T° 
g. g. g. g. Found. Cale. § 
0-0136 0-0258 0-0017 0-0035 0-0536 0-0588 1:2 1:2 & 
Period 
with 
NaOH, brs. 
2 0-0335 0-0359 0-0044 0-0049 0-0494 0-0587 1-11 19° 


1 
7 0-0377 0-0389 0-0048 0-0053 0-0485 0-0586 1: 
20 0-0443 0-0431 0-0057 0-0059 0-0472 0-0588 1: 1-04 
l . 
1 
1 


21 
21 
99 
oa 
21 
99 


24 0-0444 0-0467 0-0058 0-0064 0-0467 0-0589 
49} 0-0485 0-0495 0-0063 0-0068 0-0459 0-0590 
50} 0-0495 0-0510 0-0064 0-0066 0-0458 0-0588 


— 

— 

So 
tet me feet pp 
ee 8 08 08 of oe 
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In Fig. 1 the results of Experiments E.i and E.ii have been 
plotted on a common scale, mg. of silver sulphide produced by 
10 c.c. of sol being plotted against time. Since Sol 15 contained 
31-9 milli-equivs. of polythionate per litre, and Sol 16 only 10-9, 
the weights of silver sulphide obtained in the Sol 15 experiments 
(in which only 2 c.c. of sol were used) have been multiplied by 
5 x 10-9/31-9 to bring them into line with the Sol 16 experiments. 
Some of Experiments E.ii were carried out at temperatures differing 
somewhat from 22°. In order to plot the results in Fig. 1, the 
weight of silver sulphide was increased or decreased by 1-:9% for 
each degree below or above 22° as the result of a special experiment 
to determine the influence of temperature. 


Experiment E.tii (Theory, pp. 2921, 2923). 

The results shown in Table V illustrate the effect of much stronger 
alkali on sulphur sols. We included lithium hydroxide in the 
investigation so as to be sure that no coagulation of the sol had 
occurred before actual destruction of the polythionate. With 
sodium hydroxide solutions above about 0-1N, the curding effect 
can be seen, and curding probably occurs in the latter stages of 
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the action if the sodium hydroxide has a greater concentration 
than 0-05N. If such curding occurs, polythionate may remain 
protected in the gel. This is probably the reason why 0-182.V- 
sodium hydroxide acts at about the same rate as 0-091N. 

Lithium hydroxide shows no sign of curding at any stage up to 
0-18N, and for this reason causes more hydrolysis than does sodium 
hydroxide inthe sametime. The difference between the (Ag,S +- Ag) 
obtained in Experiment 3 with sodium hydroxide and Experi- 
ment 2 with lithia is 107 — 76 = 31 mg., whilst the bound hexa- 
thionate contained in 5 c.c. of Sol 18 could yield after conversion 
to thiosulphate 23 mg. of silver sulphide. This suggests that with 
the strong sodium hydroxide practically all the polythionate had 
remained unacted upon in the curd, and that the hydroxide had 
been simply slowly hydrolysing the sulphur of a gel; whereas the 
lithium hydroxide had first acted upon the hexathionate and then 
been slowly acting upon ordinary sulphur, not a gel. 

These experiments with Sol 18 were carried out when hardly any 
of the polythionate was in the free condition, and were started soon 
after the first analysis shown in Table II. 


Slow action of alkali on the sulphur in 5 c.c. of Sol 18 following the 
rapid action on 8,0,”. (Total volume after mixing, 55 c.c.) 





TABLE V. 
Sulphur, 
Conc., in in fa 
milli-equivs. Ag,S, Ag,* BaSO,, Ag,S, BaSO,, free, total, Period, 
per I. mg. mg. mg. mg. mg. mg. mg. hrs. Temp. 
1 NaOH, 45-5 71:2 196 844 92 11:6 53-2 74:0 184 #4.17° 
aoe 91 59-2 85 69-7 76 0 «95 161 17 
3 os +, 488 59°8 163 723 77 98 61:5 691 137 17 
1LiOH, 45°55 79:3 97 885 10-2 12:2 50-8 73:2 184 17 
ee | 87-0 20:5 99:0 11:2 136 49:0 73-8 113 17 
3, 182 1400 19-1 1700 181 23:4 32:8 743 216 16 
Analysis, no 
re eeeeren 7:8 13-8 1-0 1:9 73:0 75-9 


* The proportions of silver sulphide and silver present were determined 
by heating a weighed amount with sulphur and noting the increase in 
weight. 


In the last experiment with lithia, 55% of the sulphur, other 
than polythionate sulphur, had been converted in 216 hours, as 
compared with 50% conversion of the polythionate sulphur in 
15 minutes in Experiment E.i. This is justification for treating 
the initial rapid reaction and the final slow reaction with alkali as 
though independent, and extrapolating the corresponding portions 
of the curve until they cut in the manner considered on p. 2922. 
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Experiment F (Theory, p. 2921). 


Slow Action of Alkali on Tetrathionate—We prepared a pure 
specimen of potassium tetrathionate. The reaction with alkali 
can be written 2K,8,0, + 6NaOH = 3Na,S,0, + 2K,SO, + 3H,0, 
and with silver nitrate we get a mixture, 3Ag,S + 2Ag,. With con- 
centrations after mixing: NaOH = 0-16N, K,S,0, = 0-02N, at 
t = 18°, we obtained 118-4 mg. of mixture after 28 hours, and 
129-9 mg. after 88 hours. The maximum being 147-0, and the 
weight in absence of alkali being 62-0 mg., we could calculate 
percentage change to be 66 for 28 hours and 80 for 88 hours. With 
a = 100, we found k = 1-36 x 10° for each result if the action is 
of the third order. 

Now, substituting 1-36 x 10° for & in the third-order equation 
we found 50% conversion should take 6 hours almost exactly. 
Actually we left the action for 6} hours and obtained 105-9 mg. 
of the mixture (= 51% conversion), in agreement with theory. 
Next, we repeated the experiment with the same tetrathionate 
concentration and final sodium hydroxide concentration of 0-32N 
(instead of 0-16N). We acidified the mixture to stop the action 
precisely after 1 hr. 37 mins. (exactly one-quarter of 6 hrs. 30 mins.) 
and obtained 105-8 mg. of the mixture. Thus the action behaves 
as though of second order with respect to alkali. Since 50% con- 
version took 6 hrs. here and only 15 mins. with the hexathionate 
in Sol 15, this rate was 24 times as slow as the other. 


Experiment G (Theory, p. 2923). 


Filtrates from Coagulations of Sulphur Sols.—These filtrates have 
never been found to contain “free” polythionate higher than the 
tetrathionate (i.e., y= 1). The experiment with Sol 10 quoted 
under Experiment N, where silver nitrate was the coagulant, gave 
r = 0, corresponding with trithionate. In nearly every other case 
r was between 0 and 1. Once or twice it reached 1. As a rule we 
did not carry out a test, because the weights usually are very small 
and this makes it difficult to transfer enough of the dry mixture 
of silver sulphide and sulphur to the tube from which the sulphur 
is to be distilled. Unless the sol is comparatively “ old,’’ there is 
not much “ free ’’ polythionate to deal with. 


Experiment H (Theory, p. 2923). 

Action of Cold 20N-Sulphuric Acid on Sodium Thiosulphate.— 
10 C.c. of 20-2N-sulphuric acid were delivered rapidly into tubes 
containing weighed quantities of thiosulphate previously dissolved 
in the minimum amount of water. The mixture was shaken 
immediately. Phenomena invariably were as follows: (i) Cloudi- 
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ness for a few minutes, (ii) quite clear for an hour or more, the 
solution becoming first pale and later strongly yellow in tint, while 
sulphur dioxide was slowly being evolved, (iii) renewed cloudiness 
followed by sedimentation of sulpbur. 

After this strongly acid mixture had been left for various periods, 
given in Table VI, the top liquid was drained off or filtered and 
diluted with ten times its volume of water. This was either boiled 
or else mixed cold with hydrogen peroxide. In either case a con- 
siderable deposit of sulphur resulted, most of which was due to 
dilution alone. Then either lanthanum or thorium nitrate was 
added until further addition caused no further precipitate. (Neither 
of them caused much further deposit.) The clear liquid, obtained 
by final filtration, was precipitated by silver nitrate, then boiled, 
and the weights of silver sulphide and of sulphur were determined 
in the usual way (see Table VI). The value in the last column is 
a molar ratio. 





TaBLeE VI. 
Weight of Period Ag,S obtained, mg., 
dissolved before — ‘ Sulphur Value of 
Na,S,0;,5H,O, dilution, forlg. obtained, ror 
g- hrs. actual. of salt. mg. S,/Ag.S. 

a. 1 0-25 0-5 13-7 54-8 3-3 1-86 
» = 0-5 0-5 27-5 55-0 8-7 1-86 
» 3 0-25 1-0 14-9 59-6 4-2 2-19 
oo 4 0-25 2-0 16-0 64-0 4-7 2-28 
» 5 0-25 4:5 13-8 55-2 4-4 2-47 
» © 0-25 16-0 18-4 73-6 6-0 2-52 
b 1 1-0 2-0 37-2 37-2 13-2 2-75 
oo 2 1-5 2-0 17-3 11-6 8-1 3-60 
» @ 1-5 5-2 13-0 8-7 5-9 3-50 
» 4 1-0 16-0 15-2 15-2 8-7 4-48 
» & 1-0 19-0 13-9 13-9 10°3 5:74 
« o 1-6 41-0 9-4 5-9 4-0 3-03 
ei 1-0 2-5 77-2 22-5 2-15 
» 2 1-0 6-6 50-9 20-7 3°15 
 . 1-0 14-0 35-6 9-2 2-19 
» 4 1-0 19-0 28-1 16-4 4-54 
» 5 1-0 24-0 27-6 18-9 5-26 


Notes.—The ‘‘ c’’ experiments were after treatment with H,O,. 
The values for “‘r” are 0 for tri-, 1 for tetra-, 2 for penta-, 3 for 
hexa-, 4 for hepta-, and 5 for octa-thionic acid. 


Deductions from Table VI.—The weights of silver sulphide give 
the relative amounts of polythionate H,S.3,,0, present, inde- 
pendently of their nature. The “a” results, calculated for 1 g. 
of thiosulphate, give higher figures for silver sulphide than do the 
“6b” results, probably because residual sulphur dioxide was re- 
moved more rapidly on boiling since less was actually present; in 
the ‘‘ c ” experiments the sulphur dioxide was removed (by hydrogen 
peroxide) before boiling, and the silver sulphide is seen to be similar 
in amount to that in the “a ”’ series. 
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In a, the nature of polythionate changed gradually with period 
of action with the cold, concentrated acid, rising, on the average, 
from penta- to half way between penta- and hexa-thionate in 16 
hours. 

In 6 also, the value of r rose steadily with period of action, appear- 
ing to exceed octathionate after 19 hours but to fall to hexa- during 
the last 22 hours in Experiment 6. 6. 

In c (with the exception of c, 3), the value of r rose in the same 
way from penta- to just over octa-thionic acid in 24 hours. 


Experiment I (Theory, p. 2923). 
4 G. of thiosulphate crystals were treated with 40 c.c. of 20-2N. 
sulphuric acid. The phenomena were the same as before, but r 
rose to 8-2 after 22 hours’ action, followed by dilution up to 440 c.c. 
and removal of sulphur dioxide by hydrogen peroxide. Though 
higher than the previous maximum, this value is very much lower 
than that of any sol recorded in Table II. The explanation is 
readily seen by taking Sol 15 (Tables I and II) as an example. 
The hot yellow solution in the water-bath was approximately 8N 
for hydrogen-ion and 4N for sodium-ion concentration, and on 
cooling, the latter concentration was sufficiently high to throw out 
a sodium curd, leaving behind 78% of the total polythionate in the 
acid filtrate. If this 78°, had been retained, then the value of r 
for Sol 15 would have been 8-8 instead of just about 40 as recorded. 
Comparing this with the present case, where we have H’ = 18N, 
Na* = 0-36N, we find that the far lower Na’ concentration in 
presence of higher H* concentration admits of no curd in the cold 
and no rejection of free polythionic acid from the mixture. The 
hydrogen-ion concentration was so high that no thorium curd could 
be obtained even with high concentration of thorium nitrate. We 
then nearly neutralised a portion of the diluted mixture by means 
of sodium hydroxide and did obtain a potassium curd, though we 
had to add potassium nitrate so that it was finally above N. Here 
the sodium concentration (replacing H*) was very high. From this 
curd and its filtrate we found that just about five-sixths of the 
total polythionate was “free”’’ and the value of ep came to just 
about 48. Next, we nearly neutralised two other portions of the 
mixture with ammonia instead of sodium hydroxide, because the 
ammonium ion is not so “ antagonistic ’’ as the sodium, and found 
that curds could be obtained by thorium nitrate and by potassium 
nitrate when added in much lower concentration. Three days 
elapsed between the last two experiments, and the analyses carried 
out in each case showed that about 10% of the total polythionate 
had decomposed in this interval, probably owing to the large 
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proportion of polythionate in the free condition. The filtrate from 
the potassium curd gave r= 1-79, which approaches the value 
for pentathionate. The acidity of the sol previous to curding with 
potassium nitrate was 0-061. 

The phenomena observed in Expts. H and I indicate—by appear- 
ance, disappearance, and reappearance of sulphur—the reactions 
successively obtaining in the process of polythionate formation, 
whilst the gradual deepening of the yellow tint indicates that 
increasing amounts of colloidal sulphur are being stored up in the 
micelles, 

The first appearance of sulphur indicates the reaction H,S,O; —> 
H,SO, +S. This sulphur, together with that produced by the 












reaction between hydrogen sulphide and sulphurous acid, is gradu- 
ally taken up by trithionic acid produced in the reaction 2H,S,0,—> 
H,S,0, + H,S. Formation of anhydrothiosulphuric acid, H,S,0; 
(Bassett and Durrant, loc. cit., p. 1434), prevents either of these 
reactions occurring too quickly. Visible sulphur, formed in the 
initial stages of the mixing, disappears. ‘This disappearance con- 
tinues (for 2 hours in the last experiment mentioned in Experi- 
ment H) whilst higher polythionates and micelles of colloidal 
sulphur are being built up, and until the now yellow liquid has 
reached a stage of sulphur saturation. 

The reappearance of sulphur in the concentrated acid indicates 
that maximum saturation has been exceeded. The considerable 
deposit of pure sulphur (carefully examined) which occurred on 
large dilution indicates that the larger micelles had separated 
owing to loss of charge due to bound polythionate becoming free 
in the manner discussed on p. 2925. 


Experiment J (Theory, p. 2926). 

Rate of Deposit of Sulphur in the Process of Ageing.— The rate was 
so rapid during the first day after preparation that it was not worth 
while to make the first analysis of each sol until the second day at 
earliest. With Sol 18 we surmounted this difficulty by waiting 
10 days between the two final curdings with sodium nitrate. After 
the final curding, we carried out an analysis as soon as possible 
(a few hours after dilution to 200 c.c.), as recorded in Table II. 
The table also shows, as a rule with any one sol, a diminution of 
colloidal sulphur with time; where it does not do so, the sol was 
not refiltered between analyses, but had been thoroughly mixed 
by shaking before withdrawal of samples for analysis. Sol 10 was 
analysed after the 3rd, 11th, 82nd, and 102nd day, from which a 
regular curve was constructed tending towards a straight line even- 
tually. The mean deposit per diem between the 3rd and the 11th 
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day was 11 times as great as the mean daily deposit during the 
remaining period. The deposit prior to the third day was much 
greater than the total subsequent amount. 


Experiment K (Theory, p. 2927). 

These experiments show that in freshly made sols the whole of 
the polythionate is ‘‘ bound.” 

i. 10 C.c. of Sol 12, which, at the time, contained 9-2 milli-equivs. 
of “free” polythionate per litre, was re-curded by N-sodium 
nitrate, and the curd washed with sodium nitrate solution. It 
was then dissolved in water to produce a new sol. This sol was 
immediately curded by 0-2N-potassium nitrate, and washed with 
potassium nitrate solution. The filtrate (and washings) was then 
boiled with silver nitrate. No trace of any darkening could be 
detected. 

ii. In another experiment similar to the above, the curd itself 
was analysed and gave silver sulphide corresponding to 99-2°%, of 
the total polythionate, i.e., for what had been the “ bound ” poly- 
thionate in Sol 12. 

iii. Sol 18 was prepared as noted in Experiment J. The first 
analysis was made a few hours after making up the sol to 200 c.c., 
and indicated (see Table II) that only 0-6 milli-equiv. per litre of 
“free” polythionate was present. 


Experiment L (Theory, p. 2928). 


TABLE VII. 


The coagulation of colloidal sulphur by electrolytes (expressed in 
millimols. per litre). 





No. of 

F. and S. F. B. & D. (i). B. & D. (ii). Expts. 
LiCl >1500 640 LiNO, >2000 4 
NaCl 750 220 NaNO, >1000 2 
4Na,SO, 4Na,.SO, >1300 4 
KCl 85 95 KNO, 96 4 
4K,SO, 100 3K,SO, 105 3 
RbCl 80 80 
4Rb,SO, 3Rb,SO, 89 6 
CsCl 95 95 
4Cs,SO, 3Cs,SO, 72 5 
HCl 850 650 HCl > 800 >1000 7 
3H,SO, 900 43H,SO, > 900 >2000 8 
BaCl, 1-5 
Ba(NOQO,), 1-5 Ba(NO3;). 1-25 3 
CaCl, 1-5 1-6 Ca(NO3). 2:5 5 
MgCl, 1-5 Mg(NO3). 14 9 
MgSO, 1-6 
ZnSO, 1-5 ZnSO, 24 8 
CeCl, 0-05 
Th(NO,), Th(NOQ3), 8 















































lim 
Nat 


(Aci 
sta 


F. é 


es 


We 


afte 
tior 
sho 
Bai 
of | 
be 

ten 








g the 
much 


le of 


uivs, 
lium 
It 
was 
with 
then 
1 be 


tself 
> of 


oly- 
first 


C.C., 
> of 


. of 


BASSETT AND DURRANT: COLLOIDAL SULPHUR. 2947 





TABLE VII (conid.). 


Composition of Sols. 





F.& 8. : F. B. & D. (i). B. & D. (ii). 


§ = 364 mg./l.' (Not S = 342 mg./l. S = 646 mg./l. 
H,S,0,= between stated) S,O,= 0-146 mil- S,O,= 0-46 milli- 
0-17 and 0-25 mil- limol. /l. mol./l. 

limol. /1.* 

NaCl = 0-44 milli NaNO, = 1-24 NaNO, = 1-54 
mol. /l. millimols. /1. millimols. /]. 
(Acidity not ; H* = 0-12 milli- H° = 0-145 milli- 
stated.) atom/I. atom /l. 

F. & S. = ¥reundlich and Scholz (loc. cit., 1922). 


F. = Wreundlich (loc. cit., 1926, p. 89). 
B. & D. (i) = Present — Sol. No. i. 
B.& D.(ii)=' ,, » «iii. 















* Calculated from data rec ouiiied per g. of sulphur. 

Notes on Table VII. 

Our experim2nts were made with the earlier sols diluted to suitable strength 
for comparison with Freundlich and Scholz’s work. In these we did not 
know the ratic of “‘ bound ”’ and “ free ’’ polythionate. 

The figures xiven in millimols./l. for 8,0, represent the total polythionate. 
We now know: that coagulation is determined by the “ bound ”’ polythionate. 

The sol use¢l as No. ii was one-tenth of the concentration of a sol (No. 7) 
after restandardising. We then used the undiluted sol and found concentra- 
tions (in millijaols./l.) required were very different. Thorium nitrate (since 
shown to acti stoicheiometrically) was 4-0 (very closely) instead of 0-40. 
Barium nitrat:: was 8-8 instead of 1-25. Potassium chloride was 192 instead 
of 96. Thus thorium nitrate (and also silver nitrate after heating) had to 
be ten times és concentrated when acting on the original sol, which also was 
ten times as cpneentrated as No. ii sol. 

In all these; experiments (except with AgNO,) 10 minutes were allowed at 
room temperdture to just get precipitation with clear liquid above, thus 
involving several trials with varying salt concentration. 

All the conzentrations in the above table, both of the added electrolytes 
and of the sal constituents, are those prevailing immediately after mixing. 
In our experiments 5 c.c. of suitably diluted electrolyte were always added to 
5 c.c. of the sol. 


Experiment .M (Theory, p. 2929). 

(i) The Solubility of Sulphur Gels in Relation to the Solubility of 
Simple Salis having the Same Kation.—Table VII shows great 
differences among many of the kations required to produce gels. 
We believe ‘this is largely due to great differences in the solubility 
of the gels produced. The following figures, obtained with Sol 13, 
indicate the relative concentrations of potassium and sodium 
nitrates and sulphuric acid required to curd this sol. 


Final normalities. Normality-ratio, 
Salt normality 


Salt. * Bound’ §,0,. ‘* Bound ”’ 8,0, normality. 





SRR Piette 0-123 0-0087 14 
ae 1-51 0-0071 212 
tT 10-0 0-0050 >> 2000 


U1) ee 0-005 0-005 1 (from other sols) 
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TaBLeE VIII. 
(ii) Solubility product of barium-sulphur gels. 


2 C.c. of Sol 13 were used in each of the following experiments, with barium 











nitrate as coagulant. 
Total 
vol. Molarity after 
after : mixing. Solubility 
Order mix- Ratio product, 
of ing, Ba” 8,0,” [S,0,’’][Ba"’] 
expt. c.c. 8,0,” (bound). Ba”. x 10. Remarks. 
] 4 16 0-0025 0-004 10 Immediate curd. 
2 4 1 0-0025 0-0025 6-2 99 99 
3 8 l 0-:00125 0-00125 1-6 No immediate curd, 
Thick milky liquid. 
+ 10 2 0-001 0-002 2 Thick milky liquid. 
5 6 1 0-00165 0-00165 2-7 Curd forms rapidly. 
6 14 3-2 0-0008 0-00256 2-0 Immediate curd. 
7 18 8-3 0-00055 0-0046 2°5 » ” 
s 17 5-5 0-000585 0-00324 1-6 » ” 
9 10 1 0-001 0-001 1 Milky _— gradually 
curded. 
10 16 2-5 0-000625 0-0016 1 Immediate curd. 
ll 12 1 0-000825 0-000825 0-68 Very slight clouding. 
No curd after 24 hrs. 
12 16 1-7 0:000625 0-00109 0-68 ae at once, soon 
curds, 
13 40 10-9 0-00025 0-00272 0-68 Curds more fapidly 
than the last. 
14 40 8-2 0-00025 0-00205 0-525  Curds similarly to the 
last. 
(iii) Solubility product of potassiwm-sulphur gels. 
5 C.c. of Sol 9a or 96 used in each experiment, with potassium nitrate as 
coagulant. 
Total 
vol. Molarity after 
after ? mixing. Solubility 
Order mix- Ratio ——-———,. product, 
of ing, 2K 8,0,” [(S.0,” ][K’}* 
expt. c.c. §8,0,’° (bound). K* x 10°, Remarks. 
Sol 9a 
I 5-1 0-93 0-0043 0-002 17-2 Partial curding. 
2 218 1640 0-000101 0-082 6-7 Distinct cloud formed. 
3 108-5 777 0-000203 0-079 1-26 Slow curding. 
Sol 9b 50 190 0-00042 0-08 2-7 Milky initially. Curded 


over-night. 


Sol 9a, in addition to the figures recorded in Table IT, contained 15-5 milli- 
equivs. of sodium nitrate per litre, whereas Sol 96 contained practically none. 
The presence of sodium nitrate tends to increase the solubility of the gel. 

It was found impossible to obtain any values for the solubility of the potass- 
ium gel by direct determination in the usual way. After the gel from 5 c.c. 
of Sol 9b in 500 c.c. of water had been shaken at 25° for 18 hours, the bulk 
of the bound polythionate appeared to have become free, with little, if any, 
corresponding solution of colloidal sulphur. Experiments in which the potass- 
ium gel was boiled with potassium nitrate of different concentrations led to 
the same conclusions. 
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The solubility of these simple electrolytes follows the same order. 
Nitric acid cannot be compared, as it oxidises the sulphur. Barium 
nitrate in more dilute solution (see Table VII) must be in con- 
centration higher than that of the bound polythionate [in terms 
of normality the figures given in Table VII become Ba(NO3;), = 
0:0025, Total 8,0, = 0-00092]. 

Experiment N (Theory, p. 2930). 

Heterogeneity of Sulphur Sol Micelles.—To 10 c.c. of the Sol 1la, 
half the volume of 0-01N-silver nitrate equivalent to the total 
polythionate was added, the mixture was well shaken in the cold, 
and left for 18 hours. Most of the sulphur was precipitated and 
was filtered cold. Filtrate and washings were then boiled after 
acidification with nitric acid. The mixture became very dark 
and was filtered. The filtrate was boiled with 12 c.c. of 0-0LN- 
silver nitrate, giving a black precipitate. Each filter-paper, after 
being dried at 100°, and weighed in the case of Nos. 1 and 2, was 
burnt, and the content reduced to metallic silver. 


Results. 
8, Ag, Ag.S, Aw 
g. g. g. S/Ag.S. 
No. 1 gave 0:0723 0-0023 = 0-0030 hence 186-7 
No.2 ,, 0-0288 0-0040 = 0-0053 __,, 42-3 
No. 3. os 0:0065 = 0-0086 (—> due to “ free ’’ S,0,) 
Totals 0-1011 0-0169 
Original ana- 
lysis of sol 0-1087 0-0165 r ae §)-] 


p = 90-6 

In another experiment, Sol 10 was divided into four portions. 
Here the ratios of sulphur to silver sulphide (r values) in the suc- 
cessive precipitates were 434, 98, 34, and 0, and the analysis (Table 
Il) gave r= 37-5 (9 = 848). The last precipitate represented 
the ‘‘ free’ polythionate, and this, since r = 0, appeared as tri- 
thionate (the third addition of silver nitrate had stripped off all 
other sulphur). The first three values (434, 98, and 34) should be 
compared with the p value (84-8) since that also is independent of 
“free” polythionate. 

Hence the first S/S,0, ratio was five times p (the average), the 
second was slightly higher, and the third was less than half the 
average ratio for the whole sol. 

These results show that the micelles were very heterogeneous ; 
the larger ones, being the less highly charged by polythionate ions, 
were the first to be coagulated. 


Experiment O (Theory, p. 2931). 


Antagonistic Action of Acids and of Sodium Salis —A large 
number of experiments were made in which, with a constant con- 
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centration of colloidal sulphur, coagulation was effected with 
potassium chloride, nitrate, or sulphate in the presence of various 
amounts of acid. These experiments, and others using nitric and 
phosphoric acids, showed that the increased amount of potassium 
salt required to produce coagulation bore a rough proportionality 
to the hydrogen-ion concentration rather than to the absolute 
amount of acid present—for which reason acetic acid has very little 
“ antagonistic ”’ action. 

This antagonistic action of hydrogen ions was demonstrated 
roughly in a different way by shaking, for a short time, a potassium- 
sulphur gel containing 1-6 mg. of potassium and 5-3 mg. of poly- 
thionate (calculated as 8,0.) with 10 c.c. of 0-01N-nitric, sulphuric, 
or phosphoric acid (0-01N in regard to first hydrogen). In each 
case the curd was partially dissolved, 77% by nitric, 51-5% by 
sulphuric, and 32-8% by phosphoric acid. (For strict proportion- 
ality to the hydrogen-ion concentrations, the figures should have 
been 77, 64, and 53.) 

The “ antagonistic ” action of sodium salts, which is precisely 
analogous to that of acids, can also be demonstrated by solu- 
bility experiments. 5 C.c. of Sol 8 were curded with 10 c.c. of 
N-potassium nitrate. The washed curd was mixed with sodium 
nitrate so that we finally had 25 c.c. of 0-4N-sodium nitrate. When 
the temperature of the mixture was raised to 55° the curd entirely 
disappeared, and reappeared on cooling. In parallel circum- 
stances, water being used instead of 0-4N-sodium nitrate, the curd 
is practically insoluble. 

We have shown that the gels of copper, nickel, and cobalt can be 
dissolved completely by dilute solutions of sulphuric and nitric 
acids. If the acid is first mixed with the sulphur sol, then these 
gels fail to appear on addition of these metallic salts in concentration 
which otherwise would cause coagulation. 

Many investigators have regarded all sulphur gels (and other 
gels) as if they were the same thing produced by various means. 
This is not correct. Hach gel is the salt of the ion which produced it. 

Our sulphur sols have all been solutions of the sodium salt. 
The inverse or solubility method of demonstrating the antagon- 
istic action of hydrogen, sodium, or other ions is perhaps useful as 
showing more clearly than does the ordinary coagulation method 
of colloid chemistry that the antagonistic action is quite analogous 
to the increased solubility of an ordinary crystalline salt in an acid 
or salt not having an ion in common with it. Thus potassium- 

sulphur gel is more soluble in hydrochloric acid or sodium acetate 
solutions than in pure water, just as is lead sulphate. 
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Experiment P (Theory, p. 2932). 

Absence of Anions of Coagulating Electrolytes from Washed 
Sulphur Gels.—The fact that we have repeatedly found that the 
kations present in the sulphur gels are equivalent to the bound 
polythionate (Expt. R) has made it hardly necessary to show that 
the anions are absent. We tested a thorium gel from Sol 8, pro- 
duced by thorium nitrate, for nitrate by Devarda’s method (with a 
blank experiment also) and could find no trace. Recently, with 
Sol 18 curded by neodymium chloride, we tested as follows for 
chloride : The washed curd was boiled with excess of silver nitrate 
acidified by nitric acid. The precipitate was washed and then 
digested with ammonia (which, if silver chloride were present, 
would dissolve it and leave the silver sulphide and sulphur un- 
affected). We then filtered the liquid and acidified the filtrate by 
nitric acid. There was not the faintest trace of chloride. 


Experiment Q (Theory, p. 2932). 

Behaviour of Thorium Nitrate; of Various Concentrations, in 
coagulating a Sulphur Sol.—Table VII shows that the sulphur sol 
containing 0-146 millimol. per litre of polythionate required thorium 
nitrate of concentration 0-128 millimol. per litre to produce a gel. 
The actual experiments which led to that conclusion are as follows : 

In each experiment ten minutes were allowed. Observations of 
what happened after shorter periods and, in the later experiments, 
after longer periods are recorded. 


Percentage of 


Th(NO,),, total sulphur 
millimols./l. | deposited. Observations. 
110 96 Opaque in 30 seconds, coagulates slowly. 

11-0 0 Remains translucent, no deposit. 
1-1 0 Remains translucent, slightly clouded. 
0-132 89-2 Opaque in 30 seconds, deposits sulphur. 
0-128 96-0* - 20 és i ss 
0-119 93-4 - 30 oo - és 
0-110 93:3. 9s 30 9 sé ye 
0-096 0 Milky, no deposit in 48 hours.t 
0-055 0 Translucent, no deposit after 3 days, or even 


after a week.{ 
* The other 4% of total sulphur remained in the liquid. We now know 
that this was contained in the “ free ’’ polythionate then present. 
{ Ultramicroscope showed sulphur particles to be 19 times the diameter 
of those present in the sol. 
ft Here the diameters had been enlarged to only 1-27 times as great as those 
present in the sol. 


Experiment R (Theory, p. 2933). 
Presence in Coagula from Sodium-Sulphur Sols of the Positive 
Ton of the Coagulant in Amount Equivalent to the Bound Polythionate 
of the Micelle—The discovery of “free” and “ bound” poly- 
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thionate already described made us realise that we were dealing 
with micelles constantly, though slowly, changing in composition. 
Hence it was evident that re-analyses of the sol were required from 
time to time; also that when analyses of coagula were made at 
intermediate times, especially with the ‘‘ younger ”’ sols, we should 
allow for the rate of change in amount of bound polythionate. 
We did this in many instances, and our results agreed with theory 
within the bounds of legitimate experimental error. 

Two general methods of arriving at the composition of gels were 
possible, (i) direct analysis, (ii) differential analysis. The latter 
demands a knowledge of the exact amount and composition of the 
coagulating solution and also of the composition of the filtrate 
from the gel. 

In some cases both methods could be employed and in those 
cases our results were confirmed. In no case had we any evidence 
running contrary to the statement implied in the heading to this 
experiment. 

We give some examples of analyses—more particularly those 
where the amount of coagulant necessary to cause curding was 
equivalent to the “‘ bound ” polythionate. : 

Potassium. (i) The curd produced by 2 c.c. of N-potassium 
nitrate acting on 5 c.c. of Sol 17, 20 days old and diluted to 25 c.c., 
was washed, dried, ignited, and re-ignited after addition of sulphuric 
acid; this gave 7-7 mg. of potassium sulphate which corresponds 
with 11-0 mg. of silver sulphide. From figures quoted in Table I, 
5 c.c. of Sol 17 gave 13-6, 12-3, and 9-0 mg. of Ag,S after 2, 10, 
and 86 days, whence, after 20 days (by curve), it should give 11-0 
mg. almost exactly. Silver sulphide, in all cases, represented the 
‘bound ”’ polythionate. 

(ii) Analysis of the curd from Sol 17, 86 days old, is recorded 
(Experiment C) where exact equivalence was found between K’ 
and 8,0,” and also between them and the sulphate generated in 
the filtrate from “free ” polythionate. 

(iti) The method explained in Experiment C was adopted in the 
other 18 determinations of “free” and “ bound ” which appear 
in Table II, thus involving the potassium curd. The main object 
was to determine “ bound” pclythionate. When this was known 
we were able to proceed with electrolytes other than potassium 
salts. 

Sodium. The final sodium curd produced by sodium nitrate in 
the preparation of Sol 9a was washed on the Buchner funnel with a 
portion of solution from the previous curd. The final curd was 
thus almost free from adhering nitrate. Its sol was analysed at 


once, giving 
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14-4 milli-equivs. per 1. of S,O,”’ and (via ignited Na,SO,) 
14°6 99 9 93 Na. 


Since all polythionate is “bound” at the early stage (Experi- 
ment K), the result shows equivalence of sodium and bound poly- 
thionate in the sodium curd. . 

(Other sols, see Table VII, contain excess of sodium.) 

Silver. The silver curd decomposes slowly in the cold, rapidly 
on heating, but the silver contained is equivalent to the original 
“bound” polythionate. This appears in Experiment N, and other- 
wise by adding the minimum of acidified silver nitrate necessary 
to react with a known amount of “ bound” polythionate. After 
boiling, the silver sulphide formed corresponded with this; and 
addition of fresh silver nitrate to the filtrate gave sulphide corre- 
sponding with the “ free ” polythionate. 

Nickel, cobalt. The curds from these metals, like that from 
sodium, are dissolved by washing. We could not use the method 
recorded for sodium and had to be content with showing that the 
“free” polythionate of the filtrate corresponded with that found 
from the potassium curd. Sol 11 was curded by nickel and by cobalt 
sulphate, and the free polythionate agreed with that from potassium. 

Aluminium. This finely divided curd, though practically in- 
soluble in water, gave some trouble in filtering and washing. Sol 
10 (5 ¢.c.) was curded by excess of 0-032N-aluminium nitrate. 
The curds were washed, dried at 100°, weighed, and then ignited. 
Their filtrates were treated with silver nitrate as usual. 


Weight of Ag from 


Weight of curd. Weight of Al,03. filtrate. 
eae 54-8 mg. 1-0 mg. 2-7 mg. 
SR ls Sh bade 55-1 ” 1-0 e) 3-0 ”? 
IN dciieaacaeinccnaietases 54-7 99 1-0 or) 3:3 ” 


Twelve days later the analysis of Sol 10 (102 days old) was made. 
By proportion (see Table II), 2-7 mg. of silver should be obtained 
from filtrate and 0-8 mg. of alumina in the curd (corresponding 
with “bound” S,O,). (We had reason to believe that some 
hydrolysis of aluminium nitrate, during washing, accounted for the 
alumina being rather high.) 

Neodymium (the salts of this metal are practically not hydrolysed, 
and the equivalent is 5-3 times that of aluminium). 


5 C.c. of Sol 15 used. ws 
Normalities after mixing. 


Total vol. Bound polythionate. Nd. Nd,0, in curd. 
15 c.e. 0-0065 0-0077 5-4 mg. 
2 0-00194 0-00198 5-4 ,, 


50 
10 C.c. Sol 18 used. 
70 ¢.e. 0-0015 0-0015 6-3 ,, 











2954 BASSETT AND DURRANT: COLLOIDAL SULPHUR. 





The weight of neodymia theoretically equivalent to the bound 
polythionate in the case of Sol 15 is 5-6 mg., and in the case of 
Sol 18, 5-9 mg. Owing to the nature of the neodymium and thorium 
gels, they are exceedingly difficult to wash thoroughly, and the 
oxides obtained by very strong ignition must be washed to remove 
a small amount of sodium sulphate (amounting to about 0-5—0-9 
mg. in the above experiments). 

Thorium. 5 C.c. of Sol 13 were curded by thorium nitrate 
equivalent to bound S8,0,, where final normalities of each were 
0-00436N. Found: ThO, in curd, 2-9 mg.; Ag,S from filtrate, 
4-9 mg., in exact agreement with theory for replacement of ‘‘ bound ” 
polythionate and for “ free” polythionate in filtrate. Sol 18 (170 
days old), with bound polythionate 0-0059N : 10 c.c. were curded 
completely by 5-9 c.c. of 0-01N-thorium nitrate. 

Found : ThO, in curd = 4:1 mg. Calc. : 3-9 mg. 
- Ag,S (filtrate) = 6-5 mg. z 6-2 ,, 
from last analysis (159 days old). (See further thorium results in 
still more dilute solution, where it appears that stoicheiometric 
coagulation is completed in 48 days when the final dilution is 
0-00024N.) 

Barium. Sol 13 was treated with barium nitrate at various 
dilutions in 14 experiments. Those which gave immediate curds 
are tabulated; those in lower concentration gave milkiness only. 


Experiments i—vi were with 2 c.c. of Sol. 13. 
Experiment vii was with 10 c.c. of Sol 13. 
Normalities. 


~~ 


Bound $,0,. Ba” ion. BaSQ, of curd. Ag,S of filtrate. 





a pene 0-008 0-008 1-9 mg (not weighed) 
a, pee 0-0033 0-0033 = 1-5 Tt 
jo HEE eetesscnsiee 0-0016 0-0051 22 5s 1-4 ;; 
bis! (CANE eenicadadecs 0-0011 0-0092 23 4, 1-4 ,, } 
ih RPP ai 0-00117 0:00627 2-3 ,, 15 ,, | 
ig) WG deicenk dele 0-00125 0-0032 23 ,, 1-7: 5. | 

Sum of ii—vi (for 10 c.c.) 10-9 ,, 75 , 

Calc., from analysis of sol preceding i 196 0s 7-4 

a ree 0-008 0-008 10-6 ,, O2 5, 

Calc., from analysis of sol just after vii 1OT 5s 9-3 ,, 


Results show rapid stoicheiometric coagulation if the sol con- 
centration is such that the polythionate is not less than 0-0033N. 
The analyses quoted are tabulated (Table II) for 26 and for 32 
days. 

Comparison of Slow Reactions with Barium Nitrate and Thorium 
Nitrate on Large Dilution of Sol 13.—The final concentration was 
0-24 milli-equiv. per litre (0-00024N) for Ba” or for Th**** in each 
mixture, and for bound polythionate in both. 
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Observations recorded. 
(Solutions in corked flasks.) 
Barium mixture. Thorium mixture. 
After 38 days. Discrete particles, clear liquid, Cloudy liquid, fine de- 
no deposit. posit. } 
After 48 days. Same particles, less clear liquid, Clear liquid, increased 
no deposit. deposit. 
Inference. Reaction incomplete. Reaction complete. 
Summary. 
1. Odén’s colloidal sulphur is to be regarded as the soluble sodium 
salt of a sulphur—polythionate complex. 


2. The nature of the polythionate present in the complex has 
been examined, and, although the results are not considered to be 
conclusive, they indicate that it is probably hexathionate. 

3. Reasons are given for considering that hexathionate is prob- 
ably the highest. definite polythionate capable of existence, 7.c., 
there is nothing between it and “ colloidal sulphur.” 

4. In a freshly prepared sulphur sol all the polythionate is in 
the “ bound ” condition and attached to the micelle. 

5. As the sulphur sol ages, more and more of the polythionate 
becomes free. 

6. This gradual liberation of the polythionate is considered to 
run parallel with the production of a crystalline lattice in the 
sulphur of the micelle. 

7. The polythionate in the sols is protected from hydrolysis in a 
remarkable way by the colloidal sulphur. 

8. The polythionate provides the stabilising ion for the sulphur 
sol, but it also provides the mechanism by which the latter is 
ultimately destroyed, with separation of crystalline sulphur. 

9. The coagulation of sulphur sols by salts has been shown to 
depend entirely upon the precipitation of curds which are to be 
considered as salts of the sulphur—polythionate complex with the 
kation of the electrolyte. 

10. Coagulation is determined by solubility and other factors, 
which are very similar to those governing the precipitation of 
simple salts. For this reason, the coagulating efficiency of a metal 
ion depends much more upon whether it tends to form insoluble 
salts than upon its valency. 

11. Owing, probably, to the large number of charges on one 
micelle, there are differences between the behaviour on precipitation 
of simple salts and of colloids. 

12. In spite of this it has been shown that a sort of “ solubility 
product ” can be determined for the gels obtained from sulphur sols. 
13. The coagulation of sulphur sols is always an exact chemical 
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process. The curds contain the precipitating kation in amount 
exactly equivalent to the “ bound ”’ polythionate. 

14. In favourable cases, i.e., when the curd is sufficiently in- 
soluble and the sol not too dilute, a sulphur sol can be quantitatively 
coagulated by an amount of the precipitating electrolyte which is 
stoicheiometrically equivalent to the “ bound ” polythionate. 

15. In other cases, the weaker the sol and the more soluble the 
curd, the greater the excess of coagulant which must be added. 

16. The “ antagonistic’ action of hydrogen and some other 
ions, such as sodium, can be satisfactorily accounted for in terms 
of the high solubility of the sulphur-polythionic acid or salt. 

17. The coagulating action of thorium nitrate is peculiar, and 
necessitates the assumption of a double compound of thorium 
nitrate with the thorium salt of the sulphur—polythionate complex. 


THe UNIVERSITY OF READING. [ Received, July 31st, 1931.] 





CCCCIX.—The Influence of the Sulphur Atom on the 
Reactivity of Adjacent Atoms or Groups. Part V. 
Comparative Reactivities of a Series of Nine Homo- 


logous w-Hydroxy-sulphides. 
By G. MacponaLp BENNETT and A. NEVILLE Mossszs. 


THE quantitative comparison of the reactivities of the chlorine 
atoms in 8- and y-chloro-sulphides with respect to hydrolysis or to 
the reaction with iodides, which was described in Part II of this 
series (J., 1927, 1676), could not be extended to the 8- and e-chloro- 
sulphides owing to the fact that internal self-addition takes pre- 
cedence of other reactions with these substances (Part III, J., 1929, 
2567). 

A preliminary comparison of the behaviour of y-, 8-, and e-hydroxy- 
sulphides having shown that a hydroxyl group in the 8-position 
relative to a sulphur atom reacts with hydrobromic acid much 
faster than one in the y- or the ¢-position (Part IV, J., 1930, 2364), 
it seemed desirable to make a quantitative comparison of the 
reactivities of these substances and at the same time to include as 
long a series of homologues as possible so that the significance of the 
data for the earlier members of the group might be clearly demon- 
strated. The possibility that the high reactivity found for the 
5-hydroxyl group would recur at some point further along the 
growing carbon chain also required investigation. The simple 
aliphatic alcohol cetyl alcohol was, moreover, included in the series 
for purposes of comparison. 
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Systematic investigations of the reactivities of alcohols have been 
made in more than one way during the past fifty years. The 
classical work of Menschutkin (Annalen, 1879, 195, 334; 197, 193) 
relates to the velocities of reaction of alcohols with acetic acid ; 
and a series of papers by Norris and collaborators (J. Amer. Chem. 
Soc., 1925, 47, 837; 1927, 49, 1166, 2640; 1928, 50, 1000) has dealt 
with the action of acyl and of diarylmethyl chlorides on alcohols. 
These reactions are of a different polar type from that between 2n 
alcohol and hydrobromic acid with which we are concerned. The 
latter reaction has received attention recently from Levene and 
Rothen (J. Biol. Chem., 1929, 81, 359), who did not, however, obtain 
constant velocity coefficients. During the progress of the present 
investigation, a preliminary account of work on this subject has been 
published by Norris (Rec. trav. chim., 1929, 48, 885). 

According to the method described below, with phenol as solvent, 
we have found it possible, by use of the equation for a reversible 
bimolecular reaction, to obtain satisfactory velocity coefficients and 
consequently a valid comparison of the reactivities of these sub- 
stances. 

General Equation for a Reversible Reaction of the Second Order.—If 
the concentrations of reactants in the system A + B == C+ D 
are initially a, b, c, and d, and after time ¢ are (a — 2), (b — =), 
(c+ x), and (d + x) respectively; and if the value of x at equili- 
brium is n, then 

dz /dt = k,(a — x)(b—2x)—k(e+a\d+n) . . (1) 
where k, and ky are the coefficients of the reaction to the right and 
the left respectively. Then at equilibrium 

ky |ky = K = (c + n)(d + n)/(a — n)(b — n) 
whence 
, -K(a+6)+ (c+d)— V[K(a +b) +e + dP— 4(abK — cd)(K —1) | 
2(K — 1) 
Substituting for k, in equation (1), we have 
dx /dt = k,[(a — x)(b — 2)K — (c+ x)(d + x)|/K 

= k,[Kab — ed —{K(a + 6) +¢ + dje + 2K — 1)/K 

= k,(x — n)(x — n+ E) (K — 1)/K 
V[K(a + 6) + ¢ + dP — 4(abK — cd)(K — 1) 

K-—1 
Finally, by integration and simplification, we obtain 
k, = 2-3K logo (t, — n + H)(x, — n) 
(K — 1)(t, — t,)E (#_ — n)(z, — 2 + £) 














where EH = 








This equation is applied below. 
5D 
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Hydrolysis of 8- and y-Chloro-sulphides.—A comparison of the 9,1; 
speeds of hydrolysis of 8- and y-chloro-sulphides was made with § 7, 
aqueous-alcoholic solutions in Part II of this series (J., 1927, 1676), des 
In such a reaction, alcoholysis might conceivably occur as a sub- § },,1, 
sidiary reaction (compare Kirner, J. Amer. Chem. Soc., 1928, 50, f(s , 
2446), although the isolation of the pure hydroxy-compound formed § 7, 
from p-nitrophenyl $-chloroethyl sulphide seemed to negative the § ¢ ; 
idea. We therefore take this opportunity to record an examination § |i+ 
of the hydrolysis of a $- and a y-chloro-sulphide in 50% aqueous sul] 
acetone. The former substance was hydrolysed according to the 
unimolecular law and many times faster than the latter, thus con- 
firming the earlier result. 








EXPERIMENTAL. 

The hydroxy- and chloro-sulphides used in this work were prepared 
as described elsewhere (this vol., p. 1697). | 

Experiments on the Hydrolysis of 8- and y-Chloro-sulphides.—The 
hydrolysis of pheny] 8-chloroethy] sulphide proceeds in 50% aqueous 
acetone at about two-thirds of the rate in aqueous alcohol. The 
liberated hydrochloric acid was shown by a separate test to be un- 
affected by the acetone under the conditions of the experiment. 

The chloro-sulphide (1/4000 mol.), dissolved in carefully purified 1 
acetone (5 c.c. with 5 c.c. of water), was sealed in a glass tube and 
heated in a constant-temperature bath controlled to + 0-1°. The ii 
free acid or chlorion was determined in successive tubes removed at fy, 
intervals. 

With phenyl] £-chloroethyl sulphide at 60-0° successive values of 
the velocity coefficient k x 104 were 98, 96, 92; mean 96; and at 
80-0° 418, 405, 370, 415; mean 402. The temperature coefficient 
per 10° is therefore 2-05. 

With 8-chloroethyl n-butyl sulphide the hydrolysis at 80° was 
instantaneous. 

On the other hand, the reaction was so slow with phenyl and 
n-propyl y-chloropropy] sulphides as to make accurate comparative 
measurement impossible. These substances were practically un- 
affected after being heated in 50% aqueous acetone at 80° for 
several weeks. They were, however, hydrolysed to the extent of 
about 60% when the solutions were heated at 150° for 7 hours. ; 

Measurements of Reactivities of Hydroxy-sulphides with Hydro- of | 
bromic Acid—The hydroxy-compound (1/800 mol.), dissolved in tha 
phenol (2-0 c.c.) containing hydrogen bromide (1/400 mol.) and water 









. b 
(1/80 mol.), was sealed into glass tubes and heated in a bath kept to os 
constant temperature within +-0-1°. Tubes removed at definite ys 






times were rapidly cooled, opened, and their contents titrated with 
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the Ff 0.1V-sodium hydroxide, bromophenol-blue being used as indicator. 


-™ The concentration of bromion was then determined by means of 
” standard silver and thiocyanate solutions. The velocity coefficients 
sub. 


below are derived from the acidimetric observations : the significance 
» 50, | of the observed bromion concentrations will be referred to later. 
rmed § For the calculation of accurate molar concentrations, the volume (V ) 
, the of the reaction mixtures at various temperatures was determined 
ation § vith the aid of a small calibrated dilatometer. The data for one 








- sulphide are given in detail : 
» the 
con- Phenyl B-hydroxyethyl sulphide at 30°. V = 2-19 c.c. 
N/10-NaOH, N/10-NaOH, 
t, hrs. c.c. Kk. t, hrs. ¢c.c. Bee 
0 25-4 — 1-67 20-95 0-30 
0:33 24-2 0-294 2-00 20-75 0-276 
ared 0-67 23-1 0-310 2-33 20-15 0-288 
1:00 22-2 0-317 co (17-0) Mean 0-299 
-The Phenyl B-hydroxyethyl sulphide at 40°. V =2-21lc.c. 
eous 0 24-4 oe 0-83 19-5 1-03 
Th 0-17 22-7 1-07 1-00 18-9 1-15 
e 0-33 21:3 1-16 1-17 18-75 1-05 
. un- 0-50 20-6 1-06 1-33 18-5 1-10 
0-67 19-9 1-07 00 (17-8) Mean 1-09 
ified Table I summarises the results for all the substances studied. 
and 
The TaBLE I. 
j Hydroxy-compound, 
at B  Ph-S-(CH,],OH : 
value of n. Temp. EK. Limits of ky. Kk. log io y- 
ial 2 30° 21-1 = :0-288—0-317 0-299 
40 14:8 1-03 —1-16 1-09 
d at 80 (extrapolated) 192 2-28 
ient 3 80 47-1 0-061—0-075 0-066 5.82 
90 42-8 0-215—0-260 0-237 
4 30 14-8 0-255—0-291 0-276 
was 40 21-1 0-694—0-817 0-775 
80 (extrapolated) 47-6 1-68: 
5 80 52-4 0-498—0-554 0-520 1-72 
and 6 80 52-4 0-179—0-262 0-209 1-32: 
tive 7 80 52-4 0-171—0-260 0-224 —*1-35: 
8 80 §2-4 0-191—0-253 0-218 1-34 
un- 9 80 72-2 0-155—0-201 0-182 1-26. 
for 10 80 14:8 0-126—0-196 0-160 1-20 
f 90 14-8 0-600—0-688 0-635 
tO Cetyl alcohol 80 16-8 0-147—0-181 0-165 1-22 
pins Titration showed that with each hydroxy-sulphide the fall 
in of bromion concentration during the reaction was not as rapid as 
‘hed that of hydrion. With the 8- and the e-hydroxy-sulphide, the 
bromion concentration remained constant throughout, as was to be 






t to 
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rith 


expected from the earlier experiments, the rapid internal formation 
of a sulphonium salt liberating the whole of the halogen in the ionic 
form. All the bromo-sulphides must tend to undergo self-addition. 
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to some extent (compare Bell, Bennett, and Hock, J., 1927, 1803), 
but whereas this type of reaction is intramolecular and complete 
with the 8- and e-members, it is no doubt mainly intermolecular and 
partial in the other cases. Although this behaviour may affect the 
position of final equilibrium in the reaction of hydroxy-sulphide with 
hydrobromic acid, it should not affect the validity of the values of k, 
derived from the acidimetric observations. This complication does, 
on the other hand, make it out of the question to obtain true values 
of the velocity of the reverse reaction k, from these experiments, and 
it is also not surprising that the equilibrium value n found to give 
steady values of k, was only approximately the same as that found 
with mixtures heated for long periods. 

The heats of activation q (in cals.) for the forward reaction in four 
cases, calculated from the variation of log. k, with temperature, are: 
phenyl £-hydroxyethyl sulphide, 24,400; phenyl y-hydroxypropyl 
sulphide, 32,400; phenyl 8-hydroxybutyl sulphide, 19,500; phenyl 
x-hydroxydecy] sulphide, 35,000. 

Influence of an Added Sulphide on the Reaction.—Two experiments 
were carried out to test the influence of ethyl sulphide on the re- 
activity of cetyl alcohol. (1) For a reaction mixture similar to 
that used in the determination above, but with 5 in place of 10 mols, 
of water present, k, at 80° was 0-86. (2) This experiment was 
repeated with identical concentrations except that the phenol used 
as solvent was replaced by a mixture of phenol and ethyl sulphide 
(50% by volume) : &, at 80° was then 2-17. 

Discussion of Results ——The variation of the reactivity of the 
hydroxyl group towards hydrobromic acid in this series of hydroxy- 
sulphides is shown in Fig. 1, in which log,, £, has been plotted against 
the number of carbon atoms in the chain separating the hydroxyl 
group from the sulphur atom. 

If the behaviour of cetyl alcohol be taken as a standard from which 
to judge the degree of reactivity, the following points are clearly 
apparent. (a) In the @- and the 8-position (x = 2 and 4) the hydroxyl 
group has a very high reactivity; (6) in the e-position (mn = 5) the 
reactivity is high but less than that in the 3-position (ratio 1 : 90, as 
compared with 1 : 76 found for relative velocities of closure of the 
corresponding chloro-sulphides to cyclic sulphonium salts); (c) the 
reactivity is still appreciably above the standard from the ¢- to the 
6-position (n = 6,7, and 8), but at the t- and «-positions it is identical 
with that of cetyl alcohol; (d) the variations in the values for 
n = 6, 7, and 8 are probably too small to be of significance, but the 
reactivity of the y-hydroxy-sulphide (n = 3) is definitely less than 
the normal. 

Of these conclusions, (a) and (d) confirm the comparisons deduced 
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from earlier qualitative experiments (Part I, J., 1927, 477). More- 
over, the effect (c) is consistent with the explanation of the large 
reactivity of the 5-hydroxy-sulphide as being due to the influence 
of the sulphur atom on the CH,*OH group at moments when the ends 
of the chain approach each other : for it is known that the ease of 
closure of 7-, 8-, and 9-membered rings, although smaller than for 
5- and 6-membered ones, is not negligible (compare Ruzicka and 
others, Helv. Chim. Acta, 1926, 9, 249, 339), so that some increased 
reactivity was to be expected in these cases from a similar cause. It 
is noteworthy that there is no recurrence in any higher member of the 
series Of the specially high reactivity found in the 8-hydroxy- 
compound. 


Fie. 1. 


logo ky. 











2 3 4 5 6 7 S 9 10 
Number of carbon atoms in the growing chain. 


Variation of reactivity in the series Ph-S-[CH,],-OH (n = 2—-10). 
(----- represents the value for cetyl alcohol.) 


The interpretation of the influence of the sulphur atom in these 
compounds given in Part I (loc. cit.) requires little modification to 
bring it into line with more recent conceptions or nomenclature. If 
the Fliirscheim—Lapworth terms are used (see Lapworth and Manske, 
J., 1928, 2533; Cocker, Lapworth, and Walton, J., 1930, 440), the 
sulphur atom appears to cause a high reactivity in the group CH,°OH 
or CH,Cl separated from it by a single carbon atom (as in 
R-S‘CH,*CH,*OH) by its “ primary interior effect,’ but the inter- 
position of one more carbon atom prevents the operation of this effect 
and leaves the slight deactivation resulting from the ordinary electro- 
polar effect of the sulphur atom. 

The enhanced reactivity of the 8- and the ¢-hydroxy-sulphide 
resembles that of the 8-hydroxy-sulphide attributed to the “ primary 
interior effect.”” The influence of the sulphur atom on the 8-CH,-OH 
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group has been regarded as a “‘ direct effect through space,” special 
experiments in Part IV having confirmed the fact that ring closure 
does not precede the reaction with halogen acid. The increased 
reactivity in question is not necessarily inconsistent with the de. 
pressed reactivity found in the y-hydroxy-sulphide : for the field in 
space near the sulphur atom in a direction remote from the attached 
groups will be of the opposite sign from that in the direction of the 
growing chain (compare Part IV, p. 2367). It is also possible that, 
in the course of the reaction of the 3-hydroxy-sulphide with hydro. 
bromic acid, the sulphur atom not only approaches within atomic 
distance of the terminal group but actually allows one of its lone 
pairs of electrons to take part in the process whereby the hydroxy] 
group becomes separated from the carbon atom to which it was at- 
tached. If this be so, the effect here may be regarded as at the 
moment an “ interior ” one, although it is clear from the experiment 
mentioned above that the reaction complex may finally yield either 
the bromo-sulphide or the cyclic sulphonium salt. 

A further application of these conceptions may be made to the 
influence of a solvent on the velocity of the reaction. It appeared 
that the effect on a hydroxyl group of the sulphur atom from a 
relatively distant part of the same molecule might be imitated by 
that exercised by sulphur atoms in other molecules present as solvent, 
provided that the concentration of the latter were high enough to 
cause the probability of approach of a sulphur atom to the reacting 
CH,°OH group to be of a similar order. Other physical influences 
of the solvent doubtless help to determine the velocity of reaction, 
but the chemical effect now suggested is probably an important factor 
in causing the observed increase in the reactivity of cetyl alcohol 
with hydrobromic acid from 0-86 to 2-17 when half the phenol used 
as solvent is replaced by ethyl sulphide. 


THE UNIVERSITY, SHEFFIELD. [Received, May 21st, 1931.] 





CCCCX.—The Migration of Acyl Groups in 
o-Aminophenols. Part I. 
By Frank BELL. 


Many examples are known of the migration of an acyl group during 
the preparation and also the hydrolysis of ediacyl-o-aminophenols. 
For instance, Nelson and Rothrock have shown (J. Amer. Chem. 
Soc., 1929, 51, 2761) that 2-valeramidopheny] benzoate on hydrolysis 
gives 2-benzamidophenol, and Raiford and Lankelma (ibid., 1925, 
47, 1111) have shown that 3-chloro-5-acetamido-p-cresol with 
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a-naphthoy] chloride gives 3-chloro-5-a-naphthamido-p-toly] acetate. 
It is now found that migration of acyl can occur whilst two acyl 
groups are present in the molecule. 

Contrary to the statement of Raiford (ibid., 1919, 41, 2068), 
acetylation of 2-benzamidophenol was found to give a compound 
different from that obtained by the benzoylation of 2-acetamido- 
phenol. Both compounds had ill-defined melting points, which 
varied according to the method of crystallisation and the rate of 
heating from 133° to 140°, but mixtures of the two always gave 
clear melts below 120°. The liquids obtained on melting were 
singularly reluctant to crystallise on cooling and these observations 
suggested that some change was taking place. Both substances 
were therefore maintained in the molten state for some time and the 
viscous masses so obtained were crystallised from alcohol. Only 
the original material was isolated from 2-acetamidophenyl benzoate 
(I), but 2-benzamidophenyl acetate (II) was largely converted into the 
former substance. 


NHAc ,_( \NHBz ( \NH-CO-C,9H;< ( \NHAc 
OBz OAc OAc —>\ Jo-cO-C,H; 


(I.) (II.) (III.) (IV.) 


Treatment of 2-acetamidophenol with «-naphthoyl chloride gave 
a compound different from that obtained by the acetylation of 
2-a-naphthamidophenol (contrast Raiford and Greider, ibid., 1924, 
46, 430) and with this pair of substances a different type of behaviour 
was observed. When 2-acetamidophenyl «-naphthoate (IV) was 
maintained above its melting point for an hour it was largely trans- 
formed into 2-«-naphthamidophenyl acetate (III), but this in turn 
could be partly converted into 2-acetamidophenyl «-naphthoate 
(compare Nelson and Davis, ibid., 1926, 48, 1677, for an apparent 
equilibrium between 2-propionamidopheny] acetate and 2-acetamido- 
phenyl propionate). 

2-«-Naphthamidophenyl benzoate was quite different from 
2-benzamidophenyl «-naphthoate (contrast Raiford and Greider, 
loc. cit.) and both were recovered unchanged after remaining in the 
molten condition for one hour. On the other hand, both gave 
2-x-naphthamidophenol (VI) on hydrolysis (Part I; J., 1930, 1986), 
which suggests that alkaline conditions are very favourable for 
isomeric change. 

H+ 


NH-CO-C,H; NH-CO-C,,H, N—CO-C,H; 
CO-C,H,  \ JOH OC My 


(V.) (VI.) QO (VIL) 
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If, as was recently suggested (this vol., p. 2346), hydrolytic 
migration involves the intermediate formation of a compound of the 
benzoxazole type (VII), migration is not so much determined by the 
ortho-positicn of the amino- and hydroxyl-groups as by their 
arrangement in space. Raiford and Clarke (J. Amer. Chem. Soc., 
1926, 48, 483) have established that migration of acyl can take place 
in 8-amino-l-naphthol, but it would not be expected to occur in a 
normal m-aminophenol. It is now found that 3-acetamidopheny] 
benzoate on hydrolysis gives 3-acetamidophenol, no migration 
occurring. 

Even a cursory survey of the large amount of experimental work 
on acyl migrations in o-aminophenols indicates immediately that we 
are dealing with a finely balanced system, subject to considerable 
disturbance with only a small change in the chemical constitution 
of the molecule. If it is tentatively granted that the interchange 
of 2-acetamidophenyl benzoate (I) and 2-benzamidopheny] acetate 
(II) involves the intermediates (VIII), (IX), and (X), the failure to 
obtain any simple generalisation is readily understood. Formation 
of the benzoxazoles (VIII) and (X) will be partly determined by the 
positive character of the amino-hydrogen atom and partly by the 
tendency of the O-carbony] group to undergo polarisation in the way 
indicated. For easy interchange of the isomeric pair the radical of 
the N-acyl group should be an electron sink, whilst that of the 
O-acy] group should be an electron source. Clearly the mae will 


. 2. 0 
a —C—CH, BH cee —C-C,H, 
0-C-C,H;. = ye _ O-o-cH 
O 
(VIII.) (IX.) Pa 


be promoted by alkaline conditions. If (IX) is the formula of the 
diacyl compound at the moment of hydrolysis, it appears that this 
process may involve the following stages : addition of hydroxy] ion, 
attraction of hydrogen ion to the nitrogen, and severance. Both of 
the initial processes are favoured by an electron-donating R, so that 


O 
OH’ = H 4 H gq 
>N—C-R —> >N— 2 —> >N—C—R —> >N+C-8 
O Y Y Y 
O Oo O 


of the two acyl groups attached to the nitrogen that derived from 
the acid of lower dissociation constant should sever first. In other 
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words, the acyl group derived from the acid of high dissociation 
constant should be found attached to the nitrogen. To summarise, 
if the two acyl groups are of comparable character, ready interchange 
of the isomeric pair would be anticipated and on hydrolysis the more 
acidic group should be found attached to the nitrogen. On the other 
hand, if the groups are of very different electrical character, the 
isomeride in which the electron sink is attached to the oxygen will 
tend to exist to the exclusion of that in which it is attached to the 
nitrogen, and consequently on hydrolysis the less acidic group will 
be found attached to the nitrogen atom. This appears to agree with 
experimental facts, as the following table compiled from the results 
of Raiford and Couture (ibid., 1924, 46, 2305) and Raiford and 
Lankelma (loc. cit.) shows. In the first column are the pairs of 


Diss. const. of R‘CO,H Radical on N after 


Radicals R-CO. (x 105). hydrolysis. 
{Fiecbeenegt “0” p-Chlorobenzoy!* 
= o Acetyl* 

DN ~ Pt Benzoyl* 

§ Benzoyl | 7-2 snot 

(3: 5-Dinitrobenzoyl 160 y 
oe ona Mixture* 

« Nephthoyl Pig a-Naphthoyl 
Prenylenety! He Phenylacetyl 
rae so 700 o-Nitrobenzoyl 
8. Nephthed em a-Naphthoy] 
soe anne. a" o-Chlorobenzoy! 


* Using 4 : 6-dibromo-2-aminophenol; the other results were obtained with 
3-chloro-5-amino-p-cresol. 
radicals introduced into the o-aminophenol, in the second the dis- 
sociation constants of the acids corresponding to the acyl radicals, 
and in the third the acyl group attached to the nitrogen atom after 
hydrolysis of the diacylated phenol with dilute alkali solution. In 
the first five pairs one member contains a nitro-group whilst the 
other contains no electron sink comparable with this. Hydrolysis, 
therefore, leaves the less acidic group attached to nitrogen. In the 
second five pairs the groupings are of a comparable type (in spite of 
being derived from acids of widely different dissociation constants 
in three cases) and consequently hydrolysis results in the production 
of an N-acylaminophenol corresponding to the stronger acid. 
Admittedly this theory is provisional in nature, but it may provide 


a much needed guide to further experiment. 
5D2 
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EXPERIMENTAL. 
2-Acetamidophenyl benzoate, prepared by the interaction of. 2-acet- 
amidophenol and benzoyl chloride in pyridine or sodium hydroxide 
solution, crystallised from acetic acid, alcohol, or benzene in needles, 
m. p. ca. 140° (Found: C, 70-7; H, 5-3. C,;H,,0,N requires 
’, 70-6; H,5-1%. All analyses were made by Dr.-Ing. A. Schoeller 
of Berlin). A solution of this compound in xylene was boiled for 
3 hours. On cooling, there separated needles, m. p. 132—135°, 
depressed by admixture with 2-benzamidopheny] acetate. 5-7 G. 
were heated at 150° for 2 hours. The residual gum when crystallised 
from alcohol gave the following crops: 2-1 g., m. p. 125—127°; 
0-5 g., m. p. 122—127°; 1-5 g., m. p. 105—120°; 1-3 g., m. p. 85— 
100°. The last two after recrystallisation from alcohol had m. p. 
122—127°, and all crops then gave a depression in m. p. with 2-benz- 
amidophenyl acetate and an elevation with 2-acetamidophenyl 
benzoate. Clearly the formation of 2-benzamidophenyl acetate 
in small percentage is not precluded, but its isolation was not 
achieved in this experiment or in subsequent repetitions. 
2-Acetamidophenyl benzoate dissolved rapidly in warm aqueous 
sodium hydroxide and on addition of hydrochloric acid impure 
2-benzamidophenol was precipitated. 
2-Benzamidophenyl acetate, prepared by the reaction of 2-benz- 
amidophenol with acetyl chloride in pyridine solution or, better, with 
acetic anhydride on the steam-bath with subsequent removal of the 
excess of the reagent in a vacuum, crystallised from acetic acid, 
alcohol, or benzene in needles, m. p. ca. 140° (Found: C, 70-6; 
H, 5-1%). A solution of this compound in xylene was boiled for 2 
hours. On cooling, there separated needles, m. p. 130—138°, 
depressed by admixture with 2-acetamidopheny] benzoate. 4-7 G. 
were heated at 150° for 2 hours and the residual gum was crystallised 
from acetic acid. The first crop, m. p. 125—127°, was 2-benzamido- 
phenyl acetate, but the second (m. p. 110—129°) and third (m. p. 
113—119°) crops were recrystallised from alcohol, 1-4 g. of material, 
m. p. 125—127° (raised on admixture with 2-acetamidophenyl 
benzoate), then being obtained. In another experiment the residual 
gum was crystallised from alcohol. The first crop had m. p. ca. 115°, 
raised by admixture with either 2-benzamidophenyl acetate or 
2-acetamidophenyl benzoate, but the second crop, m. p. 124—128°, 
had m. p. 129—132° and m. p. 112—115° when mixed with 2-acet- 
amidopheny] benzoate and 2-benzamidopheny] acetate, respectively. 
Hydrolysis of 2-benzamidophenyl acetate with aqueous sodium 
hydroxide gave impure 2-benzamidophenol. 
5-6 G. of 2-«-naphthamidophenyl acetate (J., 1930, 1986) were 
heated at 160° for 1 hour and the viscous residue was dissolved in 
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acetic acid. On cooling, there separated needles (2-2 g.), m. p. 
143—145°, raised on admixture with 2-«-naphthamidophenyl 
acetate. The filtrate on dilution with water gave a-crop (2-7 g.), 
m. p. 120—126°, which after recrystallisation from acetic acid had 
m. p. 128—130° (below 120° in admixture with the original substance : 
slightly raised by addition of 2-acetamidophenyl «-naphthoate). 

2-Acetamidophenyl «-naphthoate (ibid., p. 1986), after being 
treated as described above, gave 2-5 g. of the original material, and 
then crops with very low melting points owing to partial hydrolysis 
on dilution with water. 5G. were heated at 150° for 1 hour and the 
residual gum was dissolved in alcohol. The first crop (4 g., m. p. 
124—128°) consisted of 2-acetamidophenyl «-naphthoate, but the 
second (0-4 g., m. p. 136-—140°) showed a depression in m. p. on 
admixture with the initial material but a slight rise with 2-«-naphth- 
amidophenyl acetate. 

2-x-Naphthamidophenyl benzoate (ibid., p. 1986. Found: C, 
745; H, 5-1. Cale.: C, 74:7; H, 4.9%) (5 g.) was heated at iso— 
190° for 1 hour. Theresidue was warmed with alcohol and allowed 
to cool. 2-«-Naphthamidophenyl benzoate (4-8 g., m. p. 173— 
176°) separated, and a further crop of the same material was 
obtained on evaporation of the alcohol. 

2-Benzamidopheny] «-naphthoate was obtained from 2-benzamido- 
phenol in almost quantitative yield (ibid., p. 1986; contrast Raiford 
and Greider, loc. cit.). 4:5 G. were heated at 170—180° for 1 hour and 
the residue was boiled with alcohol. The first crop (3-9 g., m. p. 158— 
166°) consisted of 2-benzamidophenyl «-naphthoate, and a further 
quantity was obtained on evaporation of the alcoholic mother-liquor. 

A solution of 3-acetamidophenol and benzoyl chloride (1 mol.) in 
pyridine was after 12 hours poured into water, and the precipitate 
was collected, triturated with N/10-sodium hydroxide, dried, and 
crystallised from benzene. 3-Acetamidophenyl benzoate was obtained 
in plates, m. p. 140° (Found : C,70-4; H, 5-1. C,;H,,0,N requires 
(, 70-6; H, 5-1%). It dissolved rapidly in warm sodium hydroxide 
solution to give 3-acetamidophenol. 

3-Acetamidophenyl «-naphthoate, prisms, m. p. 153° (Found: 
(, 74-7; H, 49. Cy H,;0,N requires C, 74:7; H, 49%), and 
3-acetamidophenyl B-naphthoate, needles, m. p. 141° (Found : C, 74-7; 
H, 4-9°/), were prepared by the same process. Both dissolved rather 
slowly in warm sodium hydroxide solution and gave 3-aminophenol. 


In conclusion, the author wishes to express his thanks to the 
Dyestuffs Research Group of Imperial Chemical Industries, Ltd., 
for a grant. . 

BatTeRSEA PotytTecunic, S.W. 11. [Received, September 3rd, 1931.] 
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CCCCXI.—4-Nitro-5-(3-pyridyl) pyrazole, a New 
Oxidation Product of Nicotine. Part I. 
By GrorGe ALECK CROCKER GouGH and Harotp Kina. 


During the preparation of nicotinic acid by the oxidation of nicotine 
with nitric acid by the method of McElvain and Adams (J. Amer, 
Chem. Soc., 1923, 45, 2743; “ Organic Syntheses,” 1925, 4, 49), it 
was observed that the nicotinic acid liberated from the crude nitrate 
contains a sparingly soluble substance which gives a yellow colour 
with alkalis. This substance proves to be only weakly acidic, and 
by making use of this property and its sparing solubility in water it 
has been found that it is produced in approximately 5% yield from 
all specimens of commercial nicotine, whether medicinal or com. 
mercial 98% grade. Toeliminate the possibility of its origin from an 
unknown alkaloid in nicotine, pure nicotine, [«];4g, — 205° (Gifford 
and Lowry, Proc. Roy. Soc., 1927, A, 114, 592, give — 205°; Lowry 
and Lloyd, J., 1929, 1771, give — 204°), was prepared by fractional 
crystallisation of the sparingly soluble picrate, by fractional crystal- 
lisation of the zincichloride (Ratz, Monatsh., 1905, 26, 1241), and 
by fractional distillation of nicotine base. All these products give f 
the new substance in approximately 5% yield. Finally, nicotine 
prepared by ourselves from Empire-grown tobacco also gives rise 
to the same substance on oxidation. 

The new substance has the formula C,H,O,N, and a molecular 
weight in agreement therewith. It is optically inactive, forms a 
monohydrochloride, a sodium salt, and a monosilver salt. It is 
insoluble in sodium hydrogen carbonate solution, does not contain 
an N-methyl group, and is stable to boiling aqueous potassium 
permanganate. When the silver salt is treated with methyl iodide 
the acidic character is lost. On reduction with tin and hydrochloric 
acid a di-acid base, CgH,N,, is obtained which yields a dihydro- 
chloride and a dipicrate. This base contains an amino-group of 
aromatic character, as is shown by its diazotisation and coupling 
with sodium 8-naphthoxide solution; and on oxidation with 
permanganate it gives nicotinic acid. 

On the basis of these properties it is possible to formulate the new 
oxidation product with a considerable degree of certainty. During 
the reduction with tin and acid, the nitro-compound, C,H,0,N, 
passes into the base C,H,N, through reduction of a nitro-group. 
The parent base has therefore the formula C,H,N;. In the oxidation 
of nicotine by various oxidising agents the pyridine nucleus usually 
remains intact; and since, as we have shown, it is so in the present 
instance, the formula may be written C;H,N-C,H,N,. The stability 
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of the nitro-compound to nitric acid and to permanganate and the 
markedly low hydrogen content of the second half of the molecule 
suggest an aromatic structure, and this is confirmed by the observ- 
ation that the diazotisable amino-group is not in the pyridine 
nucleus. 

The most probable structure for the nitro-compound is that of 
4-nitro-5-(3-pyridyl)pyrazole (I) in which three carbon atoms and 


NO,° ey CH,—CH, N—C-NH, 
— m3 H, —C. 
4 


(I.) (II.) (III.) 





a 


one nitrogen atom of the original pyrrole nucleus of nicotine (II) 
remain intact. The position of the nitro-group follows from the 
known behaviour of pyrazole and its derivatives on nitration. The 
diacid character of the base obtained on reduction agrees with this 
structure, since the two nitrogen atoms of pyrazoles are negligibly 
basic. It also excludes the possibility, improbable on other grounds 
also, of its being an aminopyridylglyoxaline (III), which would form 


| atrihydrochloride, since Fargher (J., 1920, 117, 669) has shown that 


an analogously constituted base, 4-amino-5-methylglyoxaline, forms 
a dihydrochloride. 

There only remains for discussion the question of the mode of 
formation of the pyrazole nucleus from nicotine. It is clear that a 
potential pyrazole structure must be formed prior to extrusion of 
the «-methylene carbon atom of the tetrahydropyrrole nucleus, since 
rupture of the cyclic structure would inevitably lead to degradation 
to nicotinic acid. We therefore suggest that the new compound has 
arisen by the following stages : 


én on: eu On ut CH, 
@n- pS Bra 
/  NMe i NCO,H ~ | NH 


ca—CH cHy—o CH,—CH, 
} re = x7 CH, —CH no CH, 


i” i aa > \w’ 
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Although numerous workers have prepared nicotinic acid by the 


oxidation of nicotine by nitric acid, we have only been able to find 
one reference to the formation. of a.by-product, which may or may not 
be identical with ours. Winterstein and Weinhagen (Z. physiol. 
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Chem., 1917, 100, 170) state that a crystalline by-product, which 
was not further examined, is formed by the action of nitric acid on 
nicotine. 

We are indebted to Mr. J. H. Gaddum, M.A.., of these laboratories 
for a physiological examination of 4-amino-5-(3-pyridyl)pyrazole. 
When tested on a cat’s denervated gastrocnemius in a dose of 1 mg., 
it was not possible to detect any nicotine-like action on the tension 
of the muscle, whereas a dose of 0-005 mg. of nicotine tartrate pro- 
duced a definite effect. We should also like to express our thanks 
to Messrs. Whiffen & Sons of Fulham for the gift of ample supplies 


of nicotine, both medicinal and commercial 98°% grade. 


EXPERIMENTAL. 


Oxidation of Nicotine by Nitric Acid. Isolation of a Base C,H ,O.N,. 
—Commercial 98°% nicotine was oxidised by nitric acid as described 
in “‘ Organic Syntheses,” 1925, 4, 49. The crude nicotinic acid 
nitrate (from 156 c.c. of nicotine) obtained by evaporation of the 
nitric acid under reduced pressure was dissolved in water (1000 c.c.), 
and the reaction made slightly alkaline to litmus by addition of 40% 
sodium hydroxide solution. On removal of the alkalinity by passage 
of carbon dioxide or by careful addition of acetic acid a light yellow- 
brown crystalline powder separated (7-5 g.). This was crystallised 
from boiling glacial acetic acid (63 c.c.), from which it separated in 
compact facetted tablets (6-2 g.), m. p. 272—274°. It was dissolved 
in hot water (75 c.c.) by addition: of 15 c.c. of concentrated hydro- 
chloric acid, treated with charcoal, and filtered; one portion was 
neutralised to liberate the base, and another treated with excess of 
concentrated hydrochloric acid. The hydrochloride, m. p. 300°, 
separated in fine, light yellow needles (Found : Cl, 15-5, 15-7, 158. 
C,H,O,N,,HCl requires Cl, 15-7%). The liberated base was once 
more crystallised from glacial acetic acid before analysis (Found : 
C, 50-6, 50-7; H, 3-4, 3-5; N, 29-4. C,H,O,.N, requires C, 50:5; 
H, 3-1; N, 29-5%). The molecular weight determined by Rast’s 
method in camphor gave values between 176 and 189 (cale., 190). 
When treated with dilute sodium hydroxide solution, the base 
dissolved, forming a primrose-yellow solution, but with 2N-sodium 
hydroxide a sodium salt crystallising in yellow needles was obtained. 
When ammonia was added to a suspension of the base (1 g.) in boiling 
water (115 c.c.) until solution was effected, and an excess of silver 

nitrate solution added, a silver salt separated (1-5 g.) as a yellow 
powder (Found: Ag, 36-7. C,H;O,N,Ag requires Ag, 36-3%). 
This salt decomposes somewhat explosively on heating. When 
treated with methyl alcohol and methy] iodide, it gives a substance 
no longer soluble in sodium hydroxide solution. 
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Reduction of the Base C,H,O,N, to a Base C,H,N,.—The nitro- 
compound (20 g.) was reduced by warming on the water-bath with 
16% hydrochloric acid (150 c.c.) and 30 g. of tin. After removal of 
the tin as sulphide the mother-liquor on concentration gave a 
dihydrochloride (18-75 g.), crystallising in needles or elongated plates, 
m. p. 300—302° (Found: C, 41:0; H, 46; N, 241; Cl, 30-2. 
C,H,N,,2HCI requires C, 41-2; H, 4:4; N, 24-4; Cl, 304%). It 
gave with Mayer’s reagent a precipitate soluble in excess of acids. 
The free base, an oil, cannot be extracted by means of ether from a 
solution made alkaline with sodium hydroxide, but it can be when 
ammonia isemployed. The dipicrate crystallises from water in two 
forms, fine needles and bold orange prisms, both of which melt at 
219—220° (Found : picric acid by nitron, 74-6. C,H,N,,2C,H,O,N, 
requires picric acid, 74-:1%). 

Oxidation of the Base C,H,N, to Nicotinic Acid.—A solution of the 
dihydrochloride (2-33 g.) in water (500 c.c.) was treated with a slight 
excess of silver sulphate and filtered from silver chloride and the 
excess of silver was removed by hydrogen sulphide. After removal 
of hydrogen sulphide by boiling the solution, aqueous 2$°%, potassium 
permanganate was slowly added to the boiling solution until a 
permanent pink colour was obtained, 300 c.c. being required. The 
decolorised solution after filtration was made neutral to Congo-paper 
and evaporated to dryness and the residue was extracted with 
boiling absolute alcohol. This extract was again evaporated to 
dryness, and the residue extracted with boiling absolute alcohol. 
On addition of water (10 c.c.) and evaporation under reduced 
pressure to a small volume, nicotinic acid was obtained in two crops, 
(a) 0-35 g., m. p. 228°, (6) 0-1 g., m. p. 225°. Neither showed any 
depression of m. p. in admixture with pure nicotinic acid, the 
observed m. p.’s being 231° and 228° respectively : the m. p. of pure 
nicotinic acid, taken simultaneously, was 235°. The first crop was 
converted into the nitrate by treatment. with 3N-nitric acid (yield, 
0-3 g.). It melted at 188°, whereas pure nicotinic acid nitrate 
melted at 190° and a mixture of the two at 188°. The acid set free 
from the nitrate melted at 233° and in admixture with pure nicotinic 
acid at 233°. A portion of the second crop was converted into the 
hydrochloride by treatment with concentrated hydrochloric acid. 
This melted at 271°, whilst pure nicotinic acid hydrochloride melted 
simultaneously at 275° and a mixture of the two at 273°. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
HAMPSTEAD, N.W.3. [ Received, September 23rd, 1931.] 











MCCLELLAND AND D’SILVA : 































COCCXIL.—The Formation of Thionaphthindoles. | ™ 
Part II. wasn 

By Ernest Witson McCLetLanp and Jonn Lronarp D’Sitva. met! 
The 


THE products from the condensation of 2-keto-1 : 2-dihydrobenziso- 
thiazole (I) with potassium acetate in the presence of acetic anhydride 
(Part I; J., 1929, 1588) have been further investigated. The the 
unstable oil (B) (loc. cit.) which, with phenylhydrazine, gave thio- oxy 


nap! 





naphthindole, and formed a semicarbazone with the requisite by | 
nitrogen for the semicarbazone of 2-thiolacetophenone, was not (Aw 
definitely identified. It is now shown that this material (B) is con- clos 
verted to 3-oxy-1-thionaphthen by bases such as aniline and methyl- =? 
amine and also by sodium hydroxide solution, in which it is sparingly : - 
soluble. It is oxidised by potassium ferricyanide to thioindigotin oe 


and by hydrogen peroxide to 3-oxy-1-thionaphthen 1-dioxide (II; 
R =H) (Lanfry, Compt. rend., 1912, 154, 1517). 2:2’-Dithio. — °°“ 
acetophenone could not be obtained from it by oxidation. whe 

These properties suggested that the substance was a derivative 
of 3-oxy-1-thionaphthen and not 2-thiolacetophenone, or a deriv- 
ative thereof. This conclusion was confirmed when, by heating the 
material with aniline, 3-oxy-l-thionaphthen and acetanilide were 4 


sub: 


obtained, indicating that the substance was an acetyl oxythio- 
naphthen. Comparison with 3-acetoxy-l-thionaphthen, prepared 
by heating o-carboxyphenylthiolacetic acid (IV; R =H) with 
acetic anhydride (compare Annalen, 1907, 351, 406), showed identical 
behaviour in the reactions enumerated. Further, the semicarb- 
azones derived from (B) and from 3-acetoxy-1l-thionaphthen were I 
identical with the semicarbazone of 3-oxy-1-thionaphthen (Auwers ail. 
and Thies, Ber., 1920, 53, 2292). is } 

In some experiments, indications of the presence of traces of the 
another material were obtained, but it is concluded that the oil (B) 


not 
is mainly 3-acetoxy-1-thionaphthen (III; R = H; R’ = CH,) and oxi 
that it is this substance which gives rise to thionaphthindole, as per 


described in Part I, p. 1591. It is evident that the formation of to 4 
thionaphthindole from 3-acetoxy-l-thionaphthen is preceded by 1 
deacetylation by the phenylhydrazine. The 3-oxy-l-thionaphthen (II 
thus formed then reacts with the phenylhydrazine to give a hydr- qui 
azone which are the indole yeaa of 
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THE FORMATION 





To confirm these results, the interaction of 2-keto-1 : 2-dihydro- 
benzisothiazole (I) with sodium propionate and propionic anhydride 
was next investigated. The chief product of the reaction is the 
methyl oxythionaphthen derivative (III; R = CH;, R’ = C,H;). 
The formation of this substance, a homologue of 3-acetoxy-1-thio- 
naphthen, is in agreement with the conclusions as to the nature of 
the oil (B). The structure assigned to this derivative of methyl- 
oxythionaphthen was confirmed by synthesis. This was effected 
by heating «-o-carboxyphenylthiolpropionic acid (IV; R = CHs) 
(Auwers, Annalen, 1912, 393, 376) with propionic anhydride; ring 
closure and propionylation then took place with the formation of 
an identical product. 

The presence of a methyl group in the 2-position appears to 
increase the stability of an oxythionaphthen. For instance, oxid- 
ation of 3-acetoxy-l-thionaphthen (III; R= H, R’ = CH;) is 
accompanied by loss of the acetyl group, as in most of its reactions, 
whereas oxidation of 3-propionoxy-2-methyl-1-thionaphthen (III; 
R=CH,, R’ = C,H;) yields the sulphone (V), from which the 
substance (II; R = CH,) is obtained by hydrolysis. 


SO. R 
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Hydrolysis of 3-propionoxy-2-methyl-l-thionaphthen yields an 
oil, evidently 3-oxy-2-methyl-l-thionaphthen, since the product 
is readily oxidised to the bis-compound (VI; R =CH,). Unlike 
the analogous pheny! derivative (VI; R = Ph), this substance does 
not dissociate (Kalb and Bayer, Ber., 1913, 46, 3879). Further 
oxidation of the bis-compound (VI; R =CH,) by hydrogen 
peroxide yields a disulphone (VI; R = CHs, S = SOQ,) in contrast 
to thioindigotin, which gives resinous products (Lanfry, Joc. cit.). 

During the formation of 3-propionoxy-2-methyl-1-thionaphthen 
(III; R = CH,, R’ = C,H,), another substance is produced in small 
quantity. This material (C,,H,,ONS) is probably a homologue 
of the compound, previously obtained (loc. cit.), to which the 
structure (VII; R = CH,, R’ = H) was assigned. On theoretical 
grounds it seems probable that substances of the type (VII) may 
undergo intramolecular rearrangement, and they are being further 
investigated. 
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EXPERIMENTAL. 

The oil (B) used in the following experiments was prepared as 
described in Part I (J., 1929, 1591). 

(a) The oil (2-3 g.) was heated with 2N-sodium hydroxide (30 c.c.) 
until dissolved. The alkaline mixture, after extraction with ether, 
was acidified, and distilled in steam, and 3-oxy-1-thionaphthen 
separated from the distillate. 

3-Oxy-1-thionaphthen was also obtained when an alcoholic solution 
of the oil (B) was treated with methylamine. 

(b) The oil (1-6 g.) and aniline (1-2 g.) were heated together at 100° 
for 1 hour. The cooled product was treated with dilute aqueous 
sodium hydroxide, and the mixture extracted with ether. From 
the ethereal solution, after being washed successively with sodium 
hydroxide and hydrochloric acid, acetanilide was obtained. The 
alkaline solution gave 3-oxy-1-thionaphthen on acidification. 

(c) The oil (1 g.) in acetic acid (8 c.c.) and hydrogen peroxide 
(2 c.c.; 90/100 vol.) was set aside for several days. The solution 
was then filtered and diluted with water. The precipitate, after 
purification, had m. p. 135°, alone or mixed with authentic 3-oxy- 
1-thionaphthen 1-dioxide (Lanfry, loc. cit.). 

3-Propionoxy-2-methyl-l-thionaphthen (III; R=CH,, R’= 
C,H;)—(a) From 2-keto-1 : 2-dihydrobenzisothiazole (1). The iso- 
thiazole (5 g.) was heated with propionic anhydride (30 c.c.) and 
sodium propionate (8 g.) under reflux at 145—150° for 15 minutes. 
The excess of propionic anhydride was hydrolysed by heating the 
mixture with water at 100°, the product distilled in steam, the 
distillate extracted with ether, and the ethereal solution washed 
successively with dilute aqueous sodium hydroxide and water, dried 
over anhydrous sodium sulphate, and evaporated. 3-Propionoxy- 
2-methyl-1-thionaphthen thus obtained crystallised from aqueous 
alcohol in colourless plates, m. p. 75° (Found: C, 65-2; H, 5-7; 
S, 14-4. C,,H,,0,8 requires C, 65-4; H, 5-5; 8, 14-:5%). 

The mother-liquor from the above steam distillation was boiled 
with charcoal and filtered. The product, which crystallised on 
cooling, was purified from water, forming colourless needles, m. p. 
152—153° (Found : C, 65-8; H, 6-2; S, 14:3. C,,H,,ONS requires 
C, 65-7; H, 6-0; 8, 14-6%). 

(b) From «-o-carboxyphenylthiolpropionic acid (IV; R = CH,). 
The acid (5 g.) was refluxed with propionic anhydride (10 g.) for 
} hour. The mixture was diluted with water, heated on the water- 
bath for a short time, and distilled in steam. The distillate was 
extracted with ether, and the extract washed with alkali and water 
and dried. The material obtained on evaporation of the ether had, 
after crystallisation from aqueous alcohol, m. p. 75—76°, alone or 
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mixed with 3-propionoxy-2-methyl-1-thionaphthen obtained in the 
previous experiment. 

3-Propionoxy-2-methyl-1-thionaphthen 1-Dioxide (V).—A solution 
of 3-propionoxy-2-methyl-1-thionaphthen (1 g.) in acetic acid (7 c.c.) 
and hydrogen peroxide (3 c.c.; 90/100 vol.) was heated for 1 hour 
at 100°. The material (0-7 g.) which separated on addition of water 
crystallised from aqueous acetic acid in colourless needles, m. p. 
109—110° (Found: C, 56-7; H, 4-7; 8, 12-6. C,,H,,0,8 requires 
(, 57-1; H, 48; 8, 12-7%). 3-Propionoxy-2-methyl-1-thionaphthen 
1-dioxide is insoluble in cold aqueous sodium hydroxide (2N). 

3-Oxy-2-methyl-1-thionaphthen 1-Dioxide (II; R = CH,;).—The 
preceding dioxide (1 g.) was refluxed with alcoholic sulphuric acid 
(20 e.c.; 10%) for 2 hours. The product was diluted with water 
(20 c.c.), and the alcohol removed on the water-bath. On cooling, 
a material separated, which crystallised from water (charcoal) in 
colourless needles, m. p. 110—111°. A mixed melting point with 
3-propionoxy-2-methyl-1-thionaphthen gave a large depression 
(Found: C, 55:3; H, 43; 8S, 16-2. C,H,O,S requires C, 55-1; 
H, 4:1; 8S, 163%). 3-Oxy-2-methyl-1-thionaphthen 1-dioxide is 
soluble in cold aqueous sodium hydroxide (2N). 

2 : 2’-Bis-(3-oxy-2-methyl-1-thionaphthen) (VI; R = CH,).—3-Pro- 
pionoxy-2-methyl-1-thionaphthen (1 g.) was refluxed with alcoholic 
sodium hydroxide (20 ¢.c.; 10%) for 1 hour. On cooling, a solid 
separated ; sufficient water was added to redissolve this material. 
Potassium ferricyanide (1-6 g.) in water (10 c.c.) was gradually added, 
and the mixture heated on the water-bath for } hour. The product 
which separated, after being washed with water and dried, crystal- 
lised from alcohol in pale yellow needles, m. p. 151—153° (Found : 
C, 65-7; H, 4:5; M, ebullioscopic in benzene, 323. C,,H,,0,8, 
requires C, 66-2; H, 4:39; M, 326). 

2 : 2’-Bis-(3-oxy-2-methyl-1-thionaphthen 1-dioxide) (VI: R= 
CH,; S = SO,).—A solution of the preceding compound (1 g.) in 
acetic acid (7 c.c.) and hydrogen peroxide (5 c.c.; 90/100 vol.) was 
heated at 100° for 14 hours. The solution was diluted with water, 
the precipitate collected and dried, and the process repeated. The 
product separated from acetic acid in very small, colourless plates, 
m. p. above 300° (Found: C, 55-2; H, 3-6; 8, 16-0. C,,H,,0,S, 
requires C, 55-3; H, 3-6; S, 16-4°%). 


We wish to thank the Department of Scientific and Industrial 
Research for a grant to one of us (J. L. D’S.) whilst this work was in 
progress, 


Krxe’s CoLLtEGE, Lonpon. [ Received, September 12th, 1931.] 
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CCCCXITI.—The Alleged Thallous Thioper-rhenate. 


By Henry Vincent Arrp Briscor, Percy Lucock Rosrsoy, 
and Eric Maurice STopDART. 


IN a recent paper, Feit (Z. angew. Chem., 1931, 44, 65) states that 
by treating aqueous potassium per-rhenate with hydrogen sulphide 
and evaporating the solution, a dark brown mass was obtained, 
which dissolved in water to a brown solution. This solution gave 
with thallous sulphate a dark brown precipitate, described as 
thallous tetrathioper-rhenate, TIReS,, which might be removed by 
filtration, leaving a mother-liquar from which a lighter precipitate, 
believed to be monothioper-rhenate, was precipitated by the addition 
of more thallous sulphate. 

In a previous communication (this vol., p. 1439) the present 
authors expressed the view that the red solution formed from 
per-rhenate probably contained soluble thioper-rhenate. They were 
unable, however, to isolate either the alkali salt or any heavy-metal 
derivative. Concentration resulted simply in the ‘separation of 
per-rhenate contaminated with rhenium sulphide, the first crop of 
crystals. being chocolate-coloured and containing less than 1%, of 
sulphur. In view of Feit’s findings, an endeavour has been made 
to repeat his experiments, but such attempts have only yielded 
thallous per-rhenate varying in colour from golden to dark brown: 
the sulphur content of the lighter crystals being never greater than 
a trace, and the darker products being obviously mixtures of crystals 
of per-rhenate with particles of rhenium sulphide. The present 
evidence confirms the view that the thio-derivatives are present 
only in very small quantity, and indicates that the separation of 
even a moderately pure thallium derivative is extremely improbable. 


EXPERIMENTAL. 


Potassium per-rhenate was treated with hydrogen sulphide, and 
the dark brown colloidal solution so produced was filtered, yielding 
a clear pink solution. (Feit, who continued saturation until the 
sulphur added was equivalent to KReS,, makes no mention of 
filtration, but we found this necessary, as some colloidal and some 
precipitated rhenium sulphide were invariably present.) To this 
was added a limited quantity of thallous nitrate, whereupon a 
dark precipitate was obtained. The precipitate was filtered off, 
and to the mother-liquor further thallous solution was added, giving 
a lighter precipitate again identical in form with thallous per- 
rhenate. This process was repeated several times, the products 
becoming lighter and lighter in colour and containing, finally, the 
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merest trace of sulphur. When examined microscopically, the 
darker precipitates were evidently mixtures of thallous per-rhenate 
and rhenium sulphide, whilst the lighter precipitates were almost 
pure per-rhenate. Undoubtedly all these products were essentially 
thallous per-rhenate, and in view of our earlier findings (/oc. cit.) 
that the solutions were virtually alkali per-rhenate, this was to be 
anticipated. 


We are indebted to the Research Committee of Armstrong 
College for a grant for the purchase of rhenium for this work. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [ Received, September 30th, 1931.] 





CCCCXIV.—The Determination of  Glass-electrode 
Potentials by Means of a Null Ballistic Valve 


Electrometer. 
By CHARLES Morton. 


THE difficulties associated with the measurement of glass-electrode 
potentials by means of the quadrant electrometer have led to the 
development of the thermionic valve potentiometer (Morton, Trans. 
Faraday Soc., 1928, 24, 14) into an electrostatic instrument. The 
null ballistic valve electrometer now described is characterised by 
its complete zero stability and by the absence of variable resistances 
or other controls. The sensitivity is such that an Z.M.F. of 0-01 
nillivolt operating through a resistance of 1000 megohms may be 
detected. 

The most satisfactory form of thermionic electrometer previously 
described is that due to Harrison (J., 1930, 1528), in which the 
electrometer valve is used. The grid current of this valve is of the 
order of 10-16 amp., and the grid-filament capacity and insulation 
resistance are in the neighbourhood of 1-5 yy farads and 10® megohms 
respectively. The instrument thus behaves as an electrometer of 
small capacity. Unfortunately, the limit of accuracy is + 1 milli- 
volt according to Harrison, the deflexions produced by potentials 
of a lower order of magnitude being comparable with the uncon- 
trollable zero drift. Greville and Maclagan (Trans. Faraday Soc., 
1931, 27, 211) sought to increase the accuracy of Harrison’s method 
by employing a more sensitive galvanometer, and claimed an 
accuracy of + 0-05 millivolt. It is noteworthy, however, that the 
maximum deflexion which they obtained for a potential of 0-05 
millivolt was only 0-6 mm., whereas the zero drift amounted to 
2mm. per minute. Increasing the sensitivity of the galvanometer 
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beyond a certain limit does not extend the range, since controlled 
and random deflexions are proportionately magnified. The limit 
of accuracy is thus determined by the steadiness of the zero. 


Fie. la. 





























The electrical circuit of the ballistic electrometer is given in 
Fig. 1b, E being the glass cell and P the opposing potentiometer. 
When the tapping key K is opened and closed, the unbalanced 


Fie. 1b. 
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E.M.F. is alternately applied to the grid and short-circuited. The 
consequent increase or decrease in the anode current leads to a 
corresponding change in the potential drop across R, and therefore 
to a readjustment of the charge on the condenser C, the capacity of 
which may be 1—4 microfarads. The transient charging current 
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flows through the galvanometer and a ballistic throw results. 
Balancing is carried out by the usual potentiometric method of 
adjusting the potentiometer dials so that there is no deflexion to 
left or right at make or break: the #.M.F. of the cell is then equal 
to the potentiometer reading. Since the galvanometer is isolated 
from the high-potential circuit and the anode current does not pass 
through its coils, a sensitive reflecting galvanometer may be used 
with safety, and no current-compensating adjustment is required. 
The galvanometer is unaffected by the anode current “creep ” 
which is the cause of the zero drift in the earlier forms of valve 
electrometer, and provided the apparatus is shielded from external 
electromagnetic disturbances, the zero remains stable for an 
indefinite period. 
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As the operating filament voltage of the electrometer valve is in 
the neighbourhood of one volt, a fixed resistance R, is connected in 
series with the filament. The voltage drop across this is utilised to 
supplement the grid bias due to the small dry cell GB, thus providing 
a mean grid potential of — 2-5 volts. The key and the connexion 
to the negative pole of the glass cell are the only parts of the appar- 
atus which require exceptional care in insulation. The resistance 
R should be large in comparison with the combined series impedance 
of the galvanometer coils and the condenser C; a value of 10,000— 
20,000 ohms is satisfactory. C may be a paper-dielectric condenser 
having a capacity of 1—4 microfarads; good quality Mansbridge 
condensers of the type used in radio receiving sets are suitable. 

As an alternative to the use of a reflecting galvanometer, it is both 








economical and convenient to employ a valve amplifier in conjunc. 
tion with an inexpensive pointer galvanometer. Such an arrange. 
ment is shown in Fig. 2. Suitable values are R, and R,, 0-1—0-5 
megohm; R, and R,, 2—5 megohms; R and R;, 20,000 ohms; C; 
and C,, 0-1 microfarad; C, and C, 2 microfarads. The first valve 
is the electrometer triode, the second a receiving valve of high 


amplification factor, and the third a ‘“‘ power ” valve of high mutual 
conductance. The resistances and condensers may be of the 
inexpensive types used in receiving sets, the use of wire-wound 
resistances and mica-dielectric condensers being unnecessary. 
Transformer or choke coupling may, of course, be used, but these 
methods of coupling are costly and have no special advantage. 
Moreover, when inductances are present the impulse is not unidirec. 


Fic. 2. 


























tional. The resistance R; and condenser C; are used to divert the 
discharge from the anode battery, which, by virtue of its resistance, 
may otherwise act as a coupling between the various stages and lead 
to oscillation at audio-frequency. The apparatus may also be used 
for amplifying weak bridge currents in conductance measurements : 
the slight modifications necessary for this purpose will be apparent. 
Ballistic Electrometers employing Receiving Valves.—If an ordinary 
receiving valve is substituted for the electrometer triode valve in 
the arrangement of Fig. 1b, the potentiometer reading at balance is 
equal, not to Z, but to H + i,R, where i, is the grid current and £ 
and & are the E.M.F. and resistance of the glass cell. Experimental 
calibration by means of buffer solutions is therefore necessary. 
Moreover, the method is no longer electrostatic, since the grid 
current of receiving valves amounts to 10-1 or 10° amp. Experi- 
mental calibration may be avoided by adopting the null ballistic 


2980 MORTON : DETERMINATION OF GLASS-ELECTRODE POTENTIALS 









met 
Cc". 
thre 
con 
the 
on 

mis 
disc 
poil 
it is 


the 
Fig 
cap 
the 
con 
at. 
are 
and 
diff 
dey 
full 
wit 
gla 
is 1 
thr 
the 
sat 
of 

har 
the 


al 
bal 


ass 
an 
ion 


die 
an 
ser 
ext 


TIALS 


June. 
ange- 
ic - 
valve 
high 
utual 
the 
ound 
sary. 
hese 
age, 
irec- 


2V. 


OY. 


he 
ce, 
ad 
ed 


ry 


in 













BY MEANS OF A NULL BALLISTIC VALVE ELECTROMETER. 2981 


method of Fig. la. The unbalanced #.M.F. charges the condenser 
C’’. On depression of the Morse key, the condenser is discharged 
through the resistance R’’ and the impulse is communicated, via the 
condenser ©’, to the grid. Balancing is carried out by adjusting 
the potentiometer dials so that there is no deflexion to left or right 
on depressing the key. At first sight it would appear to be per- 
missible to omit the condenser C’ and resistance R’’, and to pass the 
discharge directly through R’. When this is done, however, the null 





point is reached, not when the unbalanced £.M.F. is zero, but when 
it is equal to the voltage drop across R’ due to grid current. 

Owing to the length of time necessary to charge the condenser. 
the process of balancing is somewhat tedious, and the method of 
Fig. le is preferable. C’ is a condenser of about 0-2 microfarad 
capacity, which serves to prevent the flow of grid current through 
the high-resistance cell. Its insulation resistance must be high 
compared with the resistance R’, and, as R’ should have a value of 
at least 100 megohms, only high-grade mica-dielectric condensers 
are suitable. C’ is virtually in series with the grid-filament capacity, 
and the combined capacity is exceedingly small. The method thus 
differs from that of Fig. la, and resembles that of Fig. 16, in that, on 
depression of the key, the grid is charged instantly to practically the 
full value of the unbalanced H.M.F., and the amount of energy 
withdrawn from the cell is vanishingly small. The resistance of the 
glass cell is in parallel with R’. Evidently, therefore, if the former 
is very high, the rate at which the charge on the grid leaks away 
through R’ will be comparable with that at which it is supplied by 
the high-resistance cell. The author has not succeeded in obtaining 
satisfactory results with cells having a resistance greatly in excess 
of 20 megohms. The electrometer-valve method, on the other 
hand, is applicable to all determinations in which the resistance of 
the source of H.M.F. does not exceed 1000 megohms. 

Other Ballistic Methods.—The opportunity is taken of correcting 
a misconception which appears to have arisen in regard to the 
ballistic system recently described by the writer (J. Sci. Inst., 1930, 
7, 187). The system is especially suitable for use by laboratory 
assistants and others unacquainted with potentiometric technique, 
and provides a rapid and simple method of determining hydrogen- 
ion concentration by means of glass electrodes with an accuracy of 
+ 0-01 py, unit. The apparatus consists essentially of a mica- 
dielectric condenser of large capacity and a charge-discharge key, 
and is used in conjunction with a ballistic galvanometer having a 
sensitivity of 3430 mm. per microcoulomb. The technique is 
extremely simple : the glass cell is allowed to charge the condenser 
for an accurately-timed period of 30 seconds, after which the con- 
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denser is discharged through the galvanometer coils. The py value 
corresponding to the observed deflexion is read directly from a 
calibration chart connecting the two. This chart, which is approxi- 
mately linear over the py range 1—10, is prepared by standardising 
the apparatus by means of buffer solutions under precisely similar 
experimental conditions; for this purpose the universal buffer 
mixture recently described by Britton and Robinson (this vol., 
p. 1456) is convenient. The experimental calibration serves, not 
only to standardise the electrode, but also to compensate for 
asymmetry of the galvanometer field, irregularities in the graduation 
of the scale, etc. Electrostatic screening is unnecessary. 

The method differs from earlier ballistic systems in that, by taking 
advantage of the fact that the charging rate follows a logarithmic 
decrement law, the time required to take a reading is shortened with- 
out loss of sensitivity. If H and R be respectively the #.M.F. and 
resistance of the glass cell, and K the capacity of the condenser, the 
charge Q accumulated at time ¢ is given by the well-known equation 
Q = KE(1 — e“*®), and the average charging current for time ¢ 
is J = Q/t = KE(1 — e-*¥®)/t. Evidently, the greater the value 
of K, the greater will be the charge accumulated in a given period 
of time. In the limit, if a condenser of sufficiently large capacity 
is used, so that ¢/KR is small enough for its square to be neglected, 
we have by the exponential theorem J = KH(1 — 1+ t/KR)/t= 
E/R; that is, the cell is virtually short-circuited during the time /, 
and a maximum charging current flows into the condenser. In 
practice, when high-conductivity cells—which are now commercially 
obtainable—are used, full-scale deflexion may be obtained by 
employing a condenser of 1—2 microfarads capacity with a charging 
period of 30 seconds; in fact, if an automatic time switch is used to 
ensure accurate timing, the period occupied by each reading may be 
reduced to 15 seconds. The statement of Greville and Maclagan 
(loc. cit.) that ‘‘ although this method has proved to be sound, an 
almost prohibitive amount of time has to be spent over each reading ” 
is apparently due to confusion with earlier methods. In com- 
parative measurements of this kind, the fact that the P.D. between 
the condenser plates at the moment.of discharge is less than the 
E.M.F. of the cell is of no consequence, since K, t, and R are con- 
stants and Qec #. The apparatus, which is manufactured by the 
Cambridge Instrument Company, has been employed in commercial 
practice, and has been found to be convenient and trustworthy. 


Summary. 


A null ballistic valve electrometer is described. The instrument 
is distinguished from earlier valve electrometers by its complete zero 
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stability and high sensitivity. The mode of operation differs in no 
respect from orthodox potentiometric technique, and involves no 
additional adjustments. The sensitivity, which may be increased 
to any desired degree by standard methods of audio-frequency 
amplification, is such that an H#.M.F. of 0-01 millivolt operating 
through a resistance of 1000 megohms may be detected. 


The author is indebted to the Director of the Research Labor- 
atories of the General Electric Company for the loan of experimental 
electrometer valves, and to Dr. J. C. Crocker for the kind interest he 
has taken in the work. A grant from the Dixon Fund of the Uni- 
versity of London is gratefully acknowledged. 
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CCCCXV.—The Determination of  Glass-electrode 
Potentials by Means of Valve Potentiometers. 


By CHARLES Morton. 


THE thermionic valve potentiometer was introduced by the writer 
in 1928 (Trans. Faraday Soc., 24, 14), and has been applied to the 
determination of glass-electrode potentials by Stadie (J. Biol. Chem., 
1929, 83, 477), Dubois (ibid., 1930, 88, 729), Partridge (J. Amer. 
Chem. Soc., 1929, 51, 1), Elder (ibid., p. 3266), Fosbinder (J. Physical 
Chem., 1930, 34, 1299), Miiller (Z. Elektrochem., 1930, 36, 923), 
Harrison (J., 1930, 1528), Greville and Maclagan (Trans. Faraday 
Soc., 1931, 27, 211), and Voegtlin, de Eds, and Kahler (Amer. J. 
Physiol., 1929, 91, 225). 

The method described in the present communication differs from 
those hitherto employed in that the sensitivity increases with the 
resistance of the cell, and becomes very great when the latter is 
equal and opposite to the internal grid impedance of the valve. 

The sensitivity of a valve potentiometer may be defined as 
di,,/0H, i.e., the change in the current through the galvanometer 
for unit change in applied potential. At a certain lower limit of 
dF, the zero drift becomes comparable with the deflexion due to 
the unbalanced H.M.F. applied to the grid, and increasing tlte 
sensitivity of the galvanometer does not further extend the range. 
With the majority of the valve potentiometers previously described, 
owing to the low grid sensitivity, the consistent attainment of an 
accuracy of +1 millivolt is a matter requiring some skill and 
patience, although occasional measurements may show an accuracy 
of a somewhat higher order. By taking full advantage of the relay 
action of the valve, the deflexion for an unbalanced #.M.F. of 
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+ 0-01 millivolt may be made large in comparison with the uncon. 
trolled zero drift, and thus the accuracy may be increased. It is 
for this reason that, in the present work, consideration has been 
paid to the conditions under which high sensitivity may be obtained. 

General Principles.—The electrical circuit is simple, and is shown 
in Fig. la. During the initial zero adjustment, the switch arms 
make contact at A and B, and the component of the anode current 
flowing through the galvanometer is balanced in the usual manner 
by varying R,, which regulates the compensating current supplied 


Fig. la. 
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by the filament accumulator. The switch is now thrown so that 
contact is established at C and D, and the system is balanced by 
adjustment of the potentiometer P. The effective grid potential is 
evidently equal to (+ H+i,R — Ey») and (— £+ £E,+ ik — 
Ey) at the completion of the first and the second adjustment 
respectively, i, being the grid current, HZ, the nominal grid-bias 
potential, Z, the potentiometer reading, and Z and R the £.M.F. 
and resistance of the cell. Hence HE = 32), i.e., the £.M.F. is 
equal to half the reading of the potentiometer dials. If desired, 
the latter may be re-graduated (the readings being halved) so as to 
give directly the 2.M.F. of the cell. 
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The conditions at balance are represented in Fig. 1b: to simplify 
matters the nominal grid-bias potential Z,,, which serves merely 
to fix the mean grid potential at the operating point, has been 
omitted. At balance, let R, and R, be the internal grid and anode 
impedances respectively, H, and E, the effective grid and anode 
potentials, i, and i, the grid and anode currents, and R., = R, . Rza/ 
(R, + Rega) the total external anode resistance. Since a null method 
is employed, only small displacements, e.g., unbalanced potentials 


Fie. 16. 
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of the order of 0-1 millivolt, need be considered: under these 
conditions R, and R, are sensibly constant, and Ohm’s law is 
applicable. Thus for a small change F, in the anode potential, or 
of » . 0H, in the effective grid potential (where yp is a constant, the 
“amplification factor’ of the valve under operating conditions), 
the change in anode current is 

as ok, up. OB, 
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(1) 


The effective giid potential at balance is Ey = —E+7,R + 
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E,(= 22) = H+1,R. For a small displacement 0H from the 
balance point 0#,/CE = R,/(R, + R) 
Ot, aa Lad R; 2 
hah oes oe eS 
An important characteristic of the valve for the present purpose 
is its mutual conductance G, which is defined as the slope of the 
anode characteristic curve, when R,, and R are equal to zero. 
From (2) we have G = p/R,. The ratio 
“38 Ri+R, R,+R B,+Ra' hth’ 
is the slope of the anode characteristic under operating conditions, 
and may be termed the effective mutual conductance. The ratio 
Ciga/Ci, of the galvanometer current to the total anode current is 
Ciga/Ct, = R,/(R, + Rega). We thus obtain 
Oigg Ota R, R, R, 








G’ G (3) 





Ctga __ 
CE se Ole ‘OE OR, + Rg, Ry a Rea’ Rg + R° 

The conditions under which high sensitivity may be obtained are 
as follows : 

(1). The sensitivity being directly proportional to the mutual 
conductance, a “ power ”’ or pentode valve should be employed. 

(2) Of two galvanometers of equal sensitivity, that of lower 
resistance is the more suitable. If for any reason it is necessary to 
use a high-resistance galvanometer, it is advantageous to supply 
the compensating current, not from the filament accumulator, but 
from a separate battery of higher #.M.F. in order that R, may be 
maintained at a high value. Under these conditions R,/(R, + Rg) 
is sensibly equal to unity. 

(3) Since R, is always positive, the introduction of the load R,, 
into the anode circuit must result in a loss of sensitivity. The loss 
is negligible if a low-resistance galvanometer (10—30 Q) is employed, 
or a high-resistance galvanometer in conjunction with a pentode 
valve, which combines a high mutual conductance with a high 
value of R,. If, in addition, the condition mentioned under (2) is 
satisfied, equation (4) reduces to 

Oip,/OE = RGiRg +R). . . . ~ (5) 

(4) When the resistance of the source of #.M.F. is low, equa- 
tion (5) reduces further to 0i,,/0H = G; the maximum sensitivity 
obtainable when low-resistance cells are employed is equal to the 
mutual conductance of the valve. When, however, the source of 
E.M.F. is a glass electrode, the degree of sensitivity ultimately 
depends on the slope 6 of the grid characteristic at the operating 
grid potential: since 6 may be positive, negative, or equal to zero, 
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and R, = 1/b, three cases arise: (4a) When R, is positive, the 
introduction of the high-resistance cell into the grid circuit diminishes 
the sensitivity, and if R is large compared with R, the sensitivity 
falls almost to zero. (4b) At the maximum of the grid character- 
istic, equation (5) reduces to Gig,/0E = G; the sensitivity is equal 
to the mutual conductance, and is unaffected by the resistance of 
the glass electrode. (4c) When R, is negative the sensitivity is 
enhanced by the introduction of the high-resistance cell into the 
grid circuit. When R, = — R, the sensitivity is infinitely great. 


Fia. 2a. 


Apode Characteristic 
Curves 


Anode current, milliamps. 





—7 — 6 —5 4 —3 —2 —1 
Grid voltage. 


These results are illustrated by the curves of Fig. 2, which were 
obtained with the Mazda P 220 valve operated at normal filament 
temperature and with an anode potential of 60 volts. Fig. 2a 
shows graphically the effect, on the slope of the anode characteristic, 
of the introduction of a series resistance into the grid circuit. 
Each resistance consisted of a thin glass bulb (a glass electrode) 
filled with dilute acid saturated with quinhydrone, and immersed 
in a solution, also saturated with quinhydrone, such that no P.D. 
was set up between platinum wires dipping into the solutions on 
either side of the glass membrane. The curve for R = 0 is the 
normal anode characteristic. The remaining curves are convex 
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with respect to the normal characteristic (i.e., of steeper slope) 
when the grid is highly negative, and each attains a maximum slope 
at a point which may be termed the critical grid potential: as the 
negative grid bias is reduced the curves approach the normal 
characteristic, and intersect the latter at what is known as the 
“floating grid potential.’ This is the potential which the grid 
assumes when completely isolated, and is the point at which the 
grid current becomes zero and changes sign: in this region the 
slope is reduced almost to zero. The influence of the external grid 
resistance on the effective mutual conductance is strikingly shown 


Fie. 2b. 


Sepsilivity Curves 
Mauda P220 Valve 
£,> 80 


Sensitivity (microamps. per millivolt). 
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by the curve for R = 703 MQ. At the critical grid potential 
there is a break in the characteristic, and the sensitivity attains 
the remarkable value of 38 microamps. per millivolt. 

The dependence of the sensitivity on the mean grid potential is 
illustrated by the sensitivity curves of Fig. 2b, which were obtained 
by plotting 0i,,/0H against HZ, the mean grid potential. Each 
curve passes through a maximum at the critical grid potential and 
falls almost to zero on either side of this point. The maximum 
values of Otg,/OH are 1-55, 1-5, 2-1, 3-7, and 38 microamps. per 
millivolt for R = 97-8, 211, 347, 526, and 703 megohms respectively, 
as compared with 0-05—0-25 at the floating grid potential (the 
method of Dubois; Fosbinder; Miller; and Voegtlin, de Eds, and 
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Kahler), and 0-03 for the electrometer valve used by Harrison and 
by Greville and Maclagan. 


EXPERIMENTAL. 


Methods of applying routine tests for the efficiency of insulation 
and shielding have been described by Greville and Maclagan and 
others, and will not be discussed. It may be remarked, however. 
that, since each pole of the cell in turn is connected to the grid, 
both poles are adequately shielded and insulated ; the insulation of 
the switch contacts must also be of a high order. During the 
transit of the switch the grid is momentarily isolated, and tends to 
acquire a charge which is not readily dissipated subsequently through 
the high resistance leak to earth. This is avoided by employing a 
spring-loaded trigger release. 

Batteries of dry cells are convenient as sources of anode and 
grid-bias potentials; that used in the grid circuit is variable in 
steps of 1-5 volts. The adjustment of the mean grid potential for 
high sensitivity is not critica] unless cells of very high resistance 
are employed, but if desired, a potential divider connected across 
the filament accumulator may be used as a fine adjustment. The 
grid potential at which high sensitivity is attained is determined, 
for a given valve and glass electrode, from a sensitivity curve of 
the type given in Fig. 26, or more simply, by trial. 

The grid current of modern “hard” receiving valves at the 
critical grid potential is of the order of 10-! or 10° amp., and 
extended tests have shown that it is insufficient to lead to significant 
polarisation. Operation at the floating grid potential does not, as 
has been supposed, confer immunity from polarisation effects. At 
this point the grid characteristic has a steep positive slope, and the 
slightest displacement from the balance point is sufficient to bring 
about a relatively heavy flow of grid current. Owing to the hard- 
ness of modern valves, leakage currents flowing from the grid 
battery through the valve base and holder are comparable with, 
and frequently exceed, the current due to ionisation within the 
valve, and profoundly affect the form of the grid characteristic. 
The sensitivity curves of Fig. 2b were obtained after isolating the 
grid by making saw-cuts through the base around the grid pin and 
removing the latter together with a portion of the bakelite base ; 
connexion was then made directly to the isolated grid lead. 
Uncapped valves may be obtained from many British manufacturers. 

The zero variations of valve potentiometers are of two types : 

(1) A drift of zero is caused by variations in the electronic emis- 
ion of the filament : the drift usually takes place at a fairly steady 
tate and in the same direction. Wynne-Williams (Proc. Camb. 
5E 
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Phil. Soc., 1927, 23, 811; Phil. Mag., 1928, 6, 325) has shown that, 
provided certain stringent conditions be satisfied, it is possible 
partially to compensate the system for variations in battery voltages 
and thus reduce the rate of drift. The method described in the 
present communication renders such compensation unnecessary, 
The zero drift which takes place during the time necessary to take 
a reading is small in comparison with the deflexion produced by an 
unbalanced #.M.F. of + 0-01 millivolt. In general, it will be 
found convenient to employ a somewhat insensitive pointer galvano. 
meter giving a deflexion of, say, one division per microamp. : the 
zero drift is then imperceptible during the period required to take 
some 5—10 readings. 

(2) Random excursions of the galvanometer result from electro. 
magnetic disturbances or body capacity effects. Owing to the fact 
that the grid-filament impedance is reduced by the flow of grid 
current, the valve potentiometer described in the present com. 
munication is comparatively insensitive to potential surges impressed 
on the grid, and for most purposes electrostatic shielding is unneces. 
sary. If the apparatus is to be used with cells of very high resist- 
ance, however, it is advisable to enclose it in an earthed metal 
box. 

Differential Potentiometric Titration by Means of the Glass Elec: 
trode.—The valve potentiometer is especially valuable for use in 
differential potentiometric titration in conjunction with glass elec. 
trodes. Not only is the use of special forms of titration cell ren: 
dered unnecessary, but also, by taking advantage of the relay 
action of the valve, a higher order of accuracy is obtained. More. 
over, the neutralisation curve may be determined simultaneously 
with the differential curve. 

The titrant is added in successive equal increments, and the 
system balanced at each stage as already described, thus yielding 
data for constructing the neutralisation curve. At each step, after 
balancing, a small increment AV (one drop) of the reactant is 
added, and the resulting deflexion of the galvanometer is noted 
before the addition of the next larger increment. This deflexion is 
evidently proportional to AZ/AV, and by plotting the deflexions 
against the total volume V of titrant added, the differential curve 
is obtained. Owing to the amplifying properties of the valve, a 
very slight increase in the value of AZ/AV may be detected, and 
the method gives excellent results in the titration of weak acids ot 
bases at high dilutions. For many purposes it is unnecessary td 
plot the differential curve, the end-point being located merely by 
noting the value of V corresponding to maximum galvanomete! 
deflexion. 
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that, Summary. 


ali (1) A thermionic valve potentiometer for the measurement of 
Bes glass-electrode potentials is described. The instrument differs from 
| those of earlier design in that the sensitivity increases with the 
“ary.} resistance of the source of H.M.F. A sensitivity of 38 microamps. 
~~ f per millivolt has been obtained. 
: al (2) The application of the valve potentiometer to differential 
. be potentiometric titration with glass electrodes is discussed. The 
er accuracy is of a higher order than is otherwise obtainable, and the 
te use of special forms of titration apparatus is rendered unnecessary. 





ot The author wishes to express his indebtedness to Dr. J. C. Crocker 
C'r0-8 for the interest he has taken in the work, and to the University of 


= London for a grant from the Dixon Fund. 
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esistf =CCOCXVI.—Amidines of Pharmacological Interest. 


By ALEXANDER PETER TAWSE Easson and FRANK LEE 
Elee. PYMAN. 


se ilff Tu1s paper records the details of the preparation of a number of 
elec} amidines. These were prepared for pharmacological study from 
rel'§ various points of view, as described below, but none of them has 
relay} appeared to be of sufficient value to warrant clinical trial. 

fore} 1. As Local Anesthetics—Many local anesthetics contain a 
ously carboalkoxy-group, but the corresponding carboxylic acid may have 
no local anesthetic properties, possibly because the lipoid-soluble 
character of the ester is not shared by the acid; compare, for 
instance, cocaine with ecgonine. Now amidines contain a group, 
‘C(.NH)-NH,, which is structurally similar to the carboxyl group. 
The free bases, although more or less soluble in water, are also 
soluble in immiscible solvents, whilst the salts, which contain one 
¥ equivalent of acid, are neutral in reaction and readily soluble in 
water. It therefore appeared to be of interest to enquire whether 
substitution of the amidine group for the carbethoxy-group 
of the local anesthetic “‘anzsthesin,” ethyl p-aminobenzoate, 
NH,°C,H,°CO,Et, would give rise to a substance having local anzs- 
thetic properties, and p-aminobenzamidine, NH,°C,H,°C(-NH)-NHg, 
was consequently prepared. This substance and its m-isomeride 
were prepared by reduction of the corresponding nitrobenzamidines. 
These aminobenzamidines and also 3 : 4-dimethoxybenzamidine, which 
was prepared from veratronitrile by way of 3 : 4-dimethoxybenzimino- 
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ether, had no local anesthetic action, but slight local anesthetic 
properties were found in the case of two substituted ethyl benzoates, 
namely, p-carbethoxybenzamidine, EtO,C-C,H,°C(-NH)-NHg, which 
was prepared through the imino-ether, and p-carbethoxypheny. 
guanidine, EtO,C-C,H,-NH-C(°NH)-NH,, which was prepared from 
p-carbethoxyphenylthiocarbamide through the S-methyl ether. In 
view of the known anesthetic character of “ holocain,” ethenyldi. 
p-phenetylamidine, EtO-C,H,-NH-CMe:N-C,H,-OEt, the preparation 
of similar bases containing o-dimethoxy-groups was attempted. 
Benzenylveratrylamidine, NH,-CPh:N-C,H,(OMe),, was prepared by 
treating benzoylveratrylamine first with phosphorus pentachloride 
and then with ammonia. It proved to have well-marked local 
anzsthetic character. Attempts to prepare 3: 4-dimethoxy. 
benzenylveratrylamidine, ethenylveratrylamidine, and _ etheny- 
diveratrylamidine in a similar manner were unsuccessful. 

2. As Antiseptics.—Following out the plan mentioned above of 
comparing the effects of the amidine and carboxyl residues, o-hydr. 
oxybenzamidine was prepared in the form of its sulphate for a com- 
parison of its antiseptic properties with those of salicylic acid. 
Tested against B. coli in broth, o-hydroxybenzamidine sulphate 
inhibited growth in a dilution of 1 in 900, but not in a dilution of 
1 in 1000, whilst under similar conditions salicylic acid inhibited 
growth in a dilution of 1 in 2000, but not in a dilution of 1 in 2250. 
The inhibitive effect of o-hydroxybenzamidine sulphate is therefore 
less than that of salicylic acid, molecule for molecule, and much less 
weight for weight. We are indebted to Mr. C. E. Coulthard of 
Boots’ Bacteriological Department for carrying out the tests 
described above. 

3. As Hypoglycemic Drugs.—The interesting properties of 
synthalin (diguanidinodecamethylene) led us to test the hypo- 
glycemic properties of the diamidines of dibasic fattyacids. Bischof, 
Sahyun, and Long (J. Biol. Chem., 1929, 81, 325) have shown that 
in the synthalin series (I) the toxic and hypoglycemic effects 
increase with the lengthening of the chain connecting the two 


NH,*(NH°)C-NH-[CH,]},"NH°C(°-(NH)-NH,  (1-) 
NH,°(NH:)C-[(CH,],°C(;NH)-NH, (II.) 
guanidine residues up to synthalin (I, » = 10) itself, and then 
decrease, the lethal dose for rabbits in mg. of base per kg. given 
parenterally being pentamethylene 50, octamethylene 7, decamethyl- 
ene 4, and dodecamethylene 8. Any hypoglycemic effect was 
usually accompanied by death. 


We have consequently prepared and tested the hypoglycemic 
action of a series of diamidines of basic fatty acids of varying length 
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of chain. Reduction of blood sugar was only observed in those 
animals which subsequently died. The dose required to bring about 
hypoglycemia and death on injection into rabbits of about 2-9 kg. 
was: azelamidine sulphate (Il, n = 7) between 100 and 200 mg., 
sebecamidine hydrochloride (II, n = 8) between 60 and 75 mg., and 
decane-1 : 10-diamidine dihydrochloride (Il, n= 10) less than 
100 mg. 

Two amidines of monobasic fatty acids were also tested in this 
connexion, namely, valeramidine sulphate and lauramidine hydro- 
chloride, but neither produced any effect in doses of 100 mg. 

Two derivatives of guanidine prepared with different objects in 
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view were incidentally tested for hypoglycemic action, and it was 
found that p-carbethoxyphenylguanidine hydrochloride had no 
hypoglycemic properties when administered to rabbits of about 
2-9 kg. in a dose of 0-5 g., whilst p-hydroxyphenylguanidine hydro- 
chloride had no hypoglycemic properties in sublethal doses. In 
this connexion it may be recalled that Parks and Braun (J. Biol. 
Chem., 1931, 91, 629) have now come to the conclusion that p-amino- 
phenylguanidine does not possess hypoglycemic properties. 

The experiments on the local anesthetic and hypoglyczemic 
properties of the above-mentioned amidines were carried out by 
Mr. W. A. Broom, B.Sc., of Boots’ Pharmacological Department, 
who will give a more detailed account of them elsewhere. 

4. As Pressor Drugs.—It appeared to us to be of interest to 
determine whether the pressor effect characteristic of the pheny!l- 
alkylamines was also found in similarly constituted amidines. In 
this connexion we prepared p-hydroxyphenylacetamidine, 

HO-C,H,°CH,°C(;-NH)-NH,, 

a substance analogous to p-hydroxyphenylethylamine, and also its 
N-methyl derivative, HO-C,H,°-CH,°C(:NH)-NHMe, mandelamidine, 
and o- and m-hydroxybenzamidines, HO-C,H,’C(-NH)-NH,. These 
substances were tested by Dr. A. St. G. Huggett and Prof. 
McSwiney, who found that p-hydroxyphenylacetamidine had a 
pressor effect, whilst its N-methyl derivative, mandelamidine, o- 
and m-hydroxybenzamidine were almost inactive in this respect. 
Their results will be reported elsewhere in due course. 

5. As Antimalarial Drugs.—Through the courtesy of the Chemo- 
therapy Committee of the Medical Research Counc?l three of the 
above compounds were tested for antimalarial action upon canaries, 
3: 4-dimethoxybenzamidine and p-carbethoxyphenylguanidine by 
Dr. Keilin, F.R.S., and benzenylveratrylamidine by Dr. Scott McFie, 
but none was found to have any antimalarial properties. 

The authors desire to express their thanks to all the investigators, 
named above, of the pharmacology of these amidines. 
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EXPERIMENTAL. 
m-Aminobenzamidine Monohydrochloride.—m-Nitrobenzamidine 
hydrochloride, prepared by the method of Forsyth, Nimkar, and 
Pyman (J., 1926, 800), was reduced to m-aminobenzamidine di. 
hydrochloride (monohydrate) by the method of Pinner (Ber., 1895, 
28, 473). This salt had m. p. 265—266° (corr.); Pinner gives m. p. 
260°. This salt (35 g.) and 150 c.c. of 1-035N-sodium hydroxide 
were evaporated to dryness under diminished pressure, and the 
monohydrochloride was extracted from the residue with absolute 
alcohol. After recrystallisation from water m-aminobenzamidin 
monohydrochloride dihydrate (25 g.; yield, 87°/,) was obtained in long 
fibrous needles, m. p. 79—85° (Found: H,O, 16-9; N, 19-8; (1, 
17-2. C,;H,N;,HC1,2H,O requires H,O, 17-3; N, 20-2; Cl, 17-1%). 
The saturated aqueous solution contains 15%, of the anhydrous salt 
at the ordinary temperature and is neutral to litmus. The dihydrate 
is readily soluble in alcohol and slightly soluble in acetone. The 
water of crystallisation is lost almost completely by keeping in a 
vacuum over sulphuric acid, and completely at 100°. The anhydrous 
salt crystallises from methyl alcohol in needles, m. p. 162—163° 
(corr.). It is hygroscopic and slowly absorbs two molecules of 
water when exposed to the air. 
p-Aminobenzamidine Salts.—18-3 G. of p-nitrobenzamidine hydro- 
chloride (prepared according to Pinner and Gradenwitz, Annalen, 
1888, 248, 47, and having m. p. 294—296°, corr..decomp.) were 
added to stannous chloride (66 g.) in concentrated hydrochloric 
acid (92 c.c.). Granulated tin (37 g.) was added, and the mixture 
boiled for 1 hour. After removal of tin as sulphide, p-amino- 
benzamidine dihydrochloride (13-1 g.; 70%) was obtained. It 
crystallises from water, in which it is readily soluble, in needles, 
m. p. about 320° (decomp.) (Found: C, 40-2; H, 5-5; N, 205; 
Cl, 33-8. C,H,N;,2HCl requires C, 40-4; H, 5:3; N, 20-2; Cl, 
341%). The monohydrochloride, prepared in the same way as the 
m-isomeride, crystallises from water with 1H,O, which is lost ina 
vacuum over sulphuric acid (Found: H,O, 8-7, 10-8. 
C,H,N;,HCl,H,O 
requires H,O, 9-5%). The anhydrous salt is non-hygroscopic, and 
has m. p. 225—226° (corr.) (Found: C, 48-6; H, 5-7; Cl, 206. 
C,H,N;,HCl requires C, 49-0; H, 5-8; Cl, 20-7%). It is soluble in 
alcohol. The saturated aqueous solution contains 35% of the 
anhydrous salt, the solution being neutral to litmus. 
The monopicrate crystallises from glacial acetic acid in small 
leaflets, m. p. 231—232° (corr. decomp.) (Found: C, 43-1; H, 3:2. 
C,H,N;,C,H,0,N, requires C, 42-8; H, 3-3%). 


The free base was obtained as an amorphous powder, m. Pp. 
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(decomp.) about 125°; it is easily soluble in water or alcohol, and 
midine§ slightly soluble in ether or chloroform; its aqueous solution when 
ir, andy warmed decomposes with evolution of ammonia. 

ine dif 3: 4- Dimethoxybenziminoether Hydrochloride.—Veratronitrile 
, 1895, (49 g.) was dissolved in a mixture of absolute alcohol (14-2 g.) and 
sm. pj sufficient dry benzene to give a homogeneous solution. Dry 
roxidef hydrogen chloride (11-5 g.) was led in, with cooling. The mixture 
1d thef was kept in the ice-chest over-night and then for 48 hours at room 











solute temperature. The imino-ether hydrochloride separated in greenish 
midin§ fibrous needles. Dry ether was stirred into the mixture and the 
n long crystals were collected, washed with ether, and dried in a vacuum 
3: CLE over caustic soda. The imino-ether hydrochloride had m. p. 142— 


7-19) & 143° (efferv.) (Found: C, 53:1; H, 63; N, 56; Cl, 14-2. 
1s salt]! C,,H,;0,N,HCI requires C, 53-7; H, 6-5; N, 5-7; Cl, 145%). 
vdrate™’ Yield, 28 g., i.e., 38%. Unchanged nitrile was recovered from the 
The filtrate and ether washings. 

rina 3: 4-Dimethoxybenzamidine Hydrochloride.—The finely powdered 
drous§} imino-ether hydrochloride (24-5 g.) was treated with alcoholic 
163° ammonia in the manner described by Pinner (“ Die Imidoather,” 
les off p. 86). The mixture was kept at 37° for 48 hours. The almost 
clear solution which was formed yielded 21 g. (96%) of the amidine 
ydro- | hydrochloride, which crystallised from alcohol in fine needles, m. p. 
valen 237° (corr., decomp.) (Found: C, 49-5; H, 6-4; N, 12-9; Cl, 16-8. 
were ¥ (,H,,0,N,,HCI requires C, 49-8; H, 6-0; N, 12-9; Cl, 164%). The 
iloric @ saturated solution contains 60% of the salt at the ordinary temper- 
xture) ature. The picrate forms yellow needles from alcohol, m. p. 217— 
nino. § 218° (corr.). The free base, extracted from a strongly alkaline 
. It mixture with ether containing a little alcohol, separated on evapor- 
dles. ation of the solvent in a vacuum, at room temperature, in long, pale 
5: | yellow needles, m. p. 110—120°. It is readily soluble in water and 
(il. — inalcohol, fairly readily soluble in chloroform, and sparingly soluble 

; the in ether. 


p-Carbethoxybenziminoether Hydrochloride.—p-Carbethoxybenzo- 
nitrile (17 g.) was dissolved in a mixture of dry benzene (22 c.c.) 
and absolute alcohol (4-5 g.), and dry hydrogen chloride (3-6 g.) led 
into the solution with cooling. The mixture was kept for several 


and 
0-6. | days in the ice-chest. The imino-ether hydrochloride separated in 
ein | Jong fine needles (17-3 g.), m. p. 179°. Yield, 69% (Found: Cl, 
the 13-8. C,,H,,0,;N,HCI requires Cl, 13-8%). 

p - Carbethoxybenzamidine Hydrochloride. — p - Carbethoxybenz- 
nall iminoether hydrochloride (14:5 g.' was treated with a very small 
3.9. excess of alcoholic ammonia. After 3 days, the ammonium chloride 


had been replaced by thick colourless prisms consisting of the 
amidine hydrochloride (11-1 g.; 90%). The salt crystallised from 
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aleohol in long transparent prisms, m. p. 217—218° (corr., decomp.) 
(Found: C, 52-6; H, 6-1; N, 12-6; Cl, 15-6. C,)H,,0,N,,HC 
requires C, 52-5; H, 5:7; N, 12:3; Cl, 15-5%). The free base 
separated from a strongly basified concentrated solution of the 
hydrochloride as an oil which slowly solidified. The oil was readily 
soluble inether. Crystallisation did not take place when the ethereal 
solution was evaporated in a vacuum. Decomposition with evolu- 
tion of ammonia occurred when the ethereal solution was kept. The 
oil was readily soluble in water, the solution being alkaline. 
p-Carboxyphenylthiocarbamide.—An aqueous solution of p-amino- 
benzoic acid hydrochloride (20 g.) and ammonium thiocyanate 
(12 g.) was evaporated to dryness on the steam-bath. The residue 
was dissolved in caustic soda, and the solution filtered and acidified. 
The fine white powder precipitated was washed with water (yield, 
16-5 g.; 73%). The substance could not be crystallised, as it was 
only very slightly soluble in water, alcohol, or acetone, and apparently 
insoluble in benzene, ether, chloroform, ethyl acetate, carbon 
disulphide or glacial acetic acid. It did not melt below 330° 
(Found : N, 14-6; 8, 15-4. C,H,O,N,S requires N, 14-3; S, 16-3%). 
p-Carboxyphenyl-S-methylisothiocarbamide Hydriodide.—A mixture 
of p-carboxyphenylthiocarbamide (14-2 g.), absolute alcohol (100 
c.c.), and methyl iodide (10-5 g.) was refluxed for an hour. The 
fine powder gradually dissolved and a greenish-yellow crystalline 
substance separated. The mixture was cooled and the precipit- 
ation completed by addition of dry ether. Yield, 20-8 g. (85%). 
The hydriodide formed prisms from absolute alcohol, m. p. 238— 
239° (corr., decomp.), easily soluble in water (Found: C, 31-8; H, 
3°3; N, 83. C,H,,0O,N,S,HI requires C, 32-0; H, 3:3; N, 8:3%). 
p-Carbethoxyphenylguanidine.—A mixture of the above hydriodide 
(67 g.) with an excess of concentrated aqueous ammonia was warmed 
gently until refluxing began and boiled for 3 hours. The hydriodide 
quickly dissolved and mercaptan was evolved. The solution was 
concentrated on the steam-bath until crystallisation began, cooled, 
and the p-carboxyphenylguanidine filtered off and washed with 
water. Yield, 30 g. of m. p. about 310°; 85%. The nitrate of this 
guanidino-acid is less soluble in water than the parent substance. 
The crude acid (20-5 g.) was esterified by boiling with absolute 
alcohol (260 c.c.) and alcoholic hydrogen chloride (20-5 c.c. of 33%) 
for 12 hours. The ester was extracted from the evaporated basified 
solution with ethyl acetate, the extract evaporated with excess of 
alcoholic hydrogen chloride, and the residue digested with anhydrous 
ether and filtered. The crude p-carbethoryphenylguanidine hydro- 
chloride thus obtained (16 g.) had m. p. 150—160°. After recrystal- 
lisation from alcohol it formed rectangular prisms, m. p. 166—167° 
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(corr.). Yield, 11-0 g. (50%) (Found: C, 49-1; H, 6-0; N, 16-9; Cl, 
14:7. Cy 9H,,0.N3,HCl requires C, 49:3; H, 5-8; N, 17-2; Cl, 
14-6%). The saturated aqueous solution contains about 48% of the 
salt at the ordinary temperature, the solution being neutral. The 
free base separates from ethyl acetate in thin prisms, m. p. 162— 
163° (corr.), which are readily soluble in alcohol and in ethy] acetate, 
but sparingly soluble in ether and in water. The picrate forms 
yellow prisms from alcohol, m. p. 224—225° (corr.); the nitrate, 
thin prisms from water, m. p. 201—202° (corr. decomp.). 

p-Hydroxyphenyl-S-methylisothiocarbamide H ydriodide.—A mixture 
of p-hydroxyphenylthiocarbamide (23-8 g.), absolute alcohol (50 c.c.), 
and methyl iodide (22 g.) was refluxed for an hour ; a clear solution, 
miscible with water, was then formed. From this the hydriodide 
was obtained in 95% yield (42-2 g.), m. p. 176—181°. It is very 
readily soluble in water and in alcohol, and readily soluble in acetone 
(Found: I, 41-1; 8, 10-1. C,H, ,ON,S,HI requires I, 41-0; S, 
10:3%). 

p-Hydroxyphenylguanidine Hydrochloride.—The above hydriodide 
(45 g.) was refluxed with 200 c.c. of aqueous ammonia (d 0-880) for 
3hours. The solution was then heated in an open dish for an hour, 
to remove mercaptan and ammonia. The hydroxyphenylguanidine 
was precipitated as the picrate, which was converted into the hydro- 
chloride (18:2 g.; 66%). This separates from alcohol in stout 
transparent prisms, m. p. 197—198° (corr.) (Found: N, 22-2; Cl, 
18-6. C,H,ON;,HCI requires N, 22-4; Cl, 18-9%). It is readily 
soluble in water. The picrate crystallises from dilute alcohol in 
needles, m. p. 235—236° (corr.); the nitrate, from dilute alcohol 
in prisms, m. p. 205—206° (corr.). 

Benzenylveratrylamidine.—Benzoylveratrylamine (18 g.), phos- 
phorus pentachloride (20 g.), and a little dry benzene were refluxed 
for 2 hours. Hydrogen chloride was evolved and a dark brown 
solution formed. Phosphorus oxychloride was removed by distil- 
lation in a vacuum, and the clear syrupy residue (which did not 
crystallise and did not distil unchanged) digested with dry ether. 
After removal of a small quantity of insoluble solid, the filtrate 
was shaken with concentrated aqueous ammonia. A voluminous 
precipitate soon formed and the whole set to a semi-solid mass. 
After standing for an hour with occasional shaking, the precipitate 
was filtered off, washed with water, and dissolved in dilute hydro- 
chloric acid, and the solution neutralised and washed with chloroform. 
The aqueous solution was warmed to expel chloroform, cooled, and 
basified. The crude amidine was precipitated as a pale yellow, 
rubber-like mass (7:2 g.) which solidified completely in a few minutes. 
After crystallisation from alcohol-benzene, 5-5 g. of the pure base 
5E2 
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were obtained; yield, 27%. It has m. p. 121° (corr.) and is readily 
soluble in alcohol, chloroform, or acetone, slightly soluble in ether and 
in water. The picrate separates from alcohol in stellate clusters of 
yellow needles, m. p. 217—218° (corr.). The hydrochloride crystal. 
lises from methyl! alcohol in small needles, m. p. 217—218° (corr.) 
(Found: C, 61-0; H, 5-8; N, 9-3; Cl, 12-2. C,;H,,0,N,,HCI 
requires C, 61-5; H, 5-8; N, 9-6; Cl, 12-2%). 
Veratroylveratrylamine was prepared by the interaction of 
veratrylamine and veratroyl chloride in ethereal solution in the 
presence of potassium carbonate. It crystallised from moist acetone 
in felted needles, m. p. 192—193° (corr.) (Found : C, 64:5; H, 6-5; 
N, 4-6. C,,H,,0;N requires C, 64-4; H, 6-0; N, 44%). No pure 
product could be isolated from the reaction mixture of this amide 
with phosphorus pentachloride and ammonia. 
p-Hydroxyphenylacetiminoether Hydrochloride.—Into a solution of 
p-hydroxyphenylacetonitrile (35-3 g.) in absolute alcohol (13 g.) and 
dry benzene (37 c.c.), dry hydrogen chloride (10 g.) was led, with 
cooling. The solution separated into two layers. The mixture 
was kept in the ice-chest for 4 hours; the lower layer had then 
crystallised completely. The solid was broken up under dry ether, 
filtered off, washed with dry ether, and kept over caustic soda in a 
vacuum for 12 hours. Yield, 55-5 g. (97%). It was a powder with 
a faint reddish tinge, m. p. 145—148° (efferv.) (Found: C, 55-6; 
H, 6-8; Cl, 16-0. C,9H,,0,N,HCl requires C, 55-6; H, 6-5; Cl, 
165%). 
p-Hydroxyphenylacetamidine Salts.—The imino-ether hydrochloride 
(55-5 g.) was mixed with slight excess of alcoholic ammonia. The 
reaction was complete in 5 hours at 40°, the ammonium chloride 
being replaced by the crystalline amidine hydrochloride. Yield, 
41-6 g. (87%). The hydrochloride crystallised from alcohol in needles, 
m. p. 253—254° (corr.). The cold saturated aqueous solution 
contained 10% of the salt (Found: C, 51-1; H, 6-1; N, 14-8; Cl, 
18-8. C,H,,ON,,HCI requires C, 51-5; H, 5-9; N, 15-0; Cl, 19-0%). 
The picrate formed long yellow needles from water, m. p. 212—213° 
(corr.), and the nitrate, leaflets from alcohol, m. p. 175—176° (corr.). 
p-Hydroxyphenyl-N -methylacetamidine.—A. mixture of p-hydroxy- 
phenylacetiminoether hydrochloride (15-6 g.) with a slight excess of 
a 33% absolute alcoholic solution of methylamine was kept at 
about 40° for 3 days. The mixture was precipitated with dry ether, 
and the precipitate crystallised from a mixture of water, alcohol, 
and acetone. Yield, 8-7 g. (60%). It crystallised from water in 
prisms, m. p. 229—230° (corr.) (Found: C, 53-5; H, 6-6; Cl, 
17-8. CgH,,ON,,HCI requires C, 53-8; H, 6-5; Cl, 17-7%). The 
picrate crystallised from alcohol in rhombs, m. p. 167—168° (corr.). 
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o-Hydroxybenziminoether Hydrochloride.—A mixture of o-hydroxy- 
benzonitrile (20 g.), absolute alcohol (8-6 g.), dry benzene (4 c:c.), 
and hydrogen chloride (6-2 g.) was kept at room temperature for 
15 days. The imino-ether hydrochloride (14-0 g., m. p. 150° with 
decomp. ; yield, 41%) was filtered off and washed with dry ether. 
After crystallisation from alcohol, it formed small needles, 
m. p. 150—151° (corr., decomp.) (Found: Cl, 17-4. “CjH,,0,N,HCl 
requires Cl, 17-6%). 

o-Hydroxybenzamidine Salts——The ammonium chloride formed 
when the imino-ether hydrochloride (6-5 g.) was mixed with alcoholic 
ammonia was almost completely redissolved in 2 hours. The 
solution was kept at 40° for a few days, filtered, and evaporated. 
The syrupy residue was treated with silver sulphate, and the 
o-hydroxybenzamidine sulphate obtained crystallised twice from 
water (needles, m. p. 285° with decomp.) (Found: §S, 8-4. 
C,H,ON,,$H,SO, requires S, 8-6%). The cold saturated aqueous 
solution, which was neutral to litmus, contained 1-5°% of the salt. 
The picrate separated from glacial acetic acid in small yellow needles, 
m. p. 245—246° (corr.) (Found: C, 42-6; H, 3:2; N, 19-4. 
(;H,ON,,C,H,0,N, requires C, 42-7; H, 3-0; N, 19-2%). 

m-Hydroxybenziminoether Hydrochloride—A _ solution of m- 
hydroxybenzonitrile (17-4 g.) in dry benzene (25 c.c.), absolute 
alcohol (6-6 g.), and hydrogen chloride (5-3 g.) was kept over-night, 
and dry ether added. The crystals (27-5 g.; yield, 93%) were 
filtered off and washed with dry ether; m. p. 161—164° (decomp.). 

m-Hydroxybenzamidine Salts—The sulphate was prepared in 
exactly the same manner as the o-isomeride. It crystallised with 
3—4 molecules of water of crystallisation. On drying at 100°, the 
crystals disintegrated into a white powder, m. p. 245° (decomp.) 
(Found in anhydrous salt : C, 45-2; H, 5-0; 8, 8-6. 

C,H,ON,,4H,SO, 
requires C, 45-4; H, 4-9; S, 8-6%). The picrate crystallised from 
glacial acetic acid in deep yellow needles, m. p. 260—261° (corr.) 
(Found: C, 43-2; H, 3-4; N, 18-7. C,H,ON,,C,H,0,N, requires 
C, 42-7; H, 3-0; N, 19-2%). 

Diamidines of Dibasic Acids.—Considerable difficulties were en- 
countered in the synthesis of these compounds. The iminoethyl 
ether hydrochlorides were prepared from the corresponding di- 
nitriles by keeping these, usually for 3 to 14 days, with 2 mols. of 
alcohol and 2 of hydrogen chloride. They were not isolated, since 
they were very hygroscopic and not always crystalline. The 
syrupy reaction mixtures were treated with alcoholic ammonia 
either at 40° or at the b. p. under reflux (compare Eitner and Wetz, 
Ber., 1893, 26, 2841). After removal of water-insoluble oils by 
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means of chloroform the diamidines were isolated in the form of salts, 
but always in poor or very poor yields. 

Pimelamidine was isolated as the picrate and converted into the 
hydrochloride, which crystallised from slightly diluted alcohol in 
needles (yield, 19%), m. p. 218—219° (corr.) (Found: C, 36-9; H, 
8-3; N, 24-4; Cl, 30-2. C,H,,N,,2HCI requires C, 36-7; H, 7-9; 
N, 24-4; Cl, 310%). The picrate crystallised from much water in 
prisms, m. p. 249—250° (decomp., sintering at 245°). It is very 
sparingly soluble in glacial acetic acid and insoluble in most other 
solvents. 

Azelamidine sulphate crystallised from water in small needles, 
m. p. 310—315° (decomp.) (Found: C, 38-0; H, 8-4; N, 20-2: §, 
11-3. C,H, ,N,,H,SO, requires C, 38-2; H, 7-8; N, 19-9; S, 11-4%). 
Solubility in cold water, 35%. The picrate separated from a mixture 
of alcohol, acetone, and water in long felted needles, m. p. 260— 
261° (corr.). 

Sebacamidine was isolated as the hydrochloride (yield, 15°). 
This salt has been described by Eitner and Wetz (loc. cit.). The 
solubility in cold water is 60%. The picrate separates from glacial 
acetic acid as a microcrystalline powder, m. p. 249—250° (corr.) 
(Found : N, 21-8. C,)H,.N,,2C,H,0,N, requires N, 21-4%). 

Nonane-1 : 9-diamidine picrate. In the preparation of the 
dinitrile of nonane-1 : 9-dicarboxylic acid, the hitherto undescribed 
acid chloride of this acid was isolated, b. p. 191—192°/22 mm. (corr.) 
(0-1944 g. required 30-3 c.c. N/10-NaOH for hydrolysis and neutral- 
isation. C,,H,,0,Cl, requires 30-7 c¢.c.). The amidine picrate 
separated from glacial acetic acid as a microcrystalline powder, 
m. p. 245—246° (corr.) (Found: N, 20-6. C,,H,,N,,2C,H,0,N, 
requires N, 20-9%). 

Decane-1 : 10-diamidine was isolated as the hydrochloride (yield, 
24%), which was crystallised from a mixture of alcohol, acetone, 
and water. This salt had m. p. 174—175° (corr.) (Found: Cl, 
23-4. C,,H,,.N,,2HCl requires Cl, 23-7%). Its solubility in cold 
water is 80%. The picrate separated from glacial acetic acid as a 
fine yellow powder, m. p. 227—228° (corr.) (Found: C, 42-0; H, 
4-9; N, 20-4. ©,,.H,,N,,2C,H,0;N, requires C, 42-1; H, 4:7; N, 
20-5%). 

Undecane-1 : 11-diamidine picrate crystallised from glacial acetic 
acid as a fine yellow powder, m. p. 192—193° (corr.) (Found: C, 
42-8; H, 56; N, 19-9. C,,;H,gNy,2C,H,;0,N, requires C, 43-0; 
H, 4:9; N, 20-1%). 

Valeramidine.—The preparation of this is similar to that of the 
dibasic aliphatic amidines. It was isolated as the picrate, which 
was converted into the sulphate (yield, 10%). This crystallised 
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from water in leaflets, m. p. 272—274° (corr., decomp.) (Found : 
C, 39-7; H, 9:3; N, 18-7; SO,’’, 32-6. C;H,.N,,4H,SO, requires C, 
40-2; H, 8:7; N, 18-8; SO,’, 32-2%). The picrate separates from 
alcohol in thin prisms, m. p. 195—196° (corr.). 


RESEARCH DEPARTMENT, Messrs. Boots PurRE Drue Co., LTD., 
NOTTINGHAM. [ Received, September 16th, 1931.] 





CCCCXVII.—The Constituents of Indian Turpentine 
from Pinus longifolia, Roxb. Part VI. The 
_Auto-oxidation of d-A°-Carene. 

By JoHN OweEN and JoHN LIONEL SIMONSEN. 


ALTHOUGH attention was directed in Part I (J., 1920, 574) of this 
series to the great rapidity with which d-A®-carene is attacked by 
oxygen, and some quantitative experiments on the rate of oxidation 
of the hydrocarbon, both alone and in the presence of anti-catalysts, 
were made by Rau (Ind. For. Rec., 1924, 11, 197), no attempt has 
been made to study the products formed. During recent years the 
investigation of auto-oxidations has been much facilitated by the 
introduction of catalysts, such as cobalt resinate (siccativ), and since 
it has been found (inter al., Wienhaus and Schumm, Annalen, 1924, 
439, 31) that the main products, verbenol and verbenone, of the 
auto-oxidation of «-pinene are obtained both in the absence and in 
the presence of resinates, we have confined ourselves to a study of the 
action of moist oxygen on d-A%-carene in the presence of cobalt 
resinate. 

According to Semmler and Schiller (Ber., 1927, 60, 1603) a dicyclic 
ketone (I) is obtained by the oxidation of A*%-carene by potassium 
permanganate in acetone solution and we had anticipated, following 
the analogy of «-pinene, that this ketone, together with the corre- 
sponding secondary alcohol, would be formed on auto-oxidation. 
Although we have obtained evidence of its presence, A*-carene has 
shown its usual tendency to undergo ring fission with the formation 
of unsaturated monocyclic alcohols and ketones. Separation of the 
products of the oxidation by the method described on p. 3007 showed 
them to consist of these in approximately equal proportions. Com- 
paratively little difficulty was experienced in determining the nature 
of the chief ketonic constituents, but the alcohols were a complex 
mixture, which we have only partially identified. 

The levorotatory ketone, C,)H,,0, isolated through the compound 
which it formed with sodium sulphite, and characterised by the 
preparation of a semicarbazone, m. p. 185—186°, and a 2 : 4-dinitro- 
phenylhydrazone, m. p. 173°, was found to be not entirely homo- 
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geneous, but it consisted essentially of /-1-methyl-3-isopropenyl- 
A®-cyclohexen-5-one (II). The constitution was established in the 
following manner. The presence of two ethylenic linkages was 
shown by the absorption of two molecules of hydrogen on catalytic 
hydrogenation with the formation of a saturated ketone (see below); 
it is therefore somewhat remarkable that the ketone (II) was quite 
unaffected by treatment with benzoylhydroperoxide in chloroform 
solution (compare, inter al., Wedekind and Teitweiler, Ber., 1931, 
64, 1799). The relative positions of the substituent groups in the 
ketone were proved by conversion, on digestion with dilute sulphuric 
acid, into 5-isopropyl-m-cresol (III). This symmetrical phenol was 
prepared from 1-methyl-3-isopropyl-A®-cyclohexen-5-one by Knoe- 


venagel (Ber., 1894, 27, 2347), who described it as a solid, m. p. 54°. 
We were unable to obtain our phenol crystalline and we met with 
the same difficulty with a specimen of the phenol prepared by 


Me CMe Me CMe 


‘i y, AO. \ 


HOV /P™ OC CPi 
CH 


2, (IIT.) ‘ (IV.) 





CMe CMe 
HC’ \cH, CH, H.C” \CH, HC7 \oH, 
OC\ ACH-C<ye — OC\_/CHPr® OC\ ACR 
CH, CH, CH——CMe, 
(VI.) (VII.) (I.) 
Knoevenagel’s method. The two phenols were, however, shown 
to be identical, since, on bromination in aqueous solution, they gave 
the same tetrabromide, m. p. 1388—140°. This bromide readily 
liberated iodine from a potassium iodide solution and it is therefore 
probably a derivative of 1-methyl-3-isopropyl-A!:3-cyclohexadien- 
5-one (IV), but its constitution was not determined. 

The presence of an isopropenyl group was proved by oxidation 
of the ketone with chromic acid, a ketonic phenol, CyH,)0., m. p. 
88—90°, being obtained. The constitution of this ketone was not 
directly established, but there can be no doubt that it is 5-hydroxy- 
3-methylacetophenone (V). As was anticipated, the second ethylenic 
linkage was found to be in the «$-position to the carbonyl group, 
since an oxide (VI) was obtained when the ketone was treated with 
hydrogen peroxide in alkaline solution under conditions similar to 
those suggested by Weitz and Scheffer (Ber., 1921, 54, 2327). 
Further, the ketone reacted with hydrogen sulphide to give a 
crystalline, but extremely unstable, derivative and some evidence 
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was obtained of the formation of a hydroxylamino-oxime and 
semicarbazido-semicarbazone, although these derivatives could not 
be obtained pure. 

The ketone reacted with piperonal in the presence of sodium 
ethoxide to yield a microcrystalline yellow derivative having the 
composition C,,H,,0, or C3,H,,0,. This is formed apparently by 
the interaction of two molecules of the ketone with two of piperonal 
with the loss of one molecule of water, but its constitution was not 
determined. 

Although the auto-oxidation ketone was thus conclusively shown 
to consist essentially of the m-menthadienone (II), it was not 
homogeneous. When it was oxidised with potassium permanganate 
(see p. 3009), the only crystalline acid which could be isolated was 
as-dimethylsuccinic acid. Further, the saturated ketone, prepared 
by catalytic hydrogenation of (II), gave a semicarbazone, which 














consisted mainly of the optically active m-menthanone (VII), but 
contained a small quantity of an isomeric, optically inactive semi- 
carbazone. Although it is possible that the substituted succinic acid 
is a final degradation product of the dicyclic ketone (I), we regard it 
as more probably derived from the presence of a small amount of 
eucarvone. Support is lent to this view by the observation (p. 3007) 
that the sodium sulphite compound of the ketone, when decomposed 
by alkali, yields a deep cobalt-blue solution, a reaction referred to 
by Baeyer (Ber., 1894, 27, 812) as characteristic of eucarvone. 
The purification of the ketone obtained by the catalytic hydrogen- 
ation of (II) was most conveniently carried out by the fractional 
crystallisation of the semicarbazone, since the progress of the 
fractionation could be controlled by polarimetric observations. The 
semicarbazone was comparatively readily separated into two 
fractions, the main fraction consisting of 1-1-methyl-3-isopropyl- 
cyclohexan-5-one semicarbazone, decomp. 203°, from which the 
levorotatory ketone was regenerated by hydrolysis with oxalic acid. 
dl-1-Methyl-3-isopropylcyclohexan-5-one was prepared by Knoe- 
venagel (Annalen, 1897, 297, 172) by oxidation of the corresponding 
alcohol and later by Wallach and Schlubach (ibid., 1913, 397, 210) 
by hydrogenation of A®-m-menthen-5-one. As will be seen from 
the table given below, there is a considerable difference in the 
physical constants of the ketones, for which we cannot at present 
offer a satisfactory explanation. 


dl-Ketone. l-Ketone. 
K. W.&S. 
B. p. 222° B. p. 221—223° B. p. 217°/754 mm. 
ais 0-9040 d® 0-8965 ax. 0-9168 
nis* 1-45359 Np 1-4541 nes* 1-4591 


[Rz]p 46-03 [Rr]p 46-53 [Rz]p 45-92 Cale., 46-19 
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As mentioned above, the /-m-menthanone was mixed with an 
optically inactive isomeride, the semicarbazone of which decomposes 
at 197—198°. The quantity (4 g.) of this semicarbazone precluded 
any possibility of determining its constitution, but since it yields a 
nitroso-derivative it cannot be the isomeric m-menthan-2-one. 

The product from the auto-oxidation which did not react with 
sodium sulphite was readily separable by distillation into two 
fractions, the more volatile of which consisted of unchanged hydro. 
carbon and the less volatile of a mixture of alcohols. The levo- 
rotatory alcohol fraction distilled over a narrow range and gave 
analytical figures corresponding to an unsaturated alcohol, C,)>H,,0, 
with two ethylenic linkages. The physical constants ([R,]) = 46-49; 
cale. for C,)H,,0, 2/= 46-77) were also in accord with this assumption, 
which was confirmed by a quantitative oxidation with benzoyl- 
hydroperoxide. Attempts to prepare crystalline derivatives were 
unsuccessful : it was found that the alcohol was a mixture and we 
can only offer indirect evidence of its composition. It contained a 
small quantity of a ketone, C,)H,,0, which was isolated as its very 
sparingly soluble 2 : 4-dinitrophenylhydrazone, m. p. 212—213°. 
It seems to us not improbable that this is derived from the unsatur- 
ated dicyclic ketone (1). 

On oxidation with either potassium permanganate in acetone 
solution or with Beckmann’s reagent the alcohol underwent exten- 
sive degradation, but in each case a small quantity of a substance 
was separated which was found to be a mixture of 3- and 4-methyl- 
acetophenones. Whilst the formation of these ketones proves the 
presence of two alcohols containing an isopropenyl group in the 3- 
and 4-positions in the auto-oxidation alcohol, the mechanism of 
their formation seems somewhat obscure. The most simple assump- 
tion is that the oxidation is preceded by dehydration, which, in the 
case of an alcohol having formula (VIII), would lead to the dihydro- 
benzene derivative (IX) and thence to m-isopropenyltoluene (X). 


CMe an Me 
7 
Ho? NOH, CH, —> Ho? : 
HOH. /CH-C<yfe” = Au <p? ce 
CH, 

(VIIL.) aa (X 
Evidence of the facility with which the auto-oxidation ipa 
undergo dehydration was furnished by other experiments. 

It occurred to us that the simplest method of determining the 
constituents of the alcohol would be to reduce it catalytically and 
oxidise the resulting saturated alcohols to the corresponding ketones, 
which could be more readily separated. The alcohol, however, 
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only absorbed hydrogen (approximately one-third of a molecule) very 
slowly even in the presence of a large amount of catalyst and the 
product was found to consist mainly of a hydrocarbon which, apart 
from its somewhat low boiling point, had physical constants agreeing 
closely with those of the cymenes. Oxidation of the hydrocarbon, 
which was not attacked by cold Beckmann’s reagent, with potassium 
permanganate furnished a mixture of acids. We were unable to 
effect a separation with the material available, but consider the 
hydrocarbon to be a mixture of m- and p-cymenes. 

Since it appeared possible that this result was due, at least in part, 
to the presence of a catalyst poison in the alcohol, it was decided to 
effect a partial reduction by chemical methods and then to complete 
the reduction catalytically. The alcohol was not attacked by 
sodium in moist ethereal solution, but partial reduction was effected 
with sodium and alcohol. The alcohol so obtained was either 
oxidised with chromic acid and then reduced catalytically or reduced 
prior to oxidation. In both cases the reduction was very incomplete 
and the products obtained were identical. After removal of the 
ketonic constituents of the oil with sodium bisulphite and semi- 
carbazide acetate, an alcohol, C,g>H,,0, was obtained. This 
alcohol, which. since it was stable to chromic acid, must contain a 
tertiary alcohol group, had constants, apart from the fact that it was 
dextrorotatory, agreeing very closely with those of the dihydroiso- 
carvestrenol (XI) prepared by Fisher and Perkin (J., 1908, 93, 1889 ; 
compare Haworth, Perkin, and Wallach, J., 1913, 103, 1228; 
Haworth and Perkin, ibid., p. 2225) and it gave the same colour 
reactions with sulphuric acid in acetic acid solution. If we accept 
the view of Aschan (‘‘ Naphthenverbindungen, Terpene und Campher- 
arten,”’ p. 121) regarding this colour reaction, it is probable that the 


CMe CMe CMe 
Q 
HZ \oH, H.C” \oH H.C’ \CH, 
HC /CH-CMe,"0H H{C\. /CH-CMe,OH OC\. JC, 
CH, CH, CH——CMe, 
(XI.) (XII.) (XIII.) 


alcohol is a mixture of (XI) and (XII). Attempts to confirm the 
presence of this alcohol by the preparation of a crystalline dihydro- 
chloride or nitrosochloride were not successful, but, since it is not 
improbable, although we have no direct evidence to offer, that the 
alcohol contained also «-terpineol, this is not surprising. 

The ketone regenerated from the bisulphite compound was con- 
verted into the semicarbazone and this was found to consist mainly 
of the |-m-menthanone semicarbazone described above. A second 
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more readily soluble and lower-melting semicarbazone was present 
also, but this could not be obtained pure. A third semicarbazone, 
m. p. 228—229°, derived from a ketone, C,,H,,0, was slowly formed 
when the oil, which did not react with sodium bisulphite, was treated 
with semicarbazide acetate. This semicarbazone we consider to be 
identical with that, m. p. 223—224°, obtained by Semmler and 
Schiller (loc. cit.) from the saturated ketone (XIII). 

The results outlined above appear to us to show that the auto- 
oxidation of d-A*-carene (XIV) proceeds in an exactly analogous 
manner to that of «-pinene, but that subsequently secondary 
reactions of two kinds occur. The main reaction proceeds in 
accordance with the scheme 








CMe CMe CMe 
HCY \cH, HCY \cH, HC7 \cR 
RO JE, HLC\. /CH 7 JC. 

CH——CMe, CH——CMe, /H——CMe, 

(XV.) (XIV.) (XVI.) 

CMe CMe CMe 

4 
HCY \cH, } HCY cH, H¢7 \crR 
ROY JACEK fe” RC {Cs on, BN : CH, 
CH, CH CSMe’ HC-CMe, 
(XVII) (XVIII.) ~ (XIX.) 


[R = HOH or O.| 


the chief product of the reaction being the alcohol (or corresponding 
ketone) (XV). This is comparatively unstable and isomerises 
mainly to the monocyclic alcohol (XVII) and probably also to 
(XVIII). Oxidation to the alcohol (XVI) occurs to a much more 
limited extent, since the presence of the ketone, eucarvone (XIX), 
to which the dicyclic ketone would immediately isomerise (compare 
Wallach, Annalen, 1905, 339, 94; Clarke and Lapworth, J., 1910, 
97, 13), has only been indicated by a colour reaction and by the 
formation of as-dimethylsuccinic acid on oxidation. The dicyclic 
alcohol or ketone (XV) is undoubtedly more stable, since we were 
able to isolate in small amount the semicarbazone of the correspond- 
ing saturated ketone, but here also the stability is obviously of a 
low order. 

The isolation of a tertiary alcohol giving the sylvestrene colour 
reactions indicates that ring fission occurs also by hydration. Since 
this colour reaction is not shown by the original oxidation ketone, 
this probably contains an alcohol having the structure (XX1), 
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formed by dehydration of the glycol (XX). Partial hydrogenation 
of this might yield (XI) or (XII). 
CMe CMe 
An. VN 
oY ly oe a. “le > eee ) 
HO-HC\. /CH-CMe,OH HCy. /CH-CMe,OH 
‘H 


CH, C 
(XX.) (XXL) 


(XIV) 


ExPERIMENTAL. 


Moist oxygen was passed through the hydrocarbon (500 g.), in 
which cobalt resinate (50 g.) was suspended, for 160 hours, the 
temperature being kept at 35—40°. In order to expose as large a 
surface as possible the hydrocarbon was contained in a series of long 
tubes. On completion of the reaction the oil was distilled in steam, 
the aqueous distillate saturated with ammonium sulphate and 
extracted with ether, and the ether dried and evaporated. The 
residual oil (290 g.) was distilled under diminished pressure (100 
mm.) until the temperature rose to 100° in order to remove the 
unchanged hydrocarbon (A) (70 g.). The remaining oil, which 
consisted essentially of a mixture of alcohols and ketones,* was 
shaken mechanically at 60—80° with an excess of sodium sulphite 
solution, the alkali formed being neutralised by the addition of 
acetic acid. When absorption was complete the insoluble oil (B) 
was removed with ether and reserved for subsequent investigation 
(see p. 3012). , 

|-1-Methyl-3-isopropenyl-A®-cyclohexen-5-one.—The sodium sul- 
phite solution was made alkaline by the addition of sodium hydr- 
oxide; a deep brown solution was obtained, which became green 
and then deep cobalt-blue, whilst at the same time an oil separated. 
This was removed by extraction with ether, and the alkaline solution 
was warmed on the water-bath; a further quantity of oil was then 
liberated and the colour of the solution changed to a dirty brown. 
The aqueous solution was extracted with ether, the combined 
ethereal extracts dried over potassium carbonate, the solvent 
evaporated, and the residual oil distilled under diminished pressure 
(13 mm.). The main fraction, b. p. 100—102°, was redistilled for 
analysis; b. p. 101°/14 mm., a3 0-9283, n®° 1-504, [a]su, — 35°14° 
(Found: C, 79:5, 79-6; H, 9-5, 9-2. Cj, 9H,,0 requires C, 80-0; 
H, 93%). The ketone was a pale yellow, somewhat viscid oil, 
with an odour resembling that of both camphor and menthone. 
Since, as mentioned above, the ketone was not homogeneous, diffi- 


* A quantitative estimation by absorption with sodium sulphite solution 
showed a ketonic content of approximately 48%. 
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culty was encountered in the preparation of crystalline derivatives, 
When dissolved in ammonia-alcohol solution, the ketone reacted 
with hydrogen sulphide below — 10° te give an additive compound 
which crystallised in leaflets, m. p. below 0°. This compound was 
extremely unstable and decomposed rapidly in the absence of an 
excess of hydrogen sulphide, even whén maintained well below its 
melting point. In chloroform solution bromine was readily absorbed 
with the formation of a brown oil which decomposed with evolution 
of hydrogen bromide. When the ketone was treated with an excess 
of a chloroform solution of benzoylhydroperoxide at 0°, no oxidation 
took place and after being kept at this temperature for 3 days and 
at room temperature until the peroxide had decomposed, the ketone 
was recovered unchanged and was identified by the preparation of 
the 2 : 4-dinitrophenylhydrazone (see below). With hydroxylamine, 
the ketone yielded a mixture of an oxime and a hydroxylamino- 
oxime, the latter being isolated by the precipitation of its hygro- 
scopic oxalate from an ethereal solution. The hydroxylamino- 
oxime, regenerated from the salt by sodium carbonate, was a viscid 
oil which gave a readily soluble picrate and reduced Fehling’s 
solution. It could not be obtained crystalline and neither it nor the 
liquid oxime was further examined. The semicarbazone, which was 
only slowly formed, crystallised from methyl alcohol in prisms, 
m. p. 185—186°, decomposing slightly above this temperature 
(Found: C, 63-9; H, 8-0. C,,H,,ON, requires C, 63-8; H, 8-2°,). 
During the preparation of the semicarbazone the formation of an 
amorphous solid was observed, which was readily soluble in alcohol 
and separated from much hot water in white flocks. It could not 
be obtained pure for analysis, but was probably a semicarbazido- 
semicarbazone. The 2 : 4-dinitrophenylhydrazone crystallised from 
ethyl acetate, in which it was sparingly soluble, in garnet-coloured 
prisms, m. p. 173° (Found: N, 17-3. C,gH,,0,N, requires N, 
17-0%). Owing to its sparing solubility and ease of preparation 
this derivative is most suitable for the characterisation of the ketone. 
For the preparation of the piperonal derivative, sodium ethoxide 
(Na, 0-2 g.; alcohol, 3 c.c.) was added to a mixture of the ketone 
(3 g.) and piperonal (3 g.) in alcohol (20 c.c.) cooled in salt-ice. 
After remaining for 4 days, the deep brown alcohol was decanted 
from the viscid oil which had separated. The oil, which became 
pasty when ground with water, was dissolved in ether, the ether 
dried and evaporated, and the residue dissolved in hot cyclohexanol, 
from which it separated on cooling as a yellow powder. This was 
recrystallised twice from methyl alcohol, a small quantity of a 
sparingly soluble substance being removed by filtration. The 
compound so obtained was a yellow microcrystalline powder, which 
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sintered at 130°, m. p. 141—143°. Two distinct preparations were 
analysed (Found: C, 74-5, 74-6; H, 5-9, 6-0. C,,H,,0, requires 
C, 74:2; H, 65%. C5gH3,0, requires C, 74-5; H, 6-2%). 

Oxidation of 1-1-Methyl-3-isopropenyl-A®-cyclohexen-5-one.—(1) 
With hydrogen peroxide. |-1-Methyl-3-isopropenyl-1 : 6-oxidocyclo- 
hexan-5-one. To a solution of the menthadienone (20 g.) in methyl 
alcohol (200 c.c.), cooled in ice and salt, a mixture of hydrogen 
peroxide (15%; 64c.c.) and sodium hydroxide solution (4N ; 34 c.c.) 
was added gradually, the temperature being kept below 5°. After 
1 hour, the reaction mixture was kept at room temperature over- 
night, and addition of water then precipitated an oil. This was 
dissolved in ether, and the ether dried and evaporated. The oxide 
had b. p. 113—115°/18 mm., d%: 1-0329, n®° 1-4808, [«];., — 11-2°, 
[R;]» 45-73 (Found: C, 72-6; H, 8-6. C,)H,,O, requires C, 72-3; 
H, 8-4%). The semicarbazone crystallised from alcohol, in which 
it was very sparingly soluble, in needles, decomp. 209—210° after 
sintering at 197° (Found : N, 18-7. C,,H,,0,N, requires N, 18-8%). 

(2) With potassium permanganate. To a mechanically stirred 
suspension of the ketone (5 g.) in dilute sodium carbonate solution, 
potassium permanganate (2-5°% solution) was gradually added, the 
temperature being kept at 5°. When the oxidation was complete, 
the excess of permanganate was destroyed with sulphur dioxide, the 
solution filtered, the manganese dioxide sludge well washed with 
water, and the combined filtrate and washings concentrated to a 
small bulk in a current of carbon dioxide. The solution was acidified 
and extracted with ether (10 times), and the ether dried and evapor- 
ated; a viscid oil (4 g.) remained. This was dissolved in aqueous 
ammonia, and the faintly alkaline solution filtered from tar and 
mixed with an excess of calcium chloride solution, which precipitated 
a resinous salt. The filtered solution was boiled, and the crystalline 
calcium salt that separated was collected, decomposed with hydro- 
chloric acid, and the liberated acid dissolved inether. On removal 
of the solvent a crystalline cake (1 g.) remained, which, after crystal- 
lisation from hydrochloric acid, had m. p. 137—138°. It was 
identified as as-dimethylsuccinic acid by the method of mixed m. p. 
and analysis (Found: C, 49-5; H, 6-7. Cale.: C, 49-3; H, 6-9%). 
The filtrate from the sparingly soluble calcium salt gave, after 
acidification and extraction with ether, a liquid acid (2-7 g.). This 
could not be crystallised and since it gave no precipitate with aqueous 
copper acetate the absence of caronic acid may be inferred. 

(3) With chromic acid. 5-Hydroxy-3-methylacetophenone. To a 
suspension of the ketone (5 g.) in dilute sulphuric acid (water, 
100 c.c.; H,SO,, 10 c.c.), chromic acid (14 g.) in water (25 c.c.) was 
gradually added, the oxidation being completed by warming on the 
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water-bath. During the process a heavy oil separated; this was 
dissolved in ether, and the ethereal solution, after being washed with 
sodium carbonate solution, and with very dilute aqueous sodium 
hydroxide, which removed a little resinous material, was dried and 
evaporated; an oil remained which rapidly crystallised. After 
being drained on porous porcelain, the phenol was recrystallised 
from light petroleum (b. p. 60—80°) (charcoal), from which it 
separated in hard prisms having a faint yellow colour, m. p. 88—90° 
(Found: C, 72-3; H, 7-2. C,H,,0, requires C, 72-0; H, 6-7%). 
5-Hydroxy-3-methylacetophenone gave no colour with ferric chloride, 
was readily soluble in methyl alcohol and benzene, somewhat 
readily so in hot water and light petroleum, and dissolved in aqueous 
sodium hydroxide, yielding a yellow solution, which rapidly darkened 
on exposure to the air. The semicarbazone crystallised from methy] 
alcohol in small prismatic needles, decomp. 218—220° (Found: 
N, 20-5. Cy 9H,,0,N, requires N, 20-3%). The oxime separated 
from either water or benzene-light petroleum in minute prisms, 
m. p. 138—140° (Found : N, 8-2. C,H,,0,N requires N, 8-5%). 
Action of Sulphuric Acid on 1-1-Methyl-3-isopropenyl-A®-cyclo- 
hexen-5-one. 5-isoPropyl-m-cresol_—A mixture of the ketone (10 g.) 
and sulphuric acid (100 c.c.; 10%) was boiled for 3 hours and the 
cooled solution, after saturation with ammonium sulphate, was 
extracted with light petroleum (b. p. 40—60°). The petroleum 
extract was washed with sodium hydroxide solution (10%), dried, 
and evaporated and the residual oil was again digested for 3 hours 
with dilute sulphuric acid, the product being worked up as before. 
The oil (3 g.) which was insoluble in alkali distilled at 95—105°/18 
mm. and consisted of unchanged ketone, identified as the semi- 
carbazone, m. p. 185—186° (Found: C, 63-6; H, 8-2%). The 
combined sodium hydroxide washings deposited on acidification a 
viscid oil, which, after isolation in the usual manner, distilled at 
121°/10 mm., but it was not analytically pure (Found: C, 78-4; 
H, 9-3. Cy 9H,,O requires C, 80-0; H, 9-3%). The oil did not 
crystallise even when cooled in liquid air, but it was readily charac- 
terised by the preparation of a crystalline tetrabromide, which 
separated when the phenol was treated with an excess of bromine 
water. T'etrabromo-1-methyl-3-isopropylcyclohexan-5-one crystallised 
from acetic acid, in which it was somewhat sparingly soluble, in 
faintly yellow prisms with sharp edges, m. p. 138—140° (Found : 
C, 25-9; H, 2-1; Br, 68-3. C,)H,,OBr, requires C, 25-7; H, 2-1; 
Br, 68-5%). When dissolved in ether or chloroform, the tetra- 
bromide immediately liberated iodine from potassium iodide solution, 
but the resulting debrominated product could not be crystallised. 
A specimen of the phenol prepared by Knoevenagel’s method 
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(loc. cit.) had b. p. 120°/10 mm. and on bromination yielded:a tetra- 
bromide identical with that described above, m. p. both alone and in 
admixture 138—140° (Found: Br, 68-8%). 

Catalytic Hydrogenation of |-1-Methyl-3-isopropenyl-A®-cyclohexen- 
5-one. 1-1-Methyl-3-isopropylcyclohexan-5-one.—A mixture of the 
ketone (10 g.), acetic acid (60 c.c.), and palladium-norite (2 g.; Pd, 
10%) was shaken in an atmosphere of hydrogen until absorption 
was complete (H, absorbed, 2-68 1.; calc. for 2H,, 3-17 1.). The 
filtered solution was neutralised with sodium carbonate, the ketone 
extracted with ether, and the oil remaining after removal of the 
solvent mixed with an excess of semicarbazide acetate. The 
semicarbazone obtained (12 g.) was dried on porous porcelain, and 
then had [«],44; + 18-23° in acetic acid. It was purified by system- 
atic crystallisation from ethyl acetate, the fractionation being 
controlled by polarimetric observations; ultimately, two pure 
fractions (A) and (B) were obtained, the latter being only small. 
The final mother-liquors contained a small quantity of an amorphous 
solid, consisting probably of the semicarbazido-semicarbazone of the 
parent ketone which had escaped reduction. 

Fraction (A), l-1-methyl-3-isopropyleyclohexan-3-one semicarbazone, 
crystallised from ethyl acetate, in which it was sparingly soluble, in 
needles, decomp. 203°; in acetic acid, [«];4,, + 28-75° (c = 0-9044; 
1=1) (Found: C, 62-6; H, 9-6. C,,H,,ON, requires C, 62-6; 
H, 9-9%). For the preparation of the ketone, a mixture of the 
semicarbazone (10 g.), oxalic acid (10 g.), and water (50 c.c.) was 
distilled in steam; the ketone, which was somewhat readily soluble 
in water, then rapidly passed over. The aqueous distillate, after 
saturation with ammonium sulphate, was extracted with ether, and 
the ether dried and evaporated ; the residual oil had b. p. 141°/100 
mm., 217°/754 mm., d%. 0-9168, n#® 1-4591, [a], — 21-68° 
(Found: C, 78-3; H, 11-5. C,9H,g0 requires C, 77-9; H, 11-7%). 
1-1-Methyl-3-isopropyleyclohexan-5-one is a colourless mobile oil 
with a strong odour of peppermint. In acetic acid it readily absorbs 
bromine with the evolution of hydrogen bromide, but the product 
isan oil. The piperonylidene derivative is a yellow oil. The oxime 
crystallised from dilute methyl alcohol in prisms, m. p. 74—75° 
(Found: C, 71-0; H, 11-1; N, 8-5. Cj 9H, ON requires C, 71-0; 
H, 11:2; N, 84%). The p-nitrophenylhydrazone separated from 
alcohol in pale yellow needles, m. p. 183—185° (Found: N, 14-1. 

C,,H.,0,N, requires N, 145%). The 2 : 4-dinitrophenylhydrazone 
was deposited from methy] alcohol in soft terra-cotta needles, which, 
when kept in the solution, changed gradually into leaflets, and which, 
examined under the microscope, were seen to consist of smal! prisms, 
m. p. 110—111° (Found : N, 16-8. C,,H,.0,N, requires N, 16-8%). 
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The nitroso-derivative, prepared by the treatment of a well-cooled 

mixture of the ketone and amyl nitrite with hydrochloric acid, 
crystallised from chloroform—methy! alcohol in prismatic needles, 
decomp. 141—142° (Found : N, 7-6. C,)H,,0,N requires N, 7-6%); 
it was insoluble in alkali and gave no colour with ferric chloride in 
alcoholic solution. 

Fraction (B) of the semicarbazone (4 g.) obtained from the 
hydrogenated ketone (see above) crystallised from methyl alcohol in 
needles, m. p. 197—198°. It was optically inactive in acetic acid 
solution (Found: C, 63-0; H, 9-6. C,,H,,ON, requires C, 62-6; 
H, 9-9%). The ketone, regenerated from the semicarbazone by 
oxalic acid, was a colourless mobile oil, b. p. 138—139°/100 mm., 
with a strong camphoraceous smell (Found: C, 77-5; H, 11-4. 
Ci9H,,0 requires C, 77-9; H, 11-7%). The nitroso-derivative 
crystallised from alcohol-chloroform in prisms, decomp. 138° 
(Found : N, 7-6. ©, 9H,,0,N requires N, 7-6%). As mentioned on 
p. 3004, the constitution of this ketone was not determined, but its 
nitroso-derivative does not depress the decomp. point of the nitroso- 
derivative of the m-menthanone described above. 

Examination of the Alcohol Fraction.—The alcohol fraction (B) 
(p. 3007) remaining after the removal of the ketone with sodium 
sulphite was distilled under diminished pressure (19 mm.), a large 
fraction, b. p. 100—110°, being obtained, which on redistillation 
passed over mainly at 100°/16 mm. and then had d: 0-9574, 
ns 1-4975; a second preparation had the constants d 0-9579, 
ni 1-4988, [«]s, — 15-31° (Found: C, 79-2, 79-0; H, 10-3, 10-6. 
C19H,,0 requires C, 79-0; H, 10-5%). The alcohol was a colourless 
mobile oil with an odour reminiscent of that of menthol. It gave 
no colour with sulphuric acid in acetic anhydride solution. When 

it was treated with 2 : 4-dinitrophenylhydrazine sulphate, a 2 : 4-di- 
nitrophenylhydrazone separated (0-2 g. from 1 g.). This crystallised 
from acetic acid, in which it was very sparingly soluble, as a bright 
red powder, seen under the microscope to consist of truncated 
prisms, m. p. 212—213° (Found: N, 17-4. C,,H,,0,N, requires 
N, 17-0%). The presence of two ethylenic linkages was proved by 
oxidation with benzoylhydroperoxide in chloroform solution; the 
oxygen used was 0-2967 g. (calc. for O,, 0-280 g.). 

Oxidation of the Alcohol.—Since on oxidation with potassium 
permanganate in acetone solution or with Beckmann’s reagent the 
alcohol did not yield any acidic products which could be identified 
and since the neutral products were identical, only the former 
oxidation is described. To a solution of the alcohol (5 g.) in acetone 
(100 c.c.), potassium permanganate (11-5 g.) was gradually added, 
the mixture being cooled in ice. After 48 hours the excess of 
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permanganate was removed with sulphur dioxide, the solution 
filtered (the manganese dioxide sludge was extracted with hot water 
and examined for acids in the usual manner, but no crystalline acids 
could be isolated), and the acetone removed. The residual oil was 
mixed with an excess of semicarbazide acetate, sufficient alcohol 
being added to give a clear solution. After remaining over-night, 
the crystalline semicarbazone which had separated, decomp. 200— 
201°, was recrystallised from methy] alcohol and obtained in clusters 
of irregular prisms, decomp. 201° (Found: C, 62-8; H, 6-8. 
CoH 130N, requires C, 62-8; H, 6-8%); it did not depress the m. p. 
of authentic 4-methylacetophenone semicarbazone (decomp. 205— 
206°). The original filtrate, from which the semicarbazone had 
separated, gave after standing for some days and dilution with water 
a further quantity of a semicarbazone which only slowly crystallised. 
This was collected, washed free from oil with light petroleum, and 
without further purification hydrolysed with sulphuric acid (10%). 
When the resulting oil, which resembled acetophenone in smell, was 
shaken with an excess of potassium hypobromite solution, bromo- 
form and carbon tetrabromide immediately separated. After 1 hour 
the insoluble products were removed with ether, the excess of 
hypobromite was destroyed with sulphur dioxide, and the solution 
acidified. The precipitated acid was dissolved in ether, the solution 
dried, and the solvent removed, leaving a solid, m. p. 110—155°. 
After crystallising once from dilute alcohol and three times from hot 
water, the more sparingly soluble acid was obtained in needles, 
m. p. 177—178°, both alone and in admixture with authentic 
p-toluic acid. The aqueous-alcoholic mother-liquor from the first 
crystallisation was made alkaline, the alcohol evaporated, and the 
acid, which separated on acidification of the concentrated solution, 
recrystallised twice from hot water; it then had m. p. 105—107°, 
both alone and in admixture with m-toluic acid. 

Reduction of the Alcohol.—(i) Catalytic hydrogenation. The alcohol 
(20 g.) in acetic acid (25 c.c.) was, after the addition of palladium- 
norite (0-5 g.; Pd, 10%), shaken in an atmosphere of hydrogen. 
The reduction proceeded extremely slowly and it was necessary to 
add a further quantity of the catalyst (1-5 g.). The addition of 
hydrogen ceased after the absorption of 2-41 1. (calc. for 2H,, 6-236 1.). 
The hydrogenated product, isolated in the usual manner, had b. p. 
82—95°/17 mm. and evidently contained a considerable quantity 
of a hydrocarbon. The oil was dissolved in acetic acid and oxidised 
with a slight excess of chromic acid, the reaction being completed 
by warming on the water-bath. Steam was passed into the mixture 
after basification and the volatile oil was separated and distilled 
under diminished pressure, two fractions being obtained : (i) b. p. 
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75—80°/16 mm., d3: 0-8604, nF 1-4710, and (ii) b. p. 80—105°/16 
mm., d3- 0-9046, nj? 11-4710. Analysis (Found : C, 86-8; H, 11-8%) 
showed fraction (i) to consist essentially of a hydrocarbon, which 
was present also in (ii) (Found: C, 81-0; H, 11-4%). After distill- 
ation over sodium fraction (i) had b. p. 165—168°/766 mm., d2: 
0-8516, n=°1-4732. The hydrocarbon was oxidised with hot potass- 
ium permanganate solution under the conditions used by Wallach 
(Annalen, 1891, 264, 10) for the identification of p-cymene. The 
acid so obtained was a mixture, from which a few milligrams were 
obtained of an acid, m. p. 120—126°. This was possibly 3-«-hydroxy- 
isopropylbenzoic acid (m. p. 123—124°), but further crystallisation 
did not improve the m. p. 

Fraction (ii), which contained some ketone, was combined with 
similar fractions (see below). 

(ii) With sodium and alcohol. The alcohol (40 g.) in hot ethyl 
alcohol (400 c.c.) was treated with sodium (100 g.), and the product 
isolated by steam distillation. The oil (34 g.) had b. p. 110—111°; 
21 mm., d%. .0-9253, n® 1-4870, [«]sy, — 1-67° (Found: C, 78-4; 
H, 11-0%). The alcohol (34 g.) in acetic acid (100 c.c.) was treated 
gradually with chromic acid (14-5 g.) in acetic acid, added so that 
the temperature was maintained at 50—60°. The mixture was 
heated for 15 minutes on the water-bath, cooled, diluted with water, 
and extracted with ether. The ethereal extract was washed with 
sodium carbonate solution, which removed the acetic acid and a 
small quantity of a resinous acid (not further examined), and then 
with sodium hydroxide solution (see below), and dried, and the ether 
evaporated ; an oil (23 g.) was then obtained, b. p. 1O8—112°/22 mm., 
ad: 0-9436, n°1-4870, [a]ss, — 11-6° (Found: C, 79-0; H, 9-7%). 
The sodium hydroxide extract (see above) gave on acidification a 
viscid brown oil. This was dissolved in ether and, after removal of 
the solvent, mixed with semicarbazide acetate; the gummy solid 
that had separated after 12 hours was washed with ether and recry- 
stallised twice from methyl alcohol (charcoal), giving a semicarbazone 
as a faintly brown, crystalline powder, decomp. 217—220°, identical 
with that prepared from 5-hydroxy-3-methylacetophenone. 

The oil (21-5 g.) from the oxidation with chromic acid was dis- 
solved in acetic acid (20 c.c.) and, after the addition of palladium- 
norite (1-5 g.), shaken with hydrogen until the absorption of gas 
(1-505 1. in 24-5 hours) ceased. After basification the oil was dis- 
solved in ether, the solution shaken mechanically for 4 hours with 
an excess of freshly prepared sodium bisulphite solution, and the 
ether separated, dried, and removed. The residual oil, b. p. 110— 
112°/25 mm., d%: 0-9234, ni 11-4798, [a]su + 3°79° (Found : 
C, 77-8; H, 11-5. Cj, 9H,,0 requires C, 77-9; H; 11-7%), had a 
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strong smell of peppermint and gave with concentrated sulphuric 
acid in acetic anhydride solution a purple coloration, which 
changed to blue and finally violet. The oil, the constitution of which 
was discussed on p. 3005, did not react with semicarbazide acetate 
even on long standing. A small quantity of a higher-boiling 
fraction, 112—117°/25 mm., reacted with semicarbazide acetate to 
yield a semicarbazone, decomp. 228—229° after crystallisation from 
ethyl acetate (see below). 

From the sodium bisulphite solution an oil (3-5 g.) was separated 
which was converted into the semicarbazone. This was a mixture, 
m. p. 150—190°, from which by fractional crystallisation from 
methyl alcohol and ethyl acetate a sparingly soluble fraction was 
obtained, decomp. 200—201°. This was identified as /-l1-methyl- 
3-isopropylcyclohexan-5-one semicarbazone. 

A quantity of semicarbazone (7 g.) which had been obtained in 
another experiment by direct treatment of the oil after catalytic 
hydrogenation with semicarbazide acetate was systematically 
fractionated from ethyl acetate and methyl alcohol and finally 
resolved into two fractions. The more sparingly soluble of these 
(0-3 g.) crystallised from much ethyl acetate in fine needles, decomp. 
228—229°; [a]54¢, — 109-5° in acetic acid (c = 1-232, 1 = 1) 
(Found : C, 63-2; H,9-1. C,,H,ON, requires C, 63-1; H, 9-1%). 
The constitution of this semicarbazone is discussed on p. 3006. The 
second, somewhat more readily soluble semicarbazone, decomp. 
200—201° (Found: C, 62-3; H, 9-5. Cale.: C, 62-6; H, 9-9%), 
was identified as that of the /-m-menthanone. A lower-melting 
and more soluble semicarbazone was present but could not be 
obtained pure. 

Hydrocarbon Fraction.—The hydrocarbon fraction (A) (p. 3007), 
which distilled below 100°/100 mm., was fractionated at the ordinary 
pressure; in addition to d-A®-carene, a small fraction was then 
obtained which after distillation over sodium had b. p. 153-5— 
154-5°/755 mm., d2: 0-8590, n%° 1-4687, [«]:, — 35-33° (Found : 
C, 88-3; H, 11-8. Cale.: C, 88-2; H, 118%). This was identified 
as l-x-pinene by the preparation of the nitrosochloride, decomp. 103°, 
and by oxidation to pinonic acid (semicarbazone, m. p. 202—203°). 


The authors desire to thank Mr. P. H. Guest, Manager, Turpentine 
Factory, Jallo, for the gift of the d-A%-carene used in these experi- 
ments. They are indebted also to the Government Grants Com- 
mittee of the Royal Society and to Imperial Chemical Industries 
for grants which have in part defrayed the cost of the investigation. 
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GEDYE: THE DECOMPOSITION OF 


CCCCXVIII.—The Decomposition of Nitrous Oxide 
by Cathode Rays. 


By Gorpon Rupert GEDYE. t! 



































Ir has already been shown (Gedye and Allibone, Proc. Roy. Soc., 


1931, A, 130, 346) that it is possible to make accurate determin- i 
ations of the amount of energy (expressed in electron-volts) required ‘ 
per molecule reacting under the influence of cathode rays. From f 
this can be calculated the number of molecules reacting per ion pair : 
or the M/N ratio, if the necessary ionisation data are available. ; 


The only trustworthy data for ionisation by cathode rays are those 
for air (Eisl, Ann. Physik, 1929, 3, 227), but on the assumption that 
the total ionisation relative to air is the same for cathode rays as 
for «-particles, a value of M/N was obtained for the decomposition 
of ammonia in good agreement with that obtained by Wourtzel 
(Le Radium, 1919, 11, 289, 332) for «-particles. The applicability 
of the method has now been extended by examination of the decom- 
position of nitrous oxide. 

This reaction has been extensively investigated under a variety 
of conditions. Wourtzel (loc. cit.), who studied it under the action 
of «-particles, calculated M/N = 1-74 at ordinary temperatures, 
rising to 2-55 at 315°, but if these are corrected for the loss of energy 
due to deposition of Ra-A and Ra-C on the walls (Mund, J. Physical 
Chem., 1926, 30, 890) they become 2°7 and 4-0 respectively. 
Similarly, Macdonald (J., 1928, 1) obtained a quantum efficiency of 
3-9 in ultra-violet light at ordinary temperatures. The reaction 
has also been investigated in the silent discharge by Joshi (T'rans. 
Faraday Soc., 1927, 23, 227). In all three cases the observed 
reaction is represented by the equation 4N,0 = 2NO, + 3N, or 
4N,0 = 2NO + O, + 3N,, and is followed by the decomposition 
of the nitrogen peroxide. In the thermal reaction, on the other 
hand, except at comparatively high temperatures, the products are 
almost entirely oxygen and nitrogen (Hinshelwood and Burk, Prec. 
Roy. Soc., 1924, A, 106, 284; van Praagh and Topley, Trans. 
Faraday Soc., 1931, 27, 312), the homogeneous. decomposition 
being unimolecular (Volmer and Kummerow, Z. physikal. Chem., 
1930, 9, 141). At higher temperatures, however, considerable 
quantities of nitric oxide are obtained, and Briner, Meiner, and 
Rothen (Helv. Chim. Acta, 1926, 9, 409) found that in silica vessels 
at 1300° as much as 25% of the nitrous oxide could be converted 
into nitric oxide. It thus appears that nitrous oxide is able to 
decompose in two ways, that which yields nitric oxide being favoured 
by a high energy of activation. 
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EXPERIMENTAL. 


A eam of electrons from a Lenard discharge tube of the type 
described by Gedye and Allibone (loc. cit.) was passed through a 
thin aluminium window into the Pyrex-glass reaction vessel, which 
was 22 cm. long and 8-5 cm. in diameter. A flange at the top was 
ground flat and fitted to a window support. This consisted of a 
brass grid structure which was waxed to the vessel and provided 
with a water cooling tube. The window consisted of aluminium 
foil 0-020 mm. in thickness, fixed to the support by means of a 
cellulose paint which was protected from the destructive action of 
the rays by a metal shield. Before use, the vessel was thoroughly 
out-gassed by electron bombardment. Nitrous oxide from a 
cylinder was passed over solid potassium hydroxide and phosphoric 
anhydride, and twice distilled from liquid air before admission to 
the reaction vessel, mercury vapour being excluded. The chemical 
system was as described by Gedye and Allibone (loc. cit.). Nitrous 
oxide, which exerts a pressure of less than 0-001 mm. at the tem- 
perature of liquid air, and nitrogen peroxide were frozen out in 
liquid air after exposure, and the pressure of the residual gases, 
nitrogen, oxygen, and nitric oxide, was noted on a McLeod gauge. 
All exposures were carried out at 18°. 

The results recorded below show that the reaction occurring 
during electron bombardment may be represented by the equation 
4N,0 = 3N, + 2NO+ O,. This was followed by the combination 
of nitric oxide and oxygen to form nitrogen peroxide. The reaction 
2NO + O, = 2NO, is largely homogeneous at ordinary tempera- 
tures in glass vessels, and, since it is termolecular, its rate falls off 
very rapidly with pressure (Bodenstein, Z. physikal. Chem., 1922, 
100, 68). It has a negative temperature coefficient and proceeds 
much more rapidly at liquid-air than at ordinary temperatures. 
Hence when the partial pressure of the nitric oxide-oxygen mixture 
is low, the greater part will remain uncombined for a considerable 
time. Thus, when the yield is small, unless a long time elapses 
before measurements are taken, the volume of permanent gas cal- 
culated from the reading of the McLeod gauge should approach 
twice the volume of nitrogen formed directly, whilst for larger 
yields, especially if left at liquid-air temperature for some time, 
the permanent gas measured will be mainly nitrogen. Analyses of 
the gas collected by a Tépler pump showed in every case that it 
was pure nitrogen (see Table I, where all volumes are corrected to 
N.T.P. as also elsewhere). 

It was further observed that the volume of nitrogen collected was 
always less than that of permanent gas, calculated from the McLeod 
gauge readings, as illustrated in Table II. 
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TaB_eE I, 
Vol. after absorption by 





Yields, c.c. Initial vol., c.c. KOH. KOH and pyrogallol. FeSO,. 


1-31 + 1-78 3-09 3-09 3-09 3-09 
0-20 + 0-23 0-43 0-43 
0-19 + 0-265 
+0-19 + 0-655 1-30 1-30 1-29 
TABLE II. 
Approx. time 
Yield, calc. between end of Vol. of N, 
Expt. from gauge exposure and mea- measured directly, 
No. reading, V,, c.c. surement of V. Vq, ©.c. V,/V;. 
1 2-96 4 hours 2-40 0-81 
2 2-09 4 ob 1-78 0-85 
3 1-56 4 sa 1-31 0-84 
4 1-01 1 hour 0-655 0-65 
5 0-47 15 mins. 0-265 0-56 
6 0-393 ee 0-19 0-48 
7 0-35 15 ia 0-19 0-54 


In Expt. 4, a small steady fall in the readings of the McLeod 
gauge was observed, indicating combination of nitric oxide and 
oxygen. On the other hand, in experiments in which the yield was 
of the same order of magnitude, as in Expts. 5, 6, and 7, the pres- 
sure of the permanent gases underwent no measurable decrease in 
4 hour. We may therefore conclude that in these experiments no 
appreciable combination had taken place before collection of the 
gases. The volumes of gas collected could be measured to + 0-005 
c.c., but an additional error was involved in the possible sticking 
of a small bubble of gas at the end of the capillary tube of the pump, 
which meant that, on this account, any individual reading might 
be as much as 0-02 c.c. low. The samples of gas in Expts. 5, 6, and 
7 were, however, collected together, so that this error could occur 
once only in measurement of the total volume. Thus, although 
each individual reading of V, may be low by 0-025 c.c., the error 
in the total volume collected is no larger. The mean value of V,/V, 
for Expts. 5, 6, and 7 is therefore 0-54 + 0-03, if allowance is made 
for an error of + 2% in the reading of the McLeod gauge. 

In order to interpret these results, it was necessary to investigate 
the reaction between mercury and nitrogen peroxide, for, although 
such a reaction is known to occur, it appears never to have been 
satisfactorily investigated. Moore and Noyes (J. Amer. Chem. Soc., 
1924, 46, 1367) state that reaction occurs “ probably according to 
the equation 4Hg + 2NO, = 4HgO + N,,” but record no analysis 
of products. 

Nitrogen peroxide, prepared by heating lead nitrate, was passed 
into mercury. A white substance soluble in water was formed, and 
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proved by the ordinary tests to be a mixture of mercurous and 
mercuric nitrates, the former predominating. Lead nitrate was 
also heated in a vacuum, and the gases evolved were passed through 
mercury during collection by a Tépler pump. Consistent results 
were obtained showing that the collected gas contained 60% of 
oxygen and 40% of nitrogen by volume. Since lead nitrate decom- 
poses on heating according to the equation 2Pb(NQ,), = 2PbO + 
4NO, + O,, these results show that the nitrogen peroxide reacts with 
mercury, forming nitrates and liberating one-third of its nitrogen. 

If nitrous oxide is decomposed by electron bombardment accord- 
ing to the equation 4N,0 = 3N, + 2NO + O,, the nitric oxide and 
oxygen will combine on compression and react with mercury. If 
no appreciable combination between them occurs before the non- 
condensable gases are pumped off, the volume of nitrogen collected 
should be equal to 5/9 of the total non-condensable gas. This is in 
agreement with the results of Expts. 5, 6, and 7, recorded above, 
and proves that the initial products are nitric oxide and oxygen, 
and that combination to form nitrogen peroxide is a secondary 
reaction. 

The readings in Table III were taken with a peak voltage of 
180 kv. to determine the number of electron-volts per molecule 
decomposed. Calorimetric experiments carried out as previously 
described (loc. cit.) showed that the mean energy per electron enter- 
ing the reaction vessel at this voltage is 44-5 kv. It was shown 
that with this maximum voltage absorption of energy in the gas 
phase was complete for ammonia, and hence the same must be true 
for the denser gas, nitrous oxide. In Expts. 8—11, in which the 
yield is small, the readings of the McLeod gauge showed no drift 
with time, and the yield of nitrogen has been taken as half the 
total volume of non-condensable gas. In Expt. 4, in which appre- 
ciable combination had taken place, the nitrogen was determined 
by direct measurement after collection, a correction being applied 
for that produced by action of the peroxide on the mercury. 


TABLE III. 
Initial Current Yield Molecules Electron- 
Expt. press. Time (micro- of N,, decomposed volts per 
No. (em. Hg). (mins.). amps.). c.c. per electron. molecule. 
4 66-0 10 1-01 0-595 6-22 x 10°3 8-5 
8 73-0 10 0-345 0-206 672, 7:8 
9 73-0 10 0-339 0-200 565s, 7-9 
10 73-0 10 0-286 0-157 SST 4s 8-4 
ll 73-0 10 0-524 0-306 5-60 ,, 8-0 
Mean 8:1 


Taking 1-02 as the total ionisation in nitrous oxide relative to 
air for «-particles (Bragg, Phil. Mag., 1907, 13, 333; Laby; Proc. 
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Roy. Soc., 1907, A, 79, 206), and assuming that this value also holds 
for cathode rays, we obtain from Eisl’s result of 32-2 electron-volts 
per ion pair in air, a value of 31-6 for nitrous oxide, giving M/N = 
3-9. The accuracy of the method was discussed in detail by Gedye 
and Allibone (loc. cit.). The most serious source of error is the 
variation of the electron power supplied by the Tesla coil, which 
could only be controlled to + 5%. The probable error in the value 
of M/N given above is estimated to be not greater than + 0-4. In 
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preliminary results of this investigation (7’rans. Faraday Soc., 1931, 
27, 474), the volume of nitrogen collected in Expt. 4 had not been 
corrected as indicated above, and M/N was given as 4-0. 

It was observed that if, after an exposure to electron bombard- 
ment, the reaction vessel was cooled in liquid air for some time, the 
permanent gases pumped off, and the liquid air removed, then a 
photochemical reaction occurred resulting in further liberation of 
permanent gas. The condensable gases were frozen out in the 
reaction vessel for each reading, and the permanent gases pumped 
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off after measurement of the pressure. The effect observed is illus- 
trated in Fig. 1. This is clearly due to the photochemical dissoci- 
ation of nitrogen peroxide into nitric oxide and oxygen, as found by 
Norrish (J., 1927, 761). 


Discussion. 


The value of 3-9 calculated for the M/N ratio is somewhat higher 
than Wourtzel’s corrected value of 2-7 at ordinary temperatures. 
The difference may be partly accounted for by the fact that reaction 
had to be carried well beyond the initial stages in order to be 
measurable under the conditions of his experiments. He remarks 
that his M/N ratios for this reaction are only of secondary interest 
owing to the complexity of the reaction. The difference is therefore 
not sufficient to indicate a true variation between the yields per 
ion pair produced by the two agents. The result is in very good 
agreement with Macdonald’s value of 3-9 for the quantum efficiency 
in the photochemical decomposition, a fact which suggests that, 
after the primary process, the subsequent steps are the same in the 
two cases. 

In the region in which photochemical reaction occurs, Leifson 
(Astrophys. J., 1926, 63, 73) found that nitrous oxide absorbs con- 
tinuously, showing that dissociation of the molecule occurs imme- 
diately on absorption of the quantum, and it may, therefore, be 
concluded that a similar dissociation occurs on the recombination 
of ions. There are two possible methods for the dissociation of 
nitrous oxide, viz., 

RO=BO+HR. 1 2 « oe) wo! & 
and BOwew Mgt O 1.0. ee os 


The available data for the heat of formation of this gas are some- 
what conflicting, but if we take the value of — 0-74 electron-volts 
(“ International Critical Tables’), and 5-13 and 9-2 respectively 
for the heats of dissociation of oxygen and nitrogen, we obtain for 
the above reactions, absorptions of (i) 4-7 and (ii) 1-8 electron-volts. 
The critical increment for the homogeneous thermal reaction cal- 
culated from the temperature coefficient is 2-3 electron-volts, and 
hence, as pointed out by Ramsperger and Waddington (Proc. Nat. 
Acad. Sci., 1931, 17, 103), the primary process must in that case be 
(ii). The difference between the products of the thermal reaction, 
on the one hand, and the photochemical and ionic reactions, on the 


f other, might then be accounted for if the primary process in the latter 


case were (i). In order to test this possibility, Dr. E. J. B. Willey 
(private communication) has kindly made experiments on the effect of 
active nitrogen, which contains nitrogen atoms, on nitrous oxide. No 


appreciable reaction occurs, the glow being actually more intense in 
5F 
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the presence of nitrous oxide, on account of its photogenic effect. 
The dissociation 


N,O = N,+ 0’—60volts. . . . (iii) 


where O’ is an atom in the metastable 1S, state (4-17 v.) (Frerichs, 
Physical Rev., 1930, 36, 398), agrees, within the limits of accuracy of 
the available data, with the beginning of the continuous absorption 
at 2000 A (6-17 v.). 

Possible subsequent steps which might account for the observed 
products and efficiency are 


O’ + N,O = 2NO0+ 56 volts. . . (iv) 


and the thermal dissociation of two further molecules of nitrous 
oxide by collision with the activated products of reaction (iv). 

Finally, it may be noted that there is no evidence to support a 
cluster mechanism for this reaction as suggested by Lind (J. Physical 
Chem., 1928, 32, 573), since this would require the formation of an 
excited molecule of finite life, which would result in a fine structure 
for the absorption spectrum and a dependence of quantum efficiency 
on pressure, neither of which has been observed. 


Summary. 


(1) Nitrous oxide is decomposed by cathode rays according to 
the equation 4N,0 = 3N, + 2NO+0,. After exposure, if suffi- 
cient time is allowed, the nitric oxide and oxygen combine to form 
nitrogen peroxide. 

(2) Each molecule decomposed requires 8-1 electron-volts, which, 
on the assumption of 31-6 electron-volts per ion pair, gives M/N = 
3-9. 

(3) The photochemical and the ionic reaction are strictly similar, 
about four molecules reacting per excited or ionised molecule formed. 
Reasons are given for believing that the first step after absorption 
of the quantum or recombination of ions is dissociation of the 
molecule into N, + O, and the possible subsequent steps in the 
reaction are discussed. 


I wish to thank Professor E. K. Ridéal, F.R.S., for his continued 
advice and encouragement, and also Dr. T. E. Allibone for con- 
siderable help with the electrical apparatus and for his interest in 
and advice concerning this investigation. I am indebted to Lord 
Rutherford for his kindness in allowing me to use a transformer in 
the Cavendish Laboratory. 
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CCCCXIX.—Derivatives of Kojic Acid. 
By James Witson Armit and THomas JosEPH NOLAN. 


As kojic acid can readily be obtained by the action of various strains 
of Aspergillus on carbohydrates, its derivatives were investigated. 
A promising field appeared to lie in deriving from it synthetic drugs 
of local anesthetic value of the $-eucaine type as outlined in the 
following scheme. 





CO CO co 
HOC’ NCH ~—>MeO0C’ \CH + —> Meo” \CH 
CH C-CH,-OH CH C-CH,OMe CH C-CH,-OMe 
N44 Va 
6 ye Wa (or CH,) 
(I) Kojic acid (IT) (ITT) 
Dany CH,—————-CH-0Me 
MeO-CH~ \CH, 
CH, CH-CH,-OMe NH (or CH;) CH-OBz 
NH (or CH,) Me0-CH,-CH CH, 
(IV) (v) 
MeCH——CH, epinenaien 
Ph:-NH-N:C’ \CH, 
NH  CH-OBz H.C CH-CH,-OAc 
Me,C-——CH, yY 
(VI) B-Eucaine (VII) 


Diazomethane only methylated the nuclear hydroxy-group 
(position 5). The hydroxymethyl group was then readily methyl- 
ated by means of dry silver oxide and methyl iodide. Derivatives 
of the type (III) were easily obtained by the action of gaseous 
ammonia or methylamine on a methyl-alcoholic solution of either 
the mono- or the di-methyl ether of kojic acid. These reactions 
proceeded readily in the cold except in the case of ammonia and the 
monomethyl ether, where heating under pressure was necessary, 
the reaction going smoothly at 90° in a sealed tube. All attempts 
to reduce these pyridones to the type (IV) were unsuccessful, as they 
appeared to be unaffected by the ordinary reducing agents, either 
acid or alkaline, and were not hydrogenated in the presence of 
palladium or platinum. Indeed, the only action of sodium and 
boiling amyl alcohol on 5-methoxy-1 : 2-dimethyl-4-pyridone was 
demethylation of the methoxy-group in about 30% of the base. 
When the method employed by Willstitter in the reduction of 
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tropinone (Annalen, 1903, 326, 47) was followed with 5-methoxy. 
2-methoxymethyl-1-methyl-4-pyridone or 5-methoxy-2-hydroxymethy. 
1-methyl-4-pyridone, the product was 5-methoxy-1 : 2-dimethyl- 
4-pyridone, which Yabuta (J., 1924, 125, 586) obtained by the 
action of methyl sulphate on the 4 : 5-dihydroxy-2-methylpyridine 
which he had produced by reducing 5-methoxy-2-methoxymethyl. 
4-pyridone by means of red phosphorus and hydriodic acid. 

Yabuta was unable to obtain comenic acid from kojic acid owing 
to the instability of the y-pyrone ring. We obtained the methyl 
ether of comenamic acid with fair ease by oxidising 5-methoxy- 
2-hydroxymethyl-4-pyridone with nitric acid. This substance was 
made by Yabuta (loc. cit., p. 583) by the action of ammonia on 
comenic acid methyl ether, and its preparation as described above 
affords further direct proof of Yabuta’s constitution of kojic acid. 
On treatment with diazomethane both the nitrogen atom and the 
carboxyl group were methylated. 

Owing to the failure to reduce the pyridone ring directly an 
attempt was made to obtain the corresponding tertiary alcohol by 
the Grignard reaction, methyl iodide and bromobenzene both being 
used. Addition compounds of a flesh-pink colour were formed, but 
their decomposition by water, dilute acid, or saturated ammonium 
chloride solution merely regenerated the initial material. Borsche 
and Bonacker (Ber., 1921, 54, 2678) had a similar experience with 
N-phenyl-4-pyridone. Their substance was, however, readily 
reduced to the hexahydro-alcohol by means of sodium and boiling 
ethy! alcohol. 

As Braun, Braunsdorf, and Rath (Ber., 1922, 55, 1666) have 
shown that the most efficient local anesthetics are obtained when the 
alcoholic group for esterification is in the y-position to the nitrogen 
atom, an attempt was made to convert the hydroxymethyl group 
of kojic acid into a 8-hydroxyethyl group through the chloromethy] 
and the cyanomethyl compound. The chloromethyl compound, 
although readily formed in good yield, appeared, however, to be 
completely resinified by boiling with aqueous-alcoholic potassium 
cyanide. 

As a fully reduced base with an alcoholic group could not be 
produced, an attempt was made, but without success, to form a 
benzoyl ester by the interaction of potassium and silver benzoate 
with the product of the action of phosphorus pentachloride on 
5-methoxy-2-methoxymethyl-N-methyl-4-pyridone. 

Petrenko-Kritschenko and Plotnikoff (Ber., 1897, 30, 2801) 
obtained dibenzalacetone by boiling 2 : 6-diphenyltetrahydro- 
y-pyrone in alcohol faintly acidified with hydrochloric acid. An 
attempt was accordingly made to obtain a piperidone derivative by 
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applying this reaction to hydrogenated 5-methoxy-2-hydroxymethyl- 
y-pyrone, followed by addition of methylamine with ring closure. 
The products were, however, syrups devoid of basic properties. 

The experiments on the hydrogenation of kojic acid and its 
derivatives were, however, of interest. In the literature two 
references to the hydrogenation of kojic acid itself were found 
(Traetta-Mosca, Ann. Chim. Applicata, 1914, 1, 477; Z. physiol. 
Chem., 1924, 132, 104). In the former an absorption of the equiv- 
alent of only four atoms of hydrogen is stated to have been observed, 
and in the latter an absorption of six atoms. In neither case, 
however, is an analysis of the product given. We found that kojic 
acid, its methyl ethers, and its diacetyl derivatives were all hydrogen- 
ated readily in the presence of colloidal palladium. In the case of 
kojic acid and its methyl ethers an absorption of the equivalent of 
six atoms of hydrogen was measured. The analysis, however, of 
the hydrogenation product of kojic acid itself showed the fixation 
of only four atoms of hydrogen. Much reliance, however, cannot 
be placed on these figures, as the substance was only purified by 
treatment with decolorising charcoal (norite), since it showed signs 
of decomposition on distillation even at a pressure of 1 mm. of 
mercury. The hydrogenation product obtained from the dimethyl 
ether of kojic acid was prepared on several different occasions, but 
the analytical figures obtained, although agreeing very closely with 
each other, consistently gave a carbon figure agreeing with a hexa- 
hydro-derivative and a hydrogen figure agreeing with a tetrahydro- 
derivative. The results are difficult to explain on any other grounds 
than that the product was actually a mixture. Demethylation had 
not taken place, as further methylation with methyl iodide and dry 
silver oxide left the analysis figures unchanged and the methoxy- 
content (Zeisel) was only 2% below the theoretical value. The 
material slowly yielded a crystalline phenylhydrazone : this would 
seem to indicate the presence of the tetrahydro-derivative (ketonic), 
although there is just the possibility of the phenylhydrazine having 
produced a ketone by oxidation of a secondary alcoholic group. 

When the diacetyl derivative of kojic acid was hydrogenated, ten 
atoms of hydrogen were apparently taken up. The product was 
distilled under reduced pressure and was obviously a mixture, as it 
tended to yield three distinct fractions. From the two higher- 
boiling fractions, on treatment with phenylhydrazine, a phenyl- 
hydrazone, Cy,H,,0,N,, was obtained, m. p. 207°, for which the 
constitution (VII) is tentatively put forward. 

It was not found possible to hydrogenate the mono- or the di- 
benzoyl derivative of kojic acid under the conditions employed with 
kojic acid and its methyl and acetyl derivatives. 
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EXPERIMENTAL. 

5-Methoxy-2-hydroxymethyl-y-pyrone.—Dry, finely powdered kojic 
acid was slowly added to an ethereal solution of diazomethane 
(slightly more than 1 equiv.). The precipitate obtained, which 
gave no coloration with ferric chloride, was recrystallised from 
methyl alcohol (yield, almost quantitative) and then from ether- 
ethyl alcohol, forming colourless needles, m. p. 165° (Found: (, 
53°8; H, 5-4; OMe, 18-9. C,H,O, requires C, 53-8; H, 5-1; OMe, 
19:8%). 5-Methoxy-2-hydroxymethyl-y-pyrone is moderately readily 
soluble in water, alcohol, and acetic acid, but dissolves only to a 
very slight extent in other organic solvents. 

5-Methoxy-2-methoxymethyl-y-pyrone.—To a solution of 6 g. of 
5-methoxy-2-hydroxymethyl-y-pyrone in 50 c.c. of hot methyl 
alcohol under reflux, 10 g. of dry, finely powdered silver oxide and 
12-5 g. of methyl iodide were added. When the vigorous reaction 
had subsided, the same weights of silver oxide and methyl] iodide 
were again added. When all action had ceased, the liquid was 
boiled gently during 20 minutes. The solution was filtered from the 
silver iodide, and the latter repeatedly extracted with small quantities 
of hot methyl alcohol. The combined extracts, after treatment in 
the cold with decolorising charcoal (darkol), were evaporated to 
dryness and the residual mass of somewhat oily crystals was taken 
up in dry ether. On concentration of the ethereal solution the 
dimethoxy-derivative was obtained (yield, more than 90%) as 
colourless platelets, m. p. 89—90°. (Found: OMe, 35-6. Cale. for 
C,H ,,0,: OMe, 36-9%), moderately easily soluble in coiling ether, 
light petroleum and benzene and readily soluble in cold waiter, 
alcohol, and chloroform. The colourless crystals soon became pale 
yellow on keeping and the solutions in water and alcohol of even 
the colourless crystals were yellow. 

5- Methoxy -2-methoxymethyl -1-methyl-4-pyridone—Dry mono- 
methylamine was passed into a cooled solution of 5 g. of 5-methoxy- 
2-methoxymethyl-y-pyrone in 15 c.c. of methyl alcohol until the 
weight had increased by 5 g. After an hour the alcohol and most 
of the methylamine were evaporated in the cold by means of a pump. 
The residual dark oily crystals were kept over-night over concen- 
trated sulphuric acid in an evacuated desiccator and were then 
washed with a very little ice-cold acetone. The pyridone, thus 
obtained almost colourless (yield, over 80°), distilled at 265—270°/ 
15 mm. with considerable charring (pressures of about 1 mm. are to 
be recommended) and set to a hard mass, m. p. 113°. This crystal- 
lised from toluene, in which it was very sparingly soluble, in small 
silky needles, m. p. 57°, on slow cooling (the substance has a great 
tendency to come down on cooling as an oil which later solidifies as a 
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hard skin). In an evacuated desiccator over concentrated sulphuric 
acid, the crystals lost three molecules of water of crystallisation ; 
the fine anhydrous powder melted at 113° (Found: H,O, 23-0: 
C, 59:1; H, 7-4; N, 7°7; OMe, 32:5. C,H,,0,N,3H,O requires 
H,O, 22'8; C,59-0; H, 7-1; N, 7-6; OMe, 33-9%). This substance 
is very readily soluble in water, alcohol, chloroform, and pyridine, 
and slightly soluble in ether, benzene, and light petroleum. Its 
aqueous solution gives a yellow coloration with a drop of ferric 
chloride. It forms a picrate which, after recrystallisation from hot 
water, melts at 191°. When the anhydrous base was boiled with 
dry methyl iodide during several hours, a crystalline methiodide was 
obtained which rapidly turned brown on exposure to light. It 






























a melted at 116—118° with evolution of gas bubbles (Found : I, 38-9. 
nd Ci9H,s03NI requires I, 39-1%). 

‘om 5-Methoxy-2-hydroxymethyl-1-methyl-4-pyridone.—A rapid stream 
ide of dry monomethylamine was passed into a warm methyl-alcoholic 
vas solution of 5-methoxy-2-hydroxymethyl-y-pyrone (4 g. in 45 c.c.) 
-he until on cooling no precipitate formed. After standing at room 
ie temperature for an hour, the solution was evaporated, on the water- 
in bath until crystals began to form, and then to dryness in a vacuum 
to desiceator. The product on recrystallisation from methyl alcohol, 
en after treatment with charcoal, consisted of 3-1 g. of almost colourless 
he needies, m. p. 203—204° (Found: C, 56-9; H, 68; N, 84. 
as C,H,,O,N requires C, 56-8; H, 6-5; N, 83%). It was readily 
Ol soluble in alcohol, water, or acetic acid, but only very slightly soluble 
rr in other organic solvents. 

-. 5-Methoxy-2-hydroxymethyl-4-pyridone.— This was prepared 
le (yield, over 90%) by heating 5-methoxy-2-hydroxymethyl-y-pyrone 
n with 125% of its weight of aqueous ammonia (d 0-88) in a sealed tube 





at 90° for about 2 hours. The product, consisting of crystals and a 
dark liquid, was submitted to filtration, and the filtrate concentrated 
almost to dryness. The residue was dissolved in methyl alcohol 
and treated with charcoal. On concentration and cooling, the 
pyridone separated in fine, almost colourless, rectangular prisms, 
which were dried in an evacuated desiccator over sulphuric acid for 
15 hours. They lost water of crystallisation at 120° in a capillary 
tube and finally melted at 173—175° (Found: C, 48-9; H, 6-6. 
C,H,O,;N,H,O requires C, 48-6; H, 6-4%). With ferric chloride 
solution, the pyridone gave an orange coloration. The picrate is 
readily recrystallised from hot water and melts at 181—182°. 
Action of Concentrated Nitric Acid on 5-Methoxy-2-hydroxymethyl- 
4-nyridone. Methyl Ether of Comenamic Acid (5-Methoxy-4-pyridone- 
2-carboxylic Acid).—A solution of 2 g. of 5-methoxy-2-hydroxy- 
methyl-4-pyridone in 10 c.c. of nitric acid (d 1-42) and 2 c.c. of nitric 
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acid (d 1-5) was kept at room temperature for several days. A small 
crystalline precipitate separated. The mother-liquor was diluted 
with water (80 c.c.) and evaporated slowly on a sand-bath, water 
being frequently added to keep the acid dilute; about 1-7 g. ofa 
white crystalline product were thus obtained, m. p. 236—237° 
(decomp.) after recrystallisation from dilute nitric acid. It turned 
yellow in air and was strongly acid to litmus [Found by titration 
with N/10-caustic soda and phenolphthalein: equiv., 117-5, 
Comenamic acid methyl ether nitrate (C;H,O,N,HNO,) requires 
equiv., 116]. The free acid, liberated by caustic soda as a curdy 
white precipitate, crystallised from hot water in spore-like clusters 
of microscopic needles, m. p. 267° with evolution of gas when heated 
quickly (Found after drying over sulphuric acid in a desiccator: 
equiv., 173-3. Cale. for C,H,0,N : equiv., 169). It retained traces 
of water persistently and tended to give off carbon monoxide when 
heated at 120° in a vacuum (Found in material dried over phosphoric 
oxide: C, 49-3; H, 4:4; N, 81. Cale. for C,H,0,N: C, 49-7; 
H, 4:1; N, 83%). Yabuta (loc. cit., 1924) gives m. p. 269°. The 
picrate, crystallised from hot water, had m. p. 225° (decomp.). 

In the hope that the methyl ester would give more conclusive 
results an ethereal solution of diazomethane was added to the acid, 
suspended in ether, until effervescence ceased. The white gummy 
product, recrystallised from ethyl alcohol, gave almost white, 
somewhat soft crystals which rapidly turned yellow on keeping and 
had a pleasant smell reminiscent of new-mown hay. When heated 
slowly in a capillary tube, they softened at 94° and melted at 134° toa 
crimson liquid. Analysis showed that both the nitrogen atom and 
the carboxyl group had been methylated (Found in material dried 
for 3 weeks over phosphoric oxide: C, 54:5; H, 5-9. C,H,,0,N 
requires C, 54:8; H, 5-6%). 

This ester forms a picrate, m. p. 205—207°, readily crystallisable 
from hot ethyl alcohol. 

5-Methoxy-1 : 2-dimethyl-4-pyridone.—To a solution of 5-methoxy- 
2-methoxymethyl-1-methyl-4-pyridone (3 g.) in water (60 c.c.), 
mechanically stirred and kept cold in running water, sodium amalgam 
(120 g. of 3%) was added during 4 hours, the solution being kept 
faintly acid by the gradual addition of hydrochloric acid (10%). 
The colourless solution was decanted from the mercury and filtered, 
and the product precipitated by the addition of finely powdered 
sodium hydroxide to small quantities of the solution at a time with 
cooling and stirring. The fine colourless needles thus obtained 
were dried on a porous tile and then over sulphuric acid. They were 
separated from traces of alkali by solution in hot acetone. The 
hydrated base was precipitated from the acetone solution by 
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addition of a few drops of water. It melted at 95°, readily lost three 
molecules of water over concentrated sulphuric acid in a vacuum, 
and when anhydrous melted at 150° (Found: H,O, 26-3; C, 62-7; 
H, 73; N, 9-1. Cale. for C,H,,0O,N,3H,0: H,O, 26-1; C, 62-7; 
H, 7:2; N, 9-15%). This substance is only slightly soluble in the 
usual solvents with the exception of water, alcohol and acetone. 
It gives a deep yellow colour with aqueous ferric chloride, and forms 
a picrate, m. p. 208° after recrystallisation from water, and a hydro- 
chloride, m. p. 216—217°. 

By an exactly similar process of reduction and isolation the same 
substance was prepared from 5-methoxy-2-hydroxymethyl-1-methyl- 
4-pyridone (m. p. and mixed m. p. of the hydrated and the anhydrous 
form). It appears to be identical with the substance described by 
Yabuta (loc. cit.). 

5-Hydroxy-1 : 2-dimethyl-4-pyridone—A _ boiling solution of 
5-methoxy-1 : 2-dimethyl-4-pyridone (3 g.) in amyl alcohol was 
gradually treated with sodium (10-5 g.). The hydrochloride of the 
base was isolated in the usual way, and from it 1-8 g. of unchanged 
base were obtained by decomposition with sodium hydroxide. The 
alkaline mother-liquor was made faintly acid with dilute hydro- 
chloric acid and evaporated to dryness. An alcoholic extract of 
the dried residue gave on evaporation a new hydrochloride which 
quickly turned brown in the air; m. p. 236—238° (decomp.). This 
was decomposed with aqueous ammonia. The solution became 
acid on evaporation, and gave an intense purple coloration with 
ferric chloride, indicating demethylation of the 5-methoxy-group. 
The substance (0-8 g.) was recrystallised from acetone containing 
5°, of alcohol and formed faintly pink, prismatic crystals, m. p. 
273—274° after darkening at 250° and sintering at 263°. A Zeisel 
determination showed that no methoxyl group was present (Found : 
C, 60-6; H, 6-8; N, 9-9. C,H,O,N requires C, 60-5; H, 6-5; N, 
101%). The copper salt formed pale green platelets. 

Hydrogenation Products of Kojic Acid.—The apparatus used for 
hydrogenation was an all-glass model of that described by Franck 
(Chem.-Ztg., 1913, 37, 958). 

Hydrogenation of kojic acid. A solution of 1-42 g. of kojic acid 
in 10 c.c. of water was mixed with 5 c.c. of 1% gum arabic solution, 
5 e.c. of 1% palladous chloride solution, and 20 c.c. of methyl 
alcohol and shaken in the presence of electrolytic hydrogen under a 
pressure of 2 atmospheres. In 35 minutes, 650 c.c. of hydrogen 
were absorbed (calc. for the addition of 6 hydrogen atoms, 672 c.c.). 
This result was repeatedly confirmed and tested against the hydrogen- 
ation of pure cinnamic acid. 

The colloidal palladium was precipitated by the addition of methy] 
5F2 
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alcohol and removed, the filtrate concentrated at diminished 

pressure at 60°, and the syrupy residue dried over sulphuric acid ina 
vacuum and distilled at 1 mm. pressure. The substance did not 
distil readily and the temperature gradually rose to 220°. The 
distillate was amber-yellow and had a smell of caramel (Found after 
drying over phosphoric oxide for 12 hours: C, 52:1; H, 7-0%). 
This result agrees with neither of those required for the hexahydro- 
and the tetrahydro-derivative. A different sample was therefore 
purified only by repeated treatments with decolorising charcoal, 
and dried as above. It was a very viscous syrup which rapidly 
darkened on keeping (Found: C, 49-0; H, 7-1. The tetrahydro. 
derivative, CgH,)0,, requires C, 49-3; H, 6-9%. The hexahydro. 
derivative, C,H,,.0,, requires C, 48-7; H, 8-1%). 

Hydrogenation of 5-methoxy-2-methoxymethyl-y-pyrone. The 
pyrone (1-3 g.) in 5 c.c. of water was mixed with 3 c.c. of 1% aqueous 
gum arabic, 3 c.c. of 1% aqueous palladous chloride, and 10 c.c. of 
methyl alcohol and shaken under 2 atmospheres pressure in presence 
of pure hydrogen. In 20 minutes, 538 c.c. were absorbed (calc. 
for 6 atoms hydrogen, 514 c.c.). The product, isolated as already 
described in the case of hydrogenated kojic acid, was a colourless 
mobile oil, b. p. 98°/1 mm. It had a sharp burning taste, was 
soluble in water, alcohol, ether and chloroform, and was not hygro- 
scopic. When it was mixed with phenylhydrazine, heat developed 
but crystals were slow to form. After addition, however, of a little 
glacial acetic acid bright yellow crystals formed in the course of 
24 hours; m. p. 175° after recrystallisation from absolute alcohol. 
An oxime or a semicarbazone could not be formed. 

A satisfactory analysis of hydrogenated 5-methoxy-2-methoxy- 
methyl-y-pyrone was not obtained (Found: C, 54:5, 54-6, 54-5, 
54°65; H, 8-2, 8-1, 8-15, 8-1. C,H,,0O, requires C, 55:2; H, 8-05%. 
C,H, ,0, requires C, 54:55; H, 9-1%). 

The derivative was unchanged after treatment with dry silver 
oxide and methyl iodide and gave the same analytical figures 
as before (Found: OMe, 32:3. C,H,,0, requires OMe, 35-6%. 
C,H, ,0, requires OMe, 35-2%). The same substance was obtained 
by methylation of hydrogenated kojic acid with methyl sulphate 
and sodium hydroxide. The fact that a hydrazone is formed might 
point to this being a tetrahydro-derivative, but the low carbon 
figure cannot be explained. 

Hydrogenation products of acetylated kojic acid. To 11:3 g. of 
cliacetyl kojic acid, dissolved in 40 c.c. of ethyl alcohol, were added 
8 c.c. of 2% platinic chloride solution, 4 c.c. of 2% gum arabic, and 
a few drops of 0-5% palladium chloride solution along with 30 c.c. 
of water and the whole was shaken in the presence of electrolytic 
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hydrogen under a pressure of 2 atmospheres. The absorption 
ceased after 5780 c.c. (calculated to N.T.P.) had been taken up 
(cale. for 10 equivs., 5634c.c.). The product was isolated in the usual 
way and distilled at a pressure of 10—12 mm. Three fractions 
were collected, (1) b. p. 80—120° (0-8 g.), (2) b. p. 1388—144° (2-6 g.), 
(3) b. p. 180° (1-2 g.), but the material showed no tendency to 
accumulate at any definite temperatures. Each of these fractions 
was redistilled before analysis [Found: (1) C, 57-5; H, 8-0; Ac, 
26-9; (2) C, 54:5; H, 7:7; Ac, 27:4; (3) C, 53-9; H, 7:5; Ac, 
29-3%]. 

From fraction (1) and p-nitrobenzoyl chloride a compound was 
obtained which, after recrystallisation from hot water, gradually 
darkened on heating and finally melted to a dark brown liquid at 
112—115°. There was not sufficient of this substance for a full 
analysis. 

Fractions (2) and (3) readily reacted with phenylhydrazine to give 
a derivative which crystallised from alcohol in feathery yellow 
needles, m. p. 207° (Found: C, 65-5, 65-5; H, 6-1, 6-1; N, 15-4. 
C9H203N, requires C, 65-6; H, 6-0; N, 15:3%). The substance 
was apparently a diphenylhydrazone or an osazone (VII). 

Action of Methyl-alcoholic Methylamine on Diacetyl Kojic Acid.— 
As the bridge oxygen atom in kojic acid itself is not readily substi- 
tuted by ammonia or primary amines, but such replacement takes 
place smoothly with the methyl ethers, it was of interest to invest- 
igate the action of methyl-alcoholic methylamine on the diacetyl 
derivative. It is well known that this reagent rapidly hydrolyses 
esters, but there was just a possibility that the imino-group would 
simultaneously be introduced. This was not the case, however, as 
an almost quantitative yield of the methylamine salt of kojic acid 
was obtained, m. p. 130° after sintering at 125° (Found: C, 48-6; 
H, 6:4; N, 8-0. C,H,,0,N requires C, 48-6; H, 6-4; N, 81%). 
The identity was further established by a mixed melting point with 
authentic methylamine kojate prepared from methylamine and pure 
kojic acid. It readily yielded kojic acid on treatment with dilute 
acids, and evolved methylamine with sodium hydroxide in the cold. 
On treatment with picric acid, methylamine picrate was obtained, 
m. p. and mixed m. p. 206°. 


(Received, September 11th, 1931.] 
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CCCCXX.—Trypanocidal Activity and Chemical Con- 
stitution. Part III. New Sulphur Derivatives 
of Aromatic Organic Arsenicals (contd.). Gold 
Derivatives of 2-T hiolbenziminazole-5-arsonic Acid. 

By Joun Garwoop EVERETT. 


It has already been shown that replacement of the hydrogen of the 
thiol group of 2-thiolbenziminazole-5-arsonic acid (I) by certain 
organic groups causes adverse modification of therapeutic activity 


(lL) HSC<Nq>CoHyAsOsH, — AuS-C<N EC, Hy-CO,H (A) 


(Part II; J., 1930, 2402). The corresponding auromercaptides 
have now been studied. 


Numeration. 
R = general. R, = Cy p> CoH 
~™ N- ‘ ’ N- 4 
Non-arsenated compounds. Arylarsonic acids. Arylarsenic sulphides. 
R,*SAu (IV) R,°SAu (II) R,°SAu (IX) 
R,SAu...R,SH(VII) R,H (ITI) R,‘SAu... R,-SH (X) 


R,-S-CH,-CO,H (VIII) R,-SAu... R,-SH (V) 
R,-S-CH,-CO,H (V1) 


‘ 


The compound (A), known as “ triphal,” has a certain vogue in 
the treatment of tuberculosis. The quantities taken in its prepar- 
ation correspond to equimolecular proportions of 2-thiolbenzimin- 
azolecarboxylic acid and gold tribromide (E.P. 225,875 /1924). 

Equimolecular proportions of (I) and gold trichloride have now 
been shown to give 2-aurothiolbenziminazole-5-arsonic acid (II) and 
the sulphate of benziminazole-5-arsonic acid (III), the formation of 
the latter being due to oxidation of (I) by the liberated chlorine. 
This oxidation must proceed in two stages according to the following 
scheme, hydrolysis occurring at the intermediate sulphinic acid stage, 

Cl + H,O H,0 Cl + H,0 
RSH —~—> R-‘SO,H —> RH + H,SO, ——~> RH,H,SO, 
since 2-sulphobenziminazole-5-arsonic acid (R,*SO,H) is extremely 
resistant to hydrolysis (Part II, loc. cit.). When gold trichloride in 
excess of an equimolecular proportion was used, the excess was 
recovered unchanged, the arsonic acid (I) not forming a chloro- 
aurate. 2-Aurothiolbenziminazole-5-arsonic acid (II) is rapidly 
soluble in sodium bicarbonate solution; the solution absorbs iodine 
extremely slowly [distinction from (V)]. 
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The analogy with the non-arsenated compound was established 
by the production of 2-aurothiolbenziminazole (IV) and benzimin- 
azole sulphate from equimolecular proportions of 2-thiolbenzimin- 
azole and gold trichloride. In this case, when gold trichloride in 
excess of the equimolecular proportion was used, the benziminazole 
was recovered as chloroaurate, the sulphuric acid formed remaining 
in solution. 

Zeise (Ann. Physik, 1834, 31, 369) found the optimum conditions 
for formation of the auromercaptide to be represented by equation 
(1), as also did Hermann (Ber., 1905, 38, 2813), using benzyl and 


(1) 3RSH + AuCl, = RS:Au + RS‘SR + 3HCl 


isoamyl mercaptans. The auromercaptides were amorphous, and 
Hermann identified the disulphide in the case of isoamy] mercaptan. 
Balaban and King (J., 1927, 1859), using derivatives of 2-thiol- 
glyoxaline, found the optimum conditions to be represented by the 
same equation. They obtained amorphous auromercaptides of the 
type RS-Au, but were unable to isolate any disulphide, recovering 
instead the original mercaptan. In the present instance, three 
molecules of (I) and one molecule of gold trichloride yielded 5-arsono- 
2 - aurothiolbenziminazole - 5 - arsono - 2 - thiolbenziminazole (V), the 
mother-liquors giving unchanged 2-thiolbenziminazole-5-arsonic 
acid (I) and a small amount of the sulphate of benziminazole-5-arsonic 
acid (III). The constitution of (V) was shown as follows :— 

(a) On treatment with excess of chloroacetic acid it gave (II), 
together with 2-carboxymethylthiolbenziminazole-5-arsonic acid 
(VI). Only-one molecule of chloroacetic acid could be made to react. 


(2) RSAu... RSH + CH,Cl-CO,H = RS-Au + RS-CH,°CO,H + HCl 


(b) On treatment with iodine in presence of excess of sodium 
bicarbonate solution, one molecule of (V) rapidly. absorbed four 
atoms of iodine, with formation of (II) and (III). Beyond this point 
absorption of iodine was exceedingly slow. Four atoms of iodine 
are necessary to oxidise one 2-thiolbenziminazole residue to benzimin- 


(3) RSAu .. . RSH + 4I—> RS-Au + RH 


azole (Part I; J., 1929, 678). These two reactions show clearly 
that one free thiol group is present. 

(c) Further, equimolecular proportions of (I) and (II) combined 
readily to give (V) when a solution of them in aqueous sodium 
bicarbonate was acidified and boiled. Since (V) so obtained was a 
white homogeneous crystalline solid, whereas the auromercaptide 
(II) is deep olive-green and amorphous, the possibility of a mechanical 
mixture is precluded. The auromercaptide (II) breaks down when 
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boiled with moderately concentrated hydrochloric acid, half the 
gold being liberated as metal, with formation of (V). 


HCl 
(4) 2RS-Au —> RS-Au... RSH + Au 


In (c) above, no gold was liberated, the yield of (V) agreeing with 
equation (5), hence the formation of (V) is due to co-ordination of 


(5) 2RS-Au + 2RSH = 2(RSAu . . . RSH) 


(I) and (II), and not to decomposition of the auromercaptide (II) 
according to equation (4). 

Both the arsenated and the non-arsenated auromercaptide (II) 
and (IV) readily break down with hydrochloric acid according to 
equation (4), a small amount of the sulphate of the corresponding 
cyclic amidine (RH,H,SO,) being also produced in each case. In 
sharp contrast to this is the extreme stability of both the arsenated 
and the non-arsenated co-ordination compound (V) and (VII), both 
of which recrystallise unchanged after prolonged boiling with 
1: 1 hydrochloric acid. This difference instability makes it probable 
that the initial stage in equation (4) is complete breakdown of two 
molecules of auromercaptide to disulphide and gold. This is probably 


(6) 2RS-Au = RS‘SR + 2Au 


followed by hydrolysis of the disulphide according to equation (7) 
(compare Balaban and King, loc. cit.; Otto and Schiller, Ber., 1876, 
(7) 2RS‘SR + 2H,O = 3RSH + RH + SO, 

9, 1589), the sulphur dioxide reducing a further portion of disulphide 
to mercaptan. Co-ordination of the mercaptan and unchanged 
auromercaptide then takes place, with formation of (V) or (VII). 
The formation of the co-ordination compound (V) from three 
molecules of (1) and one molecule of gold trichloride is similarly 
explained. The auromercaptide and disulphide are formed by the 
initial reaction represented by equation (1). The concentration of 
acid being insufficient to decompose the auromercaptide, no metallic 

gold is formed in this case. 

5-Arsono-2-aurothiolbenziminazole-5-arsono - 2 - thiolbenziminazole 
(V) is slowly soluble in sodium bicarbonate solution; this solution 
rapidly absorbs iodine [distinction from (II)]. 

The analogy with the non-arsenated compound was established 
by the preparation of 2-aurothiolbenziminazole-2-thiolbenziminazole 
(VII) in a similar manner. Its constitution was shown in the same 
way, excess of chloroacetic acid giving 2-aurothiolbenziminazole (IV) 
and 2-carboxymethylthiolbenziminazole (VIII), and iodine and 
excess of sodium bicarbonate giving (IV) and benziminazole. 

A molecular-weight determination by Barger’s microscopical 
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method (J., 1904, 85, 286) showed that a solution containing 25 g. 
per litre in ethyl alcohol (maximum solubility) is isotonic with a 
0:105M-solution of azobenzene in the same solvent. The molecular 
weight is therefore 25/0-105 = 238. Half the calculated molecular 
weight is 248, so that the compound appears to be completely dis- 
sociated under these conditions. This result was unexpected, but 
fits in well with the modern theory of co-ordination compounds, the 
solid substance most likely consisting of a close-packed arrangement 
of RSH and RSAu ions (compare Ann. Reports, 1927, p. 282). Asa 
check on the method a similar determination was carried out with 
2-thiolbenziminazole, the result giving 143 as the molecular weight 
of this substance (calc., 150). 

Co-ordination compounds of the type (RSAu . . . RSH) do not 
appear to be formed in the glyoxaline series (compare Balaban and 
King, loc. cit.). 

The foregoing reactions are summarised as follows :— 


AuCls CH,Cl-CO,H 









RSH —> (RS-Au . . . RSH) “*"°"', RS-CHy-CO,H 
| oy | 
AuCl, | ¥ oP" | > 
NaHCO, 
Y I+NaHCo, Y 


| 
RS-Au —-—> RH | 
| 


t CH,Cl-CO,H 





Gold Derivatives of Arylarsenic Sulphides —2-Aurothiolbenzimin- 
azole-5-arsenic disulphide (IX) was prepared by passing hydrogen 
sulphide into a suspension of 2-aurothiolbenziminazole-5-arsonic 
acid (II) in cold water. The co-ordinated 2-aurothiolbenziminazole- 
5-arsenic disulphide-2-thiolbenziminazole-5-arsenic disulphide (X) was 
obtained by dissolving the co-ordinated arsonic acid (V) in boiling 
hydrochloric acid (1: 1), passing hydrogen sulphide into the nearly 
boiling solution, and treating the precipitate with sodium bicarbon- 
ate. It was an amorphous yellow powder which on treatment with 
iodine and water regenerated the co-ordinated arsonic acid (V). 

Therapeutic Results —The above-mentioned compounds have been 
tested against an experimental infection of 7’. equiperdum in mice 
with the following results: 7’ = maximum tolerated dose in mg./g. 
of mouse; C = minimum curative dose in mg./g. of mouse, and is the 
smallest single dose which will cause thedisappearance of all trypano- 
somes from the peripheral blood stream of all eight mice within 72 
hours; 7 = average number of days elapsing between disappearance 
and reappearance of trypanosomes in the peripheral blood-stream ; 
? = intravenous; o = oral. 
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0 
Arylarsenic Sulphides. T. (8mice) T/C. fs 


2-Thiolbenziminazole-5-arsenic disul- 
phide, R,*SH 10-0 0-2 50-0 14 
2-Aurothiolbenziminazole-5-arsenic 0-05 0-005 10-0 5 


i 0-05 0-006 8-0 >30 

o 

a 
disulphide (IX), R,-SAu 0 >5-0 0-4 >12-0 12 

l 

o 


to 


-Aurothiolbenziminazole-5-arsenic 0-025 0-005 5-0 6 
disulphide-2-thiolbenziminazole-5- >5-0 0-025 >200-0 ll 
arsenic disulphide (X), 


(R,‘SAu .. . R,*SH) 
Arylarsonic Acids. 
2-Thiolbenziminazole-5-arsonic acid D 0-5 0-5 10 >30 
(1), RySH o 10-0 0-1 100-0 15 
2-Aurothiolbenziminazole-5-arsonic D 0-125 0-1 1-25 5 
acid (II), R,"SAu o >5-0 0-1 >50-0 7 
5-Arsono-2-aurothiolbenziminazole-5- 7 0-25 0-05 50 >30 
arsono-2-thiolbenziminazole (V), o 10-0 0-1 100-0 6 


R,SAu ... RSH 


Non-arsenated Compounds. 


to 


-Thiolbenziminazole, R,*SH 0-1 >0-1(0) <1-0 — 
1-0 >1-0(0) <1-0 en 
insoluble 
0-25 >0-25(0) <1-0 — 
0-01 >0-01(0) <1-0 — 
0-5 >0:5 (0) <1-0 os 


to 


-Aurothiolbenziminazole (IV), 
R,SAu 
-Aurothiolbenziminazole-2-thiol- 
benziminazole (VII), 

R,SAu ... R,SH 


ty 
© °-9 *-6 oe. 


Conclusions.—The very marked therapeutic activity of the 
co-ordinated arylarsenic disulphide (X), when administered orally, 
is the only outstanding feature. The introduction of gold causes 
increased toxicity when administered intravenously, which is com- 
pensated by increased therapeutic: activity. The toxicity remains 
practically unaltered in oral administration, as does therapeutic 
activity, with the one exception mentioned above. The non- 
arsenated gold compounds were all inactive. 

The author is indebted to Dr. Levaditi, of the Pasteur Institute, 
for kindly testing the gold arsenical (V) against B. Tuberculosis. 
It was quite inactive. 


EXPERIMENTAL. 

2-Aurothiolbenziminazole-5-arsonic Acid (I1).—(1) 2-Thiolbenzimin- 
azole-5-arsonic acid (2-74 g.) was boiled with water (600 c.c.) till 
dissolved, and gold trichloride (3 g.) in water (25 c.c.) added gradually 
to the hot solution. The precipitated acid (II), which was at first 
brown, then white, and finally green, was removed by filtration, the 
filtrate being retained (A). It was washed well with water, and dried 
in a vacuum over sulphuric acid, forming a shining black cake, which 
was olive-green when powdered. Traces of metallic gold were 
removed by dissolution in sodium bicarbonate solution, filtration, 
reacidification, and drying as before (yield, 3°5 g.) (Found : As, 15-0; 
N, 5-6; 8,63; Au, 40-3; loss at 120°, 4-7. C;H,O,N,SAsAu,1}H,0 
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requires As, 15-2; N, 5-7; S, 6-5; Au, 40-0; H,O,4:6%). The 
dried acid may be heated to 120° without decomposition. The 
damp, freshly prepared acid liberates gold when heated. 

The filtrate (A) after concentration gave a syrupy residue, which 
crystallised on being scratched and was then stirred with cold 
alcohol, dried at 100°, and proved to be the sulphate of benziminazole 
5-arsonic acid (III), m. p. and mixed m. p. 210°, with preliminary 
softening at 190° (yield, 0-6 g.; calc. 0-885 g.) (Found: As, 22-0; 
N, 8:2; S, 9-5%). 

(2) 5-Arsono-2-aurothiolbenziminazole-5-arsono - 2 - thiolbenzimin- 
azole (V) (1-86 g.) was dissolved in water (10 c.c.) and 2NV-sodium 
hydroxide (6-4 ¢.c.). Chloroacetic acid (0-5 g.) in water (5 c.c.) 
containing sufficient sodium hydroxide to neutralise it was added, 
and the solution boiled gently for 2 hours, water being added as 
required. The development of acidity could not be followed owing 
to the excess of sodium hydroxide necessary for solution. The 
solution was cooled, filtered (charcoal), and made distinctly acid 
(Congo-red) with hydrochloric acid. 2-Aurothiolbenziminazole- 
5-arsonic acid (II) was precipitated as a yellow mass, which changed 
slowly to olive-green. It was removed by filtration, the filtrate being 
retained (A), and treated as in (1) above (yield, 1 g.) (Found: As, 
15-1; N, 5-6; 8, 6-5; Au, 40-2; loss at 120°, 43%). 

The filtrate (A) was filtered (charcoal) and made just acid (Congo- 
red) by addition of sodium hydroxide solution; 2-carboxymethyl- 
thiolbenziminazole-5-arsonic acid (VI) crystallised slowly (yield, 
0-63 g.) (Found: As, 22-5; N, 8-4; S, 9-8. Calc.: As, 22-6; N, 
8:5; 8, 9-7%. Compare Part IT, loc. cit.). 

(3) 5-Arsono-2-aurothiolbenziminazole-5-arsono - 2 - thiolbenzimin- 
azole (V) (3-71 g.) was dissolved in water (25 c.c.) containing an 
excess of sodium bicarbonate (20 g.), and N/2-iodine (40 c.c.) was 
added, which was absorbed rapidly. The solution was made just 
acid (Congo-red) with hydrochloric acid, the precipitated 2-auro- 
thiolbenziminazole-5-arsonic acid (II) being removed and the filtrate 
retained (A). The precipitate (II) was treated with sodium bicarbon- 
ate solution, filtered from the deposited gold (0-2 g.), reacidified, and 
dried as in (1) above (yield, 1-5 g.) (Found: As, 15-0; N, 5-7; 8, 
6-4; Au, 40-5; loss at 120°, 48%). 

The filtrate (A), after removal of deposited gold (0-115 g.), was 
evaporated to low bulk and filtered (charcoal), benziminazole- 
5-arsonic acid (III) crystallising slowly (yield, 0-6 g.) (Found in acid 
dried at 80°: As, 31-0; N, 11-4. Cale.: As, 31-0; N, 115%). 

The total amount of metallic gold obtained was 0-315 g. This is 
formed owing to the relatively very slow reaction between iodine and 
the auromercaptide (II) (see below). The yield of (II) obtained 
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(1-5 g.) leaves 0-85 g. unaccounted for. This would react with iodine 
to give 0-3563 g. of gold, agreeing fairly closely with that actually 
obtained. 

2-A urothiolbenziminazole-5-arsonic acid (II) prepared by the above 
three methods was an olive-green amorphous powder insoluble in 
water or organic solvents. 

Treatment of (Il) with Hydrochloric Acid.—2-82 G. were boiled 
with hydrochloric acid (1 : 6; 200 c.c.) for 10 minutes, the deposited 
gold removed, and the filtrate retained (A). The precipitated gold 
was boiled with dilute sodium hydroxide solution, collected on a 
Gooch crucible, washed, ignited, and weighed (yield, 0-58 g.; calc., 
0-591 g.). The filtrate was acidified with hydrochloric acid and 
added to (A); 5-arsono-2-aurothiolbenziminazole-5-arsono-2-thiol- 
benziminazole (V) was deposited on cooling (yield, 1-9 g.) (Found in 
acid dried at 80°: As, 19-6; N, 7-4; S, 8-6; Au, 26-0; loss at 120°, 
23%). In a separate experiment the filtrate (A) was worked up 
without the gold washings. After removal of (V), the mother- 
liquors were evaporated to dryness and the residue was treated with 
alcohol. The sulphate of benziminazole-5-arsonic acid (III) remained 
(0-08 g.; m. p. 210° with preliminary softening at 190°). 

Treatment of (II) with Sodium Hydroxide Solution.—l G. was 
boiled under reflux with sodium hydroxide solution (25%, 50 c.c.) 
for 5 hours, the deposited gold removed, and the filtrate retained 
(A). The precipitated gold was treated as described above (yield, 

0-19 g.; cale., 0-2096 g.). The filtrate (A) was acidified with 
hydrochloric acid, 5-arsono-2-aurothiolbenziminazole-5-arsono- 
2-thiolbenziminazole (V) being deposited (yield, 0-65 g.) (Found in 
acid dried at 80°: As, 19-6; 8, 8-5; Au, 26-1; loss at 120°, 2-2%). 

Treatment of (Il) with Iodine—1-2 G. were dissolved in water 
(5 c.c.) containing excess of sodium bicarbonate (10 g.) and N’/2-iodine 
(20 c.c.) was added gradually in portions of 1 c.c. The first 3 c.c. 
were absorbed in about 1 hour, absorption of the whole 20 c.c. 
occupying about 24 hours. The liquor was decanted (A), and the 
residue of gold and sodium bicarbonate treated with a large volume 
of water. The residue of gold was boiled with dilute sodium 
hydroxide solution, collected on a Gooch crucible, washed, ignited, 
and weighed (yield, 0-475 g.; cale. for RSAu + 41 —> RH + Au, 
0-4925 g.). The liquor (A) was concentrated and made just acid 
(Congo-red) with hydrochloric acid; benziminazole-5-arsonic acid 
(0-2 g.) was slowly precipitated (m. p. of sulphate, 209° with pre- 
liminary softening at 190°). 

The Sulphate of Benziminazole-5-arsonic Acid.—A solution of 
benziminazole-5-arsonic acid (1-2 g.) in water (10 c.c.) containing 
sulphuric acid (0-5 g.) was filtered and evaporated to dryness; the 
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residual thick syrup crystallised on being scratched. It was treated 
with alcohol, recrystallised from water, and dried at 100°; m. p. 
210° with preliminary softening at 190° (Found: As, 22:0; N, 81; 
8, 9°5. C,H,0,N,As,H,SO, requires As, 22-1; N, 8-2; 8, 9-4%). 
2-Aurothiolbenziminazole (IV).—(1) 2-Thiolbenziminazole (1-5 g.) 
was boiled with water (300 c.c.) till dissolved, and gold trichloride 
(3 g.) in water (25 c.c.) added gradually to the hot solution. The 
precipitated 2-aurothiolbenziminazole (IV) was removed, the filtrate 








retained (A), and the precipitate treated with dilute sodium hydr- 
oxide solution, re-washed, and dried in a vacuum over sulphuric 
acid. Decomp. 235° (yield, 2-5 g.) (Found: N, 8-0; S, 9-3; Au, 
57-2. C,H;N,SAu requires N, 8-1; 8, 9-2; Au, 569%). The filtrate 
(A), after removal of further traces of (IV), was evaporated to dry- 
ness; the residue consisted of benziminazole sulphate, m. p. 165° 
(alone or mixed with an authentic specimen) (yield, 0-5 g.; calec., 
0-6 g.). 

In a second experiment excess of gold trichloride (4 g.) was used. 
The yield of (IV) was again 2-5 g. The filtrate (A) was evaporated 
to dryness, traces of gold which separated being removed during the 
concentration. The yellow residue was extracted with ether, giving 
gold trichloride (0-3 g.). The still yellow residue was extracted with 
alcohol, giving yellow prisms of benziminazole chloroaurate (0-6 g.), 
m. p. 204° (alone or mixed with an authentic specimen). The final 
residue was white and soluble in water; the solution gave a strong 
reaction for sulphate. 

(2) A solution of 2-aurothiolbenziminazole-2-thiolbenziminazole 
(VII) (2-5 g:) in water (25 c.c.) and 2N-sodium hydroxide (30 c.c.) 
was treated with chloroacetic acid (0-94 g.) in water (12 c.c.) and 
sodium hydroxide as in the case of the non-arsenated analogue. 
The precipitated 2-aurothiolbenziminazole (IV) was treated as in 
(1) above (yield, 1-6 g.); decomp. 234° (Found: N, 8-2; 8, 9-3; 
Au, 57-1%). The filtrate was filtered (charcoal) and made just acid 
(Congo-red) by addition of sodium hydroxide solution. 2-Carboxy- 
methylthiolbenziminazole (VIII), which crystallised at once (1-0 g.), 
was recrystallised from 50% alcohol; m. p. 190° with preliminary 
softening at 140° (alone or mixed with an authentic specimen) 
(Found in acid dried at 80°: N, 12-3; S, 14:2; loss at 110°, 7-8%). 

(3) 2-Aurothiolbenziminazole-2-thiolbenziminazole (VII) (2-48 g.) 
was dissolved in cold ethyl alcohol (400 c.c.) and water (250 c.c.). 
Sodium bicarbonate (40 g.) was added, followed by N/2-iodine 
(40 c.c.), added gradually with shaking, and more water at intervals 
to hasten absorption, which was complete after several hours. The 
slow absorption was due to presence of alcohol. After filtration, 
the filtrate was retained (A), and the precipitate treated with much 
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water to remove sodium bicarbonate. The residue was 2-aurothiol. 
benziminazole (IV), which was treated as in (1) above (yield, 1-1 g.); 


decomp. 235° (Found : N, 8-0; S, 9:4; Au, 57-2%). 


The filtrate (A) was evaporated to dryness, unchanged initial 
material (VII) and metallic gold being removed during the con. 
centration. The white residue was treated with just enough water 
to dissolve the salts, benziminazole (0-4 g.) remaining undissolved. 
It was recrystallised from dilute alcohol; m. p. 170°. M. p. of 


chloroaurate, 204°. (Owing to its insolubility, 2-aurothiolbenzimin. 

azole does not react with iodine in presence of sodium bicarbonate.) 

2-Aurothiolbenziminazole (IV) prepared by the above three 
methods was a brown amorphous powder insoluble in water, organic 
solvents or sodium hydroxide solution. 

Treatment of 2-Aurothiolbenziminazole (IV) with Hydrochloric Acid. 
—2-1 G. were boiled with hydrochloric acid (200 c.c.; 1 : 6) for 10 
minutes, the deposited gold was removed, and the filtrate retained 
(A). The gold was boiled with dilute sodium hydroxide solution, 
washed, ignited, and weighed (yield, 0-572 g.; calc., 0-591 g.). The 
filtrate was acidified and added to (A), the precipitate which formed 
on cooling was removed, and the filtrate retained (B). The pre- 
cipitate was treated with cold dilute sodium hydroxide solution; 
0-1 g. of 2-aurothiolbenziminazole, decomp. 230°, remained undis- 
solved (Found: Au, 56-:2%). The filtrate was acidified, giving 
2-aurothiolbenziminazole-2-thiolbenziminazole (VII) (l-l g.) 
(Found: 8, 12-8; Au, 39-6%). The filtrate (B) was filtered (char- 
coal) and evaporated to dryness, the residue dissolved in a little 
water, and the filtered solution neutralised with sodium bicarbonate ; 
benziminazole (0-05 g.) slowly crystallised, m. p. 170° (alone or mixed 
with an authentic specimen). 

Treatment of (IV) with Sodium Hydroxide Solution —1 G. was 
boiled under reflux with sodium hydroxide solution (25%, 50 c.c.) 
for 5 hours. No reaction occurred, (IV) being recovered unchanged. 

5-Arsono - 2 - aurothiolbenziminazole - 5 - arsono -2- thiolbenziminazole 
(V).—(1) 2-Thiolbenziminazole-5-arsonic acid (4-93 g.) was dissolved 
in boiling water (1500 c.c.), and gold trichloride (1-82 g.) in water 
(30 c.c.) added gradually. An immediate white precipitate formed, 
which was removed from the hot solution, the filtrate being retained 
(A). It was purified by solution in sodium bicarbonate and repre- 
cipitation (yield, 4-4 g.) (Found in acid dried at 80°: As, 19-5; 
N, 7-4; 8, 8-3; Au, 26-0; loss at 120°, 2-4. C,,H,,0,N,S,As,Au,H,O 
requires As, 19-7; N, 7-3; 8, 8-4; Au, 25-8; H,O, 2.4%). 

The filtrate (A) was evaporated to dryness, the residue (B) 
extracted with water, and the extract evaporated to dryness. This 
gave a sticky material, which was treated with cold alcohol; the 
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sulphate of benziminazole-5-arsonic acid (III) (0-1 g.) remained 
undissolved, m. p. 210°, softening at 190°. The combined filtrates 
gave with barium chloride 0-25 g. of barium sulphate. The re- 
mainder of the residue (B) (insoluble in water) was extracted with 
dilute hydrochloric acid; benziminazole-5-arsonic acid crystallised 








slowly from the neutralised extract (0-2 g.; m. p. of sulphate, 210°, 
softening at 190°). The ultimate remainder of residue (B) was 
dissolved in sodium bicarbonate solution, filtered (charcoal), and 
reacidified, yielding 2-thiolbenziminazole-5-arsonic acid (I) (1 g.) 
(Found in acid dried at 80°: As, 27-3; N, 10-2; 8, 11-9. Cale.: 
As, 27-4; N, 10-2; S, 11-7%). 

(2) By treatment of 2-aurothiolbenziminazole-5-arsonic acid with 
hydrochloric acid. See under (II). 

(3) By treatment of 2-aurothiolbenziminazole-5-arsonic acid with 
sodium hydroxide solution. See under (II). 

(4) By direct co-ordination. 2-Aurothiolbenziminazole-5-arsonic 
acid (1-18 g.) and 2-thiolbenziminazole-5-arsonic acid (0-69 g.) were 
dissolved together in water (100 c.c.) and sufficient sodium bicarbon- 
ate. The solution was filtered (charcoal), acidified (Congo-red) with 
hydrochloric acid, and boiled, the precipitated acid (V) coagulating 
to form masses of long white threads. Water (50 c.c.) and hydro- 
chloric acid (25 c.c.) were immediately added and the whole was 
boiled, solution occurring. On cooling, (V) crystallised in long white 
prisms (1-7 g.) (Found in acid dried at 80°: As, 19-6; N,7-4; 8, 8-5; 
Au, 25-9; loss at 120°, 2-4%). 

5-Arsono - 2 -aurothiolbenziminazole - 5 - arsono -2 - thiolbenziminazole 
(V) obtained by the above four methods consisted of long white 
prisms (or matted white threads) insoluble in water or alcohol. It 
was slowly soluble in sodium bicarbonate solution, the solution 
rapidly absorbing iodine (distinction from II). It was readily 
soluble in cold dilute sodium hydroxide solution, and moderately 
easily soluble in boiling hydrochloric acid (1:1), crystallising un- 
changed on cooling. It was stable towards mineral acids and 
alkalis, but was decomposed by chloroacetic acid and by oxidising 
agents, which attack the thiol half of the molecule. 

2-Aurothiolbenziminazole-2-thiolbenziminazole (VII).—(1) 2-Thiol- 
benziminazole (2-7 g.) in boiling water (500 c.c.) was treated with 
gold trichloride (1-82 g.) in water (30 c.c.). The precipitate was 
removed, dissolved in cold dilute sodium hydroxide solution, repre- 
cipitated, dried at 80°, and crystallised twice from alcohol, forming 
slender white prisms (2-4 g.), softening and shrinking at 193° (Found : 
N, 11-2, 11-4; S, 12-9, 12-8; Au, 39-9,39-8. C,,H,,N,S,Au requires 
N, 11-3; S, 12-9; Au, 39-7%). 

The original filtrate was evaporated to dryness, the residue 
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extracted with water, and the extract evaporated to dryness. This 
gave benziminazole sulphate (0-2 g.), m. p. 165°. The remainder of 
the residue (insoluble in water) was extracted with dilute hydro. 
chloric acid; benziminazole (0-03 g.), m. p. 170°, crystallised from 
the neutralised extract. The ultimate remainder of residue was 
dissolved in sodium hydroxide solution, filtered (charcoal) and 
reacidified, giving 2-thiolbenziminazole (0-5 g.), m. p. 296° (Found : 
N, 18-6; 8, 21-4. Calce.: N, 18-7; 8, 21-3%). 
(2) By treatment of 2-aurothiolbenziminazole with hydrochloric 
acid. See under (IV). 
(Direct co-ordination experiments were unsuccessful, owing to the 
insolubility of 2-aurothiolbenziminazole.) 
2-Aurothiolbenziminazole-2-thiolbenziminazole (VII) obtained by 
the above two methods consisted of long white prisms (or matted 
white threads), softening and shrinking at 193°, It was readily 
soluble in cold dilute sodium hydroxide solution and sparingly 
soluble in boiling 1 : 1 hydrochloric acid, recrystallising unchanged 
on cooling. It was moderately easily soluble (2-5°%) in alcohol but 
insoluble in benzene. It resembled (V) in its behaviour towards 
mineral acids, alkalis, chloroacetic acid, and oxidising agents. 
2-Carboxymethylthiolbenziminazole (VIII) (compare Stephen and 
Wilson, J., 1926, 2531; 1928, 1420).—A solution of 2-thiolbenzimin- 
azole (1-5 g.) and chloroacetic acid (0-94 g.) in water (4 c.c.) and 
sufficient 2N-sodium hydroxide was boiled gently for 1 hour, filtered 
(charcoal), and made just acid (Congo-red) with hydrochloric acid. 
The precipitated acid, recrystallised from 50°, alcohol and dried at 
80°, formed bunches of white prisms (1°8 g.),m. p. 190° with preliminary 
softening at 140° (Found: N, 12-3; 8S, 14:3; loss at 110°, 8-1. 
Cale.: N, 12-4; S, 14-2; 1H,O, 8-0%). It was moderately easily 
soluble in hot water or alcohol and readily soluble in 50% alcohol 
and in sodium bicarbonate solution. The last solution did not 
absorb iodine, showing that the CH,°CO,H group is attached to 
sulphur and not to nitrogen. The acid was readily soluble in dilute 
mineral acids. After being dried to constant weight at 110°, it 
melted at 190° without preliminary softening, this being due to 
sudden loss of water at 140°. 
2-Aurothiolbenziminazole-5-arsenic Disulphide (IX).—2-Aurothiol- 
benziminazole-5-arsonic acid (II) (2-35 g.) was suspended in water 
(200 c.c.), and hydrochloric acid (25 ¢.c.) added. Hydrogen sulphide 
was passed for 30 minutes into the cold suspension, which was then 
kept for 12 hours. The precipitate was washed, pressed on a porous 
plate, and air-dried, 2-awrothiolbenziminazole-5-arsenic disulphide 
thus being obtained as a brown amorphous powder, readily soluble 
in dilute sodium hydroxide solution (yield, 2:4 g.) (Found: As, 14-7; 
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N, 5:5; S, 19-3; Au, 39-4; loss at 120°, 4-0. C,H,N,S,AsAu,H,O 
requires As, 14-9; N, 5-6; 8, 19-1; Au, 39-2; H,O, 3-6%). 

2 - Aurothiolbenziminazole -5- arsenic Disulphide -2 -thiolbenzimin- 
azole-5-arsenic Disulphide (X).—5-Arsono-2-aurothiolbenziminazole- 
5-arsono-2-thiolbenziminazole (V) (2-5 g.) was dissolved in boiling 
hydrochloric acid (1:1; 700 c.c.), and hydrogen sulphide passed in 
for 10 minutes. The yellow precipitate was washed with water and 
dried at 60°. Several repetitions always gave a product containing 
4-0—5:0% of hydrochloric acid. This monohydrochloride was 










































treated with sodium bicarbonate solution and dried at 60° (yield, 
2-5 g.) (Found : As, 19-3; N, 7-0; 8, 25-0; Au, 26-0. C,,H)N,S,As,Au 
requires As, 19-4; N, 7-2; S, 24:9; Au, 25-5%). 2-Aurothiol- 
benziminazole-5-arsenic disulphide-2-thiolbenziminazole-5-arsenic di- 
sulphide (X) so obtained was a yellow, amorphous powder, readily 
soluble in dilute sodium hydroxide solution. On treatment with 
iodine and water the mercaptan sulphur was not removed (Part I; 
J., 1929, 672), the product being the co-ordinated arylarsonic acid 
(V). 
Treatment of (X) with Iodine and Water.—The disulphide (X) 
(2-6 g.) was stirred with water, N/2-iodine being added till no more 
was absorbed (35 c.c.). A solution of the precipitate in aqueous 
sodium bicarbonate was filtered (charcoal) and acidified (Congo-red) 
with hydrochloric acid. 5-Arsono-2-aurothiolbenziminazole- 
5-arsono-2-thiolbenziminazole (V) crystallised at once in long white 
threads (1-8 g.) (Found in acid dried at 80°: As, 19-5; N, 7:3; 
8,85; Au, 25-6; H,O, 2-2%). 
My thanks are due to the Directors of Messrs. May & Baker, Ltd., 
for permission to publish this and preceding papers. 


RESEARCH LABORATORIES, Messrs. May & BAKER, LTD., 
Lonpon, S.W. 18. [Received, July 22nd, 1931.] 





CCCCXXI.—Trypanocidal Action and Chemical Con- 
stitution. Part X. Arylthioarsinites. 
By Aaron CoHEN, Harotp Kine, and WINIFRED I. STRANGEWAYS. 


Historical. 
THE thioarsinites are a group of substances in which tervalent 
arsenic is linked through sulphur to one, two, or three organic 
radicals. Within the last decade they have been the subject of 
numerous investigations on account of their potential therapeutic 
importance, but a study of the literature of the subject reveals 
many anomalies. 
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The first thioarsinite to be prepared appears to be arsenic tri- 
thiolacetic acid, As(S*CH,*CO,H)s, a crystalline substance forming 
sodium salts, prepared from arsenious oxide and thiolacetic acid in 
aqueous solution by Rosenheim and Davidsohn (Z. anorg. Chem.., 
1904, 41, 231). This was followed by Friedberger’s observation 
(Berl. klin. Woch., 1908, 1714) that p-aminophenylarsonic acid when 
mixed with thiolacetic acid became highly toxic to mice and con- 
tained an effective trypanocidal agent. According to experiments 
made by Bertheim (quoted by Roehl, Berl. klin. Woch., 1909, 494) 
p-aminophenylarsenoxide is produced by reduction and this, by 
analogy with arsenious oxide, combines with excess of thiolacetic 
acid to form crystalline di(carboxymethyl) 4-aminophenylthio- 
arsinite : 

R-AsO,H, SHCH 00, RAs sence Reds Soe CoH 

The subject then remained in abeyance until Voegtlin, Dyer, 
and Leonard (U.S. Public Health Rep., 1923, 38, 1911), in an 
addendum to their paper, described the preparation of an analog- 
ously constituted compound, di(carboxymethyl) 3-amino-4-hydroxy- 
phenylthioarsinite, by heating together 3-amino-4-hydroxypheny]- 
arsenoxide hydrochloride and 4 molecular proportions of thiolacetic 
acid. It is stated that the compound showed a marked delay in 
trypanocidal action as compared with the equimolecular proportion 
of the parent arsenoxide. The potential importance of such sub- 
stances was grasped by Kharasch, who covered by patent (U.S.P. 
1,589,599/1924) the production of water-soluble organo-metallic 
compounds from compounds of mercury, arsenic, antimony, and 
bismuth and as an example described the preparation of di(carb- 
oxymethyl) phenylthioarsinite by the addition of potassium thiol- 
acetate to an alcoholic solution of phenyldichloroarsine : 


Ph-AsCl, + 2SH-CH,*CO,K —> Ph-As(S:CH,CO,H),. 


This patent was considerably amplified by its author in its application 
to arsenicals in a fresh publication (U.S.P. 1,677,392/1927). It was 
there pointed out that tervalent arsenicals are of limited application, 
since they are insoluble in water and, being very weak acids, require 
a strong alkali for their solution. Such oxides become effectively 
available for uses similar to those of quinquevalent arsenicals by 
condensation with thiol compounds containing carboxyl] or sulpho- 
groups. A number of thioarsinites were described, substances such 
as 0-thiolbenzoic acid, p-thiolbenzenesulphonic acid, p-thiolpheny]- 
acetic acid, cysteine, and 8-thiolpropionic acid being used as sources 
of thiol groups. The compounds are said to be less toxic than 
would be expected from their content of arylarsenoxide. A little 
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later in the same year Poulenc Fréres and Oechslin (F.P. 643,911) 
patented similar thioarsinites from thiolacetamide, ($-thiolethyl 
alcohol, potassium xanthate, and the monothiol substitution product 
of glycerol. In the following year Parke Davis and Co. were granted 
a patent (E.P. 331,195) which made some remarkable claims. It 
stated that by causing arsonic acids to react with thiol compounds 
new quinquevalent derivatives are formed with an increased toxicity 
to spirochaetes. This was considered novel, since Voegtlin, Dyer, 
and Leonard’s observation was that, by using tervalent arsenicals 
in the same way, compounds are obtained whose toxicity to spiro- 
chaetes is less than that of the arsenious acids from which they 
are derived. The preparation of a variety of types is described ; 
for instance, 3-amino-4-hydroxyphenylarsonic acid is dissolved in 
an aqueous solution of 4 molecular proportions of sodium thiol- 
acetate, the solution warmed, made just alkaline with sodium 
hydroxide, and the substance precipitated by pouring into methyl 
alcohol, followed by addition of ether. To this substance is 
attributed the constitution NH, 


Na0¢ —As(S-CHy'CO,Na),. 


In other cases analogous compounds were said to have been 
obtained by evaporation of the solutions to dryness. If only two 
molecular proportions of sodium thiolacetate were used, compounds 
of the type R-AsO(S-CH,°CO,Na), were likewise said to have been 
produced. Early in 1929 Labes (Arch. exp. Path. Pharm., 141, 
159) showed that cysteine and arsenious oxide combine to give a 
well-crystallised but very sparingly soluble substance, tricysteinyl- 
arsine, and later in the same year Barber and May and Baker, Ltd., 
were granted a patent (E.P. 331,869) which claimed a process for 
preparing substituted thioarsinites by treating one molecular pro- 
portion of an arsonic acid with 4 molecular proportions of a thiol 
compound, two of the latter being used to reduce the arsonic acid 
to the arsenoxide, which then condenses in situ with the 2 remain- 
ing molecular proportions of free thiol compound. This method, 
it will be recalled, had already been envisaged if not employed by 
Bertheim. The thiol compounds used in this specification were 
thiolacetic acid, its amide and ethyl ester, cysteine, and 8-thiolethy] 
alcohol. The subject matter of this patent with certain amplific- 
ations was published later by Barber (J., 1929, 1020). The same 
author also introduced thiolacetamide (ibid., p. 1024) as a valuable 
reagent for the characterisation of arsonic acids, and illustrated its 
use in subsequent papers (ibid., p. 2333; 1930, 2047). Binz, Rath, 
and Maier-Bode (Annalen, 1930, 478, 22) described the use of thio- 
phenol for the same purpose. In 1930 Gough and King (J., 673) 
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described the preparation and properties of di(carboxymethy]l) 
benzamide-p-thioarsinite and criticised some of the views expressed 
by Barber. Later in the same year Johnson and Voegtlin described 
the preparation (J. Biol. Chem., 1930, 89, 27) of the thioarsinites 
from cysteine and 3-amino-4-hydroxyphenylarsenoxide and from 
arsenious acid, both of which compounds had been previously 
prepared, the former by Barber, the latter by Labes. 


Present Investigation. 

In the present investigation a number of dithioarsinites capable 
of forming water-soluble sodium salts have been prepared by direct 
condensation of arylarsenious oxides with two molecular propor- 
tions of a thiol compound containing a carboxyl group. The reac- 
tion is carried out in aqueous or sodium hydrogen carbonate solution, 
whichever is more suitable to the particular thiol compound, and 
its progress is marked by the rapid dissolution of the otherwise 
sparingly soluble arsenoxide. Although this method necessitates 
the prior preparation of the tervalent arsenical, it possesses the 
advantage of yielding a single product. The yields are in every 
case excellent and the products are easily purified. 

Starting with benzamide-p-arsenoxide and acetanilide-p-arsen- 
oxide as parent arsenicals, two series of compounds, (I) and (II), 
have been prepared by employing in the condensations «-thiolacetic 


oF ce SR 
NOC’ Asc8R AHN Ash XC As can See 
) 


(II.) (III.) 


acid, 8-thiolpropionic acid and its «-amino-derivative, the naturally 
occurring amino-acid cysteine, o-thiolbenzoic acid, m-thiolbenzoic 
acid, «-thiolacetamide, and the biologically important tripeptide, 
glutathione. It was thought that the preparation and study of 
two such parallel series of compounds would throw some light on 
their mode of action and their therapeutic possibilities. 

Finally, dithiolethane has yielded representatives of the novel 
type (III). The influence of the heterocyclic environment of the 
arsenic atom in compounds of this type is shown by their solubility 
in common organic solvents, a property unusual among arsenicals 
generally. 

The hydrolysis of the thioarsinites has already been the subject 
of discussion. Barber (J., 1929, 1021) held that hydrolysis was not 
effected by alkali and that the intact thioarsinites gave an intense 
nitroprusside reaction, while in an earlier communication of this 
series (Gough and King, loc. cit.) the view was expressed that in 
weakly alkaline and even in aqueous solution there was at least 
partial hydrolysis into the constituent arsenoxide and thiol com- 
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pound. The present work has shown that a modified form of the 
latter view correctly expresses the stability of the arsenic-sulphur 
linkage. Sodium hydrogen carbonate solutions of all the purified 
compounds of types (I) and (II) so far examined and derived from 
aliphatic thiol compounds have either failed to give a nitroprusside 
reaction or have given a very weak coloration, whereas the aliphatic 
thiol compounds from which they were derived all give an intense 
coloration under parallel conditions. This characteristic coloration 
is, however, immediately and intensely developed by dissolving 
the thioarsinites in cold N/10-sodium hydroxide solution. It is 
therefore suggested that in solutions of thioarsinites the intact 
molecule is in equilibrium with its hydrolytic products; consider- 
able hydrolysis is effected by caustic alkali and very little or no 
hydrolysis effected by sodium hydrogen carbonate. 
SR’ , » bri sensei 
R-As< gp’ + 2H,0 .y R:As(OH), + 2R°SH . . (i) 

Further support for this view is forthcoming from polarimetric 
observations on a suitable thioarsinite. The following table gives 
the specific rotations for the mercury green line, [«};i;,, ¢ = 1, in 
N-hydrochloric acid, N-sodium hydroxide, and saturated sodium 


: S-CH,°CH(NH,)-CO,H 
(Iv.) HN OCg As S<§.CH,-CH(NH,)-CO,H 
hydrogen carbonate solution for cysteine, the corresponding di- 


sulphide cystine, and for the dithioarsinite (IV) derived from 
benzamide-p-arsenoxide. 


N-HCl. Saturated NaHCO, soln. N-NaOH. 
CHM sasscncssecedes — 259-5° - —100-2° 
aE ae +. 11-4 +-15-9° — 2-7 
Thioarsinite ......... + 12-9 +43-1 — 418 

(+ 23-2) (+ 77-4) (~— oy 


The figures in parentheses for the thioarsinite are calculated on 
the cysteine content on the assumption that the whole of the rotation 
is due to free cysteine. It is at once obvious that in N-hydrochloric 
acid and in saturated sodium hydrogen carbonate solution the 
thioarsinite has its own characteristic specific rotation, whereas in 
sodium hydroxide the rotation falls immediately to a value which, 
calculated on the cysteine content, indicates a more or less complete 
hydrolysis to free cysteine. 

The same result is shown by approaching the problem from the 
synthetic side. The specific rotation of a 2-4% solution of cysteine 
in N-sodium hydroxide is recorded in the first column in the follow- 
ing table. Two samples of this solution were taken. The first 
was diluted with an equal volume of a N-sodium hydroxide solution 
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of the calculated amount of benzamide-p-arsenoxide required for 
condensation with the cysteine, the second sample was diluted 
with an equal volume of N-sodium hydroxide and thus served as a 


control. 
Cysteine + arsenoxide Cysteine + N-NaOQH 
Cysteine in N-NaOH. in N-NaOH. in N-NaOH. 
—2-9° —3-4° —3-5° 


It will be observed that the small negative rotation of cysteine 
is, within the limits of experimental error, unchanged by addition 
of the arsenoxide. 

Further support for these views is forthcoming from the instructive 
behaviour of di(carbamylmethyl) benzamide-p-thioarsinite (V). 


pe S-CH,-CO-NH, 
— 0c As<s. -CH,-CO-NH, ‘Y-) 


Although the molecule of this compound contains no apparent 
acidic centre, it dissolves readily in cold dilute alkali solution with 
development of a strong nitroprusside reaction. This can only be 
interpreted by hydrolytic fission of the thioarsinite group with pro- 
duction of acidic constituents. When the alkaline solution is 
saturated with carbon dioxide, the parent substance is reconstituted 
and crystallises from the solution, being insoluble in sodium hydrogen 
carbonate solution. The ease of resynthesis of this and other 
thioarsinites explains the failure to isolate the products of hydrolysis. 
To achieve this would involve acidification, an operation which 
immediately displaces the equilibrium (equation i) in favour of the 
formation of thioarsinite. Similarly it has not been found possible 
to show, by recovery of starting materials, that arsenoxide and 
thiol compound do not condense in alkaline solution. 

In further elucidation of the chemistry of these interesting sub- 
stances, the highly significant observation has been made that an 
alkaline solution of cystine (disulphide form), when treated with 
benzamide-p-arsenoxide, immediately develops an intense nitro- 
prusside reaction in the cold, indicating the presence of cysteine 


R-AsO + rad 4 2H,0 —~> R-AsO,H, + 2HS-R’ 


(thiol form). The same result has been obtained with a variety of 
arsenoxides and also with disulphidoacetic acid and disulphido- 
propionic acid in addition to cystine. The reaction is in fact of 
value as a qualitative test in the chemistry of aliphatic thiol com- 
pounds and disulphides. 

Observations of the optical rotation of cystine with an arsenoxide 
fully bear out these conclusions. The specific rotation of cystine 
in N-sodium hydroxide (c = 1) is given in the following table. The 
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solution used was divided, one portion being diluted with an equal 
volume of N-sodium hydroxide to act as a control, and the other 
diluted with an equal volume of N-sodium hydroxide containing an 
equimolecular proportion of benzamide-p-arsenoxide. The figures 
for [«]?,, were as follows : 


CyWbdine MA ESTEE ococicsicsscccscccsnesetosscocensscs —100:5° 
Cystine in N-NaOH diluted with N-NaOH ...... — 97-4 
Cystine diluted with arsenoxide in N-NaOH ... — 9-9 


The rotation of cystine in the presence of the arsenoxide is in 
complete accord with its conversion to a large extent into cysteine. 
In alkaline solution, therefore, arsenoxide and disulphide are con- 
verted into the more stable system, arsonic acid and thiol compound, 
whence it must be concluded that thiol compounds do not materially 
reduce arsonic acids in alkaline solution. 

The results so far obtained necessitate the revision of current 
views. The inability of thiol compounds and arsenoxides to con- 
dense and of thiol compounds to reduce arsonic acids in alkaline 
solution invalidates the mechanism proposed for the reaction 
between the latter (Barber, J., 1929, 1021). We suggest that in 
solutions bordering on neutrality an arsonic acid condenses with 
four molecular proportions of a thiol compound, forming an inter- 
mediate tetrathioarsonate. In the second step of the reaction, 
two thioalkyl (or thioaryl) groups split off from the unstable mole- 
cule and link with each other, resulting in the formation of a dithio- 
arsinite and disulphide : 

R-AsO(OH), + 4HS-R’ —> R-As(SR’),—> R-As(SR’), + (‘SR’), 

Attempts to realise the intermediate tetrathioarsonates have all 
failed, as have attempts to add on a sulphur atom to the thio- 
arsinites with formation of thioarsonates of the type R-AsS(SR’)s. 
It naturally follows that the tetrathioarsonates described by Parke 
Davis and Co. (loc. cit.) are in fact-equimolecular mixtures of thio- 
arsinite and disulphide, as their mode of isolation would suggest. 

The adoption of the above views on the nature of the thioarsinites 
and the oxidation—-reduction relationships between arsenic and 
sulphur compounds leads to a rational interpretation of all the 
known reactions of these compounds and makes possible the pre- 
diction of the reaction between arseno-compounds and disulphides. 
By choice of suitable compounds it has been shown that two mole- 
cules of a disulphide are reduced by an arseno-compound in alkaline 
solution, and neutralisation leads to the formation of a thioarsinite : 


R-As , SR’ SR’ 
1 2 2R: 
RAs! “SR’ ~~ AS< sR’ 


Thus, by using 4: 4’-arsenobenzoic acid and cystine, the thio- 
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arsinite has been prepared which is identical with the product of 
the condensation of p-benzarsenoxide and cysteine. 

Lastly, the behaviour of dithioarsinites on partial oxidation is in 
accord with the principles discussed above. The oxidation of 
di(carboxymethyl) benzamide-p-thioarsinite by one molecular pro- 
portion of hydrogen peroxide in sodium hydrogen carbonate solution 
has already been described by Gough and King (loc. cit.). Their 
result has been confirmed, namely, that unchanged dithioarsinite 
and benzamide-p-arsonic acid are formed, and has been amplified 
by the isolation of the remaining constituent, disulphidoacetic acid: 


; S-CH,-CO,H , 
2HN-OCK ASS or COM + 2H202 —> 


H,N-OCKYAs<§ CH CO H |. HN: OCK > AsOgH, m 
S-CH,-CO,H 
S-CH,°CO,H 
To what extent hydrogen peroxide attacks the intact thioarsinite 
molecule in preference to its hydrolytic products expressed by 
equation (i) is a debatable point, but whatever the intermediate 
mechanism, it follows from the principles that have been previously 
discussed and established that the final products, in sodium hydrogen 
carbonate solution, will be such as are actually found. In alkaline 
solution, where the thioarsinites are completely hydrolysed, oxid- 
ation would necessarily be confined to the arsenoxide. 


Therapeutic Results and Discussion. 

The two parallel series of thioarsinites described in this com- 
munication have been tested for trypanocidal activity, on an experi- 
mental infection of 7'rypanosoma equiperdum in mice. A summary 
of the results is recorded in the following table, 7 signifying the 
maximum dose tolerated, expressed in milligrams per gram of 
mouse, C the minimum curative dose, and r the number of days 
during which the blood-stream remained free from trypanosomes. 
The figures in parentheses are the molecular weights of the con- 
stituents from which the dithioarsinites are built up. 


iets bu SR’ 

Dithioarsinites, R As< gp’ 
Benzamide-p-arsen- Acetanilide-p-arsen- 

Thiol constituent. oxide (211). oxide (225). 
Z'. C. w $f C. r. 

— 0-03 0-01 14 0-02. 0-005 >30 
Thiolacetic acid (76) ......... 0-05 0-03 =>30 0-05 0-01 >30 
B-Thiolpropionic acid (88) ... 0-075 0-01 >30 0-05 0:005 >30 
Cysteine (121)  ..........esesseee 0-1 0-01 >30 0-05 0-0075 >30 
o-Thiolbenzoic acid (154) ... 0-075 001 >30 0:04 0:02 >30 
m-Thiolbenzoic acid (154) ... 0-1 0-025 >30 0-1 0-01 >30 
Glutathione (307) ...........606. 0-35 0-1 19 0-2 0-075 1] 
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A careful examination of the table shows that, as the molecular 
weight of the thiol constituent increases, with one or two excep- 
tions, the maximum tolerated dose, 7’, also increases, t.e., the 
thioarsinites become less toxic. The decreased toxicity, however, 
is greater than that calculated from the percentage content of the 
toxic arsenoxide, indicating that these thioarsinites when injected 
into the mammalian blood-stream as neutral sodium salts do persist 
as molecular units for some time at least. This agrees with the 
statement of Kharasch (loc. cit.). It is thus possible to administer 
an amount of potential arsenoxide greater than that represented 
by the maximum tolerated dose of the free arsenoxide. The great 
majority of these dithioarsinites can also produce “ permanent 
cures ’’ in infected mice, on smaller fractions of the tolerated doses 
than can the parent arsenoxides, as shown by no reappearance of 
trypanosomes in the blood of mice over a period of 30 days. These 
compounds therefore possess the double advantage over the parent 
arsenoxides of forming neutral soluble sodium salts and of exhibit- 
ing increased therapeutic efficiency. Although permanent in their 
effect, these substances are transitory in action, since, like arsonic 
acids and unlike arseno-compounds, they have no influence on an 
infection given 24 hours after the drug. By reason of their initial 
stability at the py of the blood-stream, they are distributed through- 
out the whole circulatory system and there gradually liberate by 
some mechanism, hydrolytic or otherwise, their toxic oxides. 

It is interesting to contrast the properties of the dithioarsinites 
prepared from the amino-acid, cysteine, with those prepared from 
the tripeptide, glutathione, which contains cysteine, glutamic acid, 
and glycine. Glutathione is very soluble in water and if a sparingly 
soluble arsenoxide, such as acetanilide-p-arsenoxide, is suspended in 
the aqueous solution at room temperature it is taken up until the 
nitroprusside reaction for the free thiol group becomes negative. 
The dithioarsinites so formed are al8o very soluble in water. On 
the other hand, the corresponding dithioarsinites from cysteine are 
not soluble in water to any comparable extent and their sodium 
salts, particularly that from benzamide-p-arsenoxide and cysteine, are 
not readily soluble in water. It is possibly, therefore, the high 
aqueous solubility of the glutathione derivatives of the arsenoxides 
which accounts for their low therapeutic efficacy, since they will be 
too readily excreted from the mammalian system. 

It has been shown by Rosenthal and Voegtlin (J. Pharm. Exp. 
Ther., 1930, 39, 347) that glutathione has the property of inhibiting 
the toxic action of 3-amino-4-hydroxyphenylarsenoxide on rats and 
on trypanosomes in vitro, if given in the proportion of 10 molecules 
of glutathione to one of arsenoxide. It is evident that glutathione 
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combines with the arsenoxide, forming a dithioarsinite, the excess 
of glutathione reducing the dissociation of the complex to a minimum. 
This incidentally affords further evidence for the view expressed 
by Gough and King (loc. cit.) that the toxic action of thioarsinites 
for trypanosomes is not a property of the intact molecule but of 
the arsenoxide produced by hydrolysis. 

Finally, what light do these results throw on the mechanism of 
the lethal action of arsenicals on trypanosomes? Ehrlich (Ber., 
1909, 42, 42), impressed by Heffter’s observations on the thiol con- 
stituents of tissues, suggested that the toxic action of arsenicals 
might lie in their affinity for thiol groups. This view has been 
adopted and amplified by Voegtlin and his associates in numerous 
scientific communications. They regard glutathione as the main 
arsenic-receptor and consider that the immobilisation of the gluta- 
thione in this way interferes with the respiratory mechanism of 
living cells. Levaditi, Anderson, and Manin (Bull. Soc. Path. 
Expt., 1928, 21, 676), whilst recognising that glutathione may play 
a part, prefer a more general statement that the element sulphur is 
of prime importance in the pharmacodynamics of arsenicals. 
Warburg, on the other hand, believes that the inhibitory effect of 
arsenic on tissue respiration is due to a specific chemical combination 
with the iron of the respiratory ferment. Our own view is that the 
remarkable affinity between arsenic and organically bound sulphur 
established by the experiments described in this communication 
fully justifies the hypothesis thatthe lethal action of arsenic on 
living tissues is a chemical action, and may very well be an action 
on thiol groups, and possibly on glutathione in particular. That 
such temporary immobilisation of thiol structures might bring 
about the death of the living cell by interfering with some link in 
the chain of metabolic processes is also possible, but it would be 
premature to attribute this action to a direct effect on respiration 
controlled by glutathione, as there is no consensus of opinion at the 
present time on the real function of glutathione in living processes. 


EXPERIMENTAL. 


Acetanilide-p-arsenoxide.—Through a solution of 4-acetamido- 
phenylarsonic acid monohydrate (22-2 g.) in alcohol (200 c.c.) and 
hydrochloric acid (16 c.c.; d 1-16) containing a trace of potassium 
iodide, sulphur dioxide was passed for 2 hours at 0° (compare 
Bertheim, Ber., 1911, 44, 1073). An equal volume of water was 
added, and the solution resaturated. A further 500 c.c. of water 
were added, and the solution again saturated with sulphur dioxide 
and kept at 0° for 3 days. The solid which separated was collected, 
washed with cold N-hydrochloric acid and with water, and finally 
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triturated with sodium hydrogen carbonate solution and dried. 
Yield, 15-35 g.; m. p. 285—288° (Found: As, 33-7. Calc.: As, 
333%). 
Benzamide-p-arsenoxide.—The procedure of Gough and King 
(loc. cit.) was followed for the preparation of this compound. 
Dithioarsinites derived from Acetanilide-p-arsenoxide.—Di(carb- 
oxymethyl) acetanilide-p-thioarsinite. The parent arsenoxide (3 g.) 
was added to a solution of «-thiolacetic acid (1-7 g.) in water (40 c.c.). 
Solution rapidly ensued when the mixture was heated. On cooling, 
a clear colourless oil separated, which was reprecipitated from a 
solution of its sodium salt in small leaflets (3-5 g.), m. p. 108—110° 
(Found: M, by iodine titration (Barber, loc. cit.), 388-8. 
C,.H,,0;NS,As requires M, 391]. The nitroprusside reaction of 
this compound is very feeble in sodium hydrogen carbonate solu- 
tion, and very intense in cold 0-1N-sodium hydroxide. 
Di(6-carboxyethyl) acetanilide-p-thioarsinite. The parent arsen- 
oxide (2-3 g.) was added to a solution of 8-thiolpropionic acid 
(2:1 g.) in water (50 c.c.) and sodium hydrogen carbonate (1-68 g.). 
After boiling for 5 minutes, the almost clear solution was filtered 
and made acid to Congo-paper. The product (3-95 g.) crystallised 
from 38 parts of boiling water in filmy diamonds, m. p. 147° (Found : 
As, 17-7. C,,H,,0;NS,As requires As, 17-99%). In sodium hydrogen 
carbonate solution, the nitroprusside reaction is barely visible. 
Di(8-carboxy-B-aminoethyl) acetanilide-p-thioarsinite. A mixture 
of cysteine hydrochloride (1-75 g.), water (25 c.c.), sodium hydrogen 
carbonate (1-5 g.), and the parent arsenoxide (1-25 g.) was boiled 
for a few minutes; all then dissolved. When the clear solution 
was made weakly acid to Congo-paper, the product was precipitated 
as a filmy crystalline substance which easily gelated. This was 
washed with water in a centrifuge and dried on a porous plate and 
finally in a vacuum. Yield, 2 g.; m. p. 187° (decomp.) (Found : 
N, 9:3; As, 16-4. C,,Hj.0;N,S,As requires N, 9-3; As, 167%). 
Di(o-carboxyphenyl) acetanilide-p-thioarsinite. The arsenoxide 
(3-38 g.) was added to a solution of o-thiolbenzoic acid (4-62 g.) in 
water (50 c.c.) containing 2-52 g. of sodium hydrogen carbonate, 
and after the usual procedure 6-85 g. of the product were obtained. 
It is sparingly soluble in the common organic solvents, but can be 
crystallised from glacial acetic acid in microscopic plates, m. p. 225° 
(Found: As, 14:1, 14-3. C,.H,,0;NS,As requires As, 14-5%). 
Di(m-carboxyphenyl) acetanilide-p-thioarsinite was prepared in 
exactly the same way as the o-derivative described above. Yield, 
92% of the theoretical. It separates from glacial acetic acid in 
microcrystalline granules, m. p. 219° (Found: As, 14-7. 
C.2H,,0;NS,As requires As, 14-5%). 
5G 
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Di(glutathionyl) acetanilide-p-thioarsinite. Glutathione was pre- 
pared from yeast by Pirie’s method (Biochem. J., 1930, 24, 51) 
and purified according to the procedure of Hopkins (J. Biol. Chem.., 
1929, 84, 269). It had m. p. 187—190°, and [«]%, — 19-01° in 
water. The glutathione (0-92 g.) was dissolved in water (10 c.c.), 
To this was added the parent arsenoxide (0-37 g., 10% excess), 
The containing vessel was filled with hydrogen and kept at room 
temperature for 2 days, during which time most of the arsenoxide 
passed into solution. The weight of residual arsenoxide collected 
on a filter indicated complete reaction. The clear solution was 
evaporated in a vacuum over sulphuric acid and the resulting clear 
gum was ground with successive portions of alcohol until a white 
powder was obtained. This was extremely hygroscopic and 
attempts to obtain crystals failed. The product decomposed at 
115° (efferv.) (Found : N, 11-4; As, 8-5. C,g,H4)0,,N,S,As requires 
N, 11-9; As, 91%). Apart from its high solubility in water, this 
compound possesses all the characteristic properties of the thio- 
arsinites. 

Di(carbamylmethyl) acetanilide-p-thioarsinite. The parent arsen- 
oxide (1-2 g.) was added to a solution of «-thiolacetamide (1 g.) 
in water (50 c.c.) and boiled for a few minutes. The solution was 
filtered clear. The thioarsinite separated on cooling (1-6 g.). It 
crystallises from water in long flat needles, m. p. 120° (Found: 
loss at 100°, 4:5. C,,H,,0,N,8,As,H,O requires H,O, 4-4%. 
Found for anhydrous material: N, 10-5. C,,H,,0,N,S,As requires 
N, 10-8%). The behaviour of this substance in alkali and bi- 
carbonate is the same as that of the benzamide analogue. 

Dithioarsinites derived from Benzamide-p-arsenoxide.—The thio- 
arsinites in this section were prepared under exactly the same 
conditions as those described above for their acetanilide analogues. 

Oxidation of Di(carboxymethyl) Benzamide-p-thioarsinite.—(a) With 
one molecular proportion of oxygen. A solution of this thioarsinite 
(0-754 g.; Gough and King, loc. cit.) in half-saturated sodium 
hydrogen carbonate solution was treated with 4-2 c.c. of a standard 
hydrogen peroxide solution (equivalent to 0-07 g. of hydrogen 
peroxide) at room temperature. The hydrogen peroxide was 
instantly consumed (vanadic acid test), but the nitroprusside 
reaction of a test portion to which caustic alkali was added was 
still positive. The solution was made acid to Congo-paper, and 
extracted with ether. Evaporation of the ether gave disulphido- 
acetic acid, m. p. 106°, and the solid insoluble in both layers 
was identified as the original thioarsinite. On concentration 
of the aqueous solution benzamide-p-arsonic acid crystallised in 
plates. 
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(b) With two molecular proportions of oxygen. The experiment 
was carried out as above, twice as much hydrogen peroxide being 
used. The nitroprusside reaction was negative at the end. The 
ether extract of the acidified solution gave 0-3 g. of disulphido- 
acetic acid, m. p. 106°, and benzamide-p-arsonic acid (0-35 g.) was 
obtained from the concentrated acid solution. 

Di(B-carboaxyethyl) benzamide-p-thioarsinite was obtained in 95% 
yield, and crystallised from 23 parts of water in fern-like leaflets, 
m. p. 160° (Found: As, 18-9; N, 3-4. C,,;H,,0;NS,As requires 
As, 18-5; N, 35%). 

Di(8-carboxy-B-aminoethyl) benzamide-p-thioarsinite. This separ- 
ated from the weakly acid reaction liquid as a heavy microcrystalline 
powder in 93% yield. By reprecipitation from very dilute solution 
it was obtained in long needles, which decomposed at 240° (Found : 
As, 17-2; N, 9-3. C,3;H,.0;N,S,As requires As, 17:2; N, 9-6%). 
It is sparingly soluble in organic solvents. 

Di(o-carboxyphenyl) benzamide-p-thioarsinite was obtained in 90% 
vield. It is sparingly soluble, and crystallises from a large volume 
of glacial acetic acid in small leaflets, m. p. 247° (efferv.) (Found : 
N, 2:5; As, 14:5. C,,H,,0,;NS,As requires N, 2-8; As, 14-9%). 

Di(m-carboxyphenyl) benzamide-p-thioarsinite was obtained in 
almost theoretical yield. It separates from glacial acetic acid as a 
microcrystalline powder, m. p. 285° after softening at 270° (Found : 
As, 14:8. C,,H,,0;NS,As requires As, 14-99%). 

Di(glutathionyl) benzamide-p-thioarsinite, m. p. 130° (decomp.), 
was prepared in almost theoretical yield (Found: N, 11-6, 11:8, 
12-4; As, 9:2. C,,H,,0,,N,S,As requires N, 12-1; As, 9-3%). 
Some specimens of this substance give no nitroprusside reaction in 
bicarbonate solution, others a weak reaction. 

Di(carbamylmethyl) benzamide-p-thioarsinite was obtained in 95% 
yield. It crystallises from water in small needles, m. p. 193° 
(Found: N, 10-95. ©,,H,,0,N,S,As requires N, 11:2%). It is 
insoluble in sodium hydrogen carbonate solution, the suspension 
giving no nitroprusside reaction; in cold 0-1N-sodium hydroxide, 
however, it is completely soluble and gives an intense nitroprusside 
reaction. The solution, on saturation with carbon dioxide, deposits 
needles, the m. p. of which (193°) is not depressed by admixture 
with the original thioarsinite. 

Di(8-carboxy-B-aminoethyl) benz-p-thioarsinite. (a) A solution of 
cystine (0-48 g.) in 0-4N-sodium hydroxide (10 ¢.c.) was added to 
a solution of 4:4’-arsenobenzoic acid (0-39 g.) in 0-4N-sodium 
hydroxide (5 ¢.c.). A further 10 ¢.c. of N-sodium hydroxide were 
added and the mixture was heated on the water-bath for 30 minutes. 
The yellow colour was gradually discharged. After filtration the 
5G2 
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solution was made weakly acid to Congo-paper; woolly needles 
then separated (0-6 g.). The substance was purified by repre- 
cipitation from a warm, weakly acid, dilute solution and obtained 
in fine needles, decomp. 245° (Found: N, 6-5. C,,H,,0,N,S,As 
requires N, 6-4%). 

(6) The condensation of p-benzarsenoxide with cysteine was 
carried out as described above for other cysteine derivatives. An 
excellent yield of the required product was obtained and this was 
found to be identical with the substance described in (a). It is 
soluble in sodium hydrogen carbonate solution, but the _ nitro- 
prusside reaction is absent. 

Attempts to prepare Thioarsinites from a 2-Thiolglyoxaline.— 
Neither acetanilide-p-arsenoxide nor benzamide-p-arsenoxide would 
dissolve when boiled with sodium hydrogen carbonate solutions of 
2-thiol-4(or 5)-methylglyoxaline-5(or 4)-carboxylic acid (Balaban 
and King, J., 1927, 1865) and in each case the starting materials 
were recovered unchanged. The ability of this thiol compound to 
undergo a simpler condensation was shown with monochloroacetic 
acid. The thiolglyoxaline derivative (3-16 g.) was neutralised with 
sodium hydrogen carbonate in water (25 c.c.). A solution of mono- 
chloroacetic acid (1-9 g.) in water (25 c.c.) containing 3-36 g. of 
sodium hydrogen carbonate was added, and the mixture boiled for 
45 minutes. The solution was made weakly acid to Congo-paper 
and cooled. The product crystallised from 13 parts of water, giving 
2-carboxymethylthiol-4(or 5)-methylglyoxaline-5(or 4)-carboxylic acid 
in rectangular plates, decomp. 188° (Found: loss at 95°, 7-4. 
C;H,O,N,8,H,O requires loss, 7°7%. Found for dried material : 
N, 12-6. C,;H,O,N,S requires N, 12-9%). 

Cyclic Dithioarsinites.—cycloEthylene acetanilide-p-thioarsinite 
(III, X = NHAc). Dithiolethane (1-0 g.) was added to a suspen- 
sion of acetanilide-p-arsenoxide (2-25 g.) in alcohol (50 c.c.), and 
the mixture boiled. After 10 minutes the solution was clear, and 
from it a felt of needles (2-5 g.) separated on cooling. A further 
crop of 0-3 g. was obtained on dilution of the warm mother-liquor 
with water. The product is soluble in 3 volumes of hot glacial 
acetic acid, and separates therefrom in pointed leaflets, m. p. 155°. 
From benzene solution large lustrous leaflets are obtained on the 
addition of light petroleum (Found: As, 24-6. C,H, ,ONS,As 
requires As, 24-9%). This substance is readily soluble in most 
organic solvents, and slightly so in ether. It is decomposed by 
both acid and alkali as indicated by the development of the 
characteristic odour of the mercaptan. 

cycloLthylene benz-p-thioarsinite (III, X = CO,H) was. prepared 
in a similar manner to the last substance, by employing p-benz- 
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arsenoxide. It crystallises from alcohol in long leaflets, m. p. 
223-——-224° (Found: As, 26-0. C,H,O,S,As requires As, 26-0%). 
It resembles the acetanilide analogue in its properties. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
HAMPSTEAD, N.W. 3. [ Received, October 24th, 1931.] 





CCCCX XII.—Studies in the Olefin Series. Part I. 
The Synthesis of 4'-Olefins. 


By REGINALD WILKINSON. 


In a series of researches upon the detonation characteristics of 
hydrocarbons it was found necessary to prepare a number of highly 
purified olefins. The present paper describes the preparation and 
physical properties of the A1-olefins from pentene to nonene : the data 
in the literature are either incomplete or, in many cases, contradic- 
tory, and the discrepancies have given rise in the past to discussions 
as to the structure of the compounds in question (compare Brooks 
and Humphrey, J. Amer. Chem. Soc., 1918, 40, 838). The author, 
therefore, deemed it advisable first to investigate these hydrocarbons 
with the object of accurately determining their physical constants. 

The majority of the methods employed for the preparation of 
these compounds, notably those involving the use of drastic reagents 
and high temperatures as in the dehydration of alcohols, and the 
removal of halogen acid from alkyl halides, lead to mixtures of 
isomerides (Zelinsky and Przewalsky, Chem. Zentr., 1908, ii, 1854; 
Nef, Annalen, 1899, 309, 126; 1901, 318, 1; Klages, Ber., 1902, 
35, 2633; Mason, Compt. rend., 1901, 132,483; Sabatier and Mailhe, 
ibid., 1913, 156, 658), but there are three general methods capable 
of yielding pure compounds. Of these, that of Dykstra, Lewis, 
and Boord (J. Amer. Chem. Soc., 1930, 52, 3396), involving the 
bromination of chloroethyl ethers, suffers from the fact that the 
initial materials are not readily available. 

The second method is that discovered by von Braun (Annalen, 
1911, 382, 22) in which quaternary ammonium hydroxides are 
decomposed by gentle distillation. He thus obtained from tri- 
methyl-n-hexylammonium hydroxide a very small amount of a 
hydrocarbon, b. p. 62—63°, which he regarded as A}-hexene. 

Brooks and Humphrey (loc. cit.), in the third general method, 
confirmed von Braun’s olefin as Al-hexene by synthesising it by 
means of a reaction which had been applied by Tiffeneau (Compt. 
rend., 1904, 139, 481) to the synthesis of allyl derivatives of benzene. 
They treated n-propylmagnesium bromide with allyl bromide, the 
reaction taking place smoothly at room temperature. 
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In the present investigation the same general procedure was 
adopted, in which allyl bromide was treated with the appropriate 
Grignard reagent : 

CH,R-MgBr + CH,Br-CH:CH, —> CH,R-CH,°CH:CH, + MgBr, 

The details of the method of carrying out this reaction were 
considerably modified, particularly the process of purification, 
which in any case is long and tedious. It is claimed that the method 
described involves least possibility of change in constitution. 
Seyeral hundred grams (200—650) of hydrocarbon were prepared 
in each case and therefore refined methods of purification could be 
used. The attendant losses were fairly large, but of comparative 
unimportance, as the sole aim was to obtain a final pure product. 

The olefin (yield, 77—94°%) was isolated from the crude hydro- 
carbon mixture by conversion inte the dibromide by the theoretical 
amount of bromine, determined by a modification of Mcllhiney’s 
method (J. Amer. Chem. Soc., 1899, 21, 1084), at a temperature 
below — 5°. Under these conditions, no substitution of bromine 
for hydrogen is likely to occur, since Johansen (J. Ind. Eng. Chem.., 

1922, 14, 291) has shown that with hydrocarbons of high molecular 
weight substitution is negligible at temperatures as high as 25°, 
and that it decreases rapidly with fall of temperature. The results 
given by the MclIlhiney method were checked by using erucic acid 
and oleic acid (Kahlbaum). The figures obtained were lower than 
the theoretical values by less than 2%. 

The 1:2-dibromides were isolated by fractional distillation, 
finally in a vacuum, as heavy, colourless, highly refracting liquids 
having pleasant fruity odours. 1 : 2-Dibromohexane, when highly 
diluted, has an odour of oranges. The dibromides were decomposed 
by the method of Gladstone and Tribe (J., 1878, 24; 306). The 
dried and fractionated olefins had the physical properties tabulated 





below. 
A?. Olefins. 
[Rijp [Rz]p 
Olefin. B. p. /760 mm. — d2", nr’. cale. found. 
ee ae aa 30-1— 30-3° 0-6414 1-3736 24-72 24-83 
MND apscpssnciecccqees 61-5— 62-5 0-6766 1-3868 29-32 29-24 
BOAO ei csi cccdsssidiic. 93-5— 94:5 00-6977 1-3976 33-93 33-82 
Octene  .....ccrreceeeeee 121-5—122-5 0-7158 1-4082 38-53 37-19 
PRIOR kvecascipinignnces 145-0—145-6 0-7315 1-4163 43-13 43-19 
* Dibromides. 

' [Rij [Rip 
Dibromide. B. p./mm. ax". ne, cale. found. 
1 : 2-Dibromopentane 85°/30 16740 1:5090 40-87 41-00 
1 : 2-Dibromohexane 2/12 16110 1-5061 45:47 45-00 
1 : 2-Dibromoheptane 116/25 1-5180 15022 50:07 50-03 
1 : 2-Dibromo-octane 118-5/15 1-4580 1:-4970 5468 54-46 
1 : 2-Dibromononane 141-5/20 1-3980 1-4942 59-28 59-57 
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EXPERIMENTAL. 


The same experimental technique was adopted with each olefin 
prepared, and a description of one is typical. The primary alkyl 
halides were dried over anhydrous calcium chloride and fractionated 
before use. The Grignard reagent was prepared (the recommend- 
ations of Gilman, J. Amer. Chem. Soc., 1929, 51, 1576, for obtaining 
the maximum yield being adopted) from magnesium (50 g.) and 
alkyl bromide (2 mols.) in dry ether (1400 c.c.), and the reaction 
completed by refluxing for 1 hour on the water-bath. The olefin 
was prepared from the Grignard reagent in a flask having three 
necks, carrying a reflux condenser, a mercury-sealed stirrer, and 
a dropping-funnel and an inlet tube. The Grignard reagent was 
introduced through the inlet tube, being driven over from ¢he flask 
in which it was prepared by means of a stream of nitrogen which 
had been washed with caustic potash and pyrogallol and dried by 
passing through pumice saturated with concentrated sulphuric 
acid. (It is highly important to avoid traces of moisture or carbon 
dioxide, both of which tend to lower the yield. In the case of the 
higher aliphatic Grignard reagents, moisture gives rise to the high- 
boiling paraffin hydrocarbon corresponding to the alkyl group 
present in the reagent.) This procedure not only ensured the 
absence of moisture but also made certain that no undissolved 
magnesium was present in the reaction mixture during the later 
addition of the allyl bromide. 

The fact that diallyl was found in the A1-pentene prepared by 
Norris and Joubert (J. Amer. Chem. Soc., 1927, 49, 885) suggests 
either (a) that some magnesium remained undissolved and reacted 
with the allyl bromide to give allylmagnesium bromide, which 
reacted, on the further addition of allyl bromide, to give dially]; 
or (b) that excess of allyl bromide was added to the Grignard reagent, 
and when the distillate from the reaction mixture was boiled with 
metallic magnesium, diallyl was formed in the normal way. 

Before the final experimental details were worked out, a repetition 
of Norris and Joubert’s experiment showed that diallyl was present 
in the pentene fraction. It was isolated from the brominated 
product as the crystalline tetrabromide. 

The flask containing the Grignard reagent was wholly immersed 
in cold water, the stirrer started, and allyl bromide corresponding 
in amount to the magnesium present in solution slowly dropped in. 
The mixture, which soon assumed a greenish-brown colour, instantly 
became colourless when the addition was complete. The amount 
of allyl bromide added agreed within 3% with the amount theoretic- 
ally necessary according to the yields of the alkyl Grignard reagents 
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given by Gilman (loc. cit.). Stirring was continued for 30 minutes, 
the cold water was replaced by warm so that the ether gently re. 
fluxed, and the precipitate of magnesium bromide was allowed to 
settle. Often the mixture was kept over-night, and the clear 
upper layer then decanted into a large distillation flask. Kirrmann 
(Bull. Soc. chim., 1926, 39, 988) states that by introducing the 
allyl bromide into the Grignard reagent the yield of olefin is lowered 
owing to the thickening of the reaction mixture. This was over- 
come in the present case by the vigorous stirring and no difference 
in yield was observed on reversal of the order of addition, always 
provided that no decomposition of the Grignard reagent had taken 
place during the transference.. During the distillation of the ethereal 
olefin solution a further small amount of solid magnesium bromide 
separatéd. The distillate was washed repeatedly with cold water 
until no further diminution in volume was apparent. The hydro. 
carbon was dried over calcium chloride and fractionated through 
a special column (containing a central glass rod round which was 
wound a spiral of thin glass rod). The tube of the column itself 
was surrounded with a jacket which could be evacuated. The 
whole apparatus gave excellent results. The fractions obtained 
are given in the following table with the corresponding bromine 
addition values (third column), obtained by a slight modification 
of MclIlhiney’s method (loc. cit.). 


Fraction, Br, Br, Olefin, 

Crude product. b. p. eale. found. , * a%". 
POE siscccccrsncseeses 29— 31° 228-6 215 94 0-6550 
BOD ce siccnesecsscescis 61— 63 190-5 147 77 0-7045 
Heptone .......ccccccscees 93— 95 163-3 147 90 0-7100 
CU creucntaessdninnes 121—123 142-8 127 89 0-7281 
NUE cindcciccicesconas 144—-146 127-0 108 85 0-7368 


These bromine values show that the fractionated product from 
the reaction contains 6—23°% of saturated hydrocarbon as impurity. 
The Beilstein test for halogen gave a negative result in each 
case. 

Determination of Bromine Addition Values.—A small test-tube 
about 4 cm. long was drawn out to a capillary, bent to the shape 
of a Dumas bulb, and weighed, about 0-2 g. of olefin introduced, 
the capillary sealed off, and the whole reweighed, the difference 
giving the weight of olefin taken. This procedure was adopted 
owing to the loss in weight of the more volatile members during 
weighing and transference. Carbon tetrachloride (10 c¢.c.) was 
placed in the bottle, and the tube dropped in and broken. The 
rest of the method was identical with that described by McIlhiney. 
Formation of Dibromides.—Each of the olefin fractions above 
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was cooled to — 12°, and the amount of bromine required for 
saturation of the olefin present was added at such a rate that the 
temperature did not rise above — 5°. The product was distilled 
at atmospheric pressure to remove saturated lower-boiling com- 
pounds, and the residual dibromides were fractionated in a vacuum. 

Decomposition of Dibromides.—Freshly prepared zinc-copper 
couple was covered with 90% ethyl alcohol, which was gently 
boiled during the addition of the dibromide. The heat of the 
reaction sufficed to distil the olefin as it was formed, except in the 
case of nonene, where it was necessary to heat the mixture after 
the addition of the dibromide. The alcohol—hydrocarbon dis- 
tillate was diluted with much water, and the olefin was separated, 
dried over calcium chloride, and fractionated until the density 
showed no further change. 

Determination of Physical Data.—The molecular refractivities 
of the olefins and their dibromides recorded on p. 3058 have been 
calculated by means of the atomic refractivities given by Swiento- 
slawski (J. Amer. Chem. Soc., 1920, 42, 1945). 

The boiling points were obtained during the final distillation, 
the vacuum-jacketed column and a distillation rate of 2 drops per 
second being used. The thermometers were checked against 
Anschiitz N.P.L. standards and the boiling points were corrected 
for exposed mercury thread and reduced to the standard pressure 
of 760 mm. of mercury. 

The refractive indices were determined by an Abbe refracto- 
meter. 

The critical solution temperatures with aniline were determined 
in a semimicro-apparatus, immersed in a large water-bath, the 
temperature of which could be very slowly varied. To | c.c. of 
the olefin were added successive amounts of 0-1 c.c. of freshly dis- 
tilled aniline, and the temperatures at which the mixture became 
homogeneous and again cloudy (on cooling) determined. It is 
important that the temperature should not be raised too far 
above that at which the mixture becomes clear. The temper- 
atures (falling cloud point) were then plotted against amount of 
aniline added. The maxima obtained from these graphs are as 
follows : 

Number of carbon atoms ...... 5 6 7 8 9 
Critical soln. temp. ........+seeeee 19-3° 22-9° 26-6° 32-8° 38-6" 

Relationship between Properties and Chemical Structwre.—The 
physical data for the five A!-olefins are compared below with the 
most trustworthy data for the corresponding A*- and ‘so-olefins 
and n-paraffins. 
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Number of C atoms. 5 6 7 8 9 
Boiling points. 
re 21-2° 9 53-5° 7 85-0° 7 111-5° & — 
BPEIINE  dccoussseene 30-2 62-0 94-0 122-0 145-3° 
BPAOGR © ksesediaviss 35-8 5 68-1 1 — 125-5 8 148-5 8 
IEE, .<ceseedabedatien 36-3 18 68-9 2 98-4 3 125-0 4 151-04 
Densities (420°). 
OED on ki cn ddctitndi 0-6278 © 0-6610 2 0-6836 3 0-7012 4 0-71614 
SII nnvsnvocnnbinns 0-6320 ® 0-67077 0-69447 0-7125 6 oo 
Pi re 0-6414 0-6766 0-6977 0-7158 0-7315 
PGRN kk ndaccectes 0-6481 5 0-7000* 1 — 0-7250 § 0-7380 8 


* Density °%. 


1 Risseghem, Bull. Soc. Chim. belg., 1926, 35, 328. * Brown and Carr, 
J. Ind. Eng. Chem., 1926, 18, 721. * Edgar and Calingaert, J. Amer. Chem. 
Soc., 1929, 51, 1483. * Morgan, Carter, and Duck, J., 1925, 127, 1255. 
5 Sherrill, Baldwin, and Haas, J. Amer. Chem. Soc., 1929, 51, 3034. * Brooks 
and Humphrey, ibid., 1918, 40, 822. 7 Dykstra, Lewis, and Boord, ibid., 
1930, 52, 3396. *® Bourguel, Bull. Soc. chim., 1927, 41, 1475. °® Norris and 
Reuter, J. Amer. Chem. Soc., 1927, 49, 2624. 10 Karvonen, Suomen Kem., 
1930, 38, 101. +41 Clarke, J. Amer. Chem. Soc., 1911, 38, 523. 


In the olefin series the iso-group at the end of the chain has the 
effect of lowering the boiling point of the corresponding A1-n-olefin 
by approximately 9°. This is in all probability due to the mutually 
repellent action of the contiguous methyl groups, thereby producing 
a compound of relatively low boiling point and density. 

Movement of the double bond towards the centre of the molecule 
is accompanied by an increase in both density and boiling point. 


The author desires to thank the Institution of Automobile En- 
gineers for a grant which partly defrayed the cost of materials for 
this investigation, Professor A. W. Nash and Dr. A. R. Bowen for 
their interest and advice, and Dr. F’. H. Garner of the Anglo-American 
Oil Company for his helpful criticism. 
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CCCCXXIII.—The Heat of Solution of Sodium Car- 
bonate and the Specific Heats of its Solutions. 
By J. C. Swattow and S. Atry. 


In connexion with technical calculations involving thermal pro- 
perties of sodium carbonate solutions, it was necessary to construct 
a suitable calorimeter in which specific heats of solutions or solids 
and heats of solution or dilution could be determined with moderate 
rapidity and an over-all accuracy of 0-5%,. 
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Most of the accurate work on the specific heats of inorganic salts 
and heats of solution has been carried out at about 20°, but in 
technical practice data are often required at or above 120°. As 
these cannot be obtained from the published results at the lower 
temperatures, practical determinations are necessary. 

Many high-precision calorimeters of the adiabatic type have been 
used with dilute solutions of inorganic salts, and the aim of the 
present work was to employ the adiabatic principles in devising a 
conveniently manipulated calorimeter which could be operated with 
greater speed, at higher concentrations of solution, and at tem- 
peratures at which evaporation had to be avoided. The calorimeter 
to be described, therefore, represents a compromise between high 
accuracy and convenience of operation. As well as being convenient 
in use and readily adaptable, it gave results accurate to within 0-5%, 
which was sufficient for the purposes required; and much thermo- 
chemical work has been carried out with it between 10° and 500° but 
mainly below 120°. 

The results obtained with sodium carbonate solutions are given 
as an extension of the temperature range over which such data exist, 
and as illustrating the working of the calorimeter. Although these 
results are less accurate than those which have been obtained at 
lower temperatures and greater dilutions by the use of calorimeters 
of high precision, they provide new data over a range of concen- 
trations and temperatures in which the published results for well- 
known salt solutions are extremely meagre. 


EXPERIMENTAL. 


Since the data required of the calorimeter were to include the 
variation of specific heat of substances with temperature, it was 
necessary to adopt a method by which a trustworthy result might 
be obtained from only a small temperature interval. Many specific- 
heat data have been obtained by the cooling-curve and the mixture 
method, and, as these can only give a mean specific heat over a 
considerable temperature range, the variation with temperature is 
largely obscured. Further, as it was desired to work with solutions 
of high vapour pressure, it was essential that the surroundings of the 
liquid under investigation should never be at a lower temperature 
than that of the liquid itself, for otherwise the vapour would con- 
dense on the cooler parts of the apparatus and the heat thus lost by 
evaporation from the liquid would cause a large error in the calcul- 
ation of the specific heat. 

It was necessary, therefore, to use some form of the adiabatic 
method, in which the calorimeter containing the solution is entirely 
ae pe~y by, but thermally insulated from, a jacket which, 
5a2 
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throughout an experiment, can be kept at the same temperature as 
the solution. In this way all heat interchange between the calori- 
meter and its surroundings is reduced to a minimum, and the 
inaccuracies of calculation of the heat losses such as occur in the 
older methods are avoided. 

Many workers, particularly Richards and Rowe (J. Amer. Chem, 
Soc., 1925, 47, 1876), Williams and Daniels (ibid., 1924, 46, 907), and 
Cohen and Moesveld (Z. physikal. Chem., 1920, 95, 305), have used 
various forms of adiabatic calorimeters and high accuracies have 
been obtained. Although most of such work has been confined to 
temperatures of the order of 20°, yet the method is readily applicable 
to work at higher temperatures, and the calorimeter used in the 
present work has been designed on lines developed by the above 
workers, with modifications which increase the temperature range 
and speed of working whilst still giving sufficient accuracy for all 
practical purposes. 

During the progress of the work the calorimeter has been modified 
in various respects, but a brief outline of its original form is given 
before its final form is described. 

Original Apparatus.—The first series of determinations consisted 
of an investigation of the change of specific heat of sodium carbonate 
solutions with temperature, and the apparatus was closely similar 
to that described by Cohen and Moesveld, embodying adiabatic 
control, electric heating, and the use of calibrated Beckmann 
thermometers. 

In order to avoid attack by corrosive liquids, for which specific-heat 
data were required, all the internal parts of the calorimeter were of 
carefully gilded silver, manufactured by Messrs. Johnson, Matthey 
and Co., Ltd. 

The inner calorimeter was contained in, and thermally insulated 
by an air gap from, an enclosing cylinder, the top of which was fitted 
with openings and vertical tubes so placed as to receive the thermo- 
meter, stirrer, heater, etc. This cylinder was immersed in a larger 
tank of oil, which constituted the adiabatic bath and could be 
heated and its temperature controlled by means of a Cressall resist- 
ance heater immersed in the oil and connected to the supply mains 
through an adjustable resistance. [Efficient stirring of the oil was 
obtained by means of an Archimedes screw stirrer, and the whole 
was insulated from the air by means of an outer jacket containing 
loosely packed asbestos. 

The stirrer in the inner calorimeter consisted of a glass shaft 
carrying three propeller blades, its upper portion being cemented 
into a brass tube which passed through a small pressure gland 
attached to the top of the enclosing cylinder. The type of heater 
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originally used consisted of a rectangular piece of mica on which 
was wound the nichrome resistance wire. This was encased in a 
rectangular sheath of gilded silver which was filled with sperm oil 
so as to reduce the lag. 

The temperatures of the inner calorimeter and of the outer bath 
were observed by means of two Beckmann thermometers which 
had been calibrated by the National Physical Laboratory to within 
0:005°, the corrections varying from about 0-5% at 20° to 5-0% at 
90°. Although this arrangement gave satisfactory results, the 
necessity for setting the thermometer for each experiment and the 
application of the thermometer corrections. were troublesome, and 
it was realised that a platinum resistance thermometer would be 
much more suited to calorimetric work, particularly at temperatures 
over 100°. 

Later Apparatus.—In designing the second ‘calorimeter, attention 
was paid to the possibility of working on substances other than 
sodium carbonate at temperatures upto500°, at which the apparatus 
has proved to be quite satisfactory. This calorimeter, which has 
given numerous results accurate to within 0-5%, combines the 
essential features of the above-mentioned high-precision calorimeters 
with rapidity and ease of working. 

The chief modifications were intended to increase the range of the 
apparatus, and included the replacement of the two Beckmann 
thermometers by a resistance thermometer and a differential 
thermocouple; the heater was replaced by one of another type, and 
a smaller and more easily handled outer tank was used. 

The apparatus is shown in Fig. 1. The solution under investig- 
ation was contained in a silver beaker, A, 7-0 cm. in diameter and 
20-0 em. high, supported by a small Pyrex-glass tripod, B, from the 
base of the enclosing steel cylinder. Three wedges of asbestos or 
bakelite served to hold the upper portion of the beaker rigidly in the 
centre of the cylinder. The size of the outer cylinder was such that 
the beaker was separated from it at all points by an air gap 1-5 cm. 
in width. The rim of the outer cylinder was provided with a care- 
fully machined flange, C, to which the top of the cylinder could be 
attached by means of six steel bolts, D. This top was fitted with 
vertical steel tubes, H, 13-5 em. high, so placed that the glass tubes 
supporting the heater, thermometer, thermocouples, etc., passing 
through them, were suitably disposed in the inner calorimeter. 
The outer cylinder was immersed in a mild-steel tank, F, 28-5 cm. in 
diameter and 50-0 cm. high, containing the adiabatic liquid which 
was chosen according to the temperature range of the experiment. 
For temperatures up to 150°, oil was used, and above this tem- 
perature an equimolecular mixture of potassium nitrate and sodium 
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nitrate was found very satisfactory. The depth of immersion of the 
calorimeter in the tank was such that its top was 10-5 cm. below the 


Fig. 1. 
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liquid surface, the vertical steel tubes thus projecting by 3-0 cm. 
Electric heating was provided by winding the outer curved surface 
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of the tank with nichrome ribbon, and this was well lagged by means 
of a thick covering of a hard-baked paste composed of powdered 
asbestos, kieselguhr, and sodium silicate solution. Gas heating was 
also provided, the tank being supported at a convenient height by a 
large tripod welded to the tank and to a heavy iron base-plate. 

Efficient stirring of the liquid in the tank was obtained by means 
of a shaft, G, fitted with three pairs of blades, H. The temperature 
of the bath when working in the neighbourhood of 30° did not vary 
from point to point by more than 0-03°. The stirrer revolved in a 
cycle-hub bearing attached to the rim of the outer tank by means 
of a welded support, and was driven through a spring beit from the 
motor used to operate the stirrer in the inner calorimeter. 

The main features of the apparatus are described in the following 
sections. 

(1) Adiabatic control. Equality of temperature of the inner 
calorimeter and of the liquid in the tank was indicated by means of 
a single differential thermocouple, JJ, instead of by the observation 
of the two temperatures, as in the original apparatus. The couple 
was of 26 S.W.G. copper-constantan, one element being placed in 
the inner calorimeter and the other in the outer tank. The free 
ends of the couple were connected to flexible copper wire, the con- 
nexion being kept at 0° by immersion in oil-filled test-tubes em- 
bedded in powdered ice contained in a Dewar vessel. The flexible 
wire was connected to a galvanometer of the D’Arsonval type 
mounted in a suitable position together with a lamp and scale. This 
arrangement gave sufficiently sensitive control, a deflexion of 0-5 
mm. corresponding to a temperature difference of 0-004°. This 
deflexion could be observed and corrected by the adjustment of one 
of the gas burners under the calorimeter tank. 

For work at low temperatures (below 50°), the lag of the couples 
was minimised by the use of thin silver sheaths 0-35 cm. in external 
diameter and 12-8 cm. long. The couple was insulated with double 
windings of silk, and fitted into the sheath with very little clearance. 
The space between the sheath and the couple was then filled with oil. 

The element in the inner calorimeter passed through a glass tube 
which was cemented into one of the vertical pipes attached to the 
lid of the cylinder. The glass tube was of such internal diameter 
as to receive the open end of the silver sheath which was held in this 
position by cement, and its height was adjusted so that 3-0 cm. of 
the sheath projected from the liquid when filled to a fixed point in 
the calorimeter. As the distance between the surface of the liquid 
and the top of the enclosing cylinder was 9-5 cm., there was a length 
of 4:5 cm. of glass tube which gave efficient thermal insulation 
between the liquid and its surroundings. 
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(2) Temperature measurement. Having secured satisfactory adia- 
batic control, it was necessary only to measure the temperature of 
either the inner calorimeter or the adiabatic bath, and of these the 
former was preferable. For this purpose a platinum resistance 
thermometer of 60 ohms resistance, made by the Cambridge Instru- 
ment Co., was used. The thermometer was provided with a Pyrex 
sheath which passed through one of the tubes in the top of the 
enclosing vessel of the calorimeter, and was cemented in this at such 
a height that the windings of the thermometer were below the 
surface level of the liquid in the inner calorimeter. When corrosive 
liquids were used, the lower portion of the sheath was protected by 
a silver sleeve. 

In order to avoid confusion and .to facilitate connexion of the 
thermometer to the measuring circuit, the base of an ordinary four- 
pin wireless valve, K, was permanently attached to the upper end 
of the Pyrex sheath and the four leads of the thermometer were 
connected to the bases of the pins. Four-ply insulated wire was 
used to connect the thermometer with the measuring apparatus, 
which was suitably placed at some distance from the thermometer, 
and a valve socket, L, was attached to the end of this wire so that 
the thermometer could be quickly and correctly coupled without 
risk of reversal of the connexions. 

The thermometer was used in conjunction with a differential 
galvanometer made by Hartmann and Braun of Frankfurt. The 
overlapping-shunt method of measuring the resistance of the 
thermometer by the use of a differential galvanometer is fully 
described by Jaeger (Z. Inst., 1904, R. 24, 288), and the principle of 
this method of elimination of inequality of lead resistance is given 
by Glazebrook (“‘ Dictionary of Applied Physics,’ Vol. II, 1922, 
p. 724). It possesses advantages over the potential method in that 
only a very small current (0-002 amp.) flows.through the thermo- 
meter, and it is more convenient and much less expensive than a 
bridge method for the same accuracy. 

The apparatus includes a precision resistance box, a variable 
resistance and shunts, and two damping resistances of 1000 ohms. 
The circuit is reversed by means of a six-pole mercury commutator, 
and the time required to take the five readings necessary for the 
calculation of the resistance is of the order of 30 secs. It is, there- 
fore, convenient for calorimetric work in obtaining the initial and 
final temperatures in an experiment, ahd approach towards con- 
stancy of temperature is shown by observing the slow movement of 
the spot of light on the scale. 

The resistance of each coil of the galvanometer was 60 ohms, and 
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its sensitivity 6-75 x 10-° amp. per 1 mm. deflexion at a distance of 
100 cm. 

The thermometer was calibrated in the laboratory from time to 
time by the determination of the ice, steam, and sulphur points in 
the manner described by Griffiths (“‘ Methods of Measuring Tem- 








perature,” 1918, p. 51). 
Though the method is not the most accurate, it possesses great 
advantages and is sensitive to 0-01° over the range 0—500°. This 
was sufficiently accurate for the required specific-heat work so long 
as the temperature range of the experiment was greater than 5°. 

(3) Calorimeter stirrer and heater. The stirrer of the inner 

calorimeter consisted of a rectangular silver plate, M, 6-5 x 1-5 x 
0-2 cm., fitted with a silver tubular shaft, V, 6-0 cm. in length. The 
stirrer was rotated by means of a vertical steel shaft, P, passing 
through a small pressure gland attached to the top of the enclosing 
vessel and through a bearing above which a small brass pulley, Q, 
was attached to the shaft. The stirrer was driven from that in the 
outer bath by means of a spring belt. Connexion between the end 
of the steel rod, which projected 1 cm. below the top of the enclosing 
vessel, and the silver stirrer was made by means of a glass rod 6-0 cm. 
in length, and in this way the silver stirrer was thermally insulated 
from the surroundings of the calorimeter. The metal-to-glass joint 
was made by means of a pin passing through a diametrical hole in 
the metal and glass, and the height of the stirrer was such that the 
liquid surface in the calorimeter was cut by the silver shaft so as to 
avoid splashing. 

Heat was supplied to the inner calorimeter by means of an elec- 
trical heater, 2, consisting of nichrome wire wound on to a cylindrical 
porcelain former 7-6 cm. long and 1-1 cm. in diameter and having 
spiral grooves which received the wire. This fitted into a silver 
sheath 11-5 cm. long, and was insulated from it by means of a thin 
lining of mica. The heater was supported at the proper height by 
means of a Pyrex tube, which fitted tightly into the open end of the 
silver sheath. This tube passed through, and was cemented into, a 
steel tube fitted to the lid of the enclosing vessel. Two insulated 
copper leads were attached to each end of the nichrome wire and 
passed through the Pyrex tube, at the upper end of which they could 
be connected to the external circuit by means of a valve socket and 
base, as in the case of the thermometer. 

The heater had a resistance of 7-10 ohms, had a small lag, and was 
very satisfactory in continued use. Ten 2-volt secondary batteries 
of large capacity supplied the current to the heater, and the energy 
so supplied was determined in the usual manner by the measurement 
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of the fall in potential across the heater and across a standard 
resistance in series with it. This measurement was made by means 
of a multi-range potentiometer, and the period during which the 
current flowed through the heater was noted by means of a Venner 
time switch reading to 0-01 sec. 

By means of a reversing switch, it was possible to pass the current 
through a dummy heater of the same resistance as the actual heater, 
and this was done for a period of about an hour before commencing 
an experiment. The switch was then quickly reversed, and the 
current through the heater found to be very steady. Readings of 
the potential drop across the heater and across the standard resist- 
ance were taken at intervals of one minute during an experiment so 
that the energy supplied was fully recorded, and this was probably 
the most accurate of the measurements involved in an experiment. 

The four current and potential copper leads from the heater 
constituted the most important source of thermal leakage between 
the calorimeter and its surroundings, but as the length of the wires 
between the surface level of the liquid in the calorimeter and the top 
of the enclosing vessel was 9-5 cm., and as the adiabatic control was 
sensitive to 0-01°, the leak was always small. 

The heater was used in all experiments with the same length of 
the silver sheath projecting above the liquid, although trials have 
shown that this length may be varied considerably without signi- 
ficant alteration of the water equivalent. 

(4) Method of introduction of liquids and solids into the calori- 
meter. In the determination of heats of dilution, the concentrated 
solution was contained in the inner calorimeter, and the water in a 
glass flask 25-0 em. long and 5-5 em. in diameter, which was sub- 
merged in the outer bath. This flask was provided with an internal 
central tube which emerged at the top and through which the water 
could be forced by means of compressed air through a second tube. 
The outer end of the first of these tubes was connected by a short 
piece of tube to a pipe in the lid of the enclosing vessel. A glass tube 
was attached to the lower end of this pipe 1 cm. below the top of the 
vessel, and served to lead the water to the bottom of the solution in 
the calorimeter. As the heat of dilution of sodium carbonate 
solutions was carried out at 30°, it was unnecessary to work with 
a completely enclosed calorimeter, and an opening was provided by 
means of which excess air pressure in the calorimeter was avoided 
on forcing the water over. 

A triple differential thermocouple was used in these experiments, 
one element being placed in the calorimeter, the second in the outer 
bath, and the third in the flask containing the water. In this manner 
equality of the three temperatures was established before the 
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dilution was carried out. By the measurement of the rise or fall of 
temperature, and from a knowledge of the specific heat of the diluted 
solution, the heat of dilutionat the datum temperature was obtained. 
The amount of water introduced was checked by analysis of the 
final solution. 

In the measurements of heats of solution, the method adopted 
consisted in placing the solvent in the inner calorimeter at the datum 
temperature and introducing the solid also at that temperature. 
The method of introduction varied with the temperature at which 
the determination was required. At low temperatures, e.g., in the 
measurement of the heat of solution of sodium carbonate in water 
at 30°, the necessary amount of the pure dry salt was contained in a 
silver beaker which was lowered into the outer bath of the calori- 
meter. When the temperature of the solid, as shown by a thermo- 
couple, was uniform and equal to that of the inner calorimeter to 
within 0-1°, the beaker was removed from the adiabatic bath and 
its contents quickly poured into the calorimeter through the steel 
tube which ordinarily supported the electric heater. With sub- 
stances such as sodium carbonate, the necessary correction involved 
in this procedure was small, the heat conductivity being low and the 
time of exposure to the air very short. 

The introduction of the carbonate into the water was preferable, 
for it avoided the caking which, as is well known, occurs with the 
reverse order of mixing. 

In the measurement of heats of solution at high temperatures, 
the heater was removed from its steel tube in the top of the enclosing 
vessel, and the tube fitted with a small steel cone which closed its 
lower end and was supported by means of a thin central rod held in 
position by a small spring. The tube was filled with the solid to 
within 1 cm. below the level of the liquid in the outer bath, and when 
the temperature of the solid, as shown by a small thermocouple, 
was uniform and approximated closely to that of the inner calori- 
meter, the spring was depressed and the solid allowed to fall into the 
water contained in the calorimeter. 

Experimental Procedure.—In order to illustrate the procedure 
adopted, the case of a specific-heat determination may be considered. 
The solution in question was heated in the silver calorimeter to a 
temperature slightly higher than that at which the determination 
was required. The calorimeter was then assembled and immersed 
in the outer bath, which had been heated to approximately the 
datum temperature. 

When the temperature of the solution was sufficiently near to the 
datum temperature, that of the outer bath was carefully adjusted 
so that the temperature of the solution remained constant over a 
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period of 10 minutes. The mean deflexion (d), during this time, of 
the galvanometer in the differential thermocouple circuit was 
observed, and was maintained as constant as possible throughout 
the experiment. This small deflexion was made up of those corre- 
sponding to (i) the slight differences between the calibration curves 
of the two thermo-junctions and (ii) the thermal head necessary to 
compensate for heat conduction from the inner calorimeter. In al] 
experiments the latter was very small, the rate of cooling of the inner 
calorimeter when the inner and the outer temperature were identical 
being scarcely perceptible. This was partly due to the compensation 
of heat losses by the generation of heat by the inner stirrer, which 
was rotated at a constant speed in clear solutions of 100 r.p.m. 

After maintaining the constant temperature for 10 minutes, the 
temperature of the inner calorimeter was determined carefully by 
means of the resistance thermometer, the current from the secondary 
battery switched over from the dummy to the actual heater, and the 
time switch started. While minute readings of the potential fall 
across the heater and the standard shunt were being taken, the 
temperature of the outer bath was controlled so as to maintain as 
closely as possible the deflexion (d) of the galvanometer. 

When the rise of temperature was sufficient to give the desired 
accuracy on the two thermometer readings, the heater was switched 
off and the calorimeter allowed to attain a steady final temperature, 
which was determined by the resistance thermometer. The tem- 
perature usually rose slowly for a period of about 90 secs. after 
switching off, and then became constant. During the experiment 
the outer bath was alternately slightly hotter and colder than the 
inner calorimeter, but it was possible to keep the differences small 
(0-07°) except in heat of solution experiments, in which the change 
in temperature was very rapid. The galvanometer deflexion (D) 
was noted at one-minute intervals, and values of (D — d) recorded. 
At the end of the experiment these values were summedalgebraically, 
and with practice it was possible to keep this net thermal head 
(=[D — d]) very small. 

The adiabatic correction to be applied in the calculation of the 
result was obtained by multiplying the net thermal head by the 
‘‘ radiation constant,’’ which was found by observing the rate of rise 
in temperature of the inner calorimeter when the thermal head was 
maintained at 1°. This constant, then, includes all heat conduction 
along the heater leads, etc., as well as true radiation across the air 
gap, and at 30° had the value 0-008° per degree per min. In view 
of the good adiabatic control, the correction to be applied was 
generally quite negligible. 

Water equivalent. The water equivalent of the calorimeter was 














det 
spe 
Bo: 
nit: 
Col 
27. 


wo! 
viz, 
as) 
wit 
inv 
ati 


me 
tra 
bee 
of 1 


giv 


per 





, of 
vas 
out 


ves 
to 

all 
ner 
cal 
ion 
ich 


he 


ry 
he 
all 
he 


as 


ll 


ans SS - @2eodeDd ®@ 











CARBONATE AND THE SPECIFIC HEATS OF ITS SOLUTIONS. 3073 





determined by the use of an 11-5% solution of sodium chloride of 
specific heat of 0-8779 at 18°, as determined by Richards (Landolt- 
Bornstein ‘“‘ Tabellen”’), and a 10-03% solution of ammonium 
nitrate, of which the specific heat at 32-3° is given as 0-9250 by 
Cohen and Moesveld (Proc. K. Akad. Wetensch. Amsterdam, 1924, 
27, 567). ' 

Several determinations were made during the progress of the 
work, and the values obtained were within 1-5 cals. of the mean, 
viz., 53-0 cals. per degree. This corresponds to an error of 0-3°% in 
a specific-heat determination. In the case of the original apparatus, 
with which the specific heat of sodium carbonate solutions was 
investigated, the agreement between the water equivalent determin- 
ations was within 8 cals., which again corresponds to an error in 
the specific-heat values of 0-3%, the capacity of the calorimeter 
being considerably greater than that of the final apparatus. 

The results obtained in a determination of the water equivalent 
are given below, as being typical of all the experiments in this work ; 


Initial temp. (7',) = 14-382°; final temp. (7',) = 22-903° 


Temperature rise 8-521° 

Net thermal head = + 1:3 x 0:07° 

.. Adiabatic correction (to be subtracted = 1-3 x 0-07 x 0-008° 
from observed rise) = 0-00073° 

.. True temperature rise = 8-520° 


Mean potentiometer readings during experiment : 
Across standard shunt (0-2 ohm) 0-3224 volt 
heater 0-3817 x 30 volts 
Against standard cell 0-9909 volt 


He ul 








Voltage of standard cell at 20° 1-0183 volts 
, ; ; __ 03224 x 1-0183 : 
.. Current through heater (C) = 9.2 x 0-9909 2™P- 
= 1-6567 amp. 
‘ 0:3817 x 1-0183 x 30 
\ (V = y s 
oltage across heater (V) 0-9909 volts 


= 11-768 volts 


Heat input (Q) CVt x 00-2389: cals. 


Time of flow of current (z) = 960 secs. 

. = 4471-3 cals. 
Weight of 11-5% NaCl solution = 538-7 g. 
Specific heat = 0-8779 

.. Heat input to solution (Q;) 4029-6 cals. 


ll Il 


(Q — Q,)/(T: — T,) 


.. Water equivalent 
= 51-8 cals. per degree. 
Results. 

The specific heat of solutions of sodium carbonate has been 
measured at four temperatures, and the heat of solution—concen- 
tration curve determined at 30°. Very little work appears to have 
been done on the specific heat of these solutions with the exception 
of that of Thomsen (Ann. Physik, 1871, 142, 337) and of Marignac 
(“‘ International Critical Tables,”’ Vol. V, p. 124) at 18°. Thomsen 
gives values for solutions containing 50, 100, and 200 mols. of water 
per mol. of sodium carbonate. 
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In the case of the heat of solution also, the results given in the 
literature are almost completely confined to the work of Thomsen 
at 18°. 

Specific Heat of Solutions of Sodiwm Carbonate.—The specific heat- 
concentration curves of sodium carbonate solutions were determined 
at temperatures of 17-6°, 30-0°, and 76-6°, and one measurement 
was made at 98-0° by means of the first calorimeter. In all the work 
the sodium carbonate was A.R. material supplied by British Drug 
Houses, Ltd., and was heated to constant weight before being used 
to make up the solutions. 


Fie. 2. 
1-02 


1-00 
0-98 


0-96 


Specific heat. 
eo © 
o © 
bo _ 


2 
=) 
oO 


0-88 
0-86 


0-84 





0-82 


0 4 8 12 16 20 24 28 
Solid, % by weight. 


The temperature range covered in each experiment was about 
4°, and the accuracy of the determinations is in general within 0-5%, 
and rather higher (0-3%) at the lower temperatures. The results 
are given in Table I and shown graphically in Fig. 2. 

It is seen that the curve for 17-6° cuts that for 30° at a concen- 
tration of 11%. It is unlikely that this is actually the case, and the 
intersection is most probably due to the fact that the last point on 
the former curve is fairly near to the saturation concentration at that 
temperature. It is possible, therefore, that a small amount of solid 
had crystallised out before the commencement of the experiment, 
in which case the heat of solution of even a very minute quantity 
of the decahydrate would be sufficient to give as a result a high 
apparent specific heat. Although the intersection is improbable, a 
definite decision on the point is rather beyond the limitations of the 
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TABLE I. 
Temperature. 
Na,CO;, = OT ~~. 
% by wt. 17-6°. 30-0°. 76-6°. 98-0°. 
0-000 0-9992 0-9986 1-0098 1-0084 
1-498 0-9807 
2-000 0-9786 
2-901 0-9597 
4-000 0-9594 
5-000 0-9428 0-9761 
6-000 0-9392 
8-000 0-9183 
10-000 0-9086 0-9452 
13-790 0-8924 
13-840 0-8881 
20-000 0-8631 0-8936 
25-000 0-8615 0-8911 


apparatus, since allowance for an experimental error of 0-5% would 
enable the curves to be drawn without intersection. 

The following equation to the experimentally determined curve 
at 30° was obtained : 


Soyo = 0-9986 — 0-01123 X + 0-000223 X* 
where S59: = specific heat at 30°, and X = concentration of solution 
ing. per 100 g. The observed and calculated values are compared 


in Table II. The agreement is satisfactory, and the equation may 
be considered to represent the data at 30° with fair accuracy. 


TABLE II. 
Cone., g./100 g. ... 0-0 2-0 4-0 6-0 13-84 20-0 
Spec. heat, cale. ... 0-9986 00-9770 0-9573 0-9392 0-8859 0-8632 
- obs. ... 0-9986 0-9786 0-9594 0-9392 0-8881 0-8631 
DR. OP  civcasess 0 —16 —21 0 —22 +1 


The three specific heat values given by Thomsen may be 
compared with the 17-6° curve shown in Fig. 2. These values 
refer to 18° and are 0-985, 0-933, and 0-896 for solutions of concen- 
tration 2-9, 5-57, and 10-55% respectively. They are about 0-5% 
below those obtained at 17-6°, although the agreement would be 
closer if the doubtful point on the 17-6° curve were rejected. 

The Heat of Solution of Sodium Carbonate and the Heat of Dilution 
of its Solutions at 30°.—The results of this work may be expressed in 
the form of a heat of solution—concentration curve, and this was 
determined by the measurement of a series of heats of dilution and 
of the heat of solution to one concentration. The sodium carbonate 
used was prepared as before. In all cases the weighings of the 
contents of the calorimeter were checked by analysis. 

Two determinations of the heat of solution were carried out in 
which pure dry carbonate at 30° was introduced into water con- 
tained in the calorimeter at 30° in sufficient quantity to give a 
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solution of concentration 5-13%. The results obtained were 6-479 
and 6-501 kg.-cals. per g.-mol. of sodium carbonate. They agree to 
within 0-3%, the mean value being 6-490 kg.-cals. per 1 g.-mol. 
This agreement is of the same order as that to which the specific 
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heat data were determined, and the result may be taken as being 
accurate to within these limits. 

In the work on the heat of dilution, the fall in temperature on 
effecting the dilution varied within wide limits, so that the error 
introduced by the limitations of the thermometer, which, as pre- 
viously stated, was sensitive to a change of temperature of 0-01°, 
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gave rise to an error in the final result which varied according to the 
concentration range of the experiment. The over-all accuracy of 
the heat of dilution curve over the complete range of concentrations, 
viz., 1—28-4%, is of the order of 3%. In the heat of solution curve, 
constructed from the dilution figures together with the experi- 
mentally determined heat of solution, this error is, of course, con- 
siderably reduced. 

In the calculation of the heats of dilution at 30° from the observed 
fall in temperature from the datum temperature of 30°, the specific 
heat values used were those given for that temperature in the 
preceding section. 

The experimental results in the heat of dilution series are given 
in Table III and those of the three series are embodied in Fig. 3. 


TABLE III. 
Heat of dilution, kg.-cals. per g.-mol. 
Initial conc., Dilution range, over dilution from initial 
%. %. range. to final conc. 
28-24 28-24—14-04 0-5436 0-5436 
14-04— 7-43 0-5181 1-0617 
7-43— 3-87 0-3997 1-4614 
3°87— 1-97 0-3428 1-8042 
28-24 28-24—14-13 0-5250 0-5250 
14-13— 7-52 0-5829 1-1079 
7-52— 3-86 0-4015 1-5094 
3°86— 1-95 0-3462 1-8556 
28-40 28-40—14-96 0-5011 0-5011 
14-96— 7-53 0-5837 1-0848 
7-53— 3-82 0-4264 1-5112 
10-00 10-00— 5-05 0-4260 0-4260 
Discussion. 


Heat of Dilution.—The experimental results plotted in Fig. 3 give 
the heat of dilution from 28-24% to various concentrations. From 
this curve the heats of dilution to various percentages have been 
taken, and the dilution is expressed in Table IV as g.-mols. of water 
added to the 28-24% solution per g.-mol. of sodium carbonate. 

An equation to the heat of dilution curve has been obtained, viz., 


Q= —2-066Y/(Y + 54:8) 


where Q = heat of dilution per g.-mol. of sodium carbonate, and 
Y =number of mols. of water added in diluting the 28°24% 
solution per g.-mol. of sodium carbonate. In cols. 4 and 
5 the heats of dilution read off from the experimentally 
determined curve are compared with those given by the equation. 
The agreement is seen to be as good as the accuracy of the experi- 
mental work over the range covered. 
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TABLE IV. 
Final Mols. H,O Heat evolved, Q. 
conc., per mol. Mols. H,O —~ 
%. Na,CO3. added. Found. Cale. Diff., %. 
28-24 14:94 0 0 0 — 
25-0 17-67 2-73 —0-101 — 0-098 3-0 
20-0 23-56 8-62 — 0-280 — 0-280 0 
15-0 33°38 18-44 —0-519 — 0-521 0-4 
10-0 53-00 38-06 — 0-850 —0-848 0-25 
5-13 108-9 93-96 — 1-306 — 1-306 0 
5-0 112-0 97-06 — 1-321 — 1-320 0-1 
2-5 229-8 214-9 — 1-692 — 1-648 2-5 
In the above relation when Y = ~, Q@ = — 2-066, i.e., the heat 


of dilution of sodium carbonate solutions from 28-24% to infinite 
dilution is 2-066 kg.-cals. per g.-mol. of sodium carbonate. 


Fig. 4. 
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Heat of Solution to Various Concentrations.—From the heat of 
solution experiments, we have 
Heat of solution of Na,CO, to 5-13°% solution = 6-49 kg.-cals. per 
g.-mol. of Na,CO, 
and from the previous table 


Heat of dilution from 28-24 to 5-13°%, = — 1-306 ,, . 
Hence, heat of solution to 28-24% = (6-49 + 1-306) ,, ., 
= 7-796 Ps ” 


he heat of solution to any concentration below 28-24% is given by 
Q = 7-796 — 2-066 Y/(Y + 54-8) or, if Z is put equal to the 
number of mols. of water per mol. of carbonate in the final solution, 
@ = 7-796 — 2-066(Z — 14-94) /(Z + 39-9). 
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The curve (Fig. 4) giving the heat of solution to various concen- 
trations has been constructed by the addition to the experimentally 
determined heat of solution to a 5:13% solution, of the measured 
heats of dilution to this concentration. In the following table these 
experimental values are compared with those given by the heat of 


a SE aan 0-5 5-13 10 15 20 25 28-24 
Heat evolved : 
TE i ctcisvislidiccces 6-11 6-49 6:95 7-28 7-51 7-70 7-80 
GEL. “kx centcunsivuakese 6-15 6-49 6-95 7-27 7-52 7-70 7-80 
Wee Ts sasceshesevctes 0-7 0 0 0-1 0-1 0 0 


solution equation; for practical purposes, therefore, the heat of 
solution to concentrations below 30% at 30° may be taken from the 
equation. 

In addition to the experiments described above, a considerable 
amount of other thermochemical work has been carried out with 
this apparatus, and it is hoped to include‘further results concerning 
sodium carbonate in a subsequent publication. 


The authors desire to express their gratitude to the Directors of 
Imperial Chemical Industries, Ltd., for permission to publish this 
work, which was carried out in the Research Department of their 
subsidiary company, Brunner Mond & Co., Ltd., Northwich. 


(Received, September 15th, 1931.] 





CCCCXXIV.—The Photolysis of Potassium Ferrioxalate 
Solutions. Part III. 


By ARTHUR JOHN ALLMAND and KENNETH WILLIAM YOUNG. 


THE experiments described below supplement earlier work already 
published (Allmand and Webb, J., 1929, 1518, 1531), and fall under 
three heads, viz., (i) an investigation of the effect of temperature on 
the quantum efficiency in monochromatic light ; (ii) a further study 
of the unexpected results obtained previously with polychromatic 
light ; (iii) a few experiments on the closely related photo-reaction 
between ferric chloride and oxalic acid, which, according to Kornfeld 
(Z. Elektrochem., 1928, 34, 598), proceeds in a manner entirely 
different from the potassium ferrioxalate photolysis. 


EXPERIMENTAL. 


Apparatus and Methods.—Whereas Allmand and Webb used an 
arrangement in which both reaction vessel and thermopile were at 
room temperature, we have employed the apparatus and methods 
already fully described in connexion with the photo-reaction between 
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potassium oxalate and iodine (Allmand and Young, T'rans. Faraday 
Soc., 1931, 27, 515), the most important gain being that of steady and 
reproducible thermopile readings, with well-defined temperature 
conditions as an additional advantage. 

Potassium ferrioxalate was prepared as described by Allmand 
and Webb. Ferric chloride was made by passing chlorine over 
iron wire and resubliming the product. Oxalic acid and potassium 
oxalate were of A.R. quality, once recrystallised. All solutions were 
made up separately in oxygen-free water before each experiment. 
A stream of oxygen-free carbon dioxide was passed through the 
photolyte by means of a capillary jet for 30 minutes prior to, and 
during the whole duration of, the insolation. “Whilst primarily used 
to exclude oxygen, it also effected a certain degree of stirring. In 
experiments at 52°, this gas stream passed through a water-bubbler 
immersed in the thermostat before entering the reaction vessel. 
As before, the degree of decomposition was estimated by titration 
with standard titanous chloride solution. 

Temperature Coefficients—In these experiments, as in those 
described in the next section, the solutions used for photolysis 
were all of the composition 0-02M-K,Fe(C,0,), + 0-1M-K,C,0,. 
Owing to the internal light filter effect of the ferro-oxalate produced 
during the reaction, it was insufficient merely to measure the total 
absorbed light and the total decomposition at the two working 
temperatures (22° and 52°); a knowledge of the variation with 
temperature of the extinction coefficients of reactant and resultant 
was necessary. 

For 22°, we used the molecular extinction coefficients obtained 
by Allmand and Webb employing the spectrometer—thermopile- 
galvanometer method, by which our measurements were also made. 
The changes in extinction caused by raising the temperature to 52° 
(a solution of potassium ferrioxalate darkens perceptibly when thus 
heated) were determined by immersing the cell in a small thermostat, 
similar to that used by Allmand and Style (J., 1930, 603) in work on 
the temperature coefficient of hydrogen peroxide photolysis, and 
fitted in front of the spectrometer. A 5-cm. cell was used through- 
out, and the concentration of the solution varied from wave-length 
to wave-length in order to ensure a suitable degree of transmission. 
By adjusting a resistance in series with the electric heater, the 
temperature could be kept constant well within 1° whilst transmission 
measurements were being made. Four readings were taken at 
intervals between room temperature and about 58°, and the value 
for 52° was obtained by interpolation. 

The transmissions of solutions of both salts for 436 yu and 405 uy 
were found to fall off linearly as the temperature was raised, the 
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percentage change being greater for potassium ferri- than for ferro- 
oxalate. There was no perceptible alteration with 365 yu. Owing 
to the negligible value of the internal light filter correction with 
313 uw (« for ferri- and for ferro-oxalate respectively 1600 and 105 
at room temperature), no measurements were made with that line. 
From these relative transmissions and the data for 22°, the decadic 
molecular extinction coefficients for 52° were calculated. Table I 
contains the data for both temperatures, as used in the subsequent y 
determinations. 


TABLE I. 
K,Fe(C,0,)5. K,Fe(C.0,)». 
22°. 52°. 22°, 52°. 
Ee ener ere 720 (720) 145 (145) 
UDG  wasrcsancvcccsscnnies 121 145 98 102 
| TERE 20-5 26-6 50 61-5 


Measurements of quantum efficiency were then carried out with 
the above three lines at both temperatures. The light filters em- 
ployed were as described elsewhere (Allmand and Young, loc. cit.). 
The filter used for 313 py light (containing potassium chromate and 
p-nitrosodimethylaniline—see Allmand and Spinks, this vol., p. 
1652) passed both green and yellow light in considerable amounts ; 
further, the energy distribution in the lamp used had not been 
determined at the time of the experiments. Consequently, 
thermopile measurements were omitted, and we merely determined 
the relative rates of decomposition under conditions identical in the 
two cases except for temperature. It had been shown, during the 
experiments on the effect of temperature on extinction, that no 
perceptible absorption of the mercury green and yellow lines took 
place at 52°, and as absorption of the 313 uy line was complete with 
the solution used, the ratio of the rates of decomposition will also 
be that of the quantum efficiencies. In all cases the solutions were 
taken to approximately the same degree of decomposition, viz., 
8—12%, the time required for this being 15—30 hours. It was 
shown that there was no perceptible dark decomposition at 52° in 
48 hours. Table II contains the y values at both temperatures for 
the three less refrangible mercury lines. 


TABLE II. 
22°. 52°. 
WE sististciecieden 1-07, 1-03 (1-16) 1:18, 1:16 
1 SRT RET 0-86 (0-91) 1-11, 1-01 
SEE, -oceuanicberdussudsakens 0-83, 0-79 (0-89) 0-99, 0-99 


The figures in parentheses are those obtained by Allmand 
and Webb at room temperature. The agreement is satisfactory, 
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particularly when the differences in experimental technique are 
considered. 

The velocities observed with the 313 yy line, given in arbitrary 
units, were as follows : 

22° 52° 
2-02, 2-03 2-16, 2-20, 2:24 

One obviously erroneous (very high) figure at 52° has been 
omitted. The cube root of the ratios of the y (or velocity) values 
at 52° and at 22° gives the temperature coefficients, the results being 
contained in Table ITI. 


TaBeE III. 
R Ditimsbextagecsatnesicines 313 wy 365 pp 405 py 436 py 
ROMD. COG, - ccsccccecsssoes 1-029 1-039 1-057 1-060 
Fic. 1. 


DD’ D* 





Experiments with Dichromatic Light—Whereas Allmand and 
Webb, in their experiments in this connexion, used glass filters of 
which the majority passed appreciable amounts of three of the 
mercury lines, in our work we have employed mixtures of two rays 
only. Moreover, in all except one of our experiments, we obtained 
the dichromatic light by the superposition of two monochromatic 
light beams (Fig. 1). Two lamps were used, the beam from the first 
(A) falling on the front face of the reaction-cell B in the usual 
manner. The second lamp C was placed to one side, at right angles 
to the first, and its beam was partially reflected into the cell by 
means of three parallel thin clear glass plates D, D’, D’’, placed at an 
angle of 45° with either beam. These plates, of course, weakened 
in a similar way the intensity of the beam of the first lamp. A 
monochromatic light filter (Z, Z’) was interposed in front of either 
lamp, and the arrangement of diaphragms and lenses was such that 
the two beams were completely superposed before entering the 
reaction vessel. The intensities of the two beams incident on the 
cell were measured separately by the thermopile F, and their sum 
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was shown to be equal to the total incident intensity when both 
lamps were simultaneously in use. One experiment (the last in the 
table) was carried out by the method of Allmand and Webb, using 
the same G. 586 A Corning filter employed by them in their Expt. 19. 
Our results are set out in Table IV. The calculated figures for the 
extent of reaction are based on the average y values at 22° given in 














Table IT. 


TABLE IV. 
Quanta absorbed by ferri- Duration Decom- Mols. reacted 
oxalate per hour x 10-8. ofrun, position, x 1. Ratio, 
365 wp. 405 wp. 436 pp. hours. %. Cale. Found. found/calc. 
1-15 — 0-249 22-25 12-0 5-17 5°82 1-13 
0-587 — 0-566 22-58 11-2 4-01 5-41 1-35 
0-073 —- 1-43 21-67 10-6 4-43 5:14 1-16 
0-439 — 1-01 17-67 10-5 3°73 5-08 1-36 
— 0-716 0-374 45-50 16-0 6-92 7-75 1-12 
— 0-177 1-11 22-25 7-52 3°86 3°63 0-94 
0-735 0-131 — 20-17 6-24 2-94 3-01 1-02 
0-223 0-548 — 47-50 12-4 5-53 6-00 1-08 
7-61 1-15 — 4:37 15-5 6-47 7-50 1-16 


With one exception, the observed velocities lie above those 
calculated, thus qualitatively confirming the earlier work. Quantit- 
atively, the effects are somewhat smaller than those previously 
reported ; for instance, with the G. 586 A filter, Allmand and Webb 
found a velocity 24% in excess of that calculated, whereas we only 
get 16%. We estimate our normal experimental error as not 
exceeding 5%. It may well, however, have been greater in this 
work with dichromatic light, so, although the effects in the cases 
of the second and fourth experiments in the table lie far outside this 
limit, it is clear that more precise experiments, including measure- 
ments of light actually absorbed, are desirable. 

We have two further experiments to record under this head. 
The first was an attempt to see whether light which is inappreciably 
absorbed by the photolyte is capable of “‘ stimulating ’’ the molecules 
of the latter in the sense suggested by Allmand and Webb as an 
explanation of their “‘ mixed light” effect, and thus causing an 
increased quantum efficiency. A solution of potassium ferrioxalate 
was insolated by two beams of monochromatic light, one, of 365 py, 
entering the cell from the front, the other, of 546 uu, obtained from a 
second quartz—mercury lamp by .using the filter combination 
described elsewhere (Allmand and Young, loc. cit.), entering from the 
back, through a second thermostat window. A slight increase in 
the velocity was observed when the green mercury line was allowed 
to enter the cell, but it amounted to only a few units %, and was 
within the probable experimental error. 

The second experiment was a determination of the temperature 

coefficient of the reaction when using the G. 586 A filter already 
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mentioned. Measurements at 22° and 52°, carried out just as those 
already described, led to the conclusion that the temperature 


coefficient is “‘ negative.” The actual values obtained, referred to 
a rise in temperature of 10°, were 0-95, 0-96, and 0-98. In every 
case, the fraction decomposed was about 12%. The absorption of 
the active wave-lengths was practically complete. The small cor- 
rection due to the rather higher proportion of active light absorbed 
by the ferrioxalate at the higher temperature has not been made— 
its effect would be to depress the mean figure of 0-96 still lower. 
This remarkable result will be further investigated, and is given at 
present with due reserve. If confirmed, and found to be character- 
istic of photolysis with polychromatic light, it will clearly have an 
important bearing on the mechanism of such reactions. 

A discussion of the different temperature coefficients recorded in 
this paper has already appeared elsewhere (Young and Style, Trans. 
Faraday Soc., 1931, 27, 493). 


The Photo-reduction of Ferric Chloride by Oxalic Acid in Aqueous 
Solution. 


We have already mentioned that an investigation of this reaction 
by Kornfeld has given results which differ completely from those 
obtained by Allmand and Webb for the photolysis of potassium ferri- 
oxalate. In particular, she finds that the reaction (a) obeys the 
I> jaw, whether with white light or with the monochromatic mercury 
lamp lines; (6) is a chain reaction with measured y values as high as 
600; (c) is retarded by ferrous ions and, in consequence, very soon 
comes to a standstill, at all events in monochromatic light. This 
last statement is particularly striking, for in a careful study of the 
same reaction by Lemoine (Ann. Chim., 1895, 6, 433, particularly 
pp. 482 et seq.), there is no indication of any such effect ; indeed the 
author states (p. 433) that the solution “se décompose. jusqu’é 
épuisement.’’ Using the same general technique as employed above, 
we have done a few experiments in order to test these conclusions of 
Kornfeld, but are unable to confirm any of them under our conditions 
of work. 

(i) The Effect of Intensity—A_ solution of composition 
0-0523M-FeCl, + 0-0162M-H,C,0O, was insolated in the full 
light of the quartz—mercury lamp, the intensity of the beam being 
varied by wire-gauze screens which had been calibrated by means 
of a thermopile and galvanometer. Care was naturally taken to 
avoid any projection of the pattern of the screens used on the reaction 
cell, i.¢., to obtain a true intensity variation. The degree of decom- 
position was about 10% in every case. Table V contains the results, 
which show proportionality between velocity and intensity. 
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TABLE V. 
Percentage of oxalic Velocity — 
Relative intensity. acid oxidised per hour. Intensity 
0-16 1-23 7-7 
0-35 2-83 8-1 
0-48 3-89 8-1 
1-00 7-5 7-5 


(ii) The Quantum Efficiency —A single determination was carried 
out in the usual manner at 22° with 365 uy light, the initial com- 
position of the solution being as above. For a degree of decom- 
position of 7-95%, y, uncorrected for light absorbed by the ferrous 
salt produced, was found to be 0-49. 

(iii) The Course of the Reaction and the Influence of Added "Ferrous 
Salt.—The same solution was used and insolated in the full light of 
the lamp for various lengths of time, the whole contents of the cell. 
being subsequently analysed. Table VI (a) contains the results.. 
Complete reaction of all oxalic acid would correspond to a decrease- 
in titre of 16-87 c.c. of titanous chloride solution. 


TABLE VI. 
Decrease in titre of Decrease in titre of 
Time, hours. solution, c.c. Time, hours. solution, c.c. 

(a) (6) 

0-48 0-92 1-92 3°15 

1-68 3°55 14-2 15°35 

4°61 7°73 

16-0 15-92 


Two similar experiments were carried out with solutions to which 
some ferrous ammonium sulphate had been added at the start, the 
initial ferrous sulphate concentrations being in both cases 0-00362¥, 
those of ferric chloride and of oxalic acid remaining unaltered. The 
results are given in Table VI (b). If the four points of Table VI (a) 
be plotted, they fall on a normal curve showing no signs of auto- 
retardation, and indicating that the reaction would be complete: 
after about 22 hours. Whilst the first point in Table VI (6) might, 
by itself, be taken as affording evidence of retardation by Fe’ ions, 
the second falls well on the curve corresponding to Table VI (a), and 
it is probable that the ferrous salt has no other than a small internal 
light-filter effect. A second series of experiments gave results 
confirming those recorded in Table VI. 

As stated, we followed the course of the reaction by titration with 
titanous chloride, whilst Kornfeld, except for very dilute solutions, 
used Lemoine’s method, which Allmand and Webb found to be- 
unsatisfactory, giving too low ferrous salt titration figures, and 
therefore too small values for the extent of reaction. It would, 
however, seem unlikely that this could be the cause ef the discrep- 
ancy. Kornfeld’s experiments with dispersed monochromatic light 
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were probably carried out with considerably lower intensities than 
was the case in our work, and as she finds the maximum amount 
transformed (independent of concentration) to be proportional to the 
square root of the absorbed energy, this might perhaps be responsible 
for the difference between the nature of her results and those of 
Lemoine and our own. But it could hardly account for the difference 
between the results of our work and hers when using the full light of 
the quartz—mercury lamp (an J}° and an J°®* reaction respectively). 

We carried out two further experiments on this reaction. Three 
samples of a solution were insolated separately and successively with 
monochromatic light of wave-lengths 365 yy» and 546 yy and with 
both beams simultaneously, using the experimental arrangement 
already described. The results indicated the action of the two rays 
to be additive or nearly so; if not additive, the sum of the effects 
of the two rays taken singly is rather greater than their effect in 
conjunction, in qualitative agreement with the results of Padoa and 
Vita (Gazzetta, 1924, 54, 147). There is certainly no sign of the 
reverse effect as found in the case of potassium ferrioxalate photo- 
lysis. It may be mentioned that, in the present reaction and under 
our experimental conditions, the total effect of the 546 wuz mercury 
line was two to three times that of the 365 uy line. 

We also determined the temperature coefficients for these two 
lines, using a solution 0-0933M-FeCl, + 0-0162M-H,C,0,. For 
546 uu, a correction due to increased extinction coefficient at 
52° compared with 22° was necessary, the absorptions with a 5-cm. 
cell being respectively 0-843 and 0-819 of the incident light. The 
365 wu radiation was completely absorbed, and the temperature 
coefficient, referred to 10°, was 1-030. For 546 uy, the uncorrected 
figure was 1-14, and, corrected for the increased absorption, 1-10. 

We have not done sufficient experimental work to justify a detailed 
discussion of this reaction. It may, however, be pointed out that 
the mechanism 


(1) Fe* + hv—~» Fe"*** 

(2) Fe“* + C,0,'’—» Fe” + C,0,’ 
or (2a) Fe’* + H,C,0,——> Fe + 2H’ + C,0,’ 

(3) C,0,' + Fe** —+> Fe” + 2C0, 
would account for our results. The unstable C,0,’ ion is that 
postulated by Berthoud and Bellenot (Helv. Chim. Acta, 1924, 7, 
307) as intermediate product in the iodine—potassium oxalate 
reaction. The corresponding mechanism for the photolysis of 
potassium ferrioxalate, viz., 


(a) Fe(C,O,)s" + hv —> Fe(C,0,).” + C,0,' 
(b) C,0,' os Fe(C,0,)3""’ —_> Fe(C,0,).” ei Cy Pal — 2CO, 
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was rejected by Allmand and Webb, on the ground that accumul- 
ation of ferrous oxalate in the solution during the experiment is not 
found to retard the reaction by reversal of (a). A similar objection, 
i.e., no sign of reversal of (2), could of course be raised in the present 
instance. The validity of this view is, however, doubtful when it is 
realised that Berthoud and Bellenot explain the mechanism of the 
iodine—potassium oxalate reaction very satisfactorily by ascribing 
to the C,O,' ion reducing, but not oxidising, properties. Moreover, 
chloride ions retard the present reaction (Lemoine, Joc. cit., pp. 515, 
516), but accelerate the decomposition of potassium ferrioxalate 
(Allmand and Webb, loc. cit.), and evidence exists which points to 
this difference in behaviour being associated with photo-reactions 
whose primary stages are respectively the activation and the 
decomposition of the absorbing molecule. On the whole, we 
suggest the above schemes as representing most satisfactorily the 
reactions discussed in this paper. 


Summary. 

1. The temperature coefficients of the quantum efficiencies in 
the photolysis of aqueous potassium ferrioxalate solutions were 
determined for light of wave-lengths 313 py, 365 uy, 405 wy, and 
436 uz. They are small, and rise with increasing wave-length. 

2. In qualitative agreement with earlier work, it is found that the 
effect of two monochromatic rays acting simultaneously is greater 
than the sum of their effects when acting separately. Under such 
conditions, the temperature coefficient is “‘ negative.” 

3. In disagreement with the published work of Kornfeld, the 
photo-reduction of ferric chloride by oxalic acid in aqueous solution 
is found to proceed at a rate proportional to the intensity, not to be 
retarded by ferrous ions, and to have a quantum efficiency of the 
order of unity. 

4. The results are briefly discussed. 


UnIvERSITY OF LONDON, [Received, October 13th, 1931.] 
Krina@’s COLLEGE. 





CCCCXXV.—A New Oxide of Rhenium. Rhenium 
Pentoxide. 


By Henry Vincent Arrp Briscoz, Percy Lucock Rosinson, 
and ALFRED JOHN RUDGE. 


Noppack (Z. anorg. Chem., 1929, 181, 1) described two well-defined 
oxides of rhenium, the white Re,O, and the yellow Re,O,, together 
with a third, a reduction product of indefinite composition subse- 
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quently shown (Briscoe, Robinson, and Stoddart, this vol., p. 666) 
to be due to ReO,,2H,0, from which substance a black dioxide was 
obtained. It is here shown that the reduction of the heptoxide 
with metallic rhenium gives rise to a purplish-red pentoxide, Re,O,, 
not previously described. This material is insoluble in water, per- 
fectly stable in air, and may be heated in oxygen to about 300° or 
in sulphur to about 190° without change of composition but with 
darkening in colour. Above 300° in a vacuum sublimation takes 
place : a black residue of indefinite composition remains, and white, 
yellow, and violet films are formed on the cooler parts of the tube. 
Dry hydrogen chloride has no effect at moderate temperatures, but 
chlorine gives a greenish-yellow vapour which condenses to a brown 
solid. 

The heptoxide is reduced by sulphur and also by carbon above 
300° with the evident formation of some pentoxide, whilst the moist 
dioxide, when heated for a long time at 110°, acquires a superficial 
reddish film which is probably the new oxide. 


EXPERIMENTAL. 

Metallic rhenium and excess of rhenium heptoxide were sealed 
together in a Pyrex tube. The oxide was then vaporised, and the 
vapour allowed to remain in contact with the metal for a con- 
siderable period. The residue in the tube consisted of a red powder 
together with excess of the heptoxide, from which it was separated 
by washing with water. The washed material was a purplish-red 
powder, very uniform in colour from sample to sample and evidently 
finely crystalline in character. After drying, either in a vacuum over 
phosphoric oxide or at 110° in air, it was analysed by reduction to the 
metal in a current of pure hydrogen with the following results : 


Wt. of oxide, g. Wt. of Re, g. Re, %. Method of drying. 
0-1908 0-1577 82-66 110° 
0-1796 0-1490 82-94 110 
0-1620 0-1326 81-85 P,O; 
0-2165 0-1792 82:77 P,O, 
0-1374 0-1136 82-68 P,O,; 

Mean 82-58 


The material is obviously rhenium pentoxide (Re,O,; requires Re, 
82-30%). 

By transmitted light the pentoxide when in thin flakes is bottle- 
green and its streak is also green. It is insoluble in either dilute 
or concentrated sulphuric or hydrochloric acid and in caustic potash 
solutions, but dissolves in warm dilute nitric acid and in fused caustic 
potash. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, September 30th, 1931.] 
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CCCCXXVI.—Alttempts to find New Antimalarials. 
Part VI. Derivatives of 2-B-Aminoethylquinoline. 


By Wituiam Oeitvy Kermack and Wit11AmM Moir. 


THE object of the following work was to prepare 2-8-aminoethy]l- 
quinoline and its derivatives in order that the chemotherapeutic 
activity of these compounds might be investigated. In an attempt 
to obtain 2-8-aminoethylquinoline, previously prepared by Rupe 
and Schramme (Z. physiol. Chem., 1928, 177, 315) by the reduction 
of quinolylacetaldoxime (compare also D.R.-P. 380,918; Chem. 
Zentr., 1924, i, 1446), from 8-2-quinolylpropionic acid, 6-2-quinolyl- 
proptonylhydrazide was prepared by the action of hydrazine hydrate 
at 140° on ethyl %-2-quinolylpropionate, obtained from the acid by 
esterification with ethyl alcohol and hydrochloric acid. Treatment 
of the hydrazide with nitrous acid or amyl nitrite in the presence 
of alcoholic hydrochloric acid failed to yield the desired 6-2-quinoly]- 
propionylazide. In all the experiments a gas was evolved and 
s.-di-(8-2-quinolylpropionyl)hydrazide was isolated : this was readily 
hydrolysed with concentrated hydrochloric acid to give hydrazine 
and 8-2-quinolylpropionic acid. The abnormal behaviour of the 
hydrazide when treated with nitrous acid may be formulated as 
follows : 


2C,H,N-CH,*CH,-CO-NH-NH, + 2HNO, = 
(C,H,N-CH,°CH,-CO-NH-), + N, + N,O + 3H,0. 


John (Ber., 1925, 58, 2779) found that the Curtius reaction pro- 
ceeded normally when applied to $-(2-phenyl-4-quinolyl)propiony1- 
hydrazide, and the failure in the present instance to obtain the 
desired azide is difficult to understand. 

Ketones containing an active methylene group have been shown 
by Mannich (Ber., 1920, 53, 1368; Arch. Pharm., 1926, 264, 741; 
1927, 265, 589) to condense with formaldehyde and secondary 
bases according to the equation 


R,CH,°CO-CH,R, + CH,0 + NHR,R, = 
R,CH,*CO-CHR,-CH,"NR,R, + H,0. 


As the methyl group in quinaldine is reactive, this compound 
was substituted for the ketone in the reaction. When quinaldine, 
trioxymethylene, and piperidine were heated together at 140°, 
2-8-piperidinoethylquinoline was obtained in small yield; it was 
isolated as the monopicrate, m. p. 155°. A compound of this 
formula was prepared by Loewe (D.R.-P. 380,918; Chem. Zentr., 
1924, i, 1446) by treatment of 2-8-bromoethylquinoline with piper- 
5H 
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8-2-Quinolylpropionylhydrazide.—The ester (12 g.) was refluxed 
for 3 hours with hydrazine hydrate (50 c.c. of 50% by weight) at 
140°. The crystals which separated on cooling were washed with 
water, dried, and recrystallised from light petroleum, forming silvery 
leaflets (12 g.), m. p. 165° (Found: N, 19-6. C,,H,,ON; requires 
N, 19-5%%), easily soluble in dilute mineral acids, alcohol, and benzene, 
less readily in acetone, and insoluble in cold but moderately easily 
soluble in hot ligroin and light petroleum. The hydrazide reduces 
Fehling’s solution on gentle warming, and ammoniacal silver nitrate. 

Treatment of B-2-Quinolylpropionylhydrazide with Nitrous Acid.— 
When a solution of the hydrazide (1 g.) in N-hydrochloric acid 
(10 ¢.c.) was treated dropwise with sodium nitrite (0-36 g. in 5 c.c. 
of water), gas was slowly evolved, the solution became turbid, and 
a greenish crystalline material was deposited. This was removed, 
the filtrate made alkaline, and the white precipitate that separated 
was collected and dried. The two deposits were essentially identical, 
both blackening at 220° and melting at 240—250°, and yielding 
silvery leaflets, m. p. 265°, on recrystallisation from ligroin. Alter- 
natively, to a solution of 8-2-quinolylpropionylhydrazide (4-4 g.) in 
absolute alcohol (40 c.c.), freshly distilled amyl nitrite (2-4 g.) was 
added, and 4-5N-alcoholic hydrogen chloride (3-3 ¢c.c.) run in with 
constant shaking. The mixture was boiled under reflux for 8 hours, 
and the white solid that separated on cooling was washed, dried, 
and recrystallised from ligroin; m. p. 265° (yield, 3-2 g.) (Found: 
C, 71-6; H, 5-5; N, 14:3. C,,H,,0,N, requires C, 72-3; H, 5-5; 
N, 141%). 

This compound dissolves in dilute mineral acids to form clear 
colourless solutions. It does not reduce Fehling’s solution or 
ammoniacal silver nitrate. It is insoluble in cold and sparingly 
soluble in hot alcohol or benzene. The compound was refluxed 


with concentrated hydrochloric acid (20 c.c.) for 8 hours. Crystals 


of hydrazine hydrochloride, m. p. 200°, slowly separated after 
cooling. The mother-liquor was evaporated to dryness, an aqueous 
solution of the residue was made alkaline with ammonia and again 
evaporated to dryness, and the residue was heated on the water- 
bath for 8 hours to decompose the ammonium salt of the amphoteric 
8-2-quinolylpropionic acid. This acid was obtained pure, m. p. 
122—123°, by extracting the residue with acetone and recrystallising 
from benzene the solid remaining after distillation of the acetone. 
The analysis and properties of the compound, m. p. 265°, show it 
to be s.-di-(8-2-quinolylpropionyl hydrazide. 
2-6-Piperidinoethylquinoline.—To a mixture of 40% formalin (6 
c.c.) and piperidine (6-8 g.) at room temperature, quinaldine hydro- 
chloride (7-1 g.) was slowly added with constant shaking, gentle 
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heat being finally applied to effect complete solution. The mixture 
was heated on the-water-bath for 18 hours, the deep red product 
basified with sodium hydroxide solution and steam-distilled to 
remove unchanged quinaldine and formaldehyde, and the non- 
volatile oil dissolved by the addition of hydrochloric acid. The 
solution was boiled with animal charcoal, filtered, and made alkaline, 
and the thick yellow oil produced was extracted and dried in ether, 
recovered, and treated in benzene solution with picric acid. The 
picrate crystallised from alcohol in long, fine, yellow needles, 
m. p. 155° (yield, 72%) (Found: C, 56-1; H, 4:9; N, 149. 
CgHopN.,CgsH,0,N, requires C, 56-3; H, 4-9; N, 149%). 
2-8-Piperidinoethylquinoline is a pale yellow, viscous oil which 
decomposes on attempted vacuum distillation. It is readily soluble 
in dilute acetic and mineral acids. The amorphous yellow chloro- 
platinate becomes black and decomposes on attempted recrystal- 
lisation. The brownish-red chloroaurate also is amorphous and 
cannot be recrystallised. The monopicrate is sparingly soluble in 
cold alcohol and benzene, easily soluble in alcohol, and less readily 
in benzene when hot, insoluble in hot ligroin and light petroleum, 
and freely soluble in cold acetone. It is decomposed by dilute 
sodium hydroxide solution, and from a benzene extract of the 
product the hydrochloride of the base is precipitated by hydrogen 
chloride as a white crystalline compound, m. p. 184—185°. 
2-8-Diethylaminoethylquinoline.—Diethylamine (5-8 g.) was con- 
densed with 40% formalin (6 c.c.) and quinaldine hydrochloride 
(7-1 g.) in the same way as piperidine. The pale yellow, viscous 
oil obtained gave, in benzene solution, a picrate, which formed 
long, fine, yellow needles, m. p. 123—124°, after recrystallisation 
from alcohol (yield, 33%) (Found: C, 55-1; H, 5-1; N, 15-4. 
Cale. for C,;Hy)N,,C,H,0,N, : C, 55-1; H, 5-0; N, 15-3%). 
2-8-Diethylaminoethylquinoline and its picrate closely resemble 
the analogous piperidine compounds. The yellow chloroplatinate 
and the deep red chloroaurate are amorphous and decompose on 
attempted recrystallisation. The hydrochloride is very deliquescent. 
2-8-Phenylmethylaminoethylquinoline.—Quinaldine hydrochloride 
(7-1 g.) was slowly added with vigorous shaking to a mixture of 
monomethylaniline (8-6 g.) and 40% formalin (6 c.c.). The whole 
was kept, and occasionally shaken, for 24 hours at 37° and then for 
2 days at room temperature. The supernatant liquid was decanted, 
the red viscous oil dissolved in water containing a few drops of 
concentrated hydrochloric acid, and the filtered solution made 
alkaline with saturated aqueous sodium carbonate. The sticky 
amorphous material which separated before the neutral point was 
reached was filtered off; when exposed to air or kept in a vacuum 
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desiccator, it became red and oily. When the addition of sodium 
carbonate was continued, a red mobile oil separated. The mixture 
was then steam-distilled, and the non-volatile red oil was extracted 
with ether, recovered, and treated in benzene with picric acid. 
The precipitate thus obtained was partly insoluble in hot water; 
after two crystallisations the picrate formed large greenish-yellow 
plates (1 g.), m. p. 175° (decomp.) (Found: C, 48-4; H, 3-9; N, 
15-4. C,gH,,N,,2C,H,0,N,,H,O requires C, 48-8; H, 3-5; N, 
15-2%), slightly soluble in hot benzene and alcohol (from which it 
separated as a greenish-yellow amorphous powder), insoluble in hot 
ligroin and light petroleum, and readily soluble in cold acetone. 
The base could not be regenerated from the picrate, because the 
latter blackened and decomposed when treated with dilute sodium 
hydroxide solution. 
2-8-Piperidinoisopropylquinoline.—«-Piperidino-8-methylbutan-y- 
one hydrochloride (Mannich and Hof, loc. cit.) (8-4 g.), dissolved in 
water (20c.c.), was added to a solution of o-aminobenzaldehyde (4-8 g.) 
in aleohol (10 c.c.), and 10N-sodium hydroxide (4-8 c.c.) slowly run in 
with constant shaking. The slightly alkaline, clear yellow solution was 
kept at 37° for 3 days while a thick yellow oil separated. The 
mixture was steam-distilled and the non-volatile oil was extracted 
with ether, dried over anhydrous potassium carbonate, recovered, 
dissolved in benzene, and converted into the picrate, which crystal- 
lised from alcohol in fine, yellow, rectangular prisms (5-5 g.), 
m. p. 167—168° (Found: C,: 56-7; H, 50; N, 14-7. 
C,,H,,N,,C,H,0,N, requires C, 57-1; H, 5-2; N, 14-5%). 

The steam-distillate contained an oil, which was extracted with 
ether. After the extract had been dried with anhydrous potassium 
carbonate, and the ether removed, the residual pale yellow, viscous 
oil crystallised in large plates. These, alone or mixed with authentic 
2 : 3-dimethylquinoline prepared from o-aminobenzaldehyde and 
methyl ethyl ketone, melted at 63—64°. Both samples gave 
identical picrates, m. p. 224—225°. 

2-8-Piperidinoisopropylquinoline is a viscous, pale yellow oil, 
closely resembling its lower homologue, piperidinoethylquinoline, 
described above. The picrate is moderately easily soluble in hot 
benzene and alcohol, freely soluble in cold acetone, but insoluble in 
light petroleum and ligroin. A small quantity of picrate insoluble 
in alcohol was recrystallised from hot water, forming long, narrow, 
rectangular prisms, m. p. 201°. This is probably the dipicrate, but 
there was insufficient for complete investigation (Found: N, 15-5. 
C,;H,.N,,2C,H,0,N, requires N, 15-7%). The chloroplatinate 
formed a buff-coloured, and the chloroaurate a deep red, amorphous 
precipitate. The hydrochloride, prepared from the purified picrate 
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through the base in benzene, is a deliquescent solid which darkens 
on exposure to air. 

1-Piperidinomethyl-1 : 2 : 3 : 4-tetrahydroacridine—A solution of 
o-aminobenzaldehyde (9-3 g.) in alcohol (15 c.c.) was mixed with a 
solution of 2-piperidinomethylcyclohexanone (Mannich and Honig, 
loc. cit.) (5-7 g.) in water (5 c.c.), and 10N-sodium hydroxide solution 
(2-6 c.c.) added. After 4 days, no oil having separated, the mixture 
was refluxed for 4 hour to complete the reaction. The alcohol was 
distilled off, and the residue steam-distilled. The non-volatile oil 
was extracted and dried in. ether, recovered, and converted in 
benzene into the picrate, which, recrystallised from alcohol, formed 
long, fine, silky, yellow needles (5-5 g.), m. p. 206° (Found: N, 
13-9. C,,H,,N,,C,H,0,N, requires N, 13-8%). 

1-Piperidinomethyl-1 : 2 : 3 : 4-tetrahydroacridine is a pale yellow, 
slightly basic, viscous oil closely similar to the other piperidine 
derivatives described above. It yields a pale yellow amorphous 
chloroplatinate and a deep red amorphous chloroaurate, both of 
which decompose when recrystallisation is attempted. The picrate 
is readily soluble in hot alcohol and less soluble in hot benzene, 
soluble in cold acetone, but insoluble in hot light petroleum and 
ligroin. The hydrochloride, obtained from the base regenerated by 
decomposition of the picrate, is extremely deliquescent and tends 
to darken on exposure to air. 

Condensation of 2-Diethylaminomethylcyclohexanone and 0-Amino- 
benzaldehyde —A solution of diethylaminomethylcyclohexanone 
hydrochloride (5-5 g.) in water (5 ¢c.c.) was mixed with a solution of 
o-aminobenzaldehyde (3 g.) in alcohol (15 c.c.), and 10N-sodium 
hydroxide solution (2-6 c.c.) added. After standing at 37° for 4 
days, the mixture was refluxed for 4 hour and then steam-distilled. 
The non-volatile dark-coloured oil changed on cooling to a hard 
reddish-brown mass. This was separated from the aqueous layer, 
washed with water, dissolved in hot dilute hydrochloric acid, and a 
flocculent basic material precipitated from the filtered solution by 
the addition of sodium hydroxide. This substance was washed, 
dried, and extracted with hot ligroin, and the extract treated with 
animal charcoal. On cooling, the compound separated first as an 
oil and then settled as a pale yellow, amorphous powder. This 
was washed, dried, dissolved several times in hot ligroin, and pre- 
cipitated by cooling. The m. p. 65—75° of the powder was not 
improved by this treatment (Found: C, 74:1; H, 7:5; N, 6-1. 
C,,H,,0,N requires C, 72-7; H, 7-4; N, 6-1%). The compound is 
freely soluble in cold alcohol, benzene, and acetone and moderately 
easily soluble in hot ligroin and light petroleum. It is precipitated 
as an amorphous powder by alkali from dilute mineral acid solution. 
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A picrate is not obtained from its solution in benzene. The 
chloroplatinate and the chloroaurate are respectively obtained 
as brownish-yellow and reddish-brown precipitates which blacken 
and decompose on attempted recrystallisation. 


The authors wish to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research for a grant 
to one of them (W. M.) which enabled this work to be carried out, 
and to the Research Fund Committee of the Chemical Society for a 
grant which partly defrayed the cost. 
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CCCCXXVIT.—Attempts to find New Antimalarials, 
Part VII. Quinoline Compounds having in the 
4-Position a Side Chain containing Two or More 
Nitrogen Atoms. 


By Witu1amM Oaitvy Kermack and JAMES FERGUS SMITH. 


IN a previous paper (Kermack and Smith, J., 1930, 1356), certain 
quinoline derivatives were described in which a piperazino- or a 
piperidino-group is attached to the nucleus in the 4-position. It 
was thought desirable to prepare a series of analogous compounds 
having a side chain of more complex structure. 

To this end piperidine was condensed with phthalo-8-bromoethyl- 
imide to yield phthalo-8-piperidinoethylimide, from which the 
phthalyl group was removed by means of hydrazine hydrate (Ing 
and Manske, J., 1926, 2348) to form 8-piperidinoethylamine. 

4-Chloro-6-methoxy-2-methylquinoline and _ 8-piperidinoethyl- 
amine reacted only with difficulty, but a solid base (I) was ultimately 
obtained from the product of the reaction at 110—120° in presence 
of copper—bronze. 

NH-CHyCHNC GH CH >CHs 


MeO, 


N (I.) 


As 4-8-piperidinoethylamino-6-methoxy-2-methylquinoline (I) had 
no antimalarial action, an attempt was made to prepare a homologous 
compound in which a chain of three carbon atoms would separate 
the two nitrogen atoms. From «-piperidinobutan-y-one (Mannich 
and Wolfgang, Arch. Pharm., 1927, 265, 589), the oxime was pre- 
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pared, and this was reduced with zinc dust and acetic acid. «- 
Piperidino-y-aminobutane was obtained, which gave a dipicrate, 


NH-CHy'CHy NCC GH? >N-CHy'CH, NH; 


MeO, 
Me 


N (II.) 


monohydrochloride and dihydrochloride as crystalline solids, but 
all attempts to condense it with either 4-chloro- or 4-bromo-6- 
methoxy-2-methylquinoline were unsuccessful. The only evidence 
of reaction was the formation of halogen ions and the development 
of fluorescence, but considerable quantities of unchanged material 
were always recovered and no new base could be isolated. 

When «-piperidinobutan-y-one hydrochloride in chloroform 
solution is treated with chloroacety] chloride (but not acetyl chloride) 
a compound, C,,H,,ON,,2HCl, is obtained in good yield. The 
chloroacetyl chloride acts apparently as a dehydrating agent and 
the structure (IIT) or (IV) can be assigned to the product (compare 
Descude, Ann. Chim. Phys., 1903, 29, 494). 

(III.) HCl,C;H,)N°CH,°CH,*CMe:CH-CO-CH,°CH,"NC;H j9,HCl 

(IV.) HCl,C3H,)N-CH,°CH,°CMe:CAc-CH,°NC;H 9,HCl 

Piperazine was condensed with phthalobromoethylimide, and 
from the reaction mixture two compounds were isolated, phthalo-f- 
piperazinoethylimide and 1 : 4-di-(8-phthalimidoethyl) piperazine. 

The corresponding bases were obtained from these two compounds, 
from the first by acid or alkaline hydrolysis and from the second 
by the method of Ing and Manske (loc. cit.). $-Piperazinoethv!- 
amine, a non-crystallising oil, forms a dipicrate, but on account of 
the small yield was not condensed with 4-bromo-6-methoxy-2- 
methylquinoline. The second base is identical with 1 : 4-di-(6- 
aminoethyl)piperazine, prepared by Franchimont and Kramer 
(Rec. trav. chim., 1912, 31, 40) by the reduction of piperazine-1 : 4- 
diacetonitrile. Treatment of this base with alcoholic sodium 
hydroxide yields the corresponding isonitrile. 

From the reaction product obtained by heating 1 : 4-di-(#-amino- 
ethyl)piperazine and 4-bromo-6-methoxy-2-methylquinoline, two 
bases were isolated: (1) 4-(4'-8-aminoethylpiperazinoethylamino)- 
6-methoxy-2-methylquinoline (II), a non-crystallising oil, forming 
a picrate, a chloroplatinate, and an extremely hygroscopic hydrce- 
chloride; (2) a by-product, which is apparently formed from two 
molecules of the bromoquinoline derivative and one molecule 
of the piperazino-base and is obtained in better yield if an excess 


of 4-bromo-6-methoxy-2-methylquinoline is used. The formula 
5H2 
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Cz9H3g0.N,4,4HCI1,5H,O is given to it with reserve, especially as 
regards the amount of water of crystallisation. 
4-Piperazino-6-methoxy-2-methylquinoline (Kermack and Smith, 
loc. cit.) was treated with chloroacety] chloride to yield 4-(4'-chloro- 
acetylpiperazino)-6-methoxy-2-methylquinoline, with the intention 
of subsequently replacing the chlorine atom by a basic group. The 
halogen atom, however, appears to be relatively inactive, as treat- 
ment with aqueous or alcoholic ammonia in the cold did not have 
the desired result. 
EXPERIMENTAL. 

Phthalo-8-piperidinoethylimide.—A solution of piperidine (6-8 g.) 
and phthalobromoethylimide (10 g.) in dry toluene (15 c.c.) was 
refluxed in presence of anhydrous potassium carbonate (11 g.) for 
4 hours. The yellow solution was filtered hot, and the residue of 
potassium bromide washed with toluene. The filtrate, after con- 
centration, deposited large, pale yellow prisms of phthalo-B-piper- 
idinoethylimide (yield, 70%), m. p. 91° after recrystallisation from 
alcohol (Found: N, 11-1. C,;H,,0,N, requires N, 11-1%). 

This base is extremely soluble in acetone and chloroform, very 
soluble in alcohol and benzene, soluble in ether, and sparingly 
soluble in water. It is also soluble in acetic and dilute mineral 
acids, and in concentrated sulphuric acid it exhibits a green fluor- 
escence in the arc light. 

8-Piperidinoethylamine.—Phthalo-8-piperidinoethylimide (7-7 g.) 
was hydrolysed with hydrazine hydrate (3 g. of a 50% solution) 
by Ing and Manske’s method (loc. cit.). The filtrate from the 
insoluble phthalylhydrazide was diluted with water, and the alcohol 
distilled off. The solution was made strongly alkaline with sodium 
hydroxide and the oily base which separated was taken up with 
ethyl acetate. After this solvent had been removed by distillation, 
the base, which had a strong ammoniacal odour, remained as a 
brown viscous oil which decomposed when heated in a vacuum. 
The picrate crystallised from hot water in yellow, serrated, fern-like 
prisms, m. p. 225° (decomp.) (Found: N, 19-2. C,H,,N,,CgH,0,N; 
requires N, 19-6%). 

The base absorbs moisture and carbon dioxide very readily 
from the air. It is very soluble in acetone, alcohol, chloroform, 
ethyl acetate, and water, sparingly soluble in benzene and ether, 
and soluble in mineral acids and acetic acid. It exhibits a fluor- 
escence in the are light which varies from bluish-green in neutral 
solvents to blue in some acids. No fluorescence is observable in 
hydrochloric and nitric acid solutions. The base gives a greenish- 
yellow insoluble precipitate with phosphomolybdic acid, a white 
precipitate (decomposes on boiling) with silicotungstic acid, no 
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precipitate with platinic chloride, a brown precipitate (soluble 
when hot) with auric chloride, and with mercuric chloride a white 
precipitate soluble in hydrochloric acid or when hot. The last 
salt on exposure to sunlight becomes pink and then lilac. 

4-8-Piperidinoethylamino -6 -methoxy-2-methylquinoline (I).—8- 
Piperidinoethylamine (2-6 g.) and 4-chloro-6-methoxy-2-methyl- 
quinoline (4-2 g.) were kept at 110—120° for 10 hours in presence 
of a trace of copper-bronze. An extract of the product in boiling 
water was filtered hot and made alkaline with sodium hydroxide. 
The oily base which separated solidified on standing. When it 
was recrystallised from aqueous alcohol, the hydrate of 4-8-piper- 
idinoethylamino-6-methoxy-2-methylquinoline separated as light yel- 
low needles, m. p. 73° (Found : loss of water, 10-4. C,,H,,ON;,2H,O 
requires loss, 10-7). The crystals when dried in a vacuum desic- 
cator yielded the anhydrous base, m. p. 140—141° (Found: N, 
14-1. C,,H,,ON, requires N, 14-0%). 

This base is extremely soluble in chloroform and readily soluble 
in alcohol and acetone, but only sparingly soluble in benzene, ether, 
and water. It is readily soluble in all the common acids to form 
strongly fluorescing solutions varying from violet in organic acids 
to bluish-violet in mineral acids, the phenomenon being more 
marked in dilute solution. In neutral solution the base exhibits 
a violet fluorescence observable only in the arc light. 

a-Piperidinobutan-y-oneoxime.—The hydrochloride of «-piper- 
idinobutan-y-one (19-2 g.), obtained from the condensation of 
piperidine hydrochloride, acetone, and trioxymethylene by Mannich 
and Wolfgang’s method (loc. cit.), was heated on the water-bath 
with an equivalent of hydroxylamine hydrochloride (7 g.) and a 
slight excess of sodium hydroxide in 20 c.c. of water for 2—3 hours. 
Carbon dioxide was then bubbled through the cooled solution until 
a dense white crystalline precipitate appeared. (If an excess of 
gas is passed through, the precipitate redissolves.) The oxime, 
recrystallised from alcohol, separated as monoclinic prisms, m. p. 
91—92° (Found: N, 16-9. C,H,,ON, requires N, 16-5%). It 
is extremely soluble in chloroform, very soluble in acetone, and 
sparingly soluble in alcohol, benzene, and water, but dissolves 
readily in these solvents when hot. It is soluble in all the common 
acids, forming colourless solutions. Its solution in moderately 
concentrated nitric acid becomes pale green when warmed and 
nitrogen peroxide is evolved. 

a-Piperidino-y-aminobutane.—To a boiling solution of the pre- 
ceding oxime (10 g.) or its hydrochloride (12-4 g.) in 30 c.c. of glacial 
acetic acid and 150 c.c. of alcohol, zinc dust (8 g.) was added during 
20 minutes, and the solution refluxed for 7—8 hours. The yellow: 
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green solution was then filtered, the solid washed with alcohol, 
and the filtrate and washings evaporated to dryness on the water- 
bath. The residue, after being made strongly alkaline with sodium 
hydroxide, was extracted repeatedly with amyl alcohol. When 
this extract was distilled «-piperidino-y-aminobutane was obtained 
in poor yield as a clear, almost colourless oil with a strong ammoni- 
acal odour; b. p. 106—110°/12 mm. When the amyl-alcoholic 
solution was extracted with dilute hydrochloric acid (10%), and 
the aqueous extract evaporated to dryness, both the monohydro- 
chloride and the dihydrochloride were obtained. After recrystallis- 
ation from aqueous alcohol, these salts had m. p. 210° and 241° 
respectively (Found: Cl, 18-4. CgH  N,,HCl requires Cl, 18-4%. 
Found: Cl, 30-2; N, 12-1. C,H )N,,2HCl requires Cl, 31-0; N, 
12-2%). The dipicrate crystallised from hot water in sheaves of 
pale yellow needles, m. p. 241—242° (decomp.) (Found: N, 18-3. 
CyH a N.,2C,H,0,N, requires N, 18-2%). 

«-Piperidino-y-aminobutane is a relatively strong base which 
absorbs carbon dioxide from the air with avidity. It is soluble 
in water and alcohol, but is very sparingly soluble in most other 
organic solvents. It is very readily soluble in most acids, including 
dilute acetic, hydrochloric, sulphuric and nitric acids. 

1 : 4-Di-(8-phthalimidoethyl)piperazine—When piperazine hexa- 
hydrate (9:7 g.; 1 mol.) and phthalobromoethylimide (25-4 g.; 
2 mols.) were heated together at 140° for 1—2 hours, the dihydro- 
bromide of 1 : 4-di-(8-phthalimidoethyl) piperazine separated in good 
yield. This sparingly soluble salt crystallised from hot water 
in almost colourless blades, m. p. 300° (Found: Br, 26-9. 
C,,H,,0,N,,2HBr requires Br, 27-3%). 

The base was obtained from a solution of its hydrobromide in 
boiling pyridine on cooling, separating as very small, short needles, 
m. p. 240° (Found: N, 12-8. C,,H,,0,N, requires N, 12-9°,), 
insoluble in water and acetone. It can be recrystallised from hot 
benzene and hot alcohol, but not readily from chloroform, in which 
it is very soluble. It is readily soluble in acetic and sulphuric 
acids, but it is only soluble in hydrochloric and nitric acids when 
hot. 

1 : 4- Di-(8-aminoethyl)piperazine.—1 : 4-Di-(8 - phthalimidoethy])- 
piperazine (8-6 g.) was hydrolysed with hydrazine hydrate (4 g. 
of a 50% solution). A hydrochloric acid solution of the product 
was concentrated on the water-bath; the tetrahydrochloride, which 
crystallised on cooling, was recrystallised from hot aqueous alcohol 
and obtained in rhombohedra, m. p. 295° (decomp.) (Found: Cl, 
43-0; N, 17-5. CgH  9N,.4HCI requires Cl, 44-6; N, 17-6%). 

It was extremely difficult to isolate the base by the above method 
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owing to the poor yield and to the ease with which the base absorbs 
moisture and carbon dioxide. Accordingly recourse was made to 
the method of Franchimont and Kramer (loc. cit.). The base, 
b. p. 250—270°, thus obtained, however, would not crystallise : 
Franchimont and Kramer state that it solidifies spontaneously 
and give the m. p. of the hydrate as 68° (decomp.). 

Phthalo-8-piperazinoethylimide.—When phthalobromoethylimide 
(10 g.; 1 mol.) was condensed with piperazine hexahydrate (16 g. ; 
4 mols.) for 2 hours at 140—150°, the yield of the dihydrobromide 
of 1: 4-di-(8-phthalimidoethyl)piperazine (isolated as already de- 
scribed) was 2-4 g., i.e., notwithstanding the excess of piperazine, 
25% of the imide had reacted to form the diphthalimidoethyl 
compound. The filtrate from the insoluble dihydrobromide was 
made strongly alkaline with sodium hydroxide solution (45%), 
and the thick oil which separated was extracted with amyl] alcohol 
at least three times. The alcoholic solution was dried over anhydr- 
ous potassium carbonate, and the amyl alcohol distilled off almost 
completely at the ordinary pressure; the last traces were removed 
in a vacuum on the water-bath. The extremely deliquescent 
residue consisted of phthalo-$-piperazinoethylimide. The picrate 
crystallised from hot water in very long, slender, rectangular prisms, 
m. p. 265° (decomp.). The dihydrobromide, precipitated on ad- 
dition of hydrobromic acid to a moderately concentrated solution 
of the base in alcohol, crystallised from aqueous alcohol in slender, 
white prisms, m. p. 243° (decomp.) (Found: Br, 38-0; N, 10-3. 
C,,H,,0,N,,2HBr requires Br, 38-0; N, 10-0%). 

The base is readily soluble in water, moderately easily soluble 
in aleohol, and sparingly soluble in benzene, acetone, ether, and 
chloroform. It is readily soluble in acetic and mineral acids. Its 
solution in concentrated sulphuric acid exhibits a green fluorescence 
in the arc light. 

6-Piperazinoethylamine.—(1) Phthalo-$-piperazinoethylimide was 
treated with hot concentrated caustic soda solution, and the liberated 
6-piperazinoethylamine extracted with ethyl acetate; the aqueous 
liquid on acidification deposited phthalic acid. (2) The imide was 
refluxed with concentrated hydrochloric acid for 1 hour, the solution 
made alkaline with caustic soda, and the base extracted with amyl 
alcohol or ethyl] acetate. 

The dipicrate, obtained by mixing alcoholic solutions of 
the base and picric acid, crystallised from hot water in well- 
formed tetragonal prisms, m. p. 290° (Found: C, 37-0; H, 3-3; 
N, 21-0. C,H,;N3,2C,H,0,N, requires C, 36-8; H, 3-6; N, 21:4%). 

This base resembles @-piperidinoethylamine very closely and 
like it is readily soluble in water (alkaline reaction), alcohol, chloro- 
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form, and ethyl acetate and very sparingly soluble in benzene and 
ether. It is readily soluble in dilute acetic and mineral acids. The 
solution in concentrated sulphuric acid becomes cherry-red when 
warmed. 

4-(4'- 8 - Aminoethylpiperazinoethylamino) - 6 - methoxy - 2 - methyl- 
quinoline (II).—4-Bromo-6-methoxy-2-methylquinoline (2-5 g.) 
was heated with a slight excess of 1 : 4-di-(8-aminoethyl)piperazine 
(2 g.) for 2 hours at 170°, and the brown viscous oil formed was 
extracted with boiling hydrochloric acid (10%). The extract, 
after being filtered from the tetrahydrochloride of the diquinolyl 
base (see below) which slowly separated, was made strongly alkaline 
with sodium hydroxide and extracted with amyl alcohol. Hydrogen 
chloride was passed through the amyl-alcoholic extract (dried over 
anhydrous potassium carbonate); a sticky solid was precipitated 
which could not be removed by filtration. The acid alcoholic 
solution was therefore extracted with water until it was almost 
colourless, and the aqueous solution was evaporated to dryness on 
the water-bath. The sticky residue was extracted with boiling 
alcohol, and the solution filtered. The small amount of dark- 
coloured precipitate which separated on cooling and was obviously 
impure was removed, and the filtrate reduced to 50 c.c. on the 
water-bath. The light sand-coloured precipitate, consisting of 
microscopic needles of the hydrochloride of 4-(4’'-8-aminoethy]- 
piperazinoethylamino)-6-methoxy-2-methylquinoline, m. p. 140— 
150° (decomp.), was filtered off as quickly as possible, washed with 
alcohol, and immediately put in a desiccator. No analysis of this 
salt was made owing to its extremely deliquescent nature. The 
chloroplatinate crystallised from hot water in yellow microscopic 
needles which darkened at 220° and melted at 273° (decomp.). The 
picrate, crystallised several times from boiling water, was obtained 
as microscopic yellow crystals, m. p. 175° (Found: C, 38-2; H, 
36; N, 18-7. C,gH,ON;,5C,;H,0O,N;,3H,O requires C, 38-1; H, 
3-2; N, 18-2%). 

The base, obtained as a very dark coloured oil when a concentrated 
solution of the hydrochloride is made strongly alkaline with caustic 
soda, is readily soluble in ethy] alcohol, soluble in water and chloro- 
form, sparingly soluble in acetone and ether, and insoluble in 
benzene. It is readily soluble in dilute acetic and hydrochloric 
acids. The solutions in concentrated sulphuric and nitric acids 
are dark brown and red respectively; on dilution with water they 
yield precipitates which dissolve on heating and are reprecipitated 
on cooling. In acetone the base exhibits a violet fluorescence, 
in all other neutral solvents a weak greenish fluorescence, and in 
acid solutions a strong blue fluorescence. 
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1 ; 4-Di-(8-6'- methoxy - 2'- methyl -4'- quinolylaminoethyl) piperazine. 
—1 : 4-Di-(8-aminoethy])piperazine (3-4 g.) and 4-bromo-6-methoxy- 
2-methylquinoline (10 g.) were heated at 160° for 1—2 hours, and 
the clear, brown, glassy product extracted with boiling hydro- 
chloric acid (10%). The filtered solution on cooling deposited a 
cream-white gelatinous tetrahydrochloride, which crystallised from 
hot water in white microscopic needles, m. p. above 310° (Found : 
Cl, 18:9; N, 11-4. Cj9H,,0,N,,4HCI5H,O requires Cl, 18-9; 
N, 11-2%). The base obtained from this by means of caustic soda 
was a buff-coloured sticky solid which darkened on exposure to 
the air and also when heated; it did not melt below 300°. The 
base is insoluble in benzene and ether, sparingly soluble in water 
and acetone, and soluble in chloroform, ethyl alcohol, and pyridine. 
It is sparingly soluble in dilute hydrochloric, sulphuric and nitric 
acids but readily dissolves on heating and is reprecipitated on 
cooling, except from nitric acid. It is more readily soluble in 
acetic acid. A violet fluorescence is exhibited by its solution in 
dilute hydrochloric acid. In all other solutions, alkaline, neutral 
and acid, it exhibits a greenish fluorescence observable in the arc 
light and in daylight in the case of the ethyl-alcoholic solution. 
The solutions in concentrated sulphuric and nitric acids are dark 
brown and yellow respectively; only the former exhibits a green 
fluorescence. 

4.(4’-Chloroacetylpiperazino)-6-methoaxy - 2 -methylquinoline.—W hen 
a slight excess of chloroacetyl chloride (1-3 g.) was added drop by 
drop to a solution of 4-piperazino-6-methoxy-2-methylquinoline 
(3 g.) in chloroform (15 c.c.), the solution darkened and became 
very hot. A yellow solid began to separate on cooling and after 
1 hour this was collected, washed with chloroform, and crystallised 
from hot water, the hydrochloride of 4-(4'-chloroacetylpiperazino)-6- 
methoxy-2-methylquinoline being obtained as pale yellow, slender 
prisms, m. p. 256° (decomp.) (Found : free Cl, 10-0; total Cl, 19-8. 
C,,H,,0,N,Cl,HCl requires free Cl, 9-6; total Cl, 19-2%). The base 
was obtained from it as a sticky solid. The picrate was not very 
stable and separated from hot water as a yellow powder, m. p. 
155—160° (Found: N, 16-1. C,,H,)0,N,Cl,2C,H,;0,N, requires 
N, 15-9%). 

The base is sparingly soluble in most solvents, but is more readily 
soluble in alcohol. It is soluble in dilute acetic acid, but its hydro- 
chloride, sulphate and nitrate are only soluble in hot water, from 
which they separate on cooling. The solution in concentrated 
nitric acid is brownish-red, and that in concentrated sulphuric acid 
yellow with a strong greenish-blue fluorescence. 

1 : 4-Di-(8-isocyanoethyl)piperazine.—In the course of a prepar- 
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ation of 1 : 4-di-(8-aminoethyl)piperazine by a modification of 
Franchimont and Kramer’s method (loc. cit.) in which an attempt 
was made to extract the base with chloroform from the strongly 
alkaline alcoholic solution, sodium chloride separated when the 
mixture, which had become warm, was shaken. The salt was 
removed, the filtrate evaporated to dryness, and the solid residue 
extracted two or three times with boiling alcohol. From the hot 
filtered extract, 1 : 4-di-(8-isocyanoethyl)piperazine separated in 
stellate clumps of colourless needles, m. p. 280° (Found: N, 29-0. 
Cj9H,,N, requires N, 29-2%). 

The dihydrochloride separated from a hot aqueous-alcoholic 
solution of the base, on addition of concentrated hydrochloric acid, 
as colourless needles, m. p. 277° (decomp.) (Found: Cl, 27-1. 
C,9H,,N4,2HCI requires Cl, 26-8%). 

The base is readily soluble in water, sparingly soluble in most 
organic solvents, and easily soluble in dilute acetic and mineral 
acids. It dissolves in moderately concentrated sulphuric acid 
with effervescence, giving a solution which on warming develops 
a greenish fluorescence visible in the are light. 

an-Dipiperidino-y-keto-c-methyl-A®’-heptene (III) [or «ae-Dipiper- 
idino-B-acetyl-y-methyl-A8-pentene (IV)].—The hydrochloride of «- 
piperidinobutan-y-one (2 g.) was refluxed with chloroacetyl chloride 
(1-2 g.) in chloroform for 1 hour. The white crystalline solid that 
separated on dilution with acetone was collected after 1 hour, 
washed with acetone, and recrystallised from chloroform—acetone ; 
a dihydrochloride then separated in plates and prisms, m. p. 182° 
(Found: C, 59-2; H, 88; N, 7-7; Cl, 19-3. C,,H,,ON,,2HCl 
requires C, 59-1; H, 8-8; N, 7-7; Cl, 19-4%), soluble in water, 
alcohol, and chloroform but insoluble in benzene, ether, and acetone. 
The salt dissolved with effervescence in concentrated sulphuric acid, 
hydrogen chloride being evolved. It was rapidly attacked by 
concentrated nitric acid on warming, brown fumes being evolved. 
An aqueous solution decolorised bromine water. 


The authors desire to express their thanks to the Trustees of the 
Carnegie Trust for the Universities of Scotland for a Research 
Scholarship awarded to one of them (J. F. 8.) which has enabled 
this research to be carried out, and to the Chemical Society for 
a grant which has helped to defray the expenses incurred. 


RESEARCH LABORATORY, Royal COLLEGE OF PHYSICIANS, 
EDINBURGH. [Received, September 25th, 1931.] 
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CCCCXXVIII.—The Association of Aromatic Nitroso- 
compounds in Solution. 


By DauzieL LLEWELLYN HAMMICK. 


Our knowledge of the association of aromatic nitroso-compounds in 
solution has hitherto been derived almost entirely from the work of 
Bamberger and his co-workers (compare Bamberger and Rising, 
Ber., 1901, 34, 3878), who determined the apparent molecular 
weights of nitrosobenzene and a number of its substituted derivatives 
by measuring the depression of the freezing point of dilute solutions, 
benzene being in most cases the solvent. Hammick and Illing- 
worth (J., 1930, 2358) have shown that nitrosobenzene is definitely 
associated to some extent at the boiling point in carbon disulphide 
solution, but that its molecular weight, in carefully purified and 
standardised acetic acid, is in agreement with the simple molecular 
formula C,H;-NO. Le Févre, however, has recently (this vol., 
p. 810) commented on the fact that Hammick and Illingworth made 
no reference to a determination of the molecular weight of nitroso- 
benzene in acetic acid quoted by Bamberger and Renauld (Ber., 
1897, 30, 2278) and Bamberger and Rising (loc. cit.). It is therefore 
necessary to refer in detail to these results. In the first of the two 
papers is to be found a footnote stating that tne calculated value for 
the molecular weight of nitrosobenzene is 107 and that the values 
102, 112, and 117 had been found in acetic acid solution, no data 
being given. From these results, Bamberger and Renauld conclude 
that nitrosobenzene is unimolecular in acetic acid solution. The 
second paper quotes the same results in the form, M,1;, = 102, 122, 
117 (one of the values 112 or 122 being thus a misprint), with a note 
to the effect that the record of the weights of solvent used in the 
experiments was not available. Results of this kind appeared to be 
of little value in deciding the important question as to the molecular 
complexity of nitrosobenzene in acetic acid and were not quoted, 
even though Bamberger and Renauld’s interpretation of them agreed 
with Hammick and Illingworth’s conclusions. 

Bamberger and Rising (Joc. cit.) drew attention to the fact that the 
presence of two methyl groups in the positions ortho to the nitroso- 
group greatly increased the stability of the polymerised form in 
benzene solution. It was in order to investigate this effect more 
completely that the experiments described below were undertaken. 
It became apparent at the outset that some at least of Bamberger’s 
experiments would have to be repeated, owing to the fact that 
nowhere in his papers dealing with molecular weights of aromatic 
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nitroso-compounds does he quote the value taken for the cryoscopic 
constant or indicate that he ever standardised his benzene. In all 
of our redeterminations of Bamberger’s results we find values for the 
molecular weights greater than his. The discrepancies thus intro- 
duced into the association factors calculated from his results and ours 
are of minor importance except in the case of nitrosobenzene itself, 
where Bamberger’s results imply no association and ours, based on 
experiments in carefully standardised benzene, indicate a small 
association. Owing to Bamberger’s omission of standardisation and 
to the fact that his data in many cases yield molecular weights less 
than the theoretical, we regard ours as the more correct. The degree 
of asscciation calculated from our data (2-4%, see below) is not much 
outside the experimental error involved. Nevertheless, our evidence 
is at least no less in favour of slight association than Bamberger’s 
is against and Le Févre’s observation (loc. cit.) that nitrosobenzene 
gives p-bromonitrosobenzene on bromination in benzene solution 
thus does not necessarily conflict with the observation of Hammick 
and Illingworth that para-substitution occurs only when bimolecular 
nitrosobenzene is present in solution. 

Before degrees of association can be calculated from cryoscopic 
measurements, evidence must be obtained as to the number of 
molecules concerned in the polymerisation. Ingold and Piggott (J., 
1924, 125, 168) showed, in the case of nitrosomesitylene, that the 
association is bimolecular, as had been assumed hitherto without 
direct proof. It does not appear to have been noticed, however, that 
Bamberger and Seligman’s cryescopic measurements of the rate of 
depolymerisation of nitrosobutane can readily be made to show that 
here also the polymeride is bimolecular (Ber., 1903, 36, 690). 

We have calculated association factors (x% in the tables given 
below) as the number of double molecules in a total of 100 solute 
molecules. It may easily be shown that x is given by 100M,/ 
(M — M,), where M is the apparent molecular weight derived from 
the cryoscopic data and M, is that of the simple molecule. Associ- 
ation factors have been calculated from the mean apparent molecular 
weights over the experimental concentration ranges, which cover 
about 0—3 mols. per 100 mols. of solvent. Association must, of 
course, increase with concentration ; but where x is small the increase 
of apparent molecular weight with concentration lies inside the 
experimental] error. With the more highly associated solutes, such 
as s-tribromonitrosobenzene, the effect of concentration on apparent 
molecular weight is perceptible, and by taking the mean molecular 
weight in our calculations of association factors, we are in effect 
deriving factors for concentrations of 1—1-5 mols.%. 
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EXPERIMENTAL. 


[With Waxrer S. IntrsewortH, Witt1am A. M. Epwarps, and 
(Miss) ELEANOR EWBANK.] 


The apparent molecular weights recorded below were determined 
in benzene solution. The benzene was purified in the usual manner 
by repeated freezing out and by shaking with sulphuric acid. It was 
distilled in a stream of dry air from sodium into a reservoir, from 
which it was blown, when required, directly into the Beckmann tube. 
The actual determinations of freezing points were carried out in a 
slow stream of dry air, readings being taken after 1° of supercooling. 
The nitroso-compounds investigated were prepared by standard 
methods and were carefully purified before use. 

The molecular weight of nitrosobenzene itself was determined with 
great care in an extremely pure sample of benzene supplied by Mr. 
L. E. Sutton of this laboratory. Three separate experiments were 
carried out with different samples of nitrosobenzene prepared from 
“molecular weight ’ nitrobenzene, the benzene being standardised 
with naphthalene, which has been shown by Jones and Bury (J., 
1925, 127, 1947) to be a normal solute in benzene. 

Cryoscepic constants, K, given below are freezing-point depres- 
sions for 1 g.-mol. in 100 g. of solvent. M, M,, and x have already 
been defined; M, is the mean of the molecular weights found by 
Bamberger and Rising (loc. cit.); and W, and W, are the weights 
(in g.) of solute and benzene respectively. Nitroso-compounds for 
which molecular weight data are here presented for the first time 
are marked‘ with an asterisk. 


TABLE I. 
Molecular weight of nitrosobenzene in benzene. 
Determination of constant. Nitrosobenzene as solute. 

Ws. CyHy gg. At. | K. W,. C,H,;-NO,g. At. M. 
22-98 0-1617 0-296° 53-85° 25-20 0-3800 0-743° 109-2 
22-98 0-3075 0-565 54-05 22-12 0-1623 0-360 109-6 
22-26 0-1969 0-359 53-58 23-47 0-4513 0-941 109-9 

Mean 53-8 Mean M = 109-6; Mg = 104; 


M, = 107; x = 2:4%. 


Discussion of Results. 

The association factors we have derived from cryoscopic measure- 
ments must not, of course, be interpreted in a rigid numerical sense. 
For instance, it is impossible to claim that because we have found 
association factors in dilute benzene solution for m- and p-bromo- 
nitrosobenzene of 2-2°% and 1-2%, that the former is more associated 
than the latter, or even that they are associated at all. What does 
appear, however, is that if we examine the results for nitrosobenzene 
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Molecular weights of substituted nitrosobenzenes. 


o-Nitrosotoluene ; 


W, = 17-33; K = 52:0°. 


Ww At. M. 


0-1289 0-297° 130-3 
0-2582 0-590 131-3 
0:3390 0-767 132-6 


Mean M, 131-4; 
Ms = 122; 
M, = 121; 2 = 92%. 


p-Nitrosotoluene ; 


W, = 18-38; K = 52-0°. 


We At. M. 


0-0832 0-211° 125-1 
0-1554 0-390 126-5 
0-3238 0-812 126-6 


Mean M, 126-1; 
Mz = 117°8; 
M, = 131; « = 43%. 


4-Nitroso-m-xylene ; 
W, = 18-22; K = 62-0°, 
W.. At. M. 


0-0708 0-142° 142-2 
0-1724 0-350 140-5 
0-4144 0-828 142-8 


Mean M, 141-8; 
Mz = i130°8; 
M, = 134; « = 58%. 


o-Bromonitrosobenzene ; m-Bromonitrosobenzene ; p-Bromonitrosobenzene 


W, = 18-36; K = 52-0°. 
0-1293 0-183 200-1 
0-2895 0-420 195-2 
0-4778 0-692 195-5 

Mean M, 196-8; 
Mz = 177; 
M, = 186; x = 5-8%. 


o-Nitronitrosobenzene ;* 
W, = 28-40; K = 52-3°. 


0-0501 0-042 219-6 
0:0957 0-080 220-2 
0-1631 0-136 220-8 


Mean M, 220-2; 
M, = 152; z = 38-2%. 


Nitrosomesitylene ; 
W, = 20-00; K = 52-6°. 


0-3232 0:337 252-2 
05467 0-548 262-4 
06892 0-678 267-3 
0:9359 0-896 274-7 


Mean M, 264-2; 
My = 233-5; 
M, = 149; 2 = 77-3%. 


W, = 17-64; K = 52-0°. 


0-0807 0-128 185-8 
0-2115 0-323 193-1 
0-2828 0-435 191-6 


Mean M, 190-1; 
M, = 186; 2 = 22%. 


p-Nitronitrosobenzene ;* 


W, = 26-72; K = 62:-3°. 


0-0254 0-032 155-3 
0-0777 0-098 155-2 
0:1035 0-131 154-7 


Mean M, 155-1; 
M, = 162; « = 3-0%. 


s-Tribromonitroso- 
benzene ;* 

W, = 17-61; K = 52-6°. 
0-2387 0-130 396-0 
0-5964 0-413 431-4 
1-1069 0-694 476-3 
1-5921 0-957 496-8 

Mean M, 450-3; 

M, = 354; x = 30-9%. 


a-Nitrosonaphthalene ;* 
W, = 26-85; K = 61:7°. 


W,. At. M 
0-2172 0-259° 
0-4136 0-486 164-2 
0-5808 0-667 167-7 


9 = 157; 


160-8 } Mean M, 164-2; 


W, = 27-00; K = 51-5°. 


0:0457 0-046 189-5 
0-2362 0-241 186-9 


Mean M, 188-2; 
Mz = 188°8; 
M, = 186; «= 1-:2%,. 


o-Nitrosoanisole ;* 
W, = 17-95; K = 52-2°. 


0:0450 0-089 147-0 
0-1357 0-275 143-5 
0-1870 0-380 143-1 


Mean M, 144-5; 
M, = 137; x = 55%. 


m-Nitronitrosobenzene ;* 
W, = 27-89; K = 52:-3°. 


0-1195 0-144 155-6 
0-2114 0-256 154-8 
0-3174 0-387 153-8 
0:-4143 0-503 154-4 
Mean M, 154-7; 
M, = 152; x = 18%. 


x= 46%. 


itself and its m- and p-derivatives, we find indications of small 


associations of about the same order. 


Passing to nitroso-derivatives 


in which there is more than one ortho-substituent, we find that they 
are definitely more associated than nitrosobenzene itself and its 
m- and p-derivatives, the effect of the nitro-group being particularly 
marked *; and in the di-ortho-substituted derivatives we find, in all 

* The magnitude of the influence of the nitro-group in the ortho-position 
led us to hope that the association of the s-trinitronitrosobenzene described 
by Nietzki and Dietschy (Ber., 1901, 84, 57) would be extremely high. Un- 
fortunately all attempts to prepare the compound by following their directions 


failed. 
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the cases examined, enormously enhanced stability of the bimolecular 
form. These facts are summarised in Table ITI. 


6°, TaBe III. 
r , 
“ Substituents. 
5 meta Br NO, 
8 para CH, Br NO, 
x, % 4-2 2-2 1-2 1-8 2-0 Mean x = 2:3%. 
" ortho CH; CH, Br NO, OCH, a-Nitrosonaphthalene. 
‘o* para CH; 
ne x, % 9-2 5-8 6-2 38-3 5-5 
5°, Mean x = 11-6%. 
5 di-ortho CH, CH, Br 
9 para CH, Br 
x, % 75°8* 80-0 30-9 Mean x = 61-9%= 


* Bamberger and Rising (loc. cit.). 


The obvious interpretation cf these results is that the presence of a 


a substituent, whatever its polar nature may be, in one or both of the 
0 positions ortho to the nitroso-group exerts a steric effect that impedes 
: the dissociation of the bimolecular form more than it hinders the 


recombination of the simple molecules. It is not easy to see any 

simple reason for this. It may be noted, however, that the nitroso- 

group is highly polar, the dipole moment of nitrosobenzene being 
;* 3-22 x 10-18 C.G.S. units (Hassel and Naeshagen, Z. physikal. 
Chem., 1930, B, 6, 441). Unpublished results obtained in this 
laboratory by Messrs L. E. Sutton and R. G. A. New have confirmed 
| this figure and shown that the negative end of the dipole is outwards, 
as in nitrobenzene. Dipole associates must therefore be formed in 
solutions of nitroso-compounds and are likely to constitute the first 
step towards the formation of the true bimolecular complex. This 
step will occur under the influence of electric forces and will be a 
bimolecular process. The decomposition of the bimolecular dipole 
complex may occur in several ways, which may be operating con- 
currently, e.g., as a unimolecular process, or as the result of impact 
with other molecules, or as the consequence of a purely electrical 
process in which two polar simple molecules align themselves with 
respect to the dipole complex in such a way that this complex is 
“ loosened ” into two single molecules, thus : 


- + —+ 
| ON:-® ON:® 

+> > + 
| ONO | > ONO 

- | — 
ONO, ON-® 


+- +— 
®-NO ®-NO 
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Clearly a termolecular process such as this would be impeded 
by ortho-substituents more than the bimolecular process that forms 
the complex, and would result in a stabilisation of the bimolecular 
form. 

It is unlikely that the bimolecular forms of nitroso-compounds are 
nothing more than dipole aggregates (compare, however, Bam- 
berger, Ber., 1911, 44, 3066, who regards them as ‘“‘ molecular com- 
pounds ’’). The properties of the unstable bimolJecular forms of the 
aromatic nitroso-compounds cannot be distinguished from those of 
the unimolecular form that is always present with them. The 
properties of the extremely stable bisnitrosobenzyl (CsH,;-CH,*NO), 
(Behrend and Kénig, Annalen, 1891, 263, 212), which is a true nitroso- 
compound, indicate, however, that there is an N-—N link in the 
bimolecular form: for instance, the action of hydrogen chloride in 
chloroform in the cold gives a mixture of benzoyl and benzoyl-benzal 
hydrazines (compare, however, Bamberger, loc. cit.). Rather more 
satisfactory evidence for an N-N link in bisnitroso-compounds is 
found in the properties of these derivatives of the terpenes; ¢.g., 
Baeyer (Ber., 1895, 28, 642) showed that bisnitrosocarone, 
C,9H,;0°N,0,°C,,H,;0, yields with acids a nitrosohydroxylamine 
C,9H,;0°-N(OH)-NO. 

The properties of 1 : 4-dichloro-1 : 4-dinitrosocyclohexane (Piloty, 
Ber., 1902, 35, 3101) throw further light on the question. Two forms 
of the compound exist, one blue and the other colourless. Each gives 
the simple molecular weight in solution. The colourless form 
becomes blue on being heated in solution, and colourless again on 
cooling. There is little doubt that the two forms are cis- and trans- 
isomerides and that the nitroso-groups, though too far apart to 
interact within the molecule in the blue trans-form (I), do so in the 
cis-form (II), the N,O, complex being disrupted on heating. If, 

00 
now, we suppose that the structure of the N,O, group is ity _, we 


can represent the cis-isomeride (colourless) as having two fused six- 


No>e<cHecHD <a” No>C<cHcH>C<No 
( L. ) (I. ) 
membered rings (III), which, as well as being more probable than the 
7- or 8-membered rings that are necessary for any other possible 
structure, is in accordance with the evidence already quoted that 
points to an N-N link. The oxyazoxy-structure, O<N = N->0, 


is found in diphenyleneazone oxide (IV), which is obtained by the 
reduction of oo’-dinitrodiphenyl (Tauber, Ber., 1891, 24, 308) 
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and appears to be the completely stabilised form of 0o0’-di- 
nitrosodiphenyl. 


Cl] —~ 
VO O<> 
HP | N=N 


(III) > N>0 & & av 
Cl 
It is suggested, therefore, that the first step in the polymerisation 
of simple nitroso-molecules is the formation of a dipole aggregate, 
which passes into an oxyazoxy-structure, thus : 


0 O O 


gi +-— - 
+ = | ©: | : 
20-NO —> | PNQ | + ON=N-Oor oN=N-0 
_ ON-® Y 
“ O 
It is not improbable that as an intermediate step the process 
passes through the stage ONCO>NO, which is the structure 


suggested by Ingold and Piggott (J., 1924, 125, 168) for the bi- 
molecular form and is analogous to what is presumably the inter- 
mediate phase in the isomerism of the substituted azoxybenzenes 
(Angeli, Ahrens Sammlung, 1913, XIX, 458). 


Summary. 

Molecular weights have been found in benzene solution for nitroso- 
benzene and a number of its substituted derivatives. It has been 
shown that nitrosobenzene itself and its m- and p-derivatives are 
slightly associated in dilute solution, and that a steric effect by 
mono- and di-ortho-substituents can be detected. 

It is suggested that the first stage in the polymerisation is the 
formation of a dipole aggregate, which passes into an oxyazoxy- 
structure. 





A grant from Messrs. Brunner Mond and Co., which has defrayed 
part of the cost of this investigation, is gratefully acknowledged. 


THe Dyson Prrrins LABORATORY, 
OxFORD. [Received, September 19th, 1931.] 


Note added, November 30th.—It has been pointed out to the 
R:N>N‘R 
author by Dr. S.G.P.Plantthat || Y isa possible formula 
O O 


for the bimolecular forms of nitroso-compounds. It would 
obviously account for their instability; its further implications 
will be discussed in a later communication. 
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CCCCXXIX.—The Saponification of Di-esters. 


By Mowsray RITCHIE. 





CaTaLytTic hydrolysis by hydrochloric acid of dialkyl esters such 
as ethyl succinate or tartrate is a two-stage process, in which the 
velocity coefficient for the first stage is almost exactly double that 
for the second stage. By reason of this integral relationship, the 
reaction is pseudo-unimolecular, and can be represented by the 
ordinary unimolecular reaction formula, where the characteristic 
constant so obtained can be shown mathematically to be a function 
of the velocity coefficients of both reaction stages (Meyer, Z. physikal. 
Chem., 1909, 66, 81, 98). 

For the saponification by alkali of such substances as glycol 
diacetate or glycerol triacetate, the rate of removal of alkali as 
sodium salt can be similarly explained on the assumption that for 
the former ester the velocity coefficient for the first stage is double 
that for the second. Similarly, the ratios of the corresponding 
velocity coefficients for the glycerol compounds under such con- 
ditions are 3 : 2: 1 (Meyer, ibid., 1909, 67, 272). 

These simple relationships do not apply, however, to the saponific- 
ation by alkali of the dialkyl esters of dibasic acids. With ethyl 
succinate, for example, the first reaction involves the negatively 
charged hydroxyl ion and the neutral ester, whereas the second 
reaction now involves the same ion and the negatively charged 
anion of the sodium ethyl succinate. The ratio of the first velocity 
coefficient to the second will in all probability be greater than 2, 
owing to the mutual repulsion of the negative ions in the second 
stage, and will indeed be dependent on the structure and polar 
nature of the acid anion (compare Gane and Ingold, J., 1928, 10). 

Although indications of the relative values of these velocity 
coefficients c-n be obtained from a study of the methods employed 
in the preparation of the mono-esters (compare Walker, J., 1892, 
61, 708), yet apparently no complete mathematical formula has 
been developed by which the first coefficient k, can be accurately 
determined in a way analogous to the application of the ordinary 
bimolecular formula to the second reaction. In certain suitable 
cases, the second reaction can be neglected in the initial stages, 
and the primary reaction neglected in the final stages, by which 
approximate values can be obtained. Knoblauch (Z. physikal. 
Chem., 1898, 26, 96) calculated on this basis the composition at the 
intermediate stages in the saponification of various di-esters; the 
agreement was such that the general principles of two-stage hydro- 
lysis were regarded as experimentally verified. Meyer (Z. physikal. 
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Chem., 1909, 67, 257; compare von Peskoff and Meyer, ibid., 1913, 
82, 129) attempted a complete mathematical analysis of the problem, 
but no general method for the determination of k, was obtained 
except for the very limited number of cases where k, is a simple 
integral multiple of k,. The importance of an accurate knowledge 
of the k, /k, ratio under such conditions has recently been emphasised 
by Ingold (this vol., p. 2170) by its application to the determination 
of the distance between a point in the charged carboxylate group 
and a point in the neutral carboxylate group of the ester anion. 
The method of measurement again involves successive approxim- 
ations. In the present communication a general method is developed 
in which such approximation is not required. The equations have 
been applied in two ways in the case of ethyl succinate in aqueous 
solution, alcoholic solution, and solutions containing alcohol and 
water in the molecular proportion 1:1. The temperatures con- 
cerned were 25°, 15°, and 0°. Similar determinations have been 
carried out on the unsubstituted ethyl malonate, and on ethyl 
methylmalonate, dimethylmalonate, and diethylmalonate, to ex- 
plain as far as possible the different methods necessary for the 
production of the half-ester in each case, with special reference 
to the three-carbon system of the malonic esters. 


Derivation of Formule. 


The following considerations are based on the applicability of 
the mass-action law, the active mass being regarded as the con- 
centration of the reacting substance (the conditions under which 
this may be considered to apply are considered later). 

The reactions are 


(«) R(CO,Et), + NaOH = R(CO,Na)(CO,Et) + EtOH, 
(8) R(CO,Na)(CO,Et) + NaOH = R(CO,Na), + EtOH. 


Let the velocity coefficient of the reaction («) be &, and that for 
the second reaction k,. At the beginning of the reaction, at time 
t = 0, let the concentration of di-ester be A, and that of the alkali, 
[NaOH], be B. At any other time ¢, let the concentrations be 
represented as follows : 


[R(CO,Et),] = A — x [R(CO,Na)(CO,Et)] = y 
[NaOH] =B-—w [R(CO,Na),] =x 2 


By consideration of the amount of alkali (w) used in production 
of the mono-ester (y) and disodium salt (z), it follows that x = y + z, 
and w = y + 2z, whence 


(1) 


y= 2r—w 
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The differential equations are then 


d(A — x)/dt = — dx/dt = —k,(A—2x)(B—w). . (2) 
and dy/dt=dz/dit—ky(B—w) .... . (3) 
The problem is to eliminate x and y, in order to obtain a relationship 
between A, B, k,, k,, w, and ¢. 

From equation (3), d(x — y)/dt = k,(B — w)y, and by applying 
equation (2), d(x —y)/dx=ky/k,(A—2x), or 1—dy/dx= 
ky/k,(A — x). Substituting v = y/(A — x), we have 

k, .dvu/[k, + (k, — k,)v] = dx/(A — x), 
whence, on integration and employment of the initial conditions, 
x = y = 0 wheni = 0, 


k, ‘ : " me A k, 
& —&)’ log [k, + (k, — k,)v] = log is + E. —k) - log k,. 





Since v = y/(A — 2), it follows that 


3 Spey ’ A 
Ry 8 i+ ki, a 1 |= lege zn)’ 
or, on putting (kt, — k,)/k, = m, 
log [1 + my/(A —x)] =mlogA/(A—2z). . (4) 
Since y = 2x — w, 
log [1 + m(2x — w)/(A — x)] = log A”/(A — x)” 


and hence 








mw = A+ 2(2m —1) —-A™(A—2zx)-™ . . (5) 
Differentiating this equation with respect to w, it follows that 


Am i m dw A (2m — 1) 
(4 —2)"  (l—m) dx (1—m)’ 


and by substitution in (5), 
w(l — m) = (A — x) — (A — 2). oe 4 2a —2mrz. . (6) 





From equation (2), (A — x).dw/dz = (dw/dt)/k,(B — w). Hence, 
from equation (6), 
x(1 — 2m) = w(1 — m) — A + (dw/dt)/k(B—w). . (7) 

x can now be eliminated from equation (5); and by simplication 
and application of the identity m = 1 — k,/k,, the equation finally 
obtained is 
” dw(l—m) _ 

dt.k,(B—w) ~ 


m| L—m |}-™[ dw 1 a ae | 
A lan | ar Ee wy— 4 w) ee 


2A —w 
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which is a relation between the unknown k, as given by m = 1 —k,/k, 
in terms of A, B, w, k,, and dw/dt. 

The two equations which have been applied to the determination 
of m or k, are (4) and (8). The first of these is of limited application, 
since evaluation of m depends on the accurate determination of y 
and (@ — 2), t.e., the quantities of mono- and di-ester present; it 
does not involve t. The second has not been found integrable, 
but completely satisfactory values of m can be obtained as follows. 
By plotting experimental values of w against t, dw/dt can be obtained 
for any value oftorw. Fora given value of w and the corresponding 
value of dw/dt, the left-hand side of equation (8) can then be plotted 
as a straight line for different values of m; the right-hand side is 
represented by a curve. The intersection gives the required values 
of m and &k,. 

Constant values for k, and k, can only be obtained if (1) the 
active masses of the reactants can be truly represented by their 
concentrations, in a reaction which is not affected by varying 
proportions of other catalysts, and (2) the effect of the reverse or 
esterifying reaction is negligible. The concentrations in the actual 
experiments were usually between 0-01 and 0-02N, and seldom 
exceeded 0-:03N. No salt was present except that produced during 
the reaction. It appears probable that active mass can be here 
replaced without much error by concentration; and even if a 
certain catalytic activity must be ascribed to the other ions and 
molecules present in the solution, their effect on the reaction must 
be very small in comparison with that of the hydroxyl ion (compare 
Dawson and co-workers, J., 1913, 103, 2135, and later papers). 

For aqueous-alcoholic solutions, it has been shown by Wegscheider 
(Monatsh., 1918, 39, 201) and by Caudri (Rec. trav. chim., 1929, 48, 
422, 589) for the saponification of esters such as ethyl acetate, that 
a bimolecular formula can still be applied and constancy of k ob- 
tained if allowance is made for the partial conversion of sodium 
hydroxide into ethoxide. The chief postulates in the mathematical 
considerations are a rapid attainment of equilibrium between 
hydroxide and ethoxide and the application of the mass-action 
law in the given solution. For dilute solutions, the constant found 
will be practically independent of the initial concentration. Such 
predictions have received further experimental confirmation by 
McCombie, Scarborough, and co-workers (J., 1921—1926) for the 
saponification of various esters of the ethyl acetate type. 


ExPERIMENTAL. 


Preparation and Purification of Esters——Ethyl succinate was 
prepared by direct esterification of succinic acid by absolute alcohol 
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in the presence of concentrated sulphuric acid, and the ethyl hydrec- 
gen ester by the action of sodium ethoxide on succinic anhydride 
in absolute alcohol (compare Blaise, Bull. Soc. chim., 1899, 21, 
643). Ethyl methylmalonate, dimethylmalonate, and diethyl- 
malonate were obtained from ethyl malonate by the sodium iodide 
method (Conrad, Annalen, 1880, 204, 129; Perkin, J., 1884, 45, 
570). The mono-esters were in these cases prepared by the method 
of half-saponification (Freund, Ber., 1884, 17, 780; Walker, J., 
1892, 61, 708). 

Satisfactory purification of the succinic esters was accomplished 
by distillation. The di-ester was distilled both at atmospheric 
and at reduced (10 mm.) pressure. The mono-ester was distilled 
several times under about 4 mm. by the aid of a Hyvac oil-pump. 
Tests for purity included titration by standard alkali of the mono- 
ester, together with complete saponification of both mono- and 
di-esters: the amount of alkali required was in good agreement 
with the theoretical values (99-8—100-5%). 

It was more difficult to purify the substituted esters sufficiently 
for the purpose in view. About one-quarter of the alkali necessary 
for complete saponification was, therefore, added to the crude 
ester in alcoholic solution, any ethyl malonate present being thus 
removed owing to its preferential saponification (see *,, p. 3120), the 
amount remaining being shown to be very small by determinations 
of velocity coefficients carried out after redistillation. A similar 
difficulty occurs to a less degree in the preparation of the hydrogen 
esters from the di-esters by half-saponification. In the case of 
the substituted esters whose velocity coefficients are very small, 
further purification by complete hydrolysis, recrystallisation of 
the resulting dibasic acids, and re-esterification would appear to 
be desirable (compare Gane and Ingold, J., 1926, 10). Distillation 
of the mono-ester in the malonic series is rendered less effective by 
the tendency of such esters to decompose into alcohol and dibasic 
acid even at 4 mm. pressure. In titrations for purity, the amount 
of alkali used was about 0-5% greater than that theoretically re- 
quired, and a correction was accordingly applied in the calculation 
of the velocity coefficient. 

All esters were obtained as perfectly clear, colourless liquids. 

Procedure.—The velocity coefficient of the second reaction, i.e., 
the saponification of the hydrogen ester, was calculated by the 
ordinary bimolecular formula 


ky = 2-303t/(a — 6). logy, (a — x)/a(b—x) . . (9) 


where @ and 6 are the initial concentrations (in g.-mols. per litre) 
of the reacting substances, and x is the number of g.-mols. per litre 
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transformed in ¢ minutes. Examination of the formula shows that 
a small error in a has a comparatively small effect on the calculated 
value of k. The value of x, however, must be determined accurately, 
especially in the initial stages of the reaction, where x and b(a —.x)/ 
a(b — x) are small. If x is large, the reverse reaction must be 
considered. 

Experimentally, x was determined by the fall in alkali concentra- 
tion as based on titration with dilute hydrochloric acid (approx. 
N/100), standardised against sodium hydroxide, which, in turn, 
had been standardised by means of pure succinic acid. Phenol- 
phthalein was the indicator employed. In such titrations every 
precaution was taken to exclude carbon dioxide, in view of the 
dilution of the solutions involved. All aqueous solutions were 
made up from distilled water which had been boiled and cooled 
in an atmosphere free from carbon dioxide. The reaction and 
titration vessels were always well washed out with carbon dioxide- 
free air. During the withdrawal of solution by pipette from the 
reaction mixture, a current of such air was passed into the reaction 
vessel, the measured volume transferred to a conical flask (free 
from carbon dioxide and also immersed in the thermostat), phenol- 
phthalein added, the flask removed, and titration performed as rapidly 
as possible at a noted time. The complete disappearance of the 
pink colour was taken as the end-point. 

When the reaction investigated was a rapid one, alkali of accurately 
known normality (approx. N/10) was placed in a thin glass bulb 
which was inserted into the reaction vessel containing the ester 
solution. The closed vessel was immersed in the thermostat until 
temperature equilibrium was judged to have been attained; then, 
at a noted time, the glass bulb was broken, and mixing rapidly 
accomplished. Another method involved the addition of alkali 
from a flask containing a known volume, the remaining alkali being 
determined at once by titration. No difference could be detected 
in the velocity coefficients obtained for a given ester by the two 
methods. 

A complete series of control experiments without ester was 
undertaken, to determine any loss of alkali which might be occasioned 
by the procedure involved in withdrawal of solution by pipette, 
etc. For all solutions, alcoholic as well as aqueous, the alkali 
recovered was in good agreement with that initially added. Results 
showed a slight tendency to be low, the discrepancy being equivalent 
to not more than 0-1 c.c. of the N/100-hydrochioric acid used in 
the titration. If the reaction is strictly bimolecular, this error 
would result in high values of & in the initial stages of the reaction, 
where x is small, and the effect of such an error is relatively large. 
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Determination of k,.—Calculation of m from equation (4) involves 

the accurate determinations of y and (A — x); and w must satisfy 
the relation y = 22 — w. 

The case of ethyl succinate was here examined in detail. If at 
any time the reaction is stopped by titration with hydrochloric 
acid, the resultant solution contains sodium chloride, ethyl succinate, 
sodium ethyl succinate, and sodium succinate. Extraction of the 
di-ester by ether, followed by determination of its amount by 
complete saponification, did not give satisfactory results. It was 
then found that 10 minutes’ steam distillation at atmospheric 
pressure completely removed the di-ester from mixtures with 
sodium ethyl succinate, which remained unaffected, and this pro- 
cedure was checked by complete saponification of the two esters 
thus separated from artificial mixtures. With the actual experi- 
mental solutions of the reaction mixture, however, this method 
did not give accurate results, as judged by application of 
the equation y= 2x—w. This was found to be due to the 
presence of sodium succinate, a solution of which, when steam- 
distilled, becomes alkaline owing to the removal of succinic acid. 
The free alkali thus produced reacted with the esters present and 
caused inaccurate values to be recorded. Satisfactory results 
were finally obtained by adding about 0-5 c.c. of N/100-hydro- 
chloric acid before distillation, practically the only acid then present 
being succinic acid, which would have a very small hydrolytic 
effect, even at 100°. Any succinic acid (or anhydride) which 
collected with the di-ester was neutralised by alkali before deter- 
mination of the amount of ester by saponification was begun. Such 
saponification involved the addition of at least twice the required 
amount of sodium hydroxide, the solution being allowed to stand 
for 2—3 days, and the reaction finally completed by several hours’ 
warming. The unused alkali was determined by titration with 
acid as before. Control experiments with alkali were here also 
carried out. 

Preparation of Ester Solutions.—All solutions of di-esters were 
made up by dissolving the weighed amount in the required solvent 
in a standard flask. 

Sodium ethyl ester solutions were prepared by neutralisation 
of a weighed amount of ethyl hydrogen ester by addition of the 
calculated volume of standard sodium hydroxide solution, pre- 
cautions being taken to prevent saponification. The solution 
was then made up to the mark in a standard flask with the required 
solvent. No indicator was employed; any excess alkali required 
was determined in a separate portion and deducted from the amount 
added in an actual velocity-coefficient determination. The amount 
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of mono-ester present was calculated from the weight taken, on 
the assumption that the corresponding free dibasic acid was the 
only impurity which could raise the alkali required for neutralisation 
above the theoretically calculated value. The correction was 
always small, being seldom greater than 0-5%, and it affects the 
calculated velocity coefficient to a very slight extent. 

Sodium Hydroxide Solutions.—In each case, the required solution 
was made by dissolving stick alkali in the necessary solvent, the 
outer surface of the stick having previously been removed by 
washing. Every precaution was taken to prevent access of carbon 
dioxide in any operation. 

Specimen Calculations.—(1) Determination of k,. The following 
figures refer to the saponification of sodium ethyl succinate in 
aqueous solution at 15°; k, is calculated by equation (9). 


a= 0-02105; b = 0-00933. 


t HCl (6 — 2) (a — 2) 

(mins.). (c.c.). x 105. zx x 105. x 105. ke. 
4-0 15-10 855 78 2027 (1-07 
10-75 13-32 753 180 1925 0-981 
16-0 12-08 684 249 1856 0-987 
23-0 10-77 610 323 1782 0-960 
28-5 9-74 551 382 1723 0-975 
34-75 8-75 495 438 1667 0-982 
39-0 8-19 464 469 1636 0-979 

Mean 0-977 


(2) Determination of k,. Ethyl succinate in aqueous solution 


at 15°. 
A = 0-00891; B = 0-00838. 








(a) Time-titration method. (6) Separation method. 

t HCl (B—w) x ‘i (A — x) 
(mins.).  (c.c.). x10. wx 10. ygxie. 2x IO. x 105. 
0 -- 838 0 — _ _- 
3°75 10-00 691 147 — -- _- 
8-25 8-19 566 272 256 264 627 
13-5 6-76 467 371 336 353 538 
19-0 5-62 389 449 395 422 469 

23-0 4-99 346 492 -— - = _ 


In method (a), by plotting ¢ against w, the following values were 
obtained : 


RD ana ciieschdedsdidalebincknad: 267 384 
Bw [de X10" . ...ccccccccccvcsecscnccsccce 2415 1592 
Employing then the general formula (8), with k, = 0-974 (average 
value), we obtain, by graphical intersection of the curves represent- 
ing the value of each side of the equation for various values of m, 
the values m, = 0-856 and m, = 0-850; hence m = 0-853, and 
k, = k,/(1 — m) = 6-63. 
In method (b), which gave y directly, the values of x were calculated 
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from the equation 2x =w-+ y. Other experimental values of 
(A — x) are tabulated below, together with the means; and the 
corresponding values of m calculated by the aid of equation (4) 
are shown: they are in good agreement with the values 0-850 and 
0-856 obtained by method (a). 


Results. 
Ch os DW: 36: BOP. ccriacevewsssecatecbhics 624 530 458 
“i - pM cenecussavaanes 626 534 464 
ey RRR RE ee 265 357 427 
y X 10° = (22 — w) x 10°......... 258 343 405 
WE ccckscnvescaninssieqedinecesiesnssnntatons 0-84 0-85 0-85 
Ethy] ester. Temp. k,. m. m’, k. key /Ieg. 
1. Aqueous solution. 
Succinate 25° 1-93 0-843 0-82 12-3 6-37 
15 0-974 0-849 0-83 6°38 6-55 
0 0-330 0-853 0-81 2-24 6-79 
Malonate 25 1-08 0-9915 127 118 
15 0-56 0-9927 76°7 137 
0 0-190 0-9935 29-2 154 
Methylmalonate 25 0-40 0-9886 35-1 87-8 
15 0-195 0-990 19-5 100 
2. Aqueous-alcoholic solution (50% by mols.). 
Succinate 25 0-325 0-826 0-81 1-87 5-75 
15 0-136 0-831 0-83 0-80 5-88 
0 0-038 0-820 0-81 0-211 5-55 
Malonate 25 0-217 0-9872 16-9 77-9 
15 0-088 0-9855 6-11 68-9 
0 nose — 1-72 
Methylmalonate 25 0-0838 0-965 2-40 28-7 
15 0-041 0-963 1-11 27:1 
Dimethylmalonate 25 0-0042 0-926 0-057 13-6 
Diethylmalonate 25 0-00024 0-784 0-0011 4:57 
3. Alcoholic solution. 
Succinate 25 0-0195 0-024 
Malonate 25 0-006 0-220 
15 0-090 


k, = average value of the second-stage velocity coefficient, 

m = average value derived from method (a), 

m’ = average value derived from method (6), 

k, = average value of the first-stage velocity coefficient calculated from k, = 
k,/(1 — m). 


In view of the very limited solubility of the disubstituted di- 
esters in water, such determinations were not attempted. Even 
in 50% alcoholic solution, the second-stage reactions are so slow 
that the bimolecular formula can be applied without much error 
directly to the primary reaction. 

General Conclusions.—1. The various equations based on the 
mass-action law, and dependent on the equivalence of “ active 
mass ”’ and ‘‘ concentraticn,” hold for all aqueous and aqueous- 
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alcoholic solutions under the conditions of dilution, etc., obtaining 
in the experiments. 

2. Increase of temperature produces increased velocity of reaction 
in all cases, the coefficients in both reaction stages ranging from 
1:7 to 2-7 per 10°. Increase of alcoholic content in the solution 
decreases very considerably the rate of reaction, the decrease being 
proportionately greater for a rapid reaction in aqueous solution. 
In such a case, the alcohol actually produced during the saponific- 
ation may cause decreasing velocity coefficients to be obtained in 
a given experiment. In purely alcoholic solutions, the velocity 
of reaction tends to zero. Owing to the method of preparation 
adopted for the necessary solutions of sodium ethyl esters, such 
solutions always contained the small amounts of water produced 
in the neutralisation of the ethyl hydrogen ester and the sodium 
hydroxide. Velocity coefficients are therefore not strictly com- 
parable in ‘‘ alcoholic ” solution. In 50% alcoholic solutions, the 
effect of such water will be negligible, and in any case will tend to 
be counteracted by the alcohol produced during the reaction. 

3. The ratio of the velocity coefficients for the first and second 
stages [k,/k, = 1/(1 — m)] varies definitely with alteration of 
temperature and solvent. With aqueous solutions the ratio in- 
creases with fall in temperature. Increasing proportions of alcohol 
decrease the ratio for a given temperature. For a given series 
of alcoholic concentrations, the effect of temperature appears to 
be less as the proportion of alcohol increases. 


Discussion. 


The velocity coefficient k, expresses the rate of the reaction 
involving essentially the neutral symmetrical ester and the negative 
hydroxyl ion. Assuming that reaction means the presence, momen- 
tary or otherwise, of electric charges at the points of attack, then 
obviously ethyl malonate itself, with its relatively very large value 
for k,, is the example in which such effects show themselves at a 
maximum. ‘This is, of course, in agreement with those other well- 
known phenomena, the peculiarity or essence of which lies in the 
presence of the groups CO, CN, etc., or duplications of these. If 
the double-bonded carbonyl group be taken here as the chief origin 
of disturbance, the ethoxy-group as well as the central methylene 
group must be regarded as similarly affected. In ethyl malonate, the 
ready reactivity of the hydrogen atoms of the central carbon atom 
is due to the two carbonyl groups acting in the same sense, as is 
exemplified by their easy replacement by sodium atoms under suitable 
conditions. If one replaceable hydrogen atom is replaced by an > 
alkyl group, the reactivity of the remaining atom is not destroyed. 

51 
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In the same way, the high k, for ethyl malonate must indicate 
that a similar effect is produced on the ethoxy-group, the ethyl 
group being easily replaced by a sodium atom under proper con- 
ditions. The velocity coefficient can thus be taken as expressing 
the state of activation of the ethoxy-group, this activation being 
dependent mainly on the presence of the double-bonded carbony] 
group adjacent. It does not follow that the saturated ether linkage 
is necessarily the first point of attack by the reagent. Comparison 
between the different esters cannot be undertaken, however, without 
a knowledge of all conditions that are likely to affect the molecules, 
The electronic nature and the size of a replacing group in the malonic 
series must be considered, the first with relation to the distribution 
of reactivity throughout the molecule, and the second with regard 
to the spatial alterations which undoubtedly are involved (compare, 
inter alia, Gane and Ingold, loc. cit.). Many factors, e.g., the ease 
of anhydride formation in the substituted dibasic acids, show that, 
for the lower members of the series, at least, the distance between 
the terminal carboxy-groups decreases on substitution. In the 
esters, substitution will radically alter the rate of saponification, 
not only from the steric-hindrance point of view, but also from the 
polar point of view, involving the space effect of the poles on the 
distribution of reactivity. Finally, such changes will undoubtedly 
affect the arrangement of the solvent dipoles round the reactive 
centres of the molecules; and it would seem that the presence of 
such ‘‘sereens”’ of dipoles would be of the greatest importance in 
the attack by a saponifying agent. 

Increase of alcoholic content in the solvent is accompanied by 
a rapid fall in velocity coefficient. It appears extremely probable 
that in 100% alcohol k is zero; in other words, sodium ethoxide 
has no effect on the saponification. Addition of alcohol to an 
aqueous solution will reduce the effective concentration of sodium 
hydroxide by reason of the equilibrium NaOH + C,H;,OH = 
C,H,ONa + H,O. This would apply to any ester solution; but 
in the case of ethyl malonate, where the fall in velocity coefficient 
is very large (127 in aqueous solution to 16-9 in 50% aqueous- 
alcoholic solution) the effective sodium hydroxide concentration 
may be further reduced by replacement of the hydrogen atom, 
since it is under these conditions, viz., in alcoholic alkali solution, 
that such replacement is experimentally carried out. A rapid 
fall in velocity coefficient is thus to be expected as the solution 
increases in alcoholic content. In any given experiment with ethyl 
malonate in aqueous-alcoholic solution, a fall in velocity coefficient 
in the initial stages of saponification was experienced, and thought 
to be due to a slight progressive reduction in the effective hydroxide 
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concentration (in addition to that due to saponification). Under 


9 


these conditions, the true meaning of the “velocity coefficient 
would appear to require consideration; the actual figures obtained 
would be misleading for purposes of comparison, in the sense that 
the true value of the alkali concentration is not accurately known but 
is less than that determined by analysis. The ratios of the velocity 
coefficients for the first and second reaction stages ought, however, 
to remain unaffected. According to Caudri (loc. cit.) and McCombie, 
Scarborough, and co-workers (e.g., J., 1921, 119, 970), the variation 
of velocity coefficient with alcohol percentage for an ester of the 
ethyl acetate type follows an irregular curve; the effective alkali 
concentration may be again altered, due either to solvent complexes 
or to selective adsorption or attraction of solvent dipoles (compare 
Kolthoff, Rec. trav. chim., 1929, 48, 220; Burrows, J., 1921, 119, 1798). 

In the cases investigated, the temperature coefficient per 10° 
increases with increasing content of alcohol, increase being greatest 
for ethyl malonate. Below are given for three esters the temper- 
ature coefficients for the range 15—25° in (i) aqueous solution and 


(ii) 50% aqueous-alcoholic solution : 
(i.) (ii.) 


Ethyl succinate .......ccccccccccccscccsscccccece 1-93 2-34 
Si MR cacactiecnsccsinctichectencenses 1-66 2-76 
bs MROCRYIMMIOMMEO -occccidscccccdsdsctece 1-80 2-20 


Rise in temperature may mean the partial removal of ‘‘ screening ” 
dipoles, thus affording a relatively greater chance of attack by the 
reagent. It is to be expected that alcohol molecules would be 
more loosely held than water molecules, and in consequence a rise 
in temperature would involve a higher temperature coefficient. 
The dissociation constants for the corresponding dibasic acids 
are of interest in this connexion, in that the primary constant 
expresses the tendency of the acid molecule to part with one hydro- 
gen atom in the form of the proton, whereas k, expresses the tendency 
for the ester molecule to lose its corresponding ethyl group. It 
must be remembered that the saponification represents a bimolecular 
process subject to steric effects which are not so evident in the 
unimolecular dissociation. Col. 1 below gives the ester involved, 
col. 2 the first-stage velocity coefficient in 50% alcohol solution, 
and col. 3 the dissociation constant for the corresponding dibasic 
acid as obtained by Vogel (J., 1929, 1486) for aqueous solution. 


Ester. ky. K . i¢. 
PINE GRID oticnssacaccecnctscapasssceaiess 16-9 14-10 
so | «Mmethyimalomate oi... .cccsesccssee. 2-4 7-99 
»,  Gdimethylmalonate ...............c.c00« 0-057 6-57 

9p CRIS onic ccciccvcscccscese 0-0011 63-9 


Obviously, other factors are involved. 
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When the first ethyl group of the di-ester has been removed by 
saponification, the molecule is no longer symmetrical, the negatively 
charged ion being involved in the reaction. According to Meyer, 
the effect of the negative charge is the repulsion of the hydroxy] 
ion which is essentially responsible for the removal of the ethyl 
group. The further away the remaining carbethoxy-group from the 
negative charge of the ester kation, the less will be the effect, and 
the more nearly will the ratio k,/k, approach the value 2. The 
ratio for the succinic esters is nearer to 2 than is that for the malonic 
esters. The figures given by Ingold (this vol., p. 2176) for the 
series show that such a decrease is actually obtained, the ratio at 
20-3° for methyl azelate being, however, 3-61. As indicated also 
by conductivity measurements on the dibasic acids of this homo- 
logous series (Gane and Ingold, J., 1928, 1594), the distance between 
the terminal groups increases steadily with, though not propor- 
tionately to, the total number of carbon atoms. The increase in 
the k,/k, ratio with fall in temperature, observed in aqueous solution, 
presumably corresponds in part to the normal contraction of the 
molecule. 

In the malonic ester series, substitution by methyl] or ethyl groups 
of the replaceable hydrogen atoms is also accompanied by fall in 
the k,/k, ratio, a fall which may be explained by an increase in 
valency angle (of the central carbon atom) on ionisation due to the 
attraction of the negative charge for the substituting positive 
group. The sequence for k,/k, in 50% alcoholic solution at 25° 
is: unsubstituted ester 77-9, monomethy] derivative 28-6, dimethyl 
derivative 13-5, diethyl derivative 4-57. The large value for ethyl 
malonate as compared with ethyl succinate (5-75) is probably to 
be attributed to the fact that the charge produced by ionisation 
is directly transferable in part to the carbon atom of the carboxy- 
group (compare Ingold, Rec. trav. chim., 1929, 48, 804), and acts 
in opposition to the carbonyl group, the final retarding effect on 
the k, reaction being at its greatest in the short-chain unsubstituted 
ester. 

The ratio k,/k, seems definitely to decrease as the proportion 
of alcohol increases in the solution. This holds for the succinic 
as well as for the malonic esters, and consequently the ratio seems 
to be a function of the general mechanism of the saponification 
rather than of any peculiarity of the ester itself. It represents a 
relatively yreater retardation of the k, reaction, and may be ex- 
plained as due to the “‘ blanketing ” effect of the larger ethyl alcohol 
polar molecules attached to, or surrounding, the reactive centres ; 
the greater the number of such molecules, the less will be the re- 
activity of the molecule as a whole. 
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Summary. 


A general method has been developed for the determination of 
the velocity coefficient of the first reaction in the saponification of 
dialkyl esters by alkali. The equations have been tested in two 
ways in the case of ethyl succinate. The temperatures concerned 
were 25°, 15°, and 0°, the solvents being water, ethyl alcohol, and 
an equimolecular aqueous-alcohol mixture. The effect of alteration 
of such conditions on the velocity coefficients and on the ratio of 
this function for the first- and second-stage reactions has been 
investigated and discussed for ethyl succinate, malonate, methyl- 
malonate, dimethylmalonate, and diethylmalonate. 


The author desires to express his thanks to Professor Kendall 
and to Sir James Walker for unfailing interest and kind criticism 
and advice. 


THE UNIVERSITY, EDINBURGH. [Received, October 20th, 1931.] 





CCCCXXX.—The Chlorination of Anilides. Part VII. 
The Constitutional Influence of the Acyl Group 
upon Side-chain Reactivity. 

By Gwyn WILLIAMS and SAMUEL PERCY HUGHEs. 


A NEw method for the analysis of solutions containing both chloro- 
amine and free chlorine was applied by Orton, Soper, and Williams 
(J., 1928, 998) to show that N-chlorination and C-chlorination of 
anilides are simultaneous side reactions, and subsequently (Williams, 
J., 1930, 37) to investigate the effects of substituents upon the rates 
of N-chlorination of acetanilides and acetobenzylamides in 40% acetic 
acid at 18°. This investigation has now been extended to an examin- 
ation of the constitutional influence of the acyl group on the kinetics 
of chlorination. The reactions may be summarised by the equations 


Ar-NClAc + HCl 
Ar-NHAc + Cl, <_ 
~ Cl-(Ar-H)-NHAc + HCl 
The unsubstituted acylanilides are frequently chlorinated too 
rapidly for the convenient measurement of reaction velocities 
(Table I), so the chloro-substituted anilides have been employed 
(Table II). The medium is, in all cases, 40% acetic acid (6-90 N), 
and the temperature 18°+ 0-01°. In the tables, ky and ky are 
second-order velocity coefficients for N- and C-chlorination respect- 
ively, and each value is the mean of at least three determinations. 
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The mean deviation from the mean is estimated to be in most 
instances about + 2%, and exceeds + 6% only with chloroform. 
anilides (see Experimental). A dash in the tables indicates that the 
reaction in question is too slow for accurate measurement in compari- 
son with the other (simultaneous) reaction taking place. The word 
‘ rapid ” signifies that the reactions are of the same order of rapidity 
as with acetanilide, or possibly even faster. The rates of reaction for 
acetanilide were determined by special methods by Orton, Soper, 
and Williams (loc. cit.). 


TABLE I, 
Chlorination of C,H,;-NHAc. 
Ac-. ky. ke. ky/ke. 
H-CO-— — Rapid 0-175 
CH,°CO- 96 11,000 0-00873 
CCI,-CO- _- 149 — 
TABLE II. 
(a) Chlorination of o-Cl-C,H,-NHAc. 
K, x 10° K, Xx 10° 
for for 
Ac-. kx. ke. Ac*OH. Ac- ky. ke. Ac:OH. 
H-CO- 1170 — 21-4 CH,Cl-CO-—=_112 = 155 
CH,°CO- 286 — 1-85 
(6) Chlorination of p-Cl-C,H,-NHAc. 
H-CO- 425 — 21-4 CH,Cl-CO— 29-3 36-4 155 
Me-CO- 115 =—-135 1-85 CCl,-CO- — Veryslow, Strong 
Et*CO- 72 #«167 1-4 cf. Table I 
Pre-CO- 78 169 1-5 Ph:CO- 28-3 57-2 6-6 
Pr8-CO- 35 =: 163 1-5 Ph:SO,— Rapid — Strong 


The value for the ratio ky/k, is determined by measuring the 
final chloroamine titre at the end of the reaction, and that given 
in Table I for formanilide is possibly not exact (although consistent 
results were obtained with the initial concentration ratio 
[Ar-NHAc}]/[Cl,] varying from 5-5/1 up to 25/1), owing to the chance 
of formation of the chloroamines of the primary products of nuclear 
chlorination (Orton, Soper, and Williams, loc. cit.; see also Soper, 
J. Physical Chem., 1927, 31, 1192). It is nevertheless certain from 
the evidence with other compounds that this ratio is much higher for 
formanilide than for acetanilide ; the replacement of the acetyl group 
by the formyl group facilitates N-chlorination. This effect is seen 
again in both sections of Table IT. 

The last column in Table II gives the ionisation constants at 25° 
for the acids Ac-OH (Scudder, “ The Electrical Conductivity and 
Ionisation Constants of Organic Compounds,” London, 1914; 
Landolt—Bérnstein, “‘ Tabellen,”’ Berlin, 1923-31). 
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Discussion of Results. 
Uncertainties with regard to the influence of solvents upon 


he reaction kinetics impose limitations upon the use of comparative 
ri. rate measurements to determine the constitutional influence of 
rd groups upon reactivity. Although, when a standard substance 
ty (in the present instance, chlorine) is made to react with a series of 
‘= compounds under fixed conditions, the only variable is apparently 
er, constitution, and differing rates of reaction may in the last resort 


be ascribed to the imposed variations in constitution, yet specific 
mutual actions between solvent and solute may operate as “ inter- 
mediate ” independent variables, and thus obscure the direct 
relation between constitution and change of reactivity. Conant and 
Hussey (J. Amer. Chem. Soc., 1925, 47, 480) and Lapworth (this 
vol., p. 1964) have expressed the view that only large differences of 
velocity are of significance in relation to changes of constitution. 

These difficulties were discussed in a previous paper (Williams, 
loc. cit.), and it was shown by tabulation of a large number of different 
side-chain reactions that, in polar solvents at least, the regularities 
in the effects of substituents over-shadow specific solvent effects, 
since the reactions can be correlated and classified fairly consistently 
Hi. by means of the electronic theories. In this field, therefore, it is 
probable that provisional rough conclusions may be drawn from 
velocity measurements. 

It is evident from the foregoing tables that the presence of a 
methyl substituent in the acyl group retards N-chlorination; the 
effect is especially marked in p-chloroisobutyranilide. The presence 
of chlorine in the side chain also retards N-chlorination. A difficulty 
in interpretation thus arises, for previous work on the effects of 
he substituents (J., 1930, 37) has shown that both the foregoing sub- 





10° 


ig 


i 


en stituents, when present in the nucleus, enhance the rate of N-chlorin- 
nt ation. The conclusion was then drawn that N-chlorination (like 
io C-chlorination) is facilitated by the transmission of a negative charge 
ce to the atom to which the replaceable hydrogen is attached, and that 
ar the significant stage in the process is the attachment of an incipiently 
er, positive chlorine component. From this point of view, the acceler- 
m ating influence of nuclear substituted chlorine had to be ascribed to 
or predominating tautomeric effect (+ 7'; Ingold, Ann. Reports, 1927, 
up 24, 151) and it was, in fact, found that, when the reacting atom was 
en not directly attached to the nucleus, as in the acetobenzylamides, 


nuclear chlorine depressed the reaction rate (— J). By a process of 
5° reasoning similar to that employed by Orton and Bradfield (J., 1927, 
id 986), it would appear, if the reactive form of the anilide is assumed to 
4; be the normal form Ar-NH-CO-R, that the rates of N-chlorination of 
acylanilides should decrease with increasing ionisation constants of 
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the corresponding fatty acids. Table II shows that this expectation 
is justified with the w-chloro-compounds, which suggests that the 
retarding influence of chlorine in the acyl group is due to its normal 
inductive effect (— J). On the other hand, ky for the w-methyl- 
substituted anilides increases with increasing ionisation constant of 
the acid, although the values for ky are, actually, inversely parallel 
to the K, values * and are also parallel to the velocity coefficients for 
nuclear chlorination observed with glacial acetic acid media, in which 
no N-chlorination occurs (Orton and King, J., 1911, 99, 1369; Orton 
and Bradfield, loc. cit.). The latter fact suggests that, when N- and 
C-chlorination both take place, they may do so by independent 
mechanisms, involving different forms of the anilide. A _ like 
parallelism is found on comparing k, from Table II (b) with the 
figures of Bradfield and Jones (J., 1928, 1006) for the effect of increas- 
ing chain length in a group R upon the rate of nuclear chlorination of 
compounds of the form p-Cl-C,H,-OR. 

The retarding influence of the phenyl group in Table II (6), as 
seen in ky for p-chlorobenzanilide, is consistent with the previous 
observation (J., 1930, 37) that the rate of N-chlorination increases 
steadily in the series: acetanilide, acetobenzylamide, aceto-f- 
phenylethylamide, acetamide. The case of p-chlorobenzenesulphon- 
anilide is scarcely comparable with the others and demands special 
treatment (compare Orton and Bradfield, loc. cit.). 

At present it is only possible to offer speculative suggestions to 
account for the behaviour of the w-methyl group in N-chlorination, 
and detailed discussion is reserved pending further experiments. 
One possibility, which covers many of the facts, is attack by a chlorine 
molecule at the nitrogen and/or the hydrogen atom of an aci-form 
of the anilide, with formation of an N-chloro-derivative. Sub- 
stituents may then accelerate reaction either by increasing the 
negativeness of the nitrogen, or by increasing the positiveness of 
the oxygen and so facilitating the separation of a proton. The 
nature of the effect of a substituent may then depend on its position, 
according to whether its influence is felt most strongly at the 
nitrogen or at the oxygen atom. But there are several ways in 
which a chlorine molecule may attack an anilide molecule to form 
a chloroamine, and it is possible that the introduction of a substituent 
alters, not only the ease of attack according to a particular formu- 
lation, but also the mode of attack itself. Pryde and Soper (this 


* The absence of a value of kc for p-chloroformanilide in Table II means 
only that C-chlorination is too slow in comparison with N-chlorination to be 
distinguished with certainty from accidental loss of chlorine. It does not 
necessarily follow that kc for this compound is less than that for chloroaceto- 
p-chloroanilide. 
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vol., p. 1510) have found that the interpretation of some results for 
the rates of interaction of anilides with hypochlorous acid is 
facilitated by the assumption that an O-chloro-derivative is formed ; 
and Soper and Smith (J., 1928, 138) have discussed this formulation 
for chloroamines in explaining a somewhat similar anomaly of the 
methyl group, viz., the fact that it decreases the hydrolysis constant 
of a chloroamine when present in the benzene nucleus and raises it 
when in the acyl group. 

As may be seen from the reactions of alkyl iodides (e.g., Segaller, 
J., 1914, 105, 106; Haywood, J., 1922, 121, 1904; Conant et al., 
compare Ann. Reports, 1929, 26; 137), the influence of increasing 
chain-length upon reaction speed is usually progressive up to about 
the fourth carbon atom, after which there is little further change. 
This is borne out by the results in Table II (6). But with regard to 
symmetry in the effect of a substituent group introduced in turn on 
either side of the reacting bond, there are few data available for 
comparison with the present results for N-chlorination. Ingold (J., 
1930, 1032) has shown that the effect of change in constitution in 
X or Y in the hydrolysis of compounds of the form 

X-CH,*CO-O-CH,°CH,*Y and X-CO-0-CH,°Y 

is the same whether the substituent is present in X orin Y. From 
the data of Norris (Z. physikal. Chem., 1927, 130, 662) for the 
reaction p-NO,*C,H,-COCI] + ROH = p-NO,°C,H,’CO,R + HCl, it 
appears that the effects of substituents in the benzene nucleus and of 
varying chain-length in the alcohol ROH are self-consistent, although 
the same may not be true when the nitrobenzoy] chloride is replaced 
by a diphenylchloromethane derivative (Norris and Banta, J. Amer. 
Chem. Soc., 1928, 50, 1804). 


EXPERIMENTAL. 


Materials.—Certain of the anilides were pure specimens prepared in 
the Chemical Laboratory, University College, Bangor. For these we 
are greatly indebted to the late Prof. K. J. P. Orton and to Dr. A. E. 
Bradfield. The longer-chain anilides and w-chloroacetanilides were 
made by the action of the acyl chloride upon the amine and were 
repeatedly recrystallised from dilute acetic acid, alcohol, or water. 
Other materials were prepared and purified as previously described 
by Orton, Soper, and Williams (loc. cit.). All reaction media were 
tested for stability to chlorine. 

Control of Reaction Medium.—In order to ensure that the medium 
conditions in the present experiments were identical with those in the 
previous work, velocity measurements were made with substances 
whose velocity coefficients had been determined previously. The 


results were as follows: For aceto-§-phenylethylamide, ky = 210, 
512 
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200; old value 205. For aceto-p-chlorobenzylamide, ky = 99, 97; 
old value 99. Tests with the latter compound were repeated 
periodically with the different samples of medium, always with 
satisfactory results. 

Velocity Measurements.—Alternate portions of the reaction mix- 
ture were analysed at known time intervals (a) for chlorine by 
titration with N/500-thiosulphate, and (b) for chloroamine by re- 
moval of chlorine with saturated p-cresol solution, and subsequent 
titration. Precautions and controls were applied just as before, 
except that it was found advantageous as an additional precaution in 
certain cases to keep all analysis flasks in a light-tight box. The 
velocity coefficients were calculated as usual from the equations 


2 2-303 6b a—(e«+y)|. Akw_y 
bth genes Sera EAE 
The individual experiments in the present series differed in no 
way from those described previously, and reference may be made to 
the earlier papers for examples worked out in full. No deviations 
were observed from the conclusion established by Orton, Soper, and 
Williams that Wegscheider’s test (constancy of the ratio ky/k,) 
is fulfilled in the interaction of chlorine with anilides in aqueous 
acetic acid, so that N- and C-chlorination are true side reactions. 
Particular care was required with formanilide derivatives, as 
these were found to decompose rather easily in solution. Any 
warming caused marked decomposition, accompanied, sometimes by 
the appearance of colour, and always by an abnormally high initial 
consumption of chlorine to form a nuclear-chlorinated derivative. 
It was found necessary to make up solutions by dissolving the 
anilide in glacial acetic acid and then diluting to 40% concentration. 
Expt. 72 is an example of one of the final results with p-chloro- 
formanilide. 


Expt. 72. p-Chloroformanilide = 0-000984M. Na,S,0, = 
1-028N /500. Chlorine = 0-000645M. HCl = 0-01M. 
Time, mins.... 0 0-88 1:80 2-70 3:53 437 520 6-00 6-47 
Titre, c.c....... 1:41 5-70 3-11 5-58 3-91 548 4:33 5-48 5-06 
From curves constructed from these data, we find : 


ky at one-minute intervals ...... — 463 473 471 460 
CNG, Te ccecesececcevesccsusesicses 49-2 61-9 71-0 77-0 81:3 


Mean ky (corrected for accidental chlorine loss) = 424. 
Mean of four experiments, ky = 425 + 10%. 


This work was originally started with the permission and en- 
couragement of the late Professor K. J. P. Orton, F.R.S., and we 
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CCCCXXXI.—WNeutral Salt Addition Compounds of 
p-Alanine. 


By Haroxtp Kine and GrorGe VicToR RUTTERFORD. 


THE capacity of the «-amino-acids, NH,-CHR-CO,H, to form additive 
compounds with neutral salts is now well established. Several types 
of additive compound arise and the only consistent interpretation of 
the various types is their formulation by co-ordination of the alkali 
or alkaline-earth metal to the oxygen or oxygen atoms of the 
carboxyl group of the amino-acid. It is not known whether the 
x-amino-group, characteristic of the majority of naturally occurring 
amino-acids, exerts any specific influence on the additive capacity, 
and to decide this, the amino-acid, §-alanine, NH,*CH,°CH,°CO,H, 
has been used as the organic component. §-Alanine has, in addition, 
a high aqueous solubility, a factor favourable for the isolation from 
aqueous solutions of additive compounds of lesser solubility. This 
acid has given a series of additive compounds of types similar to 
those obtained from glycine and other «-amino-acids. The fol- 
lowing table shows the compounds which have been realised experi- 


mentally. 
Li. Na. Ca. Sr. Ba. 
Cl A,LiCl,14H,0 — _ A,,CaCl,,2H,O A,SrCl,,4H,O 
Br A/LiBr,1$H,0 —  A.CaBr,4H,O AJSrBr,,4H,0 A,BaBr,,2H,0 


A,,CaBr,,3H,0 
I A,LiI,1}H,O A,Nal A,CalI,,4H,O A,SrI,,4H,O -- 
A,,Lil,14H,0 
A = f-alanine. 

They are all of two types and might be represented as amphi-salts, 
those from calcium bromide, for example, receiving the formulations 
Br {NH,°CH,°CH,°CO,°CaBr and 

Br {NH,*CH,°CH,*CO,CaCO,°CH,°CH,"NH;} Br 

Such a view could not, however, be extended to include well- 
established types such as B,,CaBr,, where B is glycine or sarcosine 
(Pfeiffer, Klossmann, and Angern, Z. physiol. Chem., 1924, 133, 22; 
Anslow and King, Biochem. J., 1928, 22, 1253), B,,Srl, and B,,Bal,, 
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where B is glycine (P., K., and A., loc. cit.), and such a well-defined 
compound as B,(CalI,),,11H,0, where B is betaine, which crystallises 
in the cubic system (A. and K.., loc. cit.). The fact that the anhydrides 
of the «-amino-acids, the diketo-piperazines, form additive com: 
pounds with neutral salts also speaks against the amphi-salt formul- 
ation (Pfeiffer, ‘‘ Organische Molekiilverbindungen,” 1922, 111). 

The only consistent method of representing all these various 
types is to regard the oxygen atoms (or atom) of the carboxyl groups 
as forming the point of attachment of the inorganic addenda. The 
commonest type shown in the table above under strontium is also 
the commonest type observed with N-dimethylaminoacetic acid and 
alkaline-earth halides (A. and K., loc. cit.). When it is borne in 
mind that strontium has a co-ordination number of 6 in [Sr(OH,),]C!, 
the conclusion seems irresistible that the same holds true in the 
commonest type of additive compound, which would be written 


NH, -CH,-CH,C<O.~Sr(OH,),| Cl, 
H 


The second type of compound observed with 8-alanine, of which three 
examples are recorded in the table, would be formulated 


NH, CH CHyCCO."Ca"—9>C-CHy CH NH, | Cl, 
H H | 


an element of uncertainty arising in the allocation of the water 
molecules in individual cases. 


EXPERIMENTAL. 


Preparation of 8-Alanine.—8-Bromopropionic acid was prepared 
in 68% yield by the elegant method of Jacobs and Heidelberger 
(J. Amer. Chem. Soc., 1917, 39, 191) from ethylene cyanohydrin and 
hydrobromic acid. The bromo-acid (25 g.) was added slowly to 
ammonia solution (250 c.c., d 0-88) in a pressure bottle fitted with a 
rubber bung which could be wired in. The contents were heated 
at 70° for 12 hours, then concentrated to a small volume, diluted with 
water (600 c.c.), and boiled with freshly precipitated lead hydroxide 
until all the ammonia and most of the bromide had been removed. 
The filtrate was assayed for its bromide content and then treated 
with the calculated amount of freshly precipitated silver oxide. 
The bromide-free filtrate was treated with hydrogen sulphide to 
remove traces of lead and silver, filtered, and concentrated to a thick 
syrup. This was dissolved by warming in absolute alcohol (75 c.c.) 
and on keeping at 0° gave a 62% yield of 6-alanine. 
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Preparation of Additive Compounds. 

In the first instance equimolecular proportions of the components 
were dissolved together in water and the solution was concentrated 
on the water-bath until, on cooling, a crop of crystals was obtained 
of undoubted homogeneous appearance. To avoid the known 
decomposing action of water on certain of these additive compounds 
the products were never washed ; in most cases they were collected 
on hardened paper, quickly rubbed on porous plate, and analysed. 
In certain cases where very viscous or syrupy solutions were ob- 
tained the whole contents were transferred to porous plate. Water 
of crystallisation was never determined directly, but was calculated 
on the analyses. Owing to the difficulty of removing the last traces 
of viscous solutions, the analyses sometimes show more than the 
usual divergence from the theoretical values. 

8-Aminopropionic Acid Lithium Chloride Sesquihydrate.—This 
compound crystallised in flattened needles from a solution containing 
the components in equimolecular proportion (Found: Cl, 22-9; 
N, 8-6. C,H,O,N,LiCl,14H,O requires Cl, 22-4; N, 8-8%). 

8-Aminopropionic acid lithium bromide sesquihydrate was ob- 
tained similarly in flattened needles (Found: Br, 39-0; N, 6-9. 
€,;H,O,N,LiBr,14H,O requires Br, 39-4; N, 6-9%). A second crop 
from the mother-liquors had the same composition. 

8-Aminopropionic Acid Lithium Iodide Sesquihydrate—From 
a solution of the components in equimolecular proportion a crop 
of crystals of homogeneous appearance was obtained with an 
analytical ratio 1: N = 1:1-46. The mother-liquors, now re- 
latively richer in iodide, deposited on concentration fine silky needles 
(Found: I, 50-4; N, 5-3. C,H,0,N,LiI,14H,O requires I, 50-8; 
N, 56%). 

Di-8-aminopropionic Acid Lithium Iodide Sesquihydrate-—On 
addition of more §-alanine to the mother-liquors of the previous 
preparation a crop of fine silky needles was obtained (Found : I, 
36:7; N, 8-1. 2C,;H,O,N,LiI,1}H,O requires I, 37-4; N, 8:3%). 

8-Aminopropionic acid sodium iodide was obtained in clusters of 
fine needles (Found: I, 52-4; N, 5-9. .C,H,O,N,NalI requires I, 
53-1; N, 5-9%). 

Di-8-aminopropionic Acid Calcium Chloride Dihydrate.-—This 
substance can only be obtained from a solution of the components 
in equimolecular proportion with great difficulty owing to the viscous 
nature of the concentrated solutions. It crystallises slowly in trans- 
parent needles (Found: Cl, 21-6; N, 7-2. 2C,H,O,N,CaCl,,2H,O 
requires Cl, 21-8; N, 8-6%). 

8-Aminopropionic Acid Calcium Bromide Tetrahydrate.—On con- 
centration of an aqueous solution of the components in equimolecular 
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proportion tufts of needles of homogeneous appearance were obtained 
which proved on analysis to be mixed crystals of two addition 
compounds. The mother-liquors on concentration gave needles of 
the more usual type (Found : Br, 43-8; N, 3-8, C,H,0O,N,CaBr,,4H,0 
requires Br, 44-3; N, 3-9%). When the original components were 
mixed in the molecular ratio of two of 8-alanine to one of calcium 
bromide, di-8-aminopropionic acid calcium bromide trihydrate separ- 
ated in needles (Found: Br, 36-9; N,6-1. 2C,H,0O,N,CaBr,,3H,0 
requires Br, 37-0; N, 65%). On recrystallisation from water it 
gave the same compound (Found : Br, 36-8; N, 6-3%%). 

8-Aminopropionic acid calcium iodide tetrahydrate crystallises 
readily in rods (Found: I, 55:1; N, 3-3. C,H,0,N,Cal,,4H,0 
requires I, 55-8; N, 3-1%). 

8-Aminopropionic acid strontium chloride tetrahydrate crystallises 
in fine needles (Found: Cl, 22-2; N, 4:8. C,H,O,N,SrCl,,4H,0 
requires Cl, 22-2; N,4-4%). 

8-Aminopropionic acid strontium bromide tetrahydrate crystallises 
readily in plates (Found: Br, 38:3; N, 3-5. C,H,O,N,SrBr,,4H,0 
requires Br, 39-1; N, 3-4%). 

8-Aminopropionic acid strontium iodide tetrahydrate, obtained 
under similar conditions, crystallises in stout needles (Found: 
I, 49-7; N, 2:7. C,H,O,N,SrI,,4H,O requires I, 50-5; N, 2-8%). 

8-Aminopropionic Acid Barium Bromide Dihydrate.—Equimole- 
cular proportions of the components were concentrated in aqueous 
solution and two crops of barium bromide were removed as the least 
soluble component. When the syrupy mother-liquors were kept, 
clusters of needles separated (Found: Br, 37:3; N, 3-7. 
C,H,0,N,BaBr,,2H,O requires Br, 37-8; N, 3-4%). 

No addition compounds were obtained with the following salts : 
barium chloride, sodium chloride, sodium bromide, potassium 
chloride, potassium bromide, and potassium iodide. From the last 
five mentioned, the characteristic plates of B-alanine were obtained, 
often crystallising side by side with cubic crystals of the inorganic salt. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
HAMPSTEAD, N.W. 3. [Received, October 17th, 1931.] 





CCCCXXXII.—Dehydrogeranic Acid. 


By Rosert Sipngy Cann, ArtHuR Ramon PENFOLD, ‘end JOHN 
LIONEL SIMONSEN. 

It was observed by one of us (A. R. P.) (Perf. & Ess. Oil Rec., 1925, 

Jan.; 1927, Aug.) that the oil present in the wood of Callitropsis 

araucarioides contained the geranyl ester of an acid, C,9H,,0,, 
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m. p. 183—184°. A quantity of the oil having become available, 





ne the acid has been further examined. The melting point of the acid 
ae has been raised to 185—186°, but the formula originally assigned to 
0 it has been confirmed. The acid, which is optically inactive, 
2 eae : ; : 
bea decolorises immediately potassium permanganate and reacts with 
cate bromine in chloroform solution, the bromo-acid formed being, 
mn however, unstable. On catalytic hydrogenation in the presence of 
60 palladised charcoal, it absorbs three molecules of hydrogen, yielding 
“a a liquid acid, which has been identified as dl-tetrahydrogeranic acid 
| by the comparison of its crystalline amide and p-toluidide with 
ae authentic specimens of these substances. The validity of identi- 
0 fication by mixed melting points in this series is supported by the 
. satisfactory depressions obtained on admixture with the correspond- 
on ing derivatives of n-decoic acid, which was synthesised, since their 
0 melting points are almost identical with those found in the tetra- 
. hydrogeranic acid series. There can thus be no doubt that the acid, 
m. p. 185—186°, has the same carbon structure as geranic acid and, 

3g ' : ; nee a 

0 since it contains an additional ethylenic linkage, we propose to 
. designate it dehydrogeranic acid. 

d Excluding stereoisomerides, there are seven theoretically possible 
e ‘ ° ‘ . 
a formule for this acid, but unfortunately it has not proved possible 
‘) by direct chemical evidence to decide definitely between these. 
“a Owing to the sparing solubility of the acid in organic solvents the 
i ozonolysis could only be carried out in dilute alkaline solution. 
st Under these conditions much resinification occurs and only acetic 
st, and oxalic acids could be identified amongst the degradation pro- 


- ducts. On oxidation in alkaline solution with cold aqueous potass- 
ium permanganate, formic, acetic, and oxalic acids and acetone 
were obtained; ketonic acids could not be isolated, nor could 
malonic acid, but hydroxy-acids appeared to survive the oxidation. 
Of these products, oxalic acid has manifestly no diagnostic value 
d, and acetic acid must: be derived by the decomposition or further 
oxidation of a primarily formed ketonic acid, such as pyruvic, 
acetoacetic, or oxaloacetic acid. It does not appear to be permissible 
to draw any conclusions from the absence of malonic acid, inasmuch 
as only approximately 60% of the theoretical quantity of potassium 
permanganate was reduced and it is possible that the stable hydroxy- 
acids might have yielded malonic acid on complete degradation. 
Further, the acetone may have been derived from a terminal iso- 
N propylidene group, Me;C:, or alternatively by the decomposition of 
acetoacetic or acetonedicarboxylic acid. On the other hand, the 
, production of formic acid necessarily implies the presence of either 
a B- or a C-methylene group. The former alternative appears to us 
to be unlikely, for although a methylene group in this position is 
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not unknown amongst naturally occurring compounds (compare 
myrcene), yet in dehydrogeranic acid it would necessarily involve 
the structure CH,:C-CH,°CO,H. Since isolation of the acid requires 
prolonged treatment with alkali (see p. 3139), we regard it as unlikely 
that this structure would not have isomerised to Me-C:CH-CO,H. 
If the formule containing a $-methylene group be excluded, the 
number of possibilities is reduced to four : 


(I.) Me,C:CH-CH:CH-CMe:CH-CO,H 
(II.) CH,!CMe-CH,-CH:CH-CMe:CH-CO,H 
(III.) CH,{CMe-CH:CH-CH:CMe-CH,-CO,H 
(IV.) CH,:CMe-CH:CH-CH,-CMe:CH-CO,H 


The production of formic acid would then necessitate the existence 
of a terminal isopropenyl group, thus excluding (I), but a further 
difficulty is encountered here. As a rule the acyclic terpenes and 
their derivatives occur in nature as a mixture containing the 
isopropenyl and isopropylidene groups in varying proportions and 
this particular form of isomerism appears to have little effect on the 
apparent homogeneity even of crystalline derivatives (compare 
citronellal semicarbazone; Harries, Annalen, 1915, 410, 1; Com- 
berg, ibid., p. 40). It is thus not even certain that dehydrogeranic 
acid, although apparently homogeneous, is really one chemical 
individual. 

Of the formule given above, (III) appears to be the least probable, 
since it does not contain an «$-ethylenic linkage, and we regard (I) 
and (II) as the most probable, since they allow the possible iso- 
propenyl-isopropylidene isomerism to take place unhampered by 
conjugation with the rest of the molecule. We desire, however, to 
emphasise the fact that we have not been able to establish definitely 
the position of the ethylenic linkages (beyond the presence to some 
extent at any rate of a methylene group) and in view of the absence 
of evidence as to the general behaviour of such highly conjugated, 
but probably mobile, systems, the formula must necessarily be 
speculative. It will be observed that only two, (I) and (III), of the 
formule given above contain all three ethylene linkages conjugated 
and accordingly attempts were made to condense the acid with 
maleic anhydride. These were, however, unsuccessful (see p. 3140). 
Whilst a positive result might have yielded valuable information, 
nevertheless, in view of the widely varying conditions governing 
this condensation, we do not feel justified in drawing any deductions 
from our failure. 

Indirect, evidence that dehydrogeranic acid is most probably 
represented by (I) was furnished by a study of its absorption spectrum 

in alcoholic solution, which was kindly determined for us by Dr. 
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R. A. Morton and Mr. A. Gouveia at the University of Liverpool 
and is shown in.Fig. 1. The acid exhibits a broad absorption band 
over the region 2500—3500 A. with a maximum near 3110 A. The 
curve exhibits no fine structure and the molecular extinction 
coefficient at the maximum is of the order 35,500. Whilst this 
number is by no means unusually high for organic compounds in 
general, it is very much greater than that shown by saturated 
aliphatic acids, and both the extinction coefficient and the location 
of the band in the near ultra-violet region are consistent with the 
high unsaturation of the acid. We are much indebted to Professor 
R. Kuhn for undertaking Fic. 1 

a comparison of the ab- Ab mesg? ; 

‘ sorption spectrum of dehydrogeranic 
sorption spectrum of de- acid in alcohol. 
hydrogeranic acid with 
that of his closely related 
synthetic acid, A*”<-octa- 
trienoic acid (Kuhn and a6 Ima. 


Hoffer, Ber., 1930, 63, 
2170). The details of the | 
absorption spectra of the to | Siisaadad 











latter and related acids will = 3-5 Y 
be published elsewhere, but 

he informs us that whilst 

the absorption band of ae 





octatrienoic acid lies at 
295 wu as compared with 
310 uu, the close and 
general resemblance of the 15 : 

: 2000 2500 3000 3500 A. 
absorption spectra would Wave-length 
appear to leave no doubt ; 
that dehydrogeranic acid is correctly represented by (I). The slightly 
lower absorption and shift of the band is due to the presence of the 
branched chain, which is known to have a depressent effect. 

Professor E. A. Owen and Mr. L. Pickup are investigating the 
X-ray structure of dehydrogeranic acid. The full details of this will 
be published later, but they have kindly furnished us with the 
following note. 

“A preliminary X-ray investigation shows that the crystal 
probably belongs to the monoclinic prismatic class. Rotation 
photographs of single crystals taken about the principal axes give 
the following dimensions for the unit cell: a = 14-5, b = 19-5 and 
c= 5-7 with 6 = 137°. 

‘‘ Direct experiment gave a value of 1-10 g. per c.c. for the density 
of the crystal. This when substituted in the formula abc. .sin 8 = 
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1-663 Mn, where M is the molecular weight, yields for n the value 
4-01, so that there are four molecules to the unit cell. 

“The crystal shows well developed (010) faces and a marked 
cleavage parallel to the (001) planes.” 

With the possible exception of plantagenic acid, C,H,,0, 
(Emmanuel and Papavasiliou, Arch. Pharm., 1920, 258, 142), the 
constitution of which is unknown, dehydrogeranic acid appears to 
be the most unsaturated acid, containing as few as ten carbon atoms, 
which has been found to occur in nature. Citronellic acid has been 
isolated from camphor oil (Rochussen, J. pr. Chem., 1922, 105, 120), 
but the occurrence of geranic acid has not so far been observed. The 
existence of dehydrogeranic acid seems to us to be of peculiar 
interest. Although it may arise by the oxidation and dehydrogen- 
ation of geraniol, with which it is associated in the oil, it may result 
also by the oxidation of the aldehyde Me,C:CH-CH:CH-CMe:CH-CHO, 
which is regarded by Kremers (J. Biol. Chem., 1922, 50, 31) and 
others as a precursor of citral. Alternatively it may be considered 
to be a breakdown product of substances of the squalene, phytol, or 
carotene type. With this possible connection in view and also 
because the acid gave colour reactions characteristic of poly-ene 
compounds in general (compare Kuhn and Hoffer, Joc. cit.), tests for 
vitamin-A activity were carried out by Dr. F. L. Pyman and Mr. 
W. A. Broom, to whom we are greatly indebted, at the Research 
Laboratories, Messrs. Boots Pure Drug Co., Ltd., Nottingham, by 
the method of Drummond and Morton (Biochem. J., 1929, 23, 786). 
These indicated that “ it has less than a twentieth of the activity of 
carotin and quite possibly no activity at all.” 

According to the observations of Kuhn and Hoffer (loc. cit.) 
colour occurs only in poly-ene acids when they contain at least four 
conjugated ethylenic linkages. Dehydrogeranic acid, as originally 
obtained by the hydrolysis of the ester in alcoholic solution, had a 
definite pale yellow colour, which could not be removed by any of 
the ordinary methods of purification. A later sample, prepared by 
hydrolysis with aqueous alkali, was, however, colourless. The 
yellow and the colourless variety had the same m. p. and were both 
analytically pure and the yellow acid was recovered colourless from 
an attempted condensation with maleic anhydride (see p. 3140). 
Both forms decompose on keeping (by oxidation, since the acid is 
stable in the absence of oxygen) with deepening or development 
of the yellow colour and the colourless form becomes yellow when 
kept in alcoholic potassium hydroxide solution; this induced 
colour can be readily removed from the originally colourless acid 
and the deep yellow acid can be obtained pale yellow but not colour- 
less. We consider, therefore, the colour of the original yellow acid 
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to be due to some impurity introduced in minute amount from 
another component of the essential oil by the use of alcoholic potass- 
ium hydroxide as the hydrolytic agent. These results emphasise 
the care that is necessary before the decision is made that these 
unstable acids are really yellow. 


EXPERIMENTAL. 

The oil obtained in a yield of 6-7% by the distillation in steam 
of the wood of Callitropsis araucarioides from New Caledonia had 
the following constants: di5 0-9606—0-9684, n%° 1-5131—1-5181, 
[x|p + 6-9°, ester value 64-5—92-5, after acetylation 171-5—207:3. 
Eudesmol, m. p. 79—80°, [«}??” + 37-8°, constituted 50—70% of the 
oil, which contained also a sesquiterpene (possibly eudesmene), 
phenols (ca. 1%), and geranyl dehydrogeranate. By distillation 
this ester was concentrated into a fraction, b. p. 115—125°/3 mm., 
but it could not be obtained pure and the crude oil was therefore 
used for the preparation of dehydrogeranic acid. 

Dehydrogeranic Acid.—The crude oil (100 c.c.; ester value 92-5), 
heated under reflux with an excess of 0-5N-aqueous potassium 
hydroxide solution for 24 hours, yielded dehydrogeranic acid (6-5 g.), 
which, after crystallisation successively from methyl alcohol and 
ethyl acetate, was quite colourless. When the crude oil was kept 
for 24 hours at room temperature in 0-5N-alcoholic potassium 
hydroxide solution dehydrogeranic acid was obtained in the same 
yield, but it had a pronounced yellow colour, which could not be 
removed by repeated crystallisation (charcoal), nor by purification 
through its salts. Dehydrogeranic acid crystallised from ethyl 
acetate in highly iridescent, slender prisms, which sintered at 183° 
and decomposed at 185—186°. Both the colourless and the yellow 
acid were analysed (Found: C, 72-1, 72-1; H, 8-3, 8-5; M, 167-7. 
C9H,40. requires C, 72-3; H, 8-4%; M, 166). The acid is readily 
soluble in hot benzene, acetic acid, and methyl alcohol, but only 
sparingly so in these solvents in the cold. It is insoluble in cold 
water and it is optically inactive in 0-03% aqueous sodium hydroxide. 
In chloroform solution bromine is readily absorbed, but hydrogen 
bromide is at the same time evolved; in alkaline solution it immedi- 
ately decolorises potassium permanganate. When the acid is kept 
in a sample tube it becomes sticky and yellow (or deeper yellow in 
the case of the yellow acid). A pure colourless specimen kept for 
3 months had m. p. 182—183° after sintering at 178°; a portion of 
this sample became colourless after recrystallisation from ethyl 
acetate (charcoal); another portion was dissolved in ethyl-alcoholic 
potassium hydroxide, and the solution, which rapidly became 
somewhat deep yellow, was kept for 18 hours, but the colour did not 
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deepen appreciably; the acid recovered from the solution after 
crystallisation from methyl alcohol was pale yellow, but became 
colourless on recrystallisation from ethyl acetate (charcoal). De- 
hydrogeranic acid gives with concentrated sulphuric acid a yellow 
colour, becoming on warming orange and then reddish-brown, the 
acid finally carbonising. It is colourless in formic acid even on boiling. 
On warming with a large excess of antimony chloride in chloroform, 
the solution becomes successively yellow, greenish-yellow, reddish- 
brown and light wine-red. These colour changes are given by both 
the colourless and the yellow acid. 

The p-toluidide is a gum; the methyl ester, prepared from the 
silver salt, was obtained crystalline, but rapidly liquefied when 
drained on porous porcelain; two attempts to repeat this prepar- 
ation gave only oils. 

In an attempt to condense the acid with maleic anhydride, a 
mixture of the acid (1 g., yellow form) and the anhydride (0-6 g.) was 
dissolved under reflux in dry xylene (20 c.c.), cooled somewhat, and 
then heated on the water-bath for 4-5 hours. A large amount of 
dehydrogeranic acid separated on cooling ; a small portion recrystal- 
lised from ethyl acetate was now quite colourless and had the 
correct m. p. The mixture was then boiled for 4 hours; on cooling, 
very little material separated. ‘The solution contained a trace of 
a neutral substance, non-volatile in steam, and less than 0-2 g. of 
acidic material, from which ca. 0-05 g. of pure dehydrogeranic acid 
was recovered. Most of the acid apparently underwent decom- 
position. 

Reduction of Dehydrogeranic Acid.—Dehydrogeranic acid (1-077 g.) 
was dissolved in sodium hydroxide solution (4%; 9 c.c.), and very 
dilute hydrochloric acid added until the precipitate formed just did 
not redissolve. The solution was made up to 50 c.c., palladised 
norite (10%; 1 g.) added, and the whole shaken in hydrogen, of 
which 434 c.c. were absorbed in 115 minutes (calc. for 3 mols., 436 
c.c.). The filtered solution was concentrated, acidified, and 
extracted twice with ether. The dried ethereal solution left on 
evaporation a colourless oil, which was converted by thiony] chloride 
into the acid chloride and thence in the usual manner into the amide 
and p-toluidide. The former crystallised from aqueous acetone in 
very pale yellow plates, m. p. 101—102°, but it was not analytically 
pure; mixed with n-decoamide (prepared by the malonic ester 
synthesis from n-octyl iodide), m. p. 97—98°, it melted indefinitely 
at about 88°; mixed with the amide of dl-tetrahydrogeranic acid 
(see below), at 101—102°. The p-toluidide (Found: C, 77-8; H, 
10-2; N, 5-5. C,,H,,ON requires C, 78-2; H, 10-3; N, 5-4%) 
crystallised from light petroleum (b. p. 60—80°) and had m. p. 
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81—82°, alone and mixed with the p-toluidide of dl-tetrahydro- 
geranic acid; in admixture with the p-toluidide of n-decoic acid 
(m. p. 78°) it melted indefinitely at 69—72°. 

dl-Tetrahydrogeranic Acid.—The preparation of this acid from 
geraniol (of which a pure and almost optically inactive specimen 
was available) was first attempted through tetrsahydrogeraniol. 
Hydrogenation in acetic acid solution with a palladised norite 
catalyst gave much #y-dimethyloctane with less tetrahydro- and 
dihydro-geraniol (compare Willstatter and Mayer, Ber., 1908, 41, 
1475; Ishizaka, ibid., 1914, 47, 2453). The same products resulted 
when alcohol (75%) was used as the solvent (compare Sabetay and 
Bléger, Bull. Soc. chim., 1928, 43, 839;. Longuinov and Margoliss, 
ibid., 1929, 45, 156). The oxidation of tetrahydrogeraniol with 
chromic acid was also found not to proceed smoothly (compare 
Wallach and Behnke, Annalen, 1912, 389, 198; von Braun and 
Kaiser, Ber., 1923, 56, 2268) and an alternative route was sought. 

Geraniol was converted into citral (Semmler, Ber., 1890, 23, 2966) 
and thence into geranionitrile (Tiemann and Semmler, Ber., 1899, 
26, 2716). The nitrile, which was very slowly attacked by aqueous 
baryta, was hydrolysed with aqueous-alcoholic potassium hydroxide 
solution. The yield of distilled geranic acid was low (1-2 g. from 
6-3 g. of nitrile) and much tar was formed (compare Tiemann and 
Semmler, loc. cit., who nevertheless recommend this method). 

Geranic acid (1-3 g.) in water (100 c.c.) and sufficient sodium 
hydroxide to give a clear solution, after the addition. of palladised 
norite (10%; 1 g.), absorbed hydrogen (350 c.c.; cale. for 2 mols., 
360 c.c.) in about 12 hours (compare Paal, Germ. Pat., 298,193). The 
filtered solution was extracted with ether to remove a trace of 
turbidity and the dl-tetrahydrogeranic acid was isolated in the 
usual manner. It was converted without distillation into the 
p-toluidide, which, after two crystallisations from light petroleum, 
had m. p. 81°, and into the amide, which crystallised from aqueous 
acetone and had m. p. 101—102°. Wallach (Annalen, 1897, 296, 
28) records m. p. 108—109° for this amide, but his acid was probably 
optically active, since it was prepared from d-menthone. 

Oxidation of Dehydrogeranic Acid.—To a mechanically stirred, 
alkaline solution of dehydrogeranic acid (5 g.), potassium per- 
manganate (1000 c.c.; 2-5°%) was gradually added, carbon dioxide 
being passed through the solution, which was maintained below 5°. 
Oxidation was rapid and after 2 hours the colour was permanent. 
After remaining over-night, the solution was filtered and distilled 
in steam. The distillate gave the iodoform reaction in the cold, 
and the nitroprusside and sodium hydroxide-acetic acid test for 
acetone, and on addition of p-bromophenylhydrazine in dilute 
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acetic acid a precipitate of acetone-p-bromophenylhydrazone was 
obtained, which crystallised from light petroleum in plates, m. p. 
91—93°, both alone and after admixture with an authentic specimen. 
Evaporation on the water-bath of the original solution from the 
steam distillation caused darkening and an odour of burnt sugar 
(due to hydroxy-acids). The solid residue was extracted with 
alcohol; the filtered solution gave on evaporation a dark oily 
residue entirely soluble in alcohol. It was dissolved in water, 
acidified with dilute sulphuric acid, filtered from a brown amorphous 
precipitate, saturated with ammonium sulphate, and filtered from 
a further quantity of an amorphous solid; an almost colourless 
solution was then obtained. Extraction with ether (10 times) gave 
a pale yellow oil smelling strongly of acetic acid and giving ethyl 
acetate on esterification. Attempts to crystallise it or to prepare a 
crystalline copper salt failed. The oil was distilled in steam and the 
distillate was shaken with mercuric oxide, filtered, and boiled; a 
white precipitate changing to black metallic mercury and white 
crystals of mercurous acetate resulted. A very small residue, 
insoluble in water, remained in the distillation flask. 

The salt residue insoluble in alcohol was dissolved in water, 
acidified with dilute sulphuric acid, and repeatedly extracted with 
ether, and the ethereal extract dried over calcium chloride. After 
filtration the calcium chloride was dissolved in water, made alkaline 
with a drop of ammonia, and the trace of ether present removed in a 
current of air. The calcium oxalate was collected and identified by 
decolorisation of an acidified solution of potassium permanganate 
and by its precipitation from its solution in dilute hydrochloric acid 
on the addition of sodium acetate. Evaporation of the ethereal 
solution gave a brown oil, which did not give the acetic anhydride- 
acetic acid reaction for malonic acid. Attempts to crystallise the 
oil were not successful. 


We desire to express our thanks to the Government Grants 
Committee of the Royal Society and to Imperial Chemical Industries 
for grants which have partly defrayed the cost of this investigation. 


UNIVERSITY COLLEGE OF NoRTH WALES, TECHNOLOGICAL MUSEUM, 
BANGOR. SYDNEY. 
[Received, November 19th, 1931.] 
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CCCCXXXIII.—A Simple Method of Conductometric 
Titration. 


By Norman Rae. 


THE conductometric method of analysis offers no advantages over 
ordinary chemical methods in many cases, but, on the other hand, 
it has great possibilities in cases involving coloured or turbid 
solutions, the neutralisation of weak acids with weak bases, or the 
titration of extremely dilute solutions. 

Duboux (Chem.-Ztg., 1913, 37, 879), Duboux and Dutoit (Compt. 
rend., 1908, 147, 134), Dutoit (Bull. Soc. chim., 1910, 7,1; J. Chim. 
physique, 1910, 8, 12, 27), and Kolthoff (Z. anorg. Chem., 1920, 111, 
1, 28, 52; 1921, 112, 155, 172, 187, 196; Z. anal. Chem., 1922, 61, 
171, 229, 332, 369, 433; 1923, 62, 1, 97, 161, 209) have worked out 
many neutralisation and precipitation titrations, and their work, 
together with that of Thiel and Roemer (Z. anorg. Chem., 1908, 63, 
711), represents the most important contributions to the subject. 

The fact that the method has not attained wider application is 
doubtless due to the troublesome nature of the series of conductivity 
determinations necessary during the course of the titration. Im- 
provements in experimental technique have been made by Callan 
and Horobin (J. Soc. Chem. Ind., 1928, 47, 3297), and Jander and 
Pfundt (Z. anorg. Chem., 1926, 153, 219) have already simplified the 
process considerably. The present method simplifies the procedure 
so that a titration and the necessary graph can be completed in 
15—20 minutes, and at the same time gives results which are of the 
same order of accuracy as those obtainable by the conductometric 
method. 

EXPERIMENTAL. 

Apparatus.—Instead of the ordinary Wheatstone bridge, the 
Dionic Water Tester of Evershed and Vignoles is used. This 
instrument contains a continuous-current dynamo driven by the 
turning of a handle : it is fitted with a constant-speed clutch which 
slips when the dynamo handle turns above a certain speed (about 
100 r.p.m.). With the aid of this device, the voltage is maintained 
constant at 100-+-0-25 volts. The instrument contains three fixed 
resistances, the cell resistance being the fourth : the magnitude of the 
last determines the current which flows through the current meter, 
which is graduated to read in terms of conductivity—the one made 
for the author has a range from 0 to 200,000 reciprocal megohms. 
A current actually flows through the cell during a determination ; 
its magnitude is not greater than 4 milliamps. and it is not applied 
for more than 2—3 secs. 
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With this apparatus and a suitable cell, the measurement of a 
conductivity merely consists in turning the handle until the clutch 
begins to slip and then reading the position of the pointer on the 
scale. 

Since it is desirable to cover the most commonly occurring cases 
in ordinary practice, the titration cell has been designed to deal with 
25 c.c. of an N/10-solution. 

The cell is a circular glass trough 20 cm. in diameter and 12 cm. 
high ; on the top of this rests a piece of ebonite 23 cm. long, 4-5 cm. 
wide, and 1 cm. thick: it is prevented from slipping by two small 
screws projecting 1-3 cm. below and just inside the edges of the 
trough. The electrodes are of bright platinum foil, 0-7 x 2-0 cm., 
and are sealed into glass tubes 16 cm. long. These tubes fit tightly 
through holes 17-5 cm. apart in the ebonite, and are fixed by means 
of sealing wax. The lower edges of the electrodes are near the 
bottom of the cell. A glass stirrer in the shape of an L with the 
horizontal part 5 cm. long, is placed at one side so that it just clears 
the side of the glass and is equidistant from the electrodes; the 
stirrer is turned by a small motor at a speed of about 150 r.p.m. 

Method.—20 or 25 C.c. of the solution are measured into the glass 
vessel, and a litre of distilled water is added, compietely covering 
the electrodes; the stirrer is started, and the first reading taken. 
The titrating liquid in the burette is adjusted exactly to the zero 
and any adhering drop is removed from the tip. This liquid is 
added in successive exact amounts. of 4 c.c.; readings may be taken 
at once without stopping the stirrer. When sufficient observations 
have been made, meter readings are plotted as ordinates against 
volumes of reagent added as abscisse. The intersection of the two 
lines so obtained gives the end point of the titration in c.c. 

Example.—24:99 C.c. of 0-10205N-hydrochloric acid were 
measured out, and 1100 c.c. of distilled water added; the solution 
was then titrated with 0-0966N-sodium hydroxide with the following 
results : 


NaOH, Meter NaOH, Meter NaOH, Meter 
c.c. reading. c.c. reading. C.C. reading. 
0 136,000 20 63,500 35 66,000 
5 117,500 25 46,000 40 79,000 
10 99,500 27 43,000 45 93,000 
15 81,000 30 51,000 


These data are plotted in Fig. 1 and give the end point as 26-36 c.c., 
whence the concentration of the acid is 0-1019/. 

The method has been applied in a number of cases with the results 
given below. The mean error £ is calculated from the mean of 
four determinations, and the average deviation from the mean is 
denoted by A. 
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Table I compares the true concentration of hydrochloric acid with 
the results obtained on titration with various alkalis. With sodium 
hydroxide or carbonate separately the error is not greater than the 
limit of the method, viz., about 0-25%. With their mixtures, 



















































—_ however, a larger error is obtained, which increases with the amount 
vith of carbonate. This error is caused by regarding the curves as 
cm. Fie. 1. 
om. Titration of HCl with NaOH. 
nall 14 
the 
m., 
tly : 
ans = 10 
the x 
the $ 
ars 3 
the . q 
: = 6 
ass = . yr 
ing 
en. 
ero 2 
L is 0 10 20 30 40 
xen NaOH, c.c. 
ons 
nst straight lines, whereas in reality, there is a flat portion of the curve 
wo near the end point which tends to escape notice when the amount 
of carbonate is small. 
ere TaBLeE I. 
_ Titration of hydrochloric acid with alkali. 
ing Conc. of acid, N, 
Cone. of alkali, N. actual. found. 4%.  E, %. 
NaOH = 0-0966 0-1021 0-1022 +01 +01 
Na,C0, pet be 0-1027 401 40-6 
Neb” = 00068 \Total, oom 105 ko 424 
Na,CO, = 0-1103 0-1018 0-1015 40-4 —0:3 
c., NaHCO, = 0-1011 0-1018 0-1010 0-2 —0-8 
Table II summarises the results for the reverse titration, 7.e., that 
= of the same alkalis with hydrochloric acid. With sodium hydroxide, 
. the alkali concentration found is low: this result is found to be 
| general (see p. 3146): it is probably due to the presence of a little 
carbonate in the caustic alkali. The second example shows the 
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Taste II. 
Titration of alkali with N/10-hydrochloric acid. 


Conc. of alkali, N, 
































actual. found. a, %. EE, %. 
gee = 0-0966 0-0956 40-25 —1-0 
Na = 0-0966) Total . rr . 
he on 0-0050 0-1016 0-0992 +0-1 —2-4 D 
Na = 0-0966 \ Total , ; 7 0 
Na,CO, = 0.0693 }0-1659 0-1663 0-2 +0°25 M 
Na,CO, = 0-1103 0-1109 40-1 +06 ~ 
NaHCO, = 0-1011 0-1018 4-0-2 +01 T 


increase in this error with an increase in the amount of carbonate. 


The third case shows a smaller error because now the amount of A 
carbonate is large enough to enable its individual curve to be : 
plotted separately from that relating to the neutralisation of the : 
caustic soda. The high result obtained with sodium carbonate alone 
may be connected with the effect of dissolved carbonic acid set free 

C 


during the titration. 

Table ITI (a) shows the results of titrating with sodium hydroxide 
a series of monobasic acids of gradually decreasing strength. The 
results are seen to be accurate to one part in 400 parts in the case 
of the first five acids: since only 5% of the common monobasic ( 
acids are weaker than acetic acid, this result is very satisfactory. 





With the remaining acids errors up to 2% are obtained except in the t 
case of phenol, where the error is so large that the method is . 
inapplicable. ‘ 
Tasxe III. I 
dca tal , ; : ( 
(a) Monobasic acids titrated with N/10-sodiwm hydroxide. 
(b) N/10-Sodium hydroxide titrated with monobasic acids. ; 
Cone. of acid, V/10, A, %.- E, %. f 
ee 
Acid. KE. actual. found (a). found(6). (a). (b). (a). (0).' F 
Trichloroacetic...... 2 x10 0-966 0-967 0979 +401 +4025 +401 +153 
Dichloroacetic ...... 51 X10-* 16136 1-134 1157 403 +405 —O2 421 i 
Monochloroacetic 155 x 107 0-736 0-734 0-755 +0°8 +0-4 —0-3 +2-5 
OEE: conacnteseccese 2-14 x 10 0-997 0-998 1-030 +0-5 +1-0 +0-1 +33 \ 
Acetic s.cecsccssecees 1-86 x 107 1-004, 1-005 1-061 +03 +04 +4005 +456 
Trichlorophenol® 1 x 10~* 0-986 1-006 1-033 +06 405 42 447 
p-Nitrophenol ...... 7 x 107% 30-995 1-015 1-041 +0-5 +08 +2 +45 
m- -—- ame 563 x 107 0-993 0-996 1-053 +03 +125 +03 +6-0 
eee 13 x 10- 0-960 0-81 0-986 ? +0-6 —15 +2-4 ( 
* In alcoholic solution. ‘ 
Table III (6) shows the converse titration. It exhibits the general I 
error (positive in terms of the acid concentration) which is considered ( 
to be due to the presence of carbonate ion in the alkali. This error i 
increases as the strength of the titrating acid decreases, from + 1% ( 
with the strongest acid to + 5% with acetic acid, whereupon it 
becomes constant. Phenol may be approximately determined by 
this titration. 














TABLE IV. 


Titration of dibasic acids with alkali. 


Average error, %. 
ea, 
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Acid Forward titration. Reverse titration. 


conc., 1st 2nd Ist 
Acid. PRw PRs Apr. N/10 x. break. break. break. 
Sulphuric .........006 0-4 1-52 1-12 0-796 0-0 +0-8 
Dibromosuccinic* ,., 1-47 2-80 1-33 0-749, a —0-6 +91 
En 1-40 4-53 3-13 0-735 a +0-9 
Malh®. cccicconcccgssqucs 1-82 6- 4-76 0-746 — 5 
SeleniouS  .....sese0ee 2-52 7 4-70 0-828 — 
Malonic ........ssece0s 2-8 2-88 0-749 al 
Tartaxic ..cccccccoscece 3-01 . —18 
Fumaric* ..... nehante 3-00 1-52 0-750 —18 
MaHiO ncccoccncogsesenge 3-4 0-748 —28 
Succinic ........cecsese oy 
AGIPIC .....ccceecceeeeee 6 
of Camphoric ..........++ 4-65 
be en 6-21 0-375+ + 
Salicylic ......scccccece 2-98 13-0 1 0-375t — 0-9 


he * In dilute alcoholic solution. + Concentrations in terms of 3/10. 
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Table IV shows the titration of dibasic acids with sodium hydr- 


oxide, and the reverse. Since these acids can be considered to be 
de similar to mixtures of two monobasic acids of different strengths but 
he in equivalent amounts, the results show what may be expected with 


sic (px = — log K and Apx = px, — px,). 
y. 


he the value of the second and smaller dissociation constant : 
conditions the accuracy with which the second break in the curve 


mixtures of two monobasic acids of dissociation constants K, and K, 


In the forward titration (acid with alkali) the important factor is 


this 


can be found, the break corresponding to the formation of the 


be observed. 


normal salt. The table shows that when px, > 6, an accuracy of 
one part iri 200 parts may be expected. The position of the first 
break depends both on the value of px,, and on that of Ap x. 
approximates to the correct position if Ap, « 3 and if px, > 2; this 
favourable combination is uncommon in practice. When the second 
acid is extremely weak, as with telluric acid, the first break only 
is obtained, and the acid titrates like a monobasic acid. Similarly, 
when px, is small, as with sulphuric acid, only the second break can 


It 


In the titrations of alkali with the acids, the first break is generally 
quite definite and is subject to the usual errors previously noticed 
in the titration with monobasic acids, the magnitude of the error 


l being conditioned by the value of px,. In general, the second point, 


corresponding to the formation of the acid salt, is apparent, but the 


1 angle of the break is so obtuse that the point cannot be fixed 


quantitatively. 


UNIVERSITY COLLEGE, 
CotomBo, CEYLON. 











[Received, May 4th, 1931.] 
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CCCCXXXIV.—The Solubility of Lithium Chloride 


in Water. 


By Joun ALBERT NEWTON FRIEND and ALBERT THOMAS 
WiLL1aM COLLEY. 


KremMeErs (Pogg. Ann., 1856, 99, 25) gave six results for the solubility 
of lithium chloride from 0° to 160°. His temperature intervals 
were necessarily too large to enable the changes at the transition 
points LiCl,2H,O0 == LiCl,H,O and LiCl,H,O == LiCl to be 
observed. Since then no systematic study of the solubility appears 
to have been published, although data at several isolated temper- 
atures, mostly near 25°, have been recorded at various times. 


Solid Solid 
Temp. Ref. S. phase. Temp. Ref. S. phase. 
0° 40-85 LiCl,2H,O 250° R 44-9 LiCl,H,O 
0 E 40-5 99 25-0 s 45-8 me 
0 K 38-9 - 25-0 D 45:37 a 
8-0 42-38 os 29-0 46-32 * 
10-2 42-75 - 30-0 SK 46-1 os 
13-0 43-32 és 34-5 46-67 ra 
13-8 43-50 o 41-0 47-47 o 
14-2 43-86 °° 47-0 48-23 99 
(16-0) (47-91) ” 50-0 DX 49-6 sd 
16-2 44-60 9» 61-6 50-05 - 
16-4 44-23 9 65 K 51-0 9° 
18-0 45-31  LiCl,H,O 72-0 51-71 és 
19-0 45-22 - . 8l6 53-37 bs 
20 K 44-6 a 86-6 54-60 “ 
21-2 45-47 - 88-0 54-54 A 
24-6 45-89 9 95-0 K 56-5 »» 
25-0 CC 45-4 am 


K. Kremers, loc. cit. 

E. Cale. from Engel, Ann. Chim. Phys., 1888, 18, 370. 

Ss. Smits, Elgersma, and Hardenberg, Rec. trav. chim., 1924, 48, 671. 
D. Deacon, J., 1927, 2063. 

SK. Schreinemakers and Kayser, Chem. Weekblad, 1918, 15, 120. 

DX. Demassieux, Ann. Chim., 1923, 20, 233. 

R. __—Pifia de Rubies, Anal. Fis. Quim., 1913, 11, 422; 1914, 12, 343. 
CC. Collins and Cameron, J. Physical Chem., 1928, 32, 1712. 


In the present research the lithium chloride was prepared by 
dissolving the pure carbonate in dilute acid and twice recrystallising 
the product. Saturated solutions at various temperatures were 
prepared in an apparatus similar to that already described (Friend, 
J., 1930, 1633). A weighed quantity of the filtered solution was 
diluted to 250 ¢.c., and an aliquot portion measured by a pipette 
into a platinum dish. This was evaporated to a syrup on the water- 
bath, dried in an electric oven at 150—180°, and momentarily 
heated above wire gauze over a gas flame to incipient fusion. This 
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ensured complete removal of the last traces of water (see Moser 
and Schutt, Monatsh., 1929, 51, 23; Winkler, Z. anal. Chem., 1913, 
52, 628) and was found to yield accurate results, as the following 
data show. Known weights of pure lithium carbonate were con- 
verted into chloride and estimated as above. 


TAC], Gp (EON) 5 0} sec vnsphn sa dcopmncnpeyesses 1-9838 2-1270 2-0314 
i |) eee ae 1-9833 2-1232 2-0311 


In the table S represents the solubility as g. of anhydrous 
lithium chloride per 100 g. of solution; the results of other workers 
are embodied, together with the appropriate references. 








LiCl, g. per 100 g. of solution. 


4 i. i i 4 t 4 





10° 12°5° 18° 20-7° 30° 40° 50° 60° 70° 80° 90° 95° 
Temperature. 


The foregoing results are shown in the figure. The transition 
point LiCl,2H,O == LiCl,H,O appears to occur at approximately 
18°. Bogorodsky (J. Russ. Phys. Chem. Soc., 1911, 43, 1268) 
obtained the value 20-7° although in 1893 he had found 12-5°, 
indicating considerable stability of the metastable phases in these 
regions. In the neighbourhood of these points the solutions were 
frequently viscous and difficult to filter. The solution in the 
experiment at 16°, shown in the figure as *, was very viscous. 

As usual with early solubility determinations, the results of 
Kremers at the lower temperatures are too low. The figure given 
by Pifia de Rubies at 25° is slightly too low; he estimated his 
lithium chloride by titration with silver nitrate. 


THE TECHNICAL COLLEGE, 
BIRMINGHAM. [Received, September 2nd, 1931.] 
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CCCCXXXV.—The Thermal Vapour-phase Chlorin- 
ation of Toluene and Benzene. 


By Joun Mason, Cyrit Austin SMALE, RoBERT NORMAN 
THompson, and THoMAS SHERLOCK WHEELER. 


Tuts work is a continuation of that previously described (Mason and 
Wheeler, this vol., p. 2282) on the action of chlorine on hydrocarbons 
and chloro-substitution products in the vapour phase. 

It was desired, in the case of toluene, to determine to what extent 
chlorine enters the nucleus at high temperatures in the absence of 
specific chlorine carriers, and to determine whether, as regards the 
kinetics of side-chain chlorination, this hydrocarbon can be regarded 
as a substituted methane. The thermal vapour-phase chlorination 
of toluene has been previously examined by Ellis (U.S.P. 1,202,040; 
B, 1916, 1212) and Mason (Diss., Oxford, 1929). These authors 
find that in the absence of specific carriers chlorine enters the side 
chain. The results of the present work, which has been carried out 
at higher temperatures and with shorter periods of heating, confirm 
this finding, and show that the kinetic formule of Martin and 
Fuchs (Z. Elektrochem., 1921, 27, 150) apply to toluene considered 
as a substituted methane, if catalysts which promote nuclear chlorin- 
ation are absent. The general formula giving the percentages of 
initial substance (e.g., toluene) converted into the mth product, in 
terms only of the total percentage consumed (7), is 


\n 100 I/n m 
Yn = mye =m 100 —2)[ (gp —z) —1] 











where nv is the number of bimolecular stages involved. According 
to the formula (n = 3) the maximum yield of benzyl chloride 
(calculated as a percentage of the toluene applied) is 44-4%, with a 
703% consumption of the applied toluene; the maximum for 
benzal chloride is not reached until the consumption is 96-3%. 
That the experimental and theoretical values are in good agreement 
may be seen from Fig. 1. 

With regard to benzene, the main object was to investigate, with 
particular reference to the formation of monochlorobenzene, the 
extent to which substitution occurs at high temperatures, in the 
absence of specific chlorine carriers. No previous work has been 
done on this subject, although Mouneyrat and Pouret (Compt. rend., 
1898, 127, 1025), quoting Berthelot and Jungfleisch, state that, in 
the dark, chlorine and benzene do not react below 300°. The 
experiments to be described showed that direct chlorination to chloro- 
benzenes takes place in the vapour phase above 400°, mono- and 
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di-chlorobenzenes being the chief products. The rate of reaction 
is not so great as in the case of toluene. The results, when only 
mono- and di-chlorobenzenes are formed, are in good agreement 
with Martin and Fuchs’s kinetic formule for a two-stage reaction. 
This is shown in Fig. 2. No attempt was made to separate, one 
from another, the isomeric dichlorobenzenes. They are sufficiently 
alike in their physical properties to be treated as a single compound 
in the method of analysis employed. 


ExPERIMENTAL. 


(1) The Action of Chlorine on Toluwene.—The apparatus used was 
similar to that employed in the previous work, except for modi- 
fications necessitated by the fact that toluene and its chlorination 
products are liquid at ordinary temperatures.. The chlorine passed 
into the reaction tube by way of an inverted T-piece, down the 
vertical limb of which the required amount of toluene was delivered 
from a burette. The toluene used distilled within about 1°. The 
fireclay reaction tubes were of 0-5 cm. and 2-3 cm. diameter, with 
heated lengths of 15 cm. and 30 cm. respectively. The wider tube 
was used both empty and packed with fireclay.* The exit gases 
from the reaction tube, after being cooled to condense unchanged 
toluene and liquid reaction products, were passed through water 
and 20% sodium hydroxide solution. Practically complete absorp- 
tion took place, as the original chlorine (from a cylinder) was 98% 
pure. 

In an experiment, after the apparatus had been swept out with 
nitrogen, the reaction tube was filled with a measured amount of 
toluene vapour in order to prevent the reaction mixture burning at 
the inlet, owing to a local excess of chlorine. The toluene and 
chlorine flows were then adjusted. At the end of an experiment the 
chlorine was turned off first, and the reaction products swept out 
with nitrogen. The contents of the washers were analysed for 
hydrogen chloride and free chlorine. These were also estimated in 
the liquid products, being extracted by shaking with 10% sodium 
hydroxide solution. 

As the technical object sought was complete utilisation of the 
chlorine, experiments in which more than 2-5% remained unchanged 
were not further investigated. If the conversion was satisfactory, 
the liquid product was washed with water, dried over calcium 
chloride, and fractionated through a 6-bulb Young column. Frac- 
tions were taken at the mid-points between the boiling points of the 

* The following details were omitted from the previous paper (Mason and 


Wheeler, loc. cit.): Table I—0-4 cm. tube, 15 cm. heated length. Table II— 
] em, tube, 15 em. heated length, packed except in Expt. 3. 
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possible constituents (toluene, 110°; chlorotoluenes, 159—162° V 
benzyl chloride, 179°; benzal chloride, 207°), as recommended by 0 
Young (“ Distillation Principles’ and Processes,’ p. 170). The a 
residue above 210° was less than 1% of the total. It was shown, by W 
distilling a typical synthetic mixture of the constituents, that this ir 
procedure gave results within the experimental error. The toluene fc 
and chlorine accounted for in each experiment amounted to over e: 
97°% of the input. 
Results with a 0°5 cm. tube. tc 
Molecular ratio, chlorine : toluene, 1: 2°2. : 
% Toluene applied converted into % Chlorine : 
Z - ~ applied recovered ce 
benzyl chloride. _benzal chloride. as of 
S.V.,* ere Penis rT. Pe are oe ae P 
Temp. min.-}. Obs. Cale.t Obs. Calc.t Cl,. ERAS pé 
400° 500 — — — —_ 23-1 
500 500 30-5 30-0 2-3 4-6 Nil 56°: 2 
600 500 20-1 19-9 1-6 1-7 Nil 64-1 
600 1000 27:1 26-7 5-6 3°5 0-9 511 = 
700 3000 22:3 24-2 4-6 2-7 0-9 59-1 $ 
* S.V. = space velocity, i.e., the number of volumes of gas, at the reaction- & 
tube temperature, passing through the heated volume per minute. : 
+ From Martin and Fuchs’s kinetic formule. - 
t The excess over 50% of the percentage chlorine as hydrogen chloride can g 
be taken as a measure of the pyrolysis. § 
3 
In these experiments the lower temperature limit for complete ™ 
chlorination was 500°. At temperatures above 600° pyrolysis of the 
products occurred even with space velocities high enough to give 
unchanged chlorine in the exit gas (i.e., up to 3000 min.-1). It was 
found impossible to work in the temperature range 400—600° with 
mixtures containing more than 1 vol. of chlorine to 2 vols. of toluene 
vapour. 
Results with a 2-3-cm. tube. 
t 
4 Toluene applied converted into Un- 
. changed ch 
Mol. S.V. benzyl chloride. benzal chloride. chlorme, ch 
ratio, (actual), _ A =e es % of 
Cl,:C,H,. Temp. min.-?. . Cale. “ Obs. Cale. input. res 
: 1: 2 310° 2-7 38-9 39-3 10-8 10-3 0-1 ati 
1:12 315 2-7 37-2 39-5 11-2 10-5 Nil 
1: 1-2 250 2-7* 325 380 10-4 9-1 0-6+ - 
1: 1-2 315 28-3* 30-4 31-9 6-9 5-4 Nilt | 
1-3; 1 300 6-9* 43-5 44-4 26-3 21-8 0-77 th 
* Packed tube. Free space/total volume packed = 0-53. Fireclay pack- lat 
ing passed through a 10-mm. and was retained by a 3-mm. sieve. be 
* Much pyrolysis in these experiments. pe 
In order to determine the speed of the vapour-phase reaction Ex 
at low temperatures, a tube 2-3 cm. in diameter was used. ree 
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With a space velocity of. 2-7 min.-1, complete reaction was not 
obtained below 310°, but at this temperature a mixture as rich 
as 1 vol. of chlorine to 1-2 vols. of toluene vapour could be used 
without inflammation. Increase in the proportion of chlorine 
increased the amount of toluene consumed, and produced a greater 
formation of benzal chloride. Little pyrolysis. occurred in these 
experiments. 

When the reaction tube was packed with fireclay, it was possible 
to obtain practically complete reaction at a temperature of 250° 
using a gas mixture containing 1 vol. of chlorine to 1-2 vols. of 
toluene vapour. Also, an excess of chlorine, 1-3 vols. to 1 vol., 
could be used at a temperature of 300°, the proportional formation 
of benzal chloride being then greatly increased. The presence of 
packing enhances the tendency to pyrolysis. 
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10 20 30 40 ” 60 70 80 90 100 
Total % of toluene (or methyl chloride) consumed. 
Continuous curves = theoretical curves for three-stage reaction. 


Points marked <X = experimental values, chlorination of toluene. 
Points marked (A, = erperimental values, chlorination of methyl chloride. 


In the graphical representation of the foregoing results.(Fig. 1), 
it will be seen that only two points differ appreciably from the 
theoretical curves. This may be explained in one case (benzyl 
chloride’ curve) by “‘ much pyrolysis,” and in the other (benzal 
chloride curve) by the possible inclusion of benzotrichloride. The 
results of a three-stage reaction previously studied, viz., the chlorin- 
ation of methyl chloride (Mason and Wheeler, loc. cit., Table V1), 
are also given in Fig. 1. ; 

That in the foregoing experiments most of the chlorine entered 
the side chain and not the nucleus was shown by the distil- 
lation curves of the products, and by the fact that the crude 
benzoie acid, obtained on oxidation of the products by potassium 
permanganate,. always contained less than 0-3% of chlorine. 
Experiments with silica reaction tubes free from iron gave the same 


results. 
5K 
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Effect of catalysts. 


Tube diameter, 0-5 cm. Temperature, 500°. 
S.V., 500 min.-1, Mol. ratio, Cl, : C,H, = 1: 2-2. 
% Toluene applied converted into 





Catalyst, and wt. 


per g. of C,Hg. benzyl chloride. benzal chloride. chlorotoluenes. 
NOME  ncocrccoccsesdveccene 30-5 2-3 Nil 
ics ° thsindainustie 12-0 4-0 16-9 
NH, 0-01 g. ......-cc00e 18-9 6-1 9-5 
CHCI,, 0-01 g.  ......005 28-4 4-8 Nil 
FeCl,, see note below 6-7 8-9 14-5 
S, see note below ...... 22-1 3-9 3-9 


H,0, see note below... 29-0 4- Nil 

Note.—The first three catalysts were introduced by adding 1% by weight 
to the toluene. For the last three, the toluene was shaken with the catalyst, 
and separated. The amounts added by this means were not estimated, and 
the results in these cases are in this respect qualitative. The substances are 
all volatile at 500°. 


Iodine, ammonia to a less extent, ferric chloride, and sulphur 
promote chlorination in the nucleus; chloroform and water tend 
only to increase the proportion of benzal chloride. 

(2) The Action of Chlorine on Benzene.—The experimental methods 
were similar to those described in the previous section. The benzene 
used distilled within about 1°. The silica reaction tubes were 
heated over a length of 30cm. For analytical purposes, the volume 
and density of the liquid product were noted, and an aliquot portion 
was treated with 3 volumes of 10% sodium hydroxide solution to 
extract hydrogen chloride and unchanged chlorine. The remainder 
of the liquid product was neutralised with solid sodium carbonate 
(the carbon dioxide evolved removes unreacted chlorine), filtered, 
and distilled through a 6-bulb Young column. Cuts were made at 
130° (2° below the b. p. of monochlorobenzene) and 170° (2° below 
the b. p. of p-dichlorobenzene). Each fraction consisted of two 
components (benzene and monochlorobenzene; mono- and di- 
chlorobenzene; residue, di- and tri-chlorobenzene, where present), 
and the amount of each constituent was calculated from tables 
relating composition to density.* 

This method of analysis, essentially the same as that of Bourion 
(Compt. rend., 1920, 170, 933, 990) and Bourion and Courtois (ibid., 
p. 1115), was checked on synthetic mixtures. It is suitable for the 
determination of the monochlorobenzene produced, but owing to the 
small quantity formed, it is only in the third and fifth tables that 
the variations in the amount of dichlorobenzene are considered to 
be significant. The chlorine and benzene accounted for in each 
experiment amounted to about 95% of the input. 


* The method of analysis and the tables used were supplied by I.C.I- 
(General Chemicals), Ltd., to whom our best thanks are due. 
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VAPOUR-PHASE CHLORINATION OF TOLUENE AND BENZENE. 


The results are presented in a series of tables showing the effect of 
systematic alteration, one at a time, of the variables concerned. 


Tube 
diam., 
em. 
0-5 


esesosesesss 


bo bo bo bo bo bo ee 


The results show that with each tube, above a certain limiting 
space velocity, the percentage of unreacted chlorine increases 
With too long a period of heating, carbon is deposited. 
Where the amount of unreacted chlorine is high, trichlorobenzene 
is present; this may be formed from benzene-chlorine addition 
compounds produced by the reaction of benzene and free chlorine 


rapidly. 


Effect of varying space velocity. 
Temperature, 450°. Mol. ratio, Cl, : CgH, = 1: 2-2. 
% Benzene applied converted into 








S.V., 
min. C,H, Cl. 

50 32-1 
100 28-2 
250 22-5 
20 34-6 
50 34:3 
100 23-7 
160 9-2 
5 34-6 

10 34-5 
15 35-9 
25 34-0 
50 30-2 
65 16-8 


* Carbon deposited. 


C,H,Cl,. 
2- 


od 
OCR 


OP Hm bo OF G2 RD GS G9 ts 
m DIN IA AAIS1y 


a 


in the condensate from an experiment. 


Temp. 
600° 
500 
475 
450 
440 
425 
400 


500 
475 
450 
425 
400 
375 


It is evident that for a given space velocity there is a critical! 
temperature below which the amount of chlorine passing through 


C,H,Cl,. 


Effect of varying temperature. 


Mol. ratio, Cl, : CsH, = 1: 2-2. 


Nil 
Nil 
31 
Nil 
Nil 
Nil 
1-9 
Nil 
Nil 
Nil 
Nil 
Nil 
1-5 


Tube diameter, 1-0 em.; S.V., 50 min.~!. 
% Benzene applied converted into 





a > 
C,H,Cl. C,H,Cl.. C,H,Cl,. 
32-5 2-1 Nil 
35-0 3-2 Nil 
35-6 2-6 Nil 
34-3 3:7 Nil 
33-1 3°6 Nil 
25-9 2-5 1-9 
15-5 3:8 2°3 

Tube diameter, 2-0 cm.; S.V., 10 min.~}. 
31-3 2-7 Nil 
32-6 3°5 Nil 
34-5 3-2 Nil 
32-9 3-9 Nil 
32-5 3-9 Nil 
24-1 2:1 1-0 


* Carbon deposited. 


Unchanged 
chlorine, 
of input. 


Nil* 
6-2 
20-8 
Nil* 
0-3 
20-6 
50-9 
Nil* 
Nil 
Nil 
1-1 
13-5 
28-9 


Unreacted 


Nil* 
Nil* 
Nil 
0-T 
1-0 
20-L 
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unreacted increases rapidly. Above a certain temperature, pyrolysis 
sets in and carbon is deposited. 


Effect of varying molecular ratio of reactants. 
Tube diameter, 1-0 cm. Temp., 450°. S.V., 50 min.“}. 
% Benzene applied converted into Unreacted 





Mol. ratio - —~ chlorine, % Ratio, 
Cl, : C,H,. C,H,Cl. C,H,Cl,. of input. C,H,Cl/C,H,Cl,. 
1:11 44-7 15-2 Nil 2-9 
1: 1-6 43-3 6-8 Nil 6-4 
1: 2-2 34:3 3°7 0-3 9-3 
1: 3-4 24-0 2-2 0-5 10-9 


In these experiments trichlorobenzene was not formed. 


Fic. 2. 





8 





Benzene converted into each stage, %. 











10 20 30 40 50 60 70 80 90 100 
Total %, of benzene consumed. 
Continuous curves = theoretical curves for two-stage reaction. 
Points marked <x = experimental values. 

The increased production of dichlorobenzene without formation 
of trichlorobenzene is interesting. When the molecular proportion 
of benzene to chlorine falls below 1 : 1, inflammation occurs at the 
entrance to the reaction tube, but can be stopped by momentarily 
increasing the flow of benzene. 


Effect of varying surface—volume ratio. 
Tube diameter, 2-0 cm. Mol. ratio, Cl, : CsH, = 1: 2:5 


bo 





% Benzene applied converted into Unreacted 
| ee chlorine, 
Temp. min.“}, C,H,Cl. C,H,Cl,. C,H,Cl,.  % of input. 
450° 50 30-2 3-1 Nil 13-5 
450 (50)* 36-3 3-5 Nil 0-3 
94-5 
375 10 24-1 2-1 1-0 20-1 
375 (5-3)* 27-8 2-0 2-6 9-9 
10 


* Packed tube. Free space/total volume packed = 0-53. Silica packing 
used passed through a 10-mm. and was retained by a 3-mm. sieve. Figures 
in parentheses give space velocity uncorrected for the volume of the packing. 
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Packing the reaction tube with broken silica increases the speed 
of the reaction but does not induce complete reaction at 375° with a 
space velocity of 10 min.-}. 

In Fig. 2 the results of those experiments (the preceding four 
tables) in which no trichlorobenzene was formed are compared 
graphically with the theoretical curves for a two-stage process. It 
will be seen that good agreement is obtained. 


Effect of catalysts. 
Tube diameter, 2-0 cm, Temperature, wt 





S.V., 50 min.-?. Mol. ratio, Cl, : C,H, = 1: 2:2. 
% Benzene applied conv culls into Unreacted 
Catalyst, and wt. per g. _— — chlorine, 
of C,H. C,H,Cl. C,H,Cl, C,H;Cl,. % of mput. 
PROG, |“ xkniiadsanemdcasvibeanoadanses 30-2 3-1 Nil 13-5 
Jodime, 0-006 @. ...ccsccsscccccees 32-2 4-4 Nil 2-5 
Aluminium chloride, see note 
eR eee 33-6 4:3 Nil 4:8 
Ferric chloride, see note below 28-4 6-3 0-5 0-6 


Note.—Iodine was introduced by adding 0-5% to the benzene. The 
amounts of aluminium chloride and ferric chloride were not estimated, and 
these results are therefore in this respect qualitative. All the catalysts used 
are volatile at 450°. 


It is clear that the usual liquid-phase catalysts promote chlorin- 
ation in the vapour phase. With ferric chloride the proportional 
formation of dichlorobenzene is increased, and a little trichloro- 
benzene is formed. 

Summary. 

Chlorine reacts smoothly and rapidly with excess of toluene at 
temperatures above 250° to give side-chain chlorination products 
(chiefly benzyl and benzal chlorides). The results obtained are 
satisfactorily expressed by the kinetic formule of Martin and Fuchs 
for a three-stage reaction. In the presence of a carrier, substitution 
in the nucleus also occurs. 

Chlorine reacts similarly with excess of benzene, at temperatures 
above 400°, to yield mono- and di-chlorobenzenes, with little or no 
trichlorobenzene. The rate of reaction is increased by iodine. 
When only mono- and di-chlorobenzenes are formed, the results are 
in accordance with Martin and Fuchs’s kinetic formule for a two- 
stage reaction. 


The authors wish to express their thanks to the Directors of 
Imperial Chemical Industries Ltd. for permission to publish this 
work, which was carried out in the Research Department of their 
subsidiary company, Brunner Mond & Co. Ltd., Northwich. 
[Received, September 21st, 1931.] 
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CCCCXXXVI.—Sirychnine and Brucine. Part XIII, 
Note on Dihydroindolylpropionic and Dihydro- 
indolylbutyric Acids. 


By Bertie KENNEDY BLOuNT and RoBertT ROBINSON. 


THE oxidation of tetrahydrostrychnine and of some of its derivatives 
by means of chromic acid has recently been investigated by Leuchs 
(Ber., 1930, 63, 3184) with results which appeared to possess 
significance in relation to the constitutional problem. 

N -O- Diacetyltetrahydrostrychnine and N -acetyltetrahydro- 
strychnine furnished N-acetylstrychnic acid, so that, as would be 
anticipated, the group -CH,°OH (or -CH,°OAc) in the base was the 
point of attack by the oxidising agent. 

Tetrahydrostrychnine itself, however, yielded an acid C,,H,,0,N, 
which was also a base and did not respond to reagents for the 
hydroxyl and carbonyl] groups. 

The explanation suggested was that tetrahydrostrychnine might 
be formulated as C,,H,,ON(NH[a]-CH,°)CH,-OH and that the 
oxidation product could then be C,,H,,ON(NH{[a}-CO-)-CO,H. 

This involves the assumption that the lactam ring of strychnine 
is in some way formed by a bridge connecting the nitrogen atom and 
the 8-position in a dihydroindole derivative. 

We have accordingly attempted to test this hypothesis by an 
examination of the properties of dihydroindolylpropionic acid (I) 
and dihydroindolylbutyric acid (II). 


CH-CH,-CH,-CO,H (S—QH-CH,-CH,-CH,CO,H 
CH, = (L.) UX Al (II.) 
NH NH 


Neither of these acids shows any tendency to form a cyclic amide, 
and the related esters can be distilled without decomposition. In 
view of the extreme ease of closure of the lactam ring in strychnine, 
it seems highly improbable that strychnic acid can be regarded as a 
substituted derivative of (I) or of (II). 


EXPERIMENTAL. 

Ethyl 8-3-Dihydroindolylpropionate.—A solution of §-3-indolyl- 
propionic acid (Kalb, Schweizer, and Schimpf, Ber., 1926, 59, 1858; 
Manske and Robinson, J., 1927, 240) (6 g.) in absolute alcoholic 
hydrogen chloride (40 c.c. of 394) was boiled for 3 hours and poured 
into water. The resulting solid ethyl ester was collected, dissolved 
in alcohol (100 c.c.), and hydrogenated in the usual way after the 
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addition of platinic oxide (0-1 g.) and concentrated hydrochloric acid 
(1 c.c.). The rate of hydrogenation varied in different experiments, 
and was always slow. The solution was filtered from platinum 
catalyst, concentrated to a small bulk, mixed with ether, and 
extracted successively with sodium bicarbonate solution and with 
dilute sulphuric acid. Any unreduced ester remained in the 
ethereal solution. Ethyl 8-3-dihydroindolylpropionate was liberated 
from the sulphuric acid extract by means of alkali, isolated by ether 
extraction, and purified by distillation in a high vacuum. It formed 
a colourless liquid, b. p. 145°/0-1 mm. (Found: C, 71:2; H, 7-8. 
C,3H,,0,N requires C, 71:2; H, 7-7%). 
8-3-Dihydroindolylpropionic Acid (1).—The above ester (1 g.) was 
dissolved in sulphuric acid (10 c.c. of 2N) and heated for 4 hours on 
the water-bath. The brown liquid was then diluted, a little charcoal 
added, and, after being heated for a further 15 minutes, the solution 
filtered. Sulphuric acid was exactly precipitated by means of 
baryta, and the filtrate evaporated. The acid remained as a pale 
brown, viscous oil, readily and completely soluble in acids and 
alkalis; it resisted attempts to crystallise it and decomposed on 
distillation in a high vacuum. Its benzoyl derivative was prepared 
by shaking a solution of the acid in dilute alkali with benzoyl chloride 
and acidifying the product. The crude substance separated as a 
gum which crystallised on being stirred with ether. After removal 
of benzoic acid by extraction with hot water, the derivative was 
crystallised twice from toluene, forming rosettes of small white 
prisms, m. p. 152° (Found: N, 4:7. C,gH,,0,N requires N, 4-7%,). 
Dissolved in sulphuric acid (50 vol. %) and treated with a drop of 
potassium dichromate solution, this substance gave the transient 
violet-blue colour reaction characteristic of N-acyldihydroindole 
derivatives and of strychnine. 

Methyl y-3-Dihydroindolylbutyrate—This substance was prepared 
in a similar way by.the reduction of methyl y-3-indolylbutyrate 
(Jackson and Manske, J. Amer. Chem. Soc., 1930, 52, 5032) and was 
obtained as a colourless oil, b. p. 160°/0-1 mm. (Found: C, 70-8; 
H, 7-9. C,3H,,0,N requires C, 71-2 ; H, 7:7%). 

y-3-Dihydroindolylbutyric Acid (Il).—The methyl ester was 
hydrolysed with dilute sulphuric acid, the latter removed by means 
of just sufficient baryta, and the filtrate evaporated. y-3-Dihydro- 
indolylbutyric acid remained as a brownish resin, soluble in acids 
and alkalis, and in this case the benzoyl derivative also was uncrystal- 
lisable. A solution of the acid in dilute caustic soda was shaken 
with ether and p-nitrobenzoyl chloride, the aqueous layer separated 
and acidified, and p-nitrobenzoic acid removed from the resulting 
sticky precipitate by extraction with boiling water. Two crystal- 
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lisations from aqueous alcohol gave y-1-p-nitrobenzoyl-3-dihydro- 
indolylbutyric acid as pale yellow, diamond-shaped plates, m. p. 
163—164° (Found: N, 8-4. C,,H,,0,N, requires N, 8-6%). This 
compound also gave the colour reaction with sulphuric acid and a 
dichromate. 


Dyson Perrins LABORATORY, , 
UNIVERSITY OF OXFORD. [ Received, November 4th, 1931.] 





CCCCXXXVIE.—Strychnine and Brucine. Part XIV, 
Oxidation of Hexahydrosirychnine. 


By Liypsay HEATHooTE Brices and RoBpert Rosinson. 


STRYCHNINE, C,,H,,ON(C:C)(CO-N), yields the so-called tetrahydro- 
strychnine, C,,H,,ON(C:C)(CH,-OH NH), on electrolytic reduction 
(Tafel and Naumann, Ber., 1901, 34, 3291; Tafel, Annalen, 1898, 
301, 285) and the catalytic reduction of this base yields hexahydro- 
strychnine, C,,H,,ON(CH-CH)(CH,-OH NH) (Oxford, Perkin, and 
Robinson, J., 1927, 2403). We now find that the oxidation of 
hexahydrostrychnine by means of aqueous chromic acid affords an 
amino-acid, C,,H,,0,N,, in 22% yield. The substance is a base 
and if this function resided in N(a), which is attached to the aromatic 
nucleus, the absence of substituted alkylaniline character and the 
general stability to oxidising agents would be inexplicable; the 
basic centre is therefore N(b). The acid does not respond to 
reagents for the carbonyl group, but it condenses with benzaldehyde 
to form a benzylidene derivative, of which the picrate was analysed. 

It seems, therefore, that it must contain the original -N(a)-CO-CH,, 
group of strychnine. 

The composition change representing the relation of the acid to 
dihydrostrychnine is that which would occur if a methyl group were 
oxidised to carboxyl. Thus the simple view is that hexahydro- 
strychnine, C,,H,,ON(CH-CH)(CH,-OH NH)(CH;), is transformed 
on oxidation into the acid C,,H,,0,N, or 

C,,H,,ON(CH-CH)(CO-N)(CO,H). 

It appears to us that the only simple alternative is represented by 
the opening of the oxide ring of the base, but this must leave a 
carbonyl] group in the molecule ; and this we have so far been unable 
to detect. It will be seen that the changes, R-CH, —> R-CO,H and 
-CH-O-CH,* —> ‘CO CO,H: are equivalent. 

It is possible, however, that the changes involved are much more 
complex, because it is very remarkable that the acid does not 
exhibit the usual strychnine colour reaction with sulphuric acid and 
a dichromate. 
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It was apparent that the acid was not identical with an amino- 
acid obtained by Leuchs (Ber., 1930, 63, 3184) by the chromic acid 
oxidation of tetrahydrostrychnine, to which the formula C,;H,,0,N, 
was attributed. Quite recently Leuchs has reduced this acid 
catalytically and considers that the product is C,,H,,0,N,. We 
have also prepared the latter substance and found it identical with 
the oxidation product of hexahydrostrychnine. 

This observation suggested that the acid C,,H,,0,N, of Leuchs 
might be C,,H,,0,N,, a hypothesis which is not refuted by recorded 
analyses. New careful analyses of the substance and its dihydro- 
derivative have convinced us that this view is correct. 

Accordingly the oxidation of tetrahydrostrychnine and of hexa- 
hydrostrychnine take parallel courses and the ethylenic linkage of 
tetrahydrostrychnine cannot be involved in,the process. 


EXPERIMENTAL. 


Hexahydrostrychnine—An improvement of the yield and an 
economy in the use of palladium have been effected. Palladous 
chloride (1-25 g.) and animal charcoal (12-5 g.) were added to a 
solution of tetrahydrostrychnine (20 g.) in 10% acetic acid (475 c.c.), 
and the whole stirred in hydrogen at 75°. 1820 C.c. were absorbed 
in 24 hours (calc., 1320 c.c.). The base isolated from the solution 
was crystallised from ethyl acetate-light petroleum (10: 1) and the 
yield of material, m. p. 198—199°, was 65%, of the theoretical. 

Oxidation of Hexahydrostrychnine.—A solution of the base (11-57 
g.) in water (440 c.c.) and sulphuric acid (34 c.c.) was cooled to 16°, 
and chromic anhydride (23-8 g.), dissolved in water (115 c.c.), added 
at once ; a dense red precipitate was thrown down. The mixture 
was shaken for 40 minutes and gradually heated to 80° during 24 
hours; the solid then passed into the solution, which acquired a 
pure green colour. 

The hot liquid was partly neutralised with aqueous ammonia 
(17 c.c., d 0-880, and 17 c.c. of water) and then treated with barium 
hydroxide (200 g.) dissolved in boiling water (150 c.c.). The sludge 
was collected, washed with hot dilute aqueous ammonia, and 
extracted with successive volumes of boiling water (500 c.c. and 
300 c.c.).. The filtrates were combined, and concentrated under 
diminished pressure to 20—30 c.c. and the solid that separated on 
cooling and keeping was collected, washed, and dried (2-52 g.). 
Several crystallisations from water (charcoal) gave colourless 
needles and prisms, m. p. 281—282° (decomp.) (Found: loss at 
120°, 8-9. Found in anhydrous material: C, 688; H, 6-1. 
C,,H.,0,N,,2H,O requires 2H,O, 8-9%. C,,H,.0,N, requires 
C, 68-9; H, 6-0%). 
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The substance has an acid reaction to litmus and is insoluble in 
the usual organic solvents. Dissolved in 1% hydrochloric acid, it 
has [a]? + 10-73°. 

Methosulphate. Attempts to prepare this derivative in non- 
hydroxylic solvents were fruitless and the following method was 
therefore adopted. The anhydrous acid (0-2 g.) was mixed with 
freshly distilled methyl sulphate (0-08 g.) and dry methyl alcohol 
(5 c.c.). No reaction occurred in the cold but, on heating, the solid 
passed into solution; after 15 minutes’ refluxing, the liquid was 
evaporated under diminished pressure. The viscous residue was 
dissolved in hot ethyl alcohol and crystallised on the addition of 
light petroleum and on cooling (0-05 g.). The substance darkened 
on heating but did not melt below 318° (Found: N, 5:8. 
C,H 20,No,C,H,SO, requires N, 5:7%). 

The methiodide was obtained from the mother-liquor from the 
methosulphate by the action of sodium iodide. It crystallised from 
water containing sulphurous acid and had m. p. 280—287° (decomp.) 
with previous darkening (Found: N, 5:3. C,,H,.0,N,,CH,I 
requires N, 5-5%). 

The methochloride, prepared from the iodide by means of silver 
chloride, crystallised from a solution in a very little water in pointed 
prisms, which darken at 280° and begin to melt at 320° (Found : 
N, 6-4. C,,H,.0,N,,CH,Cl requires N, 6-7%). This derivative is 
very readily soluble in methyl alcohol and sparingly soluble in cold 
ethyl alcohol. 

Benzylidene derivative. A mixture of the acid, C,,H,,0,N,, from 
hexahydrostrychnine (0-2 g.), benzaldehyde (0-2 g.), and ethyl 
alcohol (5 c.c.) was heated to boiling, concentrated alcoholic sodium 
ethoxide (6 drops) introduced, and the mixture boiled for 10 minutes. 
The gummy residue, after removal of the solvent in a vacuum at 
the room temperature, was insoluble in ether and acetone but 
readily soluble in cold methyl alcohol. It was dissolved in hot 
ethyl alcohol (1-5 c.c.), and cold saturated alcoholic picric acid 
(3 c.c.) added with formation of a yellow precipitate. This was 
collected, washed with water and absolute alcohol (yield, 0-26 g.), 
and crystallised from 1000 parts of boiling water (Found: 
C, 59-5; H, 4:5; N, 10-2. C,,H,,0,,N; requires C, 59-7; H, 4:3; 
N, 10-3%). 

The oxidation product of tetrahydrostrychnine (Leuchs, loc. cit.) 
was prepared and analysed (Found : loss at 105°, 15-6. Found in 
anhydrous material: C, 69-4; H, 5-7. C,,H, 50,N,,4H,O requires 
4H,0O, 165%. C,H 0,N, requires C, 69-2; H, 5:5; N, 7-9%. 
C,,H,.0,N, requires C, 68-9; H, 60; N, 7:°7%). The analyses 

recorded by Leuchs agree well with the formula now suggested and 








of =» Ss 


nm =. *+S -™ he 


— ry —— cf 








» in 
, it 


on- 
vas 
ith 
hol 
lid 
Tas 
ras 


ed 


~ 


SS EN oo Oe hu hCUrF 








PRELIMINARY SYNTHETICAL EXPERIMENTS, ETC. PART I. 3163 


were the following: H,O, 16-6%, and in anhydrous material : 
C, 69-1; H, 5-8; N, 7-7%. 

Catalytic Reduction of the Acid, C,,H,)»0,N,.—We describe this 
experiment because our method was not the same as that recently 
reported by Leuchs and Beyer (Ber., 1931, 64, 2161). These 
authors employed platinum oxide and used an alkaline solution of 
the acid. The acid from tetrahydrostrychnine (1-0 g.) was dissolved 
in 25% acetic acid (20 c.c.) and hydrogenated in the presence of 
palladium (from 0-1 g. of palladous chloride) and animal charcoal 
(1-0 g.). The absorption of hydrogen was slow and the theoretically 
required volume was taken up in 6 hours. The filtered solution was 
rendered just alkaline by means of ammonia ; on keeping, a colourless 
solid separated and the quantity was increased by exposure to a 
vacuum at the room temperature. The total solid (0-68 g.) crystal- 
lised from hot water (90 c.c.) in needles and prisms, which soften at 
250° and then melt at 272°; the dehydrated material, however, has 
m. p. 280—285° (decomp.) (Found: loss at 110°, 7-1. Found in 
anhydrous material: C, 68-9; H, 6-1; N, 7-6. C,,H,.0,N,,2H,O 
requires 2H,O, 8-9%. C,,H,.0,N, requires C, 68-9; H, 6-0; N, 
76%. C,,H,,0,N, requires C, 68-5; H, 6-5; N, 76%). In 1% 
hydrochloric acid solution this acid had [«]}?" +11-36°, in sufficiently 
good agreement with our finding for the acid from hexahydro- 
strychnine. 

Leuchs and Beyer (loc. cit.) gave [a]? + 28-6°, + 30-6°, and 
+ 27-8° for different preparations. They found: H,0O, 9-2, 9-2, 
8-8, and in the anhydrous acid: C, 68-8; H, 63%. In this case 
also the results are in accord with the formulz now proposed. The 
divergence of the rotatory power between our observations and those 
of Leuchs and Beyer is probably the result of different conditions of 
experiment. 

A careful direct comparison has shown that the acid C,,H,.0,N,, 
derived from hexahydrostrychnine, is identical with that obtained 
by the hydrogenation of the oxidation product of tetrahydro- 
strychnine. 


THE UNIVERSITY OF OXFORD. [Received, November 12th, 1931.] 





CCCCXXXVIII.—Preliminary Synthetical Ezxperi- 
ments in the Morphine Group. Part I. 
By Rosert Roprinson and SHIGEHIKO SuGaAsawa. 


In the course of a lecture delivered before this Society in November, 
1925, it was suggested by one of us that the blocked hydroaromatic 
structure of the alkaloids of the morphine-thebaine-sinomenine 
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group has its biogenesis in a union of the two aromatic nuclei of a 
base of the laudanosine type . 

Such a process is analogous to the formation of a terpene from 
isoprene or of vinylacetylene from acetylene, and one of the nuclei 
must become reduced. 

Analogies in the aromatic series are not available, but the pyrogenic 
formation of diphenyl is probably best envisaged as proceeding by 
the stages : 


If the union of the two nuclei of a base of the laudanosine type 
occurs in such a position that loss of hydrogen with re-formation of 
a true aromatic nucleus is feasible, then an aporphine alkaloid 
results. 

If, on the other hand, addition of the one nucleus to the other 
occurs at a position already bearing a substituent, then loss of 
hydrogen is impossible without migration and a member of the 
morphine group is obtained. 

It is hardly necessary to illustrate these views in the case of 
glaucine or other member of the aromatic sub-group, but the phyto- 
synthesis of sinomenine (II) from a hypothetical protosinomenine 
(I) is one of the simplest cases in the second category. 
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It will be observed that the orientation of substituents in the 
benzene rings of protosinomenine is identical in the two halves of 
the molecule, so that the postulated protosinomenine could arise 
from two molecules of a 3-hydroxy-4-methoxyphenylalanine. 

Thebaine (III) is constituted differently and on the straight- 
forward view is derivable from one molecule of 3-hydroxy-4-methoxy- 
phenylalanine and one molecule of 2-hydroxy-3-methoxyphenyl- 
alanine. 

A more attractive hypothesis is that which postulates the synthesis 
by way of a protothebaine (IV) from initial materials having the 
same orientation as those required for protosinomenine. The 
variation depends on the occurrence of tetrahydroisoquinoline ring 
closure in different directions. For protosinomenine, the substituted 
phenylacetaldehyde must attack a hydroxyphenylethylamine in the 
p-position to hydroxyl; for protothebaine, in the o-position to 
hydroxyl. 


MeO 
BO), OL 
HO 
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HO CH 


¢ 
H—NMe 
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(IV.) identical formule, 
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The transposition of substituents attached to C-13 and C-14 in 
(V) furnishes thebaine (III) and the assumption of such a change is 
theoretically plausible. 

We have considered the possibility that formule of the type (V) 
might actually represent the bases of the morphine group, but the 
weight of evidence is opposed to such a view. It would be necessary 
in almost all cases to assume a preliminary migration to the Gulland-— 
Robinson constitutions in order to furnish satisfactory explanations 
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of the reactions leading to degradation products. The recent 
experiments of Schépf and Hirsch (Annalen, 1931, 489, 224) on the 
formation of thebainone and metathebainone from thebaine and 
codeinone also provide evidence in favour of the formula (III) for 
thebaine, since (V) is the closer to metathebainone, and it is this 
latter substance that Schépf and Hirsch regard as the secondary 
product in the action of hydrochloric acid and reducing agents on 
thebaine. 

It will be understood that we make no claim to have located the 
stages at which O-methylation and N-methylation occur and that, 
equally, the formation of the oxide ring (or diaryl ether group) may 
also be early or late in the biosynthesis; the assumptions made in 
the text are purely a matter of convenience. These speculations in 
the field of natural alkaloidal synthesis supply the explanation of 
the lines on which we have chosen to develop our experimental] work. 
It is strongly held that the only promising route to an ultimate 
synthesis of morphine and its congeners is by a path already laid 
down by Nature. Therefore we proposed the examination of 
suitable diaryl ethers and bases of the laudanosine type, especially 
such as contain free phenolic hydroxyl groups. 

The present communication describes the preparation of some 
intermediates by methods which are detailed in the experimental 
section. O-Benzylisovanillin was the starting point in the attempt 
to synthesise protosinomenine. 3-Benzyloxy-4-methoxypheny]- 
acetic acid (VI) was obtained in the usual way through the ary]l- 
pyruvic acid, and 8-(3-benzyloxy-4-methoxypheny])ethylamine 
(VII) was accessible by way of the arylidene-w-nitrostyrene. The 
alternative method failed, since the Hofmann reaction could not be 
applied to O-benzyldihydrohesperetinamide (VIII). 


r+ CH,Ph:O CH,°CO,H CH,Ph:O, CH,°CH,"NH, 
(VI.) 7 @ 2 2 a) 2 2 2 (VII.) 


CH,Ph-Of \CH,°CH,°CO-NHy (yqy7) 
MeO 


The Bischler—Napieralski condensation of the amide from (VI) 
and (VII) had no satisfactory outcome. In order to simplify the 
synthetical work we next attempted to take advantage of the 
observations of Decker and Eichler (Annalen, 1913, 395, 377) that 
the N-alkylpapaverinium hydroxides may be caused to lose the 
elements of methyl alcohol, the methyl group being derived from the 
methoxy] in position 6. 

The appropriate papaverine analogue has the constitution (IX) 
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and this we have synthesised by a method developed by Mannich 
and Walther (Arch. Pharm., 1927, 265, 1) for another case. 


OMe OMe 
ae) sedans 
(IX.) ‘H,, CH, (X.) 
Me Me vMe} 
Me { 


The methosulphate of (IX) yields the phenol-betaine (X) on being 
heated with aqueous barium hydroxide. The final stage is the 
transformation of (X) into protosinomenine by reduction and 
debenzylation, and this has been accomplished but unfortunately 
the product has not yet been induced to crystallise. 


EXPERIMENTAL. 


O-Benzylisovanillin—An improvement of the prescription of 
Lovecy, Robinson, and Sugasawa (J., 1930, 817)* consists in replac- 
ing the potassium hydroxide employed by potassium carbonate. 
A mixture of isovanillin (15 g.), benzyl chloride (13 g.), finely 
powdered potassium carbonate (7 g.), and absolute methyl alcohol 
(30 c.c.) was refluxed for 5 hours. The filtered solution was con- 
centrated somewhat and kept in the ice-chest ; the nearly colourless 
crystals that separated were collected, washed with dilute sodium 
hydroxide solution and with water, and dried. The mother-liquor 
was steam-distilled, and the residue extracted with ether, yielding, 
after removal of the solvent, a brownish oil which crystallised when 
kept at 0°; this material was drained, washed with methyl] alcohol, 
and dried (total yield, 22 g. or 90%). 

2- Phenyl -4-(3' - benzyloxy - 4'- methoxybenzylidene)oxazolone.—The 
product obtained by. heating benzylisovanillin (4-8 g.), hippuric acid 
(3-6 g.), fused sodium acetate (2-0 g.), and acetic anhydride (10 c.c.) 
at 100° for 14 hours was mixed with alcohol, and the yellow solid 
collected and washed with much boiling water. The substance 
crystallised from acetic acid in yellow prismatic needles (5-5 g.), 
m. p. 155° (Found: C, 74:5; H, 5-0; N, 3-9. C©,,H,,0,N requires 
C, 74:8; H, 4:9; N, 36%). The substance is sparingly soluble in 
hot. alcohol. 

3-Benzyloxy-4-methoxyphenylpyruvic Acid.—The above phenyl- 
arylideneoxazolone (10 g.) was hydrolysed by refluxing with aqueous 
sodium hydroxide (100 c.c. of 10%) for 4 hours; evolution of 


* In the preparation of isovanillin the hydrobromic acid should be 37% 
and not 43% as stated in this memoir. 
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ammonia then no longer occurred. When the cooled solution was 
saturated with sulphur dioxide, a pasty mass was first precipitated 
and later benzoic acid. Separation by decantation was feasible and 
when the first precipitate was washed with hot dilute hydrochloric 
acid it became more definitely crystalline and consisted of the 
pyruvic acid derivative. The filtrate from benzoic acid was acidified 
with hydrochloric acid, heated to expel the bulk of the sulphur 
dioxide, and then cooled and kept. The colourless flocculent 
material was collected and crystallised from aqueous alcohol and 
then from acetic acid, forming prisms, m. p. 160—161° (Found : 
UC, 68-2; H, 5-6. C,,H,,0, requires C, 68-0; H, 53%). This acid 
is very readily soluble in hot alcohol or acetic acid. 

3-Benzyloxy-4-methoxyphenylacetic Acid (V1I).—Perhydrol (5 c.c.) 
was added dropwise and with shaking to a solution of the benzyloxy- 
methoxyphenylpyruvic acid (5 g.) in aqueous potassium hydroxide 
(75 c.c. of 2%). Next day, the filtered solution was acidified and 
the precipitated acid crystallised from acetic acid. This material 
had m. p. 105—110° after drying in a vacuum over sulphuric acid 
(Found: loss at 70°, 3-2. C,gH,,0,,H,O requires }H,O, 3-1%. 
Found in material dried at 70°: C, 68-4; H, 6-0. C,,H,,0,,4H,0 
requires C, 68-4; H, 60%). Dried at 100° and crystallised from 
benzene, the acid was obtained in nearly colourless prisms, m. p. 
125°. 

w - Nitro -3 - benzylory -4-methoxystyrene—The condensation of 
benzylisovanillin with nitromethane was attempted under various 
conditions, potassium hydroxide in aqueous, methy] or ethyl alcoholic 
solution, methylamine hydrochloride, methylamine and ammonium 
acetate (compare Rao, Helv. Chim, Acta, 1929, 11, 518) being 
employed as catalyst. The last method yielded a product which 
appeared to consist of the nitro-alcohol, 

CH,Ph*O-C,H,(OMe)-CH(OH)-CH,"NO,, 
because the action of hot alcoholic sulphuric acid changed it into 
the nitrostyrene. 

Ultimately methylamine carbonate (compare Knoevenagel, Ber., 
1904, 37, 4502) was found to be the most effective reagent for the 
purpose. 

A mixture of benzylisovanillin (2-5 g.), nitromethane (0-7 g.), 
methylamine hydrochloride (0-1 g.), sodium carbonate (0-1 g.), and 
alcohol (5 ¢.c.) was kept for 4—5 days, and the product collected 
and washed with alcohol and water (yield, 2-5 g.). 

The substance crystallised from alcohol—acetone in yellow scales, 
m. p. 127—128° (Found: C, 67-4; H, 5-3; N, 5-1. C,,H,,0O,N 
requires C, 67-4; H, 5-3; N, 49%); it is readily soluble in acetone, 
‘benzene or ethyl acetate, sparingly soluble in alcohol and ether. 
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8-(3-Benzyloxy-4-methoxyphenyl)ethylamine (VIi).—The reduction 
of the foregoing benzyloxymethoxy-w-nitrostyrene was accomplished 
at a lead cathode by means of a current of 6-5—7 amps. The anode 
chamber contained 20% sulphuric acid, and a.soluton of benzyloxy- 
methoxy-w-nitrostyrene (5 g.) in alcohol (100 c.c.), acetic acid (100 
c.c.), and 30% hydrochloric acid (40 c.c.) was placed in the cathode 
chamber. The temperature varied in different experiments between 
the limits 25° and 45° and the yield of base averaged 60% of the 
theoretical. 

During the reduction the solution was mechanically stirred and 
after 2—4 hours the solid had passed into solution; the reduction 
was then continued for a further 2 hours. The liquid was concen- 
trated under diminished pressure, the residue taken up in water and 
extracted, first with ethyl acetate and then with ether. The base 
was then liberated by the addition of sodium hydroxide, and 
isolated by means of ether. It crystallised on keeping in the ice- 
chest. The hydrogen oxalate separated from alcohol as a sandy 
crystalline powder, m. p. 161° (Found: .C, 62-4; H, 6-2; N, 4:3. 
C,sH.,0,N requires C, 62-3; H, 6-0; N,4:0%). The hydrochloride 
crystallised from alcohol in slender colourless needles, m. p. 166° after 
softening at 162° (Found: N, 4-8; Cl, 12-4. C,gH,)O,NCl requires 

N, 4-8; Cl, 12-1%). 
O-Benzyldihydrohesperetinamide (VIII).—In the preparation of 

derivatives of this series it was found preferable to delay the entry 
of the benzyl group as indicated below. However, the process 
employing O-benzylisovanillin as the starting point has also been 
investigated. - 

0-Benzylhesperetic acid was obtained by the malonic acid- 
pyridine—piperidine method, but the related styrene derivative was 
always a by-product. The acid crystallised from alcohol in prisms, 
m. p. 179—180° (Found: C, 71-7; H, 5:7. C,,H,,0, requires 
C,71-8; H, 56%). On reduction in the usual manner, O-benzyldi- 
hydrohesperetic acid was obtained. This also separated from alcohol 
in colourless prisms, m. p. 121—122° (Found: C, 71-4; H, 6-2. 
C,,H,.O, requires C, 71-3; H, 6-3%).. The direct esterification of 
this acid always afforded some methyl homoisovanillate. 

Hesperetic acid was obtained in excellent yield by heating a 
mixture of isovanillin (25 g.), malonic acid (25 g.), pyridine (100 
¢.c.), and piperidine (1 c.c.) at 100° for 2—3 hours and then refluxing 
it for 30 minutes. In this case the styrene derivative was not 
obtained and the crude product, m. p. 224—225°, could be employed 
for the next stage. 

Hesperetic acid was reduced in aqueous-alkaline solution at 80° 
by means of 3% sodium amalgam, and the dihydro-acid (10 g., 
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m. p. 146°) esterified by refluxing with 5% methyl-alcoholic hydrogen 
chloride (50 c.c.) for 5 hours. The ester crystallised from methy| 
alcohol in prisms, m. p. 94° (yield, 10 g.). A mixture of this substance 
(10 g.), benzyl chloride (6 g.), powdered potassium carbonate (3-3 g.), 
and methyl alcohol (20 c.c.) was refluxed for several hours, and the 
product isolated. Methyl O-benzyldihydrohesperetate crystallised 
from methyl alcohol in elongated prisms, m. p. 64° (Found: 
C, 71:9; H, 6-6. C,,H,.0, requires C, 72-0; H, 6-7%). 

The clear solution obtained from this ester (12 g.), aqueous 
ammonia (120 c.c., d 0-88), and pyridine (ca. 250 c.c.) was saturated 
with ammonia at 0° and kept for 48 hours. The filtered liquid was 
concentrated under diminished pressure and then added to an excess 
of dilute hydrochloric acid, a white flocculent mass thus being 
precipitated. This was collected, dried, and extracted with boiling 
light petroleum in order to remove unchanged ester. After the 
latter had been worked up again in the same way, the total yield of 
amide amounted to 8 g. The substance crystallised from acetone- 
benzene in colourless needles, m. p. 142° (Found: C, 71-5; H, 66; 
N, 4-9. C,,H,,0,N requires C, 71-6; H, 6-7; N, 49%). 

O - Benzylhomoisovanillo-8 - (3 - benzyloay - 4 - methoxyphenyl)ethyl- 
amide.—Phosphorus pentachloride (1-5 g.) was added to O-benzyl- 
homoisovanillic acid (2 g.), mixed with chloroform (10 c.c.), and the 
whole kept for 12 hours with occasional shaking. The solvent and 
phosphory] chloride were removed in a vacuum, the residual acid 
chloride taken up in ether, and the solution vigorously shaken with 
one of 8-(3-benzyloxy-4-methoxyphenyl)ethylamine (2 g.) in ether 
mixed with aqueous 0-5N-sodium hydroxide (20 c.c.). The product 
separated as a voluminous white mass of crystals. After 30 minutes’ 
shaking, the ether was removed, and the solid collected and washed 
with dilute acid and alkali (starting materials recovered from both 
extracts); it was crystallised from methyl alcohol, twice from 
benzene and finally from ethyl acetate, forming clusters of colourless 
needles, m. p. 118° (Found: C, 74:7; H, 6-3; N, 2-8. Cj H,,0;N 
requires C, 75-2; H, 6-5; N, 2-8%). Cyclisation of this amide was 
attempted under a variety of conditions without success. 

O - Benzylhomoisovanillo - 8 - methoxy - 8 - veratrylethylamide, 
C,H,"O-C,H;(OMe)*CH,*CO-NH-CH,*CH(OMe)-C,H,(OMe)..— 
«-Nitro-3 : 4-dimethoxystyrene was prepared by the method used 
by Tanaka and Midzuno (J. Pharm. Soc. Japan, 1929, 49, 255) for 
the corresponding piperonyl derivative; the yield was good. A 
solution of veratraldehyde (33 g.) and nitromethane (13 g.) in 
alcohol (100 c.c.) was cooled in ice-water, and potassium hydroxide 
(18 g.) in methyl alcohol (50 c.c.) gradually added with shaking. 
After 2 hours at the room temperature the white crystalline 
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precipitate was collected, dissolved in water, and added to dilute 
hydrochloric acid (3000 c.c.). The yellow precipitate was collected ; 
it crystallised from acetone in leaflets, m. p. 140°. Addition of the 
elements of methyl alcohol and reduction of the product were 
accomplished by the methods of Mannich and Walther (loc. cit.). 
The veratryl derivatives have also been made in a different way by 
Rosenmund (Ber., 1913, 46, 1048) and by Rosenmund, Nothnagel, 
and Riesenfeldt (Ber., 1927, 60, 392). 

Phosphorus pentachloride (8 g.) was added to a mixture of 
anhydrous O-benzylhomoisovanillic acid (10 g.) and chloroform 
(50 c.c.), and the mixture kept for 12 hours. On removal of the 
solvent an oil remained and this slowly crystallised. The chloride 
was, however, dissolved in chloroform (30 c.c.) and added drop by 
drop to a mixture of methoxyaminoethylveratrole (10 g.) dissolved 
in ether and aqueous sodium hydroxide (100 c.c. of 5%) with con- 
tinuous vigorous agitation. The resultant amide separated, and 
was collected after 2 hours; it crystallised from ethyl acetate in 
aggregates of colourless needles, m. p. 124° (Found: C, 70-0; H, 
6-7; N, 3-0. C,,H,,0,N requires C, 69-7; H, 6-7; N,3-0%). The 
filtrate from the crude amide furnished a further quantity by 
concentration in a current of air and extraction with ethyl acetate ; 
the total yield was 13 g. The substance is fairly readily soluble in 
most organic solvents but is rather sparingly soluble in ether and 
very sparingly soluble in light petroleum. 

1-(3’-Benzyloxy-4'-methoxy)benzyl-6 : 7-dimethoxyisoquinoline (1X). 
—A mixture of the amide (10 g.) described in the foregoing section, 
toluene (50 ¢.c.), and phosphoryl chloride (30 g.) was gently boiled 
(oil-bath) under reflux for 1 hour, cooled, and an excess of light 
petroleum added. The solvent was decanted, and the residue was 
washed with benzene, taken up in alcohol, and added to aqueous 
sodium hydroxide. The rather sticky base was collected, dried, 
and extracted in a Soxhlet apparatus with benzene. The benzene 
solution was washed with aqueous sodium hydroxide, dried, and 
concentrated, and light petroleum added to produce a turbidity. 
The base then crystallised slowly at 0° and, recrystallised from 
benzene-light petroleum, formed colourless slender needles, m. p. 
112—113° (Found : C, 74:9; H, 6-1; N, 3-4. C,gH,;0,N requires 
C, 75:2; H, 6-0; N, 3-4%). The base is readily soluble in benzene 
and sparingly soluble in ether. 

The picrate crystallised from much alcohol in slender yellow 
plates, m. p. 192° (Found : N, 8-4. C3,H»,.0,,N; requires N, 8-7%). 

1 - (3’ - Hydroxy - 4' - methoxy)benzyl -6 : 7 - dimethoxyisoquinoline 
(3'-Des-O-methylpapaverine).—The alkaline filtrate from the crude 
base mentioned in the last section was concentrated under diminished 
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pressure, and sufficient potassium bicarbonate added to neutralise the 
free caustic alkali. On keeping, a flocculent material separated, 
which crystallised from benzene in colourless needles, m. p. 181— 
182° (Found: C, 70-1; H, 6-0; N, 43; MeO, 28-4. C,)9H,,0,N 
requires C, 70-2; H, 5-8; N, 4:3; 3MeO, 28-6%). 

Anhydro-1-(3'-benzyloxy- 4'- methoxy )benzyl - 6 - hydroxy -7 - methoxy. 
isoquinoline Methohydroxide (X).—Benzyloxytrimethoxybenzyliso- 
quinoline (3 g.) was added to dry benzene (15 c.c.) and pure methyl] 
sulphate (1 g.), and the mixture refluxed for 1 hour; the metho-. 
sulphate, m. p. 181—182°, separated and was sufficiently pure for 
the next step. The derivative crystallised from water with solvent 
and melted over the range 135—145°. The methiodide, obtained by 
double decomposition, crystallised from aqueous methyl alcohol in 
pale yellow needles, m. p. 230—231° (Found : I, 22-8. C,,H,,0,NI 
requires I, 22-3%%). 

A solution of barium hydroxide (3 g.) in water (50 c.c.) was 
gradually added to one of the methosulphate (1 g.) in water (100 
c.c.) which had been boiled for some time in a hydrogen atmosphere ; 
the boiling was continued for 10 hours. The solution was filtered 
hot, and barium removed from the filtrate by means of a current of 
carbon dioxide and filtration. On keeping, the clear greenish- 
yellow liquid deposited the phenol-betaine as yellow prisms (yield, 
0-3 g.). The substance is very sparingly soluble in water and alcohol 
and almost insoluble in other neutral organic solvents; it was 
recrystallised from much aqueous alcohol, forming prisms, m. p. 
239—240° (Found: C, 74-6; H, 6-2; N, 3-4. C,,H,;0,N requires 
C, 75-2; H, 60; N, 34%). Treated. with hydrochloric acid, this 
phenol-betaine is immediately converted into the methochloride, 
m. p. 242°, which, dissolved in 90% alcohol, absorbs two molecular 
proportions of hydrogen in the presence of platinum oxide (Adams, 
J. Amer. Chem. Soc., 1928, 50, 2260). The product was a gum 
which was debenzylated by means of a hot mixture of acetic and 
hydrochloric acids. This process also succeeded, but again the 
product could not be crystallised. The benzoyl derivative of the 
protosinomenine was also uncrystallisable. 

These substances are still being investigated. 
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CCCCXXXIX.—Preliminary Synthetical Experiments 
im the Morphine Group. Part II. Some Deriv- 
atives of Diphenyl Ether. 

By Rosert Roprnson and SHIGEHIKO SUGASAWA. 


For reasons explained in Part I we are very interested in the 
properties of the amino-acid (I) and although our work is not yet 
completed some progress can be reported. 


CHO CHO 
OD 
MO a cH, )CO,E Ue - 
I.) O 
ep ere tases CHO CO,H 
Me Ke: Protech) (III.) 
Me OMe 





The preparation of 2 : 2’-dimethoxydiphenyl ether (Ullmann and 
Stein, Ber., 1906, 39, 624) from o-bromoanisole and guaiacol in the 
presence of potassium carbonate has been improved by the addition 
of pyridine, and the Gattermann aldehyde-synthesis applied to the 
ether gives a poor yield of 2 : 2’-dimethoxy-5 : 5'-diformyldiphenyl 
ether (II). 

The constitution of the dialdehyde follows from its synthesis from 
| isovanillin and 2-bromoanisaldehyde, but, although it condenses 
| normally with hippuric acid to a bis(arylidene)bisphenyloxazolone, 
: a better method of preparation must be our next objective in order to 
render feasible the continuation of the research. 

The route through 5.: 5’-dinitro-2 : 2’-dimethoxydiphenyl ether 
failed at the stage of replacement of the amino-groups of the related 
amine by cyano-groups, but the synthesis of 2 : 2’-dimethoxy-5- 
formyl-5’-carboxydiphenyl] ether (III) gave moderately satisfactory 
results. The work is being continued. 


EXPERIMENTAL. 

2 : 2’-Dimethoxy-5 : 5'-diformyldiphenyl Ether (II).—2: 2’-Di- 
methoxydiphenyl ether was prepared by the method of Ullmann 
and Stein (loc. cit.) and the following improved modification furnishes 
the same substance. 

A mixture of guaiacol (9-3 g.), o-bromoanisole (9-3 g.), copper 
bronze (0-5 g.), anhydrous potassium carbonate (7 g.), and pyridine 
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(1 g.) was heated (oil-bath) for an hour at 180°. Dilute hydrochloric 
acid was added after cooling and unchanged substances were removed 
in a current of steam. The product was isolated from the residue 
by means of ether and was crystallised from light petroleum with 
the addition of a little benzene (yield, 6—7 g.; m, p. 77—78°). 

In applying the Gattermann synthesis to this ether, zinc chloride 
was found to be inadequate as a condensing agent. 

Finely powdered aluminium chloride (7-0 g.) was gradually added 
to a solution of dimethoxydipheny] ether (4-2 g.) in benzene (30 g.) 
and, after cooling, anhydrous hydrogen cyanide (2-7 g.) was intro- 
duced in one portion. The mixture was stirred and cooled in melting 
ice; dry hydrogen chloride was led into the mixture during an 
hour, the temperature was then raised to, and maintained at, 
45—50°, and the passage of the gas continued for 1 hour. After 
cooling, the benzene layer was decanted and the residue washed with 
ether; the brown mass was decomposed with ice-water and hydro- 
chloric acid and the process was completed on the steam-bath. 
The aqueous solution was fully extracted with ether and in this way 
a small amount of a pale yellow substance was isolated ; this crystal- 
lised from benzene-light petroleum in clusters of needles, m. p. 136° 
(yield, 0-3 g.). 

This is the dialdehyde, as was proved by the following alternative 
synthesis. 

A mixture of isovanillin (3 g.), bromoanisaldehyde (4-3 g.), 
copper-bronze (0-2 g.), potassium carbonate (2-8 g.), and pyridine 
(0-5 ¢.c.) was heated (oil-bath) at 190° for 1 hour. The aldehydes 
contained in the product were extracted with sodium bisulphite 
solution, liberated by sodium hydroxide, and isolated by means of 
ether. The solid, freed from bromoanisaldehyde by trituration with 
benzene, crystallised from benzene-light petroleum in pale yellow 
needles, m. p. 136—137° (Found: C, 67-1; H, 5-1. C,,H,,0; 
requires C, 67-1; H, 4.9%). The melting point of a mixture of 
the specimens made by the two methods was 135—136°. 

The dioxime crystallises from alcohol in colourless needles, m. p. 
192° (Found: C, 60-4; H, 5-3; N, 8-9. C,,H,,O;N, requires 
C, 60-6; H, 5-1; N, 89%). This derivative was also prepared 
from both specimens and the melting point of a mixture was not 
depressed. 

Dianhydro-(2 : 2’-dimethoxy-5 : 5'-diformyldiphenyl ether) _ bis-2- 
phenyloxazolone.—The dialdehyde (0-4 g.) along with hippuric acid 
(0-5 g.), fused sodium acetate (0-2 g.), and acetic anhydride (5 c.c.), 
was heated for 1 hour on the steam-bath. The yellow crystalline 
product was successively washed with alcohol, hot water, alcohol 
and ether and crystallised from acetic acid. The compact yellow 
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crystals had m. p. 223—225° (Found: N, 5-1. C,,H,,0,N, requires 
N,4:9%). The substance has the properties of the type. 

5 : 5'-Dinitro-2 : 2’-dimethoxydiphenyl Ether —Nitric acid (50 g., 
@ 1-42), mixed with acetic acid (50 g.), was gradually added to a 
solution of 2; 2’-dimethoxydiphenyl ether (15 g.) in acetic acid 
(25 c.c.) with cooling in running water. On standing, the solution 
became filled with a yellow substance, which was isolated and found 
to melt over a range (115—165°); it was therefore by no means 
homogeneous. The more soluble constituents could be removed by 
repeated extraction with small volumes of hot methyl] alcohol, and 
the residue then melted at 170°. It crystallised from acetic acid in 
yellow prisms, m. p. 174° (Found: C, 52-2; H, 3-7; N, 9-1. 
(4H 20,N, requires C, 52-5; H, 3-7; N, 8-9%). 

The related diamine (m. p. 163°, not quite pure) had the properties 





of a p-aminoanisole of this series and developed a blue colour with 
ferric chloride in dilute hydrochloric acid solution (compare Luff, 
Perkin, and Robinson, J., 1910, 97,1131). For this reason, and also 
on account of the experiments of Lea and Robinson (J., 1926, 411) 
on the relative directive powers of alkyloxy- and aryloxy-groups, 
the constitution given in the title is proposed. 

The Sandmeyer method for the introduction of the cyano-group 
has not yet given satisfactory results in this case. 

2 : 2'-Dimethoxy-5-formyl-5'-carboxydiphenyl Ether (III).—iso- 
Vanillic acid was prepared by the partial hydrolysis of veratric 
aid by means of hydrogen bromide (compare Lovecy, Robinson, 
and Sugasawa, J., 1930, 817). 

The potassium salt of ethyl isovanillate was obtained by mixing 
ethyl isovanillate with the theoretical amount of potassium ethoxide 
in alcoholic solution. Dry ether was added to complete the separ- 
ation of the salt, which was collected and dried in a vacuum. A 
mixture of the potassium salt of ethyl isovanillate (5 g.), 2-bromo- 
anisaldehyde (5 g.), copper bronze (0-2 g.), and dry copper acetate 
(0-2 g.) was heated (oil-bath at 170—180°) for 4 hours. The dark 
brown resinous mass was extracted thoroughly with ether, the solvent 
removed, and the residue hydrolysed by means of alcoholic potassium 
hydroxide. 

After removal of the alcohol, water was added and the solution 
repeatedly extracted with ether; the aqueous layer was then acidi- 
fed and the precipitate was collected and treated with hot aqueous 
sodium bisulphite, which dissolved almost the whole of it. The 
cooled solution was clarified by filtration through a moistened paper, 
and acidified with hydrochloric acid, and the voluminous precipitate 
collected and crystallised, first from alcohol and then from benzene— 
aleohol; it formed colourless grains, m. p. 212° after sintering at 
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208—209° (Found : C, 63-7; H, 4-8. C,,H,,0, requires C, 63-6; 
H, 46%). [tis curious that this preparation gave inferior results 
when the potassium salt of methyl isovanillate was employed. 
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CCCCXL.—WNitro-derivatives of Naphthalene, Tetra- 
hydronaphthalene, and Dinaphthyl. 


By Wiit1am Murpocn Cummine and GrorcEe Howie. 


CuupozILov (Chem.. Listy, 1925, 19, 187) has applied Ullmann’s 
method (Ber., 1901, 34, 2174; Annalen, 1904, 332, 38), i.e., con- 
densation of iodonitro-compounds by means of copper powder, to 
the preparation of numerous symmetrical nitrodinaphthyls. He 
found that only when the nitro-group is in the ortho-position to the 
halogen does the reaction proceed at all well. Thus 1: 2- and 
2: l-iodonitronaphthalenes react readily, whereas l-iodo-3- and -4- 
nitronaphthalenes condense only above 200° and with much decom. 
position. In cases where the halogen and the nitro-group were 
in different nuclei nothing definite was isolated. 

Although 1-iodo-3-nitronaphthalene condenses to give a small 
yield of the dinitrodinaphthyl, we have found that the reaction 
completely fails when 1-bromo-3-nitronaphthalene is employed. 
Schoepfle (J. Amer. Chem. Soc., 1923, 45, 1566) was able to con- 
dense 1-bromonaphthalene only at a high temperature, and the 
yield was barely 50% as compared with 74% when the iodo-com- 
pound was used (Ullmann, loc. cit.). Condensation of 2-iodo-4-nitro- 
and 4-iodo-2-nitro-«-naphthylamine and of the corresponding bromo- 
derivatives could not be effected. 

In the course of this work, several iodonitro-ar-tetrahydro- 
naphthalenes have been prepared.. The o-compounds, e.g., 2-iodo-1- 
nitro- and 2-todo-3-nitro-tetrahydronaphthalenes, are again readily 
condensed, but the 3 : 1- and 1 : 3-derivatives do not react. 

From the above results it is concluded that Ullmann’s generalis- 
ations (loc. cit.) for the preparation of symmetrical diphenyls hold 
also in both the naphthalene and the tetrahydronaphthalene series, 
viz., (1) the order of reactivity of the halogen is I>Br>Cl; (2) the 
halogen is activated by the presence of an acidic group (particularly 
NO,) in the ortho-position to the halogen. 

No condensation of the halogenonitronaphthalenes could be 
effected by sodium, even in the case of ortho-compounds. 

By the nitration of 2: 2'-dinaphthyl, a mononitro-compound, 
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m. p. 179°, was obtained which on further nitration yielded a mixture 
of dinitro-isomerides, m, p. 198—208°.. From the acid reduction 
product of the isomerides, 1 : 1’-imino-2 : 2’-dinaphthyl was isolated. 
The imine is formed from 1 : 1’-diamino-2 : 2’-dinaphthyl and hence 
the dinitro-isomerides contain 1 : 1’-dinitro-2 : 2’-dinaphthyl, from 
which it follows that the mononitrodinaphthyl is 1-nitro-2 : 2’- 
dinaphthyl. 

The constitutions of the 2-iodo-4-nitro- and 4-iodo-2-nitro-«- 
naphthylamine described were established by elimination of the 
amino-groups. 

EXPERIMENTAL. 
4-lodo-2-nitro-«-naphthylamine.—A solution of 2 g. of 2-nitro-a- 
naphthylamine (Lellmann and Remy, Ber., 1886, 19, 796; Morgan 
and Micklethwait, J., 1905, 87, 928) in 75 c.c. of glacial acetic acid 
was treated at room temperature with 1-8 g. of iodine monochloride 
in 20 c.c. of glacial acetic acid. After 18 hours, the crystals which 
had separated were washed with a little glacial acetic acid and 
finally with water and recrystallised from alcohol, 1-95 g. of the 
iodo-compound being obtained in bright orange needles, m. p. 
192—193° (Found : I, 40-6. C, )H,O,N,I requires I, 40-45%). 
2-lodo-4-nitro-«-naphthylamine.—4-Nitro-«-naphthylamine (Lell- 
mann and Remy ; Morgan and Micklethwait, locc. cit.) (2 g.), iodinated 
as above, gave 2-1 g. of the iodo-compound, which formed yellowish- 
brown prisms, m. p. 234°, from alcohol (Found: I, 39-6%). 
1-Iodo-3-nitrotetrahydronaphthalene.—A. solution of 35g. of 
3-nitrotetrahydro-«-naphthylamine hydrochloride (Schroeter, 
Annalen, 1922, 426, 43) in 100 c.c. of N/2-hydrochloric acid was 
diazotised with 1-3 g. of sodium nitrite in 30 c.c. of water and added 
toa solution of potassium iodide. After several hours, the precipitate 
was collected and extracted with alcohol, and the extract refluxed 
with decolorising carbon and filtered into dilute aqueous sodium 
hydroxide to remove free iodine. The precipitate, recrystallised 
from alcohol, gave 1-5 g. of the iodo-compound in colourless needles, 
m. p. 118—118-5° (Found : I, 42-0. C, 9H, O,NI requires I, 41-9%). 
2-Iodo-1-nitrotetrahydronaphthalene.—3 G. of 1-nitrotetrahydro-8- 
naphthylamine (Schroeter, loc. cit.) in 20 c.c. of glacial acetic acid 
were precipitated with 40 c.c. of N/2-sulphuric acid. The fine 
precipitate, treated as above, gave 1-7 g. of the 1odo-compound, which 
formed orange-red needles, m. p. 84°, from alcohol (Found : I, 41-7%). 
2-Iodo-3-nitrotetrahydronaphthalene.—23-5 G. of 3-nitrotetra- 
hydro-$-naphthylamine (Schroeter, loc. cit.) in 200 c.c. of 50% 
sulphuric acid, treated as above, gave 17 g. of the iodo-compound, 
which crystallised in long orange-yellow prisms, m. p. .76—76-5°, 
from alcohol (Found : I, 41-9%). 














3178 


3-Iodo-1-nitrotetrahydronaphthalene—20 G. of  4-nitrotetra- 
hydroacet-8-naphthalide, prepared by the method of Schroeter 
(loc. cit.) by nitration at 15—20° instead of below 0°, were hydrolysed 
by refluxing for 2 hours with 200 c.c. of 25% sulphuric acid. The 
clear solution gave the sulphate of the base on cooling. 250 C.c. of 
50% sulphuric acid were now added and the solution was treated as 
described above. The oily precipitate from the filtration into dilute 
sodium hydroxide solution was removed, washed with water and 
then with cold alcohol, and fractionated under reduced pressure. 
The fraction, b. p. 175—195°/8 mm., solidified on cooling and, 
recrystallised from alcohol, gave 7 g. of the iodo-compound in pale 
yellow needles, m. p. 64—65° (Found: I, 41-85%). 

2-lodo-3-nitronaphthalene—1 G. of  2-iodo-3-nitrotetrahydro- 
naphthalene was oxidised by bromine (Vesely and Dvorak, Bull. 
Soc. chim., 1923, 33, 326). The second stage in the oxidation com- 
menced at 130—135° and was completed by keeping the temper- 
ature for 1 hour at 160°. Much decomposition, however, took place 
at the higher temperatures. The cold reaction product gave, after 
three recrystallisations from alcohol (charcoal), about 0-05 g. of the 
iodo-compound in greenish-yellow prisms, m. p. 89—89-5° (Found : 
I, 42-3. C,)>H,O,NI requires I, 42-5%). 

3-Lodo-1-nitronaphthalene.—(1) 1 G. of 3-iodo-1-nitrotetrahydro- 
naphthalene, oxidised by bromine as above, gave a small quantity 
of the iodo-compound, which formed pale yellow needles, m. p. 108°, 
from alcohol (Found: I, 41-5%). (2) 1 G. of 2-iodo-4-nitro-z. 
naphthylamine, treated as in preparation (2) of 1-iodo-3-nitro- 
naphthalene, gave 0-05 g. of the iodo-compound, pale yellow needles, 
m. p. 108°, from alcohol. A mixed m. p. with that obtained above 
gave no depression. 

1-lodo-3-nitronaphthalene.—(1) Attempted replacement of bromine 
in 1-bromo-3-nitronaphthaleme. When the bromo-compound (Mel- 
dola, J., 1885, 47, 497) was refluxed in alcohol, or fused at 145°, 
with sodium iodide, no reaction took place. 

(2) Elimination of the amino-group in 4-iodo-2-nitro-x-naphthyl- 
amine. 1 G. of the iodo-compound in 175 c.c. of absolute alcohol 
and 4 c.c. of concentrated sulphuric acid was treated with 1 g. of 
amy! nitrite in absolute alcohol and the whole boiled for 10 minutes. 
The addition of water gave a yellowish precipitate which, recrystal- 
lised from alcohol (charcoal), gave 0-2 g. of the iodo-compound in 
orange-yellow needles, m. p. 147°. 

(3) The method of Chudozilov. Replacement of the amino-group 
in 3-nitro-«-naphthylamine gave a product, m. p. 147°, and not 
142—1]43°. 

1 : 1'-Dinitro-2 : 2'-bistetrahydronaphthyl—1-7 G. of 2-iodo-1- 
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nitrotetrahydronaphthalene were fused with 1-5 g. of copper powder. 
The reaction began at about 135° and was complete at 190°. The 
fused mass was cooled, crushed, and extracted with benzene with 
addition of decolorising carbon. After removal of the benzene, the 
residue, recrystallised from glacial acetic acid, gave 0-2 g. of the 
dinitro-compound in irregular prisms, m. p. 187—188° (Found : 
N, 8-0. CypHo90,Ny requires N, 7-95%). 

3 : 3’-Dinitro-2 : 2’-bistetrahydronaphthyl—16 G. of  2-iodo-3- 
nitrotetrahydronaphthalene were heated to 110—120°, and 16 g. of 
copper powder gradually added. . After } hour at 140° the mass 
hardened. The reaction product, treated as above, gave 7 g. of the 
dinitro-compound, which formed yellow silky needles, m. p. 201°, 
from glacial acetic acid (Found: N, 8-1%). 

4: 4’-Dinitro-1 : 1'-dinaphthyl_—10 G. of 1 : 1’-dinaphthy]l, nitrated 
according to the method of Schoepfle (Joc. cit.), gave 8 g. of dinitro- 
compound. It was found much better to crystallise this from 
nitrobenzene; yellow prisms, m. p. 246°. Attempts to prepare the 
dinitro-compound by condensation of 4-nitronaphthalene-1-di- 
azonium sulphate with copper paste failed. 








3 : 3'-Dinitro-1 : 1'-dinaphthyl.—4 G. of 1-iodo-3-nitronaphthalene, 
condensed according to Chudoiilov (loc. cit.), gave 0-8 g. of crude 
dinitrodinaphthyl, which, recrystallised twice from glacial acetic 
acid, gave 0-4 g. of golden-yellow plates, m. p. 281°. Chudozilov 
obtained a somewhat higher yield but describes his product as 
greenish-coloured crystals, m. p. 262—264°. 

2 : 2’-Dinitro-1 : 1'-dinaphthyl—Modification of the method of 
ChudoZilov (loc. cit.), which we found did not give reliable results, 
was made as follows: 10G. of 1-iodo-2-nitronaphthalene were 
fused at 120—130° and the copper powder was added in small 
quantities during 1 hour. After extraction and recrystallisation, 
4 g. of dinitrodinaphthy] were obtained in light yellow needles, m. p. 
187° (ChudoZilov describes his product as greenish needles, m. p. 
179—180°). When the condensation was carried out in nitro- 
benzene, 2 g. of iodonitronaphthalene gave 0-1 g. of dinitrodi- 
naphthyl, m. p. 187°. On keeping, the distillate from the steam 
distillation to remove the nitrobenzene deposited crystals, which, 
recrystallised from light petroleum, gave 2-nitronaphthalene, m. p. 
79°. 

1: 1’-Dinitro-2 : 2’-dinaphthyl —10 G. of 2-iodo-1-nitronaphthalene, 
fused by the above modified method of ChudozZilov, gave 3 g. of 
dinitrodinaphthyl, which formed pale yellow plates, m. p. 284° 
(decomp.), from nitrobenzene. Chudozilov records m. p. 264—265°, 
and Vesely (Ber., 1905, 38, 136), 276° (decomp.). 

3 : 3’-Dinitro-2 : 2'-dinaphthyl.—6 G. of 3 : 3’-dinitro-2 : 2’-bistetra- 
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hydronaphthyl were oxidised with 11 g. of bromine as described 
under 2-iodo-3-nitronaphthalene. The dark product was extracted 
with glacial acetic acid, and the extract decolorised and cooled. 
Recrystallisation from glacial acetic acid of the crystals which 
separated gave 0-5 g. of the dinitrodinaphthyl in golden-yellow 
needles, m. p. 257—-258° (Found: N, 8-0. C,,9H,,0,N, requires 
N, 8-1%). 

1-Nitro-2 : 2'-dinaphthyl.—2 G. of 2 : 2'-dinaphthyl, suspended in 
40 c.c. of glacial acetic acid and 0-8 c.c. of nitric acid (d 1-42), were 
maintained at 100° for 14 hours. . The dinaphthyl disappeared and 
a light yellow compound separated. After cooling, the nitro. 
compound was collected, washed free of acid, and crystallised from 
glacial acetic acid, 2 g. of light yellow needles, m. p. 179°, being ob- 
tained (Found: N, 4-6. OC, ,H,,0,N requires N, 4-6%). 

1 : 1’-Dinitro-2 : 2’-dinaphthyl and Isomerides—5 G. of 1-nitro. 
2: 2’-dinaphthyl in 45 c.c. of glacial acetic acid were treated with 
10 c.c. of nitric acid (d 1:50) at 100°. After 1 hour, most of the 
dinitro-compounds had separated; the remainder crystallised on 
cooling. Recrystallised from glacial acetic acid, 3 g. of the dinitro- 
isomerides were obtained, m. p. 198—208° (Found: N, 8-1, 81. 
CopH,,0,N, requires N, 8-1%). The same mixture resulted on 
treatment of 2; 2’-dinaphthyl, suspended in glacial acetic acid, with 
excess of fuming nitric acid at 100°. No separation of the isomerides 
could be effected by continued fractional recrystallisation. 

Reduction of the Dinitro-2 : 2’-dinaphthyl Isomerides.—1 G. in the 
minimum quantity of boiling glacial acetic acid. was reduced with 
zinc dust and 5 c.c. of concentrated hydrochloric acid. When the 
solution was gently refluxed, a white compound separated (6 hours). 
Recrystallised from glacial acetic acid, colourless leaflets, m. p. 221°, 
of 1 : 1’-imino-2 : 2’-dinaphthyl were obtained; a mixed m. p. with 
that obtained from dinaphthyline (1 : 1’-diamino-2 : 2’-dinaphthy]) 
gave no depression. The filtrate from the imine, on neutralisation 
with sodium hydroxide, yielded a mixture of diaminodinaphthyls 
which could not be separated by continued fractional recrystallis- 
ation. ’ 

1- and 2-Nitrotetrahydronaphthalenes.—The method of Schroeter 
(loc. cit.) was modified as follows: To 132 g. of tetrahydronaphth- 
alene, b. p. 206—208°, maintained under efficient agitation and 
external cooling at 15—20°, was added, during 1 hour, a mixture of 
100 g. of nitric acid (d 1-405) and 260 g. of concentrated sulphuric 
acid. The product, after being stirred for } hour at 20°, was poured 
into ice-water, and the brown emulsion treated as described by 
Schroeter; 125 g. of mixed isomerides were obtained. Schroeter 
claims an 80% yield, but under his conditions we recovered more 
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than half of the tetrahydronaphthalene unchanged. Moreover, his 
statement that tetrahydronaphthalene boils above 175°/13 mm. is 
incorrect ; the b. p. was found to be 95—97°/16 mm. 
ar-7'etrahydro-8-naphthylamine.—125 G. of mixed 1- and 2-nitro- 
tetrahydronaphthalenes were reduced according to Vesely and 
Chudozilov (Rec. trav. chim., 1925, 44, 352). These authors’ long 
process for separating tetrahydro-8-naphthylamine from unchanged 
nitro-compounds was simplified by extracting the residue from 
the removal of the alcohol with ether, and precipitating the hydro- 
chloride of the base by passing hydrogen chloride through the 
dried ethereal solution. The tetrahydro-§-naphthylamine hydro- 
chloride formed colourless plates from dilute hydrochloric acid. 


The authors record their thanks to the Department of Scientific 
and Industrial Research and to the Ferguson Trust for grants 
which have enabled one of them (G. H.) to take part in this work. 
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CCCCXLI.—Reactions of Some Azoxy- and Azo-com- 
pounds with Benzyl Alcohol, Benzaldehyde, and 
Quinoline. 

By Witit1am Murpocne Cummine and GrorcEe Howie. 


CumMING and Ferrier (J., 1925, 127, 2374) have shown that 
azoxy-compounds under the influence of light are converted into the 
corresponding o-hydroxyazo-compounds, via as.-azoxy-compounds 
(Cumming and Steel, J., 1923, 123, 2464). It seems reasonable, 
therefore, that this labile oxygen atom should be capable of oxidising 
certain organic compounds, with probable formation of azo-com- 
pounds. Suter and Dains (J. Amer. Chem. Soc., 1928, 50, 2733) 
have found that the replacement of methyl and ethyl alcoholates 
by benzyl alcoholate in the reduction of nitro- to azoxy-compounds 
resulted in greatly improved yields, theoretical in some cases, 
While neither benzyl alcohol nor benzaldehyde reacted with nitro- 
compounds, we found that the former reduced azoxy- to azo-benzene, 
and the latter gave rise to a remarkable reaction in which 10% of 
the azoxy-compound was converted into benzanilide. Azobenzene 
was almost quantitatively converted into the latter by benzaldehyde. 

In seeking a possible explanation of this reaction we have proved 
that benzoin is not a factor in the reduction, since no trace of benzoin, 
benzil, or an anil of either was isolated. Nevertheless, we found 
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that benzoin readily reduced azobenzene to aniline when both 
were fused together or refluxed in benzyl alcohol solution. Benz. 
aldehyde, however, might combine with azobenzene, forming an 
unstable intermediate additive product yielding benzanilide : 


Ph-CHO , NPh Ph-C(OH):NPh 
it —»> 2Ph-CO-NHPh 
Ph-CHO * NPh Ph-C(OH):NPh 


Similarly, benzyl alcohol reduced p-azoxytoluene to p-azotoluene, 
while benzaldehyde partially converted it into azotoluene. With 
benzaldehyde and p-azotoluene, the only compound isolated was 
benzo-p-toluidide. 

From s.-1: 1’-azoxynaphthalene, no reduction product was 
obtained with either benzyl alcohol or benzaldehyde, but the yellow 
symmetrical form was quantitatively converted into the red un. 
symmetrical form (compare Cumming and Steel, Joc. cit.). 1: 1’- and 
2 : 2’-Azonaphthalenes did not react with benzaldehyde. 

The addition of a base which would inhibit the formation of 
perbenzoic acid, and so prevent reoxidation of any azonaphthalene— 
quinoline was used, as the b. p. of pyridine prevented its use in the 
reaction—resulted in the formation of 2-hydroxy-1 : 1’-azonaphthalene, 
m. p. 230°, as well as as.-1 : 1’-azoxynaphthalene. The constitution 
of the hydroxyazonaphthalene was established by its identity with 
2-hydroxy-1 : 1’-azonaphthalene obtained by coupling 1-naphthy]- 
amine to 2-naphthol (Meldola and Hanes, J., 1894, 65, 837). 
Cumming and Steel (J., 1925, 127, 2374) record the formation of a 
hydroxyazo-compound, m. p. 224°, by exposure of 1 : 1’-azoxy- 
naphthalene to light. Recrystallisation of their specimen gave 
m. p. 230°. A mixed m. p. with that obtained above gave no depres- 
sion. As expected, light converted as.-] : 1’-azoxynaphthalene 
into 2-hydroxy-1 : 1'-azonaphthalene, continued exposure effecting 
no further change. The hydroxyazonaphthalene obtained by the 
action of light on 1: 1’-azoxynaphthalene is therefore 2-hydroxy- 
1: 1’-azonaphthalene, and not the 4-hydroxyazo-compound as 
suggested by Baudisch and Fiirst (Ber., 1912, 45, 3426). The 
above experiments repeated in the dark gave the same results and 
hence the conversion into as.-azoxynaphthalene and into the 
hydroxyazo-compound was not due to light. 

The addition of quinoline to the reaction mixtures of benzalde- 
hyde and azoxy- and azo-benzenes completely inhibited the reaction. 
This is noteworthy in view of the work of Fry and Bowman (J. 
Amer. Chem. Soc., 1930, 52, 1531), who found that the addition of 
quinoline caused reduction of azoxy- to azo-benzene by sodium 
methoxide, a reduction which did not take place in absence of the: 
organic base. 
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An interesting basic condensation product of quinoline and 
benzaldehyde has been isolated, which is being further investigated. 


EXPERIMENTAL. 


Benzyl Alcohol and Azoxybenzene.—5 G. of azoxybenzene were 
vigorously refluxed with 100 c.c. of freshly distilled benzyl alcohol 
for 8 hours, in presence of carbon dioxide to prevent oxidation. 
The pale yellow solution slowly turned bright red and was then 
steam-distilled until no more red oily drops passed over. The oil 
was repeatedly extracted with hot water until the residue solidified 
on cooling. This, recrystallised from light petroleum, gave 0-5 g. 
of azobenzene, m. p. 68°. Similar treatment of the residue after 
steam distillation gave unchanged azoxybenzene. 

Benzyl Alcohol and p-Azoxytoluene.—0-4 G. of p-azoxytoluene 
and 7 c.c. of benzyl alcohol were refluxed and treated as above. The 
residue after steam distillation was extracted with light petroleum, 
which was removed after heating with decolorising carbon. The 
residue, recrystallised several times from glacial acetic acid, gave 
about 0-1 g. of p-azotoluene, m. p. 141—142°, A mixed m. p. with 
authentic p-azotoluene showed no depression. 

Benzaldehyde and Azoxybenzene.—l0 G. of azoxybenzene and 
100 c.c. of benzaldehyde, previously purified by being shaken with 
sodium carbonate solution, dried over solid sodium hydroxide and 
calcium chloride, and distilled in a current of carbon dioxide, were 
refluxed for 12 hours in presence of carbon dioxide. The reddish 
residue from the steam distillation, recrystallised from carbon 
tetrachloride; gave 1 g. of benzanilide in colourless plates, m. p. 162°. 
The filtrate from the recrystallisation gave, on evaporation to dryness 
and recrystallisation from alcohol, azoxybenzene, m. p. 36°. The 
benzanilide was identified by (1) mixed m. p. with authentic benz- 
anilide showing no depression; (2) hydrolysis with 50% sulphuric 
acid giving benzoic acid, m. p. 122°; (3) bromination, giving 
p-bromobenzanilide, m. p. 202°. 

Benzaldehyde and p-Azoxytoluene.—2 G. of p-azoxytoluene were 
refluxed as above with 20 c.c. of purified benzaldehyde for 10 hours. 
The residue after steam distillation, recrystallised several times from 
glacial acetic acid with addition of decolorising carbon, gave a small 
quantity of p-azotoluene, m. p. 140—141°. 

Benzaldehyde and Azobenzene.—5 G. of azobenzene and 100 c.c. 
of benzaldehyde were refluxed as above for 8 hours. The dark 
brown residue from the steam distillation, recrystallised from 
carbon tetrachloride, again gave benzanilide. The yield of the crude 
benzanilide was almost quantitative, and no other product was 
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Benzaldehyde and p-Azotoluene.—1 G. of p-azotoluene and 10 c.c, 
of benzaldehyde were refluxed as before for 8 hours. After steam 
distillation, the residue was extracted with benzene, and the extract 
refluxed with decolorising carbon to remove the large amount of de- 
composition matter present. The crystals obtained on concentration 
of the benzene solution, recrystallised several times from alcohol, 
gave benzo-p-toluidide, m. p. 155—156° (alone or mixed with 
authentic benzo-p-toluidide). 

Benzaldehyde and Quinoline.—53 G. of quinoline and 100 c.c. of 
purified benzaldehyde were refluxed for 6 hours. Much water was 
given off at first. The residue after steam distillation was cooled 
in a freezing mixture, pressed on porous tile until dry, and re- 
crystallised from acetone, carbon tetrachloride, or light petroleum, 
colourless needles, m. p. 99—100°, being obtained. Solutions of this 
base turned bright pink on exposure to air. Dry hydrogen chloride 
passed through a solution of the base in chloroform gave the an- 
hydrous hydrochloride in lemon-yellow needles, m. p. 221—221-5°. 
It may be crystallised from dry acetone. Treatment of the base 
with dilute hydrochloric acid gave a hydrated form; from con- 
centrated hydrochloric acid it crystallised in lemon needles, m. p. 
106—107°. Itis sparingly soluble in most common organic solvents, 
but extremely soluble in alcohol ; it is dissociated in water ; recrystal- 
lised from acetone, it loses water, giving the anhydrous hydrochloride. 
On being heated, it loses water at about 110° and melts, then solidi- 
fies to a lemon-yellow mass without decomposition, and _ finally 
melts at about 220° to a dark orange-coloured liquid. 

Benzyl Alcohol and 1 : 1'-Azoxynaphthalene.—A solution of 5 g. 
of yellow s.-azoxynaphthalene in 70 c.c. of benzyl alcohol was 
employed and the following results were noted : (a) when the solution 
was maintained for several hours at 100°, nocolour change took place ; 
(b) at 140° the colour slowly deepened to an intense red (6 hours) ; 
(c) at 170° the colour change was complete in 4 hours. The red 
solution, on concentration under reduced pressure, yielded a deep 
red solid which, slowly crystallised from alcohol, formed bright 
scarlet crystals, m. p. 127°, having the properties of as.-1 : 1’-azoxy- 
naphthalene. Concentration of the red solution under ordinary 
pressure or steam distillation caused tarring. 

Benzaldehyde and 1 : 1'-Azoxynaphthalene.—1-5 G. of yellow s.- 
azoxynaphthalene were refluxed with 40 c.c. of benzaldehyde for 14 
hours as before, the colour rapidly turning deep red. Treatment 
as above again gave as.-azoxynaphthalene. 

Benzaldehyde, Quinoline, and 1: 1'’-Azoxynaphthalene.—2 G. of 
yellow s.-azoxynaphthalene, 60 c.c. of benzaldehyde, and 30 c.c. of 
quinoline were heated for 12 hours at 170° as above. The econcen- 
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tration product, washed with ether and recrystallised twice from 
benzene, gave greenish-brown prismatic needles, m. p. 230°, of 
2-hydroxy-1: 1'-azonaphthalene (yield, 33%) (Found: N, 9-3. 
CypH,4ON, requires N, 94%). The filtrate from the hydroxy- 
azonaphthalene, extracted with sodium hydroxide and hydrochloric 
acid, yielded a gummy mass which could not be crystallised but 
appeared to contain as.-azoxynaphthalene. The hydroxyazo- 
naphthalene is insoluble in dilute sodium hydroxide solution, but 
slightly soluble in alcohol; it gives with concentrated sulphuric acid 
a blue colour, turning red on dilution. On addition of concentrated 
hydrochloric acid, an alcoholic solution, which is of an intense red 
colour, passes through a reddish-violet stage and finally becomes 
colourless. The original red colour is restored on neutralisation by 
sodium hydroxide. 

Quinoline and 1 : 1'-Azoxynaphthalene.—2 G. of yellow s.-azoxy- 
naphthalene heated (12 hours) as above with 20 c.c. of benzaldehyde 
at 170°, and subsequent treatment as before, yielded both as.-azoxy- 
naphthalene and 2-hydroxy-1:1’-azonaphthalene. The yield of 
the latter was greater when benzaldehyde was present. 


The authors desire to record their thanks to the Department of 
Scientific and Industrial Research and to the Ferguson Trust for 
grants which have enabled one of them (G. H.) to take part in this 
work. 

Tue Roya TECHNICAL COLLEGE, 

GLasGow. [Received, September 10th, 1931.] 





CCCCXLII.—Ring Closure Studies in the Piperidine 
Series. 
By GEORGE RoGER CLEMO, JOHN ORMSTON, and GEORGE Rown- 
/ TREE RAMAGE. 
THE development of synthetical work in these laboratories (see 
succeeding paper) made it necessary to investigate the possibility 
of ethyl 3-carbethoxypiperidinoacetate (I; m= 1) undergoing the 
Dieckmann reaction to give the dicyclic system (II). 


CH CH, 
P ne. CH,—CH. 
CH, CH-CO,Et pf Noo ft, ‘tHco,ke 
CH, CH, CH, CH, | CH, CH, 
/ Le aby /ACHah nie 
N-(CH,],,CO,Et  CH,—N* -CH,:CO-CH, 
(1.) (II.) (III.) 


5L 
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In view of the ready formation, for example, of tropinonedicarb-. 
oxylic acid (Robinson, J., 1917, 141, 762), eegonine (Willstatter and 
Bommer, Annalen, 1921, 422, 15), and fenchone (Ruzicka, Ber., 
1917, 50, 1362), it was expected that structures such as (II) would 
form easily. The ester (I; m= 1) was prepared by condensing 
ethyl piperidine-3-carboxylate with chloroacetic ester (compare 
Clemo and Ramage, this vol., p. 437): it was refluxed in toluene 
with either powdered sodium or sodamide, but no trace of the 
desired ketone could be isolated from the reaction product. At- 
tempts were also made to prepare ring system (II) in which x = 2 or 
3, and in which the ring to be closed would be six- or seven-membered 
respectively. The propionic ester (1; » = 2) was best prepared 
from ethyl piperidine-3-carboxylate and 8-chloropropionic ester in 
the presence of sodium acetate, and the corresponding butyric ester 
(n = 3) was prepared from ethyl piperidine-3-carboxylate and y- 
bromobutyronitrile. In neither case, however, could the Dieckmann 
reaction be brought about in the above sense. In the case where 
n = 3, however, a small amount of a high-boiling oil was obtained, 
probably the result of a Claisen condensation between the butyric 
side chains of two molecules. These results are in marked contrast 
to the ease of formation of keto-octahydropyridocoline (Clemo and 
Ramage, loc. cit.). 

The successful ring closures effected by Ruzicka (Helv. Chim. 
Acta, 1926, 9, 499) by distilling the thorium salts of polymethylene 
aw-dicarboxylic acids made it of interest to try this method of ring 
closure in the present case. Ethyl 3-carbethoxypiperidinoacetate 
was hydrolysed, and the crystalline acid isolated by the action of 
hydrogen sulphide on the copper salt, but its thorium salt gave no 
ketone on distillation, and a similar result was obtained from the 
thorium salt of the corresponding crystalline propionic acid. In the 
case of the acid from (I; » = 3), which, however, could not be 
obtained crystalline, distillation of the thorium salt gave a reasonable 
amount of base, but analytical data and failure to give a semi- 
carbazone show that it is not the ketone (II; » = 3). 

The action of ammonia on ethyl 3-carbethoxypiperidinoacetate 
gave a crystalline diamide, but this distilled unchanged without 
forming a dicyclic imide, and the action of hydrazine hydrate on each 
of the three dicarboxylic esters gave only monocyclic dihydrazides. 

In order further to activate the hydrogen atoms taking part in the 
Dieckmann reaction, (III) was prepared from ethyl piperidine-3- 
carboxylate and bromoacetone, but here again ring closure could not 
be effected with sodium, sodium ethoxide, or calcium chloride. 

In all these compounds, however, we are dealing with tervalent 
nitrogen compounds, in which the bonds of the nitrogen atom are 
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presumably all in one plane (compare Meisenheimer, Ber., 1924, 57, 
1744; Jackson and Kenner, J., 1928, 573), and the steric factors 
entering into the attempted ring closures will be different from those 
involved when the atom in (I) and (II) marked with an asterisk is 
carbon. With a view to overcoming this steric factor we decided to 
attempt the Dieckmann reaction with quaternary salts of sub- 
stances of type (I) in which the bonds of the quadricovalent nitrogen 
are tetrahedrally disposed as in carbon (Mills and Warren, J., 1925, 
427, 2507; Mills, Parkin, and Ward, J., 1927, 2613). We used for 
this purpose the methyl p-toluenesulphonate of (I; = 3), as this 
quaternary salt is slightly soluble in hot toluene. After carrying 
out the Dieckmann reaction and working up the product as de- 
scribed in the experimental part, we obtained a small amount of a 
low-boiling base. Analysis and failure to form a semicarbazone 
indicate that it is not (II; »=3). Further, it does not form a 
crystalline picrate. This question is still being investigated. 


ExPERIMENTAL. 


Ethyl Piperidine-3-carboxylate—A solution of pyridine-3-carb- 
oxylic acid (10 g.) in dry amyl alcohol (400 c.c.) was kept just boiling 
while sodium (32 g.) dissolved in it. The resulting solution was 
worked up as for ethyl piperidine-2-carboxylate (this vol., p. 440), 
but the esterification was effected by refluxing the residue from the 
alcoholic extract with ethyl-alcoholic hydrogen chloride (25 c.c.) for 
12 hours. After removal of the alcohol, addition of excess of a 
saturated potassium carbonate solution, and extraction with ether, 
fractionation - gave ethyl piperidine-3-carboxylate (6-0 g.), b. p. 
109°/20 mm. (Found: N, 8-7. Cale.: N, 89%). The residue 
from the ethereal extraction was acidified and mixed with the next 
preparation. 

Ethyl 3-Carbethoxypiperidinoacetate.—Ethy] piperidine-3-carboxy]- 
ate (1-6 g.), ethyl chloroacetate (1-25 g.), and anhydrous potassium 
carbonate (1-5 g.) were heated in the water-bath for 1 hour with 
occasional stirring. Water was added, and the resulting oil extracted 
with ether; fractionation gave ethyl 3-carbethoxypiperidinoacetate 
(1:7 g.), b. p. 125°/0-1 mm. (Found: N, 5-6. C,,H,,0,N requires 
N, 5:75%). 

The ester and hydrazine hydrate were allowed to stand with 
occasional shaking until homogeneous. The dihydrazide solidified 
in a vacuum desiccator and crystallised from alcohol in colourless 
microcrystalline aggregates, m. p. 162° (Found : N, 32:2. C,H,,0,N; 
requires N, 32-6%). 

The diamide was prepared from the ester and aqueous ammonia 
by several days’ standing with occasional shaking, and crystallised 
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from absolute alcohol by addition of light petroleum; m. p. 213° 
(Found : N, 22-8. C,H,,0,N; requires N, 22-7%). 

3-Carboxypiperidinoacetic Acid.—The above ester (3 g.), concen- 
trated hydrochloric acid (15 c.c.), and water (30 c.c.) were refluxed 
over-night. The hydrochloric acid was then completely removed 
under reduced pressure, the residue dissolved in water (100 c.c.), 
heated to boiling, and excess of copper carbonate slowly added. 
After filtration, the precipitate was washed with hot water, and the 
filtrate concentrated until a thick crust formed, and allowed to cool. 
The copper salt, which is very soluble in dilute acids, was collected, 
washed, and air-dried (2-7 g.) (Found: H,O, 11-7; N, 51. 
C,H,,0,NCu,2H,0 requires H,O, 12-6; N, 4-9%. Found for the 
dried salt: Cu, 25-6. C,H,,0,NCu requires Cu, 25-6%). A hot 
aqueous solution was decomposed with hydrogen sulphide, filtered, 
and the charcoaled filtrate taken to dryness under reduced pressure. 
3-Carboxypiperidinoacetic acid (1-6 g.) crystallised from hot water, 
on addition of alcohol and cooling, in colourless granular aggregates, 
m. p. 270° (Found: C, 51-3; H, 6-8; N, 7-6. C,H,,0,N requires 
C, 51-3; H, 7-0; N, 7-5%). Theacid sublimes unchanged under 0-1 
mm. pressure, and its thorium salt is insoluble in hot water. 

8-Piperidinopropionitrile—Piperidine (1-7 g.) and $-cyanoethyl 
toluene-p-sulphonate (2-3 g.) were heated in a sealed tube at 130° 
for 3 hours. The resulting oil was made alkaline with sodium hydrox- 
ide and extracted with ether, and the dried extract distilled, giving 
8-piperidinopropionitrile (1 g.), b. p. 116°/18 mm. (Found: N, 20-0. 
C,H,,N. requires N, 20-3%). The methiodide formed colourless 
irregular plates, m. p. 155°, from alcohol (Found: C, 38-65; H, 
6-3. C,H,,N,I requires C, 38-6; H, 6-1%). 

Ethyl 8-3-Carbethorypiperidinopropionitrile—Ethyl piperidine-3- 
carboxylate (3-2 g.) and 6-cyanoethyl toluene-p-sulphonate (2-25 g.) 
were condensed as for the above propionitrile and on fractionation 
ethyl piperidine-3-carboxylate (1 g.) was recovered, and ethyl 6-3- 
carbethoxypiperidinopropionitrile (1-5 g.), b. p. 133°/0-1 mm., 
obtained (Found: N, 13-4. C,,H,,0,N, requires N, 13:3%). 
With alcoholic hydrogen chloride it gave the dicarboxylic ester 
mentioned below. 

Ethyl 8-3-Carbethoxypiperidinopropionate.— Ethyl piperidine-3- 
carboxylate (1-6 g.), ethyl 8-chloropropionate (1-4 g.), and anhydrous 
sodium acetate (1-5 g.) were condensed as for the acetate above. 
Water and excess of potassium carbonate were added, and ethyl 
8-3-carbethoxypiperidinopropionate (2 g.), b. p. 130°/0-1 mm., isolated 
as before (Found: C, 60-3; H, 9-0; N, 5-5. C,,;H,,0,N requires C, 
60:7: H, 9-0; N, 55%). The dihydrazide crystallised from alcohol ; 
m. p. 152° (Found : N, 30-6. C,H,,0,N; requires N, 30-6%). 
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8-3-Carboxypiperidinopropionic Acid.—The above ester (1-5 g.), 
concentrated sulphuric acid (3 g.), and water (15 c.c.) were refluxed 
over-night, and a hot aqueous solution containing the equivalent 
amount of barium hydroxide added. The barium sulphate was 
removed, and the filtrate evaporated to dryness. The residue (1-2 g.) 
was crystallised by dissolving it in the minimum amount of hot 
water, adding alcohol, and allowing the solution to stand; 8-3- 
carboxypiperidinopropionic acid then separated as colourless irregular 
aggregates, m. p. 195—196° (Found: C, 53-7; H, 7-6; N, 7:2. 
C,H, ,;0,N requires C, 53-7; H, 7-5; N,7-0%). 

y - 3 - Carbethoxypiperidinobutyronitrile—Ethyl piperidine-3-carb- 
oxylate (1-6 g.), y-bromobutyronitrile (1-5 g.), and anhydrous 
potassium carbonate (1-5 g.) were condensed and worked up as for 
the acetate above, giving y-3-carbethoxypiperidinobutyronitrile as 
a colourless oil (2-0 g.), b. p. 135°/0-1 mm. (Found: C, 64-1; H, 
92; N, 12-4. C,H, 90,N, requires C, 64:3; H, 8-9; N, 125%). 

Ethyl y-3-Carbethoxypiperidinobutyrate.—The above nitrile (6-0 g.) 
was warmed with ethyl-alcoholic hydrogen chloride (30 c.c., satur- 
ated at 0°) until precipitation occurred, and then refluxed for 2 
hours. After filtration from the ammonium chloride (1-5 g.), the 
alcohol was removed from the filtrate, and the residue made alkaline 
with a saturated solution of potassium carbonate and extracted with 
ether. Fractionation gave ethyl y-3-carbethoxypiperidinobutyrate 
(6-4 g.) as a colourless oil, b. p. 133°/0-1 mm. (Found: N, 5:1. 
C,,H,;0,N requires N, 5:2%). The dihydrazide crystallised in 
colourless micro-crystalline aggregates, m. p. 165° (Found: N, 
28-6. C, 9H,,0,N, requires N, 28-8%). 

The thorium salt was prepared by hydrolysing the ester (5 g.) 
with hydrochloric acid, taking the solution to dryness, diluting the 
residue with aqueous alcohol, just neutralising it, and adding a hot 
aqueous solution of thorium nitrate. Distillation of the thorium 
salt (7 g.) gave a strongly basic oil, which, taken up in ether and 
fractionated, gave 0-17 g., b. p. 98—110°/20 mm. This redistilled 
at 105—110°/20 mm. (Found : C, 62-7, 62:1; H, 8-7, 8-6. C,H,,ON 
requires C, 70-6; H, 9-8°%). 

3-Carbethoxypiperidinoacetone.—Ethyl _ piperidine-3-carboxylate 
(1-6 g.), bromoacetone (1-4 g.), and anhydrous potassium carbonate 
(1-5 g.) were mixed together with ice-cooling and then slowly heated 
on the water-bath with occasional stirring. After being heated for 
} hour in the water-bath, the mixture was worked up and gave 3- 
carbethoxypiperidinoacetone (1-3 g.), b. p. 110°/0-1 mm. (Found: 
C, 62:0; H, 9:2; N, 6-8. C,,H,,0O,N requires C, 62-0; H, 8-9; 
N, 6-6%). Hydrolysis with sulphuric acid gave a deliquescent acid. 
Methyl p-Toluenesulphonate of Ethyl +y-3-Carbethoxypiperidino- 
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butyrate.—Methyl p-toluenesulphonate (7-5 g.) and ethyl y-3-carb. 
ethoxypiperidinobutyrate (10-4 g.), heated on the water-bath with 
frequent stirring for } hour, became very viscous. The product, 
cooled and rubbed with ether, solidified; it was then crystallised 
thrice from ether-acetone ; m. p. 139° (Found : N, 3-5. C..H,0,NS 
requires N, 3-1%). 

Sodium (2-4 g.) was powdered in toluene (80 c.c.), and the above 
quaternary salt added in small portions, the toluene being gently 
boiled. After 4 hours, alcohol was added to dissolve the residual 
sodium, the liquid neutralised with 50% hydrochloric acid, hydro. 
chloric acid (20 c.c. conc.) added, and the whole heated on the 
water-bath until the very vigorous gas evolution ceased. The 
aqueous layer was separated and evaporated, and the residue dis. 
solved in a little water and treated with a hot saturated solution of 
lead chloride. After cooling, the precipitate was removed, and the 
filtrate evaporated to dryness. The residue was extracted with 
alcohol, the alcohol removed, and the brown deliquescent residue 
distilled in a high vacuum; there was then a vigorous evolution of 
gas and a basic-smelling oil was obtained. This was dissolved in 
dilute hydrochloric acid and treated with charcoal; after evaporation 
to dryness, the residue was dissolved in a little water, made alkaline, 
and extracted with ether. The extract was dried, and, on fraction. 
ation, a colourless oil was obtained (0-3 g.), b. p. 70°/0-3 mm. 
(Found: C, 62-3; H, 95; N, 11-4. C,H,;ON requires C, 70-6; 
H, 9-8; N, 9-1%). 


The authors wish to record their thanks to Imperial Chemical 
Industries, Ltd., for a grant which has partly defrayed the cost of 
the above investigation. One of them (J. O.) is also indebted to the 
Durham County Education Committee, and another (G. R. R.) to 
the Council of Armstrong College, for scholarships which have 
enabled them to take part in the investigation. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. [Received, November 12th, 1931.] 





CCCCXLITI.—The Lupin Alkaloids. Part V. 


By Grorce Rocer Ciemo, GeorcE RownTREE RamacGeE, and 
RIcHARD RaPER. 


In Part IV two of us recorded results having an adverse bearing on 
the formula (I) advanced by Karrer and co-workers (Helv. Chim. 
Acta, 1928, 11, 1062) for lupinine. It was shown that synthetic 
octahydropyridocoline (II) differed from norlupinane (C,H,;N) 

















carb. 
with 
duct, 
lised 
),.NS 


bove 
ntly 
dual 
ydro- 
- the 
The 
dis. 
on of 
1 the 
with 
sidue 
on of 
d in 
ution 
line, 
tion- 
mm. 
10-6; 


nical 
st of 
» the 


have 


nd 


g on 
him. 
etic 


17) 








THE LUPIN ALKALOIDS. PART V. 3191 





prepared by distilling lupininic acid with soda-lime. It was inferred, 


therefore, that either (I) does not represent lupinine, or structural 
CH:,OH CO,H 
CH, CH CH, CH, CH, CH 
tNZ ie iy Fin as 
CH, CH CH, CH, CH CH, SH, CH CH, 
CH, N CH, CH, N_ CH, CH, N_ CH, 
WZNZ NZNR SZ Ue ae 
CH, CH, CH, CH, CH, CH, 
(I.) (II.) (III.) 


changes had taken place in the somewhat drastic expulsion of carbon 
dioxide from lupininic acid. The preparation of norlupinane by 
milder methods was clearly desirable, and although Schépf (Annalen, 
1928, 465, 104) states that lupininamide could not be obtained, it has 





now been found that the hydrazide can be readily prepared. This is 
unchanged by treatment with sodium nitrite in dilute acetic acid, 
but the action of amy] nitrite on a solution in ethyl-alcoholic hydro- 
gen chloride gives a good yield of the urethane. The latter is not 
hydrolysed by refluxing with methyl-alcoholic potash, but is converted 
by boiling concentrated hydrochloric acid into aminonorlupinane, 
which on treatment with nitrous acid gives mainly d-norlupinene 
(C,H,;N), together with some hydroxynorlupinane and other bases 
(see experimental part). This behaviour is in marked contrast to 
that of 1-hydroxyoctahydropyridocoline, which shows no such ready 
tendency to lose water. Norlupinene is reduced by hydrogen in 
acetic acid in the presence of palladised charcoal (compare this vol., 
p. 439), giving norlupinane, whose picrate, chloroaurate, and meth- 
iodide are identical with those prepared from the C,H,,N base 
obtained by the soda-lime distillation of lupininicacid. The possibility 
that a structural change has occurred in the earlier preparation of 
norlupinane is thus much reduced and the case against formula (I) 
for lupinine is correspondingly strengthened. 

In continuation of the synthetic work recorded in Part IV, structure 
(III) has now been synthesised. It was thought that the carbon 
side chain could be introduced by the action of potassium cyanide 
on 1-bromo-octahydropyridocoline, but this was, unfortunately, only 
obtained in poor yield from 1-hydroxyoctahydropyridocoline. 
Next, 1-keto-octahydropyridocoline was treated with ethyl chloro- 
acetate and sodamide, giving the glycide ester (IV), but it has not 
yet been possible to isolate either the free acid or the aldehyde 
expected to be formed from it by the loss of carbon dioxide. Methyl 
octahydropyridocoline-1-carboxylate was eventually prepared by 
condensing ethyl piperidine-2 : 3-dicarboxylate with y-bromo- 
butyronitrile, the resulting nitrile giving, with ethyl-alcoholic 
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hydrogen chloride, the tricarboxylic ester (V). After this had been 
submitted to the Dieckmann reaction, hydrolysis with hydrocbloric 


CH-CO,Et CO.Et 
es O,Et 
(IV.) 2 (V.) 
N 
JN CH,°CH,°CH,°CO,Et 

acid removed carbon dioxide, and the resulting 9-keto-octahydro- 
pyridocoline-1-carboxylic acid was reduced by Clemmensen’s method. 
If at the keto-acid stage the product was esterified and fractionated, 
a considerable quantity of 1-keto-octahydropyridocoline was always 
obtained, indicating the ready loss of a second molecule of carbon 
dioxide. Esterification of the reduction product with methyl- 
alcoholic hydrogen chloride produced an oil which gave the analytical 
results required for methyl octahydropyridocoline-1-carboxylate and 
from which a crystalline picrate, m. p. 187°, depressed to 175—178° 
by admixture with the picrate of methyl d-epilupininate, has been 
obtained. Schépf (loc. cit.) states that the latter melts at 185°, 
and that methyl lupininate itself gives only a gummy picrate, both of 
which results we have confirmed. Methyl lupininate reacted readily 
in aqueous solution with ammonium d-bromocamphorsulphonate, 
eliminating ammonia and forming the highly crystalline methyl 
lupininate d-bromocamphorsulphonate. The l-bromocamphorsulphon- 
ate showed no indication of crystallisation after several weeks, 
The synthetic ester of (III) is somewhat unstable and did not react 
with ammonium d-bromocamphorsulphonate, which was recovered 
unchanged under similar conditions to those used above. In both 
of these respects the methyl ester of (III) behaves very differently 
from methyl lupininate. 

It was realised, however, that there was a distinct possibility that 
the Dieckmann reaction on (V) might result in ring closure to some 
extent with the $-carbethoxy-group, but this has been shown (see 
preceding paper) not to be the case. An important point is that the 
reduction of 1-keto-octahydropyridocoline, which is always formed 
as a by-product (see above), gave octahydropyridocoline, the picrate 
of which was always homogeneous, having m. p. 213°, no matter 
whether the starting material was cis- or trans-hexahydroquinolinic 
acid (Ber., 1895, 28, 3151) or the unseparated mixture. This result 
indicates that octahydropyridocoline does not occur in cis- and trans- 
forms and supports the view of Kenner and ourselves, referred to in 
the previous paper, that in polycyclic systems the configuration of 
tervalent nitrogen is probably planar. 

When submitted to the Bouveault reaction, the ester of (III) gave 
an oil which has not yet been induced to crystallise. This substance 
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and d-tartaric acid gave a non-crystallisable salt, again contrasting 
markedly with the highly characteristic tartrate of the natural 
alkaloid. 

These results show that lupinine is probably not (I), and, further, 
we have obtained degradation products from lupanine which are 
difficult to reconcile with any formula for the alkaloid yet advanced. 
When an aqueous solution of oxylupanine (Part I; J., 1928, 1819) 
is treated with potassium permanganate at 40—50°, a compound 
“ A,” C,5;H..0,No, m. p. 212°, is obtained. Its production involves 
the highly unusual insertion, in a permanganate oxidation, of an 
oxygen atom without the removal of hydrogen. The compound 
does not react with phenyl! isucyanate, and so is presumably not an 
alcohol, nor does it give the standard reactions of keto- or reactive 
methylene groups. Further, it does not liberate iodine from acidified 
potassium iodide solution, or revert to oxylupanine on treatment with 
sulphurous acid, in which process sulphuric acid is not produced, thus 
indicating that in all probability it is not an amine oxide. This 
conclusion is supported by the fact that oxylupanine does not 
possess a reactive tertiary nitrogen atom (Part I; loc. cit.). In the 
sulphurous acid treatment, however, the compound recovered gives 
the correct analytical results for C,;H.0,Ng, and is indistinguishable 
from ‘‘ A ” under the microscope, but shows a variable melting point ; 
this behaviour is possibly due to keto—enol tautomerism in a compound 
of structure such as ‘“‘ A,’”’ which contains probably several carbony] 
groups. When substance “ A ’”’ is hydrolysed by heating in sealed 
tubes with aqueous barium hydroxide, it gives glutaric acid and at 
least three other substances. One of these, obtained in only minute 
amount, gives a picrate, decomp. 290°. A second substance is a 
colourless crystalline compound, C,9H»)0,N., m. p. 248°, and another 
is gummy, but gives a picrate, m. p. 231°. After oxylupanine has 
been treated with barium hydroxide at 200°, it can be recovered 
unchanged, but at 270° glutaric acid is formed. Anisomeride “ B” 
of C,;H,,0,N, is obtained in small amount as a by-product in the 
oxidation of lupanine (compare Part I; loc. cit.). 

It is hoped to discuss the full structural significance of these and 
our earlier results in a later communication, for synthetic and 
degradation work is being actively pursued. Meanwhile, as already 
pointed out in Part II (J., 1929, 1933), no formula hitherto advanced 
for sparteine or lupanine explains the oxidation results, but as these 
have now been considerably extended, it is tentatively suggested 
that the partial formula (VI) may represent the part of the sparteine 
molecule concerned. The production of “‘ A ’’ would then involve the 
breaking of the 6—7 link to give (VII), from which hydrolysis as 
shown — give glutaric acid, and a similar fission of a carbon— 
5 L 
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carbon link at the same or another quaternary carbon atom would 
account for the formation of “‘ B.’”’ The carbonyl group of lupanine 


CH, CH, 
? hey, * 
«CH, »CH, CH; CO 
5 CH, 1d ~ CH, { N 
(Vi.) Cs ) \ XX SC) (VID. 
Na OY co / 
7 / H 
ccc /= ‘ME a 
by C-C-C/o* 
C C JS 


is probably at position 2. It is improbable that there is a methylene 
group in position 8 in sparteine, as it would probably be oxidised to 
the carbonyl group in oxysparteine and isolupanine, and the second 
~CO- in oxylupanine is presumably in the same position. In this 
case “‘ A’ would have three carbonyl groups attached to the same 
nitrogen. It is, in fact, very doubtful if such a group occurs in any 
compound, although Aschan (Ber., 1886, 19, 1400) describes acetyl- 
phthalimide as a compound unstable to water ; hence it is improbable 
that “‘ A” contains such a group. The C,N residue, together with 
four of the carbon atoms not in the piperidine ring, forms a second 
dicyclic nitrogen system to which at present we assign no definite 
constitution. The fact, however, that norlupinene is dextrorotatory, 
whereas norlupinane and its methiodide are inactive, strongly 
suggests that the ring structures in it are symmetrical. 


EXPERIMENTAL. 
Lupininhydrazide.—Methyl] lupininate (20 g.) was heated for 48 
hours with hydrazine hydrate (20 c.c., 90—95%) in sealed tubes 
placed horizontally in a boiling water-bath. On cooling, the resulting 
solution set to a colourless crystalline mass. This was collected, 
washed with a small volume of light petroleum (b. p. 60—80°), dried 
on the water-bath (17—18 g., m. p. 114—117°), and crystallised from 
boiling light petroleum (800 c.c.), giving colourless prisms (16 g.), 
m. p. 118—119° (Found: C, 60-9; H, 9-4; N, 21-5. C,)H,ON, 
requires C, 60-9; H, 9-6; N, 213%). The hydrazide is very easily 
soluble in water and alcohol. A by-product is obtained in the above 
reaction, m. p. 218° approx., but insufficient has been obtained for 
its investigation. 

Methylnorlupinanylurethane Hydrochloride.—Lupininhydrazide (3 
g.) in ethyl alcohol (6 c.c.) was cooled in ice-water, and amy] nitrite 
(3-75 c.c.) added. Ethyl-alcoholic hydrogen chloride (4 c.c.; 0-6 g. 
HCl) was then run into the dull reddish solution with shaking, and the 
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resulting pale yellow solution left over-night. The mixture, which 
had usually deposited a mass of colourless prisms, was evaporated 
to dryness (in this and all subsequent cases this was done on the 
water-bath under reduced pressure), and the crystalline residue 
recrystallised from ethyl alcohol (6 c.c.), colourless prismatic aggre- 
gates (2-5 g.), m. p. 270° (decomp.), being obtained. Recrystal- 
lisation raised the m. p. to 277—278° (decomp.) (Found: C, 55-2; 
H, 9:1; N, 10-7. C,,H,.0,N,,HCl requires C, 54:9; H, 8-8; N, 
10:7%). The free urethane, obtained from the hydrochloride by 
treatment with methyl-alcoholic potash or silver oxide, was a 
colourless oil, b. p. 125—128°/1 mm. (Found: C, 63-8; H, 9-9. 
C12Hy20.N, requires C, 63-7; H, 9-7%). 

Aminonorlupinane.—The urethane hydrochloride (3-9 g.) was 
refluxed for 16 hours with concentrated hydrochloric acid (8 c.c.), 
the solution evaporated to dryness, the residue dissolved in water 
(3—4 c.c.),* aqueous potassium hydroxide (50%) added, and the 
liberated base extracted with ether and dried over potassium 
carbonate. Fractionation gave aminonorlupinane (2-2 g.), b. p. 
73—75°/1 mm. (Found: N, 17-9. C,H,,N, requires N, 18-2%). 

Norlupinene.—The solution of the hydrochloride above (*) was 
cooled in ice, and aqueous N-sodium nitrite solution (15 c.c.) run 
in with shaking. After 15 minutes, the solution was heated for 15 f 
minutes on the water-bath, then concentrated to a few c.c., and 
made strongly alkaline with potassium hydroxide (50%). The 
liberated bases were extracted with ether, and the extract dried over 
potassium carbonate and fractionated, giving “C” (1 g.), b. p. 
40—50°/1 mm., and “D” (0-8 g.), b. p. up to 120°/1 mm. On 
redistillation of the ‘‘ C ” fraction, practically the whole passed over 
between 40—43°/1 mm. as a colourless oil which turned brown in 
the air (Found: C, 78-8; H, 10-85; N, 10-5. C,H,;N requires C, 
78-8; H, 10-9; N, 10-2%. [«]p in acetone, + 33-7°). Norlupinene 
is only slightly soluble in water, but the solution is strongly alkaline 
to litmus, and does not give either the pine shaving or the p-di- 
methylaminobenzaldehyde pyrrole colour reactions. It forms a 
picrate, bright yellow, rectangular prisms, m. p. 175°, from alcohol 
(Found: C, 49-5; H, 5-25. C,H,;N,C,H,O,N, requires C, 49-2; 
H, 49%), and a methiodide, compact prisms, m. p. 308—310° 
(decomp.), from acetone (Found: C, 43-0; H, 6-8. C,H,;N,Mel 
requires C, 43-0; H, 6-5%). 

When the “ D” fraction (3 lots combined) was refractionated, 
about one-third of the material passed over between 68° and 72°/1 
mm., and further approximately equal amounts up to 100°/1 mm. 
and 100—120°/1 mm. (Found for the first fraction: C, 69-7, 69-2; 
H, 11-15, 11-2. C,H,,ON requires C, 69-7; H, 11-0%). Hydrowy- 
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norlupinane rapidly turns brown on exposure to the air, and gives 
an oily methiodide. The intermediate fraction gave a gummy 
methiodide, but a picrate was obtained as yellow warts, m. p. 207— 
208° (decomp.), from alcohol, and the same picrate was obtained 
from the final fraction (Found: C, 47-5, 47-7; H, 5-9, 5-7; N, 16-1. 
C,;H,,0,N3,C,H,0,N, requires C, 47-8; H, 5:7; N, 160%). The 
exact nature of these intermediate and final fractions has not yet 
been determined. If in the preparation of norlupinene the amino- 
norlupinane (2-2 g.) was first isolated and then dissolved in two 
equivalents of N-hydrochloric acid (no reaction occurred with only 
one equivalent), repetition of the above experiment gave the same 
result. If, however, the 15 minutes’} standing was extended to 
about 6 hours until the evolution of nitrogen ceased, a slightly 
larger yield of norlupinene and a smaller one of ‘‘ D ”’ resulted. 

Norlupinane.—A solution of the above crude “CC” fraction of 
norlupinene (1 g.) in glacial acetic acid (25 c.c.) was stirred with 
palladised charcoal (0-2 g.; see Part IV, this vol., p. 439) for some 
hours in an atmosphere of hydrogen : reduction was rapidly effected. 
After filtration and the addition of concentrated hydrochloric acid 
(1 c.c.) and a fragment of granulated zinc, the solvent was removed, 
aqueous potassium hydroxide added, and the mixture extracted with 
ether. On fractionation a colourless inactive oil (0-65 g.) was ob- 
tained, b. p. 43—45°/1 mm. (Found: C, 77-45; H, 12-5; N, 10:3. 
Cale. for CjH,,N: C, 77-7; H, 12-2; N,10-1%). The picrate, m. p. 
149°, chloroaurate, m. p. 164°, and inactive methiodide, m. p. 
340—343° (decomp.) in place of 333—335° recorded in Part IV, all 
confirm the conclusion that the C,H,,N base obtained by the soda- 
lime distillation of lupininic acid is identical with norlupinane. 

Ethyl 8-1-Octahydropyridocolylglycidate (IV).—Finely powdered 
sodamide (1-2 g.) was added during 2 hours to freshly distilled 1- 
keto-octahydropyridocoline (3-7 g.) and ethyl chloroacetate (3 g.) 
in dry ether (7 c.c.). After 2days, water was added, and the solution 
extracted with ether. On fractionation 1-keto-octahydropyridoco- 
line (0-8 g.) was recovered, and ethyl 6-1-octahydropyridocolylglycidate 
(2-3 g.) obtained as a yellowish oil, b. p. 152°/0-1 mm. (Found: C, 
65-1; H, 8-7. C,,H,,O,N requires C, 65-3; H, 8-8%). 

Ethyl Piperidine-2 : 3-dicarboxylate-—Pyridinedicarboxylic acid 
(Ber., 1925, 58, 1727) was reduced by sodium (70 g.) and absolute 
ethyl alcohol (500 c.c.) (compare Besthorn, Ber., 1895, 28, 3154). 
The acidified solution obtained as described was evaporated to 
dryness, the residue extracted three times with absolute alcohol, 
the solvent removed, and the residual acid esterified by 12 hours’ 
refluxing with ethyl-alcoholic hydrogen chloride (25 c.c.). After 
removal of the alcohol and refluxing again for 4 hours with a 
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further quantity of alcoholic hydrogen chloride (15 c.c.), the residue 
was made alkaline with aqueous potassium carbonate and extracted 
with ether. Fractionation gave ethyl piperidine-2 : 3-dicarboxylate 
as a colourless oil (6 g.), b. p. 114—117°/0-2 mm. (Found: N, 6-4. 
Cale. for C,,H,,0,N : N, 6-1%). 

Ethyl y-2 : 3-Dicarbethoxypiperidinobutyrate (V).—Ethy] piperidine- 
2 : 3-dicarboxylate (2-3 g.), y-bromobutyronitrile (1-5 g.), and pow- 
dered anhydrous potassium carbonate (1-5 g.) were heated for 14 
hours in the water-bath with occasional stirring. Water was 
added to four similar experiments, and the liberated oil collected in 
ether. After removal of the ether and any unchanged bromonitrile 
and dicarboxylic ester, the crude y-2 : 3-dicarbethoxypiperidino- 
butyronitrile (9-5 g.) was refluxed with ethyl-alcoholic hydrogen 
chloride (30 c.c.). After filtration of the ammonium chloride and 
distillation of the alcohol, excess of aqueous potassium carbonate 
solution was added to the residue, and the insoluble ester taken up in 
ether. Fractionation of the dried extract gave ethyl y-2 : 3-di- 
carbethoxypiperidinobutyrate as a colourless oil (9 g.), b. p. 160—166°/ 
0-1 mm. (Found: C, 59-7; H, 83; N,43. C,,H,O,N requires 
C, 59-5; H, 85; N, 41%). 

Methyl Octahydropyridocoline-1-carboxylate—The above tricarb- 
oxylic ester (6 g.) was gently refluxed with powdered sodium (1 g.) in 
toluene (25 c.c.) until a vigorous reaction set in and then heated for 
two hours in the water-bath. Hydrochloric acid (1:1) was added 
till neutral, followed by concentrated acid (10 c.c.), and the solution 
was heated in the water-bath until carbon dioxide evolution almost 
ceased (3 hours). The solution was evaporated to dryness, and the 
residue extracted three times with methyl alcohol. Removal of the 
solvent left a substance (E), which was esterified by refluxing it for 
12 hours with methyl-alcoholic hydrogen chloride (20 c.c.). Re- 
moval of the alcohol, followed by ether extraction of the mixture, 
made strongly alkaline with aqueous potassium carbonate, gave a 
low-boiling fraction of 1-keto-octahydropyridocoline (0-6 g.), b. p. 
110°/17 mm. (methiodide, m. p. 210°; semicarbazone, m. p. 230°) 
(Found: N, 26-4. Calc.: N, 26-7%). The m. p. recorded for the 
original semicarbazone, which gave correct analytical results, is 
215°. We now find that repeated crystallisation raises this to 230°, 
and this is apparently another instance of the variability of the 
m. p.’s of semicarbazones (compare Bryant and Clemo, this vol., 
p- 2080). The higher-boiling fraction (1-4 g.), b. p. 127—130°/0-3 mm., 
was methyl 9-keto-octahydropyridocoline-l-carboxylate, since on 
hydrolysis with hydrochloric acid and reduction as below it gave 
methyloctahydropyridocoline-1-carboxylate. The latter was better 
obtained, however, when the residue (E) above was treated with 
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amalgamated zinc (15g.) and concentrated hydrochloric acid (10c.c.), 
first for 2 hours at room temperature and then for 12 hours on the 
water-bath. A further quantity of hydrochloric acid (5 c.c., d 1-195) 
was added, the heating continued for a further 8 hours, and the 
mixture finally refluxed for several hours after addition of more 
hydrochloric acid (5c¢.c.). The solution was decanted from the zinc 
and evaporated to dryness, water (200 c.c.) added, and an excess of 
hydrogen sulphide passed into the solution whilst it was gradually 
made alkaline with sodium hydroxide. On steam-distillation, 
octahydropyridocoline (0-08 g.), b. p. 77°/18 mm., passed over. Its 
picrate melted at 211—213°, alone or mixed with an authentic 
specimen. The zinc sulphide was filtered off and washed, and the 
filtrate acidified with hydrochloric acid and evaporated to dryness. 
The residue was extracted with methy] alcohol, esterified, and worked 
up as for the corresponding keto-ester above, and methyl octahydro- 
pyridocoline-l-carboxylate (0-8 g.), b. p. 100—110°/0-5 mm., ob- 
tained. When redistilled, at least one half passed over between 
102—105°/0-5 mm. as a colourless oil (Found: OC, 67-35; H, 9-4. 
C,,H,,0.N requires C, 67-0; H, 965%). The ester darkened rapidly 
on standing and was slightly soluble in water, giving a solution 
alkaline to litmus. The picrate was prepared in alcohol, treated 
with charcoal, and allowed to cool, and the gum again dissolved; 
crystals were then deposited. A further crystallisation gave yellow 
prisms, m. p. 187° (Found : C, 47-4; H, 5-1. C,,H,,0,N,C,H,0,N, 
requires C, 47-8; H, 5-2%). 

The separated cis- and trans- piperidinedicarboxylic acids were 
esterified, and the above operations repeated exactly with them. 
The 1-carbomethoxyoctahydropyridocoline picrates obtained could 
not be crystallised to constant m. p. (probably mixtures of stereoiso- 
merides). From the octahydropyridocoline obtained as a by-product, 
picrates were obtained which melted after several recrystallisations 
at 212—213° and gave no depression with authentic octahydro- 
pyridocoline picrate. 

Methyl Lupininate d-Bromocamphorsulphonate.—Authentic methyl 
lupininate (0-1 g.) and ammonium d-bromocamphorsulphonate 
(0-17 g.) in water (0-5 c.c.) were warmed for 20 minutes on the water- 
bath and the solution was evaporated to dryness in a vacuum 
desiccator. The crystalline residue, recrystallised from acetone, 
gave colourless needles, m. p. 171—173° (Found: C, 50-1; H, 6:9. 
C,,H;,0,NBrS requires C, 49-6; H, 6-8%). 

Lupinine d-tartrate, formed from the alkaloid and d-tartaric acid 
in alcohol, crystallised from alcohol—-acetone in colourless penn, 
= P. 171° (Found: C, 52-9; H, 8-1. C,,H,;0;N requires C, 52-7; 


H, 9%). 
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Oxylupanine was prepared as in Part I, lupanine (25 g.) -being 
used, and the permanganate added during 5—6 hours. Yield, 
8-5 g.; m. p. 123—124°. The manganese dioxide was well extracted 
with hot water, and the brown filtrate concentrated till crystallisation 
began. After cooling, the potassium oxalate was filtered off, and 
after some time crystalline material (0-35 g.) was deposited. Fe- 
crystallised from acetone, this formed needles of “ B,” m. p. 233° 
(Found : C, 64-7, 64-4; H, 8-4, 7-9; N, 10-1. C,;H,.0,N, requires 
C, 64:7; H, 7-9; N, 10-1%). 

The Substance “ A.”—Oxylupanine (2 g.) in water (80 c.c.) 
maintained at 40—50° was gradually treated with potassium 
permanganate (4-4 g.) with stirring. After removal of the manganese 
dioxide the liquid was evaporated to dryness, and the light brown 
residue exhaustively extracted with acetone. This was removed, 
and the residue (0-4 g.) recrystallised from acetone, giving colourless 
prisms (0-3 g.), m. p. 212° (Found: C, 64-6, 64:7; H, 8-0, 8-0; 
N, 10-3. C,;H,.0,N, requires C, 64-7; H, 7-9; N, 10-1%). The 
residue from the acetone extract contained oxalate and carbonate. 

When sulphur dioxide was passed for some time through an 
aqueous solution of “A,” the liquid boiled and evaporated todryness, 
and the residue dissolved in acetone and concentrated to small bulk, 
prisms, m. p. 144°, not raised by a second recrystallisation from 
acetone, resulted (Found: C, 64:8; H,7-9%). A further crystal- 
lisation from acetone then raised the m. p. to 157°, not depressed by 
admixture with ‘‘ A ’’ (Found: C, 64-7; H,7-9%). 

The Hydrolysis of “A” with Barium Hydroxide.—“ A” (1 g.), 
recrystallised barium hydroxide (5 g.), and water (30 c.c.) were 
heated in a sealed tube for 6 hours at 270°. The contents were steam- 
distilled. The distillate (150 c.c.) was acidified with hydrochloric 
acid and evaporated to dryness, the small residue extracted with 
alcohol, and the filtered extract treated with alcoholic picric acid. 
After concentration, brown lozenge-shaped crystals, decomp. 290°, 
slowly separated in amount too small for identification. The residue 
in the steam distillation flask was filtered and treated with saturated 
copper sulphate solution as long as a precipitate was produced. This 
was filtered off (filtrate ‘‘F”’), suspended in boiling water, and decom- 
posed with hydrogen sulphide. The filtrate from the copper sulphide 
was vaporated to dryness, and the residue extracted with dry ether ; 
removal of this solvent left a solid (0-3 g.) which, recrystallised from 
ether-light petroleum, gave glutaric acid (0-2 g.), m. p. and mixed 

m. p. 97—98° (Found: C, 45-8; H, 5-8. Calc.: C, 45-5; H, 6-1%). 

The filtrate “‘ F ” from the copper precipitate was saturated with 
hydrogen sulphide, filtered, and evaporated to dryness; the residue 
was dissolved in alcohol, and the filtered solution evaporated, 
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leaving a yellow gum, which began to crystallise on standing. 
Boiling with light petroleum hastened the process without extracting 
anything. From the residue, acetone extracted a non-solidifying 
gum, which, dissolved in alcohol and treated with alcoholic picric 
acid (0-1 g.), gave, on addition of ether and long standing, a dark 
brown, crystalline product, m. p. 231° (Found: C, 47-5; H, 5:4; 
N, 16-6, 16-8%). The residue from the acetone extraction, crystal- 
lised twice from alcohol, gave colourless irregular crystals (0-15 g), 
m. p. 248° (Found: C, 51-4; H, 8-8. Cj 9H .0,N, requires C, 51-7; 
H, 8-6%). 

Repetition of the hydrolytic experiment with “A” (0-3 g.) at 
200° gave glutaric acid (0-02 g.), m. p. 97° (alone or mixed with an 
authentic specimen), and also the substance of m. p. 248°. Oxy- 
lupanine (1 g.), hydrolysed in the same way at 270°, gave glutaric 
acid (0-1 g.), m. p. 96—97° (alone or mixed with an authentic 
specimen), the picric acid product, m. p. 231° (alone or mixed with 
the specimen from “‘A”) (Found: C, 47-9; H, 5:8; N, 16-95, 
17-4%), and the product of m. p. 248° (0-2 g.) (Found: C, 51:8; 
H, 8-25; N, 12-2, 12-7. C,9H,,0,N, requires C, 51:7; H, 8-6; N, 
120%). 


Our thanks are due to the Royal Society for grants for the purchase 
of lupinine and lupanine, and to Mr. C. R. 8. Tenniswood, M.Sc., and 
Mr. O. Telfer for carrying out the microanalyses recorded in this and 
the preceding paper. One of us (G. R. R.) also wishes to thank the 
Council of Armstrong College for a Research Fellowship which has 
enabled him to take part in the investigation. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. [Received, November 12th, 1931.] 





CCCCXLIV.—A Compound of Nitrobenzene and 
Sulphuric Acid. 


By Irvine Masson. 


DvRING some work upon nitration by Mr. J. A. Hetherington and 
the writer, it was found that, when nitrobenzene is shaken with 
aqueous sulphuric acid of the composition H,SO, + H,0, it extracts 
practically anhydrous sulphuric acid from the acid layer, leaving 
this relatively more aqueous than before. In view of the consider- 
able stability of sulphuric acid monohydrate and its recognition by 
several kinds of test even above its melting point (8-6°), the in- 
ference was drawn that nitrobenzene must form a compound with 
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sulphuric acid. The experiments now recorded were therefore 
carried out, and they establish the fact that there is a crystalline 
compound between these substances; it has the composition, 
ascertained by synthesis, by analysis, and by the melting-point 
method, C,H;*NO,,H,SO,. The same compound was obtained in 
1923 by Cherbuliez (Helv. Chim. Acta, 6, 281), by cooling an 


Fie. 1. 
Freezing Points of Mixtures of Nitrobenzene and Sulphuric Acid. 
15° r 





10 





— 





+ ++ \ 














| | V 
—10 ‘ | 
0 O1 O02 03 O04 05 06 O07 O08 OF 10 
Molar fraction of H,SO,. > - 
10 09 O08 O07 06 05 04 03 02 O1 O 
<- Molar fraction of C,H;-NOg. 
OQ = Series I. ; nitrobenzene of m. p. 5-35°, sulphuric acid 99-65%. 
© = Series II. ; purest nitrobenzene, m. p. 5-8°, sulphuric acid 99-65%. 
+ = Series I., II., eutectic arrest-temperatures. 














equimolecular mixture of the components. The melting point is 11-6° 
(Cherbuliez found 11°), and this is higher than that of either of its 
components (5:8° and 10-5°). The diagram shows the freezing- 
point relationships in the system ; it will be noted that no more than 
one compound between sulphuric acid and nitrobenzene appears 
to exist. 

The compound is formed as colourless needles when suitable 








3202 MASSON : A COMPOUND OF 


mixtures of nearly absolute sulphuric acid and nitrobenzene are 
cooled and then locally chilled by applying a small pad of carbon 
dioxide snow to the outside of the vessel at the level of the meniscus. 
At 18° it is an oily liquid of d 1-42; its density when solid is near 
1-5. On standing for a day or two at room temperature, no more 
than traces of sulphonation take place, as the analyses prove; 
but the freezing point falls by 0-1—0-2°, and the liquor darkens. 
The melted compound is surprisingly sluggish towards water, and 
does not liberate much heat on being decomposed by it—a sign of 
the stability of the compound. 

With excess of nitrobenzene, a eutectic is formed at 0-65°; this, 
like all the solid phases of the system, is very liable to undercooling. 
From the initial slope of the curve for the freezing point of nitro- 
benzene, it would appear that the complex has undergone poly- 
merisation to double molecules. In excess of sulphuric acid, 
however, it is not appreciably polymerised ; and in this solvent the 
compound forms solutions which conduct electricity better than 
sulphuric acid itself. 

Since the compound is an electrolyte, its structure may most 
probably be described by [C,H;*NO,°H]*[HSO,]-. Cherbuliez also 
noted that the conductance of sulphuric acid is increased by dis- 
solving in it nitrobenzene (but not dinitrobenzene), or some other 
mononitro-compounds; and he formulated the complex as an 
acid sulphate of nitrobenzene. In this salt-like compound, the 
hydrogen ion or proton can be regarded as being co-ordinated with 
one of the oxygen atoms of the nitro-group; and if Sugden is correct 
in inferring from the parachor of nitrobenzene that one of these 
oxygen atoms is attached to the nitrogen by a semipolar or co- 
ordinate link, this would be the atom to be coupled with the hydrogen 
ion. In any case, the attachment of a positive hydrogen ion to the 
nitro-group must modify the potential gradients along the atoms 
of the phenyl nucleus; more precisely, it should promote meta- 
substitution, in the same way as happens with an arylammonium 
ion. The stability of the compound suggests, indeed, that in the 
dinitration of nitrobenzene it may well be the positive nitrobenzene- 
hydrogen ion, rather than the neutral nitrobenzene molecule, which 
is the main organic reagent and thus the source of the preponder- 
ating meta-derivative. 


EXPERIMENTAL. 


Maiterials—For the main series of freezing points, nitrobenzene 
of no more than ordinary purity was used, prepared from com- 
mercial nitrobenzene by crude freezing and draining several times ; 
it melted at 5-35°, and was not free from traces of dissolved water. 
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(The addition of a few drops of sulphuric acid is a very delicate 
test for water in nitrobenzene, a local turbidity being observed.) 

For measuring the depression of freezing point of nitrobenzene 
by small proportions of sulphuric acid, pure and dry nitrobenzene 
was required; this preparation was made the subject of a separate 
study, the results of which are described elsewhere with reference 
to the m. p.’s of nitrobenzene and benzene (Nature, 1931, 128, 726), 
and need only be indicated here. As commercial nitrobenzene 
derives impurities from crude benzene as well as from the treat- 
ment which it receives in the technical nitration, it was not used 
as the source; instead, very pure benzene was first isolated, by a 
special method of freezing, from the only one of several tested varieties 
of “‘ pure ’’ benzene which proved really satisfactory. The fraction 
so prepared melted at 5-58°. This was then converted into mono- 
nitrobenzene by the use of an acid which in other work had been 
shown to produce no dinitrobenzene, having the molecular com- 
position H,SO,, 0:33; HNO,, 0-18; H,O, 0-49; the product, 
quantitative in yield, after being distilled from phosphoric oxide 
at 60°/1-2 mm., was put through the same process of freezing as 
the original benzene, and some was again distilled. The purest 
fractions froze at 5-83°, 5-84°; those used in most of the present 
experiments froze at 5-77°. These temperatures are true to the 
nearest 0-05°; their value as the true m. p.’s of the pure substances 
concerned is discussed in the note already referred to. 

Sulphuric acid was made by thrice freezing and partially melting 
a fresh supply of the purest commercial “100 per cent.” acid. 
The latter ‘contained quite negligible traces of sulphur dioxide, 
was colourless, and was almost free from turbidity, The stock 
prepared from it had f. p. 10-35°, dj$” 1-832, and contained, 
according to volumetric determinations of acidity, 99-65% of 
H,SOQ,. 

Freezing Points —For the first series, the mixtures were made 
up by weight or by volume from protected burettes, and their 
f. p.’s were observed in boiling tubes to which the air had only 
intermittent access. The second series, using pure nitrobenzene, 
was made with mixtures synthesised by weight, with rigorous 
exclusion of moisture. The apparatus made for this purpose en- 
closed the whole thermometer, no corks or bungs being used. 
Side tubes with ground glass connexions and taps, and a sealed-in 
tube dipping to the foot of the vessel, allowed the whole to be filled 
with dry nitrogen, and enabled the components to be admitted 
from their containers with no exposure to air; it was also possible 
to stir the contents with dry nitrogen and, when desired, to expel 
liquid samples for analysis. The whole apparatus was weighable 
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to a few milligrams. Nitrogen was preferred to other gases for 
the sake of inertness, and also because it did not alter significantly. 
the weight of the apparatus when filled with it instead of with air. 
The thermometer was graduated in 0-1° and was read to 0-01° 
with a lens; it was very carefully checked between 0° and 15° 
with a similar thermometer which was certified to the nearest 
0-05° by the National Physical Laboratory as soon as the work was 
over. Series II had to be curtailed owing to the loss of some of the 
nitrobenzene. 

So slow are the rates of crystallisation and melting in this system, 
and so poor is the thermal conductance of the mixtures, that very 
careful control of the bath temperatures is needed in order to avoid 
fictitious results due to overheating and to undercooling. In the 
first series, the temperatures usually taken were the highest at 
which crystals appeared to remain in equilibrium with liquid, but 
this was not in all cases possible to secure definitely. In the second 
series, therefore, the temperatures taken were the highest to which 
the mixtures rose spontaneously after being undercooled, the tem- 
perature of the bath being kept about 0-1° below that of the mixture, 
and the proportion of crystallised substance being kept to a minimum. 
The last-named condition depends upon the correct use of the method 
of external inoculation mentioned on p. 3202. With these precau- 
tions, the “ arrest maxima ”’ are believed to be close enough to the 
true liquidus points to allow the solute molecular weights at the 
two ends of the curve to be calculated within about 10% of the 
truth. The data for the few points concerned with this may be 
tabulated. The molecular depression constants adopted were 69 
for nitrobenzene and 70 for sulphuric acid, and in the last line, 
which gives the value of x in (C,H;*NO,,H,SO,),, allowance has 
been made for the amount of solvent used in forming the complex 
with the other component. 


H,SO,, mol. fraction ...... ( 0-0828  0-0853 1-000 0-96: 
Boats sabdiebaladicbnaonas 5-77° 2-96° 2-77° 10-35° 775° 
x =~ 1-99 192 | — Ll 


OOOO eee eee eee eeeeeeee 


Analyses.—In the second series, a mixture, made up by weight 
to be equimolecular, was frozen in the apparatus described, the f. p. 
being 11-42°. About a quarter of it was allowed to melt, with gas- 
stirring, and this liquor was expelled. The f. p. of the crystal 
residue was measured and was again 11-42°. Both fractions, 
having been weighed, were analysed; for this purpose the whole 
of each was diluted and the nitrobenzene was separated; the 
nitrobenzene which remained emulsified was extracted with acid- 
free chloroform, and the acidity of the aqueous solution was deter- 
mined volumetrically with sodium hydroxide and methyl-orange, 
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the ultimate standard being Iceland spar. The nitrobenzene 
content followed, by difference. The results show, incidentally, 
that less than 4% of the total acid initially weighed out had dis- 
appeared. This proves that practically no sulphonation had 
occurred, the compound being thus a purely additive one. This 
fact was further confirmed by weighing the nitrobenzene which 
separated on dilution of the crystal fraction; its weight was within 
1%, of the ideal content of the additive compound. The titrations 
and weighings gave : 

By analysis. 





By synthesis. -— 


Tnitial Crystal Liquid Crystal +- 
mixture. fraction. fraction. liquor. 
H,SO, actual, g.. ......00. 10-358 7-763 2°527 10-290 
HS) (ay GiE.), @. sccsccves 0-038 . TT 
CH,"NOg, g. .c.ec-seecceeee 13-014 9-921* 3-194 13-115 
TOU Sxciedessncsscvess 23-410 17-684 5-721 23-405 


* Nitrobenzene actually recovered, 9-82. Correspondingly, the weights of 
the substances which contain 1 g.-mol. of sulphuric acid are : 
Stock sulphuric acid, 98-4 (calc. for H,SO,: 98-1). 


Crystal fraction, 223-4. 
Liquid fraction, 222-0 (calc. for C,H,*NO,,H,SO,: 221-2). 


Conductances.—These measurements were intended as compara- 
tive only. They were made at 18° with the materials used in the 
first series of melting points, in an air-tight cell with platinised 
electrodes; the current used was direct, of six different voltages 
from 4 to 130 volts for each measurement, and the current passed 
ranged from a fraction of a milliamp. to some 6 milliamps. No 
polarisation was observed during the 1—2 secs. in which the current 
passed ; and for any one mixture the resistance found for one volt- 
age agreed within 2% with that found at the others. The cell- 
constant being taken as approximately given by Kohlrausch’s 
value of 0-0148 ohm for 99-6% H,SO,, 0-4% H,O, the conductances 
found were : 

10-15 


Nitrobenzene, mols. % ... 0 2-6 5-7 

sot sures age (0-0148) 0-0218 0-0244 0-0238 
Nitrobenzene, mols. % ... 12-0 32-1 50-0 67-6 
Conductance, ohm-! a esidaltn 0-0230 0-0104 0-0045 0-0023 


The rise in conductance was not due to the small traces of water 
introduced with the nitrobenzene, since the conductance of an 
acid made to have the same water content as the mixture of maximal 
conductance gave a figure of only 0-0166 ohm. 


Summary. 


A crystalline compound, C,H;*NO,,H,SO,, f. p. 11-6°, is formed 
from sulphuric acid of f. p. 10-35° and nitrobenzene of f. p. 5-8°. 
In solution in sulphuric acid it is an electrolyte. The same facts 
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(with f. p. 11°) were found and discussed in 1923 by Cherbuliez. 
The compound is considered to be [C,H,;"NO,"H]*[HSO,]-, in agree- 
ment with Cherbuliez. In solution in nitrobenzene it is doubly 
polymerised; but in its conducting solution in sulphuric acid, not 
appreciably so. The probable influence of the combination on 
aromatic substitution is referred to. New values for the freezing 
points of nitrobenzene and of benzene are given. 


UNIVERSITY OF DURHAM 
(DurHAM Division). [ Received, October 6th, 1931.] 





CCCCXLV.—-Hydroxyanthraquinones. Part I. A 
Synthesis of Purpurin. 
By Pxitie Guy MarsHALL. 


For the purposes of some biological work it was found necessary 
to prepare quinizarin-2-sulphonic acid. The literature contains 
little mention of this compound apart from some patent references. 
Von Georgievics (Centr., 1905, i, 1515) reports that a quinizarin 
monosulphonic acid is obtained by heating quinizarin with 3 parts 
of 20% oleum for 5 hours at 140°, but the orientation is not certain. 
On the other hand, Zimmermann (Z. physiol. Chem., 1930, 188, 
180) claims to have obtained an 88% yield of the 2-sulphonic 
acid by heating 10 g. of quinizarin with 20 c.c. of 20% oleum at 
130—150° for 2 hours. Careful attempts were made to repeat 
this work under the same conditions and a yield of more than 
90% of a sulphonic acid was obtained. However, the sodium salt 
of this acid (or acids) behaved in an entirely different manner from 
that prepared by other methods, and although the author had not 
the available time to determine the orientation of the product, it 
ean definitely be stated that Zimmermann’s method does not give 
exclusively the 2-sulphonic acid. According to D.R.-P. 287,867 
(Bayer) the sodium 2-sulphonate can be obtained by boiling quiniz- 
arin in water with 2 parts of sodium sulphite. A yield of about 
30% was thus obtained, a figure which was increased to 70% by 
the further addition of manganese dioxide. The use of potassium 
sulphite and manganese dioxide as recommended in another section 
of the above patent was found to be unsatisfactory. 

However, by the use of sodium sulphite and copper oxide, an 
almost theoretical yield of sulphonic acid was obtained. By 
autoclaving the sodium salt with milk of lime, a good yield of 
purpurin was obtained (confirmed by mixed m. p. of the product 
itself and of its triacety] derivative), and no other product of the 
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reaction could be identified, thus proving that the action of sodium 
sulphite on quinizarin in presence of copper oxide is to produce 
exclusively the 2-sulphonic acid, and providing at the same time 
a useful method for the synthesis of purpurin. 

Previous syntheses of purpurin have been accomplished by von 
Baeyer and Caro (Ber., 1875, 8, 152) from quinizarin by the action 
of manganese dioxide and sulphuric acid at 140°, and by Wacker 
(J. pr. Chem., 1896, 54, 90) by oxidation of alizarin in sulphuric 
acid solution with ammonium persulphate at 30°, but no yields are 
stated. De Lalande (Ber., 1874, 7, 1545) obtained it from alizarin 
by the use of manganese dioxide or arsenic pentoxide and sulphuric 
acid, but gives no details or yields. Brasch (Ber., 1891, 24, 1614) 
also obtained it by the action of nitrous acid on 4-aminoalizarin, 
but this method is merely of theoretical interest. 


EXPERIMENTAL. 
Quinizarin-2-sulphonic Acid (Sodium Salt).—10 G. of quinizarin, 
25 g. of sodium sulphite, and 5 g. of copper oxide were boiled under 
reflux with 500 c.c. of water for 24 hours; the solution was then 
acidified with dilute sulphuric acid and filtered while boiling. The 
small residue was extracted with a further small quantity of hot 
water and sodium chloride was added to the combined filtrates. 
On cooling, the sodium salt was obtained in theoretical yield (14 g.) 
as a mixture of orange-red needles and orange rectangular plates. 
It separated from a strong saline solution exclusively in the needle 
form or from 50 parts of water exclusively as plates. 

Purpurin.—5 G. of sodium quinizarinsulphonate, 10 g. of slaked 
lime, and 70 c.c. of water were autoclaved at 250° (440 lb./sq. inch) 
for 8 hours. 100C.c. of water were added and the whole was heated 
to boiling and acidified with hydrochloric acid. The precipitated 
purpurin was filtered off, washed twice with hot, very dilute acetic 
acid, and dried. Yield, 2-9 g. (84%). It sublimed in red needles 
(m. p. 255°) and on recrystallisation from glacial acetic acid had 
m. p. 263° (Schunck and Roemer, Ber., 1877, 10, 550, give 253°), 
which was unchanged on admixture with an authentic specimen of 
sublimed natural purpurin also recrystallised from glacial acetic 
acid. 

Triacetylpurpurin, was obtained by boiling 0-05 g. of purpurin 
with 2 c.c. of acetic anhydride and a fragment of anhydrous sodium 
acetate for 5 minutes. When the product was poured into 3 
volumes of water and partially neutralised with ammonia, the 
triacetyl derivative crystallised; after recrystallisation from 90% 
alcohol, it formed yellow needles, m. p. 200—201° (alone or mixed 
with the triacetyl derivative of natural purpurin). 
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The author is indebted to Mr. S. Ellingworth for details of some 

of the patent literature and to Messrs. Scottish Dyes, Ltd. for the 

gift of the quinizarin used. He also wishes to record his thanks to 

Dr. Bain of the Department of Chemistry, University of Edinburgh, 

and to Professor Rowe and Dr. R. B. Forster of the University of 

Leeds for facilities afforded him in connection with this work. 
MacavLay LABORATORY, INSTITUTE OF ANIMAL GENETICS, 


Kivne’s Buripines, UNIVERSITY OF EDINBURGH. 
[ Received, October 19th, 1931.] 





CCCCXLVI.—Binary Systems comprising Carbamide 
with Certain Metallic Nitrates. 


By Wit11amM Joun HoweELLs. 


In two previous papers (J., 1929, 910; 1930, 2010) the systems 
carbamide-ammonium nitrate and carbamide-sodium nitrate were 
described. The present paper records the behaviour of carbamide 
with several other metallic nitrates. The experimental details were 
as in the first paper (above). 

The compositions of the binary mixtures investigated are given 
in Table I. Measurements far beyond the melting point of carb- 
amide were not possible on account of its decomposition. The 
thermal equilibrium diagrams of the systems have the following 
characteristics : 

(1) Carbamide and lithium nitrate. Owing to the extreme 
deliquescence of the nitrate, a slow current of warm dry air was 
led into the freezing-point apparatus while the determinations 
were in progress. The thermal diagram has three branches, and 
exhibits two eutectic points—at 71° and 98-5°, and 18-8% and 50%, 
respectively, of lithium nitrate. The middle branch shows a 
maximum at 126° and approximately 36-5% of nitrate (= 33} 
mols. %): this indicates the formation of a compound, 

LiNO,,2CO(NH,)., 
stable at its m. p., 126°. At the first eutectic point the solid phases 
are carbamide and the compound; at the second, lithium nitrate 
and the compound. 

When the melt is cooled slowly it is possible to follow the freezing 
point curves of the two compounds to temperatures well below the 
eutectic points on account of the sluggishness with which the 
compound crystallises. Sudden cooling favours its crystallisation : 
a similar behaviour was observed by Philip in the binary system 
phenol-«-naphthylamine (J., 1903, 83, 814). 

(2) Carbamide and calcium nitrate. On account of the extreme 
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deliquescence of the salt, the same precautions were necessary as 
with lithium nitrate. The thermal diagram shows a eutectic point 
at 88° and 21% of nitrate, and a convex branch rising to a sharp 
maximum at 151-5° and 40-5% of nitrate (20 mols. %), indicating the 
formation of a compound, Ca(NO,).,4CO(NH,)., stable at it smelting 
point, 151-5°. This compound has been mentioned by previous 
workers, but not its melting point. It was not possible to investigate 
the system beyond 47-2% of calcium nitrate owing to cloudiness of 
the melt and to the difficulty with which the nitrate dissolved. 

(3) Carbamide and potassium nitrate. These show a thermal 
diagram of the usual two-branched type; it exhibits a eutectic 
point at 109-5° and 24-5% of nitrate. The right-hand limb shows 
a slight break at 129°, corresponding to the transition of rhombo- 
hedral to rhombic potassium nitrate at 129°. 

The compositions of the eutectic mixtures for the ammonium, 
sodium, and potassium nitrate systems (those in which combination 
occurs are not considered) conform to Vanstone’s generalisation 
(J., 1913, 103, 1826), viz., the greater the divergence in the melting 
points of the two components, the greater the molecular percentage 
of the lower-melting component in the eutectic mixture : 


Component. M. p. Carbamide, mols. %. 
SE Geko ess cccesecksceinenonas 169-6° 54-18 
DEES, tacos dvatscnccecsstbenesccenne 308 77-2 
TENG, dbdsbenvewssensenentendenceane 333 83-9 
TABLE I. 
(1) Carbamide and lithium nitrate. 
LiNO,, LiNO,, LiNO,, LiNO,, 
%. F, p. %. F. p. %. F. p. % F, p. 
0 132-0° 14-53 90-1° 29-56 117-5° 48-63(h) 104-1° 
2:78 126-7 19-52 74-0 (a) 32:60 122°5 50-38 100-6 (d) 
4:67 122+3 19-83 64-1 (f) 35-92 125-9 52-85 121-3 (e) 
7-93 113-9 22-98  44-7(g) 39-39 123-7 54-10 127-9 
10-79 105-0 25-68 106-8 (b) 42-25 122-0 57-07 146-4 


11-31 102-9 27:89 113-5 (c) 46-36 113-2 

Eutectic arrests observed at points marked (a), (0), (c), (d), and 
(e) were at 70-7°, 71-1°, 71-2°, 98-6°, and 98-5°, respectively. The 
determinations marked (f) and (g) were made by cooling the melt 
slowly, and correspond to the prolongation of the carbamide curve. 
At the concentration marked (h), slow cooling gave a f. p. at 81-6°. 


(2) Carbamide and calcium nitrate. 


Ca(NO3),, Ca(NOs)2, Ca(NOs)., Ca(NOs)2, 
%- F. p. %. F. p. %. F. p. %. F. p. 
0 132-2° 12-62 111-7° 24-00 102-4°(a) 40-1 151-3° 
3°90 127-0 18-04 100-5 26-88 117-7 (6) 44-02 147-2 
5:25 125-1 20-04 90-7 27-58 119-9 45-60 144-6 
7-45 121-6 23-18 96-3 34°55 143-1 47-20 142-2 
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Eutectic arrests observed at points marked (a) and (b) were at 
87-7° and 88-8°, respectively. 


(3) Carbamide and potassium nitrate. 


KNO,, KNO;, KNO,, KNO,, 
%. F. p. %. F. p. » * F. p. %. F. p. 
0 132-2° 14-75 115-6° 27-79 | 120-1° 34:26 141-8 
2-52 128-9 21-79 110-9 29-61 124-9(c) 36:90 151-6 


5-50 125-2 24-60 110-1 (a) 31-09 129-8 

8-93 121-2 26-25 114-1 (bd) 32-64 136-1 

Eutectic arrests observed at points marked (a), (6), and (c) were 
at 109-8°, 109-7°, and 109-1°, respectively. 

Molecular Association of Nitrates in Carbamide.—In addition to 
the above determinations, measurements of the freezing points were 
made when silver and thallous nitrates were added separately to 
about 20 g. of carbamide. With the former, the melt became 
slightly violet in colour, so it was not possible to proceed beyond 
the concentration indicated in Table II. 


TABLE II. 
Substance G. per 100 g. Assoc. 
added. of carbamide. A. Mol. depn. M, obs. factor. 
Dextrose 4-680 5-32° 205° — — 
NH,NO, 2-114 3-1 117 140 1-75 
2-880 4-0 lll 148 1-85 
10-988 14-0 102 161 2-01 
NaNO, 2-235 3°7 141 124 1-46 
5-091 8-0 134 130 1-53 
7-411 10-6 122 143 1-68 
KNO, 2-588 3-3 129 161 1-59 
5-820 7-0 121 171 1-69 
9-802 11-0 113 183 1-81 
TINO, 5-006 2-8 149 367 1-38 
11-277 5-7 135 405 1-52 
20-783 9-8 126 434 1-63 
LiNO, 2-864 5-3 128 ill (1-61) 
4-897 9-7 137 103 
8-618 18-1 145 98 
12-756 29-1 157 90 (1-30) 
AgNO, 4-535 5-2 195 179 (1-05) 
8-320 10-2 208 168 
13-380 17-8 226 154 (0-91) 
Ca(NO3). 4-056 5-2 210 160 (0-98) 
5-491 7-1 212 159 
8-055 10- 216 156 
14-439 20:5 233 144 (0-88) 


The figures for the first three substances are from the two previous 
papers already mentioned. The first concentration given for each 
compound, except lithium nitrate, is approximately of the same 
molar concentration in each case, viz., 0-026 mol. in 100 g. of 
carbamide. A lower concentration might involve an appreciable 
error in the f. p. depression owing to the slight, but unavoidable, 
decomposition of carbamide. 
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The effective molecular weights observed are calculated on the 
assumption that dextrose has the “normal” molecular weight in 
molten carbamide. 

Solutes which combine with the solvent being omitted, the 
association factors, or degrees of complexity, exceed unity in all 
cases. Yet, in all probability, the molten solutions concerned 
conduct an electric current. Ions are doubtless present—ions 
active from the standpoint of electrical conductivity, but whose 
depression of the freezing-point effect and osmotic effect are masked 
by the presence of complex solute molecules. It may be, too, 
that a considerable proportion of the ions are osmotically inactive. 
It is clear that the cryoscopic method does not give the real, but 
only the effective, or average, association factors of these metallic 
nitrates in carbamide. 

The association factors for the nitrates of ammonium, sodium, 
potassium, and thallium increase with increasing concentration, 
as might be expected from the law of mass action. On the other 
hand, the molecular depressions for the nitrates of lithium, calcium, 
and silver increase. with increasing concentration because these 
solutes combine with the solvent, and so reduce the amount of 
active solvent present in the melt. Thus, these addition compounds 
exist as definite compounds in the solution. 

Lithium in many of its compounds resembles silver and calcium 
more closely than it does sodium and potassium. Lithium nitrate, 
like calcium nitrate, forms hydrates, and since it forms a compound 
with carbamide it behaves like the nitrates of calcium and silver. 

If the value 205 is accepted as the approximate molecular- 
depression constant for molten carbamide, the thermodynamical 
equation A = 0-0277/L leads to the value 16-0 calories for the 
latent heat of fusion of carbamide. Application of Trouton’s rule 
as applied by Walden to substances at their melting point, viz., 
ML/T = constant = 13-5 for unassociated substances, shows that 
M, the molecular weight of carbamide, is 342. This may be far 
too high a value, but it indicates that carbamide is associated. 
Associated substances are usually chemically very active. This 
possibly accounts for the very many stable compounds that carb- 
amide forms with neutral substances. 


Summary. 


The thermal diagram for the system carbamide-lithium nitrate 
indicates the formation of a compound LiNO,,2CO(NH,)., stable 
at its m. p., 126°; that for carbamide—calcium nitrate shows the 
formation of Ca(NO,),,4CO(NH,),, also stable at its m. p., 151-5°; 
and that for carbamide—potassium nitrate exhibits a eutectic point 
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at 109-5° and 24-5% nitrate. The right-hand limb shows a tran- 
sition point at 129°. 

The nitrates of ammonium, sodium, potassium, and thallium 
show molecular association in molten carbamide. They do not— 
at least, under the conditions involved—form compounds with 
carbamide. 


LANPARK Rp., PONTYPRIDD. [Received, October 31st, 1931.] 





CCCCXLVII.—The Reaction at the Quinhydrone 
Electrode in Methyl Alcohol. 


By Ancus MACFARLANE. 


THE establishment of an oxidation-reduction equilibrium between 
quinone and quinol permits the use of the molecular compound of the 
two, viz., quinhydrone, as a substitute for the hydrogen electrode. 
The equation for the potential of the quinhydrone electrode takes the 


form 
mz =%)+ Spy +p na olen oy 

where a: is the activity of the hydrogen ions in the solution, Q and 
HQ are the concentrations of quinone and quinol respectively, R and 
T have their usual significance, and F is the Faraday constant. 

Although the quinhydrone electrode gives steady potentials in 
acid solutions in water, it has been observed that in alcoholic 
solutions the potential falls off rapidly from its initial value. Buck- 
ley and Hartley (Phil. Mag., 1929, 8, 320) found that various types of 
electrode gave irregular results in methyl-alcoholic solutions of 
hydrogen chloride. Ebert (Z. Elektrochem., 1925, 31, 113) interpreted 
the fall in potential as being due to reaction between quinone and 
hydrogen chloride, which is known to take place in other organic 
solvents. By measurements of the #.M.F., the conductivity, and 
the extinction coefficients of the reacting mixture, he sought to 
elucidate the kinetics of the reaction. The first product of inter- 
action was said to be chloroquinol. This then reacted further with 


Q 


. OH 
- Cl 
i jj +HCl —> oe 
4 

ji H 


quinone to give chloroquinone and quinol, equilibrium being estab- 
lished according to the scheme 
C,H,Cl(OH), + C,H,O, == C,H,(OH), + C,H,ClO, (3) 
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As far as the first reaction is concerned, the rate should be pro- 
portional to the concentration of quinone and to that of hydrogen 
chloride. The establishment of the second equilibrium makes the 
equation more complicated, so the disentanglement of the kinetics is 
a matter of some difficulty. To obtain the velocity coefficient of the 
first reaction, Ebert was forced to assume that the equilibrium con- 
stant of the second has the same value in methyl alcohol as in 
aqueous solution, in which it was determined by the oxidation- 
reduction potential measurements of LaMer and Baker. He was 
thus able to calculate the change in potential at any time in terms of a 
function of g, the ratio of the concentration of quinone to that of 
quinol. Owing to algebraic errors in his treatment, however, it 
would appear that his published velocity coefficients are incorrect. 

Although Ebert measured the fall of H.M.F. at a series of hydrogen 
chloride concentrations, he omitted to examine the effect of varying 
the concentration of quinhydrone while keeping that of hydrogen 
chloride constant. Such measurements show that the order of 
reaction with respect to quinhydrone concentration is incompatible 
with the simple mechanism stated above. 


EXPERIMENTAL. 


The rate of reaction at 25° was followed by measurements of the 
E.M.F. of cells of the type Ag,AgCl|HCl in MeOH|Quinhydrone, Pt. 

The potentiometer system, the form of the Durosil glass cells, and 
the preparation of silver-silver chloride reference electrodes that 
exert potentials constant and reproducible to 0-1 millivolt have 
already been described (Phil. Mag., in the press). Methyl alcohol 
was prepared by the method of Hartley and Raikes (J., 1925, 127, 
524) and contained less than 0-01% of water and 0-02% of aldehyde. 
Hydrogen chloride solutions were prepared by absorption of the 
pure dry gas in methyl alcohol and titrated by weight against 
standard baryta. They were then diluted to the required concen- 
tration by weight addition of pure solvent. 

Quinhydrone was made from quinol by the method of Biilmann 
(Ann. Chim., 1921, 16, 320) and dried by long standing over calcium 
chloride in a desiccator. Since the substance dissolves rapidly in 
alcohol, measurements could be started within 15 minutes of making 
up the solution. For this purpose the silver chloride half-cell, the 
junction vessel, and the junction limb of the quinhydrone half-cell 
were previously filled with the hydrogen chloride solution. When 
the body of the quinhydrone half-cell had been filled with the 
solution, communication with the junction limb could be established 
by the turning of a tap. To prevent diffusion of the quinhydrone, 
which would alter its concentration in the solution and might affect 














3214 MACFARLANE: THE REACTION AT THE 


the potential of the reference electrodes, this tap was kept closed 
except while measurements were being made. 

Three types of platinum electrode were tested: (1) spirals of 
thin platinum wire as used by Ebert, (2) more massive grids of bright 
platinum, and (3) the same grids coated electrolytically with platinum 
black. The rate of fall of potential with the first two types of elec- 
trode was approximately the same, but with the third was consider. 
ably greater, whilst the readings tended to be erratic. The inde- 
pendence of the £.M.F. of surface area in the first two experiments 
suggests that the reaction does not primarily occur at the electrode 
surface, but from the third it can be inferred that at a surface of high 
catalytic activity further disturbance can occur. The first type of 
electrode was adopted throughout, in order that the results might be 
comparable both among themselves and with those of Ebert. The 
platinum was cleaned and the glass seals tested for cracks according to 
the method of Morgan, Lammert, and Campbell (J. Amer. Chem. 
Soc., 1931, 53, 454, 597). 

Results —The mechanism of the reaction was investigated by the 
method of initial rates. In the earlier experiments a rise in E.M.F. 
was observed at the beginning of the reaction. This was traced to 
the time required for the silver—silver chloride electrodes to attain 
equilibrium, and was remedied by allowing the cells to stand in the 
thermostat for about an hour before the addition of the quinhydrone 
solution. Nevertheless, some time must elapse before the quin- 
hydrone solution and the platinum electrode come to temperature 
equilibrium, so no great significance can be attached to the first 
few readings. This is the more unfortunate because the E.M.F. is 
not strictly a linear function of the time, as the curves in Fig. 1 show. 
Extrapolation of the E.M.F. to zero time cannot therefore be accur- 
ately carried out, but approximate values may be obtained by 
drawing straight lines through the linear portions of the curves. 
When the #.M.F. is falling rapidly, it is a difficult matter to deter- 
mine its value accurately at short intervals of time. Since the 
measurements plotted in Fig. 1 lie on smooth curves, however, it is 
unlikely that they are seriously in error from this cause. 

The dependence of the rate of fall of E.M.F. on the concentration 
of hydrogen chloride was determined by measurements in 0-025M- 
and 0-0485M-solutions. In both these experiments the concen- 
tration of quinhydrone was 0-0037M. From the slopes of the curves 
(A and B in the figure), it may be deduced that dx/dt = —k{HCl]**, 
or, within the limits of accuracy of these experiments, that the rate 
of fall of #.M.F. is proportional to the square of the hydrogen 
chloride concentration. 

Further experiments with the same hydrogen chloride solutions, 
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but with'a quinhydrone concentration of 0-00185M, showed more 
rapid rates of reaction. The slopes in 0-025M-hydrogen chloride 
solution approximate closely to an inverse proportionality between 
rate of fall of H.M.F. and concentration of quinhydrone. In the 
0:0485M-hydrogen chloride solutions, the ratio of the slopes is only 
1-7 instead of 2-0, but, as may be seen from curve C in the figure, this 
is due to the greater divergence from linearity when the reaction is 
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more rapid. (Curves B and C should extrapolate to the same value 
for the E.M.F. at zero time.) 


Discussion. 


Since the potential of the quinhydrone electrode becomes less 
positive, the ratio of the concentration of quinone to that of quinol 
decreases during the reaction; but since the rate of fall of potential 
is inversely proportional to the quinhydrone concentration, the rate 
of the primary reaction must be independent of it. The following 
mechanism is a possible method of accounting for these facts. 
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hydrogen chloride by oxygen in solution : 
2HCl + 40,—>Cl,+H,O. . -. . (4) 


This is strictly analogous to the reactions shown by Giintelberg 
(Z. physikal. Chem., 1926, 123, 202) and by Randall and Young 
(J. Amer. Chem. Soc., 1928, 50, 989) to be responsible for the unsteady 


potentials of the silver-silver chloride and mercury—calome! 


electrodes : 
2Ag + 2HCl + 40, —> 2AgCl + H,0, 
2Hg + 2HCl + 40, —~> Hg,Cl, + H,0. 
The chlorine formed reacts in this case with quinone to form chloro. 
quinone and hydrogen chloride : 
Cl 


; a OF ee r 
Cl, + o=K_)=0—> HO+0=K >=0 6) 


This reaction is said to take place in chloroform solution (Meyer u. 
Jacobsen, “Lehrbuch,” Vol. II, i, 444). Finally, equilibrium 
is established as in (3) : 

QCl + HQ = HQC! + Q 
where QCl is the symbol adopted for chloroquinone, Q that for 
quinone, HQCI that for chloroquinol and HQ that for quinol. 

If it is assumed that reaction (4) is slow as compared with (5), 
every molecule of chlorine reacts as soon as formed, and the inde- 
pendence of the reaction rate of the quinhydrone concentration is 
assured. Further, since of every two molecules of hydrogen chloride 
removed in (4) one is restored in (5), the rate of change of its con- 
centration is given by the equation 

d{HCl]/dt = — k,[O,]* (HCI? 
The solubility of oxygen in methyl alcohol is large, and its concen- 
tration is therefore sensibly constant throughout the reaction, so that 
this equation may be rewritten in the form 

aq{HCli/dt = —kf[HClP?. . . . . (6) 

where k, is the velocity coefficient of reaction (4) multiplied by the 
function of the oxygen concentration. It also follows from (3) 
and (5) that 

a{(HCl)/dt = d[HQ]/dt+ d[Qi/dt . . . (7) 
while the expression for the equilibrium constant in (3) is : 


[Q][HQCl)/[HQIQC!] = K; 


Hence 


(Q1 EPI + prgcr API, (901.52) + Hq) 22) 0s 








It is assumed that the primary reaction is the slow oxidation of 
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d{HQCl}/dt = — d{HQ)/dt 





From (3) 


while from (3) and (5) d[QCl}/dt = — d[(Q\dt 


Substituting these values in (8), 
(HCH + K,[HQ) “2! — (Q] + K {Qc “EO 


HQ) _ (HQCl] + KfHQ], “ag 
dt ~ (Q]+KiQC] * at 








or, on substituting for K,, 

q{HQ)] _ [HQC], [QC] +[Q] [HQ] 4[Q] 

dt (Q] (HQ) -+ [HQCH [Qcl} “dt 
But, since [QCI] and [HQClI] are small in comparison with [Q] and 
(HQ), 

qj|HQ)/dt = [HQC1)/[QCl] . d[Q]/dt = K[HQ]/[Q].d[Q]/dt (9) 
Substituting this value in (7), it is found that 
{1 + K{HQU[Q} . a Qi/at = afHCl)/at 


Since quinhydrone is being used, in the early stages of the reaction 
[Q] can be equated to [HQ]; hence 


(1 + K;).d[Q)/dt = d{HClyjdt . . . (10) 


Now differentiation of (1) gives 





dx _ RT| 1 dQ) 1 at] RT 1 dH] 
dt~ 2F |{[Q) dt ~ [HQ] dat F [HCl] dt 
whence, from (9), 


dx _ RT| 1 _ &K, 73 | dQ] 1 HCl] 
dt = 2F |[Q| (Q] dt + [HCl] dt 
from (10), 
dx _RT 1—KkK, 1 qHCl) RT 1 dH] 
di —3F i+K, (Q) a + F (HG a 
and from (6) 
dx RT 1— kK, [HCl? RT 4 il 
at ~~ oR 1+K, [(Q) F ass 
This equation provides for the fall in potential that is observed, as 
long as K; is less than unity; the value found by LaMer and Baker in 
aqueous solution was 0-6. If the concentration of hydrogen chloride 
is large compared to that of quinone, the second term on the right- 
hand side of the equation will be negligible in comparison with the 
first, and the expression for the rate of change of potential becomes 

















dx __=RT , 1—K, [HCIP 
dt ~~ 3F 
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This condition is satisfied in the present measurements. The 
extent to which quinhydrone is dissociated into quinone and quinol 
is unknown, so that it is impossible, by substitution of the quinone 
concentration in equation (11) or (12), to evaluate the velocity 
coefficient, k,, or the equilibrium constant, K,. It is obvious, 
however, that this mechanism is sufficient to account for the observed 
rate of fall of potential, i.e., a rate proportional to the square of the 
hydrogen chloride concentration and inversely proportional to that 
of quinhydrone. 

Experiments made in solutions of hydrogen perchlorate show that 
a similar reaction occurs with the formation, presumably, of a quinone 
perchlorate. This compound does not appear to have been isolated, 
probably owing to the oxidising action of hydrogen perchlorate in 
concentrated solution. 

If this theory of the reaction between quinhydrone and hydrogen 
chloride is correct, the fully chlorinated compound should main- 
tain stable oxidation-reduction potentials in alcoholic solutions. 
Measurements are now in progress with octachloroquinhydrone, 
which, it is hoped, will prove an effective substitute for the hydrogen 
electrode. 

Summary. 


The reaction between quinhydrone and hydrogen chloride has been 
investigated in solutions of methyl alcohol by means of measurements 
of electromotive force. A mechanism has been suggested to account 
for the observed rate of reaction. 


In conclusion, I should like to express my indebtedness to Sir 
Harold Hartley for his valuable advice and kind supervision of the 
course of this work. 


PuysicaAL CHEeMistry LABORATORY, BALLIOL AND TRINITY COLLEGES, 
OxFoRD. [Received, November 5th, 1931.] 





CCCCXLVIII.—Potassium Rheni-iodide. 


By Henry Vincent Arrp Briscoz, Percy Lucock Rosrnsoy, 
and ALFRED JOHN RUDGE. 


Enxk (Ber., 1931, 64, 791) has described the preparation of potassium 
rhenichloride by heating together appropriate amounts of potassium 
per-rhenate, hydrochloric acid, and potassium iodide, and subse- 
quently evaporating the solution so produced to crystallisation. 
The same compound has also been independently described by 
Briscoe, Robinson, and Stoddart (this vol., p. 2263), who obtained 
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it by melting a mixture of potassium chloride and metallic rhenium 
in dry chlorine, extracting the residue with cold water, and evapor- 
ating the solution at the ordinary temperature in a desiccator. 
Investigation of these rheni-compounds has been extended by the 
preparation of the analogous bromine (Krauss and Steinfeld, Ber., 
1931, 64, 2552) compounds in a manner similar to that employed 
by Enk (loc. cit.). Krauss and Steinfeld also claim to have obtained 
compounds of the composition represented by the formule 
K,ReCl, and K,Re,Cl,,, together with the corresponding thallium 
salts. 

The present paper concerns the preparation and properties of 
potassium rheni-iodide, a salt which has not hitherto been described. 
It is produced by heating potassium per-rhenate with excess of 
potassium iodide and aqueous hydrogen iodide at the b. p. of the 
latter, and can be separated from the dark-coloured solution as 
erystals, shining black by reflected, and dark chocolate-brown by 
transmitted light. Some idea of the stability of the compound 
may be gained from the fact that it can be heated to 200° without 
decomposition. At about 210° there is slight decrepitation, but 
marked liberation of iodine is not evident below about 300°. With 
a limited quantity of water, a dark violet-black solution results, 
which, on dilution, changes to dark brown or black and is evidently 
colloidal in character. Boiling this liquid leads to flocculation and 
the separation of a black precipitate which, as was anticipated, 
proved to be hydrated rhenium dioxide. In alcohol, or ether, 
either hot or cold, the crystals are only slightly soluble, but they 
readily dissolve in acetone, from which potassium rheni-iodide may 
be recrystallised with acetone of crystallisation. On heating in 
oxygen, iodine is evolved and a black residue is left, whilst in 
nitrogen the decomposition takes place quantitatively to potass- 
ium iodide, metallic rhenium, and iodine. 

Potassium osmi-iodide (K,OsI,) is stable in the presence of hy- 
driodic acid but hydrolysed by water, and the dark violet crystals 
of the compound are stable in hydrogen below about 300° but 
evolve hydrogen iodide at higher temperatures (Wintribert, Ann. 
Chim. Phys., 1903, 28, 15), leaving presumably potassium iodide 
and metallic osmium. 


ExPERIMENTAL. 


About 1 g. of potassium per-rhenate was added to excess of 
potassium iodide and aqueous hydrogen iodide (d 1-7) and heated 
to the boiling point of the liquid; the relative amounts of reactants 
appear to be immaterial provided the hydriodic acid be in excess, 
On cooling, crystals separated. Evaporation of the resulting 
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mother-liquor produced a second crop of equally pure crystals, 
but the third batch resulting from a further concentration was 
always contaminated with potassium iodide. Crystals from the 
earlier crops were separated and dried, first on a porous plate at 
the ordinary temperature and subsequently by heating on a water. 
bath at approximately 100°. Certain batches were recrystallised 
from acetone. The analysis of the material was carried out by 
treating a weighed amount (0-09—0-39 g.) with about 50 c.c. of 
distilled water and boiling it; the rhenium separated as a flocculent 
precipitate of hydrated rhenium dioxide. After standing for about 
an hour, this was collected on a tared Gooch crucible, dried at 
110°, and finally weighed as rhenium dioxide. The filtrate was then 
heated to boiling, one or two drops of dilute nitric acid were added, 
and the iodine content was estimated by precipitation as silver 
iodide, which, after being washed, was dried and weighed in a 
manner similar to the rhenium dioxide. The following results 
prove the material to be potassium rheni-iodide (K,Rel, requires K, 
7-68; Re, 18-14; I, 74-18%). 


Re, %. I, %. K (by diff.), %. Remarks. 
18-94 73-50 7-56 Dried on porous plate at 
18-85 73-70 7-45 the ordinary temp. 
19-95 73-77 6-28 
18-86 74-59 6-53] 
17-85 72-93 9-22 Dried at 100°. 
18-21 73-43 8-36 
Mean 18-77 73-65 7-57 


About 0-2 g. of potassium rheni-iodide was heated in a stream 
of dry nitrogen to dull redness, and the loss of weight determined. 
The operation effected a complete removal of the iodine, which 
hegan to be evolved at about 300°, and the weight of the residue 
indicated that this took place according to the equation 

K,Rel, —> 2KI + Re + 41 
(Found : loss, 49-44. Cale. for ioss of 41: 49-52%). 


Grateful acknowledgment is made to the Research Committee of 
this College for a grant for the purchase of rhenium. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, November 11th, 1931.] 
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CCCCXLIX.—Properties of Conjugated Compounds. 
Part XIV. An Examination of the Homogeneity of 
Seven Monomethyl- and Dimethyl-butadienes and 
the Influence of the Position of Alkyl Substitution 
in these Substances on Refractivity. 


By Ernest Harotp Farmer and Frank Louis WARREN. 


Tue butadienoid hydrocarbons present the simplest examples of 
carbon conjugation; consequently an exact knowledge of their 
physical properties is of considerable interest in relation to current 
speculations concerning polarisation in the conjugated condition. 
Yet these substances as ordinarily prepared have proved extremely 
unsatisfactory for the making of precise physical measurements— 
not so much for the reason that chemically pure specimens have 
been unobtainable as that ability to demonstrate satisfactorily the 
homogeneity of a given preparation has been lacking. It has been 
the common experience of workers in this field that synthetic prepar- 
ations of the individual alkylbutadienes distil over considerable but 
varying ranges of temperature and it has been the custom to select 
arbitrarily fractions of the distillate for experimental employment : 
in this way different workers have utilised for their observations 
specimens of considerably different boiling point. 

An obvious explanation of the range of boiling points is to hand : 
four of the seven monoalkyl- and dialkyl-butadienes are theoretically 
capable of showing geometrical isomerism and in one instance at 
least (piperylene) low-boiling and high-boiling fractions have been 
assumed to represent cis- and trans-isomerides (Prévost, Ann. Chim., 
1928, 10, 358). There has been no vestige of proof that such is the 
case and, indeed, there has been considerable doubt as to the capacity 
of cis- and cis-trans forms of simple aliphatic butadienes to possess 
more than a transient existence (compare the example of «3-di- 
phenylbutadiene; Straus, Annalen, 1905, 342, 214); but the fact 
that the observed boiling point ranges of those butadienes (open- 
chain and cyclic) which are incapable of showing geometrical 
isomerism are considerably smaller than the ranges of those which 
can exist in more than one form lends weight to the explanation. 
There has been, however, only too good reason to question the 
chemical homogeneity of hydrocarbon specimens produced: by the 
ordinary methods. All the preparative processes involve elimination 
or degradation reactions, frequently carried out at a high tem- 
perature, so that the formation of saturated or ethylenic by-products 
or even mixtures of isomeric conjugated compounds is by no means 
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improbable. If such substances are formed in even small proportion, 
the prospect of removing them by fractional distillation is small.* 

The authors desired to reach a definite conclusion concerning the 
chemical and configurational homogeneity of alkylbutadiene prepar- 
ations as a necessary preliminary to investigating the effect of 
substitutional changes on certain of the physical properties of these 
substances. Extensive experience of the recorded methods of 
preparation showed that the range of boiling point of the different 
products varied too widely from method to method and changed far 
too seriously with modifications of the experimental conditions to 
admit of any general presumption of chemical homogeneity. It 
became necessary, therefore, to select carefully for use those methods 
of preparation which consistently gave the most uniform product in 
respect of boiling point. The procedure adopted was first to test 
rigidly the chemical homogeneity of the products obtained by the 
selected methods and secondly to examine the physical properties 
of the whole (i.e., without any “ cutting ’’ by fractionation) of the 
satisfactory preparations. The conclusions drawn from the observ- 
ations are set out below. The selected methods are described in 
the experimental portion of the paper, where reference is also made 
to the quality of the products obtained by certain alternative 
methods. 

An important necessity in preparing the synthetic samples for 
use was thorough washing with water, since traces of the parent 
alcohols or their oxygenated derivatives were liable to be retained : 
attainment of constancy in the values for the dielectric constant, 
refractive index and polarisation (provided each specimen was 
examined as a whole and suffered no appreciable loss of any particular 
fraction during distillation) afforded a guide to the removal of these 
impurities. There was, however, the instability of the hydrocarbons 
also to be taken into account. All the alkylbutadienes polymerise 
to some extent on heating or standing and for this reason the practic- 
ability of conducting a prolonged series of accurate measurements 
on this group of compounds was somewhat doubtful at the outset. 
The difficulty arising from this cause proved, however, to be less 
serious than was anticipated and it was found that by scrupulously 
distilling the specimens on all occasions immediately before use and 
rejecting at each distillation the last few c.c. of the sample, the 
polymeric material present during observations (although detectable 
in certain measurements) was extremely small in amount. The 


* Tolerably pure specimens could presumably be obtained by selecting 
suitable fractions of narrow range of boiling point. 

+ For this reason, no less than for precision in fractionation, the synthesis 
of large specimens of the hydrocarbons was desirable. 
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peroxidic material which gradually formed on standing was also 
removed by this procedure. 


(1) Chemical Homogeneity. 


The direct testing of the chemical homogeneity of butadienoid 
hydrocarbons only recently became possible through the Diels—Alder 
reaction : no other additive reaction of these substances is known 
to give entirely crystalline products of sharp and distinctive melting 
point in quantitative yield. Samples of the washed and dried 
hydrocarbon preparations were treated with equimolecular pro- 
portions of pure maleic anhydride in benzene. Four of the seven 
alkylbutadienes (8-methyl-, «y-dimethyl-, «3-dimethyl- and By-di- 
methyl-) gave quantitative and perfectly homogeneous addition 
products, whilst the other three gave polymerised products under 
the influence of maleic anhydride. One of the latter group, ««-di- 
methylbutadiene, gave quantitatively under all the conditions tried 
a polymeric addition product of apparently high molecular weight ; 
a second, «$-dimethylbutadiene, polymerised to some extent (4%) 
under the conditions required for complete condensation, whilst 
the third, «-methylbutadiene, although polymerising extensively in 
the absence of special precautions, could be caused to combine with 
only small polymerisation (< 5%) at 0°. The incompleteness of the 
formation of normal addition products in the case of «-methyl- and 
«3-dimethyl-butadienes was disconcerting, but all efforts to secure 
complete union of the reactants while inhibiting polymerisation 
failed. There was no question of the inclusion in the specimens of 
paraffin impurities, since the total weight of non-volatile product 
invariably equalled that of the reactants; likewise the inclusion of 
aliphatic olefins or non-conjugated diolefins appeared equally to be 
out of the question, since these substances, so far as the authors have 
discovered, remain quite unaffected by maleic anhydride at 0° or 
room temperature (see the conditions necessary to bring about 
additive polymerisation of the aromatic olefins; Wagner-Jauregg, 
Ber., 1930, 63, 3213). The extent to which the polymerised products 
were formed by mere hydrocarbon polymerisation rather than by 
polymeric union of the hydrocarbon with maleic anhydride was not 
ascertained, but some non-additive polymerisation may have 
occurred, since minute quantities of maleic anhydride could be 
recovered. The authors did not, however, succeed in obtaining a 
quantitative yield of monomeric addition product from any specimen 
of either hydrocarbon which they handled, and since they found no 
unambiguous indication that the “uncut ’’ specimens in question 
were other than quite pure, concluded that the observed tendency 
towards the formation of polymerised products was an inherent 
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property of the material. The unpreveritable and complete form. 
ation of a polymerised product in the case of the ««-hydrocarbon,* 
representing the same inherent property in extreme form, would 
seem to support the conclusion. 

Variation in Physical Properties —The range of boiling point 
observed with the different hydrocarbons and the manner in which 
the density (d), dielectric constant (ec), refractive index (n), and 
molar polarisation (P,) were found to vary from fraction to fraction 
(progressively increasing in boiling point) of each preparation are 
shown in the tables which follow. The practical details relating to 
these measurements are included in the experimental portion 
(section D). 
a-Methylbutadiene (piperylene) fractions. 


B. p./765-7 mm. Vol. (c.c.). €25°, a. nh P,. 
<42° 25 2-352 0-6709 1-4299 31-52 
42-0—42-2 20 2-331 0-6717 1-4305 31-14 
42-2—42-4 63 2-334 0-6736 1-4308 31-10 
42-4—-42-6 220 2-327 0-6739 1-4310 30-97 
42-6—42-8 45 2-328 0-6746 1-4314 30-96 


8-Methylbutadiene (isoprene). The whole of the sample (about 
150 c.c.) boiled between 33-9° and 35-3° at 750 mm. This range of 
1-4° appeared from careful observation of the boiling point variation 
to be due entirely to superheating and when the sample was separated 
into two fractions by distillation under a column the concordant 
values shown in the following table were obtained. The two 
fractions were recombined for subsequent use. 


B. p./748 mm. €25°, a. np P,. 
33-9—34-3° 2-098 0-6754 1-4176 27-01 
34-3—35-3 2-098 0-6754 1-4177 27-01 


ax-Dimethylbutadiene. Owing partly to the labour and expense 
involved in the synthesis, and partly to the accidental loss of a large 
quantity of material, only about 50 c.c. of the hydrocarbon were 
available. The specimen distilled completely within 0-5° and when 
separated into two fractions gave the values shown ; further measure- 
ments were not made owing to the necessity of economising material. 


* No unambiguous chemical evidence as to the aa-constitution of the 
hydrocarbon prepared by the (indirect) dehydration of cyclopropyldimethyl- 
carbinol (p. 3232) has yet been published. Recent work of one of the authors 
with Mr. F. C. B. Marshall has shown that it yields acetone on degradation, 
and is undoubtedly a conjugated diene which is quite different from the af-, 
ay-, ad-, and Sy-dimethylbutadienes. Other supposed methods of preparing 
the aa-hydrocarbon yield the ay-compound (compare Diels and Alder, Annalen, 
1929, 470, 98), save possibly that of Krestinsky (Ber., 1922, 55, 2760), which 
had escaped the authors’ notice at the time this investigation was proceeding ; 
the physical constants, however, recorded by Krestinsky strongly suggest 
that his preparation was not chemically homogeneous. 
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B. p./758-4 mm.* di. ne. 
76-4—76-7° 0-7183 1-4525 
76-7—76-9 0-7183 1-4525 


* For the whole specimen, «°° = 2-599; P, = 39-74. 


a-Dimethylbutadiene fractions. 


B. p./746-7 mm. Vol. (e.c.). —_€®®°. e. wh: P,. 
<77-0° 30 2-416 0-7192 1-4463 36-59 
77-0—78-0 30 2-430 0-7241 1-4488 36-59 
78-0—78-3 30 2-442 0-7250 1-4494 36-53 


ay-Dimethylbutadiene fractions. 


B. p./765 mm. Vol. (c.c.). er. ce. nh - Ft 
71-0—75-2° 40 2-405 00-7075 1-4426 37-00 
75-2—75:8 46 2-422 0-7136 1-4460 36-99 
75-8—75-9 75 2-422 0-7142 1-4464 36-96 
75-9—76-0 170 2-424 0-7141 1-4466 37-00 

76-0 60 2-431 0-7144 1-4468 37-11 


a3-Dimethylbutadiene fractions. 


B. p./759°3 mm. Vol. (c.c.). —€*5°. &. ni. Py. 
77:0° 30 2-200 0-7006 1-4375 33°47 
77-0—78-0 30 2-216 0-7046 1-4404 33-60 
78-0—79-0 60 2-217 0-7078 1-4427 33°47 
79-0—80-0 55 2°217 0-7097 1-4446 33°38 
80-0—81-0 75 2-210 0-7114 1-4467 33°16 
81-0—81-2 45 2-202 0-7139 1-4494 32-89 

81-2—81-4 10 — 0-7192 1-4514 = 


by-Dimethylbutadiene. The whole of the sample, amounting to 
several litres, distilled constantly, after adequate washing, at 
68-8°/750 mm. (69-0°/761-5 mm.; 69-2°/769 mm.). The range of 
boiling point (<0-1°) was the smallest among the hydrocarbons 
studied. The values «75° 2-099, d?° 0-7215, n?’ 1-4393, P, 30-50 
were obtained and were repeatedly found to be constant from 
preparation to preparation and fraction to fraction of the same 
preparation. 

Conclusions. 


1. Four of the seven monomethyl- and dimethyl-butadienes 
(s-methyl, wy-, «3- and #y-dimethyl) are definitely and directly 
obtainable in chemically pure condition by the selected methods. 
The remaining three butadienes («-methyl-, «8- and a«-dimethyl) 
are doubtless also so obtainable, but owing to the strong polymerising 
tendency in the presence of the testing reagent the complete purity 
cannot be rigidly demonstrated. All the seven compounds become 
impure on standing owing to polymerisation and peroxide formation. 

2. Just those butadienes of the series which are theoretically 
incapable of showing geometrical isomerism ($-methyl-, ««- and 
$y-dimethyl) are obtained by the selected methods of preparation 
5M2 
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reasonably constant in boiling point, density, refractive index and 
dielectric constant—not only from preparation to preparation but 
from fraction to fraction of the same preparation. On the other 
hand, those hydrocarbons of the series which are capable of showing 
geometrical isomerism boil over a small or comparatively large range, 
but show definite gradation in density, refractive index and dielectric 
constant from fraction to fraction of each preparation. 

3. There can be small doubt that the large range of boiling point 
of a3-dimethylbutadiene is due to the presence of geometrical 
isomerides and the observed variation of the density, refractive 
index, dielectric constant and polarisation is compatible with the 
presence of all three of the theoretically possible forms. With 
respect to the sampies of «$- and «y-dimethylbutadiene prepared by 
the selected methods, it is probable that one of the theoretically 
possible geometrical forms greatly predominates and this would be 
particularly expected to hold in the case of the «8-compound, which 
is formed from pure tiglic aldehyde by processes proceeding at 
comparatively low temperatures (the boiling point range of the 
«8-compound is greatly increased if the final stage of preparation 
is carried out at 400°); it is to be noted, moreover, that both com- 
pounds, although showing variation in the density, refractive index 
and dielectric constant, have a molar polarisation which is almost 
constant. 


(2) Influence of the Position of Alkyl Substitution on 
Refractivity. 

Recent investigations have shown that alteration in the number 
and distribution of alkyl groups attached to the conjugated chain 
of butadienoid compounds causes profound change in the additive 
mode. It is known that this change of mode applies to all the 
ordinary dividing addenda which have yet been studied and holds 
for widely differing types of butadiene compounds. Presumably 
the influence exerted on the additive mode is directly related—at 
any rate so far as the initiation of reaction is concerned—to the 
pre-additive polarised condition of the individual butadienoid com- 
pounds : accordingly it becomes of interest to ascertain whether any 
clear connexion is to be seen between the state of alkyl substitution 
on the one hand and such permanent physical properties as the 
optical refractivities and the dipole moments on the other. In a 
future paper the determination of the dipole moments of the mono- 
methyl- and dimethyl-butadienes will be described : in the present 
paper new refractivity data relating to these hydrocarbons are 
recorded and discussed. 

The work of Briihl, Auwers, and Eisenlohr has served to indicate 
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that not only does a special (“‘ conjugated ”’) state exist in butadienoid 
compounds such as those under consideration, but that this state 
may become enhanced or neutralised (“ interrupted ”’) under certain 
conditions of substitution. Satisfactory comparison of the refrac- 
tivities of the alkylbutadienes has, however, been impossible owing 
to the fragmentary nature of the data obtained by any one observer, 
the mistaken identity of certain of the hydrocarbons, the serious 
discrepancies existing between values from different sources, and 
the incompleteness of the series; in addition, there has been no 
certainty as to the identity and homogeneity of hydrocarbon 
specimens obtained by the different workers and by the different 
methods of synthesis. Reference may be made to the refractivity 
figures recently obtained by van Keersbileck (Bull. Soc. chim. Belg., 
1929, 38, 205) for ««-dimethylbutadiene, which closely approach the 
values for this hydrocarbon obtained by the authors, and to a series 
of refractivity determinations made some years ago by Enklaar 
(Rec. trav. chim., 1916, 36, 237), which includes observations for 
several of the monomethyl- and dimethyl-butadienes: the deriv- 
ation of the specimens, however, in the latter instances is not stated. 

The Hydrocarbon Specimens.—The specimens employed were the 
chemically homogeneous ones described above. The boiling point 
ranges of those hydrocarbons of the series which are capable of 
showing geometrical isomerism differed somewhat from the values 
already recorded owing to changes in the atmospheric pressure and 
the diminution of material in the course of operations.*  «8-Di- 
methylbutadiene, owing to its large range of boiling point, was 
divided into. lower- and higher-boiling portions, a division which 
presumably resulted in some measure of separation of geometrically 
isomeric forms. 

Density and Refractive Index.—The refractive indices for the 
H,, Hg, H, and Nay lines are recorded in the table below, the values 
being accurate to four places of decimals. 

Molecular Refraction and Abbé Number.—The values of MR,, 
MR,, MRg, and MR, have been calculated, and by extrapolation, 
using the Cauchy formula, independent values of M&,,, the mole- 
cular refraction for light of infinite wave-length (necessary for the 
calculation of dipole moments), have been calculated from the data 
for the H, and H, lines and Nap and Hg lines respectively. The 
ny, —1 


Abbé number (v) has been calculated from the formula v = z : 
Bp — 


* At each distillation it was necessary to reject the first few c.c. of the 
distillate in order to get rid of the moisture which was unavoidably collected 
from the walls of the apparatus. Further loss was sustained in avoiding the 
inclusion of polymeric material. 
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Density and Refractivity of the Monomethyl- and Dimethyl-butadienes, 


MR. MR. 

B.p./mm. 2°, 2%. n®, nn”, MR. MRy. MRg. ur yg 

a-Methyl Pym 0-6803 1-4264 1-4309 1-4429 1-4536 25-65 25-89 26-52 27-07 24-65 24-65 
; 2-6°/766 

B-Methyl 33-9— 0-6806 1-4165 1-4207 1-4315 1-4417 25-12 25-34 25-91 26-44 24-18 24-21 
; 35-3/750 

aa-Dimethyl 76-2— 00-7183 1-4477 1-4525 1-4656 1-4767 30-57 30-86 31-63 32-27 29-37 29-34 
: 76-6/758-5 

a8-Dimethyl 76-0— 0-7279 1-4465 1-4511 1-4629 1-4734 30-10 30-37 31-05 31-75 28-93 29-01 
79-4/773 

ay-Dimethyl 75-6— 00-7196 1-4421 1-4467 1-4583 1-4687 30-19 30-46 31-14 31-75 29-08 29-10 
: 75-7 /762 

aé-Dimethyl — 0-7108 1-4384 1-4427 1-4542 1-4643 30-24 30-60 31-28 31-88 29-24 29-23 
‘ 79-8/764 

aé-Dimethyl —— 0-7152 1-4448 1-4493 1-4614 1-4721 30-53 30-80 31-51, 32-14 29-39 29-38 
; 81-6/765 

By-Dimethy] 68-8/750 0-7262 1-4352 1-4393 1-4499 1-4594 29-50, 29-75 30-37 30-92 28-49 28-50, 
69-0/761-5 
69-2/769 


Discussion of Results. 


The most striking feature of the results is the inequality between 
the molecular refractions of the lower- and the higher-boiling 
portion of «a-dimethylbutadiene. This inequality, which is 
occasioned solely by configurational differences, is much greater 
than the total difference between the molecular refractions of certain 
of the pairs of hydrocarbons. It is important to emphasise this 
point, but it must be remembered in comparing the two series of 
«3-values with the values for the other hydrocarbons that some of 
the latter also consist of mixtures of geometrical isomerides which 
were not separated and consequently the values recorded therefor 
are “ average ”’ * values. 

It is clear that the marked decrease in the molecular exaltation 
which accompanies the replacement of an «-methyl by a $-methyl 
group in the monomethyl compounds (already noted by Auwers and 
Eisenlohr, Ber., 1910, 43, 806; J. pr. Chem., 1910, 82, 65; Ber., 
1921, 54, 2999, and considered to correspond to “ disturbance of 
conjugation ’’) cannot be consistently traced in the combinations of 
x- and $-methyl groups which occur in the five dialkylbutadienes. 
The $y-dimethyl compound (containing two inner- or 6-alkyl groups) 
has the lowest exaltation of the dialkyl series, whilst the «f- and 
«y-dimethyl compounds (each containing one «- and one 6-alkyl 
group) have almost identical values, considerably greater than that 
of the @y-compound. The higher-boiling (? cis) portion of the 
a3-compound has an exaltation practically equal to that of a«-di- 
methylbutadiene, but if an average value for the two fractions of the 
«3-compound is taken the exaltation of the latter falls below that 
of the ««-isomeride. Taking this average value of the molecular 
refraction, the order of increasing exaltation of the isomeric dimethy]- 


* The proportions in which the isomerides occur are of course unknown, 
so that the values are not strictly average values. 
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butadienes is By < *af < ay < a8 < *ax, as might perhaps have 
been anticipated, the largest increments occurring at the points in 
the series marked *. The constitutive (conjugative or polar) signi- 
ficance of the order seems very problematical, however, in view of 
the obviously appreciable influence on the molecular refraction of 
geometrical configuration; moreover the order is not maintained 
for the molecular dispersion, the values of which, curiously enough, 
for the two fractions of the «3-compound are only slightly different. 


Molecular Dispersion and Abbé Number. 


Alkyl- Abbé Alkyl- Abbé 
butadiene. M,—Mg,. number. butadiene. M,—Mg. number. 
a-Methyl ......... 1-42 26-1 ay-Dimethyl ... 1-56 27-6 
p-Methyl ......... 1-32 28-0 ad-Dimethy] (1) 1-64 28-0 
aa-Dimethyl ... 1-70 25-3 ad-Dimethyl (2) 1-61 27:1 
af-Dimethyl ... 1-65 27-5 By-Dimethyl ... 1-41 30-0 


The Abbé number is stated to be a function which throws con- 
siderable light on the constitution, state of unsaturation, and the 
presence of conjugation in liquid organic compounds. It is con- 
sidered to be particularly valuable, since the molecular weight does 
not enter into it (compare Bielenberg, Z. angew. Chem., 1929, 42, 
972). The figures for the butadienes show depressions below the 
values for the corresponding non-conjugated dienes of exactly the 
kind to be expected. «-Methylbutadiene and ««-dimethylbutadiene 
show the greatest depressions and, in so far as gradations of the 
conjugated conditions are deducible from optical data (and have 
meaning), must be considered the “ most conjugated ’’ hydrocarbons 
of the series. On the other hand, $-methylbutadiene and #y-di- 
methylbutadiene show the smallest depression. The values for 
the two fractions of «5-dimethylbutadiene differ very considerably, 
but if these values be averaged, the hydrocarbon has an Abbé 
number almost identical with those of «8- and «y-dimethylbutadiene : 
then the order of increasing depression among the dialkyl compounds 
is By < wy,aB,03 < am. 

The whole of the new data emphasises the distinction between the 
a- and a«x-compounds on the one hand and the @- and Sy-compounds 
on the other: there is, however, no clear connexion to be seen 
between the «$-, the «y-, and the «8-compounds, but this may be 
obscured by the configurational heterogeneity of the specimens 
employed. 

EXPERIMENTAL. 

(A) Preparation of the Hydrocarbons.—x«-Methylbutadiene (A*- 
pentadiene). The purest product was obtained by the dehydration 
of A’-penten-3-ol vapour at about 20 mm. pressure in the presence 
of kaolin heated to 400° (Kyriakides, J. Amer. Chem. Soc., 1914, 36, 
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994). The crude hydrocarbon was collected in a glass vessel cooled 
in ether-carbon dioxide or liquid air. 

Of other methods of preparation which were tested, mention may 
be made of a process developed by one of the authors in collaboration 
with Mr. R. 8. W. Thorne (unpublished work). This consisted in 
the dehydration of the technical diethylcarbinol supplied by the 
“Sharples Solvents Corporation ’’ and the conversion of the A?- 
pentene so produced into «-methylbutadiene by successive processes 
of bromination and dehydrobromination. The dehydration of the 
carefully rectified alcohol was effected by heating at 100° with 
twice its volume of 50% sulphuric acid (more concentrated acid 
increased the yield of hydrocarbon but proved undesirable in other 
ways). The rectified pentene was brominated at —-20° in hexane 
solution, and the resulting dibromide (b. p. 178°/760 mm.) passed 
through a column of soda-lime electrically maintained at 500°. 
The method had the double advantage of being expeditious and 
furnishing an excellent yield of hydrocarbon, but the product was 
definitely inferior to that derived by the method of Kyriakides, 
since about 10% was low-boiling (b. p. 32—39°), the remainder 
distilling at 39—43°. 

6-Methylbutadiene. The preparation of the pure hydrocarbon in 
reasonable quantity proved to be extremely laborious. The purest 
product was undoubtedly obtained by the catalytic dehydration of 
8-methyl-Ayv-buten-8-ol (“isoprene alcohol”) in the presence of 
aniline hydrobromide (Kyriakides, loc. cit., p. 999), but the authors 
could find no satisfactory way of obtaining this alcohol except from 
isoprene itself. Crude isoprene was therefore prepared by the 
decomposition of limonene (“‘ isoprene lamp ”’ method of Harries and 
Gottlob, Annalen, 1911, 383, 228). The immediate product of 
decomposition, which contained a large proportion of trimethy]- 
ethylene and other substances, was fractionated, and the portion 
boiling below 40° (crude isoprene) treated at — 20° with one mole- 
cular proportion of pure hydrogen bromide (Claisen and Eisleb, 
Annalen, 1913, 401, 23). The 8-bromo-8-methyl-A*-butene so 
obtained (Claisen, J. pr. Chem., 1922, 105, 65) was converted by the 
action of 5% potassium carbonate solution into isoprene alcohol 
(Mokiewski, J. Russ. Phys. Chem. Soc., 1899, 32, 207), the yield of 
which was raised to 60% (calculated on the crude isoprene employed) 
by saturating the aqueous solution with potassium carbonate and 
extracting it with ether. This substance distilled at 98—99°. The 
subsequent catalytic dehydration of the alcohol was carried out 
by refluxing it under a long column with aniline hydrobromide 
(1 g., renewed from time to time) and about six drops of con- 
centrated hydrobromic acid (the latter was necessary to start the 
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reaction); it proceeded slowly and did not give a quantitative 
yield. 

A considerable amount of the hydrocarbon was also synthesised 
by passing the vapour of «-methyl-«-ethylethylene oxide at 15—20 
mm. pressure over kaolin heated at 400° (Kyriakides, loc. cit., p. 665). 
The quality of the product, as judged by its range of boiling point, 
although greatly superior to that obtained by the isoprene lamp 
method, was disappointing in view of the great labour involved in 
synthesising adequate quantities of the oxide. The isoprene 
obtained in this way was employed as crude isoprene in the process 
described above. 

aa-Dimethylbutadiene (3-methyl-A*v-pentadiene). For the prepar- 
ation of this hydrocarbon—the supposed £-cyclopropylpropene of 
Bruylants (Bull. Acad. roy. Belg., 1908, 1044; van Keersbilck, 
Bull. Soc. chim. Belg., 1929, 38, 205)—the recorded procedure was 
followed in the main. Certain modifications were, however, intro- 
duced to permit of the more rapid and economical handling of the 
necessary quantities of material. 

cycloPropanecarboxylic acid. Trimethylene bromide was con- 
verted into y-bromobutyronitrile (Derick and Hess, J. Amer. 
Chem. Soc., 1918, 40, 546), and the latter into cyanocyclopropane 
(Dalle, Bull. Acad. roy. Belg., 1902, 36). The cyclising process was 
carried out by dropping the bromo-nitrile at a fairly rapid rate (a 
slow rate depressed the yield) into about 3—3} times its weight of 
molten caustic potash maintained at 180—190°. The potash was 
kept agitated throughout this process in order to present fresh 
surfaces to.the action of the bromo-nitrile. The distillate, when 
dried and redistilled, gave a 60% yield of pure cyanocyclopropane, 
b. p. 135°, and a quantity of unchanged bromo-nitrile. The mixture 
of potash and potassium bromide contained in the reaction vessel 
was cooled and gradually treated with water in such a way as to 
promote the rapid hydrolysis of the cyclic nitrile and cyclic amide 
contained therein; the strong alkaline solution so obtained was then 
boiled for 12 hours on a sand-bath. The product, after being 
cautiously acidified at a low temperature, yielded by ether extraction 
a quantity of somewhat impure cyclopropanecarboxylic acid, which 
was separately fractionated. The main yield of pure cyclopropane- 
carboxylic acid was obtained by hydrolysing the cyclic nitrile with 
excess of solid potash and water in similar fashion. The total yield 
of acid calculated on the bromo-nitrile was usually 60%. 

cycloPropyldimethylcarbinol. This substance had previously been 
obtained from acetylcyclopropane (Zelinsky, Ber., 1901, 34, 2884) 
and from ethyl cyclopropanecarboxylate (Alexejew, J. Russ. Phys. 
Chem. Soc., 1905, 37, 418; Bruylants, Bull. Acad. roy. Belg., 1908, 
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1025; Kijner and Klawikordoff, J. Russ. Phys. Chem. Soc., 1911, 
43, 595). The yield in the latter case was satisfactory (75%), but 
the authors found that the procedure could be shortened and the 
yield somewhat improved (80—85%) by employing the acid chloride 
of cyclopropanecarboxylic acid, which could be rapidly and economic- 
ally prepared by warming the acid with about 14 molecular pro- 
portions of thionyl chloride and fractionating the product. The 
acid chloride (1 mol.), diluted with ether, was added with continuous 
stirring and cooling to ethereal methylmagnesium iodide (2 mols.), 
and the product, after standing over-night, poured on ice. The 
mixture was extracted four times with large amounts of ether, which 
were separated as efficiently as possible by decantation ; the residual 
liquor was treated with just sufficient acetic acid to effect dissolution 
of the precipitated magnesium compound and was again extracted 
several times with ether. The two extracts were worked up separ- 
ately, the second being freed from acetic acid by shaking with sodium 
carbonate solution. The carbinol obtained from both extracts 
boiled sharply at 123—125°/760 mm. (More than usual care was 
necessary in the decomposition of this Grignard reaction product ; 
incautious treatment with water and especially too strong acidi- 
fication rendered the final product quite valueless. The separate 
working up of the carbinol contained in the second extract was a 
very necessary precaution.) 

Formation of the hydrocarbon. The very stable bromide described 
by Bruylants (Bull. Acad. roy. Belg., 1908, 1027), presumably 
CMe,:CH-CH,°CH,Br (compare Bruylants and Dewael, ibid., 1928, 
14, 140), was obtained directly in over 80% yield by adding cyclo- 
propyldimethylcearbinol to about twice the theoretical quantity of 
fuming hydrobromic acid. The precipitation was complete in about 
10 minutes and the bromide, after being washed and dried, boiled at 
152—154°/760 mm. 

Several methods of removing hydrogen bromide from this com- 
pound were tested, but owing to the great stability of the bromide 
the alcoholic potash method of Bruylants (ibid., 1908, 1046) was 
ultimately adopted. This was thoroughly unsatisfactory as regards 
yield (the formation of the large proportion of the corresponding 
ethoxy-compound which was noted by Bruylants, loc. cit., could not 
be avoided), but could be conducted on a reasonably large scale and 
gave a uniform hydrocarbon product. 

«8-Dimethylbutadiene (y-methyl-Atv-pentadiene). According to 
a method of preparing this hydrocarbon described by Abelmann 
(Ber., 1910, 43, 1583), y-methyl-A®-penten-3-ol, derived from tiglic 
aldehyde and methylmagnesium iodide, was converted into 8-chloro- 
y-methyl-A’-pentene by the action of hydrochloric acid and the 
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latter was dehydrochlorinated by heating with quinoline. It has 
usually been found, however, that removal of halogen acids from 
halogenated compounds does not yield the conjugated hydrocarbons 
in a high state of purity. A method of dehydrating the methyl- 
pentenol was therefore sought. 

Carefully fractionated methylpentenol, obtained in 65% yield 
from tiglic aldehyde and methylmagnesium iodide (b. p. 136—138°. 
Found: C, 71:8; H, 12-0. Cale. for CsH,,0: C, 71-9; H, 12-1%), 
was passed over kaolin heated at 400° under 15—20 mm. pressure. 
The product contained a large proportion of low-boiling hydro- 
carbon, so the method was abandoned. A second method consisted 
in refluxing the alcohol with a smal! amount of aniline hydrobromide 
under a fractionating column. Dehydration was slow, but a much 
purer product was obtained. The speed of dehydration was ulti- 
mately improved by increasing the concentration of aniline hydro- 
bromide normally used to 0-5 g. per 25 c.c. of alcohol and using a 
rather large containing flask fitted with a dropping funnel and 
surmounted by a long column. The temperature at the top of the 
column was not allowed to exceed 94° and the concentration of 
catalyst was kept approximately constant by adding more methyl- 
pentenol from the dropping funnel at a suitable rate. Some 
unchanged methylpentenol distilled with the hydrocarbon. 

wy-Dimethylbutadiene (8-methyl-Acv-pentadiene). This hydro- 
carbon, the supposed a«-dimethylbutadiene of Kyriakides, was 
conveniently and very satisfactorily prepared in large quantities by 
the dehydration of 8-methylpentane-@8-diol (b. p. 195—200°), the 
reduction product of diacetone alcohol (Kyriakides, loc. cit., p. 994; 
compare Farmer and Scott, J., 1930,511). The necessary quantities 
of the diol were obtained by the electrolytic method described by 
Kyriakides for the reduction of acetaldol (loc. cit., p. 535). 

«3-Dimethylbutadiene (A**-hexadiene) and 8+y-dimethylbutadiene. 
These substances were prepared by the dehydration of ethylpropeny]- 
carbinol at 15—20 mm. pressure in the presence of kaolin at 420— 
450° (Kyriakides, loc. cit., p. 994) and by the catalytic dehydration 
of pinacol (Kyriakides, loc. cit., p. 987) respectively. 


(B) Treatment of the Crude Hydrocarbons. 


The different hydrocarbon specimens were usually distilled once 
to remove the main bulk of unchanged alcohol or glycol and then 
exhaustively washed (at least 20 times) with water. In all cases the 
last traces of these parent substances were readily removed by 
washing, but the removal of traces of other oxygenated materials, 
e.g., pinacolin from Sy-dimethylbutadiene, «-ethoxy-3-methyl-A’-pen- 
tene from a«-dimethylbutadiene, and methylethylethylene oxide 
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from isoprene, required more prolonged washing and also one or 
more distillations of the material under a long column in order to 
segregate the bulk of the impurity in the distilling flask (a few c.c. 
of material, representing a very small fraction of the whole, were 
rejected at each distillation). The hydrocarbons were dried over 
calcium chloride and distilled at least twice over sodium. In all 
cases washing operations were repeated until satisfactorily constant 
values of the physical properties were obtainable (see p. 3222). The 
washed and dried preparations were once distilled and a sample of 
each was submitted to the test for chemical homogeneity; sub- 
sequently, those preparations which gave a satisfactory result were 
carefully fractionated. 
(C) Test of Chemical Homogeneity. 

A weighed amount of the conjugated hydrocarbon (4—5 g.) was 
dissolved in benzene and to the solution a benzene solution of the 
equivalent amount of maleic anhydride was added. Since maleic 
anhydride had a strong polymerising action in some cases, the 
mixture was immediately cooled to 0° and maintained at this 
temperature for 12 hours. Usually the mixture was then heated at 
100° in a sealed tube for several hours, after which the solvent was 
removed at reduced pressure and the product weighed, recrystallised 
and again weighed. 

The addition products of $-methyl-, «y-dimethyl-, «3-dimethyl- 
and fy-dimethyl-butadiene have already been described. The 
yields of these compounds obtained from the samples were quanti- 
tative: no change in melting point occurred on recrystallisation 
and no polymeric material (or only the most insignificant trace) 
could be separated therefrom. 

It was essential to depart somewhat from the above-described 
procedure in the case of «-methylbutadiene, which suffered gross 
polymerisation on being heated with maleic anhydride. The 
solution of reactants when allowed to stand for 5 days at 0° gave 
good yields of addition product, but even under these conditions it 
was impossible to check entirely the polymerising tendency induced 
by the presence of the anhydride. The «-methylbutadiene derived 
from A*-penten-8-ol gave in this way a 95% yield of recrystallised 
3-methyl-A‘-tetrahydrophthalic anhydride, which separated from 
light petroleum in stout needles, m. p. 61° (Found: C, 65:1; 
H, 6-0. C,H, 0, requires C, 65-1; H, 6-0%). This anhydride 
yielded the corresponding free acid, m. p. 155°, when boiled with 
water. 

Some unavoidable polymerisation also occurred during the 
addition of maleic anhydride to «$-dimethylbutadiene and con- 
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sequently the maximum yield of recrystallised addition product 
obtained from the selected sample was only 96%. This substance, 
3: 4-dimethyl-A‘-tetrahydrophthalic anhydride, crystallised from 
light petroleum in clusters of needles, m. p. 67° (Found: C, 66-8; 
H, 6-65. C, 9H,.0, requires C, 66-65; H, 6-65%). 

aa-Dimethylbutadiene gave under all the conditions tested a 
quantitative yield of a polymerised addition product : no trace of 
a simple addition product was obtained on any occasion and the 
completeness of the transformation is the only chemical evidence of 
homogeneity which the authors were able to obtain. 


(D) Variation in Physical Properties. 

The fractionations necessary for observing the change of physical 
properties with boiling point were carried out in pyrex flasks heated 
over a small free flame, a long, easily cleaned glass column of con- 
stricted rod and disc type being used, and a standardised Anschiitz 
thermometer reading to 1/5°: in each instance the volumes of the 
different fractions have been stated. With regard to the measure- 
ment of density, refractive index, dielectric constant and molar 
polarisation it is sufficient in the present paper to give the following 
details. Density was determined by means of a Hartley pyknometer 
of 25 c.c. capacity, adjusted in a thermostat at 20-0° or 25-0°. The 
refractivity was measured on a water-jacketed Pulfrich refracto- 
meter, the accuracy of which was determined over the range required 
by the aid of standard liquids. (During the determination of the 
refractivity values recorded in the table, p. 3228, the room temper- 
ature differed inappreciably from the temperature of observation, 
20-0°.) The dielectric constant was determined by a heterodyne 
method which will be fully described, along with the details of the 
method of determining the molar polarisation, in Part XV of this 
series (the degree of accuracy attained in these measurements will 
be considered in the samie paper). 


The authors’ thanks are due to the Government Grant Committee 
of the Royal Society and to the Chemical Society for grants which 
have defrayed a large portion of the cost of the investigation. 
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CCCCL.—Trypanocidal Action and Chemical Constitu- 
tion. Part XI. Aromatic Arsonic Acids contain- 
ing Amide Groups. 

By Aaron CoHEen, Haroip Kina, and WINIFRED I. STRANGEWAYs. 


In Part IX (Gough and King, J., 1930, 669) the discovery was 
reported that benzamide-p-arsonic acid possessed marked trypano- 
cidal activity. Unfortunately this activity was accompanied by 
the production of nervous symptoms in mice and to avoid this a 
preliminary survey was made of compounds containing additional 
substituents, either in the amide group or in the benzene nucleus. 
The present communication is in amplification of the previous 
paper and is designed to illustrate the effect of additional amido., 
hydroxy-, amino-, and acetamido-groups on the trypanocidal 
activity as shown by the preparation of phthalimide- and phthal- 
amide-4-arsonic acids, terephthalamidearsonic acid, anthranil- 
amide-4-arsonic acid, salicylamide-4-arsonic acid, N-acetylanthranil- 
amide-4- and -5-arsonic acids, hippuramide-p-arsonic acid, and a 
number of allied substances. 

When methyl 4-arsonophthalate is treated with concentrated 
aqueous ammonia it is converted into phthalamide-4-arsonic acid (I), 
under conditions which it has not been found possible to define. 
The usual product is 5-arsonophthalamic acid (II), which on being 


CO-NH, OC-NH 


(I.) CO-NH, eee éo ii) 
AsO,H, AsO,H, 


CO,H CO,H 


(II.) CO-NH, —~> OH (Iv. 
AsO,H, AsO,H, OH 


heated to 225° passes into phthalimide-4-arsonic acid (III). The 
latter by the action of concentrated aqueous ammonia at 50° yields 
a mixture of phthalamide-4-arsonic acid (I) and 5-arsonophthalamic 
acid (II), whilst at 150° the product is mainly 5-arsonophthalamic 
acid. 

When an attempt was made to orientate 5-arsonophthalamic acid 
(II) by the action of alkaline hypobromite at 0°, nitrogen was 
evolved and an acid was isolated as an acid potassium salt to which 
the constitution 3-hydroxy-5-arsonophthalic acid (IV) is given. It 
probably arises through an intermediate bromo-acid where the 
bromine atom is activated by the adjacent carboxyl group (compare 
Hurtley, J., 1929, 1870). 
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The approach to the terephthalic acid series was made through 
p-xylidine, which by the Bart—Schmidt reaction gives p-xylylarsonic 
acid, m. p. 191—192°. Michaelis (Annalen, 1902, 320, 271) obtained 
an acid, m. p. 223°, to which he attributed this constitution, from 
bromo-p-xylene, through tri-p-xylylarsine. The m. p. 191—192° 
recorded in the present communication has been repeatedly con- 
firmed; specimens of p-xylidine from a variety of sources and 
characterised by the m. p. of the acetyl derivative always give the 
same arsonic acid. The acid, m. p. 191—192°, gives an arsine 
dichloride, m. p. 60°, erystallising from light petroleum in plates. 
Michaelis records a m. p. 63°, but describes his product as crystal- 
lising in needles from light petroleum. A repetition of Michaelis’s 
procedure with a view to clarifying these discrepancies is in progress. 

On oxidation with permanganate p-xylylarsonic acid yields 
2-arsonoterephthalic acid (V), which by the action of phosphorus 


CO,H H,N-OC : 
(V.) CO,H O-NH, (VI) 


Xs0,H, Cl 





H,N-OC H,N-OC 
(VII.) Cl CO,H (VIII) 
Cl AsO,H, 
pentachloride, followed by treatment with ammonia, gives chloro- 
terephthalamide (VI), 3 : 4-dichlorobenzamide (VII), and 2-arsono- 
terephthalamic acid (VIII). 

The first two on hydrolysis give acids with melting points in 
agreement with those recorded in the literature. The constitution 
of (VII) also follows from its production by a similar series of 
reactions from 4-arsonoisophthalic acid (Gough and King, loc. cit.). 
The results in this series thus parallel those obtained in the iso- 
phthalic acid series, it being found impossible to detect any form- 
ation of a diamide provided that the arsenic atom remains attached 
to the nucleus. 

When, however, methyl arsonoterephthalate reacts with concentrated 
aqueous ammonia a product can be obtained containing 80% of 
terephthalamidearsonic acid mixed with 20% of 2-arsonoterephthal- 
amic acid. Both acids are characterised by their very sparing 
solubility in boiling water; attempts to isolate the pure diamide 
through salts or other means led to further hydrolysis of one amide 
group. <A by-product isolated in the preparation of methylarsono- 
terephthalate was 4-methyl 1-hydrogen 2-arsonoterephthalate, which 
by the action of ammonia gave 2-arsonoterephthalamic acid identical 
with that obtained through the acid chloride. 
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The following table shows the results obtained with the above. 
described amides when tested on an experimental infection of 
Trypanosoma equiperdum in mice, 7' signifying the maximum dose 
tolerated, expressed in milligrams per gram of mouse, C' the minimum 
curative dose, and r the number of days during which the blood 
stream remained free from trypanosomes. 





a C. r. 
Phthalamide-4-arsonic acid ............... 2-0 [inactive] 
Phthalimide-4-arsonic acid ...............4.. 0-25 “2 
5-Arsonophthalamic acid —...............00 1-75 [inactive] 
Terephthalamidearsonic acid 0-075 0-075 3 
2-Arsonoterephthalamic acid 0-05 [inactive] 
P-YLVIATBONKC BCIA ccocpeccrcercscsceserspgces 0-005 [inactive] 


To investigate the effect of an amino- or hydroxy-group ortho to 
the amide group in benzamide-p-arsonic acid, the synthesis of 
4-arsonoanthranilic acid (IX) seemed desirable. The Bart—Schmidt 
reaction on 2-nitro-4-aminobenzoic acid proved unsatisfactory, 
but the nitration of p-tolylarsonic acid to 2-nitro-p-tolylarsonic acid 
(X), followed by oxidation with one and reduction with 


CO,H CH 


NO, 
tH NO a on 
€a cy AsO,H .; <0-K: PO ao H, 
AsO,H, (XI.) 


AsO,H, 

(Ix. ) (X.) 
ferrous salts, proved suitable, although Michaelis (loc. cit.) had failed 
to effect this reduction of 3-nitro-4-benzarsonic acid to (IX). 

When 2-nitro-p-tolylarsonic acid (X) is oxidised to 3-nitro-4- 
benzarsonic acid by potassium permanganate the product is obtained 
as an acid potassium salt containing one atom of potassium to 6 
centres of acidity. The same phenomenon is seen in the above- 
mentioned acid potassium salt of 3-hydroxy-5-arsonophthalic acid 
(IV), where there is one atom of potassium to 8 centres of acidity. 
Whether the hydrogen or the potassium exerts co-valencies or 
whether both function as in (XI) is undecided, but a related and 
analogously constituted salt was described by La Coste (Annalen, 
1881, 208, 6) in the acid potassium salt of p-benzarsonic acid. 

From 4-arsonoanthranilic acid (IX), the corresponding arseno- 
compound and arsine dichloride are readily obtained, and from the 
latter by esterification and oxidation methyl 4-arsonoanthranilate. 
This ester when subjected to the action of concentrated aqueous 
ammonia at 50° gives the desired anthranilamide-4-arsonic acid 
(XII), which on acetylation gives acetanthranilamide-4-arsonic acid. 
When, however, the parent 4-arsonoanthranilic acid (IX) is acetyl- 
ated in alkaline solution it yields acetic 4-arsono-N-acetanthranilic 
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anhydride (XIII), a substance stable to cold N-caustic alkali but 
converted by brief boiling in 3N-sodium hydroxide solution mainly 


CO-NH, CO-OAc C0,H 

Om NHAc Sims 
sO,H, sO,H, AsO,H, 
(XII.) (XIII.) (XIV.) 


into 4-arsonoacetanthranilic acid (XIV). The latter acid by the 
usual reactions gives an arseno-derivative and the corresponding 
owide. 

4-Arsonoanthranilic acid (IX) readily furnishes 4-arsonosalicylic 
acid (XV), which behaves anomalously when attempts are made to 


CO,H CO-NH, 
(XV.) OH OH (XVI.) 
AsO,H, s0,H, 


prepare its arseno-derivative. By using synthetic methyl alcohol, 
4-arsonosalicylic acid (XV) can be esterified without reduction of 
the arsonic acid group, and the methyl ester on treatment with 
concentrated aqueous ammonia at 55° gives salicylamide-4-arsonic 
acid (XVI). 

The toxicities and therapeutic activities of these substances are 
recorded below. 


- C. ?. 
p-Tolylarsonic acid .............ceeeeeeeeeeees 0-005 [inactive] 
4-Arsonoanthranilic acid ...............+0e0++ 0-75 [inactive] 
4-Arsenoanthranilic acid ............+sseeeees 0-15 0-15 >30 
Anthranilic acid 4-arsine dichloride ...... 0-02 [inactive] 
Anthranilamide-4-arsonic acid ........4.. 1-0 0-5 >30 
Acetanthranilamide-4-arsonic acid ...... 3-0 1-5 >30 
Acetic 4-arsonoacetanthranilic anhydride 0-5 0-5 3 
4-Arsonoacetanthranilic acid ............... 1-5 1-0 5 
4-Arsenoacetanthranilic acid ...........+0++ 0-04 0-02 5 
Acetanthranilic acid 4-arsenoxide ......... 0-01 0-005 5 
4-Arsonosalicylic acid ...........seeeeeeseeees 0-05 [inactive] 
Salicylamide-4-arsonic acid .............000+6 0-1 [inactive] 


The preparation of the isomeric 5-arsonoanthranilic acid and 
certain derivatives had already been described by O. and R. Adler 
(Ber., 1908, 41, 933) and by Kahn and Benda (ibid., p. 3861), but 
the amides to which the greater interest is attached remained 
unknown. These authors used as their starting material o-toluidine, 
which by the Béchamp reaction with arsenic acid gave 6-amino- 
m-tolylarsonic acid. To avoid the unsatisfactory yield in the 
Béchamp reaction, a new mode of approach to this series seemed 
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with fuming nitric acid. The products are 3- and 5-nitroacetanthr- 
anilie acids, which are readily separable, and the latter on reduction 
with ferrous sulphate and ammonia gives 5-aminoacetanthranilic 
acid (XVII), as sulphate, in almost quantitative yield. On diazo- 
tisation and treatment with sodium arsenite this acid furnishes 


NHAc NHAc NHAc 

Cin Cin Ons 
NH, AsO,H, AsO,H, 
(XVII.) (XVIII.) (XTX.) 


5-arsonoacetanthranilic acid (XVIII), which is converted through 
its silver salt into the methyl ester. The latter by the action of con- 
centrated aqueous ammonia at 55° gives acetanthranilamide-5- 
arsonic acid (XIX). 

It has not been found possible to prepare the parent amide, 
anthranilamide-5-arsonic acid, for when attempts were made to 
esterify 5-arsonoanthranilic acid or its arsine dichloride (XX), it was 
converted into methyl anthranilate (X XI) with complete fission of 
arsenic from the nucleus. Furthermore, when anthranilic acid 
arsine dichloride was digested with thionyl chloride, and the product 


NH, NH, NH, 
Cees Cp Gi - 
Cl AsCl, 
(XXII) (XX.) (XXI.) 


treated with ammonia, 5-chloroanthranilamide (X XII) was formed, 
agreeing in properties with a substance of this constitution obtained 
by Dorsch (J. pr. Chem., 1886, 33, 50) by the action of ammonia 
on chloroisatoic acid anhydride. 

The toxicities and therapeutic activities of these substances and 
certain related compounds are shown below. 


=. C. . 
5-Arsonoacetanthranilic acid .............+. 1-5 [inactive] 
5-Arsenoacetanthranilic acid ............... 0-1 0-05 r 
Acetanthranilamide-5-arsonic acid ...... 1-5 1-5 >30 
5-Arsonoanthranilic acid ..............0..s00+ 2-5 [inactive] 
5-Arsenoanthranilic acid ..................6+ 0-07 [inactive] 


Of the compounds described in Part IX, the ethylamide of 
p-arsonohippuric acid (XXIII) was the most efficient, having a 


AsO,H CO-NH-CH,:CO-NHEt (XXIIL) 


chemotherapeutic index of 1/3 and curing with great regularity within 
this range. The preparation of the parent amide was not possible 
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by the process then employed, but it has now been obtained by the 
action of ammonia on the ester, methyl p-arsonohippurate. It proved 
to be inferior to the ethylamide. Further investigation of this 
promising series to find where the maximum of activity lies has not 
been undertaken owing to the difficulties attendant on their 
preparation. 

The following table records the therapeutic activities of these 
amides and certain related substances :— 


of C. ae 
Phenylglycine-p-arsonic acid ............... 1:5 1-25 3 
p-Arsenophenylglycine — ............sseeeeees 0-2 0-075 >30 
p-Arsonohippuric acid .............seeeeeeeees 1-0 [inactive] 
p-Arsenohippuric acid ..........0..eceeeeeeees 0-1 0-1 5 
Hippuramide-p-arsonic acid ............... 4-5 3-0 >30 
Hippuroethylamide-p-arsonic acid ...... 4:5 1-5 >30 
ArscmoDeeols Bes 5h fis ibe cceeddess 0-03 [inactive] 


Therapeutic Considerations. 

The therapeutic results recorded in the preceding tables bring 
out clearly certain underlying principles. Gough and King (loc. 
cit.) showed that a series of arsonic or arsinic (arsinous) acids con- 
taining carboxyl or sulpho-groups were quite inactive when tested 
on experimental trypanosomiasis (7'. eguiperdum) in mice, but that 
when they were converted into primary amides, carboxyamides or 
sulphonamides, the products were trypanocidally active in all cases. 
Further examples are recorded in this paper. Thus, whilst 5-arsono- 
phthalamic acid, 2-arsonoterephthalamic acid, 4-arsonoanthranilic 
acid, 5-arsonoacetanthranilic acid, and 5-arsonoanthranilic acid are 
without activity, the corresponding imides and amides, phthalimide- 
arsonic acid, terephthalamidearsonic acid, anthranilamide-4-arsonic 
acid, acetanthranilamide-4-arsonic acid and acetanthranilamide- 
5-arsonic acid all show some curative action, though of varying 
intensities in relation to the toxic dose. 

The explanation for this behaviour seems to be that when these 
substances are injected into the blood stream in the form of neutral 
sodium salts, they are subjected to two main processes, excretion 
and reduction. Those substances containing sulpho- or carboxyl 
groups will be rapidly excreted, whether they are reduced to arsen- 
oxides or not, since they contain solubilising groups. On the other 
hand, those containing amide groups will be excreted rapidly so 
long as they remain arsonic acids; but when once reduction to an 
arsenoxide has taken place, excretion will be slow, since the only 
solubilising group, the arsonic acid group, has disappeared. 


Slow excretion. Rapid excretion. 
NH,°CO:C,H,°AsO NH,*CO-C,H,°AsO,H, 
CO,H-C,H,:AsO,H, 


CO,H-C,H,-AsO 
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Such a view is supported by the results of Voegtlin and Thompson 
(J. Pharm. Exp. Ther., 1922, 20, 91), who showed in the case of 
4-arsonic acids studied in the rat, that over 80° was excreted 
through the kidneys within 6 hours, whereas certain arsenoxides 
devoid of groups capable of forming neutral salts were only excreted 
to an extent less than 20% in 24 hours. 

The difference between the two groups of substances, arsonic 
acids containing amide groups and those containing carboxy-groups, 
is naturally only relative. It is not surprising, therefore, to find 
that certain arsonic acids and arsenoxides containing carboxyl 
groups do show border-line trypanocidal activity. Thus 4-arsono- 
acetanthranilic acid, the corresponding arsenoxide, and phenyl- 
glycine-p-arsonic acid, all cause trypanosomes to disappear for a 
few days when given in doses near to the maximum tolerated. On 
the above view, this would mean that these two acids, 4-arsono- 
acetanthranilic acid and phenylglycine-p-arsonic acid, when reduced 
to the arsenoxides, are retained sufficiently long, in spite of the 
solubilising carboxyl groups, for the oxides to exert some lethal 
action on the trypanosomes. In this discussion the assumption 
has been made that all these arsonic acids, whatever their category, 
are capable of being reduced by the reducing systems of the 
mammalian body. 

Additional evidence in support of the view that factors which 
favour retention by the body of the arsenoxides as such, or poten- 
tially as derivatives, favour trypanocidal action, is to be found in 
the behaviour of certain arseno-compounds described in this com- 
munication. It is well known that arseno-compounds are much 
less readily excreted than the corresponding arsonic acids. We 
have found, for instance, that when salvarsan is administered to 
normal mice in its maximally tolerated dose it will still prevent their 
infection with trypanosomes after the lapse of 14 days, whereas the 
corresponding arsonic acid will not prevent the infection after 
24 hours. This means that, at the end of 14 days, there is more 
potential arsenoxide present in the mouse’s tissues in the case of 
salvarsan than there is after 24 hours in the case of its arsonic acid, 
although the absolute amount of arsenic injected in the latter case 
is much higher. Evidence for this view is also given by the figures 
in the following table, from determinations of the arsenic content, 
expressed in parts per million, of the mouse’s liver and spleen, the 
organs chiefly concerned in the storage and metabolism of arsenicals. 


Salvarsan. 3-Amino-4-hydroxyphenylarsonic acid. 
(0-125 mg. per g. injected.) (1-125 mg. per g. injected.) 
Liver. Spleen. Liver. Spleen. 
D WORE cacescccssss 120 68 DO ROMS assesses 10 
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One might anticipate, therefore, that the presence of arseno- 
groups would thus tend to bring out trypanocidal action in com- 
pounds containing carboxyl groups. Such is indeed the case, for 
out of 7 arseno-compounds containing free carboxyl groups recorded 
in this paper, 5 showed trypanocidal activity. Thus 4-arseno- 
anthranilic acid, 4-arsenoacetanthranilic acid, 5-arsenoacetanthranilic 
acid, p-arsenophenylglycine and p-arsenohippuric acid were trypano- 
cidally active, whereas p-arsenobenzoic acid and 5-arsenoanthranilic 
acid were inactive. The solubilising action of the carboxylic acid 
group is thus more than counterbalanced by the physical properties 
conferred by the arseno-linkage. Arseno-compounds usually form 
colloidal solutions, and in many of them it is possible that the 
arsenic atoms are linked in long main valency chains, thus 


%*& RRR R 
—As—As—As—As—As— 


It may be that it is the aggregation of such main valency chains to 
micelles which produces the anisotropy observed in concentrated 
salvarsan solutions. 


EXPERIMENTAL. 
Derivatives of Arsono-o-phthalic Acid. 


Methyl 4-Arsonophthalate-—Methyl 4-aminophthalate was pre- 
pared from phthalide in yields of over 80% at each stage by the 
processes recommended by Hamilton and Jelinek (J. Amer. Chem. 
Soc., 1927, 49, 3167). The drastic conditions used by the same 
authors for the Bart reaction on this substance, which are said to 
yield 77—80% of the arsonic acid, were not tried. 

Methyl 4-aminophthalate (20-9 g.) in water (100 c.c.) and hydro- 
chloric acid (29 c.c., d 1-16) was diazotised at —10°. A solution of 
arsenious oxide (14-9 g.) in 2N-sodium hydroxide (94 c.c.) was run 
in slowly, the temperature being kept below 0°. During this process 
nitrogen was evolved, causing the production of a very voluminous 
froth. 2N-Sodium hydroxide solution (75 c.c.) was then gradually 
added until faint alkalinity was reached. The coupling reaction 
having become negative, the solution was neutralised to Congo- 
paper, concentrated under reduced pressure at 50°, and made 
definitely acid to Congo-paper; the arsonic acid then slowly 
crystallised. By concentration a succession of crops was obtained, 
17-2 g.inall. This crude material contained arsenious oxide, which 
was separated by solution of the arsonic acid in saturated sodium 
hydrogen carbonate solution at 0°, filtration and acidification. The 
yield of pure arsonic acid crystallising in diamond-shaped plates was 
41%. It melts at 148—149° and, contrary to the statement of 
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Hamilton and Jelinek, is insoluble in ether (Found: As, 23-4; 
MeO, 19-3. Cale.: As, 23-6; MeO, 19-5%). 

Action of Ammonia on Methyl 4-Arsonophthalate-—(a) Isolation 
of phthalamide-4-arsonic acid (I). The dimethyl ester (3-45 g.) was 
added to aqueous ammonia (80 c.c., d 0-88) at —5°. After 2 days’ 
keeping below 0°, the crystalline sheen had disappeared. The solu. 
tion was then kept for 12 hours at room temperature and evaporated 
to a syrup at or below 30°. On solution in a little water and 
acidification to Congo-paper, a clear solution resulted which on 
keeping at 0° for 24 hours gave a felted mass of minute needles 
(1-25 g.). The diamide effervesced at 147° and proved on analysis 
to be a sesquihydrate (Found : loss at 95°, 8-5. C,H,O;N,As,14H,0 
requires H,O, 86%. Found for dried substance: N, 9-5. 
C,H,O;N,As requires N, 9-7%). The diamide was obtained by two 
different workers using similar conditions, but all attempts to 
repeat the preparation have failed. The usual product is the 
half-amide. The diamide is soluble in 3 volumes of boiling water 
and the dried solid is converted into the imide by the action of 
heat. . 

(b) Jsolation of 5-arsonophthalamic acid (II). Under similar con- 
ditions to the above, the dimethyl ester (8-0 g.) gave the arsono- 
phthalamic acid (5-9 g.). On crystallisation from 2} volumes of 
boiling water it separates in well-formed plates which shrink between 
220° and 225° and sometimes effervesce and are thereby converted 
into the imide. Some samples, however, pass into the imide on 
heating without any visible change. The arsonophthalamic acid 
also crystallises in a less stable form of very fine needles (Found : 
N, 4:7. C,H,O,NAs requires N, 48%). If acidification of the 
ammoniacal parent solution has been insufficient a- mono- 
ammonium salt separates in prisms (Found: loss at 100°, 2-6. 
C,H,,0,N,As,4H,0 requires H,O, 2-9%. Found for anhydrous salt : 
N, 9-2. C,H,,0,N,As requires N, 9-2%). 

Phthalimide-4-arsonic Acid (III).—Finely powdered arsono- 
phthalamic acid (4:5 g.) was heated under reduced pressure at 
230° (external bath) for 4 hours. The product, dissolved in boiling 
water, on keeping, gave phthalimide-4-arsonic acid (3-0 g.), unmelted 
at 300°. This is soluble in 23 parts of boiling water and crystallises 
in small plates (Found : As, 27-3. C,H,O;NAs requires As, 27-7°,). 

Action of Ammonia on Phthalimide-4-arsonic Acid.—(a) At 150°. 
The imide (1-0 g.) was heated in a sealed tube with ammonia solution 
(10 c.c., d 0-88) at 150° for 12 hours. On removal of excess of 
ammonia, concentration and acidification, the solution deposited 
crude 5-arsonophthalamic acid (0-7 g.), crystallising in needles and 
plates. On recrystallisation from water (2 ¢.c.) it gave the pure 
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acid in plates (0-3 g.), shrinking at about 225° (Found: N, 4-7. 
Cale.: N, 48%) with re-formation of the imide. 

(b) At 50°. The imide (1-0 g.) was heated with ammonia solution 
(20 c.c., d 0-88) for 3 hours at 50°. On acidification a small crop of 
crude diamide was obtained, crystallising as a felt of needles, 
m. p. 145° (efferv.). A mixed m. p. with a sample obtained from 
the dimethyl ester showed no depression. On analysis, however, it 
still proved to contain about 25% of the half-amide (Found : loss 
at 100°, 6-9. Cale. for sesquihyrate, 8-6. Found for dried amide : 
N, 8-2. Cale. for diamide: N, 9-7%). 

Repetition on a larger scale gave mainly pure arsonophthalamic 
acid. 

Action of Alkaline Hypobromite on 5-Arsonophthalamic Acid.— 
The half-amide (5-78 g.), dissolved in 33 c.c. of potassium hydroxide 
solution (6-7°%%) and cooled to 0°, was treated with potassium hypo- 
bromite solution [1 c.c. of bromine (1 mol.) in 66 c.c. of potassium 
hydroxide (6-7%)]. The yellow colour of the hypobromite was 
instantly discharged and nitrogen was gradually evolved. After 
12 hours the solution was digested on the water-bath for 75 minutes, 
neutralised to Congo-paper, and concentrated. Well-formed leaflets 
of an acid potassium salt of 3-hydroxy-5-arsonophthalic acid (IV) 
separated (1-7 g.) [Found: (micro) C, 292; H, 2-0. 
C,H,O,AsK,C,H,O,As requires C, 29-5; H, 2-0%]. A portion 
(1 g.) dissolved in hot dilute hydrochloric acid gave on cooling the 
free acid (0-85 g.), crystallising in elongated plates [Found : (micro) 
C, 31-1; H, 2-3; (macro) As, 23-7, 23-9. C,H,O,As requires C, 
31-4; H, 2-3; As, 24-5%). 


Arsonoterephthalic Acid and Derivatives. 


p-Xylylarsonic Acid.—The following conditions were found satis- 
factory for the rapid preparation of this acid in quantity from 
p-xylidine. <A solution of this base (40-3 g.) in concentrated hydro- 
chloric acid (75 ¢c.c.) and water (600 c.c.) was diazotised with 10% 
sodium nitrite (235 c.c.) below 5°. The solution was then run into 
another consisting of arsenious oxide (49 g.) in 2N-sodium hydroxide 
solution (600 c.c.) which had been heated to 80° and 20% copper 
sulphate solution (20 c.c.) added. Mixing was complete in 15 
minutes, the temperature being maintained at about 75°. After 
cooling for 30 minutes, the solution was separated from tar. and 
carefully acidified to Congo-paper with concentrated hydrochloric 
acid. After removal of several crops of amorphous matter, crystal- 
line p-xylylarsonic acid was precipitated. On concentration of the 
mother-liquor further crops were obtained. The combined crops 
were dissolved in just sufficient saturated sodium hydrogen carbonate 














3246 COHEN, KING, AND STRANGEWAYS: TRYPANOCIDAL 


solution to dissolve the arsonic acid and leave arsenious acid undis. 
solved, and the solution was acidified after filtration. The yield of 
pure acid was 40% of the theoretical. 

p-Xylylarsonic acid is soluble in 33 volumes of boiling water and 
erystallises in clusters of hard plates, m. p. 191—192° (decomp). 
Michaelis (loc. cit.) gives m. p. 223°. On titration by the method 
of King and Rutterford (J., 1930, 2138) p-xylylarsonic acid gave an 
equivalent of 114-5 (cale., 115-0). 

On reduction of the arsonic acid by passing sulphur dioxide 
through a suspension of the acid in N-hydrochloric acid in the 
presence of a little potassium iodide, an amorphous oxide was 
obtained. This was dissolved in chloroform in the presence of con- 
centrated hydrochloric acid; the residue obtained on evaporation 
of the chloroform crystallised from low-boiling petroleum. In this 
way p-xylylarsine dichloride, large glassy plates, m. p.° 60°, was 
obtained (compare Michaelis, loc. cit.) (Found: As, 29-8. Cale., 
29-9%). 

2-Arsonoterephthalic Acid (V).—A vigorously stirred solution of 
p-xylylarsonic acid (23 g.) in 2N-sodium hydroxide (150 c.c.; 3 
mols.) and 500 c.c. of water was treated with small amounts of finely 
powdered permanganate (75 g.*) at 75—80° during 7 hours. On 
the following day the solution was boiled gently for 8 hours, a further 

5 g. of potassium permanganate being slowly added. Excess of 
permanganate was then destroyed, and the solution filtered. The 
press-cake was re-extracted twice by suspending it in 1000 c.c. of 
0-2N-sodium hydroxide, bringing the mixture to the boiling point, 
and stirring. The combined filtrates were made faintly acid to 
litmus, concentrated to a small volume, and made acid to Congo- 
paper. The yield was 82% of the theoretical. 

2-Arsonoterephthalic acid is very sparingly soluble in boiling water 
and crystallises in small needles. It is extremely difficult to obtain 
in a state of complete purity as judged by the titration method. If 
only 75 g. of potassium permanganate are used in the oxidation and 
the process is only carried out for 7 hours, the average equivalent 
over many batches is about 88, whereas by the above process the 
average equivalent is about 78, the calculated value being 72:5. 
Only on one occasion has a product been obtained of undoubted 
purity with an equivalent of 73 (Found: As, 25:7. C,H,O,As 
requires As, 25-8°%). 

Terephthalic Acid Arsenoxide.—A suspension of the above arsonic 
acid (5 g.) in warm water (150 c.c.) and concentrated hydrochloric 
acid (2 c.c.) was repeatedly saturated with sulphur dioxide in the 

* The quantity of permanganate given for the preparation of 4-arsonoiso- 
phthalic acid (J., 1930, 689) should be doubled. 











reé 





dis. 
d of 


and 
ip.). 
ho 

> an 


cide 
the 
was 
on- 
‘ion 
this 
vas 
le., 


of 


ely 
On 


her 


of 
‘he 


of 











ACTION AND CHEMICAL CONSTITUTION. PART XI. 3247 


presence of a trace of potassium iodide. Complete solution did not 
occur at any stage and after a few days terephthalic acid arsenoxide 
was left as a white powder (3-7 g.), m. p. 250—255° (decomp.) 
(Found: As, 29-7. C,H,O;As requires As, 29-3%). 

Action of Phosphorus Pentachloride on 2-Arsonoterephthalic Acid. 
—Phosphorus pentachloride (25-1 g.; 6 mols.) was mixed with 
finely powdered, dry arsonoterephthalic acid (5:8 g.), and the 
reaction mixture heated under reflux at 130° (oil-bath) for 5 hours. 
After removal of phosphorus oxychloride, the residue was dissolved 
in dry, benzene and slowly added to chilled 2N-ammonia (150 c.c.) 
with vigorous shaking. Chloroterephthalamide separated (2-0 g., 
including a small crop separated from the aqueous liquor after con- 
centration under reduced pressure) insoluble in both layers. This 
amide is soluble in 50 parts of boiling water and crystallises in square 
plates, occasionally in needles, m. p. 263—264° (Found: N, 14:3. 
Cale.: N, 14:1%). Ahrens (Ber., 1886, 19, 1639) gives m. p. above 
300°. Hydrolysis of the chloro-diamide (0-2 g.) with N-potassium 
hydroxide (5 c.c.), followed by acidification, gave chloroterephthalic 
acid (0-2 g.). On crystallisation from 26 c.c. of boiling water this 
acid separated in fine felted needles, m. p. 305—306°. It agrees 
with the description given by Ahrens (loc. cit.), who gives m. p. 
above 300°, and with that of Borsche, Stackmann, and Makaroff- 
Semljanski (Ber., 1916, 49, 2240), who give 306—308°. 

The benzene layer on slow evaporation deposited 3 : 4-dichloro- 
benzamide in leaflets, m. p. 169° (Beilstein and Kuhlberg, Annalen, 
1869, 152, 225, give m. p. 133°). There was insufficient for analysis, 
but on hydrolysis with potassium hydroxide it gave 3 : 4-dichloro- 
benzoic acid, which crystallised from water (0-04 g. in 15 c.c. of 
boiling water) in small narrow leaflets, m. p. 200°. A mixture with 
3: 4-dichlorobenzoic acid, m. p. 211—212°, obtained under parallel 
conditions from 4-arsonoisophthalic acid and phosphorus penta- 
chloride (J., 1930, 691), melted at 205°. The m. p.’s recorded in the 
literature range from 200° to 205°. 

The ammoniacal filtrate was oxidised with perhydrol (2-5 g.) 
and on acidification gave 2-arsonoterephthalamic acid (VIII) (2-0 g.). 
This acid is very sparingly soluble in boiling water and crystallises 
in long pointed leaflets, unmelted at 300° (Found: N, 4-9. 
C,H,O,NAs requires N, 4-8%). 

Methyl Arsonoterephthalate—A suspension of arsonoterephthalic 
acid (20 g.) in dry methyl alcohol (wood-spirit) (100 c.c.) was satur- 
ated with dry hydrogen chloride at 0°, and the brown solution then 
boiled for 5 hours with continued passage of the gas. After removal 
of most of the solvent, the residue was added to sufficient sodium 
hydrogen carbonate, suspended in 100 c.c. of water at —5°, to 
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maintain alkalinity. The greyish-brown solid which separated 
(18 g.) was slightly impure methyl arsinoterephthalate (Found : As, 
23°9. Cy 9H,,0,As requires As, 248%). It was suspended in 
saturated sodium hydrogen carbonate solution (100 c.c.) below 0° 
and treated with perhydrol (7-8 g.). Effervescence and solution 
ensued and acidification after filtration from impurities gave fine 
needles of methyl arsonoterephthalate (13 g.) (Found: As, 23:8. 
C,9H,,0,As requires As, 23-6%). This ester crystallises from 
water in fine needles which effervesce at 195—196° and resolidify a 
few degrees higher. j 

The mother-liquor on evaporation under reduced pressure at 50° 
or on standing in a refrigerator for some days deposited methyl 
hydrogen arsonoterephthalate (2-4 g.). This is soluble in 11 parts of 
boiling water and separates in long prismatic needles, unmelted at 
300° (Found: As, 24:9. C,H,O,As requires As, 24-7%). 

If synthetic methyl alcohol is used in the esterification of arsono- 
terephthalic acid, an unstable arsine tetrachloride is obtained in 
much the same manner as the corresponding isophthalic acid arsine 
tetrachloride (Gough and King, loc. cit.). 

Action of Ammonia on Methyl Arsonoterephthalate.—The finely 
powdered ester (28 g.) was added slowly to ammonia solution (420 
c.c., d 0-88) at —5° and kept below 0° for 9 days. After a further 
interval of 13 days, the ammonia was removed at room temperature 
and then at 50°, and the residual solution acidified to Congo-paper. 
A very sparingly soluble product (24-8 g.) separated in small, 
pointed, boat-shaped leaflets, the nitrogen content and equivalent 
value of which indicated the presence of some half-amide. On 
repeated extraction with boiling water the residual insoluble solid 
(19-2 g.) became richer in diamide (Found: N, 8-7. C,H,O;N,As 
requires N, 9-7%). Other methods for the enrichment of the diamide 
were tried, but hydrolysis of one amide group took place with 
formation of monoamide. 

Action of Ammonia on Methyl Hydrogen Arsonoterephthalate. 
—The ester (2 g.) was treated with aqueous ammonia (30 c.c., d 0-88) 
as described for the dimethyl ester. The product was arsono- 
terephthalamic acid (1-95 g.), identical in properties with that 
described previously (Found: N, 4:7. Calc., 48%). 


4-Arsonoanthranilic Acid and Derivatives. 
p-Tolylarsonic Acid.—The most economical and rapid method for 
the preparation of large quantities of this acid is the following. 
p-Toluidine (107-1 g.) was treated with water (1800 c.c.) and con- 
centrated hydrochloric acid (225 ¢.c.) and then diazotised at 0—5° 
with 705 ¢.c. of 10% sodium nitrite solution. The clear resultant 
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solution was run rapidly within 15 minutes into a mechanically 
stirred solution of 147 g. of arsenious oxide in 1800 c.c. of 2N-sodium 
hydroxide previously heated to 80° and maintained between 75° 
and 80° during the addition. The flame was removed, and the 
solution stirred for a further 30 minutes to complete the aggregation 
of tarry substances. The cold solution after filtration was made 
faintly acid to litmus, concentrated under reduced pressure to a 
small volume, and made acid to Congo-paper. Crude p-tolylarsonic 
acid was precipitated containing some arsenious oxide. Such a 
product (282 g.) from 23 such batches was suspended in 650 c.c. of 
water, and sufficient 2N-sodium hydroxide (500 c.c.) added to dissolve 
tolylarsonic acid and leave the solution still acid to litmus. On 
filtration from arsenious oxide and acidification, pure tolylarsonic 
acid (232 g.) was obtained; a further 9-2 g. were isolated from the 
mother-liquor on concentration. The yield of pure acid is 47% 
(Found: equiv., 108-3. Calc., 108-0). 

The addition of copper sulphate in the above process has no 
effect on the yield. Palmer and Adams (J. Amer. Chem. Soc., 1922, 
44, 1380) describe a process which takes more time for preparing 
this acid in 50—65% yield, but close repetition of their procedure 
in our hands only gave a 34-5% yield. 

2-Nitro-p-tolylarsonic Acid (X).—p-Tolylarsonic acid is not very 
readily nitrated. It is essential to use fuming nitric acid and 
sulphuric acid (compare Michaelis, Annalen, 1902, 320, 321). 
p-Tolylarsonic acid (108-0 g.) in sulphuric acid (160 c.c.) was treated 
gradually at —5° with 38-0 g. of fuming nitric acid. The solution 
was finally warmed to 40° for 15 minutes and then poured on ice. 
The yield was 97% of the theoretical (Found: N, 5-1; equiv., 
146-7. Cale.: N, 54%; equiv., 145-5). 

3-Nitro-4-benzarsonic Acid.—Nitrotolylarsonic acid (26-1 g.), 
dissolved in 125 c.c. of N-potassium hydroxide and diluted with 
water (400 c.c.), was heated at 85° and treated over a period of 
6 hours with finely powdered potassium permanganate (40-0 g.). 
Any excess of permanganate was destroyed by addition of alcohol 
to the boiling solution. After filtration the manganese precipitate 
was extracted twice by boiling with 500 c.c. of 0-2N-potassium 
hydroxide. The combined filtrates were made definitely blue to 
Congo-paper and concentrated; an acid potassium salt (26-2 g.) 
then separated in well-formed plates, sometimes in needles. The 
mother-liquors were treated with excess of hydrochloric acid and 
evaporated to dryness and the residue was extracted with boiling 
absolute alcohol, which gave 3-nitro-4-benzarsonic acid (3-0 g.), 
crystallising in needles. 

The acid potassium salt is soluble in 2} parts of boiling water and 
oN 
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crystallises extremely well in large elongated plates (Found: K, 
6-6; equiv., 124-2. C,H,O,NAs,C,H;O,NAsK requires K, 6-3°; 
equiv., 124-0). It readily yields the free acid on crystallisation from 
N-hydrochloric acid (Found: equiv., 98-1. Calc., 97-0). The 
separation of the acid potassium salt from solutions acid to Congo. 
paper probably accounts for Michaelis’s difficulty in freeing his 
preparation from mineral matter. 

This acid was also prepared by the Bart reaction on 2-nitro. 
4-aminobenzoic acid, but it could only be isolated with great 
difficulty. 

4-Arsonoanthranilic Acid (1X).—Nitrobenzarsonic acid (29-1 g.) 
was reduced with ferrous chloride and alkali, the process used in 
previous communications in this series being followed. The yield 
was 96%. The acid was purified by dissolving 72 g. in 390 c.c. of 
N-hydrochloric acid with addition of 55 c.c. of the concentrated acid 
and adding saturated sodium acetate solution until the blue reaction 
to Congo-paper was just removed. The amino-acid crystallised in 
pointed prisms. Its solution in water shows a fluorescence, dis- 
charged by excess of acid or alkali. It is readily soluble in 3N-hydro- 
chloric acid, and in concentrated hydrochloric acid, from which a 
hydrochloride separates in prismatic needles. The sulphate crystal- 
lises from 2N-sulphuric acid in fine needles, and the nitrate from 
3N-nitric acid also in fine needles (Found: N, 5-1. C,;H,O;NAs 
requires N, 5-4%). 

4-Arsenoanthranilic Acid.—The foregoing acid was reduced with 
hypophosphorous acid and a trace of potassium iodide at 55—60°. 
The crude arseno-compound obtained was purified by solution in 
dilute caustic alkali solution and reprecipitation by careful addition 
of hydrochloric acid. The product was collected by centrifuging 
and washed free from chloride by several re-suspensions in water 
(Found: As, 35-4. C,,H,,0,N,As, requires As, 35-5%). 

Action of Acetic Anhydride on Arsonoanthranilic Acid.—The acid 
(10-4 g.) was dissolved in N-sodium hydroxide (160 c.c.), the solution 
chilled, and acetic anhydride (20 c.c.) added in 2 portions with 
vigorous shaking and intermediate chilling. On acidification to 
Congo-paper acetic 4-arsono-N-acetanthranilic anhydride (XIII) 
separated in fine needles (12-1 g.) (Found: As, 21-6; equiv., 165-4. 
C,,H,,0,NAs requires As, 21-7%; equiv., 172-5). This arsonic 
acid is soluble in 9 volumes of boiling water and is remarkably stable 
to cold N-sodium hydroxide solution. Whendissolved in 2N-sodium 
hydroxide (3 mols.) and boiled for 5 minutes, it is converted into 
4-arsono-N-acetanthranilic acid monohydrate (XIV), accompanied by 
a small proportion of the free amino-acid but readily separable by 
treatment with 3N-hydrochloric acid. This new arsonic acid 
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crystallised in needles (Found : loss at 95°, 5-4; As, 23-0; equiv., 
107-0. C,H,0O,NAs,H,O requires H,O, 5-6; As, 23-39%; equiv., 
107-0). 

Acetanthranilic Acid 4-Arsenoxide.—This oxide was prepared by 
passing a stream of sulphur dioxide through a fine suspension of the 
parent arsonic acid (2 g.) in 25 c.c. of water containing in addition 
5 c.c. of concentrated hydrochloric acid and a crystal of potassium 
iodide at 50°. At this temperature reduction is fairly rapid and the 
oxide separates in small needles (1-65 g.) (Found: As, 27-8. 
(,H,O,NAs requires As, 27-99%). 4-Arsenoacetanthranilic acid was 
obtained by reduction of the parent arsonic acid with hypophos- 
phorous acid in the usual way at 58° for 2 hours (Found : As, 29-5. 
C,3H,.0gN,As, requires As, 29-6%). 

Anthranilic Acid 4-Dichleroarsine Hydrochloride.—The parent 
arsonic acid (25 g.) was dissolved in a mixture of 60 c.c. of concen- 








trated hydrochloric acid and 60 c.c. of water. Whilst still warm, 
the solution was saturated with sulphur dioxide after addition of a 
crystal of potassium iodide. When kept at 0°, the arsine dichloride 
separated in fine needles (88% yield) (Found: As, 23-4. 
C,H,O,NCI,As requires As, 23-5%). 

Methyl 4-Arsonoanthranilate.—The preceding arsine dichloride 
(26-6 g.) was suspended in 170 c.c. of synthetic dry methyl alcohol, 
which was then saturated at 0° with dry hydrogen chloride. The 
solution was boiled with further passage of the gas for 6 hours. A 
portion of the solvent was boiled off and the crystalline paste left 
was added to a suspension of 80 g. of sodium hydrogen carbonate 
in 50 c.c. of its saturated solution. The methyl anthranilate 4-arsen- 
oxide which separated was straightway collected, washed with ice- 
cold water, suspended in 200 c.c. of water at 0°, and oxidised with 
a slight excess of perhydrol. The alkaline solution was acidified at 
0°; methyl 4-arsonoanthranilate then separated in spiked leaflets 
(20-5 g.). This ester is readily soluble in methyl alcohol and separ- 
ates on addition of water in broad needles or plates. It readily 
forms a hydrochloride on addition of 3N-hydrochloric acid (Found : 
As, 27:7; MeO, 11-0. C,H, )0;NAs requires As, 27-3; MeO, 11-3%). 

Anthranilamide-4-arsonic Acid (XI1).—The preceding ester (5 g.) 
was added to 150 c.c. of aqueous ammonia (d 0-88) at 0° in a pressure 
bottle and heated at 50° for 8hours. The clear solution was evapor- 
ated at 40° until crystals began to form and then acidified until the 
reaction was distinctly blue to Congo-paper. (This overcomes the 
separation of an intermediate ammonium salt.) The amide separ- 
ated as a sandy precipitate (3-45 g.). It crystallised from 55 c.c. of 
boiling water in plates (Found: N, 10-7. C,H,O,N,As requires 
N, 10-8%). When it was acetylated with acetic anhydride in 
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chilled alkaline solution, N-acetylanthranilamide-4-arsonic acid 
separated in microscopic needles in 93°% yield (Found: N, 9-1. 
equiv., 147-8. C,H,,0;N,As requires N, 9-39; equiv., 151-0). 


4-Arsonosalicylic Acid and Derivatives. 


4-Arsonosalicylic Acid (XV).—4-Arsonoanthranilic acid (26-1 g, 
was dissolved in 300 c.c. of 2N-sulphurice acid with addition of 
500 c.c. of water. On cooling to 0°, a hydrogen sulphate separated 
in needles and on addition of sodium nitrite (7-25 g.) a diazonium 
hydrogen sulphate separated in diamond-shaped plates. After the 
mixture had been stirred for 15 minutes to ensure complete dis. 
appearance of the needles, steam was passed into the solution. At 
88° the diazonium salt rapidly disappeared with vigorous evolution 
of nitrogen. The solution when cold deposited 4-arsonosalicylic 
acid in square plates (17-65 g.). It was dissolved in 450 c.c. of 
boiling water and then separated in perfectly formed hexagonal 
plates (Found: As, 28-1. C,H-,O,As requires As, 28-6%). It gives 
a clear port-wine coloured solution with a drop of ferric chloride. 

4-Arsenosalicylic acid could not be obtained in a state of purity. 
When the parent arsonic acid was reduced with sodium hypo- 
sulphite in the presence of magnesium chloride at 40°, and the 
alkali-soluble portion of the arseno-compound reprecipitated by 
acid, a product was obtained with As, 32-6 (C,,H,)O,As, requires 
As, 35-4%). When hypophosphorous acid was used as the reducing 
agent at 65°, a product was obtained having the properties of an 
arseno-compound but was poorer in arsenic content (Found: As 
in different samples, 26-4, 27-6) than the original acid. The cause 
of this curious anomaly is not known, but on oxidation the product 
readily gave the parent acid. 

Salicylamide-4-arsonic Acid (XV1).—4-Arsonosalicylic acid (10 g.) 
was suspended in 80 c.c. of dry synthetic methy] alcohol and esterified 
by saturation with hydrogen chloride at 0°. After removal of most 
of the solvent, water (20 c.c.) was added, and the crystalline methyl 
4-arsonosalicylate (8-8 g.) collected. This ester is soluble in boiling 
water and crystallises in clusters of microscopic plates. It was 
converted into the amide by suspension in 200 c.c. of aqueous 
ammonia (d 0-88) and heating to 55° in a pressure bottle until com- 
plete solution had been effected (6 hours). On removal of the 
excess of ammonia and acidification salicylamide-4-arsonic acid 
separated (8-0 g.). It is soluble in 2} volumes of boiling water and 
separates in hard glassy plates, m. p. 270° (efferv.). Its aqueous 
solution gives a clear wine-red colour with ferric chloride (Found: 

N, 5-0. C,H,O;NAs requires N, 5-4%). 
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5-Arsonoanthranilic Acid and Derivatives. 

Nitration of Acetanthranilic Acid. Isolation of 3- and 5-Nitro- 
acetanthranilic Acids.—Finely powdered acetanthranilic acid, m. p. 
183—184° (100 g.), was added in portions during one hour to fuming 
nitric acid (180 c.c.) kept vigorously stirred and cooled so that the 
temperature did not exceed 0° (compare Baly, Tuck, and Marsden, 
J., 1910, 97, 1502). A further 20 c.c. of nitric acid were finally 
added to wash down any solid adhering to the sides of the flask. 
The reaction mixture was stirred for 4 hours, the temperature being 
kept below 10°. The crystalline paste was poured on ice, and the 
solid collected (100 g.), m. p. 201—204°. It was heated on the water- 
bath for 2 hours with 2000 c.c. of water and filtered whilst hot. 
The insoluble solid (72 g.) was suspended in water and dissolved by 
the gradual addition of N-sodium hydroxide (310 c.c.), the produc- 
tion of an alkaline reaction being carefully avoided. On saturation 
with sodium chloride a crystalline sodium salt was precipitated. 
This was collected, washed with saturated sodium chloride solution, 
dissolved in warm water (1000 c.c.), and acidified. 5-Nitroacet- 
anthranilic acid (68-7 g.) so prepared melts at 225—226°, the highest 
m. p. previously recorded being 221° (Ullmann and Uzbachian, Ber., 
1903, 36, 1801). 

The mother-liquors which had been used to extract the original 
solid showed an amino-reaction and deposited 26-1 g. of solid from 
610 g. of crude nitration product. This was boiled with 52-2 c.c. of 
acetic anhydride for 5 minutes, poured into ice-water, and the solid 
collected (24-3 g.), m. p. 213—215°. On extraction with 500 c.c. 
of boiling water the yield was 23-3; the solid, m. p. 222—223°, 
when purified through the sodium salt as described above, gave 
20-0 g., m. p. 224—225°. 

The combined original mother-liquors from 610 g. of crude 
nitration product on concentration gave 79 g. of material, m. p. 
170—172°, showing an amino-reaction. It was boiled with 79 g. 
of acetic anhydride until all had dissolved ; the solution, poured on 
ice, gave 67-5 g., m. p. 177—179°. A single crystallisation from 
25% acetic acid gave pure 3-nitroacetanthranilic acid (44-2 g.), 
m. p. 185—186° (Chapman and Stephen, J., 1925, 127, 1795, give 
m. p. 180—181°). 

5-Aminoacetanthranilic Acid (XVII).—The parent nitro-acid 
(44:8 g.) in 2N-ammonia (120 c.c.) and water (80 c.c.) was run in a 
thin stream into ferrous sulphate solution (384 g. FeSO,,7H,O in 
600 c.c. of water) at 50°. Aqueous ammonia (195—200 c.c., d 0-88) 
was then added until the solution was alkaline and the precipitate, 
which was dark green at first, had become brown, the temperature 
meanwhile rising to 60°. The reaction mixture, diluted with a 
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further 500 c.c. of water, was submitted to filtration, the solid wel] 
washed with 2NV-ammonia, and the filtrate made just acid to Congo. 
paper with 50% sulphuric acid. 5-Aminoacetanthranilic acid sulphate 
separated in woolly needles, yield 95% (Found: N, 11-4. 
CyH90,N,,4H,SO, requires N, 11:5%). The free amino-acid 
separated from a hot saturated solution of the sulphate which was 
made neutral to Congo-paper with sodium hydrogen carbonate. 
It is soluble in 43 parts of boiling water and crystallises in minute 
glassy prisms, m. p. 233° (Found: N, 14-4. Calce., 14-4%). Treat. 
ment of the base with hydrochloric acid (1 H,O: 1 HCl, d 1-16) 
gave the hydrochloride in fine needles (Found: Cl, 15:1. 
CyH90,N,,HCl requires Cl, 15-4%). 

5-Arsonoacetanthranilic Acid (X VIIL).—Aminoacetanthranilic acid 
sulphate (48 g.) in water (200 c.c.) and 2N-sodium hydroxide 
(110 ¢.c.; 1-1 mols.) was mechanically stirred and then treated with 
hydrochloric acid (57 c.c., d 1-16). The paste of finely divided solid 
was cooled to 0° and diazotised with sodium nitrite (15 g. in 30 c.c. 
of water). A crystalline diazonium salt separated and to ensure 
complete conversion of amino-compound the stirring was continued 
for 15 minutes. Sodium arsenite solution (29-7 g. of arsenious oxide 
in 188 c.c. 2N-sodium hydroxide) was then run in, the temperature 
being kept at 0°, followed by 2N-sodium hydroxide (200 c.c.) until 
most of the diazonium chloride had disappeared. Moist copper 
powder (from 50 c.c. of 10% copper sulphate solution) was then 
added to accelerate the evolution of nitrogen and stirring was con- 
tinued until the reaction with alkaline @-naphthol was negative, 
usually about 2 hours being required. The filtered solution was 
acidified to Congo-paper, quickly filtered from amorphous matter, 
and kept at 0° for 12 hours. The required arsonic acid separated 
as a cream-coloured crystalline powder (30-0 g.), m. p. 236—237° 
(efferv.). It crystallises as a monohydrate from 26 volumes of boiling 
water in hexagonal-shaped plates (Found: H,O, 5-6; equiv., 
106-3. Cale.: H,O, 5-6%; equiv., 107-0). Kahn and Benda (Ber., 
1908, 41, 3861) record the substance as a hydrate, m. p. 230°, and 
crystallising from water in extremely long, fine hairs. 

5 : 5'-Arsenoacetanthranilic Acid.—The above arsonic acid (5 g.) 
was suspended in water (40 c.c.) and hypophosphorous acid (40 c.c.; 
d@ 1-137). A crystal of potassium iodide was added, and the mixture 
stirred at 60° for 3 hours. The amorphous yellow product was 
repeatedly washed in the centrifuge and dried in a vacuum (yield, 
4-1 g.). The final product was a light voluminous yellow powder, 
unmelted at 300° (Found: As, 29-4. C,,.H,,0,N,As, requires 
As, 29-6%). 
5-Arsonoanthranilic Acid.—The foregoing acetylated acid (20 g.) 
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was boiled with 3N-hydrochloric acid (120 c.c.) for 30 minutes. 
When kept, the free acid separated in 90% yield. It crystallises 
from water in fine needles, m. p. 245° (decomp.), and agrees with 
the description given by Kahn and Benda (loc. cit.) (Found: N, 5-4. 
Cale.: N, 54%). 

5: 5'-Arsenoanthranilic Acid.—This was prepared as described 
above for the acetylated acid. The yield was 74% of the theoretical. 
The product is weakly basic, dissolving with difficulty in 3N-hydro- 
chloric acid. On heating it darkens and shrinks at about 280° 
(Found: As, 35:4. C,,H,,0,N,As, requires As, 35°5%). 

Anthranilic Acid 5-Dichloroarsine Hydrochloride. — 5-Arsono- 
anthranilic acid (25 g.) was added to 125 c.c. of 16% hydrochloric 
acid. A trace of potassium iodide was added to the suspension, 
which was then saturated with sulphur dioxide at 0°. Solution 
ensued, followed by precipitation of a cream-coloured solid in woolly 
needles. The mixture was kept cold for several hours, and the 
product then collected and washed with concentrated hydrochloric 
acid (yield, 24-8 g.) (Found: As, 23-8. C,H,O,NCI,As,HCl 
requires As, 23-6%). 

Action of Methyl-alcoholic Hydrogen Chloride on Anthranilic Acid 
5-Dichloroarsine Hydrochloride. Isolation of Methyl Anthranilate. 
—(a) A solution of the above dichloroarsine (24-6 g.) in synthetic 
methyl alcohol (125 c.c.) was saturated with dry hydrogen chloride 
at 0° for 2 hours and then heated under reflux with continued passage 
of the gas for 4 hours. The solution was concentrated to one-third 
its bulk at 50°, and the resulting crystalline paste added slowly to 
an aqueous suspension of excess of sodium hydrogen carbonate in 
water in a freezing mixture. The solid which separated contained 
much arsenious oxide, and a low-melting substance which was 
extracted with ether. The extract on evaporation gave methyl 
anthranilate (9-0 g.), m. p. 25°, which on hydrolysis gave anthranilic 
acid. The sodium hydrogen carbonate liquors contained un- 
esterified acid. 

(b) A solution of the dichloroarsine (15 g.) in synthetic methyl 
alcohol (100 c.c.) was saturated with hydrogen chloride at 0° and 
kept at 4° for 3 days. The crystals which separated were found to 
be unchanged material (7-5 g.). The mother-liquors on careful 
evaporation and treatment with sodium hydrogen carbonate gave 
methyl anthranilate (3-2 g.). 

When 5-arsonoanthranilic acid was submitted to similar esterific- 
ation processes, the product was always methyl anthranilate. 

Action of Thionyl Chloride on 5-Arsonoanthranilic Acid. Isolation 
of 5-Chloroanthranilic Acid and Amide.—5-Arsonoanthranilic acid 
hydrochloride (5 g.) was heated with thionyl chloride (30 c.c.) for 
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2 hours under reflux. After removal of the excess of thionyl 
chloride the residue was dissolved in dry benzene and added in 
portions to chilled 2N-ammonia (50 c.c.). The benzene-soluble 
portion (1-5 g.) crystallised from dilute alcohol in needles, m. p. 172°, 
of 5-chloroanthranilamide (Found: N, 16-0. Cale.: N, 16-4°%). 
On hydrolysis with aqueous potassium hydroxide it gave 5-chloro. 
anthranilic acid, fine woolly needles from dilute alcohol, m. p. 200°, 
with previous sintering. The properties of the acid agree with 
those recorded by Eller and Klemm (Ber., 1922, 55, 218), who give 
m. p. 204° (corr.). When the above 5-chloroanthranilamide was 
heated with soda-lime, an oil distilled which crystallised readily and 
melted at 65—70° (alone or mixed with p-chloroaniline). The main 
ammoniacal liquors held an amorphous arsenious acid in suspension. 
It was collected and oxidised with hydrogen peroxide to an 
amorphous arsonic acid which readily resinified. 

Acetanthranilamide-5-arsonic Acid (XIX). — 5-Arsonoacet- 
anthranilic acid (18 g.) in N-ammonia (200 c.c.) was treated with 
silver nitrate (30 g.) in water (50 c.c.). The voluminous buff. 
coloured precipitate of silver salt was collected, dried, suspended in 
synthetic methyl alcohol (150 c.c.), and digested with methyl iodide 
(25 c.c.) on the water-bath for a day. The filtrate was evaporated 
to dryness; the residue on treatment with a little water rapidly 
crystallised (yield, 13-0 g.). This methyl ester was unmelted at 300° 
(Found: equiv., 154-0. C,)9H,,0,NAs requires equiv., 158-5). It 
was added to ammonia solution (250 c.c., d 0-88) at —5° in a pressure 
bottle and then heated for 3 hours at 55°. When cold, the ammon- 
ium salt which had separated was collected and dissolved in water, 
and the free acid precipitated (yield, 5-15 g.). The original 
ammoniacal liquors when concentrated and acidified gave a further 
5°35 g. of acid. Acetanthranilamide-5-arsonic acid is very sparingly 
soluble in boiling water, acetic acid, or methyl alcohol. It is readily 
soluble in hot 90% formic acid, but crystallises best from formamide 
as a felt of needles (Found : loss at 100°, 2-9. C,H,,0;N,As,3H,0 
requires H,O,2-9%. Found for dried amide : N, 9-3. C,H,,0;N,As 
requires N, 9-3%). 

5-Arsonosalicylic Acid.—This acid was prepared from 5-arsono- 
anthranilic acid by the method of Kahn and Benda (Ber., 1908, 41, 
3863). This route is preferable to that used by Gough and King 
(J., 1930, 686) from aminosalicylic acid. The yield was 12-9 g. from 
20-8 g. of amino-acid. On crystallisation from 200 c.c. of boiling 
water, it gave 11-65 g. of pure material. When it was reduced with 
hypophosphorous acid at 50° or with sodium hyposulphite at 20°, 
an arseno-compound was readily formed but was insoluble in 
alkalis, apparently through formation of insoluble salts. 
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Derivatives of Arsonohippuric Acid. 


Hippuric Acid p-Arsenoxide (Benzoylglycine-p-arsenoxide). — 
Arsonohippuric acid (10 g.) was suspended in water (200 c.c.) and 
hydrochloric acid (15 c.c., d 1-16), a crystal of potassium iodide 
added, and the solution saturated with sulphur dioxide at 50° to ensure 
solution of the arsonic acid. After keeping and re-saturation at 0°, 
the oxide separated in white crusts (8-0 g.) (Found: As, 27-8. 
Calc. : As, 27-9%). 

Hippuric Acid Arsine Dichloride.—When the above oxide (1-0 g.) 
was suspended in concentrated hydrochloric acid, it became a gum 
which crystallised on rubbing (yield, 1-1 g.) (Found: As, 23-2. 
Cj,H,O,NAsCl, requires As, 23-2%). 

Hippuramide-p-arsonic Acid.—Benzoylglycine-p-arsenoxide (15-7 
g.) was suspended in synthetic methyl alcohol (125 c.c.), and the 
solution saturated with dry hydrogen chloride at 0°. The clear 
solution was evaporated to a third of its volume at 50° and added 
to saturated sodium hydrogen carbonate solution (50 ¢.c.) con- 
taining the solid salt (15 g.) in suspension. The voluminous arsen- 
oxide which separated was washed free from chloride, suspended 
in sodium hydrogen carbonate solution (50 c.c.), and oxidised at 0° 
with perhydrol (6-6 g.). Rapid solution ensued and on acidification 
methyl p-arsonohippurate separated in microscopic leaflets (9-4 g.). 
The product was added to ammonia solution (200 c.c., d 0-88) at 
—5° and kept for 2 days below 0° and then for several days at room 
temperature until a clear solution was obtained. On evaporation 
at 50° and acidification hippuramide-p-arsonic acid (7-8 g.) separated. 
It was soluble in 3 parts of boiling water and crystallised in flattened 
needles (Found: N, 9-1. C,H,,0;N,As requires N, 93%). 

NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 

HAMPSTEAD. [Received, September 24th, 1931.} 





CCCCLI.—The Purification and Some Physical 
Constants of Formamide. 


By GILBERT FREEMAN SMITH. 


In the course of a study of the mutarotation of the sugars, it 
appeared desirable to investigate the reaction in formamide as 
solvent. In view of the marked effect on the velocity of muta- 
rotation of minute traces of catalytically active substances, it was 
essential for this purpose to obtain formamide of the highest possible 
degree of purity. It was apparent, however, that the usual methods 
of purification do not yield a completely pure product, and more 
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efficient processes were therefore sought.. Further, in view of the 
importance of this solvent, and of the paucity of trustworthy data 
relating to its physical properties, it also appeared desirable to 
determine or redetermine certain of these constants. 

The most usual method of purification previously employed has 
been that of fractional distillation under reduced pressure. English 
and Turner (J., 1914, 105, 1656), using this method, obtained 
formamide of m. p. 2-20°, and Davis and Putnam (Carnegie Inst. 
Pub., 1915, 230, p. 17) and Brann (J. Amer. Chem. Soc., 1918, 40, 
793), employing the same method, both give the slightly higher 
m. p. of 2-25°. These results were confirmed. An impure specimen 
of formamide (m. p. ca. — 12°), after repeated distillation under 
1—2 mm., gave finally a product of m. p. 2-25—2-30°, which was 
not raised by further distillation. Although the solid melted fairly 
sharply at this temperature, it seemed doubtful whether it was 
absolutely pure, for it often smelt faintly, but distinctly, of hydrogen 
cyanide, presumably formed by thermal decomposition (see Frier 
and Sherman, Amer. Chem. J., 1898, 20, 223). This decomposition 
could not be obviated by distillation under a lower pressure, since 
during the process it is essential to bubble a fairly rapid stream of 
dry air through the boiling liquid in order to prevent violent 
bumping. 

Fractional freezing has similarly proved unsatisfactory. Merry 
and Turner (J., 1914, 105, 748) record that six successive freezings 
raised the m. p. by only 0-08° (from 0-60° to 0-68°), and English 
and Turner (loc. cit.) by twenty successive freezings raised it by 
only 0-4° (from 0-60° to 1-0°); they therefore considered the method 
to be of little use. In view, however, of the very hygroscopic 
nature of formamide, it appeared probable that the failure of the 
method was due to the neglect of this factor, since moisture would 
be absorbed from the atmosphere during the operations of freezing 
and draining. Experiments were therefore carried out in which 
the formamide was frozen and drained under conditions which 
prevented the ingress of water from the atmosphere; the process 
was then entirely satisfactory, since formamide was eventually 
obtained of f. p. 2-55°, which is 0-3° higher than any previously 
recorded. 

The apparatus is represented diagrammatically in Fig. 1. The 
formamide was frozen, by means of an ice-salt mixture, in a large, 
wide-mouthed hard-glass bottle (A) of about 1000-c.c. capacity. 
The bottle was fitted with a rubber bung carrying a thermometer 
and three glass tubes, two of which reached almost to the bottom ; 
one of these served to remove from the crystals the mother-liquor 
remaining after freezing, and convey it to any of the five attached 
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bottles (only two of which are shown) by means of suitable branched 
tubes and glass taps; the other was connected to a conductivity 
cell of the pipette type, and to a tube from which the pure formamide 
could be collected when required. The liquid formamide was con- 
veyed from one bottle to another by applying an air pressure or 
suction to the short tube B. All the tubes having access to the air 
were protected by means of tubes containing calcium chloride and 
phosphoric oxide. 

The usual procedure was to freeze the formamide successively 
four or five times, the mother-liquor from each freezing (10—15% 
of the whole) being conveyed to a separate bottle. It was then 
necessary to refreeze the poorer fractions and combine them in a 
suitable manner. In general, except when the formamide was 
almost pure, the freezing point was raised by about 0-2—0-3° after 
each freezing. The conductivity continued to decrease after the 
f. p. had reached its maximum: the lowest conductivity recorded 
when the experiments had to be discontinued was 1-98 x 10° at 
20°. The best previous value was 2-8 x 10, obtained by Davis, 
Putnam, and Jones (J. Franklin Inst., 1915, 180, 567). In Table I 
are shown the alteration of f. p. during purification of several 
samples of formamide, and also the change in specific conductance 
(x) during the series for the last sample. 


TABLE I. 


F. p. of formamide after nth freezing. 


% = §. 





Sample. n= ] n = 2, n= 3. m= 4 
] 0-60° 1-20 1-60° 1-80 2-00° 
2 1-35 1-60 1-80 2-10 
3 2-25 2-35 2-45 
4 2-30 2-45 2-55 
5 2-55 2-55 2-55 
6 2-55 2-55 2-55 2-55 2-55 
x X 10% 26 "13-2 6-84 2-57 1-98 


~—O 


The experiments show that 2-55° is the f. p. of pure formamide, 
but no estimate can be given of the specific conductance, which is 
probably considerably lower than 1 x 10-. 

The solid formamide undergoes a change in appearance during 
the purification. When impure, it freezes as a white mass of 
interlacing crystals, but as the purity increases, the solid formed on 
freezing gradually becomes less opaque, until finally, when the 
substance is pure, the solid mass is almost transparent. 

The method of purification described has the disadvantage that 
it is rather slow, especially if the formamide is initially very 
impure, since it is then necessary to work up a large number of 
poorer fractions. The most rapid method would appear to be a 
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preliminary purification by distillation under reduced pressure, 
whereby formamide of f. p. 2-25° is obtained, followed by a final 
purification as described. 

Determination of Physical Constants.—The hygroscopic nature of 
formamide necessitated special precautions to avoid contamination 
with water vapour during the filling of the vessels, as well as during 
the actual determinations. The following method of filling vessels 
was adopted. The narrow glass tube used to convey the formamide 
from the container bottle was surrounded for the last 4 or 5 cm. of 
its length by a wider tube of 2—3 cm. diameter and about 7 cm. in 
length (see Fig. 1). The latter was provided with a side tube 


Fig. 1. Fig. 2. 
































through which a rapid stream of dry air was blown, thus surround- 
ing the formamide running from the inner tube with a jacket of 
dry air. The vessel to be filled was inserted well into the wide 
outer tube. 

The values of the density, viscosity, and surface tension were 
determined at 18°, 20°, 25°, and, in addition, measurements of 
density and surface tension were made at 35° and 50°. 

(1) Density. An ordinary pyknometer could not be used for the 
determination of density, since considerable exposure of the liquid 
to atmospheric moisture would inevitably take place during the 
filling and the adjustment of volume. A pyknometer of the type 
shown in Fig. 2 was therefore employed. It consisted of a bulb of 
about 23-c.c. capacity, provided with two capillary limbs of about 
1 mm. internal diameter. On one limb was etched a single mark, 
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while the other limb was graduated in mm. Both limbs were 
provided with ground-glass caps. The pyknometer was calibrated 
at 18°, 20°, 25°, and 35°, water being used as the standard substance. 
A suitable volume of water having been introduced into the pykno- 
meter and the weight determined, the procedure was to adjust the 
liquid level (by means of a slight air pressure) to the single etched 
mark, the scale reading on the other limb then being noted. A 
series of determinations was carried out at each temperature, and a 
calibration curve constructed. The volume of a given weight of 
formamide could then be determined from the corresponding scale- 
reading and the appropriate calibration curve. 

A somewhat less accurate value of the density was also deter- 
mined at 50°; this was required for the calculation of the surface 
tension at this temperature. The pyknometer was not calibrated 
directly at 50°, but the volume of the vessel at 50° was calculated 
from that at 25° and the coefficient of expansion of the glass, which 
was obtained from the calibration curves at 18°, 25°, and 35°. 

The results are given below. The samples of formamide used in 
the determinations all had the same f. p., viz., 2-55°, but the specific 
conductance varied from 3 to 5 gemmhos. 


Density of formamide. 
_ eee 18° 20° 25° 35° 50° 
1-13510 1-13339 1-12918 1-12068 1-1078 
+2x10° +1x10° +1x10° +2x10° +2-x 10> 


’ 
(ij seeeeeeeeeeeees 


As already noted by Réhler (Z. Elektrochem., 1910, 16, 419), the 
relation between the density of formamide and temperature is 
strictly linear. From the figures given above, it is 


d’. = 113510 — 0-00084756(é° — 18). 


Previously recorded values of the density are somewhat dis- 
cordant. At 20° they range from 1-1340 to 1-1358 (Réhler, loc. 
cit.; Turner and Merry, J., 1910, 97, 2076; Brihl, Z. physikal. 
Chem., 1895, 16, 193), and at 25° from 1-1280 to 1-1318 (Walden, 
ibid., 1906, 55, 230; Rohler, loc. cit.). No great reliance can be 
placed on these figures, however, since the formamide employed 
was generally of low m. p. 

(2) Viscosity. Determinations of viscosity were made by means 
of a comparative viscometer of the usual type. It was filled by 
means of a special pipette designed to prevent exposure of the 
liquid to atmospheric moisture. As standards for calibrating the 
viscometer, solutions of sucrose appeared to be the most suitable 
(Bingham and Jackson, Bull. Bur. Standards, Vol. 14, No. 1, p. 59), 
since their viscosities are known accurately and the substance itself 
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is easily obtained pure. The sucrose was of two grades, (1) B.D.H. 
“ A.R.,” (2) B.D.H. “analytical standard,” but no appreciable 
difference in the viscosities of the two could be detected; hence it 
was considered that either sample was of sufficient purity for the 
present purpose. The viscosity of formamide lies between those of 
20% and 40% sucrose solutions, and over this viscosity range the 
viscometer obeyed Poiseuille’s law within the experimental error of 
about + 0-1%. 

In Table II are given the times of flow at 18°, 20°, and 25° for three 
samples of formamide and for the 40% sucrose solution which was 
taken as standard. The viscosities of the formamide are given in 
the last column. 

TABLE II. 


Viscosity of formamide. 








Time of flow (secs.) for Viscosity (c.g.s. units) of 
Temp. formamide. 40% sucrose. 40% sucrose. formamide. 
18° 152-0 246-4 0-06675* 0-03970 
20 144-1 228-7 0-06200 0-03764 
25 127-0 191-85 0-05187 0-03302 


* The viscosity of 40% sucrose solution at 18° is not recorded by Bingham 
and Jackson, but was obtained by interpolation, the relation between fluidity 
and temperature which they give for such a solution being 
1438-6 
o+ 20 
where ¢ is the fluidity at temperature ¢. This gives the value for y at 18° 
of 0-06675. 


t = (f + 20) x 0-597 — + 38-24 


The viscosity at 25° given above is in good agreement with the 
determinations of English and Turner (loc. cit.), who record the 
two values, 0-03299 and 0-03302, at this temperature. 

(3) Surface tension. It has been shown by Richards and Coombs 
(J. Amer. Chem. Soc., 1915, 37, 1656) that the capillary-rise method 
gives accurate values for the surface tension, provided the proper 
precautions are taken. The most important of these is that the 
outer vessel containing the liquid in which the capillary is immersed 
shall be of sufficiently large diameter for the liquid surface to be 
perfectly flat. This was ensured in the present experiments by 
containing the liquid in a wide-mouthed bottle of about 6 cm. 
diameter; this also allowed of precautions being taken rigidly to 
exclude atmospheric moisture. The radius of the capillary tube 
was determined by weighing a mercury thread of measured length, 
the necessary correction being applied for the protrusion of the two 
mercury meniscuses. The mean radius was 0-01179 + 0-0,1 cm. 

A further check on the radius of the tube was obtained by using 
it to determine the surface tension of benzene, which had been 
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purified by the usual methods and finally frozen until its f. p. was 
constant. The mean capillary height at 20° was 5-69 cm., which 
gives for the surface tension y = 28-91, as compared with 28-88 
given by Richards and Carver (J. Amer. Chem. Soc., 1921, 43, 827) 
and by Harkins and Brown (ibid., 1919, 41, 499). The results 
obtained were : 

Surface tension of formamide. 


TOMS Sos iaheikdedsshi. coe cagstiivds 18° 20° 25° 35° 50° 
Capillary height, em. (-+ 0-01) 8-91 8-90 8-885 8-805 8-74 
YP, GEPMRPUNEE .psccvccesccyeocvasessesh 58:53 5835 5791 STIL. 5572 


These values appear to be appreciably higher than those obtained 
previously : Turner and Merry (loc. cit.) record y = 57-35 for 20° 
as compared with 58-35 given above. 

The Ramsay-Shields constant calculated on the basis of the 
values of y and d at 18° and 50° has the value 0-69, instead of the 
standard value 2-12. This abnormality had been attributed by 
Turner and Merry to association. 

The values of the parachor between 18° and 50° are given in 
Table IIT. 


TasB.e III. 
Temp. y- d. P (obs.). P (cale.). 
18° 58-53 1:13510 109-6 
20 58-35 1-13339 109-8 
25 57-91 1-12918 110-0 111-8 
35 57-11 1-12068 110-4 | 
50 55-72 1-1078 111-0 


It is to be noted that the observed values of the parachor are all 
less than the calculated, the maximum divergence being of the 
order of 2%. A similar discrepancy was noted by Sugden (J., 
1924, 125, 1177) in the case of acetamide, for which the observed 
value of P is 148-0, as compared with the calculated value of 
150-8. In the case of formamide the parachor apparently increases 
steadily with rise of. temperature, and would appear to approach 
quite closely to the calculated value at a sufficiently high temper- 
ature. A drift of this nature might possibly be explained on the 
assumption that at the lower temperatures the formamide exists to 
an appreciable extent in the associated condition. 


The author desires to express his thanks to Professor H. M. 
Dawson and to Professor T. M. Lowry, F.R.S., both of whom have 
greatly facilitated the course of this research, and to Messrs. Imperial 
Chemical Industries Ltd. for the gift of a quantity of formamide. 
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CCCCLII.—The Rearrangement of Hydroxy-sulphones. 
Part J. 


By ArtTuur A. Levy, Harry C. Rats, and Samus SMILEs, 


Ir has been shown (this vol., p. 2207) that the sodium salt of 2-naph- 
thol-1-sulphone undergoes rearrangement when heated in aqueous 
solution. The essential feature of the change is the transference of 
2-oxy-1-naphthy] from sulphonyl to oxygen; but the sulphinic acid 
which is then formed, being unstable under the conditions, loses 
sulphurous anhydride with the result that 2-hydroxy-1 : 2’-di- 
naphthyl oxide is finally isolated. This rearrangement, which is 
evidently a reversal of that observed in the conversion. (Warren 
and Smiles, this vol., p. 914) of ‘ iso’’-2-naphthol sulphide into 
2-naphthol 1l-sulphide, has been regarded as a displacement of 
sulphonyl from the positive «-carbon atom of 2-naphthol by the 
negative phenolic ion (loc. cit.). Further experiments have now 
been made to justify this view by examining the behaviour of 
other hydroxy-sulphones in which similar intramolecular conditions 
are provided and it has been found that this type of intramolecular 
change is of wide occurrence. Two examples drawn from a different 
class of hydroxy-sulphone are now described. 

When the sulphide (I), which is formed in the reaction of p-cresol 
with 2-nitrophenylchlorothiol, is oxidised, the sulphone (II) is 
obtained. In this substance, sulphony] is attached to the strongly 
positive carbon ortho to that bearing the nitro-group and it is much 
more easily displaced by the o-phenolic ion than in the case of 
2-naphthol-l-sulphone. The rearrangement proceeds slowly but 
smoothly at 15° in presence of one molecular proportion of aqueous 
alkali hydroxide. This increased activity may be ascribed to the 
strongly positive character of the o-nitro-carbon atom compared 
with the «-carbon atom of 2-naphthol and perhaps also to the oper- 
ation of a mechanism which is discussed later. The sulphinic acid 


Me 0 ASC,HyNO, yy, Coe ie Or 


\OH OH \0-C,H, NO, 
(I.) (II.) (III.) 


) Sere , . 
av) Me Me ow) 
0-C,H,NO, \O-C,HyNO, 


(IIT) is then formed ; its constitution has been shown by conversion 
into a disulphide (IV) with the usual reagents and also by oxidation, 
followed by hydrolysis of the sulphonic group, the ether (V) being 
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isolated. This substance was identical with synthetic material 
obtained from 2-chloronitrobenzene and potassium p-tolyloxide by 
the method of Le Févre, Saunders, and Turner (J., 1927, 1168). 
Another more interesting case is provided by the sulphone (VII), 
which was obtained by oxidation of the sulphide (VI) generated 
from 2-naphthol and 2-nitrophenylchlorothiol. Rearrangement of 
this sulphone proceeds easily under the same conditions as those 
applied to (II) and the constitution of the product (VIII) was 
demonstrated in a similar manner. Thus the disulphide (IX) was 
obtained by the usual reactions, and the corresponding sulphonic 
acid, which was not isolated in the pure condition, yielded on hydro- 
lysis the ether (X), identical with synthetic material furnished by 
the reaction of potassium 2-naphthoxide and 2-chloronitrobenzene. 


/~ bd ae 
wy S0,°C,HyNO, fer aie 


‘J \ /0-C,HyNO; a ‘NO, 
A "Was (V yO (IX.) 
Yves C,H, — \ si 


C) ‘0-C,,H, NO, LY ‘0-C,Hy NO, 
- I.) (XI.) (X.) 


The two disulphides encountered (IV and IX) correspond to thiols 
(e.g., XI) in which intramolecular conditions are similar to those 
occurring in “‘ iso ’’-2-naphthol sulphide (this vol., p. 917). Accord- 
ingly it is to be expected that in presence of alkali the oxido-group 
attached to the positive o-nitro-carbon atom will be displaced by the 
more strongly negative thiol ion and that the related sulphide will 
be formed from the thiol (e.g., VI from XI). Owing to the difficulty 
attending the selective reduction of the dithio-system in presence of 
the nitro-group in acid solution, neither of these thiols (e.g., XI) 
has been isolated ; but by using glucose in alkaline media (compare 
Claasz, Ber., 1912, 45, 2424) which provide conditions favourable to 
the expected rearrangement of the thiols formed by reduction, it is 
shown that the disulphide (IX) yields the sulphide (VI). Thus it is 
seen that the complete cycle (VI —> VII —> IX —> XI —> VI) 
has been realised and that the 2-nitrophenyl nucleus may be trans- 
ferred from oxygen to sulphur or vice versa according to the relative 
states of these atoms. 

There is little doubt that the remarkable ease with which the 
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rearrangement of these sulphones (II and VII) takes place is primarily 
due to the strongly positive character of the o-nitro-carbon atom, 
which facilitates attack by the negative phenolic ion, but it is evident 
that in these cases the change may be further promoted by a 
mechanism involving the nitro-group. Thus it is suggested that, 
when attack of the positive o-nitro-carbon atom takes place, the ion 
of the phenol (e.g., II) yields the unstable nitronic ion (XII) and this 
by transference of the ionic charge to sulphonyl is converted into 
the ion of the sulphinic acid (XIII). Accordingly it is seen that 
after the initial attack of the positive carbon atom has taken place 
the further progress of the change consists essentially in the intra- 
molecular migration of an ionic charge and thus explanation is 
forthcoming of the ease with which the process is accomplished, 
Independent facts afford some justification for the view expressed. 
The colourless sulphones yield with aqueous alkali deeply-coloured 


EtO OMe 
- Vv 
Me On |. No 5 @ o Ou. 
PP a ae ; : 
O— 0-C,H,-NO, 
NO, 
(XII) (XIII.) (XIV.) 


solutions of their salts; during the progress of the change this colour 
fades as conversion into the colourless sulphinate proceeds. The 
intermediate phase thus indicated by the coloured salts is adequately 
represented by the nitronic structure (XII) suggested. Moreover 
it may be noticed that substances of analogous type (XIV) are 
capable of- existence and have been isolated by Meisenheimer 
(Annalen, 1902, 323, 223) in an investigation of the additive products 
formed from potassium alkoxides and trinitroanisole or trinitro- 
phenetole. 

Further information concerning the conditions required for this 
rearrangement is being sought. 


EXPERIMENTAL. 

2-Nitrophenyl 4-Hydroxy-m-tolyl Sulphide (1).—A concentrated 
solution of p-cresol (21 g.) in chloroform was added to a solution of 
2-nitrophenylchlorothiol (38 g.) in the same solvent. The mixture 
was warmed until reaction was complete and then, after the solvent 
had been removed, the residue was purified from acetic acid. The 
required product (32 g.) formed yellow prisms, m. p. 146—147° 
(Found : C, 59-8; H, 4:2. C,,H,,O,NS requires C, 59-7; H, 4:2%). 
The acetyl derivative, prepared with acetic anhydride in pyridine, 
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had m. p. 106° (Found: C, 59-4; H, 4-6. C,;H,,0,NS requires 
C. 59-4; H, 4:2%). 

2-Nitrophenyl-4-hydroxy-m-tolylsulphone (I1)—An excess of 
‘“‘ hyperol ”’ (11 g.) was gradually added in small portions to a warm 
solution of the sulphide (10 g.) in acetic acid (100 c.c.), which was 
constantly agitated. The oxidation was completed at 80—90° 
(about 1 hr.). The sulphone was isolated by cautious addition of 
water and was purified (8 g.) from aqueous acetic acid; m. p. 140— 
141° (Found: C, 52-9; H, 4:0. C,;H,,0;NS requires C, 53:2; 
H, 37%). 

2-Nitrophenyl 3-Sulphino-p-tolyl Ether (I11).—Conversion of the 
sulphone (II) into this sulphinic acid proceeds slowly at 15—18° in 
presence of alkali hydroxide (1 mol.). The process was more rapid 
under the following conditions. A solution of sodium hydroxide 
(0-8 g.; 1-2 mols.) in water (50 c.c.) was added to a suspension of the 
sulphone (5 g.) in water (150 c.c.). The solution, at first red, was 
kept at 50—60° (? hr.); the colour had then faded to very pale 
yellow. The sulphinic acid was liberated from the cooled solution 
in almost theoretical amount; after purification from aqueous 
acetone it formed needles, m. p. 132—133° (Found: C, 53-2; H, 
3°9. C,3H,,0;NS requires C, 53-2; H, 3-8%). The substance was 
soluble in aqueous ammonium carbonate and gave a blue solution in 
sulphuric acid. ' 

4-0-Nitrophenoxy-m-tolyl Disulphide (IV).—Aqueous hydrogen 
iodide (0-5 c.c., d 1-7) was added to a warm solution of the sulphinic 
acid (III) (4 g.) in acetic acid (30 c.c.). The separation of the di- 
sulphide soon began and was completed by addition of a little 
sulphurous acid at intervals. The product crystallised from acetic 
acid in very pale yellow needles, m. p. 117° (Found: C, 60-1; H, 
42; 8, 12-4; M, 522. C,,H,.O,N,S, requires C, 60-0; H, 3:8; 
S, 12-39%; M, 520). 

2-Nitrophenyl p-Tolyl Ether (V).—(a) The sulphone (II) was con- 
verted (2 g.) into the sodium sulphinate (III) with alkali hydroxide 
in the usual manner. An aqueous solution of permanganate in 
slight excess (0-8 g.) of that required for conversion into sulphonate 
was gradually added to the warm solution of the sodium sulphinate. 
After removal of the oxides of manganese, the clear solution was 
evaporated and the solid residue containing the required sulphonate 
was warmed (4 hr.) with dilute sulphuric acid (60 c.c.; 60% H,SQ,). 
The ether which separated slowly volatilised in steam and was 
isolated by this means (1-3 g.). After purification from light 
petroleum the product had m. p. 48° (Found: N, 6-0. Cale.: N, 
61%). Cook and Hillyer (Amer. Chem. J., 1900, 24, 525) quote 
m. p. 49° for this substance. (b) Synthesis of this ether was effected 
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from p-cresol (1:75 mols.), concentrated potassium hydroxide 
(1:33 mols.), and 2-chloronitrobenzene at 160°. .The product from 
(a) was identified with this material (m. p. 48°) by close comparison. 

2-Nitrophenyl 2-Hydroxy-1-naphthyl Sulphide (V1) (Zincke and 
Farr, Annalen, 1912, 391, 86).—This compound was prepared by the 
reaction of 2-naphthol and 2-nitrophenylchlorothiol in warm chloro- 
form. The acetyl derivative (Zincke and Farr, loc. cit.) prepared 
from it in presence of pyridine was used for the preparation of the 
following sulphone. 

2-Nitrophenyl-2-hydroxy-1-naphthylsulphone (VII).—Hydrogen 
peroxide (20 c.c.; 30%) was added at intervals to a warm solution 
(ca. 90°) of the acetyl derivative of the sulphide (10 g.) in acetic acid 
(75 c.c.). Oxidation was completed by continued heating (4 hrs.); 
the acetyl derivative of the sulphone, which separated from the 
cooled mixture, crystallised from acetic acid (50% yield) in plates, 
m. p. 152—153° (Found: C, 58:2; H, 3-6; S, 8-5. C,gH,,0,NS 
requires C, 58:2; H, 3-5; 8, 86%). This material was hydrolysed 
by a boiling (3 hrs.) solution (10%) of sulphuric acid in alcohol. 
The required sulphone separated (80%) from the cooled liquid and 
formed plates from acetic acid, m. p. 181° (Found : C, 58-2; H, 3-6; 
S, 9-8. C,,H,,O;NS requires C, 58:3; H, 3-3; 8, 9°7%). The 
substance gave a colourless solution in sulphuric acid. The red 
sodium salt was precipitated when sodium ethoxide. was added to 
a benzene solution of the sulphone, but the salt rapidly changed to 
the sulphinate before isolation was possible. 

2-Nitrophenyl 1-Sulphino-2-naphthyl Ether (VIII).—The conver- 
sion of the sulphone (VII) into this sulphinic acid proceeded slowly 
(ca. 2-5 hrs.) at 15° in dilute aqueous alkaline (1-2 mols. NaOH) 
solution; at 60—70° the change was more rapid (ca. 20 mins.). 
As in the case of (II) the progress of the change was indicated by the 
fading of the orange-red colour, the solution finally becoming almost 
colourless. The sulphinic acid was isolated and purified as in the 
case of (III); it formed needles which gave a blue solution in 
sulphuric acid and had m. p. 118° (Found: C, 58-2; H, 3:7. 
C,,H,,0;NS requires C, 58:3; H, 3:3%). The substance was 
further characterised by the corresponding methyl sulphone, which 
was formed from the sulphinic acid by treatment with a large excess 
of methyl sulphate in an aqueous alkaline medium. Methyl 2-o-nitro- 
phenoxynaphthalene-1-sulphinate, thus obtained, separated from 
acetic acid in needles, m. p. 141° (Found : C, 59-2; H, 3-8; 8S, 9-2. 
C,,H,,0;NS requires C, 59:4; H, 3-8; 8, 93%). The sulphinic 
acid is most conveniently prepared by hydrolysis of the acetyl- 
sulpbone with alcoholic alkali hydroxide. 
2-0-Nitrophenoxy-1-naphthyl disulphide (IX) was obtained from 
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the sulphinic acid by reduction in warm acetic acid with dilute 
hydrogen iodide under the usual conditions. It separated from 
benzene in fibrous needles, m. p. 207° (Found: C, 64-6; H, 3-7; 
S, 10-7; M, 601. C,,H,,0O,N,S, requires C, 64-8; H, 3-4; H, 
10:8%; M, 592). Reduction of this disulphide was effected by 
adding glucose to a warm stirred suspension of the material (2 g.) in 
alcoholic sodium hydroxide (20%). Addition of glucose was con- 
tinued from time to time until a clear solution was obtained; this 
was diluted with water, cooled, and then acidified with dilute 
sulphuric acid. The very impure product was first recrystallised 
from acetic acid and then further purified by means of the sodium 
salt, which separated from an aqueous solution containing an excess 
of sodium hydroxide. After being liberated from this sodium salt, 
the material separated from acetic acid in bright yellow needles, 
m. p. 182°. The substance (Found: S, 10-8. Cale.: 8S, 10-8%) 
was found by close comparison with an authentic sample to be 
identical with 2-nitrophenyl 2-hydroxy-1-naphthy] sulphide (VI). 
2-Nitrophenyl 2-Naphthyl Ether (X).—(a) The sulphinic acid (VII) 
in aqueous alkaline solution was oxidised to the sulphonate with the 
necessary amount of permanganate. The solvent was evaporated, 
and the residue treated with hot 60% sulphuric acid. The ether, 
rapidly liberated as an oil, was collected in ether; after removal of 
the solvent the residual oil solidified when stirred with cold light 
petroleum. The crystalline material was purified first from this 
solvent (charcoal) and subsequently from methyl alcohol; it formed 
colourless prisms, m. p. 58° (Found: C, 72:3; H, 4:1; N, 5:3. 
C,¢H,,0,N requires C, 72-4; H, 4:1; N, 52%). (b) Reaction 
between potassium 2-naphthoxide and molten 2-chloronitrobenzene 
did not give satisfactory results; the required ether was obtained in 
small yield from molecular proportions of these reagents in boiling 
alcohol (13 hrs.). The solvent and unchanged chloronitrobenzene 
were removed with steam, then, after addition of alkali hydroxide to 
the liquid, the insoluble darkly coloured oil was collected in ether, 
dried, and recovered ; it slowly solidified in contact with light petrol- 
eum, and was then purified as in (a). The product had m. p. 58° 
and was identical with that produced by degradation of the sulphinic 
acid. 
[Received, October 23rd, 1931.] 
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CCCCLITI.—10-Chloro-5 : 10-dihydrophenarsazine and 
its Derivatives. Part XVII. Constitution of the 
Nitro-derivatives produced from 3-Nitrodiphenyl- 
amine-6’-arsonic Acid and its Homologues. 


By CHARLES STANLEY Gipson and JoHN Dosney ANDREW 
JOHNSON. 


REDUCTION of 3-nitrodiphenylamine-6’-arsonic acid (J., 1927, 2514) 
in the presence of hydrochloric acid produces a homogeneous, deep 
red, nitro-10-chloro-5 : 10-dihydrophenarsazine in which the nitro- 
group may occupy the 1- or the 3-position in the phenarsazine 
nucleus. The evidence brought forward (J., 1929, 1229) that this 
compound is 10-chloro-1-nitro-5 : 10-dihydrophenarsazine depended 
on the comparison of its colour, supplemented by spectroscopic 
examination (J., 1930, 1622), with the orange-yellow 10-chloro- 
3-nitro-4-methyl-5 : 10-dihydrophenarsazine and the deep red 
10-chloro-1-nitro-4-methyl-5 : 10-dihydrophenarsazine, the constit- 
ution of the latter two compounds resting on a definite synthetic 
basis. 

10-Chloro-3-nitro-5 : 10-dihydrophenarsazine (II) has now been 
erm synthesised by the following series of reactions : 


AsO(OH), — AsO(OH), 
“B AsCl, 
Br \Br \NHPh rm (-y ) 
} 2\ /\NH/ 
9 No, 
? by % (II.) 


This compound is orange-yellow and decomposes some 10° above the 
melting point of the red reduction product of 3-nitrodiphenylamine- 
6’-arsonic acid. Of the four possible mononitro-derivatives of 
10-chloro-5 : 10-dihydrophenarsazine, the 2-, 3-, and 4-derivatives 
have now been synthesised (compare J., 1927, 2513, 2515). Since 
the reduction product of 3-nitrodiphenylamine-6’-arsonic acid is 
different from al] of these, its constitution must be 10-chloro-1-nitro- 
5 : 10-dihydrophenarsazine. 

This evidence is supplemented by the preparation of 4-methyl-, 
l(or 3)-methyl-, and 2-methyl-10-chloro-7-nitro-5 : 10-dihydrophen- 
arsazines by the reduction (cyclisation) of 2-methyl-, 3-methyl-, and 
4-methyl-3'-nitrodiphenylamine-6'-arsonic acids.* All these dihydro- 
phenarsazines which are derivatives of (II) and in which the nitro- 

* There are 46 possible nitromethyldiphenylamine-6’-arsonic acids, not 34 


as previously stated (J., 1929, 1231); the total number of nitromethyldi- 
phenylaminearsonic acids theoretically possible is 120. 
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group is in the p-position to the arsenic atom are orange-yellow, in 
satisfactory confirmation of the views regarding colour and the 
position of the nitro-group previously expressed. Further, no 
dichloroarsine as an intermediate product of ring closure was isolated 
in any case, which is in keeping with the hypothesis we have put 
forward (J., 1929, 1229) in explanation of the reduction (cyclisation) 
process. Finally, the present work confirms the correctness of the 
constitution provisionally assigned to the dihydrophenarsazine 
derivatives obtained as reduction products of the nitromethyldi- 
phenylamine-6’-arsonic acids. 

We have not yet succeeded in synthesising 10-chloro-1-nitro- 
5: 10-dihydrophenarsazine by a series of reactions analogous to 
those formulated above, for we have not been able to determine the 
conditions for isolating 2-bromo-6-nitrophenylarsonic acid, theore- 
tically obtainable by the Bart-Schmidt reaction from 2-bromo- 
6-nitroaniline (J., 1928, 3092). 

EXPERIMENTAL. 


2.Bromo-4-nitrophenylarsonic acid (1).*—A suspension of finely 
sieved 2-bromo-4-nitroaniline (J., 1928, 3092) (44 g.) in water (162 
c.c.) and hydrochloric acid (61 c.c.) was treated with ice (61 g.) and 
immediately diazotised by the rapid addition, with stirring, of 
sodium nitrite solution (20%; 71 ¢.c.). The diazo-solution was 
run moderately rapidly into a stirred solution of arsenious oxide 
(40-5 g.) in sodium hydroxide solution [NaOH (12-2 g.) in water 
(101 ¢.c.)] to which a solution of copper sulphate (3-05 g.) in water 
(30-5 ¢.c.) had been previously added. Sodium hydroxide solution 
(20°,) was added simultaneously at such a rate that the mixture 
was kept just alkaline to phenolphthalein paper. At this stage it 
was necessary to break up the froth to some extent by addition of 
ether. After the coupling, the mixture was made strongly alkaline 
to phenolphthalein by addition of a little 20% sodium hydroxide 
solution and, after being stirred for some time, it was heated on the 
water-bath for about 15 minutes, treated with charcoal, and filtered. 
On acidification of the warm filtrate some dark tarry matter was 
precipitated, and separated mechanically; on further acidification 
and inoculation the required acid was precipitated as a yellow 
microcrystalline powder. A further quantity was obtained by 
making the mother-liquor alkaline and concentrating and acidifying 
it. The total yield of crude material (which was used in all the 
following condensations except that in which aniline was employed) 


* The method of preparation is similar to that used for the preparation of 
2-bromo-5-nitrophenylarsonic acid (J., 1929, 2335) by Dr. H. J. Barber, to 
whom we are greatly indebted for details not available in his published 
account of the work. 














3272 10-cHLoRO-5 : 10-DIHYDROPHENARSAZINE, ETC. PART XVII. 


was 27-5 g. (42%). The compound crystallised from water, in which 
it was somewhat sparingly soluble, in pale orange-yellow needles, 
decomp. 240—242° (Found: Br, 23-85. C,H,O;NBrAs requires 
Br, 245%). The sodium salt is precipitated in thin pale orange 
needles from a solution in 20%, aqueous sodium hydroxide. A 
dilute alkaline solution of the sodium salt is deep red. The ammon- 
ium salt separates in clusters of pale orange-yellow needles from 
moderately concentrated solutions of ammonia. The other salts 
are not so well defined. 

3-Nitrodiphenylamine-6-arsonic Acid.—A mixture of the preceding 
acid (13-0 g.), aniline (3-8 g.), potassium carbonate (8-3 g.), amyl 
alcohol (40 c.c.), and a trace of copper powder was boiled for 44 hours, 
The volatile materials were removed in steam, and the aqueous 
solution filtered after treatment with charcoal. The solid precipit- 
ated from the filtrate by acidification was recrystallised from aqueous 
alcohol (charcoal) and obtained in orange-coloured plates, decom- 
posing at 193° after shrinking at 135° (Found: As, 22:1. 
C,,.H,,0;N,As requires As, 22:2%). 

10-Chloro-3-nitro-5 : 10-dihydrophenarsazine (II1).—The preceding 
acid (crude and slightly moist, 4 g.) was dissolved in a hot mixture of 
alcohol (25 c.c.) and hydrochloric acid (25 c.c.) and, after addition 
of a trace of iodine, sulphur dioxide was passed through the hot 
liquid. The orange-coloured precipitate was dried under reduced 
pressure in the presence of potassium hydroxide. Its sparing 
solubility indicated that it could not be a dichloroarsine and it was 
crystallised from a large volume of acetic acid and obtained in thin 
orange-coloured needles, decomp. 268—271° (Found: Cl, 11-2. 
C,,.H,O,N,CIAs requires Cl], 11-0%). 

3’ - Nitro - 4 - methyldiphenylamine - 6’-arsonic acid, orange-red 
needles (from aqueous alcohol), showing a colour change at 132° 
and decomposing at 194° (Found : As, 20-5. C,,H,,0;N,As requires 
As, 21:3%); 3’-nitro-3-methyldiphenylamine-6'-arsonic acid, small 
orange-coloured plates (from aqueous alcohol), decomposing at 116° 
(Found: As, 20-:7%); 3'-nitro-2-methyldiphenylamine-6'-arsonic 
acid, small orange-coloured plates (from dilute acetic acid), decom- 
posing at 127—132° (Found: As, 20-5%), were all prepared by 
condensing the appropriate amine with 2-bromo-4-nitropheny]- 
arsonic acid (I) under conditions similar to those used in the prepar- 
ation of 3-nitrodiphenylamine-6-arsonic acid. 

These three acids on reduction in the manner described for the 
preparation of 10-chloro-3-nitro-5 : 10-dihydrophenarsazine (II) 
furnished respectively 10-chloro-7-nitro-2-methyl-5 : 10-dihydrophen- 
arsazine, orange needles (from acetic acid) decomposing at 263° 
(Found: Cl, 10-4. C,3H,90,N,Cl1As requires Cl, 10-5%), 10-chloro- 
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7-nitro-l(or 3)-methyl-5 : 10-dihydrophenarsazine, apparently homo- 
geneous, orange needles (from acetic acid), decomposing at 292— 
294° after previous darkening (Found: Cl, 10-4%), and 10-chloro- 
7-nitro-4-methyl-5 : 10-dihydrophenarsazine, orange prisms (from 
nitrobenzene; this substance is sparingly soluble in all the usual 
organic solvents), decomposing at about 305—307° after previous 
darkening (Found: Cl, 10-2%). 

Treatment of a hot saturated solution of 10-chloro-7-nitro- 
2-methyl-5 : 10-dihydrophenarsazine in acetic acid with an excess 
of hydrogen peroxide, followed by heating for 30 minutes on the 
water-bath and subsequent dilution with water, gave a precipitate 
of 7-nitro-2-methylphenarsazinic acid. This was purified by recrystal- 
lising its slightly soluble sodium salt from 5% aqueous sodium 
hydroxide and subsequently acidifying an aqueous solution of the 
purified salt. The somewhat gelatinous acid precipitated was 
yellow, unmelted at 285°, and almost insoluble in the usual solvents 
(Found: As, 22-1. C,,H,,0,N,As requires As, 22-45%). 

Guy’s Hosprrat Mepicat ScHoot (UNIvERsITy oF LONDON), 

Lonpon, S.E. 1. [ Received, November 2nd, 1931.] 





CCCCLIV.—Polycyclic Aromatic Hydrocarbons. Part 
VIII. The Chemistry of 1:2 :5:6-Dibenzanthra- 


cene. 
By James WILFRED CooK. 


Ir seemed possible that the cancer-producing activity of 1 : 2:5: 6- 
dibenzanthracene is associated with its chemical activity, and in 
attempting to correlate these two factors the meso-ring reactivity 
of this hydrocarbon was investigated for comparison with the 
well-known reactivity of anthracene. 

There was evidence that dibenzanthracene reacted sluggishly 
with bromine to form an unstable additive compound. With 
pyridine dibromide, a reagent which gives a qualitative means of 
distinguishing between different degrees of meso-reactivity (Cook, 
J., 1926, 2162), there was formed an unstable dipyridinium dibromide 
which lost pyridine hydrobromide under the influence of cold 
aqueous ammonia and passed into 1:2: 5: 6-dibenzanthranyl- 
9-pyridinium bromide (I). Dibenzanthracene was converted by 
nitric acid in cold acetic acid into 9-nitro-1 : 2 : 5 : 6-dibenzanthra- 
cene ; there was no suggestion of the formation of an additive com- 
pound, although anthracene reacts additively under similar con- 
ditions (Meisenheimer and Connerade, Annalen, 1904, 330, 133). 
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The interesting addition of maleic anhydride to anthracene and 
its derivatives recently observed by Diels and Alder (Annalen, 1931, 
486, 191) and by Clar (Ber., 1931, 64, 2194) provided a further test 
of meso-additive power. 1: 2:5: 6-Dibenzanthracene reacted with 
maleic anhydride, but with much greater reluctance than anthracene ; 
to facilitate separation from unattacked hydrocarbon, the additive 
product was isolated in the form of the dicarboxylic acid (II). 








/VCsHeN)Br Ta —CH:-CO,H 
Croc | 2OroHe CoH | Crate everes 
(I.) (II.) 


It was thus apparent that the chemical reactivity of 1: 2:5: 6- 
dibenzanthracene is of the same degree as that of anthracene, but 
that the angular structure of the molecule tends to stabilise the 
aromatic state of the meso-ring. This contrasts with the influence 
of linear condensation in the anthracene molecule, since in the case 
of 2 : 3-benzanthracene the dihydro-structure is more stable (Fieser, 
J. Amer. Chem. Soc., 1931, 53, 2329), while 2:3: 6: 7-dibenz- 
anthracene appears to exist only as a deep blue bivalent radical 
(Clar and John, Ber., 1930, 63, 2967). 

The fact that 1:2:5:6-dibenzanthraquinone and | : 2-benz- 
anthraquinone and its derivatives are very resistant to reduction 
by zinc dust and alkali, whereas the simpler anthraquinone deriv- 
atives are usually reduced to the corresponding anthracenes with 
great facility, also supports this view of the opposing influences of 
angular and linear Bz rings; for the initial reduction to the benz- 
(or dibenz-)anthraquinol takes place easily, the obstruction occur- 
ring in the subsequent addition of hydrogen to the meso-carbon 
atoms. With 2: 3-benzanthraquinone the reverse is true; the 
difficult initial reduction of the quinone is followed by ready reduc- 
tion of the benzanthraquinol (Fieser, loc. cit.). 

The physiological properties of compounds are usually con- 
siderably modified by the presence of amino- and hydroxy-groups 
in the molecule, and it seemed of interest to prepare derivatives of 
1: 2:5: 6-dibenzanthracene containing such groups in order to 
study their influence on the carcinogenic activity of this hydro- 
carbon. Reduction of 1:2: 5:6-dibenzanthraquinone with tin 
and hydrochloric acid in acetic acid solution led to a very sparingly 
soluble quinhydrone-like compound which was not further attacked. 
By reduction with aluminium powder and concentrated sulphuric 
acid, 1 : 2: 5: 6-dibenzanthranol was formed; it was not obtained 
pure on account of its susceptibility to atmospheric oxidation, but 
was converted by acetic anhydride into 9-acetory-1 : 2:5: 6-di- 
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THE CHEMISTRY OF | : 2:5: 6-DIBENZANTHRACENE. 


benzanthracene (IIL; R = CO-CH,) and by methyl sulphate into 
9-methoay-1 : 2: 5 : 6-dibenzanthracene (III; R = CH). 


AOR AMBRE 
CHES.) Croll, | oC oH CoH | pCwHe ide, 


It has been shown that the facile hydrolysis of 9-anthranyl ethers 
is due to primary addition to the meso-carbon atoms (Barnett, Cook, 
and Matthews, Rec. trav. chim., 1925, 44, 732), so that the stability 
of 9-methoxy-1 : 2: 5: 6-dibenzanthracene under conditions which 
suffice for the complete hydrolysis of the simpler ethers of the 
anthracene series is further evidence of the suppression of meso- 
additive power in the 1 : 2 : 5 : 6-dibenzanthracene series. 

9-Nitro-1 : 2 : 5 : 6-dibenzanthracene was reduced to the 9-amino- 
compound (IV; R=R’=H) by brief boiling with phenyl- 
hydrazine, although reduction with stannous chloride in glacial 
acetic acid was ineffectual. The constitution of the amine, and 
hence of the nitro-compound, was established by oxidation by 
chromic acid to 1: 2:5: 6-dibenzanthraquinone; the amine gave 
9 - diacetylamino -1:2:5:6-dibenzanthracene (IV; R= R = 
CO-CH,;), with boiling acetic anhydride, and. 9-n-butyrylamido- 
1:2:5:6-dibenzanthracene (IV; R=H; R’ = COC,H,) with 
n-butyryl chloride in pyridine, whereas heating with succinic 
anhydride yielded N-1: 2:5: 6-dibenzanthranyl succinimide (IV; 
RR’ = C,H,0,). 

Investigation of the cancer-producing properties of 1 : 2 : 5: 6-di- 
benzanthracene has led to the development of a new method of 
producing connective tissue tumours (Burrows, Hieger, and Kenna- 
way, private communication) and it is anticipated that the discovery 
of a water-soluble substance having carcinogenic activity will be of 
service in the experimental study of cancer. As a preliminary step, 
the sulphonation of 1 : 2 : 5: 6-dibenzanthracene has been attempted. 
Treatment with concentrated sulphuric acid at 50—60° gave a 
product which seemed to consist essentially of disulphonic acids, as 
shown by the barium content of the easily soluble barium salts. 
Both the barium and sodium salts had poor power of crystallisation 
and no pure compound was isolated. 


EXPERIMENTAL. 


Action of Bromine on 1 : 2: 5 : 6-Dibenzanthracene.—A suspension 
of the finely powdered hydrocarbon (1 mol.) in carbon disulphide 
slowly reacted with bromine (1 mol.). After 18 hours at room 
temperature, the product was collected and dried over solid potass- 
ium hydroxide. It was evidently a mixture of dibenzanthracene 
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with a bromine additive compound; boiling pyridine decomposed 
the chief constituent, so that a little dibenzanthracene crystallised 
on cooling; boiling xylene liberated hydrogen bromide and gave a 
mixture from which no pure substance could be isolated. 

When 2 mols. of bromine were employed, much was unabsorbed 
and some substitution occurred, since crystallisation of the product 
from boiling pyridine gave a product of very indefinite melting 
point. 

1:2:5:6-Dibenzanthranyl-9-pyridinium. Bromide (1).—A cold 
suspension of finely powdered 1 : 2: 5 : 6-dibenzanthracene (2-8 g.) 
in pyridine (10 c.c.) was treated with a solution of bromine (0-5 c.c. ; 
1 mol.) in pyridine (4c.c.). After 4 hours at room temperature, the 
product was collected, washed with pyridine and ether, and dried. 
The substance was extracted with a large volume of water at 50° (it 
was decomposed at higher temperatures), and the filtered solution 
treated with hydrobromic acid. The colourless crystals which 
separated had the properties of a dihydroanthraquinyl dipyridinium 
salt (Barnett and Cook, J., 1921, 119, 901). A solution of this salt 
(6-6 g.) in cold water (200 c.c.) was treated with 2N-aqueous ammonia 
(10 ¢.c.), and after } hour the yellow solution was acidified with 
hydrobromic acid. The monopyridinium bromide separated as a 
curd which was coagulated by boiling; the product was collected, 
dried, and recrystallised from alcohol with the addition of ether. 
1:2:5:6-Dibenzanthranyl-9-pyridinium bromide (1) formed a 
yellowish crystalline powder, sparingly soluble in water, with no 
definite melting point (Found: C, 73-9; H, 43. C,,H,,NBr 
requires C, 74-3; H,4:1%). Addition of aqueous sodium hydroxide 
to a cold solution of the bromide gave an orange precipitate which 
became red on boiling. 

9-Nitro-1 : 2 : 5 : 6-dibenzanthracene.—Nitric acid (d 1-5; 2 c.c.) 
was added to a suspension of finely powdered 1 : 2 : 5 : 6-dibenz- 
anthracene (5-6 g.) in glacial acetic acid (50 c.c.). After 18 hours 
at room temperature, the crude nitro-compound was collected, and 
washed with acetic acid. The product had none of the properties 
of an additive compound, and was purified by recrystallisation from 
xylene. 9-Nitro-1 : 2:5: 6-dibenzanthracene formed orange-yellow 
needles, m. p. 217—218° (Found: C, 81-6; H, 4:2. C,,H,,0,N 
requires C, 81:7; H, 40%). 

9-Amino-1 : 2 : 5 : 6-dibenzanthracene (IV ; R = R’ = H).—Asolu- 
tion of the nitro-compound (1-5 g.) in phenylhydrazine (10 c.c.) was 
boiled for 20 minutes, cooled somewhat, and diluted with alcohol. 
The product was recrystallised from pyridine and washed with 
alcohol; it then formed yellow leaflets, m. p. 268—269° (Found : 
C, 90-0; H, 5-4. C,.H,;N requires C, 90-1; H, 5-1%). Oxidation 
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ed of this amine with chromic acid in glacial acetic acid gave 1 : 2: 5: 6- 
ed dibenzanthraquinone, identified by direct comparison with a sample 
a prepared by oxidation of the hydrocarbon. 
9-Diacetylamino-1 : 2: 5 : 6-dibenzanthracene (IV; R=R' = 

od CO-CH,).—A suspension of the crude amine (from 1-3 g. of the 
ct nitro-compound) in acetic anhydride (35 ¢c.c.) was boiled for } hour. 
ng The crystals which separated on cooling were extracted with boiling 

xylene. There remained undissolved a small amount of a yellow 
ld monoacetyl compound, m. p. 305—307° (decomp.), also obtained 
.) by acetylation of the amine with acetyl chloride in pyridine; this 
7 product could not be obtained analytically pure. The xylene 
1e extract gave 9-diacetylamino-1 : 2: 5 : 6-dibenzanthracene, which 
d. separated from glacial acetic acid as very pale yellow needles, m. p. 
it 215—216-5° (Found: C, 82-4; H, 5-3. C,,H,,O,N requires C, 
yn 82-8; H, 50% : 
h 9-n- Butyrylamido-1:2:5:6-dibenzanthracene (IV; R=H; 
m R’ = CO-C,H,) was obtained by treatment of the amine (2 g.) with 
It n-butyryl chloride (2 c.c.) in pyridine (20 ¢.c.). It crystallised from 
a pyridine as colourless leaflets, m. p. 300—302° (Found: C, 85-8; 
h H, 5-8. C,gH,,ON requires C, 86-0; H, 5-8%). 
a N-1: 2:5: 6-Dibenzanthranylsuccinimide (IV; RR’ = C,H,0,). 
l, —A mixture of the amine (2 g.) and succinic anhydride (10 g.) was 


heated for an hour at 215°. The product was extracted with boiling 
A water, and the residue crystallised from pyridine—alcohol and glacial 
0 acetic acid (Found: C, 83-0; H, 4-6. C,,H,,0,N requires C, 83-2; 
r H, 4.5%). The succinimide formed colourless leaflets, m. p. 299— 
p 300°, insoluble in alkali. 

1 1: 2:5: 6-Dibenzanthracene-9 : 10-endo-«8-succinic Acid (II).— 
A mixture of 1:2:5:6-dibenzanthracene (2-8 g.) and maleic 


) anhydride (1-3 g.) was heated at 250—260° for 20 minutes. After 
: cooling, the powdered mass was extracted with boiling dilute sodium 
; hydroxide solution. The insoluble residue (1°8 g.) consisted >f 
| unchanged dibenzanthracene, and the proportion was not materially 
altered by increasing the amount of maleic anhydride or by prolong- 


) ing the heating for an hour. The recovered hydrocarbon was quite 
free from the yellow impurity present in the original substance. 
The alkaline extract from the above experiment was acidified, and 
the precipitate collected, dried, and recrystallised from glacial acetic 
acid. The dicarboxylic acid (II) formed a colourless crystalline 
powder, m. p. 230° (Found: C, 79-2; H, 4:6. C,,H,,0, requires 
C, 79-2; H, 46%). 

The sparingly soluble disodium salt of the above acid separated 
from hot water as a colourless crystalline powder (Found: Na, 9-6. 
C,gH,,0,Na,,2H,O requires Na 9-7%). 
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When 1:2:5:6-dibenzanthracene (2 parts) was treated with 
maleic anhydride (1 part) in boiling xylene for 5 hours, most of the 
hydrocarbon was recovered unchanged. Under similar conditions 
anthracene condenses completely in about 10 minutes, and 2: 3- 
benzanthracene condenses very rapidly (Clar, loc. cit.). 

Reduction of 1:2: 5: 6-Dibenzanthraquinone.—Fine aluminium 
powder (0-5 g.) was added gradually, with constant agitation, to a 
solution of the quinone (2 g.) in concentrated sulphuric acid (20 c.c.). 
The colour of the solution changed from purple to orange-red. 
After 2 hours, the solution was poured into ice-water, and the 
precipitate coilected, dried in a vacuum desiccator, and dissolved in 
a mixture of pyridine (15 c.c.) and acetic anhydride (10 c.c.). The 
solution, filtered from aluminium, was heated on the water-bath for 
an hour, cooled, and diluted with water, and the crystalline product 
extracted with boiling alkaline sodium hydrosulphite to remove a 
trace of quinone. The dried residue was recrystallised from benzene 
(Found: C, 85-7; H, 4-7. C,,H,,0, requires C, 85-7; H, 4-8). 
9-Acetoxy-1 : 2:5: 6-dibenzanthracene (II1; R = CO-CH,) formed 
colourless microscopic needles, m. p. 235°, which had a violet 
fluorescence in benzene solution, and gave an orange solution in 
concentrated sulphuric acid. This acetate was hydrolysed by 
boiling alcoholic potassium hydroxide; the dibenzanthranol was 
precipitated on acidification of the yellow aqueous solution of its 
potassium salt, but was too readily oxidised to be isolated in the 
pure state. 

When the above preparation was repeated with 15 g. of the 
quinone, the acetoxy-compound obtained was contaminated with a 
by-product, very sparingly soluble in benzene. This separated from 
xylene in colourless silky needles, m. p. 300°, after darkening, and 
gave an orange-red solution in alcoholic potassium hydroxide. It 
was evidently the acetate of an oxidation product formed during 
the very slow filtration of the crude dibenzanthranol. 

9-Methoxy-1 : 2 : 5 : 6-dibenzanthracene (III; R = CHs).—A sus- 
pension of the acetoxy-compound (1-5 g.), m. p. 235°, in boiling 
alcohol (50 c.c.) was treated alternately with 50° aqueous potassium 
hydroxide and methyl sulphate until the orange-red colour of the 
solution was permanently destroyed. The product was extracted 
with alkaline sodium hydrosulphite to remove a little quinone, and 
then crystallised from benzene (Found: C, 89-7; H, 5-0. C,,3H,,0 
requires C, 89-6; H, 5-2%). This methoxy-compound formed a 
colourless crystalline powder, m. p. 178°, and was recovered entirely 
unchanged after its solution in acetic acid containing hydrochloric 
acid had been boiled for an hour. 
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Conclusions. 


1. The cancer-producing property of 1 : 2: 5 : 6-dibenzanthracene 
is not primarily due to any enhanced chemical activity of the 
anthracene ring system present in the molecule, although it is still 
possible that the meso-activity is a contributory factor. 

2. 1:2:5:6-Dibenzanthracene is endowed with meso-additive 
power similar in nature to that of anthracene, but to a subdued 
extent. 

3. Additional benzene rings, condensed to the anthracene mole- 
cule, strengthen the aromatic character of the meso-ring in com- 
pounds of an angular structure, although they weaken it in linear 
compounds. 

THe RESEARCH INSTITUTE OF THE CANCER HOSPITAL (FREE), 

Lonvon, S.W.3. [Received, November 12th, 1931.] 





CCCCLV.—Search for Trypanocidal Activity. Deriv- 
atives of Dehydrothio-p-toluidinesulphonic Acid 
and of 3-Aminocarbazoledisulphonic Acid. 

By GiLtBert T. Morcan and JAmMEs GiBB MITCHELL. 


As regards its potency in the treatment of trypanosomiasis the drug 
Bayer 205 possesses a value far greater than that of compounds of 
closely related structure and the cause of this outstanding activity 
has not been correlated clearly with chemical constitution; for, so 
far as is known, any slight change in the structure leads to greatly 
diminished activity. The present work was undertaken with the 
object of ascertaining the effect of replacing the terminal «-naphthy!]- 
aminetrisulphonic acid residues by other groups, and two sym- 
metrical ureides (carbamides) of dehydrothio-p-toluidinesulphonic 
acid and three of 3-aminocarbazoledisulphonic acid have been 
prepared but in no case has trypanocidal action been detected. 
The arsonic acid obtained through the Bart reaction from dehydro- 
thio-p-toluidinesulphonic acid was similarly inactive. 
3-Nitrobenzoyldehydrothio- p - toluidinesulphonic Acid.—m - Nitro- 
benzoyl chloride (13 g.) was added with shaking to dehydrothio- 
p-toluidinesulphonic acid (10-3 g.) dissolved in 2N-sodium hydroxide 
(50 c.c.) and water (300 c.c.), additional alkali being slowly added 
(30 c.c.) in order to maintain a slight alkalinity. The yellow pre- 
cipitate was recrystallised from water (Found: loss at 160° in a 
vacuum, 10-15, C,,H,,0,N,S,Na,3H,O requires H,0, 9:9%. 
Found in anhydrous salt: Na, 4:5; N, 85. C,,H,,0,N,S,Na 
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requires Na, 4:7; N, 8-55%). The sodium salt (M.L.D. > 100 mg.)* 
separated from water in sparingly soluble, microscopic needles 
(Pu, 7). 

3-Aminobenzoyldehydrothio-p-toluidinesulphonic Acid.—The fore- 
going nitrobenzoyl derivative (7-9 g.) was reduced by iron in water 
containing a trace of hydrochloric acid. The mixture was rendered 
slightly alkaline and, after removal of iron oxides, the sedium salt 
was precipitated by addition of sodium chloride, from which it could 
not subsequently be freed and consequently the product was 
purified as free acid (Found: loss in a vacuum at 160°, 3-2, 
C.,H,,0,N,8,,H,0 requires H,O, 3-1%. Found for anhydrous 
acid: N, 96%; 0-28 g. equivalent to 6-15 c.c. N/10-alkali. 
C,,H,7,0,N,8, requires N, 96%; 617 c.c. N/10-alkali). The 
neutralised solution of acid showed a M.L.D. of 25 mg. 

Ureidodehydrothio - p - toluidinesulphonic Acid.—Dehydrothio-p- 
toluidinesulphonic acid (8 g.), dissolved in water (250 c.c.) con- 
taining ten equivalents of sodium carbonate (13-5 g.), was treated 
with a slow stream of carbonyl chloride until the mixture became 
strongly acid, the whole treatment being repeated until the product 
no longer contained any primary base. The pasty yellow precipitate 
was converted into sodium salt and purified as such by repeated 
solution in water, concentration, and precipitation by alcohol 
(Found : loss at 150° in a vacuum, 13-2. C,).H,.0,N,S,Na,,6H,0 
requires H,O, 13-3%. Found in anhydrous salt: Na, 6-3; N, 7-5; 
S, 17-55. CygH90,N,8,Na, requires Na, 6-5; N, 7-9: S, 18-05%). 

The sodium salt (M.L.D. = 20—40 mg.) became gelatinous when 
moistened with water and dissolved with difficulty in hot water, 
forming an intensely green fluorescent solution (py, 7-5). 

Ureido-m - aminobenzoyldehydrothio - p - toluidinesulphonic Acid.— 
Carbonyl chloride was passed through a solution of the foregoing 
aminobenzoyl compound (3-5 g.), suspended in water containing 
sodium carbonate (8 g.), until separation of the carbamide was 
complete. The precipitate was redissolved in alkali and the treat- 
ment repeated; the product, which then became practically free 
from primary base, was dissolved in sodium hydroxide, the solution 
evaporated to dryness in a vacuum, and the sodium salt purified by 
solution in boiling 95% alcohol, from which it separated on cooling 
(Found : loss at 160° in a vacuum, 8-65. C,,;H 5,0 N,S,Nao,5H,0 
requires H,O, 8-8%. Found in anhydrous salt: Na, 5-0; N, 9-2. 
Cy3H3,0,N,S,Na, requires Na, 4-85; N, 8-9%). The sodium salt 
(M.L.D. > 100 mg.) is not readily soluble in water, but a 1% jelly 
(pu 6-5) can be obtained by dissolving it in 300 parts of water with 
subsequent concentration to one-third. 

* Minimum lethal dose for mouse of 20 g. = M.L.D. 
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Sulphodehydrothiotoluene-p-arsonic Acid.—Dehydrothio-p-toluid- 
inesulphonic acid (18 g.), dissolved in water (200 c.c.) containing 
2N-sodium hydroxide (30 c.c.), was treated simultaneously in the 
cold with 2N-hydrochloric acid (60 ¢.c.) and N-sodium nitrite 
(60 c.c.). The diazo-solution was poured into an alkaline solution of 
sodium arsenite (20 g. in 60 c.c. of 2N-sodium hydroxide) to which a 
little copper sulphate had been added. Nitrogen was rapidly 
evolved, and the reaction completed on the steam-bath. The 
solution, which was quite free from tar, was evaporated in a vacuum 
and on acidification the arsonic acid separated (21 g.). The sodium 
salt was precipitated from aqueous solution by absolute alcohol 
(Found in anhydrous salt : N, 3-2, 3-0; As, 15-7. C,,H,)0,NS,AsNa, 
requires N, 3-0; As, 15-8%). This reddish-brown sodium salt 
(M.L.D. 30—40 mg.) was very soluble in water (pq 7-5) and moder- 
ately so in 95% alcohol. 

3-Nitrocarbazoledisulphonic Acid.—Sulphonation of 3-nitrocarb- 
azole by the use of 67% sulphuric acid (Schwalbe and Wolff, Ber., 
1911, 44, 237) at 130—140° led to charring and incomplete reaction 
with correspondingly small yields. When, however, nitrocarbazole 
(20 g.) in concentrated sulphuric acid (20 c.c.) was heated gradually 
to 70° and maintained at 70—75° for 4 hours, a clean solution was 
achieved. This solution was added to ice, filtered to remove un- 
changed nitrocarbazole (1-5 g.), and neutralised by calcium carbon- 
ate. The calcium salt, which showed no definite crystalline form, 
separated on concentration of the filtrate; it was fairly readily 
soluble in water, giving a solution neutral to litmus (Found in 
anhydrous salt: Ca, 9-6; 8S, 15-8. C,,H,O,N,S,Ca requires Ca, 
9-8; S, 15-6%). 

3-Aminocarbazoledisulphonic Acid—An aqueous solution of 
calcium 3-nitrocarbazoledisulphonate (14 g.) was heated on a steam- 
bath with iron filings (10 g.) and a trace of hydrochloric acid. After 
removal of iron oxides and evaporation of the filtrate in a vacuum, 
a faintly coloured calcium salt remained which on exposure to air 
assumed an intense purple colour and neither the calcium nor the 
sodium salt could be subsequently isolated in a colourless state. 
The free acid, obtained in poor yield by adding concentrated hydro- 
chloric acid to a concentrated solution of the sodium salt, was 
purified by recrystallisation from water (Found in anhydrous acid : 
N, 8:0. C,H, 0,N,S, requires N, 8-2%). In view of these experi- 
mental difficulties, the following method was adopted. 

3-(3'-Nitro-4'-methylbenzamido)carbazoledisulphonic  Acid.—Cal- 
cium 3-nitrocarbazoledisulphonate (16g.), dissolved in water (100 c.c.), 
was reduced by iron filings (16 g.) in presence of a trace of hydro- 
chloric acid, and the filtrate from iron oxides treated forthwith with 
50 
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2-nitro-p-toluoyl chloride (16 g.) while 10% aqueous sodium hydr. 
oxide was run into the cooled and stirred solution. A yellow 
precipitate separated slowly and was purified as sodium salt by 
precipitation from water by alcohol (Found in anhydrous salt; 
Na; 8-5; N, 7:8. Cy 9H,,0,N,S,Na, requires Na, 8-4; N, 7-7%). 
The sodium salt dissolved readily in hot water and separated on 
cooling as a curdy precipitate. 

3-(3'-3''- Nitrobenzamido - 4' - methylbenzamido)carbazoledisulphonic 
Acid.—The nitrotoluoyl derivative (9-6 g.) was reduced as in the 
foregoing preparation, the filtrate from iron oxides being treated 
with 3-nitrobenzoyl chloride (6 g.) in presence of sodium hydroxide 
(4 g.). The resulting sodium salt was recrystallised from water 
(Found in anhydrous salt: Na, 6-8; 8, 7-0. C,,H,,0,)N,8,Na, 
requires Na, 6-9; S, 7-2%). 

Ureido-3-aminocarbazoledisulphonic Acid.—A slow stream of 
carbonyl] chloride was passed through an aqueous solution (50 c.c.) 
of 3-aminocarbazoledisulphonic acid (2 g.) containing ten equivalents 
of sodium carbonate (6-2 g.) until the liquid was strongly acid; the 
phosgenation was then repeated in presence of five equivalents of 
alkali. The product separated slowly as a gelatinous precipitate, 
which was converted into sodium salt, purification of the latter being 
effected by repeated precipitation from water by alcohol (Found in 
anhydrous salt: Na, 11-5. C,;H,,0,,N,5,Na, requires Na, 11-5%). 
The sodium salt exhibited no definite crystalline form ; it was soluble 
to the extent of at least 6 parts in 10 at room temperature (py 6; 
M.L.D. = 2 mg.). 

Ureido-3-(3'-amino-4'-methylbenzamido)carbazoledisulphonic Acid. 
—Sodium  3-(3’-nitro-4’-methylbenzamido)carbazoledisulphonate 
(5-5 g.), dissolved in cold water, was reduced by simultaneous 
addition of solutions of ferrous chloride (14 g.) and sodium hydroxide 
(6 g.), the reaction being promoted by stirring. After removal of 
iron oxides the filtrate was phosgenated as in the preceding prepar- 
ation. The acid was converted into the sodium salt, which was 
purified by precipitation from concentrated aqueous solutions by 
alcohol (Found in anhydrous salt: Na, 8-3. C,,;H,,0,,N,S,Na, 
requires Na, 86%). The sodium salt had no definite crystalline 
form, it dissolved readily in water to a neutral solution (p, 7: 
M.L.D. = 18 mg.), and gave only a very slight diazo-reaction. 

Ureido-3-(3'-3"’ - aminobenzamido-4'- methylbenzamido)carbazoledi - 
sulphonic Acid.—Sodium 3-(3’-3’’-nitrobenzamido-4’-methylbenz- 
amido)carbazoledisulphonate (4 g.) was reduced by iron filings in 
presence of a trace of hydrochloric acid. The filtrate was treated 
with carbony] chloride in presence of sodium carbonate until no free 
primary amine remained. The product separated as a gelatinous 
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paste (2:1 g.), convertible into sodiwm salt, which separated in 
filtrable form on addition of alcohol to its concentrated solution 
(Found in anhydrous salt: Na, 7-25. C;;H3,0,,N,S,Na, requires 
Na, 7:1%). This sodium salt (M.L.D. = 10 mg.) gelatinised on 
addition of water but did not appear to pass readily into solution. 
On warming in water the substance dispersed, forming a viscous 
fluid which set to a jelly on cooling; even a 3% solution (px 9) 
behaved in this way. The compound gave a very faint diazo- 
reaction. 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX, [Received, November 13th, 1931.] 





CCCCLVI.—WNitration of Carbazole. 
By GitBEert T. Morcan and James GispB MITCHELL. 


From the mother-liquors obtained in the nitration of carbazole in 
acetic acid, Ziersch (Ber., 1909, 42, 3797) isolated a yellow substance 
melting at 164° which was believed to be 1-nitrocarbazole. Sub- 
sequently Lindemann and his colleagues (Ber., 1924, 57, 555, 1314; 
1925, 58, 1221) isolated another nitrocarbazole (m. p. 187°), probably 
identical with that reported by Votoéek (Chem. Zeit. Rep., 1896, 20, 
190), and showed that the corresponding amino-derivative (m. p. 
193°) was identical with l-aminocarbazole prepared synthetically. 
Accordingly the yellow substance was assumed to be 2- or 4-nitro- 
carbazole. 

We have, however, failed to obtain this yellow substance in a 
definite crystalline form with a sharp melting point and when re- 
course was had to sublimation in a vacuum two fractions in 
approximately equal amount and in good yield were obtained, the 
first being 1-nitrocarbazole and the second 3-nitrocarbazole; no 
trace of any other derivative could be detected. The melting point 
data offer a complete explanation. The yellow substance is a 


Melting Points of Mixtures of 1- and 3-Nitrocarbazoles. 


3-Nitrocarbazole, % 80-0 66-6 64-8 62-0 58-0 
Th, Dy. execdecoseppoovecs 185—195° 160—164° 157—163° 159—161° 160—163° 
3-Nitrocarbazole, % 50-0 43-0 39-0 33-3 20-0 
MM ancstascenapresses 162—163° 156—159° 157—162° 161—164° 174—180° 


molecular complex (m. p. 162—163°) of the two isomerides, and the 
isolation of 1-nitrocarbazole in small yields (Votoéek, loc. cit.; 
Lindemann, loc. cit.; Kehrmann and Zweifel, Helv. Chim. Acta, 
1928, 14, 1213) is probably to be attributed to instability of this 
molecular compound. 
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In view of the acidity of the carbazole nucleus it was decided to 
try the effect of basic solvents such as aniline and pyridine in the 
hope of resolving the molecular compound into its components, 
The yellow substance dissolved readily in either solvent and addition 
of alcohol separated 1-nitrocarbazole in almost quantitative yield. 
This 1l-nitrocarbazole was reduced to l-aminocarbazole, a_ base 
from which we did not obtain a 1 : 9-diazoimino-derivative on 
treatment with nitrous acid or alkyl nitrites, under conditions 
comparable with those in which o-aminodiphenylamine readily 
yields its diazoimine, C,H ,-N-C,H,Ng. 

Resenicensiiil 


Nitration Experiments.—(a) A stirred suspension of carbazole 
(50 g.) in water (100 c.c.) was warmed at 40° for 1 hour while 60% 
nitric acid (45 c.c.) was added. Thereafter the temperature was 
raised at the rate of 10° per hour and maintained at 80—90° for 
3 hours. The dried product (63 g.) was digested with benzene 
(400 c.c.) for 2 hours, and the suspension quickly cooled to room 
temperature. The precipitate (45-3 g.) consisted mainly of 3-nitro- 
carbazole, and the benzene filtrate contained a yellow product, 
m. p. about 164°. 

(b) The method described by Ziersch * (loc, cit.) in glacial acetic 
acid gave 63-8 g. of mixed nitrocarbazoles, of which 15-6 g. dissolved 
in benzene. The yellow molecular complex (m. p. 158—162°) 
contained a small amount of unchanged carbazole. 

(c) [With J. R. Dotpxin.] Benzoyl nitrate, prepared by adding 
benzoyl chloride (35 g.) and dry petroleum to powdered silver 
nitrate (50 g.) at — 15°, was after 2 hours filtered into a well-stirred 
suspension of carbazole (32 g.) in petroleum (200 c.c.) of b. p. 80— 
100°. The carbazole slowly dissolved and subsequently a dark 
green solid separated until the mixture became semi-solid. After 
1 hour at the ordinary temperature the solid was warmed with 
aqueous sodium hydroxide to remove benzoic acid, the colour 
changing from green to dark red. Repeated crystallisations yielded 
3-nitrocarbazole (27-4 g.) and the yellow molecular compound 
(12-5 g.) melting at 164°. 

Repeated crystallisations of this molecular compound gave small 
yields of 1-nitrocarbazole, but the main bulk of the material separated 
in small crystals with an indefinite melting point round about 
164°. 

When the yellow molecular compound was heated in a Hedley 
sublimer in a vacuum at 190—200° a sublimate (1-24 g.) formed 
which crystallised from glacial acetic acid in long, flat, yellow needles, 


* In the original paper the amount of nitric acid given as 15-5 c.c. per 
100 g. of carbazole is insufficient and is probably a misprint for 45-5 c.c. 
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m. p. 186-5—187-5°; further heating at the same temperature gave 
0-3 g. (m. p. 164—168°), and at 230—240° a sublimate of 3-nitro- 
carbazole (1-94 g.) appeared which crystallised from glacial acetic 
acid in rosettes of needles (m. p. 214°). 

A warm solution of the yellow molecular compound (45 g.) in 
aniline (80 c.c.) was heated with an equal volume of absolute 
alcohol. 1-Nitrocarbazole (20-8 g.) separated rapidly in character- 
istic form (m. p. 186—187°). On recrystallisation (18 g.) it melted 
at 186-5—187-5°, this amount representing a yield of 12 g. of pure 
material from 100 g. of carbazole. 

Warm pyridine (9 c.c.) readily dissolved the molecular compound 
(8-5 g.) and on addition of three volumes of alcohol 1-nitrocarbazole 
separated, m. p. 183—184°. 

The sintering and liquefying points of weighed mixtures of 1- 
and 3-nitrocarbazoles were observed (see foregoing table). 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. [Received, November 13th, 1931.] 





CCCCLVII.—The Inhibitory Effect of Substituents in 
Chemical Reactions. Part II. The Reactivity of 
the isoThiocyano-group in Substituted Arylihio- 
carbimides. 


By DonaLp WHEELER Browne and GEorRGE Matcotm Dyson. 


ReEsvutts of previous experiments (Dyson, George, and Hunter, J., 
1927, 436) have shown that the reaction between thiocarbonyl 
chloride and arylamines is, in general, too rapid to allow of its use 
as a critical method for the investigation of the effect of sub- 
stituents on reactivity, and it was therefore decided to examine 
quantitatively a reaction which could be more easily controlled. 

To be of value in this respect the chosen reaction must have the 
following properties: (1) It must be simple, comparatively free 
from side reactions, involve only the minimum number of re- 
acting substances, and be as nearly as possible irreversible. (2) 
It must proceed at a measurable rate. (3) One, at least, of the 
reacting substances must be capable of comparatively accurate 
analytical determination. (4) The reaction should proceed entirely 
in the liquid phase without the separation of solid material. (5) 
It must take place even when the aryl nucleus is loaded with a 
variety of substituents. 

Among the very few reactions which fulfil these conditions, that 
most suitable to our purpose was found to be the formation of 
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thiourethanes from aryl-thiocarbimides by prolonged boiling with 
alcohols : 


R-NCS + HO-Alk —> R-N:C<O)L, <= R-NH-CS-OAlk . (A) 


By using a large excess of alcohol (100—150 mols.) it is possible 
to observe the formation of the thiourethanes as an almost uni- 
molecular reaction, whilst, save in one or two exceptional cases, 
no side-reactions were observed to interfere with determinations 
made upon the main reaction. Moreover, the reaction was not 
appreciably reversible under the condition of the experiments, 
although some hours were usually necessary for its completion, 
except in cases where certain substituents in the nucleus led to 
considerable acceleration of thiourethane formation. The reaction 
was. not appreciably catalysed or inhibited by the presence of 
hydrogen ions, identical results being obtained with pure ethy| 
alcohol and with N/100-hydrogen chloride in pure ethyl alcohol. 
The thiourethanes are easily soluble in hot alcohol, and except in 
one case no difficulty was experienced from the separation of solid 
matter. 

In the experiments described beiow, a chemical method was 
devised for the measurement of the amounts of thiocarbimide 
remaining in the reaction liquid; it depended on the rapid combin- 
ation which takes place between arylamines and thiocarbimides in 
hot alcoholic solution : 

R-NCS + NH,R = CS(NHR), . . ~ (B) 
The use of aniline as the arylamine in equation (B) led to several 
inaccuracies, but benzidine reacted rapidly, 
R-NCS + NH,°C,H,°C,H, NH, —> 

R-NH-CS-:NH-C,H,C,HyNH, . . (C) 

giving thiocarbamides which are only very slightly soluble in cold 
alcohol (approximately 0-1% at 15°), and can be estimated gravi- 
metrically. This reaction provided the basis for the present 
experiments. 

The velocities of reaction between 75 arylthiocarbimides and 
ethyl alcohol have been determined, the results of which are dis- 
cussed below. Phenylthiocarbimide itself reacted comparatively 
slowly, and in Fig. 1 the broken line indicates the rate of disappear- 
ance of the thiocarbimide from an N/13-5-solution at the b. p. 
(78-5°) of the alcohol. 

Nitro-substituted Arylthiocarbimides.—Except in one case, nitro- 
substituted arylthiocarbimides reacted with ethyl alcohol too 
rapidly to admit of quantitative measurement. The approximate 
time required for the complete conversion of the thiocarbimide 
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into the thiourethane was estimated by observing the amount of 
the thiocarbamide formed on heating a measured sample with 
benzidine. The absence of a weighable amount of the thiocarbamide 
was taken as a sign that the reaction was complete. Nitromesityl- 
thiocarbimide could not be induced to react with ethyl alcohol 
under the conditions of our experiments. The results with other 
nitro-substituted arylthiocarbimides are given in Table I, in which 
the time shown is that (in minutes) required for completion of the 
reaction between ethyl alcohol and the thiocarbimide in N/13-5- 
solution. 


TABLE [. 

Phenylthiocarbimide. Time. Phenylthiocarbimide. Time. 
D-MitTG- ssiweagscvcccsensiencoces 15 3-Nitro-6-methyl- ............ 10 
B-BGG- — ncecnccscecivenzscosssse 20 2-Nitro-3-methyl- ............ 40 
ATR Ho ceanscsesesscecsestees 20 3-Nitro-4-methyl- ............ 20 
2-Nitro-6-methyl- ............ 20 3-Nitro-6-methoxy- .......+. 30 
2-Nitro-4-methyl-. ............ 15 B-Nitro-4-flUOro- .....ccceceeeee 10 
4-Nitro-2-methyl- ............ 10 3-Nitro-5-chloro- ..........00+++ 15 


These results indicate clearly that the nitro-group has a very 
strong activating influence on the isothiocyano-group, which is 
independent of the relative positions of the two groups and is 
not materially diminished by the presence of other groups. 

Results obtained with the alkyl-substituted arylthiocarbimides 
are given in Table II, and are represented diagrammatically in 


TaBLE II. 

Phenylthiocarbimide. i, Ws Phenylthiocarbimide. #, %. 
2S-MOERGY Im ccccccscsscccssseecceses 55 3:5-Dimethyl- ............... 8 
SIN vacsccersscascsesscssnes 12-5 2:4: 6-Trimethyl-............ Nil 
4 MOU co sccccsiivderesisissens 10-5 3:4: 6-Trimethyl-............ Nil 
2: S-Dammethigl-... ...ccccccccesse 4-5 GANT hceeencncedescnnceceeiss 9 
Ss GeRNOEGE>. . ncceccccseccce’ 3:5 AG OOIIT E> oni nccsessceesecscaes Nil 
2: 5-Dimethyl- ...........0006 3-5 6-Methy1-3-isopropyl-......... Nil 
2: 6-Dimmothayle . .....cscccecsce Nil (Unsubstituted) ............66. 17 


Fig. 1. In this and subsequent tables, x represents the percentage 
of thiocarbimide which has reacted in 60 minutes. 

It is clear from these results that the alkyl group as a nuclear 
substituent inhibits the reaction, and that the inhibition is greatest 
with an ortho-substituent and least with a meta, the effect of a 
para-substituent lying between the two. As with the analogous 
halogen compounds, the effect of the alkyl groups is additive, and 
in the case of those thiocarbimides containing two nuclear methyl 
groups the reactivity of the isothiocyano-group is less than that of 
either of the analogous thiocarbimides containing the methyl group 
alone. Complete inhibition of the reaction was observed in the 
case of 2: 6-dimethylphenylthiocarbimide, and the most highly 
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reactive of these xylylthiocarbimides was observed to be the 3: 5- 
dimethyl isomeride. The presence of three methyl groups in the 
2:4:6- or 3:4: 6-positions reduced the reactivity of the group 
to such an extent that no reaction was discernible. Again, the 
ethyl group in the para-position exerted a more powerful inhibitory 
action than the methyl group in the same position, and in the case 
of the isopropyl group, inhibition was complete. 
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Halogen-substituted Arylthiocarbimides.—Halogen atoms in any 
position in the nucleus of an arylthiocarbimide accelerate the re- 
action, as shown in Table III. When the halogens are arranged 


TABLE III. 

Phenylthiocarbimide. # %, Phenylthiocarbimide. By % 
DANBe. \acccccevesvecdscostee 36 INS. consencdssennaciindas 40 
DS -cciccsdsceiarencones’ 39 IY cocetensncecscccinsiss 54 
Z-TGEO- cccccccccescossvecsseses Decomp.*  4-Bromo- ...........sceseeeeee 60 
SN -ccdenésceeccnecetoxen 59 GEES dutdoaminacmosevancchoess 62 
ON cctacdidosestianieres 63 Ds GBR vicncsccccccscs ca. 70 
GTO GMROe 650600040000 60eccecue 65 2 : &-Dichloro- ..........0000: ca, 65 
TPEEEM didccearsviccoceniepares 67 © 5 POND onsvvcqsecsscse ca. 100 


* Evolution of iodine accompanied decomposition. 


in decreasing order of activating ability, the order I>Br>Cl>F 
appears, both in meta- and in para-positions. That the effect is 
approximately additive is shown by the 2:4-, 2:5-, and 3:5- 
dichlorophenylthiocarbimides, all of which react very rapidly, 
as though the two atoms were exerting their influences on the 
isothiocyano-group independently. Graphical representation of this 
group of thiocarbimides is given in Figs. 2, 3, and 4. 

Considerable interest attaches to the reactivities of the thio- 
carbimides which contain both halogen and alkyl groups in the 
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nucleus, since in these cases two types of substituent are acting 
in opposition to one another. All ten chlorotolylthiocarbimides 
have been quantitatively examined, together with three highly 
alkyl-substituted chlorophenylthiocarbimides, the results from 
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these compounds being shown in Table IV, which is divided into 
three groups, the first related to 3-chlorophenylthiocarbimide, 
the second to the 4-chloro-, and the third to the 2-chloro-isomeride. 
Graphs showing the progress of these reactions are given in Figs. 
4, 5, and 6. 
502 
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In the first class, it is clear that the inhibitory action of the methy] 
group is acting in opposition to the accelerating action of the halogen 
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substituent, with the result that in no case does the reactivity of 
the isothiocyano-group of the alkyl-substituted chlorophenylthio- 
carbimides appreciably exceed that of the parent 3-chlorophenyl- 
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thiocarbimide. A methyl group in the 5-position has the least 
influence on the reactivity of the isothiocyano-group in alkyl-sub- 
stituted 3-chlorophenylthiocarbimides, which is to be expected 
from the fact that 3-tolylthiocarbimide is more reactive than either 
the 2- or the 4-tolyl isomeride. The methyl group in the 4-position 
exerts a slightly greater inhibitory action, while there is a considerable 
difference between the reactivities of the two compounds in which 
the methyl group is in a position ortho to the isothiocyano-group. 
For instance, 3-chloro-6-methylphenylthiocarbimide is much more 
reactive than its 2-methy! isomeride, and this difference in activity 
must, in some way, be due to a “ screening ” effect of the 2-methyl 
group, standing between the isothiocyano-group and the chlorine 
atom. 
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TABLE IV. 
Phenylthiocarbimide. 2, Ve 
MINDS, tieeindatacansdbaressidemcetsesbeascorveseanes 63 
SCRIOCO-B- ROGGE... cccsccccccsedccescccccccocassooes 65 
S-CalerG-G-meGyl- ....1...ccccecssocccoccccccsosvesese 28 
I./ 3-Chloro-4-methyle ..........csecsesccsccsccsccocccscess 52 
C-SI iriin ns sccnenenstesccocccsccncscoses 23 
3-Chiora-4 : 6-dimethyl- ..........c0scsscsecsresseoees 14 
3-Chloro-2 : 4: 6-trimethyl-  ..........sceseeseeeeees Nil 
ma MI cnnsiansanednensssctetsensecnnsenienebentenanies 54 
4-Chloro-2-methyl]- ............cssceccesceeseesecvcsees 15 
4-Chloro-3-methyl]- ...........scecccccscccssesscesseess 40 
BAPMONR]  cccrcderasessocescccncescccossspeoonescsecceeess 36 
ie 2-Chloro-5-methyl- ..........scesseseesceecescceceeeees 29 
2-Chloro-3-methyl]- .........sesececcescenssccscessoees 29 
B-Chbemo-4-mnethag le 62..000secsescoscresnscocncnssesbene 25 
IE GROIEEE scsosvennctesseosensngnecaneoseunoess 10 
2-Chloro-3 : 4: 6-trimethyl-  ........seeeeeeeeeeseees Nil 
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When there are two methyl groups present together in the same 
nucleus, as in the case of 3-chloro-4 : 6-dimethylphenylthiocarbimide, 
the reactivity of the isothiocyano-group is lower than when any single 
methyl group is present. In the case of the 3-chloro-2: 4: 6. 
trimethylphenylthiocarbimide, the accumulated influence of the 
three methyl groups completely overcomes the accelerative tendency 
of the 3-chloro-atom, leading to complete inhibition of the reactivity 
of the isothiocyano-group, under the conditions of the experiment. 

In the case of the 4-chloro-compounds, both the 2- and the 3. 
methylthiocarbimides are less reactive than the parent compound, 
and the methyl group in the 2-position is a more active inhibit. 
ing agent than the corresponding group in the 3-position. In the 
2-chloro-compounds, the methyl group in the 5-position is again 
the least inhibitory, the corresponding group in the 3-position, 
however, being almost equal in its effect. In the 4-position the 
effect is slightly more pronounced, the reaction velocity being a 
little less than with the corresponding compound containing the 
methyl group in the 3- or the 5-position. When in the 6-position, 
the methy] group has a maximum effect, and 2-chloro-6-methyl- 
phenylthiocarbimide is the least reactive of the monomethyl- 
substituted 2-chlorophenylthiocarbimides. The complete indiffer- 
ence which 2-chloro-3 : 4 : 6-trimethylphenylthiocarbimide exhibits 
towards ethy] alcohol at the b. p. indicates, as in the case of the 
3-chloro-2 : 4 : 6-trimethyl analogue, that the combined inhibiting 
influence of the three methyl groups is stronger than the accelerating 
influence of the chlorine atom. 

Alkoxy-compounds.—A series of thiocarbimides of the aromatic 
series containing a nuclear methoxy- or ethoxy-group was examined, 
and the reactions with ethyl alcohol were followed. The results 
so obtained are shown in Table V, their graphical representation 


TABLE V. 

Phenylthiocarbimide. 2, %. Phenylthiocarbimide. x, % 
POS sakcscsesectstcnedsse 4:5 2: 6-Dimethoxy-.........++. Nil 
OE ® | cnvascccsvernsescses 18-5 3: 4-Dimethoxy- ..........++ 19 
GET cccsvsescissceseesess 15-5 3: 5-Dimethoxy- ........++4. 27 
EDs | einncssctessnnnseices 3-0 3-Chloro-4-methoxy- ......... 53 
Es  cniccctwosnsaaaveces 24-0 4-Chloro-3-methoxy- ........+ 63 
CRS, | poaviunrticonuottcess 9-5 5-Chloro-2-methoxy- ......... 16 
2:5-Dimethoxy- ..........++ 8-0 5-Chloro-3-methoxy- ......... 80 


being given in Figs. 7 and 8. They indicate that the general trend 
of reaction velocities, m>o>>p, is maintained even when, as in the 
case of the monomethoxy- and monoethoxy-substituted phenyl- 
thiocarbimides, the m-compound is more reactive, and the o- and 
the p-compound are less reactive, than uusubstituted phenyl- 
thiocarbimide. The additive nature of these modifying influences 
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on the reactivity of the ésothiocyano-group is remarkably constant, 
and is shown by the compounds containing two methoxy-groups 
in the nucleus. The 3: 5-dimethoxy-compound is the most re- 
active, exceeding in this respect the 3-methoxy-compound, whilst 
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the isothiocyano-group of the 2: 6-dimethoxy-analogue exhibits no 
reactivity under the conditions of our experiments. 

With the compounds containing both a chlorine atom and a 
methoxy-group in the nucleus, the same independence of influence 
on the reactivity of the isothiocyano-group is evident, as was observed 
with the corresponding chlorotolyl derivatives. 





3294 BROWNE AND DYSON: THE INHIBITORY EFFECT 


Discussion of Results. 

The results shown above demonstrate that the nuclear substituents 
have a profound effect on the reactivity of the tsothiocyano-group 
in arylthiocarbimides. Whereas halogen atoms and nitro-groups 
(and the methoxy- and the ethoxy-group in the m-position) accelerate 
the rate of reaction with ethyl alcohol, alkyl or o- and p-alkoxy] 
groups retard the addition. Any explanation of these facts must 
also account for the following phenomena : 

(1) The effect of more than one substituent is approximately the 
sum of the effects of the substituents acting alone, as, e.g., in the 
chlorotolyl-, the chloroalkoxy-, and the dichlorophenyl-thiocarb- 
imides. 

(2) The m-substituted compound is always more reactive than 
the corresponding o- or p-substituted compound. This result is 
independent of whether the compound reacts more readily than 
phenylthiocarbimide or otherwise. In this connexion, the results 
obtained with the methoxy- and ethoxy-substituted phenylthio- 
carbimides are of interest, since they show that the superior re- 
activity of meta-substituted derivatives is retained even when the 
reactivity of unsubstituted phenylthiocarbimide lies between that 
of the m- and the p-substituted compound. 

(3) The reactivity varies with the nature of the substituent group, 
the nitro-group being most active in acceleration, and the isopropyl 
group most active in inhibition. 

(4) The anomalous behaviour of the ortho-substituted compounds, 
which in some cases exhibit the usual phenomena of steric hindrance 
and in others do not. 

As examples of (4), one may cite 2: 6-dimethyl- (I), 2: 6-di- 
methoxy- (II), and 6-nitro-2-methyl-phenylthiocarbimides (III). In 
the first two cases the inhibitory effect of the ortho methyl and 


NCS NCS NCS 
— a aS 
(I.) (II.) (1IT.) 


methoxyl groups is intensified to such an extent that, under the 
conditions of our experiments, no reaction with ethyl alcohol could 
be observed; on the other hand, the third thiocarbimide had re- 
acted completely after 20 minutes—almost as rapidly as though 
no methyl substituent had been present, and considerably faster 
than in the absence of the nitro-group. This offers an analogy 
with the facts recorded in Part I of this series, viz., that 2 : 6-xylidine 
and 2 : 6-dimethoxyaniline react readily with thiocarbony] chloride, 
whereas 2 : 6-dinitroaniline is unaffected by this reagent. 
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On the other hand, the four 3-chlorophenylthiocarbimides, un- 
substituted (IV), 6-methyl- (V), 4: 6-dimethyl- (VI), and 2: 4: 6- 
trimethyl- (VII), are arranged in order of decreasing reactivity of 


NCS NCS 


NCS NCS 
Cr cH, in @: CH” OH, 
VY | 
CH, H, 


(IV.) (V.) (VI.) (VII.) 
the isothiocyano-group, from which it is clear that the additive effect 
of substituents, previously referred to, persists when a number of 
such substituents occupy ortho-positions. 
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In order to ascertain the effect of incorporating into the substituent 
group, atoms capable of acting as centres of unsaturation, a number 
of thiocarbimides was examined in which the substituents com- 
prised the carbonyl and the cyano-group. Results obtained with 
these compounds are given in Table VI. 


TABLE VI. 

Thiocarbimide. sO. Thiocarbimide. a, %- 
(A-Tolyl ciccccnccveccrsscccesees 10-5 Diphenyl-4 .......seeeeeeeees 28-5 
\4-Aldehydophenyl ......... 100 DOIGE, enasescevonnssareerepah ooh 10-5 
FS-Tolyl ...ccccccccccccccecesees 12-5 3-Cyanopheny] ............+++ 86-5 
\3-Aldehydophenyl ......... 100 4-Cyanopheny] ............++. 66 
f4-Ethylphenyl ............... 9 
\ 4-Acetylphenyl............++. 89 


Graphical representation of the results obtained with these 
compounds is given in Fig. 9. No curves are given for the thio- 
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carbimides containing the aldehyde group, since the results were 
only sufficient to indicate the general trend of the reaction. 

In the three pairs of compounds on the left, one member of each 
pair contains a fully saturated alkyl group, and the other, a similar 
group in which one methylene group has been replaced by a carbonyl 
group. Such a group may be considered a centre of unsaturation 
and as such would be expected to exert a greater activating influence 
on the isothiocyano-group of the aromatic nucleus than the corre- 
sponding alkyl group. If this is true, an increase in the reaction 
velocity is to be expected: this increase was, in fact, shown to 
exist and to be very marked. 

In the fourth pair the presence of a phenyl group in the para- 
position also leads to an enhanced reactivity of the isothiocyano- 
group, presumably due to the presence of unsaturation in the 
shape of the sextuple group of the substituent nucleus. Finally, 
the degree of unsaturation associated with the cyano-group led us 
to expect a very enhanced reaction velocity with aromatic thio- 
carbimides in which this group was inserted. Such proved to be 
the case in the last pair. 


EXPERIMENTAL. 


The method adopted for the determination of the reaction velocity 
was as follows. The reaction was conducted in a 250-c.c. flask of 
resistance glass fitted with a reflux condenser, through the inner 
tube of which a pipette could be inserted for the periodical with- 
drawal of samples. The calculated quantity of thiocarbimide 
required to make an N/13-5-solution in alcohol was weighed out 
into the flask, the condenser attached, and the flask placed in a 
water-bath heated to 90°. This temperature sufficed to keep the 
alcohol in a state of rapid ebullition. When the flask had become 
warm, boiling ethyl alcohol (100 c.c. measured at 15°) was added 
through the condenser, the stop-clock started, and 10 c.c. of the 
well-mixed solution withdrawn immediately and rapidly boiled 
down to a volume of 3—5 c.c. in a small beaker containing benzidine 
(0-3 g.). The boiling was continued for exactly 2 minutes, although 
in many cases the bulk of the precipitate of benzidinethiocarb- 
amide had formed after 15 seconds. After standing for 12 hours, 
the whole was evaporated to dryness in the steam-oven, kept at 
100° for 6 hours, and any excess of benzidine removed by standing 
for 12 hours with cold absolute alcohol (15 c.c.). The thiocarb- 
amide was then filtered off through a tared Gooch crucible and 
washed slowly with a known volume of alcohol, the temperature 
of which had been adjusted to 15°: the exact quantity used varied 
with the character of the precipitate to be washed, but remained 
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constant for any set of experiments on the same reaction—usually 
10 c.c. of wash-liquid were used, the total volume of filtrate and 
washings being 25 c.c. The crucible was heated at 100° for 1} 
hours, and weighed after cooling in a desiccator over sulphuric acid. 
In cases where a very small amount of precipitate had to be weighed, 
a tared crucible was used containing about 0-2 g. of the same benz- 
idinethiocarbamide from a previous estimation, in order that the 
same solubility correction might be made throughout the series. 

The solubility correction was calculated during the earlier experi- 
ments in two ways: (1) by observing the loss in weight of a tared 
crucible containing 0-2 g. of the thiocarbamide under investigation 
when 25 c.c. of alcohol at 15° were passed through it at a rate similar 
to that used in washing the precipitates obtained in the actual 
experiments, the solubility being calculated on the assumption that 
the filtrate and washings were completely saturated; and (2) by 
determining the solubility of the precipitate in alcohol in the usual 
way, and calculating the solubility correction on the assumption 
that filtrate and washings were both saturated. The two results 
agreed well, and in later experiments only the latter method was 
used. 

The numerical results are given in Table VII; one result, viz., 
that with 4-chlorophenylthiocarbimide, is given below in full, but 
in the others the weighings are not recorded. The values are in 
most cases the means of several determinations. 

Detailed results with 4-chlorophenylthiocarbimide. The pure 
thiocarbimide (1-2555 g.) was treated as described above. The 
benzidinethigcarbamide was soluble in alcohol to the extent of 
0-188 g./litre at 15°. The filtrate and washings in each case 
amounted to 25 c.c. 


Time, Wt. with Wt. without Ppt. corr. 
mins, ppt., g. ppt., g. Ppt. for solubility. + '.. 
0 16-7505 16-5465 0-2040 0-2087 0 

10 17-3115 17-1295 0-1820 0-1867 10-6 
30 14-7215 14-5846 0-1350 0-1397 33-1 
50 15-5115 15-4075 0-1040 0-1087 47-9 
70 16-3050 16-2240 0-0810 0-0857 58-9 
95 15-7830 15-7210 0-0620 0-0667 68-0 


k = 2-17 x 10-, the reaction being assumed pseudo-unimolecular. 


Materials —Ethyl alcohol. The pure alcohol of commerce was 
boiled under reflux for 2 days with stick potassium hydroxide and 
distilled on to quicklime, over which it was kept for 24 hours. It 
was filtered from the lime and fractionally distilled, the fraction of 
b. p. 78—79° being collected. To the alcohol so prepared, 2:5% of 
water was added, since it was desired to eliminate any errors which 
might arise from the hygroscopic nature of absolute alcohol. 
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: 4-Dimethylpheny] ............... 
: 5-Dimethylpheny] ............... 0-092 
: 6-Dimethylpheny] .... ° 

: 5-Dimethylpheny] .... 
: 4: 6-Trimethylphenyl 
:4:6-Trimethylphenyl ......... —_— 
4-Ethylpheny] ..........0cccssecscsees 
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8-Chloro-4-methylpheny] 
3-Chloro-2-methylphenyl 
3-Chloro-4 : 6-dimethylphenyl ... 
3-Chloro-2 : 4: 6-trimethylphenyl — 
4-Chloro-2-methylpheny! 0- 
4-Chloro-3-methylpheny! 
2-Chloro-5-methy!pheny! 
2-Chloro-3-methylpheny] 
2-Chloro-4-methylphenyl . 
2-Chloro-6-methylphenyl . 
2-Bromo-4-methylpheny] 
2-Chloro-3 :4:6-trimethylphenyl — 
2-Methoxyphenyl 0- 
8-Methoxyphenyl 
4-Methoxyphenyl 
2-Ethoxypheny] .........e.seessee0es 
3-Ethoxypheny] ...........seseeeseee 
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2:5-Dimethoxyphenyl . ee 
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3:4-Dimethoxyphenyl ............ “5 
3: 5-Dimethoxypheny] ............ s 
3-Chloro-4-methoxyphenyl ...... 2-14 
4-Chloro-3-methoxyphenyl ...... 2-91 
5-Chloro-2-methoxyphenyl ...... 0-467 
5-Chloro-3-methoxyphenyl ...... 4-57 
4-Acetylphenyl  ........scsceeseseeee 6-84 
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3-Cyanophenyl  ......cecssceseeesees 11-1 
a, 4-81 
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TaBLeE VII. 
Proportion converted into thiourethane at time ¢ (mins,), 
t. 2%. t. 2%. £. 2% tb. 2%. bt. 2, %, 
10 3-4 30 78 50 14:3 75 203 100 262 
10 10 20 18 40 32 65 54 95 7.15 
30 «7-4 #60 13-1 90 189 120 23-7 155 305 
30 5-7 60 9-4 90 15-1 130 20-6 180 26.5 
10 0-5 30 26 60 4-0 90 54 150 89 
10 1-2 30 18 50 2-6 70 3-5 90 45 
10 0 30 — 60 23 90 43 120 74 
No reaction. 
80 5-9 65 9-7 90 126 120 153 180 21-4 
No reaction. 
No reaction. 
10 16 30 46 50 75 $7 103 90 134 
No reaction. 
No reaction. 
10 69 30 19-7 50 31-6 70 40-8 95 49-1 
10 78 20 159 35 26-2 55 «36-4 75 43-35 
Decomposed 
0 17-7 826 40 516 65 643 95 70-35 
10 165 20 29-35 30 41-3 45 53-0 60 62-9 
10 17-5 20 33-7 30 43-1 45 56-2 60 63-5 
10 18:9 20 346 30 45-9 40 55-3 50 62-2 
10 68 20 146 35 25-1 50 347 70 447 
10 106 30 383-1 50 47-9 70 58-9 95 68-0 
10 163 20 28-7 30 38-0 45 50-6 65 63-35 
10 17:0 20 29-7 35 44-3 50 54-8 70 63-6 
10 226 25 45-1 35 54-46 50 59-5 65 63-9 
10 23:9 20 47-1 30 538 45 57-7 
10 69-3 20 84-2 
10 175 20 31-7 30 440 45 57-0 66 65-55 
10 65 20 108 40 20-0 60 28-0 85 36-95 
10 12-2 20 223 40 40-0 60 52-4 80 60-0 
10 34 30 11-7 60 21-5 90 28-9 
10 8-3 20 60 35 8-9 60 13-3 95 19:3 
No reaction. 
10 23 31 75 50 12-1 70 163 100 220 
10 94 20 151 40 28-4 65 42-5 95 55-9 
10 60 20 11:35 40 19-9 60 28-5 80 349 
10 5-7 20 103 40 20-0 60 28-75 90 38-3 
10 39 20 83 40 168 60 240 90 333 
10 0-7 20 29 40 6-2 65 8-9 95 138 
10 77 #20 12:9 40 26-4 60 35-1 85 43-9 
No reaction. 
30 16 60 45 90 5-7 120 67 165 71 
30 112 60 184 90 269 120 35:3 150 41-4 
30 9-6 GO 151 90 21-9 120 27-3 180 383 
10 10 40 16 65 2-3 95 3-5 
10 37 60 118 60 23-15 90 33-3 
10 1-9 30 65 50 9-0 70 12-8 90 1é&1 
10 3-2 20 4-2 35 5-9 50 7-5 75) = 88-6 
No reaction. 
10 28 #30 91 50 158 70 21-7 
10 181 30 41-7 50 59-9 70 71-4 90 80-0 
10 120 2 23-0 35 36-9 50 «47-4 75 «57-9 
10 181 30 406 60 61-6 
10 15 20 48 40 10-9 60 15:3 80 17:3 
10 23:9 20 42:2 30 553 
10 33:9 20 55-6 35 74-9 50 85-5 70 92-4 
10 5&5 30 15-0 50 22-1 70 30:1 140 50-0 
10 543 20 70-9 380 73-4 40 78-8 
10 275 20 413 30 47:9 50 55-7 


Experiments with alcohol containing 0-1 and 2-5°% of water showed 
that the presence of the latter had no material influence on the 


rate of reaction. 


All traces of substances such as pyridine must 


be rigorously excluded from alcohols used for the determination 
of rates of reaction, since both primary and secondary amines and 
cyclic nitrogen bases cause acceleration. 
of diethylamine, a fact which accounts for the difficulty observed 


by us in condensing diethylamine itself with arylthiocarbimides in 
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alcoholic solution (Dyson and Hunter, Rec. trav. chim., 1926, 45, 
421; Hunter, Chem. News, 1925, 130, 338). Further, when alkyl- 
thiocarbimides are condensed with arylamines, a similar, but less 
marked, loss of yield due to thiourethane formation is attained 
when the reaction is conducted in ethyl-alcoholic solution. 

The following methods were used for the preparation of the 
thiocarbimides required for this work. Where no method is stated 
that used was identical with the method described by Dyson and 
George (J., 1924, 125, 1702). 

4-Nitrophenylthiocarbimide. p-Nitroaniline (17 g.) was thoroughly 
stirred with 10% hydrochloric acid (700 c.c.) and filtered. The 
filtrate was mechanically shaken in a stoppered bottle with thio- 
carbonyl chloride (15 g.) for 2 days. The crude thiocarbimide 
separated as a yellow powder, which, recrystallised from acetone, 
formed pale yellow needles, m. p. 112°; yield 21 g. 

3-Nitrophenylthiocarbimide. This was prepared in the same 
manner: pale yellow needles, m. p. 60°, from acetone. 

3-Nitro-o-tolylthiocarbimide. 3-Nitro-o-toluidine (15 g.) was dis- 
solved in diluted hydrochloric acid (1:1; 700 c.c.) and shaken with 
thiocarbonyl chloride (15 g.) for two days. ‘The thiocarbimide 
separated in deep yellow crystals, and recrystallised from acetone 
as yellow plates, m. p. 70°; yield 17 g. 

4-Fluoro-3-nitrophenylthiocarbimide. 4-Fluoro-3-nitroaniline (6-7 g.) 
was dissolved in 2N-hydrochloric acid (200 c.c.), and the solution 
shaken with thiocarbonyl chloride (7 g.) for 24 hours. The thio- 
carbimide separated as a yellow solid which on recrystallisation (with 
difficulty) from acetone yielded pale yellow plates, m. p. 55°; yield 
7 g. (Found: §S, 16-24. C,;H,0,N,FS requires 8, 16-16%). 

4-Ethylphenylthiocarbimide. p-Aminoethylbenzene (14 g.) was 
dissolved in chloroform (200 ¢c.c.), and the solution gradually added 
to a suspension of thiocarbonyl chloride (15 g.) in water (300 c.c.). 
The mixture was stirred for 14 hours, the chloroform layer separated, 
the solvent evaporated, and the residue purified by distillation in 
steam. The 4-ethylphenylthiocarbimide formed a colourless oil, 
b. p. 245°, possessing a sharp smell; yield 14 g. 

4-Ethylphenylthiocarbamide. The foregoing thiocarbimide (2 g.) 
was heated under reflux with saturated alcoholic ammonia (50 c.c.) 
for one hour. The solution was poured into water, and the solid 
filtered off and recrystallised from alcohol ; small colourless needles, 
m. p. 138° (Found: S, 17-9. C,H,.N,8 requires 8, 17-8%). 

4-isoPropylphenylthiocarbimide. This was prepared from p- 
aminoisopropylbenzene in exactly the same way as the ethyl 
compound ; it is a colourless, highly refracting oil, b. p. 252°. The 
corresponding thiocarbamide, obtained by the action of alcoholic 
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ammonia on the thiocarbimide, formed small white needles, 
m. p. 134° (Found: 8, 16-4. C,,H,,N,S requires 8, 16-5%). 

3-Fluorophenylthiocarbimide. m-Fluoroaniline, prepared by the 
method of Ingold and Vass (J., 1929, 421), was converted into the 
corresponding thiocarbimide by addition to twice its weight of 
thiocarbonyl chloride suspended in water, vigorous stirring being 
maintained throughout the addition. The purified, steam-distilled 
thiocarbimide boiled at 226—227°, and was characterised by con- 
version into the two thiocarbamides described below. 

3-Fluorophenylthiocarbamide. The thiocarbimide (2 g.) was 
gently heated under reflux with saturated alcoholic ammonia 
(40 c.c.) for $ hour. The solution was diluted with water until a 
faint turbidity was produced, and allowed to cool. Crystals of 
the thiocarbamide separated. They were recrystallised twice from 
dilute alcohol, being finally obtained as small white prisms, m. p. 
116° (Found: 8, 20-9. C;H,N,SF requires 8, 20-5%). 

s-Di-(3-fluorophenyl)thiocarbamide. The same thiocarbimide (3 g.) 
was gently refluxed in benzene solution (30 c.c.) with m-fluoro- 
aniline (3 g.) for } hour. On cooling, crystals of the thiocarbamide 
separated, and two recrystallisations from alcohol yielded pearly 
lamine, m. p. 144° (Found: S, 12-4. C,,;H,)N,SF, requires §, 
12-12%). 

4-Fluorophenylthiccarbimide. This was prepared in exactly the 
same way as the preceding thiocarbimide; it was a colourless oil, 
m. p. 12°, b. p. 228°, and was characterised by conversion into the 
following compound. 

s-Di-(4-fluorophenyl)thiocarbamide, glistening plates from dilute 
alcohol, m. p. 145° (Found: §, 12-3. C,;H,)N,SF, requires §, 
12-12%), shows the same optical phenomena (thin-film colours) 
during recrystallisation as does the diphenyl compound (thio- 
carbanilide). 

The dichlorophenylthiocarbimides were prepared by the method 
of Dyson, George, and Hunter (J., 1926, 3041). 

5-Chloro-o-tolylthiocarbimide. 5-Chloro-o-toluidine (6 g.;  pre- 
pared from 6-nitro-m-toluidine by diazotisation, treatment with 
cuprous chloride, and reduction of the resulting nitro-compound 
with tin and hydrochloric acid) was dissolved in 80 c.c. of chloroform, 
and the solution added to a suspension of thiocarbonyl chloride 
(7 g.) in water (200 c.c.), vigorous stirring being maintained for 
one hour. The chloroform layer was removed, washed, freed from 
chloroform, and the residual oil distilled in steam, and fractionated 
under reduced pressure. 5-Chloro-o-tolylthiocarbimide was ob- 
tained as a white crystalline solid, m. p. 36°, after recrystallisation. 
It was characterised by conversion into the following compound. 
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a-(5-Chloro-o-tolyl) -8-(8-naphthyl)thiocarbamide. 5-Chloro-o-tolyl- 
thiocarbimide (1 g.) was boiled for a few minutes with a benzene 
solution of 8-naphthylamine (1 g. in 15 ¢.c.), On cooling, a white 
solid separated, which, on recrystallisation from alcohol, gave 
minute, white, felted needles of the required thiocarbamide, m. p. 
163° (Found: §, 9-8. C,.H,;N,SCl requires S, 9-8%). 

6-Chloro-m-tolylthiocarbimide. Prepared by a process exactly 
analogous to that described under 5-chloro-o-tolylthiocarbimide, this 
compound was purified by vacuum distillation, the fraction of b. p. 
144—146°/2 mm. being collected. After distillation in steam, 
6-chloro-m-tolylthiocarbimide was obtained as a pale yellow oil, 
b. p. 270°. It was characterised by conversion into the following 
compound. 

a-(6-Chloro-m-tolyl)-8-(8-naphthyl)thiocarbamide, prepared’ in 
exactly the same way as the 5-chloro-o-tolyl derivative, forms 
shining plates, m. p..154°, from alcohol (Found : 8, 9-7. C,,H,;N,SCl 
requires S, 9-8%). 

6-Chloro-o-tolylthiocarbimide. This compound was prepared (yield 
8 g.) as a pale yellow oil of penetrating odour, b. p. 276°, from 6-nitro- 
o-toluidine (15 g.) by a process exactly analogous to that described 
under 5-chloro-o-tolylthiocarbimide. It was characterised by con- 
version into the following compound. 

a-(6-Chloro-o-tolyl)-8-(8-naphthyl)thiocarbamide. The _ thiocarb- 
imide (1 g.) was boiled with a benzene solution of $-naphthylamine 
(0-8 g. in 15 c.c.) for a few minutes. On cooling, minute crystals 
of the desired thiocarbamide separated, and on recrystallisation 
from alcohel, the compound was obtained in colourless granular 
crystals, m. p. 150° (Found : 8, 9-7. C,gH,;N,SCl requires 8, 9-8%). 

5-Chloro-m-tolylthiocarbimide. 5-Chloro-m-toluidine was first pre- 
pared as follows. 5-Nitro-o-toluidine (35 g.) was dissolved in 
hydrochloric acid (250 c.c. each of concentrated acid and water) 
and warmed to 40° until a clear solution was obtained. To this 
solution was added potassium chlorate (9:5 g. dissolved in 200 c.c. 
of water). During the last part of the addition, 3-chloro-5-nitro- 
o-toluidine separated in long, golden-orange needles which, when 
recrystallised, once from glacial acetic acid and once from alcohol, 
had m. p. 169°. This compound (18 g.) was suspended in alcohol 
(120 c.c.), a thin paste being obtained. Sulphuric acid (8 c.c.) 
was added, followed by sodium nitrite (7 g.). The mixture was 
warmed on the water-bath, and both aldehyde and nitrogen were 
evolved. When the evolution of nitrogen had ceased, the alcohol 
was removed on the water-bath, and the residual matter distilled 
in steam. 5-Chloro-3-nitrotoluene passed over as a pale yellow 
oil which solidified in the receiver to a cake. After recrystallisation 
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from alcohol, it was obtained in pale yellow needles, m. p. 59°. 
Reduction with tin and hydrochloric acid in the usual way yielded 
5-chloro-m-toluidine, and thence by reaction with thiocarbony] 
chloride 5-chloro-m-tolylthiocarbimide was obtained in exactly the 
same way as already described for the 5-chloro-o-tolyl analogue. 
5-Chloro-m-tolylthiocarbimide forms colourless glistening plates, 
with a faint pleasant smell, m. p. 34°. It was characterised by 
conversion into the following compound. 
a-5-Chloro-m-tolyl-8-p-tolylthiocarbamide. The thiocarbimide (1 g.) 
was boiled for a few minutes with a benzene solution of p-toluidine 
(0-6 g. in 15 ¢.c.). On cooling, the thiocarbamide separated as a 
colourless crystalline mass; recrystallisation from alcohol yielded 
colourless, silky needles, m. p. 156° (Found: 8, 10-98. C,,H,;N,SCI 
requires 8, 11-02%). 
3-Chloro-o-tolylthiocarbimide. 3-Chloro-o-nitrotoluene, prepared 
by the method of Gibson, Johnson, and Elson (J., 1929, 2735), 
was reduced to the corresponding 3-chloro-o-toluidine with tin and 
hydrochloric acid, and converted into 3-chloro-o-tolylthiocarbimide 
by reaction with thiocarbonyl chloride in the manner heretofore 
described. The thiocarbimide forms a pale yellow oil, with a 
pungent smell, b. p. 269°; it was characterised by conversion into 
«-3-chloro-o-tolyl-8-p-tolylthiocarbamide by exactly the same _pro- 
cedure as for the corresponding 5-chloro-m-tolyl analogue; this 
forms colourless prismatic needles, m. p. 180° (Found: §, 11-1. 
C,5H,;N,SCl requires 8, 11-02%). 
4-Chloro-o-tolylthiocarbimide. The corresponding amine, 4-chloro- 
o-toluidine, was readily prepared from o-nitro-p-toluidine, and was 
treated with thiocarbonyl chloride as usual. The thiocarbimide 
forms a pale yellow oil, b. p. 268°, possessing a penetrating smell, 
and was characterised by conversion into the following compound. 
When it (2 g.) was heated under reflux with a saturated alcoholic 
solution of ammonia (20 c.c.) for } hour and then poured into water, 
it yielded 4-chloro-o-tolylthiocarbamide as a white solid, which, when 
filtered off and recrystallised from alcohol, separated in large colour- 
less plates, m. p. 138° (Found: 8, 16-0. C,H,N,SCl requires §, 
159%). 
2-Chloro-p-tolylthiocarbimide, prepared as a pale yellow oil, b. p. 
263°, from 4-nitro-o-toluidine by a process analogous to that 
described for 5-chloro-o-tolylthiocarbimide, was characterised by 
conversion as in preceding cases into «-(2-chloro-p-tolyl)-8-(8- 
naphthyl)thiocarbamide, colourless shining plates from alcohol, 
m. p. 149°, (Found: S, 9°7. C,,H,;N,SCI requires S, 9-8%). 
6-Chloro-m-xylylthiocarbimide. 4 :6-Dinitro-m-xylene was re- 
duced by alcoholic ammonium sulphide to 4-nitro-m-6-xylidine, 














59°. 
ded 
nyl 
the 
zue, 
tes, 

by 


g.) 
line 
Sa 
led 
SC] 
red 
5), 
nd 
ide 
re 


ito 


Lis 


aS 








OF SUBSTITUENTS IN CHEMICAL REACTIONS. PART II. 3303 


orange plates, m. p. 123°. By diazotisation and treatment with 
cuprous chloride, this compound gave 6-chloro-4-nitro-m-xylene, 
a pale yellow oil resembling nitrobenzene in odour, b. p. 242°. 
Reduced with activated iron, the nitro-compound gave 6-chloro- 
m-4-xylidine, in shining white plates, m. p. 99°. The 6-chloro-m- 
xylylthiocarbimide was obtained by dissolving this xylidine (10 g.) 
in chloroform (100 c.c.) and gradually adding the solution to a 
vigorously stirred suspension of thiocarbonyl chloride (15 g.) in 
water (200 c.c.). After 2 hours’ stirring, the emulsion was broken 
up by filtration, the chloroform layer freed from solvent, and the 
residual oil distilled in steam. 6-Chloro-m-xylylthiocarbimide is a 
pale yellow oil, b. p. 278°. It was characterised by conversion 
into the following thiocarbamide. 

a-(6-Chloro-m-xylyl)-6-(8-naphthyl)thiocarbamide. Prepared by 
heating under reflux equimolecular proportions of 8-naphthylamine 
and the foregoing thiocarbimide, dissolved in benzene, this thio- 
carbamide formed small colourless needles, m. p. 154° (Found: §, 
9-45. C,gH,;N,SCl requires 9-4%). 

Chloromesitylthiocarbimide, C,HMe,Cl-NCS (1 :3:5:2:4). Nitro- 
mesidine (30 g.) was dissolved in hydrochloric acid (300 c.c. of com- 
mercial acid; 150 c.c. of water), and heated to 100°, then rapidly 
cooled and stirred. The suspensjon of the hydrochloride so ob- 
tained was diazotised at —5° with sodium nitrite (14 g.) in water 
(30 c.c.). The clear diazonium solution was poured into a solution 
of cuprous chloride (50 g.) in concentrated hydrochloric acid (200 
ec.) at 0°. The chloronitromesitylene was separated by distillation 
with steam, and formed pale yellow needles, m. p. 59°; yield 28 g. 
When reduced by tin and hydrochloric acid in the usual way, it 
gave 21 g. of chloromesidine as a white crystalline mass, m. p. 28°. 
This was converted into chloromesitylthiocarbimide by a process 
analogous to that described under 5-chloro-o-tolylthiocarbimide. 
Purification was effected by heating in a current of steam, in which 
the thiocarbimide is only very slightly volatile, and recrystallising 
the residue from light petroleum (b. p. 40—50°). In this way, the 
thiocarbimide was obtained as colourless needles, m. p. 44°. It 
was characterised by conversion into «-chloromesityl-8-(8-naphthyl)- 
thiocarbamide in a manner exactly analogous to that described 
under the corresponding chloro-m-xylyl compound. The thio- 
carbamide formed shining needles, m. p. 181° (Found: §, 8-9. 
C,>H,gN,SCl requires 8, 9-0%). 

4-Chloro-m-tolylthiocarbimide. From 3-nitro-p-toluidine by a 
process exactly similar to that detailed under 5-chloro-o-tolyl- 
thiocarbimide, this was obtained as a very pale yellow liquid with 
a faint smell of mushrooms, b. p. 272°.  «-4-Chloro-m-tolyl-8- 
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(8-naphthyl)thiocarbamide, CS<NHcHe small glistening 
needles, has m. p. 158° (Found: S, 9-9. C,,H,,;N,SCl requires 
S, 98%). 
The following compounds were prepared in an analogous manner, 
2-Chloro-m-tolylthiocarbimide, a pale yellow oil, b. p. 264°. 
a-(2-Chloro-m-tolyl)-8 -(@-naphthyl)thiocarbamide, colourless 
needles, m. p. 172°. 
3-Chloro-p-tolylthiocarbimide. The preparation of the requisite 
3-chloro-p-toluidine presented considerable difficulty. Finally, it was 
obtained by the chlorination of aceto-p-toluidide in glacial acetic 
acid with a very slow current of chlorine at room temperature, 
until the theoretical increase in weight had been obtained; the 
material obtained by pouring this reaction mixture into cold water 
was hydrolysed with 50% caustic alkali, and the chlorotoluidine 
isolated by distillation in steam and fractionation of the distillate. 
3-Chloro-p-tolylthiocarbimide was prepared in the manner already 
described under 5-chloro-o-tolylthiocarbimide and obtained as 
a colourless oil, b. p. 258°. It was characterised by conversion 
into «-3-chloro-p-tolyl-8-p-tolylthiocarbamide, lustrous white needles, 
m. p. 160° (Found: §, 11°00. C,;H,;N,SCl requires S, 11-02%). 
5-Chloro-4-cumene-6-thiocarbimide, CsHMe,Cl-NCS (1: 2:4:5: 6). 
y-Cumidine (50 g.) was acetylated, and the acetyl compound 
nitrated in strong sulphuric acid solution to give 6-nitroaceto-y- 
cumidide (44 g.), pale yellow needles, m. p. 201°. This was 
hydrolysed to 6-nitro-y-cumidine by 4 hours’ heating on a 
water-bath with 50% sulphuric acid (400 c.c.). The base was 
not isolated, but the solution of its sulphate was cooled, 
diazotised, and added to a solution of cuprous chloride in con- 
centrated hydrochloric acid. The 6-nitro-5-chloro-/-cumene separ- 
ated as a yellow crystalline solid, m. p. 53°, which was volatile 
in steam; yield 18 g. The nitro-compound (16 g.) was reduced 
to 5-chloro-6-amino-y-cumene with tin (20 g.) and concentrated 
hydrochloric acid (50 c.c.), and the product isolated by making 
the reaction liquid alkaline with caustic soda, followed by 
distillation in steam. 5-Chloro-6-amino-y-cumene forms white 
crystals, m. p. 51°, readily volatile in steam. By the method used 
above for 5-chloro-o-tolylthiocarbimide, it was converted into 
5-chloro-y-cumene-6-thiocarbimide, white crystals, m. p. 36°; this is 
not readily volatile with steam but may be purified by recrystal- 
lisation from light petroleum. 
a-(5-Chloro-6-4-cumyl)-8-(8-naphthyl)thiocarbamide, minute, colour- 
less crystals, m. p. 161°, from dilute alcohol (Found: §S, 91. 
C.9H, ,N,SCl requires 8S, 9-03%). 
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3-Chloro-p-anisylthiocarbimide. 4-Nitro-o-anisidine was diazotised 
and treated with cuprous chloride, giving 2-chloro-p-nitroanisole, 
pale yellow silky needles, m. p. 96°. The nitro-compound (20 g.) 
was reduced with tin (60 g.) and concentrated hydrochloric acid 
(150 c.c.), and the amino-compound isolated by making the reaction 
liquid alkaline and distilling it with steam. 3-Chloro-p-anisidine 
forms white glistening plates, m. p. 65°. The amine (10 g.) was 
converted into 3-chloro-p-anisylthiocarbimide by dissolving it in 
2N-hydrochloric acid (400 c.c.) and shaking the solution with thio- 
carbonyl chloride (15 g.) for 24 hours. The resulting pale yellow 
solid was filtered off, washed with water, and recrystallised from 
acetone, separating in beautiful, white, silky needles, m. p. 89°. 

«-(3-Chloro-p-anisyl)-8-(«-naphthyl)thiocarbamide, prepared by 
heating equimolecular proportions of the foregoing thiocarbimide 
and «-naphthylamine in benzene solution under reflux, was re- 
crystallised from alcohol, and formed colourless, felted needles, 
m. p. 174° (Found: S, 9-4. C©,,H,,ON,SCl requires S, 9-3%). 

4-Chloro-m-anisylthiocarbimide, prepared from 5-nitro-o-anisidine 
by a process exactly analogous to that described under 3-chloro- 
p-anisylthiocarbimide, formed white crystals, m. p. 51°, readily 
soluble in acetone. «-(4-Chloro-m-anisyl)-8-(«-naphthyl)thiocarb- 
amide, separated as minute, colourless needles from dilute alcohol, 
m. p. 155° (Found: S, 9-4. C,,H,,ON,SCl requires 8, 93%). 

5-Chloro-o-anisylthiocarbimide, CH,O-C,H,CI-NCS (2:5:1). 4- 
Chloro-o-anisidine (19 g.) was dissolved in carbon tetrachloride 
(200 c.c.), and the solution gradually added to thiocarbonyl chloride 
(15 g.) suspended by vigorous stirring in water (300 c.c.). Stirring 
was continued for 2 hours, after which the carbon tetrachloride 
layer was removed, the solvent evaporated on the water-bath, and 
the thiocarbimide purified by distillation in steam; white crystals, 
m. p. 61°. 

5-Chloro-o-anisylthiocarbamide forms colourless glistening needles, 
m. p. 133° (Found: §S, 14:6. C,H,ON,SCI requires S, 14:8%). 

5-Chloro-m-anisylthiocarbimide. s-Trinitrobenzene was converted 
by treatment with sodium methoxide into s-dinitroanisole. The 
latter was reduced with alcoholic ammonium sulphide to s-nitroani- 
sidine, orange-yellow needles, m. p. 121°. This compound was con- 
verted into s-chloronitroanisole by diazotisation and treatment with 
an acid solution of cuprous chloride. The chloronitro-compound, 
almost white plates, m. p. 100°, was reduced with tin and hydro- 
chloric acid to 5-chloro-m-anisidine, which formed small white 
crystals, m. p. 27°. By treatment with thiocarbony! chloride in 
the manner already described, this was converted into 5-chloro-m- 
anisylthiocarbimide, colourless crystalline plates, m. p. 36°. 
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a-(5-Chloro-m-anisyl)-8-(p-tolyl)thiocarbamide formed colourless, 
silky needles, m. p. 136° (Found : S, 10-44. C,;H,,ON,SCl requires 
S, 10-4%). 

3:4-, 2:6-, and 2 : 5-Dimethoxyphenylthiocarbimides were pre- 
pared by the method already described (Dyson, George, and Hunter, 
J., 1927, 441). 

3 : 5-Dimethoxyphenylthiocarbimide. Considerable difficulty was 
encountered in the preparation of this compound. Finally, it was 
obtained from the s-nitroanisidine (mentioned above) by diazotisation 
in sulphuric acid solution and warming on the water-bath : the di- 
azonium group was replaced by hydroxyl, giving the s-nitroresorcinol 
monomethy] ether (yellow plates, m. p. 143°). Treated with methyl 
sulphate and anhydrous potassium carbonate in xylene suspension, 
this compound gave a good yield of dimethoxynitrobenzene, long, 
pale yellow needles, m. p. 90°, which on reduction with tin and hydro- 
chlorie acid gave 3 : 5-dimethoxyaniline, white crystals, m. p. 60°. 
When this amine was treated with thiocarbonyl chloride in the 
manner described by Dyson, George, and Hunter (zbid.), it yielded 
3 : 5-dimethoxyphenylthiocarbimide, colourless plates, m. p. 51°. 

«-3 : 5-Dimethoxyphenyl-8-p-tolylthiocarbamide forms _ glistening 
white plates, m. p. 148° (Found 8, 10°6. C,,H,,0,N,S requires 
S, 10-6%). 

Benzaldehyde-4-thiocarbimide. 4-Aminobenzaldehyde (14 g.) was 
finely powdered and dissolved in 10% hydrochloric acid (1500 c.c.). 
The solution, filtered from a small amount of insoluble matter, was 
shaken with thiocarbonyl chloride (15 g.) for 10 hours. The re- 
sulting brownish precipitate was filtered off, dried, and extracted 
with light petroleum. The filtered extract was allowed to evaporate 
spontaneously, and benzaldehyde-4-thiocarbimide separated in beauti- 
ful golden plates, m. p. 71°; it had an odour strongly resembling 
that of piperonal (Found: §S, 19-6. C,H;ONS requires 8, 19-7%). 

Benzaldehyde-3-thiocarbimide, prepared in exactly the same way, 
crystallised in white needles from light petroleum, m. p. 42° (Found : 
S, 19-6. C,H;ONS requires 8, 19-7%). 

Diphenyl-4-thiocarbimide (xenylthiocarbimide). 4-Aminodiphenyl 
(xenylamine) (6 g.) was dissolved in chloroform (100 c.c. ; the amine 
is not very soluble), and the solution added to thiocarbonyl chloride 
(7 g.) suspended in water (300 c.c.). After 3 hours’ stirring, the 
chloroform layer was withdrawn, the solvent evaporated on the 
water-bath, and the residue distilled in steam. The thiocarbimide 
was only slowly volatile, requiring several days for complete dis- 
tillation. Superheated steam decomposes the compound. It 
forms long glistening plates, m. p. 64°. 

During the course of this work, a number of derivatives of 
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thiourethane (thioncarbonic ethyl ester) have been prepared of the 
general formula R-NH-CS-OEt. The characteristics of these 
compounds are recorded in Table VIIT. 


TaBLeE VIII. 


R in the formula 


R:NH-CS-0°C,H;. M. p. General appearance. 
2-Nitrophemyl] ..0..scccccccsscerses 59° Lemon-yellow needles. 
3-Nitrophenyl  .......seccccoeecsees 115 Pale yellow needles. 
4-Nitrophenyl  .......sssseeeeeeeees 175 Colourless silky needles. 
2-Nitro-3-methylphenyl ......... 110 Pale yellow needles. 
2-Nitro-4-methylphenyl ......... 72 Orange-yellow needles. 
2-Nitro-6-methylphenyl ......... 109 Pale yellow needles. 
3-Nitro-4-methylphenyl ......... 89 Colourless felted needles. 
3-Nitro-6-methylphenyl ......... 112 Colourless needles. 
4-Nitro-2-methylphenyl ......... 116 Colourless felted needles. 
4-Nitro-2-amisyl — ........seeeceeees 76 Small yellow needles. 
3-Nitro-4-fluoropheny] ............ 118 Golden-yellow needles. 
3-Chloropheny] ..........ssseeeseees 82 Colourless needles. 
A-ChICPODRONY! .....00sccccsecccseee 105 Long colourless needles. 

2: 4-Dichloropheny]............... 79 Large colourless plates. 

2 : 5-Dichlorophenyl............... 80 Colourless glistening plates. 
3: 5-Dichloropheny] ............... 131 Colourless silky needles. 
3-Fluoropheny] ...........secseerees 84 Colourless needles. 
4-Fluoropheny] .............seeseees 86 Long colourless needles. 
3-Bromopheny] .............eeeeeeee 94 Long glistening needles. 
4-Bromopheny] ...........s.e+see0e. 107 Colourless needles. 
3-Todopheny] ...........cccsceseseces 107 Small colourless needles. 
4-Todoplienyh i... ii ..00s6es ce. cnc 98 Long colourless needles. 

ST OMY] scceccessacriccccedcccccccesis 67 Colourless plates. 

ETORGL,  cvccsccccgenqeccccoscsecesesse 85 Colourless prisms. 
2:3-Dimethylphenyl ............ 108 Colourless needles. 
2:5-Dimethylphenyl ............ 85 Colourless glistening plates. 
3:5-Dimethylphenyl ............ 88 Large colourless plates. 
2-Methoxypheny] ................+. 65 Colourless shining plates. 
3-Methoxypheny] .............+..+- 85 Long colourless needles. 
4.Methoxypheny] ...............++. 68 Glistening plates. 
2:5-Dimethoxyphenyl ......... 72 Thick colourless needles. 
3:4-Dimethoxypheny! ......... 72 Colourless silky needles. 
3:5-Dimethoxyphenyl ......... 83 Colourless needles. 
3-Ethoxypheny] _ .....,....seceeeee 75 Colourless shining needles. 
4-Ethoxyphenyl .............0-04 95 Thick colourless plates. 
2-Chloro-3-methylphenyl......... 77 Small colourless plates. 
2-Chloro-5-methylphenyl......... 59 Colourless shining needles. 
3-Chloro-2-methylpheny] ......... 88 Colourless needles. 
3-Chloro-4-methylpheny]......... 88 Colourless shining needles. 
3-Chloro-5-methylphenyl......... 105 Minute colourless prisms. 
3-Chloro-6-methylpheny]......... 81 Colourless glistening plates. 
4-Chloro-2-methylphenyl......... 79 Small shining plates. 
4-Chloro-3-methylphenyl......... 101 Colourless silky needles. 
3-Chloro-4 : 6-dimethylpheny]... 115 Colourless shining needles. 
3-Chloro-4-methoxypheny] ...... 96 Colourless glistening needles. 
3-Chloro-5-methoxypheny] ...... 86 Long shining needles. 
3-Chloro-6-methoxypheny] ...... 81 Colourless silky needles. 
4-Chloro-3-methoxypheny! ...... 124 Minute colourless prisms. 
3-Cyanopheny] ..........0..eeeeeees 95 Colourless shining plates. 
4-Cyanopheny] .........ccccssceceee 110 Colourless glistening needles. 
3-Aldehydophenyl] _ ............... 147 Pale yellow shining needles. 
4-Aldehydophenyl ..............- 135 Golden needles. 
4-Acetylpheny] ...........sseecsesse 111 Colourless silky needles. 


SPM Eiccccescsesnssssseseoineses 117 Short colourless needles. 
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CCCCLVIII.—The Constitution of Benzfurazan and 
Benzfurazan Oxide. 


By Datzre, LLEWELLYN Hammick, Witiiam A. M. Epwarpss, 
and Ernest R. STEINER. 


THE substances of the general formula X<N,0, originally prepared 
by Noelting and Kohn (Chem.-Zig., 1894, 18, 1905) and by Zincke 
and Schwarz (Annalen, 1899, 307, 28) by the action of heat on 
o-nitrobenzeneazoimides were regarded by these workers as being 
o-dinitroso-compounds. Forster and Fierz (J., 1907, 91, 1942; 
where a complete list of references to previous work is given), how- 
ever, drew attention to the relation of these substances to the corre- 
sponding 0-quinonedioximes, from which they can readily be obtained 
by oxidation, and assigned to them a dioxime peroxide formula 


X<Q_Q. Green and Rowe (J., 1912, 104, 2452) also emphasised 


their quinonoid nature and, on the basis of the possible mechanism 
of a new method of preparation that they had discovered (action of 
hypochlorite on o-nitro-amines), put forward the structure (I), 
benzfurazan oxide, benzisooxadiazole oxide. In doing this they 
anticipated the structure for the dioxime peroxides established by 
Meisenheimer, Lange, and Lamparter (Annalen, 1925, 444, 74). 
Green and Rowe, however, in a later paper (J., 1913, 103, 897) 
abandoned the quinonoid structure for benzfurazan oxide and 
represented it as (II), giving the formula (III) to the benzfurazan 
obtained from it by reduction with hydroxylamine and elimination 
of water (Zincke and Schwarz, loc. cit.). (We find that the benz- 
furazans can readily be obtained from the benzfurazan oxides by 
reduction with methyl-alcoholic potash.) The reason for thus 
disregarding the evidence in favour of a quinonoid structure was the 
work of Forster and Barker (P., 1913, 29, 152), who showed that 
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the same naphthafurazan oxide is obtained from the decomposition 
of either 2-nitro-1-naphthylazoimide or 1-nitro-2-naphthylazoimide. 


O 


On x 
Oxbe Ome Cob 


(I.) (II.) (III.) 


An analogous result was obtained by Green and Rowe, who produced 
the same chlorobenzfurazan oxide by the action of hypochlorite on 
5-chloro-2-nitroaniline and on 4-chloro-2-nitroaniline. This in 
their view could only mean that the N,O, part of the molecule is 
symmetrical, which is not the case for a furazan oxide of the structure 
(I). In this view they agreed with Forster and Barker (J., 1913, 
103, 1918), who put forward further experimental evidence of a 
similar kind. 

We have studied the action of bromine on benzfurazan oxide and 
on benzfurazan and obtained results that show that these substances 
possess the typically quinonoid property of forming with bromine 
addition compounds which readily lose hydrogen bromide to form 
dibromobenzfurazan oxide and dibromobenzfurazan. Thus we 
find that one molecule of benzfurazan oxide adds on four atoms of 
bromine to give a mixture of at least two isomeric tetrabromotetra- 
hydrobenzfurazan oxides, which by the action of caustic potash 
readily lose two molecules of hydrogen bromide to give a single 
dibromobenzfurazan oxide. This dibromo-compound is reduced by 
hydroxylamine to a dibromobenzfurazan. Further, benzfurazan 


NR 
ON: ~ Yo 
=N. _» BrH sHisr “ (?) Br/ 
| JExy>o — > BAC Ro Yabo 
y, R 
Hb (i 
m. p. 69° (1) ‘m. p. 170°, (2) m. p. 117° m, p. 132° 
|? NH,OH NH,OH 
 cit,-0K HBr 
( ) 0 — ~~ @= >o SS (By ) >0 
\ =N BrH =N N =N 
HBr (?)Br 
(IV.) m. p. 55° m. p. 147° m. p. 113° 


itself adds on four atoms of bromine to give a tetrabromo-derivative, 
from which two molecules of hydrogen bromide are removed by 
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alkalis, yielding a dibromobenzfurazan identical with that obtained 
from benzfurazan oxide after bromination, loss of hydrogen bromide 
and reduction. These results leave little doubt that the benzfur- 
azans and benzfurazan oxides are quinonoid and that the sequence 
of reactions described above can be represented by the scheme 
on p. 3309. 

Owing to the considerable differences between the parachor values 
to be expected for the structures that at various times have been 
put forward for the benzfurazans, it appeared to be worth while to 
undertake the necessary density and surface tension measurements. 
Our results (p. 3311) confirm, on the whole, the conclusions derived 
from the experimental evidence. 


EXPERIMENTAL 


Addition of Bromine to Benzfurazan Oxide: Preparation of Tetra- 
bromotetrahydrobenzfurazan Oxide.—Benzfurazan oxide (5 g.), pre- 
pared by the action of sodium hypochlorite on o-nitroaniline (Green 
and Rowe’s method), was dissolved in 100 c.c. of dry carbon di- 
sulphide and 12 g. (4 atoms) of bromine in 20 c.c. of carbon di- 
sulphide were added, the mixture being left in bright daylight for 
8 hours. No bromine then remained and large colourless crystals 
of the tetrabromo-addition product had separated ; more was obtained 
on evaporation of the carbon disulphide (total yield, 17-3 g., which is 
theoretical for the addition of 4 atoms of bromine). After re- 
crystallisation from alcohol or benzene the crystals that first separ- 
ated from the reaction mixture melted at 170° (Found: C, 15-8; 
H, 1-0; N, 6-1; Br, 71-1. C,H,O,N,Br, requires C, 15-4; H, 0-9; 
N, 6-2; Br, 70-2%). 

The solid obtained by evaporation of the carbon disulphide, after 
two recrystallisations from alcohol, melted at 117°. Analysis 
(Found : C, 6-2; H, 0-9; N, 6-2; Br, 70-89%) showed that it is an 
isomeride of the tetrabromide of m. p. 170°. Both substances on 
treatment with potassium hydroxide solution react instantly to 
give the same dibromobenzfurazan oxide (faintly yellow needles 
from alcohol), m. p. 132°, mixed m. p. 132° (Found: N, 9-4; Br, 
53-9. C,H,O,N,Br, requires N, 9-5; Br, 54-4%). 

Better yields of the lower-melting isomeride of tetrabromotetra- 
hydrobenzfurazan oxide were obtained by brominating benz- 
furazan oxide in glacial acetic acid solution containing two molecules 
of anhydrous sodium acetate for each molecule of bromine present. 

Addition of Bromine to Benzfurazan ; Preparation of Tetrabromo- 
tetrahydrobenzfurazan.—5 G. of benzfurazan, prepared by the re- 
duction of benzfurazan oxide with excess of 4°% methyl-alcoholic 
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potash and subsequent distillation in steam, were dissolved in 100 
c.c. of dry carbon disulphide, to which 16 g. (4 atoms) of bromine in 
25 c.c. of carbon disulphide were added, the mixture being kept in 
bright daylight for 8 hours. On removal of the solvent, 20 g. of 
tetrabromotetrahydrobenzfurazan (theoretical for the addition of 
4 atoms of bromine, 20-5 g.) were obtained as colourless prisms, 


fm. p. 147° after recrystallisation from alcohol (Found: C, 16-2; 


H, 0-9; N, 6-5; Br, 72-6. C,H,ON,Br, requires C, 16-4; H, 0-9; 
N, 6-4; Br, 72-7%). No other tetrabromo-derivative was present 
in appreciable quantity. 

On treating the tetrabromo-derivative with alkali, immediate 
loss of hydrogen bromide took place and dibromobenzfurazan (colour- 
less needles from alcohol) was obtained, m. p. 113° (Found: N, 
10-0; Br, 57-3. C,H,ON,Br, requires N, 10-1; Br, 57-6%). 

Benzfurazan is thus exactly analogous to benzfurazan oxide and 
must have the quinonoid structure (IV). 

Reduction of Dibromobenzfurazan Oxide to Dibromobenzfurazan.— 
To 5 g. of dibromobenzfurazan oxide, m. p. 132°, in 75 c.c. of alcohol, 
1-8 g. of hydroxylamine hydrochloride in 10 c.c. of water were added. 
A 25% aqueous solution of potassium hydroxide was added until 
nitrogen was no longer evolved. The mixture was then distilled 
in steam and 2 g. of fine needles were collected in the distillate. 
After recrystallisation from alcohol these melted at 113°, alone or 
mixed with the substance obtained from tetrabromotetrahydro- 
benzfurazan by the elimination of hydrogen bromide. 

Determinations of the Parachors.—Determinations were made by 
Sugden’s method on benzfurazan oxide, tolufurazan oxide (4-methyl- 
benzfurazan oxide), and benzfurazan. The results are given below, 


* Benzfurazan oxide, (I): M, 136; Tolufurazan oxide (as I): M, 150; 
m. p. 69°. m. p. 97°. 

” Para- Para- 

Temp. Deg. y: chor. Temp. Ds. y- chor. 

80° 1-280 44:14 . 273-8 100-5° 11-1953 38-13 312-0 

96 1-264 42-25 274-0 103-8 11-1922 37-83 312-0 

110-5 1-250 40-55 274-6 108 11855 37-03 311-3 

127 1-234 38-53 274-6 115 1-:1822 36-18 311-2 

Mean 274-3 120 1:1777 35-30 310-5 

Mean 311-4 


Benzfurazan (IV): M, 120; m. p. 55°. 


65° 1-1770 37-24 251-9 84° 1-1571 34-73 251-8 
76 1°1655 36-18 252-5 90-5 1-1503 34-13 252:1 
80 1-1612 35-54 252-3 98 1-1423 33-49 252-7 

Mean 252-2 


* The data for benzfurazan oxide were very kindly determined for us by 
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The structures that have hitherto been put forward for benz. 
furazan oxide are :— 


Oo 
4 
—N=0 N 7 \=N— PN 
|_n=0 O<y>9 | Jen 6 | Een>0 
YW IN 
(V) Pear. = 284-3. (VI) Peate. = 268-0. (VIL) Poste. = 267-2. (VIII) Pea. = 268-0 


(The atomic and structural constants used in deriving the cal- 
culated parachor P.»., are taken from Sugden, “ The Parachor 
and Valency,” p. 38). It thus appears that the observed parachor 
agrees best with the value for the benzfurazan oxide structure (VIII), 
though it cannot distinguish between the structures (VII) and (VIII). 
The positive anomaly of 6-3 is high; a similar though smaller 
anomaly appears for the methylbenzfurazan oxide, where P,,),. = 
308-6, Pors, = 311-4 (anomaly = + 2-8). Benzfurazan itself gives, 
for the structure (IV), Poaic, = 249-6 ; Pops, = 252-2 (anomaly = + 2:6). 

Although the chemical and physical evidence appears to establish 
the quinonoid nature of benzfurazan and its oxide, the problem of 
why the same furazan oxide is always obtained from o0-nitro-azo- 
imides or o-nitroanilines substituted in the 4- or 5-positions still 
remains unsolved. The benzfurazan oxides resemble closely the 
benzildioxime peroxides in their volatility, ability to liberate iodine 
from potassium iodide, etc., and the structures of the benzildioxime 
peroxides are conclusively shown by the work of Meisenheimer, 
Lange, and Lamparter (loc. cit.) to contain the non-symmetrical 


group —yv>9. Two isomeric monosubstituted benzfurazan oxides 


ought therefore to exist, though neither we nor previous workers on 
these substances have succeeded in finding them. It is possible, 
however, that in the liquid state the benzfurazan oxide passes 
to some extent tautomerically into the symmetrical o-dinitroso- 
form, which would lead to the conversion of an unstable oxide 
into its stable isomeride and account for the apparent existence of 
only one form. There is some evidence for this view. When 
solutions of the benzfurazan oxides are heated, a distinct greenish- 
yellow colour is observed, which disappears on cooling. It may 
also be noted that the presence of o-dinitroso-molecules (Paic. = 
284-3) in the molten benzfurazan oxide (Pa. = 268-0) would account 
for the positive anomaly in the observed parachor. 


Summary. 


The action of bromine on benzfurazan oxide and on benzfurazan 
yields by addition tetrabromo-derivatives. These lose hydrogen 
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promide in the presence of alkali, giving substituted dibromo- 
derivatives. These reactions indicate that the benzfurazans are 
quinonoid in structure, as originally suggested by Green and Rowe. 

Confirmation of this view is obtained from determinations of the 
parachors. 


THE Dyson PEerRRins LABORATORY, 
OXFORD. [ Received, October 6th, 1931.] 





CCCCLIX.—Studies in Gaseous Adsorption. Part II. 
The Heat of Adsorption Curve for Hydrogen on 
Platinum. 


By Epwarp BraDFoRD MaxTED and Nissim Hassib. 


THE variation in magnitude of the differential heat of adsorption of 
hydrogen on solid adsorbents with the stage at which a given small 
gas increment is added has been examined by a number of investig- 
ators with varying results. Thus, a type of curve in which the 
differential adsorption heat apparently rises from a relatively low 
value, then passes, as the adsorbed concentration is increased, 
through a maximum, and finally decreases with further adsorption, 
has been obtained by Fryling (J. Physical Chem., 1926, 30, 818) 
for hydrogen on nickel, by Kistiakowsky, Flosdorf, and Taylor 
(J. Amer. Chem. Soc., 1927, 49, 2200) for hydrogen on copper, and 
by one of us (J., 1930, 2093) for hydrogen on platinum. 

The experimental measurement of adsorption heats, particularly 
in the two extreme regions, corresponding, respectively, with a very 
low and with a high adsorbed concentration, is complicated by a 
number of possible sources of error, which are different for these two 
extreme states and are relatively non-operative at intermediate 
adsorbed concentrations; and, for this reason, a revision of the heat 
measurements corresponding with the extreme portions of the curve 
is a subject of considerable interest. 

The factors which cause a possible error during the addition of the 
first increments of gas, at which the total gas pressure is of a low order 
of magnitude, include, first a possible uneven temperature distri- 
bution, due to a preferential adsorption of the first small quantities 
of gas on those parts of the adsorbent with which they first come 
into contact and to the low thermal conductivity of finely divided 
metals of low gas pressures, and secondly, the operation of the so- 
called gas effect. Taylor, Kistiakowsky, and Perry, in a later series 
of measurements (J. Physical Chem., 1930, 34, 799) in which argon 
was employed as a buffer gas in the adsorption of various gases on 
5P 
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platinum, also Garner and Kingman (Trans. Faraday Soc., 193], 
27, 322), by surrounding the whole of the apparatus in the immediate 
neighbourhood of the calorimeter by a carefully adjusted constant. 
temperature enclosure, were able to obtain heat of adsorption curves 
which exhibited no rise to a maximum, but in which the differentia] 
heat gradually decreased with an increase in the adsorbed concen. 
tration, the measurements of Garner and Kingman being for hydrogen 
on catalysts of an oxide type. 

As the adsorbed concentration and consequently the residual gas 
pressure, increases, certain sources of possible error of another nature 
gradually become effective. The rate of adsorption becomes far 
slower and less complete; and the accurate assignment of the heat 
effect observed—corrected for losses by the extrapolation of the 
time-temperature charts—to a definite increase in adsorbed con- 
centrations becomes more and more uncertain; moreover, the 
measurement, with a McLeod gauge, of the volume of gas adsorbed 
from gas increments added at a relatively high gas pressure, under 
conditions such that only a partial adsorption of the increment takes 
place, becomes of greater and greater difficulty. 

In the work now described, the disturbing influence of the above 
factors has been minimised as far as possible by using a constant- 
temperature enclosure of considerable extent, as was done by 
Garner and Kingman, and by measuring—for more advanced 
adsorbed concentrations—heats of desorption in addition to heats 
of adsorption; since desorption takes place particularly quickly just 
in the region of high adsorbed concentrations, in which adsorption 
is slow, and the volume of gas desorbed for a given heat effect can 
be measured with a higher degree of accuracy than is possible for 
adsorption in this region. 

In addition, an attempt was made to replace a thermometric 
determination of the heat effect by an ice-calorimetric method, for 
the reasons already stated; but the degree of accuracy obtainable 
with the relatively small heat quantities involved was, after con- 
siderable trial, found to be insufficiently high; and the heats were 
therefore determined by means of a copper-—constantan thermo- 
couple, as previously used, after testing for unevenness in the tem- 
perature distribution by employing helium as a buffer gas and by 
parallel experiments with calorimeters of two distinct types in one 
of which the gas was admitted initially to the outside and, in the 
other, to the inside of the adsorbing mass. 

The results obtained appear to indicate, not only the absence of a 
maximum in the first part of the curve, but also the absence of any 
appreciable diminution in value of the heat effect as the adsorption 
is continued ; indeed, in some series, slightly higher heat values were 
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obtained at relatively high adsorbed concentrations. In other words, 
the differential heat of adsorption of hydrogen on platinum is 
apparently constant throughout the whole of the range studied.* 


ExPERIMENTAL. 


The apparatus employed was, in the main, similar to that pre- 
viously used (J., 1930, 2093), save that a thermally insulated 
enclosure, fed with air at a carefully regulated constant temperature, 
was built round the whole of the parts in the neighbourhood of the 
calorimeter. Time-temperature graphs were, as before, recorded 
on a revolving drum in order to permit, by extrapolation, the 
correction for heat loss during the time of adsorption. For the 
desorption measurements now made in order to determine with 
greater accuracy the differential heat at relatively high adsorbed 
concentrations, the heat effect was of course negative. All determin- 
ations relate to adsorptions at 20°. 

In the first place, the course of three measurements of the relative 
rates of adsorption at different initial hydrogen concentrations has 
been summarised in Table I, in order to show the decrease in the rate 
of adsorption from an approximately equal gas increment as the 
adsorbed concentration at which the gas is added increases. 


TABLE I. 
Platinum = 12 g. 





Initial H, H, increment H, (c.c.) adsorbed after (mins.) 

content, admitted, r — 
C.e. c.c. 1. 2. 5. 10. 
0 * 0-486 0-455 0-480 0-486 0-486 
2-36 0-410 0-262 0-308 0-355 0-338 
5-83 2-51 0-289 0-330 0-360 0-371 


In addition to the above-mentioned decrease in rate, shown by 
the course of adsorption from 0-4—0-5 c.c. of admitted gas by the 
platinum containing initially 2-36 c.c. of hydrogen, compared with 
adsorption by the degassed metal, it will be noted, first, that, at the 
still higher initial adsorbed concentration, a far greater volume of 
gas must be admitted in order to obtain approximately the same 
adsorption rate, and secondly, that adsorption by platinum con- 
taining a relatively high initial adsorbed concentration of hydrogen 
becomes less complete and does not so quickly reach a maximum. 

In regard to heat measurements, Table II summarises the results 
of four typical series of measurements with 12-0 g. of platinum- 
black, previously exposed to an excess of hydrogen and degassed at 

* Since the above statement was written, Ward (Proc. Roy. Soc., 1931, 


188, A, 506) has published results for copper which, from analogy, apparently 
confirm those now reported for platinum. 
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100° for 10—14 hours by means of a combined mercury diffusion and 
Hyvac pump and contained in a platinum calorimeter, as previously 
described. The differential heat of adsorption given is in calories 
per g.-mol. of hydrogen, and is calculated on the basis of the heat 
evolution observed during the adsorption of the corresponding gas 
increment. The heat effects have been measured at various con- 
venient adsorbed concentrations up to the limit of pressure measur. 
able on the McLeod gauge used, the approximate adsorbed concen. 
tration at which the determination is made and the residual hydrogen 
pressure being indicated in cols. 4 and 5. Series 2 differs from the 
others in that the platinum was degassed at room temperature 
instead of at 100°. The platinum therefore, in this case, contained 
initially considerably more hydrogen than in the other series; and 
the hydrogen pressures corresponding with the possession of a given 
additional adsorbed concentration are consequently abnormal. 





TaBLeE II, 
H, increment Hydrogen adsorbed. Differential 
admitted, y “ Press. of heat of 
Series. c.c. Increment. Total. H,,mm. adsorption. 

1 0-570 0-570 0-570 — 16,600 
0-535 0-535 1-10 — 16,500 

0-630 0-630 1-73 — 15,800 

0-765 0-752 5-2 0-06 16,000 

1-00 0-530 13-0 0-52 17,200 

2-80 0-59 16-6 3-0 17,200 

2 0-692 0-668 0-7 0-002 15,800 
0-765 0-515 3:4 0-23 16,200 

1-50 0-27 5-2 2-3 16,500 

71 0-51 6-0 7:3 16,500 

3 0-371 0-371 0-37 — 15,000 
0-456 0-456 0-83 — 14,500 

0-549 0-543 1-37 — 13,300 

0-397 0-391 1-75 — 13,500 

0-530 0-510 2-76 0-005 14,700 

0-586 0-523 3-29 0-02 13,800 

0-709 0-546 3-86 0-10 13,200 

4 0-241 0-241 0-241 — 15,900 
0-245 0-238 0-72 —_ 15,800 

0-256 0-245 1-3 0-005 15,800. 

0-371 0-358 2-6 0-015 14,900 

0-755 0-415 5-0 0-40 14,500 

2-97 0-662 5-7 1-68 16,700 

2-52 0-30 6-2 3-0 17,500 


It will be seen that the differential heats, measured at various 
stages of adsorption, show no indication of a regular increase or 
decrease as the adsorbed concentration advances, but vary round 
a mean value for each series. The hydrogen pressure corresponding 
with a given total adsorption varied from series to series, this being 
probably due principally to slight differences in the extent of the 
preliminary degassing; further, as has also been observed pre- 
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Lew viously, the adsorption at a given hydrogen pressure was especially 
ualy high during the first series for which the platinum was used. 

— In addition, a series of adsorption measurements was carried out 
heat in a copper calorimeter of a type such that the hydrogen was 
8% F .dmitted initially to the centre of the adsorbing mass instead of to 
"On: § the outside. The platinum-black used weighed 8-4 g. Somewhat 
Sut: f lower results were obtained for the adsorption heats, this being 
_ possibly due to differences in the condition of the platinum; but 
Ben Ft here again the values varied round a mean. The results in this 





& series are given in Table ITI. 
pure 
ps Tasxe III. 
AT 
7" Hydrogen adsorbed. Differential 
ven H, admitted, ~ heat of 
c.c. Increment. Total. adsorption. 
0-509 0-317 0-3 10,400 
0-519 0-285 0-6 12,800 
0-573 0-315 1-0 11,700 
ial 0-615 0-329 1-3 11,700 
0-824 0-399 1-7 12,500 
- 1-113 0-471 2-2 13,000 
y 1-653 0-641 2-8 13,000 
2-216 0-871 3°6 13,000 


Measurements of the heats of desorption were made by evacuating 
the whole of the apparatus, with the exception of the part actually 
containing the platinum. On opening the stopcock connecting the 
calorimeter with the evacuated portion of the apparatus, a small 
volume of hydrogen was relatively quickly desorbed, provided that 
the initial adsorbed hydrogen concentration was not too low; and 
the negative heat effect could be determined in the usual way. 

Table IV contains the results of a number of desorption measure- 
ments at various initial gas pressures, those at high pressures 
corresponding with relatively high adsorbed concentrations. The 
differential heats of desorption were, like the adsorption heats, 
found to vary round a mean value. If anything, there was a tendency 
for the experimentally determined heats at high adsorbed concen- 
trations to be somewhat high ; but this slight variation is probably 
due to the higher rate of desorption in this state and the consequent 
decreased effectiveness of heat losses by radiation or other means, 
us | and in any case the variation from the mean value is not greater 
ot f than the limit of accuracy of the apparatus. The weight of platinum 
id J used in this series was 12 g. In all, 23 desorption measurements 
8 | were made, the average heat of desorption being 17,300 cals. per 
| g.-mol. of hydrogen. 

» In conclusion, it may be pointed out that while a uniform heat of 
* § adsorption is perhaps not inconsistent with the theory of a surface 
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TABLE IV. 


Initl. equil. H, Diffl. heat Tnitl. equil. H, Diffl. heat 
press. of desorbed, of desptn., press. of desorbed, of desptn., 
H,, mm, c.c cals. H,, mm. c.c. cals. 

4-99 0-24 — 18,700 1-71 0-25 — 15,000 
4-91 0-37 — 18,500 1-60 0-30 — 18,000 
3-30 0-32 — 17,500 1-30 0-32 — 15,700 
2-32 0-25 — 15,400 1-18 0-20 — 15,800 
2-31 0-32 — 15,500 1-15 0-18 — 16,000 
2-29 0-22 — 18,700 0-81 0-22 — 19,100 
2-20 0-25 — 16,000 0-60 0-17 — 15,000 


possessing a non-uniform degree of unsaturation, as postulated by 
Taylor, it is at least more difficult to reconcile with this conception 
than is the case for a heat effect which decreases with an increase in 
the adsorbed concentration. 


DEPARTMENT OF PuHysICcAL CHEMISTRY, 
UNIVERSITY OF BRISTOL. [Received, October 28th, 1931.] 





CCCCLX.—Constitutional Factors controlling Proto- 
tropic Changes in Carbonyl Compounds. Part I. 
The Relative Speeds of Enolisation of Acetone and 
Bromoacetone and the Effect of the Acid Catalyst. 


By Epwarp Davin Hueues, HerBert BEN Watson, and 
Epmunp Denys YATES. 


It was first shown by Lapworth (J., 1904, 85, 30) that the reaction of 

bromine with acetone in dilute aqueous solution occurs in two stages, 

that in which the halogen takes part being too rapid for measure- 

ment, and he suggested that the ketone changes at a relatively 

slow speed to its enolic form, which is brominated instantaneously : 
Br, (rapi 


CH,-CO-CH, ——"> CH, :C(OH)-CH, ——---> CH, Br-CO-CH, + HBr. 


This interpretation is equally applicable to the bromination of 
acetone in anhydrous solvents (Watson, J., 1927, 3065; Hughes 
and Watson, ibid., 1929, 1945),* where a variable latent period is 
followed by rapid disappearance of bromine, the latent period being 
removed and the reaction rendered much slower by the presence of a 
little water. Lapworth’s view being. adopted, these observations 
are easy to understand, since prototropic changes are not spon- 
taneous (Lowry, J., 1899, 75, 221; 1925, 127, 1382), and are 
catalysed to an extraordinary degree by covalent acids (Meyer, 





* Similar results have been recorded more recently by Cohen (J. Amer. 
Chem. Soc., 1930, 52, 2827), who, however, overlooked the initial latent 
period, even in presence of a little quinoline (compare Watson, loc. cit.). 
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Annalen, 1911, 380, 238). Since Lapworth’s original observation 
the results of various workers have led to the conclusion that 
the reactions of halogens with carbonyl! compounds in general 
(excluding the majority of carboxylic acids) are preceded by a change 
of the carbonyl compound to its enolide (for summary, see Watson, 
Chem. Reviews, 1930, 7, 173). The latter reacts instantaneously 
with halogen, and the speed of the keto-enol change may therefore 
be determined conveniently by measurement of the velocity of 
bromination. This method is now being employed at these labora- 
tories in an investigation of the enolisation of various ketones and 
allied compounds, the aim being to throw further light on the factors 
which influence prototropic changes. 

According to Sokolowsky (Ber., 1876, 9, 1687), the reaction of 
bromoacetone with one mol. of bromine leads to as.-dibromo- 
acetone. We find, however,that in aqueous hydrochloric acid both 
dibromoacetones are obtained in approximately equal amounts, 
together with small quantities of higher brominated products. 
Kinetic measurements have shown that the velocity of bromination 
of bromoacetone in aqueous solution is independent of the concen- 
tration of the halogen, and it may be concluded that the ketone first 
passes into an enolic form (A or B) 


CH,C(OH):;CHBr . . . . . (A) 
“Ss CH,:C(OH)CH,Br . . . . . (B) 


each of these changes being followed by very rapid reaction with 
bromine. 

The mechanism of bromination of bromoacetone is thus completely 
similar to that established by Lapworth for acetone. When, 
however, the actual speeds are compared, an interesting position is 
revealed. It is to be anticipated that the strong electron-affinity 
of the halogen atom (— J *) will facilitate the ionising of the «- 
proton, and thus accelerate enolisation : 


CH,-CO-CH,Br 


TY ld 
(A) pee o8 ae (B)t 
A 


CH, CH,Br 


* The terms “ inductive effect ’’ (J) and “‘ tautomeric effect ’’ (7), as used 
in this series of communications, are intended to convey the meaning assigned 
to them by Ingold and his collaborators in numerous writings (e.g., Ann. 
Reports, 1926, 140). 

+ The electron repulsion of methyl (+ J) is decreased by the substitution 
of haiogen; compare the percentages of m-derivative formed in the nitration 
of benzyl bromide (6-6%, Fliirscheim and Holmes, J., 1928, 1607) and toluene 
(44%). 
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catalyst bromoacetone reacts with bromine more quickly than does 
acetone. The autocatalytic influence of the hydrogen bromide 
is vastly different in the two cases, however; the bromination of 
acetone is accelerated very markedly as halogen acid accumulates 
in the system, but there is no appreciable autocatalysis in the case 
of bromoacetone. The same contrast is observed when hydro- 
chloric acid is present initially ; its effect on the speed of bromination 
of bromoacetone is relatively slight, while acetone now reacts at a 
much greater speed. This will be made clear by the figures below, 
where v represents the fall in NV /50-thiosulphate titre per hour. 


Bromination in aqueous solution at 25°. [Ketone] = 0-25M. 
Mols. ketone/mols. bromine = 20. 


Acetone. Bromoacetone. 
+ a eee 0 0-5 1-0 HCh M...... 0 0-5 1-0 
Dt) itadageetece 0-10 12°88 27-75 Oi cesusentsias 0-50 2-22 3°85 


These results are in harmony with the proportions of the products 
obtained when acetone reacts with one mol. of bromine. Even in 
absence of added catalyst, the halogen acid produced during the 
course of the reaction will accelerate the bromination of the acetone 
so powerfully that but little of the halogen will react with the 
bromoacetone. Thus, Sokolowsky (loc. cit.), Emmerling and 
Wagner (Annalen, 1880, 204, 27), Brendler and Tafel (Ber., 1898, 
31, 2683), Nef (Annalen, 1904, 335, 259), and Lapworth (loc. cit.) 
obtained monobromoacetone almost entirely, and the product 
isolated by us contained some 88 mols. % of monobrominated 
derivative. A study (Hughes and Watson, loc. cit.) of the bromin- 
ation of pyruvic and levulic acids revealed a similar contrast in the 
effect of the acid catalyst : 


Pyruvic acid = 1-0M. Leevulic acid = 0-7M. 
Fall in titre in Fall of titre in 
Catalyst. 2 hrs. Catalyst. 2 hrs. 
None 1-70 None 0-15 
HCl = 1:15M 1-85 HCl = 0-46M 6-30 
HBr = 1:-7M 2-00 HBr = 0-:69M 7-90 


The results outlined above may be summarised as follows. The 
enolisation of acetone and of levulic acid in aqueous solution 
proceeds very slowly in absence of catalyst, but is accelerated very 
powerfully by acids, whilst that of bromoacetone and of pyruvic 
acid proceeds relatively quickly in absence of the catalyst and is 
influenced but little by the presence of acid. The relative effects of 
acids in non-ionising media (Hughes and Watson, loc. cit.) are 
similar, for while. pyruvic acid, after the latent period, is brominated 
only slowly, acetone and levulic acid react at great speed. 





This is actually the case, for in aqueous solution and in absence of 
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These facts necessitate the recognition of at least two factors 
which govern the speed of catalysed enolisation. The first step 
in the keto-enol change in aqueous solution may be regarded (Hughes 
and Watson, loc. cit.) as the co-ordination of the carbonyl oxygen 
with a molecule of water (in absence of catalyst) or with the oxonium 
ion (in presence of acid), leading to one or both of the equilibria 


—(—c=0 + H,O=—¢-C=0-H-0H». (1) 
| + | + 
—C-C=0 + HO=—C-C=0- HOP. . 2) 


The complex (2) will enolise at a relatively fast rate owing to the 
effect of the positive pole in augmenting the electronic drift which 
precedes the ionisation of the «-proton. The co-ordinated water 
molecule in (1) will, on the other hand, have an insignificant 
influence. In absence of acid, therefore, the speed of enolisation 
will depend upon the extent to which the ionisation of the «-proton 
is favoured by groups inside the molecule. Bromoacetone and 
pyruvic acid, owing to the electron affinity (— J) of the bromine 
atom and the carboxyl group respectively, will enolise relatively 
quickly; levulic acid is less prone to enolisation than is pyruvic, 
since the methyl group (+ J effect) opposes the ionisation of the 
proton : 


Pyruvice acid. Levulic acid. 
I Aw | WD no 
ee Oo egt 
‘ a |B 
CO,H ‘H, 


The very influences which facilitate the ionisation of the proton 
will, however, oppose the appropriation of electrons by the carbony! 
oxygen (process a), and will thus reduce its capacity for co-ordination, 
particularly with a strongly negative-centre-seeking reagent such as 
the oxonium ion. In bromoacetone and pyruvic acid, therefore. 
equilibrium (2) will strongly favour the left-hand side (although very 
considerable co-ordination with neutral water, as in equilibrium ], 
is doubtless possible), and the concentration of the reactive complex 
will be far smaller than that of the corresponding complex formed by 
acetone or by levulic acid. In the last-named, the methyl group 
will favour co-ordination, and the opposing effect of carboxyl is 
screened by the «- and the 8-carbon atom. It is perhaps worthy of 
note that addition compounds of acetone with halogen acids have 
been isolated (e.g., Archibald and McIntosh, J., 1904, 85, 924). On 
our view ~ the reaction, the effect of the acid catalyst is determined 
5P2 
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by the extent to which co-ordination of ketone and oxonium ion 
can occur ; hence it is to be anticipated that the enolisation of acetone 
and of levulic acid will be accelerated powerfully, whilst that of 
bromoacetone and of pyruvic acid will be affected to a relatively 
small degree. This is in harmony with experimental results. 

It appears, therefore, that the velocity of a catalysed keto-enol 
change is dependent in a dual manner upon the influence of sub- 
stituent groups, and due consideration must be given to the effect of 
the group (i) in facilitating the ionisation of the proton, and (ii) in 
promoting co-ordination with the catalyst. The catalysts referred 
to are, of course, only those of the acid type. Catalysis by a base 
(e.g., anion of a weak acid) doubtless proceeds through a different 
mechanism, involving probably the direct attack of the «-proton by 
the catalyst. 

An explanation of another peculiarity of certain carbonyl com. 
pounds is now rendered possible. Levulic acid reacts with one mol, 
of bromine in aqueous solution to give, mainly at least, the 8-mono- 
brominated acid, whereas in chloroform the §8-dibrominated 
derivative is obtained together with unchanged levulic acid (Hughes 
and Watson, loc. cit.). In $-bromolevulic acid, co-ordination with 
the oxonium ion will occur only to a limited extent, owing to the 
influence of the halogen atom (compare bromoacetone) ; considerable 
co-ordination with covalent hydrogen bromide may be possible, 
however, and thus the acid is further brominated in chloroform 
but not in water. The different products obtained in the two 
media are thus accounted for. 

The possibilities of further applications of the ideas outlined 
above are being explored. 


ExPERIMENTAL. 


Products of Bromination of Acetone.—138 G. of bromine were 
added slowly to 50 g. of acetone in 80 c.c. of water and 20 c.c. of 
concentrated hydrochloric acid. The oil which separated was 
removed, the aqueous layer extracted with ether, and the oil and 
extract dried over anhydrous sodium sulphate. After several 
fractionations under low pressure, 89 g. of monobromoacetone were 
isolated (b. p. 39-5°/18 mm. Found: Br, 58-7. Cale.: Br, 58-4%), 
together with 14 g. of a liquid containing Br, 78-9°% (Cale. for di- 
bromoacetone, 74:1%). All the halogen estimations were done by 
Robertson’s method (J., 1915, 107, 902). 

Products of Bromination of Bromoacetone.—118 G. of bromine 
were added to 100 g. of bromoacetgne in 100 c.c. of water and 50 c.c. 
of concentrated hydrochloric acid. After treatment as above, the 
products isolated were s.-dibromoacetone (49 g.; m. p. 241°, b. p. 
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57—58°/4mm. Found: Br, 74:3. Cale.: Br, 74:1%), as.-dibromo- 
acetone (53 g.; b. p.38—40°/7 mm. Found: Br,74%. Acetic acid 
was recognised among the products of oxidation), unchanged mono- 
bromoacetone (7 g. Found: Br, 61-1%), a liquid (9 g. Found: 
Br, 81-7. Calc. for tribromoacetone: Br, 81-4%), and another 
liquid (6 g. Found: Br, 84-8. Calc. for tetrabromoacetone: 





Br, 85-6%). 

Kinetic Measurements.—Bromoacetone was obtained as above. 
Acetone was purified by the sodium iodide method, and water by 
distillation from permanganate and potash. 100 C.c. of solution were 
made containing the reagents in the desired proportions, the ketone 
always being in large excess (at least 20 mols. per mol. of bromine). 
All reactions were carried out at 25°, and were followed by titration 
at suitable intervals of the iodine liberated from potassium iodide by 
10 c.c. of the reaction mixture. The very considerable reduction of 
bromoacetone by hydriodic acid, however, introduced a difficulty 
in the estimation. It was found necessary to add portions of the 
mixture to potassium iodide in presence of a quantity of sodium 
acetate and acetic acid carefully adjusted to render the reduction of 
bromo-ketone negligible, and at the same time to give the full 
bromine titre. The quantities necessary were determined by pre- 
liminary experiments; for example, for 10 c.c. of a reaction mixture 
containing 0-5M-bromoacetone and 0-5M-hydrochloric acid, correct 
results were obtained by using from 1-0 to 2-5 g. of crystalline 
sodium acetate, 0-25 g. of potassium iodide and 10 c.c. of glacial 
acetic acid (stable to halogens), diluted to 120 c.c. On increasing 
the hydrochloric acid to 1-0M, it was necessary to increase the 
sodium acetate to 4:7—4-8 g. In measurements of the bromination 
of acetone itself, the amount of bromo-ketone formed was so small 
that correct results were obtained either with or without the buffer 
solution. The figures which follow refer to bromination in aqueous 
solution. Time is expressed in hours, and titres in c.c. of NV /50-thio- 
sulphate. 

The velocity is always independent of the concentration of the 


| halogen, as shown in the first table. 


[Bromoacetone] = 05M. [HCl] = 0-5M. 
Fall in titre after (hrs.) 








Initial - = Fall 
titre. 0-5. 1. 1-5. 2 3. 4. 6. per hour. 
10-90 2:35 472 7:08 © 9-60 Gone 4-75 
18-75 2:35 4:75 7:10 9-55 1438 Gone 4-75 
29-20 2:32 468 710 958 14:32 19-15 28-80 4-75 


The velocities of bromination of acetone and bromoacetone in 
presence of acid catalyst are compared in the next table. 
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Acetone. Bromoacetone. 

[Ketone], Fall [Ketone], Fall 
M. [HCl], M. per hour. M. [HCl], M. per hour. 
0-50 0-50 26-12 0-50 0-50 4-75 
0-50 0-63 34-40 0-50 1-00 8-28 
0-25 0-22 5-60 
0-25 0-50 12-88 0-25 0-50 2-22 
0-25 1-00 27-75 0-25 1-00 3°83 


The last table indicates the velocities of bromination of the 
ketones when no acid is present initially. It will be seen that the 


[Ketone] = 0-25M. 
Fall of titre after (hrs.) 





Initial - 

titre. 4. 12. 24. 36. 48. 
TORING. sciintiadsnnnin 18-82 0-40 1-48 3°25 6-52 11-05 
Bromoacetone ...... 20-72 1-98 5-40 10-82 17°15 Gone 


hydrogen bromide produced accelerates the bromination of acetone 
very powerfully, whereas in the case of bromoacetone autocatalysis 
is hardly perceptible. The acid produced was sufficient to cause 
considerable reaction of the bromo-ketone with potassium iodide, 
and hence in the bromoacetone experiments a constant excess of 
hydrochloric acid was added before titration, and the appropriate 
buffer solution used. 


The work described above was commenced at the University 
College of North Wales, Bangor. The authors wish to express 
their indebtedness to Messrs. Imperial Chemical Industries, Ltd., 
for a substantial grant by which the cost of the research has been 
largely defrayed. 


THE TECHNICAL COLLEGE, CARDIFF. [| Received, October 29th, 1931.] 





CCCCLXI.—The Action of Halogens on Polycyclic 
Indole Derivatives. Part I. The Reaction be- 
tween Bromine and the Acyl Derivatives of Tetra- 
hydrocarbazole and Benzopentindole. 


By SyDNEY GLENN PRESTON PLANT and MurtiEeL LOUISE 
TOMLINSON. 


IN a previous series of papers (for references, see footnote, this vol., 
p- 93; also this vol., pp. 1990, 2218) it has been shown that nitric 
acid reacts with the acyl derivatives of various polycyclic indoles 
to give not only simple nitro-compounds but also substances which 
have been formed by the addition of either OH and NO, or 20H at 
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the 2 : 3-positions in the indole skeleton. In view of the interest 
attaching to the ability of these indole derivatives to form such 
addition complexes and of the remarkable transformations which 
the products have been found to undergo, it became of importance 
to study the behaviour of some of these acyl compounds towards 
other reagents. The present communication describes primarily 
the results obtained during an examination of the action of bromine 
upon certain acyl derivatives of tetrahydrocarbazole and benzo- 
pentindole. 

When 9-acetyltetrahydrocarbazole (I; R = Ac) was treated with 
an equimolecular proportion of bromine in acetic acid solution, the 
product, which was isolated by immediate dilution with water, was 
found to contain only a negligible amount (0-2) of bromine, so that 
the reaction which had taken place gave no appreciable quantity of 
a simple substitution product. An investigation of this material 
indicated that it consisted Senne of 10: —— ae 


H 


2 
Se 
iA it * ¥ 
NR H, Xe, a AcN 
(I.) wes 


hexahydrocarbazole (II; R = pi which was one of the substances 
obtained by Perkin and Plant (J., 1923, 123, 676) from the action 
of nitric acid upon 9-acetyltetrahydrocarbazole. A further study 
of the reaction showed that this substance had resulted from the 
primary addition of bromine at the 10: 11-positions and the sub- 
sequent hydrolysis of the dibromide (III) when the reaction mixture 
was poured into water. Thus, when the bromination was carried 
out in carbon disulphide, the dibromide (III) was precipitated as an 
extremely unstable solid which rapidly evolved hydrogen bromide 
and immediately gave (II; R = Ac) on*treatment with water. It 
is clear from the results described below that the spontaneous 
elimination of hydrogen bromide from the dibromide (III) involves 
dehydrogenation at the 1- and 4-positions, but attempts to isolate 
the products under anhydrous conditions have not proved successful. 

When 9-benzoyltetrahydrocarbazole (I; R = Bz) was brominated 
under similar conditions, a product, C,,H,,0,N, was isolated from 
the sticky solid obtained by pouring the reaction mixture into water. 
It is obvious that this compound is not 10 : 11-dihydroxy-9-benzoy]- 
hexahydrocarbazole (I1; R = Bz), a substance already described 
by Plant and Rutherford (J., 1929, 1974), and differs from the latter 
in containing one molecule of water less. Owing to the fact that the 
substance (II; R = Ac) can be made to lose a molecule of water 
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under certain conditions to yield 6-acetyl--indoxylspirocyclo. 
pentane (IV; R = Ac), it was thought that this new product might 
be the corresponding benzoyl compound (IV; R= Bz). This 
possibility was, however, eliminated by the preparation of the latter 
compound by the direct benzoylation of 4-indoxylspirocyclopentane 
(IV; R=H). Itis extremely probable, therefore, that the product 
C,9H,;0,N has resulted from the primary addition of two bromine 
atoms, followed by the elimination of one molecule of hydrogen 


co H, 

\ CH,-CH, a 

7 nd Ai Tet 

Bkiacd tf NB. Ba 
(IV.) (V.) (VI.) 


bromide and the replacement of the remaining bromine by hydroxy]. 
There are two possible formule (V and VI) for this compound, and, 
of these, we consider (V) to be the more probable, since the bromine 
atom in the 10-position is likely to be the more readily removed, and 
the substance has been called 11-hydroxy-9-benzoyl-2 : 3:4: 11- 
tetrahydrocarbazole. When the compound was hydrolysed by alco- 
holic alkali, the benzoyl group was removed with the formation of 
11-hydroxy-2 : 3 : 4 : 11-tetrahydrocarbazole (VII; R = H), but, when 
the latter was then treated with benzoyl chloride and alkali in acetone 
solution, only one benzoyl group was introduced, and the product, 
which was not identical with (V), was apparently 11-benzoyloxy- 
2:3:4: 11-tetrahydrocarbazole (VII; R = Bz). 

When the compound (V) was boiled in acetic anhydride for 
several hours and the product was distilled under reduced pressure, 





Hy 
f Ya 
a H, —7 H, 
lH | JH, 
Yaw . fa \/ 
(VILI.) (VIII.) ' (IX.) 


a small quantity of a substance, C,,H,,ON, was obtained. It is 
suggested that this is 19-ketophenanthridindocoline * (VIII), and 
experiments are being carried out with a view to confirming this. 
It is clear that its formation has resulted from combined dehydration 
and dehydrogenation, but it is not possible at present to be certain 
of the mechanism of the process or to state whether it proceeds 


* At the suggestion of the Editor the name “ phenanthridindocoline ” has 
been adopted for the parent compound (VIII, with H, in place of O). 
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entirely during the treatment with acetic anhydride or partly during 
the subsequent distillation. It was found that the substance (V) 
gave carbazole on distillation under reduced pressure. When 
11-hydroxy-2 : 3: 4: 11-tetrahydrocarbazole was boiled with acetic 
anhydride for an hour, a molecule of water was removed with the 
formation of 2 : 3-dihydrocarbazole (IX). 

Treatment of ethyl tetrahydrocarbazole-9-carboxylate (I; R = 
CO,Et) with bromine under similar conditions has not led to the 
isolation of a pure reaction product. 9-Phenylacetyltetrahydro- 
carbazole (I; R = CH,Ph-CO), on bromination in acetic acid and 
subsequent addition of water, yielded a product from which a small 
amount of 10 : 11-dihydroxy-9-phenylacetylhexahydrocarbazole (II; 
R = CH,Ph:CO) was isolated. This substance was found to be 
identical with one of the compounds obtained by Perkin and Plant 
(loc. cit.) from the action of nitric acid on 9-phenylacetyltetrahydro- 
carbazole. Finally it was shown that the bromination product of 
9-cinnamoyltetrahydrocarbazole (I; R = CHPh:CH-CO) yielded. 
after treatment with water, a solid (A) from which 11-hydrozy- 
9-cinnamoyl-2 : 3: 4: 11-tetrahydrocarbazole (analogous to V) was 
obtained. Hydrolysis of the latter gave 11-hydroxy-2 : 3:4 :11- 
tetrahydrocarbazole (VII; R =H). The crude solid (A) was dis- 
tilled under reduced pressure, and both cinnamic acid and carbazole 
were extracted from the distillate. 

The results described above serve definitely to establish that the 
interaction of the 9-acyltetrahydrocarbazoles and an equimolecular 
quantity of bromine involves no appreciable substitution. The 
10: 11-dibromides, moreover, are extremely unstable and may 
readily lose hydrogen bromide. Furthermore, both the bromine 
atoms are very readily replaced by hydroxyl groups by the action of 
water. The formation of compounds of the type (V) undoubtedly 
involves the loss of a molecule of hydrogen bromide from the primary 
addition product ; they are not derived by the loss of water from the 
dihydroxy-compounds (II), since the latter are known to be stable 
under the experimental conditions employed, and, when they lose 
water under more vigorous treatment, they yield the spiro-compounds 
(IV). 

Since the 8-acyldihydropentindoles (X) differ greatly from the 
closely related 9-acyltetrah ydrocarbazoles in their additive reactions 
with nitric acid, it was decided to examine the behaviour of some of 
the former towards bromine. The acetyl, benzoyl, carbethoxy, and 
phenylacetyl derivatives were employed, but in every case intense 
colours were developed on bromination in acetic acid solution, and 
all efforts to isolate definite reaction products have failed. Similar 
results were obtained with dihydropentindole itself. With tetra- 
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hydropentindole (XI) and its 8-acetyl derivative, in which the 
reactive double linkage is no longer present, it is to be expected that 


H, ot, i ee, 

H a H 6 H H 

a 2 2 7 2 
NR H, NH H, AcN H, 


(X.) (XI.) (XII.) 





these phenomena would not be realised. This has been shown to 
be the case, and both, on bromination, undergo substitution in 
the normal positions. Thus 8-acetyltetrahydropentindole, with an 
equimolecular proportion of bromine in acetic acid solution, gave 
exclusively 5-bromo-8-acetyltetrahydropentindole (XII), the constitu- 
tion of which was established by its synthesis by the reduction and 
subsequent acetylation of 5-bromodihydropentindole, which, in turn, 
was obtained by an application of the Fischer indole synthesis to 
cyclopentanone-p-bromophenylhydrazone. Tetrahydropentindole 
itself underwent substitution so readily that, even when a uni- 
molecular proportion of bromine was used, considerable quantities 
of a dibromo-compound were formed. Thus the product, on 
acetylation, gave only a small amount of 5-bromo-8-acetyltetra- 
hydropentindole, and a much greater quantity of a derivative which 
was undoubtedly 5 : 7-dibromo-8-acetyltetrahydropentindole. 

The earlier work referred to in the opening sentence has shown that 
addition compounds of the types produced when nitric acid acts upon 
the 9-acyltetrahydrocarbazoles and the 8-acyldihydropentindoles 
are far more difficult to obtain from analogous, but more complex, 
polycyclic indoles. In view of this it became of interest to extend the 
present investigation to the bromination of the acyl derivatives of 
5 : 6-dihydro-«8-naphthacarbazole (XIII) and of benzopentindole 
(XIV; R=H). Unfortunately, previous efforts (Bryant and 
Plant, this vol., p. 93) to prepare the 11l-acy]-5 : 6-dihydro-«8-naph- 
thacarbazoles have been unsuccessful, so that these experiments 
have, of necessity, been limited to derivatives of (XIV). 

When bromine and 7-acetylbenzopentindole (XIV ; R = Ac) were 
made to react in acetic acid solution, the product was separable into 


H, 

NH ° 

fi (XIV.) 
(XIII) _——— 
\ ie NR 
H, 


two substances, m. p.’s 150° and 168°, which were found, on analysis, 
to be simple monobromo-7-acetylbenzopentindoles. In order to 
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establish the structures of these compounds, Fischer’s indole synthesis 
was applied tothe m- and p-bromophenylhydrazones of «-hydrindone ; 
attempts to apply the same reaction to the o-bromo-analogue were 
unsuccessful. The former of the two hydrazones can theoretically 
give a mixture of both 10-bromo- and 12-bromo-benzopentindole, 
and, since fractions obtained from the reaction product melted with 
decomposition and were unsuitable for definite characterisation, the 
whole was acetylated. Fractional crystallisation of the product 
then led to the isolation of both the possible bromo-compounds. 
Since there is no evidence to show which of these is the 10-bromo- 
and which the 12-bromo-compound, the procedure previously 
adopted in analogous cases has been employed, and one (m. p. 150°) 
has been called 10(or 12)-bromo-7-acetylbenzopentindole and the 
other (m. p. 168°) 12(orl0)-bromo-7-acetylbenzopentindole. It was 
found that these two acetyl compounds were identical with the pro- 
ducts obtained from the bromination of 7-acetylbenzopentindole. 
11-Bromo-7-acetylbenzopentindole, derived from the p-bromophenyl- 
hydrazone by an analogous procedure, melted at 174° and was 
definitely not identical with either bromination product. 

From the product of the action of bromine under similar conditions 
on 7-benzoylbenzopentindole (XIV; R = Bz) a single monobromo- 
derivative has been isolated, and this was identified as 10(or 12)- 
bromo-7-benzoylbenzopentindole by hydrolysis and subsequent acetyl- 
ation. The bromination of ethyl benzopentindole-7-carboxylate (XIV ; 
R = CO,Et) has given a mixture of ethyl 10(or 12)-bromobenzopent- 
indole-7-carboxylate and the isomeric 12(or 10)-bromo-compound. 
The constitution of the former was again established by hydrolysis 
and subsequent acetylation, while the structure of the latter was 
determined by its synthesis from 12(or 10)-bromo-7-acetylbenzo- 
pentindole, which was hydrolysed and then treated with alkali and 
ethyl chloroformate in acetone solution. In no case was it possible 
to isolate any addition product or a substance derived from such a 
product by reactions analogous to those described in the earlier part 
of this paper. 

In view of the fact that addition at the double linkage takes 
place so readily when bromine reacts with the 9-acyltetrahydro- 
carbazoles, it is surprising that only substitution products have been 
isolated from the bromination of the closely related 7-acylbenzo- 
pentindoles. The tendency to form addition complexes is appar- 
ently diminished to a remarkable extent by the presence of an 
additional benzene nucleus in the molecule of the polycyclic indole. 
In al] the bromo-compounds now described the bromine atom has 
entered a position in the benzene nucleus which is meta with respect 
to the > NR group. The earlier work on the nitration of the 
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acylated polycyclic indoles has shown that these are the positions 
always taken by the nitro-group during substitution in this series. 


EXPERIMENTAL. 


Bromination of 9-Acetyltetrahydrocarbazole-—(a) Bromine (6 g.), 
dissolved in acetic acid, was added gradually, with stirring and at 
room temperature, to a solution of 9-acetyltetrahydrocarbazole 
(8 g.) in glacial acetic acid, and the whole was then immediately 
poured into water. When the pale yellow precipitate was twice 
recrystallised from alcohol, 10: 11-dihydroxy-9-acetylhexahydro. 
carbazole was isolated in colourless plates, m. p. 203° (Found; 
C, 68-1; H, 6-8. Cale.: C, 68-0; H, 6-9%), unchanged by admix. 
ture with the compound as made by Perkin and Plant (loc. cit.). 

(b) When bromine (1-5 g.) was added to a solution of 9-acetyl- 
tetrahydrocarbazole (2 g.) in a little dry carbon disulphide, a bright 
yellow precipitate (m. p. 60° decomp.) immediately appeared. 
Since this rapidly evolved hydrogen bromide and could not in 
consequence be purified by recrystallisation, water was added to the 
reaction mixture and the whole was wellshaken. The product then 
changed to a colourless solid, which remained suspended in the 
aqueous layer and was found, on crystallisation from alcohol, to be 
10 : 11-dihydroxy-9-acetylhexahydrocarbazole. The carbon disul- 
phide layer, on evaporation, yielded a yellow oil from which nothing 
crystalline has been obtained. 

Bromination of 9-Benzoyltetrahydrocarbazole—When a solution 
of 9-benzoyltetrahydrocarbazole (10 g., prepared as described by 
Perkin and Plant, loc. cit.) in glacial acetic acid was treated gradually 
at room temperature with bromine (5-8 g.), dissolved in acetic acid, 
the colour darkened and hydrogen bromide was evolved. The 
reaction mixture was immediately poured into an excess of water, 
and a sticky solid was obtained. The latter was repeatedly extracted 
with small quantities of petroleum (b. p. 60—80°); a colourless 
substance separated from the solvent on cooling, and, after further 
recrystallisation from the same solvent, 11-hydroxy-9-benzoyl- 
2:3:4: 11-tetrahydrocarbazole was ultimately isolated in colourless 
prisms, m. p. 144—146° (Found: C, 78-5; H, 5-7. C,gH,,0.N 
requires C, 78-4; H, 5-8%). When the substance was admixed with 
10 : 11-dihydroxy-9-benzoylhexahydrocarbazole (m. p. 142°), pre- 
pared as described by Plant and Rutherford (loc. cit.), the m. p. was 
depressed to 120°. The dilute acetic acid mother-liquor gradually 
deposited a considerable quantity of a yellow solid, which was 
sparingly soluble in most solvents and has not been obtained 
crystalline. When, however, the mother-liquor was immediately 
made alkaline by the addition of ammonia and ice, a colourless solid 
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slowly separated, and this, on recrystallisation from petroleum, 
proved to be a further quantity of 11-hydroxy-9-benzoyl-2 : 3:4: 1l- 
tetrahydrocarbazole. The total yield of the latter product, which 
was much improved by the addition of charcoal during the extraction 
process, amounted to 4-9 g. The substance gave carbazole (identified 
by mixed m. p.) when distilled under reduced pressure and then 
crystallised successively from methyl] alcohol and toluene. 

11-Hydroxy-2 : 3:4: 11 -tetrahydrocarbazole—When a mixture 
of 11-hydroxy-9-benzoyl-2 :3:4:11-tetrahydrocarbazole (1 g.), 
potassium hydroxide (4 g.), water (8 c.c.), and alcohol (25 c.c.) was 
boiled for 15 minutes and then diluted with water, 11-hydroxy- 
2:3:4:11-tetrahydrocarbazole was precipitated. After recrystal- 
lisation from benzene, it was obtained in colourless prisms, m. p. 
115° (Found: C, 77-1; H, 6-9. C,,H,,ON requires C, 77-0; H, 
6-9%). 

The latter product (1 g.) was dissolved in a mixture of a little 
acetone and aqueous potassium hydroxide (6 g. of 66%) and treated 
with benzoyl chloride (2 ¢.c.) with vigorous shaking. When the 
product, which was isolated by dilution with water, was crystallised 
from petroleum (b. p. 60—80°) (charcoal), 11-benzoyloxy-2 : 3:4: 11- 
tetrahydrocarbazole was obtained in colourless prisms, m. p. 128° 
(Found: C, 78-4; H, 6-0; N, 5-1. C,,H,,O,N requires C, 78-4; 
H, 5-8; N,4:8%). Them. p. was depressed by admixture with the 
compound (m. p. 144—146°) derived from the bromination of 
9-benzoyltetrahydrocarbazole. 

When a solution of 11-hydroxy-2 : 3 : 4: 11-tetrahydrocarbazole 
in acetic anhydride was boiled for an hour and then cooled, 2 : 3-di- 
hydrocarbazole separated. After recrystallisation from benzene, it 
was obtained in colourless prisms, m. p. 293—295° (Found : C, 85-1; 
H, 6-5. C,,H,,N requires C, 85-2; H, 6-5%). 

19-Ketophenanthridindocoline.—A solution of 11-hydroxy-9-ben- 
zoyl-2:3:4:11-tetrahydrocarbazole (5 g.) in acetic anhydride 
(40 c.c.) was boiled under reflux for 9} hours and then shaken with 
an excess of water. Since the solid product could not be crystallised, 
it was distilled under reduced pressure, and a substance, b. p. about 
300°/16 mm., was collected. When the latter had been crystallised 
several times from alcohol, 19-ketophenanthridindocoline was obtained 
in yellow needles, m. p. 225° (Found: C, 84:6; H, 4:3; N, 5-2. 
Ci,H,,ON requires C, 84-7; H, 4:1; N, 5:2%). 

6-Benzoyl-y-indoxylspirocyclopentane.—Benzoyl chloride (2 c.c.) 
was added with vigorous shaking to a mixture of ¥-indoxylspiro- 
cyclopentane (1 g.) and aqueous potassium hydroxide (4:5 g. of 66% 
in a little acetone. After dilution with water, the oily product soon 
solidified, and, on crystallisation from alcohol, 6-benzoyl--indoxyl- 
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spirocyclopentane was obtained in colourless prisms, m. p. 107° 
(Found: N, 5-1. C,9H,,0,N requires N, 4-8%). 

Bromination of 9-Phenylacetyltetrahydrocarbazole——Bromine (5-4 
g.), dissolved in acetic acid, was added gradually to a solution of 
9-phenylacetyltetrahydrocarbazole (10 g., prepared as described by 
Perkin and Plant, /oc. cit.) in glacial acetic acid. Hydrogen bromide 
was evolved, and, when the mixture was poured into much water and 
the resulting solid was crystallised successively from benzene- 
petroleum and alcohol, a small quantity of 10: 11-dihydroxy. 
9-phenylacetylhexahydrocarbazole was obtained in _ colourless 
prisms, m. p. 169°, unchanged by admixture with the compound as 
made by Perkin and Plant (loc. cit.). 

Bromination of 9-Cinnamoyltetrahydrocarbazole.—The following 
method for the preparation of 9-cinnamoyltetrahydrocarbazole was 
found to be preferable to that described by Plant and Rutherford 
(loc. cit.). A solution of ethyl bromide (4-7 g.) in dry ether (100 c.c.) 
was treated with magnesium (0-8 g.), and, after the reaction was 
completed, tetrahydrocarbazole (5-8 g.) was added gradually, 
When the mixture had been warmed for a few minutes, it was treated 
with a dry ethereal solution of cinnamoy] chloride (6 g.), with shak- 
ing, and, after an hour, dilute hydrochloric acid was added. The 
ethereal solution was washed with aqueous sodium carbonate, dried, 
and evaporated. The residue solidified on treatment with alcohol, 
and, after crystallisation from this solvent, 9-cinnamoyltetrahydro- 
carbazole was obtained in yellow needles, m. p. 117°. 

When bromine (2-65 g.), dissolved in acetic acid, was added 
gradually to a solution of 9-cinnamoyltetrahydrocarbazole (5 g.) in 
glacial acetic acid, the mixture became green and evolved hydrogen 
bromide. On its being poured into water, a yellow solid was pre- 
cipitated.. The latter was collected, washed with dilute aqueous 
ammonia, and purified by boiling its solution in petroleum (b. p. 
60—80°) for } hour with the addition of a considerable quantity of 
charcoal. A crystalline product slowly separated from the filtered 
solution on cooling, and, after further recrystallisation first from 
petroleum and then from methyl alcohol, 11-hydroxy-9-cinnamoyl- 
2:3:4: 11-tetrahydrocarbazole was isolated in yellow prisms, m. p. 
102—106° (Found: C, 79-4; H, 6-0. C,,H,,O,N requires C, 79-5; 
H, 6-0%). 

When either the latter substance or the crude bromination 
product was boiled for an hour in aqueous-alcoholic potassium 
hydroxide and the mixture was poured into a little water, a solid 
separated, on cooling, and this, after recrystallisation from benzene, 
was obtained in colourless prisms, m. p. 115°. It was shown by 4 
mixed m. p. to be 11-hydroxy-2: 3:4: 11-tetrahydrocarbazole, 
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identical with the product described earlier in this paper. Acid- 
ification of the alkaline mother-liquor resulted in the precipitation 
of cinnamic acid. 

The crude product of the bromination of 9-cinnamoyltetrahydro- 
carbazole was distilled under reduced pressure. The semi-solid 
distillate was first extracted with hot water, from which, after 
filtration and cooling, cinnamic acid separated. The residue was 
then crystallised from toluene, and carbazole (m. p. 238°) was 
cbtained. 

8-Phenylacetyldihydropentindole.—Prepared by a process essenti- 
ally similar to that described for 9-cinnamoyltetrahydrocarbazole, 
this substance proved to be only sparingly soluble in ether. Con- 
sequently it was collected by filtration after the ultimate reaction 
mixture had been treated with dilute hydrochloric acid, and crystal- 
lised from alcohol, from which it separated in colourless needles, 
m. p. 116° (Found: N, 5-0. C,gH,,ON requires N, 5-1%). 

Bromination of 8-Acetyltetrahydropentindole—When bromine 
(2:4 g.), dissolved in acetic acid, was added slowly at room temper- 
ature to a solution of 8-acetyltetrahydropentindole (3 g., prepared 
as described by Plant and Rippon, J., 1928, 1911) in glacial acetic 
acid, the product separated as an oil which rapidly solidified. Since 
this was largely in the form of a hydrobromide, it was treated with 
alkali, and then crystallised from alcohol, from which 5-bromo- 
8-acetyltetrahydropentindole separated in colourless needles, m. p. 
114° (Found: N, 5-1. C,,H,,ONBr requires N, 5-0%). 

cycloPentanone-p-bromophenylhydrazone was readily formed as 
a solid when-the corresponding hydrazine (5-5 g.) and cyclopentanone 
(2:3 g.) were mixed. On recrystallisation of a sample from alcohol, 
it was isolated in colourless plates, m. p. 109°, but it soon decomposed 
on keeping. A mixture of the crude hydrazone, water (180 c.c.), 
and concentrated sulphuric acid (20 c.c.) was boiled for 10 minutes, 
and, after the solution had been cooled and diluted, 5-bromodihydro- 
pentindole appeared as a solid, which, on crystallisation from petrol- 
eum, was obtained in colourless needles, m. p. 140° (Found: N, 5:8. 
C,,H,)NBr requires N, 5-9%). A solution of this indole (5 g.) in 
sulphuric acid (200 c.c. of 60%) was submitted to reduction in the 
cathode compartment of an electrolytic cell at 100°, lead electrodes 
being used and a current of 5 amps. (approximately 0-025 amp. per 
sq. cm. of cathode) for 7 hours. After the mixture had been made 
alkaline with aqueous ammonia (d 0-880), the temperature being 
kept low, the product was extracted with ether, and the ethereal 
solution was dried with potassium carbonate and evaporated. The 
residue then solidified, and, after recrystallisation from alcohol, 
5-bromotetrahydropentindole was obtained in red prisms, m. p. 73° 
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(Found ; C, 55-7; H, 5-0. C,,H,,NBr requires C, 55-5; H, 50%). 
When a solution of the latter substance (2 g.) in acetic anhydride 
(20 c.c.) was boiled for } hour and then well shaken with water, a 
product was obtained which, after recrystallisation from alcohol, 
yielded 5-bromo-8-acetyltetrahydropentindole in colourless needles, 
m. p. 114°, identical with the compound described above. 
Bromination of Tetrahydropentindole.—A solution of tetrahydro. 
pentindole (3 g., prepared by the method of Plant and Rippon, 
loc. cit.) in glacial acetic acid was treated with bromine (3-0 g.), also 
dissolved in acetic acid, and the mixture was then made alkaline by 
the addition of dilute aqueous ammonia. The oily product was 
extracted in ether, recovered from the dried solution, and acetylated 
by boiling for 2 hours with acetic anhydride. After the resulting 
solution had been shaken with water, a solid gradually separated, 
and, on crystallisation from alcohol, it became obvious that it was a 
mixture of two substances. These were separated by fractional 
crystallisation from alcohol, and one (m. p. 107°), which was present 
in small quantity only, was shown by a mixed m. p. to be nearly 
pure 5-bromo-8-acetyltetrahydropentindole. The main constituent 
of the mixture, which was 5 : 7-dibromo-8-acetyltetrahydropentindole, 
separated from alcohol in colourless prisms, m. p. 145° (Found: 
C, 43:3; H, 3-6. C,,;H,,ONBr, requires C, 43-5; H, 3-6%). 
11-Bromo-7-acetylbenzopentindole.—p-Bromophenylhydrazine (5-2 
g.) and «-hydrindone (4-73 g.) were melted together on the steam- 
bath and stirred until solidification took place. When a small 
specimen was crystallised from alcohol, «-hydrindone-p-bromo- 
phenylhydrazone was obtained in colourless needles which melted 
rather indefinitely at 153—159° owing to slight decomposition. 
The crude hydrazone was boiled with dilute sulphuric acid (27%) for 
10 minutes and the mixture was diluted with water. After the pro- 
duct had been crystallised from alcohol, 11-bromobenzopentindole 
was obtained in colourless plates, m. p. 230° (Found: C, 63:8; 
H, 3-8. C,;H, )NBr requires C, 63-4; H, 3-5%). A solution of the 
latter (1 g.) in acetone (25 c.c.) and aqueous sodium hydroxide 
(5 g. of 50%) was treated gradually with acetyl chloride (3-5 c.c.), 
the whole being well shaken. After the product had been isolated 
by dilution with water and crystallised from alcohol, 11-bromo- 
7-acetylbenzopentindole was obtained in yellow needles, m. p. 174° 
(Found : C, 62-3; H,3-8. C,,H,,ONBr requires C, 62-6; H,3-7%). 
When its solution in aqueous-alcoholic potassium hydroxide had 
neen boiled for $ hour and then diluted with water, 11-bromobenzo- 
pentindole was precipitated in a pure condition. 
10(or 12)-Bromo- and 12(or 10)-Bromo-7-acetylbenzopentindole.— 
After a mixture of molecular proportions of m-bromophenylhydr- 
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azine and «-hydrindone had been heated for 10 minutes on a steam- 
bath, the hydrazone solidified, on cooling, and separated from 
alcohol in colourless needles, m. p. 118—120°. It was then boiled 
for 20 minutes with dilute sulphuric acid (27%), and the mixture 
of crude indoles, which was collected after dilution with water, was 
acetylated by a procedure similar to that described above for 
]1-bromo-7-acetylbenzopentindole. When the product was re- 
crystallised twice from alcohol and then from acetic acid, 10(or 12)- 
bromo-7-acetylbenzopentindole was obtained in pale yellow needles, 
m. p. 150° (Found: C, 62:7; H, 38%). After the first alcoholic 
mother-liquor had been completely evaporated and the residue 
recrystallised successively from acetone and alcohol, 12(or 10)- 
bromo-7-acetylbenzopentindole was isolated in pale yellow needles, 
m. p. 168° (Found: C, 62-8; H, 38%). The amounts of the 
10(or 12)-bromo- and the 12(or 10)-bromo-compounds were in the 
ratio of approximately 5: 1. 
a-Hydrindone-o-bromophenylhydrazone.—This hydrazone was pre- 
pared by heating the corresponding ketone (5-7 g.) with o-bromo- 
phenylhydrazine (8 g.) for 10 minutes on the steam-bath, and, after 
cooling and crystallisation from alcohol, it yielded a mixture of 
colourless needles, m. p. 136°, and red prisms, m. p. 134° (Found : 
C, 59:8; H, 4:3. C,;H,,N,Br requires C, 59-8; H, 43%). The 
authors are indebted to Dr. F. D. Chattaway, who has examined 
these two forms and expressed the view that they are polymorphic 
modifications of the hydrazone. The colourless needles slowly 
change into the red prisms on long standing in contact with alcohol. 
All attempts. to convert this hydrazone into the corresponding 
9-bromobenzopentindole have been unsuccessful. 

Bromination of 7-Acetylbenzopentindole.—A solution of bromine 
(5:1 g.) in acetic acid (50 c.c.) was added gradually at room tem- 
perature, with stirring, to 7-acetylbenzopentindole (8 g., prepared as 
described by Leuchs and Kowalski, Ber., 1925, 58, 2825), dissolved 
in a relatively large volume of glacial acetic acid. The solution 
was then poured into water, and, after the precipitate had been 
recrystallised several times from alcohol and acetone, 10(or 
12)-bromo-7-acetylbenzopentindole (m. p. 150°) was obtained. 
The m. p. was not depressed by admixture with the synthetical 
compound described above. When the earlier mother-liquors 
from the purification of this product were evaporated, a sticky 
residue was left, but this, on standing for several days with 
acetone, deposited yellow needles. After being twice recrystallised 
from alcohol, the latter melted at 168°, and were shown by a 
mixed m. p. to be identical with the synthetical 12(or 10)-bromo- 
7-acetylbenzopentindole. The amounts of the 10(or 12)-bromo- and 
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the 12(or 10)-bromo-compounds formed in this reaction were in the 
ratio of approximately 5: 1. 

Bromination of 7-Benzoylbenzopentindole-—The product of the 
interaction of bromine (6 g.) and 7-benzoylbenzopentindole (8 g., 
prepared as described by Bryant and Plant, loc. cit.) in acetic acid 
solution was precipitated on pouring into water. After being twice 
recrystallised from alcohol and then from acetic acid, 10(or 12). 
bromo-7-benzoylbenzopentindole was obtained in colourless needles, 
m. p. 193° (Found : C, 68-2; H,3-7. C,,H,,ONBr requires C, 68-0; 
H, 36%). A solution of the latter (2 g.) in aqueous-alcoholic 
potassium hydroxide was boiled for 4 hour, and the product, which 
was isolated by pouring into water, was dissolved in acetone contain- 
ing aqueous potassium hydroxide (10 g. of 50%), and shaken with 
acetyl chloride (7 c.c.). When the resulting mixture was diluted 
with water and the precipitate crystallised from alcohol, 10(or 12). 
bromo-7-acetylbenzopentindole, identical with a synthetical 
specimen, was obtained. 

Bromination of Ethyl Benzopentindole-7-carboxylate.—A solution 
of benzopentindole (6 g.) in acetone containing aqueous potassium 
hydroxide (16-5 g. of 66°) was treated gradually with ethyl chloro. 
formate (9 g.), with vigorous shaking, and the product was precip- 
itated by dilution with water. After crystallisation from alcohol, 
ethyl benzopentindole-7 -carboxylate was obtained in colourless needles, 
m. p. 116° (Found: N, 5-1. C,gH,,O,N requires N, 5-1%). 

A solution of the latter (8 g.) in acetic acid was treated gradually 
with bromine (4-6 g.), dissolved in acetic acid, and the mixture was 
poured into water. After being twice recrystallised from alcohol, 
ethyl 10(or 12)-bromobenzopentindole-7-carboxylate (5 g.) was obtained 
in colourless needles, m. p. 166° (Found: C, 60-5; H, 3-9. 
C,,H,,0,NBr requires C, 60-7; H, 3-9%). When the alcoholic 
mother-liquors were evaporated and the sticky residue left in con- 
tact with acetone, a solid separated. This was treated with a little 
hot alcohol to extract any of the more soluble 10(or 12)-bromo- 
compound described above. The remainder was then twice recrys- 
tallised from a larger volume of alcohol, and ethyl 12(or 10)-bromo- 
benzopentindole-7-carboaylate (1 g.) was isolated in colourless needles, 
m. p. 127° (Found: C, 60-5; H, 4-1%). The latter compound was 
synthesised by boiling a solution of 12(or 10)-bromo-7-acetylbenzo- 
pentindole in aqueous-alcoholic potassium hydroxide for } hour and 
treating the product in acetone solution with concentrated aqueous 
alkali and ethyl chloroformate. The m. p. of a mixture of the 
synthetical compound and the direct bromination product showed 
no depression. 

When ethyl 10(or 12)-bromobenzopentindole-7-carboxylate was 
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boiled in aqueous-alcoholic potassium hydroxide for } hour and the 
product was treated in acetone solution with alkali and acetyl 
chloride, 10(or 12)-bromo-7-acetylbenzopentindole (m. p. 150°, after 
crystallisation from alcohol), identical with a synthetical specimen, 
was obtained. 


THE Dyson PEerRRInsS LABORATORY, 
OxForD. [Received, October 8th, 1931.] 





CCOCCLXII.—Derivatives of Phenylaminocamphor. 
By Francis LESLIE Rose. 


Many derivatives of phenylaminocamphor have been prepared 
(Forster and Thornley, J., 1909, 95, 942; Forster and Spinner, 
J., 1919, 115, 889; Singh and Mazumder, ibid., p. 566; Singh, 
Singh, Dutt, and Singh, J., 1920, 117, 986) by the condensation of 
camphorquinone with various primary aromatic bases and reduction 
of the resultant unsaturated imino-compounds. Little, however, 
is known about the nitro-derivatives of phenylaminocamphor. 
Forster and Saville (J., 1921, 119, 789) reported that, under ordinary 
conditions, direct nitration yields only a dinitro-compound. 

Aminocamphor reacts readily with 2 : 4-dinitrochlorobenzene to 
give 2:4-dinitrophenylaminocamphor in good yield. Ordinary 
methods failed to achieve reduction of one only of the two nitro- 
groups in this compound. Reduction was then carried out with 
sufficient stannous chloride to convert the dinitrophenylamino- 
camphor into the corresponding diamino-compound. The result- 
ing base, however, did not have properties such as would be expected 
from a derivative of m-diaminobenzene. It was very stable towards 
oxidising agents even in alkaline solution, exhibited strong fluores- 
cence when dissolved in organic solvents, and gave red solutions with 
dilute acids. These properties are typical of the dihydroquin- 
oxalines and such a compound, aminocamphanodihydroquinoxaline, 
might readily be produced by the complete reduction of 2 : 4-di- 
nitrophenylaminocamphor (I). 


(I.) ier C,H : ign 
co 0, NO, “eu dw )NH, GL) 


The diamino-compound was probably first produced and then 
underwent condensation, giving the dihydroquinoxaline (II). 

The action of methyl iodide on the base gave a yellow and a red 
compound, in a proportion depending on the conditions of the 
experiment. The yellow substance was the quarternary salt (III), 
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and the red compound appeared to be the hydriodide of the methyl. 
ated base (IV), 


CH-NH, , NH, 
C Hc Law NH, CgHi, HMe 


(III.) Me I (IV.) 


Attempts to prepare o-nitrophenylaminocamphor from amino- 
camphor and o-chloronitrobenzene were unsuccessful. A colourless 
crystalline compound containing no nitro-group was obtained in 
all cases. Quantitative and qualitative experiments indicated 
that this was a derivative of dicamphorylamine. The same com- 
pound was obtained by the action of nitrobenzene on aminocamphor. 


EXPERIMENTAL. 


Aminocamphor was prepared by the electrolytic reduction of 
isonitrosocamphor, a much easier method than that of Claisen and 
Manasse (Annalen, 1893, 274, 90). The cathode compartment was 
filled with a solution of isonitrosocamphor (40 g.) in caustic soda 
(10%) and the anode solution consisted of a saturated solution of 
sodium carbonate. Lead electrodes were used. The reduction 
gave almost the theoretical yield, and after the passage of 15 ampére- 
hours of current the aminocamphor separated at the surface of the 
liquid as an oil. It was extracted with ether and dried over fused 
potash, and the ether was removed in an atmosphere free from 
carbon dioxide. The product gave a dinitrophenyl derivative 
identical with that obtained from the aminocamphor prepared by 
Claisen and Manasse’s method (loc. cit.). 

2 : 4-Dinitrophenylaminocamphor (1)—Aminocamphor (30 g.) 
was heated with 200 c.c. of water on a water-bath, and 2 : 4-dinitro- 
chlorobenzene (16 g.) gradually shaken in with vigorous stirring. 
The oil formed, which rapidly solidified, was collected when cold, 
washed with water, dried, and crystallised from acetone, giving 
golden-yellow needles (25 g.), m. p. 204°, [«]) — 120-3° in chloroform 
(c = 0-985; 7 = 2). 

Aminocamphanodihydroquinoxaline (I1).—The  dinitrophenyl- 
aminocamphor (20 g.) was finely powdered and heated with stannous 
chloride (86 g.), hydrochloric acid (90 c.c.), and water (50 c.c.) until 
a clear, dark red solution was obtained. The liquid was cooled and 
diluted, and concentrated caustic soda solution added until the tin 
hydroxides were redissolved. The bulk of the base was separated 
by decantation, and the remainder by extraction with ether. 
The washed and dried product crystallised from acetone in small 
yellow prisms, m. p. 189°, [a], + 41-9° in aleohol (c = 1-61; 1 = 2) 
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(Found : C, 74:8; H, 8-0; M, cryoscopic in benzene, 251. C,,H.,N3 
requires C, 75-3; H, 8-2%; M, 255). 

With acetic anhydride the base gave a diacetyl derivative, m. p. 
220° (Found: C, 70-9; H, 7-4. C. 9H,;0.N, requires C, 70-8; H, 
7-4%), and with benzoyl chloride a benzoyl derivative, m. p. 227° 
(Found : C, 76-9; H, 6-8. C,,H,,ON, requires C, 76-9; H, 6-9%), 
both of which crystallised from acetone in colourless prisms. 

Action of methyl iodide. The base was heated with slightly more 
than 1 mol. of methyl iodide in a sealed tube at 100° for a few minutes 
and the product was warmed with chloroform. The red hydriodide 
readily dissolved, and the solution was filtered from the yellow 
methiodide. After addition of benzene the chloroform solution 
slowly deposited small, deep red crystals. The yellow substance, 
aminocamphanodihydroquinoxaline methiodide (ITI), crystallised from 
acetone—alcohol in small yellow needles which dissolved readily in 
water and gave no precipitate on the addition of caustic soda 
(Found : I, 31-7. C,,H,,N,I requires I, 320%). The red substance 
methylaminocamphanodihydroquinoxaline hydriodide, dissolved in 
water with partial hydrolysis, and a yellow fluorescent base was 
precipitated with alkali (Found: I, 31-3. C,,H,3N3,HI requires I, 
320%). The base gave a red solution in dilute acids, and with 
nitrous acid a colourless nitrosoamine was precipitated which 
crystallised in small prisms from acetone (Found: C, 68-6; H, 
7:2. C,,H,.ON, requires C, 68-4; H, 7-3%). 

Both the acetyl and the benzoyl derivative of the base, when 
heated with methyl iodide at 100° for a few minutes, readily gave 
methiodides, which crystallised from alcohol in small yellow needles 
and, like the methiodide of the base, decomposed when heated. 

A dinitropheny] derivative of aminocamphanodihydroquinoxaline 
separated in golden-yellow needles, m. p. 237°, when 2 mols. of the 
base were heated with 1 mol. of 2:4-dinitrochlorobenzene in 
alcoholic solution for $.hour. It dissolved in concentrated hydro- 
chloric acid and was partly precipitated on dilution. There was no 
primary amino-group in the molecule, so the dinitrophenyl group 
must have displaced a hydrogen atom from the primary amino- 
group of the base. 

Bornylamine, like aminocamphor, readily reacts with 2: 4-di- 
nitrochlorobenzene in hot alcoholic solution, depositing small flat 
orange needles, m. p. 159°, of dinitrophenylbornylamine. 


The author is indebted to Prof. Kipping for his interest in this work, 
and to Imperial Chemical Industries Ltd. for financial] assistance. 


University CoLLeGe, NotTrinGHaM, [ Received, October 28th, 1931.] 

















NOTES. 


NOTES. 


The Reducing Action of Bornylmagnesium Chloride. By lax 
RussELL SHERWOOD and WALLACE FRANK SHORT. 


Ix an attempt to synthesise substances belonging to the terpene 
group from bornylmagnesium chloride it was found that this 
Grignard reagent possesses powerful reducing properties. The 
reagent, prepared by Houben’s method (Ber., 1906, 39, 1701) from 
borny] chloride (m. p. 129°), was carefully freed from the unattacked 
metal (8%) before use. isoValeraldehyde (1 mol.) and bornyl- 
magnesium chloride (2 mols.) in ether (4 mols.) below 0° produced 
isoamyl alcohol (3 : 5-dinitrobenzoate, m. p. 62°; «-naphthylamino- 
compound, m. p. 104°) in almost theoretical yield. Under the same 
conditions, citral furnished geraniol (b. p. 112—115°/12 mm., 
ni} 1-4800, dj* 0-894; diphenylurethane, m. p. 81°). Piperitone 
(1 mol.) and bornylmagnesium chloride (2 mols.) when boiled for 
6 hours in toluene (4 mols.) yielded phellandrene (b. p. 173—176°, 
nj; 1-4744, dj? 0-853), identified by the preparation of the nitrosite 
(m. p. 107°). No piperitol could be detected when the reaction was 
conducted in ethereal solution. Owing to the absorption of oxygen 
by the Grignard reagent, a small quantity of borneol (3 : 5-dinitro- 
benzoate, m. p. 154-5°. Found: N, 8-2. C,,H O,N, requires 
N, 8-1%) was produced in each of the above reactions. 


Our thanks are due to the Chemical Society for a grant for the 
purchase of materials. One of us (I. R. 8.) is indebted to the New 
Zealand Department of Scientific and Industrial Research for the 
award of a National Research Scholarship.—AUCKLAND UNIVERSITY 
CoLLEGE, University oF NEw ZEALAND. [Received, October 6th, 
1931.] 





The Action of Grignard Solutions on the 10-Methoxyanthrones. By 
EDWARD DE BARRY BARNETT. 


K. H. Meyer (Annalen, 1911, 379, 68) obtained 10-methoxyanthrone 
in amounts of 0-2 g. by the action of methyl alcohol on 10-bromo- 
anthrone, but it is readily obtained in 90% yield when 11 g. of 10- 
bromoanthrone, 5 g. of calcium carbonate, and 150 c.c. of methyl 
alcohol are boiled for 4 minutes. When it was treated with benzyl- 
magnesium chloride (3 mols.) in a freezing mixture, and the product 
worked up in the usual way after being kept over-night at the ordinary 
temperature, a mixture of anthraquinone, 10 : 10’-dimethoxy- 
10 : 10’-dianthrone, and 10-methoxy-9-benzyl-9 : 10-dihydroanthranol 
was obtained, The last-named compound was isolated by its easy 
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solubility in cold acetone and after recrystallisation from cyclohexane 
formed colourless prisms, m. p. 129° (Found: C, 83-5; H, 6-4. 
CysH yO, requires C, 83-5; H, 6-3%). When warmed on the 
water-bath with glacial acetic acid to which a little concentrated 
hydrochloric acid had been added, it yielded 10-chloro-9-benzy]- 
anthracene, m. p. 128° alone or mixed with an authentic sample 
(Cook, J., 1926, 2168) (Found: C, 83-3; H, 5-0. Cale.: C, 83-3; 
H, 50%). 

10-Methoxy-1 : 4-dimethylanthrone on treatment with methyl- 
magnesium iodide (3 mols.) yielded 10-methoxy-1 : 4 : 9-trimethyl- 
9: 10-dihydroanthranol, which separated from cyclohexane in 
crystals, m. p. 148° (Found: C, 80-6; H, 7-5. C,gH, 0, requires 
C, 80-6; H, 7:5%), but treatment of this with hydrochloric and 
acetic acids yielded no definite product. 

By the action of phenylmagnesium bromide on 10-methoxy-1 : 4- 
dimethylanthrone and treatment of the product with hydrochloric 
acid, 10-phenyl-1 : 4-dimethylanthrone was obtained, but the yield 
was poor and the product difficult to purify. The use of benzyl- 
magnesium chloride and of o-tolylmagnesium bromide resulted only 
in resinous products. It is concluded from the above that the 
action of Grignard solutions on the 10-methoxyanthrones does not 
formaconvenient synthesis of the meso-alkyl and meso-aryl anthrones. 
—Srir Joun Cass TECHNICAL INSTITUTE, JEWRY STR., LonDON, E.C.3. 
[ Received, November 5th, 1931.] 





The Calculation of Degrees of Dissociation of Weak Electrolytes. 
By Witu1aMm H. Banks. 

THE equation connecting the change in the sum of the ionic mobilities 

of electrolytic ions with change in concentration in dilute solution, 


at any temperature, is _ 
Ag=Ayg—bVeC . . ~~. (I) 


where A, and A, are the sum of the mobilities at concentration C’ 
and at infinite dilution, respectively, b is the “ Onsager slope,”’ and 
a, the degree of dissociation, is equal to A/A,. 

Now in determining degrees of dissociation it is necessary to 
know the value of A,, and the usual method of calculating this 
quantity is by a series of approximations (see Davies, “‘ Conductivity 
of Solutions,’ p. 87) involving the initial use of A, for Ag in the 
right-hand side of equation (1). This method is laborious, and 
a procedure is now described whereby A, may be calculated directly. 

Since A, differs from A, by only a few units at low concentrations, 
we may write Ay — 5A,g = Az. 
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Then from (1) 8A, = bVAC/(Ay — 8A,) 
= b(AC)*/A,t (1 — 8A, /A,)* 


and by expansion = 6(AC)*/A,* (1 —} = +4 pee gis .) 


The third term in the expansion may be neglected, the error 
so introduced in the value of A, being almost equal to this term. 
A consideration of its magnitude indicates that it does not exceed 
the limit of experimental accuracy (0-01—0-02%) attainable in 
modern conductivity measurements. This will be understood 
the better from the figures below. 

Elimination of this term leads to a quadratic equation in 3A, 
ViZ., 

8Ag2 — 2Aq.3Ay + 2b(A,. AC)? = 0 
the solution of which is 
8Ag = Ag + V Ag? — 26(Ay . AC)# 
ie., Ag — Az = Ag + VAg? — 20(Ay. AC)I. 








The only root applicable to the case in question leads to 
Az = VAg? — 2b(A,. AC)* 
from which A, may be calculated directly. 
The following illustrative figures are from data on o-chlorobenzoic 
acid at 25° (Davies, op. cit., p. 87) : 
C = 0-00166; A = 218-0; b = 147-0; A, = 384-1 
A, as calculated by three approximation steps is 379-5, 
; “ ,, the above relationship is 379-5,. 
The magnitude of the neglected term is (4-6/384-1)?/8 = 18 x 10, 
and if it is taken into consideration, A, becomes 379-5,. 





The author wishes to express his appreciation of the interest 
Dr. C. W. Davies has shown in this work, and of his kind permission to 
use the example contained in his book.— BaTTERsEA POLYTECHNIC, 
S.W.11. [Received, October 14th, 1931.] 





The Dehydration of Selenious Acid. By NoRMAN Rak. 


SELENTOvS acid when recrystallised from water readily yields crystals 
of the formula H,SeO,. This is stated to be a deliquescent substance. 
When placed in a desiccator, the crystals developed white spots 
at some points. Freshly prepared crystals (5-386 g.) were therefore 
placed in a desiccator over phosphoric oxide and weighed from time 
to time. White spots were observed on the second day (wt., 5-3565 
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g.) and continued to develop. The loss of weight continued for 50 
days and then ceased (final wt., 4-616 g.). If loss of combined 
water is assumed to begin with the appearance of the white spots, 
then 5-3565 g. lost 0-7405 g., i.e., 13-83% (Calc. for H,SeO,: H,O, 
13-95%). The final product was selenium dioxide, and when 
dissolved in water, it checked correctly with caustic soda. No 
reference to this dehydration at room temperature can be found in 
the literature—UnIversity CoLLEGE, CotomsBo, Cryton. [Re- 
ceived, May 4th, 1931.] 





The Double Compound of Aluminium Chloride with Hydrogen Cyanide. 
By Lronarp Eric HINKEt and RicHARD TREVOR DUNN. 


AccorDING to Perrier (Compt. rend., 1895, 120, 1423) aluminium 
chloride forms two additive compounds with hydrogen cyanide, 
AICl,,HCN and AICl,,2HCN. The former is stated to be formed 
when aluminium chloride is added to a solution of hydrogen cyanide 
in carbon disulphide at 14°. This claim has not been substantiated, 
since the two liquids are practically immiscible. When finely 
powdered aluminium chloride is rapidly added in small quantities 
to hydrogen cyanide at room temperature, a vigorous reaction occurs, 
the aluminium chloride going into solution. The action gradually 
lessens with continued addition of aluminium chloride and finally 
a stage is reached where the liquid suddenly begins to deposit 
erystals of AICI,,2HCN. Decantation of the supernatant liquid 
and rapid drying of the residual mass on a warm porous plate 
yields a white solid, which, unless immediately powdered, undergoes 
considerable browning due to polymerisation of small quantities of 
retained hydrogen cyanide (Found: Al, 14-7. Calc.: Al, 14-45%). 
The compound, which is also formed when hydrogen cyanide is added 
to aluminium chloride suspended in benzene, is unstable in moist 
air and gradually evolves hydrogen cyanide in a vacuum desiccator. 
Hydrogen cyanide is removed completely at 100°. The compound 
is soluble in dry ether, in which it is dissociated into its components, 
evaporation of the ether removing all the hydrogen cyanide.— 
University COLLEGE, SWANSEA. [Received, November 3rd, 1931.] 
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THOMAS VIPOND BARKER. 
1881—1931. 


THOMAS VIPOND BARKER was born at Darwen, Lancs., on March 7th, 
1881, and was educated at Kirkham Grammar School. His early 
interest was in chemistry, at which he worked ardently both at 
home and at school. He took London University Matriculation 
and Intermediate B.Sc., and in Michaelmas Term, 1900, entered 
at Exeter College, Oxford, as a Commoner. 

He became so interested in mineralogy during his first year that 
he not only worked in the University Mineralogical Laboratory but 
obtained leave of absence for a year from his College in order to 
study under Professor von Groth at Munich. There he attended 
lectures in mineralogy and chemistry, and a course of practical 
physics under Professor Roentgen, and began some research work 
in crystallography. Returning to Oxford in 1903, he took the final 
Honour School in chemistry in 1904, Class II, with distinction in 
mineralogy and crystallography. His College then gave him a 
Research Exhibition which enabled him to devote a year to research 
work in the Mineral Department of the University under my 
direction. 

During this period he began his investigation of the regular 
growth of crystals of one substance on those of another; his first 
paper on this subject was published in the Journal of the Chemical 
Society (1906, 89, 1120). Meanwhile, in December, 1905, he was 
elected by Magdalen College to a Senior Demyship tenable for 
four years, and in 1906 obtained the Degree of Bachelor of Science 
by a dissertation on the regular growth of crystals on each other. 
He was also awarded the ‘“‘ Daniel Pigeon Prize for Research ” by 
the Geological Society. 

Being anxious to gain wider experience by continuing his researches 
abroad, he decided at my suggestion to go to Professor Fedorov, 
who was then Director of the Imperial Russian School of Mines and 
a most original and inspiring crystallographer. For two and a half 
years he devoted his spare time to the study of Russian, went to 
Petrograd in January, 1908, and spent more than a year in 
Fedorov’s laboratory, assisting him with material for his great work 
on Crystallo-chemical Analysis referred to below. 
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In 1909, when his Magdalen Demyship expired, he returned to 
Oxford, and was appointed Demonstrator in the Mineral Depart- 
ment. In 1913 he was elected to a Research Fellowship at Brasenose 
College and in 1914 was appointed University Lecturer in Chemical 
Cryst a llography. 

In 1920 his Fellowship became an official one and subsequently 
the title of his post was Reader in Chemical Crystallography; in 
1925 he took his D.Sc. degree. 

In 1925 Barker had the opportunity of showing his capacity for 
administrative work, when he became Secretary to the Delegates 
of the University Museum, a post which he held for three years. 

A further opportunity was given by the meeting of the British 
Association in Oxford in 1926, when, as Chairman of the Accom- 
modation Committee, he was to a large extent responsible for the 
local arrangements, and instrumental in raising the necessary funds. 

When the post of Secretary to the Curators of the University 
Chest became vacant in 1928, Barker was felt on every ground to 
be the right man for this important financial and administrative 
office, which he held for the remaining three years of his life, and 
which involved the resignation of his teaching appointment. 

At the time of his death he was also a Delegate of the University 
Museum and a member of the Council of Somerville College. 

Barker established his position as a scientific investigator by the 
important research on the parallel growth of the crystals of one 
substance on those of another. A number of isolated instances 

























had been recorded by previous observers, among which the parallel 
growths of sodium nitrate on calcite, of potassium iodide on mica, 
and of several isomorphous substances on each other are the most 
familiar, in addition to many examples among minerals. Barker 
made a complete study of the other members of the calcite group 
in relation to sodium nitrate; followed this up by a similar study 
of the perchlorates and permanganates and their relation to the 
barytes group; examined in the same way the mutual relations of 
the chlorides, bromides, iodides, and cyanides of sodium, potassium, 
rubidium, cesium, and ammonium; and extended his investigation 
to the alkaline sulphate-chromate group, with the object of ascer- 
taining why some pairs of substances crystallise in parallel positions 
on each other while others do not. 

These researches were published in various papers contributed to 
the Journal of the Chemical Society, the Mineralogical Magazine, 
and Groth’s ‘‘ Zeitschrift fiir Krystallographie,” and are summed up 
ina memoir in Vol. 55 of the Zeitschrift (pp. 1—62; 1908). 

They led him to the quite definite conclusion that the determining 
factor is not merely isomorphism but the equality or close similarity 
9Q 
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of molecular volume. In other words, it is not enough that two 
substances should possess a similar structure; the structures must 
also be equally, or nearly equally, spaced. This is most conveniently 
expressed in terms of their topic axes, which must therefore be 
nearly identical to produce such parallel growths. 

This investigation was supported by a grant from the Chemical 
Society. 

Barker published a number of other papers containing crystal. 
lographic investigations on various organic compounds. He also 
contributed the sections on mineralogical chemistry and mineralogy 
in the Annual Reports of the Chemical Society in 1914 to 1921. 
He wrote the article on crystallography in the 5th and 6th editions 
of Roscoe and Schorlemmer’s “ Treatise on Chemistry,” and the 
article on crystallography in ‘“‘ Chemistry in the 20th Century,” 
published in 1924. 

He interested himself much in all modern methods of crystal- 
lographic research, and never relinquished the work which he had 
begun under Fedorov with the object of establishing a systematic 
method of classifying all known crystallised substances in such a 
manner that they could be identified from a single measurable 
crystal without recourse to analysis. The work of Fedorov and his 
collaborators on this subject resulted in the enormous set of tables, 
published in Petrograd in 1920 by the Russian Academy of Sciences, 
under the title ‘‘ Das Krystallreich, Tabellen zur Krystallochemischen 
Analyse, E. von Fedorov, unter Mitwirkung von D. Artemiey, 
Th. Barker, B. Orelkin und W. Sokolov”; with an accompanying 
Atlas of Crystallographic Projections. 

For years it was Barker’s intention to write an account of the 
principles on which Fedorov’s classification was based, and the 
method by which any crystal can find its proper place in these 
tables. It depends upon giving to each an arbitrary but fully 
defined orientation, and then classifying them by one characteristic 
angle in each case, so that any substance can be identified at once 
by the measurement of its characteristic angle. The methods were 
not familiar to anyone in this country besides Barker; Fedorov 
himself never published an explanation of his tables before his 
death, and they remain in consequence practically useless, or at 
least incapable of use except by those who worked with him. 

In the year 1917 Barker had illustrated the use of the methods 
by his identification of a substance found in the human body and 

sent to him for identification by Dr. P. Govaerts. Measurement of 
a single crystal enabled him to identify it as salol. 

A large amount of material for such a work had been gathered 
together by Barker during a number of years; it was his intention 
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to publish a treatise on the subject and to accompany it by tables 
of all substances which had been measured and described since the 
publication of Groth’s ‘‘ Chemische Krystallographie,” and were 
therefore not included in that great book of reference; and further, 
with the co-operation of workers in different countries, to complete 
the necessary tables, which should ultimately include all known 
crystallised substances. He had come to the conclusion that the 
principles on which Fedorov’s classification was based were unsatis- 
factory, since they made certain assumptions concerning structure 
which are not in conformity with modern views, and his own tables 
were to be of a somewhat different character. 

In the last year of his life, feeling that his time was becoming 
more and more occupied by administrative work and that he could 
only devote his scanty leisure to the purpose, he brought out a small 
book entitled ‘‘ Systematic Crystallography, an Essay on Crystal 
Description, Classification, and Identification,” which bears signs of 
having been written in haste. This book contains‘a brief statement 
of the principles and some examples of the classification, showing 
how any substance, whatever its composition, can be quickly 
identified by a single angle, if care has been taken to set it up with 
the prescribed orientation. 

Barker took the greatest interest in teaching, was a very accom- 
plished and lucid lecturer, always in close sympathy with his students. 
In addition to his ordinary university work he had for many years 
in succession held classes on crystallography for science teachers 
who visited Oxford for annual Summer Courses. In 1920 and 1921 
he published; in connexion with these courses, two pamphlets con- 
cerning the study of crystals in schools, and shortly before his death 
he issued a little book entitled “‘The Study of Crystals,” which 
summed up the contents of these pamphlets and constitutes an 
excellent handbook for teachers who wish to introduce the subject 
into their school curriculum. 

In 1922 Barker had published a small book of considerable 
originality on graphical and tabular methods in crystallography. 

The foregoing brief account of his career may suffice to show 
that a life of great scientific promise with a fine record of achieve- 
ment was cut short by his premature death. From undergraduate 
days he had been powerfully attracted by the study to which all his 
energy was subsequently devoted ; early and late his thoughts were 
concentrated upon crystals, and although his time had recently 
become fully occupied with administrative work, it was clearly his 
intention to continue his cherished project of a comprehensive system 
of determinative tables for all known crystals on the lines of his 
“Systematic Crystallography.” 
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Though of a somewhat retiring disposition as a young man, 
Barker was subsequently brought into contact with many people 
by his official position, made many close friends, and attracted all 
who met him by his cheery and lovable character and steadfast sym. 
pathy. He possessed a fund of humour which generally expressed 
itself in quaint turns of phrase both in his conversation and in his 
writings. 

In 1911 he married May Marion Elizabeth Graham, who survives 
him; their married life was one of unbroken happiness. 

Henry A. Miers. 





ETHELBERT WILLIAM BLAIR. 
1895—1931. 


ETHELBERT WILLIAM Barr was killed in an explosion of nitro- 
glycerine which occurred at the Royal Naval Cordite Factory, Holton 
Heath, Dorset, on June 23rd, in his 37th year. 

He was educated at the Tottenham County School, at East 
London College, and at the Imperial College of Science and Tech- 
nology. He gained the Neil Arnott Scholarship, graduated B.Sc. 
with honours in chemistry in 1913, and was awarded the diploma of 
the Imperial College in 1915. In the same year he joined the staff 
of the Royal Naval Cordite Factory and was entrusted with experi- 
mental research, and in 1921 was appointed chemist in charge of 
the chemical laboratory. He contributed a number of papers to 
the Journal of the Chemical Society, the Society of Chemical Indus- 
try, and to the Analyst. He was elected an Associate of the 
Institute of Chemistry in 1918, and a Fellow in 1924. He was also 
elected a Fellow of the Chemical Society on February 19th, 1914. 

Ws. ke Be 


FRANK WIGGLESWORTH CLARKE. 
1847—1931. 


Proressor F. W. CLARKE, a well-known American chemist, died 
at Washington, D.C., on May 23rd, 1931, at the ripe age of 84. 
For forty-two years (1883—1925) he was Chief Chemist of the 
United States Geological Survey, and during the same period also 
Honorary Curator of Minerals in the United States National Museum. 
By his genial personality and enthusiasm he was well known to 
many workers in England, being an Honorary Member of the 
Chemical, Geological, and Mineralogical Societies of London and 
Honorary Doctor of the Victoria and Aberdeen Universities. 
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He was born at Boston in Massachusetts on March 19th, 1847, 
and graduated at Harvard University in 1867. After acting as 
Instructor in Chemistry at Cornell and Harvard Universities, he 
became Professor of Chemistry and Physics in Howard University 
(Washington, D.C.) and the University of Cincinnati (Ohio), holding 
the latter post during the period 1874—1883. While still engaged in 
teaching, he commenced the well-known series of numerical com- 
pilations under the title “The Constants of Nature,” including : 
I, Specific gravities, boiling and melting points (1873); ITI, Specific 
heats (1876); III, Expansion by heat (1876); IV, Atomic weights 
(1880); V, Recalculation of atomic weights (1882). Some of these 
tables passed through several editions, and they led to his life-long 
work on American and International Committees on atomic weights, 
small committees of which he was usually the chairman. During 
his long connexion with the United States Geological Survey he 
was responsible for numerous chemical analyses of minerals and 
rocks, and the data obtained were tabulated in a series of Bulletins 
of the Survey. In other Bulletins he discussed in detail the 
chemical constitution of mineral silicates, the arguments being 
based on a large amount of experimental work made with the view 
of obtaining substitution products. His best known work, also 
published as a Bulletin of the Survey, is his “Data of Geo- 
chemistry,” which passed through five editions (1908—1924), and, 
with Dr. H.S. Washington, “‘ The Composition of the Earth’s Crust ”’ 
(1924). He was also the author of elementary text-books on 
chemistry, and in later years he published several papers on the 
inorganic constituents of marine invertebrates. A new uranium 
mineral has recently been named clarkeite in his honour. He was 
President of the American Chemical Society in 1901. 

L. J. S. 





HAROLD BAILY DIXON. 
1852—1930. 


Harotp Barty Drxon, whose work upon gaseous explosions opened 
a new era in combustion research, was born in London on August 
llth, 1852, the second son of William Hepworth Dixon (1821— 
1879), traveller and historical writer, who for some years was editor 
of the Atheneum. Although the family came of an old Lancashire 
Puritan stock, the Dixons of Heaton Royds, the grandfather of the 
chemist was Abner Dixon of Holmfirth and Kirkburton in the West 
Riding of Yorkshire, and his grandmother was Mary Cryer of those 
parts. 

His father, William Hepworth Dixon, who was born in 1821 at 
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Great Ancoats in Manchester, began life as a clerk in that citys. 
but early resolving to adopt literature as a career, he became assogis 
ated with a group of literary men, including Harrison Ainsworth, 
who were working in Manchester in early Victorian days. Iq 
1846, at the instance of his friend Douglas Jerrold, he migrated t 
London; and, having early married a lively good-looking Irish 
girl, Marion MacMahon, they had eight children, of whom Harold 
Baily (second son) and Ella Hepworth (youngest daughter) achieved 
distinction in science and literature respectively. | 

William Hepworth Dixon travelled extensively and wrote many 
popular historical books in a lively and attractive style. His hougg 
in Regent’s Park was resorted to by a brilliant group of friendg, 
among whom were Richard Burton, Bulwer Lytton, Frederick 
Leighton, John E. Millais, Thomas Firth, T. H. Huxley, Henry 
Irving, J. L. Toole, as well as J. M. Levy, founder and editor of 
the Daily Telegraph, and a certain tall good-looking sapper called 
Kitchener. It has been said that, ‘‘ although occasionally deficient 
in tact, Hepworth Dixon was faultless in temper and seldom put 
out by any disappointment or misfortune.’’ His sympathies were 
with the people, and he took a leading part in establishing the 
Shaftesbury Park and other centres of improved dwellings for the 
labouring classes. As a member of the first London School Board 
(1870—1873) he carried a resolution, in the teeth of strong oppo 
sition, establishing physical drill in all rate-paid schools throughout 
the metropolis; and in 1874 he persuaded the then Prime Minister 
(Disraeli) to order the opening of the Tower of London to the publie 
free of charge. Besides good looks and physical build, Harold 
inherited from his father the exceedingly equable temper, liberal 
views, and strong current of sympathy for working people and 
their material and intellectual welfare, which characterised his 
future life work at Manchester University among the men of Lanca- 
shire and Yorkshire. 

His mother was a woman of innate good taste and manners, with 
advanced views upon the subject of women’s suffrage; she went 
by herself to all Ibsen’s plays, when they were first produced im 
London, and called in a lady doctor when her youngest son was 
born. Except, perhaps, for a certain liveliness on occasions of 
unusual excitement, when he would let himself go, it would be 
difficult to trace what influence her Irish blood may have imparted 
to her son Harold, who outwardly showed little sign of it, and was 
singularly reticent about his parents and early home-life. 

In 1867 Harold was elected foundation scholar at Westminster 
School, from whence in 1870 he obtained a classical junior student 
ship at Christ Church, Oxford. As an undergraduate he was one 
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of the most popular men of his time and threw himself into the 
social and athletic side of university life. He rowed in the College 
eight, played cricket, and obtained his blue in association football, 
taking part in the last game in which a University team won the 
English cup. He was also extremely fond of dancing. These 
activities so much interfered with his classical studies that he 
scarcely fulfilled the expectations of his tutors and there was a 
danger of his University career being brought to an untimely end. 
Fortunately, however, in 1873, Dr. A. Vernon Harcourt induced 
the College authorities to transfer the young classical scholar to 
his care, and was thus responsible for saving for chemical science 
one who was destined to be numbered among its most original 
and lucid exponents. 

Two years later Dixon graduated first-class in the Natural Science 
School, and was elected to a fellowship at Trinity. He then started 
research work with Harcourt, who, some eight years previously in 
conjunction with Essen, had published his classical work on the 
rate of chemical change between solutions of hydrogen peroxide 
and hydriodic acid, which may be said to have founded modern 
chemical dynamics. Until 1879 Dixon and Harcourt worked side 
by side in the crypt of one of the monastic buildings on the site of 
which Christ Church was built. It was the room in which the first 
anatomical studies were carried on, chiefly upon the bodies of 
malefactors who had been executed within the precincts of the 
Castle near by. Also it was in this room that, in the seventeenth 
century, the fortunate (or unfortunate) Mary Baker was revived by 
the surgeons after she had been hanged for an hour. Despite such 
gruesome associations, however, it made an admirable chemical 
research laboratory, being very quiet, of even temperature, and 
comparatively free from dust. 

In 1879, Balliol and Trinity College combined in a joint scheme 
for the teaching of science whereby Trinity established the Millard 
Lectureship, to which Dixon was forthwith appointed, and Balliol 
provided a laboratory and lecture room. A doorway, dubbed the 
“ scientific frontier,” was opened between the two Colleges so that 
Trinity men might have easy access to the new rooms. Dixon then 
transferred his research work to a cellar in the garden quadrangle 
which had been used by Benjamin Brodie for his investigations 
upon ozone. It was damp and dark, and being devoid of any 
draught chamber, fumes used to rise up the staircase to the annoy- 
ance of the undergraduates having rooms above, who on one occasion 
were provoked to reprisals. One day, also, Dixon was so badly 
gassed by an accidental escape of carbonic oxide that, to the alarm 
of his assistant, he was in a state of complete aphasia for the next 
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four hours. And on a third occasion, it was only his presence of 
mind in turning off the tap of a gasholder containing 30 cubic feet 
of an explosive mixture that prevented its being exploded by a 
flame originated by a premature spark in an apparatus which was 
being filled with it at the time. In 1886 he was elected to a fellow. 
ship at Balliol, and continued working there until he removed to 
Manchester in 1887, being assisted for some time (1883—1885) by 
H. B. Baker. 

It was at the instigation of Vernon Harcourt that Dixon com- 
menced studying gaseous explosions in 1876; although, curiously 
enough, two years previously (October 2nd, 1874) his father’s house 
in Regent’s Park, London, had been completely wrecked by con. 
cussion waves from an explosion of gunpowder on the Regent’s 
Canal near by. 

During the sixty years which had elapsed since Humphry 
Davy’s pioneering work on the subject, oniy R. W. Bunsen amongst 
chemists had much explored it; and for twenty years his results 
had been accepted without question as authoritative. More par. 
ticularly the results of Bunsen’s experiments (1853) on the explosion 
of mixtures of electrolytic gas with increasing amounts of carbonic 
oxide were held to be inconsistent with the principle of “ mass 
action” enunciated by Berthollet in 1805, and led to the curious 
view that a continuous alteration in the composition of such a 
gaseous medium produces a discontinuous (“ per saltum ”’) alteration 
in the course and products of its explosion. 

In the year 1877, during the course of a research primarily under- 
taken to test Bunsen’s conclusion, Dixon made his epoch-making 
discovery that the prolonged drying over phosphoric anhydride of 
a mixture of carbonic oxide and oxygen in combining proportions 
renders it non-explosive when subjected to electric sparks of an 
intensity sufficient to ignite readily an undried medium. He first 
announced it in a paper to Section B of the British Association at 
Swansea on August 28th, 1880 (“ B.A. Reports,” 1880, p. 503), on 
which occasion he demonstrated it experimentally, adding that 
although the smallest addition of steam, hydrogen or ether vapour 
to the phosphoric anhydride-dried 2CO + O, medium rendered it 
explosive, neither dry nitrogen nor dry carbonic acid nor dry 
cyanogen had any effect, from which “ it appears probable that the 
oxidation of carbonic oxide is really caused by the alternate reduc- 
tion and oxidation of water molecules, according to the equation :— 


(i) CO + H,O = CO, + H, 
(ii) 2H, + O, = 2H,0.” 


Subsequently Dixon proved that the speed of flame in a 2CO + 0, 
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explosion, whether during the initial phase of uniform slow move- 
ment or even after ‘‘ detonation ’’ had been set up, increases with 
the moisture content of the medium, up to “ saturation ’’ at about 
35° C. when about 5-6 per cent. of it is present, a result which has 
since been confirmed by other investigators. 

This discovery aroused world-wide interest and opened up a 
new field of chemical investigation which ever since has continued 
to attract workers from all quarters, and still yields abundant 
fruits. For, as Dixon was wont to say, “it loosed a hare which, 
though since pursued by the hounds in full cry, is still uncaptured.” 

For many years much controversy raged round various chemical 
theories (including the one originally favoured by Dixon) which 
from time to time were put forward to explain the comparative 
inertness of dry carbonic oxide-oxygen media, and many important 
experiments were made in attempts to discriminate between them. 
M. Traube and Lothar Meyer in Germany, Beketoff and Mendeléeft 
in Russia, H. E. Armstrong, as well as Dixon and his pupils in this 
country, figured prominently in the discussions. Nowadays, while 
not rejecting the well-known chemical interactions both of steam 
and hydrogen peroxide with carbonic oxide as partial explanations 
(especially when massive proportions of such “ promoters” are 
present) there is a growing consensus of opinion favouring a physical 
explanation of the phenomenon, which latterly Dixon himself 
more and more inclined to. Indeed, his last published words upon 
the subject (in reviewing some experiments upon the influence of a 
strong electric field upon the combustion of a rigidly dried 2CO + O, 
medium) were that ‘‘it was evident that the resistance to com- 
bination offered by the dryness of the gases could be overcome 
by the electrostatic field . . . (so) that the problem presented by the 
burning of this gas has become one of the most interesting in physical 
chemistry.”’* 

Dixon’s early Oxford researches (1876—1881), besides proving, 
contra Bunsen, the validity of Berthollet’s “law of mass action ”’— 
a conclusion which was simultaneously established by the inde- 
pendent work of Horstmann in Heidelberg—laid a firm and lasting 
foundation upon which much later work on equilibria in reversible 
gaseous interactions has been built. 

Until the year 1880, on the strength of some measurements made 
by R. W. Bunsen in 1857, it was generally believed that gaseous 
explosions travel at rates not exceeding a few metres per second 
only; but on July 5 of that year a disastrous explosion in a 36-inch 


* Nature, 129, 582 (1929). Also a complete review of fifty years’ work 
(1880—1930) on the subject is given in the Third Liversidge Lecture 
before the Chemical Society, by one of us (W. A. B.). 
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gas main in Percy and Charlotte Streets and Fitzroy Square near 
Tottenham Court Road, London, involving the loss of two lives 
and much damage to property in the neighbourhood, afforded con- 
clusive evidence of much higher speeds. Vernon Harcourt, who 
had been called in to investigate the matter, suggested to Dixon 
the desirability of his undertaking a systematic investigation of 
the rates of propagation of flames in gaseous explosions generally, 
which he forthwith began. He had not got far with it, however, 
before Berthelot and Vieille announced (1880) their discovery of 
the high constant flame speeds finally attained on the development 
of “‘ l’onde explosive ” (“‘ detonation ”’) in gaseous explosions. This 
revelation, together with the appearance of Mallard and Le Chate- 
lier’s classical Recherches sur la combustion des mélanges gaseux 
explosifs, in 1883, showed that the comparatively slow flame speeds 
observed and measured by Bunsen apply only to the mild and 
usually short initial phase of such explosions. 

Working on parallel lines with these French savants during the 
next twenty years, Dixon so successfully developed the methods 
initiated by them that he soon became a leading authority upon 
the subject. In 1893 he gave the Bakerian Lecture on “ The 
Rates of Explosion in Gases,” and nine years later published in the 
Philosophical Transactions of the Royal Society a brilliant memoir 
embodying his photographic researches on ‘‘ The Movements of 
Flame in the Explosion of Gases.” 

The method adopted by Dixon for measuring “‘ rates of explosion ” 
(“ detonation ”’) in gaseous explosions followed closely in principle 
that originated by Berthelot and Vieille; but his determinations 
were more systematic and in some cases more accurate than theirs. 
They concluded that the velocity of the ‘‘ explosion wave ”’ is quite 
independent of the material and diameter of the tube employed, 
provided that a certain small limiting diameter is exceeded, as well 
as independent of the pressure ; the last-named conclusion, however, 
Dixon subsequently found erroneous by showing the rate increasing 
slightly with pressure, at least up to two atmospheres. They 
termed it, for a given explosive mixture ‘“‘ wne propriété fonda- 
mentale ; car elle établit que la vitesse de propagation de l’onde explosive 
est réglé par les mémes lois générales que la vitesse du son”; and, 
assuming that it equals, or approximates closely to, the mean velocity 
of translation of the molecules at the moment of combination, 
supposing them to retain all the heat developed in the reaction, 
they proposed the formula 


v = 29-354 /T7'/d, 


where Tj= the maximum temperature (abs.) reached in the 
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explosion, and d = density of the products of combustion referred 
to alr. 

They further assumed (i) 7’ = Q/6-8n, where Q = the heat liber- 
ated by the chemical change involved in the propagation of the 
wave, and » = the number of “ molecular volumes” taking part 
therein; also that (ii) the gases are heated at constant pressure, 
(iii) that the specific heat of a component is the sum of the 
specific heats of its constituents, and (iv) that ‘ dissociation ”’ 
scarcely affects the propagation of the wave, because of its extremely 
short duration and the high pressures developed therein. Although 
it so happened that the velocity (2810 metres per second) which 
they actually found for electrolytic gas (2H, -+- O,) came very near 
the 2831 metres per second calculated on the foregoing assumptions, 
most of their other observed experimental values fell short of the 
so calculated values, and notably the observed 1089 as compared 
with the calculated 1941 metres per second in the case of a 2CO + O, 
medium. This led them to regard their formula as “ provisional ” 
only, in the same sense that is gave a limit representing the maximum 
possible rate of propagation and subject to diminution in various 
ways, so that in many cases (as they said) “‘ la combustion se propa- 
geant alors de proche en proche suivant une loie beaucoup plus lente.” 

While adopting the ‘‘sound-wave” theory of Berthelot and 
Vieille in principle, Dixon subjected it in his Bakerian Lecture to 
a searching criticism in detail, more particularly in regard to certain 
of their assumptions, with which he disagreed. He sought to modify 
it so as to make it better fit the facts by supposing that (i) the ex- 
plosion wave-is carried forward by movements of molecules of density 
intermediate between that of the products of combustion and that 
of the unburnt gases, (ii) the gases are heated at constant volume 
(not constant pressure), (iii) the temperature of the gas propa- 
gating the wave is double that due to the chemical reaction alone, 
and (iv) that the velocity of a sound wave is only 0-7 of the mean 
velocity of the molecules in the medium through which it is 
passing. 

Even when so modified, however, the ‘‘ sound-wave”’ theory 
predicted in a number of cases (e.g., most undiluted detonating 
mixtures) rates of explosion so much higher than those actually 
observed—e.g., for undiluted electrolytic gas the “calculated ” 
rate was 3416 as compared with the found value of 2830 metres 
per second—that eventually it had to be abandoned. Indeed, 
both its French authors and Dixon had quite erroneously assumed 
the heat capacities of gases to be independent of temperature, 
while Dixon over-estimated what he thought to be the limiting 
influence of “dissociation” in the wave. For in 1910, he 














3356 OBITUARY NOTICES. 


confessed quite frankly, ‘‘I do not believe to-day in the truth of 
my working hypothesis of the explosion wave. It embodied a 
number of assumptions, some of which I have myself shown to be 
erroneous. The theory of the explosion wave is not to-day de. 
pendent on the hypothesis of Berthelot and myself.” And at the 
same time he expressed his conversion to the newer views advanced 
independently by Hugoniot (1887—1888), D. L. Chapman (1899), 
Vieille (1899—1900), and E. Jouguet (1906), according to which 
“ detonation ” is essentially a ‘‘ shock wave ”’ propagated through 
a medium which is discontinuous in the vicinity of the wave front, 
in the sense that an abrupt change in pressure and density in the 
vicinity of the wave front is propagated and maintained from layer 
to layer by the adiabatic ignition of the explosive medium, a con- 
ception which has now superseded the former ‘“ sound-wave ” 
theory. 

The great and permanent value of Dixon’s work in this con- 
nexion really lay both in his accurate and systematic measurements 
of “rates of explosion” (“‘detonation’’), most of which were set 
forth in his Bakerian Lecture (q.v.), and in certain important con- 
clusions which he deduced therefrom regarding the chemical reacticns 
actually concerned in the propagation of the wave. Thus, for 
example :— 

(i) His observed rates for the following cyanogen mixtures :— 











| C,N, + 20, C.N,+ 30, | 
W aa ~ 2110 — 
. 2X2 + 2s ‘metres per second 
we’ | C2Np+O2+N, CN, + 0, + 2Nz 
2398 2166 





showed that the gas burns in two well-defined stages, namely 
(a) primarily to carbonic oxide in the wave itself, and (b) after- 
wards to carbon dioxide behind it. 

(ii) His observed rates (at 10° and 760 mm.) for the following 
hydrocarbons with varying proportions of oxygen showed that 
(a) there are distinct stages in the explosive combustion of a hydro- 
carbon, and (b) in the wave itself, the carbon burns primarily to 
carbonic oxide, which afterwards burns to carbon dioxide in 
the rear of the wave, the rate of explosion for a mixture containing 
sufficient oxygen for complete combustion being always much less 
than that for one containing only sufficient oxygen to burn the 
carbon to carbonic oxide; thus he found :— 


Methane-Oxygen Mixtures. 
CH, + 140, CH, + 20, 


9470 3392 metres per second. 


CH, + 0. 
2528 
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Ethylene—Oxygen Mixtures. 





C,H, + O, C,H, + 20, C,H,+ 30, pear! 
3507 3581 3368 metres per second. 


Acetylene-Oxygen Mixtures. 

a Ss tis ae at metres per second. 

It was in connexion with his foregoing determinations of the 
rates of explosion of hydrocarbons, which were mostly made in 
Manchester during 1891—1892, that Dixon and his collaborators 
rediscovered the extremely important fact, first observed by Dalton 
in 1803—1804 but afterwards long forgotten, that on explosion an 
equimolecular mixture of ethylene and oxygen yields about twice 
its own volume of carbon monoxide and hydrogen, in accordance 
with the equation 





C,H, + O, = 2CO + 2H,. 


This rediscovery, reinforced by similar observations by Smithells 
and Ingle (1892) upon the interconal gases of aérated hydrocarbon 
flames, and by the experiments of W. A. Bone in conjunction with 
B. Lean and J. C. Cain on explosions of ethylene or acetylene with 
less than their own volumes of oxygen, finally laid the dogma of 
the preferential burning of hydrogen in hydrocarbon flames, which 
had been unquestioningly accepted among chemists as an article 
of faith for sixty years previously, thus clearing the ground for 
modern views of the mechanism of hydrocarbon combustion. 

In 1886, while in the middle of his work upon “rates of explosion,”’ 
Dixon was appointed to succeed Sir Henry Roscoe in the Chair of 
Chemistry at Owens College, Manchester; and this he occupied 
until his retirement in 1922, when he became honorary professor 
at the University, while continuing his researches right up to the 
day of his death. And it was in Manchester that his powers and 
life work came to fullest fruition and that his greatest influence 
was exerted. 

Under Roscoe and Schorlemmer the Manchester School of 
Chemistry had become so famous and dominant in the country that 
many predicted its reputation would inevitably suffer by the 
former’s supersession by a comparatively young and untried Oxford 
don. But Dixon’s outstanding administrative gifts, his devotion 
to experimental research, his brilliance as a lecturer, his power of 
arousing in his students the true spirit of enquiry, and the way in 
which he always identified himself with the social and athletic sides 
of the College and University, proved more than equal to the task, 
so that the reputation of the School continually increased under his 
leadership. He was indeed the beau ideal of a university professor. 
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When Dixon went to Owens College in 1887, its professoriat 
included Horace Lamb (Mathematics), Balfour Stewart and A. 
Schuster (Physics), Osborne Reynolds (Engineering), Carl Schor. 
lemmer (Organic Chemistry), W. C. Williamson (Botany), Milnes 
Marshall (Zoology), Boyd Dawkins (Geology), Robert Adamson 
(Philosophy), A. W. Ward (History), A. W. Wilkins (Latin), and 
Alfred Hopkinson (Law). His own chemical staff comprised Car! 
Schorlemmer, G. H. Bailey, Harry Baker, J. B. Cohen, and Watson 
Smith; and a year later G. J. Fowler and A. Harden joined it. 
It was probably at the time the strongest chemical teaching staff in 
the country, and the splendid lecture theatre and laboratories which 
had been built fifteen years previously under Roscoe’s supervision 
were unsurpassed in those days. 

It did not take Dixon long to settle down and get to work in 
such a congenial environment, which powerfully stimulated and 
developed his scientific and administrative powers. And he soon 
attracted round him a band of enthusiastic students and workers, 
with whose co-operation he founded his Manchester School of 
Combustion Research. His first research asistants were H. W. 
Smith and G. H. Turpin (1888), followed by W. A. Bone and B. Lean 
(1891), E. H. Strange and E. Graham (1894), and E. J. Russell 
(1896), and later by R. H. Jones and L. Bower, all of whom collabor- 
ated with him in the experimental work on gaseous explosions during 
the period 1888—1903, the results of which were ultimately embodied 
in two magna opera in the Philosophical Transactions of the Royal 
Society in 1892 and 1903, as well as in other papers published in the 
Journal of the Chemical Society between those years. 

Before dealing with his Manchester researches, something should 
be said about his direction and development of its great chemical 
school. In some respects his start off was not altogether auspicious. 
For under his predecessor, Roscoe, who for some years (1852— 
1856) before his appointment to Manchester in 1857 had been 
closely associated in research with Bunsen in Heidelberg, the school 
had been steeped in Bunsen traditions, and naturally enough at 
first some of the old hands did not take very kindly to the succes- 
sion of an Oxford don who not only plumed himself on having 
upset Bunsen’s conclusions about gaseous explosions, but also had 
quite other ideas about teaching, and left the supervision of routine 
laboratory work mainly to his subordinates. This feeling, how- 
ever, soon died down when they discovered how keen Dixon was 
upon giving everyone ample opportunities for research, and how 
great were his gifts as a leader and an administrator. And henceforth 
he was strongly supported by all concerned, and success was both 
great and unbroken. 








bu 
eX] 


» Cal 


me 
firs 
Jol 
the 
mc 








riat 


hor- 
Ines 
1son 
and 
Car] 
ison 
l it. 
t in 
Lich 
sion 


r in 
and 
oon 
ers, 

of 


pan 
sell 
Or- 
ing 
ied 


the 











OBITUARY NOTICES. 3359 


In 1892 his colleague Schorlemmer died and was succeeded by 
the late William H. Perkin, jun., whose dynamic personality and 
unrivalled technique infused such new vigour into the organic side 
of the school that soon its laboratories so overflowed with students 
and researchers that extension of its buildings and equipment 
became necessary. The successive addition of the “ Schorlemmer,” 
“Schunck,” and ‘‘ Morley ” laboratories barely sufficed to accom- 
modate the ever-increasing crowd of workers. Work went on 
busily day and night during term-time and vacation, throughout 
the whole year in never-ceasing activity. The fame of it spread 
into many lands and “ fired the heather ” throughout the North. 
The youth of Lancashire and Yorkshire ‘‘ caught on ”’ and joined 
up in their scores. There is a spirit in the bleak Northern moor- 
lands— 

“ where th’east wind blows snell an’ keen” 
—that knows great leadership and “scents battle from afar,” and 
in the ‘nineties Dixon and Perkin captured it for chemical science. 
Although differing widely in temperament, upbringing and out- 
look, they shared a common enthusiasm for experimental research, 
gave each other constant and ungrudging mutual support and 
proved an ideal combination for the development of a great chemical 
school. In 1913 they were joined in its professoriat by A. Lap- 
worth, who eventually succeeded Dixon on his retirement in 1922. 
Of their lieutenants and pupils, W. A. Bone, H. C. H. Carpenter, 
D. L. Chapman, J. B. Cohen, A. W. Crossley, A. Harden, W. N. 
Haworth, J. W. Mellor, F. L. Pyman, Robert Robinson, E. J. 
Russell, and. J. F. Thorpe subsequently became Fellows of the 
Royal Society; P. J. Hartog, B. Lean, Norman Smith, and G. 8. 
Turpin achieved distinction in educational affairs; while G. W. 
Andrew, G. H. Bailey, E. Bury, H. G. Colman, T. Ewan, G. F. 
Fowler, H. Hartley, D. 8. Jerdan, H. Levinstein, R. Lessing, G. P. 
Pollitt, R. E. Slade, and R. V. Wheeler, to mention a few only out 
of many, subsequently made their mark in industry and technology. 

After completing his work on rates of explosion in the early 
‘nineties, Dixon’s researches (though comprising also the com- 
bustion of both carbon and carbon disulphide, as well as further 
experiments upon the influence of moisture in the combustion of 


. carbonic oxide) were chiefly photographic studies of flame move- 


ments in explosions, in which work he had the collaboration of 
first of all E. H. Strange and E. Graham, and afterwards R. H. 
Jones and L. Bower. Although the method adopted—namely, 
that of photographing a horizontally moving flame upon a film 
moving vertically with known velocity—was in principle the same 
as had been originated by Mallard and Le Chatelier in 1880—1883, 
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it was so vastly improved and developed in detail as to become a 
very refined and accurate method of flame analysis. It was first 
described in a paper “On the Explosion of Cyanogen” com. 
municated to the Chemical Society in 1903; but the memoir 
embodying the full results thereof appeared in Philosophical Trans. 
actions for 1903. Meanwhile both Berthelot and Le Chatelier, 
who had been working on similar lines in France, published papers 
on the subject in 1899 and 1900. 

It is impossible in the short space at our disposal to give any 
adequate idea of the wealth of information contained in the seventy 
or more photographs of explosion flames included in Dixon’s 1903 
memoir; and the only way for anyone to understand their value is 
to study them closely in detail. Suffice it to say that the whole 
course of a gaseous explosion, from its initial phase of slow uniform 
flame movement up to its culmination in detonation was photo- 
graphically analysed with great precision. Not only were the 
influences of compression waves‘ and the collision of detonation 
waves illustrated, but discoveries were made of (i) the backward 
“retonation wave” which is always set up when detonation is 
determined in a gaseous explosive medium, and (ii) the “‘ reflexion 
waves ”’ which arise when a detonation wave is either arrested by 
the closed end of a tube or momentarily retarded on passing a 
constriction in it. Similar discoveries were simultaneously made 
independently by Le Chatelier in France, so that the years 1900— 
1903 saw a remarkable resuscitation of the interest aroused twenty 
years previously by the kindred researches of the same masters. 

Dixon’s third principal line of research which chiefly occupied 
him after 1903, and in which he was assisted by H. F. Coward, 
J. M. Crofts, L. Bradshaw, C. Campbell and others, was concerned 
with the “ignition temperatures ”’ of explosive gaseous media, which 
he was the first to determine with any real degree of accuracy. 
Previous attempts, notably by V. Meyer and pupils in Germany, 
and Emich in Austria, had been frustrated by the considerable 
amount of pre-flame surface-combustion which always had occurred 
in their experiments before the explosive medium as a whole had 
been raised to the true ignition point. To obviate this source of 
error, Dixon and Coward devised their well-known “ concentric- 
tube ” method in which streams of combustible gas and air (or 
oxygen) were separately heated to the temperature of the medium 
before being allowed to mix. In this way, the “ ignition range ” 
at atmospheric pressure of hydrogen was found to be 580—590° 
in both air and oxygen, of moist carbonic oxide 644—658° in air 
and 637—658° in oxygen, of acetylene 406—440° in air and 416— 
444° in oxygen, and soon. Paraffin hydrocarbons, such as methane 
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and ethane, were similarly found to have much wider “ ignition 
ranges,” e.g., that of methane was 650—750° in air and 556—700° 
in oxygen. Later on, after it was discovered that the earlier 
results had been affected by the fact that when an explosive mixture 
is rapidly heated even to its “ignition point ” an appreciable “ lag ” 
may occur in the actual appearance of flame, the concentric-tube 
apparatus and procedure were modified so as to control and deter- 
mine such “lag.” In this way it was found that the longer the 
“lag ” allowed, the lower the resulting ignition temperature. Thus, 
for example, in the case of hydrogen at atmospheric pressure for a 
“lag” of 0-5 second only the “ ignition temperature ” was 631° 
in air and 625° in oxygen, respectively, but on allowing a “lag” 
of 10 seconds temperatures of 588° and 582° only were required. 

In 1906—1907 H. G. Falk, acting on a suggestion by W. Nernst, 
had endeavoured to determine the ignition temperatures of various 
gaseous explosive mixtures under adiabatic compression, by com- 
pressing them in a steel cylinder the piston of which was suddenly 
driven in by means of a falling weight. And, finding that with 
hydrogen—oxygen mixtures the equimolecular required the least 
degree of compression (corresponding with a temperature of 518°) 
for its ignition, he concluded that hydrogen peroxide, and not steam, 
is the first product of the reaction. 

Dixon, who never believed in any “ peroxide” theory of com- 
bustion, at once took up the matter in conjunction with J. M. Crofts, 
and had no difficulty in proving not only that Falk’s experimental 
method had been faulty in that the piston had not been stopped at 
the beginning of the pre-flame period but also that two of his 
assumptions were generally invalid. And on publishing their own 
experiments in 1914, they had no difficulty in showing that his 
conclusion regarding the ignition of hydrogen-oxygen mixtures 
was entirely wrong. They showed that (i) the true ignition tem- 
perature of electrolytic gas under adiabatic compression is 526°, 
and (ii) whereas successive dilutions of it with either hydrogen or 
nitrogen continually raise, dilutions with oxygen continually depress, 
the ignition temperature, such depressions continuing long after the 
H, + O, ratio has been passed. At the time, this unexpected 
result suggested to them the formation of some active “ polymeride’”’ 
of oxygen under the experimental conditions; but nowadays it 
would not be regarded as indicating more than some prior “ activ- 
ation’ of oxygen as a prior condition of the combustion. 

Dixon continued his work on ignition phenomena right up to the 
end and further discovered (inter alia) that ‘‘ ignition temperatures ” 
of a gaseous media are, or may be, profoundly affected by the 
presence of small amounts of impurities therein. Thus he found, 
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for example, that whereas the presence of small quantities of oxides 
of nitrogen lowers, that of iodine vapour materially raises, the 
ignition temperature. And it was upon experiments arising out 
of the action of iodine, which has important bearings upon the 
prevention of explosions in coal mines, that Dixon was engaged in 
his laboratory a few hours only before his sudden death at Lytham 
in the afternoon of September 18th, 1930, thus leaving an “ un- 
finished symphony ” for his pupils to complete. 

Although Dixon devoted his scientific life to the study of 
combustion, other problems in inorganic chemistry sometimes 
occupied his attention. Among them the one which showed a 
notable advance on any preceding work on the subject was his 
determination, with E. C. Edgar, of the atomic weight of chlorine 
(Phil. Trans., 1905, 169). A few years before, Edward Morley 
had determined, with an accuracy never before approached, the 
direct ratio of the combination of hydrogen with oxygen. Since 
very many atomic weights depend on the synthesis or analysis of 
oxides, Morley’s result led to the correction of a large number of 
these constants. But in 1905 the atomic weights which depended 
on the analysis of their chlorides were also numerous and the 
determination of the ratio of hydrogen to chlorine was therefore 
important. The weighing of chlorine was the great difficulty. It 
was solved by liquefying the gas in a weighed bulb and weighing it 
at the ordinary temperature. Since no ordinary glass tap would 
stand the pressure, the plug always blowing out, Dixon had taps 
made in which the slope of the plug was reversed, so that the greater 
the pressure, the tighter was the tap. This ingenious modification 
enabled a most concordant series of values to be obtained, and it 
is interesting to note that, after twenty-six years, Dixon and Edgar’s 
number for the atomic weight of chlorine still stands. 

Besides being both a great exponent of the experimental method 
in science and an able administrator, Dixon shone brilliantly as a 
lecturer, teacher, and master trainer of those who were privileged 
to be his pupils in research; and it was as such that the influence 
of his personality was most markedly felt. For he prided himself 
most on having founded an English School of Combustion Research 
embodying the traditions of Robert Boyle and Humphry Davy, with 
whom he ranks in apostolic succession. In writing to one of us on 
August 26th, 1927, about the publication of “ Flame and Com- 
bustion in Gases,’ which had been dedicated to him he said, “I 
think you know that I regard the chief reward of my work to lie 
in the fact that when I started fifty years ago to repeat Bunsen’s 
experiments, no one in England seemed to care about the burning 
of gases, and now there is an active English School largely made 
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up of old students . . . really keen on the fundamental study of 
gas reactions.”” And it is worth while considering how this resulted 
from his work and influence. 

First of all, his lectures, distinguished as they always were by 
great clearness, logical presentment and wealth of experimental 
illustration, aimed chiefly at expounding principles, as exemplified 
by the researches of great masters, and at arousing in his students 
the true scientific spirit of enquiry. One of his most distinguished 
pupils has recently testified to us that “‘ his account of the classical 
investigations showed how discoveries were made, the ideas at the 
back of the minds of the investigators, and the methods whereby 
they overcame difficulties. Personally, I found this method most 
inspiring, and far better than any exposition of the results. As 
he used it, the historic method was a splendid instrument for 
training research pupils, and it undoubtedly helped all his students.”’ 
Indeed, no one privileged to hear his lectures could fail to be 
impressed by the acumen and power of a great teacher. 

Next, he had an unusually sound critical faculty and complete 
mastery of clear exposition in the best and most concise of English. 
In his earlier days in Manchester, while yet his school was of such 
dimensions as allowed it, he would get his “ first years honours ” 
pupils to write him weekly essays on some subject arising out of 
his lectures, and in a special weekly tutorial he dealt with their 
efforts, reading out and criticising passages from them. Each of 
his “third year ’’ students was required, about twice each term, 
to write an exhaustive essay upon some subject of the day, after 
reading and abstracting all the principal researches upon it; and 
it was Dixon’s invariable custom privately to go through each 
composition with its author, sometimes spending hours even in 
criticising and discussing it. He never let any weakness in argu- 
ment, inconsistency in statement, or loose expression go by uncor- 
rected, and was untiring in his efforts to evoke good literary style 
and habits. Not only so, but on occasion he would ask a senior 
research assistant to lecture to him on the subject of an essay, in 
order to train him in its verbal exposition. Many of his pupils 
owed a great deal to him in these respects. 

Lastly, his singularly clear and penetrative mind referred every- 
thing to the final test of a well-ordered experiment, critically 
carried out without hurry or bias, and with the results checked at 
every conceivable point. He insisted upon everything being done 
with the greatest care and circumspection, and afterwards subjected 
to the most vigorous examination. At all times he was unsparing 
in the guidance of his experience and unrelaxing in impressing on 
all concerned the paramount importance of accuracy and truth, 
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together with the highest standard of experimental work. He 
always held that what apparently are the simplest cases of chemical 
change are fundamentally the most obscure and worth while 
investigating. His method was first of all to get at the facts with 
all due precautions against possible errors, then to consider critically 
their bearing on the matter involved, and to advance the experi- 
mental proof step by step, by a process of exclusion, until it had 
been narrowed down to a single issue which finally had to be tested 
in every possible way. And, at the end of it all, he would often 
constitute himself the advocatus diaboli, trying his hardest to upset 
the verdict. Not long ago he remarked to one of us that he had 
never seen any law or theory relating to flame and combustion 
which could not either be disproved or shown inadequate, so varied 
and complex are the possibilities, adding, ‘‘ I know no law of flame, 
nor want to.” For, eschewing all rash speculation, and attaching 
little importance to theories save as working hypotheses, the dry 
light of.science shone throughout all his work, and he had a singular 
felicity in choosing just the right words in expounding it. Being 
associated with him in research meant, not only having to excel 
as a craftsman, but undergoing a most exacting mental discipline, 
which only strong minds could stand; but to them it became the 
way of understanding. 

He always endeavoured to transfer to his teaching staff those of 
his research pupils and assistants whom he thought most highly 
of, and to retain them there for some years. Their pay was 
wretchedly poor, and he did nothing to improve it, regarding it as 
part of a salutary discipline; but in compensation he arranged the 
duties so that each one had half his time for research, and was 
given all possible facilities for pursuing it independently. And 
he was against anyone accepting a better post outside until research 
had become his ingrained habit and he had established some repu- 
tation as an independent worker. Hard and long as was the 
discipline, everyone who underwent it was conscious of being 
handled with real appreciation and understanding, however austerely, 
and ever afterwards was thankful for it. 

From Manchester many of his pupils went forth to plant research 
colonies in other centres, and in later years he took great delight in 
visiting them. So keen was his interest, that he would journey 
any distance to see a new experiment, or correspond at any length 
about it. In visiting his pupils’ laboratories, he would watch 
everything with a most critical eye, quick to take in every point of 
an experiment, and to detect the slightest flicker of a flame; but 
when he had convinced himself of the genuineness of a new result, 
his appreciation of it was both deep and sincere. At times, on 
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such occasions, he would sit up to well-nigh daybreak discussing 
the results, and comparing them with his own; and always he gave 
generously of his experience, whether personally or by letter. 

Although Dixon always took an active share (as member of its 
Court and Council) in Manchester University affairs, and managed 
his own Department of it supremely well, it would not be easy to 
point to anything which he specifically influenced except the social 
and athletic sides of student life, in which he always took the 
greatest interest, and the work of the Joint Matriculation Board 
of the Northern Universities, of which he was Treasurer for fifteen 
years. He was prominent among those who organised the Faculty 
of Science in the newly constituted University in 1903, after the 
break up of the old federal Victoria University and the granting 
of the separate charters to Manchester, Liverpool, and Leeds. It 
was mainly through his energy that the present splendid University 
athletic ground and pavilion at Fallowfield were secured. 

Outside the University, Dixon played a notable part in the 
educational affairs of Manchester and Salford. He took a great 
interest in the Manchester High School for Girls, and in its append- 
age the Pendleton High School, both of which owe a tremendous 
debt to him. Also, for many years he was co-opted member of 
the Salford Education Committee, Chairman of its Higher Education 
Committee, as well as of its Royal Technical College and some of 
its secondary schools; all these positions he continued to fill until 
the end with conspicuous success and great advantage to the public. 
Latterly he devoted much time to the establishment of the new 
Queen Mary’s Secondary School for girls at Lytham, and was 
returning from a meeting in this connection at Lytham when he 
was suddenly taken ill and died. 

Dixon was elected Fellow of the Royal Society in 1886, was the 
Bakerian Lecturer in 1893, served on its Council 1902—1904 and 
was awarded one of its Royal Medals in 1913. In 1922 the 
University of Manchester conferred upon him its D.Sc. honoris 
causa, the University of Prague having similarly conferred its Ph.D. 
some years previously. In view of the outstanding importance of 
his scientific work it may seem strange that these were the only 
honorary academic distinctions conferred upon him; but Dixon 
was markedly indifferent about such honours, and never sought 
after them. 

Dixon joined the Chemical Society in 1876, and contributed his 
first paper to the Journal in 1885. He was elected to the Council 
in 1892 and served thereon for a period of twenty-five years in all, 
occupying the office of President from 1909 to 1911. 

He presided over the Chemical Section of the British Association 
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at its Oxford Meeting in 1894, when he delivered a memorable 
address entitled “‘ An Oxford School of Chemists,” in which he 
charmingly reviewed the work of Robert Boyle and his pupils, 
Robert Hooke and John Mayow. He was President of the Man- 
chester Literary and Philosophical Society during 1907—1909. 
He was always ready to serve the public interest. In 1881 he made 
experiments for the Board of Trade on standards of light to be used 
in photometry, and three years later he made photometric measure- 
ments upon various illuminants at the experimental lighthouses 
erected by Trinity House on the South Foreland. He served on 
the Royal Commission on Explosions of Coal-dust in Mines (1891— 
1894) and on Coal Supplies (1902—1905); also he was a member 
of the Home Office Executive on Explosions in Mines (1911—1914), 
and since 1927 acted as Supervisor of Researches on the Ignition 
of Gases under the Safety of Mines Research Board. During the 
War he was Deputy Inspector of High Explosives for the Manchester 
area and Chairman of the Ministry of Labour Selective Committee 
for the North-Western District, for which services he was appointed 
C.B.E. in 1918. 

Amid his manifold other interests, Dixon never lost his early 
love of the classics, and while voyaging to South Africa with the 
British Association in 1906 he produced for private circulation a 
verse translation of the Odes of Horace, which for scholarly treat- 
ment and real feeling could scarcely be surpassed. Indeed, Horace 
and Omar Khayy4m were his favourite authors, and he was filled 
with the spirit of the “‘ Novwm Organon,” of which his scientific 
work was the fruit. 

As a boy, Harold Dixon was very handsome, his portrait being 
painted by Thomas Firth, R.A., and his head modelled by Bailey 
the sculptor, in both cases at the artist’s request. Of medium 
height, with well-knit frame, throughout his life his was an arresting 
face and bearing in any social assembly. In outward features he 
bore a strikingly close resemblance to his great contemporary 
Berthelot, than whom he was twenty-five years younger. Indeed, at 
one time it was difficult to distinguish the two when they were 
together. 

He was brilliant in conversation, and as an after-dinner speaker ; 
a man of the world, he had much sympathy with the weakness of 
human nature, but was intolerant of all shams and bores. He had 
a remarkably equable temperament and sang froid, always showing 
great coolness and presence of mind in time of danger. A story is 
told how once during 1889 in Manchester when he and his assistant 
had miraculously escaped injury from the accidental explosion late 
one afternoon of the content of a 10 cubic foot holder full of electro- 
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lytic gas, which wrecked the room in which they were working, 
some three hours afterwards Dixon went out to a dinner party and 
on being asked by a lady whether he had heard of “ that dreadful 
accident to a poor professor at Owens College,” replied, “ Yes, I 
did hear a report ! ” 

Although Dixon continued to play both cricket and tennis well 
into middle life, his chief physical recreation was mountaineering, 
in which he excelled. He climbed much with J. N. Collie and 
Milnes Marshall, being one of the party when the last-named lost 
his life on Scawfell on December 31st, 1893. During 1890—1893 
he accomplished more than twenty first-class climbs in the Alps, 
and was elected to the Alpine Club in 1894. Afterwards, in 1897, 
he climbed in the Selkirks, Canada, making first ascent of both 
Pollux and the Dome, and the second ascent of Castor, with C. E. 
Fay and others. Also, in the Canadian Rockies, he made the first 
ascents of Mounts Lefroy and Gordon with C. E. Fay, Norman 
Collie, and C. S. Thompson. 

Although of a kindly disposition, and always most friendly 
towards his colleagues and assistants, being ever ready with prac- 
tical sympathy and help in times of need and trouble (as many 
have testified), he was singularly reticent about himself and masked 
his real feelings. It was easy fora colleague or assistant to establish 
and continue friendly relations with him, but difficult to penetrate 
within his outer ring of electrons. The experience of one of his 
Manchester staff who said, “I didn’t feel after thirteen years’ 
acquaintance that I knew him any better than after three months,” 
would (we think) be shared by many others. Even to those of us 
who knew him longest and best, it was rarely (if ever) that he 
revealed anything of his more intimate self. And while hosts of 
his old pupils will ever remember him with deep affection and 
gratitude, most of them will still wonder whether they ever really 
knew him at all. 

He was twice married, first in 1885 to Olive Beechey Hopkins 
of Montreal, who died in 1917, and by whom he had a son and a 
daughter; and then in 1918 to Muriel Kinch of Yelverton (South 
Devon) who survives him, and by whom he had a daughter. All 
three children also survive him. 

His mental powers were maintained quite unimpaired right up 
to the end, which came suddenly at Lytham on September 18th, 
1930. Only a few weeks before, when paying what proved to be 
his last visit to the laboratories of one of us (W. A. B.) at the Imperial 
College, London, he spent most of the day seeing and discussing 
some new photographic experiments on the development of ‘‘ deton- 
ation’ in gaseous explosions. He examined the resulting flame 
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photographs intently with all the old critical keenness of his pragy 
tised eye. The hours sped by almost unnoticed; at last, suddenly 
looking at his watch, he exclaimed, brushing aside the photographs 
with a gesture of regret, ‘‘ All these are most wonderful, my dear 
boy, but it is now past five o’clock and I must catch my train home, 


leaving them to you,” and so departed. Vale Magister Praeclare ! 
H. B. B. 


W. A. B. 


WILLIAM ERIC DOWNEY. 
1900—1931. 


By the death of Dr. W. E. Downey in a climbing accident on the 
Jungfrau on August 19th, 1931, the Chemical Society has lost a 
promising and popular Fellow. Downey was 30 years old, and a 
native of Huddersfield, where he was a student at the Technical 
College. In 1921 he entered the Imperial College of Science and 
Technology as a Royal Scholar, working under Professor H. B. 
Baker on the light emission in the oxidation of phosphorus and its 
relation to the formation of ozone. The results of this work were 
published in the Transactions for 1924—1925. The degree of 
Ph.D. was conferred on him by the University of London in 1923 
and he held a Beit Fellowship from 1924—1926. Subsequently, as 
a member of the research staff of the General Electric Company, 
he built up a reputation as a research worker of the highest order. 
Downey was elected a Fellow of the Society in 1926, and his death 


will be deeply regretted by all. 
H. J. E. 


CHARLES THOMAS HEYCOCK. 
1858—1931. 


Tue death of Mr. C. T. Heycock, which took place on June 3rd, 
removes from among us one who had gained the affection of gener- 
ations of Cambridge men and who was a pioneer in an important 
branch of inorganic chemistry. Heycock was the younger son of 
Frederick Heycock, of Braunstone, Oakham, and was born on 
August 21st, 1858; he received his early education at the Grammar 
Schools of Bedford and Oakham, and entered King’s College, | 
Cambridge, as an Exhibitioner in 1877, taking the Natural Sciences 
Tripos in 1880. For many years he taught chemistry, physics, and 
mineralogy for the Cambridge examinations and in 1895 he was 
elected to a Fellowship at King’s College, becoming a College 
Lecturer and Natural Sciences Tutor in the following year. He 
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was elected a Fellow of the Royal Society in 1895 and was awarded 
the Davy Medal in 1920 for his work on alloys. His original work 
on the metals attracted the attention of the Goldsmiths’ Company, 
who endowed a Readership in Metallurgy at Cambridge; he was 
appointed to this office in 1908 and held it until his retirement in 
1928. He was admitted to the Livery of the Goldsmiths’ Company 
in 1909 and to the Court in 1913; he acted as Prime Warden during 
the year 1922—1923 and took a keen interest in the work of the 
Company’s Assay Office. 

Notwithstanding the exacting character of his work as a Cam- 
bridge coach, Heycock joined with his lifelong friend, F. H. Neville, 
F.R.S., in a comprehensive study of the metals and their alloys; 
this partnership, which was only dissolved by the death of Neville 
in 1915, led to a remarkable series of papers in which novel directions 
of investigation were mapped out and developed. Before entering 
upon this joint work, Heycock had had some experience as an 
investigator; in 1876 he published a note on the spectrum of indium 
in conjunction with Mr. A. W. Clayden, M.A., and in 1882 he con- 
tributed a paper on the atomic weight of rubidium at the British 
Association meeting. Heycock and Neville’s first joint paper was 
published in 1884 and described a redetermination of the molecular 
weight of ozone by the diffusion method. ‘The first of the series of 
papers on the metals was published in 1889 and dealt with the 
depression of the freezing points of metals brought about by others 
dissolved therein; in this, and later papers it was shown that the 
addition of small amounts of a second metal depresses the freezing 
point of the first to an extent (1) directly proportionate to the 
weight of metal added and (2) in rough inverse proportion to the 
atomic or molecular weight of the added metal. Raoult’s law for 
ordinary solutions was thus extended to alloys and a method 
indicated for calculating the latent heat of fusion of a metal by the 
application to the freezing point depressions of the now well-known 
van ’t Hoff equation. At the outset mercury thermometers were 
used in the temperature measurements and only alloys of low 
melting points could be studied ; the introduction by H. L. Callendar 
of the platinum resistance pyrometer made it possible to extend 
the scope of the investigation to metals of high melting point. At 
that time the melting points of silver, gold, and copper were not 
known with any degree of accuracy, partly because of the difficulty 
of making the physical measurements, partly because the necessity 
for using metals of high chemical purity and for protecting them 
from contamination during melting had not been recognised. A 
number of fixed points on the platinum resistance pyrometer had 
to be established before the study of alloys of high melting points 











3370 OBITUARY NOTICES. 


was undertaken; these fixed points were determined with the aid 
of Dr. E. H. Griffiths, F.R.S., and with such accuracy that the 
results obtained by their use have not since been seriously affected. 
Thus, Heycock and Neville determined the melting point of Levol’s 
alloy at 778-7° C. and used this constant as a secondary fixed point ; 
a very recent determination by the Washington Bureau of Standards 
gives the melting point as 779-4°. 

The study of dilute metallic solutions naturally led up to the 
determination of the complete liquidus curves of many binary 
metallic systems, such as those of silver or copper with a second 
metal; in many of the systems thus explored, the cooling curves 
of the alloys showed arrest points below the temperature of the 
solidus. Although Stead and Roberts-Austen had done much to 
elucidate this subject, the causes of these evolutions of heat were 
not properly understood. Heycock and Neville therefore turned 
their attention to the examination of solid alloys and about 1897 
began work on the gold—aluminium system, probably choosing 
this because of its complexity. In this connection they developed 
a technique for taking photographs through an alloy by means of 
Roéntgen rays. This method yielded some valuable results, but 
was soon abandoned because it was found that the examination of 
etched surfaces by the microscope was simpler and more efficient. 
Their first paper on the constitution of the gold—aluminium alloys 
was published in 1899 and, though the work was incomplete, con- 
tained the first of a remarkable series of photographs. The writers 
probably recognised that a full description of this system was not 
at that time within their powers; they set the work aside and 
started the investigation of the constitution of the bronzes. 

The Bakerian Lecture “ On the Constitution of the Copper-Tin 
Alloys ”’ was delivered in 1903 and can be regarded as the foundation 
stone of modern metallography. Not only was it in itself the first 
substantially complete and accurate description of a complex series 
of alloys, but it aroused great interest and encouraged many others 
to undertake similar work. In spite of the care with which the 
copper-tin system was examined the diagram given in 1903 is not 
correct in every detail; its authors had early recognised that stable 
alloys are often difficult to obtain and, with the object of removing 
completely any metastable phase, they cooled the preparations 
extremely slowly from above the temperature of the liquidus. It 
has since been shown that such treatment frequently fails to produce 
a saturated solid solution and may, indeed, tend to prolong meta- 
stable conditions. Heycock retained his interest in these alloys 
and during recent years encouraged his students to revise the 
details of the diagram under his direction. 
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When the two collaborators had completed their work on the 
copper-tin alloys they took up again the study of the gold—aluminium 
system. Here progress was slow because of the inherent difficulties of 
the problems which arose and because a disastrous laboratory fire had 
destroyed most of the earlier records ; in 1914, however, Heycock and 
Neville published a classical piece of work on those alloys of this 
system which are rich in gold. As President of the Chemical Section of 
the British Association in 1920, Heycock gave an address describing 
the state of knowledge at the time when he and his friend com- 
menced work and indicating the chief results of their own researches. 

The major part of Heycock and Neville’s experimental work was 
carried out in a small laboratory in Sidney Sussex College and, 
owing to the many other duties which fell upon the two partners, 
much of it had to be done late at night and in the early hours of 
the morning. It may seem surprising that such a quantity of data 
of enduring value could be collected under such conditions; but 
both men were enthusiasts, both possessed an exquisite sense of 
technique and both were meticulous in their striving after accuracy. 

Heycock was an excellent lecturer; his whimsical mode of 
addressing a class sustained an interest in inorganic chemistry during 
a period when that subject seemed in danger of eclipse by the rapid 
advance of organic chemistry. He had few equals as a teacher in 
the laboratory; his deliberate method of working and his sarcastic 
denunciation of slovenliness inspired respect and awakened the 
spirit of emulation. Much of the work of organising and planning 
the numerous extensions of the University Chemical Laboratories 
during the last twenty-five years fell upon him and he carried it 
out with characteristic care and thoroughness. His physical vigour 
found further expression in his devotion to the Volunteer movement 
from quite early days and during the War he was appointed Colonel 
of the Cambridgeshire Regiment. 

In his domestic life, Heycock was thoroughly happy; his house 
was the meeting place of undergraduates and seniors alike and its 
cheerful hospitality is a delightful remembrance to vast numbers. 
With his death we have lost a scientific man of the old type who 
would spare no pains or time in eliminating error from an experi- 
mental observation; many of us have also lost a shrewd and wise 
counsellor and one of the most staunch and loyal of friends. 

W. J. Pope. 





CHARLES ALEXANDER KEANE. 
1864—1931. 
By the death of Dr. Charles A. Keane on September 18th after a 
few days’ illness, there has passed away a man who devoted his life 
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largely to the advancement of chemical science, particularly in rela- 
tion to technical education. Keane was born in 1864 and after a 
general education at Mount Vernon High School, Nottingham, he 
entered the Owens College, Manchester, where he graduated as 
Bachelor of Science in the Victoria University in 1883. After 
graduation he spent an additional year at the same College, where 
further chemical studies were pursued under Roscoe and under 
Schorlemmer. From 1884 to 1886 he continued his studies first 
under Emil and later under Otto Fischer at the University of 
Erlangen, where he obtained the degree of Doctor of Philosophy. 
Afterwards he obtained the degrees of Master of Science and Doctor 
of Science, Victoria University. 

Keane’s teaching career began in 1886 as a demonstrator of 
chemistry in the University College, Liverpool, where subsequently 
he was appointed Lecturer in Chemistry. He was also a lecturer 
and an examiner of the Victoria University. In 1901 he was 
appointed first Principal of the Sir John Cass Technical Institute, 
London, which post he relinquished in 1926 under medical advice. 
His resignation as Principal was a matter of deep regret to all who 
knew of the valuable work which he had carried out in that capacity 
for over a quarter of a century. 

The Institute and its work constitute a magnificent memorial 
to his wisdom, foresight and resolution and also his determination 
to make research the apex of technical education. In this con- 
nection it should be mentioned that he contributed a number of 
papers to various scientific journals and made a much larger 
contribution to the advancement of knowledge by inspiring the 
members of his staff and his students to undertake research 
work. 

Keane was greatly esteemed by the scientific societies with which 
he was actively associated and in some of which he held office. 
From 1917 to 1919 he was Chairman of the London Section of the 
Society of Chemical Industry and in 1919 he was appointed Vice- 
President of the Society of Public Analysts and was elected to the 
Council of the Chemical Society and also to the Council of the 
Society of Chemical Industry. 

In all his activities, he displayed wide knowledge and sound 
judgment and those who were privileged to be associated with him 
will always recognise his distinguished service and remember with 
real gratitude the friendship and goodwill given by him without 


reserve. 
Gro. PATCHIN. 
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ROBERT LAW. 
1870—1930. 


Ropert Law was born in Scotland on April 20th, 1870. He 
attended the College of Science and Arts, Glasgow, and for a time 
was Assistant there to Professor A. H. Sexton. 

Whilst studying at Freiburg, he was recalled to London to sit 
for an examination for the post of Assistant Assayer in the Royal 
Mint, Melbourne. He gained first position on the list and was 
appointed to Melbourne on September 2nd, 1890. He served in 
the Assay Department, first under the late George Foord and finally 
under the late F. R. Power. In 1919 he became Chief Assayer and 
later, under Colonel Johnson’s reorganisation scheme, was 
appointed Chemist and Refiner. 

Law was of an inventive turn of mind and in addition to other 
things devised the preliminary assay balance designed to save time 
in weighing cornets and diminish wear and tear on assay weights. 
This is described in Mint Reports 1896 and 1913, and in the Journal 
of the Chemical Society (1896, 69, 527). 

Law was keenly interested in military matters. Since 1904 he 
was attached to the 34th Engineers of Victoria, and was C.O. of 
the Unit until his retirement from the Force in 1929. 

During the great war, he was for a period C.O. 3rd Pioneers, 
A..F.; he was mentioned in despatches, and was eventually 
invalided home. 

Law was President of the Society of Chemical Industry, Victoria, 
for the years 1926—9 and during that time communicated papers 
dealing chiefly with metals from the aspect of coinage operations. 
He also published in the Reports of the Royal Mint results of 
experiments and observations on the chlorine process of gold 
refining—a subject upon which little has been published in chemical 
literature. 

He was a Fellow of the Institute of Chemistry, a member of the 
Australian Chemical Institute, and a member of the Institute of 
Metals. 

Law passed away in his sleep on July 22nd, 1930, and the sudden- 
ness of his death can be gauged from the fact that he had lectured 
before the Society of Chemical Industry, Victoria, on the previous 
Friday and to his colleagues in the Mint had appeared to be in 
normal health on that day. 

Law’s work reflected the care he bestowed upon it and will always 


remain a model to be followed. 
F. V. R. 
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THE RT. HON. LORD MELCHETT, D.Sc., LL.D., F.R.S. 
1868—1930. 


ALFRED Moritz Monp, created first Baron Melchett of Landford, 
was the second son of the famous Dr. Ludwig Mond, F.R.S., and 
was born on October 23rd, 1868, at Farnworth in Lancashire. 
His father, after studying chemistry with Kolbe and Bunsen, had 
acquired much knowledge of chemical manufacture in Germany 
and had devised a new process for the recovery of sulphur from 
Leblanc alkali waste. He entered into partnership with John 
Hutchinson of Widnes to demonstrate this process in England in 
1863. After a period spent in the construction and management 
of a Leblane soda works at Utrecht, Dr. Ludwig Mond rejoined 
Messrs. Hutchinson and Company in 1868 and perfected his sulphur 
recovery process. In 1872 he became impressed with the success 
obtained in Belgium by Ernest Solvay in the manufacture of soda 
ash by his improved ammonia—soda process and, obtaining a licence 
to work this process in England, he entered into partnership with his 
friend, John Tomlinson Brunner (at that time head of Messrs. 
Hutchinson’s office) to carry out this manufacture on a site by the 
river Weaver in Cheshire, close to the town of Northwich. Thus 
was founded in 1873 the famous firm of Brunner Mond, which was 
converted into a Limited Company with much enlarged capital in 
1881. The Brunner and Mond families came to live close to the 
works, in the beautiful house, Winnington Hall—Dr. Mond living 
in the more modern part of the mansion, whilst Mr. Brunner lived 
in the older part. The eight years between 1873 and 1881 were 
years of tremendous work and stress. Only through the genius, 
determination, and unremitting labour of the two partners was the 
enterprise brought to a successful issue. In 1884 Dr. Ludwig Mond 
took a house in London and from that date onwards made London 
his headquarters. Thus for the first sixteen years of his life—the 
important formative years—the boy Alfred Mond saw from day to 
day the development of a great work and lived in an atmosphere of 
scientific labour and mighty deeds. It was also an atmosphere of 
intellect and culture. Dr. Ludwig Mond was a man of the highest 
intelligence and mental power, and we may be sure that his sons 
soon learned to value the kingdom of thought and learning as well 
as that of action and affairs. Throughout his life Dr. Ludwig Mond 
was deeply interested in music, painting, and literature, so that his 
sons Robert and Alfred early acquired a knowledge of, and a 
cultured taste for, all those things which in harmonious combination 
with science make life interesting, exciting, and beautiful. The 
intellectual and artistic interests of Dr. Mond were fully shared by 
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his wife, who was a woman of outstanding personality and brilliance 
of mind. Her influence and guidance must have been a very 
important factor in the education of her sons. 

Alfred Mond was sent to Cheltenham and afterwards to St. John’s 
College, Cambridge. He then went to Edinburgh University for a 
time to pursue the study of science, but, feeling that laboratory 
research work was not his natural bent, he turned to the study of 
law, and became a student of the Inner Temple. He was called to 
the Bar in 1894 and joined the North Wales and Chester Circuit. 
Although this study of law must have been very useful to him in his 
later political life, the practice of that profession did not satisfy his 
natural leanings towards constructive work and practical achieve- 
ment: so he joined his father’s firm and became a director of 
Brunner Mond and Co. in 1895. The next ten years of his life were 
devoted to the mastery of the guiding principles and practical 
details of the business of large-scale production, wherein he rapidly 
built up a reputation as an industrialist, organiser, and financier of 
the highest quality. As is well known, his father had founded (on 
the basis of his own scientific discoveries) the Mond Nickel Company 
and the Mond Power Gas Company. As Sir John Brunner stood 
aside from these enterprises, it fell to the lot of Alfred Mond to take 
an important share, in conjunction with his brother Robert and his 
cousin Emile, in the direction and development of these concerns. 

It was no idle boast when Mr. Roscoe Brunner (at that time 
Chairman of the Company) could say at the Jubilee celebrations 
in 1923 that during the fifty years’ history of the firm there had 
never been a quarrel between the Directors and the workmen of 
Brunner Mond and Co. The great example that had been set in the 
early heroic years when Ludwig Mond and John Brunner worked 
day and night with a valiant band of loyal men, had never been for- 
gotten and had become a continuous policy of friendship and 
understanding between active and efficient masters and loyal and 
efficient men. In 1884 Brunner Mond and Co. were the first firm to 
offer their workmen a week’s holiday with full pay in return for good 
time-keeping, whilst in 1889 the Directors realised that two 12-hour 
shifts per 24 hours (i.e., 84 working hours per week) involved too 
great a strain on the men and introduced the systema of three 8-hour 
shifts. This was the friendly atmosphere of mutual understanding, 
good will, and co-operation which Alfred Mond found when he joined 
the Company in 1895, and this was the work into which he threw 
himself with an ardour due fully as much to his kindly and under- 
standing nature as to the keen perception of an essentially modern 
and forward-looking mind. 

When at the General Election of 1906 Alfred Mond (at the age of 
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thirty-eight) was elected Liberal Member of Parliament for Chester, 
there entered the House of Commons and the arena of political life 
@ man who was not only the bearer of a famous name and the 
possessor of a commanding knowledge of business and finance, but 
also one who understood well the necessity and value of scientific 
research, of organised constructive work in the productive enter- 
prises of the country, and of friendly and efficient co-operation 
amongst all the varied units of any great industry. A man, in short, 
who had been for many years in contact with the realities, and 
understood the essential verities, of modern life in a country whose 
fortunes were bound up with the science and art of successful 
manufacture. His exact and varied knowledge and his powers of 
clear and logical exposition soon gained him the ear of the House, 
whilst the Liberal leaders found in him a stout defender of Free 
Trade principles and the rights of His Majesty’s faithful Commons. 
The baronetcy that was conferred on him in 1910 marked their high 
appreciation of his abilities. 

Then came the great ordeal of war. Sir Alfred Mond threw his 
brains, his private purse, and the resources of all the companies with 
which he was associated into the service of the country. He was 
one of the first eminent Liberals to perceive the necessity for con- 
scription, as he was one of the first to foresee the importance of aerial 
attack. He thrice visited the Front in order to get a clear idea of 
the needs and conditions of the troops and did everything in his 
power to help them. He founded and maintained two hospitals, 
one at Melchet Court, of which Lady Mond was Commandant, and 
the other at Highgate—the ‘‘ Queen Alexandra’s Hospital for 
Officers.”” The great Brunner Mond and Mond factories worked 
day and night, and at strictly controlled prices, to produce the 
chemicals required in the war. Enormous quantities of ammonium 
nitrate were produced, thus rendering it possible for the country to 
counter the growing and dangerous shortage of toluene by changing 
over from amatol containing 80 per cent. of T.N.T. and 20 per cent. 
of ammonium nitrate to an amatol in which these proportions were 
reversed. At the end of the war Lord Moulton publicly stated that 
had it not been for the scientific and technical research work and 
enormous output of the Brunner Mond factories, Great Britain 
could not have carried on the war. 

From 1916 to 1921, Sir Alfred Mond was First Commissioner of 
Works, and on him fell the responsibility for the enormous building 
programme that had to be pushed rapidly forward during the war— 
new factories, Government Departments, Service Headquarters and 
other things too numerous to mention. From 1921 to 1922 he was 
Minister of Health and rendered eminent service to the country in 
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putting the national housing policy on a much more business-like 
basis. Not so well known were his able negotiations with the 
Trustees of the Rockefeller Medical Foundation of New York, which 
resulted in the gift to Great Britain of the magnificent Institute for 
Tropical Medicine and Hygiene which now stands in London between 
Gower Street and Malet Street, a splendid memorial to American 
generosity and friendship and to that invincible belief in the value of 
science for the succour of humanity which infuses the intellectual 
leaders of that great nation. 

It would be inappropriate here to relate in detail the events which 
led Sir Alfred Mond to break with his old political associates and 
to join the Conservative Party. It was primarily caused by the 
launching of a land policy which, to quote his own words, left him 
“no honourable course to pursue but to break my life-long associ- 
ation with the Liberal Party. I have always believed, and I still 
believe, that the best interests of British agriculture can be promoted 
and will be promoted by the free man on his own land rather than 
the controlled tenant on publicly-owned land. In other words, I 
remain a convinced and sincere individualist.”’ 

Freed from office and the cares of State, Sir Alfred Mond now 
turned to that reorganisation of commercial production which his 
keen mind saw was urgently demanded by the changed conditions 
of the modern world. With all our most formidable competitors 
forming large combines and cartels, it was clear to him that Great 
Britain could not expect to meet this new danger while her manu- 
facturers wasted a large part of their energies and wealth in unneces- 
sary competition amongst themselves. In 1923 he began the 
rationalisation of the South Wales anthracite coal industry, and five 
years later he had brought 85 per cent. of that industry under unified 
control. Having succeeded to the Chairmanship of Brunner Mond 
and Co. on the resignation of Mr. Roscoe Brunner, he set himself to 
apply the same methods to the “ heavy ” chemical industry of this 
country, and together with Sir Harry McGowan he had, by the end 
of 1926, formed the great combine now known to all the world as 
Imperial Chemical Industries Ltd. In 1928 he succeeded in com- 
bining the International Nickel Co. of New Jersey with the Mond 
Nickel Co., whilst about the same time he formed the Finance 
Corporation of Great Britain and America. 

Amidst all this vast work of combination and organisation, he 
never forgot the interests of the workmen, thus worthily carrying 
on the great tradition established by his father and his father’s 
colleagues. As he had said himself, ‘‘ In the industry in which I am 
mainly interested we have succeeded in avoiding for a period of over 
fifty years any kind of industrial dispute. This has been largely due 

5R 
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to a liberal far-seeing policy which did not consist in waiting for 
claims to be made and then yielding to them reluctantly, but in 
foreseeing reasonable demands and in granting them even before 
they were asked. It has been due to a contact, maintained from 
one generation to another, and to a friendly human spirit between 
those engaged in various capacities in the industries concerned.” 
It was in the hope of developing and extending these fine principles 
and traditions that he initiated the meetings and discussions between 
Trades Union representatives and a selected band of industrial 
leaders that became known as the Mond-Turner conferences and 
perhaps marked the beginning of a new era in the industrial history 
of Great Britain. 

In 1928 he was raised to the Peerage as Baron Melchett of Land- 
ford, in token of the high esteem in which he was held as a great and 
far-sighted industrial leader, an eminent servant of the Crown and the 
State, and a benevolent helper of good causes. The splendid infant 
welfare centre in Chelsea named after Violet, Lady Melchett, may be 
cited as one of the many examples of Lord Melchett’s wise benevolence. 

Dr. Ludwig Mond had amassed during his lifetime a splendid 
collection of pictures, the best of which were bequeathed to the 
National Gallery. Lord Melchett was therefore carrying on another 
family tradition when he surrounded himself with treasures of art, 
gave many commissions to painters and sculptors, and a few years 
ago paid £40,000 to keep one of the finest examples of Rembrandt’s 
art in this country. 

In 1894, he had married Miss Violet Goetze. Like his father, he 
had the good fortune to seek and obtain a partner in life who in all 
his manifold activities—domestic, social, artistic, philanthropic, 
political—was ever by his side as a brilliant, wise and charming 
counsellor and devoted wife. 

Last, but not least, of the great services which Lord Melchett 
rendered to his country was his enthusiastic and far-seeing espousal 
of the economic unity of the British Empire, of an economic League 
in that great Commonwealth of free and friendly nations. If he had 
done nothing else, this alone would have marked him out as one of 
the greatest men of his time. The wise consummation of that 
splendid ideal constitutes to-day the greatest thing which the British 
Commonwealth of nations can achieve. 

In spite of his continuous occupation with commercial and 
political affairs of the greatest magnitude, Lord Melchett was ever 
the true son of his great father. He had a constant and abiding 
interest in science and scientific research and would break off a 
conversation on matters of high finance to discuss with evident relish 
and understanding a new scientific discovery or a new application 
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of scientific principles. As he said himself, he sincerely believed 
“that the chemist will solve the present economic and industrial 
problems of the world.” He was a strong advocate of University 
training, not only as a preliminary to successful technical scientific 
work, but as a necessary preparation for all departments of com- 
mercial work. ‘“‘ Highly trained University men,” he said, “‘ are 
required for every part of our business activities to-day... . 
You have to carry the scientific idea through all business.” He 
fostered in every possible way the policy of aiding scientific research 
in the Universities of Great Britain and thus producing a con- 
tinuous supply of men well fitted to do their part in the development 
of the industries of the country. 

In recognition of his great services to the State and to Science and 
Industry, he was elected a Fellow of the Royal Society, thus following 
inthe footsteps of his distinguishedfather. Honorary degrees were con- 
ferred on him by the Universities of St. Andrews and Manchester. 

Although the demands made on his time and energies by his 
manifold activities were very great, he took an active interest in 
several scientific societies, becoming founder and first President 
of the Institute of Fuel, President of the British Science Guild, and 
Pesident-designate of the Society of Chemical Industry for their 
Jubilee Meeting in 1931—a meeting over which, alas, he was des- 
tined not to preside, since he passed away on December 27th, 1930. 

Surviving him are his wife, Violet Lady Melchett, one son, Henry, 
the present Lord Melchett (a Director of Imperial Chemical Indus- 
tries), and three daughters. 

The death’ of the late Lord Melchett was a severe blow to this 
country. Insucha time of economic stress and necessary reorganis- 
ation and reconstruction, he was one of the few men in the country 
who was pre-eminently fitted, by his inherited gifts, his wide and 
deep experience, and his vision and imagination, to guide Great 
Britain and the British Empire across the stormy seas of modern 
confusion and perplexity to the bright shores of a new prosperity 
founded on science, organisation, and the imaginative and humane 
understanding of the varied elements that compose the gigantic 
structure of the industrial and economic life of to-day. In his 
patriotism, his foresight and his imagination, he was surely none 
other than the Disraeli of modern times. When the present sad days 
are over and the beacons of prosperity and understanding blaze from 
hill to hill across the lands of the British Commonwealth of Nations, 

when reason, science, and the understanding heart conspire together 


to create a new world amongst all men, the name of Alfred Mond will 


be held in high honour and proclaimed a pioneer of that better and 


happier time. F. G. D. 
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JOHN EDWARD PURVIS. 


1862—1930. 


JOHN EDWARD PuRVIS came up to Cambridge as an undergraduate 
in 1889 and Cambridge remained his home for the rest of his life—a 
life spent chiefly in the service of the University and the Town. 
He was University Lecturer in Chemistry and Physics in their 
application to Hygiene and Preventive Medicine; he was Coun- 
cillor, Alderman, and (1928—1929) Mayor of the Borough. 

Purvis was born at Heaton Norris, near Stockport, on June 10th, 
1862. His father, William Purvis, was a manufacturing engineer. 

After attending a day school and the Mechanics’ Institute at 
Stockport, Purvis spent a year at the Owens College, Manchester, 
and then studied for three years at the Royal College of Science, 
Dublin. Here W. N. Hartley inspired him with that interest in 
spectroscopy which he retained throughout his life, and his attention 
was directed to Cambridge, where Liveing and Dewar were then 
engaged in their spectroscopical work. In October, 1889, he came 
up to Cambridge and was admitted a pensioner of St. John’s College, 
which was Liveing’s college. He was then 27, and thus considerably 
above the usual age at entry. He took Part I of the Natural 
Sciences Tripos in 1891, and Part II in 1893, and was placed in 
the Second Class in each. 

In January, 1894, Liveing appointed him to the official post of 
Assistant to the Professor of Chemistry and for the next two or 
three years he was occupied with the fractionation of mixtures of 
earths of the yttrium and cerium groups. The didymia and erbia 
which he obtained he used in an investigation of the effects of 
dilution and temperature on the absorption spectra of solutions of 
salts of the rare earths and the experimental results were discussed 
by Liveing in relation to the ionic theory of solution. 

At this time the classes in pharmaceutical chemistry for the 
M.B. degree and the courses of water- and food-analysis for the 
Diploma of Public Health were conducted by T. H. Easterfield, and 
when Easterfield left Cambridge to take up the Professorship of 
Chemistry at Victoria College, Wellington, N.Z., Liveing entrusted 
this work to Purvis. Purvis, whilst retaining the office of Assistant 
to the Professor, thus began his connexion with that department 
of university teaching with which he was afterwards chiefly 
associated. 

On Liveing’s retirement in 1908 Purvis’s tenure of the office of 
Assistant lapsed, but it was felt that university recognition was 
due to him on account of the teaching services which he had ren- 
dered. He was appointed University Lecturer in Chemistry and 
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Physics in their application to Hygiene and Preventive Medicine, 
and for many years he taught with marked success large classes of 
medical graduates of Cambridge and other universities who were 
intending candidates for the Diploma of Public Health. 

Whilst he was Liveing’s assistant he had occupied a set of rooms 
on the uppermost floor of the Chemical Laboratory. When he 
ceased to hold this office he moved into rooms high up over the 
entrance gateway at Corpus, at which college he was already acting 
as Director of Studies in Chemistry; these rooms were his home for 
the rest of his life. 

After his work on the absorption spectra of rare earths, carried 
out for Liveing, Purvis began a series of independent investigations 
on the Zeemann effect and during the next four years he was engaged 
in examining the effects of strong magnetic fields on the spark 
spectra of a number of metals. He detected series of lines which 
were similarly affected and found an empirical relation between the 
separation of the lines and the inverse square of the wave-length, 
but the time was not yet ripe for the fuller interpretation of his 
observations. 

At this time his colleagues Sell and Dootson were engaged on 
their investigations on the chlorination of pyridine, and Purvis 
photographed the absorption spectra of various compounds which 
they had obtained. These experiments formed the introduction to 
the long series of investigations on the absorption spectra of organic 
compounds with which his name is associated. 

Probably his most important work is that dealing with the 
absorption spectra of organic compounds in the gaseous state. 
Research in this field was started by Hartley and others, but Purvis 
undertook a systematic enquiry into the subject. His first results 
were of great interest, for he found that many of the narrow bands 
of pyridine vapour disappeared in the spectra of the homologues. 
He next showed that a spectrum of narrow bands is exhibited only 
by the simplest members of a series, such as aniline, phenol or form- 
aldehyde, and that the substitution of methyl groups or halogen 
atoms (iodine being the most effective) for hydrogen atoms causes 
the narrow bands to coalesce and form usually only one or two 
broad bands similar to those observed in solution. Pure liquids 
examined in the form of extremely thin films were found to give 
absorption spectra similar to those of solutions. The conclusion 
which Purvis drew from these investigations was that the absorption 
of light originates in certain oscillation centres which in most cases 
are the unsaturated groups in the molecule, and he showed that, 
whereas chloral has a marked absorption band, chloral hydrate is 
remarkably transparent, and similarly, while formaldehyde vapour 
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is marked by an extensive system of fine bands, its aqueous solution 
shows no selective absorption. Methylal, acetal and paraldehyde 
were similarly found to be non-selective, the view that the absorption 
of aldehydes is centred in the carbonyl group thus being confirmed. 

An unexpected result, and one of considerable theoretical 
importance, was found with piperidine. Solutions of fully saturated 
substances give no selective absorption in the ultra-violet region, 
and piperidine conforms to this rule. But in the vapour state he 
found that it gave many bands similar to, though less sharp than, 
those of pyridine. This observation suggested that some groups, 
saturated in the ordinary sense, such as the NH- group, may act 
as weak oscillation centres. Some observations were also carried 
out (with N. P. McCleland) on the interaction of oscillation centres, 
in particular the carbonyl and the phenyl group and the ethylenic 
bond, from the results of which an attempt was made to extend 
Drude’s equations to coupled vibrations, the coupling being effected 
through the kinetic and not the potential energy. These attempts 
appear crude in the light of more recent knowledge, but they are 
of interest as an early search for a method of attack which has given 
valuable results since the discovery of wave mechanics. 

The importance of Purvis’s contributions to the study of spectral 
absorption lies in the accuracy of his observations, and later workers 
are able to utilise his data with confidence. The increasing 
theoretical importance of a knowledge of band spectra is now 
commonly accepted, and Purvis’s, investigations point the way to 
lines of profitable enquiry. While he confined himself to the older 
method of displaying his results, his measurements form the starting 
point for further investigations into the absorption spectra of the 
compounds studied by him.* 

Purvis spent much time and energy, especially in the latter part 
of his life, in the service of the Borough Council. His connexion 
with that body began when, in 1908, he was elected a borough 
councillor by the representatives of the Colleges and Halls. He 
was made a University Alderman of the borough in 1925. His 
knowledge of chemistry and hygiene, coupled with his administrative 
ability, made him a particularly useful member of the Sewage 
Disposal and Public Health Committees, of the former of which he 
was for a number of years Chairman, and he rendered valuable 
service in connexion with the management of the sewage farm. 
His election as Mayor of the borough took place in November, 1928. 
However, symptoms of high blood pressure appeared and his 
health broke down under the strain of office and it was only seldom 


* This outline of Purvis’s spectroscopic work is based on an account for 
which the writer is indebted to Dr. J. J. Fox. 
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and for brief spells that he possessed his full vigour. Nevertheless 
he carried on, and the members of the town council did not realise 
how ill he was until a meeting near the end of his mayoralty. He 
died on November Ist, 1930. 

He had a quick temper and a lively sense of humour; shortly 
before his mayoralty he convulsed the Borough Council with a 
mock speech as a committee chairman. He was a member cf the 
Cambridge Rotary Club and a frequent visitor to the rooms of the 
Y.M.C.A. He had a deep religious sense. He bequeathed a con- 
siderable sum to the governing body of Corpus Christi College for 
the provision of a prize, or exhibition, in theology and he left the 
residue of his property to Westcott House Clergy Training School 
at Cambridge to found a professorship or lectureship in Christian 
Apologetics. W. H. M. 


HENRY DROOP RICHMOND. 
1867—1931. 

Henry Droop RicHMoND was educated at University College 
School and Finsbury Technical College. After a period of training 
in the laboratory of the public analyst, Otto Hehner, he was 
appointed second chemist in the Khedivial Laboratory at Cairo. 
From 1892 to 1915 he was chemist to the Aylesbury Dairy Company 
and published many original papers on the analysis of milk and 
milk products. During this period, he wrote his book on Dairy 
Chemistry, which became a standard work. He was appointed 
Chief Analyst to Boots Pure Drug Co. Ltd. in 1915 and held this 
post until his death. In this capacity he devised and published 
many new methods for the analysis of drugs, a method for the 
assay of saccharin being of special importance. 

Richmond became a Fellow of the Chemical Society in 1887 but 
only published a single paper in the Journal, his numerous original 
papers being mainly published in the Analyst. He was a former 
Vice-President (1909 and 1914—1915) and Treasurer (1910—1912) 
of the Society of Public Analysts, and was also a former Vice- 
Chairman of the Nottingham Section of the Society of Chemical 
Industry (1922—1924). He became a Fellow of the Institute of 
Chemistry in 1887 and served on its Council from 1906 to 1909 
and from 1910 to 1913. 

Throughout his career Richmond was distinguished by his willing- 
ness to help his younger colleagues in every possible way, not only 
to guide their professional careers but also to stimulate their social 
and sporting activities. His kindly disposition remained unclouded 


to the end in spite of a painful illness of many years’ duration. 
| F. L. P. 
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THOMAS BARLOW WOOD. 


1869—1929. 


THomas BaRLow Woop was born on January 2Ist, 1869, at 
Habberley, Shropshire; from his father he inherited a long con- 
nexion with the land and from his mother the technical and business 
capacity of a line of Staffordshire potters. He was educated at the 
High School, Newcastle-under-Lyme, and proceeded to Gonville 
and Caius College, Cambridge, with a Scholarship in Natural Science. 
He laid the sound scientific foundation of his subsequent work in 
his Degree in Natural Sciences and with First Class Honours in 
Chemistry in June, 1891: in September he began his teaching in 
Agricultural Science in Devonshire, where the first experiment in 
agricultural education by means of University Extension Lectures 
was just being made, and in 1892 he was appointed the first Agri- 
cultural Science Master at the Norfolk County School and placed 
in general direction of the other Agricultural Education activities 
in the County. 

In 1892 the late Professors Liveing and McKenny Hughes started 
the organisation of a School for training in Agricultural Science 
and on the death of the first Lecturer in 1894, Wood was called 
back to Cambridge to take up the duties of lecturer in Agricultural 
Chemistry. 

Under Wood’s influence the School began to make progress and 
in spite of the calls on his time and very inadequate financial 
support, he carried out experiments and research which attracted 
the attention of progressive farmers, who began to send their sons 
to study under him. His interest at that time lay rather in the 
direction of chemical problems such as the changes which take 
place in mangolds during storage, the nature and causes of 
“ strength ” in wheat, the composition of varieties of mangolds, the 
increase in crops relatively to the heavy rations of oil cakes used 
at the time for fattening beasts in Norfolk, and the application of 
statistical methods for the determination of ‘“‘ experimental error ” 
in field experiments; he also carried out a series of experiments in 
animal genetics. Any one of these researches showed his rank 
among investigators and all have become classics. 

In 1899 an opportunity was provided by the Drapers’ Company 
for the foundation of a Professorship in Agriculture, and Wood 
supported the appointment of Professor Somerville; on Professor 
Somerville’s resignation, Wood decided again to put aside his own 
claims and to support Professor Middleton; Wood was appointed 
Reader in Agricultural Chemistry in 1902 and on the appointment of 
Middleton to the Ministry of Agriculture, Wood’s claims could not 
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be again passed over and in 1907 he was appointed to the 
Drapers’ Professorship. 

By this time the progress of Biochemistry and the results of 
Kellner’s work drew his main interest again to the solution of 
problems in animal nutrition with which his father’s settlement in 
Norfolk had kept him constantly in touch. He was one of the 
first to draw practical attention to the view that the processes of 
life and growth might be considered as the sum of requirements for 
maintenance, work, fattening and milk production and the conse- 
quent calculation of rations to suit each case. During the War, 
Wood placed himself at the service of the Food Production Depart- 
ment of the Government and it was largely due to his advice on 
food values that the rationing scheme was so successful and that 
much tonnage was saved for essential supplies by the importation 
of finished products in place of raw materials. His study of methods 
of food production led him to investigate the possibility that for 
this country the most economical use of cattle would be in the 
production of milk and baby beef, so saving a large proportion of a 
year’s keep for each beast fattened. 

After the War the Ministry of Agriculture recognised his services 
by placing him in charge of the new Research Institute in Animal 
Nutrition and he was able to pursue his investigations by means 
of a specially simple form of animal calorimeter by which, with the 
assistance of Mr. Capstick, he was able to establish the facts of basal 
metabolism. After spending much time in an examination of 
feeding results for sheep, he tried further to solve the interesting 
problem of giving numerical values to the different vital processes 
of the living animal, and his last great research was on the subject 
of the feeding value of pasture grasses at different stages of their 
growth and cutting. 

Throughout all this he devoted himself to the educational needs 
of the farming community and with the assistance of Professor 
Biffen succeeded in building up the School to high reputation and 
efficiency and in overcoming the early antagonism of the University 
to what was then held to be the establishment of a branch of 
technical education. 

Just before his death the assistance of the Rockefeller Trustees 
brought into sight the realisation of his dearest ambition, the 
foundation of a comprehensive research scheme for all problems of 
farm animal life. 

Though Wood excelled in many outdoor sports, his interest in 
his work and his farm excluded most other activities and he could 
hardly be persuaded to take a holiday which was not concerned with 
agriculture. He, himself, was able to investigate and try out 
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suggested improvements in seeds and new feeding stuffs and bring 
any improvement to the immediate notice of the farmer; he was 
also in constant touch with men dealing with large-scale practical 
problems. 

Later, after his marriage to Margaret Isabel, second daughter of 
Mr. E. 8. Beaven of Warminster, he allowed himself some holidays, 
though they were still generally initiated by demands for his advice. 

Wood possessed a tremendous fund of energy with which he 
succeeded in infusing his helpers and in earlier days, when little 
money was available for his assistants, among whom may be 
mentioned Foreman and Berry, he gave himself little rest. Later 
he was able to obtain more assistants, among whom were included 
Halnan, H. E. Woodman, and Deighton, who were continually 
under his own supervision, so that he had not much time for 
recuperation. 

During his whole tenure of office he was in continual touch with 
all the details of the school and was always prepared to hear and 
discuss any difficulty which might arise with the staff or outside 
enquirers. He also increased the debt of Scientific Agriculturists 
by starting the Journal of Agricultural Science, of which he for 
long acted as chief editor. 

The end came suddenly, but he had the satisfaction of having 
gained an international reputation for the school he practically 
founded and for which he had lived; he himself will always rank 
with the great investigators of agricultural problems. 

R. H. A. 
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ADDITIONS TO THE LIBRARY OF THE CHEMICAL 
SOCIETY DURING THE YEAR 193}. 


ABDERHALDEN, Emin. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. I. Chemische Methoden. Teil 2, II 
Halfte, Heft 8. Berlin 1931. pp. 2971 to 3078. 

AcwaryA, ©. Narasmmua. The relation between growth and 
intake of nutrients in the Cholam plant. (From the Madras Agric. 
J., 19.) 

AppIs, Rosina. See SINGER, DoROTHEA WALEY. 

AEBY,JULES. Dangerous goods. Istsupplement. Anvers 1930. 
pp. 96. (Reference.) 

AERONAUTICAL RESEARCH COMMITTEE. Reports and Memoranda. 
Nos. 1037, 1285, and 1287. Mechanical properties of pure mag- 
nesium and certain magnesium alloys in the wrought state. By 
SmpnEY LEonaRD ArcHBUTT [and others]. London 1926-30. 
pp. 13, 9, 16. ill. 

No. 1318. Detonation and lubricating oil. By R. O. 
Kine and H. Moss. London 1930. pp. 23. ill. 

No. 1324. Experiments on the ignition of gases by 
sudden compression. By R. W. Frennine and F. T. Corron. 
London 1930. pp. 43. ill. 

Atyar, G. K. [and others]. Notes on the Burmese species of 
plants yielding chaulmugra oil. (Burma Forest Bulletin, No. 21.) 
Rangoon 1930. pp. iv + 22. ill. 

AKEN, JOHANNES STEPHANUS ANTONIUS JOSEPH MARIA VAN. 
Kalk-suiker. Melasseontsuikeren met kalk. Kalk-suiker als 
kolloidaal systeem. Delft 1930. pp. 184. ill, | 

Auperts, Exsa (Maria). Uber die Einwirkung von Gasstrémen 
wie Kohlenséure, Ammoniak, Salzsiure, Chlor, Brom, Tetrachlor- 
kohlenstoff auf Sulfate und Sulfide. Heidelberg 1920. pp. 49. 

ALEXANDER, Lyte T. See Unirep Srarus. Department of 
Agriculture. Technical Bulletin No. 212. 

Auutsop, G. See Mines DEPARTMENT. Safety in Mines Research 
Board, Paper No. 67. 

ALTPETER, JuLius. Das Hexamethylentetramin und_ seine 
Verwendung. Halle (Saale) 1931. pp. vi + 178. ill. 

AMERICAN PusLiic Heatra AssocraTion. Committee on Lead 
Poisoning. Report. New York 1930. pp. 37. 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS. Georges Claude, 
50th anniversary medallist from France. (From the Official Pro- 
gram 50th Anniv. A.S.M.E., 1930.) 


—_—_— 
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ANDERSON, ANNIE. See SINGER, DoROTHEA WALEY. 

Anperson, M. 8S. See Unirep States. Department of Agri- 
culture. Technical Bulletin No. 228. 

ANDREJEW, Nicotaus. Theoretische und experimentelle Unter- 
suchungen iiber den Einfluss der Temperatur auf die Dispersion des 
Lichtes. Basel 1909. pp. 43. 

Antuony, D. J., Jackson, FREDERICK WILLIAM, and Joyce, 
Tuomas GoopE. “ Black Gut.” (From the Vet. Record, 1931, 11.) 

ARCHBUTT, SIDNEY LEONARD. See AERONAUTICAL RESEARCH 
CommMiTTEE. Reports and Memoranda, Nos. 1037, 1285, and 1287. 

ARGENTINA. Obras Sanitarias dela Nacién. Métodos de analisis. 
2nd edition. Buenos Aires 1929. pp. 108. - ill. 

ArGyYLeE, W. R. See Unirep States. Department of Commerce. 
Bureau of Mines. Bulletin 302. 

ARKEL, A. E. vAN, and Borr,J.H. pr. Chemische Bindung als 
elektrostatische Erscheinung. Translated by Li KLEMM and 
WiLHELM Kiem. Leipzig 1931. pp. xx + 320. ill. 

ARKEL, CORNELIA GERARDA VAN. Oleum Jecoris Aselli cum 
Jodeto ferroso. Amsterdam 1929. pp. viii + 46. 

ARMSTRONG, EDWARD FRANKLAND, and ARMSTRONG, K. F. The 
glycosides. London 1931. pp. viii 4- 123. 

ArMstTRONG, K. F. See ARMSTRONG, EDWARD FRANKLAND. 

ASSOCIATION OF BriTISH CHEMICAL MANUFACTURERS. The 
Dyestuffs Act. Views of the chemical industry. London [1930]. 


pp. 24. 








An index to Acts of Parliament and Statutory Rules 
and Orders affecting the chemical industry. London 1931. pp. 24. 
AUSTRALIA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Bulletin No. 49. Factors affecting the 
mineral content of pastures. By A. E. V. Ricuarpson, H. C. 
TRUMBLE, and R. E. SHaprEr. Melbourne 1931. pp. 47. ill. 
Bulletin No. 50. The poisonous action of ingested 
saponins. By ALFRED JAMES Ewart. Melbourne 1931. pp. 28. ill. 
Pamphlet No. 18. The influence of frequency of cut- 
ting on the productivity, botanical and chemical composition, and 
the nutritive value of “ natural” pastures in Southern Australia. 
By J. Grirrirus Davis and ARTHUR HENRI Sim. Melbourne 1931. 


pp. 28. ill. 





























Pamphlet No. 20. The identification of wood by 
chemical means. Part I. By H. E. Dapswetx. Melbourne 1931. 


pp. 16. 











Pamphlet No. 21. The density of Australian timbers. 
A preliminary study. By H. E. Dapswetyt. Melbourne 1931. 
pp. 16. ill. 












In 
tir 


PE 


cul 


od 
clu 


me 
pp 
PP 
mi 


Wi 





yri- 


ter- 


des 


CR, 
1.) 
.CH 
37. 

Sis. 


als 
und 


um 


The 


The 
30). 


les 
24. 
und 
the 


ted 

ill. 
ut- 
und 
lia. 
31. 


31. 


rs. 


31. 











3 


AUSTRALIA, COMMONWEALTH OF. Council of Scientific and 
Industrial Research. Pamphlet No. 22. The chemistry of Australian 
timbers. Part I. A study of the lignin determination. By W. E. 
ConEN and H. E. Dapswern. Melbourne 1931. pp. 27. ill. 

Azapian, A. See Eaypt. Département de l’Hygiéne Publique. 

BacuracH, Max. Fur: a practical treatise. London 1930. 
pp. xiv + 677. ill. 

BartEy, Lortn H. See Unirep States. Department of Agri- 
culture. Circular No. 138. 

BAKER, JoHN Witt1amM. Natural terpenes. London 1930. pp. 
x + 169. 

Bakes, WittiAM Epaar. Sce ScrentTIFIcC AND INDUSTRIAL 
ResEARCH. Fuel Research. 

BARANGER, P.-M. Contribution a l'étude des propriétés physico- 
chimiques et thérapeutiques des acides aryl-arsiniques. Paris 
1931. pp. xiv + 202. ill. 

BaRKER, THomas Viponp. Systematic crystallography: an 
essay on crystal description, classification and identification. 
London 1930. pp. xii-+ 115. ill. 

Barr, Guy. A monograph of viscometry. London 1931. 
pp. xiv + 318. ill. 

Bary, Paut. Oden est l’électrochimie? Paris 1931. pp. viii + 
200. ill. 

Bass, LAWRENCE W. See LEVENE, PHOEBUS AARON. 

Bassett, HENRY Norman. The chemical technology of steam- 
raising plant. London 1931. pp. viii + 240. ill. 

Breckurts, HrernricH. Die Methoden der Massanalyse. 2nd 
edition. Edited by Ricwarp Bere and RicHarRD DIETZEL. 
Braunschweig 1931. pp. x + 730. ill. 

Bett, [Str Witit1am James]. Sale of food and drugs. 8th 
edition. By R.A. Roxsinson. London 1931. pp. xxvi + 300 + 34. 

BENEDICKS, CaRL, and L6rquist, Hetar. Non-metallic in- 
clusions in iron and steel. London 1930. pp. xii+ 311. ill. 

Bere, RichHarp. See BEcKuURTS, HEINRICH. 

BERLINER, J. F. T. See Untrep States. Department of Com- 
merce. Bureau of Mines. Bulletin 327. 

BERTHELOT, MAaRcELIN. Centenaire 1827-1927. Paris 1929. 
pp. 709. ill. (Reference.) 

Bertin, A. Principaux emplois chimiques du bois. Paris 1924. 
pp. vi+ 126. ill. 

BrYTHIEN, ApDOoLF. Laboratoriumsbuch fiir den Nahrungs- 
mittelchemiker. Dresden 1931. pp. xxiv + 589. ill. 

Brancut, Catisto. Celluloseesterlacke. German edition by ADOLF 
Werne. Berlin 1931. -pp. xii + 329. ill. 
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BLACKTIN, SAMUEL CyriL. See Mines DEPARTMENT. Safety in 
Mines Research Board. Paper No. 71. 
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BLUMBERGER, Jos& STEPHEN PETRus. Studies in de katalytische | Lc 


ontleding van diazoverbindingen. Delft 1929. pp. x + 167. ill. 


Boarp or Epvucation. Educational Pamphlets, No. 85. Report | 


by H.M. Inspectors on the provision of instruction in applied 
chemistry in technical schools and colleges in England and Wales. 
London 1931. pp. 51. 


| 


| 


Boarp oF TrapDE. Dyestuffs Industry Development Committee, | 


Report on the present position and development of the dyestuffs 


manufacturing industry in Great Britain. London 1930. pp.iv-+ 88. | 


Borer, J. H. pre. See ArKEL, A. E. VAN. 


Borr, SIEBE RIEKELE DE. Respiration of Phycomyces. (From | 


the Rec. Trav. bot. néerl., 1928, 25.) 

BonneELx, D. G. R. See ScteNtTiIFIC AND INDUSTRIAL RESEARCH. 
Building Research. 

Borastrom, Parry, Bost, R. W., and Brown, D. F. Biblio- 
graphy of organic sulfur compounds (1871—1929). pp. vi + 187. 
(Reference.) 

Bos, ABRAHAM ARIE. Bijdrage tot de kennis van de ligno- 
sulfozuren. Amsterdam 1930. pp. x -+ 88. ill. 

Bost, R. W. See Borastrom, Parry. 

BottteR, Max. Bleich-, Reinigungs-, Wasch-, Detachiermittel, 
Bleichverfahren und Bleichapparate der Neuzeit fiir Gespinstfasern 
und Gewebe. 2nd edition. Wittenberg 1924. pp. 216. ill. 

BRACEWELL, Mary F. See Merpicat REsEArRcnH Counc. 
Special Report Series, No. 146. 

BrapForRD TECHNICAL COLLEGE. Journal of Research. Vol. I, 
etc. Bradford 1930+. (Reference.) 

BranDAo, ALVARO Soares. Trabalhos praticos de chimica. 
S. Paulo (1930). pp. 314. ill. 

BRIEGLEB, G., and Wotr, K. L. Lichtzerstreuung, Kerreffekt und 
Molekiilstruktur. (Fortschritte der Chemie, Physik und physikal- 
ischen Chemie, Vol. XXI.) Berlin 1931. 

Briaes, DENNIS Brook. Chemical change.. London 1931. pp. 
viii +- 166. ill. 

Briscoz, HERMAN T. Qualitative chemical analysis: principles 
and methods. New York 1931. pp. vi + 279. ill. 

British ENGINEERING STANDARDS ASSOCIATION. British stan- 
dard specification for the sampling and analysis of coal for export. 
London 1930. pp. 34. ill. 

Report on the sampling of small fuel up to 3 in. embodying 
some general principles of sampling. By E.S.GrumeExi and A. C. 
DunnincHaM. London 1930. pp. 53. ill. 
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British Science Guitp. Science and modern industry. By 
Smr Writ1am Jackson Pops. Being the 6th annual Norman 
Lockyer lecture. London 1930. pp. 19. 

Britton, Husert Tuomas Staniey. Chemistry, life and 
civilisation. A popular account of modern advances in chemistry. 
London 1931. pp. viii + 248. ill. 

Brown, D. F. See Borastrom, PARRY. 

Brown, Grorce GRANGER. The volatility of motor fuels. 
(Univ. Michigan Engineering Research Bulletin No. 14). Ann 
Arbor 1930. pp. viii + 299. ill. 

Bryan, J. M. See Screntiric aND INDUSTRIAL RESEARCH. 
Food Investigation. 

Burcess, Maurice Jonn. See Mines DEPARTMENT. Safety in 
Mines Research Board. Papers Nos. 62 and 70. 

BuRRIDGE, L. W. See ScreNTIFIC AND INDUSTRIAL RESEARCH. 
Building Research. 

Busvotp, Nis. Ueber die quantitative Bestimmung, sowie 
Trennung von Chlor und Chlorwasserstoff in Gasgemischen. Ziirich- 
Selnau 1909. pp. 76. ill. 

ByEers, Horace G. See Untrep States. Department of Agri- 
culture. Technical Bulletin Nos. 214, 228, and 232. 

Byapfin, Artur. Silicium als Vertreter des Kohlenstoffs 
organischer Verbindungen. Uppsala 1916. pp. viii + 189. 

CanaDA. Department of the Interior. National Development 
Bureau. The ceramic industry of Canada with special reference to 
the manufacture of white ware. Ottawa 1931. pp. 46. [In 
mimeograph, form. ] 

CANNON, JOHN Q., JR. See Unitep States. Department of 
Commerce. Bureau of Standards. Miscellaneous Publication No. 
110. 

CavVEN, RoBERT Martin, and LANDER, GEORGE Druce. System- 
atic inorganic chemistry from the standpoint of the periodic 
law. London 1930. pp. xviii + 510. ill. 

CHADWICK, JAMES. Radioactivity and radioactive substances. 
3rd edition. London 1931. pp. xii-+ 116. ill. 

—— See RuTHERFORD, LORD. 

CHALON, PauL Fripiric. Les explosifs modernes. 3rd edition. 
Paris 1911. pp. iv + 789. ill. 

Cuamot, Emme Monnin, and Mason, Ciypr WattTer. Hand- 
book of chemical microscopy. Vol. II. Chemical methods and 
inorganic qualitative analysis. New York 1931. pp. x + 411. 
ill. 

CHARTROU, JEAN J. Pétroles naturel et artificiels. Paris 1931. 
pp. iv + 206. ill. 
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CHATTERJEE, N. N. On the necessity of standardising a method 
for the proximate analysis of coal in India. (From the Q.J. Geol. 
Min. Met. Soc. India, 1931, 3.) 

CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE. 7th edi- [ 
tion. Edited by Dupitey Maurice Newitt. London [1931]. 
pp. 364 + lix. ill. (Reference.) 

CHEMIKER-KALENDER 1930. Edited by I. Kopprey. Year LI. 
3 parts [in 2 vols.]. Berlin 1930. pp. viii + 73, iv + 678, iv + 
634. ill. (Reference.) 

CHEMISCH-TECHNISCHE REICHSANSTALT. Jahresbericht VIII, 
1929, etc. Berlin 1930 +. (Reference.) 

CHESNEAU, GABRIEL. See VENNIN, L. 

Cuta-Cu‘ana, Li. The travels of an alchemist. Translated by 
ARTHUR WaLEY. London 1931. pp. xii + 166. ill. 

CHIKASHIGE, Masumr. Anniversary volume .. . by his pupils 
in celebration of his sixtieth birthday. Kyoto 1930. pp. x + 348. 
ill. 

CHITTENDEN, Russet Henry. The development of physio- 
logical chemistry in the United States. (American Chemical Society 
Monograph Series.) New York 1930. pp. 427. 

CHRISTELOW, JOSEPH WILLIAM. See Kijnt, HANs. 

CLAUDE, GEorGES. See AMERICAN SocIETY OF MECHANICAL 
ENGINEERS. 

CLAxTon, G. See Horrert, WILFRED HERMANN. 

CocuraneE, J. A. Lavoisier. London 1931. pp. xiv + 264. ill. 

CoHEN, BARNETT, and PREISLER, Paut W. Studies on oxidation- 
reduction. XVI. The oxazines: Nile blue, brilliant cresyl blue, 
methyl Capri blue, and ethyl Capri blue. (U.S. Public Health 
Reports, 1931, Supplement No. 92.) 

Conen, W. E. See AvuSTRALIA, COMMONWEALTH OF. Council 
for Scientific and Industrial Research. Pamphlet No. 22. 

Conti, Prince Prero Grnort. I! vetro per l’ottica in Italia. 
(From the Atti Soc. Colombaria, 1930-31.) _ ill. 

CookE, 8. R. B. See De Vaney, F. D. 

CoPpEMAN, P. R. v. d. R. See Sourn Arrica, UNION OF. 
Department of Agriculture. (Division of Chemistry Series, Nos. 114 
and 115.) 

CoRBIERE, JAcQuES. Sur la fixation des matiéres grasses émul- 
sionnées par les fibres textiles. Lyon 1931. pp. x + 125. ill. 
(Two copies.) 

Cotton, F. T. See AmronavutTicaAL RESEARCH COMMITTEE. 
Reports and Memoranda. No. 1324. 

Cowarp, Husert Frank. See UntreD States. Department of 
Commerce. Bureau of Mines. Bulletin 279. 
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CoyLe, V. See JAcos, A. 
CRAWFORD, A. See ScreNTIFIC AND INDUSTRIAL RESEARCH. 
Fuel Research. 

CronsHaw, Harry BRENNAN. See Foop INpDusTRIES MANUAL. 

CurtMAN, Louis J. Qualitative chemical analysis from the 
standpoint of the laws of equilibrium and the ionization theory. 
New York 1931. pp. xii + 539. ill. 

DacHunowskI-Stokes, A. P. See Unirep States. Department 
of Agriculture. Circular No. 167. 

DapswELL, H. E. See AUSTRALIA, COMMONWEALTH OF. Council 
for Scientific and Industrial Research. Pamphlets Nos. 20, 21, and 22. 

Darwin, CHARLES GALTON. The new conceptions of matter. 
London 1931. pp. viii + 192. ill. 

DAVENPORT, SARA J. See Sayers, R. R. 

Davis, J. GrirrirHs. See AUSTRALIA, COMMONWEALTH OF. 
Council for Scientific and Industrial Research. Pamphlet No. 18. 

Davis, Raymonp. See UniTep States. Department of Com- 
merce. Bureau of Standards. Miscellaneous Publication No. 114. 

DEANS, WINIFRED M. See DEBYE, PETER. 

DesyE; Peter. [Editor.] Molekiilstruktur. Leipziger Vor- 
trige 1931. Leipzig 1931. pp. viii + 197. ill. 

—— The dipole moment and chemical structure. Translated by 
WrntrreD M. Deans. London 1931. pp. x + 134. ill. 

DrentnAa, Ernesto, and Frates, Arturo. Esperienze sulle 
caratteristiche di funzionamento dell’accumulatore a _ piombo. 
(From L’Energia Elettrica, 1931, 8.) 

Denny, E. H. See Unitep States. Department of Commerce. 
Bureau of Mines. Bulletin 317. 

De VANEY, FreD D. See UnirepD States. Department of Com- 
merce. Bureau of Mines. Bulletin 312. 

Dre VANeEY, Frep D., and Cooxz, S. R. B. Laboratory concen- 
tration of the Missouri iron ores of Iron Mountain and Pilot Knob. 
(From the Bull. Sch. Min. Met. Univ. Missouri, 1928, 11.) ill. 

Duar, Nz Ratan. The chemical action of light. London 1931. 
pp. xiv + 512. ill. 

Dickuaus, Gustav. Einfluss der Temperatur auf die Leitfaihig- 
keit von Elektrolyten in wasseriger Lésung. Bonn 1912. pp. 40. 

DieTERLE, Huco. See Risn, Jacosus JoserH LOovIs VAN. 

DretzeL, Ricoarp. See BEcKuRTS, HEINRICH. 

DospBiIn, LEoNARD. See SCHEELE, CARL WILHELM. 

Doorn, Nicotaas WILHELMvs. Absolute intensiteitsmetingen in 
het spectrum van chromosfeer en corona der zon, gedurende de totale 
verduistering op 29 Juni 1927. Amsterdam 1929. pp. viii + 53. 
ill. 








8 





DRvuCcKER, CARL. See OSTWALD, [WILHELM]. 
DRUMMOND, Jack Cecrz. See EmMPrrE MARKETING BOARD. 

Dussky, J. V., and Rasas, A. Contribution 4 l’étude de la 
faculté de la glycocolle de former des sels. (Publ. Fac. Sci. Univ, 
Masaryk, 1930, No. 123.) [In Czecho-Slovakian. French 
summary. ] 

DunnincHaM, A. C. See British ENGINEERING STANDARDS 
ASSOCIATION. 

Dunstan, ALBERT ERNEST. See INSTITUTE OF CHEMISTRY OF 
GREAT BRITAIN AND IRELAND. 

Durrans, THomas Haroutp. Solvents. (Monographs on Applied 
Chemistry.) 2nd edition. London 193]. pp. xvi + 180. ill. 

EpaecomsE, L. J. See Screntiric AND INDUSTRIAL RESEARCH. 
Fuel Research. 

Epaineton, GLEN. See Unitep States. Department of Agri- 
culture. Technical Bulletin No. 229. 

Eeypt. Département de l’Hygiéne Publique. Notes et Rapports 
des Laboratoires. No. 7. Les eaux d’Egypte. 3 vols. By A. 
AzADIAN. Cairo 1930. pp. xxxviii + 523 + 33 plates. ill. 

ErBNER, ALEXANDER. Das Oeltrocknen ein kolloider Vorgang 
aus chemischen Ursachen. Berlin (1930). pp. 242. ill. 

ELLINGHAM, HARRY JOHANN THoMaAsS. See MULuER, Erica. 

ELLIs, CARLETON. Hydrogenation of organic substances including 
fats and fuels. 3rd edition. New York 1930. pp. xxiv+ 986. ill. 

ELLis, CHARLES DrumMoND. See RuTHERFORD, Lorp. 

Etvove, Exvias. See Smitru, Maurice I. 

Emury, W. E. See Untrep States. Department of Commerce. 
Bureau of Standards. Miscellaneous Publication No. 112. 

EMPIRE MARKETING BoarD. The relative values of cod liver oils 
from various sources. By Jack Crecu, DrummMonD and TxHomas 
Percy Hizpitcw. London 1930. pp. 129. 

Evans, Epwarp Victor. See SoutH METROPOLITAN GaAs Com- 
PANY. 

EWART, ALFRED JAMES. See AUSTRALIA, COMMONWEALTH OF. 
Council for Scientific and Industrial Research. Bulletin No. 50. 

Fasans, Kase. Radioelements and isotopes : chemical forces 
and optical properties of substances. New York 1931. pp. x + 
125. ill. 

Farapay, Micuart. See HADFIELD, Str Ropert ABBOTT. 

Farapay Society. Colloid science applied to biology. A general 
discussion. London 1930. pp. iv, 663 to 865. ill. 

FaRBE unD Lack. Centralblatt der deutschen Farben- und 
Lackindustrie. Anzeiger fiir die chemische Industrie. Hannover 
1931 +-. (Reference.) 
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FARBEN-CHEMIKER, Der. Zeitschrift iiber Herstellung und 
Gewinnung von Farblacken, Lackfarben, Erdfarben, Spezialfarben 
und Lacken usw. Year II, etc. Berlin 1931+. (Reference.) 

Faust, Grorce T. Notes on crystal etchings. (From the Bull. 
Wagner Inst. Sci., 1930, 5.) 

Friet, Farirz. Qualitative Analyse mit Hilfe von Tiipfel- 
reaktionen. Theoretische Grundlagen und praktische Ausfiihrung. 
Leipzig 1931. pp. xii + 387. ill. 












FerrkNecut, Watter. Uber topochemische Umsetzungen fester 
Stoffe in Fliissigkeiten. (Fortschritte der Chemie, Physik und 
physikalischen Chemie, Vol. XXI.) Berlin 1930. 

Fennine, R. W. See AERONAUTICAL RESEARCH COMMITTEE. 
Reports and Memoranda. No. 1324. 

Freustet, Irvin C. See Untrep States. Department of Agri- 
culture. Technical Bulletin No. 214. 

Frecpine, W. L. See Parkinson, S. T. 

FIELDNER, A. C. See Unirep States. Department of Com- 
merce. Bureau of Mines. Technical Paper 479. 

Frnpuay, ALEXANDER. Practical physical chemistry. 5th edition. 
London 1931. pp. xii + 312. ill. 

FiscHER, FREDERICK Kapp. An investigation of the magnetic 
and electrical properties of some iron chromium alloys. (Rensselaer 
Poly. Inst. Bull., Eng. Sci. Ser. No. 28.) 1930. pp. 32. ill. 

FLORENCE, GABRIEL. Contribution chimique a |]’étude de la 
narcose provoquée. Lyon 1928. pp. 97. 

Fiury, FERDINAND, and ZERNIK, Franz. Schidliche Gase, 
Dimpfe, Nebel, Rauch- und Staubarten. Berlin 1931. pp. xii + 
637. ill. 

Foop Inpustries Manuat. A technical and commercial com- 
pendium on the manufacture, preserving, packing and storage of 
all food products. Edited by Harry BRENNAN CRONSHAW. 
London (1931). pp. 399. ill. (Reference.) 

Foop TrcunoLoey.: Vol. I, ete. London 1931 +. (Reference.) 

Forbes, J. J. See Unirep States. Department of Commerce. 
Bureau of Mines. Mines Circular 33. 

Foster, Mary Louise. Life of Lavoisier. (Smith College 
Monographs, No. 1.) Northampton, Mass. 1926. pp. viii + 72. 

Franck, H. Hermyricu, Maxxus, W., and JANKE, F. Der Kalk- 
stickstoff in Wissenschaft, Technik ung Wirtschaft. (Sammlung, 
New Series, Vol. I.) Stuttgart 1931. pp. xvi + 213. (Reference.) 

Fraser, Ronatp G. J. Molecular rays. Cambridge 1931. 
pp. xiv + 204. ill. 

Fraser, THomas. See Unitep States. Department of Com- 


merce. Bureau of Mines. Bulletin 300. 
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FRaATES, ARTURO. See DENINA, ERNESTO. 

Frazier, W.H. See Smita, Maurice lI. 

Frienp, Jonn Newton. A text-book of inorganic chemistry. 
Vol. VII. Part ii. Sulphur, selenium and tellurium. By REEcz 
HENRY VALLANCE, Dovaias Frank Twiss, and ANNIE RoBERTs 
Russett. London 1931. pp. xxviii + 420. ill. (Two copies.) 

Fuxusuima, Ikuzo, and Horio, Masao. Spectroscopic and 
photochemical research on the diazo-compounds, etc. (From the 
Mem. Coll. Eng. Kyoto, 1931, 6.) 

Furnas, C. C. See Untrep States. Department of Commerce. 
Bureau of Mines. Technical Paper 476. 

GABILLION, Rosert. Soies artificielles et matiéres plastiques. 
Paris 1931. pp. iv + 204. ill. 

Gaines, J. M., Jr. See Unttep States. Department of Com- 
merce. Bureau of Mines. Bulletin 308. 

GatLoway, A. E. See Untrep States. Department of Com- 
merce. Bureau of Mines. Technical Paper 479. 

GanprupD, B. W. See Untrep States. Department of Com- 
merce. Bureau of Mines. Bulletin 312. 
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Newitt, DupLEY Maurice. See CHEMICAL ENGINEERING AND 
CHEMICAL CATALOGUE. 

Newman, F. H. Electrolytic conduction. London 1930. pp. 
xii + 441. ill. 

NIERENSTEIN, Maximmian. The early history of the first 
chemical reagent. (From Jsis, 1931, 16.) 

Nortu, Freprrick JoHN. Limestones: their origins, distri- 
bution, and uses. London 1930. pp. xxiv + 467. ill. 

Novvet, Ortro. Die Industrie der Phenol-Aldehyd-Harze, 
Halle (Saale) 1931. pp. viii + 128. ill. 

Nowak, ALFRED. Ueber die chemische Wirkung dunkler 
elektrische Entladungen auf Kohlenoxyd und kohlenoxydhaltige 
Gasgemenge. Miinchen 1910. pp. 69. ill. 

Oprnata, Icur1. On the nature of eutectoid-transformation of 
aluminium-bronze. Parts III and IV. X-ray analysis. (From 
the Mem. Ryojun Coll. Eng., 1931, 3.) ill. 

—— See Imat, HrRosaHt. 

OBOLD, WALTER Lorp. See SmytH, HENRY FIELD. 

OnsLow, MuriEL WHELDALE. The principles of plant bio- 
chemistry. Part I. Cambridge 1931. pp. viii + 326. ill. 

OrGANIC SYNTHESES. An annual publication of satisfactory 
methods for the preparation of organic chemicals. Vol. XI. New 
York 1931. pp. viii + 106. 

OsTWALD, WiLHELM. Die Maltechnik jetzt und kiinftig. Leipzig 
1930. pp. viii + 160. ill. 

OsTWALD, [WILHELM], and LutTuer, [RoBert Tomas Drepricg]. 
Hand- und Hilfsbuch zur Ausfiihrung physikochemischer Messungen. 
5th edition. Edited by Cart Drucker. Leipzig 1931. pp. xx + 
979. ill. 

Ort, Frrepricw. Elektrolytische Reduktion der Niobsaure. 
Miinchen 1911. pp. vi+ 73. ill. 

PatM2R, WILHELM. The corrosion of metals. Part II. Some 
researches concerning the dissolving of metals. (Ingeniérveten- 
skapsakademiens Handlingar, No. 108.) Stockholm 1931. pp. 
198 + iv. ill. 

Parkinson, 8. T., and Fretpine, W. L. The microscopic 
examination of cattle foods. Ashford 1930. pp. viii + 97. ill. 

PARLIAMENTARY Reports. Departmental Committee on _ the 
Poisons and Pharmacy Acts. Report. London 1930. pp. 59. 

PARTINGTON, JAMES Rippick. A text-book of inorganic chemistry 
for university students. 3rd edition. London 1930. pp. viii + 
1083. ill. 

—— A school course of chemistry. London 1930. pp. x + 388. 
ill. 
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PaTTERSON, THOMAS STEWART. John Mayow in contemporary 
setting. A contribution to the history of respiration and com- 
bustion. (From Jsis, 1931,45.) ill. 

PauL, M. Rea. See Marrz, A. 

Pautt, WiHELM Epwarp. Uber ultraviolette und ultrarote 
Phosphorescenz. (From the Sitz. Heidelberger Akad. Wiss., 1911, i.) 

PayMAN, WitLiamM. See Mines DEPARTMENT. Safety in Mines 
Research Board. Paper No. 69. 

PEINTURES-PIGMENTS-VERNIS. Year VIII, etc. Paris 1931 -+-. 
(Reference.) 

Perkin, [Witt1amM Henry, Junr.], and Krippine, [FREDERIC 
SraNLEY]. Organic chemistry. Newedition. By F.S. Kipprne and 
FrepERIc Barry Kiermnc. London 1931. pp. xii-++ 614+ xxix. ill. 

Peters, JoHN P., and Van StyKE, Donatp D. Quantitative 
clinical chemistry. Vol. I. Interpretations. [Baltimore] 1931. 
pp. xvi + 1264. ill. 

Prarti, Luret. Dampfdrucke binaérer Gemische und ihre Bedeut- 
ung fiir die Absorption fliichtiger Stoffe. (Sammlung, New Series, 
Vol. I.) Stuttgart 1931. pp. 53. ill. (Reference.) 

PIcKARD, HERBERT. See SoutH METROPOLITAN GAS CoMPANY. 

Prna-Kun, CHEN. See SHINODA, JUNZO. 

PrraNt, MARCELLO von. [Editor.] Elektrothermie. Die elek- 
trische Erzeugung und technische Verwendung hoher Temperaturen. 
Berlin 1930. pp. viii + 293. ill. 

Pianck, Max. Einfiihrung in die Theorie der Wairme. Zum 
Gebrauch bei Vortrigen, sowie zum Selbstunterricht. Leipzig 1930. 
pp. viii + 251. ill. 

Pratou, Emir. Calorimetrische Untersuchungen iiber Stick- 
oxydbildung aus Luft mittels Hochspannungswechselstrom- 
entladungen verschiedener Frequenz. Karlsruhe 1910. pp. 73. ill. 

PLiicker, WILHELM. Tabellen- und Rechenbuch fiir Nahrungs- 
mittelchemiker. Berlin 1931. pp. iv + 231. 

—— Untersuchung der Nahrungs- und Genussmittel. Allge- 
meine Methoden. Berlin 1931. pp. xii + 1046. ill. 

Porr, Str Wiii1amM Jackson. See BRITISH SCIENCE GUILD. 

PREISLER, Pau W. See CoHEN, BARNETT. 

Prescott, SAMUEL CaTE, and WINSLow, CHARLES-EDWaARD A. 
Elements of water bacteriology with special reference to sanitary 
water analysis. 5th edition. New York 1931. pp. x + 219. 

Price, C.W. See Home OFFICE. 

PRIESTLEY, JOSEPH. See Hartoa, Srr PHILIP. 

Prosey, T. F., and McCoy, G. W. Relation between trypanocidal 
and spirocheticidal activities of neoarsphenamine. (From the 
U.S. Public Health Reports, 1930, 45.) 
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PryDE, JoHN. Recent advances in biochemistry. 3rd edition. 
London 1931. pp. x + 393. ill. 

RaBALD, Ericu. Werkstoffe: physikalische Eigenschaften und 
Korrosion. 2 vols. Leipzig 1931. pp. xxii + 976, x + 392, 
ill. 

Rapas, A. See Dussxy, J. V. 

Raitt, WitL1AM. The digestion of grasses and bamboo for paper. 
making. London 1931. pp. xii + 116. ill. 

RALSTON, OLIVER C. See Unitep States. Department of Com- 
merce. Bureau of Mines. Bulletin 296. 

ReaD, JoHN. Chemistry as a career. (From the Alumnus 
Chronicle, 1931.) 

REDGROVE, HERBERT STANLEY. The cream of beauty. London 
1931. pp. xii + 184. 

REINKOBER, (FRANZ Frieprich WitHELM) Orro. Uber Absorp.- 
tion und Reflexion ultraroter Strahlen durch Quarz, Turmalin und 
Diamant. Leipzig 1910. pp. 38. ill. 

Rick, Groree 8. See Unitep Srates. Department of Com- 
merce. Bureau of Mines. Technical Paper 464. 

Rice, W. E. See Unirep States. Department of Commerce. 
Bureau of Mines. Bulletin 302. 

Ricwarpson, A. E. V. See AUSTRALIA, COMMONWEALTH OF. 
Council for Scientific and Industrial Research. Bulletin No. 49. 

RiEcHE, ALFRED. Alkylperoxyde und Ozonide. Studien iiber 
peroxydischen Sauerstoff. Dresden 1931. pp. viii + 172. ill. 

Rin, Jacosus JosEPH Louis van. Die Glykoside. Chemische 
Monographie der Pflanzenglykoside. 2nd edition. By Huvuco 
DrigTERLE. Berlin 1931. pp. viii + 620. 

Ropinson, H. See Mines DeEpartMENT. Safety in Mines 
Research Board. Paper No. 71. 

Rostnson, R. A. See Bexx, [SmR WILLIAM JAMEs]. 

RoOsENHOLTZ, JosEPH L., and SmitH, Dopiey T. Tables and 
charts of specific gravity and hardness for use in the determination 
of minerals. (Rensselaer Poly. Inst. Bull., Eng. Sci. Ser. No. 34.) 
Troy 1931. pp. 83. 

ROSENTHAL, SANFORD M. See VoEGTLIN, CARL. 

ROSENTHAL, SANFORD M., and Voratuiin, Cart. The action of 
sulphydryl, iron, and cyanide compounds on the oxygen consumption 
of living cells. (From the U.S. Public Health Reports, 1931, 46.) 
ill. 

Ross, Hirary. See WooLry, JERALD G. 

RvuSsELL, ANNIE Roperts. See FRIEND, JOHN NEWTON. 

Russian PuysicaL AND CHEMICAL Society. Journal. Vol. LXI. 
Leningrad 1929. (For circulation.) 
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RUTHERFORD, LoRD, CHADWICK, JAMES, and EL.Lis, CHARLES 
DRUMMOND. Radiations from radioactive substances. Cambridge 
1930. pp. xii + 588. ill. 

Sacus, Sranistaus. Uber die Wirkung des ultravioletten 
Lichtes auf Gase und iiber die dabei erzeugten Nebelkerne. 
Heidelberg 1910. pp. 47. ill. 

Sacer, GeorcE F. Investigation of the thermal conductivity of 
the system copper-nickel. (Rensselaer Poly. Inst. Bull., Eng. Sci. 
Ser. No. 27.) 1930. pp. 48. ill. 

Sato, D. See SHiInopA, JUNzO. 

Sayers, R. R., and Davenport, Sara J. Review of carbon 
monoxide poisoning. (U.S. Public Health Bull. No. 195.) Washing- 
ton 1930. pp. ii + 97. 

Scuay, Gfza. Hochverdiinnte Flammen. (Fortschritte der 
Chemie, Physik und physikalischen Chemie. Vol. XXI.) Berlin 
1930. 

ScHEELE, CaRL WitHEiM. Collected papers. Translated from 
the Swedish and German originals by LronarD Dossin. London 
1931. pp. xvi + 367. ill. 

SCHIEBOLD, Ernst. See KORBER, FRIEDRICH. 

Scumitt, N. Derris elliptica Benth., ein vegetabilischer und 
ungiftiger Insecticidlieferant. (From Angew. Bot., 1930, 12.) ill. 

SCHNEIDEWIND, RicHarp. Commercial chromium plating. 
(Univ. Michigan Eng. Research Circular, No. 3.) Ann Arbor 1930. 
pp. 60. ill. 

ScHONFELD, H. Neuere Verfahren zur Raffination von Oelen und 
Fetten. Berlin 1931. pp. 110. ill. 

ScouETtTE, H. A. See Harvey, Every H. 

ScHURINK, HENDRIK BEREND JoHANNES. Spirocyclische verbin- 
dingen. Groningen 1929. pp. viii +- 188. ill. 

ScIENTIFIC AND INDUSTRIAL RESEARCH, Department of. Report 


of test . . . on a retort of the Bussey Coal Distillation Company, 
Ltd., at Glenboig, Lanarkshire. London 1931. pp. vi + 28. ill. 
—— Report of test ...on the plant of the Leicestershire 


(L. & N.) Coal Distillation Company, Ltd., at Newbold, near Ashby- 
de-la-Zouch. London 1931. pp. vi + 27. ill. 

The application of X-ray crystal analysis to industrial 
problems. London 1931. pp. iv+ 13. ill. 

Building Research. Bulletin No. 10. The prevention of 
pattern staining of plasters. By D. G. R. Bonnett and L. W. 
BURRIDGE. pp. iv + 8. 

Bulletin No. 11. The effect of building materials on 
paint films. By Hersert Mervyn LLEWELLYN. London 1931. 
pp. iv + 4. 
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ScIENTIFIC AND INDUSTRIAL REsEARCH, Department of. Food 
Investigation. Special Report No. 40. The corrosion of the tin. 
plate container by food products. By T. N. Morris and J. M. 
Bryan. London 1931. pp. viii + 85. ill. 
Fuel Research. Physical and chemical survey of the 
national coal resources No. 18. The Yorkshire, Nottinghamshire 
and Derbyshire coalfield. South Yorkshire area. The Barnsley 
seam. London 1931. pp. iv + 67. ill. 
Physical and chemical survey of the national coal 
resources No. 19. The Lancashire coalfield. The Burnley, Ac- 
crington, Darwen and Bacup area. The Lower Mountain Mine. 
London 1931. pp. vi+ 90. ill. 
Physical and chemical survey of the national coal 
resources, No. 20. The Yorkshire, Nottinghamshire and Derbyshire 
coalfield. South Yorkshire area. Analysis of commercial grades 
of coal. Part I. London 1931. pp. vi + 73. ill. 
Technical Paper No. 29. The action of hydrogen 
upon coal. I. By A. Crawrorp [and others]. London 1931. 
pp. vi + 37. ill. 
Technical Paper No. 30. The water gas process: a 
study of the carbon and thermal balances. By JAmEs GRIEVE 
Kine and B. H. Wiu1ams. London 1931. pp. vi+ 31. ill. 
Technical Paper No. 31. The sulphur compounds in 
water-gas and their removal. By Wi~tiam Epaak Bakgs, JAMES 
GRIEVE Kine, and Frank Sturpy Srnnatr. London 1931. pp. 
vi+ 35. ill. 
Technical Paper No. 32. A study of the tars and oils 
produced from coal. London 1931. pp. viii -+ 123. ill. 
Technical Paper No. 33. The oxidation of hydrogen, 
carbon monoxide and the paraffin hydrocarbons by copper oxide. 
By James GrigvE Kine and L. J. Epecomss. London 1931. 
pp- vi+ 28. ill. 
Technical Paper No. 34. Light spirits from the low- 
temperature carbonisation of coal. By D. Hicks and James GRIEVE 
Kine. London 1931. pp. vi + 26. ill. 

—— Springs Research Committee. Report. London 1931. pp. 
iv + 75. ill. 

—— Steel Structures Research Committee. First report. London 
1931. pp. xii + 276. ill. (Reference.) 

ScotLtanD. Department of Health. Scottish Advisory Committee 
on Rivers Pollution Prevention. First report. Edinburgh 1931. 

p- 58. 
¥ Sen, Hemenpra Kumar. High temperature flames and their 
thermodynamics. Calcutta 1931. pp. x + 135. ill. 
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SERONO, CESARE. Memorie e communicazioni scientifiche (1894- 
1930). Roma 1931. pp. xii + 701. 

SHapTer, R. E. See AUSTRALIA, COMMONWEALTH OF. Council 
for Scientific and Industrial Research. Bulletin No. 49. 

SHERMAN, HENRY Cxiapp, and Smirn, Sypm Lavra. The 
vitamins. 2nd edition. (American Chemical Society Monograph 
Series.) New York 1931. pp. 575. ill. 

SuinopA, Junzo, and Pina-Kun, CHen. Ein Bestandteil der 
Euphorbia formosana Hay. (From the J. Pharm. Soc. Japan, 1931, 
51.) [In Japanese. German summary.] 

SuinopA, Junzo, KawacoyeE, M., and Sato, D. Neue Methode 
zur Synthese von Polyoxychalkon, Polyoxyhydrochalkon und 
Polyoxyflavanon. VIII and IX. (From the J. Pharm. Soc. Japan, 
1931, 541.) [In Japanese. German summary.] 

Sm, ArTHuUR HeEnrI. See AUSTRALIA, COMMONWEALTH OF. 
Council for Scientific and Industrial Research. Pamphlet No. 
18. 

SrmmonsEN, JoHN LioneL. The terpenes. Vol. I. The simpler 
acyclic and monocyclic terpenes and their derivatives. Cambridge 
1931. pp. xvi + 420. 

SincER, DoroTHEA WALEY, assisted by ANNIE ANDERSON and 
Rosina Appis. Catalogue of Latin and vernacular alchemical 
manuscripts in Great Britain and Ireland dating from before the 
XVI century. Vols.l and II. Brussels 1928-30. pp. xxvii + 328, 
viii, 329 to 756. (Reference.) 

SmnnaTT, Frank Sturpy. See Mines DEPARTMENT. Safety in 
Mines Research Board. Paper No. 63. 

—— See ScreNTIFIC AND INDUSTRIAL ReEsEaRcH. Fuel Research. 

StaTER, C. 8. See Unirep States. Department of Agriculture. 
Technical Bulletin No. 232. 

Storra, Kart Hernricu. Grundriss der modernen Arzneistoff- 
Synthese. Stuttgart 1931. pp. x + 202 + 25 tables. 

Smitu, DupLEY T. See RosENHOLTZ, JOSEPH L. 

SmitH, Maurice I. A quantitative colorimetric reaction for the 
ergot alkaloids and its application in the chemical standardization of 
ergot preparations. (From the U.S. Public Health Reports, 1930, 
45.) 

Smita, Maurice J., and Etvovr, Exsas. The epidemic of so- 
called ginger paralysis in Southern California in 1930-31. (From the 
U.S. Public Health Reports, 1931, 46.) 

Smitu, Maurice I., Ervove, Extras, and Frazier, W. H. The 
pharmacological action of certain phenol esters with special reference 
to the etiology of so-called ginger paralysis. (From the U.S. Public 
Health Reports, 1930, 45.) 
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Smitu, Maurice [. [and others]. Pharmacological and chemical 
studies of the cause of so-called ginger paralysis. A preliminary 
report. (From the U.S. Public Health Reports, 1930, 45.) 

SmitH, N. A.C. See Unirep States. Department of Commerce. 
Bureau of Mines. Bulletin 291. 

SmirH, P.B. See Mines Department. Safety in Mines Research 
Board. Paper No. 67. 

SmirH, Sypm Laura. See SHERMAN, HENRY CLAPP. 

SmyTH, CuHarLes Puewrs. Dielectric constant and molecular 
structure. (American Chemical Society Monograph Series.) New 
York 1931. pp. 214. ill. 

SmytH, Henry Freip, and Osotp, Water Lorp. Industrial 
microbiology. The utilization of bacteria, yeasts and molds in 
industrial processes. [Baltimore] 1930. pp. x-+ 313. ill. 

Socrft& DE LA MarmLuEeRAyE. La Mailleraye. Bulletin tech- 
nique. No.2,etc. Paris 1924+. (Reference.) 

Soutn Arrica, Union oF. Department of Agriculture. (Division 
of Chemistry Series, No. 113.) The sticky point water of soils. By 
BERNARD DE CoLiGNy Marcuanp. (From the S. African J. Sci., 
1930, 27.) 

—— (Division of Chemistry Series, No. 114.) A note on 
the abnormalities in the composition of oranges. By P. R. v.v. R. 
CopEMAN. (From the S. African J. Sci. 1930, 27.) 

(Division of Chemistry Series, No. 115.) Changes in 

the composition of oranges during ripening. By P. R. v. p. R. 
CopEMAN. (From the T'rans. Roy. Soc. S. Africa, 1931, 19.) 

—— (Division of Chemistry Series, No. 118.) Fertilizing citrus 
trees. By J.J.THeron. From Farming in 8. Africa, 1931.) 

SoutH Metrropotitan Gas Company. Chemical Department. 
An investigation into the nature and properties of coal tar. By 
Epwarp Victor Evans and Hersert Pickarp. [London] 1931. 
pp. 41. ill. 

SPARN, Enrique. Las asociaciones quimicas con mas de 500 
socios. (From 7'emas de Quimicas, 1930, 3.) 

SPRINGER, Lupwic. Laboratoriumsbuch fiir die Glasindustrie. 
Erganzungsband. Halle (Saale) 1931. pp. x + 149. ill. 

StAcer, Hans. Elektrotechnische Isoliermaterialien. (Chemie 
in Einzeldarstellungen, Vol. XV.) Stuttgart 1931. pp. 354. ill. 

STARK, JOHANNES. Fortschritte und Probleme der Atom- 
forschung. Leipzig 1931. pp. viii + 112. ill. 

STERNER-RaInER, Lupwic. Die Edelmetall-Legierungen in 
Industrie und Gewerbe. Leipzig 1930. pp. 154. ill. 

STREETER, H. W. Experimental studies of water purification. 
IV and V. (From the U.S. Public Health Reports, 1930, 45.) 
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SuLLIvaN, JoHN D. See Untrep States. Department of Com- 
merce. Bureau of Mines. Technical Papers 453, 472, and 473. 

SuLLIVAN, MicHAEL Xavier, Hess, W. C., and Jonzs, Davip 
BreESE. Studies on the biochemistry of sulphur. IV, VI and 
VII—X. (U.S. Public Health Reports, 1930, Supplements Nos. 78, 
82, and 86.) 

SuveRN, Karu. Die kiinstliche Seide. 5th edition. I Erganz- 
ungsband (1926 bis einschliesslich 1928). Berlin 1931. pp. xvi + 
642. ill. 

SwEENEY, O. R. See Untrep States. Department of Com- 
merce. Bureau of Standards. Miscellaneous Publication No. 112. 

Sweet, Atvin J. See Untrep Srares. Department of Com- 
merce. Bureau of Mines. Technical Paper 453. 

Sypngy, University or. Reprints. Series III. (Chemistry, 
organic and inorganic.) Vol.I,etc. Sydney 1924+. (Reference.) 

SYLVESTER, HaroLtp MacrtavisH. An investigation of pressures 
and vacua produced on structures by wind. (Rensselaer Poly. 
Inst., Eng. Sci. Ser., No. 31.) Troy 1931. pp. 53. ill. 

TABLES ANNUELLES DE CONSTANTES ET DoNNEES NUMERIQUES. 
Table des Matiéres des VolsI&V. Années 191041922. Paris 1930. 
pp. lxiv + 382. (Reference.) 

Takamiya, Ersuo. On the chemical nature of vitamin D. (From 
the J. Dept. Agric., Kyushu Imp. Univ., 1930, 3.) 

TaLBeRT, E. J. See Unitep Srates. Department of Commerce. 
Bureau of Mines. Technical Paper 480. 

Taytor, Hucu Srorr. [Editor]. A treatise on physical 
chemistry. . 2nd edition. 2 vols. New York 1931. pp. xvi + 
852 + 48, xii, 901 to 1766 + 48. ill. 

TECHNIKAI Kurrr. Vol.II,etc. Budapest 1931+. (Reference.) 

THEron, J. J. See Sour Arrica, Union or. Department of 
Agriculture. (Division of Chemistry Series, No. 118.) 

THomas, HERMANN. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. V, parts vii and viii. Berlin 
1930—1931. pp. 1349 to 1702, 280, viii. ill. 

THORNE, Percy Cyrit LESLEY. See LUNGE, GEORGE. 

TitLEsTaD, Nicotay. Photo-Volta-Ketten mit Urano-Urany]l- 
sulfat. Leipzig 1910. pp. 55. ill. 

TocHER, JAMES Fow.er. See INstTITUTE OF CHEMISTRY OF 
GREAT BRITAIN AND IRELAND. 

Travers, A. Leconsdechimie. 2vols. Paris1931. pp. viii + 
176, iv + 213. ill. 

TROTMAN, EpwaRD RussELL. See TRoTMAN, SAMUEL RUSSELL. 

TroTMAN, SAMUEL RussELL, and Trotman, Epwarp RUvSsSELL. 
Artificial silks. London 1931. pp. x 4+ 274. ill. 











28 


TRUMBLE, H. C. See AusTRALIA, COMMONWEALTH OF. Council 
for Scientific and Industrial Research. Bulletin No. 49. 

TSCHITSCHIBABIN, ALEXEJ EUGUENIEVITSCH. Fundamental princi- 
ples of organic chemistry. 3rd edition. Moscow 1931. pp. xxiv + 
727. ill. [In Russian.] 

TUSSENBROEK, MARINUS JOHANNES VAN. Eenige technische 
adsorptieprocessen en hierbij optredende chemische omzettingen 
electrische kleurmeting. Delft 1929. pp. 143. ill. 

Twiss, Doveitas Frank. See FRIEND, JoHN NEWTON. 

Union INTERNATIONALE DE CHIMIE. Dixiéme conférence, Liége 
1930. Rapports sur les hydrates de carbone (glucides). Paris [1931.] 
pp. 287. ill. (Reference.) 

UniTep States. Department of Agriculture. Circular No. 129. 
Survey of the fertilizer industry. By P. E. Howarp. Washington 
1931. pp. 22. 

—— Circular No. 138. Development and use of baking 
powder and baking chemicals. By Lorry H. Bamzy. London 
1930. pp. 15. 

Circular No. 139. Method and procedure of soil 
analysis used in the Division of Soil Chemistry and Physics, 
Washington 1930. pp. 19. 

Circular No. 167. Moss peat, its uses and distribution 
in the United States. By A. P. Dacunowsk1-Stoxres. Washington 
1931. pp. 11. il. 

Circular No. 183. Factors for converting percentages 
of nitrogen in foods and feeds into percentages of proteins. By 
D. Breese Jones. Washington 1931. pp. 21. 

—— —— Circular No. 185. New fertilizer materials. By 
ALBERT R. Merz. Washington 1931. pp. 14. ill. 

Technical Bulletin No. 212. Mechanical analysis of 
finely divided phosphates. By Lyte T. ALEXANDER and K. D. 
Jacos. Washington 1930. pp. 24. ill. 

—— Technical Bulletin No. 214. The physical and chemi- 
cal characteristics of certain American peat profiles. By Irvin 
C. FgusteEL and Horace G. Byers. Washington 1930. pp. 26. 
ill. 


























—— Technical Bulletin No. 228. Character of the colloidal 
materials in the profiles of certain major soil groups. By M. S$. 
ANDERSON and Horace G. Byers. Washington 1931. pp. 24. 
Technical Bulletin No. 229. Variations of the colloidal 
material extracted from the soils of the Miami, Chester, and Cecil 
series. By R. S. Hotmes and Guten Eperneton. Washington 
1930. pp. 23. ill. 

Technical Bulletin No. 232. A laboratory study of 
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the field percolation rates of soils. By C. S. Starer and H. G. 
Byers. Washington 1931. pp. 23. ill. 

Unrtep Srates. Depariment of Agriculture. Food and Drug 
Administration. Service and Regulatory Announcements. Food 
and Drug No. 4. Amendment of July 8, 1930, to Federal Food and 
Drugs Act and requirements thereunder. Washington 1931. pp. 6. 
Department of Commerce. Bureau of Mines. Bulletin 279. 
Limits of inflammability of gases and vapors. By HusEert FRANK 
CowarD and G. W. Jonss. Revised edition. Washington 1931. 
pp. vi+ 114. ill. 

Bulletin 291. Tabulated analyses of representa- 
tive crude petroleums of the United States. By N. A. C. Smra 
and E. C. Lang. Washington 1928. pp. ii + 69. 

Bulletin 296. Iron oxide equilibria: a critique 
from the standpoint of the phase rule and thermodynamics. [By 
Oxiver C. Ratston.] Washington 1929. pp. x + 326. ill. 
Bulletin 300. Coal-washing investigations : 
methods and tests. By H. F. Yancry and Tomas FRasER. 
Washington 1929. pp. viii + 259. ill. 

Bulletin 302. Fuel-efficiency tests on batch oil 
stills. By Henry Kreistncer, W. R. Areye, and W. E. Ricg. 
Washington 1929. pp. vi+ 94. ill. 

Bulletin 308. Oxides in pig iron : their origin and 
action in the steel-making process. By C. H. Herry, Jr., and J. M. 
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Acenaphthanaphthazine, 3-bromo- and 
3-chloro-, 585. 

Acenaphthanaphthazine-5’-sulphonic 
acid, 3-bromo- and 3-chloro-, 585. 

Acenaphthaphenazinazine, 3 - bromo- 
and 3-chloro-, 584. 

Acenaphthaphenazine, 3-chloro-, 583. 

Acenaphthatolazine, 3-bromo- and 3- 
chloro-, 584. 

Acenaphthenequinone, 3-bromo- and 3- 
chloro-, 583. 

Acenaphthenequinone dyes, 582. 

Acetaldehyde, dichloro-, condensation 

of, with anisic acid and with p- 
nitroanisole, 1828. 
condensation of, with p-hydroxy- 
benzoic acid, 1737. 
trichloro-, N-acetyl-3-bromo-p-tolyl- 
hydrazone, 1090. 

Acetanilide, action of phosphoryl chlor- 
ide on, 2814. 

Acetanilide, 4-bromo-2-amino-, and its 

hydrochloride, 1149. 
N-chloro-, interaction of p-toluene- 
sulphonamide and, 1514. 

Acetanthranilamide-5-arsonic acid, and 
its methyl ester, 3256. 

Acetanthranilic acid 4-arsenoxide, 3251. 

Acetanthranilic acid, 5-amino-, and its 
salts, 3254. -* 

Acetic acid, halogenation of phenolic 

ethers and anilides in, 2903. 

salts, constitution of, in solution, 
2831. 

2-benzamidopheny] ester, 2966. 

cetyl and octadecyl esters, dimorph- 
ism of, 1734. 

¢-chlorohexy] ester, 1699. 

m- and p-nitrophenacyl esters, and 
their derivatives, 2425. 

Acetic acids, amino-, and their substi- 
tuted derivatives, co-ordination com- 
pounds of, 2029. 

Acetic 4-arsono-/-acetanthranilic an- 
hydride, 3250. 

Aceto-p-iodobenzylamide, 1236. 

Aceto-8-m-methoxyphenylethylamide, 
chloro-, 40. 

Acetone, and bromo-, relative speeds of 

enolisation of, 3318. 
2:4:6-trichlorophenylhydrazone, 1742. 
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Acetone _nitrobenzenesulphonhydraz- 
ones, 625. 
2-phenylsemicarbazone, 
amines with, 511. 
piperidinoformylcarbazones, 1156. 
semicarbazone, action of piperidine on, 
1154. 

Acetonitrile, amino-, sulphates, 875. 

2-Acetonyl-trans-hexahydrohydrindene- 
2-acetic acid, and its derivatives, 973. 

2-Acetonyl-trans-hexahydrohydrindene- 
2-malonic acid, and its derivatives, 
972. 
Acetophenone, salt-forming character- 
istics of carbonyl group in, 307. 
reactivity of w-halogen atoms in, 
2514. 
nitration of, in sulphuric acid solu- 
tion, 314. 
derivatives, w-substituted, reactions 
of, 2416. 
2-phenylsemicarbazone, 
aniline with, 512. 
Acetophenone, 4-amino - 2 - hydroxy -, 
and 3-nitro-4-amino-, and their 
acetyl derivatives, 2402. 
2:5-dibromo-, 4-bromo-3-amino-, and 
its acetyl derivative, 5-bromo-2- 
amino-, and  65-bromo-2-amino- 
oximino-, 2394. 
w-bromo-mono- and -di-nitro-, w-iodo- 
nitro-, and wm- and wp-dinitro-, 
and their derivatives, 2420. 
w:4-dihydroxy-, and its potassium 
salt and osazone, 2678. 
w:3:4-trihydroxy-, and its derivatives, 
2667, 2723. 

Acetophenone-p-arsenious oxide, 2401. 

Acetophenone-o-arsonic acid, and its de- 
rivatives, and 5-bromo-, 2393. 

Acetophenone-m-arsonic acid, and 4- 
bromo-, and their semicarbazones, 
2395. 

Acetophenone-p-arsonic acid, and 3- 
amino-, 3-bromo-, 2-hydroxy-, and 
3-nitro-, and their derivatives, 2400. 

Acetophenone-5-arsonic acid, 2-hydr- 
oxy-, 2396. 

Aceto-f-phenylethylamide, chloro-, 40. 

Aceto-f-piperonylethylamide, chloro-, 
40 


action of 


action of 


Aceto-f-veratrylethylamide, bromo-, 


chloro-, and cyano-, 40. 
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a-Acetoxy-a-p-acetoxyphenylpropane, 
B-bromo-, 1477. 

B-Acetoxy-ay-diethoxypropane, 454. 

Acetoxydimethoxypropanes, 453. 

2-Acetoxynaphthalene, 1-thiol-, 918. 

p-Acetoxypropenylbenzene dibromide, 
1477. 


N-Acetylanthranilamide-4-arsonic acid, 

3252. 

Acetylation in aqueous alkaline solu- 

tions, 2495. 

Acetylisochavibetol, and its derivatives, 

1474, 

ot  Cioremeree 
1741. 

8-Acetyldihydropentindole, 5-nitro-, 

2223. 

Acetyl-5:10-dihydrophenarsazine, 10- 
bromo- and -chloro-, 2384. 

3-Acetyldiphenylamine, 2386. 

3-Acetyldiphenylamine-6’-arsonic acid, 

2384. 

4-Acetyldiphenylamine-6’-arsonic acid, 

2405. 

3-Acetyldiphenylamine-2’-carboxylic 

acid, 2386. 

p-Acetyldiphenylarsonic acid, 2387. 
6-Acetylflavone, 7-hydroxy-, 2378. 
Acetylglycollylcholine salts, 768. 
9-Acetylhexahydrocarbazole, 6-nitro- 

10:11-dihydroxy-, 2224. 

2-Acetyl-irans-hexahydrohydrindene-2- 

acetic acid, and its ethyl ester, 975. 

3-Acetyl-2-methyl-1:4-benzopyrone, 
7:8-dihydroxy-, and its diacetyl de- 

rivative, 1878. 

6-Acetyl-2-methylchromone, 

oxy-, 2381. 

3-Acetyl-2-methyl-1:4-a-naphthapyrone, 

synthesis of, 1167. 

Acetylphenarsazinic acid, 2385. 
4-Acetylpiperazino-6-methoxy-2-methyl- 
quinoline, 4’-chloro-, and its salts, 

3103. 

Acetylquinoline-2-aldoxime, 2781. 

Acetylsyringic acid, and its anhydride, 
2704. 

8-Acetyltetrahydropentindole, 5-chloro- 
10-nitro-9-hydroxy-, 1995. 

Acetylxatine, 2146. 

Acetyl-o-xenylamine, and chloro-, 2449. 

Acid, C,,H,.0,N,, from hydrolysis of 

ketobenzquinazocoline, 2845. 

C,,H,,0,N,, and its anhydride, from 
2-chloro-4:7-dimethylquinoline and 
anthranilic acid, 2846. 

C,,H,.0,N., and its derivatives, from 
oxidation of hexahydrostrychnine, 
3161. 

Acids, aliphatic, hydrolysis of dihydr- 
oxypropyl esters of, 2035. 
dibasic, electrometric titration of,2153. 


7-hydr- 
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Acids, dibasic, esters, saponification of, 
3112. 
complex, physical chemistry of, 709, 
1429. 
fatty monobasic, melting point curves 
of, 578. 
higher, saturated and unsaturated, 
distribution of, in mixed synthetic 
glycol esters, 901. 
olefinic, 726, 740. 
organic, dissociation constants of, 
1201, 1715. 
weak, complex formation with, 2332, 
2831. 
Aconiteins, 2511. 
Acrylic acids, substituted, 1411. 
Address, presidential, 1002. 
Adsorption, true, calculation of, 2027. 
of gases, 2203, 3313. 
Aesculin, 1288. 
Affinity, residual, 
2213. 
Alanine, V-acyl derivatives of, 279. 
B-Alanine, neutral salt compounds of, 
3131. 
Alcohols, photochemical oxidation of, 
by potassium dichromate, 1866. 
polyhydric, partial esterification of, 
445. 


and co-ordination, 


Aldehydes, reactions of o-derivatives of, 
1382. 
condensation of malonic acid with, in 
presence of bases, 740. 
aromatic, condensation of, with 
malonanilic acid, and its deriv- 
atives, 2059. 
with phenylacetonitrile, 639. 
substituted, pyridine condensation 
with, 1835. 
Aldobionic acid, structure and deriv- 
atives of, 261. 
Aldoximes, configuration of, 2778. 
Aliphatic compounds, higher, 802. 
dimorphism of, 1732. 
long-chain, alternation in, 2796. 
Alizarin, 3-iodo-, and its derivatives, 
2620. 
Alkali hydroxides, action of nitric oxide 
on, 2605. 
metals, co-ordination compounds of, 
361. 
phosphates, reaction of chloroplatinic 
acid with, 2306. 
polysulphides, 413, 1304, 1983. 
Alkaline earth hydroxides, action of 
nitric oxide on, 2605. 
Alkaloids, cinchona. See Cinchona. 
ergot. See Ergot alkaloids. 
lupin. See Lupin alkaloids. 
phenanthripyridine. See Phenanthri- 
pyridine alkaloids. 
Alkylanilines, rearrangement of, 1281. 
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Alkylnaphthalenes, synthesis of, 1333. 

Alkylcyclopentanones, chemistry of, 
1216. 

1-Alkylisoquinolines, w-halogeno-, and 
their derivatives, 36. 

Aluminium chloride, compound of, 

with hydrogen cyanide, 3343. 
hydroxide, amphoteric nature of, 
2817. 

Amides, aromatic, preparation of, 443. 
Amidines, production of, by Beckmann 
transformation of ketoximes, 886. 

pharmacological action of, 2991. 

Amines, action of, on 2-substituted 

semicarbazones, 507. 
aromatic substituted, action of, on 
camphoric anhydride, 478. 

Amino-acids, synthesis and isolation of, 
1391. 

Amino-nitriles, action of 
reagents on, 2568. 

Ammonia, adsorption of, on chabazite, 

1556. 

solubilities of, in various solvents, 
1371. 

distribution of, between chloroform 
and water, 1436. 

Ammonium hydrogen carbonate, equili- 

brium of decomposition of, 410. 

sulphide, induction period of reaction 
between formaldehyde and, 474. 

isoAmylaniline hydrobromide, 1286. 

5-isoAmylbarbituric acid, 5-bromo-, 
1874. 

n-Amyldichloroarsine, 2522. 

10-n-Amyl-5:10-dihydrophenarsazine, 
2521. 

n-4o-Amylene, addition of halogen 
hydrides to, 2746. 

Analysis, conductometric titration, 3143. 

Angustione, constitution of, and dl- 
amino-, 286. 

dl-Anhydroangustione oxime, 292. 

Anhydro-1-(3’-benzyloxy-4’-methoxy)- 
benzyl-6-hydroxy-7-methoxyisoquinol- 
ine methohydroxide, and its meth- 
iodide, 3172. 

Anhydrohydrastininenitromeconine, and 
its hydrochloride, 238. 

Anhydrodinitro-p-toluenesulphonamido- 
phenylpyridinium hydroxides, 2347, 
2352, 2353. 

Anhydroxatine, 2145. 

Anilides, chlorination of, 3125. 
halogenation of, 2903, 2907. 
interaction of hypochlorous acid with, 

1510. 
Aniline, 4-fluoro-3-nitro-, lability of 
fluorine in, 2272. 
o-nitro-, polymorphism of, 2583. 
2-Anilino-3-benzamido-6:7-methylene- 
dioxyquinoline, 979. 
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2-Anilino-3-benzamidoquinoline, 978. 
4-Anilino-6-methoxy-2-methylquinoline, 
and its hydrochloride, 118. 
4-Anilinoquinaldine, and its hydro- 
chloride, 2815. 
2-Anilinoquinoline, 2061. 
4-Anilino-1:4-sulphonazan, 197. 
Anisaldehyde dinitrophenylhydrazone, 
758. 
Anis-8-3:4-dimethoxyphenylethylamide, 
2058. 
Anisic acid, condensation of, with di- 
chloroacetaldehyde, 1828. 
p-Anisidine, action of ethyl methyl- 
acetoacetate with, 221. 
Anisole, pentachloro-, 1110. 
2-mono- and 2:6-di-chloro-4-iodo-, and 
their iododichlorides, 1106. 
3-chloro-4-nitroso-, picrate, 1499. 
2:4-dihydroxy-, 1243. 
p-nitro-, condensation of, with di- 
chloroacetaldehyde, 1828. 

Anisoles, bromofluoro-, chlorofluoro-, 
fluoroamino-, and iodofluoro-, 981. 
3-Anisoyl-4’-methoxy-a-naphthaflavone, 

1168. 
a-w=Anisyl-8-(a-naphthyl)thiocarb- 
amides, a-chloro-, 3305. 
o-Anisylthiocarbamide, 5-chloro-, 3305. 
a-m-Anisyl-8-(p-tolyl)thiocarbamide, a- 
5-chloro-, 3306. 

Annual General Meeting, 982. 
Anthocyanins, synthesis of, 2665, 2672, 
2701, 2715, 2722, 2730, 2732, 2738. 
Anthracene, synthesis of homologues of, 

2323. 
Anthracenes, di- and tri-chloro-, 1781. 
isoAnthrafiavic acid, methyl ethers, 
154. 
isoAnthraflavic acid, 3-iodo-, 2623. 
9-(‘soAnthraflavic acid)anthranol, 3:6- 
dihydroxy-, 153. 
Anthranilamide-4-arsonic acid, 3251. 
Anthranilic acid, dichloroarsine hydro- 
chlorides, 3251, 3255. 
Anthranilic acid, 4-bromo-, methylester, 
73. 
Anthraquinone, aminodisulphonates of, 
1771. 
Anthraquinone, 1:3-dichloro-, 2829. 
Anthraquinones, dichloro- and 2-chloro- 
3-hydroxy-, 1787. 
hydroxy-, 3206. 
reduction of, 144. 
tri- and tetra-chloro-, synthesis and 
orientation of, 1771. 
Anthraquinonedisulphonic acids, amino- 
and chloro-, salts and derivatives of, 
1781. 
Anthraquinonesulphonic acids, amino- 
and chloro-, salts and derivatives of, 
1780. 
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Anthraquinone-1:2:5:6-tetracarboxylic 
acid, and its methyl ester, 2531. 
1-Anthroyl chloride, 506. 
Anti-malarials, 976, 3089, 3096. 
Antimony pentachloride, co-ordination 
compounds of, 1518. 
Antimony electrodes. 
trodes. 
Aporphines, phenolic, synthesis of, 2872, 
2881, 2885, 2893. 
Arabinose, X-ray structure of, 2313. 
Aromatic compounds, relative directive 
power of groups in substitution in, 
251. 
oriented, influence of directing groups 
on nuclear reactivity in, 1959. 
p-Arsanilic acid. See Phenylarsinic 
acid, p-amino-. : 
Arsenic organic compounds, with quinol- 
ine, 107, 1938. 
containing sulphur attached to the 
nucleus, 2556. 
aliphatic, 185. 
4-Arsenoacetanthranilic acid, 3251. 
5:5’-Arsenoacetanthranilic acid, 3254. 
4-Arsenoanthranilic acid, 3250. 
5:5’-Arsenoanthranilic acid, 3255. 
Arsenobenzene, 3:3’-diamino-4:4’-di- 
thiol-, 2556. 
Arsinofluorene, 2-dichloro-, 621. 
Arsinofluorenone, 2-dichloro-, 621. 
p-Arsinomalonanilic acid, and p-di- 
chloro-, 1746. 
p-Arsinomalonanilide, 1746. 
Arsinosuccinanilic acid, p-dichloro-, 618. 
Arsinoterephthalic acid, methyl ester, 
3248. 
Arsonic acids, and their derivatives, 
therapeutic action of, 2388. 
4-Arsono--acetanthranilic acid, mono- 
hydrate of, 3250. 
4-Arsonoanthranilic acid, and its methyl 
ester, 3250. 
5-Arsono-2-aurothiolbenziminazole-5- 
arsono-2-thiolbenziminazole, 3040. 
p-Arsonomalonanilic acid, and its deriv- 
atives, 1743. 
5-Arsonophthalamic acid, and its am- 
monium salt, 3244. 
Arsono-o-phthalic acid, derivatives of, 
3243. 
5-Arsonophthalic acid, 3-hydroxy-, 
potassium hydrogen salt, 3245. 
4-Arsonosalicylic acid, 3252. 
p-Arsonosuccinanilic acid, 617. 
2-Arsonoterephthalamic acid, 3247. 
Arsonoterephthalic acid, and its amide 
and methy] esters, 3246, 3248. 
Arylhydrazines, condensation of butyl- 
chloral hydrate with, 751. 
Aryloxides, substituted ammonium, 
reactions of, 1172. 


See under Elec- 
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Arylthiocarbimides, substituted, reac. 
tivity of isothiocyano-group in, 3285. 

Aspergillus oryze, formation of kojic 
acid from sugars by, 16. 

Atomic weights, report of the Com- 

mittee of the International Union 
of Chemistry on, 1617. 

table of, 1627. 

2-Aurothiolbenziminazole, 3039. 

2-Aurothiolbenziminazole-5-arsenic di- 
sulphide, 3042. 

2-Aurothiolbenziminazole-5-arsenic i- 
sulphide-2-thiolbenziminazole-5- 
arsenic disulphide, 3043. 

2-Aurothiolbenziminazole-5-arsonic 
acid, 3036. 

2-Aurobenziminazole-2-thiolbenzimin- 
azole, 3041. 

Azelamidine salts, 3000. 

Azo-compounds, reactions of, 3181. 

Azo-N-ethyldiphenylamine, amino-, 
2259. 

Azoxy-compounds, reactions of, 3181. 

4-Azoxy-.V-ethyldiphenylamine, 2-nitro-, 
2259. 

o-Azoxyveratrole, 2549. 


Backhousia angustifolia, essential oil of, 
2 
Balance sheets. See Annual General 
Meeting, 982. 
Barium polysulphides, 693. 
acid tungstate, 1425. 
Base, C,H,,N, and its derivatives, from 
methyl lupininate, 439. 
Bases, relative strengths of, in non- 
aqueous solutions, 86. 
aromatic, nuclear alkylation of, 1581. 
Beckmann transformation, 886. 
Benz-f-acetals, nitro-, bromonitro- 
phenylhydrazide and bromo-o-tolyl- 
hydrazides of, 2790. + 
Benzaldehyde, salt-forming character- 
istics of carbonyl group in, 307. 
nitration of, in sulphuric acid solu- 
tion, 314. 
oxidation of, 420. 
reactions of, with azo- and azoxy- 
compounds, 3181. 
copper derivative, attempted isol- 
ation of, and its copper benzoate, 
2552. 
and di- and tri-nitro-, trichlorophenyl- 
hydrazones of, 1742. 
nitrobenzenesulphonhydrazones, 626. 
piperidinoformylhydrazones, 1156. 
substituted semicarbazones of, and 
their action with amines, 512. 
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Benzaldehyde, w-bromo- and w-chloro- 
2:4-dinitro-, and 2:4-dinitro-, bromo- 
and chloro-phenyl- and -tolyl-hydr- 
azones, 2794. 


m-hydroxy- and p-nitro-, dinitro- 
phenylhydrazones, 758. 
Benzaldehydes, bromo- and _ bromo- 


nitro-, bromonitrophenylhydrazones 
and bromo-o-tolylhydrazones, 2789. 
bromohydroxy-, bromonitrohydroxy-, 
and nitrohydroxy-, and their deriv- 
atives, 1502. 
chloronitro- and nitro-, chlorophenyl- 
hydrazones and chlorophenylhydr- 
azidines of, 1927. 
3-hydroxy-, bromo-derivatives, nitra- 
tion of, and _ nitro-derivatives, 
bromination of, 1500. 
nitro-, pyridine condensation with, 
1835 
Benzaldehyde-p-arsonic acid, 
derivatives, 2388, 2406. 
Benzaldehyde-6-bromoindogenide, p- 
nitro-, 76. 
Benzaldehydethiocarbimides, 3306. 
Benzaldoxime, o-hydroxy-, cobalt and 
nickel compounds of, 105. 
Benzamidine, o- and m-hydroxy-, salts 
of, 2999. 
Benzamidines, amino-, salts of, 2994. 
Benzanilideamidodichloride hydrochlor- 
ide, 893. 
1:2-Benzanthracene picrate, 2528. 
1:2-Benzanthraquinone-4-carboxylic 
acid, 2527. 
1:2-Benz-4-anthroic acid, 2527. 
4-Benzarsonic acid, 3-nitro-, and its 
potassiunr hydrogen salt, 3249. 
1:3-Benzdioxin, 1770. 
and 6-amino-, acetyl derivative, and 
6:8-dinitro-, 2492. 
Benzene, chlorination of, in the vapour 
phase, 3150. 
Benzene, 4-bromo-1:2-diamino-, 1:2-di- 
acetyl derivative, 1149. 
-chloro-4-nitro- and -2:4-dinitro-5- 
amino-, p-toluenesulphonyl deriv- 
atives, 2353. 
:2:3:4-tetrahydroxy-, 
2542. 
nitro-, conductivity of electrolytes in, 
215. 
dissociation of salts in, 795. 


and its 


— 


derivatives of, 


_ 


compound of, with sulphuric acid, 


3200. 
Benzene-4-azo-f-naphthylamine, 3- 
chloro-1-hydroxy-, 1498. 
Benzene-4-diazo-1-oxide, 
nitro-, 2273. 
Benzenedisulphony! fluorides, 


4 ‘. 


6-bromo-2- 
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Benzenesulphonhydrazides, mono- and 

di-nitro-, 625 

Benzenesulphonic acids, nitroc-, /-men- 
thyl esters, 1487. 

Benzenesulphonyl fluoride, 
2107. 

di-Benzenesulphonylalanine, 
929 


p-chloro-, 


m-nitro-, 

ea mere ne pete 

Benzene-1:3:5-trisulphonyl fluoride, and 
chloro-, 2108. 

Benzenylveratrylamidine, and its hydro- 
chloride, 2997. 

5:6-Benzflavanol, 899. 

Benzfurazan, and its oxide, constitution 
of, and dibromo-, 3308. 

Benziminazoles, methylation of, 1143. 

Benziminazole-5-arsonic acid, sulphate, 
and 2-thiol-, gold derivatives, 3032. 

Benziminoether, o- and m-hydroxy-, 
hydrochlorides, 2999. 

4: — :11-(1’:2’-naphtha)chrysene, 


1:2-Benz-3:4-(1’:2’-naphtha)phenazine, 
2527. 

Benz-af-naphthathioxin, and 10-bromo-, 
and 9:10-dinitro-, 721. 

Benzoic acid, copper salt, compounds of, 
with benzaldehyde, pyridine and 
quinoline, 2555. 

2- and 3-acetamidopheny] esters, 2966. 
2-acetyl-1-naphthyl] ester, 1168. 

Benzoic acid, p-hydroxy-, condensation 

of dichloroacetaldehyde with, 1737. 
2:4-dinitro-, borny] ester, 3340. 
o-thiol-, /-menthy] ester, 1487. 

Benzopentindole, action of bromine on 

acyl derivatives of, 3324. 
Benzopentindole, bromo-, and its acetyl 
and benzoy! derivatives, 3334. 
Benzopentindole-7-carboxylic acid, 
ethyl ester, and bromo-, 3336. 
Benzophenone 2:4:6-trichlorophenyl- 
hydrazone, 1742. 

Benzophenone, 3:5-dibromo-4-amino-, 
and 3-bromo-5-iodo-4-amino-, melt- 
ing point of mixtures of, 2151. 

p-nitro-, oximes of, and their methyl 
ethers, 2192. 
1:4-Benzopyrones, preparation of, from 
pyrogallol, 1877. 

Benzopyrylium salts, formation of, from 
coumarins, 1701. 

Benzoquinone 4-oxime, 3-chloro-, acidic 
nature of, 2227. 

Benzoquinone, 3-chloro-, 4-oxime-1l-p- 
nitrophenylhydrazone, 1498. 

B-Benzoyl-a-acetyl-2:4:6-trichloro- 
phenylhydrazide, 1741. 

Benzoylalanines, amino-, and _ nitro-, 





Benzenesulphinic acid, 2:4-dinitro-, 626. 





and their derivatives, 281. 
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oxy-, 1787. 
7-Benzoylbenzopentindole, 104. 
y-Benzoylbutyric acid, nitro-2-amino-, 

acetyl and cinnamyl derivatives, 
f£-Benzoyl-2:4:6-irichlorophenylhydr- 
azide, 1741. 
7-Benzoyl-6:14-dihydrobenzopentindole, 
14-nitro-6-hydroxy-, 104. 
4-Benzoyl-1:6-dimethylnaphthalene, 492. 
Benzoylformic acid, p-nitro-, 2426. 
6-Benzoyl-:)-indoxylspirocyclopentane, 
3331. 
8-Benzoyl-a-(p-methoxyphenyl)pro- 
pionic acid, and its derivatives, 865. 
8-Benzoyl-a-(3:4-methylenedioxypheny])- 
propionic acid, and its derivatives, 
865. 
8-Benzoyl-4-methyl-l-naphthoic acid, 
2017. 
1-Benzoyl-5(-1’- and -2’-naphthoyl)-2:6- 
dimethylnaphthalenes, 506. 
y-Benzoyloxy-af-dimethylpropane, y-p- 
nitro-, 454. 
y-Benzoyl-8-phenyl-a-carboxybutyric 
acid, methyl ester, 2774. 
8-Benzoyl-a-phenylpropionamide, 866. 
O-Benzoylphloracetophenones, 1248. 
4-O0-Benzoylphlorbutyrophenone, 1252. 
2-O-Benzoylphloroglucinaldehyde, _pre- 
paration of, and its salts, 2682. 
2-Benzoyl-4-8-tetra-acetylglucosidyl-6- 
O-methylphloroglucinaldehyde, 2684. 
2-Benzoyl-4-8-tetra-acetylglucosidyl- 
phloroglucinaldehyde, 2683. 

Benzoyl-o-xenylamines, nitro-, 2450. 

Benzpenthiene, 4-amino-, and its salts 
and acetyl and benzoyl derivatives, 
and their oxides, 1694. 

3:4-Benz-9:10-phenanthraquinone, 2527. 

3:4-Benzphenanthrene, and its picrate, 
2528. 

3:4-Benz-1-phenanthroic acid, 2527. 

Benzquinazocolines, 2840. 

1:2:3-Benztriazole, 4-bromo-, and its 
l-acetyl derivative, 1149. 

1:2:3-Benztriazoles, nitro-l-hydroxy-, 
action of methyl sulphate on, 1273. 

Benzyl alcohol, reactions of, with azo- 
and azoxy-compounds, 3181. 

Benzyl methyl ether, 3:5-dichloro-4- 
hydroxy-, 1947. 

Benzylamine, p-amino-, and its picrates, 

1240. 
p-bromo-, p-chloro-, and p-iodo-, and 
their salts, 1233. 

Benzylbenzo-f-naphthaspiropyrans, 
1339. 

NNN-Benzyldiethyl-N’N’N’-benzyldi- 
ethyl-§-methoxytrimethylenediam- 

monium salts, and p-bromo-, 1675. 
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Benzoylbenzoic acid, 3’-chloro-4’-hydr- 


Benzyldiethyl-y-diethylamino-8-meth- 
oxy-n-propylammonium salts, and p. 
bromo-, 1675. 
O-Benzyldihydrohesperetic acid, and its 

derivatives, 3169. 
O-Benzylhesperetic acid, 3169. 
O-Benzylhomoisovanillo-f-(3-benzyl- 
oxy-4-methoxyphenyl)ethylamide, 
3170. 
O-Benzylhomoisovanillo-8-methoxy-f- 
veratrylethylamide, 3170. 
N-Benzylidene-w-amino-p-tolyltri- 
methylammonium iodide, 1240. 
Benzylidenebenzamidoacetanilide, 
o-nitro-, 978. 
Benzylidenebenzamidoacetotoluidides, 
o-nitro-, 978. 
Benzylidene-a-benzylacetoacetic acid, 
1338. 
Benzylidenebenzylamine, 
acetyl derivative, 1240. 
p-bromo-, p-chloro-, and p-iodo-, 1232. 
Benzylidene-p-bromobenzylamine, 1234. 
Benzylidene-p-chlorobenzylamine, 1233. 
Benzylidene-p-iodobenzylamine, 1236. 
Benzylidenemalonanilic acid, 0-nitro-, 
2061. 
Benzylidenemalon-o-toluidic acid, 
o-nitro-, 2061. 
Benzylidene-p-methylbenzylamine, 1239. 
N-Benzyl-w-imino-p-tolyltrimethylam- 
monium iodide, 1239. 

y-Benzyl-8-methylglutaconic acid, a- 
cyano-, ethyl ester, 572. 

y-Benzyl-8-methyl-4<-propene-ay-di- 
carboxylic acid, a-cyano-, ethyl ester, 
572. 

2-Benzyloxy-p-anisidine, and its acetyl 
derivative, 1242. 

4-Benzyloxyanisoles, nitro-, 256. 

1-(3’-Benzyloxy-4’-methoxy)benzyl-6:7- 
dimethoxy/soquinoline, and its picrate, 
3171. 

4-Benzyloxy-3-methoxybenzylidenehip- 
puric acid, 2896. 

3-Benzyloxy-4-methoxyphenylacetic 
acid, 3168. 

B-(3-Benzyloxy-4-methoxypheny])ethy]- 
amine, and its salts, 3169. 

3-Benzyloxy-4-methoxyphenylpyruvic 
acid, 3167. 

4-Benzyloxy-3-methoxyphenylpyruvic 
acid, 2897. 

3-Benzyloxy-4-methoxystyrene, w-nitro-, 
3168. 


p-amino-, 


4-Benzyloxyphenylarsonic acid, and 3- 
amino-, and 3-nitro-, and their deriv- 
atives, 2474. 

Benzylphthalamic acid, p-bromo-, p- 

chloro-, and p-iodo-, 1233. 

Benzylphthalimide, p-bromo-, p-chloro-, 








and p-iodo-, 1233. 
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Benzylpiperidine, nitration of, 980. 
2-Benzylpyridine, 2-o-amino-, 2’:4’-di- 
amino-, 2-o-nitro-, and 2-o-nitro-p- 


amino-, and their hydrochlorides, 
1936. 
0-Benzylisovanillin, preparation of, 
3167. 


Bile acids, synthesis of substances simi- 
lar to degradation products of, 1546. 
Biological oxidation. See under Oxid- 

ation. 

Bisacetamide hydrochloride, prepar- 
ation of, and its use in acetylation, 
672. 

Bis(ethylsulphonyl)chloromethane, 
2641. 

Bis(methylsulphonyl)ethane, and its de- 
rivatives, 2640. 

Bis(methylsulphonyl)methane, and _ its 
derivatives, 2640. 

2:2’-Bis-(3-oxy-2-methbyl-1-thio- 
naphthen), and its 1-dioxide, 2975. 

Biscyclotelluributane 1:1’-oxydibromide, 
183. 

2:2’-Bistetrahydronaphthyls, dinitro-, 
3178. 

Bornyl chloride, molecuiar freezing 
point depression for, 1211. 
Bornylmagnesium chloride, 
action of, 3340. 

Bromine, addition of, to ethylene deriv- 
atives, 2354. 

Bromometry of unsaturated compounds, 
723. 

Brucine, 773, 3158, 3160. 

Buffer mixtures, Prideaux-Ward, 458. 
universal, 1456. 

Butadiene, action of iodine monochloride 
on, 2759. 

Butadiene compounds, addition of esters 
to, 1904. 
n-Butaldehyde, condensation of, with 
malonic acid, in presence of organic 
bases, 746. 

Ac-Butene-ad-dicarboxylic-y-malonic 
acid, ethyl ester, 1763. © 

5-n-Butylbarbituric acid, 5-bromo-, 1873. 

Butylchloral hydrate, condensation of, 
with aryl hydrazines, 751. 

Butyldichloroarsines, 2522. 

10-Butyl-5:10-dihydrophenarsazines, 
2521. 

1-Butyl-6:7-dimethoxy-3:4-dihydroiso- 
quinoline, 5-chloro-, salts of, 46. 

Ae-Butylene, ay-di- and ayé-tri-bromo-, 
2764. 

n-Butylidenemalonic acid, ethyl ester, 
749. 


reducing 


2-n-Butylperinaphth-1:3-diketohydr- 
indene, 5-hydroxy-, 278. 

1-Butylcyclotelluributane, 1-3-bromo-, 

l-bromide, and 1-iodide, 184. 
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Butyric acid, 8-chloro-a-iodo-, 2745. 
Sa Peas, y-bromo-, 


n-Butyrylcholine chloroplatinate, 766. 

Butyryl-5:10-dihydrophenarsazine, 10- 
chloro-, 2385. 

peers acid, 


Cc. 


Cesium tefrabromide, 1578. 
carbonate, preparation of, 362. 
fluorobromoiodide, 2249. 

Calcium polysulphides, 693. 

Camphanodihydroquinoxaline, 
and its derivatives, 3338. 

Camphor, molecular depression of freez- 

ing point for, 1211, 1729. 
dinitrophenylhydrazone, 758. 

Camphoranilic acid, 4’-chloro-2’-nitro-, 
481. 

Camphoranilic acids, disubstituted, rota- 
tion of, 478. 

Camphoric anhydride, action of substi- 
tuted aromatic amines on, 478. 

dl-Camphor-10-sulphonic acid, resolu- 
tion of, 188. 

Cancer, production of, by cyclopenteno- 
benzanthracene, 2529. 

Cannabinol methy] ether, trinitro-, 637. 

Cannabis indica, resin of, 630. 

Capillarity in aqueous solutions, 1629. 

Carbazole, nitration of, 3283. 

Carbazole series, syntheses in, 2255. 
Carbazoledisulphonic acid, 3-amino- and 
3-nitro-, and its calcium salt, 3281. 
p-Carbethoxybenzamidinehydrochloride, 

2995. 
p-Carbethoxybenziminoether 
chloride, 2995. 

a-Carbethoxybenzyl carbonate, 2279. 

a-Carbethoxybenzyl-p-tolylsulphones, 
2281. 

6-Carbethoxy-2-dichloromethyl-4- 
chloromethylene-1:3-benzdioxin, 1740. 
2-Carbethoxy-1-ketocyclopentyl-2-suc- 
cinic acid, ethyl ester, 1554. 
p-Carbethoxyphenylguanidine hydro- 
chloride, 2996. 
3-Carbethoxypiperidinoacetic acid, deriv- 
atives of, 3187. 
3-Carbethoxypiperidinoacetone, 3189. 


amino-, 


hydro- 


y-2-Carbethoxypiperidinobutyric acid, 
ethyl ester, 441. 
y-3-Carbethoxypiperidinobutyric acid, 


derivatives of, 3189. 
y-2-Carbethoxypiperidinobutyronitrile, 
441. 
B-3-Carbethoxypiperidinopropionic acid, 
derivatives of, 3188. 
Carbohydrates, structure and rotation of, 
1349, 1354, 
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o-Carbomethoxybenzenesulphonic acid, 
methyl ester, 1488. 
3-Carbomethoxyindole-2-carboxyhydr- 
azide, 5:7-dinitro-, 775. 
Carbon, reaction between oxygen and, 
837. 
chains, closed, synthesis of, by means 
of tetramethylene dibromide, 482. 
Carbon monoxide, catalytic action of 
hydrogen on flames of, 641. 
dioxide, influence of steam on com- 
bustion of, 338. 
Carbonyl compounds, constitution and 
prototropic changes in, 3318. 
detection of, with 2:4-dinitropheny]l- 
hydrazine, 756. 
Carbonyl compounds, hydroxy-, 1241, 
1245, 1255, 1877, 2426. 
o-Carboxyacetophenone 
hydrazones, 1923. 
dl-a-Carboxybenzyl-p-tolylsulphone, 
2282. 
6-Carboxy-2:4-bisdichloromethyl-1:3- 
benzdioxin, and its derivatives, 1738. 
6-Carboxy-2-dichloromethyl-4-chloro- 
bromomethyl-1:3-benzdioxin, 
4-bromo-, 1739. 
6-Carboxy-2-dichloromethyl-4-chloro- 
methylene-1:3-benzdioxin, 1739. 
2-Carboxyhexahydrohydrindene-2- 
acetic acids, and their derivatives, 
940, 948. 
5-Carboxy-2-methoxy-1-af-irichloro- 
ethylbenzene, and its derivatives, 
1830. 
1-Carboxy-3-methylcyc/opentane-1- 
acetic acid, and its derivatives, 1224, 
1800. 
2-Carboxymethylthiolbenziminazole, 
3042. 
2-Carboxymethylthiol-4(or 
glyoxaline-5(or 4)-carboxylic 
3056. 
1-Carboxy methylthiol-2-naphthoxy- 
acetic acid, 919. 
Carboxymethyltriethylammonium 
picrate, 1682. 
o-Carboxyphenylmethylsulphone mono- 
hydrate and /-menthy] ester, 1488. 
p-Carboxyphenyl-S-methylisothiocarb- 
amide hydriodide, 2996. 
p-Carboxyphenylthiocarbamide, 2996. 
3-Carboxypiperidinoacetic acid, and its 
copper salt, 3188. 
at ete 
3189. 


nitrophenyl- 


5)-methyl- 
acid, 


acid, 


a-Carboxy-f-propenylglutaric acid, a- 
cyano-, methy] ester, 2772. 

a-4*-Carene, autoxidation of, 3001. 

Catalysis, acid and salt effects in, 2658. 
in three-carbon tautomerism, 248. 
heterogeneous, theory of, 1525. 
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Cells, electrochemical, determination of 
constants of, 1715. 
for conductometric titration, 1827, 
Cellodextrin, methylated, 828. 
Cetyl chloride, dimorphism of, 1735. 

halides, dimorphism of, 1735. 

Cetylmalonic acid, diethyl ester, di- 

morphism of, 1736. 

4-Cetyloxyanisole, and nitro-, 252. 

Chabazite, adsorption of ammonia on, 
1556. 

Chemotherapy, 976. 

Chloral, action of, on halogen-substi- 

tuted p-toly lhydrazines, 1088. 

Chlorination, thermal reactions in, 2282. 
Chlorine, action of light on mixtures of 
ozone and, 1652. 

Hydrochloric acid, electro-endosmosis 
and conductivity of solutions of, 
against a glass surface, 1564. 

solubilities of, in various solvents, 
1371. 
Chlorides, determination of, 2440. 
Hypochlorous acid, interaction of 
anilides with, 1510. 
Perchloric acid, and its salts, conduct- 
ivities of, 212, 216. 
Chloroamidotetramminoplatinic di- 
hydrophosphate and hydroxyhydro- 

phosphate, 2312. 

a ion equilibrium of, with water, 
91. 
Chloroplatinic acid, reaction between 

alkali phosphates and, 2306. 

Choline, and its esters, co-ordination 

compounds of chloroplatinates of, 763. 

Choline-n-butyrylcholine chloroplatin- 

ate, 766 

Choline-glycollylcholine chloroplatinate, 

768. 

Choline-propionylcholine chloroplatin- 

ate, 766. 

Choline-pyruvylcholine chloroplatinate, 

767. 

Chromones, synthesis of, 1165, 2376, 

2591. 

Chrysanthemin. 
cyanidin. 

Chrysene, synthesis of homologues of, 
2012. 

Cinchona alkaloids, 1182. 

Cinchoninic acid, d-8-octyl ester, 1481. 

Cinnamaldehyde 2:4:6-trichloropheny!- 

hydrazone, 1742. 

y-o-Cinnamamidobenzoylbutyric 

and y-5-chloro-, 1994. 

Cinnamic acid, oxidation of, by perman- 
ganate, 1874. 
p-iodophenyl ester, and its iododi- 
chloride, 1109. 
Cinnamic acid, m-nitro-a-amino-, a- 
benzoyl derivative, 2903. 


3-B-Glucosidyl- 


See 


acid, 
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di-Cinnamoylalanine, 283. 
8-Cinnamoyldihydropentindole, and 5- 
chloro-, and nitro- and 5-nitro-9:10- 
dihydroxy-, and their derivatives, 
1993, 2222. 
§-Cinnamoyltetrahydropentindole, 5- 
chloro-10-nitro-9-hydroxy-, and its 
acetyl derivative, and 10-nitro-9- 
hydroxy-, 1994, 1997. 
8-Cinnamoyltetrahydropentindoles, di- 
nitrohydroxy-, and their derivatives, 


Cinnamylideneacetic acid, 
methyl ester, 2773. 
Citraconyl-2:4:6-trichlorophenylhydr- 
azide, 1742. 
Coal, composition of, 586, 854. 
Cobalt chloride, equilibrium of, with zinc 
chloride, 2479. 
perrhenate, and its ammines, 2212. 
Colouring matters. See Tricetin and 
Tricin. 
Comenamic acid methyl ether nitrate, 
3028. 
Compounds, conjugated, properties of, 
129, 1904, 2561, 3221. 
Constitution, chemical, and the para- 
chor, 126. 
and trypanocidal action, 3032, 3043, 
3236. 
Co-ordination, and residual affinity,2213. 
Copper, oxidation of, at low pressures, 
330. 


a-cyano-, 


co-ordination compounds with amino- 
acetic acids, 2029. 
Copper perrhenate, and its ammines, 
Cuprous oxide, kinetics of reduction of, 
330. 
Copper ions, complex, constitution of, in 
solutions, 1418. 
Coumarins, preparation of, 2426. 
from pyrogallol, 1877. 
Coumarin series, 1701. 
Coumarin-3-carboxylic acid, anilide and 
toluidides, 2061. 
Coumaranone series, 895. 
Crotonaldehyde dinitrophenylhydr- 
azone, 758. 
Crotonic acid, a-iodo-, 2745. 
Weems dinitrophenylhydrazone, 
58. 
a-§-:/-(Cumyl)-8-( 8-naphthyl)thiocarb- 
amide, a-5-chloro-, 3304. 
Cuprous oxide. See under Copper. 
~-Cyanine dyes, containing pyridine or 
B-naphthaquinoline nuclei, 777. 
Cyanogen : — 
Hydrocyanic acid, freezing points of 
aqueous mixtures of, 657. 
compound of aluminium chloride 
and, 3343. 
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Cyanogen :— 
Cyanides, complex, 
2332 
Cyclic compounds, synthesis of, 907, 
1795. 


hydrolysis of, 


Cylinders, closed, explosions in, 847. 
Cytisine, and its derivatives, 2195. 


D. 


Decamethyl f-methylcellotrioside, 828. 

Decane-1:10-diamidine, salts of, 3000. 

n=Decoic acid, preparation of, 2046. 

Decoylcholine chloroplatinate, 767. 

Decyl alcohol, x-chloro-, and its phenyl- 
urethane, 1700. 

Dedihydrohydrastine, 243. 


Dehydroangustione, constitution of, 
286. 

5:14-Dehydro-10:11-dimethoxy- 
1:2:3:4:6:7-hexahydrobenzpyridocoline, 


salts of, 46. 

4:13-Dehydro-9:10-dimethoxy- 
1:2:3:5:6:13-hexahydrobenzpyrrocol- 
ine, salts of, 45. 

Dehydrogeranic acid, 3134. 

Dehydrothio-p-toluidinesulphonic acid, 
3-amino- and 3-nitro-benzoyl deriv- 
atives, 3279. 

By-Diacetoxy-a-ethoxypropane, 454. 

Diacetoxymethoxypropanes, 453. 

Di-2-acetoxy-1-naphthyl disulphide, 918. 

3:3’-Diacetyl-2:2’-dimethyldichromone, 
2380. 

4:4’-Diacetyldiphenylarsonic acid, 2388. 

Dianhydro(-2:2’-dimethoxy)-5:5’-di- 
formyldiphenyl ether bis-2-phenyl- 
oxazolone, 3174. 

88’-Dianilinodiethylsulphone, 1917. 

4-o-Dianisidino-6-methoxy-2-methyl- 
quinoline, and its acetyl derivative, 
114. 

1:1’-Dianthraquinonyl, 2:2/:3:3’-tetra- 
hydroxy-, and its acetyl derivative, 
160. 

Dianthrones, di- and tetra-hydroxy-, and 
their acetyl derivatives, 154. 

4:4’-Diarsonodiphenyl disulphide, 2:2’- 
dinitro-, 2559. 

w=Diazo-4-acetoxy-3:5-dimethoxyaceto- 
phenone, 2705. 

-Diazo-4-benzoyloxy-3:5-dimethoxy- 
acetophenone, 2706. 

ee chemistry of, 
3273. 

1:2:7:8-Dibenzanthracene, non-existence 
of, 487. 

1:2:5:6-Dibenzanthracene, 9-amino- and 
its derivatives, and 9-hydroxy-, acetyl 
derivative, and 9-nitro-, 3276. 
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1:2:5:6-Dibenzanthracene-9:10-endo-af- 
succinic acid, and its sodium salt, 3277. 
1:2:5:6-Dibenzanthranyl-9-pyridinium 
bromide, 3276. 
N-1:2:5:6-Dibenzanthranyl succinimide, 
3277. 
1:2:1':2’-Dibenz-6:6’(or 7:7’)-dianthryl, 
503. 
Dibenzoylphloroglucinaldehyde, 2683. 
Dibenzthioxin, 2:8-dibromo-, 721. 
9:10-Dibenzyl-1:2:5:6-dibenzanthracene, 
497. 
1:2-Dibenzyl-1:2-dihydro-a-chrysapina- 
colin, 2015. 
1:2-Dibenzyl-1:2-dihydrochrysene, 1:2- 
dihydroxy-, 2015. 
9:10-Dibenzyl-9:10-dihydro-1:2:5:6-di- 
benzanthracene, 9:10-dihydroxy-, 497. 
Dibenzyl ketone, oximino-, and its com- 
plex metallic compounds, 2024. 
Dibenzyldithiolethane tetrabromide, 
1692. 
9:10-Di-n-butyl-1:2:5:6-dibenz-nthr- 
acene, 497. 
9:10-Di-n-butyl-9:10-dihydro-1:2:5:6-di- 
benzanthracene, 9:10-dihydroxy-, 496. 
aa’-Dicarbamyl-trans-hexahydrohydr- 
indene-2:2-diacetic acid, w-imide of, 
942. 
Di(carbamylmethy])acetanilide-p-thio- 
arsinite, 3054. 
Di(carbamylmethyl) benzamide-p-thio- 
arsinite, 3055. 
aa-Dicarbamyl-3-methylcyclopentane- 
1:1-diacetic acid, w-imide of, 913. 
aa’-Dicarbamy!-3-methylcyclopentane- 
1:1-diacetimide, 1219. 
2:6-Dicarbethoxy-4-nitrophenol, 1851. 
y-2:3-Dicarbethoxypiperidinobutyric 
acid, ethyl ester, 3197. 
2:5-Dicarbomethoxycyclopentane-3:4- 
dione-1(2’)-spiro-trans-hexahydro- 
hydrindene, and its semicarbazone, 
974. 
Di( 8-carboxy-8-aminoethyl)acetanilide- 
p-thioarsinite, 3053. 
Di-(8-carboxy-8-aminoethyl)benzamide- 
p-thioarsinite, 3055. 
Di( 8-carboxy-f-aminoethyl)benz-p-thio- 
arsinite, 3055. 
Di( 8-carboxyethyl)acetanilide-p-thio- 
arsinite, 3053. 
Di( 8-carboxyethyl)benzamide-p-thic- 
arsinite, 3055. 
cis-1:2-Dicarboxy-1-hydroxycyclopro- 
pane-3(2’)-spiro-trans-hexahydro- 
hydrindene, and its anhydride, 968. 
aa-Di-(5-carboxy-2-methoxypheny])- 
ethane, ff-dichloro-, and its deriv- 
atives, 1831. 
aa-Di-(5-carboxy-2-methoxyphenyl)- 
ethylene, 8-chloro-, 1832. 
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1:2-Dicarboxy-1-methoxycyclopropane- 
3(2’)-spiro-trans-hexahydrohydrin- 
denes, and their derivatives, 969. 
Di( carboxymethyl)acetanilide-p-thio- 
arsinite, 3053. 
Di(carboxypheny])acetanilide-p-thio- 
arsinites, 3053. 
Di(carboxyphenyl)benzamide-p-thio- 
arsinites, 3055. 
1:2-Dicarboxycyclopropane-3(2’ )=spiro- 
trans-hexahydrohydrindenes, and 
their derivatives, 964. 
Dicyclic compounds, 922, 952. 
Dielectric polarisation. See 
Polarisation. 
Diethyl ether, ff-dichloro-, syntheses 
with, 266. 
sulphide, af’-dichloro-, 236. 
BB’-dichloro-, action of water and of 
aqueous alcoholic potash on, 224. 
aBa’B’-tetrachloro-, 1915. 
BB’-dihydroxy-, derivatives of, 228. 
sulphoxide, afa’f’-tetra-bromo- and 
-chloro-, 1915. 
1-Diethylaminoanthraquinonesulphonic 
acids, and their sodium salts, 1783. 
1-Diethylaminoanthraquinone-4:6-di- 
sulphonic acid, and its sodium salt, 
1785. 
2-8-Diethylaminoethylquinoline, and its 
picrate, 3093. 
Diethylammonium dibromoiodide, 1860. 
3:4-Diethylcarbonatophenylacetic acid, 
2-nitro-, 2879. 
3’:4’-Diethylcarbonatophenylaceto-f- 
3:4-dimethoxyphenylethylamide, 
nitro-, 2883. 
Diethyleyanoacetic acid, di-B-cyano-, 
ethyl ester, 2551. 
1:1’-Diethyl-5:6:5’:6’-dibenz-y-cyanine 
iodide, 784. 
Diethylenediaminogold tribromide, 
2415. 
Diethylmalonic acid, copper, nickel, and 
zinc salts, 2004. 
Diethylmalonic acid, di-B-cyano-, ethyl 
ester, 2550. 
10-Diethylmethyl-5:10-dihydrophen- 
arsazine, 2521. 
2:6-Diethylphenol, 4-nitro-, 1851 
1:4-Diethylpiperazine, di-8-amino-, and 
di-B-isocyano-, and their salts, 3100, 
3104. 
= 
19 
p- ral -B’-iodo-, and £f’-dicyano-, 
1918. 
Diethylthallium tetra-acetylethane,2242. 
1:4-Diethylthiolbenzene, and its di- 
oxides, 1688. 
p-Diethyldithiolbenzene 
1692. 


under 


9’. 


aBa’B’-tetrabromo-, 


tetrabromide, 
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Diethyldithiolethane dioxide, 1684. 
Diisoeugenol, structure of, 1363. 
Diflavone, 4’:4’’-dihydroxy-, 2379. 
Diflavones, synthesis of, 2376. 
Digitalis lanata, glucosides of, 23. 
Di(glutathionyl)acetanilide-p-thio- 
arsinite, 3054. 
Di(glutathionyl)benzamide-p-thio- 
arsinite, 3055. 
6:14-Dihydrobenzopentindole, 
6-hydroxy-, 105. 
2:3-Dihydrocarbazole, 3331. 
y-3-Dihydroindolylbutyric acid, and its 
derivatives, 3158. 
-8-Dihydroindolylpropionic acid, and its 
ethyl ester, 3158. 
5:6-Dihydro-a8-naphthacarbazole, 1- 
acetyl derivative of, 103 
Dihydro-a- and -f-naphthafuranones, 
and their derivatives, 897. 
7:8-Dihydro-af-naphthapentindole, and 
its acetyl derivatives and oxime, 
98. 
9:10-Dihydro-a’ 8’-naphthapentindole, 
and its derivatives, and nitro-, 99. 
9:10-Dihydro-a’ 8’-naphthapentindole-7- 
carboxylic acid, and mono- and di- 
nitro-, ethyl esters, 101. 
Dihydropentindole, 5-bromo-, 3333. 
5-chloro-, and chloronitro-, and their 
acetyl derivatives, 1994. 
Dihydropentindole-8-carboxylic acid, 5- 
chloro- and chloronitro-, ethyl esters, 
1996. 
5:10-Dihydrophenarsazine, 10-chloro-, 
and its derivatives, 294, 2381, 2518, 
3270. 
5:10-Dihydrophenarsazines, di-, tri-, and 
tetra-chloro-, 304. 
10-chloro-3-nitro-, 3272. 
5:12-Dihydroquinbenzarsazine, 12- 
chloro-10-nitro-, hydrochloride, 1942. 
Dihydroresorcinols, substituted, intra- 
molecular strain in, 814. 
Di-2-keto-1:2-dihydro-l-naphthyl mono- 
and di-sulphides, di-1-nitro-, 1195. 
1:3-Diketohydrindene, syntheses of anti- 
septic derivatives of, 514. 
2:3-Diketohydrindene, syntheses of anti- 
septic derivatives of, 272. 
Dilauroylquinol, 2121. 
Dilupinylglutaramide, 436. 
Dilupinylsuccinamide, 435. 
2:6-Dimethoxyacetophenone, 4-hydroxy-, 
and its benzoyl derivative, 1249. 
3:5-Dimethoxyacetophenone, w:4-di- 
hydroxy-, and its derivatives, 2705. 
3’:4’-Dimethoxy-6-acetylflavone, 7- 
hydroxy-, and its acetyl derivative, 
2380. 
5:7-Dimethoxy-3-acetyl-2-methyl-1:4- 
benzopyrone, 1250. 


5T 


14-nitro- 
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7:8-Dimethoxy-3-acetyl-2-methyl-1:4- 
benzopyrone, 1879. 
5:6-Dimethoxyanthranilcarboxylic acid, 
2880. 
1:3-Dimethoxyanthranol, derivatives of, 
and 10-hydroxy-, 172. 
Dimethoxy-9-anthranols, 
acetates, 154. 
1:5-Dimethoxyanthrone, and 10-hydr- 
oxy-, 165. 
3:4-Dimethoxybenzaldehyde, 2-hydr- 
oxy-, and 
2545. 
4:5-Dimethoxybenzaldehyde, 
oxy-, acetyl derivative, 2432. 
3:4-Dimethoxybenzamidine 
chloride, 2995. 
3:4-Dimethoxybenzene, 1:2-dihydroxy-, 
2545. 
3:4-Dimethoxybenziminoether hydro- 
chloride, 2995. 
4:5-Dimethoxybenzoic acid, 2-hydroxy-, 
synthesis of, and its acetyl derivative, 


2432. 
4-hydr- 


and ‘their 


its phenylhydrazone, 


2-hydr- 


hydro- 


2:6-Dimethoxybenzophenone, 
oxy-, benzoyl derivative, 1254. 
2:3-Dimethoxy-p-benzoquinone, 2548. 
3:4-Dimethoxybenzylidenemalonanilic 
acid, and its silver salt, 2060. 
3:3’-Dimethoxybenzylidene-2-naphth- 
hydrazide, 4’-hydroxy-, 376. 
Dimethoxybutyrophenones, hydroxy-, 
and their benzoyl derivatives, 1253. 
4:5-Dimethoxy-2’-carboxydiphenyl sul- 
phide, 2-bromo-, 525. 
3:4-Dimethoxycinnamanilide, 2060. 
1:1’-Dimethoxydianthraquinone, 163. 
3:3’-Dimethoxydianthraquinone, 153. 
Dimethoxydianthrones, and dibydroxy-, 
and their acetyl derivatives, 162. 
6:7-Dimethoxy-3’:4’-diethylearbonato-i- 
benzyl-3:4-dihydroisoquinoline, 2’- 
nitro-, and its methiodide, 2884. 
BB’-Dimethoxydiethylsulphone, 1917. 
4’:4’’-Dimethoxydiflavone, 2379. 
2:2’-Dimethoxy-5:5’-diformyldiphenyl 
ether, and its dioxime, 3173. 
6:7-Dimethoxy-3:4-dihydroisoquinoline 
methiodide, condensation of, with 
resorcinol, 2057. 
5:7-Dimethoxy-2:3-dimethyl-1:4-benzo- 
pyrone, 1252. 
2:4-Dimethoxy-af-dimethylcinnamic 
acid, formation of, from 2-hydroxy- 
3:4-dimethylcoumarin, 1875. 
5:7-Dimethoxy-3:4-dimethylcoumarin, 
1259. 
1:1’-Dimethoxy-2:2’-dinaphthyl, 1272. 
2:2’-Dimethoxydiphenyl ether, 5:5’-di- 
nitro-, 3175. 
ee fluoride 
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3:3’-Dimethoxyhelianthrone, 4:4’-di- 
hydroxy-, 169. 
4:4’-Dimethoxyhelianthrone, 164. 
10:11-Dimethoxy-1:2:3:4:6:7-hexahydro- 
benzpyridocoline, and its  deriv- 
atives, 47. 
9:10-Dimethoxy-1:2:3:5:6:13-hexahydro- 
benzpyrrocoline, and its salts, 45. 
5:7-Dimethoxy-4-methylcoumarin, 1258. 
5:7-Dimethoxy-2-methyl-3-ethyl-1:4- 
benzopyrone, 1253. 
5:7-Dimethoxy-3-methylflavone, 1252. 
1:4-Di( 8-6’-methoxy-2’-methyl-4’-quin- 
olylaminoethylpiperazine, and its tetra- 
hydrochloride, 3103. 
1:2-Dimethoxy-4-methylthioxanthone, 
and its derivatives, 527. 
2:2’-Dimethoxynaphthadianthrone, 153. 
4:4’-Dimethoxynaphthadianthrone, 163. 
t-te: 
2595. 
3’:4’-Dimethoxy-fa-naphthaflavone, 
2596. 


Di-(3-methoxy-2-naphth)hydrazide, 376. 
Di-2-methoxy-1-naphthyl disulphide, 
917. 


Di-p-methoxyphenyl methylene ether, 
1769. 


3:4-Dimethoxyphenylacetanilide, 6- 
nitro-, 2880. 

3:4-Dimethoxyphenylacetic 
nitro-, benzyl ester, 2885. 

Dimethoxy-a-phenylcinnamonitriles,640. 

7:8-Dimethoxy-4-phenylcoumarin, 1880. 

9:10-Dimethoxy-3-phenyl-5:6-dihydro- 
benzglyoxalocoline, and its deriv- 
atives, 48. 

2:6-Dimethoxyphenyl 3:4-dimethoxy- 
styryl ketone, 4-hydroxy-, and its 
acetyl derivative, 1707. 

aa-Di-(2-methoxyphenyl)ethane, f-di- 
chloro-aa-di-5-nitro-, 1833. 

a-3:5-Dimethoxyphenyl-8-p-tolylthio- 
carbamide, 3306. 

Dimethoxypropanes, chloro-, 452. 

2:6-Dimethoxypropiophenone, 4-hydr- 
oxy-, and its benzoyl derivative, 1251. 

4:6-Dimethoxypropiophenone, 2-hydr- 
oxy-, 1251. 

2:3-Dimethoxyquinol diacetate, 2548. 

1:2-Dimethoxythioxanthone, 4-bromo-, 
and its dioxide, 525. 

p-Dimethylaminobenzaldehyde p-bromo- 
phenylhydrazone, 1232. 

p-Dimethylaminobenzylamine, and its 
derivatives, 1237. 

p-Dimethylaminobenzylidenebenzyl- 
amine, 1237. 

a 3-Di( methylamino)-a-4-hydroxy-3- 
methoxyphenylpropane, 1472. 

af Di(methylamino)-a-p-hydroxyphenyl- 
propane sulphate, 1477. 


acid, 6- 
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2:5-Di(methylamino)-3-n-lauryl-p- 
benzoquinone, 2122. 
y-Dimethylaminolupinane, and its di. 
methiodide, 434. 
4-Dimethylamino-l-naphthoyl 
and chloride, 124. 
2:5-Di( methylamino)-4-n-nonyl-p-tolu- 
quinone, 2119. 
acer cumenmeeer 
2571. 
a-Dimethylamino-f-phenylpropionitrile 
hydrochloride, 2572. 
2:5-Di( methylamino)-4-n-undecyl-p- 
toluquinone, 2121. 
Dimethylammonium 
1860. 
Dimethylaniline, 3- and 4-nitro-, action 
of nitrous acid on, and the so-called 
B-3:4-dinitro-derivative, 1508. 
9:10-Dimethylanthracene, production of, 
753. 
3:4-Dimethylbenzanilide, 2327. 
1:1’-Dimethyl-5:6(or 5’:6’)-benz--cyan- 
ine iodide, 785. 
1:3-Dimethylbenzene-4:6-disulphony] 
fluoride, 2107. 
1:2-Dimethylbenziminazoles, 5- and 6- 
bromo-, and 6-nitro-, 1150. 
1:2-Dimethylbenziminazole-6-arsonic 
acid, 1152. 
2:3-Dimethyl-1:4-benzopyrone, 
oxy-, and its acetate, 2430. 
7-hydroxy-, 1262. 
5:7-dihydroxy-, and its diacetyl de- 
rivative, 1260. 
7:8-dihydroxy-, and its diacety] deriv- 
ative, 1879. 
1’:2-Dimethyl-5’:6’-benzthio-/-cyanine 
iodide, 786. 
3:5-Dimethyl-1:2:3-benztriazole 1-oxide, 
6-amino-, 1281. 
Dimethylbutadienes, refractivity and 
homogeneity of, 3221. 
addition of hydrogen bromide to, 129. 
Dimethylcamphoranilic acids, 480. 
3:4-Dimethylcoumarin, 6-hydroxy-, and 
its acetate, 2430. 
7-hydroxy-, and its acetyl derivative, 
1263. 
conversion of, into 2:4-dimethoxy- 
aB-dimethylcinnamic acid, 1875. 
5:7-dihydroxy-, 1259. 
7:8-dihydroxy-,and its diacetate, 1880. 
ay-Dimethylcrotonic acid, a-cyano-, 
ethyl ester, 575. 
9:10-Dimethyl-1:2:5:6-dibenzanthracene, 
495. 
1:1’-Dimethyl-5:6:5’:6’-dibenz~/-cyanine 
iodide, 784. 
9:10-Dimethyl-9:10-dihydro-1:2:5:6-di- 
benzanthracene, and 9:10-dibydroxy-, 
495. 


anilide 


dibromoiodide, 


6-hydr- 
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4:5-Dimethyldihydroresorcinol, and its 
hydrate, 818. 
9:7-Dimethyl-1:3-diketohydrindene, 4- 
hydroxy-, 517. 
Dimethyldinaphthyl ketones, 492. 
Dimethylisoeugenol, 1365. 
ay-Dimethylglutaconic acid, optically 
active, and its salts, 547. 
By-Dimethylglutaconic acid, a-cyano-, 
ethyl ester, 571. 
Dimethylmalonic acid, copper, nickel, 
and zinc salts, 2004. 
Dimethylmesidine hydrochloride, action 
of methyl alcohol on, 1581. 
N-Dimethylmesidine picrate, 1593. 
3:4-Dimethyl-a-naphthacoumarin, 2432. 
2:3-Dimethyl-1:4-a-naphthapyrone, 2431. 
Dimethylpentamethylenetetramine 
picrate, 1492. 
Dimethyl-42-pentene-ae-dicarboxylic 
acids, a-cyano-, ethyl esters, 2772. 
Di(methylphenoxy)methane, di-o-hydr- 
oxy-, 1770. 
4-(Dimethylphenyl)-2:6-dimethyl-1:4-di- 
hydropyridine-3:5-dicarboxylic acids, 
ethyl esters, 1841. 
fy-Dimethyl-4e- and -48-propene-cay-di- 
carboxylic acids, a-cyano-, ethyl esters, 
570. 
1:2-Dimethyl-4-pyridone, 
3029. 
1:6-Dimethyl-a-quinoline, 8-nitro-, 2202. 
N-4’-Dimethyl-N -2’-quinolylanthr- 
anilic acid, 2846. 
3:4-Dimethyl-4*-tetrahydrophthalic 
anhydride, 3235. 
Dimethylthallium tetra-acetylethane 
and tetra-acetylpropane, 2242. 
p-Dimethyldithiolbenzene, tetrabromides 
and dioxides of, 1691. 
Dinaphthathioxins, 3- and 10-mono- and 
3:10- and 3:11-di-bromo-, 721. 
4:4’-Di-a-naphthoyl-3:3’-dimethyldi- 
phenyl, 502. 
2:2’-Dinaphthyl, 1:1’-dihydroxy-, 1272. 
Dinaphthyls, mono- and di-nitro-, 3179. 
1:2’-Dinaphthyl oxide, 6:6’-dibromo-2- 
hydroxy-, 2210. 
2:2’-Dinaphthylene 1:1’-oxide, 1272. 
iso-B-Dinaphthylene oxide, catalytic 
preparation of, 1270. 
ay-Diphenoxy-f$-acetoxypropane, 456. 
Diphenyl, 4-bromo-4’-fluoro-, 4-fluoro- 
4’-amino-, and -4’-nitro-, 4-chloro- 
4’-fluoro- and 4-nitro-4’-amino-, 
1361. 
5-mono- 


5-hydroxy-, 


and 


5:4’-di-bromo-3-nitro- 
4-amino-, acetyl derivatives, 2227. 


bromonitroamino-, dibromoamino-, 
dibromonitroamino-, tribromo- 
amino- and nitroamino-, p-toluene- 
sulphony] derivatives, 2338. 
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Diphenyl, 2- and 3-iodo-, 1112. 

3:5:4’-trinitro-4-hydroxy-, 
salt, 614. 

Dipheny] carbonate, di-2-iodo-, 142. 
4:4’-diiodo-, and its _bisiododi- 
chloride, 1109. 

derivatives, unsymmetrical, synthesis 
of, 769. 

ether, derivatives of, 3173. 
2-iodo-, and its iododichloride, 142. 

ethers, bromonitroamino-, chloro- 
mono- and -di-amino-, chloro-mono- 
and -di-nitroamino-, chloronitro-, 
dichloroamino-, dichloro-mono- and 
-di-nitroamino-, iodo-mono- and 
-di-amino-, iodonitro-, mono- and 
di-nitroamino-, and their deriv- 
atives, 529. 

methylene ethers, amino-, and their 
acetyl derivatives and nitro-, 1768. 

disulphoxide, di-2-iodo-, 719. 

Diphenyl series, 1359, 2338. 

Diphenyl-4-acrylic acid, and its ethyl 
ester, 2478. 

Diphenyl-4-aldehyde, preparation of, 
and its 2:4-dinitrophenylhydrazone, 
2477. 

Diphenylamines, mono-, di-, and tri- 
chlord-, and their carboxylic acids, 
299. 

Diphenylamine-6’-arsinic acid, 3:4-di- 
chloro- and 1:2:3-trichloro-, 303. 

Diphenylamine-€-arsonic acid, 3-nitro-, 
3272. 


pyridine 


4:6-Diphenyl-o-anisic acid, 773. 
Diphenylbenzopyrylium ferrichlorides, 
1702. 
1:3-Diphenyl-5-benzylbarbituric acid, 5- 
bromo-, 1874. 
1:2-Diphenylchrysene, 2015. 
ay-Diphenylcrotonoiminolactone, 866. 
Diphenyldiarsenic trisulphide, 3:3’-di- 
amino-4:4’-dithiol-, 2560. 
1:2-Diphenyl-1:2-dihydro-a-chrysapina- 
colin, 2014. 
1:2-Diphenyl-1:2-dihydrochrysene, 
dihydroxy-, 2014. 
Diphenyldiphenyls, 1111. 
Diphenylene oxide, 2-mono- and 2:6-di- 
bromo-, 3-mono- and 3:6-di-chloro-, 
and 3-chloro-7-nitro-, 533. 
Diphenylethanedisulphones, p-nitro-, 
and 0o’- and pp’-dinitro-, 1686. 
a8-Diphenylethyldimethylamine, and its 
salts, 2571. 
1:2-Diphenylglyoxalino-4:5(3’:2’)-quinol- 
ine, 978 
ay-Diphenylmethyleneazomethines, 
effect of p-substitution on mobility 
and equi!ibrium in, 1225. 
3:5-Diphenylphenol, and its benzoyl 
derivative, 773. 


1:2- 
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Diphenyl-w-piperidinomethylcarbinol 
hydrochloride, 1186. 

Diphenyl-4-propiolic acid, 2479. 

4:6-Diphenylsalicylic acid, and its deriv- 
atives, 773. 

Diphenylthallium bromide and chloride, 
1465. ; 

s-Diphenylthiocarbamides, _s-difluoro-, 
3300. 


Diphenyldithiolethane, p-nitro-, and 
oo’- and pp’-dinitro-, dioxides of, and 
their salts, 1686. 

B-4-Diphenylylpropionic aB-di- 
bromo-, 2478. 

1:4-Di-( 8-phthalimidoethyl) piperazine, 
and its dihydrobromide, 3100. 

Ditsopropylacetyl anilide and chloride, 
2338. 


acid, 


Diisopropylmalonamic acid, ethyl ester, 
2336. 


Dipropylmalonic acid, copper, nickel, 
and zinc salts, 2004. 

Diisopropylmalonic acid, and its deriv- 
atives, 2336. 

Dipyridinodibromogold bromide, 2414. 

Di-2-pyridylamino/ribromogold, 2415. 

— B-2-quinolylpropionyl)hydrazide, 


Dissociation constants of organic acids, 
1201, 1715. 

of dibasic acids, 2153. 

Di(styryl 8-phenylethylketone), 1338. 

Disulphoxides, stereoisomerism of, 1684, 
1690. 

1:4-Dithian, derivatives of, 231. 

1:4-Dithian dioxide, 1918. 

1:3-Dithiolan di- and tri-oxides, 1688. 

1:3-Dithiolan dioxide, 2:2-dichloro-, 
2643. 

4-Di-p-toluenesulphonamidodiphenyl, 
3:5-dinitro-, 614. 

Di-p-toluenesulphon-2:4-dinitroanilide, 
614, 

Ditolylacetones, 
azones, 1849. 

2:6-Ditolylbenzoquinones, 1852. 

ay-Ditolyloxy-8-acetoxypropanes, 457. 

2:6-Di-o-tolylphenol, 4-amino-, 1852. 

2:6-Ditolylphenols, 4-nitro-, 1850. 

Diveratryl 4-disulphide, 524. 
5-disulphide, di-4-bromo-, 524. 

Divinyl sulphide, and sulphoxide, reac- 
tions of, and £-chloro-, 1913. 

Divinylsulphone, reactions of, 1913. 

8-Di-p-xenylcarbamide, 1125. 

Docosane, heat of crystallisation of, 
1533. 

Ae-Dodecanoic acid, preparation and 
derivatives of, 2047. 

isoDurenol, derivatives of, and bromo-, 
and its acetate, 1590. 

tsoDuridine, and its picrate, 1591. 


and their semicarb- 
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E. 


Electrical conductivity of electrolytes in 
nitrobenzene, 215. 
of electrolytes in nitromethane, 199, 
Electrodes, antimony—antimonous oxide, 
use of, for determination of hydro. 
gen ions, 458. 
glass, determination of potential of, 
2977, 2983. 
quinhydrone, reaction at, in methyl] 
alcohol, 3212. 
tungsten, use of, in potentiometric 
titrations and pq measurements, 
829. 
Electro-endosmosis, 389, 1564. 
Electrolytes, conductivity of, in nitro- 
benzene, 215. 
in nitromethane, 199. 
weak, calculation of dissociation of, 
3341. 

Electrometer, null ballistic valve, deter- 
mination of glass-electrode poten- 
tials by, 2977. 

Elements of the oxygen-group, doubly- 
and singly-linked, salt-forming char- 
acteristics of, 307, 314. 

Embelia ribes, embelic acid from, 
2112. 

Embelic acid, constitution and synthesis 
of, 2112. 

Embelin. See Embelic acid. 

Ephedrine from Z'arus baccata, and its 
p-nitrobenzoyl! derivative, 2148. 

Ergot alkaloids, 1888. 

n- and ¥-Ergotinines, 1888. 

Esters, addition of, to butadiene esters 

and ketones, 1904. 

carboxylic, hydrolysis of, 2035, 2043, 
2170. 

of dibasic acids, saponification of, 
3112. 

Ethane, analysis of mixtures of methane, 
hydrogen and, 368. 

Ethers, aliphatic, 371. 

p-Ethoxybenzophenoneoxime, 893. 

4’-Ethoxycamphoranilic acid, 2’:6’-di- 
nitro-, 482. 

B-Ethoxyethyl vinyl sulphide, 235. 

Ethoxyl groups, replacement of fluorine 
b 

6-Ethoxyquinaldine, 4-chloro- and 4- 
hydroxy-, hydrochloride, 2816. 

Ethyl alcohol, effect of solvents on 
acetylation of, 2297. 

Ethyl bromide, effect of intensive drying 

on distillation and vapour pressure 
’ of, 2573. 
f’-chlorovinyl sulphide, af-dichloro-, 
1915. 


esters and iodides, X-ray data for, 
2796. 





Tom, 


hesis 


d its 
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Ethyl mercaptan and sulphide, dielectric 
polarisation of benzene solutions of, 
2062. 

orthosilicate, parachor of, 127. 
vinyl sulphide, B-chloro-, 235. 
aB-dichloro-, 1914. 
Ethylammonium dibromoiodide, 1860. 
Ethylanilinoacetone phenylhydrazone, 
2570. 
5-Ethylbarbituric acid, 5-bromo-, 1873. 
N-Ethylearbazole, 3-nitro-, synthesis of, 
2255. 
1-Ethyl-6:7-dimethoxytetrahydroiso- 
quinoline, 1-8-amino-, salts of, 42. 

N-Ethyldiphenylamine, o-amino-, and 

o-nitro-, 2262. 
4-chloro-2-nitro-, and 2-nitro-4- 
amino-, hydrochloride, 2258. 
Ethylene, surface reactions of halogens 
with, 2597. 
derivatives, orientation in addition of 
halogens and halogen hydrides to, 
2742, 2746. 
influence of substituents on additive 
reactivity of, 2354. 
cycloEthylene acetanilide- and benz-p- 
thioarsinites, 3056. 
Ethylenediaminodi-n-butylgold bromide, 
2413. 
Ethylenediaminodi-n-propylgold brom- 
ide, 2413. 
Ethylenesulphonic acid, a-iodo-, potass- 
ium salt, 2746. 
Ethylenedithioldiacetic acid dioxides, 
1685. 
3-Ethylflavone, 5:7-dihydroxy-, 1261. 
Ethylmalonic acid, copper, nickel, and 
zinc salts, 2003. 
Ethylmalonic acid, 8-cyano-, ethyl ester, 
2550. 

y-Ethyl-5-methylhepten-f-ones, 2506. 

1-Ethyl-8-naphtha-2-quinolone, 783. 

2-Ethylperinaphth-1:3-diketohydrindene, 

5-hydroxy-, 278. 

2-Ethylphenol, 4-nitro-, 1851. 

4-Ethylphenylthiocarbamide, 3299. 

4-Ethylpiperazinoethylamino-6-methoxy- 

2-methylquinoline, 4’-8-amino-, and 

its picrate, 3102. 
a-Ethyl-48-propene-ay-dicarboxylic acid, 

a-cyano-, ethyl ester, 573. 
1-Ethyl-2-pyridone, preparation of, 780. 
_— B-chloro-, and B-cyano-, 


Euxanthic acid, constitution of, and its 
potassium salt, 1709. 
Explosions in closed cylinders, 847, 
2303. 





gaseous, ionisation in, 878. 
after-burning in, 2467. 
Explosives, initiating, crystallography | 

of, 2532. 


F. 


Fenchone dinitrophenylhydrazone, 758. 

Ferrioxalic acid, potassium salt, photo- 
lysis of solutions of, 3079. 

Fisetinidin chloride, 2732. 

Fisetinin chloride and picrate, 2730. 

Flame, propagation of, in electric fields, 
195. 


Fluorene-2-arsonic acid, and its sodium 
salt, 621. 

Fluorenone-2-arsonic acid, and 7-amino-, 
and its acetyl derivative, and 7-nitro-, 
and their sodium salts and derivatives, 
621. 

Fluorenone-7-glycinamide-2-arsonic 
acid, and its sodium salt, 623. 

Fluorenone-7-glycine-2-arsonic acid, and 

its sodium salt, 623. 
Fluorine :— 
Fluosilicate ions, activity coefficient 
of, 1648. 
Fluosilicates. See under Fluorine. 
Formaldehyde, induction period of reac- 
tion between ammonium sulphide 
and, 474. 
reactions of malonic esters with, 653. 

For~amide, purification and physical 
constants of, 3257. 

a~Formyl-p-methoxyphenylacetonitrile, 
1544, 

a-Formylphenylacetonitriles, 
ation of, with phenols, 1541. 

a-Formyl-3:4:5-trimethoxyphenylaceto- 
nitrile, 1544. 

Friedel and Crafts’ reaction with arom- 
atic silicon compounds, 2774. 

Fulminic acid, mercuric salt, crystallo- 
graphy of, 2532. 

Furan, dielectric polarisation of benzene 
solutions of, 2062. 


condens- 


G. 


4-Galactosidomannose, and its methyl 
derivatives, 1354. 
3-8-Galactosidyleyanidin chloride and 
picrate, 2722. 
3-8-Galactosidylpeonidin chloride and 
picrate, 2728. 
Gases, ionisation in explosions of, 878. 
adsorption of, 2203, 3313. 
ignition of, 2456. 
after-burning in explosions of, 2467. 
Gaultherin. See Monotropitoside. 
Germanium compounds, 60, 2083. 
Germanium tetrachloride, action of 
amines and other organic bases on, 
2083. 
imide, 60. 
Gitoxigenin, 25. 
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Gitoxin, 24. 
Glucal, structure of, 1131. 
a-Glucoheptose series, Walden inversion 
in, 2864. 
Glucosides, 1288. 
synthesis of, 72, 1881. 
digitalis, 23. 
natural, 1704, 1709. 
Glucosides. See also : — 
Aesculin. 
Gitoxin. 
Hesperidin. 
Monotropitoside. 
4-8-Glucosidomannonic acid, and its cal- 
cium salt, 1352. 
4-Glucosidomannose, and its methyl! de- 
rivatives, 1349. 
3-8-Glucosidoxy-5:7:3’:4’-tctrahydroxy- 
flavylium picrate, 2668. 
3-8-Glucosidoxyindole-2-carboxylic acid, 
6-bromo-, potassium salt, 74. 
Glucosidyl halides, effect of 2-p-toluene- 
sulphonyl group on reactivity of 
halogen in, 2626. 
3-8-Glucosidylcyanidin chloride, 2670. 
5-8-Glucosidylhirsutidin chloride, 2738. 
3-8-Glucosidylmalvidin chloride and 
picrate, 2710. 
4-8-Glucosidyl-2-O-methylphloroglucin- 
aldehyde, 2685. 
4’-8-Glucosidylpelargonidin 
and its derivatives, 2680. 
5-8-Glucosidylpelargonidin 
2695. 


chloride, 


chloride, 


7-8-Glucosidylpelargonidin salts, 2687. 


3-8-Glucosidylpeonidin chloride and 
picrate, 2718. 

Glutaconic acid, strychnine hydrogen 
salt, 559. 

Glutaconic acids, structure of, and their 

esters, 560. 
chemistry of, 547. 

Glutaric acids, structure of, 2168. 

Glycerol dibenzyl, dimethyl, dipropy]l, 
and methyl ethers, 445. 

Glycidyl ethyl and isopropyl] ether, 455. 

Glycogen, glucopyranose structure of, 
1342. 

Glycol esters, mixed, distribution of 
saturated and unsaturated higher 
fatty acids in, 901. 

Glycols, aliphatic, derivatives of, 1697. 

Glyoxylic acid, and bromo-, and their 

ethyl esters, mono- and di-bromo-p- 
tolylhydrazones, 1091. 
dinitrophenylhydrazone, 758. 

Glyoxylic acid, cyano-, ethyl ester, 
phenylhydrazone, 567. 

Gold organic compounds, 2407. 

Grignard reagents, action of, on amino- 
nitriles, 2568. 

Gum arabic, aldobionic acid from, 258. 
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H. 


Halides, adsorption spectra of, 1092. 
Halogens, lability of, in organic com. 
pounds, 1870. 
surface reactions of ethylene with, 
2597. 
Hashish, 630. 
Heat of crystallisation of long-chain 
hydrocarbons, 1533. 
Helianthrones, tetrahydroxy-, and their 
acetyl derivatives, 159. 
Hendecamethyl cellotriose, 824. 
5-O-Hepta-acetyl-f-lactosidoxy-7:3’:5’- 
trimethoxyflavylium chloride, 3:4’-di- 
hydroxy-, 2740. 
2-O-Hepta-acetyl-8-lactosidyl-4-O- 
methylphloroglucinaldehyde, 2740. 
Heptamethylene glycol, 1698. 
Heptamethyl 4-§-galactosido-a-methyl- 
mannoside, 1356. 
Heptamethyl 4-8-glucosido-a-methyl- 
mannoside, 1351. 
cycloHeptanone dinitrophenylhydrazone, 
58. 
Heptyl alcohol, 7-chloro-, and its pheny]- 
urethane, 1699. 
Hesperidin, structure of, and its acetyl 
derivative, 1704. 
Hexacosane, heat of crystallisation of, 
1533. 
Hexadecyl alcohol, equilibrium of octa- 
decyl alcohol and, 802. 
Hexahydroheptindoles, stereoisomeric, 
1901. 
trans-Hexahydrohydrindene, 2-cyano- 
hydrin, 941. 
cis- and trans-Hexahydrohydrindenes, 2- 
substituted, 922. 
Hexahydrohydrindene-2-acetic acids, 2- 
hydroxy-, and their ethyl esters, 944, 
951. 


trans-Hexahydrohydrindene-2-cyano- 
acetic acid, 2-cyano-, and its deriy- 
atives, 941. 
Hexahydrohydrindene-2:2-diacetic acids, 
and their derivatives, 943, 947. 
trans-Hexahydrohydrindene-2:2-diacetic 
acid, a-bromo-, aa’-dibromo-, a-bromo- 
a’-hydroxy-, a-cyano-, a-mono-, and 
aa’-di-hydroxy-, and their derivatives, 
939, 963, 965, 971. 
Hexahydrohydrindene-2:2-dicyanoacetic 
acids, w-imides, 942, 947. 
Hexahydrohydrindene-2:2-dimalonic 
acids, ww-di-imides, 944, 948. 
trans-Hexahydrohydrindene-2-formic 
acid, 2-hydroxy-, 941. 
Hexahydro-2-hydrindones, 936, 947. 
trans-Hexahydrohydrindyl-2-acetic acid, 
and its derivatives, 937. 
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r-trans-Hexahydrohydrindyl]-2-cyano- 
acetic acid, ethyl ester and anilide, 937. 
Hexahydrohydrindylidene-2-acetic acids, 
and a-cyano-, and their derivatives, 
945, 951. 
trans-Hexahydrohydrindylidene-2- 
acetone, and its semicarbazone, 971. 
Hexahydrohydrindylidene-2-cyanoacetic 
acids, and their derivatives, 938, 950. 
trans-Hexahydrohydrindylidenehexa- 
hydro-2-hydrindone, and its semi- 
carbazone, 945. 
a-Hexahydrohydrindylidene-2-propio- 
nitriles, 938, 950. 
trans-Hexahydrohydrindyl-2-malonic 
acid, and its methyl ester and anilide, 
937. 
Hexahydroindenyl-2-acetic acids, 
their derivatives, 946, 951. 
Hexahydroindenyl-2-acetonitriles, 
950. 
a-Hexahydroindenyl-2-propionic acids, 
a-cyano-, and their derivatives, 938, 
950. 
Hexahydrostrychnine, oxidation of, 3160. 
5:6:7:3’:4’:5’-~Hexamethoxy-3-phenylcou- 
marin, 1544. 
4:4’:4’’-Hexamethylfriaminotrinaphthy!- 
methane, 125. 
Hexamethylene af-diselenocyanate, 179. 
cycloHexamethylene 1:8-diselenide, 179. 
Hexamethylenediselenious acid, 180. 
Hexamethylenetetramine, reduction of, 
and its picrate, 1492. 
cycloHexane, 1-aminocyano-, hydro- 
chloride, and 2-chloro-1-cyano-, 1389. 
cycloHexanespirocyclobutanone, 1604. 
ane acid, l-amino-, 
390. 
cycloHexane-1:2-diacetic acids, prepar- 
ation of, 935, 947. 
cycloHexane-3:5-dione-1(2’)-spiro-trans- 
hexahydrohydrindene, 973. 
n-Hexoylcholine chloroplatinate, 767. 
Hippuramide-p-arsonic acid, 3257. 
Hippuric acid p-arsenoxide and arsine 
dichloride, 3257. 
Hippuro-p-phenylethylamide, 40. 
Hippuro-f§-veratrylethylamide, 40. 
Homomesitones, 2496. 
a-Homopiperonylmalonanilic acid, 2060. 
oer eae acid, 
2061. 
a-Homoveratrylmalonanilic acid, 2061. 
1: cream emaniameena acid, 


and 


939, 


Hugo Miiller Lecture, 1. 

Hydrastines, and amino-, chloro-, and 
iodo-, and their salts and derivatives, 
236. 

Hydrazinodeoxystrychol. See Indole-2- 
carboxyhydrazide. 
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Hydrazinohydrastines, 241. 
Hydrazones, chloro-substituted, action 
of chlorine on, 1925. 
a-Hydrindone o-bromophenylhydrazone, 
3335. 
Hydrocarbons, aromatic polycyclic, 487, 
489, 499, 2012, 2524, 2529, 3273. 
— melting points and heats 
of crystallisation of, 1533. 
Hydrochloric acid. See under Chlorine. 
Hydrocyanic acid. See under Cyanogen. 
Hydrogen, influence of hydrogen sul- 
phide on adsorption of, by platinum, 
2203. 
heat of adsorption of, on platinum, 
3313. 
catalytic action of, on carbon mon- 
oxide flames, 641. 
analysis of mixtures of 
methane, and, 368. 
Hydrogen dibromoiodide and chloro- 
bromoiodide, 1861. 
selenide and telluride, vapour pres- 
sures of, 2134. 
sulphide, solubilities of, in various 
solvents, 1371. 
kinetics of oxidation of, 1809. 
Hydrogen ions, mobility of, 1715. 
determination of, with the anti- 
mony-antimonous oxide electrode, 
458. 
Hydroxy-compounds, identification of, 
by means of arylcarbimides, 1124. 
w-Hydroxy-sulphides, homologous, reac- 
tivity of, 2956. 
Hydroxyl groups, aromatic, reactivity 
of, 2516. 
Hypochlorous acid. See under Chlorine. 
Hyponitrites. See under Nitrogen. 
Hystazarin, preparation of, 157. 


ethane, 


I. 


Idaein. See 3-B-Galactosidylcyanidin. 

Ignition of gases, 2456. 

Indan-1:3-dione. See 
indene. 

Indican, 6-bromo-, synthesis of, and its 

penta-acetyl derivative, 72. 
Indirubin, 6-bromo-, 76. 
Indole derivatives, polycyclic, action of 
halogens in, 3324. 
action of nitric acid on, 93, 1990, 
2218. 
Indole-2-carboxyazide, 5:7-dinitro-, 775. 
Indole-2-carboxyhydrazide, 5:7-dinitro-, 
775. 

Indole-2-carboxylic acid, 6-bromo-3- 
hydroxy-, methyl ester, and its di- 
acetyl derivative, 73. 

3:5:7-trinitro-, methyl ester and hydr- 
azide of, 776. 


1:3-Diketohydr- 
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a-Indolylurethane, 5:7-di- and 3:5:7-tri- 
nitro-, 776. 
Iodine, tervalent, parachor of, 807. 
Iodine pentoxide, action of, with nitric 
oxide, 32. 
Periodic acid, basicity of, 876. 
Iodometry of unsaturated compounds, 
723. 
Ionone dinitrophenylhydrazone, 758. 
Ions, complex, in solutions, 1418. 
dissolved, electrical and mechanical 
conditions in the neighbourhood of, 
2179. 
Isoprene, action of bromine and water 
on, 2761. 
Itaconic acid, determination of, in mix- 
tures with mesaconic acids, 724. 
Itaconic acids, tautomerism of, 726. 


K. 


1-Keto-3-(3’-aminophenyl)-4-methyl- 
tetrahydrophthalazine, 1922. 
1-Keto-3-(3’-aminopheny]l)tetrahydro- 
phthalazine, 1923. 
4-Keto-1:3-benzdioxin, 6:8-dinitro-, 2494. 
Ketobenzquinazocoline, 2844. 
3-Keto-1:2-endo-4’-bromo-2’-nitropheny]- 
imino-2:3-dihydro-1:2-benzisodiazole 
l-oxide, 2792. 
3-Keto-1:2-endo-3’-bromo-o-tolylimino- 
2:3-dihydro-1:2-benzisodiazole, and its 
l-oxide, 2790. 
3-Keto-1:2-endo-3’:5’-dibromo-o-tolyl- 
imino-2:3-dihydro-1:2-benzisodiazole 
l-oxide, 2791. 
a-Ketobutaldehyde, 8-chloro-phenyl- and 
tolyl-hydrazones of, 752. 
2-Keto-3-cyano-6-methylpiperidine-4(2’)- 
spiro-trans-hexahydrohydrindene, 6- 
hydroxy-, 972. 
2-Keto-1:2-dihydrgfi-1-naphthyl sul- 
phide, 1-nitro-2’-hydroxy-, 1194. 
3-Keto-4:5-dihydrodi-(1:2)-pyrrole, syn- 
thesis of, and its derivatives, 49. 
5-Keto-1:2-diphenyl-4-o-nitrobenzyl- 
idene-4:5-dihydroglyoxaline, 978. 
a-Keto-trans-hexahydrohydrindene-2:2- 
diacetic acid, and its derivatives, 967. 
2-Keto-2’-hydroxy-1:2-dihydrodi-1- 
naphthyl sulphide, 1-nitro-, and its 
2’-acetyl derivative, 1194. 
2-Keto-8-hydroxy?sopropyl-40-hepteno- 
lactone, and its semicarbazone, 30. 
2-Keto-2’-methoxy-1:2-dihydrodi-1- 
naphthyl sulphide, 1-nitro-, 1194. 
Ketones, action of acid catalysts on, 248. 
benzoylation of, from phloroglucinol, 
1245. 
reactions of o-derivatives of, 1382. 
Ketones, a-oximino-, 2018. 
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y-Keto-nitriles, hydrolysis of, 863. 

5-Keto-4-m- and -p-nitrobenzylidene-2- 
phenyl-4:5-dihydro-oxazoles, 2902. 

1-Keto-octahydropyridocoline, and _ its 
derivatives, 441. 

1-Keto-octahydropyridocoline-2-carb- 
oxylic acid, ethyl ester, 441. 

1-Ketocyclopentyl-2-succinic acid, and 
its anhydride, 1555. 

19-Ketophenanthridindocoline, 3331. 

5-Keto-2-phenyl-4-(4’-benzyloxy-3’- 
methoxybenzylidene)-4:5-dihydro-ox- 
azole, 2896. 

5-Keto-2-phenyl-4-(2’-nitro-4’-acetoxy- 
3’-methoxybenzylidene)-4:5-dihydro- 
oxazole, 2888. 

5-Keto-2-phenyl-1-tolyl-4-piperonylidene 
4:5-dihydroglyoxalines, 977. 

8-Keto-5:6:7:8-tetrahydropyrrocoline, 
synthesis of, and its derivatives, 49. 

2-Keto-4:5-w-trimethoxy-6-methyltetra- 
hydro-1:3-oxazine, 1303. 

1-Keto-2:3:5-trimethyl-1:2:3:4-tetra- 
hydronaphthalene, 1335. 

Ketoximes, Beckmann transformation 
of, 886. 

Knoevenagel reaction, 740. 

Kojic acid, formation of, from sugars by 
Aspergillus oryze, 16. 

derivatives of, 3023. 


L. 


5-Lactosidylhirsutidin chloride, 2738. 
Laudanosine, oxidation of, 443. 
Laurotetanine, 2893. 
3-n-Lauryl-p-benzoquinone, and 2:5-di- 
hydroxy-, 2122. 
Laurylquinol, 2121. 
Lead azide, crystallography of, 2532. 
thermal decomposition and deton- 
ation of crystals of, 2123. 
monoxide, polymorphism of, 2821. 
equilibrium of nitrogen pentoxide, 
water, and, 1757. 
Lectures delivered before the Chemical 
Society, 1, 338, 1055. 
Liquids, organic, electro-endosmosis of, 
against glass, 389. 
Lithium chloride, solubility of, in water, 
3148. 
polysulphides, 413. 
Liversidge Lecture, 338. 
d- and l-Lupanines, salts of, 432. 
Lupin alkaloids, 429, 437, 3190. 
Lupinane, 1l-amino-, and bromo-, and 
their derivatives, 434. 
Lupinine hydrazide and d-tartrate, 3194. 
N-Lupinyldihydroisoindole, 435. 
N(11)-Lupinylglutaramic acid, methyl 
ester, 436. 
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N(11)-Lupinylphthalimide, 435. 

N(11)-Lupinylpyrrolidine, and its di- 
methiodide, 436. 

N(11)-Lupinylsuccinimide, and its meth- 
iodide, 436. 

Luteolinidin chloride, and its benzoyl 
derivative, 2732. 


Malonanilic acid, and its derivatives, 
condensation of aromatic aldehydes 
with, 2059. 

Malonanilide-p-arsonic acid, and its 
sodium salt, 1746. 

Malonanilide-pp’-diarsonic acid, and its 
sodium salt, 1747. 

Malonic acid, condensation of aldehydes 

with, in presence of bases, 740. 

copper, nickel, and zinc salts, electro- 
lytic dissociation of, 1998. 

esters, reactions of, with formalde- 
hyde, 653. 

ethyl ester, sodium derivative, addi- 
tive components of, 2368. 

Malonic acids, structure of, 2166. 

Malonyl chloride, and its alkyl deriv- 
atives, action of, on resorcinol and 
B-naphthol methyl ethers, 272. 

Maltobionic acid, methyl octamethyl 
ester, 1347. 

d-Mandelic acid, glycols from, 2229. 

Manometer, mercury direct-reading, 
2509. 

Margaric acid, ethyl ester and nitrile, 
dimorphism of, 1736. 

Melting point, case of 

** mixed,” 2151. 
of monobasic fatty acids, 578. 
of long-chain hydrocarbons, 1533. 

dl-Menthol, resolution of, 188. 

l-Menthol, aliphatic and aromatic ethers 
of, and their rotation, 1929. 

Menthone series, 188. 

Menthoxides, potassium and sodium, 
preparation of, 1934. 

l-Menthoxyacetic acid, esters and amide 
of, 1932. 

l-Menthyl esters, aliphatic, rotation and 
polarity of, 2048. 

Mercury alloys with titanium, with 

uranium and with vanadium, 2805. 
Mercurie azide, crystallography of, 
2532. 
Mesaconic acid, determination of, in 
mixtures with itaconic acid, 724. 
Mesidine hydrochloride, action of methyl 
alcohol on, 1581. 
derivatives of, 1590. 
Mesityl-8-(8-naphthyl)thiocarbamide, a- 
chloro-, 3303. 


572 


isothermal 
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Mesoxalic acid 2:4:6-trichlorophenyl- 
hydrazone, 1742. 
Metals of the titanium group, chemistry 
and geochemistry of, 1. 
Metallic salts, dissociation of, in nitro- 
benzene, 795. 
electrolytic dissociation of, of tran- 
sitional metals, 1998. 
Methane, thermal decomposition of, 
1594. 
ignition of mixtures of, with oxygen, 
nitrogen, argon, and helium, 2456. 
flame movement and pressure develop- 
ment in explosions of air and, 847. 
analysis of mixtures of ethane, hydro- 
gen and, 368. 
Methane, nitro-, conductivity of elec- 
trolytes in, 199. 
Methanetetrasulphonic acid, attempted 
preparation of, 222. 
Methanthrene from :podocarpic acid, 
2294. 
3-Methoxyacetophenone,w:4-dihydroxy-, 
and its derivatives, 2717. 
2-Methoxy-4-acetoxy-a-phenylcinnamo- 
nitrile, 640. 
ee 7-hydroxy-, 
2379. 
3-Methoxy-9-anthranol, and its acetate, 
152. 
3-Methoxyanthranol, 6-hydroxy-, and its 
acetyl derivative, 155. 
Methoxyanthrones, and l-hydroxy-, and 
their acetyl derivatives, 162. 
10-Methoxyanthrones, action of Grig- 
nard solutions on, 3340. 
5-Methoxybenzaldehyde, 2:4-dihydroxy-, 
and its diacetate, 1244. 
6-Methoxybenzaldehyde, 2:4-dihydroxy-, 
4-benzoyl derivative, 2676. 
Methoxybenzaldehydes, hydroxy-, and 
their derivatives, 84. 
4’-Methoxybenzil a-oximes, 2025. 
10-Methoxy-9-benzyl-9:10-dihydro- 
anthranol, 3340. 
1:4’-Methoxybenzyl-6:7-dimethoxyiso- 
quinoline, 1:3’-hydroxy-, 3171. 
4-Methoxybenzylidenehippuric acid, 2- 
nitro-4-hydroxy-, 4-acetyl derivative, 
ethyl ester, 2889. 
p-Methoxybenzylidenemalonanilic acid, 
2060. 


p-Methoxybenzylidenemalon-o-toluidic 
acid, 2060. 

y-Methoxybutyric acid, /-menthyl ester, 
2052. 

2’-Methoxycamphoranilic acids, 4’- and 
5’-nitro-, 480. 

4’-Methoxycamphoranilic acid, 2’:6’-di- 
nitro-, 481. ° 

2-Methoxy-1-a8§-trichloroethylbenzene, 
5-nitro-, 1833. 
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2-Methoxy-1l-aaff-tetrachloroethylbenz- 
ene, 5-nitro-, 1834. 
p-Methoxycinnamanilide, 2060. 
3-Methoxycinnamic acid, 2-nitro-a- 
amino-4-hydroxy-, a-benzoyl deriv- 
ative, 2889. 
p-Methoxycinnam-o-toluidide, 2060. 
3-Methoxycoumarin, 1702. 
9-Methoxy-1:2:5:6-dibenzanthracene, 
2378. 
5-Methoxy-1:3-diketohydrindene, 7-hydr- 
oxy-, 276. 
1-Methoxy-1:3-dimethyl-1:2:3-benztri- 
azolinium methyl sulphate, 6-nitro-, 
1279. 
5-Methoxy-1:2-dimethyl-4-pyridone, 
3028 


2’-Methoxydiphenyl sulphide, 2:5:5’-tri- 
bromo-, 720. 
3-Methoxy-2:4-diphenyl-4?-chromen, 
1704. 
3-Methoxy-4-ethylcarbonatophenylacetic 
acid, 2-nitro-, 2877. 
5-Methoxy-2-ethyl-1:3-diketohydrindene, 
7-hydroxy-, 277. 
Methoxyflavylium chlorides, trihydroxy-, 
¢-Methoxy-n-heptoic acid, and its /- 
menthyl ester, 2055. 
a’-Methoxy-trvans-hexahydrohydrindene- 
2:2-diacetic acid, a-hydroxy-, 970. 
e-Methoxy-m-hexoic acid, and its /- 
menthyl ester, 2054. 
5-Methoxy-2-hydroxy methyl-1-methyl-4- 
pyridone, 3027. 
5-Methoxy-2-hydroxymethyl-4-pyridone, 
3027. 
5-Methoxy-2-hydroxymethyl-y-pyrone, 
3026. 
a-Methoxy-a-3-methoxy-4:5-methylene- 
dioxyphenylpropane, 8-bromo-, 1473. 
5-Methoxy-2-methoxymethyl-1-methyl- 
4-pyridone, 3026. 
5-Methoxy-2-methoxymethyl-y-pyrone, 
3026. 
4-Methoxy-7-methyl-2:2-diethyl-1:3-di- 
ketohydrindene, 518. 
7-Methoxy-11-methyl-5:12-dihydroquin- 
benzarsazine, 12-chloro-, 111. 
5-Methoxy-2-methyl-1:3-diketohydrin- 
dene, 7-hydroxy-, 276. 
3-Methoxy-5-methyldiphenyl-2:6-dicarb- 
oxylic acid, and its derivatives, 
772. 
7-Methoxy-11-methylquinbenzarsazinic 
acid, 111. 
7-Methoxy-11-methylquinbenzarsazinyl 
chloride, 112. 
6-Methoxy-2-methylquinoline, 4-bromo-, 
110. 


p=-6-Methoxy-2-methyl-4-quinolylamino- 
p’-aminodiphenylmethane, 116. 
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4’:6’’-Methoxy-2’’-methyl-4’’-quinoly]- 
amino-3:3’-dimethoxydiphenylyl- 
arsinic acid, 116. 
4’:6’’-Methoxy-2’’-methyl-4’’-quinoly]- 
amino-3:3’-dimethyldiphenylylarsinic 
acid, 113. 
p-6-Methoxy-2-methyl-4-quinolylamino- 
diphenylmethane-p’-arsinic acid, 117. 
o-6’-Methoxy-2’-methyl-4’-quinolyl- 
aminophenylarsinic acid, 110. 
2-Methoxy-4-methylthioxanthone, 1- 
hydroxy-, and its derivatives, 526. 
4’-Methoxy-fa-naphthaflavanone, 2594. 
‘=Methoxy-a-naphthaflavone, 1168. 
4’-Methoxy-fa-naphthaflavone, 2594. 
8-Methoxy-a-naphthafurano-(1’:2’-2:3)- 
benzopyrylium ferrichloride, 900. 
1-Methoxynaphthalene, 2-iodo- and 2- 
nitro-, catalytic preparation of, 1271. 
2-Methoxynaphthalene, 1-thiol-, 918. 
2-Methoxynaphthalene-3-sulphinic acid, 
379. 
2-Methoxynaphthalene-3-sulphonic acid, 
and its potassium salt and derivatives, 
379. 
3-Methoxy-2-naphthoic acid, and its de- 
rivatives, 374. 
1-Methoxy-f§-naphthylamine, catalytic 
preparation of, 1271. 
3-Methoxy-2-naphthylcarbamic 
ethyl ester, 376. 
2-Methoxy-1-naphthylthiolacetic 
918. 
B-Methoxy-f-m-nitrophenylethane, 
bromo-a-nitro-, 2422. 
2-Methoxyphenyl p-toluenesulphonate, 
5-amino-, and its acetyl derivative, 
and 5-hydroxy-, 1242. 
3-Methoxyphenylacetic acid, 4-hydroxy-, 
4-benzyl derivative, and 6-nitro-4- 
hydroxy-, and its 4-benzyl deriv- 
ative, 2898. 
2-nitro-4-hydroxy-, 
atives, 2877. 
3’-Methoxyphenylaceto-f-3:4-dimethox3- 
phenylethylamide, 2’-nitro-4’-hydr- 
oxy-, 4’-benzyl derivative, 2891. 
6’-nitro-4’-hydroxy-, 4’-benzyl deriv- 
ative, 2898. 
3-Methcxy-2-phenylbenzopyrylium ferri- 
chloride, 1702. 
Methoxy-a-phenylcinnamonitriles, 
hydroxy-, 640. 
8-Methoxy-3-phenylcoumarin, 640. 
8-Methoxyphenylethyl chloride, a-4- 
hydroxy-, benzoyl derivative, 1130. 
Methoxyphenylethyldimethylamines, a- 
3- and -4-hydroxy-, and their methyl- 
urethanes, and their miotic activities, 
1126. 
4-Methoxyphenylmethylcarbinol, 3-hydr- 
oxy-, and its benzoyl derivative, 1128. 


acid, 
acid, 


a- 


its deriv- 


and 


4. 
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1-Methoxy-3-phenyl-4-methylene-3:4-di- 
hydrophthalazine, 4’-nitro-, 1071. 
1-Methoxy-3-phenyl-4-methylene-3:4-di- 
hydrophthalazines, 2’:6’-dibromo- and 
2’:6’-dichloro-4’-nitro-, 1086. 
a-(p-Methoxyphenyl)-y-phenyliso- 
crotonoiminolactone, 866. 
a-(p-Methoxyphenyl)-y-phenyliso- 
crotonolactone, 865. 
p-Methoxyphenyl propenyl ketone 36- 
phenylsemicarbazone, 337. 
3-Methoxyphenylpyruvic acid, 2-nitro-4- 
hydroxy-, 2889. 
3-Methoxyphthalide, 4-hydroxy-, deriv- 
atives of, 246. 
p-Methoxypropionic 
ester, 2052. 
o-Methoxypropiophenone, and its semi- 
carbazone, 2428. 
p-Methoxypropiophenone, oximino-, and 
its cobalt compound, 2024. 
5-Methoxy-2-n-propyl-1:3-diketohydr- 
indene, 7-hydroxy-, 277. 
4’-Methoxystilbene, 4-nitro-, 
point of, 444. 
2-Methoxystyrene, af-dichloro-5-nitro-, 
1834. 
2’-Methoxy-1-dithio-1:2’-dinaphthyl 
ether, 920. 
2’-Methoxy-1-thiol-1:2’-dinaphthylether, 
920. 
6-Methoxy-m-toluic acid, nitration of, 


acid, /-menthyl 


melting 


10-Methoxy-1:4:9-trimethyl-9:10-di- 
hydroanthranol, 3341. 

5-Methoxyvaleric acid, /-menthyl ester, 
2053. ‘ 

Methyl esters and iodides, X-ray data 

for, 2796. 

orthosilicate, parachor of, 127. 

Methylacetoacetic acid, ethyl 
action of p-anisidine with, 221. 

3-Methylacetophenone, 5-hydroxy-, and 
its derivatives, 3010. 

8-Methyladipic acid, conversion of, into 
3-methylcyclopentanone, 907. 

7-O-Methylaesculin, 1288. 

Methylamine, pure, preparation of, 1468. 

B-Methylamino-a-hydroxy-a-3-methoxy- 
4:5-methylenedioxyphenylpropane, and 
its hydrochloride, 1473. 

Methylammonium dibromoiodide, 1860. 

7-Methyl-2-amyl-1:3-diketohydrindenes, 
4-hydroxy-, 520. 

Methylaniline, 2-chloro-5-nitro- and 5- 
nitro-2-amino-, 1151. 

dr Methylaspartic acid, hydantoin from, 

00. 


ester, 


5-Methylbarbituric acid, hydrazide of, 
and 5-bromo-, 1872. 

4-Methylbenzil a-oximes, and their de- 
rivatives, 2026. 
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3:4’-Methylbenzamidocarbazoledisul- 
phonic acid, 3’-nitro- and 3’-3’’-nitro- 
amino-, benzoyl derivative, and their 
sodium salts, 3282. 

Methylbenzoic acid, 4-amino-2-hydroxy-, 
4-bromo-2-hydroxy-, and 4-chloro-2- 
hydroxy-, 869. 

Methylbenzoin oxime, 2023. 

3-Methyl-1:2:3-benztriazole l-oxide, 6- 
amino-, and 6-nitro-, 1278. 

Methyl-1:2:3-benztriazole N-oxides, con- 
stitution of, 1273. 

p-Methylbenzylidenebenzylamine, 1238. 

Methylbutadienes, refractivity and 
homogeneity of, 3221. 

7-Methyl-2-butyl-1:3-diketohydrindenes, 
4-hydroxy-, 519. 

Methylcamphoranilic acids, nitro-, 480. 

4-Methylcoumarin, 7-mono- and 5:7-di- 

hydroxy-, 1257. 
7:8-dihydroxy-, 1878. 
1-Methyl-1-cyano-6:7-dimethoxytetra- 
hydroisoquinoline, 1-chloro-, 41. 

Methyl-1:2:5:6-dibenzanthracenes, 494. 

Methyldiethylammonium picrate, 1680. 

Methyldiethyl-8-chloro-y-diethylamino- 
n=propylammonium picrate, 1677. 

Methyldiethyl-y-diethylamino-f-hydr- 
oxy-n-propylammonium picrate, 1673. 

Methyldiethyl-y-diethylamino-f-meth- 
oxy-7-propylammonium salts, 1673. 

Methyldiethyl-y-diethylamino-4«-pro- 
penyl-a-ammonium picrate, 1678. 

7-Methyl-2:2-diethyl-1:3-diketohydr- 
indene, 4-hydroxy-, 518. 

NNN-Methyldiethyl-N’N’N’-methyldi- 
ethyl-8-chlorotrimethylenediammon- 
ium salts, 1677. 

NNN-Methyldiethyl-N’N’N’-methyldi- 
ethyl-8-hydroxytrimethylenediammon- 
ium picrate, 1673. 

NNN-Methyldiethyl-N’N’N’-methyldi- 
ethyl-f-methoxytrimethylenediam- 
monium saits, 1674. 

NNN-Methyldiethyl-N’N’N’-methyldi- 
ethyl-ay-propenylenediammonium 
salts, 1677. 

NNN-Methyldiethyl-N’N’N’-methyldi- 
ethyltrimethylenediammonium salts, 
1679. 

NaNaNo-Methyldiethyl-N vN vN y-triethyl- 
Ac-propenylene-ay-diammonium 
picrate, 1678. 

Methyldihydrophenarsazines, dichloro-, 
305. 


Methyl-5:10-dihydrophenarsazines, 10- 
chloro-7-nitro-, 3272. 

7-Methyl-1:3-diketohydrindene, 4-hydr- 
oxy-, 517. 

1-Methyl-6:7-dimethoxy-3:4-dihydroiso- 
quinoline, 1l-bromo- and_ 1-chloro-, 
salts of, and 1-cyano-, and its salts, 41. 
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N-Methyldiphenylamine, o-amino-, and 
its acetyl derivative, 4-chloro-2-nitro-, 
and o-nitro-, 2260. 

2-Methyldiphenylamines, mono- and di- 
chloro-, and their derivatives, 300. 

Methyldiphenylaminearsonic acids, 3’- 
nitro-, 3272. 

5-Methyldiphenyl-2:6-dicarboxylic acid, 
3-hydroxy-, and its derivatives, 771. 

2-Methyl-1:3-dithiolan dioxide, 2-bromo-, 
2643. 

Methylene sulphate, reactions of, 1765. 

Methyleneamines, cyclic, reduction pro- 
ducts of, 1490. 

Methylenedimalonic acid, ethyl ester, 
preparation of, 673. 

ot eaeemeunditieaneuncnes acid, 

3:4-Methylenedioxycinnamanilide, 2060. 

3:4-Methylenedioxycinnam-o-toluidide, 
2060. 

1:2-Methylenedioxy-3:4-dimethoxybenz- 
ene, 2546. 
3’:4’-Methylenedioxy-8a-naphtha- 
flavanone, 2596. 
3’:4’-Methylenedioxy-fa-naphtha- 
flavone, 2596. 
a-(3:4-Methylenedioxyphenyl)-y-phenyl- 
crotonoiminolactone, 867. 
a-(3:4-Methylenedioxyphenyl)-y-phenyl- 
tsocrotonolactone, 865. 

l(or 1’)-Methyl-1’(or 1)-ethylbenz-/- 
cyanine iodides, 785. 

2-Methyl-3-ethyl-1:4-benzopyrone, 7- 
mono- and 5:7-di-hydroxy-, and their 
derivatives, 1264. 

2-Methyl-6-ethylbenzoquinone, 1853. 

2-Methyl-1’-ethyl-5’:6’-benzthio-:)- 
eyanine iodide, 785. 

4-Methyl-3-ethylcoumarin, 7-mono-, and 
5:7-di-hydroxy-, and their derivatives, 
1264. 

l(or 1’)-Methyl-1’(or 1)-ethyl-5:6:5’:6’- 
dibenz-/-cyanine iodide, 784. 

7-Methyl-2-ethyl-1:3-diketohydrindene, 
4-hydroxy-, 518. 

5-Methyl-y-ethyl-43-hepten-f-one, 2507. 

5-Methyl-e-ethylheptenones, and their 
semicarbazones, 2503. 

B-Methyl-a-ethylhexenoic acids, 1417. 

3-Methyl-2-ethylcyclopentanone-2:3-di- 
carboxylic acid, ethyl ester, and its 
hydrazone-dihydrazide, 1551. 

a-Methyl-f-ethylpentenoic acids, 1416. 

1-Methyl-4-ethyl-1-propylcyclohexane- 
3:5-dione, 2505. 

Methylisoeugenol dibromide, derivatives 
of, 1476. 

3-Methylfiavone, 1- -mono- and 5:7-di- 
hydroxy-, and their derivatives, 1264. 

Methylflavylium chlorides, trihydroxy-, 
and their derivatives, 2675. 
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Methyl-a-glucoheptoside, structure and 
derivatives of, 2864. 

p-Methylglutaconic acid, a-cyano-, ethyl 
ester, 566. 

y-Methylglutaconic acid, a-cyano-, ethy] 
ester, 573. 

a-Methylglutaric acid, a-hydroxy-, silver 
salt, 1553. 

7-Methyl-2-n-heptyl-1:3-diketohydrin- 
dene, 4-hydroxy-, 520. 

y-Methyl-n-hexane-ay5-tricarboxylic 
acid, and its silver salt, 1552. 

1-Methylcyclohexan-3-one-5-acetic acid, 
and its silver salt and derivatives, 
2566. 

1-Methylcyclohexan-3-one-4-carboxylic- 
5-acetic acid, ethyl ester, and its semi- 
carbazone, 2567. 

Methylhexenoic acids, 1414. 

B-Methylhexoic acid, 8-hydroxy-, silver 
salt and ethyl ester, 1414. 

7-Methyl-2-n-hexyl-1:3-diketohydrin- 
dene, 4-hydroxy-, 520. 

N-Methylhydroxylamine, oxidation of, 
by iodine, 1604. 

Methylmalonic acid, copper, nickel, and 
zinc salts, 2003. 

Methylmesidine, picrate and p-toluene- 
sulphony] derivative, 1593. 

1-Methyl-6-methoxy-3:4-dihydroiso- 
quinoline, 1-chloro-, picrate, 43. 

1-Methyl-6:7-methylenedioxy-3:4-di- 
hydroisoquinoline, 1-chloro-, picrate, 

44, 


‘ 2-Methyl a-methylglucoside, 2859. 


8-Methyl-a’§’-naphthacarbazole, 103. 
4-Methyl-a-naphthacoumarin, 2431. 
1-Methylnaphthalene, mono- and tetra- 
bromo-4-nitro-, 220. 
2-Methyl-1:4-a-naphthapyrone, synthesis 
of, 1167. 
3-Methyl-fa-naphthapyrone, 
acetyl derivative, 2593. 
1-Methyl-p-naphtha-2-quinolone, _pre- 
paration of, 782. 
3-(2’-Methyl-1’-naphthoyl)acenaphth- 
ene, 504. 
2-(2’-Methyl-1’-naphthoyl)fluorene, 
504. 
3-(2’-Methyl-1’-naphthoyl)phenanthr- 
ene, 505. 
Methylnicotone, properties of, 319. 
é-Methylnonen-d-ones, 2505. 
Methylnorlupinanylurethane, 
hydrochloride, 3194. 
a-Methyloxysparteine, bromo-, 
hydrobromide, 436. 
3-Methylcyclopentane-1:1-diacetic acid, 
and its derivatives, 1220. 
and aa’-dicyano-, w-imide, 913. 
3-Methylcyclopentane-1:1-dicyanoacet- 
imide, 1219. 


and its 


and its 


and its 





tra- 
eSI8 


its 
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3-Methylcyclopentane-1:1-dimalonic 
acid, di-imide and di-iminodi-imide of, 
1219. 
3-Methylcyclopentanone, and its deriv- 
atives, 1216. 
3-Methylcyclopentanone-2: &-dicarboxylic 
acid, ethyl ester, 1550. 
p-Methyl-4 paanhenieediombenstie 
acid, a-cyano-, ethyl ester, 2771. 
p-Methyl-4 y-pentene-ace-tricarboxylic 
acid, a-cyano-, methyl ester, 2772. 
y-Methyl-48-penten-5-one, and its deriv- 
atives, 817. 
3-Methylcyclopentenylacetonitrile, and 
its piperonylidene derivative, 1222. 
a-3-Methylcyclopentenylpropionic acid, 
a-cyano-, ethyl ester, 1223. 
3-Methylcyclopentylacetic acid, and its 
ethyl ester, 1222. 
3-Methylcyclopentylacetonitrile, 
l-cyano-, 1223. 
3-Methylcyclopentylcyanoacetic acid, and 
l-cyano-, ethyl esters, 1222. 
y-3-Mzthylcyclopentyl-1-cyanoacetic 
acid, ethyl ester, 1798. 
3-Methylcyclopentylidenecyanoacetic 
acid, and its ethyl ester and amide, 
1220. 
3-Methylcyclopentylidene-1-cyanoacetic 
acid, ethyl ester, reduction of, with 
aluminium amalgam, 1795. 
a-3-Methylcyclopentylidene-1-propio- 
nitrile, 1223. 
3-Methylcyclopentylmalonic acid, and its 
derivatives, 1222, 1799. 
4-Methylphenanthraquinone, and _ its 
quinoxaline, 2297. 
4-Methylphenanthrene, 
2293. 
9-Methylphenanthridine, and 9-w- 
chloro-, 2450. 
2-Methylphenarsazinic acid, 
3273. 
args B-phenylethyl ketone, reactivity 
ts) 6. 
Methyl y-phenylpropyl ketone, reactivity 
of, 1336. 
8-Methylpimelic-f’-acetic acid, and its 
ethyl ester, 2566. 
a-Methyl-48-propene-ay-dicarboxylic 
acid, a-cyano-, ethyl ester, 573. 
8-Methyl-4c-propene-ay-dicarboxylic 
acid, a-cyano-, ethyl ester, 569. 
[-1-Methyl-3-isopropenyl-4°-cyclohexen- 
5-one, and its derivatives, 3007. 
|-1-Methyl-3-isopropenyl-1:6-oxidocyclo- 
a and its semicarbazone, 
3009. 
Methylpropylamine, salts of, 1494. 
Methyl-n-propylarsonium salts, 187. 
2-Methyl-10-propyl-5:10-dihydrophen- 
arsazine, 2521. 


synthesis of, 


7-nitro-, 
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a 

7-Methyl-2-propyl-1:3-diketohydrin- 
denes, 4-hydroxy-, 518. 

1-Methyl-3-isopropylcyclohexan-5-one, 
and tetrabromo-, and their deriv- 
atives, 3011. 

1-Methyl-2-pyridone, preparation of, 779. 

4-Methylquinitrol, 2:6-dichloro-, action 
of ethyl and methyl alcohols with, 
1943. 

6-Methylquinoline, 8-amino-2-hydroxy-, 
2-chloro-8-nitro-, 8-nitro-, and 8-nitro- 
2-hydroxy-, and their derivatives, 
2202. 

B-2-Methyl-4-quinolone-3-propionic 
acid, 8-6-nitro-, 2223. 


N-Methyl-N-quinolylanthranilic acid, 


and its methyl ester, 2845. 
2-Methylcycloselenopentane, and its de- 
rivatives, 178. 

f-Methylsorbic acid, ethyl ester, 2772. 

Methylsulphonylethylsulphonylphenyl- 
thiomethane, 2642. 

2-Methyl-5’:6’:7’:8’-tetrahydro-1:2’-di- 
naphthyl ketone, 503. 

8-Methyl-8:9:10:11-tetrahydro-a’ f’- 
naphthacarbazole, 102. 

12-Methyl-8:9:10:11-tetrahydro-a’ f’- 
naphthacarbazolenine, 102. 

3-Methyl-4‘-tetrahydrophthalic an- 
hydride, 3234. 

6-Methyl-1:2:3:4-tetrahydroquinimin- 
azole, and its perchlorate, 2203. 

Methylthioethylthiomethane, 2640. 

o-Methylthiolbenzoic acid, /-menthyl 
ester, 1488. 

2-Methyl-l-thionaphthen, 3-hydroxy-, 
3-propiony! derivative, and its 1- 
dioxide, 2974. 

Methylthioxanthones, bromohydroxy- 
and hydroxy-, and their derivatives, 
524. 

Methyltri-n-amylarsonium salts, 187. 

Methyltributylarsonium salts, 187. 

Methyltriethylarsonium salts, 187. 

B-Methyltrimethylene trithiocarbonate 
and dithiolcarbonate phenylhydr- 
azone, 542. 

Methyl-1:3:5-trithian 1:3-dioxide, tetra- 
bromo-, 2643. 

a-Methyl-f-valeric acid, f-hydroxy-, 
ethyl ester, 1416. 

Michael reaction, 2561. 

Molecules, adsorbed on solids, trans- 

lational motion of, 1324. 
dipole, electrical energy of, in solu- 
tion, 1371. 

Molybdenum sulphates, complex, 1443. 
Molybdates, precipitation of, 1429. 

Molybdenum organic compounds, com- 
plex oxalates, 1748. 
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Monotropitin. See Monotropitoside. 

Monotropitoside, synthesis of, and its 
hexa-acetate, 1881. 

Morphine alkaloids, 3163, 3173. 

Muconic acid, ethyl ester, ester-addition 
to, 1762. 

isoMyristicin, salts of, 1472. 


N. 


Naphthadianthrone, 4:4’-di- and 2:2’:3:3’- 
tetra-hydroxy-, 161, 164. 

a-Naphthaflavone, and 3’:4’-dihydroxy-, 
and their derivatives, 1167. 

Ba-Naphthaflavone, and 4-mono- and 
3’:4’-di-hydroxy-, 2594. 

Naphthalene, sulphonation of, 220. 

Naphthalene, 1:2-dibromo-, — 1:2-di 
chloro-, 2-chloro-1-bromo-, and 1:2 
diiodo-, 1272. 

iodonitro-derivatives, 3178. 
Naphthalene series, 118, 373, 377. 
Naphthalic acid, /-menthyl hydrogen and 
l-menthyl methyl esters, and their 
salts, 671. 
Naphthalimidoacetonitrile, 874. 
Naphthalimidoacetyl chloride, 874. 
2’:3’-Naphtha-2:3-phenanthrene, 505. 
1:4-a-Naphthapyrones, synthesis 
1165. 

1:4-Ba-Naphthapyrones, 2591. 

B-Naphthaquinoline, 2-chloro- 
2-iodo-, alkiodides of, 783. 

periNaphth-1:3-diketohydrindene, 
5-hydroxy-, 278. 

Naphthidine, catalytic preparation of, 
1271. 

Naphthindoles, thio-, 2972. 

a- and f-Naphthoic acids, 3-acetamido- 
phenyl esters, 2967. 

B-Naphthol methyl ether, action of 
malonyl chloride and of alkyl- 
malonyl chloride on, 272. 

1-sulphide methyl ether, 918. 

iso-a-Naphthol sulphide, conversion of, 
into 2-naphthol 1-sulphide, and its 
derivatives, 914. 

B-Naphthol-l-sulphone, rearrangement 
of, and its derivatives, and 6-bromo-, 
2207. 

8-Naphthol-1-sulphonic acid, reaction of 
diazosulphonates from, 1065, 1067, 
1073, 1918. 

8-Naphthol-3-sulphonic acid, and its 
derivatives, and 1-nitroso-, 377. 

B-Naphthyl methyl ether, 3-amino-, 

preparation of, and 3-chloro-, 373. 
1-nitro-2-keto-1:2-dihydro-1-naphthyl 
sulphide and thioquinonitrole, 1193. 
a-, B-, and y-Naphthylallyl alcohols, and 
their derivatives, 761. 


of, 


and 
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a-Naphthylamines, iodonitro-, 3177. 

6-a-Naphthylbenzoic acid, 3:5-dinitro., 
and its derivatives, resolution of, 1188, 

w-1-Naphthyl-w-methylstyrene, 2016. 

a- and B-Naphthyloxyacetic acids, and 
their derivatives, 897. 

1-Naphthylthiolacetic acid, 2-hydroxy., 
918. 

Naphthylvinylcarbinol. See a-Naphthyl- 

allyl alcohol. 

Neodymium selenates, and their solu- 

bilities, 1802. 

Nickel, co-ordination 

2213. 

Nickel perrhenate, and its ammines, 

2212. 
Nickelous oxide, preparation and 
properties of, 1403. 
Nickel ions, complex, constitution cf, in 
solutions, 1418. 
Nickel-copper matte, action of sulphuric 
acid on, 1407. 
Nicotine, properties of, and its deriy- 
atives, 319. 
oxidation of, 2968. 
Nicotinic acid, d-8-octyl ester, 1481. 
= - ee aromatic, reduction 
of, 82. 

Nitrogen atoms, doubly-linked _ ter- 

valent, configuration of, 537. 
adsorption of, by condensed atomic 
platinum, 1950. 

Nitrogen monoxide (nitrous oxide), de- 
composition of, by cathode rays, 
3016. 

dioxide (nitric oxide), action of, on 
alkali hydroxides, 2605. 
with iodine pentoxide, 32. 
pentoxide, equilibrium of lead oxide, 
water, and, 1757. 
Nitric acid, equilibrium of zinc oxide, 
water, and, 1753. 
Nitrates, equilibria of, with carb- 
amide, 3208. 
Hyponitrites, 2071. 

Nitroso-compounds, aromatic, 

ation of, in solution, 3105. 
Nitroso-groups, activating effect of, on 
halogens in aromatic nuclei, 810. 

Nitrosulphonyl chlorides, reactions of, * 
624. 

Nomenclature, organic, report of the 
Committee for reform of, 1607. 

Nonane-1:9-diamidine, salts of, 3000. 

n-Nonan-4-one p-nitrophenylhydrazone, 
2082. 

Nonyl alcohol, :-chloro-, and its phenyl- 
urethane, 1700. 

4-n-Nonyltoluene, and amino- and nitro- 
derivatives, 2117. 

4-n-Nonyl-p-toluquinone, 
hydroxy-, 2119. 


compounds of, 


associ- 


and 2:5-di- 





1ric 
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Norlupinane, and amino- and hydroxy-, 


3195. 


Norlupinene, and its derivatives, 3195. 
Normeconine + methyl ether, hydra- 


stininium salt of, 247. 


O. 


Obituary notices : — 


Edward Greenhill Amphlett, 1042. 
Robert William Atkinson, 1024. 
Charles John Baker, 1024, 
Thomas Vipond Barker, 3344. 
Robert Barton, 1025. 

Hugh Chester Bell, 1025. 

Edward Elhanan Berry, 1033. 
William Edward Bickerdike, 1026. 
Ethelbert William Blair, 3348. 
Henry Borns, 1033. 

Frank Wigglesworth Clarke, 3348. 
Charles Taylor Cockburn, 1026. 
David Corrie, 1027. 

Ernest Owen Courtman, 1033. 
Robert Charles Cowley, 1034. 
Frank Edwin Dickinson, 1034. 
Harold Baily Dixon, 3349. 
William Eric Downey, 3368. 
William Duncan, 1027. 

Mona Elizabeth Callow Eck, 1927. 
Alarick Vincent Colpoys Fenby, 1027. 
John Foggie, 1035. 

Alfred Edwin Gates, 1028. 

Charles Thomas Heycock, 3368. 
John Hodgkin, 1035. 

John Albert Hogg, 1036. 

Alfred Holt, 1036. 

Ayerst Henham Hooker, 1028. 
Arthur Horrobin, 1029. 

William Houlding, 1038. 

Charles Alexander Keane, 3371. 
Robert Law, 3373. 

John Petty Leather, 1029. 

David Lennox, 1029. 

Archibald Liversidge, 1039. 

Qasim Ali Mansuri, 1030. 

The Rt. Hon. Lord Melchett, 3374. 
Benjamin Lindley Murray, 1042. 
William Frederick Oakfield, 1030. 
Kennedy Joseph Previté Orton, 1042. 
John Edward Purvis, 3380. 

Henry Droop Richmond, 3383. 
Henry Haliburton Robinson, 1048. 
Arthur William Rogers, 1050. 
Charles Leonard Royle, 1050. 

Fred Pilkington Sargeant, 1050. 
Edgar Saunders, 1051. 

William Hill Saunders, 1051. 

Alfred Southall, 1051. 

Frederick Arnold Stead, 1051. 

John Henry Taylor, 1031. 

Frederick William Tompson, 1031. 
John Frederick Felix Trotter, 1052. 








Obituary notices :-— 


Edward William Voelcker, 1052. 
John Thom Ainslie Walker, 1031. 
George Joseph Warner, 1053. 

John Watt, 1054. 

William Ernest Wild, 1054. 

Sir David Wilson, Bart, 1032. 
Thomas Harrison Winstanley, 1054. 
Thomas Barlow Wood, 3384. 
Allister Maclean Wright, 1032. 

Octadecyl alcohol, equilibrium of hexa- 
decyl alcohol and, 802. 

Octahydroacridine, 10-benzoyl and 
10-nitroso-derivatives, stereoisomeric, 
1904. 

Octahydro-1:2:5:6-dibenzanthracene, 
498. 

Octahydropyridocoline, and its deriv- 
atives, and l-hydroxy-, 437. 

Octahydropyridocoline-1-carboxylic 
acid, methyl ester, and its picrate, 
3197. 

B-1-Octahydropyridocolylglycidic acid, 
ethyl ester, 3196. 

Octamethyl cellobiose, 824. 

Octamethyl-10:10’-dihydrodianthranol, 
2330. 

Octamethyl 4-8-glucosidomannonic acid, 
methyl ester, 1353. 

cycloOctanone dinitrophenylhydrazone, 
758. 

n-Octoic acid, p-tolyl ester, 457. 

Octyl alcohol, 0-chloro-, and its phenyl- 
urethane, 1700. 

nin chloride and picrate, synthesis of, 
2701. 

Olefines, formation of, from alkylaniline 
hydrobromides, 1281. 

A'-Olefines, synthesis of, 3057. 

Olefine series, 3057. 

Optical activity and polarity of sub- 
stituent groups, 669, 1478, 1482, 1929, 
2048. 

Organic compounds, lability of halogens 

in, 1870. 
molecular stability of, 1447. 
determination of phosphorus in, 1207. 

‘‘ Origanene,” action of Beckmann’s 
mixture on, 25. 

Osmosis. See also Electro-endosmosis. 

Oxalic acid, complex molybdenum salts, 
structure of, 1748. 

Oxidation, biological, 1055. 

Oxidobis-£-chlorodiethyl sulphide, 231. 

Oximes, configuration of, in relation 

to dipole moment, 2190. 
co-ordination compounds of, 105. 

Oxonitin, 581. 

Oxycoccicyanin chloride, synthesis of, 
2715. 

Oxygen, reaction between carbon and, 
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3-Oxy-2-methyl-1-thionaphthen, 2975. 
Ozone, action of light on mixtures of 
chlorine and, 1652. 


A 


Palmitic acid, ethyl ester, dimorphism 
of, 1736. 
equilibrium of ethyl stearate with, 
802. 
Parachor and chemical constitution, 
126 


Pedler Lecture, 1055. 
Pelargonenin. See 5-8-Glucosidyl- 
pelargonidin. . 
Penta-acetyl a-glucoheptosidyl chlorides, 
2869. 
cycloPeutadecanone dinitrophenylhydr- 
azone, 758. 
2:7:5:3’:4’-Pentamethylbenzophenone, 
2327. 
Pentamethyl 
2868. 
Pentamethyl a-glucoheptoses, 2867. 
— f-methyl-a-glucoheptoside, 
2867. 
Pentamethylphenol, and its derivatives, 
1593. 
cycloPentane, attachment of carboxy]l- 
ated side chains to, 1546. 
cycloPentanedione-1(2’)-spiro-trans- 
hexahydrohydrindenes, 975. 
Pentane-1:3:3:5-tetracarboxylic acid, and 
its ethyl ester, 2551. 
cycloPentanone 4-chloro-2-nitrophenyl- 
hydrazone, 1995. 
a-naphthylhydrazone, 98. 
Pentatriacontane, heat of crystallisgtion 
of, 1533. 
cycloPenteno-1:2-benzanthracenes, 
their picrates, 503, 2529. 
cycloPentenobenzanthraquinones, 2530. 
Penthian series, 1692. 
Perchloric acid. See under Chlorine. 
Periodic acid. See under Iodine. 
Phenacetin, action of phosphoryl 
chloride on, 2814. 
Phenacyl alcohol, 
hydrazone, 2426. 
Phenanthra-acenaphthene, 504. 
2’:3’-Phenanthra-1:2-anthracene, 506. 
Phenanthrafluorene, 504 
2’:3’-Phenanthra-2:3-phenanthrene, 505. 
Phenanthridine series, 2447. 
Phenanthripyridine alkaloids, 
tion spectra of, 2630. 
3-Phenanthroyl chloride, 504. 
Phenarsazinic acid, 1:3-dichloro-, 304. 
4-p-Phenetidino-6-ethoxyquinaldine, and 
its hydrochloride, 2816. 
Phenetole, 2-chloro-4-iodo-, 1106. 
o-nitroso-, 2274, 


a-glucoheptono-5-lactone, 


and 


p-nitro-, phenyl- 


absorp- 
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Phenol, 6-bromo-4-iodo-2-nitro-, 2274. 

4-mono-, 4:6-di-, and _ tri-chloro-2. 
iodo-, 4-chloro-2:6-diiodo-, and 
2-iodo-, and their derivatives, 139, 

3-chloro-6-amino-, and 3-chloro-4. 
amino-, acetate, 84. 

3-chloro-4-nitroso-, constitution of, 
and its picrate, 1494, 2227. 

4-nitro-, formation of quinones from 
disubstituted derivatives of, 1842. 

2:4-dinitro-, piperidine and pyridine 
salts, 612. 

2:4-dinitro-6-amino-, p-toluenesul- 
phonyl derivative, and its 
pyridine compounds, 2346. 

Phenols, nitrosation of, 1494, 2097. 
condensation of a-formylphenyl- 
acetonitrites with, 1541. 
Phenols, o-amino-, migration of acyl 
groups in, 2962. 

2- and 3-amino-, acetyl and benzoyl 
derivatives, acetates, benzoates and 
naphthoates of, 2966. 

bromo-, replacement of bromine in, 
by nitro-groups, 2268. 

nitroamino-, action of 
chlorides with, 2343. 

mono- and di-nitroamino-, and their 
naphthoates and p-toluenesulphon- 
ates, and their derivatives, 2347. 
dibromodinitro-, chlorodibromo- 
amino-, -iodo-, and -nitro-, 2270. 
iodo-, chlorination of, 137, 1103. 
Phenolic ethers, dealkylation of, by 
piperidine and pyridine, 1121. 
halogenation of, 2903, 2907. 
Phenoxides, and mono- and di-nitro-, 
phenylbenzyldimethyl., phenyl- 
dimethyl-ethyl-, and phenyltri- 
methyl-ammonium, 1177. 
thio-, phenyltrimethylarsonium, 1181. 
w-Phenoxyacetophenone, 2’-iodo-, 142. 
w-p-iodo-, and its iododichloride, 
1108. 
2-Phenoxynaphthalene-l-sulphinic acid, 

2-o-nitro-, methyl ester, 3268. 

2-Phenoxy-l-naphthyl disulphide, 2-o- 

nitro-, 3268. 

4-Phenoxy-m-tolyl disulphide, 4-o0-nitro-, 

3267. 

Phenyl benzyl ether, 4-nitro-2-amino-, 
hydrochloride, 2474. 

benzyl and propyl ethers, bromo- and 
chloro-, 2906. 

x-chloro-, and -hydroxy-decyl sul- 
phides, 1701. 

n-chloro- and -hydroxy-heptyl sul- 
phides, 1700. 

¢-chloro- and 
phides, 1699. 

t-chloro- and 
phides, 1700. 


sulphonyl 


-hydroxy-hexyl sul- 


-hydroxy-nonyl sul- 
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Phenyl @-chloro- and -hydroxy-octyl 
sulphides, 1700. 
ethers, 3-chloro-4-iodo-, p-iodo-, and 
their iododichlorides, 1106. 
ethyl carbonate, p-iodo-, and its iodo- 
dichloride, 1108. 
2-hydroxy-l-naphthyl sulphide, 2:5- 
dibromo-, 720. 
2-hydroxy- 1-naphthyl and 4-hydroxy- 
“° -tolyl sulphides and 2-naphthyl, 
]-sulphino-2-naphthyl, 3-sulphino- 
p-tolyl, and p-tolyl ethers, 2-nitro-, 
3266. 
]-nitro-2-keto-1:2-dihydro-1-naphthyl 
sulphides, nitro-, 1194. 
n-propyl ethers, m-amino-, m-nitro-, 
and nitroamino-, and their deriv- 
atives, 2101. 

Phenylacetaldehyde 
hydrazone, 758. 

Phenylacetamidine, p-hydroxy-, salts of, 
9998. 

Phenylacetic acid, esters of, 305. 

Phenylacetic acid, p-nitro-, benzyl ester, 

2884. 

2- and 6-nitro-3 : 4-dihydroxy-, and 

their derivatives, 2877. 

l-Phenylacetic acid, a-chlorohydroxy-, 

formyl derivative, ethyl ester, con- 
version of, into ethyl phenylchloro- 
acetate, 2275. 

a-hydroxy-, acetyl, benzoyl, and 
toluenesulphinyl derivatives, ethyl 
esters, 2279. 

Phenylacetiminoether, 
hydrochloride, 2998. 

Phenylacetone, oximino-, derivatives of, 
902 ») a 

Phenylacetonitrile, condensation 
with aromatic aldehydes, 639. 

8-Phenylacetyldihydropentindole, 3333. 

1-Phenylacetyl-4-methylnaphthalene, 
2016. 

2-Phenylacetylnaphthalene, 2015. 

Phenylaminocamphor, 2:4-dinitro-, 3338. 

Phenylarsenic disulphide, 3-nitro-4- 
thiol-, 2559. 

Phenylarsinic acid, p-amino-, 
atives of, 615, 1743. 

am acid, 2-bromo-4-nitro-, 
3271. 

Phenylbenzenylhydrazidines, bromo- and 
bromonitro-, and their nitro-deriv- 
atives, 2791. 

N-Phenylbenzimino-4-chlorophenyl 
ether, N-3-chloro-, 300. 

4-Phenylbenzimino-o-tolyl ether, 
chloro-, 302. 

ip Enengtennnys G-aemigtuagtinaiens, 


dinitrophenyl- 


p-hydroxy-, 


of, 


deriv- 


N-4- 


Phenylbenzyldimethylammonium nitro- 
phenoxides, 1180. 
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p-Phenylbenzylidene diacetate, 2478. 
p-Phenylbenzylidenemalonic acid, 2479. 
2-Phenyl-4-(3’-benzyloxy-4’-methoxy- 
benzylidene)oxazolone, 3167. 
Phenylbenzyl-w-piperidinomethyl- 
carbinol hydrochloride, 1186. 
Phenyl-n-butyl-w-piperidinomethyl- 
carbinol hydrochloride, 1186. 
Phenylcarbamic acid, and 2:4-dichloro-, 
p-iodopheny] esters, 1110. 
Phenylearbamic acid, 2:4-dichloro-, 
4-chloro- and 4-iodo-phenyl esters, 
140. 
a-Phenylcarbamidoisobutyric acid, 1400. 
-a~Phenylearbamyiphenylacetic acid, 
ethyl ester, 2279. 
Phenyl-3-chloroacenaphthanaphthazon- 
ium nitrate, 586. 
4-Phenylcoumarin, 1703. 
4-Phenylcoumarin, 5:7-dihydroxy-, 
1262. 
7:8-dihydroxy-, 1880. 
Phenyldi-n-heptylphosphine, 
mercurichloride, 2112. 
Phenyldi-n-hexylphosphine, 
derivatives, 2111. 
3-Phenyl-5:6-dihydrobenzglyoxalocoline, 
9:10-dihydroxy-, hydrochloride of, 
49. 


and its 


and its 


3-Phenyl-1:3-dihydrophthalazine-1-sul- 
phonic-4-acetic acids, dibromonitro-, 
dichloronitro-, 1-hydroxy-3-dibromo- 
nitro- and -dichloronitro-, and their 
derivatives, 1078. 
Phenyldimethylethylammonium 2:4-di- 
nitrophenoxide, 1179. 
1-Phenyl-3:5-dimethylpyrazole, 1-2’:4’- 
dinitro-, 758. 
1-Phenyl-1(or 2):5-dimethylpyrazolinium 
hydroxide, 4-hydroxy-, salts, 790. 
4-Phenyl-2:6-dimethylpyridine-3:5-di- 
carboxylic acids, nitro-, ethyl esters, 
1840. 
Phenyldi-n-octylphosphine, 
derivatives, 2112. 
a-Phenyl-88-ditolylethylene 
2238. 
f-Phenylethane, af-dibromo-a-nitro-f- 
m-nitro-, 2421. 
B-Phenylethylbenzo-f-naphthaspiro- 
pyrans, 1341. 
3-8-Phenylethyldi-8-naphthaspiro- 
pyran, 1341. 
1-a-Phenylethylpiperidine picrate, 2571. 
Phenylethyl-w-piperidinomethylcarbinol 
hydrochloride, 1186. 
Phenylglycine-2-carboxylic 
bromo-, dimethyl ester, 73. 
Phenylguanidine, p-hydroxy-, 
chloride, 2997. 
Phenylhydrazine, 2:4:6-trichloro-, hydro- 
chloride, 1741. 


and its 


glycols, 


acid, 5- 


hydro- 
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Phenylhydrazine, 2:4;5-iri- and 2:3:4:6- 
tetra-chloro-, 1927. 
2:4-dinitro-, use of, as reagent for 
carbonyl compounds, 756. 
Phenylhydrazine-o-carboxylic 
methyl ester, 543. 
Phenylhydrazones, 
bromine on, 2787. 
Phenyl-4-hydroxy-m-tolylsulphone, 
2-nitro-, 3267. 
Phenyl 2-methoxy-l-naphthyl sulphide, 
2-iodo-, 719. 
Phenyl-3-methoxy-2-naphthylsulphone, 
2:4-dinitro-, 380. 
7-Phenyl-3-methyl-8-acenaphthenone, 
and its derivatives, 2016. 
Phenyl-N-methylacetamidine, 
oxy-, 2998. 
2-8-Phenylmethylaminoethylquinoline, 
and its picrate, 3093. 
2-Phenylmethylbenzopyrylium 
chlorides, 1702. 
Phenylmethylearbinol, optically active, 
halogenation of, in presence or 
absence of pyridine, 382. 
Phenylmethyldi-n-heptylphosphonium 
salts, 2112. 
Phenylmethyldi-n-hexylphosphonium 
salts, 2111. 
Phenylmethyldi-n-octylphosphonium 
chloroplatinate, 2112. 
5-Phenyl-3-methyl-4? -cyclohexen-l-one- 
4:6-dicarboxylic acid, ethyl ester, di- 
bromide, 771. 
a-Phenyl-8-(4-methyl-1-naphthyl)- 
glyoxal, and its oxime, 2017. 
2-Phenyl-3-(4’-methyl-1’-naphthyl) 
quinoxaline, 2018. 
9-Phenyl-10-methylphenanthridinium 
salts, amino-, and their acetyl deriv- 
atives, 2454. 
3-Phenyl-1-methylphthalaz-4-one, 1925. 
3-Phenyl-4-methylphthalaz-l-one, 4’. 
amino-, and 4’-nitro-, and their 
derivatives, 1070. 
2’:6’-dibromo- and 2’:6’-dichloro-4’- 
amino-, and -4’-nitro-, and their 
derivatives, 1085. 
Phenylmethylphthalazones, amino- and 
nitro-, and their derivatives, 1921. 
N-Phenyl-3-methylphthalimidine, 3’- 
amino-,andits acetyl derivative, 1922. 
4’-amino- and 4’-hydroxy-, and their 
derivatives, 1072. 
2’-bromo-4’-amino-, 1088. 
Phenyl methyl-w-piperidinomethylearb- 
inol hydrochloride, 1185. 
1-Phenyl-5-methyipyrazole, and _ 1-p- 
chloro-, 4-hydroxy-, 4-hydroxy-1-p- 
bromo-, -1-2’:4’-dibromo-, = -1-p- 
chloro-, -1-2’:4’-dichloro-, and their 
salts, 788. 


acid, 


o-nitro-, action of 


p-hydr- 


ferri- 
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1-Phenyl-5-methyl-3-pyrazolone, 4. 
bromo-1-2’:4’-dichloro-, and 1-2/:4’-di. 
chloro-, 794. 

Phenyl-S-methylisothiocarbamide, 
p-hydroxy-, hydriodide, 2997. 

Phenyl-a-naphthyl-«-piperidinomethyl- 
carbinol, 1187. 

Phenylphenanthridines, amino-, and 
their acetyl derivatives, and nitro., 
2452. 

Phenyl-5-phenylbutyl-w-piperidino- 
methylearbinol hydrochloride, 1187. 

Phenyl f-phenylethyl ketone, prepar. 
ation of, 1183. 

Phenyl-8-phenylethyl-w-piperidino- 
methylcarbinol hydrochloride, 1187. 

1-Phenyl-3(or 5)-phenyl-5(or 3)-methyl- 
pyrazole, 1-2’:4’-dinitro-, 759. 

Phenyl-y-phenylpropyl-w-piperidino- 
methylearbinol hydrochloride, 1187, 

3-Phenylphthalaz-l-one, 2’:6’-dibromo- 
and  2’:6’-dichloro-4’-amino-, and 
-4’-nitro-, and their acetyl derivatives, 
1082. 

N-Phenylphthalimidines, 4’-amino-, 2’- 
bromo-4’-amino-, 2’:6’-dichloro-, and 
2’:6’-dichloro-4’-amino-, 1082. 

Phenyl-w-piperidinomethylearbinol, and 
its hydrochloride, 1185. 

Phenyl a-piperidino-f-phenylethyl 
ketone, 1184. 

Phenyl propenyl ketone, 5-phenyl-semi- 
carbazone and _ -thiosemicarbazone, 
336. 

B-Phenylpropionic acid, af-dibromo., 
and af-dichloro-, p-iodopheny] esters, 
1109. 

Phenyl-n-propyl-w-piperidinomethyl- 
earbinol hydrochloride, 1186. 

Phenylpyridinium chloride, 2:6-dinitro- 

4-amino-, p-toluenesulphony] deriv- 
ative, 2353. 
salts, 2:4-dinitro-6-amino-, p-toluene- 
sulphony] derivatives, 2347. 
8-Phenyl-8-styrylpropionic acid, 8-hydr- 
oxy-, ethyl ester, 2773. 

Phenylsulphonylacetic acid, sodium sait, 
2640. 

Phenylsulphonylethylsulphonylmethyl- 
thiomethane, 2642. 

Phenylsulphonylmethylsulphonyl-3:5-di- 
chlorophenylthiomethane, 2643. 

a-Phenylsulphonyl-a-methylsulphonyl- 
ethane, 2640. 

Phenylsulphonylmethylsulphonylethyl- 
sulphonylmethane, and bromo-, 2642. 

Phenylsulphonylmethylsulphonyl- 
methane, 2641. 

Phenylsulphonylmethylsulphonyl-p- 
tolylthiomethane, 2643. 

Phenylsulphonyl-p-tolylsulphonyl-3:5-di- 

chlorophenylthiomethane, 2643. 
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Phenylsulphonyl-p-tolylsulphonylmeth- 
ane, 2641. 

Phenylsulphonyl-p-tolylsulphonyl- 
methylsulphonylmethane, 2643. 
Phenylsulphonyl-p-tolylsulphonyl- 

methylthiomethane, 2643. 
a-Phenylsulphonyl-a-p-tolylthio- 
acetone, 2641. 
Phenylsulphonyl-p-tolylthiomethane, 
2641. 
3-Phenyltetrahydrophthalazine-4-acetic 
acids, 1-hydroxy-3-dibromoamino-, 
and_ -3-dichloroamino-, and _ their 
acetyl derivatives, 1081. 
Phenylthallium dibromide 
chloride, 1465. 

Phenylthiocarbamide, 3-fluoro-, 3300. 
Phenylthiocarbimide, 4-fluoro-3-nitro-, 
3299. 

Phenylthioethylthiomethane, 2640. 
a-Phenylthio-a-methylthioethane, 2640. 
Phenylthiomethylthiomethane, 2640. 
Phenyltrimethylammonium  a-naphth- 
oxide, phenoxide, nitrophenoxides, 
thiophenoxide, and m-4-xylyloxide, 
1176. 
Phenyltrimethylarsonium 
oxide, 1181. 
Phloracetophenone, acetylation of, 1258. 
Phlorobenzophenone mono- and iri- 
benzoates, 1254. 

Phloroglucinol, preparation of cou- 
marins and 1:4-benzopyrones from, 
1255. 

benzoylation of ketones from, 1245. 

Phlorpropiophenone, and its O-benzoyl 
derivatives, 1250. 

Phorone, intramolecular 
ation of, 2658. 

Phosphines, tertiary, 575, 2109. 

Phosphorus pentachloride, co-ordination 
compounds of, 1518. 

chlorides, action of, on optically active 
phenylmethylcarbinol, 382. 

Phosphoric acid, detection of lower 
oxides in, 528. 

Phosphorus, determination of, in or- 
ganic compounds, 1207. 

Phthalamic acid N-acetamide, 873. 

Phthalamide-4-arsonic acid, 3244. 

Phthalic acid, a-8-octyl hydrogen and 
methyl esters, rotation of, 2644, 
2652. 

Phthalide, 4- and 5-amino-, 4-bromo-, 
4-chloro-, 4-cyano-, 4-hydroxy-, and 
4-iodo-, and their derivatives, 869. 

Phthalide-4-carboxylic acid, and its 
derivatives, 871. 

Phthalimide, 4-amino-, and its deriv- 
atives, and 4-chloro-, 4-hydroxy-, and 
4-nitro-, 80. 

Phthalimide-4-arsonic acid, 3244. 


and di- 


thiophen- 


transform- 
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Phthalimidoacetic acid, and its deriv- 
atives, 873. 

Phthalimidoacetonitrile, and 3:6-di- 
bromo-, 4-chloro-, 3:6-dichloro-, tetra- 
chloro-, and 3- and 4-nitro-, and their 
derivatives, 872. 

Phthalimidoacetonitriles, synthesis of, 
871. 

4-Phthalimidophthalimide, 81. 

Phthalo-f-piperazinoethylimide, and its 
dihydrobromide, 3101. 

Phthalo-f-piperidinoethylimide, 3098. 

Picolinic acid, /-menthyl and d-f-octyl 
esters, 1481. 

Picric acid, solubility of, in aqueous 
acetone and aqueous alcohol, 1196. 

piperidine salts, 613. 


Picryl-2-acetoxynaphthalene, 1-thio-, 
919. 

Picryl-2-methoxynaphthalene, 1-thio-, 
919. 


dl-Pilopic acid, synthesis of, 1370. 

Pimelamidine hydrochloride, 3000. 

Pinacol methylene ether, 1770. 

Pinus longifolia, Indian turpentine from, 
3001. 

8-Piperazinoethylamine, and its picrate, 
3101. 


Piperidine, action of, on acetone semi- 
carbazone, 1154. 
with sulphonamides andsulphonates, 
609. 
dealkylation of phenolic ethers by, 
1121. 
Piperidine series, ring closure in, 3185. 
Piperidine-3-carboxylic acid, ethy] ester, 
preparation of, 3187. 
Piperidine-2:3-dicarboxylic acid, ethyl 
ester, 3196. 
a-Piperidino-y-aminobutane, and _ its 
salts, 3099. 
a-Piperidinobutan-y-oneoxime, 3099. 
B-Piperidinoethylamine, and its picrate, 
3098. 
4-8-Piperidinoethylamino-6-methoxy-2- 
methylquinoline, 3099. 
2-8-Piperidinoethylquinoline, and _ its 
picrate, 3093. 
e-Piperidinoformylcarbohydrazide, and 
its salts, 1157. 
Piperidinoformylhydrazide, 1158. 
1-Piperidinomethyl-1:2:3:4-tetrahydro- 
acridine, and its picrate, 3095. 
8-Piperidinopropionitrile, and its meth- 
iodide, 3188. 
2-8-Piperidinoisopropylquinoline, and its 
picrate, 3094. 
Piperonal nitrobenzenesulphonhydr- 
azones, 625. 
dinitrophenylhydrazone, 758. 
Piperonal-6-arsonic acid, and its semi- 
carbazone, 885. 
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Piperonylidenebenzamidoacetanilide, 
6-nitro-, 979. 
—eeee 
77. 
Piperonylidenebenzamidotoluidides, 979. 
Piperonylidenemalonanilic acid, and 
o-nitro-, 2 
Piperonylidenemalon-o-toluidic 
2060. 
Pipettes, syringe, 2436. 
Platinum, heat of adsorption of hydro- 
gen on, 3313. 
influence of hydrogen sulphide on 
adsorption of hydrogen by, 2203. 
atomic condensed, adsorption of 
nitrogen by, 1950. 
Podocarpic acid, methanthrene from, 
2294. 
Polarisation, dielectric, 2062. 
Polarity and optical activity of sub- 
stituent groups, 669, 1478, 1482, 1939, 
8. 


acid, 


Polyhalides, 1857, 2243. 
Polymethylene derivatives, spatial form 
of, in dilute solution, 2170. 
Polymorphism, 2583. 
Polynuclear compounds, catalytic pro- 
duction of, 1265. 
Polyphenyls, 1111. 
Polysaccharides, 821, 824, 1342, 2850. 
Potassium dibromoiodide hydrate, 2246. 
chlorobromoiodide, 1862. 
dichromate, photochemical oxidation 
of alcohols by, 1866. 
polyiodides, 594. 
permanganate as reagent for detection 
of lower oxides in phosphoric acid, 
528. 
perrhenate, reduction of, 666. 
rhenichloride, 2266. 
rheni-iodide, 3218. 
polysulphides, 1304. 
acid tungstate, 1424. 

Potassium ions, mobility of, 1715. 
Potentiometers, valve, determination of 
glass-electrode potentials by, 2983. 

Pressure regulator, 2523. 

Propenylbenzenes, substituted, bases 
derived from, 1468. 

ay-Propenylenediammonium salts, pro- 
totropy in, 1666. 

B-Propenylglutaric acid, a-cyano-, ethyl 
ester, 2771. 

Propiono-f-veratrylethylamide, 
B-chloro-, 40. 

Propionylcholine, salts of, 765. 

Propionyl-5:10-dihydrophenarsazine, 10- 
chloro-, 2385. 

3-Propionyldiphenylamine-6’-arsonic 
acid, 2385. 

Propiophenone, o-hydroxy-, 
semicarbazone, 2428. 


and its 
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Propiophenonearsonic acids, and their 
semicarbazones, 2393, 2396. 

3-n-Propoxydimethylaniline, and 4. 
nitroso-, and their salts, 2103. 

3-n-Propoxyphenol, 4- and 6-nitro- and 
-nitroso-, 2099. 

isoPropyl alcohol, action of bromine on, 
2508. 

Propyl butyl ethers, 371. 

isoPropylammonium 
1861 

n-Propyl n-amyl ketone, synthesis of, 
2080. 


dibromoiodide, 


5-Propylbarbituric acids, 5-bromo-, 1873. 

Propyldichloroarsines, 2522. 

10-Propyl-5:10-dihydrophenarsazines, 
2521. 

5-n-Propyldihydroresorcinol 
819 


hydrate, 


Propylene, addition of halogen hydrides 
to, 2246. 

4-isoPropylcyclohexanol, 
urethane of, 1369. 

4-isoPropylcyclohexanone, and its p- 
nitrophenylhydrazone, 1369. 

[-4-isoPropyl-4*-cyclohexen-1-one, and 
its derivatives, 1366. 

hen acres: serra 


phenyl- 


a acids, copper, nickel, and 
zinc salts, 2003. 
2-n-Propylperinaphth-1:3-diketohydr- 
indene, 5-hydroxy-, 278. 
4-isoPropylphenylthiocarbimide, 3299. 
1-Propylpyrrole, 1-y-chloro-, 53. 
Pulegone dinitrophenylhydrazone, 758. 
Purpurin, synthesis of, 3206. 
Purpuroxanthin dimethyl ether, 171. 
Pyridine, dealkylation of phenolic 
ethers by, 1121. 
copper benzoates, 2554. 
dihalides, 2783. 
co-ordination compounds of, with 
antimony and phosphorus penta- 
chlorides, 1518. 
derivatives of, and 2-chloro-, 2-iodo-, 
and their derivatives, 780. 
Pyridinoiribromogold, and 
2413. 
5-(3-Pyridyl)pyrazole, 4-amino- and 
4-nitro-, and their salts, 2968. 
Pyrogallol, preparation of coumarins and 
1:4-benzopyrones from, 1877. 
di- and tri-methyl ethers, 4-amino-, 
4-nitro-, and 4:6-dinitro-, 2546. 
1:4-Pyrones, preparation of, 2426. 
Pyronine dyes, effect of unsaturated 
chromophores on, 2511. 
Pyrrole derivatives, 49. 
B-1-Pyrrolepropionic acid, ethy] ester, 54. 
B-1-Pyrroylethyl methyl ketone, and its 
derivatives, 54. 


2-amino-, 
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1-Pyrrylacetic acid, and its ethyl ester 
and amide, 52. 

y-1-Pyrrylbutyronitrile, 54. 

p-1-Pyrrylpropionic acid, and its ethyl 
ester and amide, 52. 

acid 2:4:6-trichloro-phenyl- 

hydrazone, 1743. 


Q. 
Quinaldine, 4:6-dihydroxy-, 2816. 
Quinaldinic acid, /-menthyl and d-f- 
octyl esters, 1481. 
Quinbenzarsazinic acid, 10-nitro-, 1942. 
Quinols, thio-, 1192. 
Quinoline, reactions of, with azo- and 
azoxy-compounds, 3181. 
arsenic compounds of, 107, 1938. 
copper benzoate, 2555. 
isoQuinoline derivatives, synthesis of, 
2057. 
n- and iso-Quinolino/ribromogold, 2414. 
o-8’-Quinolylaminophenylarsonic acid, 
o-5’-nitro-, 1941. 
8-2-Quinolylpropionylhydrazide, 3092. 
Quinones, formation of, from disubsti- 
tuted derivatives of 4-nitrophenol, 
1842. 
colour reaction for, 1605. 


R. 
Reactions, chemical, inhibition of, 420, 
3285. 
Reactivity of adjacent atoms or groups, 
influence of sulphur atom on, 2956. 
Resacetophenone 2-acetate, 2378. 
Resins from Cannabis indica, 630. 
Resorcinol, condensation of, with 6:7-di- 
methoxy-3:4-isoquinoline meth- 
iodide, 2057. 
preparation of coumarins and 1:4- 
benzopyrones from, 1255. 
l-ethyl 3-n-propyl ether, 
2104. 
methyl ether, action 
chloride and of 
chlorides on, 272. 
n-propyl ethers, nitration and nitros- 
ation of, 2099. 
b-Resorcylaldehyde methyl ether, 2733. 
Rhamnose, X-ray structure of, 2312. 
Rhenium chlorides, 2263. 
pentoxide, 3087. 
selenides and sulphides, 1439. 
Rubidium carbonate, preparation of, 
362. 
nitrate solutions, viscosity and density 
of, 403. 
Rubidium organic compounds :— 
Rubidium benzoylacetone, 366. 


6-nitro-, 


of malonyl 
alkylmalonyl 
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8. 
alkali 


Salicylaldehyde, metal deriv- 

atives, 363. 
2:4:6-trichlorophenylhydrazone, 1742. 
Salicylamide-4-arsonic acid, 3252. 
Salicylic acid, freezing point of mixtures 

of camphor and, 1731. 
methyl ester, glucosides, rhamnosides, 
and xylosides of, 1884. 
Salts, complex, 2029. 
Sarcosine, preparation of, 1894. 
Scopoletin, synthesis of, 1241. 
Sebacamidine, and its picrate, 3000. 
cycloSelenihexane, derivatives of, 176. 
Selenium dioxide, reactions of, with 
halogen acids, 1314. 
Selenious acid, dehydration of, 3342. 
Selenium organic compounds, 173, 266. 
cycloSelenohexane, and its polymerides 
and derivatives, 173. 
1:4-Selenoxan, and its derivatives, 266. 
Semicarbazones, 2-substituted, action of 
amines on, 507. 
Silicane, trichloro-, formation of, from 
phenylsilicon trichloride, 1290. 
Silicon, parachor of, and of its organic 
compounds, 126. 
Silicon dichloride, formation of, from 
phenylsilicon trichloride, 1290. 
Silicon organic compounds, 1290, 2772. 
Silver, effect of moisture on reaction of 
sulphur and, 860. 
Silver rhenichloride, 2266. 
Sodium, solution tension of, in non- 
aqueous solvents, 1138. 
Sodium carbonate, heat of solution of, 
and specific heat of its solutions, 
3062. 
fluosilicate, activity coefficient of, and 
its solubility in sodium sulphate 
solutions, 1648. 

hyponitrite, preparation and pro- 
perties of, 2071. 

sulphite, oxidation of, 420. 

acid tungstates, 1422. 

Sodium ions, mobility of, 1715. 

Solids, translational motion of ad- 

sorbed molecules on, 1324. 

Solutions, electrochemical determination 
of constitution of complex ions in, 
1418. 

aqueous, capillary activity in, 1629. 

Solvents, action of, 674, 2652. 

d- and /-Sparteines, and their salts, 433. 

Spectra, absorption, of polyhalide ions, 

1092. 
Starch, glucopyranose structure of, 1342. 
Stearic acid, ethyl ester, dimorphism of, 
1736. 
equilibrium of ethyl palmitate with, 
802. 





salicylaldehyde, 364. 
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Stereochemistry, studies in, 2229. 

Stereoisomerism-in polycyclic systems, 
1898. 

Strychnine, 773, 3158, 3160. 

Strycholearboxylic acid, dinitro-, con- 
stitution of, 773. 

Styphnic acid, lead salt, 
graphy of, 2532. 

Styrene, w-bromo-mw-dinitro-, 2421. 

B-Styrylcinnamic acid, and its ethyl 
ester, and bromo-, 2773. 

Styryl f-phenylethyl ketone, and its 
semicarbazone, and 2-hydroxy-, 1338. 

Styryl y-phenylpropyl ketone, and 
2-hydroxy-, 1340. 

Styrylpyrylium salts, 1336. 

B-2-Styryl-4-quinolone-3-propionic acid, 
B-6-nitro-, 2222. 

Substance, C,H,O,NCI, from 2-chloro-5- 
nitrophenol and alcoholic potash, 
2475. 

O,,4H,,0O,.N, from 2-diethylamino- 
methyleyclohexanone and o-amino- 
benzaldehyde, 3095. 

C,;H,.0;N,, from oxidation of oxy- 
lupanine, 3199. 

C,sH,,.0,N,, from hippuric acid and 
o-nitrobenzaldehyde, 977. 

C,sH,,0,N, from 2-quinolone and 
methyl! anthranilate, 2846. 

C,;H,,O,N,, from  6-nitropiperonal 
and hippuric acid, 979. 

Substitution in aromatic compounds, 
relative directive power of groups in, 
251. 

Succinanilamide-p-arsonic acid, and its 
salts, 619. 

Succinanilethylamide-p-arsonic 
and its sodium salt, 618. 

Succinanilide-p-arsonic acid, 618. 

Succinanilide-pp’-diarsonic acid, and its 
disodium salt, 617. 

Succinanilodimethylamide-p-arsonic 
acid, and its sodium salt, 619. 

Succinanilomethylamide-p-arsonic acid, 
and its sodium salt, 618. 

Succinanilopiperidide-p-arsonic acid, 619. 

Succinanilo-n-propylamide-p-arsonic 
acid, and its sodium salts, 1747. 

Succinic acids, structure of, 2167. 

Succino-n-butylimide, 52. 

Sugars, carboxylic acids from, 1298. 

Sulphidobis-p-hydroxydiethyl sulphide 
di-8-hydroxyethochlorides, 229. 

o-Sulphobenzoie acid, /-menthyl ester, 

and its potassium salt, 1488. 

Sulphodehydrothiotoluene-p-arsonic 
acid, and its sodium salt, 3281. 

Sulphones, hydroxy-, rearrangement of, 
3264. 

Sulphonic acids, action of amides and 
esters of, with piperidine, 609. 


crysiallo- 


acid, 
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Sulphonyl chlorides, nitro-. See Nitro. 
sulphony! chlorides. 

fluorides, aromatic, 2104. 

4-Sulphophenylarsonic acid, 

2558. 

Sulphur atoms, influence of, on re~ 
activity of adjacent atoms on 
groups, 2956. 

effect of moisture on reaction of silver 
and, 860. 

colloidal, 2919. 

Sulphur chlorides, properties of, 323. 

dioxide, solubility of, in sulphuric acid, 
2225. 

Sulphuric acid, compound of, with 

nitrobenzene, 3200. 
cyclic esters of, 1765. 

Thionyl chloride, action of, on optic- 
ally active phenylmethylcarbinol, 
382. 

Surface tension, apparatus for measure- 

ment of, 1630. 

Systems, polycyclic, stereoisomerism in, 

1898. 


3-nitro-, 


T. 


Tautomerism, mobile anion, 759. 
prototropic, 1225. 
three-carbon, 248, 1411, 1666, 2496. 
anionotropic, activation of, by 
polynuclear aryl groups, 759. 
Taxine, 2138. 
Fazus baccata (yew), physiologically 
active constituents of, 2138, 2148. 
cycloTelluributane derivatives, 182. 
Tellurium dioxide, reactions of, with the 
halogen acids, 1314. 
cycloTellurobutane, and its 
chloride, 180. 
Terephthalic acid arsenoxide, 3246. 
Terpenes, monocyclic, action of Beck- 
mann’s mixture on, 25. 
Terpinolene, action of 
mixture on, 25. 
w-O-Tetra-acetyl-8-galactosidoxy-4- 
acetoxy-3-methoxyacetophenone, 
2727. 
3-O-Tetra-acetyl-8-galactosidoxy-4’- 
acetoxy-3’-methoxyflavylium chloride, 
5:7-dihydroxy-, 5-benzoyl derivative, 
2728. 
3-O-Tetra-acetyl-8-galactosidoxy-3’:4’- 
diacetoxyflavylium chloride, 5:7-di- 
hydroxy-, 5-benzoyl derivative, 2724. 
4-8-Tetra-acetylglucosidoxyacetophen- 
one, w-hydroxy-, 2679. 
3-O-Tetra-acetyl-§-glucosidoxy-4’-acet- 
oxy-3’:5’-dimethoxyflavylium chloride, 
5:7-dihydroxy-, 5-benzoyl derivative, 
2710. 


mercuri- 


Beckmann’s 
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3-0-Tetra-acetyl-8-glucosidoxy-4’-acet- 
oxy-3’-methoxyflavylium chloride, 
5:7-dihydroxy-, 5-benzoyl derivative, 
2718. 
5-0-Tetra-acetyl-f-glucosidoxy-4’-acet- 
oxy-7:3':5’-trimethoxyflavylium chlor- 
ide, 3-hydroxy-, 2739. 
w-O0-Tetra-acetyl-8-glucosidoxy-3:4-di- 
acetoxyacetophenone, 2668. 
7-B-Tetra-acetylglucosidoxyflavylium 
chloride, 3:4’:5-trihydroxy-, 5-benzoyl 
derivative, 2687. 
3-0-Tetra-acetyl-8-glucosidoxyindole-2- 


carboxylic acid, 6-bromo-, methyl 
ester, 74. 
Tetraethylammonium salts, conduct- 


ivity of, 203, 216. 
Tetraethyl-8-chlorotrimethylenediamine, 
and its picrate, 1676. 
Tetraethyl-8-hydroxytrimethylenedi- 
amine, and its picrate, 1672. 
Tetraethyl-8-methoxytrimethylene- 
diamine, and its salts, 1673. 
Tetraethylsilicane, parachor of, 127. 
Tetrahydrobenzfurazan, tetrabromo-, 
and its oxide, 3310. 
Tetrahydrocarbazole, action of bromine 
on acyl derivatives of, 3324. 
2:3:4:11-Tetrahydrocarbazole, 11-hydr- 
oxy-, and its acyl derivatives, 3330. 
Tetrahydrocarbazolenine, 6-nitro-11- 
hydroxy-, 2225. 
dl-Tetrahydrogeranic acid p-toluidide, 
3140. 
5:6:12:13-Tetrahydro-a8-naphthacarb- 
azoles, and their derivatives, stereo- 
isomeric, 1903. 
Tetrahydronaphthalenes, 
3177. 
Tetrahydropentindole, and its acetyl 
derivative, bromo- and dibromo-, 
3333. 
Tetrahydropentindole-8-carboxylic acid, 
5-chloro-10-nitro-9-hydroxy-, ethyl 
ester, 1996. 
5:10-dinitro-9-hydroxy-, ethyl ester, 
2224. 
Tetrahydrotellurophen. 
Tellurobutane. 
ar ~* eceeeen cmern 
365. 
1:2:3:4-Tetramethoxybenzene, 2546. 
4:5:3’:4’-Tetramethoxy-2-benzoylbenzoic 
acid, 1365. 
3’:4’:5:6-Tetramethoxy-1-benzyl-2- 
methyltetrahydroisoquinoline, 2’- and 
6’-amino-, 2900. 
at aS ReteamuathenpMaatnenpinens, 
oJ. 
Tetramethoxydianthrone, 155, 165. 
&s:0:7-Tetramethoxy-0-cthylanthranel, 
wD. 


iodonitro-, 


See cyclo- 
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2:2’:3:3’-Tetramethoxyhelianthrone, 159. 

2:2’:3:3’-Tetramethoxynaphthadi- 
anthrone, 161. 

Tetramethoxy-§-phenylpropiophenones, 
hydroxy-, 1708. 

4:4’-Tetramethyldiamino-1:1’-di- 
naphthylearbinol, 123. 

4:4’-Tetramethyldiamino-1:1’-di- 
naphthylmethane, preparation of, 122. 

4:4’-Tetramethyldiaminophenyl-1- 
naphthylearbinol, 126. 

4:4’-Tetramethyldiaminophenyl-1- 
naphthyl ketone, 125. 

2:3:6:7-Tetramethylanthracene, 2331. 

2:3:6:7-Tetramethylanthraquinone, 2329. 

2:3:6:7-Tetramethyl-9-anthrones, 2327. 

2:3:6:7-Tetramethyl-9:10-dihydro- 
anthracene, 2328. 

Tetramethylene dibromide, use of, in 
synthesis of closed carbon chains, 
482. 

O-Tetramethylene-euxanthic 
methyl ester, 1711. 

Tetramethylene-ad-biscyclotelluributane 
1:1’-dibromide and 1:1’-diiodide, 184. 

Tetramethylgalactonamides, 1302. 

Tetramethylgluconamides, 1301. 

aafy-Tetramethylglutaconic acid, and its 
silver salt, 1554. 

aaa’ B-Tetramethylglutaric acid, B-hydr- 
oxy-, ethyl ester, 1553. 

2:3:6:7-Tetramethyl-4*'*-octahydro- 
anthraquinone, 2329. 

2:3:5:6-Tetramethylpiperazines, stereo- 
isomeric, and their salts and deriv- 
atives, 1160. 

d-8-2:3:5:6-Tetramethylpiperazinebis-d- 
methylenecamphor, 1162. 

Tetraphenylsilicane, parachor of, 128. 

Tetrapropylsilicane, parachor of, 128. 

Tetratriacontane, heat of crystallisation 
of, 1533. 

Thallium :— 

Thallous thioper-rhenate, 2976. 

Thallium organic compounds, 

2239. 
Thallium tetra-acetylethane, 2240. 

Thallium, detection and determination 
of, 2433. 

Thiachromanone oxime, 1693. 

Thiocyanic acid, metallic salts, phase- 

rule equilibria of, 55. 
potassium salt, reaction of thallic 
chloride with, 2433. 

Thiosemicarbazidopropyl phenyl ketone, 
and its oxime, 336. 

Thioxanthone, 4-bromo-1:2-dihydroxy-, 

526. 
1:2-dihydroxy-, derivatives of, 520. 

Thioxins, synthesis of, 718. 

B-Thujaketo-lactone. See «-Keto-f- 

hydroxyisopropyl-4«-heptenolactone. 


acid, 


1462, 
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Titanium alloys with mercury, 2805. 

Titanium group, chemistry and geo- 
chemistry of, 1. 

Tolualdehydes, pyridine condensation 
with, 1835. 

Toluene, chlorination of, in the vapour 

phase, 3150. 
nitration of, 1959. 

Toluene, 2:6-dichloro-4-nitro- and -3:4- 
dinitro-, and 3:4:6-trichloro-2-nitro- 
and -2:5-dinitro-, 76, 78. 

p-Tolueneazo-f-chloro-af-dibromo- 
ethylene, 3-mono- and 3:5-di-bromo-, 
1091. 

p-Tolueneazopentachloroethane, 5- 
chloro-3-bromo-, 1090. 

p-Tolueneazo-£8-dichloroethylene, 3- 
mono- and 3:5-di-bromo-, 1090. 

p-Toluenesulphonamide, interaction of 
N-chloroacetanilide and, 1514. 

4-p-Toluenesulphonamidodiphenyl, 3:5- 
dibromo-, 615. 

p-Toluenesulphon-3-chloroanilide, 2352. 

p-Toluenesulphonic acid, picrylpyridin- 

ium salt, 613. 
p-iodophenyl ester, and its iododi- 
chloride, 1109. 

Toluenesulphonic acids, /-menthy] esters, 
1487. 

p-Toluenesulphon-p’-nitroanilide, piper- 
idine salt, 614. 

Toluenesulphony] fluorides, chloro- and 
chloronitro-, 2107. 

di-Toluene-2-sulphonylalanine, 4-nitro-, 
283. 

p-Toluenesulphonylmethylsulphonyl- 
methane, 2641. 

2-p-Toluenesulphonyl 3:4:6-triacetyl a- 
glucosidyl chloride, 2627. 

2-p-Toluenesulphonyl 3:4:6-triacetyl - 
methylglucoside, 2629. 

p-Toluenethiolsulphonic acid, methyl 
ester, 2640. 

0-Toluidine, 3:4:6-trichloro-, and _ its 
derivatives, 78. 

p-Toluidine, 2:6-dichloro-, and _ its 
derivatives, 79. 

o- and p-Toluidine hydrochlorides, action 
of methyl alcohol on, 1581. 

2-Toluidino-3-benzamido-6:7-methylene- 
dioxyquinolines, 979. 

2-Toluidino-3-benzamidoquinolines, 979. 

p-Toluidinodehydroangustione, 291. 

4-o-Toluidino-6-methoxy-2-methyl- 
quinoline, and its acetyl derivative, 
112. 

dl-p-Toluoylalanine, 282. 

p-Tolyl benzyl and propyl ethers, 3- 

bromo-, 3-chloro-, and 3-nitro-, 
2917. 

methyl ether, action of alkylmalonyl 
chlorides on, 514. 
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p-Tolyl 1-nitro-2-keto-1:2-dihydro-]. 
naphthyl sulphide, 1194. 
N-o-Tolylbenzimino-2-chloropheny] 
ether, 301. 
N-o-Tolylbenzimino-2:4-dichloropheny| 
ether, 302. 
y-0-Tolyl-af-dimethylbutyric acid, and 
its derivatives, 1335. 
4-Tolyl-2:6-dimethyl-1:4-dihydropyrid- 
ine-3:5-dicarboxylic acids, ethy] esters, 
1840. 
p-Tolylimino-3-keto-2:3-dihydro-1:2- 
benzisodiazole, 6-nitro-1:2-endo-3’- 
mono- and -3’:5’-dibromo-, and their 
oxides, 2795. 
p-Tolylhydrazines, halogen-substituted, 
action of chloral with, 1088. 
o-Tolylhydrazones, action of bromine on, 
2787. 
Tolylhydrohenzoins, 2234. 
$-o-Tolyl-y-methyl-sec.-butyl 
1334. 
1-Tolyl-5-methylpyrazoles, 4-hydroxy., 
792. 


alcohol, 


m-Tolyl-1’-naphthylsulphone, 2’:4-di- 
hydroxy-, and its dibenzoy] derivative, 
2210. 

Tolyl-f-(8-naphthyl)thiocarbamides, - 
chloro-, 3301. 

o-Tolylnitrobenzenylhydrazidines, 
bromo-, 2789. 

p-Tolyl n-octyl ketone, 2117. 

5-p-Tolyloxy-p-cresol, 3:3’:5’-trichloro-, 
and its benzoyl derivative, 1949. 

2-p-Tolyloxy-2-ethoxy-4-methylcyclo- 
hexa-3:5-dienone, 3’:5’:6-trichloro-, 
1949. 

B-o-Tolylisopropyl methyl ketone, and 
its semicarbazone, 1334. 

p-Tolylthallium dibromide, 1467. 

o-Tolylthiocarbamide, 4-chloro-, 3302. 

Tolyl-f-p-tolylthiocarbamides, a- chloro-, 
3302. 

neoTrehalose, 
atives, 2847. 

8:4:6-Triacetyl 2-methyl a-methyl- 
glucoside, formation of, from 2:3:4-tri- 
acetyl a-methylglucoside, 2858. 

y-Triacetyl methyl rhamnoside, 2861. 

Triacetylpurpuroxanthinanthranol, 172. 

Triacontane, heat of crystallisation of, 
1533. 

Tri-n-amylarsine derivatives, 185. 

Triazole compounds, 1273. 

2:4:6-Tribenzoyloxyacetophenone, 1248. 

Tribenzoylphloroglucinaldehyde, 2692. 

Tribenzylsilicane, 2830. 

Tributylarsines, derivatives of, 185. 

Tricarballyleins, 2511. 

Tricetin, and its acetyl derivatives, 
2625. 

Tricin, and its acety] derivatives, 2624. 


and its acetyl deriv- 
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Triethyl-y-diethy:amino-f-methoxy-n- 
propylammonium salts, 1674. 

qriethyl~y-diethylamino-da-propenyl-a- 
ammonium picrate, 1678. 

NaNeNa-Triethyl-N yN vy N y-methyldi- 
ethyl-4e-propenylene-ay-diammonium 
picrate, 1679. 

Triethylsulphonium tri-B- 
hydroxy-, 229. 

NN ty -Triethyl-N’N’N’-triethyl-f- 
methoxytrimethylenediammonium 
salts, 1675. 

Tri-n-heptylphosphine, and its oxide, 
2111. 


chloride, 


Tri-n-hexylphosphine, and its oxide, 
2110. 

3':4':5’-Trimethoxy-6-aceiylflavone, 7- 
hydroxy-, and its acetyl derivative, 
2380. 

2:5:6-Trimethoxyaporphine, 3-hydroxy-, 
and its 3-benzyl derivative, 2901. 

4:5:6-Trimethoxyaporphine, 3-hydroxy-, 
2885. 

2:3:4-Trimethoxybenzaldehyde phenyl- 
hydrazone, 2545. 

3’:6:7-Trimethoxy-1-benzyl-3:4-di- 
hydroisoquinoline, 6’-amino- and 6’- 
nitro-4’-hydroxy-, and their 4’- 
benzyl derivatives, 2899. 

6:7:3’-Trimethoxy-1-benzyl-3:4-di- 
hydroisoquinoline, 2’-amino- and 2’- 
nitro-4’-hydroxy-, 4’-benzyl deriv- 
atives, and their salts, 2891. 
3’:6:7-Trimethoxy-4’-ethylcarbonato-1- 
benzyl-3:4-dihydroisoquinoline, ?. 
nitro-, and its methiodide, 2882. 
3':4’:5’-Trimethoxy-fa-naphthaflavone, 
2594, 
6:7:4’-Trimethoxy-1-phenyl-3:4-dihydro- 
isoquinoline, and its methiodide, 
2058. 
6:7:4’-Trimethoxy-1-phenyl-2-methyl- 
tetrahydrozsoquinoline, 2058. 

Trimethylammonium  dibromoiodide, 
1860. 

Trimethyl arabonamides, and _ their 
action with alkaline hypochlorites, 
1302. 

2:4:6-Trimethylbenzaldehyde, 3-mono- 
and 3:5-dinitro-, and their phenyl- 
hydrazones, 1171. 

Trimethyl cellulose, 821. 

Trimethyl-y-chloro-$-hydroxy-n-propyl- 
ammonium iodide, 1672. 

3:4:6-Trimethylcoumarin, 2429. 

3:4:6-Trimethyl-2-deoxygluconic acid, 
phenylhydrazide of, 1137. 

9:9:10-Trimethyl-9:10-dihydroacridine, 
a0iZ. 

1:2:3-Trimethyl-2:3-dihydrobenzimin- 

azole, 5(or 6)-amino-2-hydroxy- and 

its dihydrochloride, 1153. 
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1:2:3-Trimethyl-2:3-dihydrobenzimin- 
azole-5(or 6)-arsonic acid, 2-hydroxy-, 
1153. 

2:7: ee :1’-dinaphthyl ketone, 
493 

Trimethylene trithiocarbonate and di- 


thiolcarbonate phenylhydrazones, 
546. 
2:3:4-Trimethyl 5-galactonolactone 


phenylhydrazide, 263. 
2:3:4-Trimethyl galactose, 262. 
Trimethyi glucal, 1135. 
2:3:4-Trimethyl glucose, structure of, 

2855. 
aay-Trimethylglutaric acid, 8-bromo-y- 

hydroxy-, lactone of, 294. 
2:3:4-Trimethylglycuronic acid, 263. 
2:3:4-Trimethylglycuronide, 265. 
Trimethyl mannonolactone, 1353. 
2:3:6-Trimethyl mannose anilide, 1351. 
2:3:4-Trimethyl a-methylglucoside, 1713. 
2:3: oo £-methylglycuronide, 


2:3:4-Trimethyl mucic acid, dimethyl 
ester, 264. 
2:3:5-Trimethylnaphthalene, 
salts, 1333. 
2:3:4-Trimethyl-5-saccharolactonic acid, 
methyl ester, 1713. 
NNN-Trimethyl-N’N’N’-triethyl-f- 
hydroxytrimethylenediammonium 
picrate, 1672. 
2:3:4-Trimethyl-6-triphenylmethyl a- 
methylglucoside, 1712. 
Tri-n-octylphosphine, 2112. 
2:2:4-Triphenyl-4*-chromen, 1704. 
Triphenyldialkylpentaphosphines, 
existence of, 1891. 
Triphenylphosphine dichloride, __re- 
action of ethyl magnesium iodide 
with, 1893. 
Tri-n-propylarsine derivatives, 185. 
—— salts of, 
1493. 
Tris-aa’-dipyridylnickelous salts, 2215. 
Trisulphonylmethanes, 2637. 
Triticum dicoccum. See Wheat, Khapli. 
Trypanocidal action and chemical con- 
stitution, 3032, 3043, 3236. 
Trypanocidal activity, search for, 3279. 
Tungsten :— 
Tungstates, precipitation of, 709. 
complex acid, 1421. 
Turpentine, Indian, from Pinus longi- 
folia, 3001. 


and its 


U. 


Undecane-1:11-diamidine picrate, 3000. 
4-n-Undecyltoluene, and amino- and 
nitro-derivatives, 2120. 
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4-n-Undecyl-p-toluquinone, and 2:5-di- 
hydroxy-, 2121. 
Unsaturated compounds, 
addition to, 2752, 2765. 
isomeric, determination of mixtures 
of, 723. 
Uranium alloys with mercury, 2805. 
Urea (carbamide), equilibria of, with 
metallic nitrates, 3208. 
Ureido-3-(3’-3’’-aminobenzamido-4’- 
methylbenzamido)carbazoledisul- 
phonic acid, and its sodium salt, 3282. 
Ureido-m-aminobenzoyldehydrothio-p- 
toluidinesulphonic acid, and its sodium 
salt, 3280. 
Ureido-3-aminocarbazoledisulphonic 
acid, and its sodium salt, 3282. 
Ureido-3-(3’-amino-4’-methylbenzamido)- 
carbazoledisulphonic acid, and its 
sodium salt, 3282. 
Ureidodehydrothio-p-toluidinesulphonic 
acid, and its sodium salt, 3280. 
Uronic acids, compound, 258. 


conjugated, 


Vv 


Valency, studies of, 1092. 
Valeramidine, salts of, 3000. 
n-Valerophenone, p-bromo- 
bromo-3-nitro-, 2405. 
isoValerophenone, m-amino-, di-m- 
amino-, di-p-toluenesulphonyl deriv- 
ative, and m-bromo-, 2398. 
Valero-8-veratrylethylamide, 
and §-chloro-, 41. 
n-Valeryl bromide, 2405. 
n-Valerylcholine chloroplatinate, 766. 
Vanadium alloys with mercury, 2805. 
Veratrole-5-sulphinic acid, 4-bromo-, 
524. 
Veratrole-5-sulphonamide, 
523. 
Veratrole-5-sulphonyl chloride, 4- 
bromo-, 523. 
Veratroylveratrylamine, 2998. 
B-Veratrylethylamine hydrobromide, 41. 
Veratrylidenemalon-o-toluidic acid, 
2060. 
Veronal, dissociation constant of, 1456. 
Vinylarsines, B-chloro-, properties of, 
and their reactions with benzene and 
aluminium chloride, 753. 


and 4- 


§-bromo- 


4-bromo-, 





INDEX OF SUBJECTS. 


Ww. 


Water, catalysis of formation of, from 
hydrogen and oxygen on a copper 
catalyst, 1525. 

conductivity and “ equilibrium,” 
preparation of, 1201. 
Wheat, Khapli, yellow colouring matter 
of, 2624. 


x. 


Xanthic acid, bornyl and menthy| 
methyl esters, hydrolysis of, 1114. © 
p-Xenylearbimide, 1125. 
Xylan, structure of, 2850. 
Xylose, X-ray structure of, 2312. 
p-Xylylarsonic acid, preparation of, 3245, 
p-Xylyldi-n-amylphosphine, and _ its 
mercurichloride, 578. 
p-Xylyldibutylphosphines, 
derivatives, 577. 
p-Xylyldiethylphosphine, and its mer. 
curichloride, 577. 
p-Xylyldimethylhydroxyphosphino- 
carbithionic acid, inner anhydride of, 
576. 
p-Xylyldimethylphosphine, 
derivatives, 575. 
p-Xylyldi-n-propylphosphine, 
derivatives, 577. 
o-Xylylmethylacetoacetic 
ester, 1334. 
p-Xylylmethyldi-n-amylphosphonium 
chloroplatinate, 578. 
p-Xylylmethyldi-n-butylphosphonium 
salts, 577. 
p-Xylylmethyldiethylphosphonium salts, 
577. 


and their 


and sits 
and its 


acid, ethyl 


a-m~Xylyl-8-(8-naphthyl)thiocarb- 
amide, a-6-chloro-, 3303. 
p-Xylyltrimethylphosphonium salts, 576. 


» A 
Yew. See Jazxus baccata. 


Z. 


Zinc chloride, equilibrium of, with 
cobalt chloride, 2479. 
equilibrium of nitric acid, water and, 
1753. 





» from 
-opper 


‘ium,” 


natter 


nthy| 
4, 


FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is 
arranged according to Richter’s system (see Lexikon der Kohlenstoff-V erbin- 


dungen). 
The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the 


remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained 
in the molecule (thus 5 IV indicates that the molecule contains five carbon atoms 
and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given 
in the above order). 

Fourthly, according to the number of atoms of each single element (except 
carbon) present in the molecule. 


Salts are placed with the compounds from which they are derived. The 
chlorides, bromides, iodides, and cyanides of quaternary ammonium bases, 
however, are registered as group-substances. 


C, Group. 


CH, Methane, thermal decomposition of, 1594; flame movement and pressure 
development in explosions of air and, 847; ignition of mixtures of, with 
oxygen, nitrogen, argon, and helium, 2456; analysis of mixtures of ethane, 
hydrogen and, 368. 

CO Carbon monoxide, catalytic action of hydrogen on flames of, 641. 


1 
CHN Hydrocyanic acid, freezing points of aqueous mixtures of, 657; com- 
pound of aluminium chloride and, 3343. 
CHC], Chloroform, equilibrium of, with water, 691. 
CH.O Formaldehyde, induction period of reaction between ammonium sulphide 
and, 474; reactions of malonic esters with, 653. 
CH;N Methylamine, pure, preparation of, 1468. 


1 
CHNS Thiocyanic acid, metallic salts, phase-rule equilibrium of, 55; potassium 
salt, reaction of thallic chloride with, 2433. 
CH.0,S Methylene sulphate, reactions of, 1765. 
CH,OH Formamide, purification and physical constants of, 3257. 
CH,0O.N Nitromethane, conductivity of electrolytes in, 199. 
CH,ON, Urea, equilibria of, with metallic nitrates, 3208. 
CH,0,.8, Methanetetrasulphonic acid, attempted preparation of, 222. 
CH:ON N-Methylhydroxylamine, oxidation of, by iodine, 1605. 


1IvV 
CH,NBr,I Methylammonium dibromoiodide, 1860. 


C, Group. 


C.H, Ethylene, surface reactions of halogens with, 2597. 
C.H, Ethane, analysis of mixtures of methane, hydrogen and, 368. 
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2 I 
C.H,0, Oxalic acid, complex molybdenum salts, 1748. 
C.H,O, Acetic acid, salts, constitution of, in solution, 2831. 
= Ethyl bromide, effect of drying on distillation and vapour pressure of, 
573. 


¢,H,0 Ethyl alcohol, effect of solvents on acetylation of, 2297. 
C.H,S Ethyl mercaptan, dielectric polarisation of benzene solutions of, 2062. 


2 I 
C.HOCI], Chloral, action of, on halogen-substituted p-tolylhydrazines, 1088. 


C.H,0Cl, Dichloroacetaldehyde, condensation of, with anisic acid and with 
p-nitroanisole, 1828; condensation of, with p-hydroxybenzoic acid, 1737. 


C.H,IMg Ethylmagnesium iodide, reaction of triphenylphosphine dichloride 
with, 1893. 
2 IV 


C.H;0,IS a-Iodoethylenesulphonic acid, potassium salt, 2746. 
C.H,NBr,I Dimethylammonium dibromoiodide, 1860. 
Ethylammonium dibromoiodide, 1860. 
C, Group. 
C,H, Propylene, addition of halogen hydrides to, 2746. 
3 I 
C;H,O, Malonic acid, salts, electrolytic dissociation of, 1998; condensation of 
aldehydes with, in presence of bases, 740. 
C;H,O Acetone, relative speeds of enolisation of bromoacetone and, 3318. 
C,;H,O isoPropyl alcohol, action of bromine on, 2508. 
3 Ill 
C,;H,OBr Bromoacetone, relative speeds of enolisation of acetone and, 3318. 
C,H,0.S, 1:3-Dithiolan dioxide, 1688. 
C,H,0,8, 1:3-Dithiolan trioxide, 1689. 
C,H,0.N f-Alanine, neutral salt addition compounds of, 3131. 
Sarcosine, preparation of, 1894. 
C,H,Cl,As Propyldichloroarsines, 2522. 
3 IV 
C;H,0,C1,S8, 2:2-Dichloro-1:3-dithiolan dioxide, 2643. 
C,H,,.NBr,I isoPropylammonium dibromoiodide, 1861. 
Trimethylammonium dibromoiodide, 1860. 
C, Group. 
C,H, Butadiene, action of iodine monochloride on, 2759. 
4il 
C.,H,O Furan, dielectric polarisation of benzene solutions of, 2062. 
C,H,Br, ayd-Tribromo-4e-butylene, 2764. 
C,H,O, Methylmalonic acid, copper, nickel, and zinc salts, 2003. 
C,H,Br, «ay-Dibromo-4e-butylene, 2764. 
C,H,Br Tetramethylene dibromide, use of, in synthesis of closed carbon chains, 
482 


C,H,Te cycloTellurobutane, 182. 
C,H,,S Ethyl sulphide, dielectric polarisation of benzene solutions of, 2062. 
C,H,,S, Bis(methylthio)ethane, 2640. 
Methylthioethylthiomethane, 2640. 
C,H,,N Methylpropylamine, salts of, 1494. 
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4 i 
¢,H,0,I a-Iodocrotonic acid, 2745. 
¢,H,CIS £-Chlorodivinyl sulphide, 1915. 
¢,H;Cl,8 «f-Dichloroethyl f’-chlorovinyl sulphide, 1915. 
(,H,C1,S «f-Dichloroethyl vinyl sulphide, 1914. 
C,H,C1L,S «fa’f’-Tetrachlorodiethyl sulphide, 1915. 
C,H,CIS -Chloroethyl vinyl sulphide, 235. 
C,H.OCl, 8’-Dichlorodiethyl ether, syntheses with, 266. 
(,H,OSe 1:4-Selenoxan, 268. 
(,H,OTe cycloTelluributane l-oxide, 183. 
C,H,0.S, 1:4-Dithian dioxide, 1918. 
(,H,0,8,; Methyl-1:3:5-trithianl:3-dioxide, 2643. 
(,H.C1,S «f’-Dichlorodiethyl sulphide, 236. 
a sulphide, action of water and of aqueous alcoholic potash 
on, . 
(,H,C1,Te cycloTelluributane 1:1-dichloride, 182. 
(,H.Br,Te cycloTelluributane 1:1-dibromide, 183. 
C,H.I.Te cycloTelluributane 1:1-di-iodide, 183. 
(,H,ON, Acetone semicarbazone, action of piperidine on, 1156. 
(,H,Cl,As Butyldichloroarsines, 2522. 
(,H,,0,S, Bis(methylsulphonyl)ethane, 2640. 
Methylsulphonylethylsulphonylmethane, 2640. 
(,H,,.0,Si Methyl orthosilicate, parachor of, 127. 


4 IV 
(,H,0,Br,8, Tetrabromomethyl-1:3:5-trithian 1:3-dioxide, 2643. 
(,H,OCIS f-Chlorodivinyl sulphoxide, 1916. 
C,H,OCL,S «af8a’f’-Tetrachlorodiethyl sulphoxide, 1915. 
(,H,OBr,S afa’f’-Tetrabromodiethyl sulphoxide, 1916. 
C,H,O.CII 8-Chloro-a-iodobutyric acid, 2745. 
C,H,O.Br,S afa’f’-Tetrabromodiethylsulphone, 1916. 
C,H,0,BrS, 2-Bromo-2-methyl-1:3-dithiolan dioxide, 2643. 
(,H,OCI,Se Selenoxan dichloride, 270. 
C,H,OBr.Se Selenoxan dibromide, 270. 
C,H,OI,Se Selenoxan di-iodide, 270. 
(,H.Cl.TeHg cycloTellurobutane mercurichloride, 182. 
(,H,0,IS, Iodobis(methylsulphonyl)ethane, 2640. 
C,H,O;NSe 1:4-Selenoxan hydroxynitrate, 269. 
C,H,,0,N.Cl Bisacetamide hydrochloride, preparation and use of, 672. 
C,H,,.NBr.I Diethylammonium dibromoiodide, 1860. 
C,H,,N,Br,Au Diethylenediaminogold tribromide, 2415. 


4V 
C,H,OCI,SeHg Selenoxan mercurichloride, 271. 


C,H,OCI,SeAu Selenoxan chloroaurate, 271. 
C,H,0,CIS -Chloro-f’-iododiethylsulphone, 1918. 
C,H,,ON.Br,Se Amino-derivative of selenoxan dibromide, 271. 


C; Group. 
C;H, Isoprene, action of bromine and water on, 2761. 
C;H,, m-4c-Amylene, addition of halogen hydrides to, 2746. 
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5 I 
C;H;N Pyridine, co-ordination compounds of, with antimony and phosphorns 
pentachlorides, 1518; dealkylation of phenolic esters by, 1121. 
C;H,O, Itaconic acid, determination of, in mixtures with mesaconic acid, 724, 
Mesaconic acid, determination of, in mixtures with itaconic acid, 724. 
C;H,O, Glutaconic acid, strychnine hydrogen salt, 559. 
C;H,O, Dimethylmalonic acid, copper, nickel and zinc salts, 2004. 
Ethylmalonic acid, copper, nickel, and zinc salts, 2003. 
C;H,S, §-Methyltrimethylene trithiocarbonate, 542. 
C;H,,0 2-Butaldehyde, condensation of malonic acid with, 746. 
C;H,,0; Arabinose, X-ray structure of, 2313. 
Xylose, X-ray structure of, 2312. 
C;H,,N Piperidine, action of, on acetone semicarbazone, 1156; with sulphon. 
amides and sulphonates, 609; dealkylation of phenolic ethers by, 1121. 


C;H,,.0, Glycerol af-dimethyl ether, 449. 
C;H,,.N, Valeramidine, salts of, 3000. 
C;H,,N Methyldiethylamine, picrate of, 1680. 


5 I 
C;H;NBr, Pyridine dibromide, 2786. 
C;H,OBr x-Valeryl bromide, 2405. 
C;H,,0,;N, 5-Methylbarbituric hydrazide, 1872. 
C;H,,0.C1 Chlorodimethoxypropanes, 452. 
C;H,,Cl,As n-Amyldichloroarsine, 2522. 
C;H,,ITe cycloTelluributane 1-methiodide, 183. 


5 IV 
C;H;NCIBr Pyridine bromochloride, 2786. 
C;H;NBrI Pyridine iodobromide, 2786. 
C;H;NBr,Au Pyridinotribromogold 2413. 
C;H,N,Br,Au 2-Aminopyridinotribromogold, 2415. 
C;H,,0ISe Selenoxan methiodide, 270. 
C,H,,0,CIS, Bis(ethylsulphonyl)chloromethane, 2641. 


C, Group. 
C,H,, Dimethylbutadienes, addition of hydrogen bromide to, 129. 
6 Il 
C,H,O, Kojic acid, formation of, from sugars by Aspergillus oryzae, 16. 
C,H,,O +y-Methyl-48-penten-d-one, 818. 
C,H,,0, Propylmalonic acids, copper, nickel, and zinc salts, 2003. 
C,H,,0; «a-Hydroxy-a-methylglutaric acid, and its silver salt, 1553. 
C,H,,0, Glycidyl isopropyl ether, 456. 
C,H,.0, Glucal, structure of, 1131. 
C,H,.0; Rhamnose, X-ray structure of, 2312. 
C,H,.Se 2-Methylcycloselenopentane, 178. 
cycloSelenohexane, and its polymerisation, 173. 
C.H,,Se, cycloHexamethylene 1:8-diselenide, 179. 
C.H,,N; £-Piperazinoethylamine, 3101. 
6 Il 
C,H,0,N, Picric acid, solubility of, in aqueous acetone and aqueous alcohol, 
1196; piperidine salts, 63. 
C,H;0,.Fe Ferrioxalic acid, potassium salt, photolysis of solutions of, 3079. 
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(,H,0;N, 2:4-Dinitrophenol, piperidine and pyridine salts, 612. 

C,H,N.Cl, 2:3:4:6-Tetrachlorophenylhydrazine, 1927. 

(,H,N,Br 4-Bromo-1:2:3-benztriazole, 1149. 

¢,H,ON, Nitrobenzene, dissociation of salts in, 795. 

(,H,0.N Nitrobenzene, conductivity of electrolytes in, 215; compound of, 
with sulphuric acid, 3200. 

(,H,N.Cl, 2:4:5-Trichlorophenylhydrazine, 1927. 

C,H,Cl,T1 Phenylthallium dichloride, 1465. 

(,H,Br.Tl Phenylthallium dibromide, 1465. 

(,H,O.N, o0-Nitroaniline, polymorphism of, 2583. 

(,H,0,N, 2:4-Dinitrophenylhydrazine, use of, as reagent for carbonyl com- 
pounds, 756. 

(,H,N.Cl, 2:4:6-Trichlorophenylhydrazine hydrochloride, 1741. 

(,H,O.N 1-Pyrrylacetic acid, 52. 

(,H,ON, 1-Pyrrylacetamide, 52. 

(,H,NC] 1-8-Chloroethylpyrrole, 53. 

(,H,,0,S, Ethylenedithiolacetic acid dioxides, 1685. 

(;,H,,ON y-Methyl-48-penten-5-one oxime, 818. 

(,H,,0S B-Ethoxyethyl vinyl sulphide, 235. 

(,H,.C1,Se cycloSelenohexane 1:1-dichloride, 177. 

C,H,,Br.Se 2-Methylcycloselenopentane dibromide, 178. 

cycloSelenihexane 1:1-dibromide, 176. 

(,H,.I,Se cycloSelenihexane 1:1-di-iodide, 176. 

C,H,,ON, Piperidinoformyl hydrazide, and its hydrochloride, 1158. 

(,H,,0Br Methyl e-bromo-n-amy]l ether, 2054. 

(,H,,0.8, Diethyldithiolethane dioxide, 1685. 

(,H,,0,S §88’-Dimethoxydiethylsulphone, 1917. 

C,H,,0,Se, Hexamethylenediselenious acid, 180. 

6 IV 

(,H.ON.Br, Dibromobenzfurazan, 3311. 

(,H,0CI,Br, 3:6-Dichloro-2:4-dibromophenol, 2271. 

(,H,0CI1,I Trichloro-o-iodophenol, 142. 

(,H.0.N.Br, Dibromobenzfurazan oxide, 3310. 

(.H,0,N,Br 6-Bromo-2-nitrobenzene-4-diazo-l-oxide, 2273. 

(,H,0;N.Br, Dibromodinitrophenols, 2270. 

(,H,OCII, 4-Chloro-2:6-di-iodophenol, 144, 

(,H,0C1,I 4:6-Dichloro-2-iodophenol, 141. 

C.H,0,F,8, Benzene-1:3:5-trisulphonyl fluoride, 2108. 

C,H,OCII 4-Chloro-2-iodophenol, 140. 

C,H,ON.Br, Tetrabromotetrahydrobenzfurazan, 3311. 

C,H,O.NC] 3-Chlorobenzoquinone-4-oxime, acidic nature of, 2227. 

3-Chloro-4-nitrosophenol, constitution of, and its salts, 1494. 

C.H,0.N.Br, Tetrabromotetrahydrobenzfurazan oxide, 3310. 

C.H,O,N.S 2:4-Dinitrobenzenesulphonic acid, 626. 

(,H;0,NC1 3-Chloro-4-nitrosophenoi, basic nature of, 2227. 

C.H;0,N,S 3:5-Dinitro-2-aminophenol, 2348. 

C,H.O.NCI Substance, from 2-chloro-5-nitrophenol and potassium hydroxide, 
2475. 

C.H,O,N,S 2:4-Dinitrobenzenesulphonhydrazide, 626. 

C,H,O,NAs 3-Nitro-4-sulphophenylarsonic acid, 2558. 

C.H,0,N.Br 5-Bromo-5-ethylbarbituric acid, 1873. 

3449 


horns 





L, 724, 












»hon. 









































6 Iv—7 Ill FORMULA INDEX. 


C,H,0,N,S Nitrobenzsulphonhydrazides, 626. 
C,H,0.N.S §’-Dicyanodiethylsulphone, 1918. 
C.H,,Cl,SeHg 2-Methylcycloselenopentane mercurichloride, 179. 

cycloSelenohexane mercurichloride, 176. 
C.H,,0CIS, 1:4-Dithian 1-8-hydroxyethochloride, 231. 

1:4-Dithian sulphonium chloride, 231. 
C,H,,0,CIS Tri-8-hydroxyethylsulphonium chloride, 229. 

6V 

C,H,OCIBr,I 3-Chlorodibromoiodophenols, 2271. 
C,H,O,NCIBr, 3-Chloro-4:6-dibromo-2-nitrophenol, 2270. 
C,H,0,C1,F,S, 1:3-Dichlorobenzene-4:6-disulphonyl fluoride, 210 7. 
C,H,0,CIF;S, Chlorobenzene-2:3:6-trisulphonyl fluoride, 2108. 
C.H,0,NBrI 6-Bromo-4-iodo-2-nitrophenol, 2274. 
C,H,0,CIF,S, Chlorobenzene-2:4-disulphonylfluoride, 2107. 
C,H,ONCIBr, 3-Chloro-2:6-dibromo-4-aminophenol, 2271. 
C,H,0.,NS,As 3-Nitro-4-thiolphenylarsenic disulphide, 2559. 
C.H,0,CIFS p-Chlorobenzenesulphony]l fluoride, 2107. 
C,H,O,NBrAs 2-Bromo-4-nitrophenylarsonic acid, 3271. 
C.H,,ONCII ‘Trimethyl-y-chloro-8-hydroxy-n-propylammonium iodide, 1672. 


C, Group. 
C,H, Toluene, nitration of, 1959. 
70 

C,H,O SBenzaldehyde, salt-forming characters of carbonyl group in, 307; 
nitration of, in sulphuric acid solution, 314; oxidation of, 420; reactions of, 
with azo- and azoxy-compounds, 3182. 

C,H,O, p-Hydroxybenzoic acid, condensation of dichloroacetaldehyde with, 
1737. 


Salicylic acid, freezing point of mixtures of camphor and, 1731. 
C,H,O Benzyl alcohol, reactions of, with azo- and azoxy-compounds, 3183. 
C,H,O, 5-Methoxy-2-hydroxymethyl-y-pyrone, 3026. 

C,H;,N, 1-8-Cyanoethylpyrrole, 53. 

C,H,N Toluidines, action of methyl alcohol on hydrochlorides of, 1581. 
C.H,N, Aminobenzamidines, salts of, 2994. 

C,H,,0, ay-Dimethylglutaconic acid, optically active, and its salts, 553. 
C,H,,0, Methylhexenoic acids, 1414. 

C,H,.0, Diethylmalonic acid, copper, nickel, and zinc salts, 2004. 

B-Methyladipic acid, preparation and decomposition of, 911. 

C,H,.N, 1-Aminocyanocyclohexane, and its hydrochloride, 1390. 
C,H,,0, Pinacol methylene ether, 1770. 
C,H,,0, §8-Hydroxy-8-methylhexoic acid, silver salt, 1414. 

e-Methoxy-n-hexoic acid, 2054. 

C,H,,0, Acetoxydimethoxypropanes, 454. 

C,H,,0 Propyl butyl ethers, 372. 

C,H,,N, £-Piperidinoethylamine, and its picrate, 3098. 

C,H,,N, Dimethylpentamethylenetetramine, picrate of, 1492. 

Pimelamidine, hydrochloride of, 3000. 

7 

C,H,0Cl, Pentachloroanisole, 1110. 

C,H,O,N, 6-Nitro-3-methyl-1:2:3-benztriazole 1-oxide, 1278. 
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(.H.NCI, 3:4:6-Trichloro-o-toluidine, 78. 

0,H,ON 3-Keto-4:5-dihydrodi-(1:2)-pyrrole, 53. 

C,H,0,N p-Nitroanisole, condensation of, with dichloroacetaldehyde, 1828. 

C,H,0,N Comenamic acid methyl ether, and its salts, 3028. 

¢,H,0,As Benzaldehyde-p-arsonic acid, 2406. 

(,H,0,As 4-Arsonosalicylic acid, 3252. 

¢,H,NCl, 2:6-Dichloro-p-toluidine, 79. 

(,H,Br.Tl p-Tolylthallium dibromide, 1467. 

¢,H,ON, Hydroxybenzamidines, salts of, 2999. 

(,H,ON, 6-Amino-3-methyl-1:2:3-benztriazole 1-oxide, 1280. 

C,H,ON, p-Hydroxyphenylguanidine, hydrochloride of, 2997. 

¢,H,0.N 5-Hydroxy-1:2-dimethyl-4-pyridone, 3029. 
B-1-Pyrrylpropionic acid, 52. 

¢,H,0,.N, 5-Nitro-2-aminomethylaniline, 1151. 

¢,H,0,N 5-Methoxy-2-hydroxymethyl-4-pyridone, 3027. 

C,H,NI, 2-Iodopyridine ethiodide, 781. 

¢,H,,ON, £-1-Pyrrylpropionamide, 52. 

(,H,,.NCI 2-Chloro-1-cyanocyclohexane, 1390. 
1-y-Chloropropylpyrrole, 53. 

¢,H,,0,.N Methylamine kojate, 3031. 

C,H,,0ON; y-Methyl-48-penten-3-one semicarbazone, 818. 

C,H,,0,N 1-Aminocyclohexanecarboxylic acid, 1390. 

¢,H,,0Cl 7-Chloroheptyl alcohol, 1699. 

C,H,,0.N, -Piperidinoformylcarbohydrazide, and its salts, 1157. 

(,H,,ISe 2-Methylcycloselenopentane 1-methiodide, 179. 
cycloSelenihexane 1-methiodide, 177. 

(,H,,IAs Methyltriethylarsonium iodide, 187. 

C,H,,0OAs Methyltriethylarsonium hydroxide, salts of, 187. 


71V 

C,H,ONCI, 2:4-Dichlorophenylcarbimide, 144. 
(,H,O,NBr, Dibromonitrohydroxybenzaldehydes, 1503. 
C,H,0,N.Cl, 3:4:6-Trichloro-2:5-dinitrotoluene, 78. 
¢,.H,O,N.Br Bromodinitrohydroxybenzaldehydes, 1504. 
C.H,O,NCl, 3:4:6-Trichloro-2-nitrotoluene, 78. 
(;H,0,NBr Bromonitrohydroxybenzaldehydes, 1503. 
C.H,0,N.Cl, 2:6-Dichloro-3:4-dinitrotoluene, 79. 
C,H,OCI,I 2:6-Dichloro-4-iodoanisole, 1106. 
(,H,OC1,I 2:6-Dichloro-4-iodoanisole iododichloride, 1106. 
C,H,O.NCl, 2:6-Dichloro-4-nitrotoluene, 79. 
C.H,N.SAu 2-Aurothiolbenziminazole, 3039. 
C,H,OCII 2-Chloro-4-iodoanisole, 1106. 
C,H,OCIF Chlorofluoroanisoles, 981. 
C,H,OCI,I 2-Chloro-4-iodoanisole iododichloride, 1106. 
C,H,OBrF Bromofiuoroanisoles, 981. 
C,H,OIF Iodofluoroanisoles, 981. 
C,H,O,.NCl 3-Chloro-4-nitrosoanisole, picrate of, 1499. 
(,H,O.NAs 3-Nitro-4-benzarsonic acid, and its acid potassium salt, 3249. 
C,H,0.N,Cl 2-Chloro-5-nitromethylaniline, 1151. 
C,H,0,N.As Benziminazole-5-arsonic acid sulphate, 3038. 
C.H,N.SF 3-Fluorophenylthiocarbamide, 3300. 
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C,H,ONF Fluoroaminoanisoles, 981. 
C,H,O,NAs Benzaldehyde-p-arsonic acid oxime, 2406. 
re 5)-methylglyoxaline-5(or 4)-carboxylic 
acid, 1 
C,H,O,;NAs 4-Arsonoanthranilic acid, 3250. 
Salicylamide-4-arsonic acid, 3252. 
ine p-Toluenesulphonamide, interaction of N-chloroacetanilide and, 
614. 


C,H,O,N.Br 5-Bromo-5-propylbarbituric acids, 1873. 
C,H,0,N.As Anthranilamide-4-arsonic acid, 3251. 

7V 
C,H,0,N.FS 4-Fluoro-3-nitrophenylthiocarbimide, 3299. 
C,H,N.S,AsAu 2-Aurothiolbenziminazole-5-arsenic disulphide, 3042. 
C,H,OCIFS 6-Chloro-o-toluenesulphonyl fluoride, 2107. 

7 VI 
C.H,O,NCIFS 2-Chloro-5-nitro-p-toiuenesulphonyi fluoride, 2107. 
C,H,O,N.SAsAu 2-Aurothiolbenziminazole-5-arsonic acid, 3036. 
C,H,O,NC],As Anthranilic acid dichloroarsine hydrochlorides, 3251, 3255. 


C, Group. 


C,H,O, 4-Hydroxyphthalide, 870. 

C,H,O Acetophenone, salt-forming characters of carbonyl group in, 307; 
reactivity of w-halogen atoms in, 2514; nitration of, in sulphuric acid 
solution, 314. 

C,H,O, 1:3-Benzdioxin, 1770. 

C,H,0, Anisic acid, condensation of, with dichloroacetaldehyde, 1828. 

w:4-Dihydroxyacetophenone, and its potassium salt, 2679. 

C,H,O, 2:4-Dihydroxy-5-methoxybenzaldehyde, 1244. 

2:3-Dimethoxy-p-benzoquinone, 2548. 

C,H,N, 4-Amino-5-(3-pyridyl)pyrazole, and its salts, 2971. 

C,H,O Phenylmethylcearbinol, optically active, manigeantion a of, 382. 

C,H,,.N, y-1-Pyrrylbutyronitrile, 54. 

C.H,.S, Phenylthiomethylthiomethane, 2641. 

C,H,,N 3-Methylcyclopentenylacetonitrile, 1222. 

C,H,,0, 4:5-Dimethyldihydroresorcinol, 818. 

C,H,,0, Ethyl methylenedimalonate, preparation of, 673. 

C,H,,0 Homomesitones, 2501. 

C,H,,0, «a-Methyl-f-ethylpentenoic acids, 1416. 

3-Methylcyclopentylacetic acid, 1222. 

C,H,,0, Diacetoxymethoxypropanes, 453. 

C,H,,N, §-Piperidinopropionitrile, 3188. 

C,H,,0, ¢-Methoxy-n-heptoic acid, 2055. 

C,H,,0, 2-Methyl a-methylglucoside, 2859. 

C,H,,N, Tetramethylpiperazines, stereoisomeric, and their salts, 1160. 

C.,H,.N, 1:4-Di-(8-aminoethyl)piperazine, 3100. 

C,H,,.Si Tetraethylsilicane, parachor of, 127. 

8 Il 

C,H,O.N, 4-Nitrophthalimide, 80. 

C,H,0,N, 6:8-Dinitro-4-keto-1:3-benzdioxin, 2494. 

C,H,OBr 4-Bromophthalide, 870. 
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(,H,0,Cl 4-Chlorophthalide, 869. 

(,H,0,I 4-Iodophthalide, 870. 

(,H,O;N p-Nitrobenzoylformic acid, 2426. 

(,H,0,As Terephthalic acid arsenoxide, 3246. 

(,H,OBr, 2:5-Dibromoacetophenone, 2395. 

(,H,O.N, 4-Aminophthalimide, and its hydrochloride, 80. 

(,H,O.N, 4-Nitro-5-(3-pyridyl)pyrazole, and its salts, 2970. 

(,H,O,N, Glyoxylic acid dinitrophenylhydrazone, 758. 

(,H,0.N 4-Aminophthalide, 869. 

(,H,0,I 2-Iodophenyl acetate, 139. 

(,H,0.As Acetophenone-p-arsenious oxide, 2401. 

(,H,0,C1 4-Chloro-2-hydroxymethylbenzoic acid, 870. 

(,H,0,Br 4-Bromo-2-hydroxymethylbenzoic acid, 870. 

(,H,O,N Nitro-3:4-dihydroxyphenylacetic acids, 2877. 

C,H,0,N, 3:5-Dinitro-2-acetamidophenol, 2351. 

(,H,0O,As Piperonal-6-arsonic acid, 885. 

(,H,0;As 2-Arsonoterephthalic acid, 3246. 
3:4-Methylenedioxy-6-benzarsonic acid, 886. 

(,H.0,As 3-Hydroxy-5-arsonophthalic acid, potassium hydrogen salt, 3245. 

(,H,0,Cl, 3:5-Dichloro-4-hydroxybenzyl methyl ether, 1947. 

C,H,O,N, 3-Nitro-4-aminoacetophenone, 2403. 

C,H,0,S o-Carboxyphenylmethylsulphone(+H,0), 1488. 
Phenylsulphonylacetic acid, sodium salt, 2640. 

C,H,O,N, 6:8-Dinitro-1:3-benzdioxin, 2494. 

C,H,0,N, 4:6-Dinitropyrogallol 1:2-dimethyl ether, 2547. 

(,H,ON Acetanilide, action of phosphoryl chloride on, 2814. 
8-Keto-5:6:7:8-tetrahydropyrrocoline, 54. 

(,H,O.N 4-Amino-2-hydroxyacetophenone, 2402. 
o-Nitrosophenetole, 2274. 

(,H,O,N 4-Amino-2-hydroxymethylbenzoic acid, 869. 
4-Nitro-2-ethylphenol, 1851. 

(,H,0,As Acetophenonearsonic acids, 2393. 

(,H,0O;N 4-Nitropyrogallol 1:2-dimethyl ether, 2547. 

(,H,0;As 2-Hydroxyacetophenonearsonic acids, 2396. 

C,H,,ON, p-Hydroxyphenylacetamidine, salts of, 2998. 

C,H,,ON, 6-Amino-3:5-dimethyl-1:2:3-benztriazole l-oxide, 1281. 
3-Keto-4:5-dihydrodi-(1:2)-pyrrole semicarbazone, 54. 

C,H,,0.N, Methyl phenylhydrazine-o-carboxylate, 543. 

C,H,,0.S, Methyl p-toluenethiolsulphonate, 2640. 

C,H,,0,8, Phenylsulphonylmethylsulphonylmethane, 2641. 

(,H,,0,N Ethyl 1-pyrrylacetate, 52. 
5-Methoxy-1:2-dimethyl-4-pyridone, 3028. 

C,H,,0,N 5-Methoxy-2-hydroxymethyl-l1-methyl-4-pyridone, 3027. 

C,H,,0,Br £-Bromo-y-hydroxy-aay-trimethylglutarolactone, 294. 

C,H,,0.N, Nitrodimethylanilines, action of nitrous acid on, 1508. 

C.H,,0,N, Veronal, dissociation constant of, 1456. 

C.H,.N.Se, Hexamethylene ag-diselenocyanate, 179. 

C,H,,0,N Succino-n-butylimide, 53. 

C,H,,0,N 3-Carboxypiperidinoacetic acid, and its copper salt, 3188. 

C,H,,0C1 Diisopropylacetyl chloride, 2338. 
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C;H,,0,N, 3-Carbethoxypiperidinodiacetamide, 3187. 
C,H,,0.C1 {-Chlorohexy! acetate, 1699. 
C,H,,0,N 2-Keto-4:5:w-trimethoxy-6-methyltetrahydro-1:3-oxazine, 1303. 
C,H,,.Br.Te 1-5-Bromobutylcycloteliuributane 1-bromide, 184. 
C,H,,0C1 9-Chloro-octyl alcohol, 1700. 
C,H,,0,N, 3-Carbethoxypiperidinoacetdihydrazide, 3187. 
C.H,,0;N Trimethyl arabonamides, 1302. 
C,H,,0,N Propionylcholine, salts of, 765. 
C;H,,0;N Acetylglycollylcholine, salts of, 768. 
C,H.,0,8i Ethyl orthosilicate, parachor of, 127. 

8 IV 
C,H,ONS Benzaldehydethiocarbimides, 3306. 
C,H,0.Cl,I 4:6-Dichloro-2-iodophenyl acetate, 141. 
C,H,O,NBr, 2:4-Dibromo-6-nitro-3-methoxybenzaldehyde, 1503. 
C,H;0,N.Br w-Bromo-mw-dinitrostyrene, 2421. 
C,H;0;N.Br w-Bromodinitroacetophenones, 2421. 
C,H,ON,Br 4-Bromo-1]-acetyl-1:2:3-benztriazole, 1149. 
C,H,0,CII 4-Chloro-2-iodopheny] acetate, 140. 
C,H,O,NI w-Iodonitroacetophenones, 2420. 
C,H,O,N.Br, af8-Dibromo-a-nitro-8-m-nitrophenylethane, 2421. 
C,H,O;NAs Phthalimide-4-arsonic acid, 3244. 
C;H,ON,Cl, f-Acetyl-2:4:6-trichlorophenylhydrazide, 1741. 
C,H,OCl,As p-Acetylphenyldichloroarsine, 2387. 
C.H,0,.N.Br 5-Bromo-2-amino-oximinoacetophenone, 2394. 


C,H,ONC] N-Chloroacetanilide, interaction of p-toluenesulphonamide and, 


C,H,ONBr Bromoaminoacetophenones, 2394. 
C,H,OCII 2-Chloro-4-iodophenetole, 1106. 
C,H,OBrI p-Iodophenyl B-bromoethyl ether, 1107. 
C,H,O,NCl 3-Chloro-6-acetamidophenol, 84. 
C,H,O,NBr Methyl 4-bromoanthranilate, 73. 
C,H,0.N.8 p-Carboxyphenylthiocarbamide, 2996. 
C,H,0,BrAs Bromoacetophenonearsonic acids, 2394, 2398, 2404. 
C,H,0,F.8, 1:3-Dimethylbenzene-4:6-disulphony] fluoride, 2107. 
C,H,0,NAs 5-Arsonophthalamic acid, and its ammonium salt, 3244. 
2-Arsonoterephthalamic acid, 3247. 
3-Nitroacetophenone-4-arsonic acid, 2403. 
C,H,0,F,8, 1:3-Dimethoxy-4:6-disulphony] fluoride, 2108. 
C,H,ON.Br 4-Bromo-2-aminoacetanilide, and its hydrochloride, 1149. 
C.H,0.BrS 4-Bromoveratrole-5-sulphinic acid, 524. 
C,H,O,N.As Phthalamide-4-arsonic acid, 3244. 
C,H,N.SCl 4-Chloro-o-tolylthiocarbamide, 3302. 
C,H,,ON,S p-Hydroxyphenyl-S-methylisothiocarbamide, hydriodide of, 2997. 
C,H,,0,NAs Acetophenone-p-arsonic acid oxime, 2400. 
3-Aminoacetophenone-4-arsonic acid, 2404. 
C,H,,0,N,;As Benzaldehyde-p-arsonic acid semicarbazone, 2406. 
C,H,,0;NAs Methyl 4-arsonoanthranilate, 3251. 
C,H,,0,N.Br 5-Bromo-5-n-butylbarbituric acid, 1873. 
C,H,,OBr,Te, Biscyclotelluributane 1:1’-oxydibromide, 183. 
C,H,,BriTe 1-5-Bromobutylcyclotelluributane 1l-iodide, 184. 
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¢,H,.N,BrAu Ethylenediamine di-n-propylgold bromide, 2413. 
8V 

(,H,OCI,BrI p-Iodophenyl f-bromoethy! ether iododichloride, 1107. 

(,H,ON,SC] 5-Chloro-o-anisylthiocarbamide, 3305. 

C,H,,.0,C1,Se,Pt Selenoxan chloroplatinate, 271. 

C,H,,0;N,SAs Benzaldehyde-p-arsonic acid thiosemicarbazone, 2407. 

C.H,,0,NBrS 4-Bromoveratrole-5-sulphonamide, 523. 


C, Group. 


(,H,O, Phthalide-4-carboxylic acid, and its silver salt, 871. 

C.H,N Quinoline, reactions of, with azo- and azoxy-compounds, 3181. 

(,H,O, Cinnamic acid, oxidation of, by permanganate, 1874. 

C,H,,0, 5-Hydroxy-3-methylacetophenone, 3010. 
2-Methyl-6-ethylbenzoquinone, 1853. 

C,H,,0, 6-Methoxy-m-toluic acid, nitration of, 444. 
3-Methyl-4‘-tetrahydrophthalic anhydride, 3234. 

C,H,,0, :4-Dihydroxy-3-methoxyacetophenone, and its sodium salt, 2717. 
2-Hydroxy-3:4-dimethoxy benzaldehyde, 2545. 
1-Ketocyclopentyl-2-succinic anhydride, 1555. 

Phlorpropiophenone, 1250. 

C,H,,0; 2-Hydroxy-4:5-dimethoxybenzoic acid, synthesis of, 2433. 

C.H,,0, 1-Carboxy-3-methylcyclopentane-l-acetic anhydride, 1224, 1800. 
3-Hydroxy-4-methoxyphenylmethylearbinol, 1128. 

C,H,,.0, 1-Ketocyclopentyl-2-succinic acid, 1555. 

C,H,,.N, 1-Cyano-3-methylcyclopentylacetonitrile, 1223. 

C.H,.S, Phenylthioethylthiomethane, 2640. 
a-Phenylthio-a-methylthioethane, 2640. 

C.H,,N a-3-Methylcyclopentylidene-1-propionitrile, 1223. 

C.H,,N, Mesidine, and its picrate, 1590. 

C,H,,0 cycloHexanespirocyclobutanone, 1604. 

Phorone, intramolecular transformation of, 2658. 
i-4-isoPropyl-4?-cyclohexenone, 1368. 

C,H,,0, Ethyl 8-methylsorbate, 2772. 
5-n-Propyldihydroresorcinol, 819. 

C.H,,0, 1-Methylcyclohexan-3-one-5-acetic acid, and its silver salt, 2567. 

CHO. 1-Carboxy-3-methylcyclopentane-1-acetic acid, and its silver salt, 1224, 


3-Methyleyclopentyl-1-malonic acid, and its silver salt, 1222, 1799. 
aafy-Tetramethylglutaconic acid, and its silver salt, 1554. 

C.H,,.N, p-Dimethylaminobenzylamine, and its salts, 1237. 

C,H,,N Norlupinene, and its picrate, 3195. 

C,H,,0, §-Methyl-a-ethylhexenoic acids, 1417. 

C,H,,0, Dipropylmalonic acid, copper, nickel and zinc salts, 2004. 
Diisopropylmalonic acid, 2338. 
aaa’B-Tetramethylglutaric acid, 1554. 
Trimethyl glucal, 1135. 

C.H,,0; By-Diacetoxy-a-ethoxypropane, 454. 
Trimethy] cellulose, 821. 

C,H,,0, Trimethyl mannonolactone, 1353. 

C,H,,0, 2:3:4-Trimethyl glycuronic acid, 264. 
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C,H,,N Octahydropyridocoline, and its salts, 442. 
Norlupinane, 3196. 

Base, and its salts, from methyl lupininate, 439. 

C,H,,0 n-Propyl n-amyl ketone, synthesis of, 2080. 

C,H,,0, Ethyl 8-hydroxy-8-methylhexoate, 1414. 

C,H,,0, B-Acetoxy-cy-diethoxypropane, 454. 

C,H,,0, 2:3:4-Trimethyl galactose, 262. 
2:3:4-Trimethylglucoside, structure of, 2855. 

C,H,,N, Aminonorlupinane, 3195. 

C,H,,0, Glycerol dipropyl ethers, 455. 

C,H..N, «a-Piperidino-y-aminobutane, and its salts, 3099. 

C,H..N, Azelamidine, salts of, 3000. 

9 I 

C,H,O;N, 5:7-Dinitroindole-2-carboxyazide, 775. 

C,H;0,.N 4-Cyanophthalide, 870. 

C,H,O,N, Hydrazide from methyl 3:5:7-trinitroindole-2-carboxylate, 776. 

C,H,ON a-Formylphenylacetonitrile, condensation of, with phenols, 1541. 

C.H,O;N Phthalide-4-carboxyamide, 870. 

C,H,0,S8 3-Oxy-2-methyl-1-thionaphthen, 2975. 

C,H,0O,N, m-Nitrophenylglyoxal semicarbazone, 2424. 

C,H,OCl 3:4-Dimethylbenzoyl] chloride, 2326. 

C,H,OI 2-Iodopheny] allyl ether, 143. 
p-Iodopheny] allyl ether, 1107. 

C,H,O.N, 6-Nitro-1:2-dimethylbenziminazole, 1151. 

C,H,0,I 2-Iodophenyl ethyl carbonate, 143. 
p-lodopheny] ethyl carbonate, 1108. 

C,H,O,.N 2-Nitro-4-hydroxy-3-methoxyphenylacetic acid, 2877. 
6-Nitro-4-hydroxy-3-methoxyphenylacetic acid, 2898. 

C,H,0,As Methyl hydrogen arsonoterephthalate, 3248. 

C.H,N.Cl, Acetone 2:4:6-trichlorophenylhydrazone, 1742. 

C,H,.N.Br Bromo-1:2-dimethylbenziminazoles, 1150. 

C,H,C1,I p-Iodopheny] allyl ether iododichloride, 1107. 

C,H,,0,N, 5-Aminoacetanthranilic acid, and its salts, 3254. 

C,H,,0Br p-Bromophenyl n-propyl ether, 2906. 

C,H,,0,.N Hydroxybenziminoethers, hydrochlorides pf, 2999. 
5-Hydroxy-3-methylacetophenone oxime, 3010. 
3-Methylcyclopentylidenecyanoacetic acid, 1221. 
1-1-Pyrroylethyl methyl ketone, 54. 

C,H,,0,N m-Nitrophenyl n-propyl ether, 2101. 
Nitroso-3-n-propoxyphenols, 2099. 

C,H,,0,N, 2-Hydroxy-4-methoxybenzaldehyde semicarbazone, 85. 

C,H,,0,N Nitro-3-n-propoxyphenols, 2100. 

C,H,,0,As Propiophenonearsonic acids, 2396. 

C,H,,NS 4-Aminobenzpenthiene, and its salts, 1694. 

C,H,,0N, p-Hydroxyphenyl-N-methylacetamidine, salts of, 2998. 
3-Methylcyclopentylidenecyanoacetamide, 1220. 

C,H,,0N, 8-Keto-5:6:7:8-tetrahydropyrrocoline, 54. 

C,H,,0,N, 3:4-Dimethoxybenzamidine, hydrochloride of, 2995. 

C,H,,0,N, Nitro-3-aminophenyl n-propyl ethers, 2102. 

C,H,,0,8, «-Phenylsulphonyl-a-methylsulphonylethane, 2640. 
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C,H,.N.S 4-Ethylphenylthiocarbamide, 3299. 
¢,H,,ON m-Aminophenyl n-propyl ether, and its hydrochloride, 2101. 
C,H,,0.N 1-Carboxy-3-methylcyclopentane-l-acetimide, 1224. 
Ethyl a-cyano-ay-dimethylcrotonate, 575. 
Ethyl B-1-pyrrylpropionate, 52. 
(,H,,0,N 5-Methoxy-2-methoxymethyl-1-methyl-4-pyridone, 3026. 
(,H,,ON 1-Keto-octahydropyridocoline, 441. 
(,H,,0,N 8-3-Carboxypiperidinopropionic acid, 3189. 
(,H,,ON Hydroxynorlupinane, 3195. 
1-Hydroxyoctahydropyridocoline, 442. 
C,H,,ON; Acetone piperidinoformylhydrazone, 1159. 
(,H,,N,I -Piperidinopropionitrile methiodide, 3188. 
(,H,,ON, «-Piperidinobutan-y-oneoxime, 3099. 
(,H,,0C1 «-Chloronony] alcohol, 1700. 
C,H,,0.N; 8-3-Carbethoxypiperidinopropiondihydrazide, 3188. 
(,H,,Cl,As Tri-n-propylarsine dichloride, 186. 
C,H,,Br.As Tri-n-propylarsine dibromide, 186. 
(,H.,I,As Tri-n-propylarsine di-iodide, 186. 
C,H,,SAs ‘Tri-n-propylarsine sulphide, 185. 


9 IV 
C,H;0,N.Cl, Mesoxalic acid 2:4:6-trichlorophenylhydrazone, 1742. 
C.H;N.CIBr, 3:5-Dibromo-p-tolueneazo-8-chloro-a8-dibromoethylene, 1092. 
C,H;N.C1,Br, 3:5-Dibromo-p-tolueneazopentachloroethane, 1092. 
C,H,N.Cl,Br 5-Chloro-3-bromo-p-tolueneazopentachloroethane, 1091. 
(,H,O,NBr 6-Bromoindoxylic acid, and its trihydrate, 74. 
C,H,N.CIBr, 3-Bromo-p-tolueneazo-f-chloro-a8-dibromoethylene, 1091. 
C,H,N.C1,Br, 3:5-Dibromo-p-tolueneazo-88-dichloroethylene, 1092. 
C,H,OBr,I p-Iodophenyl By-dibromopropy] ether, 1107. 
C,H,0.N.Cl, Pyruvic acid 2:4:6-trichlorophenylhydrazone, 1743. 
C,H,0;NCl, af-Dichloro-5-nitro-2-methoxystyrene, 1834. 
C,H,O,NCl, 5-Nitro-2-methoxy-1l-aaff-tetrachloroethylbenzene, 1834. 
C,H,NBr,Au Quinolinotribromogold, 2414. 
C,H,N.C1,Br 3-Bromo-p-tolueneazo-88-dichloroethylene, 1090. 
C,H,ONCI], Acetyltrichloro-o-toluidine, 78. 
C,H,OCI,I 2-Chloro-4-iodophenyl fy-dichloropropyl ether, 1108. 
C,H,OCI,I 2-Chloro-4-iodophenyl allyl ether iododichloride, 1107. 
C,H,O.N,Br, Glyoxylic acid 3:5-dibromo-p-tolylhydrazone, 1092. 
(,H,0;NCl, 5-Nitro-2-methoxy-1-a8f-trichloroethylbenzene, 1833. 
C,H,O,NAs Acetanthranilic acid 4-arsenoxide, 3251. 

p-Arsinomalonanilic acid, 1746. 

C,H,ONC], Acetyldichloro-p-toluidine, 79. 
C,H,ONS Thiochromanoneoxime, 1693. 
C,H,OC1,I 2-Iodopheny]l allyl ether iododichloride, 143. 
C,H,OBr,I 2-Iodophenyl dibromopropyl ether, 143. 
C,H,0.8.As cycloEthylene benz-p-thioarsinite, 3056. 
C,H,0,Cl,I p-Iodophenyl ethyl carbonate iododichloride, 1109. 
C,H,O,N.Br a-Bromo-a-nitro-8-methoxy-B-m-nitrophenylethane, 2422. 
C,H,,.ONBr Acetyl-p-bromobenzylphthalamic acid, 1234. 
C,H,,ONI Acet-p-iodobenzylamide, 1236. 
C,H,,0.N,S p-Carboxyphenyl-S-methylisothiocarbamide, hydriodide of, 2996. 
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C,H,,0,N,As Benzaldehyde-p-arsonic acid oxamazone, 2407. 
C,H,,0,NAs 4-Arsono-N-acetanthranilic acid, 3251. 
°C,H,,0,N.S dl-m-Nitrobenzenesulphonylalanine, 282. 
C,H,,0,N,As Piperonal-6-arsonic acid semicarbazone, 886. 
C,H,,0C1,I p-Iodophenyl propyl ether iododichlorides, 1106. 
C,H,,0,N,As 1:2-Dimethylbenziminazole-6-arsonic acid, 1152. 
C,H,,0,N,8 Acetone nitrobenzenesulphonhydrazones, 625. 
C,H,,0;N,As Acetanthranilamide-5-arsonic acid, 3256. 
N-Acetylanthranilamide-4-arsonic acid, 3252. 
Hippuramide-p-arsonic acid, 3257. 
Malonanilamide-p-arsonic acid, and its sodium salt, 1745. 
C,H,,0,N,As Acetophenonearsonic acid semicarbazones, 2393. 
C.H,,0;N,As 2-Hydroxyacetophenone-5-arsonic acid semicarbazone, 2396. 
C.H,,0,N.Br 5-Bromo-5-isoamylbarbituric acid, 1874. 
C,H.,0,SAs_ Tri-n-propylarsine sulphate, 185. 
9V 
C,H,OCIBr,I 2-Chloro-4-iodophenyl By-dibromopropy] ether, 1108. 
2-Iodophenyl dibromopropy] ether iododichloride, 143. 
aes te 2-Chloro-4-iodophenyl fy-dibromopropyl ether iododichloride, 


C,H,O,NCl,As p-Dichloroarsinomalonanilic acid, 1746. 

Hippuric acid arsine dichloride, 3257. 
C,H,OC1,Br,I p-Iodophenyl By-dibromopropy] ether iododichloride, 1107. 
C,H,,0,N,BrAs Bromoacetophenonearsonic acid semicarbazones, 2398, 2404. 
C,H,,0,N,SAs Acetophenonearsonic acid thiosemicarbazones, 2393. 


C,, Group. 


C,.H, Naphthalene, sulphonation of, 220. 
C,,.H,, Terpinolene, action of Beckmann’s mixture on, 25. 
10 

C,.H,0, 4-Hydroxy-7-methyl-1:3-diketohydrindene, 517. 
3-Methoxycoumarin, 1702. 

C,,H,O, 4-Acetoxyphthalide, 870. 
5:7-Dihydroxy-4-methylcoumarin, 1257. 
7-Hydroxy-5-methoxy-1:3-diketohydrindene, 276. 
Methyl] phthalide-4-carboxylate, 871. 

Scopoletin, synthesis of, 1244. 

C,.H,,0, Resacetophenone 2-acetate, 2378. 

C,.H,.N, 1-Phenyl-5-methylpyrazole, salts of, 790. 

C.oH,,0, 4-Hydroxy-2:6-dimethoxyacetophenone, 1249. 

C,.H,,.0, w:4-Dihydroxy-3:5-dimethoxyacetophenone, and its potassium salt, 

2706. 


CioH,,.N, «-Dimethylaminophenylacetonitrile, 2571. 

C,.H,,;0, p-Hydroxyphenylacetiminoether, hydrochloride of, 2998. 

C,oH,,0 /-1-Methyl-3-isopropenyl-4*-cyclohexen-5-one, 3007. 
5-isoPropyl-m-cresol, 3010. 

C,oH,,0, Dehydrogeranic acid, 3134. 
l-1-Methyl-3-isopropenyl-1:6-oxidocyclohexan-5-one, 3009. 

C,.H,,0, Camphoric anhydride, action of substituted aromatic amines on, 478. 
Glycerol a-benzyl ether, 456. 
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ide, 











CipH1.0; €-Keto-8-hydroxyisopropyl- 














é-Methylnonen-5-ones, 2505. 
1-Methyl-3-isopropylcyclohexanones 








C,oH.,0, -Decoic acid, preparation 








C,.H,O,N, Methyl 3:5:7-trinitroindol 
C,,H,CiBr 2-Chloro-1-bromonaphtha. 








Phthalimidoacetamide, 872. 
C,.H,0,Cl, a8-Dichloro-5-carboxy-2- 







C,,H,O.N 4:6-Dihydroxyquinaldine, 






C,,.H,O.Rb Rubidium benzoylaceton 









Phthalamic acid N-acetamide, 873. 
C,,H,,0,N, Crotonaldehyde dinitrop 
5 u 2 






C,oH.0, Ethyl B-hydroxy-a-methyl- 
C,oH.,0, 2:3:4-Trimethyl a-methylglucoside, 1713. 
C,.H..N, Sebacamidine, salts of, 3000. 
C,.H,,0 J-Menthylphenyl ether, 1934. 
10 i 
C,.H,O,N, Nitrophthalimidoacetonitriles, 873. 
C,.H,O.N, Phthalimidoacetonitrile, 872. 
C,,H,O,N, Nitrophthalimidoacetic acids, 873. 
e-2-carboxylate, 776. 
lene, 1273. 
C,,H,O,N, Nitrophthalimidoacetamides, 873. 
C,H,O,N, 4-Acetylaminophthalimide, 81. 
8-Nitro-2-hydroxy-6-methylquinoline, 2202. 








FORMULA INDEX. 


Aa-heptenolactone, 30. 
3-Methylcyclopentane-1:1-diacetic anhydride, 914, 1221. 

CoH,,8, 1:4-Diethylthiolbenzene, 1688. 

C,H.;N, #soDuridine, and its picrate, 1591. 
Methylmesidine, and its picrate, 1593. 

CH,;P p-Xylyldimethylphosphine, 575. 

C,,H,,0 Camphor, molecular freezing point depression for, 1211, 1729. 

C,H,,0. 2-Methyl-5-isopropyldihydroresorcinol, 819. 

C,H,,0; 2-Hydroxy-trans-hexahydrohydrindene-2-formic acid, 941. 

C,,H,,0, 3-Methylcyclopentane-1:1-diacetic acid, and its silver salt, 913, 1220. 

C,9H;.0, y-Methyl-n-hexane-ayd-tricarboxylic acid, and its silver salt, 1552. 

C,H,.0; Methyl trimethyl-3-saccharolactonate, 1714. 

C,oH,s0,9 Euxanthic acid, and its potassium salt, 1709. 

C,,.H,,C1 Bornyl chloride, molecular freezing point depression for, 1211. 

C,H,,0 y-Ethyl-5-methylhepten-f-ones, 2506. 


, 3010. 


C,.H,,0, Ethyl 3-methylcyclopentylacetate, 1222. 
C,oH,,0, 2:3:4-Trimethyl 8-methylglycuronide, 265. 
C,.H.0 di-Menthol, resolution of, 190. 
of, 2046. 
B-ethylvalerate, 1416. 


methoxystyrene, 1831. 
C,H,O,8 2-Naphthol-3-sulphonic acid, and its sodium salt, 380. 


2816. 


a-Formyl-p-methoxyphenylacetonitrile, 1544. 


e, 366. 


C,H,O,N 4-Acetamidophthalide, 869. 

C,.H,0,Cl, 5-Carboxy-2-methoxy-1-a88-trichloroethylbenzene, 1830. 

C,,.H,O,N 5:6-Dimethoxyanthranilcarboxylic acid, 2880. 

C,.H,0,N 2-Nitro-4-hydroxy-3-methoxyphenylpyruvic acid, 2889. 

C,.H,0,N, 3:5-Dinitro-2-acetamidopheny] acetate, 2351. 

C,.H,,ON, 8-Amino-2-hydroxy-6-methylquinoline, and its hydrochloride, 2202. 
4-Hydroxy-1-phenyl-5-methylpyrazole, and its salts, 788. 

C,.H,0,N, 3-Nitro-4-acetamidoacetophenone, 2403. 


henylhydrazone, 758. 
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C,,H,,0,N, 3:5-Dinitro-2:4:6-trimethylbenzaldehyde, 1171. 
Nitrobenzoylalanines, and their salts, 281. 

C,,H,,0,N 6-Acetamido-1:3-benzdioxin, 2493. 
4-Acetamido-2-hydroxyacetophenone, 2402. 
3-Nitro-2:4:6-trimethylbenzaldehyde, 1171. 
Oximino-p-methoxypropiophenone, 2024. 

C,.H,,0,N, Amide of d-m-nitrobenzoylalanine, 285. 

C,.H,,0,N, Hydroxymethoxybenzaldehyde semioxamazones, 85. 

C.oH,,0,As Methyl arsinoterephthalate, 3248. 

C.oH,,0,As Methyl arsonoterephthalate, 3248. 

CicH,,0,N, p-Carbethoxybenzamidine, hydrochloride of, 2995. 

C,.H,,0,N, Aminobenzoylalanines, 281. 

C,.H,,0,Tl, Thallium tetra-acetylethane, 2242. 

CioH,,001 3-Chloro-p-tolyl n-propyl ether, 2917. 

C,.H,,0Br Bromoisodurenol, 1590. 
3-Bromo-p-tolyl n-propyl ether, 2917. 

C,oH,;0,N Phenacetin, action of phosphoryl chloride on, 2814. 

C,.H,;0,N, p-Carbethoxyphenylguanidine, hydrochloride of, 2996. 
5-Hydroxy-3-methylacetophenone semicarbazone, 3009. 
o-Hydroxypropiophenone semicarbazone, 2428, 

C,.H,,0,N Ethyl B-1-pyrroylpropionate, 54. 
4-Nitro-2:6-diethylphenol, 1851. 
3-Nitro-p-tolyl propyl ethers, 2917. 

C.oH,,;N.Cl Chloronicotine, properties of, 319. 

C,,.H,,OBr, Tetrabromo-l-methyl-3-isopropylcyclohexan-5-one, 3010. 

C,oH,,0,.N, 1-8-Pyrroylethyl methyl ketone semicarbazone, 54. 

C,,H,,0.8, 1:4-Diethylbenzene disulphoxides, 1688. 

CioH,,0,8, Methylsulphonylethylsulphonylphenylthiomethane, 2642. 
Phenylsulphonylethylsulphonylmethylthiomethane, 2642. 

C,oH,,0,S, Phenylsulphonylmethylsulphonylethylsulphonylmethane, and _ its 

brucine salt, 2642. 

C,oH,,N,S 4-isoPropylphenylthiocarbimide, 3299. 

C,.H,,Br,S, p-Diethyldithiolbenzene tetrabromide, 1692. 

CioH,,ON trans-Hexahydrohydrindene-2-cyanohydrin, 941. 

C,.H,,ON,; Amino-2-hydroxy-1:2:3-trimethyl-2:3-dihydrobenziminazole, and its 

hydrochlorides, 1153. 

C,.H,,0P p-Xylyldimethylphosphine oxide, 575. 

CioH,,0,N 3-Methylcyclopentane 1:1-diacetimide, 1220. 
B-Veratrylethylamine, hydrobromide of, 41. 

C,oH,,0,N Ethyl p-cyanoethylmalonate, 2550. 

C,.H,,0ON, /-4-isoPropyl-4?-cyclohexenone semicarbazone, 1368. 

C,.H,,0,N Nitroso-1-methyl-3-isopropylcyclohexan-5-ones, 3012. 

C,.H,,0,N,; 1-Methylcyclohexan-3-one-5-acetic acid semicarbazone, 2567. 

C,oH,,ON, 1-Keto-octahydropyridocoline semicarbazone, 442. 

C,.H,,NI Norlupinene methiodide, 3195. 

C,oH,,ON /-1-Methyl-3-isopropylcyclohexan-5-one oxime, 3011. 

CioH,,ON, Lupinine hydrazide, 3194. 
4-isoPropylcyclohexanone semicarbazone, 1369. 

C,9H,,0Cl %-Chlorodecyl alcohol, 1700. 

C,.H,,0,N, Ethyl y-3-carbethoxypiperidinobutyrdihydrazide, 3189. 

C.oH,,0,N, Acetone ¢-piperidinoformylcarbohydrazone hydrate, 1156. 
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C,,H.,0,.N ‘Tetramethyl galactonamides, 1302. 
Tetramethyl gluconamides, 1301. 

C,.H.;0,.N -Valerylcholine, chloroplatinate of, 766. 

C,,H.,IAs Methyltri-n-propylarsonium iodide, 187. 

C,,H.,;0As Methyltri-n-propylarsonium hydroxide, salts of, 187. 


10 IV 
C,,H,0,N,Cl, Tetrachlorophthalimidoacetonitrile, 874. 
C,,H.0,NCl, Tetrachlorophthalimidoacetyl chloride, 874. 
C,.H,0,NCl, Tetrachlorophthalimidoacetic acid, 874. 
C,,H,O.N.Cl, 3:6-Dichlorophthalimidoacetonitrile, 874. 
C,,H,O,N.Br, 3:6-Dibromophthalimidoacetonitrile, 874. 
C,,.H,O;NCl, 3:6-Dichlorophthalimidoacetyl chloride, 874. 
C,»H,O,N.Cl, Tetrachlorophthalimidoacetamide, 874. 
C,,H;0,.N.Cl 4-Chlorophthalimidoacetonitrile, 873. 
C,,H;0,NCl, 4-Chlorophthalimidoacetyl chloride, 873. 
C,,H,O,NC], 3:6-Dichlorophthalimidoacetic acid, 874. 
C,,H,O,NBr, 3:6-Dibromophthalimidoacetic acid, 874. 
C,,H;0;N.Cl Nitrophthalimidoacetyl chlorides, 873. 
C,.H,O,NI Iodonitronaphthalenes, 3178. 
C,.H,O,N,Cl, 3:6-Dichlorophthalimidoacetamide, 874. 
C,,H,O,N.Br, 3:6-Dibromophthalimidoacetamide, 874. 
C,,H,O,NC1 4-Chlorophthalimidoacetic acid, 873. 
C,,H,O,N.Cl 2-Chloro-8-nitro-6-methylquinoline, 2202. 
C,,H,O,N,I Iodonitronaphthylamines, 3177. 
C,,H,O,N,Cl 4-Chlorophthalimidoacetamide, 873. 
C,,H,0O;NS 1-Nitroso-2-naphthol-3-sulphonic acid, 381. 
C,.H,ON.Cl, 1-(2’:4’-Dichlorophenyl)-5-methyl-3-pyrazolone, and its salts, 794. 
ae ee and its hydrochloride, 
793. 


C,.H,ON,Br, 4-Hydroxy-1-(2’:4’-dibromopheny]l)-5-methylpyrazole, 794. 

C,.H,O.NBr p-Bromobenzyl cyanoacetate, 2773. 

C,H,O,NBr Methyl 6-bromo-3-hydroxyindole-2-carboxylate, 73. 

sat gas 4-Hydroxy-1-p-chlorophenyl-5-methylpyrazole, and its picrate, 
i . 


C,.H,ON.Br 4-Hydroxy-1-p-bromophenyl-5-methylpyrazole, 793. 
C,,H,N,Br,Au, Di-2-pyridylaminotribromogold, 2415. 
C,.H,,ON,Cl, 8-Chloro-a-ketobutaldehyde p-chlorophenylhydrazone, 753. 
C,.H,,0,NBr 4-Bromo-3-acetamidoacetophenone, 2397. 
C,.H,,0,NI Iodonitrotetrahydronaphthalenes, 3177. 
C,.H,,0,NC1 3-Chloro-4-acetamidophenyl acetate, 84. 
C,.H,,.N.Br,Au Dipyridinodibromogold bromide, 2414. 
C,.H,,ON,Cl 8-Chloro-a-ketobutaldehyde phenylhydrazone, 752. 
C,,.H,,0,N.Br 4-Bromo-1:2-diacetamidebenzene, 1149. 
C,.H,,ONC] Chloroaceto-8-phenylethylamide, 40. 
C,.H,.0;N;As Acetophenone-p-arsonic acid semioxamazone, 2401. 
C,H,,.0,NAs p-Arsonosuccinanilic acid, 617. 
Methyl acetanthranilamide-5-arsonate, 3256. 
C,,H,,0,N.S dl-4-Nitrotoluene-2-sulphonylalanine, 283. 
C,,.H,,0,N,As Malenanilomethylamide-p-arsonic acid, and its sodium salt, 1745. 
Succinanilamide-p-arsonic acid, and its salts, 619. 
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CroHl,0.BrS, Bromophenylsulphonylmethylsulphonylethylsulphonylmethane, 


C,.H,,0,N,S 4-Anilino-1:4-sulphonazan, 1917. 
C,oH,,0,N,;As Propiophenonearsonic acid semicarbazones, 2393. 
CroHi ON, As 2-Hydroxy-1:2:3-trimethyl-2:3-dihydrobenziminazolearsonic 
acid, 1153. 
C,oH,,ONC] Benzoylchloromethyldiphenylamines, 301. 
Crolts<0,NI 5-Methoxy-2-methoxymethyl-1-methyl-4-pyridone methiodide, 
: & 


C,oH,,ONI 1-Keto-octahydropyridocoline methiodide, 442. 
C,.H,,.N.BrAu Ethylenediamine di-n-butylgold bromide, 2413. 

10 V 
C,oH,ON,C1,Br 4-Bromo-1-(2’:4’-dichlorophenyl)-5-methyl-3-pyrazolone, 794. 
C,oH,,ON,CIBr £-Chloro-a-ketobutaldehyde p-bromophenylhydrazone, 753. 
CioH,,0;NCl,As p-Dichloroarsinosuccinanilic acid, 618. 
C,,.H,,ONS,As cycloEthylene acetanilide-p-thioarsinite, 3056. 


C,, Group. 


C,,H,,0, 4-Hydroxy-2:7-dimethyl-1:3-diketohydrindene, 518. 
C,,H,,0, 5:7-Dihydroxy-2:3-dimethyl-1:4-benzopyrone, 1260. 
7:8-Dihydroxy-2:3-dimethyl-1:4-benzopyrone, 1879. 
5:7-Dihydroxy-3:4-dimethylcoumarin, 1259. 
7:8-Dihydroxy-3:4-dimethylcoumarin, 1880. 
Ethyl phthalide-4-carboxylate, 871. 
7-Hydroxy-5-methoxy-2-methyl-1:3-diketohydrindene, 276. 
C,,H,,0, 4-Acetoxy-3-methoxyphthalide, 246. 
C,,H,,0, 2-Acetoxy-4:5-dimethoxybenzaldehyde, 2432. 
w-Hydroxy-4-acetoxy-3-methoxyacetophenone, 2717. 
C,,H,,0, 2-Acctoxy-4:5-dimethoxybenzoic acid, 2433. 
C,,H,,N, 6-Methyl-1:2:3:4-tetrahydroquiniminazole, and its perchlorate, 2203. 
C,,H,,0; Dehydroangustione, constitution of, 286. 
C,,H,,0, Hydroxydimethoxypropiophenones, 1251. 
C,,H,,N, «-Dimethylamino-8-phenylpropionitrile, hydrochloride of, 2572. 
C,,H,,N Hexahydroindenyl-2-acetonitriles, 939, 950. 
C,,H,,0, Hexahydrohydrindylidene-2-acetic acids, 945, 951. 
Hexahydroindenyl-2-acetic acids, 946, 951. 
C,,H,,0, Angustione, constitution of, 286. 
C,,H,,N isoAmylaniline, hydrobromide of, 1286. 
C,,H,,0 5-Methyl-e-ethylheptenones, 2503. 
C,,H,,0, trans-Hexahydrohydrindyl-2-acetic acid, 938. 
C,,H,,0, Ethyl 1-methylcyclohexan-3-one-5-acetate, 2566. 
2-Hydroxyhexahydrohydrindene-2-acetic acids, 945, 951. 
C,,H,,0, Ethyl n-butylidenemalonate, 749. 
C,,H,.0, Ethyl hydrogen diisopropylmalonate, 2337. 
Methy1 ditsopropylmalonate, 2337. 
C,,H.,.0, Dimethyl trimethylmucate, 264. 
C,,H.,N, Nonane-1:9-diamidine, picrate of, 3000. 
11 I 
C,,H,0,Cl, 6-Carboxy-2-dichloromethyl-4-chloromethylene-1:3-benzdioxin, 
1739. 
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C,,H,0,Cl, 6-Carboxy-2:4-bisdichloromethyl-1:3-benzdioxin, 1738. 
C,,H,OC] 2-Chloro-3-naphthyl methyl ether, 375. 

C,,H,0,N, 5:7-Dinitro-3-carbomethoxyindole-2-carboxyhydrazide, 775. 
C,,H,O,N,; 3:5:7-Trinitro-a-indolylurethane, 776. 

C,,H,OS 1-Thiol-2-methoxynaphthalene, 918. 

C,,H;0.N, 8-Formylamino-2-hydroxy-6-methylquinoline, 2203. 
C,,H,0;N, 8-Nitro-1:6-dimethyl-a-quinolone, 2202. 

C,,H,,0,8 2-Methoxynaphthalene-3-sulphinic acid, 379. 

C,,H,,0,.N, 1-(2’:4’-Dinitrophenyl)-3:5-dimethylpyrazole, 758. 


C,,H,,0,8 2-Methoxynaphthalene-3-sulphonic acid, and its potassium salt, 379. 


C,,H,,O,N, 5:7-Dinitro-a-indolylurethane, 776. 
C,,H,.NCl 5-Chlorodihydropentindole, 1994. 
C,,H,NBr 5-Bromodihydropentindole, 3333. 
C,,H,,ON 3-Amino-2-naphthyl methyl ether, 375. 
C,,H,,0,.N, Ethyl cyanoglyoxylate phenylhydrazone, 567. 
C,,H,,0,C1 Ethyl /-a-chloroformoxyphenylacetate, 2279. 
C,,H,,ON, 4-Hydroxy-1-tolyl-5-methylpyrazoles, 792. 
C,,H,,0,Br, p-Acetoxypropenylbenzene dibromide, 1477. 
C,,H,,.0;N, Methyl esters of nitrobenzoylalanines, 282. 
C,,H,,0;,N, m-Nitrophenacyl acetate semicarbazone, 2425. 
C,,H,,.NBr 5-Bromotetrahydropentindole, 3333. 
C,,H,,0Br Bromo-m-aminoisovalerophenone, 2399. 
p-Bromo-n-valerophenone, 2405. 
1H,,0,N, Ethyl di(f-cyanoethyl)cyanoacetate, 2551. 
C,,H,,0,N dl-p-Toluoylalanine, 282. 
C,,H,,ON, Cytisine, 2195. 
C,,H,,0.N, a-Cyano-3-methylcyclopentane-1:1-diacetimide, 1222. 
4-Hydroxy-1-phenyl-1l(or 2):5-dimethylpyrazolinium hydroxide, and its 
chloroplatinate, 791. 
C,,H,,0,N, «-Phenylcearbamidoisobutyric acid, 1400. 
C,,H,,0,N, Nitro-3-acetamidophenyl n-propyl ethers, 2102. 
C,,H,,N.S, £-Methyltrimethylene dithiolcarbonate phenylhydrazone, 543. 
C,,H,,ON m-Aminoisovalerophenone, 2398. 
C,,H,,0,.N m-Acetamidophenyl n-propyl ether, 2102. 

dl-Anhydroangustione oxime, 292. 

Ethyl 3-methylcyclopentylidenecyanoacetate, 1221, 1798. 
C,,H,,0.N, o-Methoxypropiophenone semicarbazone, 2428. 
C,,H,,0,N 3:4-Dimethoxybenziminoether, hydrochloride of, 2995. 
C,,H,,0,N Ethyl a-cyanomethylpropene-ay-dicarboxylates, 569, 573. 

6-Nitroresorcinol 1-ethyl 3-n-propyl ether, 2104. 

C,,H,S8.P p-Xylyldimethylhydroxyphosphinocarbithionic anhydride, 576. 
C,,H,,ON, Acetyl-p-dimethylaminobenzylamine, 1237. 
Methylnicotone, 319. 


C,,H,,0,N, 4-Nitroso-3-n-propoxydimethylaniline, and its hydrochloride, 2103. 


C,,H,,ON 3-n-Propoxydimethylaniline, and its picrate, 2103. 


C,,H,,ON, /-1-Methyl-3-isopropenyl-4*-cyclohexen-5-one semicarbazone, 3008. 


C,,H,,0,N Ethyl 3-methylcyclopentyleyanoacetate, 1222, 1798. 
a-Hydroxymethoxyphenylethyldimethylamines, 1129. 


CuHO.Ns l-1-Methy]-3-isopropenyl-1:6-oxidocyclohexan-5-one semicarbazone, 
009. 
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C,,H,,0,N, ¢-Keto-8-hydroxyisopropyl-4e-heptenolactone semicarbazone, 30. 
C,,H,,0,N dl-Aminoangustione, 292. 
CH,0N, a8-Di(methylamino)-a-p-hydroxyphenylpropane, and its sulphate, 


C,,H,IP p-Xylyltrimethylphosphonium iodide, 576. 

C,,H,,1,P p-Xylyltrimethylphosphonium tri-iodide, 576. 

C,,H,,0P p-Xylyltrimethylphosphonium hydroxide, salts of, 576. 

C,,H,,0,.N Methyl octahydropyridocoline-l-carboxylate, 3197. 

C,,H,,0;N 3-Carbethoxypiperidinoacetone, 3189. 

C,,H,,0,N Ethyl piperidino-2:3-dicarboxylate, 3196. 

C,,H,,0N, Methylethylheptenone semicarbazones, 2504. 
1-Methyl-3-isopropylcyclohexanone semicarbazones, 3011. 

C,,H.,0,N Ethyl diisopropyl malonamate, 2336. 

C,,H,;N,Cl Tetraethyl-8-chlorotrimethylenediamine, picrate of, 1676. 

C,,H,,ON, Tetraethyl-f-hydroxytrimethylenediamine, and its picrate, 1672. 

11 IV 

C,,H,O,NBr, Tetrabromo-4-nitro-l1-methylnaphthalene, 221. 

C,,H,0,NCl, Methyl tetrachlorophthalimidoacetate, 874. 

C,,H,0,N,Cl, Citraconyl-2:4:6-trichlorophenylhydrazide, 1742. 

C,,H,0,Cl,Br, 4-Bromo-6-carboxy-2-dichloromethyl-4-chlorobromomethyl- 

1:3-benzdioxin, 1739. 

C,,H,O,.NBr Bromo-4-nitro-l1-methylnaphthalene, 220. 

C,,H,0,N.Cl 5-Chloronitrodihydropentindoles, 1995. 

C,,H,0,CIS 2-Methoxynaphthalene-3-sulphonyl chloride, 379. 

C,,H,ONBr 4-Bromo-6-methoxy-2-methylquinoline, 110. 

C,,H,,0,NC] 1-Chloromethy!-6:7-methylenedioxy-3:4-dihydroisoquinoline, 

picrate of, 44. 

C,,H,,0,N,Br, Ethyl bromoglyoxylate 3:5-dibromo-p-tolylhydrazone, 1092. 

C,,H,,ONC] 1-Chloromethyl-6-methoxy-3:4-dihydroisoquinoline, picrate of, 43. 

C,,H,,0.N,Br, Ethyl bromoglyoxylate 3-bromo-p-tolylhydrazone, 1091. 
Ethyl glyoxylate 3:5-dibromo-p-tolylhydrazone, 1092. 

C,,H,,0.N,8, Trimethylene dithiolcarbonate o-carboxyphenylhydrazone, 546. 

C,,H,.0.N;Cl cycloPentanone 4-chloro-2-nitrophenylhydrazone, 1995. 

C,,H,,0,NC1 Chloroaceto-8-piperonylethylamide, 40. 

C,,H,.0,NBr 4-Bromo-3-nitro-n-valerophenone, 2406. 

C,,H,,0,NBr Dimethyl 5-bromophenylglycine-2-carboxylate, 73. 

C,,H,.0,NAs Acetic 4-arsono-N-acetanthranilic anhydride, 3250. 

C,,H,,ONS Acetamidobenzpenthienes, 1694. 

C,,H,,0N,C] 8-Chloro-a-ketobutaldehyde tolylhydrazones, 753. 
4-Hydroxy-1-phenyl-l(or 2):5-dimethylpyrazolinium methochloride, 791. 

C,,H,,0ON,I 4-Hydroxy-l-phenyl-5-methylpyrazole methiodide, 790. 

C,,H,,0.NS, Divinyl sulphilimine, 235. 

C,,H,,0,.N,Br Ethyl glyoxylate 3-bromo-p-tolylhydrazone, 1091. 

C,,H,;0;NS Acetamidobenzpenthiene dioxides, 1694. 

C,,H,,0,NC1 Chloroaceto-8-m-methoxyphenylethylamide, 40. 

C,,H,,0,NAs Ethyl p-arsonomalonanilate, and its sodium salt, 1744. 

Ci1H,,0.N.As Malonanilodimethylamide-p-arsonic acid, and its sodium salt, 


Malonanilethylamide-p-arsonic acid, and its sodium salt, 1745. 
Succinanilomethylamide-p-arsonic acid, and its sodium salt, 618. 
C,,H,,ON,S Thiosemicarbazidopropyl phenyl ketoxime, 337. 
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1:2:3-benztriazolinium methyl 





C,:H,,0,,N,8, _6-Nitro-1-methoxy-1:3-dimethyl- 
sulphate, 1279. 
C,,H,,NBrI Bromolupinane methiodide, 434. 
llV 
CnH.,ON,C1Br Trichloroacetaldehyde N-acetyl-3-bromo-p-tolylhydrazone, 







C,,H,,0N,CII 4-Hydroxy-1-p-chlorophenyl-5-methylpyrazole methiodide, 793. 
C,,H,,0,NCIS, §-Chloroethyl vinyl sulphilimine, 235. 
C,,H;,0;N,8,As Di(carbamylmethyl)benzamide p-thioarsinite, 3055. 






C,, Group. 






C,,H,0, Dihydronaphthafuran-2-ones, 897. 

C,,.H,.N Carbazole, nitration of, 3283. 

C,.H;o0; 3-Methoxy-2-naphthoic acid, 374. 

C,,.H,.0, 7-Hydroxy-6-acetyl-2-methylchromone, 2381. 

C,,.H,,O; 7:8-Dihydroxy-3-acetyl-2-methyl-1:4-benzopyrone, 1878. 

C,,H,,N 2:3-Dihydrocarbazole, 3331. 

C,.H,,0, 3:4:6-Trimethylcoumarin, 2429. 

C,,H,,0, 7-Hydroxy-2-methyl-3-ethyl-1:4-benzopyrone, 1264. 
7-Hydroxy-4-methyl-3-ethylcoumarin, 1264. 
4-Hydroxy-7-methyl-2-ethyl-1:3-diketohydrindene, 518. 

C,,.H,.0, 5:7-Dihydroxy-2-methyl-3-ethyl-1:4-benzopyrone, 1261. 
5:7-Dihydroxy-4-methyl-3-ethylcoumarin, 1260. 
5:7-Dimethoxy-4-methylcoumarin, 1258. 
7-Hydroxy-5-methoxy-2-ethyl-1:3-diketohydrindene, 277. 

C,.H,,0, 2:4-Diacetoxy-5-methoxybenzaldehyde, 1244. 
w-Hydroxy-3:4-diacetoxyacetophenone, 2667. 

C,.H,.N, 2-o-Aminobenzylpyridine, and its hydrochloride, 1937. 

C,.H,;N, 2-(2’:4’-Diaminobenzyl)pyridine, 1937. 

C,.H,,0, Acetylisochavibetol, 1474. 

C,.H,,0, Ethyl /-a-acetoxyphenylacetate, 2279. 

C,.H,,0, 2:3-Dimethoxyquinol diacetate, 2548. 
w-Hydroxy-4-acetoxy-3:5-dimethoxyacetophenone, 2709. 

C,.H,,0, 2-Carboxyhexahydrohydrindene-2-acetic anhydrides, 940, 949. 

C,.H,,0, Hydroxydimethoxybutyrophenones, 1253. 

C,.H,,.N, 2-Cyano-trans-hexahydrohydrindene-2-acetonitrile, 942. 

C,.H,,N a-Hexahydrohydrindylidene-2-propionitriles, 938, 950. 

C,,.H,,0 trans-Hexahydrohydrindylidene-2-acetone, 972. 
5-o-Tolyl-y-methyl-sec.-butyl alcohol, 1334. 

C,.H,,0, 2-Carboxyhexahydrohydrindene-2-acetic acids, 940, 948. 
trans-Hexahydrohydrindyl-2-malonic acid, 937. 

C,.H,.0; Ethyl 3-methylcyclopentanone-2:3-dicarboxylate, 1550. 

C,,H,.P p-Xylyldiethylphosphine, 576. 

C,,H,.0, 1-Methyl-4-ethyl-1-propylcyclohexaue-3:5-dione, 2505. 

C,.H,.0, Pentamethyl a-glucoheptono-8-lactoue, 2868. 

C,.H,.0,, neoTrehalose, 2850. 

C,,H,,0, B-Pentamethyl a-glucoheptose, 2847. 

C,.H,,N, w-Dimethylaminolupinane, 434. 

C,,.H,,.N, Methyldiethyl-y-diethylamino-4«-propenylamine, picrate of, 1678, 
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C,,C,,.N, Decane-1:10-diamidine, salts of, 3000. 
C,.H,,N, Tripropyltrimethylenetriamine, salts of, 1493. 
C,.H,,8i Tetrapropylsilicane, parachor of, 128. 


12 

C,,H,OC], 3:6-Dichlorodiphenylene oxide, 535. 

C,,H,OBr, 2:6-Dibromodiphenylene oxide, 536. 

C,,H,OCl 3-Chlorodiphenylene oxide, 533. 

C,,.H,OBr 2-Bromodiphenylene oxide, 535. 

C,,H,0,N, 3:5:4’-Trinitro-4-hydroxydiphenyl, pyridine salt, 614. 
C,,.H,O,N, 2-o-Nitrobenzoylpyridine, 1937. 

C,.H,NCl, 3:4:5-Trichlorodiphenylamine, 300. 

C,,H,CIF 4-Chloro-4’-fluorodiphenyl, 1362. 

C,,H,BrF 4-Bromo-4’-fluorodiphenyl, 1362. 

C,,H,OI 2-Iododipheny] ether, 142. 

C,,.H,0,Cl Naphthyloxyacety] chlorides, 897. 

C,.H,0O;N, 5:4’-Dinitro-2-aminodiphenyl] ether, 532. 

C,,.H,NCl, Dichlorodiphenylamines, 299. 

C,,H,,0,N, Acetylquinoline-2-aldoxime, 2781. 

2-o-Nitrobenzylpyridine, and its hydrochloride, 1937. 

C,,.H,,0,8 1-Thiol-2-acetoxynaphthalene, 918. 

C,,.H,,0,N, 5-Nitro-2-aminodipheny]l ether, 532. 

C,.H,,0,8 2-Hydroxy-l-naphthylthi acetic acid, 918. 
C,,.H,,0,N, Ethyl nitrophthalimidoacetates, 873. 

C,,H,,.NCIl o-Chlorodiphenylamine, 299. 

C,,.H,.NF 4-Fluoro-4’-aminodiphenyl, 1362. 

C,.H,,CiIT1 Diphenylthallium chloride, 1465. 

C,.H,,0,N 3-Methoxy-2-naphthoamide, 374. 

C,,H,,0,N, 2-o-Nitro-p-aminobenzylpyridine, 1936. 

C,.H,,0.N, 8-Acetylamino-2-hydroxy-6-methylquinoline, 2203. 

3-Methoxy-2-naphthhydrazide, 376. 

C,,H,,0,8 3-Propionoxy-2-methyl-1-thionaphthen, 2974. 
C,,H,,0,N, 6-Nitro-11-hydroxytetrahydrocarbazolenine, 2225. 
C,.H,,0,N, di-Methylaspartic acid hydantoin, 1400. 
C,,H,,0,8 3-Propionoxy-2-methyl-1-thionaphthen 1-dioxide, 2975. 
C,,H,,0,N, w-Diazo-4-acetoxy-3:5-dimethoxyacetophenone, 2705. 
C,.H,,ON 11-Hydroxytetracarbazole, 3331. 
C,,H,,0N, 8-2-Quinolylpropionylhydrazide, 3092. 
C,,H,,0,.N 4-Hydroxy-6-ethoxyquinaldine, hydrochloride of, 1816. 
C,,.H,,0,N, 3-Methylcyclopentane-1:1-dicyanoacetimide, 1219. 


Substance, from condensation of 3-methylcyciopentanone with ethyl cyano- 
acetate, 913. 


C,,H,,0,N di-Cinnamoylalanine, 283. 
C,.H,,0,Cl, Ethyl 5-carboxy-2-methoxy-1-a88-trichloroethylbenzene, 1831. 
C,.H,,0,N a-Formy]-3:4:5-trimethoxyphenylacetonitrile, 1544. 

C,,.H,,0,N 2:6-Dicarbethoxy-4-nitrophenol, 1851. 

C,.H,,0,N 2-Nitro-3-methoxy-4-ethylcarbonatophenylacetic acid, 2878. 
C,.H,,0;,Br, Acetylisochavibetol dibromide, 1474. 

C,,H,,0,N, 3-Methylcyclopentane-1:1-dimalondi-imide, 1219. 

C,,H,,0,N, Ethyl esters of nitrobenzoylalanines, 282. 

C,,H,,0.N Hexahydrohydrindylidene-2-cyanoacetic acids, 938, 950. 
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C,,H,,0,.Br Bromoiscdurenyl acetate, 1590. 
C,,.H,,0;N p-Carbethoxybenziminoether, hydrochloride of, 2995. 
C,,.H,,0,Br §-Bromo-a-methoxy-a-3-methoxy-4:5-methylenedioxyphenylpro- 
pane, 1473 
C,,H,,0,N y-p-Nitrobenzoyloxy-af-dimethoxypropane, 454. 
C,,H,ON, a-Cyanohexahydrohydrindylidene-2-acetamides, 944, 948. 
C,.H,,0.N, Ethyl 1-cyano-3-methylcyclopentylcyanoacetate, 1223. 
C,.H,,0,N, 3-Methylcyclopentane-1:1-dimalondi-iminodi-imide, 1219. 
C,,.H,,0,N 2-Carboxyhexahydrohydrindene-2-acetimides, 941, 950. 
Ethyl a-cyano-a-3-methylcyclopentenylpropionate, 1223. 
C,,.H,,0,Br Methylisoeugenol methoxybromide, 1476. 
C,,H,,0,N Ethyl a-cyano-a-ethyl-48-propene-ay-dicarboxylate, 573. 
B-Methylamino-a-hydroxy-a-3-methoxy-4:5-methylenedioxyphenylpropane, 
and its hydrochloride, 1473. 
4-Nitroresorcinol di-n-propyl ether, 2103. 
C,.H,,0,N, «a’-Dicarbamyl-3-methylcyclopentane-1:1-diacetimide, 913, 1219. 
C,,.H,,CIS Phenyl {-chlorohexyl sulphide, 1699. 
C,.H,,ON, Tetraethyl-8-methoxytrimethylenediamine, and its salts, 1673. 
C,.H,,OS Phenyl ¢-hydroxyhexyl sulphide, 1699. 
C,,H,,0,N Ethyl 1-keto-octahydropyridocoline-2-carboxylate, 441. 
C,,H..0.N, y-2-Carbethoxypiperidinobutyronitrile, 441. 
y-3-Carbethoxypiperidinobutyronitrile, 3189. 
af-Di(methylamino)-a-4-hydroxy-3-methoxyphenylpropane, 1472. 
C,.H,,0,N, Ethyl 1-methylcyclohexan-3-one-5-acetate semicarbazone, 2566. 
C,,.H.,0,N Ethyl 3-carbethoxypiperidinoacetate, 3187. 
C,,H,.0.N, Methylnorlupinanylurethane, and its hydrochloride, 3194. 
C,.H,,0,N, Phenylbenzyldimethylammonium o-nitrophenoxide, 1180. 
C,,H,,0N 42-Dodecenoamide, 2047. 
C,.H.,0,N /-Menthoxyacetamide, 1932. 
C,.H.,Br.Te, Tetramethylene-ad-biscyclotelluributane 1:1’-dibromide, 184. 
C,.H.,,I.Te, Tetramethylene-ad-biscyclotelluributane 1:1’-di-iodide, 184. 
C, HQ Fributylarsine oxide, 185. 
CHM .Cl Methyldiethy1-8-chloro-y-diethylamino-n-propylamine, picrate of, 


C,.H,,Cl,As Tributylarsine dichlorides, 186. 

C,,.H.,Br,As Tributylarsine dibromides, 186. 

C,.H,,I,As Tributylarsine di-iodides, 186. 

C,,.H,,SAs Triisobutylarsine sulphide, 185. 

CizHasON, Methyldiethylmethyldiethyl-8-hydroxytrimethylenediamine, picrate 
of, ‘ 


73 
12 IV 

C,,.H,OBr,S 2:8-Dibromodibenzthioxin, 721. 
C,.H,O,NCl 3-Chloro-7-nitrodiphenylene oxide, 534. 
C,.H,NCLAs 1:2:3:10-Tetrachloro-5:10-dihydrophenarsazine, 304. 
C,.H,O,NCl, Ethyl tetrachlorophthalimidoacetate, 874. 
C,,.H,NCI1,As Trichloro-5:10-dihydrophenarsazines, 302. 
C,.H,O.NF 4-Fluoro-4’-nitrodiphenyl, 1361. 
C,.H,0,1,8, Di-2-iodopheny! disulphoxide, 719. 
C,,H,O,;NC1 4-Chloro-2-nitrodipheny] ether, 533. 
C,,.H,O,NI 4-Iodo-2’-nitrodiphenyl ether, 536. 
C,,H,O;N,Cl 2-Chloro-4:5’-dinitro-2’-aminodipheny] ether, 533. 
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C,,H,0,N.S, 3-Nitrocarbazoledisulphonic acid, 3281. 

C,,H,OCI1,I 2-Iododiphenyl! ether iododichloride, 142. 

C,,H,0,N,Cl Chloro-5’-nitro-2’-aminodipheny] ethers, 533. 

C,,H,O,N,Br 4’-Bromo-5-nitro-2-aminodipheny] ether, 535. 

C,,H,O,N,Cl 3-Chlorobenzoquinone-4-oxime-1-p-nitrophenylhydrazone, 1498. 
C,,.H,O,NCl, Ethyl 3:6-dichlorophthalimidoacetate, 874. 

C,,H,NCIAs 10-Chloro-5:10-dihydrophenarsazine, 294, 2381, 2518, 3270. 
C,.H,,ONC] 4-Chloroaminodipheny] ethers, and their hydrochlorides, 533. 
C,,H,,ONI 4-Iodo-2’-aminodiphenyl ether, and its hydrochloride, 536. 
C,,H,,0,NC] Ethyl 4-chlorophthalimidoacetate, 873. 

C,.H,,0,N.S, 3-Aminocarbazoledisulphonic acid, 3281. 

C,,.H,,0;,N.As 3-Nitrodiphenylamine-6-arsonic acid, 3272. 

C,,H,,ONC] 4-Chloro-6-ethoxyquinaldine, 1816. 

C,.H;.N.S,As, 3:3’-Diamino-4:4’-dithiolarsenobenzene, 2560. 

C,,.H,,N.S,As, 3:3’-Diamino-4:4’-dithioldiphenyldiarsenic trisulphide, 2560. 
a al 1-Chloromethyl1-6:7-dimethoxy-3:4-dihydroisoquinoline, salts of, 


sae ta 1-Bromomethy1-6:7-dimethoxy-3:4-dihydroisoquinoline, picrate 

of, 43. 

C,.H,,0,N,S, 8-Methyltrimethylene dithiolcarbonate o-carboxyphenylhydr. 
azone, 544, 

C,,H,,0,;NC1 Chloroaceto-8-veratrylethylamide, 40. 

C,.H,,0;NBr Bromoaceto-8-veratrylethylamide, 40. 

CieHtsO.N.As Malonanilo-n-propylamide-p-arsonic acid, and its sodium salt, 


Succinanilethylamide-p-arsonic acid, and its sodium salt, 618. 
Succinanilodimethylamide-p-arsonic acid, and its sodium salt, 619. 
C,.H,,ONI Lupinine methyl ether methiodide, 434. 
C,,H,,0,C1,8, Sulphidobis-8-hydroxydiethyl sulphide  di-8-hydroxyetho- 
chlorides, 229. 
WV 
C,.H,0,NCl,As 1:3-Dichlorophenarsazinic acid, 304. 
C,.H,O.N,CIAs 10-Chloro-3-nitro-5:10-dihydrophenarsazine, 3272. 
C,.H,0,NCI,I 4-Iodo-2’-nitrodiphenyl ether dichloride, 536. 
C,,H,,0,NCl,As 3:4-Dichlorodiphenylamine-6’-arsinic acid, 303. 
C,.H,,0,.N.S,As, 2:2’-Dinitro-4:4’-diarsonodipheny] disulphide, 2559. 
C,,H,,0;NS,As Di(carboxylmethyl)acetanilide p-thioarsinite, 3053. 
C,,H,,0,N,S.As Di(carbamylmethy]l)acetanilide p-thioarsenite, 3054. 
C,.H5,0,N,C1,Pt Cholineglycollylcholine chloroplatinate, 768. 


C,, Group. 


C,;H,, 2:3:5-Trimethylnaphthalene, and its salts, 1335. 
13 I 

C,;H,O, 1:4-Ba-Naphthapyrone, 2593. 

C,;3H,0, 5-Hydroxyperinaphth-1:3-diketohydrindene, 278. 

C,;H,,0 Naphthylallyl alcohols, 761. 

C,;H,,0, 7-Acetoxy-3:4-dimethylcoumarin, 1263. 
6-Hydroxy-2:3-dimethyl-1:4-benzopyrone acetate, 2430. 
6-Hydroxy-3:4-dimethylcoumarin acetate, 2430. 

C,;H,,0, 4-Hydroxy-7-methyl-2-propyl-1:3-diketohydrindenes, 518. 
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(;;H,,0,; 7-Methoxy-4-methyl-3-ethylcoumarin, 1264, 

¢,;H,,0, 5:7-Dimethoxy-2:3-dimethyl-1:4-benzopyrone, 1252. 
5:7-Dimethoxy-3:4-dimethylcoumarin, 1259. 
7-Hydroxy-5-methoxy-2-n-propyl-1:3-diketohydrindene, 277. 

(,;H,,0, w-Formoxy-4-acetoxy-3:5-dimethoxyacetophenone, 2708. 

C,;H,.N, o-Amino-N-methyldiphenylamine, 2261. 

(,;H,,0 1-Keto-2:3:5-trimethyl-1:2:3:4-tetrahydronaphthalene, 1335. 

C,;H,,0, cis-1:2-Dicarboxy-1-hydroxycyclopropane-3(2’)-spiro-trans-hexahydro- 

hydrindene anhydride, 969. 

2:4-Dimethoxy-af-dimethylcinnamic acid, formation of, 1875. 

C,;H,,<0, Methyl salicylate B-xyloside, 1887. 

C,;H,,N Hexahydroheptindoles, stereoisomeric, 1902. 

C,,H,,0, cycloPentanedione-1(2’)-spiro-trans-hexahydrohydrindenes, 975. 

C,,H,,0; Hexahydrohydrindene-2:2-diacetic anhydrides, 943, 947. 

1:2-Dicarboxycyclopropane-3(2’)-spiro-trans-hexahydrohydrindenes, 
















C:;H:0. 
964 


C,;H,,0, a-Hydroxy-trans-hexahydrohydrindene-2:2-diacetolactone, and its 
aniline salt, 965. 
C,,H,,0, cis-1:2-Dicarboxy-1-hydroxycyclopropane-3(2’)-spiro-trans-hexahydro- 
hydrindene, 968. 
aa’-Dihydroxy-trans-hexahydrohydrindene-2:3-diacetolactones, and_ their 
aniline salts, 971. 
a-Keto-trans-hexahydrohydrindene-2:2-diacetic acid, 967. 
C,,H,,.N J-a-Phenylethylpiperidine, picrate of, 2571. 
C,;H.)0, Ethyl hexahydroindenyl-2-acetates, 946, 951. 
C,;H..0, 2-Acetyl-trans-hexahydrohydrindene-2-acetic acid, 975. 
C,,H..0, Hexahydrohydrindene-2:2-diacetic acids, 943, 947. 
Methyl hydrogen 2-carboxy-trans-hexahydrohydrindene-2-acetate, 941. 
C,,H..0, Ethyl trans-hexahydrohydrindyl-2-acetate, 938. 
C,;H..0, Ethyl 2-hydroxyhexahydrohydrindene-2-acetates, 944, 951. 
C,;H..0, Ethyl 1-carboxy-3-methylcyclopentane-l-acetate, 1224. 
Ethyl 3-methylcyclopentylmalonate, 1222. 
C,;H.,0, Methyl 1-menthoxyacetate, 1932. 
C,;H,,0, Ethyl ditsopropylmalonate, 2336. 
C,;H,,0; Ethyl B-hydroxy-aaa’B-tetramethylglutarate, 1553. 
C,;H.,0, Pentamethyl 8-methyl-a-glucoheptoside, 2867. 
C,;H.,.N, Methyldiethylmethyldiethyl-ay-propenylenediamine, picrate of, 1678. 
Triethyl-y-diethylamino-4¢-propenylamine, picrate of, 1678. 
C,,H.,N, Undecane-1:11-diamidine, picrate of, 3000. 


13 I 


C,;H,0,I, 4:4’-Di-iododiphenyl carbonate, 1109. 
Di-2-iodophenyl carbonate, 142. 
C,;xH,ON p-Xenylcarbimide, 1125. 
C,;H,0,I 2-Iodophenyl benzoate, 140. 
6-Carbethoxy-2-dichloromethyl-4-chloromethylene-1:3-benzdioxin, 











































C 1 3H,0,Cl, 
1740. 





C,;H,0,As Fluorenone-2-arsonic acid, and its sodium salts, 621. 
C,,H,0,N, p-Nitrobenzaldehyde dinitrophenylhydrazone, 758. 

C,,H,N.Cl, Benzaldehyde 2:4:6-trichlorophenylhydrazone, 1742. 
C,;H,Cl,As 2-Dichloroarsinofluorene, 621. 
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13 I FORMULA INDEX. 


C,,H,,OBr, 2:4-Dibromopheny] benzyl ether, 2906. 
C,;H,,0,N, p-Nitrobenzophenone oximes, 2192. 
C,,H,,0,N, m-Hydroxybenzaldehyde dinitrophenylhydrazone, 758. 
C,;H,,0,N, Dinitrophenyl methylene ethers, 1768. 
C,,;H,,0I 2-Iodophenyl benzyl ether, 139. 
p-lodophenyl benzyl ether, 1108. 
C,;H,,0,.N Methyl a-cyanocinnamylideneacetate, 2773. 
C,;H,,0,As Fluorene-2-arsonic acid, and its sodium salt, 621. 
C,;H,,NCl, 2’:4’-Dichloro-2-methyldiphenylamine, 302. 
C,,;H,,.0.N, 0-Nitro-N-methyldiphenylamine, 2261. 
C,,;H,,.0,N, 5-Nitro-8-acetyldihydropentindole, 2223. 
4-Nitro-2-aminophenyl benzyl ether, and its hydrochloride, 2474. 
C,;H,,0,8 2-Methoxy-1l-naphthylthiolacetic acid, 918. 
C,;H,,0,N, 8-6-Nitro-2-methyl-4-quinolone-3-propionic acid, 2223. 
C,,;H,,.NCl Chloromethyldiphenylamines, 300. 
C,,;H,,.NCl, Benzanilideamidodichloride hydrochloride, 894. 
C,,;H,,0,As 4-Benzyloxyphenylarsonic acid, 2474. 
C,;H,,0,N; .5:10-Dinitro-9-hydroxy-8-acetyltetrahydropentindole, 2223. 
PE and its 
salts, 
Di-p-aminophenyl] methylene ether, 1769. 
C,,;H,,0,;N, 5-Nitro-9:10-dihydroxy-8-acetyltetrahydropentindole, 2223. 
C,;H,,0,N, y-5-Nitro-2-acetamidobenzoylbutyric acid, 2223. 
C,;H,,0,N, Ethyl a-cyano-ay-dimethyl-48-propene-ay-dicarboxylate phenyl- 
hydrazone, 574. 
C,;H,,0,Br 8-Bromo-a-acetoxy-a-p-acetoxyphenylpropane, 1477. 
C,;H,,0,Br isoMyristicin acetoxybromide, 1472. 
C,;H,,ON, 10-Nitroso-octahydroacridine, 1904. 
C,;H,,0,N, 2-Carboxy-trans-hexahydrohydrindene-2-cyanoacetimide, 942. 
2-Cyano-trans-hexahydrohydrindene-2-cyanoacetic acid, 941. 
C,;H,,0,N, Cyanoaceto-8-veratrylethylamide, 40. 
C,;H,,0,N, cycloHeptanone dinitrophenylhydrazone, 748. 
C,;H,,ON, Benzaldehyde piperidinoformylhydrazone, 1158. 
C,;H,,0,.N Ethyl §-3-dihydroindolylpropionate, 3159. 
Methyl y-3-dihydroindolylbutyrate, 3159. 
C,;H,,0,Br a-Bromo-a’-hydroxy-trans-hexahydrohydrindene-2:2-diaceto- 
lactone, 966. 
C,;H,,0,N, Ethyl di(8-cyanoethyl)malonate, 2551. 
C,3H,,0,Br, aa’-Dibromo-trans-hexahydrohydrindene-2:2-diacetic acid, 966. 
C,;H,,ON Phenyl-w-piperidinomethylcarbinol, and its hydrochloride, 1185. 
y-o-Tolyl-a8-dimethylbutyramide, 1335. 
C,;H,,ON, -o-Tolylisopropyl methyl ketone semicarbazone, 1334. 
C,;H,,CIS Phenyl y-chloroheptyl sulphide, 1700. 
C,;H,,0S Phenyl y-hydroxyheptyl sulphide, 1700. 
C,;H,,0,N, 1-8-Aminoethyl-6:7-dimethoxytetrahydroisoquinoline, salts of, 42. 
CisH.,0N, trans-Hexahydrohydrindylidene-2-acetone semicarbazone, 972. 
C,;H,,0,N Ethyl B-1-octahydropyridocolylglycidate, 3196. 
C,;H,.IP p-Xylylmethyldiethylphosphonium iodide, 577. 
C,;H,.I,P p-Xylylmethyldiethylphosphonium tri-iodide, 577. 
C,;H,,;0,N Ethyl §-3-carbethoxypiperidinopropionate, 3188. 
C,;H,,0P p-Xylylmethyldiethylphosphonium hydroxide, salts of, 577. 
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FORMULA INDEX. 13 II—13 Iv 


CsH.N,01 Methyldiethylmethyldiethyl-f-chlorotrimethylenediamine, _picrate 
of, 1677. 


(,;Hs9IAs Methyltributylarsonium iodides, 187. 
C,;H,,0As Methyltributylarsonium hydroxides, salts of, 187. 


13 IV 

¢,;H,0.N,Cl, Chloronitrobenzaldehyde tetrachlorophenylhydrazones, 1928. 

C,;H,O.N,Cl, w-Chloro-2:4-dinitrobenzaldehyde 2:4:6-trichlorophenylhydr- 

azone, 2794. 

C,,H,O,N,Cl, 2:4:6-Trinitrobenzaldehyde 2:4:6-trichlorophenylhydrazone, 1742. 

C,,H,0Cl,As 2-Dichloroarsinofluorenone, 621. 

C,,H,0,N;,Cl, Chloronitrobenzaldehyde trichlorophenylhydrazones, 1928. 
Nitrobenzaldehyde tetrachlorophenylhydrazones, 1927. 

C,,H,0,Cl,I 4:6-Dichloro-2-iodophenyl benzoate, 142. 

CoH ONC, w-Chloro-2:4-dinitrobenzaldehyde 2:4-dichlorophenylhydrazone, 


2:4-Dinitrobenzaldehyde 2:4:6-trinitrophenylhydrazone, 1742. 
C,,H,0O,N,Br 3-Keto-1:2-endo-4’-bromo-2’-nitrophenylimino-2:3-dihydro-1:2- 
benzzsodiazole 1-oxide, 2792. 
CoH, O.N Br, w-Bromo-2:4-dinitrobenzaldehyde 2:4-dibromophenylhydrazone, 
794. 


C,,H,O,.NCl, 4-Chlorophenyl 2:4-dichlorophenyl carbamate, 144. 
3:4:5-Trichlorodiphenylamine-2’-carboxylic acid, 300. 

C,,H,0,.N,Cl, Nitrobenzaldehyde trichlorophenylhydrazones, 1927. 

C,;H,0,.N,Cl, Nitrobenzaldehyde tetrachlorophenylhydrazidines, 1928. 

C,;H,0,CII 4-Chloro-2-iodophenyl benzoate, 141. 

C,;H,0,C1,I 4-Chloro-2-iodophenyl benzoate iododichloride, 141. 

C,,H,0,CL,I, 4:4’-Di-iododiphenyl carbonate bisiododichloride, 1109. 
Di-2-iodophenylearbonate iododichloride, 143. 

C,;H,0,N,Cl, 2:4-Dinitrobenzaldehyde 2:4-dichlorophenylhydrazone, 2796. 

CisH,O.N Br, w-Bromo-2:4-dinitrobenzaldehyde 4-bromophenylhydrazone, 


Bromonitrobenzaldehyde bromonitrophenylhydrazones, 2791. 
2:4-Dinitrobenzaldehyde 2:4-dibromophenylhydrazone, 2796. 
C,;xH,0;,N,Br Dibromonitrohydroxybenzaldehyde p-nitrophenylhydrazones, 
1503. 


C,,H,O,NAs 7-Nitrofluorenone-2-arsonic acid, and its sodium salt, 622. 
C,,H,0,N,Br Bromodinitrohydroxybenzaldehyde p-nitrophenylhydrazones, 
1504. 


C,;H,ON,Cl, 8-Benzoyl-2:4:6-trichlorophenylhydrazide, 1741. 

Salicylaldehyde 2:4:6-trichlorophenylhydrazone, 1742. 
C,;H,OCI1,I 4:6-Dichloro-2-iodophenyl benzyl ether, 141. 
C,;H,OBr,$ 2:5:5’-Tribromo-2’-hydroxydiphenyl sulphide, 720. 
C,;H,O,NCl, Dichlorodiphenylaminecarboxylic acids, 300. 
C,;H,O,N,Cl, Nitrobenzaldehyde dichlorophenylhydrazones, 1927. 
C,,H,O,.N,Br, w-Bromobenzaldehyde 4-bromo-2-nitrophenylhydrazone, 2791. 
C,;H,0,N,Cl, Nitrobenzaldehyde trichlorophenylhydrazidines, 1928. 
C,;H,0,Cl,I 2-Iodophenyl benzoate iododichloride, 140. 
C,,H,O,N,Br Bromonitrohydroxybenzaldehyde p-nitrophenylhydrazones, 1503 
C,;H,,OCII 2-Chloro-4-iodophenyl benzyl ether, 1108. 
C,,H,,OCI 4-Chloro-2-iodophenyl benzyl ether, 141. 
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13 IV—13 V FORMULA INDEX. 


C,;H,,0,NI 2-Iodophenyl phenylearbamate, 140. 
p-Iodophenyl phenylcarbamate, 1109. 
C,;H,,0,NCl 4-Chloro-2-nitrophenyl benzyl ether, 140. 
4-Chlorophenyl 3-nitrobenzyl ether, 2906. 
C,;H,,0;NBr Bromopheny]l nitrobenzyl ethers, 2906. 
C,;H,,0,NAs 7-Aminofluorenone-2-arsonic acid, and its sodium salt, 622. 
C,;H,,0,N,Br Bromonitrophenylnitrobenzenylhydrazidines, 2791. 
C,;H,,.NCl,As Dichloromethyl]-5:10-dihydrophenarsazines, 305. 
C,,;H,,.N.SF, s-Di-(fluorophenyl)thiocarbamides, 3300. 
C,3H,,0,N,Cl 4-Chloro-2-nitro-N-methyldiphenylamine, 2260. 
C,;H,,0,.N,Br 4-Bromo-2-nitrophenylbenzenylhydrazidine, 2791. 
C,;H,,0,NS 2-Nitrophenyl 4-hydroxy-m-tolyl sulphide, 3266. 
C,;H,,0;N.Cl 5-Chloronitro-8-acetyldihydropentindole, 1995. 
C,;H,,0;IS o-Iodopheny! p-toluenesulphonate, 143. 
p-Iodophenyl p-toluenesulphonate, 1109. 
C,;H,,0,N.As 7-Nitro-2-methylphenarsazinic acid, 3273. 
C,;H,,0,N,S Benzaldehyde nitrobenzenesulphonhydrazones, 626. 
C,;H,,0,NS 2-Nitrophenyl-4-hydroxy-m-tolylsulphone, 3267. 
2-Nitrophenyl 3-sulphino-p-tolyl ether, 3267. 
C,;H,,0,N,8 Dinitro-2-aminophenyl p-toluenesulphonates, 2348. 
2:4-Dinitro-6.p-toluenesulphonamidophenol, and its pyridine salt, 2346. 
C,;H,,ONC] 5-Chloro-8-acetyldihydropentindole, 1995. 
4-Dimethylamino-1-naphthoyl chloride, 124. 
C,;H,,0,N.S p-Toluenesulphon-p-nitroanilide, piperidine salt, 614. 
C,;H,,0,N.S Nitroaminophenyl p-toluenesulphonates, 2348. 
C,;H,,0,NAs 3-Nitro-4-benzyloxyphenylarsonic acid, 2475. 
C,;3H,,ONBr, 5:7-Dibromo-8-acetyltetrahydropentindole, 3334. 
C,;H,,0;N,As Benzaldehyde-p-arsonic acid phenylhydrazone, 2407. 
C,;H,,;0,N.Cl 5-Chloro-10-nitro-9-hydroxy-8-acetyltetrahydropentindole, 1995. 
C,;H,,0,N,As 3’-Nitromethyldiphenylaminearsonic acids, 3272. 
C,;H,,ONBr 5-Bromo-8-acetyltetrahydropentindole, 3333. 
C,3H,,0,NAs 3-Amino-4-benzyloxyphenylarsonic acid, 2475. 
CisH,,0,N,C1 1-Chloromethyl-1-cyano-6:7-dimethoxytetrahydroisoquinoline, 
4l. 


C,;H,,0.N.S, §-Methyltrimethylene dithiolearbonate o-carbomethoxyphenyl- 
hydrazone, 543. 
C,;H,,0,;NCl §-Chloropropiono-f-veratrylethylamide, 40. 
CioH,,0.N,As Succinanilo-n-propylamide-p-arsonic acid, and its sodium salt, 
747. 


C,;H,,0,N,Cl «-4-Hydroxy-3-methoxyphenylethyldimethylamine methyl 
urethane hydrochloride, 1131. 
13 V 
C,;H,0,NCI,I 4-Chloro-2-iodophenyl phenylcarbamate iododichloride, 141. 
C,;H,0,NCI,I 4:6-Dichloro-2-iodophenyl phenylcarbamate, 142. 
2-Iodopheny] 2:4-dichlorophenylcarbamate, 140. 
p-lodopheny] 2:4-dichlorophenylcarbamate, 1110: 
C,;H,O,NCLI o0-Iodophenyl phenylcarbamate iododichloride, 140. 
p-Iodophenyl phenylcarbamate iododichloride, 1110. 
C,;H,O,NCIE 4-Chloro-2-iodophenyl phenylcarbamate, 141. 
C,;H,,0,N,CIAs 10-Chloro-7-nitromethyl-5:10-dihydrophenarsazines, 3272. 
C,;H,,0,N,CIS 1-Chloro-2:4-dinitro-5-p-toluenesulphonamidobenzene, 2353. 
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FORMULA INDEX. 138 V—14 Ill 


C,;H,,0,C1,IS 0-Iodophenyl p-toluenesulphonate iodedichloride, 143. 
p-lodophenyl p-toluenesulphonate iododichloride, 1109. 

C,;H,,0,N.CIS 1-Chloro-4-nitro-5-p-toluenesulphonamidobenzene, 2353. 

C,;H,,0,NCIS p-Toluenesulphon-3-chloroanilide, 2352. 

C,,H,,0,N.BrAs Benzaldehyde-p-arsonic acid p-bromophenylhydrazone, 2407. 

C,;H,,0;NS.As Di(8-carboxyethyl) benzamide-p-thioarsinite, 3055. 

C,,;H,,0,N.S.As Di(8-carboxy-f-aminoethyl) benz-p-thioarsinite, 3055. 

C,,;H,,0;N,S,As Di(fS-carboxy-8-aminoethyl) benzamide-p-thioarsinite, 3055. 

C,;H3,0,N.C1,Pt Choline-pyruvylcholine chloroplatinate, 767. 

C,;H,,0,N,C1,Pt Choline-propionylcholine chloroplatinate, 766. 


C,, Group. 


C,,H,Cl,; Trichloroanthracenes, 1784. 

C,,H,O; Purpurin, synthesis of, 3206. 

C,,H,Cl, Dichloroanthracenes, 1781. 

C,,H,,0,; Acetyldihydronaphthafuran-2-ones, 898. 

C,,H,,0; 2-O-Benzoylphloroglucinaldehyde, and its salts, 2682. 

C,,H,,0 5:7-Dimethoxy-3-acetyl-2-methyl-1:4-benzopyrone, 1250. 

C,,H,,0, 4-Benzyloxyanisole, 256. 
4H,,0, 7-Acetoxy-4-methyl-3-ethylcoumarin, 1264. 

C,,H,,0; 4-Hydroxy-7-methyl-2-butyl-1:3-diketohydrindenes, 519. 
4-Hydroxy-7-methy]l-2:2-diethyl-1:3-diketohydrindene, 518. 

C,,H,,0, 5:7-Dimethoxy-2-methyl-3-ethyl-1:4-benzopyrone, 1253. 
5:7-Dimethoxy-4-methy]l-3-ethylcoumarin, 1261. 

C,,H,,0, w:4-Diacetoxy-3:5-dimethoxyacetophenone, 2705. 

C,,H,,.N, o-Amino-N-ethyldiphenylamine, 2262. 

C,,H,,0, Methyl salicylate rhamnoside, 1887. 

C,,H,,0, Methyl salicylate B-glucoside, 1884. 

C,,H,,0, 4-8-Glucosidyl-2-O-methylphloroglucinaldehyde, 2685. 
uuH»O0, cycloHexane-3:5-dione-1(2’)-spiro-trans-hexahydrohydrindene, 973. 

C,,H,.0, 2-Acetonyl-trans-hexahydrohydrindene-2-acetic acid, 974. 

C,,.H..0, Methyl 2-carboxy-irans-hexahydrohydrindene-2-acetate, 940. 
Methyl trans-hexahydrohydrindyl-2-malonate, 937. 
Methyl hydrogen trans-hexahydrohydrindene-2:2-diacetate, 943. 

C,,H,.0; Ethyl 3-methyl-2-ethylcyclopentanone-2:3-dicarboxylate, 1551. 
Ethyl 1-methylcyclohexan-3-one-4-carboxylate-5-acetate, 2567. 

CrcHHs0¢ a-Hydroxy-a’-methoxy-trans-hexahydrohydrindene-2:2-diacetic acid, 


C,,H,.0, 3:4:6-Triacetyl-2-methyl a-methylglucoside, 2859. 

C,,H,;P p-Xylyldi-n-propylphosphine, 577. 

C,,H,,0, Ethyl 3-methylcyclopentane-1:1-diacetate, 914, 1220. 

C,,H,,0, J-Menthyl B-methoxypropionate, 2052. 

C,,H,.N, Methyldiethyltriethyl-4«-propenylenediamine, picrate of, 1678. 
Triethylmethyldiethyl-4-propenylenediamine, picrate of, 1679. 


14 I 
C,,H,0,C1, 1:2:5:8-Tetrachloroanthraquinone, 1792. 
C,,H,0,Cl, Trichloroanthraquinones, 1782. 
C,,.H;0,C1 2-Chloro-3-hydroxyanthraquinone, 1787. 
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14 III FORMULA INDEX. 





C,,H,0,I 3-Iodoalizarin, 2622. 
3-Iodoisoanthraflavic acid, 2623. 
C,,H,O,.N, Naphthalimidoacetonitrile, 874. 
C,,H,O,N Naphthalimidoacetic acid, 874. 
C,,H,0,C1 3’-Chloro-4’-hydroxybenzoylbenzoic acid, 1787. 
C,,H,,0,S Hydroxymethylthioxanthones, 524. 
C,,H,,0,N, Naphthalimidoacetamide, 874. 
C,,H,,0,.N, Piperonal dinitrophenylhydrazone, 758. 
C.4H,.NCl 9-w-Chloromethylphenanthridine, 2451. 
C,,H,,ON 1-Methyl-8-naphtha-2-quinolone, 782. 
C,,H,,0,.N Oximinodibenzyl ketone, 2024. 
C,,H,,0,Cl, 3:3’:5’-Trichloro-5-p-tolyloxy-p-cresol, 1949. 
C,,H,,0,I w-2’-lodophenoxyacetophenone, 142. 
w-p-Iodophenoxyacetophenone, 1108. 
C,,H,,0,N, 5:4’-Dinitro-2-acetamidodipheny] ether, 532. 
C,,H,,NI, 2-Iodo-8-naphthaquinoline methiodide, 783. 
C,,H,,0,N, p-Nitrobenzophenone oxime £-N-methyl ether, 2193. 
C,,H,,0,N, 5-Nitro-2-acetamidodiphenyl ether, 531. 
C,,H,,0,N, Phenylacetaldehyde dinitrophenylhydrazones, 758. 
C,,H,,0,N, Anisaldehyde dinitrophenylhydrazone, 758. 
C,,H,,0,8 1-Carboxymethylthiol-2-naphthoxyacetic acid, 919. 
C,,H,,0,N, 5:5’-Dinitro-2:2’-dimethoxydiphenyl ether, 3175. 
C,,H,,NCl Benzylidene-p-chlorobenzylamine, 1233. 
p-Chlorobenzylidenebenzylamine, 1232. 
C,,H,.NBr Benzylidene-p-bromobenzylamine, 1234. 
p-Bromobenzylidenebenzylamine, 1234. 
C,,H,,NI Benzylidene-p-iodobenzylamine, 1236. 
p-lodobenzylidenebenzylamine, 1235. 
C,,H,,ON 3-Acetyldiphenylamine, 2386. 
C,,H,,0Cl 3-Chloro-p-tolyl benzyl ether, 2917. 
C,,H,,0Br 3-Bromo-p-tolyl benzyl ether, 2917. 
C,,H,,0,N, Hydroxymethoxybenzaldehyde p-nitrophenylhydrazones, 85. 
C,,H,,0,N, p-Nitrophenacyl alcohol phenylhydrazone, 2426. 
C,,H,,0,As p-Acetyldiphenylarsonic acid, 2387. 
C,,H,,0,N Nitro-4-benzyloxyanisoles, 256. 
C,,H,,0.N, 4-Hydroxy-2-methoxybenzaldehyde phenylhydrazone, 85. 
o-Nitro-N-ethyldiphenylamine, 2262. 
C,,H,,0,8, Phenylsulphonyl-p-tolylsulphonylmethane, 2641. 
C,,.H,,0,8 5-Hydroxy-2-methoxyphenyl p-toluenesulphonate, 1243. 
C,,H,,0,8, Phenylsulphonyl-p-tolylthiomethane, 2641. 
C,,H,,0,N 2-Benzyloxy-p-anisidine, 1242. 
C,,H,,0,N Ethyl 3-methoxy-2-naphthylcarbamate, 376. 
CicHy,0.N, Ethyl 5:10-dinitro-9-hydroxytetrahydropentindole-8-carboxylate, 






































C,,H,,0,.N 2-Nitro-3:4-diethylcarbonatophenylacetic acid, 2879. 
C,,H,,ON, 4-Acetamidodimethyl-a-naphthylamine, 126. 
C,,H,,0,N, 6-Nitro-10:10-dihydroxy-9-acetylhexahydrocarbazole, 2224. 
C,,H,,0,N 4:13-Dehydro-9:10-dimethoxy-1:2:3:5:6:13-hexahydrobenzpyrro- 
coline, picrate of, 45. 
Substance, from 2-diethylaminomethylcyclohexanone and o-aminobenzalde- 
hyde, 3095. 
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FORMULA INDEX. 14 II—14 IV 


(,,H,,0,.N, Phthalo-f-piperazinoethylimide, 3101. 
C,,H,,0,Br Acetylisochavibetol acetoxybromide, 1474. 
Acetylisoeugenol acetoxybromide, 1472. 
C,,H,,0.N, a-Cyano-trans-hexahydrohydrindene-2:2-diacetimide, 939. 
C,,H,,0,N, cycloOctanone dinitrophenylhydrazone, 758. 
C,,H,,ON, Acetone piperidinoformylhydrazone, 1158. 
C14His0.N NE LT ee nee and its 
salts, 40. 
Ethyl hexahydrohydrindylidene-2-cyanoacetates, 936, 948. 
C,,H,,0.N, Benzaldehyde e-piperidinoformylearbohydrazone, 1156. 
C,,H,,0,N Substance, from p-anisidine and ethyl methylacetoacetate, 221. 
C,.H,.NS Phenyltrimethylammonium thiophenoxide, 1180. 
C,,H.,ON Diisopropylacetanilide, 2338. 
C,,H.,0,N Ethyl r-trans-hexahydrohydrindyl-2-cyanoacetate, 937. 
d-B-Octyl nicotinate, 1481. 
d-B-Octyl picolinate, 1481. 
C,,H.,0,N Ethyl a-cyanodimethyl-4y-pentene-ae-dicarboxylates, 2772. 
C,,H.,CIS Phenyl @-chloro-octyl sulphide, 1700. 
C,,H.,OS Phenyl @-hydroxyoctyl sulphide, 1700. 
C,,H..0.N, Lupinylsuccinimide, 436. 
C,,H,,0.Tl, Dimethylthallium tetra-acetylethane, 2242. 
C,,H.,0,N Ethyl y-2-carbethoxypiperidinobutyrate, 441. 
Ethyl y-3-carbethoxypiperidinobutyrate, 3189. 
C,,H,,0,N Lupinine d-tartrate, 3198. 
C,,H,.N.I. «-Dimethylaminolupinane dimethiodide, 434. 
C1dHs.0N tae cnarata panna dart ted trometer gtaaere salts 
of, . 


Triethyl-y-diethylamino-8-methoxy-n-propylamine, salts of, 1674. 
C,,H;,IAs Ethyltri-n-butylarsonium iodide, 187. 


14 IV 


C,,H,0,C1,8 Chloroanthraquinonesulphonyl chlorides, 1780. 

C,,H,0,C1,8 Dichloroanthraquinonesulphonic acids, sodium salts, 1788. 
C,,H,0,CIS, Chloroanthraquinonedisulphonic acids, sodium salts, 1781. 
CcH-O.NsCl, 2’:6’-Dichloro-4’-nitro-3-phenylphthalaz-l-one, and its picrate, 


C,,.H,0O,N,Br, 2’:6’-Dibromo-4’-nitro-3-phenylphthalaz-l-one, and its picrate, 
1084. 


C,,H,0,CIS Chloroanthraquinonesulphonic acids, sodium salts, 1779. 
C,,H,O;NCl1 Naphthalimidoacetyl chloride, 874. 


CH,0,N.Br, 6-Nitro-1:2-endo-3’:5’-dibromo-p-tolylimino-3-keto-2:3- dihydro- 
:2-benztsodiazole, 2795. 


0,,H.0,NBr, 6-Nitro-1:2-endo-3’:5’-dibromo-p-tolylimino-3-keto-2:3-dihydro- 
1:2-benzisodiazole l1-oxide, 2795. 


C,,H,ONC], 2’:6’-Dichloro-N-phenylphthalimidine, 1083. 
C,,H,ON,Cl, 2’:6’-Dichloro-4’-amino-3-phenylphthalaz-l-one, 1082. 
C,,.H,ON,Br, 2’:6’-Dibromo-4’-amino-3-phenylphthalaz-l-one, 1082. 


C,,H,O.N,Br, 3-Keto-1:2-endo-3’:5’-dibromo-o-tolylimino-2:3-dihydro-1:2-benz- 
isodiazole 1-oxide, 2791. 


0:4H,0.N,Br 6-Nitro-1:2-endo-3’-bromo-p-tolylimino-3-keto-2:3-dihydro-1:2- 
benzzsodiazole, 2795. 


C,,H,O,BrS Bromohydroxymethoxythioxanthones, 526. 
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CH,O.N.Cl, w-Chloro-2:4-dinitrobenzaldehyde 3:5-dichloro-p-tolylhydrazone, 


C,,H,O.N,Br 6-Nitro-1:2-endo-3’-bromo-p-tolylimino-3-keto-2:3-dihydro-1:2- 
benztsodiazole, 2795. 
C1H,O.N.Br, w-Bromo-2:4-dinitrobenzaldehyde 3:5-dibromo-p-tolylhydrazone, 


C,,H,O,NS Aminoanthraquinonesulphonic acids, and their sodium salts, 1782. 

C,,H,O,BrS 4-Bromo-l-hydroxy-2-methoxythioxanthone, 527. 

C,,H,O,N,Cl, 4:4’-Dichloro-2’:5-dinitro-2-acetamidodiphenyl ether, 535. 

C,,H,O,NS, Aminoanthraquinonedisulphonic acids, sodium salts, 1784. 

C,,H,,ONC], Benzoyltrichloro-o-toluidine, 78. 

C,,H,,ON,Cl, 2’:6’-Dichloro-4’-amino-N-phenylphthalimidine, 1082. 

C,,H,,ON,Br 3-Keto-1:2-endo-3’-bromo-o-tolylimino-2:3-dihydro-1:2-benziso- 
diazole, 2790. 

C,,H,,0,N;Br 3-Keto-1:2-endo-3’-bromo-o-tolylimino-2:3-dihydro-1:2-benziso- 
diazole l-oxide, 2790. 

C,,H,,0.N,;Br, Bromonitrobenzaldehyde dibromotolylhydrazones, 2789. 

C,,H,,0,N.Br, 5:4’-Dibromo-3-nitro-4-acetamidodiphenyl, 2227. 

C,,.H,,0,N,Cl, 4:4’-Dichloro-5-nitro-2-acetamidodipheny] ether, 535. 

CHO.N.Cl, w-Chloro-2:4-dinitrobenzaldehyde 3-chloro-p-tolylhydrazone, 

5. 


2:4-Dinitrobenzaldehyde 3:5-dichloro-p-tolylhydrazone, 2796. 
C,,.H,,0,N,Br, w-Bromo-2:4-dinitrobenzaldehyde 3-bromo-p-tolylhydrazone, 
2794. 


2:4-Dinitrobenzaldehyde 3:5-dibromo-p-tolylhydrazone, 2796. 
C,,H,,0,N,Cl Chlorodinitro-2’-acetamidodiphenyl ethers, 533. 
C,,H,,ONCl, Benzoyldichloro-p-toluidine, 79. 

C,,.H,,ON,Br 2’-Bromo-4’-amino-N-phenylphthalimidine, 1083. 
C,,H,,0,NCl, 4:4’-Dichloro-2-acetamidodiphenyl ether, 534. 
C,,H,,0,N,Br, Bromonitrobenzaldehyde bromotolylhydrazones, 2788. 
C.4H,,0,Ci,I w-p-Iodophenoxyacetophenohe iododichloride, 1108. 
C,,H,,0,NCu Copper oximinodibenzyl ketone, 2025. 

C,,H,,0,N,Br 5-Bromo-3-nitro-4-acetamidodiphenyl, 2227. 

C,,H,,0,N.Cl Chloro-5’-nitro-2’-acetamidodiphenyl ethers, 532. 
C,,H,,0,N.Br 4’-Bromo-5-nitro-2-acetamidodiphenyl ether, 535. 
C,,H,,0,N,Cl 2:4-Dinitrobenzaldehyde 3-chloro-p-tolylhydrazone, 2796. 
C,,H,,0,N,Br 2:4-Dinitrobenzaldehyde 3-bromo-p-tolylhydrazone, 2796. 
C,,H,,0,N,S Piperonal nitrobenzenesulphonhydrazones, 625. 
C,,H,,N,S.Au 2-Aurothiolbenziminazole-2-thiolbenziminazole, 3041. 
C,,H,,ONC] Chloroacetyl-o-xenylamine, 2450. 

C,,H,,0,NC] Chloro-2’-acetamidodiphenyl ethers, 532. 

5-Chloro-2-methyldiphenylamine-2’-carboxylic acid, 300. 
C,,H,,0,NI 4-Iodo-2’-acetamidodipheny] ether, 536. 

C,,H,,0,N,Br, Dibromoiolylnitrobenzenylhydrazidines, 2789. 
C,,H,,0,NCl 3-Chloro-p-tolyl p-nitrobenzyl ether, 2917. 
C,,H,,0;NBr 3-Bromo-p-tolyl p-nitrobenzyl ether, 2917. 
C,.H,,0,NAs Acetylphenarsazinic acid, 2385. 

C,,H,,0,N,As, 4-Arsencanthranilic acid, 3250. 

5:5’-Arsenoanthranilic acid, 3255. 

C,,H,,0,N,Co Cobaltons o-hydroxybenzaldoxime, 107. 
C,,H,,0,N,.Ni Nickel o-hydroxybenzaldoxime, 107. 
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(,,H,,0,N;As Fluorenone-2-arsonic acid semicarbazone, 622. 

C,,H,,0,C1,8, Phenylsulphonylmethylsulphonyl-3:5-dichlorophenylthio- 
methane, 2643. 

C,,H,,.0;NBr Diacetyl derivative of methyl 6-bromo-3-hydroxyindole-2-carb- 
oxylate, 74. 

C,,H,,0,NS, Sulphodehydrothiotoluene-p-arsonic acid, 3281. 

C,,H,,0,N.S, Dinitrodiphenyldithiolethane dioxides, 1686. 

C,,H,,0,C1,8, Phenylsulphonylmethylsulphonyl-3:5-dichlorophenylthio- 
methane, 2643. 

C,,H,,0,N.S, Dinitrodiphenylethanedisulphones, 1686. 

C,,H,,0,NS, p-Nitrodiphenyldithiolethane, 1687. 

C,,H,;0,N,Cl 4-Chloro-2-nitro-N-ethyldiphenylamine, 2260. 

C,,H,,0,.N,Br Bromotolylnitrobenzenylhydrazidines, 2789. 

C,,H,,0,NS, p-Nitrodiphenylethane disulphoxides, 1687. 

C,,H,;0,N,C1 Ethyl 5-chloronitrodihydropentindole-8-carboxylate, 1996. 

C,,H,,;0,NS, p-Nitrodiphenylethanedisulphone, 1688. 

C,,H,,0,.NC1 Ethyl 5-chlorodihydropentindole-8-carboxylate, 1996. 

C,,H,,O,NAs 3-Acetyldiphenylamine-6’-arsonic acid, 2384. 

4-Acetyldiphenylamine-6’-arsonic acid, 2405. 

C,,H,,;0;N,As Acetophenone-p-arsonic acid phenylhydrazone, 2401. 

C,,H,,0O,NS 5-Amino-2-methoxyphenyl p-toluenesulphonate, 1242. 

CH ,0.N,C1 5-Chloro-10-nitro-9-hydroxytetrahydropentindole-8-carboxylate, 
1996. 


C,,H,,0,N,Cl 2-Nitro-4-amino-N-ethyldiphenylamine, 2258. 
C,,H,,O,NBr 6-Bromoindican, 75. 
C,,.H,,0.NCl 4:3-Dehydro-9:10-dimethoxy-1:2:3:5:6:13-hexahydrobenzpyrro- 
colinium chloride, 45. 
C,,H,,0;N.As Malonanilpiperidide-p-arsonic acid, and its sodium salt, 1746. 
C,,H.,0,NC1 7-Chloroheptyl phenylurethane, 1699. 
C,,H..0,NBr y-Bromobutyro-8-veratrylethylamide, 40. 
C,,H.,ONCl Phenylmethyl-w-piperidinomethylcarbinol hydrochloride, 1185. 
C,,H,,0.N,8 Benzenesulphonyl-dl-8-2:3:5:6-tetramethylpiperazine, 1163. 
C,,H.,0,N,I a+3-Hydroxy-4-methoxyphenylethyldimethylamine methy]l- 
urethane methiodide, 1129. 
14V 
C,,H,N,S,As.,Au 2-Aurothiolbenziminazole-5-arsenic disulphide-2-thiolbenz- 
iminazole-5-arsenic disulphide, 3043. 
C,.H,,ONCIAs 10-Chloroacetyl-5:10-dihydrophenarsazines, 2384. 
C,,H,,ONBrAs 10-Bromoacetyl-5:10-dihydrophenarsazine, 2384. 
C,,H,,O;N.BrAs Acetophenone-p-arsonic acid p-bromophenylhydrazone, 2401. 
C,,H,,0;NS,As Di(f-carboxyethyl)acetanilide p-thioarsinite, 3053. 
C,,H..0;N,S.As Di(f-carboxy-8-aminoethyl)acetanilide p-thioarsinite, 3053. 
C,,H;,0,N,C1,Pt Choline-n-butyrylcholine chloroplatinate, 766. 


14 VI 


C,,.H,,0,N,S.As,Au 5-Arsono-2-aurothiolbenziminazole-5-arsono-2-thiolbenz- 
iminazole, 3040. 


C,, Group. 


C,;H,, Methanthrene from podocarpic acid, 2294. 
4-Methylphenanthrene, 2296. 
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15 

C,;H,,0, Diphenyl-4-propiolic acid, 2479. 
4-Methylphenanthraquinone, 2297. 
4-Phenylcoumarin, 1703. 

C,,;H,,0, isoAnthraflavic acid methyl ether, 156. 

C,;H,,0, Tricetin, 2625. 

C,,H,,0, 3:4-Dimethyl-a-naphthacoumarin, 2432. 
2:3-Dimethyl-1:4-a-naphthapyrone, 2431. 

Diphenyl-4-acrylic acid, 2478. 
3-Methoxy-9-anthranol, 152. 
1-Methoxyanthrone, 162. 

C,;H,,0, 5-Hydroxy-2-ethylperinaphth-1:3-diketohydrindene, 278. 
6-Hydroxy-3-methoxyanthranol, 155. 
1-Hydroxymethoxyanthrones, 167. 

C,,;H,.0; 0-Benzoylphloracetophenones, 1248. 

C,,H,,N Dihydronaphthapentindoles, 98. 

C,;H,,0, 2-Hydroxy-4-benzoyloxy-6-methoxybenzaldehyde, 2676. 

C,;H,,0, 5:7-Diacetoxy-2:3-dimethyl-1:4-benzopyrone, 1260. 
7:8-Diacetoxy-2:3-dimethyl-1:4-benzopyrone, 1879. 
5:7-Diacetoxy-3:4-dimethylcoumarin, 1259. 
7:8-Diacetoxy-3:4-dimethylcoumarin, 1880. 

C,;H,,N Benzylidene-p-methylbenzylamine, 1239. 
p-Methylbenzylidenebenzylamine, 1238. 

C,;H,,0, Di-(o-hydroxymethylphenoxy)methane, 1770. 
Di-p-methoxyphenyl methylene ether, 1769. 

C,;H,,0, Aesculin, 1288. 

C,;H,,.N, cycloPentanone-a-naphthylhydrazone, 98. 

C,;H,,0, 4-Hydroxy-7-methyl-2-n-amyl-1:3-diketohydrindenes, 520. 

C,,H,,0, Ethyl o-xylylmethylacetoacetate, 1334. 

C,;H..N, 2-8-Diethylaminoethylquinoline, and its picrate, 3093. 

C,,;H.,0, p-Tolyl n-octoate, 457. 

C,;H..0, 2-Acetonyl-trans-hexahydrohydrindene-2-malonic acid, 972. 
Methyl a-keto-trans-hexahydrohydrindene-2:2-diacetate, 967. 

C,;H,,0, Ethyl 2-acetyl-trans-hexahydrohydrindene-2-acetate, 975. 

C,;H,,0, Ethyl hydrogen trans-hexahydrohydrindene-2:2-diacetate, 963. 
Methyl] trans-hexahydrohydrindene-2:2-diacetate, 943. 

C,;H,,.N, Sparteines, and their salts, 433. 

C,,;H,,0, /-Menthyl y-methoxybutyrate, 2053. 


15 I 
C,;H,OC] 3-Phenanthroyl chloride, 504. 
C,,H,,0,N, 4-Benzoylaminophthalimide, 81. 
C,;H,,.NBr 11-Bromobenzpentindole, 3334. 


C,;H,,0,.N 5:14-Dehydro-10:11-dimethoxy-1:2:3:4:6:7-hexahydrobenzpyrido- 


coline, salts of, 46. 
C,;H,,0,I p-Iodophenyl cinnamate, 1109. 
C,;H,,0,N 4- and 5-Benzamidophthalides, 869. 
Piperonylidene-3-keto-4:5-dihydrodi-(1:2)-pyrrole, 54. 
C,;H,,0;N, 4’-Nitro-3-phenyl-4-methylphthalaz-1l-one, and its salts, 1070. 
Nitrophenylmethylphthalazones, and their salts, 1921. 
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(,;H,,0;C1 Fisetinidin chloride, 2735. 
Luteolinidin chloride, 2734. 
C,;H,:N.Cl, Cinnamaldehyde 2:4:6-trichlorophenylhydrazone, 1742. 
C,;H,,ON, 3-Phenyl-1-methylphthalaz-4-one, 1925. 
C,;H,,0,N, Nitro-9:10-dihydro-a’f’-naphthapentindole, 101. 
C,,H,,.0,.Br, «f-Dibromo-f-4-diphenylylpropionic acid, 2478. 
C,;H,,0;N, 14-Nitro-6-hydroxy-6:14-dihydrobenzpentindole, 105. 
C,;H,,0,8 1-Hydroxy-2-methoxy-4-methylthioxanthone, 526. 
C,;H,,0,8 1:2-Dimethoxythioxanthone dioxide, 527. 
1-Hydroxy-2-methoxy-4-methylthioxanthone dioxide, 527. 
C,;H,,0N 1-Ethyl-8-naphtha-2-quinolone, 783. 
C,,H,,0ON, 4’-Amino-3-phenyl-4-methylphthalaz-l-one, 1072. 
Aminophenylmethylphthalazones, 1922. 
C,,H,,0Br Phenyl a-bromo-f-phenylethyl ketone, 1183. 
C,;H,,0.N 4’-Hydroxy-N-phenyl-3-methylphthalimidine, 1073. 
4-Methylbenzil a-oximes, 2026. 
C,;H,,0,N Acetamidophenyl benzoates, 2966. 
3-Acetyldiphenylamine-2’-carboxylic acid, 2386. 
C,;H,,0,N Benzyl p-nitrophenylacetate, 2884. 
C,;H,,;0,N, 0-Carboxyacetophenone nitrophenylhydrazones, 1923. 
C,;H,;NI, 2-lodo-8-naphthaquinoline ethiodide, 783. 
C,;H,;N.Br a«-Hydrindone o-bromophenylhydrazone, 3335. 
C,;H,,ON, 3’-Amino-N-phenyl-3-methylphthalimidine, 1922. 
4’-Amino-N -phenyl-3-methylphthalimidine, 1072. 
C,;H,,0,8 dl-a-Carboxybenzyl-p-tolylsulphone, 2282. 
C,,H,,ON 3:4-Dimethylbenzanilide, 2327. 
C,;H,,ON, 1-Keto-3-(3’-aminophenyl)-4-methyltetrahydrophthalazine, 1922. 
C,;H,,0,N p-Ethoxybenzophenoneoxime, 893. 
Methylbenzoinoxime, 2023. 
C,;H,,ON, o-Acetamido-N-methyldiphenylamine, 2261. 
C,;H,,0.N, Benzenylveratrylamidine, salts of, 2996. 
C,;H,,0,N, 2:Hydroxy-3:4-dimethoxybenzaldehyde phenylhydrazone, 2545. 
C,,H,,0,8, Phenylsulphonylmethylsulphonyl-p-tolylthiomethane, 2643. 
Phenylsulphonyl-p-tolylsulphonylmethylthiomethane, 2643. 
C,;H,,0,8, Phenylsulphonyl-p-tolylsulphonylmethylsulphonylmethane, 2643. 
C,;,H,,NAs 10-Propyl-5:10-dihydrophenarsazines, 2521. 
C,;H,.N;,Br p-Dimethylaminobenzaldehyde p-bromophenylhydrazone, 1232. 
C,,H,,ON, 1-1-Pyrroylethyl methyl ketone phenylhydrazone, 54. 
C,;H,,0,.N 1-Carboxy-3-methylcyclopentane-1-acetanil, 1224. 
C,;H,,0O.N, Hexahydrohydrindene-2:2-dicyanoacetimides, 942, 947. 
C,;H,,0,N, Phenyltrimethylammonium 2:4-dinitrophenoxide, 1177. 
C,;H,,0,.N, Phthalo-8-piperidinoethylimide, 3098. 
C,;H,,0,N, Phenyltrimethylammonium nitrophenoxides, 1176. 
C,;H,,0,N, Hexahydrohydrindene-2:2-dimalonimides, 944. 
C,,H,,ON Phenyltrimethylammonium phenoxide, 1178. 
C,,H,,0,.N, /-4-isoPropyl-4?-cyclohexenone p-nitrophenylhydrazone, 1368. 
C,;H,,0,N 1-Carboxy-3-methylcyclopentane-l-acetanilic acid, 1224. 
C,,H,SAs Phenyltrimethylarsonium thiophenoxide, 1181. 
C,;H,.0.N, Ethyl 2-cyano-trans-hexahydrohydrindene-2-cyanoacetate, 941. 
C,,H,,0N Ethyl a-cyanohexahydroindenyl-2-propionates, 938, 950. 
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CicHin0.N 10:11-Dimethoxy-1:2:3:4:6:7-hexahydrobenzpyridocoline, and_ its 
salts, 47. 
C,;H,,0,N, 4-isoPropylcyclohexanone p-nitrophenylhydrazone, 1369. 
C,;H,,0,N, Acetophenone e-piperidinoformylcarbohydrazone, 1156. 
C,;H,,0,N; «a’-Dicarbamyl-trans-hexahydrohydrindene-2:2-diacetimide, 942. 
C,;H,.0,N, 6-Hydroxy-2-keto-3-cyano-6-methylpiperidine-4(2’)-spiro-trans- 

: hexahydrohydrindene, 972. vi 

C,;H,,0,N, Substance, from oxidation of oxylupanine, 3199. 

C,;H.,0,N, -Nonan-4-one p-nitrophenylhydrazone, 2082. 

CicH,0.Br Ethyl hydrogen a-bromo-irans-hexahydrohydrindene-2:2-diacetate, 


C,;H,,0,N 2:3:6-Trimethyl mannose anilide, 1351. 

C,;H,;CIS Phenyl «-chlorononyl sulphide, 1700. 

C,;H,,ON, Lupanines, and their salts, 432. 

C,;H.,0S Phenyl «-hydroxynony] sulphide, 1700. 

C,;H,,0,N, cycloPentane-3:4-dione-1(2’)-spiro-trans-hexahydrohydrindene di- 
semicarbazone, 975. 

C,;H,,0,N, 3:4:6-Trimethyl-2-deoxygluconic acid phenylhydrazide, 1137. 

C,,H,,0,N, 2:3:4-Trimethyl 5-galactonolactone phenylhydrazide, 263. 

C,;H.,;0,;N, 2-Acetonyl-trans-hexahydrohydrindene-2-acetic acid semicarb- 
azone, 974. 

C,;H.,0,Tl, Dimethylthallium tetra-acetylpropane, 2243. 

C,;H..IP p-Xylylmethyldi-n-propylphosphonium iodide, 577. 

C,;H.I,P p-Xylylmethyldi-n-propylphosphonium tri-iodide, 577. 

C,;H,,OP p-Xylylmethyldi-n-propylphosphonium hydroxide, salts of, 577. 

C,;H;,0As ‘Tri-n-amylarsine oxide, 185. 

C,;H;,01,As Tri-n-amylarsine dichloride, 186. 

C,;H;,Br,As Tri-n-amylarsine dibromide, 186. 


15 IV 
C,;H,O,NC1 1-5-Chlorobutyl-6:7-dimethoxy-3:4-dihydroisoquinoline, salts of, 46, 
C,;H,O,N.Br p-Nitrobenzaldehyde-6-bromoindogenide, 76. 
C,;H,O;N,Cl, 2’:6’-Dichloro-4’-nitro-3-phenyl-4-methylphthalaz-l-one, and _ its 
picrate, 1085. 
C,;H,O,N,Br, 2’:6’-Dibromo-4’-nitro-3-phenyl-4-methylphthalaz-l-one, and its 
picrate, 1085. 
C,;H,,0,NCl p-Chlorobenzylphthalimide, 1233. 
C,;H,,0O.NBr p-Bromobenzylphthalimide, 1234. 
C,;H,,0,NI p-Iodobenzylphthalimide, 1235. 
C,;H,,0,N,As 10-Nitroquinbenzarsazinic acid, 1942. 
C,;H,,0ON,Cl, 2’:6’-Dichloro-4’-amino-3-phenyl-4-methylphthalaz-l-one, 1086. 
C,;H,,ON,Br, 2’:6’-Dibromo-4’-amino-3-phenyl-4-methylphthalaz-l-one, 1086. 
C,;H,,0,N.Cl, §-Benzoyl-a-acetyl-2:4:6-trichlorophenylhydrazide, 1741. 
C,;H,,0,Cl,I p-lodophenyl cinnamate iododichloride, 1109. 
p-lodopheny1 af-dichloro-8-phenylpropionate, 1109. 
C,;H,,0,Br,I p-Iodophenyl af-dibromo-8-phenylpropionate, 1109. 
C,;H,,0,BrS 4-Bromo-1:2-dimethoxythioxanthone, 525. 
C,;H,,0,BrS 4-Bromo-1:2-dimethoxythioxanthone dioxide, 527. 
C,;H,,0,N,Br m-Nitrobenz-f-acetyl-4-bromo-2-nitrophenylhydrazide, 2791. 
C,;H,,0,NCl p-Chlorobenzylphthalamic acid, 1233. 
C,;H,,0,NBr p-Bromobenzylphthalamic acid, 1234. 





FORMULA INDEX. 15 IV—16 I 


C,;H,,0;NI p-lodobenzylphthalamic acid, 1235. 

C,;H,,0;NAs 7-Acetamidofluorenone-2-arsonic acid, and its sodium salt, 622. 

C,;H,.0;N;As 0-5’-Nitro-8’-quinolylaminophenylarsonic acid, 1941. 

C,;H,,0,NAs Fluorenone-7-glycine-2-arsonic acid, and its sodium salt, 623. 

C,;,H,,0N.Br 2’-Bromo-4’-amino-N-phenyl-3-methylphthalimidine, 1088. 

C,;H,,0;N,As -Arsinomalonanilide, 1746. 

C,;H,,0,NS 2-Nitrophenyl 4-acetoxy-m-tolyl sulphide, 3266. 

C,;H,;0,BrS 2-Bromo-4:5-dimethoxy-2’-carboxydiphenyl sulphide, 525. 

CsH,O.N.As Fluorenone-7-glycinamide-2-arsonic acid, and its sodium salt, 
623. 


C,;H,,;0,N,S 3:5-Dinitro-2-acetamidophenyl p-toluenesulphonate, 2352. 

C,;H,,0,N.8 Nitroacetamidophenyl p-toluenesulphonates, 2348. 

C,;H,,0;N.As Malonanilide-p-arsonic acid, and its sodium salt, 1746. 

C,;H,;N,SCl «-Chlorotolyl-8-p-tolylthiocarbamides, 3302. 

C,;H,,0;N,As p-Acetyldiphenylarsonic acid semicarbazone, 2387. 

C,,H,,0,NAs z-Propionyldiphenylamine-6’-arsonic acid, 2385. 

C,,H,,0;,NAs 3-Acetylamino-4-benzyloxyphenylarsonic acid, 2473. 

C,,H,,.0,NBr 6-Bromo-3-f-glucosidoxyindole-2-carboxylic acid, potassium salt, 
74. 


C,;H,,O,N.As, Malonanilide-pp’-diarsonic acid, and its sodium salt, 1747. 
C,;H,,0O;N.As 4-Benzyloxyphenylarsonic acid 3-glycineamide, 2475. 
C,;H.,0;N.As Succinanilopiperidide-p-arsonic acid, 619. 
C,,H..0.NC1 6-Chloro-octyl phenylurethane, 1700. 
C,;H..O,NCl 6-Chlorovalero-8-veratrylethylamide, 41. 
C,,H..0,;NBr 5-Bromovaleryl-8-veratrylethylamide, 41. 
C,,H.,ONC] Phenylethyl-w-piperidinoethylcarbinol hydrochloride, 1186. 
C,;H.,0.N.I Lupinylsuccinimide methiodide, 436. 
15 V 

CicH,.0.N,CLAs 12-Chloro-10-nitro-5:12-dihydroquinbenzarsazine hydrochlor- 

ide, 2. 
C,;H,,ONCIAs 10-Chloropropionyl-5:10-dihydrophenarsazine, 2385. 
C,;H,,ON,SCl a-(5-Chloro-m-anisyl)-f-(p-tolyl)thiocarbamide, 3306. 


C,, Group. 
C,,H,, 9:10-Dimethylanthracene, production of, 753. 
C,.H., 4-n-Nonyltoluene, 2117. 
16 II 
C,.H,,.0, 8-Methoxy-3-phenylcoumarin, 640. 
C,,H,,.0, isoAnthraflavic acid dimethyl ether, 154. 
5:7-Dihydroxy-3-methylflavone, 1260. 
p-Phenylbenzylidenemalonic acid, 2479. 
C,.H,,.0, 4-Benzoyloxy-3-methoxyphthalide, 246. 
C,.H,,0; Dimethoxy-9-anthranols, 155. 
Dimethoxyanthrones, 165. 
7-Hydroxy-3-methylflavone, 1264. 
5-Hydroxy-2-n-propylperinaphth-1:3-diketohydrindene, 278. 
C,,H,,0, 10-Hydroxy-1:3-dimethoxyanthranol, 172. 
10-Hydroxy-1:5-dimethoxyanthrone, 165. 
C,,H,,0, O-Benzoylphlorpropiophenones, 1250. 
2:2’-Dimethoxy-5:5’-diformyldiphenyl ether, 3173. 
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16 Il—16 Ill FORMULA INDEX. 


C,,H,,0, 3-Hydroxy-5-methyldiphenyl-2:6-dicarboxylate, and its salts, 772. 
C,.H,,0, 2:2’-Dimethoxy-5-formyl-5’-carboxydipheny] ether, 3175. 
C,.H,,0, 7:8-Diacetoxy-3-acetyl-2-methyl-1:4-benzopyrone, 1878. 
C,.H,,N, 4-Anilinoquinaldine, and its hydrochloride, 2815. 

C,.H,,N ‘Tetrahydro-af-naphthacarbazoles, 1903. 

C,.H,,0, 3-Benzoyloxy-4-methoxyphenylmethylcarbinol, 1129. 
3-Benzyloxy-4-methoxyphenylacetic acid, 3168. 
4-Benzyloxy-3-methoxyphenylacetic acid, 2897. 

C,.H,,0, 5:7-Diacetoxy-2-methyl-3-ethyl-1:4-benzopyrone, 1261. 
5:7-Diacetoxy-4-methyl-3-ethylcoumarin, 1261. 

C,.H,,N 9:9:10-Trimethyl-9:10-dihydroacridine, 2572. 

C,,.H,,0, 7-O-Methylesculin, 1289. 

C,.<H,.N. Benzylidene-p-dimethylaminobenzylamine, 1237. 
p-Dimethylaminobenzylidenebenzylamine, 1237. 

C,.H,,.N «f-Diphenylethyldimethylamine, and its salts, 2571. 

C,.H..0,; 4-Hydroxy-7-methyl-2-n-hexyl-1:3-diketohydrindene, 520. 

C,.H.N, 2-8-Piperidinoethylquinoline, and its picrate, 3092. 

C,.H,,N, Aminocamphanodihydroquinoxaline, 3338. 

C,,.H,,0 p-Tolyl n-octyl ketone, 2117. 

CieH.,0, 4-n-Nonyl-p-toluquinone, 2119. 

C,.H.,0, 2:5-Dihydroxy-4-n-nonyl-p-toluquinone, 2120. 

C,.H,,0, Ethyl 2-carbethoxy-1-ketocyclopentyl-2-succinate, 1554. 

C,.H.,0, Ethyl 2-acetonyl-trans-hexahydrohydrindene-2-acetate, 973. 

C,.H.,0, Ethyl 2-carboxyhexahydrohydrindene-2-acetates, 940, 949. 

C,,.H.,N Amino-4-n-nonyltoluenes, sulphates of, 2119. 

C,.H.,,P p-Xylyldibutylphosphines, 577. 

C,,H.,0, Ethyl B-methylpimelate-f’-acetate, 2566. 

C,.H;,0, /-Menthyl 5-methoxyvalerate, 2053. 
C,.H,,0 Hexadecy] alcohol, equilibrium of octadecyl alcohol and, 802. 


16 I 
C,,H,O,N, 4-Phthalimidophthalimide, 81. 
C,,.H,,ON, Ketobenzquinazocoline, 2844. 
C,,.H,,0S Benz-af-naphthathioxin, 721. 
C,.H,,0,N Substance, from hippuric acid and o-nitrobenzaldehyde, 977. 
C,.H,,0,N, 5-Keto-4-nitrobenzylidene-2-phenyl-4:5-dihydro-oxazoles, 2902. 
C,.H,,0;N Coumarin-3-carboxyanilide, 2061. 
2-Nitrophenyl 2-naphthyl ether, 3269. 
C,.H,,0,N m-Nitrobenzoyloxy-3-methoxyphthalide, 246. 
C,,H,,0,N, Acid, from hydrolysis of ketobénzquinazocoline, 2845. 
Substance, from 2-quinolone and methyl anthranilate, 2846. 
C,.H,,0,N, 1-(2’:4’-Dinitrophenyl)-3(or 5)-phenyl-5(or 3)-methylpyrazole, 759. 
C,.H,,0,N, m-Nitro-a-benzamidocinnamic acid, 2903. 
o-Nitrobenzylidenemalonanilic acid, 2061. 
C,.H,,0N «ay-Diphenylisocrotonoiminolactone, 866. 
C,.H,,0,N 4-Hydroxymethoxy-a-phenylcinnamonitriles, 640. 
C,.H,,0,N 3:4-Methylenedioxycinnamanilide, 2060. 
Piperonylidene-8-keto-5:6:7:8-tetrahydropyrrocoline, 55. 
Ciel 0.Ns 4’-Nitro-1-methoxy-3-phenyl-4-methylene-3:4-dihydrophthalazine, 


C,,.H,,0,C1 Trihydroxymethylflavylium chlorides, 2675. 
3482 


























FORMULA INDEX. 


C,.Hi,;0;C1 Trihydroxymethoxyflavylium chlorides, 2677. 

C,,.H,,ON, Nitrosotetrahydro-af-naphthacarbazoles, 1903. 

(,,H;,0.N, 4’-Amino-N-phenylphthalimidine, 1083. 

(,,H,,0;8 1:2-Dimethoxy-4-methylthioxanthone, and its dihydrochloride, 527. 

(,,H:,0,8 1:2-Dimethoxy-4-methylthioxanthone dioxide, 527. 

(,,H:;0.N §-Benzoyl-a-phenylpropionamide, 866. 
p-Methoxycinnamanilide, 2060. 
Piperonylidene-3-methylcyclopentenylacetonitrile, 1222. 

(,,H,;0,C1 «-4-Benzoyloxy-3-methoxyphenylethyl chloride, 1130. 

C,,H,,0;Cl, 3’:5’:6-Trichloro-2-p-tolyloxy-2-ethoxy-4-methylcyclohexa-3:5-di- 

enone, 1949. 

C,,H,,0,N w-Nitro-3-benzyloxy-4-methoxystyrene, 3168. 

(,,H,,0,As 4:4’-Diacetyldiphenylarsonic acid, 2388. 

C,,H,,0,N 2-Nitro-4-benzyloxy-3-methoxyphenylacetic acid, 2879. 
6-Nitro-4-benzyloxy-3-methoxyphenylacetic acid, 2897. 

C,,.H,,ON, p-Acetamidobenzylidenebenzylamine, 1240. 

C,,H,,0,8. «-Phenylsulphonyl-a-p-tolylthioacetone, 2641. 

C,,H,,0,N, Cuminaldehyde dinitrophenylhydrazone, 758. 
3:5-Dinitro-2:4:6-trimethylbenzaldehyde phenylhydrazone, 1171. 

C,,H,,0;N, 2:2’-Dimethoxy-5:5’-diformyldiphenyl ether dioxime, 3174. 
6-Nitro-3:4-dimethoxyphenylacetanilide, 2880. 

C,,H,,ON, Benzaldehyde 4-benzyl-2-methylsemicarbazone, 513. 

C,,H,,0.N, 3-Nitro-2:4:6-trimethylbenzaldehyde phenylhydrazone, 1171. 

C,,.H,,0O,N 2-Benzyloxy-p-acetanisidine, 1242. 

C,,H,,0,N, 2:3:4-Trimethoxybenzaldehyde phenylhydrazone, 2545. 

C,,H,,0,N, /-1-Methyl-3-isopropenyl-4°-cyclohexen-5-one 2:4-dinitrophenyl- 

hydrazone, 3008. 

C,,H,,0,8. Diveratryl 4-disulphide, 524. 

C,,H,,0;N, o-Azoxyveratrole, 2549. 

C,,H,;NAs 10-Butyl-5:10-dihydrophenarsazines, 2521. 
2-Methyl-10-propyl-5:10-dihydrophenarsazine, 2521. 

C,,H,,Br,8, Dibenzyldithiolethane tetrabromide, 1692. 

C,,H,,0,N -(3-Benzyloxy-4-methoxyphenyl)ethylamine, and its salts, 3169. 
3-Methylcyclopentane-1:1-diacetanil, 1221. 

C,.H,,0,N, Phenyldimethylethylammonium 2:4-dinitrophenoxide, 1179. 

C,,H.,0.N, Benzoyl-p-dimethylaminobenzylamine, 1237. 

C,,H.,0,N, Camphor dinitrophenylhydrazone, 758. 
Fenchone dinitrophenylhydrazone, 758. 
Pulegone dinitrophenylhydrazone, 758. 

C,,H.,0,N 3-Methylcyclopentane-1:1-diacetanilic acid, 1221. 

C,,H.,0;,N, /-Menthyl picryl ether, 1933. 

CieHa2O.Ne l-1-Methyl-3-isopropylcyclohexan-5-one 2:4-dinitrophenylhydrazone, 


C,,H..0;N, /-Menthyl 2:4-dinitropheny] ether, 1933. 
C,,H,.N,I, N(11)-Lupinylpyrrolidine methiodide, 436. 
C,,H,,0,.N /-Menthyl picolinate, 1481. 
4-isoPropylcyclohexanol phenylurethane, 1369. 
CrHas0.N, 1-1-Methyl-3-isopropylcyclohexan-5-one p-nitrophenylhydrazone, 


C,,H,,ON, Bromo-a-methyloxysparteine, 436. 
CisH.;0;N, Methyl a-keto-trans-hexahydrohydrindene-2:2-diacetate semi- 
carbazone, 967. 
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16 I1I—16 IV FORMULA INDEX. 


C,.H.,CIS Phenyl x-chlorodecyl sulphide, 1701. 

C,.<H.,O0S Phenyl x-hydroxydecyl sulphide, 1701. 

C,.H.,0;N, Methyl N(11)-lupinylglutaramate, 436. 

CicH,,ON, Triethyltriethyl-8-methoxytrimethylenediamine, chloroplatinate of 
5. 


C,.H,[As Methyltri-n-amylarsonium iodide, 187. 
C,.H;,0As Methyltri-n-amylarsonium hydroxide, chloroplatinate of, 187. 


16 IV 
C,,H,0,N.S 9:10-Dinitrobenz-a8-naphthathioxin, 721. 
C,,H,OBrS 10-Bromobenz-ca$-naphthathioxin, 721. 
C,,H,,OBr.S 2:5-Dibromophenyl 2-hydroxy-1l-naphthy] sulphide, 720. 
CioH.0.N2S Nitrophenyl 1-nitro-2-keto-1:2-dihydro-l-naphthyl sulphides, 
4. 


C,,H,,0,.N,C], 2’:6’-Dichloro-4’-acetylamino-3-phenylphthalaz-l-one, 1082. 

C,,H,,0,.N,Br, 2’:6’-Dibromo-4’-acetylamino-3-phenylphthalaz-l-one, 1082. 

C,.H,,0,N,Cl, 2’:6-Dichloro-4’-nitro-1-methoxy-3-phenyl-4-methylene-3:4-di- 
hydrophthalazine, 1086. 

C,.H,,0,N;Br, 2’:6-Dibromo-4’-nitro-1-methoxy-3-phenyl-4-methylene-3:4-di- 
hydrophthalazine, 1086. 

C,,.H,,0,NS 2-Nitrophenyl-2-hydroxy-l-naphthylsulphone, 3268. 

2-Nitrophenyl 1-sulphino-2-naphthyl ether, 3268. 

C,.H,,0,N,Cl, 1-Hydroxy-3-(2’:6’-dichloro-4’-nitropheny]l)-1:3-dihydrophthal- 
azine-4-acetic acid, 1079. 

C,.H,,0,N,Br, 1-Hydroxy-3-(2’:6’-dibromo-4’-nitropheny])-1:3-dihydro- 
phthalazine-4-acetic acid, 1079. 

C,.H,,ON,Cl 3-Chloro-1-hydroxybenzene-4-azo-8-naphthylamine, 1498. 

C,.H,,0,N.Cl, 2’:6’-Dichloro-4’-acetylamino-N-phenylphthalimidine, 1082. 

C,,.H,,0C1,Fe 2-Phenylmethylbenzopyrylium ferrichlorides, 1702. 

C,.H,,0,N,Br 2’-Bromo-4’-acetylamino-N-phenylphthalimidine, 1083. 

C,.H,;,0,Cl,Fe 3-Methoxy-2-phenylbenzopyrylium ferrichloride, 1702. 

C,,.H,,0,N,Br, m-Nitrobenz-f-acetyl-3:5-dibromo-o-tolylhydrazide, 2790. 

C,.H,,O;NCl 4-Chloro-2’-diacetamidodipheny] ether, 534. 

C,.H,,O;NI 4-Iodo-2’-diacetamidodiphenyl ether, 537. 

C,,.H,,0,N,Br p-Nitrobenz-f-acetyl-3-bromo-o-tolylhydrazide, 2790. 

C,,H,,0,N.Cl, 88-Dichloro-aa-di-(5-nitro-2-methoxypheny]l)ethane, 1833. 

C,,H,,ONS Benzamidobenzpenthienes, 1694. 

C,,.H,,0,NS Benzamidobenzpenthiene dioxides, 1694. 

C,,H,,0,N,Cl, 1-Hydroxy-3-(2’:6’-dichloro-4’-aminopheny]l)-tetrahydrophthal- 
azine-4-acetic acid, 1081. 

C,,.H,,0,N,Br, 1-Hydroxy-3-(2’:6’-dibromo-4’-aminopheny])-tetrahydrophthal- 
azine-4-acetic acid, 1081. 

C,.H,,0,Br.8, Di-4-bromoveratryl 5-disulphide, 524. 

C,.H,,0;,NS 5-Acetylamino-2-methoxyphenyl p-toluenesulphonate, 1243. 

C,.H,,0;N,As Succinanilide-p-arsonic acid, 618. 

C,.H,,0,N.S a-3:5-Dimethoxyphenyl-f-p-tolylthiocarbamide, 3306. 

C,.H,,0,NAs 3-Butyryldiphenylamine-6’-arsonic acid, 2385. 

C,,H,,0,N,As, Acetophenone-p-arsonic acid ketazine, 2401. 

C,,H,,0,N,As, Succinanilide-pp’-diarsonic acid, and its disodium salt, 617. 

C.eH,,0.NS p-Toluenesulphonylmesidine, 1590. 

C,.H,,0,.N.Br 6-Bromoindirubin, 76. 

C,,H,,0;N,Cl 4’-Chloro-2’-nitrocamphoranilic acid, 481. 
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FORMULA INDEX. 16 IV—17 II 
C,.H. ~O0.N.S §f’-Dianilinodiethylsulphone, 1917. 

C,-H.30;NS /-Menthyl nitrobenzenesulphonates, 1487. 

C,,<H,40,NCl «-Chlorononyl phenylurethane, 1700. 

C,.H,,ONC] Phenyl-n-propyl-w-piperidinomethylcarbinol hydrochloride, 1186. 


16 V 
C,.H,,0,N,C1,8 3-(2’:6’-Dichloro-4’-nitropheny])-1:3-dihydrophthalazine-1-sul- 
phonic-4-acetic acid, sodium hydrogen salt, 1078. 
C,.H,,0,N,Br,8 3-(2’:6’-Dibromo-4’-nitrophenyl)-1:3-dihydropht alazine-1l- 
sulphonic-4-acetic acid, sodium hydrogen salt, 1078. 
C,,H,,ONCIAs 10-Chlorobutyryl-5:10-dihydrophenarsazine, 2385. 


C,, Group. 


C,,H,.0, 7-Hydroxy-6-acetylflavone, 2378. 
a-(3:4-Methylenedioxypheny])-y-phenylisocrotonolactone, 865. 

C,,H,,0; Acetylisoanthraflavic acid methyl ether, 156. 

C,,H,,N 8-Methyl-a’f’-naphthacarbazole,-103. 

C,,H,,0, 8-Styrylcinnamic acid, 2774. 

C,,H,,0, 3-Methoxy-9-anthranyl acetate, 152. 
a-(p-Methoxyphenyl)-y-phenylisocrotonolactone, 865. 

C,,H,,0, 5:7-Dihydroxy-3-ethylflavone, 1261. 
7:8-Dimethoxy-4-phenylcoumarin, 1881. 

C,;H,,0; 8-Benzoyl-a-(3:4-methylenedioxyphenyl)propionic acid, 865. 

C,,H,,0, Tricin, 2624. 

C,,H,,0. Ethyl diphenyl-4-acrylate, 2478. 
2-Hydroxystyryl 8-phenylethyl ketone, 1339. 

C,-H,,0, 3:4-Dimethoxy-9-anthranyl methyl ether, 173. 
5-Hydroxy-2-n-butylperinaphth-1:3-diketohydrindene, 278. 

C,,H,,0, B-Benzoyl-a-(p-methoxyphenyl)propionic acid, 865. 
O0-Benzylhesperetic acid, 3169. 

Ethy! /-a-benzoyloxyphenylacetate, 2280. 
p-Phenylbenzylidene diacetate, 2478. 

C,,H,,0; 4-Benzoyloxy-2:6-dimethoxyacetophenone, 1249. 
4-0-Benzoylphlorbutyrophenone, 1252. 
3-Benzyloxy-4-methoxyphenylpyruvic acid, 3167. 
4-Benzyloxy-3-methoxyphenylpyruvic acid, 2897. 

C,,-H,,0, w-Hydroxy-4-benzoyloxy-3:5-dimethoxyacetophenone, 2707. 

C,,H,,O Ditolylacetones, 1849. 

C,,H,,0, isoDurenyl benzoate, 1590. 

C,,H,,0, O-Benzyldihydrohesperetic acid, 3169. 
ay-Diphenoxy-f-acetoxypropane, 457. 

C,,-H,.0, Glycerol ay-dibenzyl ether, 456. 

C,,H,,N, Ethylanilinoacetone phenylhydrazone, 2571. 

C,,H..0, 4-Hydroxy-7-methyl-2-n-heptyl-1:3-diketohydrindene, 520. 

C,,H,,0, 2:5-Dicarboxymethoxycyclopentane-3:4-dione-1(2’)-spiro-trans-hexa- 

hydrohydrindene, 974. 

C,,H,.N, 2-8-Piperidinoisopropylquinoline, and its picrate, 3094. 

C,,H,,0, Ethyl 42-butene-ad-dicarboxylate-y-malonate, 1763. 

C,,H.,0, Ethyl trans-hexahydrohydrindene-2:2-diacetate, 943. 

C,,H,.0, J-Menthyl 2-methoxy-n-hexoate, 2054. 
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17 

C,,H,,0,N, 3:5-Dinitro-6-a-naphthylbenzoic acids, 1189. 

Substance, from 6-nitropiperonal and hippuric acid, 979. 

C,,H,,0,N, 3:5-Dinitro-6-a-naphthylbenzamides, 1190. 

C,,H,,0,N, 3:5-Dinitro-2-8-naphthamidophenol, 2352. 

C,,H,,0,N, Nitro-2-8-naphthamidophenols, 2349. 

C,,H,,0,N, o-Nitropiperonylidenemalonanilic acid, 2061. 

C,,;H,,0,Br Bromo-f-styrylcinnamic acid, 2774. 

C,,H,,0;N 8-Benzoyl-a-(3:4-methylenedioxyphenyl)propionitrile, 865. 
Coumarincarboxytoluidides, 2061. 
a-(3:4-Methylenedioxyphenyl)-y-phenylcrotonoiminolactone, 867. 

C,,H,,0;N Piperonylidenemalonanilic acid, 2060. 

C,,H,,0,.N, 9:10-Dihydroxy-3-phenyl-5:6-dihydrobenzglyoxalocoline, 

chloride of, 49. 
Methylquinolylanthranilic acids, 2845. 

C,,H,,0,N, Nitro-7-acetyl-9:10-dihydro-a’p’-naphthapentindole, 101. 

C,,H,,0,8 2’:4-Dihydroxy-m-tolyl-1’-naphthylsulphone, 2210. 

C,,H,,0,N, w-Diazo-4-benzoyloxy-3:5-dimethoxyacetophenone, 2706. 

C,,H,,0,N, 2-Nitro-a-benzamido-4-hydroxy-3-methoxycinnamic acid, 2890. 

C,,H,,ON Acetyldihydro-naphthapentindoles, 98. 

C,;H,,0,N §-Benzoyl-a-(p-methoxyphenyl)propionitrile, 865. 
Dimethoxy-a-phenylcinnamonitriles, 640. 
a-(p-Methoxypheny]l)-y-phenylisocrotonoiminolactone, 866. 

C,,H,,0.N,; 4’-Acetylamino-3-phenyl-4-methylphthalaz-l-one, 1072. 
Acetylaminophenylmethylphthalazones, 1922. 

C,,H,,0,N 3:4-Methylenedioxycinnam-o-toluidide, 2060. 

C,,H,,0,N £-Benzoyl-a-(3:4-methylenedioxyphenyl)propionamide, 866. 
p-Methoxybenzylidenemalonanilic acid, 2060. 

C,,H,,0,N «-Homopiperonylmalonanilic acid, 2060. 

C,,H,,ON, Acetyl-7:8-dihydro-af$-naphthapentindole oxime, 99. 
4-Anilino-6-methoxy-2-methylquinoline, and its hydrochloride, 118. 

C,,H,,0.N, 3’-Acetylamino-N-phenyl-3-methylphthalimidine, 1923. 
4’-Acetylamino-N-phenyl-3-methylphthalimidine, 1072. 

C,,H,,0,Br, Ethyl aS-dibromo-f-4-diphenylylpropionate, 2478. 

C,,H,,0.N 4’-Ethoxy-N-phenyl-3-methylphthalimidine, 1073. 
p-Methoxycinnam-o-toluidide, 2060. 

C,,H,,0;N 8-Benzoyl-a-(p-methoxyphenyl)propionamide, 866. 
3:4-Dimethoxycinnamanilide, 2060. 

C,,H,,0,N Ethyl J-a-phenylcarbamylphenylacetate, 2279. 

C,,H,,0,N Benzyl 6-nitro-3:4-dimethoxyphenylacetate, 2885. 

C,,H,,N,S Phenyl propenyl ketone 5-phenylthiosemicarbazone, 336. 

C,,H,,0,N. Hippuro-8-phenylethylamide, 40. 

C,,H,,0,N, Di-p-acetamidophenyl methylene ether, 1769. 
N-p-Nitrobenzoylephedrine, 2150. 

C,,H,,0,S a-Carbethoxybenzyl-p-tolylsulphones, 2281. 

Ethyl] /-a-p-toluenesulphinoxyphenylacetate, 2280. 

C,,H,,0.N isoDurenyl phenylurethane, 1590. 

C,,H,,0,N 0-Benzyldihydrohesperetinamide, 3170. 

C,,H,,0;,N Veratroylveratrylamine, 2998. 

C,,H.,0,N, Bornyl 3:5-dinitrobenzoate, 3089, 3340. 

3486 





FORMULA INDEX. 17 1-17 IV 


C,;HaNAs 10-n-Amyl-5:10-dihydrophenarsazine, 2521. 

(,,H.,0,N; 2’:6’-Dinitro-4’-methoxycamphoranilic acid, 481. 

C,,H,,N,I N-Benzylidene-w-amino-p-tolyltrimethylammonium iodide, 1240. 
N-Benzyl-w-imino-p-tolyltrimethylammonium iodide, 1239. 

C,,H..ON, Methylaminocamphanodihydroquinoxaline nitrosoamine, 3339. 

C,;H,,0,N, Nitromethyleamphoranilic acids, 480. 

C,,H..0,N, Nitro-2’-methoxycamphoranilic acids, 480. 

C,,H,,0ON trans-Hexahydrohydrindyl-2-acetanilide, 938. 

(,,H,;0,,C1 £-Penta-acetyl a-glucoheptosidyl chloride, 2869. 

C,,H,,ON, 11-Benzoylaminolupinane, 435. 

C,,H,,0.8 /-Menthyl o-thiolbenzoate, 1487. 

C,,H.,0,8 /-Menthyl o-sulphobenzoate, and its potassium salt, 1488. 

C,,H.,N,I Aminocamphanodihydroquinoxaline methiodide, 3339. 
Methylaminocamphanodihydroquinoxaline hydriodide, 3339. 

C,,H,,0;38 /-Menthyl toluenesulphonates, 1487. 

C,,H.,0,Br, Ethyl aa’-dibromo-trans-hexahydrohydrindene-2:2-diacetate, 965. 

C,,H,,ON dl-Tetrahydrogeranic acid p-toluidide, 3140. 

C,,H,,0,Br Ethyl a-bromo-trans-hexahydrohydrindene-2:2-diacetate, 964. 

C,,H..0,N Ethyl y-2:3-dicarbethoxypiperidinobutyrate, 3197. 

C,,H, IP p-Xylylmethyldi-n-butylphosphonium iodide, 577. 

C,,HsI;P p-Xylylmethyldi-n-butylphosphonium tri-iodide, 577. 

C,,H,,0P p-Xylylmethyldi-n-butylphosphonium hydroxide, salts of, 577. 

17 IV 
C,,H,,0,N,S 1-Thiopicryl-2-methoxynaphthalene, 919. 
C,,H,,.ONBr Bromo-7-acetylbenzopentindoles, 3334. 


C,;H,,0,N,Cl, 4-Hydroxy-1-(2’:4’-dichloropheny!)-5-methylpyrazole benzoate, 
794. 


CrrH,,0.N,Br, 4-Hydroxy-1-(2’:4’-dibromophenyl)-5-methylpyrazole benzoate, 

794, 

C,,H,,.0,N.S 2:4-Dinitrophenyl-2-methoxy-3-naphthylsulphone, 380. 

C,,H,,ONS p-Tolyl 1-nitro-2-keto-1:2-dihydro-1-naphthyl sulphide, 1194. 

C,,H,,0IS 2-Iodophenyl 2-methoxy-1l-naphthyl sulphide, 719. 

C,,H,,0,.N,Cl 1-p-Chlorophenyl-5-methylpyrazolyl 4-benzoate, 793. 

C,,H,,0.N.Br 4-Hydroxy-1-p-bromophenyl-5-methylpyrazole 4-benzoate, 793. 

C,,H,,0,N,Cl, 2’:6’-Dichlorc-4’-acetylamino-3-phenyl-4-methylphthalaz-1l-one, 
1087. 


C,,H,,0.N,Br, 2’:6’-Dibromo-4’-acetylamino-3-phenyl-4-methylphthalaz-1l-one, 
1087. 


C,,H,,0;NS Methyl 2-o-nitrophenoxynaphthalene-1-sulphinate, 3268. 
C,,H,,0;N,Cl, Methyl 1-hydroxy-3-(2’:6’-dichloro-4’-nitrophenyl)-1:3-dihydro- 
phthalazine-4-acetate, 1080. 
C,,H,,0,N;Br, Methyl 1-hydroxy-3-(2’:6’-dibromo-4’-nitropheny]l)-1:3-dihydro- 
phthalazine-4-acetate, 1080. 
C,,H,,ON,S Thiosemicarbazidopropyl phenyl ketone, 337. 
C,,H,,0.N.Br 2’-Bromo-4-acetylamino-N-phenyl-3-methylphthalimidine, 1088. 
C,,-H,,0,NS 2-Methoxynaphthalene-3-sulphonanilide, 380. 
C,,H,,0,N,As 7-Methoxy-11-methylquinbenzarsazinic acid, 111. 
C,,H,,0,N,S 2:4-Dinitro-6-p-toluenesulphonacetamidopheny] acetate, 2347. 
C,,H,,0,N.S 3-Nitro-2-diacetamidophenyl p-toluenesulphonate, 2349. 
C,,H,,0,N.As o-6’-Methoxy-2’-methyl-4’-quinolylaminophenylarsinic acid, 110. 
C,;H,,0.N,Cl 4-(4’-Chloroacetylpiperazino)-6-methoxy-2-methylquinoline, and 
its salts, 3103. 
5x 3 3487 











17 Iv—18 II FORMULA INDEX. 


C,,H,,0,NS p-Toluenesulphonylmethylmesidine, 1593. 
C,,H,,0,NC] x-Chlorodecyl phenylurethane, 1700. 
C,,H,,ONC] Phenyl-n-butyl-w-piperidinomethylcarbinol hydrochloride, 1186, 
17 V 
C,,H,,ON,ClIAs 12-Chloro-7-methoxy-11-methyl-5:12-dihydroquinbenzarsazine, 
111. 


C,,H,,0.N.ClAs 7-Methoxy-11-methylquinbenzarsazinyl chloride, 112. 


C,, Group. 


C,,H,, 3:4-Benzanthracene, picrate of, 2528. 

3:4-Benzphenanthrene, and its picrate, 2528. 

C,,H,, 2:3:6:7-Tetramethylanthracene, 2331. 
C,,H,. 2:3:6:7-Tetramethyl-9:10-dihydroanthracene, 2328. 
C,;H;, 4-n-Undecyltoluene, 2120. 

18 I 
C,,H,0,, Anthraquinone-1:2:5:6-tetracarboxylic acid, 2531. 
C,,H,,0, 3:4-Benz-9:10-phenanthraquinone, 2527. 
C,;H,,0 3:5-Diphenylphenol, 773. 

2-Phenylacetylnaphthalene, 2016. 

C,.H,,0,; 7-Hydroxy-4’-methoxy-6-acetylflavone, 2379. 
C,,H,,0, 3:3’-Diacetyl-2:2’-dimethyldichromone, 2380. 
C,,H,,0, 2:3:6:7-Tetramethylanthraquinone, 2329. 
C,,H,,0, Benzylidene-a-benzylacetoacetic acid, 1338. 
C,,H,,0, 7-Acetoxy-3-methylflavone, 1264. 

Dimethoxy-9-anthranyl acetates, 154, 165, 172. 

5:7-Dimethoxy-3-methylflavone, 1252. 

C,,H,,0, 2:3:6:7-Tetramethoxyanthraquinone, 1365. 
C,;H,,0, 4-Benzoyloxy-w-formoxy-3:5-dimethoxyacetophenone, 2707. 
C,,H,,0 Styryl y-phenylpropyl ketone, 1340. 

2:3:6:7-Tetramethyl-9-anthrone, 2327. 

C,,H,,0, 2-Hydroxystyryl y-phenylpropyl ketone, 1341. 
C,,H,,0,; 4-Benzoyloxy-2:6-dimethoxvpropiophenone, 1251. 

Ethyl hydrogen 3-hydroxy-5-methyldiphenyl]-2:6-dicarboxylate, 772. 
C,,H,,0, 4:5:3’:4’-Tetramethoxy-2-benzoylbenzoic acid, 1365. 
C,;H,,N, 2-8-Phenylmethylaminoethylquinoline, and its picrate, 3093. 
C,;H.,0 2:4:5:3’:4’-Pentamethylbenzophenone, 2327. 

C,,H,,0, 10-Methoxy-1:4:9-trimethyl-9:10-dihydroanthranol, 3341. 

Pentamethylphenyl benzoate, 1593. 

C,sH..0, Methyl O-benzyldihydrohesperetate, 3170. 

C,,H,,0, 2:3:6:7-Tetramethyl-4**-octahydroanthraquinone, 2329. 
C,.H,,0 trans-Hexahydrohydrindylidenehexahydro-2-hydrindone, 945. 
C,,.H.,0;, ‘Penta-acetyl methyl-a-glucoheptosides, 2870. 

C,,.H,.N, N-Lupinyldihydroisoindole, 435. 

C,,H,,0 -Tolyl n-decyl ketone, 2120. 

C,,H,,0, Lauryl-p-benzoquinone, 2122. 

4-n-Undecyl-p-toluquinone, 2120. 

C,;H,,0, 2:5-Dihydroxy-3-n-lauryl-p-benzoquinone, 2122. 

2:5-Dihydroxy-4-n-undecyl-p-toluquinone, 2121. 

C,,H,,0, 1:2-Dicarboxy-1-methoxycyclopropane-3(2’)-spiro-trans-hexahydro- 
hydrindenes, 969. 
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C,,H3;,0, Laurylquinol, 2121. 

C,,H;,P Phenyldi-n-hexylphosphine, 2111. 
p-Xylyldi-n-amylphosphine, 578. 

C,,H;,0, /-Menthyl {-methoxy-n-heptoate, 2055. 

C,;H;,0, Ethyl palmitate, equilibrium of ethyl stearate with, 802. 

C,sHsgP Tri-n-hexylphosphine, 2110. 


18 Ill 

C,sH,N.Cl 3-Chloroacenaphthaphenazine, 583. 
C,.H,,0,I Acetyl 3-iodoalizarin, 2622. 

Acetyl 3-iodotsoanthraflavic acid, 2623. 
C,,H,,0.8, 2:2’-Bis(3-oxy-2-methyl-1-thionaphthen), 2973. 
C,,H,,0,8, 2:2’-Bis-(3-oxy-2-methyl-1-thionaphthen 1-dioxide), 2975. 
C,,H,,ON Acetyl-5:6-dihydro-af-naphthacarbazole, 103. 
C,,;H,,0.N Ethyl benzopentindole-7-carboxylate, 3336. 

Naphthyloxyacetanilides, 897. 
C,,H,,0O;N 2-Methoxy-4-acetoxy-a-phenylcinnamonitrile, 640. 
C,,H,,0,N Piperonylidenemalon-o-toluidic acid, 2060. 
CrsHs OWN Ethyl dinitro-9:10-dihydro-a’y’-naphthapentindole-7-carboxylate 

101. 


C,,H,,;0,C1 §-Chloro-aa-di-(5-carboxy-2-methoxyphenyl)ethylene, 1832. 

C,,H,,Cl,P Triphenylphosphine dichloride, reaction of ethyl magnesium iodide 
with, 1893. 

C,,.H,,0.N, N-4’-Dimethyl-N-2’-quinolylanthranilic acid, 2846. 

C,sH,,0,N, Ethyl nitro-9:10-dihydro-a’p’-naphthapentindole-7-carboxylate, 
102. 


C,,H,,0,C1, B8-Dichloro-aa-di-(5-carboxy-2-methoxyphenyl) ethane, 1831. 
C,,H,,ON Acetyltetrahydro-af-naphthacarbazoles, 1902. 
C,,H,,0.N Ethyl 9:10-dihydro-a’f’-naphthapentindole-7-carboxylate, 101. 
C,,H,,0,N 8-3-Dihydroindolylpropionic acid, 3159. 
C,,H,,0,N p-Methoxybenzylidenemalon-o-toluidic acid, 2060. 
C,,H,,0;N 3:4-Dimethoxybenzylidenemalonanilic acid, and its silver salt, 2060. 
a-Homopiperonylmalon-o-toluidic acid, 2061. 
C,,H,,0,N, y-1-p-Nitrobenzoyl-3-dihydroindolylbutyric acid, 3160. 
C,,H,,ON, Styryl B-phenylethyl ketone semicarbazone, 1338. 
C,;H,,0.N,; p-Methoxyphenyl propenyl ketone 5-phenylsemicarbazone, 337. 
C,,H,,0O,N 6:7:4’-Trimethoxy-1-phenyl-3:4-dihydroisoquinoline, 2058. 
C,,H,,0;N a-Homoveratrylmalonanilic acid, 2061. 
C,,H,.,0N, Ditolylacetone semicarbazones, 1849. 
C,,H,,0.N Pentamethylphenyl phenylurethane, 1593. 
p-Toluidinodehydroangustione, 291. 
C,,H,,0,N Anis-f$-3:4-dimethoxyphenylethylamide, 2058. 
Ethyl a-cyano-y-benzyl-8-methylglutaconate, 572. 
C,,H,.ON, y-trans-Hexahydrohydrindyl-2-cyanoacetamide, 937. 
C,,H,.0.N, N(11)-Lupinylphthalimide, 435. 
C,,H,,0.N d-8-Octyl cinchoninate, 1481. 
d-B-Octyl quinaldinate, 1481. 
C,,H,,0,N 2-Carboxyhexahydrohydrindene-2-acetanilic acids, 940, 949. 
C,,H,,0,N, 2’:6’-Dinitro-4’-ethoxycamphoranilic acid, 482. 
C,,H,,0,N Dimethylcamphoranilic acids, 480. 
C,,H,,ON, 4-8-Piperidinoethylamino-6-methoxy-2-methylquinoline, 3099. 
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18 II—19 I FORMULA INDEX. 
C,,;H,,0.8 /-Menthyl o-methylthiolbenzoate, 1488. 
C,.H,,0,8 /-Menthyl o-carboxyphenylmethylsulphone, 1488. 

C,.H,,0,8 Methyl o-carboxymenthoxybenzenesulphonate, 1488. 


C,,H,,ON; trans-Hexahydrohydrindylidenehexahydro-2-hydrindone semi- 
carbazone, 945 


C,sH;,0,N, 2:5-Di(methylamino)-4-n-nonyl-p-toluquinone, 2120. 

C,.H;,0P Phenyldi-n-hexylphosphine oxide, 2111. 

C,.H;,0,Tl, Diethylthallium tetra-acetylethane, 2242. 

C,,H;,OH Octadecyl alcohol, equilibrium of hexadecyl alcohol and, 802. 

C,;H,,0P Tri-n-hexylphosphine oxide, 2111. 

18 IV 

C,.H,,0,N,S 1-Thiopicryl-2-acetoxynaphthalene, 919. 

C,sH,,;0,NS 2-Nitrophenyl-2-acetoxy-l-naphthylsulphone, 3268. 

C,,H,,0,N,Cl, 1-Acetoxy-3-(2’:6’-dichloro-4’-nitropheny])-1:3-dihydrophthal- 
azine-4-acetic acid, 1080. 

C,,H,,0,NBr Ethyl bromobenzopentindole-7-carboxylate, 3336. 

C,:H,,0,N,S Anhydrodinitro-p-toluenesulphonamidophenylpyridinium 
hydroxides, and their salts, 2347. 

C,.H,,0,.N,S Picrylpyridinium p-toluenesulphonate, 613. 

C,,H,,0,N,Cl, Ethyl 1-hydroxy-3-(2’:6’-dichloro-4’-nitrophenyl)-1:3-dihydro- 
phthalazine-4-acetate, 1080. 

C,.H,,0,N,Br, Ethyl 1-hydroxy-3-(2’:6’-dibromo-4’-nitropheny]l)-1:3-dihydro- 
phthalazine-4-acetate, 1080. 

C,,;H,;N.SC1 a-(Chlorotolyl)-8-(8-naphthyl)thiocarbamides, 3301. 

C,,H,,0,N.As, 4-Arsenoacetanthranilic acid, 3251. 

5:5’-Arsenoacetanthranilic acid, 3254. 

C,,H,,0,N,Cl, 1-Acetoxy-3-(2’:6’-dichloro-4’-aminopheny])-tetrahydrophthal- 
azine-4-acetic acid, 1081. 

C,;H,,0,N,Br, 1-Acetoxy-3-(2’:6’-dibromo-4’-aminopheny])-tetrahydrophthal- 
azine-4-acetic acid, 1081. 

C,sH,,0;NS Diethylaminoanthraquinonesulphonic acids, sodium salts, 1783. 

C,sH,,0,NS, 1-Diethylaminoanthraquinone-4:6-disulphonic acid, 1785. 

C,;H.,0,;N.8 p-Toluenesulphonylcytisine, 2200. 

C,sH.,0,N.S f’-Dihydroxydiethyl sulphide diphenylcarbamate, 228. 

18 V 
C,sH,,ON,SCl a-Chloro-p-anisyl-8-(a-naphthyl)thiocarbamides, 3305. 
CieH,,0.N.CIS 2:6-Dinitro-4-p-toluenesulphonamidophenylpyridinium chloride, 


C,, Group. 
C,,H,, w-1-Naphthyl-w-methylstyrene, 2016. 
19 
C,,.H,,0, 1:2-Benzanthraquinone-4-carboxylic acid, 2527. 
C,,H,,0, 1:2-Benz-4-anthroic acid, 2527. 
3:4-Benz-l-phenanthroic acid, 2527. 
Benzylidenedihydronaphthafuranones, 898. 
C,,H,,0, 5:6-Benzflavonol, 899. 
4’-Hydroxy-fa-naphthaflavone, 2595. 
C,,H,,0, 3’:4’-Dihydroxynaphthaflavone, 1169. 
3’:4’-Dihydroxy-Ba-naphthaflavone, 2596. 
C,,H,,0 7-Phenyl-3-methyl-8-acenaphthenone, 2016. 
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19 II—19 iI 


C,,H,,0, «-Phenyl-f-(4-methyl-1-naphthyl)glyoxal, 2018. 

C,,H,,0; 8-Benzoyl-4-methyl-1-naphthoic acid, 2017. 
4:6-Diphenylsalicylic acid, 773. 

C,,H,,N, 9-Aminophenylphenanthridines, 2453. 

C,,H,,0 4-Benzoyl-1:6-dimethylnaphthalene, 492. 
1-Phenylacetyl-4-methylnaphthalene, 2016. 

C,,.H,,0; 1-Acetoxy-5- and -8-methoxy-9-anthranyl acetates, 166. 
3-Methoxy-6-acetoxy-9-anthranyl acetate, 155. 

C,,H,,0, 7-Hydroxy-3’:4’-dimethoxy-6-acetylflavone, 2380. 

C,,.H,,0, Ethyl £-styrylcinnamate, 2773. 

C:,H,,0, Benzoyloxyacetoxy-3:5-dimethoxyacetophenones, 2707. 

C,,.H..0,; Ethyl B-hydroxy-f-phenyl-8-styrylpropionate, 2773. 

C,,H.,0; 4-Benzoyloxy-2:6-dimethoxybutyrophenone, 1253. 

Ethyl 3-hydroxy-5-methyldiphenyl-2:6-dicarboxylate, 771. 

C,,H..0, 4-Hydroxy-2:6-dimethoxyphenyl 3:4-dimethoxystyryl ketone, 1707. 

C,,H..0, ay-Ditolyloxy-8-acetoxypropanes, 457. 

C,.H..0, Hydroxytetramethoxy-f8-phenylpropiophenones, 1708. 

C,,H..0;. Methyl salicylate O-triacetyl B-xyloside, 1886. 

C,,.H,,N, 1-Piperidinomethyl-1:2:3:4-tetrahydroacridine, and its picrate, 3095. 

C,,H.,0:, Monotropitoside, 1886. 

C,,H;,0; Ethyl 2-acetonyl-trans-hexahydrohydrindene-2-malonate, 972. 

19 Ii 

C,,.H;0,N, Nitrobenzylidene-3-methoxy-2-naphthhydrazides, 376. 

C,,H,,ON 19-Ketophenanthridindocoline, 3331. 

C,,H,,N,Cl 3-Chloroacenaphthatolazine, 584. 

C,,.H,,N.Br 3-Bromoacenaphthatolazine, 584. 

C,,H,,.0,N, 9-Nitrophenylphenanthridines, 2452. 

C,,H,,.0,.Br, Benzylidenedihydronaphthafuranone dibromides, 898. 

C,.H,;N.Cl, Benzophenone 2:4:6-trichlorophenylhydrazone, 1742. 

C,,H,,0,N, Nitrobenzoyl-o-xenylamines, 2450. 

C,,.H,,0,N, Diphenyl-4-aldehyde 2:4-dinitrophenylhydrazone, 2477. 

C,,H,,0;N, Nitro-2-acetamidophenyl f-naphthoates, 2349. 

C,.H,,0,N, Ethyl dl-3:5-dinitro-6-a-naphthylbenzoate, 1189. 

C,,H,,0,N, 5-Keto-2-phenyl-4-(2’-nitro-4’-acetoxy-3’-methoxybenzylidene)- 

4:5-dihydro-oxazole, 2888. 

C,,.H,,0N 7-Phenyl-3-methyl-8-acenaphthenone oxime, 2016. 

C,,H,,0,N a-Phenyl-8-(4-methyl-1-naphthyl)glyoxal a-oxime, 2017. 

C,,H,,0;N 3-Acetamidophenyl naphthoates, 2967. 

C,,H,,0.N, Benzylidene-3-methoxy-2-naphthhydrazide, 376. 

C,.H,,ON 8-Phenylacetyldihydropentindole, 3333. 

C,.H,,0.N 6-Benzoyl--indoxylspirocyclopentane, 3331. 
11-Benzoyloxytetrahydrocarbazole, 3331. 
Diacetyl-9:10-dihydro-a’B’-naphthapentindole, 100. 
11-Hydroxy-9-benzoyltetracarbazole, 3330. 

C,.H,,0,N, Nitro-9:10-dimethoxy-3-phenyl-5:6-dihydrobenzglyoxalocoline, 48. 

C,,H,,ON, 4-Dimethylamino-1-naphthanilide, 124. 

CretlisO.Ns 9:10-Dimethoxy-3-phenyl]-5:6-dihydrobenzglyoxalocoline, and _ its 

salts, 48. 

C,,.H,,0,N 1-(3’-Hydroxy-4’-methoxy)benzyl-6:7-dimethoxyisoquinoline, 3171. 

C,,H,,0,N Veratrylidenemalon-o-toluidic acid, 2060. 

C,,H..0,N, Ethyl aie ee 1840. 
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C,,H,,0N Phenyltrimethylammonium a-naphthoxide, 1179. 
C,.H.,0;,N a-Homoveratrylmalon-o-toluidic acid, 2061. 
C,,H,.0,N, Hippuro-8-veratrylethylamide, 40. 


C,,H,,0,Br, Ethyl 5-phenyl-3-methyl-4?-cyclohexen-1-one-4:6-dicarboxylate di- 


bromide, 771. 
C,,H,,;0.N 2-Carboxy-trans-hexahydrohydrindene-2-acet-p-tolylimide, 940. 
Hexahydrohydrindene-2:2-diacetanils, 943, 947. 


C,,H.,0;N 6:7:4’-Trimethoxy-1-phenyl-2-methyltetrahydroisoquinoline, 2058. 


C,oH,,0,N, «-Keto-trans-hexahydrohydrindene-2:2-diacetic acid phenyl- 
hydrazone, 967. 

C,,H,,0,N, Ionone dinitrophenylhydrazone, 758. 

C,,H,,0;N Hexahydrohydrindene-2:2-diacetanilic acids, 943, 947. 

C,,H,,ON 4«-Dodeceno-p-toluidide, 2047. 

Cis9H,,ON, 4-(4’-8-Aminoethylpiperazinoethylamino)-6-methoxy-2-methyl- 
quinoline, 3102. 

C,,H,,0N, Benzyldiethyl-y-diethylamino-8-methoxy-n-propylamine, chloro- 
platinate of, 1675. 

C,,H;,0P Phenylmethyldi-n-hexylphosphonium hydroxide, salts of, 2111. 

p-Xylylmethyldi-n-amylphosphonium hydroxide, salts of, 578. 


19 IV 

C,oH,,0NCl, N-3-Chlorophenylbenzimino-4-chlorophenyl ether, 300. 
C,oH,;0,NCu Pyridine copper benzoate, 2554. 
Ci,H,,0,N.S 4-Nitro-4-p-toluenesulphonamidodiphenyl, 2342. 
C,,H,,0;,NS_ 1-Piperidinoanthraquinone-6-sulphonic acid, 1783. 
C,,H,,N,SCl a-(6-Chloro-m-xylyl)-8-(8-naphthyl)thiocarbamide, 3303. 
C,,H,,ONC1 Diphenyl-w-piperidinomethylcarbinol hydrochloride, 1186. 
C,oH,,0,NI 6:7:4’-Trimethoxy-1-phenyl-3:4-dihydroisoquinoline methiodide, 

2058. 


C,,.H.,0,,CIS 2-p-Toluenesulphonyl-3:4:6-triacetyl a-glucosidyl chloride, 2627. 


C,,.H;,0N,Br p-Bromobenzyldiethyl-y-diethylamino-8-methoxy-n-propyl- 

amine, chloroplatinate of, 1675 

19 V 

C,,H,,0,.NBr.§ 3:5-Dibromo-4-p-toluenesulphonamidodiphenyl, 615. 
C,,H,,0.NBr,S 3:5:4’-Tribromo-4-p-toluenesulphonamidodipheny]l, 2341. 
C,,.H,,0,N.Br.§ Dibromonitro-4-p-toluenesulphonamidodiphenyls, 2341. 
C,,.H,,0,N,BrS Bromodinitro-4-p-toluenesulphonamidodiphenyls, 2342. 
C,,.H,,0,NBr,S 3:5-Dibromo-2-p-toluenesulphonamidodiphenyl, 2343. 
C,.H,,0,N.BrS Bromonitro-4-p-toluenesulphonamidodiphenyls, 2342. 


C,, Group. 


C.oH,,0, 3’:4’-Methylenedioxy-fSa-naphthaflavone, 2596. 
Piperonylidenedihydro-8-naphthafuran-l-one, 900. 

C..H,,0, 4’-Methoxy-a-naphthaflavone, 1169. 
4’-Methoxy-fa-naphthaflavone, 2594. 

C.oH,,0, 3’:4’-Methylenedioxy-fa-naphthaflavanone, 2596. 
2-Vanillylidenedihydro-f-naphthafuran-l-one, 900. 

C.,.H,,0; 4-0-Benzoylphlorbenzophenone, 1254. 

C.oH,,0, 2:6-Ditolylbenzoquinones, 1852. 

C,.H,,0, 4:6-Diphenyl-o-anisic acid, 773. 
4’-Methoxy-fa-naphthaflavanone, 2594. 
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CHO, 5:7-Diacetoxy-3-methylflavone, 1260. 
Triacetylpurpuroxanthinanthranol, 172. 

C..H,,0, 7-Hydroxy-3’:4’:5’-trimethoxy-6-acetylflavone, 2380. 

C..H.)0; Methyl y-benzoyl-8-phenyl-a-carboxybutyrate, 2774. 

C.,H.,0; Ethyl 3-methoxy-5-methyldiphenyl-2:6-dicarboxylate, 771. 
2:3:6:7-Tetramethoxy-9-ethylanthranol, 1365. 

C.,H.,0, Ditsoeugenol, structure of, 1364. 

C.,H.,0,;, Methyl salicylate O-triacetyl rhamnoside, 1887. 

C.,H.40;, Methyl salicylate 2:3:4-O-triacetyl B-glucoside, 1885. 

C,,H;;P Phenyldi-n-heptylphosphine, 2111. 

C.oH3,0:. Methyl heptamethyl aldobionate, 262. 

C.,H;,0,, _Heptamethyl 4-8-galactosido-a-methylmannoside, 1356. 
Heptamethyl 4-8-glucosido-a-methylmannoside, 1351. 

C.,H,»0, Ethyl stearate, equilibrium of ethyl palmitate with, 802. 

20 III 

C.,H,,0,Br, 6:6’-Dibromo-2-hydroxy-1:2’-dinaphthyl oxide, 2210. 

©,,.H,.0,N, Dinitrodinaphthyl, 3180. 

C..H,,0,N 1-Nitro-2:2’-dinaphthyl, 3180. 

C.,H,;0,N Naphthylallyl p-nitrobenzoates, 761. 

C.,H,,0.N, Dimethylaminoanilodihydronaphthafuranones, 898. 

C..H,,0;N Nitro-8-cinnamyldihydropentindole, 1993. 

C.,H,,0;N, 5-Nitro-8-cinnamoyldihydropentindole, 2222. 

C.,H,,0;N, 8-6-Nitro-2-styryl-4-quinolone-3-propionic acid, 2222. 

C..H,,ON 8-Cinnamoyldihydropentindole, 1993. 

C..H,,0.N Naphthylallyl phenylurethanes, 761. 

C.oH,,0,N 4-Nitro-2:6-ditolylphenols, 1850. 

C..H,,0,N, Dinitro-9-hydroxy-8-cinnamoy!tetrahydropentindoles, 2222. 

C.,H,,N,C1 9-Aminophenyl-10-methylphenanthridinium chlorides, 2455. 

C,,H,,ON, w:4-Dihydroxyacetophenone osazone, 2679. 

C.,H,,0,N, 4’-Hydroxy-3:3’-dimethoxybenzylidene-2-naphthhydrazide, 376. 
10-Nitro-9-hydroxy-8-cinnamoyltetrahydropentindole, 1994. 

C..H,,0,N, y-Nitro-2-cinnamamidobenzoylbutyric acids, 2222. 

C,.H,,ON 4-Amino-2:6-di-o-tolylphenol, 1852. 

C.,H,,0,N y-o-Cinnamidobenzoylbutyric acid, 1994. 

C.,H,,0O,N Hydrastinium salt of normeconine methyl ether, 247. 

C.oH.,0,N, Dinitrobistetrahydronaphthyls, 3178. 

C..H.,0,Cl, Methyl ff-dichloro-aa-di-(5-carboxy-2-methoxyphenyl)ethane, 

1832. 


C,.H,,0N 10-Benzoyloctahydroacridine, 1904. 

C..H,.0.N, 4-p-Phenetidino-6-ethoxyquinaldine, and its hydrochloride, 2816. 

C..H.,0N Phenyl a-piperidino-8-phenylethyl ketone, 1184. 

C..H,,0,N, Ethyl 4-(3’:5’-dinitro-4’-methylphenyl)-2:6-dimethyl-1:4-dihydro- 
pyridine-3:5-dicarboxylate, 1841. 

C..H,,0,.N J-Menthyl quinaldinate, 1481. 

C..H,;0,N, Diacetylaminocamphanodihydroquinoxaline, 3339. 

C.,H,,0,N Ethyl-4-tolyl-2:6-dimethyl-1:4-dihydropyvidine-3:5-dicarboxylates, 
1840. 


C.,H,,0C1 Phenylbenzyl-w-piperidinomethylearbinol hydrochloride, 1186. 
C..H,,0,,8 2-p-Toluenesulphony] 3:4:6-triacetyl B-methylglucoside, 2629. 
C,.H,,0,N, Ethyl 1-methylcyclohexan-3-one-4-carboxylate-5-acetate phenyl- 

hydrazone, 2567. 
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20 ItI—21 II FORMULA INDEX. 





C,.H;,0,N, Ethyl 


carbazone, 973. 
C.oH;,0,.N, 2:5-Di(methylamino)-3-n-lauryl-p-benzoquinone, 2122. 
2:5-Di(methylamino)-4-n-undecyl-p-toluquinone, 2121. 
20 IV 
C..H,,OBr,S Dibromodinaphthathioxins, 721. 
C..H,,0BrS Bromonaphthathioxins, 721. 
C..H,,0,Br.$ 6-Bromo-2-naphthol-1l-sulphone, 2210. 
C.oH,,0,N.S Di-l-nitro-2-keto-1:2-dihydro-l-naphthyl sulphide, 1195. 
C..H,,.0,N.S8, Di-1-nitro-2-keto-1:2-dihydro-1-naphthyl disulphide, 1195. 
C.oH,,0;NS 2-Naphthyl 1-nitro-2-keto-1:2-dihydro-l-naphthyl thioquino- 
nitrole, 1193. 
CroHl,,0,CLFe 8-Methoxy-a-naphthafurano-(1’:2’-2:3)-benzopyrylium _ferri- 
chloride, 900. 
Croll, ,0.NS 1-Nitro-2’-hydroxy-2-keto-1:2-dihydrodi-l-naphthyl sulphide, 


C..H,,ONC], N-o-Tolylbenzimino-2:4-dichlorophenyl ether, 302. 

C.oH,,0,N,8, 3-(3’-Nitro-4’-methylbenzamido)carbazoledisulphonic acid, 3281. 

C..H,,ONC] 5-Chloro-8-cinnamoyldihydropentindole, 1996. 
N-4-Chlorophenylbenzimino-o-tolyl ether, 302. 
N-o-Tolylbenzimino-2-chloropheny] ether, 301. 

C..H,,0,C1,S8, Phenylsulphonyl-p-tolylsulphonyl-3:5-dichlorophenylthio- 

methane, 2643. 

CoH, ,0.N,Cl 5-Chloro-10-nitro-9-hydroxy-8-cinnamoyltetrahydropentindole, 


C.oH,,0,N,S, Di-p-toluenesulphon-2:4-dinitroanilide, 614. 
C..H,,0,N,S, Dinitro-2-p-toluenesulphonamidophenyl -toluenesulphonates, 
2348. 


C..H,,0,NCl +-5-Chloro-2-cinnamamidobenzoylbutyric acid, 1997. 
C..H,,0,N,S, Nitro-2-p-toluenesulphonamidophenyl p-toluenesulphonates, 
2347. 


C.,.H, ,.N.SCl a-(5-Chloro-6-p-cumyl)-f-(B-naphthyl)thiocarbamide, 3304. 
a-Chloromesity]-8-(B-naphthyl)thiocarbamide, 3303. 
C.oH.,0,N.S, Dibenzenesulphonyltetramethylpiperazine, 1164. 


C,, Group. 
C.,H,, cycloPenteno-1:2-benzanthracenes, 503, 2530. 
21 0 
C.,H,,0, cycloPentenobenzanthraquinones, 2530. 
C.,H,,0, Dibenzoylphloroglucinaldehyde, 2683. 
C.,H,,N, 4-Methylphenanthraquinoxaline, 2297. 
C.,H,,0, 7-Phenyl-3-methyl-8-acenaphthenone acetate, 2017. 
C.,H,,0, 3’:4’-Dimethoxynaphthaflavone, 1169. 
3’:4’-Dimethoxy-fa-naphtheflavone, 2596. 
C.,H,,0, Ethyl 4:6-diphenylsslicylate, 772. 
C.,H,,0, 3’:4’-Dimethoxy-8a-naphthaflavanone, 2595. 
C.,H,,0, 7-Acetoxy-3’:4’-dimethoxy-6-acetylflavone, 2380. 
C.,H,,0, Diacetyl tricin, 2625. 
C,,H.,0, Tolylhydrobenzoins, 2234. 
C,,H,.0, 4-Acetoxy-2:6-dimethoxyphenyl 3:4-dimethoxystyryl ketone, 1707. 
a-Carbethoxybenzyl carbonate, 2279. 
3494 






2-acetonyl-trans-hexahydrohydrindene-2-malonate _semi- 











eaar2r2ro2222a2e 


co a Me ae | 


ee te Mt ee BE cee | 








FORMULA INDEX. 











































C,,H..0; Hexamethoxy-3-phenylcoumarin, 1544. 
C.,H..Si Tribenzylsilicane, 2830. } 
C.:H.0,. Methyl octamethyl 4-f-glucosidomannonate, 1353. i 
Methyl octamethyl maltobionate, 1347. i 


21 I 
C,,H,,0.8 2’-Methoxy-1-dithio-1:2’-dinaphthyl ether, 920. 
C.,H,,0,Cl, Benzoyltrichloro-5-p-tolyloxy-p-cresol, 1949. 
C.,H,,ON, 9-Acetamidophenylphenanthridines, 2453. 
C.,H,,0.8 2’-Methoxy-1-thiol-1:2’-dinaphthyl ether, 920. 
C,,H,,0,8 2-Naphthol 1-sulphide methyl ether, 918. 
C,,H,,0,8 2-Naphthol-l-sulphone methyl ether, 2209. 
C,,H,,0,Cu Benzaldehyde copper benzoate, 2553. 
C.,H,,ON, 4-Methylbenzil a-oxime phenylhydrazone, 2026. 
C,,H,,0.N 11-Hydroxy-9-cinnamoyltetracarbazole, 3332. 
C.,H,,0,N Dedihydrohydrastine, 243. 
31. C.,H.,0,N, Anhydrohydrastininenitromeconine, and its hydrochloride, 238. 
Ethyl 2-nitroacetoxy-4-methoxybenzylidenehippurate, 2888. 
C,,H.,0;N, Phenylbenzyldimethylammonium 2:4-dinitrophenoxide, 1180. { 
C,,H.,0,N Hydrastines, and their salts, 242. 
C,,H.,0,,Cl Fisetinin chloride, 2730. 
B-Glucosidylpelargonidin chlorides, 2680, 2688, 2695. 
C.,H.,0,,01 3-8-Galactosidylcyanidin chloride, 2725. 
3-8-Glucosidyleyanidin chloride, 2670. 
C,,H,.ON, 4:4’-Tetramethyldiaminophenyl-l-naphthyl ketone, 125. 
3 C,,H..0,N, Acid, from oxidation of hexahydrostrychnine, 3161. 
C.,H,..0,N, Aminohydrastines, 240. 
C,,H,.,0,N, Hydrazinohydrastines, 241. 
C,,H,,O0N, 4:4’-Tetramethyldiaminophenyl-l-naphthylcarbinol, 126. 
C.,H.,0.N, 3-Methylcyclopentylmalondianilide, 1222. { 
C,,H,,-0,N Ethyl-4-(dimethylphenyl)-2:6-dimethyl-1:4-dihydropyridine-3:5-di- 
carboxylates, 1841. 
C.,H,,0.N, Hexahydrostrychnine, oxidation of, 3160. 
C,,H,,0,N, Aminotetramethoxy-1-benzyl-2-methyltetrahydroisoquinolines, 
and their dipicrolonates, 2900. 
— a-keto-trans-hexahydrohydrindene-2:2-diacetate phenylhydrazone, 
967. 
C.,H;.0,N, cycloPentadecanone dinitropherylhydrazone, 758. 
C,,H,,OP Tri-n-heptylphosphine, 2111. 


21 IV 


C,,H,,0CL,Fe Diphenylbenzopyrylium ferrichlorides, 1702. 
C,,H,,0,NS 1-Nitro-2-keto-2’-methoxy-1:2-dihydrodi-l-naphthyl sulphide, 
1194. 





C,,H,,0,N,8, 3-Nitrobenzoyldehydrothio-p-toluidinesulphonic acid, 3279. 
C,,H,,0,N,8, 3-Aminobenzoyldehydrothio-p-toluidinesulphonic acid, 3280. 
C,,H.,0,NCi Chlorohydrastine-a, 244. 

C.,H,.0,NI Iodohydrastines, 245. 

Cx H,ONCl Phenyl-8-phenylethyl-w-piperidinomethylcarbinol hydrochloride, 


C,,H,,0,N.S, Benzenesulphonyltoluenesulphonyltetramethylpiperazines, 1164. 
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21 V—22 III FORMULA INDEX. 
21 V 
C.,H,,0;NS.As Di(carboxyphenyl)benzamide p-thioarsinites, 3055. 

C.,H;,0,NBrS Methyl lupininate d-bromocamphorsulphonate, 3198. 


C,, Group. 


C.,H.. Octahydro-1:2:5:6-dibenzanthracene, 498. 
C..H,, Docosane, heat of crystallisation of, 1533. 


22 II 
C,.H,,0, 10-Methoxy-9-benzyl-9:10-dihydroanthranol, 3340. 
C..H,;,N 9-Amino-1:2:5:6-dibenzanthracene, 3276. 
C..H,,N; 1:2-Diphenylglyoxalino-4:5(3’:2’)-quinoline, 978. 
C..H,,0; Acetyl-2-vanillylidenedihydro-f-naphthafuran-l-one, 899. 
C..H,,0;. Tetramethylanthraquinone-1:2:5:6-tetracarboxylate, 2531. 
C..H,,0, 1:1’-Dimethoxy-2:2’-dinaphthyl, 1272. 

3-Methoxy-2:4-diphenyl-4*-chromen, 1704. 
C..H,,0, 4-Benzoyloxy-2:6-dimethoxybenzophenone, 1254. 
3’:4’:5’-Trimethoxy-fa-naphthaflavone, 2594. 
C..H,,0, 1:2-Dibenzoyloxy-3:4-dimethoxybenzene, 2546. 
C,,.H,.0 2-Methyl-5’:6’:7’:8’-tetrahydro-1:2’-dinaphthyl ketone, 503. 
C..H,,0,; Ethyl 4:6-diphenylsalicylate methyl ether, 773. 
C..H,.0, 7-Acetoxy-3’:4’:5’-trimethoxy-6-acetylflavone, 2380. 
C..H..0, a-Phenyl-f88-ditolylethylene glycols, 2238. 
C..H,.0,, Acetylsyringic anhydride, 2704. 
C..H,,0, /-Menthyl hydrogen naphthalate, and its salts, 671. 
C..H.,0,. w-Hydroxy-4-8-tetra-acetylglucosidoacetophenone, 2680. 
C..H,,0, Dimethylisoeugenol, 1365. 
C..H;,P Phenyldi-n-octylphosphine, 2112. 
C.,.H,,0,; /-Menthyl /-menthoxyacetate, 1933. 
22 Ill 
C..H,,N.Cl 3-Chloroacenaphthanaphthazine, 585. 
C..H,,N.Br 3-Bromoacenaphthanaphthazine, 585. 
C..H,,0,.N 9-Nitro-1:2:5:6-dibenzanthracene, 3276. 
C..H,,ON 7-Benzoylbenzopentindole, 104. 
C22H,,0,Ns 5-Keto-1:2-diphenyl-4-o-nitrobenzylidene-4:5-dihydroglyoxaline, 
8. 


C..H,,;0,C1 Benzoyl-luteolinidin chloride, 2734. 
C.,H,,0,N, Nitro-7-benzoyl-9:10-dihydro-a’f’-naphthapentindole, 101. 
C..H,,0,8 1-Nitro-2-keto-2’-acetoxy-1:2-dihydrodi-l-naphthyl sulphide, 1195. 
C..H,,0,N, 14-Nitro-6-hydroxy-7-benzoyl-6:14-dihydrobeuzpentindole, 104. 
CroH,.0.Br, Acetyl-2-vanillylidenedihydro-8-naphthafuran-l-one dibromide, 
0. 

C..H,,ON 7-Benzoyl-9:10-dihydro-a’f’-naphthapentindole, 100. 
C..H,,0ON, 2-Anilino-3-benzamidoquinoline, 978. 
C..H,,0,N, 0-Nitrobenzylidenebenzamidoacetanilide, 978. 
C..H,,0,8, Di-2-methoxy-l-naphthyl disulphide, 917. 
C,.H,,0,N 2-Nitro-3:4-dibenzyloxyphenylacetic acid, 2880. 
C..H,,0ON, Benzaldehyde 2:4-dibenzylsemicarbazone, 512. 

Benzaldehyde 4-p-tolyl-2-benzylsemicarbazone, 512. 
C,.H,;0,,Cl 3-8-Galactosidylpeonidin chloride, 2728. 

3-B-Glucosidylpeonidin chloride, 2719. 
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FORMULA INDEX. 22 III—23 II 

C,,H,,0,Cl, Ethyl £8-dichloro-aa-di-(5-carboxy-2-methoxyphenyl)ethane, 1832. 

C,,.H.,0,N, 2’-Nitro-3’:6:7-trimethoxy-4’-ethylcarbonato-1-benzyl-3:4-dihydro- 
isoquinoline, 2883. 

C.,H,;0,N, Trinitrocannabinol methyl ether, 637. 

C,,H.,0,N, 3-Methylcyclopentane-1:1-diacetanilide, 1220. 

C,,H;,0P Phenyldi-n-octylphosphine oxide, 2112. 

C,.H,OP Phenylmethyldi-n-heptylphosphonium hydroxide, salts of, 2112. 


22 IV 

C,,.H,,ONBr Bromo-7-benzoylbenzopentindole, 3336. 

C,,H,,0,N,Cl, 1-Hydroxy-3-(2’:6’-dichloro-4’-nitropheny])-1:3-dihydrophthal- 
azine-4-acetanilide, 1080. 

C..H,,0,N,Br, 1-Hydroxy-3-(2’:6’-dibromo-4’-nitropheny])-1:3-dihydrophthal- 
azine-4-acetanilide, 1080. 

C..H,,0;N.C1 5-Chloro-10-nitro-9-acetoxy-8-cinnamoyltetrahydropentindole, 
1997. 


C..H,,ONC1 Phenyl-y-phenylpropyl-w-piperidinomethylcarbinol hydrochloride, 
1187. 


C..H,,0,NS Ethyl y-3-carbethoxypiperidinobutyrate methyl p-toluenesul- 
phonate, 3189. 
22 V 


C,.H,,0,N.CIS 3-Chloroacenaphthanaphthazine-5’-sulphonic acid, 585. 
C,.H,,0;N.BrS 3-Bromoacenaphthanaphthazine-5’-sulphonic acid, 585. 
C..H,,0;NS.As Di(carboxyphenyl)acetanilide p-thioarsinites, 3053. 


C,, Group. 

C.;H,, Methyl-1:2:5:6-dibenzanthracenes, 494. 
23 I 
C,;H,,0 9-Methoxy-1:2:5:6-dibenzanthracene, 2378. 
C,;H,,0, 3’:4’-Diacetoxynaphthaflavone, 1170. 
C,;H,,0 Dimethyldinaphthyl ketones, 492. 
C.;H,,0,, Tetra-acetyl tricetin, 2625. 
C.3H.,0,). Triacetyl tricin, 2625. 
CrsEasO,, l-Menthyl methyl naphthalate, influence of polar solvents on rotation 
of, 674. 
C,;H,,0; Gitoxigenin, 25. 
C.;H,0, 4-Cetyloxyanisole, 252. 
23 Il 

C.;H,,0,N, 2-Anilino-3-benzamido-6:7-methylenedioxyquinoline, 979. 
C,,H,,0,N, 6-Nitropiperonylidenebenzamidoacetanilide, 979. 
C,;H,,0,8 Acetyl-2-naphthol-l-sulphone methyl ether, 2210. 
C.,H,,ON Benzoyltetrahydronaphthacarbazoles, 1903. 
C.,;H,,ON, 2-Toluidino-3-benzamidoquinolines, 979. 
C.,;H,,0,N, 0-Nitrobenzylidenebenzamidoacetotoluidides, 978. 
C,;H,,0,Cl 3:4’-Dihydroxy-7-benzyloxy-5-methoxyflavylium chloride, 2676. 
C.;H,,0,N Benzyl 2-nitro-4-benzyloxy-3-methoxyphenylacetate, 2879. 
C.;H,,0,N, Acetamidohydrastine-a, 240. 
C,,H,,0N Phenyl-a-naphthyl-w-piperidinomethylcarbinol, 1187. 
C,,H,,ON, Benzoylaminocamphanodihydroquinoxaline, 3339. 
C,,H,,0,,C1 3-8-Glucosidylmalvidin chloride, 2711. 
C.,H;,0,N Nitro-4-cetyloxyanisoles, 252. 
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23 IV—24 III FORMULA INDEX. 






23 IV CH 
C,3H,,0,N,Br 5-Bromo-1:3-diphenyl-5-benzylbarbituric acid, 1874. C,H 
C.;H,,0,NCu Quinoline copper benzoate, 2555. CH 


C,,H,,N,IS 1’:2-Dimethyl-5’:6’-benzthio-p-cyanine iodide, 786. C48 
CroH,O.N 2 9-Acetamidophenyl-10-methylphenanthridium = methosulphates 
54. . 


C.;H,,0,N,I 2’-Nitro-3’:6:7-trimethoxy-4’-ethylcarbonato-1-benzyl-3:4-di- 
hydroisoquinoline methiodide, 2883. Cs 
eee Phenyl-5-phenylbutyl-w-piperidinomethylcarbinol hydrochloride, 





Cu 
Coal 
C,, Group. 0.3 
C.,H,, Phenanthra-acenaphthene, 504. C4 
C.,H,, 9:10-Dimethyl-1:2:5:6-dibenzanthracene, 495. 
Diphenyldiphenyls, 1112. Cok 
C.,H,. 9:10-Dimethyl-9:10-dihydro-1:2:5:6-dibenzanthracenes, 495. Co] 
24 I 
C.,H,,0, 4’:4”-Dihydroxydiflavone, 2379. 
C.,H,,N, 1:2-Benz-3:4-(1’:2’-naphtha)phenazine, 2527. (,3) 
C.,H,,0, 9-Acetoxy-1:2:5:6-dibenzanthracene, 2378. 
C.,H,,0 3-(2’-Methyl-1’-naphthoyl)acenaphthene, 504. C23] 
C,,H,.0 2:7:4’-Trimethyl-1:1’-dinaphthyl ketone, 493. C,5) 
CopHlaoO, 9:10-Dihydroxy-9:10-dimethyl-9:10-dihydro-1:2:5:6-dibenzanthracene, ms 
. C, 
C.,H,,0, w:4-Dibenzoyloxy-3:5-dimethoxyacetophenone, 2708. Cs) 
C.,H,.Si Tetraphenylsilicane, parachor of, 128. 
C.,H;,0, Anhydroxatine, 2145. é 
C.4H5,0,, Methyl O-tetramethylene-euxanthate, 1712. 
C.,H,,0., 4-8-Galactosidomannonic acid, calcium salt, 1357. C.s 
4-8-Glucosidomannonic acid, and its calcium salt, 1352. C.; 
C.,H;,P Tri-n-octylphosphine, 2112. Ces 
24 I C:; 
C.,H,,N,Cl 3-Chloroacenaphthaphenazinazine, 584. C., 
C.,H,,N,Br 3-Bromoacenaphthaphenazinazine, 584. 
CoH,0,N 5-Keto-2-phenyl-1-tolyl-4-piperonylidene-4:5-dihydroglyoxalines, C., 
C.,H,,0,8, Di-2-acetoxy-l-naphthyl disulphide, 918. C,, 
C.,H,,0,N Acetyl-7-benzoyl-9:10-dihydro-a’f’-naphthapentindole, 100. 
C,,H,,0,N 2-Toluidino-3-benzamido-6:7-methylenedioxyquinolines, 979. C, 
C.,H,,0,N 5-Keto-2-phenyl-4-(4’-benzyloxy-3’-methoxy benzylidene)-4:5-di- 
hydro-oxazole, 2896. C, 
2-Phenyl-4-(3’-benzyloxy-4’-methoxybenzylidene) oxazolone, 3167. C, 


C.,H,,0,N, Piperonylidenebenzamidotoluidides, 979. 
C.,H.,0,N, Di-(3-methoxy-2-naphth)hydrazide, 376. 

Piperonylidenebenzamidoacetotoluidides, 977. : 
C.,H,,0;,N 4-Benzyloxy-3-methoxybenzylidenehippuric acid, 2896. ¢, 
C.,H..0.N, s-Di-(8-2-quinolylpropionyl)hydrazide, 3092. 


C.,H,,0ON, p-6-Methoxy-2-methyl-4-quinolylamino-p’-aminodiphenylmethane, C, 
116. 

C.,H.,0,N, 1:4-Di-(8-phthalimidoethyl)piperazine, 2100. C, 

C.,H,,0,N, isoPropylidenehydrazinohydrastines, 242. ¢, 
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FORMULA INDEX. 


C,,H.,0,,C1 5-8-Glucosidylhirsutidin chloride, 2738. 

C,,H.,0,N, trans-Hexahydrohydrindyl-2-malondianilide, 937. 

C,H 0.N, 3-Methylcyclopentane-1:1-diacet-p-toluidide, 1220. 

C,,H;,0,;,N, Methyldiethyl-y-diethylamino-8-hydroxy-n-propylammonium 
picrate, 1673. 

CH Orso Trimethyltriethyl-8-hydroxytrimethylenediammonium picrate, 
1672. 


C,,H,,0.N, Dilupinylsuccinamide, 435. 
24 IV 
C,,H,,0,.N.$ 5-Nitro-2-p-toluenesulphonamidophenyl f-naphthoate, 2351. 
C,,H..0,N.Cu Dipyridine copper benzoate, 2554. 
C,,H,,N,IS 2-Methyl-l’-ethyl-5’:6’-benzthio-y-cyanine iodide, 786. 
C,,H.,0,N.As p-6-Methoxy-2-methyl-4-quinolylaminodiphenylmethane-p’- 
arsinic acid, 117. 
C.,.H.,0,;,NBr Penta-acetyl-6-bromoindican, 75. 
C,,H.,0,,.NBr Methyl 6-bromo-3-0-tetra-acetyl-f-glucosidoxyindole-2-carb- 
oxylate, 74. 
C,, Group. 
C,,H,, Phenanthrafiuorene, 504. i 
25 
C.;H,,0 2-(2’-Methyl-1’-naphthoyl)fluorene, 504. 
C,;H,,0, 3:5-Diphenylphenyl benzoate, 773. 
C,,H,,.N 2-Phenyl-3-(4’-methyl-1’-naphthyl)quinoxaline, 2018. 
C,;H..0,;. Penta-acetyl tricetin, 2625. 
C,;H,,0,, w-O-Tetra-acetyl-f-galactosidoxy-4-acetoxy-3-methoxyaceto- 
phenone, 2728. 
w-O-Tetra-acetyl-8-glucosidoxy-4-acetoxy-3-methoxyacetophenone, 2718. 
25 I 
C,;,H.,ON, s-Di-p-xenylcarbamide, 1125. 
C.;H,,ON, 4-o-Tolidino-6-methoxy-2-methylquinoline, 112. | 
C.;H.,0,N, 4-o-Dianisidino-6-methoxy-2-methylquinoline, 114. 
C,;H.,ON, 4:4’-Tetramethyldiamino-1:1’-dinaphthylearbinol, 123. 
C,;H,,0.N, Dilupinylglutaramide, 436. 
25 IV 
CucHl, ONS, Ureido-3-aminocarbazoledisulphonic acid, and its sodium salt, 


C.,H,,0,N.As 4’-6’-Methoxy-2”-methyl-4’-quinolylamino-3:3’-dimethyldi- 
phenylylarsinic acid, 113. 

C,;H..0,N,As 4’-6’-Methoxy-2”-methyl-4”-quinolylamino-3:3’-dimethoxydi- 
phenylylarsinic acid, 116. 

C,;H.,0;N.S Di-p-toluenesulphonyl-m-aminoisovalerophenone, 2399. 

C,;H..0,.N,I 2’-Nitro-6:7-dimethoxy-3’:4’-diethylcarbonato-1-benzyl-3’:4-di- 
hydroxyisoquinoline methiodide, 2884. 


C,, Group. 
C,,H,, 2’:3’-Phenanthra-1:2-anthracene, 506. 
2’:3’-Phenanthra-2:3-phenanthrene, 505. 

C..H;, Hexacosane, heat of crystallisation of, 1533. 

26 0 : 
C,,.H,,0,; 3-Benzoyl-a-naphthaflavone, 1168. , 
C,,H,,0 3-(2’-Methyl-1’-naphthoyl)phenanthrene, 505. 
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C,.H,,0, 1:2:5:6-Dibenzanthracene-9:10-endo-af-succinic acid, and its sodium 
salt, 3277. 

C,,H,,0, 4’:4’-Dimethoxydiflavone, 2379. 

C,,H;,0,; w-O-Tetra-acetyl-£-galactosidoxy-3:4-diacetoxyacetophenone, 2724, 

w-O-Tetra-acetyl-B-glucosidoxy-3:4-diacetoxyacetophenone, 2668. 

C.,H;,.0,,; w-O-Tetra-acetyl-8-glucosidoxy-4-acetoxy-3:5-dimethoxyaceto- 
phenone, 2710. 

C..H;,0,;, Hepta-acetyl neotrehalose, 2849. 


26 Ill 
C..H,,0,N N-1:2:5:6-Dibenzanthryl succinimide, 3277. 
C..H,,0,.N 9-Diacetylamino-1:2:5:6-dibenzanthracene, 3277. 
C..H,,ON 9-n-Butyrylamido-1:2:5:6-dibenzanthracene, 3277. 
C.,.H.,N,I Methylethylbenz--cyanine iodides, 785. 
C..H,,0,N Anhydro-1-(3’-benzyloxy-4’-methoxy)benzyl-6-hydroxy-7-methoxy- 
zsoquinoline methohydroxide, 3172. 
1-(3’- Benzyloxy-4’-methoxy)benzyl-6:7-dimethoxyisoquinoline, and its picrate, 
3171. 


C,,.H,,0,N, 2’-Nitro-4’-benzyloxy-6:7:3’-trimethoxy-1-benzy]-3:4-dihydroiso- 
quinoline, hydrochloride of, 2891. 
6’-Nitro-4’-benzyloxy-3’:6:7-trimethoxy -1-benzyl-3:4-dihydroisoquinoline, 
hydrochloride of, 2899. 
C,,H,,0,N, 2’-Nitro-4’-benzyloxy-3’-methoxyphenylaceto-f-3:4-dimethoxy- 
phenylethylamide, 2891. 
6’-Nitro-4’-benzyloxy-3’-methoxyphenylaceto-f-3:4-dimethoxyphenylethy]- 
amide, 2898. 
C,.H,,ON, Benzyldiethylbenzyldiethyl-8-methoxytrimethylenediamine, chloro- 
platinate of, 1675. 
26 IV 
C..H,;0,N,S S-Picryl-iso-2-naphthol sulphide, 921. 
C.<H.,0,N,S, 4-0-Nitrophenoxy-m-tolyl disulphide, 3267. 
C.,.H,,0,N,8, 3:5-Dinitro-4-di-p-toluenesulphonamidodipheny]l, 614. 
C,,H;,0,N,.S _1-p-Toluenesulphonyl-f-2:3:5:6-tetramethylpiperazine-d-methyl- 
enecamphor, 1162. 


C,.H;,ON,Br p-Bromobenzyldiethylbenzyldiethyl-8-methoxytrimethylenedi- 
amine, chloroplatinate of, 1676. 


C,, Group. 
C.,H,,0 2:2:4-Triphenyl-4*-chromen, 1704. 
27 Il 
C,,H,,NBr 1:2:5:6-Dibenzanthranyl-9-pyridinium bromide, 3276. 
C,,H,,0,,N, 3-8-Glucosidoxy-5:7:3’:4’-tetrahydroxyflavylium picrate, 2668. 
C,,H,,0,N; Acetyl-4-o-tolidino-6-methoxy-2-methylquinoline, 113. 
C,,H,,0,N, Acetyl-4-o-dianisidino-6-methoxy-2-methylquinoline, 115. 
C,;H;,0,N 0O-Benzylhomoisovanillo-8-methoxy-f-veratrylethylamide, 3170. 
C,,H;,0,N, 2’-Amino-4’-benzyloxy-6:7:3’-trimethoxy-1-benzyl-2-methyl-3:4- 
tetrahydroisoquinoline, 2893. 
6’-Amino-4’-benzyloxy-3’:6:7-trimethoxy-1-benzyl-2-methyltetraisoquinoline, 
2900. 
C.,H;,0,N, trans-Hexahydrohydrindene-2:2-di-p-toluidide, 943. 
27 IV 
C,,H00,.N,8, 3-(3’-3’-Nitrobenzamido-4’-methylbenzamido)carbazoledisul- 
phonic acid, 3282. 
3500 











C2 


Crs 


Cas 
C23 
C.; 
C.; 


Cos 
C2. 


C;, 
C5, 


C3, 








lium 


Xy- 


ate, 


ro- 











FORMULA INDEX. 


(C,,H,,O,N;Co Cobalt oximinophenylacetone, 2022. 
C,;H.,0,9N;8 Benzenesulphonylirinitrocannabinol, 638. 
C,;H.,0,N.I 6’-Nitro-4’-benzyloxy-3’:6:7-trimethoxy-1-benzyl-3:4-dihydroiso- 
quinoline methiodide, 2899. 
27 V 
C,;H,,0,;N;S,As Di(glutathionyl)benzamide p-thioarsinite, 3055. 


C,, Group. 


C,,H,,0, 4:4’-Dihydroxynaphthadianthrone, 164. 
C.,H,,0, 3:3’:4:4’-Tetrahydroxyhelianthrone, 169. 
C.;H,,0, 2:2’:3:3’-Tetrahydroxydianthraquinonyl, 160. 
C,.H,,0, 4:4’-Dihydroxydianthrone, 161. 
C,,H,,0, Tetrahydroxydianthrones, 154. 
C.,H,,0, Tribenzoyiphloroglucinaldehyde, 2692. 
C.s;H..90, Benzylbenzo-f-naphthaspiropyrans, 1339. 
C.,H.0; 3-Anisoyl-4’-methoxy-a-naphthaflavone, 1169. 
C..H..0,, 2-Benzoyl-4-p-tetra-acetylglucosidylphloroglucinaldehyde, 2683. 
C.;H3oN, Aminoazo-N-ethyldiphenylamine, 2259. 
C,,;H;,0,; Hesperidin, structure of, 1704. 
C.,H;,0,, Octa-acetyl neotrehalose, 2849. 

28 Ill 
C.,H,,0,N, 3:5-Dinitro-2-8-naphthamidophenyl f-naphthoate, 2352. 
C.;H,,0;N, Nitro-2-8-naphthamidophenyl f-naphthoates, 2350. 
C,,H,,.0;,N, 2-Nitro-4-azoxy-N-ethyldiphenylamine, 2259. 

28 IV 
C.,H,,0,N,C1 Phenyl-3-chloroacenaphthanaphthazonium nitrate, 586. 
C.,H,,0O,N,S Acetyl-iso-2-naphthol sulphide, 921. 
C.,H,,0,N.Co Cobalt oximinodibenzyl ketone, 2025. 

28 V 
C.;H,,0,,;N;S.As Di(glutathionyl)acetanilide p-thioarsinite, 3054. 


C,, Group. 


C.,H,,0, 2:4:6-Tribenzoyloxyacetophenone, 1248. 
C,,H..0, Phenylethylbenzo-8-naphthaspiropyrans, 1341. 
C..H,,0,, 2-Benzoyl-4-8-tetra-acetylglucosidyl-6-O-methylphloroglucinalde- 
hyde, 2684. 
C.,H;,0,;, Decamethyl f-methylcellotrioside, 828. 
29 Ill 
C..H.,N.I 1:1’-Dimethyl]-5:6:5’:6’-dibenz--cyanine iodide, 784. 
29 IV 
C..H..0,N,S, Ureidodehydrothio-p-toluidinesulphonic acid, and its sodium 
salt, 3280. 
C,, Group. 


C39H,, 4:5-Benz-10:11-(1’:2’-naphtha)chrysene, 507. 
C,H.) 1:2-Diphenylchrysene, 2015. 
Cy9H,, 9:10-Di-n-butyl-1:2:5:6-dibenzanthracene, 497. 


C;,H,. Triacontane, heat of crystallisation of, 1533. 
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30 
C3oH,,0, Dimethoxynaphthadianthrones, 153, 163. 
C,,H,,0, 4:4’-Dimethoxyhelianthrone, 164. 
C,,.H,,0, 4:4’-Dihydroxy-3:3’-dimethoxyhelianthrone, 168. 
CsoH,,0 1:2-Diphenyl-1:2-dihydro-a-chrysapinacolin, 2014. 
C3.H.,,0, 1-Benzoyl-5-naphthoyl-2:6-dimethylnaphthalenes, 506. 
1:2-Dihydroxy-1:2-diphenyl-1:2-dihydrochrysene, 2014. 
C,,H..0, 3:3’-Dimethoxydianthrone, 152. 
C,,H..0, Dihydroxydimethoxydianthrones, 156, 166. 
C,.H.,0, 1:1’-Dimethoxydianthraquinone, 163. 
C,.H;.0, 9:10-Dihydroxy-9:10-di-n-butyl-9:10-dihydro-1:2:5:6-dibenzanthra- 
cene, 496 
C,,.H,,0, Dilauroylquinol, 2121. 
30 I 
C,,H,;N.I Methylethyl-5:6:5’:6’-dibenz--cyanine iodide, 784. 
CooHl.0.Ne 1:4-Di-(8-6’-methoxy-2’-methyl-4’-quinolylaminoethyl)piperazine, 


C,,H;,0,,01 5-8-Lactosidylhirsutidin chloride, 2741. 

CsoH,,0,N, -f-2:3:5:6-Tetramethylpiperazinebis-d-methylenecamphor, 1162. 
30 IV 

C,,H.,N,C1,Ni Tris-aa’-dipyridylnickelous chloride, 2215. 

C,,H,,N,Br.Ni Tris-aa’-dipyridylnickelous bromide, 2215. 

C,.H.,N,I.Ni Tris-aa’-dipyridylnickelous iodide, 2215. 

C,,H,,0.N,Ni Tris-aa’-dipyridylnickelous hydroxide, salts of, 2215. 

C;,H,,0,.N;,Co Cobalt oximino-p-methoxypropiophenone, 2024. 





C,, Group. 


C,,H.,0, Benzylidenebis(dihydro-a-naphthafuran-2-one), 898. 
C,,H;,0,; 4-Benzoyloxy-w-O-tetra-acetyl-B-glucosidoxy-3:5-dimethoxyaceto- 
phenone, 2708. 
C,,H,,0,, Hexa-acetyl monotropitoside, 1885. 
31 Il 
C,,H.,0,8 2’:4-Dibenzoyloxy-m-tolyl-l’-naphthylsulphone, 2211. 
C,,H.,N,I 1:1’-Diethyl-5:6:5’:6’-dibenz-y-cyanine iodide, 784. 
C,,H,,0,.N Oxonitin, 581. 


C,, Group. 


C,.H,,0, 4:4’-Dihydroxy-3:3’-diacetoxyhelianthrone, 170. 

C,,H,.0, Piperonylidenebis(dihydro-8-naphthafuran-1l-one), 900. 
2:2’:3:3’-Tetramethoxynaphthadianthrone, 161. 

C,,.H,.0, 4:4’-Diacetoxy-9:9’-dianthranyl diacetate, 162. 
2:2’:3:3’-Tetramethoxyhelianthrone, 159. 
Vanillylidenebis(dihydro-8-naphthafuran-l-one), 900. 

C,,H,,0 1:2-Dibenzyl-1:2-dihydro-a-chrysapinacolin, 2015. 

C,,H,,0, 2:2’:3:3’-Tetramethoxydianthraquinone, 159. 

C,.H,,0, 1:2-Dihydroxy-1:2-dibenzyl-1:2-dihydrochrysene, 2015. 

C;.H..0, Tetramethoxydianthrones, 155, 165. 

32 Il 
C,.H;,0,N O-Benzylhomoisovanillo-8-(3-benzyloxy-4-methoxyphenyl)ethyl- 
amide, 3170. 
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32 IV 
Css3H200.N.S, 2-0-Nitrophenoxy-l-naphthyl disulphide, 3268. 


C,, Group. 
(;;H3,0, Methyl salicylate 6-O-triphenylmethyl-8-glucoside, 1884. 


C,, Group. 
C;,H,, Tetratriacontane, heat of crystallisation of, 1533. 
34 I 

C,,H.,0, Phlorbenzophenone tribenzoate, 1254. 

(,,H.,0, 3-8-Phenylethyldi-8-naphthaspiropyran, 1341. 

C,,H..0, 3:3’-Dimethoxydianthranyl 9:9’-diacetate, 153. 

C,H;.0, Di(styryl 8-phenylethyl ketone), 1338. 

C4H..0,, 2-0-Hepta-acetyl-f-lactosidyl-4-O-methylphloroglucinaldehyde, 

2740. 


34 It 
C,,H.,0,N, Dianhydro-(2:2’-dimethoxy-5:5’-diformyldiphenyl ether) _ bis-2- 
phenyloxazolone, 3174. 
C,,H.,0,,N, Benzylidene derivative of acid C,,H,,0,N,, 3162. 
C,H.,0,,Cl 3:4’-Dihydroxy-5-0-hepta-acetyl-8-lactosidoxy-7:3’:5’-trimethoxy- 
flavylium chloride, 2740. 


C,; Group. 
C,;H,, Pentatriacontane, heat of crystallisation of, 1533. 


C,, Group. 


C,;,H.. (1:2:1’:2’-Dibenzdianthryl, 503. 
CseH., 9:10-Dibenzyl-1:2:5:6-dibenzanthracene, 497. 
36 
CysH. 0, 2:2’:3:3’-Tetra-acetoxynaphthadianthrone, 161. 
CaeH..0,. 2:2’:3:3’-Tetra-acetoxyhelianthrone, 160. 
Cs,H.,0,, 2:2’:3:3’-Tetra-acetoxy-1:1’-dianthraquinonyl, 160. 
C;,H.,0, 4:4’-Di-a-naphthyl-3:3’-dimethyldiphenyl, 502. 
Cz¢H.,.01,, 1:1':2:2’-Tetra-acetoxy-9:9’-dianthrone, 171. 
C,,H,,0, 9:10-Dihydroxy-9:10-dibenzyl-9:10-dibydro-1:2:5:6-dibenzanthracene, 
497. 


C;.H;,0, Di(styryl y-phenylpropyl ketone), 1340. 
Octamethyldibydrodianthranol, 2330. 
36 II 
C3,H,30,,C1 5-O-Benzoyl-4’-O-tetra-acetylglucosidylpelargonidin chloride, 2680. 
3:4’-Dihydroxy-5-benzoyloxy-7-8-tetra-acetylglucosidoxyflavylium chloride, 
2687. 


“ 


C,, Group. 
C,,H;;N, 4:4’:4’-Hexamethyltriaminotrinaphthylmethane, 125. 
37 Il 
C;,H,;,0,.N Taxine, 2138. 
C,, Group. 


CysH390,. 1:1’-Diacetoxydimethoxy-9:9’-dianthranyl acetates, 166. 
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C,, Group. 
Cs,H;,0,, Methyl salicylate 6-O0-triphenylmethyl 2:3:4-O-triacetyl B-glucoside, 
1885. 
39 I 


Cz.H;,0,,01 7-Hydroxy-5-benzoyloxy-3-0-tetra-acety]-8-glucosidoxy-4’- 
acetoxy-3’-methoxyflavylium chloride, 2718. 


C,, Group. 
C,.H;,0,, Tetra-acetoxy-9:9’-dianthranyl diacetates, 154. 
40 Il 


CuoH;,0,,Cl1 7-Hydroxy-5-benzoyloxy-3-0-tetra-acetyl-8-glucosidoxy-4’- 
acetoxy-3’:5’-dimethoxyflavylium chloride, 2710. 


C,, Group. 
C,,H,,0,, Gitoxin, 24. 
41 IV 
CosHs,0 NS, Ureido-3-(3’-amino-4’-methylbenzamido)carbazoledisulphonic 
acid, 
C,, Group. 


C.:H,,.N,Fe Pyridine benzoferricyanide, 780. 


C,, Group. 
C,3H;,0,N,S, Ureido-m-aminobenzoyldehydrothio-p-toluidinosulphonic acid, 
3280. 


C,, Group. 


C,;H;.0,N,Co Cobalt 4-methylbenzil a-oxime, 2026. 
C,;H,,0,N,Co Cobalt a-4-methoxybenzil a-oxime, 2026. 


C;, Group. 


C,,H,,.0,,N,8, Ureido-3-(3’-3’-aminobenzamido-4’-methylbenzamido) carbazole- 
disulphonic acid, and its sodium salt, 3282. 


ERRATA. 
Vox., 1930. 


757 89 for *‘p-hydroxybenzaldehyde”’ read ‘‘p-coumaric acid.” 

758 10* for “ gluconic”’ read “ glycuronic.”’ 

760 23 for ‘‘no trace”’ read “a trace.” 

764 5* for “‘ y-Acetylcarthamidin’”’ read “‘ B-Acetylcarthamidin.” 

767 15 = after *“‘ needles” insert “‘m. p. 53-54°.”’ 

767 20 for ‘“m. p. 53-54°” read “ m. p. 103—-104°.” 

970 18 for “‘prototropy ”’ read ‘‘ prototropic mobility.” 
1076 24 for “‘ p-toluenesulphonamidodiphenyl”’ read “ aminodiphenyl.” 
2127 2-3 for “tetramethyl-é-galactonic acid” read “‘ tetramethy]l-y-galac- 

tonic acid.” 

2628 4 For “‘a-Maltose”’ read “‘ B-Maltose.” 





* From bottom. 
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ERRATA. 


Vot., 1931. 


For *Crace, Calvert and Thompson” read “ Crace-Calvert and 
Thomson.”’ 

for “07130” read **0°0130.” 

for “0°136” read ** 0°0136.” 

for “ Prideaux and Cox”’ read “‘ Prideaux and Millott.” 

for “ Maiden and Smith” read “* Baker and Smith.” 

for ‘‘ B-methylamino-a-methoxy-a-3-"’ read ‘“‘ B-methylamino- 
a-hydroxy-a-3-.” 

for “‘ Part VI” read “‘ Part VII.” 

for “ m. p. 172—173° ” read “ m. p. 162—163°.” 

for “m. p. 162—163° ” read “ m. p. 172—173°.” 

for “‘ protons,* ”’ read “* protons,”’. 

for “ effect” read “ effect *.” 











* From bottom. 




















1. Mathematical Symbols, 


| Usual 

symbol. 
Base of natural (N udeianetien agetient - 
Diameter sebese pnapeseneewees a 
Radius ...... pmmenone, | r 
Ratio of circumference to diameter | Suiceniiae v 
Summation.. poncho seaasnsnenessueeeues = 
Variation scnthhdhtssaeeeeinederneiees | 5 
Total di (CR RRR REE RA LA a 
Partial differential 2.0... ccccccccccccccocccccocse | a 


2. Universal Constants. 


Acceleration due to gravity... 

Mechanical equivalent of heat — 

Avogadro’s constant [number of molecules 
in 1 gram-molecule eri 

Gas constant per mole . 

Faraday’s constant (number of. ‘coulombs 
per gram-equivalent of an ion) ......... 

Charge on On electron .........sceceeceeceecee ces 


ey BS NS 





3. General Physics and Chemistry. 


Hei Gitb 20. coc ccc cccccccceccs coccce cee ces ges cen eceseoces h 
Time ese eibnesensaselbeeniaddsaneahenhabenenets t 
Volume ....... pelncinicmminaiin vo, V 
Density (mass per unit volume) ye nrereee ad 
PRR. Snesesces seavabnsschssessiwsecennsnmnannanh p, P 
C§OMAUOR  oncccccesnccnsecéencncentebenbsinees c,C 


Mole fraction . nan 
Critical constants : pressure, volume, ‘tem- Pes 
perature (centigrade), temperature } 
(absolute), density necncibinbliinadhatrea’ 
Reduced quantities: pressure, volume, } { 
temperature, density cocesces 
van der Waals’s constants .........seeseeseeces a, 
Fluidity ian ¢ 
Viscosity ipcevarhonenresianse n 
eR COIIIE 068 cnrccccesscosccccescndsiecctpnien Y 
TORR CROTON occ ccc csc cnscoscscwtissosntees A 
Atomic weight .........cccccccccccccccccccccccs ces A 
Molecular weight .... ee S ececscveccecces M 
Velocity coefficient Of reaction .....c.cescee0e | k 
Equilibrium EE. Acsccsccstseniotsabmientin K, (K,, K 
van ’t Hoff coefficient ...... $ 
Degree of dissociation (electrolytic, theraml | 


eto. ) OOS OOS COS COS FOS SOS SOS OES O88 OOS CESSES SES EES 


LIST OF PHYSICO-CHEMICAL SYMBOLS, 


List of Physico-chemical Symbols adopted by the Chemical Society. 
[See J.C.S., 1921, 119, 502—512, 


] 


Alternative 
symbol. 


















2 LIST OF PHYSICO-CHEMICAL SYMBOLS, 


4. Heat and Thermodynamics. 


Temperature (centigrade) ..... wees 
Temperature (absolute) ...........seeeceeeeeeee 
Critical temperature codecs cbscaveccckbess 
Reduced temperature ............sseceecee cee ees 
Critical solution temperature ..............0s 
CemmGity OE BARB ccc cccccccosccscescsscescesccnsce 
Entropy .. 

Specific heat . ind Seeuepenets 
Specific heat at constant pressure . 

Specific heat at constant volume —— 
Ratio of specific heats, Cy 2 Cy ....2. 20. eee eee ees 
Molecular heat ........ a eeoccases 
Molecular heat at constant pressure. sebsbaned 
Molecular heat at constant volume ......... 
Latent heat per Qram ..........ceceeceeceeseeces 
Latent heat per mole — 

Maximum work (diminution ‘of free energy) | 


5. Optica. 


Wave-length of light 

Refractive index .... 

Specific refractive power (Gladstone ‘and 
Dale) ...... 

Specific refractive. power: (Lorentz ‘and 
Lorenz) . ass 


Molecular refractive POWEF ..........sseeceeees 


Angle of optical rotation .............s.scesseees 
Specific rotatory power 
Molecular rotatory power 











— Magnetic rotation ..........0..seeeeges 
olecular magnetic rotation ............+..00. 


Usual 
symbol. 
t 


= 
t, T. 


3s > 


Te, [re], 


rz. [rz], 
Re, R, 


\ [Reh (Rik 


a 
[a] 


M[a} 
(w] 
M{(w] 


6. Electricity and Magnetiam, 


Quantity of electricity .............c.ceccescseees 
RO CRATER sce cadccthcscscscccmeeresveoraee 
TROMIBORIED 600008 cos ccc ccedieces 

Electromotive force. cosess 

Electrode potential, or discharge potential 
ofanion ... 

Electrode potential ‘referred. to the ‘normal 
hydrogen or normal calome! electrode 
respectively, the ab ower of which is 
taken as zero . 

Normal potential, #.e., , the ‘electrode poten- 
tial referred to the normal hydrogen or 
normal calomel electrode respectively, 
when the solution is molecular-normal 
in respect of all participating sub- 


stances and ions of variable concentra- | 


BOR coo cece © vecccecee 
Dielectric constant... esevees 
Conductivity (specific conductance) . aeeswsens 
Equivalent conductivity .. 

Equivalent conductivity at different dilu- 


tions—volumes ir litres containing | 


1 gram-cGuivalent § ......-+e.seceesecseeses 


&S Baro 


Ey, E 


oLa, oX. 


Arges Ave Axo 











Alternative 
symbol. 
C) 


€a, € 


yt of 




















LIST OF PHYSICO-CHEMICAL SYMBOLS. 


6. Hlectricity and Magnetism—(continued). 





Usual | Alternative 
symbol, | symbol. 
Equivalent conductivity of cation and | 
of anion ..... Ag, Ag 
Equivalent conductivity ‘of specified io ions. Ax: Aq 
Molecular conductivity ..... m 
Velocity of cation and of anion in ‘om. / sec. 
when the potential gradient is 1 volt 
percm. ... pie U,, U. 
Transport number of ‘kation ‘and of anion was Ty, Mo 
Magnetic permeability .. secseesecocesenseses mn 
Magnetic susceptibility wheeeeunenehenebindeeene kK 
Inst of Symbols, Arranged Alphabetically. 
Symbol. | Name of quantity. 
A | Atomic weight; maximum work. 
a | Van der Waals’s constant. 
b | Van der Waals’s constant. 
C Concentration; molecular heat. 
c Concentration ; specific heat. 

0,5, Og Molesular heat at constant pressure, and at constant 

volume. 
Cy» Co Specific heat at constant pressure, and at constant volume. 
D Alternative symbol for density. 
d Diameter; total differential; density. 
d, Critical density. 
d Reduced density. 
E Electromotive force; electrode potential. 
e Base of Napierian logarithms; charge on an electron. 

Ky, £, Electrode potential referred to the normal hydrogen or the 
normal calomel electrode, respectively, the potential 
of which is taken as zero. 

os, >%. * | Normal potential, that is, the electrode potential referred to 

the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration. 

Ff Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion). 

g Acceleration due to gravity. 

h Height. 

I Current. 

é Van ’t Hoff’s coefficient. 

J Mechanical equivalent of heat. 

K Equilibrium constant. 

K,, K, Equilibrium constant, when molar concentrations and 

partial pressures respectively are emplcyed. 
k Velocity coefficient of reaction. 
L Latent heat per mole. 
l Length; latent heat per gram. 
M Molecular weight. 
M{[a} Molecular rotatory power. 
M[w] Molecular magnetic rotatory power. 
m Mass. 
N Avogadro’s constant (Loschmidt’s number) or number of 
? molecules in 1 gram-molecule. 
Refractive index. 












































































LIST OF PHYSICO-CHEMICAL SYMBOLS, 


List of Symbols, Arranged Alphabetically—(continued). 













Symbol. Name of quantity. 
Te, %e Transport number of cation and of anion. 
n, Refractive index (alternative symbol). 
Pressure. 
Pp Pressure. 
Px» Pr | Critical pressure : reduced pressure. 
Q | Quantity of heat; quantity of electricity. 
R | Gas constant per mole; electrical resistance. 
Rg, Rt | Molecular refractive power, according to Gladstone and 
Dale, and to Lorentz and Lorenz respectively. 
r | Radius. 
fe, TL || Specific refractive power according to Gladstone and Dale, 
and to Lorentz and Lorenz respectively. ( 
Ss | Entropy. Sf 
T | Absolute temperature. h 
T, Critical temperature (on the absolute scale). the 
T, | Reduced temperature (absolute). 
yo Critical solution temperature (absolute). s 
t | Time; temperature (centigrade). 
t, Critical temperature (centigrade). thi 
tes Critical solution temperature (centigrade). 
t, | Reduced temperature (centigrade). 
U,, U, | Velocity of kation and of anion in cm./sec. when the poten: Jol 
tial gradient is 1 volt per om. at. 
V | Volume. Vi 
v Volume. Be: 
Ve, Ur Critical volume : reduced volume. 
Electrical resistance (alternative symbol). Ed 
x | Mole fraction. Wi 
a Degree of dissociation (electrolytic, thermal, etc.); angle Jol 
of optical rotation. Ge 
[a] | Specific rotatory power. 
Y | Surface tension; ratio of specific heate. | 
A Diffusion coefficient. 
5 Variation. th 
d | Partial différential. Ge 
€ Electrode potential (alternative symbol); dielectric con- 
stant. th 
Ens €. | Electrode potential referred to the normal hydrogen or the 
normal calomel electrode respectively, the potential of 
which is taken as zero (alternative symbols). 
fhe of | Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
° variable concentration (alternative symbols). 
n Viscosity. 
C) Temperature (centigrade), (alternative symbol). P 
K — conductance (conductivity); magnetic suscepti- 
| i ity. 
A | Equivalent conductivity. ; 
Ayo» Avs Aco «=|: Equivalent conductivity at different dilutions (volumes in 
litres containing 1 gram-equivalent). 
Ags Aa Equivalent conductivity of cation and of anion. 
A Wave-length of light. 
m Molecular conductivity ; magnetic permeability. 
ca Ratio of circumference to diameter. of 
= Summation. . 
a Surface tension (alternative symbol). Ac 
o Fluidity. 
[w] Specific magnetic rotation. 
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PROCEEDINGS 





OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, January 15th, 1931, at 
8 p.m., Professor J. F. ToHorPs, C.B.E., D.Sc., F.R.S., President, in 


the Chair. 


The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 








Elected. Died. 

Ralet: TRA. - sysnrcanesagiasieecqerséoes Nov. 16th, 1882. Dec. 26th, 1930. 
4t. Hon. Lord Melchett ............... Feb. 17th, 1927. Dec. 27th, 1930. 
Villiam Sloan Mills ..................... Feb. 15th, 1905. Dec. 30th, 1930. 
Benjamin L. Murray .............+0+6+ Feb. 17th, 1904. Dec. 12th, 1930. 
Edgar Sanders ..........:sseeeeeeseeeeeee Feb, 15th, 1923. Oct. 13th, 1930. 
William Hill Saunders _............... Dec. 2nd, 1920. Jan. 3rd, 1931. 

John Frederick F. Trotter ............ Dec. 4th, 1930. Dec. 20th, 1930. 
George Joseph Warner, .............+. Dec. 7th, 1871. Dec. 22nd, 1930. 


The PRESIDENT announced that in accordance with Bye-Law VI, 
the names of the members of Council who retire at the next Annual 
General Meeting, and who are ineligible for the same office until after 
the lapse of one year, are as follows : 


Vice-Presidents who have filled the office of President : 
Prof: H. B. Baker, Sir William J. Pope, and Sir James Walker. 

Vice-Presidents who have not filled the office of President : 
Dr. W. H. Mills and Prof. J. C. Philip. 


Ordinary Members of Council : 


(a) Town Members: Prof. W. A. Bone, Dr. H. King, Prof. 
J. L. Simonsen, Dr. 8. Sugden, Mr. H. Terrey, and Dr. M. A. 


Whiteley. 


(b) Country Members: Dr. W. M. Cumming and Dr. N. V. 


Sidgwick. 


The PRESIDENT, who was elected last year to a further period of 


office of two years, has tendered: his resignation, which has been 
accepted by the Council. 
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The following vacant places in the Council, therefore, fall due to be 
filled at the Annual General Meeting of the Society, to be held at 
Burlington House on Thursday, March 26th, 1931 : 


President, one vacancy. 

Vice-Presidents who have filled the office of President, three 
vacancies. 

Vice-Presidents who have not filled the office of President, 
two vacancies. 


Ordinary Members of Council : 
(a) Town Members (i.e. those living within a radius of fifty 
miles from London), six vacancies. 
(6) Country Members (?.e. those living beyond a radius of fifty 
miles from London), two vacancies. 


The Council has nominated Prof. G. G. Henderson to the office of 
President. 

The PRESIDENT also announced that a communication had been 
received from the British Association for the Advancement of Science, 
inviting the assistance of the Council and the Fellows of the Society 
in securing or providing private hospitality for Chemists, especially 
from the Dominions and foreign countries, attending the Centenary 
Meeting of the Association to be held in London from September 23rd 
to 30th, 1931. Offers of hospitality should be sent to the Secretaries, 
The British Association, Burlington House, Piccadilly, London, W.1, 
who will be glad to receive them, if possible, by Easter. 


The following were formally admitted Fellows of the Chemical 
Society : 

Messrs. E. G. Noble, R. A. Letch, C. H. Beale, and A. W. 
Middleton. 

Forms of Recommendation for Fellowship were read for the time 
in favour of : 


John Dewar, B.Sc., 32, Bishop Street, Rothesay, Bute. 

John Frederick James Dippy, B.Sc., Lawrenny, St. Monica Avenue, Maindy, 
Cardiff. 

Graham Edward Foster, Ph.D., A.I.C., Lyndene, Essex Road, Dartford. 

Riki Horiuchi, c/o Takasago Perfumery Company, Ltd., Kamata, Tokyo-Fu. 

Frederick William Kirkbride, la, Prospect Row, Cambridge. 

William Jefferys Lesley, M.Sc., Ph.D., A.I.C., 11, Grove Road, E.11. 

Edward Maurice Frederick Payne, B.A., B.Sc., 102, Musley Hill, Ware, Herts. 

Thomas Murray Simpson, M.Sc., 223, Victoria Road, Woodstock, Cape Town. 

Reece Henry Vallance, M.Sc., F.I.C., 11, Ashfield Road, King’s Heath, 
Birmingham. 

Albert Leslie Williams, B.Sc., A.R.C.S., 21, Raglan Road, Plumstead, 8.E.18. 


The following Forms of Recommendation for Fellowship have 
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been authorised by the Council for presentation to ballot under 

Bye-Law I (2) : 

Luigi Mascarelli, Prof. Dr., Istituto di Chimica Farmaceutica, R. Universita, 
Corso Raffaello 31, Turin. 

Enrique Moles, Prof. Dr., Laboratorios de Quimica Inorganic y Teorica, 
S. Bernardo 49, Madrid. 

Henri Moureu, Dr., 18, Rue Pierre Curie, Paris. 


The following papers were read : 


“ 10-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part 
XIV. Chloro-derivatives.” By L. A. Exson and C. S. 
GIBSON. 

“The essential oil of Backhousia angustifolia. Part III. The 
constitution of angustione and dehydroangustione.” By R. 8. 
Cann, C. 8. Grsson, A. R. PENFotD, and J. L. SIMONSEN. 

“ Investigations of the olefinic acids. Part IV. The two types of 
tautomerism of itaconic acids. Observations on the connexion 
between configurational and tautomeric changes in alkali.” By 
R. P. Linstgap and J. T. W. Mann. 

“Investigations of the olefinic acids. Part V. The influence of 
bases on the condensation of aldehydes with malonic acid ; 
and a note on the Knoevenagel reaction.” By S. E. Boxrr and 
R. P. LinstTeab. 


At the next Ordinary Scientific Meeting to be held on Thursday, 
February 5th, 1931, at 8 p.m., the following papers will be read : 


“ Salt-forming characteristics of doubly and singly linked elements 
of the oxygen group. Part I. The carbonyl group in benzal- 
dehyde and acetophenone.” By J. W. Baker. 

“ Salt-forming characteristics of doubly and singly linked elements 
of the oxygen group. Part II. The nitration of benzaldehyde 
and acetophenone in sulphuric acid solution.” By J. W. 
BakER and W. G. MorFirt. 

“The properties of the chlorides of sulphur. Part V. Metastable 
states.” By T. M. Lowry and G. JEssop. 

“Polycyclic aromatic hydrocarbons. Part. II. The non-existence 
of 1: 2:7: 8-dibenzanthracene.” By J. W. Coox. 

“Polycyclic aromatic hydrocarbons. Part III. Derivatives of 
1: 2:5: 6-dibenzanthracene.” By J. W. Cook. 

“Polycyclic aromatic hydrocarbons. Part IV. Condensed deriv- 
atives of 1 : 2-benzanthracene.” By J. W. Cook. 





Telephone : The Society’s Telephone Number is now Regent 6322. 
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THE SECOND PEDLER LECTURE. 


The Second Pedler Lecture, entitled “‘ Studies in Biological Oxid- 
ation,”’ will be delivered by Geh. Reg.-Rat Professor Dr. H. Wieland, 
of Munich, on Friday, March 6th, 1931, at 5.30 p.m., in the Meeting 
Hall of the Institution of Mechanical Engineers, Storey’s Gate, 
Westminster, 8.W.1 (by kind permission of the Council of that 
Institution). Tickets of admission will not be required. 





THE 90TH ANNUAL GENERAL MEETING AND 
THE ANNIVERSARY DINNER. 

The 90th Annual General Meeting will be held on Thursday, March 
26th, 1931, at 4 p.m., and the Anniversary Dinner will take place 
the same evening at the Hotel Victoria, Northumberland Avenue, 
W.C.2. Further particulars will be circulated later. 





List of papers, or abstracts thereof, received between December 
18th, 1930, and January 15th, 1931. (This List does not include the 
titles of papers which have been read at an ordinary Scientific Meet- 
ing, or which have appeared in the Journal.) 

“The parachor and chemical constitution. Part XVI. Silicon 
compounds.” By S. SuapEen and H. WILKINs. 

** Catalytic influences in three-carbon tautomerism. Part II. The 
action of acid catalysts on ketones.” By G. A. R. Kon. 

“ The analysis of mixtures of hydrogen, methane, and ethane.” By 
O. J. WALKER and S. N. SHuxk3a. 

“The intramolecular strain in substituted dihydroresorcinols. 
Part I.” By L. E. Huyxst, J. F. J. Dippy, E. E. Ayre, and 
T. H. ANGEL. 

“‘ The properties of nicotine and its derivatives. Part III. Chloro- 
nicotine and methylnicotine.” By T. M. Lowry and H. K. 
GORE. 

“ Ortho-esters of phenylacetic acid.” By P. P. T. Sau, 8. Y. Ma, 
and C. H. Kao. 

“ Equilibrium constants for the decomposition of ammonium 
bicarbonate.” By W. K. Hutouison. 

“The viscosity and density of rubidium nitrate solutions.” By 
H. G. Smrru, J. H. WoLFenpen, and Sir H. Hartury. 

“The properties of the chlorides of sulphur. Part V. Metastable 
states.” By T. M. Lowry and G. JEssop. 

‘The preparation of aromatic acid amides.” By C. H. Kao and 
S. Y. Ma. 

“‘Co-ordinated compounds of the alkali metals. Part II.” By 

¥. M. BREWER. 
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“The halogenation of optically active phenylmethylcarbinol in the 
presence and absence of pyridine by thionyl chloride and the 

eal chlorides and oxychloride of phosphorus.” By J. KEenyon, 

sting H. Pures, and F. M. H. Taytor. 

‘ate “ Some reactions of propenyl phenyl ketone with semicarbazides and 
: thiosemicarbazides.”” By A. Y. Livinestone and F. J. Wixson. 


)xid- 












































that 9 «The lupin alkaloids. Part III.” By G. R. Creo, R. Rapsr, and 
C. R. 8. TENNiswoop. 
“ Studies in electro-endosmosis. Part IV. The electro-endosmosis 
) of some organic liquids against a glass surface.” By F. Farr- 
BROTHER and M. BaALKIN. 
arch “Polycyclic aromatic hydrocarbons. Part II. The non-existence 
lace of 1: 2:7: 8-dibenzanthracene.” By J. W. Cook. 
nue, “Polycyclic aromatic hydrocarbons. Part III. Derivatives of 
1: 2:5: 6-dibenzanthracene.” By J. W. Cook. 
“Polycyclic aromatic hydrocarbons. Part IV. Condensed deriv- 
iber atives of 1 : 2-benzanthracene.” By J. W. Cook. 
the “The chemistry of the glutaconic acids. Part XXII. Optically 
eet- active ay-dimethylglutaconic acid.” By T. H. McComss, 
J. Packsr, and J. F. THORPE. 
icon “ ¥.Cyanine dyes containing pyridine or 8-naphthaquinoline nuclei.” 
By (Miss) F. M. Hamer and (Mrs.) M. I. Keery. 
The “Studies in the composition of coal. Methods for the rational analysis 
of coal.” By W. Francis and R. V. WHEELER. 
By “The compound uronic acids. Structure of the aldobionic acid 


from gum arabic.” By S. W.CHauirnor, W. N. Haworts, and 
ols, E. L. Hist. 


and “ The catalytic action of hydrogen on the carbon monoxide flame.” 
By W. E. Garner, D. A. HALL, and F. E. Harvey. 

oro- “The use of tetramethylene dibromide in the synthetical formation 
K. of closed carbon chains.” By L. J. GoLDsworTry. 


“ Derivatives of 1 : 2-dihydroxythioxanthone.” By A. A. LEvi 
Ma, and S. SMILEs. 

“The nitration of 6-methoxy-m-toluic acid. A correction.” By 
ium J. L. SIMONSEN. . 
“A new method for the preparation of organo-thallium halides.” 





By By F. CHALLENGER and (Miss) B. ParKEr. | 
“The glutaconic problem. Part I. The structure of the cyano- 
ble glutaconic esters.” By G. A. R. Kon and H. R. Nangt1. 
“Some substitution products of 2-nitro- and 2-acetamido-diphenyl 
and ethers and the corresponding diphenylene oxides.” By H. 


McComstrz, W. G. MacmiLian, and H. A. SCARBOROUGH. 











FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE 
BALLOT WILL BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, FEBRUARY 
19th, 1931. 


AsxTON, HERBERT WILLIAM, 37, Caversham Avenue, Palmer’s Green, N. 13, 
British (English). Chemical Research Student. B.Se. (2nd Class Chem., 
London, June 1930). (Signed by) J. R. Partington, W. H. Patterson, H. D. K. 
Drew, R. J. Winterton. 

Brent, Maurice, “‘ Frogmore,’’ The Drive, Wembley Park, Middlesex. 
British. Research. A.R.C.S., B.Sc. To receive the Journals of the Society 
in order to keep abreast of modern developments in Chemistry. (Signed by) 
E. H. Farmer, G. A. R. Kon, M. A. Whiteley. 

CarTER, GEOFFREY FRANK, 1B, Broadlands Road, Highgate, N. 6. British. 
Research Student. B.Sc. (Lond.), A.R.C.S. (Royal College of Science). At 
present engaged in Organic Chemistry research at the Imperial College. 
(Signed by) M. A. Whiteley, R. P. Linstead, H. L. Riley. 

Desai, MAHENDRA Hanriuat, 24, Queensborough Terrace, Bayswater, W. 2. 
Hindu. Student. B.Sc. (1st Class), Bombay University. Research student 
in Organic Chemistry for Ph.D., Royal College of Science. (Signed_by) E. H. 
Farmer, G. A. R. Kon, M. A. Whiteley. 

Dewar, JoHN, 32, Bishop Street, Rothesay, Bute. Lecture Assistant, 
Chemistry Dept., United College, University of St. Andrews. Graduated B.Sc. 
with lst Class Honours in Chemistry at University of Glasgow in June 1930. 
Now on teaching staff of St. Andrews University; also engaged in research 
work for the degree of Ph.D. (Signed by) G. G. Henderson, John Read, J. C. 
Irvine. 

Dippy, JoHN FREDERICK JAMES, “ Lawrenny,’’ St. Monica Avenue, Maindy, 
Cardiff. British. Assist. Lecturer in Chemistry, Cardiff Technical College. 
B.Se. with Ist Class Hons. in Chemistry (Wales), Swansea University College. 
At present a member of the lecturing staff of the Chemistry Dept., Cardiff 
Technical College. J.C.S., 1930, 725 (J. F. J. Dippy and N. H. Hartshorne); 
ibid., 1387 (L. E. Hinkel and J. F. J. Dippy). (Signed by) H. B. Watson, 
E. A. Rudge, W. J. Jones. : 

Evans, THomAs WILLIAM, 2, Ellesmere Road, Pemberton, Wigan. Welsh. 
Chief Chemist to Pemberton Colliery Co. for twenty-five years. Six years 
with the Brymbo Steel and Iron Co., Wrexham. M.I.Chem.E. (Signed by) 
Ernest B. Naylor, Wilfred Harrison, Samuel Hill. 

Fairu, Ivy KaTsieeEn, “‘ Bush Lodge,’’ Southgate, N. 14. British. Student. 
B.Se. at Bedford College, London. (Signed by) E. E. Turner, M. 8S. Lesslie, 
James F. Spencer. 

FLOHREN, JOHN ALBERT CHARLES, 8, Conway Road, N. 15. British. 
Research Student. B.Sc. East London College, U.L.; Degree taken in Special 
Chemistry, 1929. Since engaged in research work in Organic Chemistry under 
Dr. A. Robertson. (Signed by) A. Robertson, J. R. Partington, D. C. Jones. 

Foster, GRAHAM Epwarp, “ Lyndene,’’ Essex Road, Dartford, Kent. 
British. Research Chemist to Messrs. Burroughs, Wellcome & Co,, Dartford. 
B.Sc. (Lond.), Ph.D. (Lond.), A.I.C. Research Student at King’s College, 
London (1924-1927); Research Chemist to B. W. & Co. (1927 to present). 
Papers contributed with Arthur Fairbourne, M.A., M.Sc., F.1.C. J.C.S, 
1925 (2759); 1926 (3146 and 3148); 1930 (1275). (Signed by) Samuel Smiles, 
A. J. Allmand, S. Smith. 
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GAGNON, Pavut Epovarp, Laval University, Quebec, Canada. British. 
lecturer. B.A., Chemist Diploma. Licence-és-sciences (Laval, Canada) ; 
D.-és-Se. (Paris, France). Student (1922-1926), Laval, Canada, Research 
(1926-1929), Paris ; Research (1929-1930) R.C.S., London. Ann. chim. 
1929, [10], 22, 296, and Compt. rend., 1929, 189, 217. (Signed by) Jocelyn 
Thorpe, R. P. Linstead, M. A. Whiteley. 

HorFMaN, HERBERT Victor, 72, Wembley Park Drive, Wembley Park, 
Middlesex. British. Chemist. B.Sc., University College, London (2nd 
Class Hons. Chemistry). Research Student of Chemistry, University College, 
London. (Signed by) Henry Terrey, L. F. Gilbert, R. Winstanley Lunt. 

Horrvucuti, Rrx1, c/o Takasago Perfuzaery Company, Ltd., Kamata, Tokyo- 
Fu, Japan. Japanese. Director and Factory Manager of Takasago Per- 
fumery Co., Ltd., and Lecturer of Chemistry, Waseda Univ., Tokyo. Graduate 
(Chemistry), Kyoto Imperial Univ. (1918); Doctor of Science, Kyoto Imperial 
Univ. (1928). Factory Manager of Takasago Perfumery Co., Ltd., since 1920. 
Published ‘‘{On the Formation of Tripheny] para-Rosaniline Hydrochloride ”’ 
in the Memoirs of the College of Science, Kyoto Imperial Univ., 1921; “‘ On the 
Transformation of Aliphatic Terpenes—A Synthesis of Menthol’’ in the same 
journal, 1928; ‘‘ Induced Reactions. I-V. On the Oxidation of Anethol, 
ete.,” in the Journ. Chem. Soc. Japan, 1923-1928. (Signed by) Joji Sakurai, 
Toyokichi Takamatsu, Riko Majima. 

Hymas, FREDERICK Crcit, 15, Raleigh Road, Enfield, Middlesex. British. 
Assistant Analyst. B.Sc. (Hons.) (Lond.). A.I.C. Published work : “‘ Tests 
for Impurities in Ether,’’ Part I, Analyst, 1928, 58, 201; ‘“‘ The Oxidation of 
Ether: the Effect of Certain Gases,’’ Quart. J. Pharm., 1929, 2, 278 (with G. 
Middleton, B.Se., A.I.C.); ‘* Photo-chemical Methods of Testing Sources of 
Ultra-violet Radiation,’’ ibid., 1929, 2,281; ‘“‘ The Determination of Ascaridole 
in Chenopodium Oil,’’ Analyst, 1930, 55, 180 (with T. T. Cocking, F.I.C.). 
(Signed by) Charles Alex. Hill, Francis H. Carr, C. Edwd. Sage. 

KIRKBRIDE, FREDERICK WILLIAM, 14, Prospect Row, Cambridge. British. 
Research Student. B.A. (Cantab.). 1st Class in Part I, 2nd Class in Part II, 
of Natural Science Tripos, Cambridge. (Signed by) R.G. W. Norrish, J. G. A. 
Griffiths, C. G. Lyons. 

KRrETCHMAR, Harry Harman, 5, Smith Street, Perth, Western Australia. 
British. Chemist in Works of Plaistowe & Co., Ltd., Perth,W.A. B.Sc., Univ. 
of Western Australia. Scholarship and Bursary holder during whole of Univ. 
and previous. Public School courses. Temporary Senior Demonstrator in 
Dept. of Physics, Univ. of W.A., pending the appointment of Dr. Nimmo. 
Vacational experience (during Univ. course) with C.S.I.R. under Professor 
Wilsmore. (Signed by) N. T. M. Wilsmore, Edward 8S. Simpson, A. C. D. 
Rivett. 

Kurryan, Kuruvita ITtyERAH, 112, Gower Street, W.C.1. Indian. 
Research Student (Ph.D. Student Univ. College, London). B.A. (Madras); 
M.Sc. (Agra), India, (Signed by) C. K. Ingold, J. N. E. Day, Henry Terrey. 

LAMBERT, ERNESz WILLIAM, 264, Ardgowan Road, Catford, S.E. 6. British. 
Teacher of Chemistry, Technical College, Shrewsbury, Shropshire. B.A., 
Camb. Science master, Grammar School, Thetford, Norfolk, 1928-1929. 
(Signed by) W. H. Mills, F. B. Kipping, R. G. W. Norrish. 

Lanepon, Harotp Lezstiz, “ Alleyn,’’ Hopcott, Minehead, Somerset. 
British. Schoolmaster. B.Sc. (2nd Class Hons. Chem. Lond.). Teacher of 
Science for five years. (Signed by) J. R. Partington, D. C. Jones, W. H. 
Patterson, 

LEsLEY, WILLIAM JEFFERYS, 11, Grove Road, Wanstead, E.11. English. 





Technical Chemist. M.Se. (1927) (Lond.); Ph.D. (1930). (Lond.), A.I.C, 
Publications : Journ. Far. Soc., 1929, XXV, 570; 1930, X XVI, 69. (Signed 
by) Henry J. 8. Sand, E. de Barry Barnett, A. M. Ward. 

Lowe, ARTHUR REGINALD, “ Falklands,” Station Road, Felixstowe, Suffolk; 
(in term time) 7, Kempsford Gardens, Earl’s Court, S.W.5. British. 
Chemist. B.Sc. (Lond.) (2nd Class Hons.), and Associate of the Royal College 
of Science. (Signed by) Jocelyn Thorpe, R. P. Linstead, G. A. R. Kon. 

Luis, Ernet MarGaret, Taychreggan, Broughty Ferry, Angus. British. 
Research Student. B.Sc. (Lond.), Ist Class Hons. in Chemistry. Conjoint 
author of the paper ‘‘ Sur Quelques Nouveaux Couples de Glycols Trisubsti- 
tués Stéréoisoméres ” (Bull. Soc. chim., 1929, [iv], 45, 414), by McKenzie, 
Luis, Tiffeneau and Weill. (Signed by) Alex. McKenzie, Jas. R. Myles, 
Agnes G. Mitchell. 

McLaveGuuin, Rotanp Rusk, 4, May Street, Toronto 5,Canada. Canadian 
Research Chemist. M.A.Se., M.A., Ph.D. (Univ. of Toronto). Engaged in 
research in the Dept. of Chemical Engineering, Univ. of Toronto, 1922-1923, 
1924-1929. Grocers’ Company Research Fellow, Lister Institute, London, 
1930. Papers: ‘“‘ The Constitution of Rubber,” Trans. Roy. Soc. Canada, 
1922, 16, III, 27-47; ‘‘ The Chlorination of Methane,’’ Canadian Journ. of 
Research, 1929, I, 240-255; ‘‘A Study of Some Factors Influencing the 
Activity of Aluminium and Ferric Chlorides in the Friedel and Crafts Re- 
action ’’; ibid., 1929, I, 400-404. (Signed by) Arthur Harden, Robert Robison, 
S. 8. Zilva. 

Mountrort, Louis FrEpERIC, ‘‘ Claverings,’?’ Montagu Road, Edmonton, 
N.9. British. Resident Engineer and Manager, Edmonton Sewage Works. 
Chemical analysis for sewage disposal works. Interested in study of physical 
chemistry and allied subjects and desire advantage of library. (Signed by) 
P. G. Lloyd, W. H. Duckworth, James H. Kershaw. 

NanneEY, PuHytuis, 15, Moorland Road, Didsbury, Manchester. English. 
Teaching. B.Sc. (Manchester); M.Sc. (Manchester). Reason for wishing 
admission to the Society is to study further the development of Chemistry. 
(Signed by) Frederick Challenger, Arthur Lapworth, G. N. Burkhardt, Fred 
Fairbrother. 

OFFER, WILFRED Louis, St. Mary’s School House, Ealing Green, W. 5. 
British. Student. B.Sc. (Special), London Univ. (East London College). 
B.Se. degree taken in Chemistry, June 1929. Engaged in research work in 
Organic Chemistry, under Dr. A. Robertson, since Sept. 1929. (Signed by) 
A. Robertson, J. R. Partington, D. C. Jones. 

Payne, EpwarD Maurice FREDERICK, 102, Musley Hill, Ware, Herts. 
British. B.A. Cambridge (Hons. Chemistry); B.Sc. (Hons. London). 
Desiring to keep in touch with the advance of and research in Chemistry. 
(Signed by) F. G. Mann, H. McCombie, R. G. W. Norrish. 

Piecott, HENRY ALFRED, 7, Maple Avenue, Cheadle Hulme, Cheshire. 
British. Chemist. Research student, Royal College of Science, 1921-1924. 
Chemist to British Dyestuffs Corp., Ltd., 1925 to date. J.C.S., 1922, 2381, 
2793; 1923, 1469, 2745; 1924, 168. (Signed by) E. H. Rodd, M. Lapworth, 
W. A. Silvester. 

Prriz, Dovuetas JoHN CRUICKSHANK, 21, Park Avenue, Carnoustie, Angus. 
Scottish. Lecture Assistant. B.Sc. (St. Andrews), with Ist Class Hons. in 
Chemistry. Research Student. (Signed by) Alex. McKenzie, John D. M. 
Ross, Isobel A. Smith, Robert Roger. 

QuIBELL, THomas Henry HAtt, 51, Maids Causeway, Cambridge. British. 
Research Student. B.A. Cambridge. Natural Sciences Tripos, 1928, Part 1, 








ge). 
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Class 1; 1929, Part II (Chemistry), Class I. (Signed by) W. J. Pope, W. H. 
Mills, P. Maitland. 

RANDALL, SyDNEY StTEwarRtT, 7, Whitford Gardens, Mitcham, Surrey. 
British. Research Assistant in Dept. Path. Chemistry, U.C.H. Medical 
School. B.Se., Hons. Chemistry, London. ‘Observations on Iodine con- 
taining Compounds of Thyroid Gland. Isolation of dl-3 : 5-Di-iodotyrosine,”’ 
Biochem. Journ., 1929, XXIII, No. 3; ‘‘ Chemical Assay of Thyroid Gland,” 
Quart. Journ. of Pharmacy and Pharmacology, 1929, Vol. II, No.4. (Signed by) 
C. R. Harington, A. C. Chibnall, George Barger. 

RICHARDS, OSWALD Victor, Sherborne, Ist Avenue, Leeds Road, Wakefield, 
Yorks. English. Research Student (Organic Chemistry). B.Sc. Leeds. 
Desirous of keeping in touch with advance in chemical science. (Signed by) 
Frederick Challenger, J. W. Baker, C. W. Shoppee. 

SANDROCK, WILLIAM FREDERICK, 61, Buxton Road, Chingford, Essex, E. 4. 
British. B.Se., East London College. I desire to become a member of the 
Chemical Society in order that I shall be able to become acquainted with the 
recent advances in chemical knowledge. (Signed by) A. Robertson, E. T. 
Jones, F. H. Curd, R. J. Stephenson. 

Sen, HEMENDRA Kumar, Calcutta, Science College, 92, Upper Circular 
Road, Calcutta, India. London address: c/o Thomas Cook & Son, Berkeley 
Street, London. Indian. Professor of Applied Chemistry, Calcutta University. 
M.A. (Cale.); D.I.C., D.Sc. (London.) “‘Synthesis of Tetrahydro-oxyquinolines,” 
J.C.S., 1915; “* Condensation of Ketones with Phenols,”’ ibid., 1914; ‘‘ Oxid- 
ation of Condensation Products from Above,’ ibid., 1922; ‘* Tetramethyl- 
ammonium Hyponitrite,”’ ibid., 1911; ‘* Synthesis of isoQuinoline and Tetra- 
hydrophenanthridones and Tetrahydroacridones (Series in the Journ. Ind. 
Chem. Soc.); “* Saccharification and Fermentation of Cellulose,” ibid. ; 
“Ignition Temperature of Gases,” ibid. Author of “ High-temperature Flames 
and their Thermodynamics ” (Patria University Readership Lecture, shortly to 
be published); ete., ete. (Signed by) C. K. Ingold, O. L. Brady, George A. 
R. Kon. 

Sitcox, ARTHUR LEONARD, Eastbourne, Langland Bay, Mumbles, Swansea. 
British. Research Student at Swansea Univ. Coll. B.Sc. (Wales); Ist Class 
Hons. in Chemistry. (Signed by) J. E. Coates, E. E. Ayling, N. H. Harts- 
horne. 

Smupson, THomas Murray, 223, Victoria Road, Woodstock, Cape Town, 
South Africa. British. Demonstrator. M.Sc. (Cape Town) with distinction 
in Chemistry. Demonstrator, Chemistry Dept., University of Cape Town. 
(Signed by) E. Newbery, J. Smeath Thomas, C. S. Gibson. 

SPEAKMAN, JaMES CLARE, St. Aidan’s Vicarage, Park, Sheffield. British. 
Assistant Lecturer in Chemistry, Univ. of Sheffield. M.Sc. (Sheffield); Ph.D. 
(Sheffield). 1st Class Honours in Chemistry for B.Sc. (Sheffield). Research 
on the Electro-deposition of Cobalt-Nickel Alloys, Trans. Faraday Soc., 1930, 
26, 565; Analyst, 1930, 93. (Signed by) W. P. Wynne, G. M. Bennett, 8. 
Glasstone. 

VALLANCE, REECE HENRY, 11, Ashfield Road, King’s Heath, Birmingham. 
English. Lecturer in Chemistry. M.Sc. (B’ham.), F.I.C. Science Master, 
Knox Institute, Haddington, 1910-1911; King’s Norton Secondary School, 
1911-1919; Lecturer in Chemistry, Central Technical College, Birmingham, 
since 1919. Various research papers, see J. Soc. Chem. Ind., 1926, 45, 667; 
J. Inst. Metals, 1924, 31, 75; also in J.C.S. (see below). Literary work : 
“Textbook of Inorganic Chemistry ’’ (Friend), Vol. 7, Part 2; ‘Sulphur, 
Selenium and Tellurium ”’ (with D. F. Twiss and A. R. Russell), Vol. 7, Part 3; 
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“‘Chromium and its Congeners”’ (with A. A. Eldridge), J.C.S., 1922, 191, 
466; 1927, 1328; 1929, 2326; 1930, 718. (Signed by) J. Newton Friend, J, 
Cooper Duff, R. M. D. Hodge. 

WALKER, JAMES, 3, Walker Place, Arbroath, Angus. British. Research 
Student. B.Se. (St. Andrews) with Ist Class Honours in Chemistry. (Signed 
by) John Read, Geo. J. Robertson, James Y. Macdonald, J. N. H. Oldham, 

Wuitsy, GreorGE SrarrorD, Private address: 226, Rideau Terrace, 
Ottawa, Ontario, Canada. (Business: National Research Council, Ottawa, 
Canada.) British. Director, Division of Chemistry, National Research Council, 
Canada. A.R.C.S. (Lond.); B.Se. (Lond.); M.Se. (MeGill); Ph.D. (McGill); 
F.R.S. Can.,etc. Recently Professor of Organic Chemistry, McGill University, 
Montreal; author of about sixty articles on Chemistry. Officier d’Academie; 
Colwyn Gold Medallist, Institution of the Rubber Industry. J.C.S., 1910, 
34 (with G. T. Morgan and F. M. G. Micklethwait); 1926, 1448 (with J. Dolid 
and F. H. Yorstin); 1926, 1458. (Signed by) Frank G. Wait, Frank T. Shutt, 
Alfred E. Macintyre. 

WI1i1aMs, ALBERT LESLIE, 21, Raglan Road, Plumstead, 8.E. 18. English. 
Student. Physico-chemical research. A.R.C.S., B.Sc. (Royal College of 
Science, London). (Signed by) H. J. T. Ellingham, James C. Philip, H. F. 
Harwood. 

Wricut, James Matson, c/o Mrs. Barnfather, 7, Kempsford Gardens, 
S.W.5. British. Student. B.Sc. of the London Univ.; Associate of the 
Royal College of Science. (Signed by) G. A. R. Kon, R. P. Linstead, Armold 
Stevenson. 

Wricxut, NorMAN CHARLES, Hannah Dairy Research Institute, Auchin. 
cruive, Ayr. British. Director of the above Institute. M.A. (Oxford), 
Ph.D. (Cambridge). Previously Assistant for Research in Chemistry at the 
National Institute for Research in Dairying, University, Reading. Publi- 
cations : “‘ The Action of Rennet and of Heat on Milk,’’ Biochem. Journ., 1924; 
“The Action of Hypochlorites on Amino-acids and Proteins,” ibid., 1926; 
*“*Membrane Equilibria and Selective Absorption,” ibid., 1929, and other 
papers of a biochemical character. (Signed by) R. O. Orr McCrone, John 
Golding, H. A. D. Neville. 


The following forms of recommendation have been authorised 
by the Council for presentation to ballot under Bye-Law I (2). 


GAARDER, TORBJORN, Bergens Museum, Bergen, Norway. Norwegian. 
Director of the Biochemical Laboratory of the Bergen Museum. Dr. phil. 
cand. real. from the University in Oslo, Norway. Member of (1) Viden- 
skapsakademiet in Oslo; (2) Selskapet til Videnskapernes Fremme, Bergen, 
(3) Norsk Kjemisk Selskap, Oslo; (4) ordinary member of Deutsche Chemische 
Gesellschaft, American Chemical Society. Former assistant in oceanography 
to the late Prof.-dr. Fr. Nansen. Has published several papers in chemical 
oceanography, biochemistry, physiology and agricultural chemistry. (Signed 
by) Jocelyn Thorpe. 

GOLDSTEIN, HENRI. Place du Chateau 3, Lausanne, Switzerland. Swiss. 
Professor of organic chemistry at the University of Lausanne. Ingénieur- 
chimiste; Docteur-és-sciences (Univ. Lausanne). Author of many papers in 
Helv. Chim. Acta: 2, 655 (1919); 9, 765, 772, 776, 783, 959 (1926); 10, 332, 
334, 603, 607 (1927); 11, 245, 250, 239, 478, 486, 489 (1928); 18, 310 (1930). 
(Signed by) C. S. Gibson. 

MASCARELLI, Pror. Dr. Lutat, Istituto Universitario di Chimica, Farma- 
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ceutica e Tossicologica, Corso Raffaello 31, Torino (116). Italiano. Laurea in 
chimica pura (Torino) ; diploma in Farmacia (Bologna). Diplomato in Scienze 
Naturali (Torino, 1898); laureato in Chimica pura (Torino, 1900); diplomato 
in Farmacia (Bologna, 1904); libero docente in Chimica Generale (Bologna, 
1907); professore di Chimica Farmaceutica e Tossicologica R. Univ. Cagliari 
(1913-1918); id. id., Torino (dal, 1918); incaricato dell’ insegnamento di Ch. 
Bromatologica. Pubblicazioni di Ch. Generale, Ch.-fisica, Ch. organica, farma- 
ceutica, bromatologica (in Rend. R. Acc. Lincei, Gazz. ch. it., Atti R. Acc. Scienze 
di Torino, Giornale di Ch. Industriale Milano, Notiziario chimico Torino, 
Giornale di Farmacia Torino, Enci®opedia Treccani Roma, etc.) (Signed by) 
Prof. Dr. Mario Betti. 

Motzs, ENRIQUE, Madrid, Spain. (Laboratorios de Quimica de la Facultad 
de Ciencias, 8. Bernardo 49). Spanish. Professor of Physical and Inorganic 
Chemistry. Dr. Pharm. (Madrid, 1905); Dr. Se. phys. (Geneva, 1916); 
Dr. Ciencias quimicas (Madrid, 1920). President of the Span. Soc. of Chemistry 
and Physics; Lecturer of Inorganic Chemistry, 1910-1915 and 1918-1927 
(Faculty of Pharmacy, Madrid); Lecturer of Physical Chemistry, Geneva, 
Ecole de Chimie, 1916-1917; Professor of Physical and Inorganic Chemistry, 
Faculty of Science, Madrid, since 1927. Has published about 115 papers on 
stoicheiometry, solutions, molecular and atomic weights, molecular volumes 
(Spanish, French, German, Italian) from 1910 to date, in An. Soc. esp. Fisica 
y Quimica; Journ. Chim. Phys. ; Zeit. anorg. allg. Chem. ; Zeit. phys. Chem. 
(Signed by) Jocelyn Thorpe, C. S. Gibson. 

MovurEv, Henn!, 18 rue Pierre-Curie, Paris, Ve (Collége de France, Paris, 
Ve). Francaise. Sous-Directeur du Laboratoire de Chimie Minérale du 
Collage de France. Docteur-es-Sciences Physiques. J.C.S., 1928, 3167. 
(Signed by) C. 8. Gibson. 

WHITMORE, FRANK CLIFFORD, 300, South Pugh Street, State College, 
Pennsylvania, U.S.A. American. Dean of School of Chemistry and Physics, 
Pennsylvania State College. A.B., A.M., and Ph.D. from Harvard Univ. 
Author of ‘‘ Organic Compounds of Mercury,’’ Chemical Catalogue Company, 
New York, 1921, A.C.S. Monograph Series. Also author of articles on organic 
chemistry in Journ. Amer. Chem. Soc. (Signed by) J. C. Drummond, C. 8. 
Gibson. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 


CHADWICK, JAMES. Radioactivity and radioactive substances. 
3rd_ edition. London 1931. pp. xii+ 116. ill. 2s. 6d. net. 
(Recd. 31/12/30.) | From the Publishers : Sir Isaac Pitman & Sons. 

EMPIRE MARKETING BoarD. The relative values of cod liver oils 
from various sources. By Jack Crcm Drummonp and THomas 
Percy Hizprrcw. London 1930. pp. 129. ls. net. (Reed. 
13/1/31.) From Professor J. C. Drummond. 

Farapay Society. Colloid science applied to biology. A general 
discussion. London 1930. pp. iv, 663 to 865. ill. 12s. 6d. net. 
(Reed. 10/1/31.) From the Society. 








12 


PaRTINGTON, JAMES Rippicx. A text-book of inorganic chemistry 
for university students. 3rd edition. London 1930. pp. viii+ 
1083. ill. 15s.net. (Reed. 14/1/31.) From the Author. 
A school course of chemistry. London 1930. pp. x + 388. 
ill. 4s. 6d. net. (Recd. 15/1/31.) From the Author, 
TABLES ANNUELLES DE CONSTANTES ET DoNNEES NUMERIQUES, 
Table des Matiéres des VolsI& V. Années 191041922. Paris 1930. 
pp. lxiv + 382. (Reference.) 300 fr. 
From the Comité International. 
Tuoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. V, part vii. Berlin 1930. pp. 
1349 to 1524. ill, M.10. (Reed. 1/1/31.) 
From the Publishers : Herren Urban & Schwarzenberg. 


Il. By Purchase. 


BacuracH, Max. Fur: a practical treatise. London 1930. 
pp. xiv + 677. ill. 21s. net. (Reed. 15/1/31.) 

BEeNnEpDIcKs, Cart, and Lérquist, Hetcr. Non-metallic in- 
clusions in iron and steel. London 1930. pp. xii+ 311. ill 
30s. net. (Recd. 15/1/31.) 

Hackney, Norman. The quantitative analysis of inorganic 
materials. London 1930. pp. xvi-+ 378. ill. 30s. net. (Reed. 
15/1/31.) 

Hurry, JAMIESON Boyp. The woad plant and its dye. London 
1930. xxviii + 328. ill. 21s. net. (Recd. 15/1/31.) 

KigseL, ALEXANDER. Chemie des Protoplasmas. (Protoplasma 
Monographien.) Berlin 1930. pp. viii + 302. ill. MM. 20. (Reed. 
15/12/30.) 

Meyer, Kurt H., and Mark, Hermann. Der Aufbau der 
hochpolymeren organischen Naturstoffe auf Grund molekular- 
morphologischer Betrachtungen. Leipzig 1930. pp. viii + 264. 
ill. M.18. (Reed. 15/12/30.) 

NEW INTERNATIONAL ASSOCIATION FOR THE TESTING OF MATERIALS. 
First Communications. Vols. I and II. Zurich 1930. pp. xvi+ 
368, xvi + 282. ill. (Reference.) 

NortH, FREDERICK JoHN. Limestones: their origins, distri- 
bution, and uses. London 1930. pp. xxiv + 467. ill. 16s. net 
(Reed. 15/1/31.) 

OsTWALD, WILHELM. Die Maltechnik jetzt und kiinftig. Leipzig 
1930. viii+ 160. ill. M 8.50. (Reed. 15/12/30.) 

PiancKk, Max. Einfithrung in die Theorie der Wirme. Zum 
Gebrauch bei Vortragen, sowie zum Selbstunterricht. Leipzig 1930. 
pp. viii + 251. ill. M.10. (Reed. 15/12/30.) 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 





Ordinary Scientific Meeting, Thursday, February Sth, 1931, at 
8 p.m., Professor T. M. Lowry, C.B.E., D.Sc., F.R.S., in the Chair. 


The CHarRMAN referred to the loss sustained by the Society, 
through death, of the following Fellows :— 


Elected. Died. 
William Adolf Fraymouth ......... 2nd December, 1909. 10th January. 
John Alexander Hogg ........+.-...- Ist May, 1924. 20th January. 
Henry Halliburton Robinson ...... 16th November, 1882. 11th January. 
Arthur William Rogers ............ 20th December, 1883. 16th January. 
Charles Leonard Royle.............++ 15th December, 1901. 19th January. 


The CHAIRMAN announced that the thirty-sixth General Meeting 
of the Deutsche Bunsen Gesellschaft fiir angewandte physikalische 
Chemie, the leading association of research workers, scientists, and 
technologists in the important field of applied physical Chemistry 
will take place from the 25th to the 27th of May, 1931, in Vienna. 
The subject of the symposium will be: Recent progress in the 
science of metallurgy with particular reference to light metals. The 
arrangements have been undertaken by Geheimrat Prof. Dr. Dr.- 
Ing. h.c. Specketer, Director of the I.G. Farbenindustrie A.-G., 
Managing Director of the Griescheim Elektron works. 

The following were formally admitted Fellows of the Chemical 
Society : Messrs, F. W. Hampshire and H. J. Moss. 

Forms of Recommendation for Fellowship were read for the first 
time in favour of : 

Henry Gibson Aitken, B.Sc., Gleneske, West Holmes Gardens, Musselburgh. 
Emest Butterworth, M.Sc.(Tech.), Rostherne, Ballymena, Co. Antrim. 

Blick Crawley, M.A., A.I.C., Dobbin’s Lane, Wendover. 

Glyn Rees Davies, B.Sc., Ph.D., 43, St. Winifred’s Road, Teddington. 

Alec Edward Gawler, B.A., 12, St. George’s Road, St. Margarets, Middlesex. 
Arthur Kenneth Goard, M.A., Ph.D., Marlbrough College, Wilts. 


Harry Fletcher Lewis, M.S., Ph.D., The Institute of Paper Chemistry, Appleton, 
Wisconsin, U.S.A. 4 
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John Lockhart McKee, M.Sc., 11, Atney Road, Putney, S.W.15. 
Frederick John Manning, B.Sc., Pannal Ash College, Harrogate. 
Joseph Marshall, D.Sc., F.1.C., 44, Priory Road, W. Bridgford, Notts. 
Thomas Harold Prater, A.M.I.Chem.E., 25, Invicta Road, Margate. 
Katherine Isobel Ross, B.A., B.Sc., Halkhed, Berkhamsted. 

John Walter Seekings, 17, Holden Road, Beeston, Notts. 

Leslie Ernest Sutton, B.A., Lincoln College, Oxford. 

Robert Hugh Wilson, B.A., 53, Carlyle Road, Cambridge. 

Frank Wormwell, M.Sc., 18, Elmfield Avenue, Teddington. 


The following papers were read : 


** Salt-forming characteristics of doubly- and singly-linked elements 
of the oxygen group. Part I. The carbonyl group in benz. 
aldehyde and acetophenone.” By J. W. Baker. 

“* Salt-forming characteristics of doubly- and singly-linked elements 
of the oxygen group. Part II. The nitration of benzaldehyde 
and acetophenone in sulphuric acid solution.”” By J.W. Baxzr 
and W. G. Morrrr. 

“The properties of the chlorides of sulphur. Part V. Metastable 
states.” By T. M. Lowry and G. JEssop. 

“Polycyclic aromatic hydrocarbons. Part II. The non-existence 
of 1: 2:7: 8-dibenzanthracene.” By J. W. Coox. 

“Polycyclic aromatic hydrocarbons. Part III. Derivatives of 
1: 2:5: 6-dibenzanthracene.” By J. W. Coox. 

*“* Polycyclic aromatic hydrocarbons. Part IV. Condensed deriv. 
atives of 1 : 2-benzanthracene.”” By J. W. Cook. 





Ordinary Scientific Meeting, Thursday, February 19th, 1931, at 
8 p.m., Professor J. F. THorrsz, C.B.E., D.Sc., F.R.S., President, in 


the Chair. 


The PrestDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 
Elected. Died. 


Dec. 4th, 1902. Feb. 15th. 
May 6th, 1875. Feb. 6th. 


The PRESIDENT announced that the fifth general meeting of the 
Deutsche Gesellschaft fiir chemisches Apparatewesen E.V. will take 
place with that of the Verein deutscher Chemiker in Vienna, on the 
28th and 29th May, 1931. The subject chosen for the symposium 
is “ The Separation of Solid and Liquid Substances.’ Titles of 
communications should be sent not later than March 15th, 1931, 
to the head office of the Dechema, Seelze, b. Hannover. 
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Forms of Recommendation for Fellowship were read for the first 





Cecil Chapman, F.I.C., “‘ Arran,’’ Cuckoo Hill Road, Pinner. 

Harry George Ernest Davis, M.A., Melrose, Hamworthy Junction, Dorset. 
Charles Rodolphe Hall, 7, Avenue Road, South Tottenham, N. 15. 

John Bramwell Miles, Ph.D., 9, Lochpark Road, Hawick. 

Alfred Henry Marmaduke Purse, M.B.E., Elm Tree House, Ely Road, Llandaff, 


Cardiff. 


Stanley Walter Read, B.Sc., A.R.C.S., 17, Seldown Lane, Poole, Dorset. 


The following Forms of Recommendation have been authorised 
by the Council for presentation to ballot under Bye-Law I (2) : 


Francis Edward Cislak, M.S., Ph.D., P.O. Box 433, Indianapolis, U.S.A. 
Frederick George Germuth, B.Sc., 17, Third Avenue, Lansdowne, Maryland, 


U.S.A. 


Joseph Rosin, B.S.Ch., M.Ph., c/o Messrs. Merck & Co., Inc., Rahway, N.J., 


U.S.A. 


Marcel Sommelet, Prof., 4, Avenue de l’Observatoire, Paris. 
Mr. L. Bains and Dr. H. L. Riley were elected Scrutators, and a 


ballot for the election of Fellows was held. The following were 
subsequently declared elected as Fellows :— 


Herbert William Ashton, B.Sc. 

Maurice Brent, B.Sc., A.R.C.S. 

Geoffrey Frank Carter, B.Sc., 
A.R.C.S. 

Mahendra Harilal Desai, B.Sc. 

John Dewar, B.Sc. 

John Frederick James Dippy, B.Sc. 

Thomas William Evans, M.I.Chem.E. 

Ivy Kathleen Faith, B.Sc. 

John Albert Charles Flohren, B.Sc. 

Graham Edward Foster, Ph.D., A.I.C. 

Torbjorn Gaarder, Dr. Phil. 

Gagnon, Paul Edouard, B.A., D.-és-Se. 

Herni Goldstein, D.-és-Se. 

Herbert Victor Hoffman, B.Sc. 

Riki Horiuchi, D.Sc. : 

Frederick Cecil Hymas, B.Sc., A.I.C. 

Frederick William Kirkbride, B.A. 

Harry Harman Kretchmar, B.Sc. 

Kuruvila Ittyerah Kuriyan, B.A., 
M.Se. 

Ernest William Lambert, B.A. 

Harold Leslie Langdon, B.Sc. 

William Jefferys Lesley, M.Sc., 
Ph.D. 

Arthur Reginald Lowe,  B.Sc., 
A.R.C.S. 

Ethel Margaret Luis, B.Sc. 

Luigi Mascarelli, Prof. Dr. 





Roland Rusk McLaughlin, M.A.Sce., 
M.A., Ph.D. 

Enrique Moles, Prof. Dr. 

Louis Frederic Mountfort. 

Henri Moureu, D.-és-Sc. 

Phyllis Nanney, M.Sc. 

Wilfred Louis Offer, B.Sc. 

Edward Maurice Frederick Payne, 
B.A., B.Se. 

Henry Alfred Piggott. 

Douglas John Cruickshank Pirie, B.Sc. 

Thomas Henry Hall Quibell, B.A. 

Sydney Stewart Randall, B.Sc. 

Oswald Victor Richards, B.Sc. 

William Frederick Sandrock, B.Sc. 

Hemendra Kumar Sen, M.A., D.Sc., 
D.I.C. 

Arthur Leonard Silcox, B.Sc. 

Thomas Murray Simpson, M.Sc. 

James Clare Speakman, M.Sc., Ph.D. 

Reece Henry Vallance, M.Sc., F.I.C. 

James Walker, B.Sc. 

George Stafford Whitby, M.Se., Ph.D., 
A.R.CS. 

Frank Clifford Whitmore, A.M., Ph.D. 

Albert Leslie Williams, B.Sc., 
A.R.C.S. 

James Matson Wright, B.Sc., A.R.C.S. 

Norman Charles Wright, M.A., Ph.D. 
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The following papers were read : 


“*A new method for the preparation of organo-thallium halides,” 
By F. CHALLENGER and B. Parker. 

“ The dissociation of salts in nitrobenzene.”” By W. F. K. Wynne. 
JONES. 

“ The formation of acyl-chloroamines from hypochlorous acid.” By 
D. R. Prype and F. G. Soprr. 

“‘ The direct interchange of chlorine in the interaction of p-toluene. 
sulphonamide and N-chloroacetanilide.” By D. R. PRYDE and 
F. G. Soper. 





THE SECOND PEDLER LECTURE. 


The Second Pedler Lecture, entitled “‘ Studies on Biological 
Oxidation,” will be delivered by Geh. Reg.-Rat Professor Dr. H. 
Wieland, in the Meeting Hall of the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W. (by kind permission of 
the Council of that Institution) on Friday, March 6th, 1931, at 
5.30 p.m. Tickets of admission will not be required. 





90th ANNUAL GENERAL MEETING 


The 90th Annual General Meeting will be held at Burlington 
House on Thursday, March 26th, 1931, at 4 p.m., when the President 
will deliver his address. 





ANNIVERSARY DINNER. 


The Anniversary Dinner of the Society will be held in the Grand 
Hall, Hotel Victoria, Northumberland Avenue, W.C. 2, on Thursday, 
March 26th, 1931 (the day of the Annual General Meeting), at 7 for 
7.30 p.m. 

The price of the tickets will be Twelve Shillings and Sixpence 
(12s. 6d.) each, including gratuities to waiters. 

Tickets can be obtained from the Assistant Secretary, Chemical 
Society, Burlington House, Piccadilly, W.1, and a remittance for 
the number of tickets required, made payable to Mr. 8. E. Carr, must 
accompany each application. Application should be made as soon 
as possible. 





(List of papers, or abstracts thereof, received between January 
15th and February 19th, 1930. This List does not include the titles 
of papers which have been read at an Ordinary Scientific Meeting, 
or which have appeared in the Journal.) 
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“Capillary activity in aqueous solutions.” By H. Miits and P. L. 

ROBINSON. 

“The configuration of the doubly-linked tervalent nitrogen atom. 
Part IV. The resolution of §-methyltrimethylene dithio- 
carbonate carboxyphenylhydrazone.” By W. H. Mits and 
B. C. SAUNDERs. 

“ Sulphuric acid-sludge disposal.”” By C. HinpE. 

“ New derivatives of p-arsanilic acid. Part I. Succinyl-p-arsanilic 
acid and related compounds.” By G. T. Morean and E. 
WALTON. 

“The use of the tungsten electrode in potentiometric titrations 

and pq measurements.” By H. T. S. Brirron and E. N. 


Dopp. 





ical 


H. “ Studies on hydrogen cyanide. Part III. The freezing points of 
ical hydrogen cyanide—water mixtures.” By J.E.CoatsesandN. H. 
1 of HARTSHORNE. 
at “The action of amines on 2-substituted semicarbazones.” By J. 


CHAPMAN and F. J. WILson. 
“The reactions of nitrosulphonyl chlorides. Part II. The 
separation of nitrosulphonyl] chlorides by means of hydrazine 
hydrate.” By W. Davins, F. R. Storriz, and S. H. Tucker. 
“The reactions of malonic esters with formaldehyde.” By K. N. 
WELCH. 

“Dyes derived from acenaphthenequinone. Part I. Azine and 
azonium derivatives.” By 8. K. Guua. 

“ The basicity of periodic acid.” By N. Rae. 

“ Syntheses of antiseptic derivatives of indan-1 :3-dione. Part II. 
Interaction of alkylmalonyl chlorides with the methyl ether of 
p-cresol.” By T. K. Warxer, A. J. Sutuers, L. L. Ros, and 
H. Suaw. 

“The synthesis of coumarins. Part I. 7-Hydroxy-3-phenyl- 
coumarin and 7-hydroxy-3-phenyl-4-methylcoumarin.” By 
(Miss) T. pz Krzwret and H. STEPHEN. 

“The condensation of some aromatic aldehydes with phenyl- 
acetonitrile.” By (Miss) T. pz Krewret and H. STEPHEN. 
“Note on the preparation of 2 : 4-dimethoxyacetophenone.” By 

(Miss) T. pz Krewret and H. STEPHEN. 

“The existence of solid polyiodides of potassium at 25°.” By 
N. S. Gracg. 

“ The interaction of sulphonates and sulphonamides with piperidine.”’ 
By F. Bg. 

“ The solubility of water in chloroform.” By C. W. Gipsy and J. 
Hat. 

“ Synthesis of thioxins.” By H. A. StTevENson and S, SMEs. 
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‘“‘ Syntheses of cyclic compounds and the influence of substituent 
atoms, groups, and ring systems on chemical and physical 
properties. Part VIII. The influence of polar and other 
factors on ring formation and on ring stability. I. The con- 
version of r-8-methyladipic acid into r-3-methylcyclopentanone. 
II. The preparation of r-3-methyleyclopentane-1 : 1-diacetic 
acid.” By A. I. VoaEt. 

“ Tertiary arylalkyl phosphines. Part II.” By I. K. Jackson and 
W. J. Jones. 

“‘ Physico-chemical studies of complex acids. Part V. The pre- 
cipitation of tungstates.” By H. T. 8. Brrrron and W. L. 
GERMAN. 

“The Beckmann transformation. Part I. The formation of 
amidines during the Beckmann transformation of ketoximes.” 
By W. BLELocn and H. STEPHEN. 

“The Beckmann transformation. Part II. The mechanism of 
amidine formation.” By H. STEPHEN. 

“The hydrolysis of y-ketonitriles of the type 
R-CH(CN)-CH,°COPh.” By (Miss) M. Roprertson and H. 
STEPHEN. 

““4-Aminophthalide and some derivatives.” By L. F. Lmvy and 
H. STEPHEN. 

“The melting-point curves of the monobasic fatty acids.” By 
(Miss) A. M. Kine and W. E. Garner. 

““ Cannabis Indica resin. Part II.” By R. 8. Canny. 

“ Potassium permanganate as a reagent for the detection of lower 
oxides in phosphoric acid.” By J. W. Smrs. 

“ The position of the nitroso-group among substituents capable of 
activating suitably placed halogens, etc., in aromatic nuclei.” 
By R. J. W. Lz Fivre. 

‘“‘ Oxonitin.” By T. A. Henry and T. M. SHarp. 

‘ The chlorination of iodophenols. PartIV. The action of chlorine 
on derivatives of p-iodophenol.” By D. Matuuson and H. 
McComBIEz. 

“The condensation of butyl chloral hydrate with aryl hydrazine.” 
By F. D. Caatraway and H. Irvine. 

“ Co-ordination compounds of the chloroplatinates of choline and its 
esters.’ By H. W. Duptey. 

“ A new synthesis of phthaliminoacetonitriles, and a note on amino- 
acetonitrile sulphates.” By H. SrerHsn. 

“ Studies in the coumaranone series. Part III. «- and 8-Naphtha- 
furan-l-ones and their condensation products with aromatic 
aldedydes.” By B. H. IncHam, H. SrepHen, and R. 
TIMPE. 
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“Note on bisacetamide hydrochloride. Its preparation and use as 
an acetylating reagent.” By H. STEPHEN. 

“ Note on the preparation of 4-chlorophthalic anhydride.” By H. 
STEPHEN. 

“The preparation of methylene dimalonic ester.” By K. N. 
WELCH. 

“The conversion of 2-naphthol isosulphide into 2-naphthol-]- 
sulphide.” By L. A. WARREN and S. SMILEs. 

“The quantitative estimation of mixtures of isomeric unsaturated 
compounds. Part III. A review of the iodometric methods 
and a new bromometric method.” By R. P. LinstEap and 
J.T. W. Mann. 

“The reaction between carbon and oxygen at low pressures and 
room temperatures.” By H. I. Buty, M. H. Hatt, and W. E. 
GARNER. 

“Quaterphenyl and the symmetrical diphenyldiphenyls.” By 
S. T. Bowpen. 

“ Piperonal-6-arsinic acid.” By I. E. Bataan. 

“The reduction of potassium perrhenate.”” By H. V. A. BRiIscoz, 
P. L. Rosryson, and E. M. Stoppart. 

“The influence of moisture on the reaction between sulphur and 
silver.” By J. W. Smiru. 

“Studies of valency. Part-XV. Absorption spectra of poly- 
halide ions.” By F. L. Gisert, (Mrs.) R. R. GoupstE1n, and 
T. M. Lowry. 

“The interaction of halogen-substituted p-tolylhydrazones with 
chloral.”: By F. D. Caartaway and T. E. W. Browne. 

“The constitution*of phenolphthalein. Part III. <A theory of 
halochromism.”” By H. Lunp. 

“Studies in chemotherapy (antimalarials). Part I.” By K. 8S. 
Narane and J. N. Ray. 

“A new reaction of certain diazosulphonates derived from 

8-naphthol-1-sulphonic acid. PartIV. The constitution of the 

condensation products of diazo-compounds with $-naphthol 
derivatives substituted in the 1-position.” By F. K. Rows and 

A. T. PETERs. 


“A new reaction of certain diazosulphonates derived from 


8-naphthol-l-sulphonic acid. Part V. The 4’-nitro- and 
4’-amino-derivatives of 4-methy]-3-phenylphthalaz-l-one.” By 
F. M. Rows, (Miss) E. Levry, and A. T. PETErs. 


“A new reaction of certain diazosulphonates derived from 


8-naphthol-1-sulphonic acid. Part VI. Preparation of phthal- 
azine, phthalazone,, and phthalimidine derivatives from 2 : 6-di- 
chloro-4-nitroaniline.” By F. M. Rowe and C. DunBar. 
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“A new reaction of certain diazosulphonates derived from 8-naph- 
thol-l-sulphonic acid. Part VII. Preparation of phthal. 
azine, phthalazone, and phthalimidine derivatives from 2 : 6-di- 
dromo-4-nitroaniline.” By F. M. Rows and N. H. Wrt1ams, 

“ The solubility of picric acid in mixed solvents. Part I. Water- 
alcohol and water-acetone mixtures. The effect of association 
on solubility.” By J. C. Durr and E. J. Bus. 

“ Symmetrical triad prototropic systems. Part VII. The analogy 
between symmetrical triad systems and aromatic side-chain 
reactivity, and the effect of p-substitution on mobility and 
equilibrium in the «y-diphenylmethyleneazomethine system.” 
By C. W. SHoprze. 

* Properties of the $-chlorovinylarsines and their interaction with 
benzene in the presence of aluminium chloride. Production of 
9: 10-dimethylanthracene.” By C. S. Greson and J. D. A. 
JOHNSON. 

“The thermal decomposition of methane. Part II. The homo. 
geneous reaction.” By G. C. Hottmay and W. J. GooDERHAM. 

“The methylation of benziminazoles.”” By M. A. PHILiies. 

“The 3-fluoro-2-, -4-, and -6-amino- and -2-, -4-, and -6-halogeno. 
anisoles.” By H. H. Hopason and J. Nrxon. 

“The action of piperidine on acetonesemicarbazone.” By J. M. 
StraTron and F. J. Wison. 

“The polysulphides of the alkali metals. Part III. Potassium.” 
By T. G. Pzarson and P. L. Rosryson. 

“Studies in dicyclic systems. Part I. The chemistry of {-sub- 
stituted cis- and trans-hexahydrohydrindenes.” A. KANDIAg. 

“ Studies in dicyclic systems. Part II. The influence of cis- and 
trans-mexahydrohydrindene nuclei on the carbon tetrahedral 
angle.” A. Kanp1au. 

“The reactions of substituted ammonium aryloxides and of related 
compounds. Part I. The preparation and thermal decom- 
position of some tetra-substituted ammonium aryloxides.” By 
(Miss) R. V. Hentzy and E. E. Turner. 

“The cinchona alkaloids and substances related to them. Intro- 
duction and Part I. Some piperidinomethylcarbinol hydro- 
chlorides.” By (Miss) R. V. Henuzy and E. E. TURNER. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 
Bary, Paut. Oden est l’électrochimie? Paris 1931. pp. viii + 
200. ill. 30fr. (Recd. 26/1/31.) 
From the Publishers: MM. Gauthier- Villars et Cie. 
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Russian Paysicat AnD CoEemicat Socrety. Journal. Vol. LXI. 
eningrad 1929. (For circulation.) From Dr. M. Nierenstein. 
(Untrep Srares] NationaL Reszarcn Counci. Industrial 
research laboratories of the United States, including consulting 
research laboratories. 4th edition. Compiled by CLaRENcE JAY 
West and Catitre Hui. (National Research Council Bulletin 
No. 81.) Washington 1931. pp. 267. (Reference.) $2. net. 
From the National Research Council. 
















II. By Purchase. 


Ansy,JuLES. Dangerousgoods. Istsupplement. Anvers 1930. 
pp. 96. (Reference.) 12s. net. 

BAKER, JoHN WrtL1aM. Natural terpenes. London 1930. pp. 
x+ 169. 6s. net. (Recd. 17/1/31.) 

BARKER, THomas Vironp. Systematic crystallography: an 
essay on crystal description, classification and identification. 
London 1930. pp. xii+ 115. ill. 7s. 6d. net. (Recd. 17/1/31.) 

Bett, [Sm Wii11amM James]. Sale of food and drugs. 8th 
edition. By R. A. Ropryson. London 1931. pp. xxvi + 300 + 
34. 15s. net. (Recd. 19/2/31.) 

Brown, GEORGE GRANGER. The volatility of motor fuels 
(Univ. Michigan Engineering Research Bulletin No. 14). Ann 
Arbor 1930. pp. viii-+ 299. ill. 4s. 6d. net. (Recd. 17/2/31.) 

CaveN, Ropert Martin, and LanpErR, GrorcE Druce. System- 
atic inorganic chemistry from the standpoint of the periodic 
law. London 1930. pp. xviii+ 510. ill. 9s. net. (Reed. 
17/1/31.) 

CHITTENDEN, RussELL Henry. The development of physio- 
logical chemistry in the United States. (American Chemical Society 
Monograph Series.) New York 1930. pp. 427. 19s. net. (Recd. 
19/2/31.) 

ErpNER, ALEXANDER. Das Oceltrocknen ein kolloider Vorgang 
aus chemischen Ursachen. Berlin (1930). pp. 242. ill. M. 18. 
(Reed. 5/2/31.) 

Frrrknecut, WattER. Uber topochemische Umsetzungen fester 
Stoffe in Flissigkeiten. (Fortschritte der Chemie, Physik und 
physikalischen Chemie, Vol. XXI.) Berlin 1930. 

Harrison, A. W.C. The manufacture of lakes and precipitated 
pigments. London (1930). pp. xvi-+ 274. ill. 15s. net. (Recd. 
19/2/31.) 

HoLteMAN, ARNOLD Frepermk. A _ text-book of organic 
chemistry. 7th English edition. New York 1930. pp. xx + 594. 
ill. 178. 6d. net. (Recd. 17/1/31.) 
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Maximov, N. A. A textbook of plant physiology. Edited by 
A. E. Murneexk and R. B. Harvey. New York 1930. pp. xvi+ 
381. ill. 208. net. (Recd. 19/2/31.) 

MELDRUM, ANDREW Norman. The eighteenth century revolution 
in science—the first phase. Calcutta 1930. pp. x + 60. 4s. 6d, 
net. (Recd. 17/1/31.) 

Newman, F. H. Electrolytic conduction. London 1930. pp, 
xli-+ 441. ill. 25s. net. (Reed. 19/2/31.) 

OsTWALD, [WILHELM], and LurHER, [RoBert THomas Drepricx], 
Hand- und Hilfsbuch zur Ausfiihrung physikochemischer Messungen, 
5th edition. Edited by Cart Drucker. Leipzig 1931. pp. xx + 
979. ill. M.52. (Reed. 3/2/31.) 

PrypbE, Jonn. Recent advances in biochemistry. 3rd edition. 
London 1931. pp. x + 393. ill. 12s. 6d. net. (Recd. 19/2/31.) 

RUTHERFORD, Srr Ernest, Cuapwick, JAMES, and ELus, 
CHARLES DrummMonp. Radiations from radioactive substances, 
Cambridge 1930. pp. xii + 588. ill. 25s. net. (Recd. 19/2/31.) 

Scuay, Gfza. Hochverdiinnte Flammen. (Fortschritte der 
Chemie, Physik und physikalischen Chemie. Vol. XXI.) Berlin 
1930. 

Smytu, Henry Frecp, and Osoitp, WALTER Lorp. Industrial 
microbiology. The utilization of bacteria, yeasts and molds in 
industrial processes. [Baltimore] 1930. pp.x + 313. ill. 27s. net. 
(Reed. 19/2/31.) 

Taytor, Hucn Srorr. [Editor]. A treatise on physical 
chemistry. 2nd edition. 2 vols: New York 1931. pp. xvi+ 
852 + 48, xii, 901 to 1766 + 48. ill. 60s. net. (Recd. 19/2/31.) 

Wasaincton, Henry StepHens. The chemical analysis of rocks. 
4th edition. New York 1930. pp. xvi + 296. 20s. net. (Recd. 
19/2/31.) 


Ill. Pamphlets. 


AKEN, JOHANNES STEPHANUS ANTONIUS JOSEPH MARIA VAN, 
Kalk-suiker. Melasseontsuikeren met kalk. Kalk-suiker als 
kolloidaal systeem. Delft 1930. pp. 184. ill. 

ARKEL, CoRNELIA GERARDA VAN. Oleum Jecoris Aselli cum 
Jodeto ferroso. Amsterdam 1929. pp. viii + 46. 

ASSOCIATION OF British CHEMICAL MANUFACTURERS. The 
Dyestuffs Act. Views of the chemical industry. London [1930]. 
pp. 24. 

BLUMBERGER, José STEPHEN Petrus. Studies in de katalytische 
ontleding van diazoverbindingen. Delft 1929. pp. x + 167. ill. 

Borr, S1rEBE RIEKELE DE. Respiration of Phycomyces. (From 
the Rec. Trav. bot. néerl., 1928, 25.) 
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Bos, ABRAHAM ARIE. Bijdrage tot de kennis van de ligno- 
sifozuren. Amsterdam 1930. pp. x + 88. ill. 

BRITISH ENGINEERING STANDARDS AssocraTION. British stan- 
dard specification for the sampling and analysis of coal for export. 
London 1930. pp. 34. ill. 

—— Report on the sampling of small fuel up to 3 in. embodying 
sme general principles of sampling. By E.S.GruMmELt and A. C. 
DunnInGHAM. London 1930. pp. 53. ill. 

Doorn, Nicotaas WitHELMUS. Absolute intensiteitsmetingen in 
het spectrum van chromosfeer en corona der zon, gedurende de totale 
verduistering op 29 Juni 1927. Amsterdam 1929. pp. viii + 53. 
il. 
Dussky, J. V., and Rasas, A. Contribution a l'étude de la 
faculté de la glycocolle de former des sels. (Publ. Fac. Sci. Univ. 
Masaryk, 1930, No. 123.) [In Czecho-Slovakian. French 
summary. | 

HamMBuRGER, RupotF Jacosus. Over den invloed van insuline 
op de permeabiliteit der weefsels voor glucose. Groningen 1930. 
pp. Vili + 55. 

Imat, Hrrosnar, and Osmvata, Icuig1. Ueber die Natur der 
3-Umwandlung der Kupfer-Zinnlegierungen. I. (From the Mem. 
Ryojun Coll. Eng., 1930, 3.) 

INSTITUTE OF CHEMISTRY OF GREAT BRITAIN AND IRELAND. Food 
fakes : ancientand modern. By ERNEST GABRIEL JonES. London 
1930. pp. 24. ill. 

—— Some notes on the Cinchona industry. By BERNARD Farm- 
porouGH Howarp. Streatfeild Memorial Lecture, 1930. London 
1931. pp. 22. ill. 

Kosayasui, Torao. Einige Versuche ueber den Einfluss der 
Temperatur auf die Kerbzaehigkeit von Aluminiumlegierungen. 
(From the Mem. Ryojun Coll. Eng., 1930, 3.) 

Kornic, Paut. Die Gewinnung natiirlich-nikotinfreier, nikotin- 
armer und nikotinreicher Tabake. (From Die Umschau, 1930.) 

—— Natiirlich nikotinfreier und -armer Tabak. (From Forschun- 
gen und Fortschritte, 1930.) 

KorvezeE, Antonia EvisaBeTH. Koperchloride als katalysator 
voor het Deacon-proces. Delft 1930. pp. 134. ill. 

KrAnzLetmn, Georc. Aluminiumchlorid in der organischen 
Chemie. (Systematische Ubersicht.) Berlin 1930. pp. 47. 

Kurris, Franciscus JoANNES JOSEPHUS HuBERTUS. Even- 
wichten van vast calcium en magnesium carbonaat met koolzuur- 
oplossingen. Maastricht 1930. pp. 94. ill. 

LEK, JOHANNES BARTHELOMEUS VAN DER. Onderzoekingen over 
de butylalkoholgisting. Delft 1930. pp. viii + 143. 
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Lizr, Her. Het caseinesol. Amsterdam 1924. pp. viii+ 
113. ill. 

MENDLIE, Frrenoz. Over de structuur van yohimbine. Rotter. 
dam 1930. pp. viii + 94. 

Mrnoxtic, Stanko Sranxov. Odredjivanje magnezija kao 
magnezijev pirofosfat. (From Glasnika Hemiskog Druitva, 1930, 4)) 

Mines DEPARTMENT. Safety in Mines Research Board. Paper 
No. 62. The ignition of firedamp by the heat of impact of hand picks 
against rocks. By Maurice JoHN BurcEss and RicHaRD VERnoy 
Waueetzr. London 1930. pp. 21. ill. 

Paper No. 63. The propagation of combustion in poy. 
dered coal. By Haro~tp EarLte NeEwatt and FRANK Srurpy 
Smynatr. London 1930. pp. 58. ill. 

MuLpER, CoRNELIS Harmanus Kuaas. Arsoncarbonzuren, 
Groningen 1929. pp. viii + 103. ill. 

Reap, Joun. Chemistry as a career. (From the Alumny 
Chronicle, 1931.) 

Scumitt, N. Derris elliptica Benth., ein vegetabilischer und 
ungiftiger Insecticidlieferant. (From Angew. Bot., 1930, 42.) ill, 

ScHURINE, HENDRIK BEREND JOHANNES. Spirocyclische verbin. 
dingen. Groningen 1929. pp. viii + 188. ill. 

SuLLIVAN, MicHanL XavieR, Hess, W. C., and Jonzs, Davp 
BrEeEsE. Studies on the biochemistry of sulphur. IV, VI and 
VII. (U.S. Public Health Reports, 1930, Supplements Nos. 78, 82, 
and 86.) 

TUSSENBROEK, MARINUS JOHANNES VAN. Eenige technische 
adsorptieprocessen en hierbij. Optredende chemische omzettingen 
electrische kleurmeting. Delft 1929. pp. 143. ill. 

Unirep States. Department of Agriculture. Circular No. 138. 
Development and use of baking powder and baking chemicals. By 
Lorin H. Bartzy. London 1930. pp. 15. 

—— Circular No. 139. Method and procedure of sail 
analysis used in the Division of Soil Chemistry and Physics. 
Washington 1930. pp. 19. 

Department of Commerce. Bureau of Mines. Bulletin 291. 
Tabulated analyses of representative crude petroleums of the United 
States. By N. A. C. Smrrn and E. C. Lanz. Washington 1928. 


pp. li + 69. 





Bulletin 296. Iron oxide equilibria: a critique 
from the standpoint of the phase rule and thermodynamics. [By 
OxIvER C. Ratston.] Washington 1929. pp. x + 326. ill. 
Bulletin. 300. .Coal-washing investigations: 
methods and tests. By H. F. Yancry and Tuomas Fraser. 
Washington 1929. pp. viii + 259. ill. 











PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, March 5th, 1931, at 8 p.m., 
Professor J. F. Tuorps, C.B.E., D.Sc., F.R.S., President, in the 
Chair. 

The PRESIDENT referred to the loss sustained by the Society, 
through death, on October 5th, 1930, of Mr. Jnan Ranjan Sanyal, 
who was elected on December 5th, 1929. 

The PRESIDENT announced that as the number of nominations 
did not exceed the number of vacancies on the Council, the necessity 
for a ballot did not arise this year. 

The following nominations have been made, and the Fellows thus 
nominated will, in accordance with the Bye-Laws, be declared duly 











mnus 





und 






ill. § elected at the Annual General Meeting to be held in the Society’s 
thin. § Rooms on Thursday, March 26th, 1931, at 4 p.m. 

President : G. G. HENDERSON. 
‘ve Vice-Presidents, who have filled the office of President 





(3 vacancies) : 
J. F. Toorpr, H. E. Armstrone. 
(Become Vice-Presidents by virtue of Bye-Law VIII.) 


Vice-Presidents, who have not filled the office of President 
(2 vacancies) : 
+F. A. Freera, *R. H. Prckarp. 


Ordinary Members of the Council : 
Town Members (i.e. those resident within a radius of fifty miles 
from Charing Cross) (6 vacancies) : 


7C. R. Bamey, *C. R. Harreton, tJ. Kenyon, fG. A. R. 
Kon, *I. S. Mactgan, *J. Davipson Pratt. 


Country Members (i.e. those resident beyond a radius of 50 miles 
from Charing Cross) (2 vacancies‘ 
*W. N. Haworrtsa, fF. M. Rowe 















The following were formally admitted Fellows of the Chemical 
Society : Messrs. M. Brent, H. W. Ashton, G. Maclennan, G. F. 
Carter, 8. S. Randall, M. H. Desai, K. I. Kuriyan. 







* Nominated by Council under Bye-Law VI. 
¢ Nominated by Fellows under Bye-Law VI. 
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Forms of Recommendation were read for the first time in favour 
of : 
Stephen Arnold Bryant, B.A., 8, Milwain Avenue, Wingrove, Newcastle-on. 
= 


'yne. 
Moinuddin Syed Kazi, M.Sc., 112, Gower Street, W.C. 1. | ; 
Joseph Beswick Stocks, Kaladana, Kildwick Road, Crosshills, Keighley, Yorks. 


The following papers were read : 


“Studies of valency. Part XV. Absorption spectra of poly. 
halide ions.””’ By F. L. Grpert, Mrs. R. R. Goupstem, and 
T. M. Lowry. 

“ The reactions of substituted ammonium aryloxides and of related 
compounds. Part I. The preparation and thermal decom. 
position of some tetra-substituted ammonium aryloxides.” By 
Miss R. V. HEntEy, and E. E. Turner. 

“A synthesis of unsymmetrical diphenyl derivatives.” By J. 
KENNER and H. SHaw. 

“ Arsinic acids of the fluorene series.” By G. T. Moraan and Miss 
J. STEWART. 





Extra Meeting held at the Institution of Mechanical Engineers 
on Friday, March 6th, 1931, at 5.30 p.m., the President, Professor 
J. F. Tuorpz, C.B.E., D.Sc., F.R.S., in the Chair. 

The PRESIDENT called upon Geh. Reg.-Rat Professor Dr. H. 
Wieland to deliver the Second Pedler Lecture entitled ‘“ Studies in 
Biological Oxidation.” At the con¢lusion of the lecture, a vote of 
thanks to Professor Wieland was proposed by Professor A. Harden. 
This was seconded by Professor J. C. Drummond and carried with 
acclamation, Professor Wieland making brief acknowledgment. 





Ordinary Scientific Meeting, Thursday, March 19th, 1931, at 
8 p.m., the President, Professor J. F. Toorrr, C.B.E., D.Sc., F.R.S., 
in the Chair. 

The PRESIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 

Otto Wallach (Honorary Fellow)... Oct. 17th, 1929. March Ist, 1931. 
Edward E. Berry Dec. 7th, 1882. Jan. 29th, 1931. 
James Arthur Formoy March 4th, 1886. March 8th, 1931. 
William Houlding March 17th, 1887. Jan. 20th, 1930. 
David Lennox +. Ist, 1887. Feb. 26th, 1931. 

. 4th, 1930. Dec. 18th, 1930. 

. ZIst, 1924, Oct. 8th, 1930. 

. 3rd, 1908. June 16th, 1930. 
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It was announced that : 

1. The following had been proposed by the Council as Honorary 

Fellows of the Society and that a ballot for their election would be 

held at the next Ordinary Scientific Meeting on May 7th : 
Professor F. Haber (Berlin), Professor M. Delépine (Paris), Pro- 
fessor R. Nasini (Pisa), Professor J. Sakurai (Tokio), and 
Professor F. Swarts (Ghent). 

2. Professor Percy F. Frankland had presented to the Society 
a plaster replica of a medallion-portrait of Sir Edward Frankland, 
by Mr. Frank Bowcher, which had been executed for the Sir Edward 
Frankland Medal awarded annually by the Institute of Chemistry. 






vour 





e-on. 






orks, 






oly- 
and 






ted 







- 7 The following were formally admitted Fellows of the Chemical 
Y @ Society : Messrs. James M. Wright, Arthur R. Lowe, and H. K. 
Sen. 
J. 


Certificates were read for the first time in favour of : 


George Christopher Clayton, C.B.E., Ph.D., F.1.C., Crabwall Hall, Chester. 
Kenneth John Cable McLennan, 16, Ashburnham Gardens, Upminster. 
John Edwin Oakley Mayne, B.Sc., A.R.C.S., 21, Lansdowne Road, Luton. 
Durgadas Mitra, B.Sc., M.B., 77a, Pataldanga Street, Calcutta. 

Adam Taylor, 16, Woodcroft Avenue, Broomhill, Glasgow. 








The following forms of recommendation for Fellowship have 
been authorised by the Council for presentation to ballot under 
Bye-Law I (2): 

Hilmi Isaac Said, B.Sc., Abbassieh Secondary School, Alexandria, Egypt. 

Fidel Enrique Raurich Sas, Lagasca 97, Madrid. 

The following papers were read : 

“A new reaction of certain diazosulphonates derived from B- 
naphthol-1l-sulphonic acid. Part IV. The constitution of the 
condensation products of the diazo-compounds with B-naphthol 
derivatives substituted in the 1-position.” By F. M. Rows 
and A. T. PETERS. 

“A new reaction of certain diazosulphonates derived from 8- 
naphthol-l-sulphonic acid. Part V. The 4’-nitro- and 4’- 
amino-derivatives of 4-methyl-3-phenylphthalaz-l-one.” By 
F. M. Rows, (Miss) E. Levin, and A. T. PETErs. 

“A new reaction of certain diazosulphonates derived from f- 
naphthol-1-sulphonic acid. Part VI. Preparation of phthal- 
azine, phthalazone, and phthalimidine derivatives from 2 : 6-di- 
chloro-4-nitroaniline.” By F. M. Rowe and C. Dunbar. 

“A new reaction of certain diazosulphonates derived from f- 
naphthol-1-sulphonic acid. Part VII. Preparation of phthal- 
azine, phthalazone, and phthalimidine derivatives from 2 : 6-di- 
bromo-4-nitroaniline.” By F. M. Rowe and N. H. Witiams. 
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“ Strychnine and brucine. Part XII. The constitution of dinitro. 
strycholearboxylic acid.”” By K. N. Menon and R. Rosmsoy. 

“The cinchona alkaloids and substances related to them. Intro. 
duction and Part I. Some piperidinomethylcarbinol hydro. 
chlorides.”” By (Miss) R. V. Henry and E. E. Turner. 

“The optical resolution of 3 : 5-dinitro-6-«-naphthylbenzoic acid,” 
By (Miss) M. 8S. LEssire and E. E. Turner. 





RESEARCH FUND COMMITTEE. 


A meeting of the Research Fund Committee will be held in June 
next. Applications for grants, to be made on forms obtainable 
from the Assistant Secretary, must be received on or before Monday, 
June Ist, 1931. Applications from Fellows will receive prior con. 
sideration. 

All persons who received grants in June 1930, or in June of any 
previous year, whose accounts have not been declared closed by the 
Council, are reminded that reports must be returned by June Ist. 

Attention is drawn to the fact that the income arising from the 
Donation of the Worshipful Company of Goldsmiths is to be more 
or less especially devoted to the encouragement of research in 


Inorganic and Metallurgical Chemistry, and that the income from 
the Perkin Memorial Fund is to be applied to investigations relating 
to problems connected with the Coal Tar and Allied Industries. 





List of Papers, or Abstracts thereof, received between February 
19th and March 19th, 1931. (This List does not include the 
titles of papers which have been read at an Ordinary Scientific 
Meeting, or which have appeared in the Journal.) 


“Studies in dicyclic systems. Part I. The chemistry of 
8-substituted cis- and trans-hexahydrohydrindenes.” By 
A. KANDIAH. 

** Studies in dicyclic systems. Part II. The influence of cis- and 
trans-hexahydrohydrindene nuclei on the carbon tetrahedral 
angle.” By A. Kanpiau. 

“Optical activity and the polarity of substituent groups. Part 
XVII. J-Menthyl hydrogen naphthalate, its alkali salts and 
methyl ester.” By H. G. Rute and A, McoLzan. 

“‘ Optical activity and the polarity of substituent groups. Part 
XVIII. Influence of polar solvents on the rotatory power of 
methyl /-menthyl naphthalate.” By H. G. Ruxe and A. 
McLEan. 
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te “Explosions in closed cylinders. Part IV. Correlation of flame- 
weg movement and pressure development in methane-air ex- 


plosions.” By W. A. Krrxsy and R. V. WHEELER. 
“ Jonisation in gaseous explosions. Part I. Experimental method. 





Lydro- 




























a a Part II. The relation between ionisation and after-burning.”’ 
By W. A. Kirxsy. 
“Synthetical experiments in the chromone group. Part II. 
Naphthapyrones.” By A.S. BHULLAR and K. VENKATARAMAN. 
“The stereoisomeric 2:3: 5: 6-tetramethylpiperazines. Part II. 
The configuration of the so-called 8-isomeride.” By F. B. 
June KIPPING. 
nable § “Mobileanion tautomerism. Part VI. The activation of the three- 
nday, carbon anionotropic system by polynuclear aryl groups.” By 
con- H. Burton. 
“Studies in the composition of coal. The soluble constituents of 
f any coals and their ‘rank.’” By C. Cockram and R. V. 
y the WHEELER. 
Ist. “The chemistry of alkylcyclopentanones. Part I. Derivatives of 
a the r-3-methyleyclopentanone.” By R. D. Dzsat. 
more § “The use of 2 : 4-dinitrophenylhydrazine as a reagent for carbonyl 
h in compounds.” By O. L. Brapy. 
from § “The nitrosation of phenols. Part XI. The constitution of 
ating 3-chloro-4-nitrosophenol.” By H. H. Hopeson. 
“Dealkylation of phenolic ethers by pyridine and piperidine.” 
By R. 8S. Cann. 
“Higher aliphatic compounds. Part I. The systems ethyl 
uary palmitate-ethyl stearate and hexadecyl alcohol-octadecyl 
the alcohol.” By J. C. Smiru. 
tific J“ Thioquinols.”” By L. A. WaRREN and 8. SMILEs. 
“The reduction products of certain cyclic methylene amines.” By 
_@ J. GRAYMORE. 
By @ ‘The methylurethanes of «-4-methoxy-3-hydroxyphenylethyldi- 
. methylamine and «-3-methoxy-4-hydroxyphenylethyldimethy]- 
and amine and their miotic activities.’ By E. SrepmMan and 
dral (Mrs.) E. STEDMAN. 
“ Polysaccharides. Part VI. Trimethyl cellulose.” By W. N. 
Part Hawokrts, E. L. Hirst, and H. A. THomas. 
and “ Polysaccharides. Part VII. Isolation of octamethy] cellobiose, 
hendecamethyl cellotriose, and a methylated cellodextrin 
Part (cellotetrose?) as crystalline products of the acetolysis of 
r of trimethyl cellulose.” By W. N. Haworts, E. L. Hirst, and 
A H. A. THoMAs. 





“The parachor of tervalent iodine.” By N. V. Smpewick and 
E. D. P. BARKWORTH. 
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“ Triazole compounds.. Part IV. The constitution of the methyl. 
1 : 2 : 3-benztriazole N-oxides and the action of methyl sulphate 
on nitro-l-hydroxy-1 : 2 : 3-benztriazoles.” By O. L. Brapy 
and C. V. REYNOLDs. 

“ The distribution of saturated and unsaturated higher fatty acids 
in mixed synthetic glycol esters.” By R. BHaTTacHaRYAa and 
T. P. Hiprres. 

“Note on the nitration of benzylpiperidine.” By R. Rosinsoy 
and J. S. Wart. 

“The dissociation constants of organic acids. Part III. The 
routine preparation of ‘ equilibrium’ water and of moderate 
grade conductivity water.” By A. I. VoGEL and (in part) 
G. H. JEFFERY. 

“ The structure of glucal.”” By E. L. Hirst and C. 8. Wootvin. 

“The use of arylcearbimides in identifying hydroxylic compounds.” 
By G. T. Moraan and A. E. J. PETTEr. 

“The nitration of brominated 3-hydroxybenzaldehydes and the 
bromination of nitrated 3-hydroxybenzaldehydes with cases 
of group migration.” By H. H. Hopason and E. W. Sirs. 

“‘ Hydroxy-carbonyl compounds. Part I. A synthesis of scopo- 
letin.” By F.S. H. Heap and A. Ropertson. 

“‘ Hydroxy-carbonyl compounds. Part II. The benzoylation of 
ketones derived from phloroglucinol.” By F. W. Canter, 
F. H. Curp, and A. Rospertson. 

“ Hydroxy-carbonyl compounds. Part III. The preparation of 
coumarins and benzo-1:4-pyrones from phloroglucinol and 
resorcinol.” By F. W. Canter, F. H. Curp, and A. RoBERTsoy. 

“Identification of the supposed 3:4-benzphenanthrene.” By 
J. W. Coox. 

“ The reaction between thallic chloride and potassium thiocyanate.” 
By I. K. Tamnt. 

“‘ The estimation of phosphorus in organic compounds.” By W. C. 
Daviess and D. R. Davigs. 

“The solution tension of sodium in solvents other than water.” 
By F. K. V. Koca. 

“ An electrochemical method for the approximate determination of 
the constitution of complexes in solution. Application to some 
complex copper and complex nickel ions.” By F. K. V. Koca. 

“The nitration of 2:4: 6-trimethylbenzaldehyde.” By L. E. 
Hinxket, E. E. Ayurne, and W. H. Moraan. 

“The catalytic production of polynuclear compounds. Part II.” 
By G. R. Ciemo, J. G. Cocksurn, and R. SPENCE. 

“The translation motion of molecules in the adsorbed phase on 
solids.””’ By D. H. Bancuam and N. Fakuoury. 
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thyl- 
phate FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE 
RADY BALLOT WILL BE HELD AT THE ORDINARY 





SCIENTIFIC MEETING ON THURSDAY, MAY 7th, 1931. 


AITKEN, Henry Grisson, Gleneske, West Holmes Gardens, Musselburgh, 
Scotland. British. Teacher of Science (Chemistry). B.Sc. (2nd Class Hons., 
Edin. 1927). Have given many public lectures on popular chemistry, and 
at present am engaged on a study of tautomerism (keto—>enolic). (Signed by) 
James Walker, H. G. Rule, Ernest B. Ludlam. 

BRYANT, STEPHEN ARNOLD, 8, Milwain Avenue, Wingrove, Newcastle- 





acids 
. and 



























The on-Tyne. English. Demonstrator. B.A. (Oxford). (With S. G. P. Plant) 
erate paper on “ The Action of Nitric Acid on Polycyclic Indole Derivatives, Part 
part) [X,” J.C.S., 1931, 93. (Signed by) G. R. Clemo, R. D. Haworth, Richard 

Raper, Grace C. Leitch. 
VIN BUTTERWORTH, ERNEST, Rostherne, Ballymena, Co. Antrim. British. 
i Head of Research Dept. B.Sc. (Hons.) (Vict.), M.Sc. (Tech.) (Vict.). Asst., 
ids. Research Dept., Messrs. Tootal, Broadhurst, Lee Co., Ltd., 1922-27. Head 
of Colloid Dept., The Linen Industry Research Assoc., 1927-30. Research 

the Manager, Messrs. Frazer & Haughton, Ltd., 1930 to date. (Signed by) W. 
ases Honneyman, J. Carroll Culbert, W. H. Gibson. 

TH CHAPMAN, Ceci, “ Arran,’’ Cuckoo Hill Road, Pinner, Middlesex. British. 
pian Chemist (Technical Adviser). F.I.C. ‘‘ Notes on Vertical Retort Tar,” 

Opo- Manchester Tar Conference, 1926, J. Soc. Chem. Ind.; ‘‘ Storage of Sulphate 

of Ammonia,’’ Gas Journal, 1927. (Signed by) R. Leslie Collett, J. Davidson 

n of Pratt, R. Murdin Drake. 

TER CrawLEy, Buick, Dobbin’s Lane, Wendover, Bucks. English. Chemist. 

; M.A. (Oxon.), A.I.C. Formerly natural science scholar of Balliol College, 
Oxford. Research laboratory, Gas Light & Coke Company, since 1929. 

1 of (Signed by) Francis H. Carr, C. N. Hinshelwood, Arthur Smithells. 
and Davies, Guyn Ress, 43, St. Winifred’s Road, Teddington, Middlesex. 
ON. British. Research Chemist. B.Sc. (London), Ph.D. (Birmingham). Papers 

By on Antimonials (with Prof. G. T. Morgan), Proc. Roy. Soc., 1926, A, 110, 

. 623; ibid., 1930, A, 127, 1. ‘‘ Diazo-derivatives of Mesitylene,’”’ J.C.S., 
: 1923, 128, 228 (with G. T. Morgan, F.R.S.). (Signed by) G. T. Morgan, R. 

fe. Taylor, D. D. Pratt. 
Davis, Harry GEoRGE Ernest, Melrose, Hamworthy Junction, Dorset. 

-¢ British. Schoolmaster. Senior Science Master, Poole Grammar School. 

M.A. (Cantab.). (Signed by) H. A. D. Jowett, Sydney Smith, C. S. Gibson. 

o GAWLER, ALEC Epwarp, 12, St. George’s Road, St. Margarets, Middlesex. 

rr. British. Secretary, Magadi Soda Co., Ltd. B.A. (Cambridge). (Signed by) 
L. J. Barley, F. A. Freeth, R. A. Punter. 

. of GoarD, ARTHUR KENNETH, Marlborough College, Wilts. British. School- 
me master. M.A. (Cantab.), Ph.D. (Cantab.). Papers: ‘‘ Measurement of 

Potentials ’’ (Goard and Rideal), Trans. Faraday Soc., XIX. 1924; “* Catalytic 
om. and Induced Reactions ’’ (Goard and Rideal), Proc. Roy. Soc., 1924, A, 105, 





135, and 148. In J.C.S. (see below). Sublector, Trinity College, Cam- 
bridge, 1923-25; Demonstrator, Chemical Laboratories, Cambridge, 1922-25. 







thy At present Head of Science Department, Marlborough College. ‘“* Surface 
Tensions of Aqueous Phenol Solutions’? (Goard and Rideal), Part I, 
J.C.S., 1925, 127, 780; Part II, ibid., 1668; ‘* Negative Adsorption ” 
= (Goard), ibid., 361. (Signed by) T. M. Lowry, Eric K. Rideal, R. G. W. 





Norrish. 
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Hatt, CHARLES RopotPHe, 7, Avenue Road, South Tottenham, N. 15, 
English. Headmaster of St. Ann’s Boys’. School, South Tottenham, N, 15, 
Science Master, St. Ann’s Boys’ School, N. 15, 1904-22. Student of chemical 
science. Am desirous of keeping in touch with modern advances in chemical 
knowledge. (Signed by) George Fowles, George J. Francis, Chas. W. Truelove. 

Kazi, Mornuppin Syep, 112, Gower Street, W.C.1. Indian. Research 
Student (Organic Chemistry), University College, London. B.Sc. (Bombay), 
M.Se. (Osmania University, Hyderabad Deccan). (Signed by) C. K. Ingold, 
R. J. W. Le Févre, 8. Anwar Ullah. 

Lewis, Harry Fietcuer, The Institute of Paper Chemistry, Appleton, 
Wisconsin, U.S.A. American. Professor of Organic Chemistry. B.S., M.S., 
Wesleyan University (Conn.); Ph.D., Illinois University. Colour Investiga. 
tion Laboratory, Washington, D.C., 1917-18; Assoc. Professor of Chemistry, 
University of Maine, 1918-19; Research Chemist, National Aniline and 
Chemical Company, Buffalo, New York, 1919-21; Professor of Chemistry, 
Cornell College (Iowa), 1921-28; Professor of Chemistry, Ohio Wesleyan 
University, 1928-30; Professor of Organic Chemistry, Institute of Paper 
Chemistry, Appleton, Wisconsin, 1930 to date. (Signed by) W. A. Hamor, 
H. T. Clarke, M. L. Crossley. 

McKer, Jonn Locxnart, 11, Atney Road, Putney, S.W. 15. British. 
Research Student. M.Sc. (Queen’s University of Belfast). After the usual 
3 yrs. course, graduated B.Sc. with Ist Class Hons. in Chemistry at Queen’s 
University of Belfast in June 1929, and M.Sc. in June 1930 after 1 year’s 
research at Belfast in organic chemistry. Now researching on the chemical 
constitution of coal under the direction of Prof. W. A. Bone, F.R.S., at 
Imperial College, London. (Signed by) William A. Bone, Frank Bryans, 
L. G. Brett Parsons. 

MANNING, FREDERICK JOHN, Pannal Ash College, Harrogate, Yorks. 
English. Science Master. B.Sc., Hons. Physics, Manchester (Subsidiary 
Chemistry). Teaching chemistry to Open Scholarship Standard. (Signed 
by) Arthur Lapworth, Colin Campbell, G. N. Burkhardt. 

MARSHALL, JOSEPH, 44, Priory Road, W. Bridgford, Notts. British. 
Research Chemist. D.Sc. (Leeds) (1918), F.I.C. (1919). Student at York. 
shire College, 1901-5; Research Student at Munich University, 1905-7; 
Demonstrator in Organic Chemistry, Leeds University, 1907-16; Research 
Chemist, Boots Pure Drug Co., Ltd., Nottingham, 1916 to date. J.C.S., 
1914, 527; 1915, 509; 1925, 2185, and several papers in collaboration with 
others. (Signed by) Frank Lee Pyman, H. B. Holthouse, Robert Forsyth. 

Mites, JoHN BRAMWELL, 9, Lochpark Road, Hawick, Scotland. Scottish. 
Student in Edinburgh Provincial Training College for Teachers. B.Sc., 
Ph.D. (Edin.). 5 Years’ training in chemistry for B.Sc. degree (1922-27); 
24 years’ research experience in organo-physical chemistry (paper below); 
4 months as an Asst. Chemist in The Rowett Research Institute, Bucksburn, 
Aberdeenshire. J.C.S., 1929, 2274 (part). (Signed by) H. G. Rule, James 
Kendall, Ernest B. Ludlam, J. A. V. Butler, Sydney A. Kay. 

PraTER, THomas Haroup, 25, Invicta Road, Margate, Kent. British. 
Chartered Gas Engineer. M.I.GasE. (by Diploma). Thesis published in 
1924-25 Transactions. A.M.I.Chem.E., Member Inst. of Fuel, Member Society 
Chemical Industry, President of London and Southern District Junior Gas 
Association, 1930-31. (Signed by) G. Warburton, Ernest M. Hawkins, Fred 
C. Smith. 

Purse, ALFRED HENRY MARMADUKE, M.B.E., Elm Tree House, Ely Road, 
Llandaff, Cardiff. British, Pharmacist Superintendent, N.H.I. Prescrip- 
tion Establishment (Wales). Pharmaceutical Adviser to Welsh National 
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Memorial Association in connection with Drug Supplies to their Hospitals 























a and Sanatoria. Qualified Pharmacist (London). Late Senior Assistant at 
deal Messrs. Squires (Sir P. W. Squire, Oxford St., Chemist on the establishment of 
bel H.M. the King), where a fair amount of chemico-pharmaceutical research was 
es done and analytical work. Responsible for the compilation of N.H.I. Medical 
me Formulary used by all panel medical practitioners and chemists in Wales and 
ay) Monmouthshire. Chemist to the Committee now compiling the Welsh 
a: National Medical Association Pharmacopeeia for use in their Hospitals and 

’ Sanatoria. Closely associated with Mr. H. J. Evans, B.Sc., F.I.C., F.C.S., in 
=a the scheme for testing medicines supplied to insured persons in Wales and 
Ss ’ Monmouthshire. M.B.E. conferred by H.M. the King last year in recognition 
- of services to Health Insurance (Ministry of Health). (Signed by) H. J. Evans, 
James Smith, C. Durham Garbutt. 

ve READ, STANLEY WALTER, 17, Seldown Lane, Poole, Dorset. English. 
: Research Student (Physical Chemistry). B.Se. (Hons.), A.R.C.S. (Royal 
ro College of Science). (Signed by) James C. Philip, R. H. Purcell, H. L. Riley. 

Ross, KatTHEeRINE Isopet, Halkhed, Berkhamsted, Herts. British. 

a Demonstrator and Assistant Lecturer, Royal Holloway College (in Chemistry). 

‘ B.A., B.Se. (Oxon.). Research on aporphine alkaloids with Dr. J. M. Gulland 
sh (unpublished). (Signed by) T. G. Moore, M. Boyle, J. Masson Gulland. 

ue SEEKINGS, JOHN WALTER, “ Ingleneuk,”’ 17, Holden Road, Beeston, Notts. 
ss British. Wholesale and Export Dept. of Fine Chemical Manufacturers. 
’s Member of Pharmaceutical Society, 1921; for several years associated with 
= British Fine Chemicals, Research Chemicals, Dye Intermediates, etc. 
at Desirous of having access to Society's Library and Publications, thus keeping 
a in touch with latest advances in chemistry. (Signed by) John Wicliffe Peck, 

Charles A. Allgood, Frederick Hayter, G. Baty Scott. 

. Srocks, JosEPH Beswick, Kaladana, Kildwick Road, Crosshills, via 

; Keighley, Yorks. English. Chemist and Pharmacist. M.P.S. (Edinburgh 
>! Branch of Pharmaceutical Soc. of Gt. Britain); Student of Bradford Grammar 

School and Bradford Technical College with Lond. Matric. from former and 
if Inter. B.Sc. course and M.P.S. from latter. Later Analytical Chemist to 

‘i The Yorkshire Sugar Co., Selby. (Signed by) Wilfred H. Linnell, Eric F. 
7, Hersant, Jerry Robertson. 

h Surron, Lestiz Ernest, Lincoln College, Oxford. British. Research 
| Student. B.A., University of Oxford. J.C.S., 1930, pp. 1323, 1461, 1876. 
h (Signed by) N. V. Sidgwick, Robert Robinson, D. Ll. Hammick, T. W. J. 





Taylor. 
Wutson, Rosert Hues, 53, Carlyle Road, Cambridge. British. Research 


Student. B.A., Cambridge. (Signed by) W. H. Milis, F. H. Brain, W. G. 
Palmer. 

WorMwELL, Frank, Tudor Cottage, 18, Elmfield Avenue, Teddington, 
Middlesex. British. Research Chemist. B.Sc., lst Class Hons. Chemistry ; 
M.Se. (Manchester); B.Sc., 2nd Class Hons. Chemistry (London External). 
2 Years’ research at Manchester University. For the past 2 years engaged 
in research on the corrosion of metals at the Chemical Research Laboratory, 
Teddington. Fairbrother and Wormwell, J.C.S., 1928, 1991; Stuart and 
Wormwell, ibid., 1930, 85. (Signed by) Guy D. Bengough, W. H. J. Vernon, 
G. T. Morgan, D. D. Pratt. 











The following Forms of Recommendation for Fellowship have 
been authorised by the Council for presentation to ballot under 


Bye-Law I (2) : 
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CisLak, Francis Epwarp, The Reilly Chemical Company, P.O. Box 433, 
Indianapolis, Ind., U.S.A. American. Research Chemist and Teacher, 
B.S., University of Chicago, 1925; M.S., University of Chicago, 1926; Ph.D., 
North-western University, 1929. ‘‘ Reduction of 2-Nitrofluorene,” Cislak, 
Eastman, and Senior, J.A.C.S., 1927, 49, 2318; ‘‘ Method of Determining 
Arsenic Content of Organic Arsenicals,’’ Cislak and Hamilton, ibid., 1930, 
52, 638; “‘ Some Arsonic Acids of Fluorene and its Derivatives,’’ Cislak and 
Hamilton, ibid., 58, Jan. or Feb. (1931) (to be published). Director of 
Organic Research Division, The Reilly Chemical Co., Indianapolis, Ind, 
U.S.A. Lecturer in Chemistry, Butler University, Indianapolis, Ind., U.S.A, 
(Signed by) Jocelyn Thorpe. 

GERMUTH, FREDERICK GEORGE, 117, Third Avenue, Lansdowne, Mary. 
land, U.S.A. American. Research Chemist. Head, Division of Research, 
Municipal Bureau of Standards. City of Baltimore. Blue Ridge College, 
1914, B.Se. in Chemistry. Johns Hopkins University, 1921-23. University 
of Maryland, 1924-25 (equivalent to Ph.D.). Author of 35 published re. 
searches in medicinal, biological, organic, and analytical chemistry, appearing 
in Ind. Eng. Chem., J.A.C.S., J. Amer. Pharm. Assoc., Indian Med. Gaz., 
Amer. J. Pharm., etc. (1925 to date). Abstractor: Chemical Abstracts and 
Biological Abstracts. Consulting Chemist. Member, American Chem. Soc., 
A.A.A.S., Maryland Academy of Sciences, Franklin Institute of Pennsylvania. 
Original investigations on hematoporphyrin production induced by hypnotics 
of the sulfone series (Amer. J. Pharm., J. Amer. Pharm. Assoc.). Honorary 
Member, American International Academy. (Signed by) Maximilian Toch, 
H. V. Arny. 

Rosin, JosEepH, c/o Merck & Co., Inc., Rahway, N.J., U.S.A. American. 
Chemist. B.S., Ch., University of Pennsylvania; M.Ph., Philadelphia 
College of Pharmacy and Science (Honorary). Have been Chief Chemist, 
Powers-Weightman-Rosengarten Co., Manufacturing Chemists, Philadelphia. 
Now Chemical Director and Vice-President of Merck & Co., Inc., Rahway, 
N.J. Author of a paper on “‘ The Determination of Phosphoric Acid,” Journ. 
Amer. Chem. Soc., July 1911, p. 1099. Also published several papers on other 
analytical subjects in the Journ. Amer. Pharm. Assoc. Co-author (with 
Dr. W. Schnellbach) of two papers on Solubility of U.S.P. Chemicals, pub- 
lished in the Journ. Amer. Pharm. Assoc., Vol. 18, pp. 762-71 (August 1929), 
ibid., pp. 1230-35 (December 1929). (Signed by) H. V. Arny. 

Sarp, Hitmr Isaac, Abbassieh Govt. Secondary School, Alexandria, Egypt. 
Egyptian. Teacher of Chemistry, Abbassieh Govt. Sec. School, Alexandria. 
B.Sc. with Honours (Chemistry), Bristol, England. I want to keep in touch 
with the progress of Chemistry. (Signed by) A. K. Wahbi, A. H. Ahmad. 

Sas, FimEL-EnRIQUE Ravric#, Madrid, Lagasca-97, entr. drcha. Spanish. 
Professor Analyt. Chemistry. Dr. of Pharmacy (Faculty of Madrid, 1919). 
Lecturer of Inorganic Chemistry, 1919-1925 (Faculty of Pharmacy, Barcelona). 
Professor of Analyt. Chemistry, 1925-1928 (Faculty of Pharmacy, Santiago 
de Compostela). Chemist of the ‘‘ Instituto Técnico de Comprobacidén,” 
Madrid. Assistant of Inorganic Chemistry, 1931 (Faculty of Pharmacy, 
Madrid). Has published seven papers on Analysis of Medicaments from 
1924 to date, in An. Soc. esp. Fisico y Quimica. (Signed by) E. Moles. 

SoMMELET, Marcet, 4, Avenue de l’Observatoire, Paris, VIe. Francais. 
Professeur & la Faculté de Pharmacie; Docteur-és-Sciences (Paris); Phar- 
macien. Nombreuses publications aux Comptes Rendus de |’Académie des 
Sciences de Paris et au Bulletin de la Société chimique de France. (Signed 


by) Jocelyn Thorpe, C. S. Gibson. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 


Bark, Guy. A monograph of viscometry. London 1931. 
pp. xiv + 318. ill. 30s. net. (Recd. 26/2/31.) 
From the Publisher : Mr. Humphrey Milford. 
BranDAo, Atvaro Soares. Trabalhos praticos de chimica. 
§. Paulo (1930). pp. 314. ill. (Reed. 17/3/31.) 
From the Author. 
GILDEMEISTER, Epvuarp, and HorrMann, Friepricu. Die 
itherischen Ole. 3rd edition. Vol. III and Register. Miltitz bei 
leipzig 1931. pp. xxxii-+ 1072. 124. ill. (Reed. 19/2/31.) 
From the Publishers : Herren Schimmel & Co. 
[Hopkin & Wuutams, Lrp.] Analytical reagents, standards 
and tests. London 1931. pp. xii+ 135. ill. (Reference.) 
From Messrs. Baird & Tatlock. 
Mutter, Ericu. A laboratory manual of electrochemistry. 
Translated from the 4th edition by Harry JoHANN THOMAS ELLING- 
HAM. London 1931. pp. xiv + 363. ill. 15s. net. (Reed. 
13/3/31.) From the Publishers: Messrs. George Routledge & Sons. 
OnsLow, MurreL WHELDALE. The principles of plant bio- 
chemistry. Part I. Cambridge 1931. pp. viii + 326. ill. 16s. 
net. (Reed. 2/3/31.) 
From the Syndics of the Cambridge University Press. 
SIMONSEN, JoHN LionEL. The terpenes. Vol. 1. The simpler 
acyclic and monocyclic terpenes and their derivatives. Cambridge 
1931. pp. xvi--+ 420. 25s. net. (Recd. 17/3/31.) 
From the Syndics of the Cambridge University Press. 
VocEL, Hans, and Grore, ALFRED. Tabellen der Zucker und 
ihrer Derivate. Berlin1931. pp. xii + 663. (Reference.) M.120. 
From Professor W. N. Haworth, F.R.S. 
Witson, Wi11am. Theoretical physics. Vol. I. Mechanics 
and heat. Newton-Carnot. London 1931. pp. x +332. ill. 
21s. net. (Reed. 9/3/31.) 
From the Publishers: Messrs. Methuen & Co. 


II. By Purchase. 


Breckurts, HernricH. Die Methoden der Massanalyse. 2nd 
edition. Edited by Ricnarp Brre and Ricwarp DIETZEL. 
Braunschweig 1931. pp. x + 730. ill. M. 56. (Recd. 19/3/31.) 

Borestrom, Parry, Bost, R. W., and Brown, D. F. Biblio- 
graphy of organic sulfur compounds (1871—1929). pp. vi + 187. 
(Reference.) 18s. net. 
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CHEMISCH-TECHNISCHE REICHSANSTALT. Jahresbericht Vil, 
1929, etc. Berlin 1930 +. (Reference.) 

Euis, CARLETON. Hydrogenation of organic substances jin. 
cluding fats and fuels. 3rd edition. New York 1930. pp. xxiv + 
986. ill. 70s. net. (Recd. 19/3/31.) 

Feiet, Fritz. Qualitative Analyse mit Hilfe von Tiipfel. 
reaktionen. Theoretische Grundlagen und praktische Ausfiihrung. 
Leipzig 1931. pp. xii + 387. ill. M.28. (Recd. 2/3/31.) 

FInDLay, ALEXANDER. Practical physical chemistry. 5th edition. 
London 1931. pp. xii+ 312. ill. 7s. 6d. net. (Recd. 24/2/31.) 

FRIEND, JoHN Newton. A text-book of inorganic chemistry. 
Vol. VII. Part ii. Sulphur, selenium and tellurium. By Rexce 
HENRY VALLANCE, Doveias FRANK Twiss, and ANNIE Roperts 
Russett. London 1931. pp. xxviii + 420. ill. 25s. net. (Two 
copies. ) 

Hewier, Gustav. Uber Isatin, Isatyd, Dioxindol und Indo. 
phenin. (Sammlung, New Series. Vol. I.) Stuttgart 1931. pp. 
173. (Reference.) 

Houitz, JoHN CroMwELL. The origin and decomposition of 
organic sulfur compounds under gas making conditions with 
particular reference to the role of the carbon-sulfur complex. 
Baltimore 1930. pp. iv + 83. ill. 48. 6d. net. (Recd. 9/3/31.). 

Merzcer, Hans. Starrpunkt und Viskositat bituminéser Stoffe. 
Halle (Saale) 1930. pp. viii+ 59. ill. W.7. (Reed. 5/3/31.) 

PrraNnI, MaRcELLO von. [Editor.] Elektrothermie. Die elek- 
trische Erzeugung und technische Verwendung hoher Temperaturen. 
Berlin 1930. pp. viii + 293. ill. M. 36. (Recd. 19/3/31.) 

PLUckER, WILHELM. Tabellen- und Rechenbuch fiir Nahrungs- 
mittelchemiker. Berlin 1931. pp. iv +231. M. 22. (Reed. 
19/3/31.) 

Untersuchung der Nahrungs- und Genussmittel. Allge- 
meine Methoden. Berlin 1931. pp. xii +- 1046. ill, M. 59. 
(Reed. 19/3/31.) 

Rrecue, ALFRED. Alkylperoxyde und Ozonide. Studien iiber 
peroxydischen Sauerstoff. Dresden 1931. pp. viii + 172. ill. 
M.10. (Reed. 2/3/31.) 

STERNER-RatnER, Lupwic. Die Edelmetall-Legierungen in 
Industrie und Gewerbe. Leipzig 1930. pp. 154. ill. M. 8-75. 
(Reed. 2/3/31.) 








PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


ANNIVERSARY DINNER. 


The Anniversary Dinner was held in the Grand Hall of the Hotel 
Victoria, Northumberland Avenue, W.C. 2, on Thursday, March 
26th, 1931, at 7.30 p.m. The President, Professor G. G. Henderson, 
M.A., D.Sc., F.R.S., was in the Chair, and the company numbered 
212. The foreign guests present were Professor J. A. de Artigas 
(Presidente of the Federacién Espajiola de Sociedades Quimica), 
Professor Einar Biilman (President, Union Internationale de 
Chimie), Professor Ernst Cohen (Utrecht University), Professor M. 
Delépine (Président, La Société Chimique de France), and Professor 
F. Swarts (Ghent University). Among other guests present were 
the Rt. Hon. Lord Blanesburgh, G.B.E., Mr. J. H. Nelson-Curtis 
(Prime Warden, The Dyers Company), Dr. E. F. Armstrong (Chair- 
man, The Association of British Chemical Manufacturers), Mr. 
W. A. S. Calder (President, The Institution of Chemical Engineers), 
Lt.-Col. E. Kitson Clark (President, The Institution of Mechanical 
Engineers), Dr. G. C. Clayton (President, The Institute of Chemistry), 
Dr. J. T. Dunn (President, The Society of Public Analysts), Dr. 
A. E. Dunstan (President, The Institution of Petroleum Techno- 
logists), Mr. Cyril Eastman (President, The Society of Dyers and 
Colourists), Mr. Percy Gates (President, The Institute of Brewing), 
Mr. Noel Heaton (President, Oil and Colour Chemists’ Association), 
Dr. T. A. Henry (Chairman of Executive Committee, Biochemical 
Society), Professor J. G. Lawn (President, The Institution of Mining 
and Metallurgy), Dr. H. Levinstein (Chairman of Council, The Society 
of Chemical Industry), Mr. Eric Macfadyen (President, The 
Institution of the Rubber Industry), Sir David Milne-Watson 
(President, The Institute of Fuel), Mr. H. Eustace Mitton (President, 
The Institution of Mining Engineers), Sir William J. Pope, F.R.S. 
(President, The Federal Council for Chemistry), and Dr. R. Seligman 
(President, The Institute of Metals). 
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The followirg Toasts were proposed : 

1. The King. 

2. The Queen, The Prince of Wales, and the other Members of 
the Royal Family. 

By the Right Honourable Lord Blanesburgh, G.B.E. 


3. “The Chemical Society,” coupled with the name of the 
President. . 
By Sir William J. Pope, K.B.E., D.Sc., F.R.S., Past-President, 


4. “ The Guests,” coupled. with the names of : 
(a) Professor Dr. Ernst Cohen, For.Mem.R.8. 
(6) Professor Marcel Delépine, Président, La Société Chimique 
de France. 
(c) W. A. 8. Calder, Esq., F.I.C., President of the Institution of 
Chemical Engineers. 
Professor J.-A. de Artigas, Presidente of the Federacién Espafiola 
de Sociedades Quimica, also spoke at the invitation of the President. 





Ordinary Scientific Meeting, Thursday, May 7th, 1931, at 8 p.m., 
Professor JamMEs C, Puiurp, O.B.E., D.Sc., F.R.S., in the Chair. 


The CHAIRMAN referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected. Died. 
Thomas Vipond Barker Dec. 3rd, 1993. April 15th, 1931. 
Rowland Lewis Goold June 15th, 1911. April 23rd, 1931. 
Thornton Charles Lamb Dec. 15th, 1892. Mar. 21st, 1931. 
Robert Law Feb. 6th, 1890. July 22nd, 1930. 
John Albert Miller Dec. Ist, 1887. Jan. 13th, 1931. 
Henry William Potts Dec. 3rd, 1896. Feb. 10th, 1931. 
Thomas Rigby Dec, 7th, 1905. July 15th, 1929. 
Thomas Harrison Winstanley... May 15th, 1913. June 22nd, 1930. 
Lewis Thompson Wright Feb. 21st, 1878. April 29th, 1931. 


It was announced that the Second International Congress of the 
History of Science and Technology would be held from June 29th 
to July 3rd, 1931, and that the Headquarters would be at the 
Science Museum, South Kensington, 8.W.7. The present Congress 
will comprise morning sessions for papers and discussions, which 
will centre round the three following themes : 


1. The sciences as an integral part of general historical study. 

2. Historical and contemporary inter-relationship of the physical 
and biological sciences. 

3. Inter-dependence of pure and applied science. 
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Visits to places of historical and scientific interest will be arranged 
for the afternoons, and receptions will be held during the evenings. 
Full particulars can be obtained from the Hon. Secretary iat 
Headquarters. 

Dr. L. Hunter and Dr. R. G. W. Norrish were elected Scrutators, 
and a ballot forthe election of Honorary Fellows was held. The 


following were declared elected : 


Geh. Reg.-Rat. Professor Dr. Fritz 
Haber (Berlin). 
Professor Marcel Delépine (Paris). 


Professor Joji Sakurai (Tokio). 
Professor Fréd. Swarts (Ghent). 


A ballot for the election of Fellows was also held, and the 


following were declared elected : 


Henry Gibson Aitken, B.Sc. 

Stephen Arnold Bryant, B.A. 

Ernest Butterworth, 
M.Se.Tech, 

Cecil Chapman, F.I.C. 

Francis Edward Cislak, M.S., Ph.D. 

Blick Crawley, M.A., A.I.C. 

Glyn Rees Davies, B.Sc., Ph.D. 

Harry George Ernest Davis, M.A. 

Alec Edward Gawler, B.A. 

Frederick George Germuth, B.Sc. 

Arthur Kenneth Goard, M.A., Ph.D. 

Charles Rodolphe Hall. 

Moinuddin Syed Kazi, M.Sc. 

Harry Fletcher Lewis, M.S., Ph.D. 

John Lockhart. McKee, M.Sc. 

Frederick John Manning, B.Sc. 

Joseph Marshall, D.Sc., F.1.C. 


B.Se., 


John Bramwell Miles, B.Sc., Ph.D. 

Thomas Harold Prater, M.I.Gas.E., 
A.M.1I.Chem.E. 

Alfred Henry Marmaduke 
M.B.E. 

Stanley Walter Read, B.Sc., A.R.C.S. 

Joseph Rosin, B.S.Ch., M.Ph. 

Katherine Isobel Ross, B.A., B.Sc. 

Hilmi Isaac Said, B.Se. 

Fidel-Enrique Raurich Sas, 
Dr.Pharm. 

John Walter Seekings. 

Marcel Sommelet, D.-és-Sc. 

Joseph Beswick Stocks. 

Leslie Ernest Sutton, B.A. 

Robert Hugh Wilson, B.A. 

Frank Wormwell, M.Sc. 


Purse, 


Forms of Recommendation for Fellowship were read for the first 


time in favour of : 


Tinkari Basu, B.Sc., 28, Shampukur Street, Calcutta, India. 

Edward Alexander Robert Bousfield, B.Sc., A.I.C., 131, Bedford Hill, S.W. 12. 
Suresh Chandra Das Gupta, B.Sc., 32, Sukea Street, Calcutta, India. 
Rowland Nicholas Johnson, M.Sc., 9, Lansdowne Road, Croydon. 

Sakujiro Kimura, 41, Nozato Shimokatsura, Katzura Mura, near Kyoto, 


Japan. 


Sir David Milne-Watson, M.A., LL.D., D.L., 73, Eccleston Square, S.W. 1. 
John Stanley White, M.R.C.S., L.R.C.P., 50, Beak Street, Regent Street, W. 1. 


The foliowing papers were read : 


“Orientation effects in the diphenyl series. 


Part IX. The 


nitration of 4-chloro-4’-fluoro- and 4-bromo-4’-fluorodiphenyl.” 
By (Miss) E. E. J. Mancer and E. E. TURNER. 
“ Influence of poles and polar linkings on tautomerism in the simple 


three-carbon system. Part II. 


Prototropy in bis-quaternary 





40 


ay-propenylene-diammonium salts.” By C. K. INGoxp and 
E. Roruster. 

“The photodecomposition of ozone in presence of chlorine.” By 
A. J. ALLMAND and J. W. T. Spryxs. 

“* The effect of intensive drying on the rate of distillation and on the 
vapour pressure of ethyl bromide.” By J. W. Smira. 





Ordinary Scientific Meeting, Thursday, May 21st, 1931, at 8 p.m., 
Professor G. G. HenpERsoN, M.A., D.Sc., F.R.S., President, in the 


Chair. 


The PRrEsIDENT referred to the loss sustained by the Society, 
through death, of the following Fellows :— 


Elected. Died. 
Charles Alfred Allgood June 20th, 1929. May 4th. 
John Cavendish Molson Feb. 16th, 1899. May 15th. 


It was announced that : 
1. The following Committees for 1930-1931 had been appointed 
by the Council : 


Finance Committee: E. 8. Mond, G. T. Moody, J. C. Philip, 
R. H. Pickard, F. L. Pyman, W. Rintoul, J. F. Thorpe, and the 
Officers (Treasurer as Chairman), with the Assistant Secretary as 
Secretary. 

House Committee: A. J. Allmand, H. McCombie, Sir William J. 
Pope, Sir Robert Robertson, R. Robinson, J. F. Thorpe, and the 
Officers, with the Assistant Secretary as Secretary. 

Library Committee: T. A. Henry (Chairman), J. J. Fox, C. K. 
Ingold, S. W. Smith, J. F. Spencer, H. Terrey, and the Officers, 
together with representatives of contributing Societies, with the 
Librarian as Secretary. 

Publication Committee : J.C. Philip (Chairman), G. M. Bennett, 
H. V. A. Briscoe, H. M. Dawson, H. W. Dudley, A. C. G. Egerton, 
A. J. Greenaway, W. E Garner, W. N. Haworth, I. M. Heilbron, 
J. T. Hewitt, C. N. Hinshelwood, C. K. Ingold, J. Kenyon, H. King, 
W. H. Mills, J. R. Partington, E. K. Rideal, R. Robinson, F. M. 
Rowe, J. L. Simonsen, 8S. Smiles, 8. Sugden, and the Officers, with 
the Editor as Secretary. 

Research Fund Commitiee: A. J. Allmand, J. E. Coates, W. N. 
Haworth, I. M. Heilbron, C. K. Ingold, A. Lapworth, T. M. Lowry, 
Sir Robert Robertson, R. Robinson, and the Officers, with the 
Assistant Secretary as Secretary. 
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2. The Council of the Institute of Fuel will hold on Wednesday, 
October 7th, 1931, at 7 p.m., a joint meeting of all those Technical 
Societies to which the subject of low-temperature carbonisation 
and hydrogenation of coal is of interest. 

The meeting will be held in the Lecture Theatre of the Institution 
of Electrical Engineers (Savoy Place, Victoria Embankment, 
W.C. 2), Sir David Milne-Watson, LL.D., D.L. (President), being 
in the Chair. A paper dealing with the present position and future 
prospects of the conversion of coal into oil and smokeless fuel will 
be presented by Dr. W. R. Ormandy and opened for discussion. 

Advance copies of papers to be read will probably be available 
14 days before the meeting, and those Fellows desiring to attend 
the meeting and to receive advance copies of papers are requested 
to notify the Assistant Secretary, the Chemical Society, Burlington 
House, Piccadilly, W. 1, on or before Monday, September 14th. 


Forms of recommendation for Fellowship were read for the first 
time in favour of : 


Jack Pollard, 1, Brunel Street, Burnley, Lancs. 
Harold Wheeler, 31, Burghley Road, Hornsey, N. 8. 


The following forms of recommendation have been authorised by 
the Council for presentation to Ballot under Bye-Law I (2) : 


Oliver Kamm, M.S., Ph.D., 571, Washington Road, Grasse Pointe, Mich., 
U.S.A. 

Bijan Kumar Sen, M.Sc., 61, Lyons Range, Calcutta. 

Maurice Craig. Taylor, B.S., c/o The Mathieson Alkali Works, Inc., Niagara 
Falls, N.Y., U.S.A. 


The following papers were read : 


“ Stereoisomerism of disulphoxides and related substances. Part 
VII. Some further pairs of isomeric dioxides.” By G. M. 
BENNETT and F. 8. StarHam. 

“ Stereoisomerism of disulphoxides and related substances. Part 
VIII. Isomeric tetrabromides of a disulphide.” By G. M. 
BENNETT? and F. 8. StatrHam. 

“Studies in the penthian series. Part IV. The four stereoiso- 
meric oxides of benzoylaminobenzpenthiene.” By G. M. 
BENNETT and W. B. WappINeToN. 

“ Derivatives of the aliphatic glycols. Part III. Chlorohydrins 
of some higher glycols.” By G. M. Bennett and A. N. 
MossEs. 

“ The influence of the sulphur atom on the reactivity of adjacent 
atoms or groups. Part V. Comparative reactivities of nine 
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homologous phenyl w-hydroxyalkyl sulphides with hydro. 
bromic acid.””’ By G. M. BENNETT and A. N. Mossgs. 

“ Studies in complex salts. Part IV. The effect of alkyl sub. 
stitution on the tendency of the aminoacetate ion to co-ordinate 
with copper.” By H. L. Riwey and V. GALLAFENT. 

“‘ The electrolytic dissociation of transitional metal salts. Part I. 
Copper, zine, and nickel malonates.”” By D. J. G. Ivzs and 
H. L. Rivey. 





List of Papers, or Abstracts thereof, received between March 
19th and May 21st, 1931. (This List does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal.) 


*“‘ An approximate determination of the molecular depression of the 
freezing point for bromyl chloride; a note on the recorded 
values of the same constant for camphor.” By R. J. W. Lz 
Fivre and W. H. A. WEsB. 

“Metallic hydroxy-acid complexes. Part VI. Complexes of 
tartaric acid with trivalent metals.” By E. E. Wark and 
I. W. Wark. 

“The preparation and some properties of nickelous oxide.” By 
M. Prasap and M. G. TENDULKAR. 

“The action of sulphuric acid on nickel-copper matte.” By M. 
PrasapD and M. G. TENDULKAR. 

“* The rearrangement of the alkylanilines. PartIV. The formation 
of olefins from the alkylaniline hydrobromides.” By W. J. 
HicKINBorTtom and S. E. A. RyDErR. 

“Nitrous acid as a nitrating agent. Part III. The so-called 
8-3 : 4-dinitrodimethylaniline.’” By H. H. Hopeson and 
E. W. Smita. 

“ The nuclear alkylation of aromatic bases. Part I. The action of 
methyl alcohol on the hydrochlorides of ortho- and para- 
toluidine, mesidine, and dimethyl-mesidine.” By D. H. Hey. 

“Styrylpyrylium salts. Part XIII.. The reactivity of methyl 
8-phenylethyl and methyl y-phenylpropyl ketones.” By 
I. M. Herpron, R. N. Hestop, F. Irvine, and J. S. Wirson. 

“Synthesis of alkyl naphthalenes. Part III. 1:6: 7-Trimethyl- 
naphthalene.” By D. G. WILKINson. 

“The structure of carbohydrates and their optical rotatory power. 
Part VI. 4-Glucosido-mannose and its methylated deriv- 
atives.” By W. N. Hawortna, E. L,. Hirst, and H. R. L. 
STREIGHT. 
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“The structure of carbohydrates and their optical rotatory power. 
Part VII. 4-Galactoside-mannose and its methylated deriv- 
atives.” By W. N. Haworrs, E. L. Hirst, and M. M. T. 
PLANT. 

“Polysaccharides. Part VIII. Evidence of continuous chains of 
a-glucopyranose units in starch and glycogen.” By W. N. 
Haworts and E. G. V. PERCIVAL. 

“Complex acid tungstates.”” By R. H. VALLANCE. 

“ Universal buffer mixtures and the dissociation constant of veronal.” 
By H. T. 8. Brrrron and R. A. ARMSTRONG. 

“The electrical energy of dipole molecules in solution, and the 
solubilities of ammonia, hydrogen, chloride, and hydrogen 
sulphide in various solvents.” By R. P. BELL. 

“ Physico-chemical studies of complex acids. Part VI. The 
precipitation of molybdates.” By H. T. 8. Brrrron and W. L. 
GERMAN. 

“The homogeneity of methylene iodide.” By A. N. CAMPBELL. 

“Nicotine. Freezing-point, solubility, and salt addition com- 
pounds.” By H. Barron and W. H. PATTERSON. 

“Organic derivatives of silicon. Part XLIV. The formation of 
trichlorosilicane or of silicon dichloride from phenylsilicon tri- 
chloride.” By F. S. Kiprrnc, J. C. Biacksury, and J. F. 
SHORT. 

“The condensation of «-formylphenyl-acetonitriles with phenols.” 
By I. C. Bapuar, W. Baker, B. K. Menon, and K. VsEn- 
KATARAMAN. 

“ Aromatic arsenic compounds containing sulphur groups attached 
to the nucleus. Part III. 3:3’-diamino-4: 4’-dithiolarseno- 
benzene, the thiol analogue of salvarsan.” By H. J. BARBER. 

“ Sorption of ammonia on chabazite.” By M. G, Evans. 

“Synthesis of substances analogous to bile acid degradation pro- 
ducts. Part I. Preliminary investigation of methods of 
attachment of carboxylated side-chains to the cyclopentane 
nucleus.”” By J. W. Baker. 

“The distribution of ammonia between chloroform and water at 
25°C.” By V. J. OcciEsHaw. 

“Organic antimonial compounds. Part III.” By (Miss) M. E. 
BrInnanp, W. J. C. Dyxz, and W. J. Jonzs. 

“Studies of the glucosides. Part IV. Aesculin.” By A. K. 
MAcBETH. 

“ The stability of organic molecular compounds.” By T.S. Moors, 
(Miss) F. SHEPHERD, and (Miss) E. GooDAL. 

“The solubility of sodium fluosilicate in aqueous sodium sulphate 

solutions and the activity coefficients of sodium fluosilicate and 
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the fluosilicate ion.” By (Miss) A. G. Rees and L. J, 
HUDLESTON. 

“* Cyclic esters of sulphuric acid. Part I. The reactions of methyl. 
ene sulphate.” By W. BakeEr. 

“ The hydrolysis of aryl thioarsinites.” By H. J. BARBER. 

“Co-ordination compounds of phosphorus and antimony penta- 
chlorides.” By J. H. Hurron and H. W. WEss. 

“The structure of diisoeugenol.”” By R. D. Haworrs and C. R. 
Mavin. 

“‘ Constitutional studies in the monocarboxylic acids derived from 
sugars. Part V. Hexonic and pentonic acid amides. The 
action of sodium hypochlorite on the isomeric trimethy] 
arabonamides. *By R. W. Humpureys, J. Prype, and E. T. 
WATERS. 

“| : 4-isoPropyl-A?-cyclohexenone.” By R.S. Cann, A. R. Pen. 
FOLD, and J. L. SIMONSEN. 

“The constitution of the sulphates of molybdenum.” By H. 
SAENGER and W. WaARDLAW. 

** Studies in electro-endosmosis. Part V. The electro-endosmosis 
and surface conductivity against a glass surface of solutions of 
hydrogen chloride in benzene and other solvents.” By F. 
FAITRBROTHER and M. BALKIN. 

“The intermediate compound theory of heterogeneous catalysis. 
An attempt at a quantitative investigation of the range of 
validity of this theory for the reaction 2H,+-O, —> 2H,0 on 
a copper catalyst.” By F. J. WiLKuns and S. H. Bastow. 

“The oxidation of n-methylhydroxylamine by iodine.” By O. L. 
Brapy and Miss M. D. Porter. 

“‘ The sulphides and selenides of rhenium.” By H. V. A. Briscoz, 
P. L. Rosryson, and E. M. Stopparr. 

“Some reactions of ortho-derivatives of aldehydes and ketones.” 
By W. Cocker, A. Lapworts, and A. T. PETERs. 

“* Experiments on the synthetic preparation and isolation of some of 
the simpler amino-acids.” By W. Cocker and A, Lapwortu. 

“Reactions of w-substituted acetophenone derivatives. Part I. 
The action of acetyl nitrate on w-halogeno-n-nitroaceto- 
phenones.” By J. W. BAKER. 

** Bases derived from some substituted propenylbenzenes, with a 
note on the preparation of pure methylamine.” By T. M. 
SHarr and W. SoLomon. 

** A simple method of conductometric titration.” By W. N. Raz. 

“ Conductivity titrations.” By W. N. Raz. 

“The kinetics of the oxidation of hydrogen sulphide. Part I.” 
By H. W. THomeson and N. 8. KEeLianp. 
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‘The absorption spectra of phenanthripyridine alkaloids.”” By A. 
GIRARDET. 

“A new synthesis of dl-pilopic acid.” By K. N. WEtcuH. 

“The condensation of dichloroacetaldehyde with p-hydroxy- 
benzoic acid.” By F. D. Carraway and L. H. FaRInHOLT. 

“The chemistry of the three-carbon system. Part XXVI. Some 
substituted acrylic acids.” By G. A. R. Kon, E. Leton, R. P. 
LansTEAD, and L. G. B. Parsons. 

“The melting points and heats of crystallisation of the normal long- 
chain hydrocarbons.” By W. E. Garner, (Miss) K. Van 
BrsBeEr, and (Miss) A. M. Kine. 

“ eycloHexane-spiro-cyclobutanone.” By G. A. R. Kon. 
“Experiments on the synthesis of isoquinoline derivatives. Part 
I.” By G. 8. Antuwan, K. S. Narana, and J. N. Ray. 
“Optical activity and the polarity of substituent groups. Part 
XVIII. J-Menthyl and d-8-octyl esters of picolinic, quin- 
aldinic, nicotinic, and cinchoninic acids.” By H. G. RULE, 

J. B. Mizzs, G. Smrrn, and (Miss) M. M. BaRrnerr. 

“Optical activity and the polarity of substituent groups. Part 
XIX. J-Menthyl esters of benzenesulphonic acids, and of 
benzoic acids with sulphur-containing o-substituents.” By 
H. G. Rue and G. Sirs. 

“Syntheses of cyclic compounds. Part IX. The reduction of 
ethyl 3-methylcyclopentylidene-l-cyanoacetate with moist 
aluminium amalgam and its bearing upon the configuration 
of the 3-methylcyclopentane ring.” By A. I. VoGEL. 

“Studies in stereochemical structure. Part III. Glycols derived 
from D(—)mandelic acid.” By R. Rocrr and W. B. McKay. 

“The structures of the oxalates of sexavalent molybdenum.” By 
H. M. Sprrrte and W. WarpDLaw. 

“Caesium tetrabromide.” By W. N. Raz. 

“The synthesis and orientation of trichloranthraquinones and 
«.uino-disulphonates of anthraquinone. Part I.” By A. A. 
GOLDBERG. 

“ The constitution and synthesis of embelic acid (embelin), the active 
principle of embelia ribes.” By K.H. Hasan and E. STEDMAN. 

“Qxidation by permanganate of an unsaturated substance, cin- 
namic acid.” By E. M. Stopparrt. 

“The condensation of dichloroacetaldehyde with anisic acid and 
with p-nitroanisole.” By F. D. Cuatraway and L. H. 
FARINHOLT. 

“Studies in the coumarin series. Part II. The conversion of 

sahstituted coumarins into benzopyrylium salts.” By I. M. 

Hersron, D. W. Hit, and H. N. WALLs. 
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““A sensitive colour reaction for quinones.’’ By R, Craven, 

“2:4: 6-Trichlorophenylhydrazine.” By F. D. Caarraway and 
H. Irvine. 

“Sensitive direct-reading mercury manometer.” By H. W. 
MELVILLE. 

“ Adsorption of nitrogen by condensed atomic platinum.” By 
S. H. Bastow. 

“ Substituted aromatic aldehydes in Hantzsch’s pyridine condens. 
ation. PartII. Methyl- and nitro-benzaldehydes.” By L. E. 
HinkgEx, E. E. Ayiinea, and W. H. Moreayn. 

“New derivatives of p-arsanilic acid. Part II. -Arsonomalon. 
anilic acid and related compounds.” By G. T. Mora@an and 
E. Watton. 

“A study of the polyhalides. Part I, Methods of preparation.” 
By H. W. Cremzr and D. R. Dunoan. 

“The direct formation of quinones from 2 : 6-disubstituted deriv- 
atives of 4-nitrophenol.” By E. C. S. Jonzs and J. Kenner. 

“ Natural glucosides. Part III. The position of the biose residue 
in hesperidin.” By F. E. Kine and A. Ropurtson. 

“Natural glucosides. Part IV. The constitution of euxanthic 
acid,” By A. Ropmurtson and R. B. Warzrs. 

“A note on the conversion of 7-hydroxy-3 : 4-dimethylcoumarin 

into 2 : 4-dimethoxy-«$-dimethylcinnamic acid.” By F. W. 

CANTER and A. RoBERTSON. 





FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE 
BALLOT WILL BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, JUNE 4th, 1931. 


Basu, Trnxkart, 28, Shampukur Street, Calcutta, India. Hindu: Assistant 
Chemist, Industrial Research Laboratory Department of Industries, Bengal. 
B.Sc., University of Calcutta, 1917. Carried out and published in collaboration 
with Dr. R. L. Datta, D.Sc., F.R.S.E. researches in Applied Chemistry, viz. 
on the bleaching of the splints of Hxcecaria Agallocha, the preparation of a 
solution containing phosphoric acid directly from bone ash for impregnation of 
match splints, and on the oils of Calophyllum Inophyllum, Amoora Rohituka, 
Melia Azadirachta, and Pongamia Glabra as raw materials for soap’ manu- 
facture. All the researches have been printed by the Government of Bengal 
as Bulletins of the Department of Industries. [Bulletins Nos. 18, 27, 43, 
46-48]. Also joint author with Dr. Datta of a Monograph on Shellac Manu- 
facture. [Vide Imperial Institute Bulletin (No. 1 of 1929), Vol. XXVII, 
Abstract, pp. 112-14.] (Signed by) J. N. Mukherjee, P. C. Ray, J. C. Bardhan. 

BovUsFIELD, EDWARD ALEXANDER RoBERT, 131, Bedford Hill, S.W. 12. 
British. Consulting Analytical and Research Chemist. B.Sc. London (Birk- 
beck College). Associate of Institute of -Chemistry. Works Chemist to 
Milton Proprietary, Ltd., since August 1919, to present day, and practising 
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privately as Consultant Chemist at above address. (Signed by) W. R. Bous- 
field, Arthur S. Carlos, S. Sugden. 

CLAYTON, GEOBGE CHRISTOPHER, Crabwall Hall, Chester. British. Ph.D., 
Heidelberg; F.I.C. Director, Imperial Chemical Industries. President, 
Institute of Chemistry. (Signed by) Jocelyn Thorpe, C. 8. Gibson, T. Slater 
Price. 

Das Gupta, SUREsi CHAUDRA, 32, Sukea Street, Calcutta, India. Bengali, 
Indian. Chief Chemist, East India Manganese Co., Ltd. B.Sc. (Hons.), 
Calcutta University. (1) Asst. under Prof. Haralal Das Gupta, M.A., F.C.S.; 
(2) Holder of Government stipendiary scholarship for 2 years as student; (3) 
Chemist Indian Manganese Co., Nagpur (India); (4) Chief Chemist East 
India Manganese Co., Ltd., Ghatsila (India). (Signed by) P. B. Ganguly, H. L. 
Das Gupta, R. C. Ray, C. B. Roy. 

JoHNSON, RowLanpD Nicuo.ras, 9, Lansdowne Road, Croydon. British. 
Research Chemist. M.Sc.(London). Scientific Investigator, Dental Investig- 
ation Committee of Department of Scientific & Industrial Research. ‘‘ Chloro- 
sulphonyl Derivatives of Aromatic Amines,”’ with Samuel Smiles, J.C.S., 1923, 
2384. (Signed by) C. 8. Gibson, J. D. Johnson, L. A. Elson, B. Levin. 

Kimura, SAkusrro, 41, Nozato Shimokatsura, Katsura Mura, near Kyoto, 
Japan. Japanese. Dr. of Science obtained at Kyoto Imperial University. 
“Studies on Catalytic Action. XVIII. Catalytic Reduction of Naphthol ”’ 
The Sexagint Dedicated to Prof. Y. Osaka, 217 (1927), British Chemical 
Abst., 1928, 285; ‘‘ Stereochemical Studies on Hydronaphthalenes. I. 








Catalytic Reduction of 8-Naphthol at High Temperature and Pressure,” 
J.C.S. Japan, 1930, 51,208; ‘‘ Studies on Sesquiterpenes. II. Sesquiterpene 
and Sesquiterpene Alcohol from Japanese Cedar-oil,” J.C.S. Japan, 1930, 51, 
518; ‘‘Stereochemical Studies on MHydronaphthalenes. II. Catalytic 
Oxidation and Reduction of Hydronaphthalenes and Sesquiterpenes,’’ J.C.S. 
Japan, 1930, 51,527. (Signed by) R. Nodzu, 8. Araki, Robert Robinson. 

McLENNAN, KENNETH JOHN CABLE, 16, Ashburnham Gardens, Upminster. 
British. Director Messrs. Burgoyne Burbidges, Ltd., Manufacturing Chemists, 
East Ham, E. Member of the Pharmaceutical Society of Great Britain. 
(Signed by) E. D. Griffiths, W. T. Clough, L. J. Couzens. 

Mayne, JoHN EpwIn OAKLEY, 21, Lansdowne Road, Luton, Beds. British. 
Research Chemist. A.R.C.S., B.Sc. (2nd Honours), Imperial College, South 
Kensington. Junior Assistant Safety in Mines Research Board. Wire Rope 
Section, City & Guilds Eng. College, S.W. 7. (Signed by) H. B. Baker, M. A. 
Whiteley, James C. Philip. 

Mrtnze-Wartson, (Str) Davip Mixnz, Kt., D.L., 73, Eccleston Square, S.W. 1. 
British. Governor The Gas Light & Coke Company. M.A., LL.B. 
(Edinburgh), LL.D. (Leeds). (Signed by) Jocelyn Thorpe, C. S. Gibson, 
Francis H. Carr, H. Hollings, J. G. Clark, Walter A. Voss. 

Mirra, DurGa Das, 774, Pataldanga Street, Calcutta, India. Bengalee. 
Medical Practitioner. B.Sc. (Calcutta University), M.B. (Cal.). Seven 
years’ theoretical and practical past experience as a student in the Medical 
and other Colleges in Inorganic, Organic, Physical and Physiological Chemistry. 
(Signed by) J. P. Bose, Sudhamoy Ghosh, P. Neogi. 

Taytor, Apam, 16, Woodcraft Avenue, Broomhill, Glasgow, W. 1. British. 
Chief Pharmacist, Western Infirmary, Glasgow. I am anxious to join the 
Chemical Society in order to have access to the library, to have the use of the 
Journals, and to attend at lectures while in London. (Signed by) G. F. Merson, 
Archibald Macpherson, G. Baty Scott, W. D. Wallace. 

Waite, Joun Stantey, 50, Beak Street, Regent Street, W.1. British. 
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Medical Expert to Messrs..Parke, Davis & Co., London. M.R.C.S. (Eng.), 
L.R.C.P. (Lond.). Pharmaceutical Chemist. Publications, Meetings, Library, 
(Signed by) Rupert. Woolby Brooke, T. W. Jones, H. Lucas. 


The following Forms of Recommendation have been authorised 
by the Council for presentation to ballot under Bye-Law I (2) : 


Kamm, Ottver, 571, Washington Road, Grosse Pointe, Michigan, U.S.A, 
French-Swiss. Chemist. Scientific Director, Parke, Davis & Co., Detroit, 
B.S., M.S., and Ph.D., University of Illinois. Recent publications: “ The 
Dialysis of Pituitary Extracts,’’ Science, 1928, 67, 199; ‘“‘ The Active Prin. 
ciples of Posterior Lobe of the Pituitary Gland,’’ J. Amer. Chem. Soc., 1928, 
50, 573, with T. B. Aldrich, I. W. Grote, E. P. Bugbee, and L. W. Rowe; 
** Recent Progress in the Investigation of the Posterior Lobe of the Pituitary 
Gland,’’ Endocrinology, 1928, 12, 671, with E. P. Bugbee. Book: “ Qualit. 
ative Organic Analysis,’’ Spanish Edition, 1930. ‘‘ The Possibility of Inter. 
conversion of the Pituitary Hormones and the Formation of ‘ Derived Hor. 
mones’ from the Beta Hormone of the Posterior Lobe,” article being pre. 
sented at the April 1931 (Montreal) meeting of Amer. Soc. Biol. Chem. 
(Signed by) James Kendall. 

Sen, Bryan Kumar, c/o Shalimar Paint, Colour & Varnish Co., Ltd., 61, 
Lyon’s Range, Calcutta. Indian. Assistant in the Paint Works. M.S. 
in Chemistry, Ist Class (Calcutta University). Formerly Professor of Chem. 
istry, St. James’ College, Calcutta. Experience in the manufacture and 
production of paint, etc. Joint author of a paper entitled ‘‘ Benzidine Re. 
arrangement in Heterocyclic Series’’ (J.J.C.S., Vol. V, issue 5 of 1928), 
(Signed by) Nani Gopal Chakravarti, J. C. Bardhan. 

Taytor, Maurice CraiG, c/o The Mathieson Alkali Works, Inc., Niagara 
Falls, N.Y., U.S.A. American. Chemist. B.S., Purdue University, Lafa. 
yette, Ind. Present position, Chief Research Chemist with the Mathieson 
Alkali Works. Published work on hypochlorites: J. Amer. Chem. Soc, 
47, 395-403; J. Ind. Eng. Chem., 14, 632-635 (U.S. patents: 1,481,040, 
1,781,039, 1,609,328, 1,650,054, 1,716,014, 1,718,284). Other published work: 
‘*Chromous Chloride,’ J. Amer. Chem. Soc., 44, 612-614; ‘‘ Peroxidase,” 
J. Dairy Science, 7, 234-244. (Signed by) L. F. Goodwin. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 

CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE. 7th edi- 
tion. Edited by Dupitey Mavrice Newitt. London [1931). 
pp. 364 + lix. ill. (Reference.) 15s net. 

From the Publishers : Messrs. Leonard Hill. 

Duar, Niaz Ratan. The chemical action of light. London 1931. 
pp. xiv + 512. ill. 25s. net. (Recd. 11/4/31.) 

From the Publishers : Messrs. Blackie & Son. 

Eayrt. Département de l’Hygiéne Publique. Notes et Rapports 
des Laboratoires. No. 7. Les eaux d’Egypte. 3 Vols. By A. 
AzapIAN. Cairo 1930. pp. xxxviii + 523+ 33 plates. ill 


(Recd. 21/3/31.) 
From the Director. 
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Foop Inpustries Manuat. A technical and commercial com- 
pendium on the manufacture, preserving, packing and storage of 
all food products. Edited by Harry BRENNAN CRONSHAW. 
London (1931). pp. 399. ill. (Reference.) 
From the Publishers : Messrs. Leonard Hill. 
LuNGE, GEORGE and KEANE, CHARLES ALEXANDER. Technical 
methods of chemical analysis. 2nd edition. Edited by C. A. 
KgaNE and Percy Cyrit Lestey THorne. Vol. III. London 
1931. pp. xx + 678. ill. (Reference.) 63s. net. . 
From the Publishers : Messrs. Gurney & Jackson. 
SHERMAN, Henry Crapp, and Smita, Sysm Lavra. The 
vitamins. 2nd edition. (American Chemical Society Monograph 
Series.) New York 1931. pp. 575. ill. $6 net. (Recd. 15/4/31.) 
From the Publishers : The Chemical Catalog Company, Inc. 


II. By Purchase. 


Brancut, Catisto. Celluloseesterlacke. German edition by ADOLF 
Weirne. Berlin 1931. pp. xii +329. ill, M. 22.50. (Recd. 





15/4/31.) 

GoarD, A. K. Chemical composition : an account of the methods 
by which atomic weights and molecular formule have been deter- 
mined. London 1931. pp. viii + 304. 5s. net. (Recd. 24/3/31.) 

Gray, A. N. Phosphates and superphosphates. London 1930. 
pp. 275. 8s. net. (Reed. 30/3/31.) 

Parkinson, S. T., and Frevpine, W. L. The microscopic 
examination of cattle foods. Ashford 1930. pp. viii + 97. ill. 
6s. 6d. net. (Reed. 24/3/31.) 

KuNZMANN, TH. Die Bedeutung der wissenschaftlichen Tatigkeit 
Friedrich Wohlers fiir die Entwicklung der deutschen chemischen 
Industrie. Berlin 1930. pp. 90. M.4. (Recd: 15/4/31.) 

RaBALD, Ericu. Werkstoffe: physikalische Eigenschaften und 
Korrosion. 2 vols. Leipzig 1931. pp. xxii + 976, x + 392. 
ill. M.135. (Recd. 14/4/31.) 

StncER, DoroTHEA WALEY, assisted by ANNIE ANDERSON and 
Rosina Appts. Catalogue of Latin and vernacular alchemical 
manuscripts in Great Britain and Ireland dating from before the 
XVI century. Vols.l and II. Brussels 1928-30. pp. xxvii + 328, 
viii, 329 to 756. (Reference.) 

VEREIN DEUTSCHER CHEMIKER. Von den Kohlen und den 
Mineralélen. Ein Jahrbuch fiir Chemie und Technik der Brenn- 
stoffe und Mineraléle. Vol. I, 1928, etc. Berlin 1929 +. 
(Reference.) 
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III.. Pamphlets presented by Dr. R. E. W. Maddison, 


ALBERTS, Ersa.(Marta).. Uber die Einwirkung von Gasstrémen 
wie Kohlenséure, Ammoniak, Salzsiure, Chlor, Brom, Tetrachlor. 
koblenstoff auf Sulfate und Sulfide. Heidelberg 1920. pp. 49. 

ANDREJEW, Nicotaus. Theoretis he und experimentelle Unter. 
suchungen tiber den Einfluss der Temperatur auf die Dispersion des 
Lichtes. Basel 1909. pp. 43. 

Bertin, A. Principaux emplois chimiques du bois. Paris 1924, 
pp. vi + 126. ill. 

Bortier, Max. Bleich-, Reinigungs-, Wasch-, Detachiermittel, 
Bleichverfahren und Bleichapparate der Neuzeit fiir Gespinstfasern 
und Gewebe. 2nd edition. Wittenberg 1924. pp. 216. ill. ) 

Busvotp, Nis. Ueber die quantitative Bestimmung, sowie 
Trennung von Chlor und Chlorwasserstoff in Gasgemischen. Ziirich- 
Selnau 1909. pp. 76. ill. 

DickHavus, Gustav, Einfluss der Temperatur auf die Leit. 
fahigkeit von Elektrolyten in wiasseriger Lésung. Bonn 1912, 
pp. 40. 

GEISLER, HERMANN. Zur anomalen Dispersion des Lichtes in 
Metalldampfen. Leipzig 1909. pp. 29, il. 

Hecut, (RicHarD) Leorotp. Uber die Natur des Sulfammon. 
iums und ein Beitrag zur spektrometrischen Untersuchung eines 
Gemisches mehrerer lichtabsorbierender Stoffe. (Berlin) 1910. 
pp. 58. ill, 

Lutz, H. F. Viticulture and brewing in the ancient Orient, 
Leipzig 1922. pp. viii + 166. ill. 

Meter, (Aveust) Wixi (ALBERT). Untersuchungen iiber Dis. 
persion und Absorption bei Metallen fiir das sichtbare und ultra- 
violette Spektrum. Leipzig 1909. pp. 70. ill. 

Motss, E. Solubilidad de gases en soluciones acuosas de glicerina 
y acido isobutirico. (From the An. Junta amp. est. inv. cientificas, 
1911, 4.) ill. 

Nowak, ALFRED. Ueber die chemische Wirkung dunkler 
elektrische Entladungen auf Kohlenoxyd und kohlenoxydhaltige 
Gasgemenge. Miinchen 1910. pp. 69. ill. 

Ort, Friepricu. Elektrolytische Reduktion der Niobsiure. 
Miinchen 1911. pp. vi+ 73. ill. 

Pavti, WitHELM Epwarp. Uber ultraviolette und ultrarote 
Phosphorescenz, (From the Sitz. Heidelberger Akad. Wiss., 1911, i.) 

Puiatou, Emir. Calorimetrische Untersuchungen iiber Stick- 
oxydbildung aus Luft mittels Hochspannungswechselstrom- 
entladungen verschiedener Frequenz. Karlsruhe 1910. pp. 73. ill. 

REINKOBER, (FRANZ FRrepRICH WILHELM) Orto. Uber Absorp- 





tion und Reflexion ultraroter Strahlen durch Quarz, Turmalin und 
Diamant. Leipzig 1910. pp. 38. ill. 

Sacus,. SranistAus. Uber die Wirkung des ultravioletten 
Lichtes auf Gase und iiber die dabei erzeugten Nebelkerne. 
Heidelberg 1910.'. pp. 47. ill. 

TiTLESTAD, Nicoxay. 'Photo-Volta-Ketten mit Urano-Uranyl- 
sulfat. Leipzig 1910. pp. 55. ill. 


IV. Miscellaneous Pamphlets. 


AERONAUTICAL RESEARCH COMMITTEE. Reports and Memoranda. 
Nos. 1037, 1285, and 1287... Mechanical properties of pure mag- 
nesium and certain magnesium alloys in the wrought state. By 
SmngEY Leonard Aronsutr [and others]. London 1926-30. 
pp. 13, 9, 16. ill. 

-— No. 1318. Detonation and lubricating oil. By R. O. 
Kine and H. Moss. London 1930. pp. 23. ill. 

No. 1324. Experiments on the ignition of gases by 
sudden compression. By R. W. Fennine and F. T. Corton. 
London 1930. pp. 43. ill. 

AMERICAN PusLic HeattH Association. Committee on Lead 
Poisoning. Report. New York 1930. pp, 37. 

AMERICAN SOCIETY OF MECHANICAL ENGINEERS. Georges Claude, 
50th anniversary medallist from France.. (From the Official Pro- 
gram 5Oth Anniv. A.S.M.E., 1930.) 

Boarp OF TRADE. Dyestuffs Industry Development Committee. 
Report on the present position and development of the dyestuffs 
manufacturing industry in Great Britain. London 1930. pp. 
iv + 88. 

British ScreNcE Gui~p. Science and modern industry. By 
Sirk Witu1am Jackson Pops. Being the 6th annual Norman 
Lockyer lecture. London 1930. pp. 19. 

CanaDA. Department of the Interior. National Development 
Bureau. The ceramic industry of Canada with special reference to 
the manufacture of white ware. Ottawa 1931. pp. 46. [In 
mimeograph form. ] 

De Vaney, F. D., and Cooxz, 8. R. B. Laboratory concentration 
of the Missouri iron ores of Iron Mountain and Pilot Knob. (From 
the Bull. Sch. Min. Met. Univ. Missouri, 1928, 11.) ill. 

Faust, GEorGE T. Notes on crystal etchings. (From the Bull. 
Wagner Inst. Sci., 1930, 5.) 

FiscHER, FREDERICK Kapp. An investigation of the magnetic 
and electrical properties of some iron chromium alloys. (Rensselaer 
Poly. Inst. Bull., Eng. Sci. Ser. No. 28.) 1930. pp. 32. ill. 
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Home Orrics. Report on effects of asbestos dust on the lungs 
and dust suppression in the asbestos industry. By Epwarp 
RowLaND ALWORTH MEREWETHER and C. W. Price. London 
1930. pp. 34. 

List of authorised explosives. London 1931. pp. 8. 

INSTITUTE OF CHEMISTRY OF GREAT BRITAIN AND IRELAND. The 
transmutation of the chemist. By ALBert Ernzst Dunstay, 

p. 22. 

‘ KrisHMan, M. S., and Manapevan, C. Pleochroic “ giant” 
halos. (From the Indian J. Physics, 1931, 5.) ill. 
LassBé, Henri. Le cacao et le chocolat au point de vue ali. 








mentaire et hygiénique. Bruxelles 1930. pp. 24. 4. 
MepicaL ResEarcH Councty. Special Report Series, No. 146. ee 
The antiscurvy vitamin in apples. By Mary F. Bracewett, . 
Epwarp Hoy tz, and SyYLvester Sotomon Zitva. London 1930. Tk 
pp. 45. ill. nets 


Mrnori6, Stanko Stankov. Odredjivanje magnezija kao mag. 
nezijev pirofosfat. (From the Bull. Soc. Chim. Yougoslav., 1930, 
4.) ill. Hora 

Mixes Department. Safety in Mines Research Board. Paper § h®r 
No. 64. The inflammation of coal dusts: the effect of the presence J p,of 
of firedamp. By T. N. Mason and Richarp VERNON WHEELER. § p,n, 
London 1931. pp. 32. ill. wos 
Paper No. 65. A flame safety-lamp of high candle. of tl 








power. By DonaLtp WuitteEy WoopHeEap. London 1931. pp. ulti 
15. ill. 

t 

MINISTRY OF AGRICULTURE AND FisHErRrEes. Standing Com- ee 


mittee on River Pollution. River pollution and fisheries. A non- nom 
technical report of the work during 1926, 1927 and 1928. London on 


1930. pp. 69. Soci 
Mrxistry OF HEaLtH. Departmental Committee on Ethyl Petrol. 
Final report. London 1930. pp. 91. Ty 





Joint Advisory Committee on River Pollution. Second report. 9 poce 
The reception of trade effluents into the sewers of the local sanitary J... 
authorities. London 1930. pp. 29. laos 

Ministry OF Transport and MINISTRY OF AGRICULTURE AND J put, 
FIsHERIES. Joint Committee on Damage to Fisheries. Detailed A 
biological and chemical reports on tars used for road-surfacing. | prof 
London 1930. pp. 171. ill. Wib 

Mryacawa, icufro. Pyritic oxidation in relation to spontaneous J ti, 
combustion of coal. (From the Mem. Coll. Eng. Kyushu Imp. post 
Univ., 1930, 5.) sche 

Mryacawa, Icurro, Yamapa, M., and Inaza, J. The spontaneous Trip 


combustion of coal. (From the J. Fuel Soc. Japan, 1929, 8.) requ 
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Ordinary Scientific Meeting, Thursday, June 4th, 1931, at 8 p.m., 
Professor J. F. THorps, C.B.E., D.Sc., F.R.S., Past-President, in 
the Chair. 


The CHaArRMAN referred to the loss sustained by the Society, 
through death, of the following Fellows :— 


Elected. Died. 
Horace Woodward Crowther ..............++05 Dec. Ist, 1887. March 20th. 
Charles Thomas Heycock ..............ss0000. June 21st 1883. June 3rd. 


Professor Thorpe stated that Mr. Heycock had been Goldsmith 
Reader in Metallurgy at the University of Cambridge; he had 
been associated with Mr. F. H. Neville in research on the lowering 
of the freezing point of metals by the addition of other metals which 
ultimately led to an extension of the phase-rule investigation 
into the non-ferrous alloys, especially those of gold, and had 
contributed many papers to the Transactions. Mr. Heycock had 
served on the Council as a Vice-President and as an Ordinary 
Member, and his death will be deplored as a loss not only to this 
Society, but to Chemistry generally. 


The CHAIRMAN announced that a communication had been 
received from the Committee of the Van’t Hoff Fund for the 
endowment of research in pure and applied chemistry. The amount 
from this fund available for distribution during 1932 is about 1200 
Dutch guilders. 

A Committee consisting of Professor A. F. Holleman (President), 
Professor F. M. Jaeger, Professor A. Smits, and Professor J. P. 
Wibaut (Secretary) has been appointed to award grants. Applic- 
ations should be sent before November lst, 1931, by registered 
post to: “Het Bestuur der Koninklijke Akademie van Weten- 
schappen, bestemd voor de Commissie van het van ’t Hoff-funds, 
Trippenhuis, Klovenierburgwal, Amsterdam. Every applicant is 
requested to submit a detailed account of the manner in which he 
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proposes to expend the grant and to state the reasons for which he 
makes his application. Papers embodying the results of the 
research may be published in any journal, but acknowledgment 
must be made of the source of the grant. Copies of papers con- 
taining the results of the research must be forwarded to the 
Committee. 


Forms of Recommendation for Fellowship were read for the first 
time in favour of 


Brinley Griffith, B.Sc., ‘‘ Gwynfa,’’ Edward Close, Brentwood Road, Romford. 

Frank Eric Lavalette, M.Sc., c/o St. James College, 165, Lower Circular 
Road, Calcutta. 

Parameswar Velayudhan Nair, B.A., M.Sc., Dyson Perrins Laboratory, Oxford, 

Gertrude Margaret Clare Watkins, B.Sc., 39, Upland Road, Sutton, Surrey. 


Dr. R. K. Callow and Dr. A. I. Vogel were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows :— 


Tinkari Basu, B.Sc. John Edwin Oakley Mayne, B.Sc., 
Edward Alexander Robert Bousfield, A.R.C.S. 

B.Sce., A.I.C. Sir David Milne Milne-Watson, Kt., 
George Christopher Clayton, C.B.E., M.A., LL.D., D.L. 

Ph.D., F.I.C. Durga Das Mitra, B.Se., M.B. 
Suresh Chandra Das Gupta, B.Sc. Bijan Kumar Sen, M.Sc. 
Rowland Nicholas Johnson, M.Sc. Adam Taylor. 
Oliver Kamm, M.S., Ph.D. Maurice Craig Taylor, B.S. 
Sakujiro Kimura. John Stanley White, M.R.C.S., 
Kenneth John Cable McLennan. L.R.C.P. 


The following papers were read :— 


‘Synthesis of substances analogous to bile acid degradation 
products. Part I. Preliminary investigation of methods of 
attachment of carboxylated side chains to the cyclopentane 
nucleus.” By J. W. BAKER. 

“Reactions of -substituted acetophenone derivatives. Part I. 
The action of acetyl nitrate on w-halogeno-m-nitroacetophen- 
ones.” By J. W. BAKER. 

“The constitution and synthesis of embelic acid (embelin), the 
active principle of Embelia Ribes.” By K. H. Hasan and E. 
STEDMAN. 

‘“* Adsorption of nitrogen by condensed atomic platinum.” By 
S. H. Bastow. 

“ The direct formation of quinones from 2 : 6-disubstituted deriv- 
atives of 4-nitrophenol.” By E. C. S. Jones and J. KENNER. 
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Fund :— 


The contact and function of solid surfaces. F. P. Bowden. 
(Cambridge Univ.) : 

Behaviour of boron in union with, organic radicals ‘(cont? d.). 
F. Challenger. (Leeds Univ.).. ian 

New types of organo-metallic compounds. F. Challenger. 
(Leeds Univ.) bd ane oni 

Chemistry of santonin end ‘gelated problems. “G. R. Clemo. 
(Armstrong Coll.) ’ ste 

Conductivity of sparingly soluble eluctecly tes. C. W. Davies. 
(Battersea Polytechnic.) 

Influence of configurational and cyclising fecters « on oe additive e 
mode of butadienoid i aioe M. H. Desai. (Imperial 
Coll.) 

Effect of the methyleyclochexane ring on the carbon tetrahedral 
angle. R.D. Desai. (Imperial Coll.) ise 

Synthetical studies in Jaborandi alkaloids. A. N. Dey. 
(Imperial Coll.) .. P ‘ 

Nature of the “ow form of hydrogen produced in ozoniser 
discharges. . A. Elliott. (Perth Univ.) . 

sealenmecaieninidn F. Fairbrother. Otnndinater Univ.) 

Three-carbon tautomerism. H.B. Fraser. (Imperial Coll.) . 

Investigation of cinchonoid substances (cont’d.). (Miss) R. V. 
Henley. (Bedford Coll.) oe — ei = 

Hydrogenation of butadiene systems. C.G.B.Hose. (Imperial 
Coll.) “ sh ate vr 

Stereochemistry of dinheng’ eesngaunde. ' (Miss) M. S. Lesslie. 
(Bedford Coll.) . — as sce ie 

Diphenyl compounds (cont’d.). (Miss) E. E. J. Marler. (Bed- 
ford Coll.) a - aa the ae 

Properties of ‘conjugated compounds. “F, C. B. Marshall. 
(Imperial Coll.) . : “es ew 

The glutaconic suuhion. H. R. Meni. (imperial Coll.) 

Investigation of substitution in the diphenyl] series. (Miss) 
F. R. Shaw. (Bedford Coll.) ... _ _— ous 

Physico-chemical properties of mixtures. (Miss) V. C. G. Trew. 
(Bedford Coll.) . ‘ soe wee oi 

Synthesis of cyclic compeunts (cont’ d.). - I. Vogel. (Univ. 
Coll., Southampton) _ ‘ one oe in 

Physical properties of organic sixtanes. ” (Miss) G. M. C. Wat- 
kins. (Bedford Coll.) . “ ani 

Kinetics of chlorination of enilides and ‘henseenides. “G. Wil- 
liams. (Deeside Central School, Shotton) 

(a) The tautomeric changes of geometrical isomerides. 

(b) The lactonisation of substituted unsaturated acids. J. M. 

Wright. (Imperial Coll.) 
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THE LIBRARY. 


The Library will be closed for stocktaking from Monday, August 
3rd, until Saturday, August 15th (inclusive). During the following 
four weeks (August 17th to September 12th) the Library will close 
daily at 5 p.m. 





THE INSTITUTE OF FUEL. 


The Council of the Institute of Fuel will hold on Wednesday, 
October 7th, 1931, at 7 p.m., a joint meeting of all those Technical 
Societies to which the subject of low-temperature carbonisation 
and hydrogenation of coal is of interest. 

The meeting will be held in the Lecture Theatre of the Institution 
of Electrical Engineers (Savoy Place, Victoria Embankment, W.C. 2), 
Sir David Milne-Watson, LL.D., D.L. (President), being in the 
Chair. A paper dealing with the present position and future pros- 
pects of the conversion of coal into oil and smokeless fuel will be 
presented by Dr. W. R. Ormandy, and opened for discussion. 

Advance copies of papers to be read will probably be available 
14 days before the meeting, and those Fellows desiring to attend 
the meeting are requested to notify the Assistant Secretary, the 
Chemical Society, Burlington House, Piccadilly, W. 1, on or before 
Monday, September 14th. 


List of Papers, or Abstracts thereof, received between May 2lst 
and June 4th, 1931. (This List does not include the titles of papers 
which have been read at an Ordinary Scientific Meeting, or which 
have appeared in the Journal.) 


“A note on the calculation of the true adsorption.” By K. 5S. G. 
Doss. 

** 2-(2-Aminobenzyl)pyridine.”” By R. H. Witson. 

“The configurations of the «-oximino-ketones.” By T. W. J. 
TAYLOR. 

“The labile nature of the halogen atom in organic compounds. 
Part XIV. The reactivity of halogen derivatives of 5-alkyl- 
barbituric acids.” By A. B. Cox, A. K. Macseta, and 8. W. 
PENNYCUICK. 

“The dissociation constants of organic acids. Part IV. The 
mobilities of the sodium, potassium, and hydrogen ions at 25°, 
and the determination of cell constants at 25°.” By G. H. 
JEFFERY and A. I. VoGEL. 

“ The vapour pressure of hydrogen selenide and hydrogen telluride.” 
By N. O. STeErn. 
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“ Quinoline compounds containing arsenic. Part III. Synthesis 
of 0-5'-nitro-8’-quinolylaminophenylarsonic acid, 12-chloro-10- 
nitro-5 : 12-dihydroquinbenzarsazine and 10-nitroquinbenz- 
arsazonic acid.”” By R. H. SLATER. 

“The condensation of aromatic aldehydes with malonanilic acid 
and its derivatives.” By G. S. Am_uwauia, M. A. Hag, and 
J. N. Ray. 

“ Thermal chlorination reactions in the gaseous phase, with short 
heating periods.”” By J. Mason and T. 8S. WHEELER. 

“ The reactions of divinyl sulphide, sulphoxide, and an neal By 
J. R. ALEXANDER and H. McComBiz. 

“The selenates of neodymium and their solubilities in water and 
acid solutions.” By J. A. N. FRIEND. 

“The molecular lowering of freezing point for camphor.” By 
R. J. W. Le Févre and (Miss) C. G. TIDMAN. 

“The dimorphism of certain higher aliphatic compounds.” By 
J. W. C. Puiiies and 8. A. Mumrorp. 

“Influence of directing groups on nuclear reactivity in oriented 
aromatic substitutions. Part II. Nitration of toluene.” By 
C. K. Incoup, A. Lapwortu, E. Rotustern, and D. WARD. 

“ The action of chlorine upon chloro-substituted hydrazones.” By 
F. D. Caoatraway, T. DEIGHTON, and A. ADATR. 

“A new reaction of certain diazosulphonates derived from 
8-naphthol-l-sulphonic acid. Part VII. The 3’-nitro- and 
3’-amino-derivatives of 3-phenyl-4-methylphthalaz-l-one, and 





































the nitro-3-phenyl-1-methylphthalaz-4-ones.” By F. M. Rows 
and A. T. PETERS. 








ADDITIONS TO THE LIBRARY. 
I. Donations. 
(a) Presented by Mr. William Macnab, C.B.E. 

CHALON, Pavt Fr&piric. Les explosifs modernes. 3rd edition. 
Paris 1911. pp.iv + 789. ill. 

JAHRBUCH DER ELEKTROCHEMIE. Years II—VII. Halle aS. 
1896—1901. (For circulation.) 

M£MORIAL DES PouDRES ET SALPETRES. Vols. I—XVII. Paris 
1882—1914. 

VENNIN, L., and CHESNEAU, GABRIEL. Les poudres et explosifs 
et les mesures de sécurité dans les mines de houille. Paris 1914. 
pp. xx + 573. ill. 


(b) Miscellaneous Donations. 


ABDERHALDEN, Emm. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. I. Chemische Methoden. Teil 2, II 
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Halfte, Heft 8. Berlin 1931. pp. 2971 to 3078. M.5.50. (Reed. 
18/5/31.) | From the Publishers : Herren Urban & Schwarzenberg. 
Brices, DENNIS Brook. Chemical change. London 1931. pp. 
viii + 166. ill. 5s. net. (Recd. 6/5/31.) From the Author. 
Cuamot, Emme Monnrn, and Mason, Ctype Watrter. Hand- 
book of chemical microscopy. Vol. II. Chemical methods and 
inorganic qualitative analysis. New York 1931. pp. x + 4l1l. 
ill. 22s. 6d. net. (Recd. 7/5/31.) 

From the London Publishers : Messrs. Chapman & Hall. 
CHARTROU, JEAN J. Pétroles naturel et artificiels. Paris 1931. 

pp. iv + 206. ill. 10 fr. 50. (Reed. 30/5/31.) 
From the Publisher : M. Armand Colin. 


CHIKASHIGE, Masumi. Anniversary volume . . . by his pupils 
in celebration of his sixtieth birthday. Kyoto 1930. pp. x + 348. 
ill. (Reed. 30/5/31.) From the Editor. 


CocHRANE, J. A. Lavoisier. pp. xiv + 264. ill. 7s. 6d. net. 
(Recd. 20/5/31.) From the Publishers : Messrs. Constable & Co. 
CoRBIERE, JACQUES. Sur la fixation des matiéres grasses émul- 
sionnées par les fibres textiles. Lyon 1931. pp. x + 125. ill. 

(Two copies.) (Recd. 2/5/31.) 
From the Publishers : Imprimerie A. Rey. 

FarRBE uND Lack. Centralblatt. der deutschen Farben- und 
Lackindustrie. Anzeiger fiir die chemische Industrie. Hannover 
1931 +-. (Reference.) 

FARBEN-CHEMIKER, Der. Zeitschrift iiber Herstellung und 
Gewinnung von Farblacken, Lackfarben, Erdfarben, Spezialfarben 
und Lacken usw. Year II, etc. Berlin 1931+. (Reference.) 

From the Bureau of Chemical Abstracts. 

GABILLION, RoBErRT. Soies artificielles et matiéres plastiques. 

Paris 1931. pp. iv + 204. ill. 10 fr. 50. (Recd. 30/5/31.) 
From the Publisher : M. Armand Colin. 

GRAY, JAMES. A text-book of experimental cytology. Cam- 
bridge 1931. pp. x + 516. ill. 25s. net. (Recd. 28/5/31.) 

From the Syndics of the Cambridge University Press. 

Krozi, Franz. Untersuchung und Bewertung technischer 
Adsorptionsstoffe. Leipzig 1931. pp. x+ 504. ill, M. 30. 
(Recd. 28/5/31.) From Professor F. M. Rowe. 

Kini, Hans. Cement chemistry in theory and practice. Trans- 
lated by JosEPH WittiaM CuHRISTELOW. London [1931]. pp. 
vi + 64. ill. 7s. 6d. net. (Recd. 4/6/31.) 

From the Publishers : Messrs. Concrete Publications. 

Maerz, A., and Paut, M.Rea. A dictionary of color. New York 
1930. pp. 207. ill. (Reference.) $12. 

From Professor F. M. Rowe. 
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OrGanic SyNTHESES. An annual publication of satisfactory 
methods for the preparation of organic chemicals. Vol. XI. New 
York 1931. pp. viii + 106. 8s. 6d. net. (Recd. 29/4/31.) 

From the London Publishers : Messrs. Chapman & Hall. 

ScHEELE, CaRL WILHELM. Collected papers. Translated from 
the Swedish and German originals by LzEonarp Dospsin. London 
1931. pp. xvi + 367. ill. 10s. net. (Recd. 4/6/31.) 

From the Publishers : Messrs. G. Bell & Sons. 

Sen, HemenpkA Kumar. High temperature flames and their 
thermodynamics. Calcutta 1931. pp. x+ 135. ill. (Reed. 
18/5/31.) From the Author. 

Tuomas, HERMANN. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. V. Part viii. Berlin 1931. 
pp. 1525 to 1702, 280, viii. ill. M.20. (Reed. 19/5/31.) 

From the Publishers : Herren Urban & Schwarzenberg. 

TSCHITSCHIBABIN, ALEXEJ EUGUENIEVITSCH. Fundamental princi- 
ples of organic chemistry. 3rd edition. Moscow 1931. pp. xxiv + 
727. ill. [In Russian.] (Recd. 22/5/31.) From the Author. 

Union INTERNATIONALE DE CurmmiE. Dixiéme conférence, Liége 
1930. Rapports sur les hydrates de carbone (glucides). Paris [1931.] 
pp. 287. ill. (Reference.) 50fr. From the Union Internationale. 

WELDON, WatTER. On the ratios one to another of the atomic 
weights of the elements. Chapter I—The glucinum family. 
London 1885. pp. 37. (Reference.) From Dr. O. Rosenheim, F.R.S. 


Il. By Purchase. 

Bassett, Henry Norman. The chemical technology of steam- 
raising plant. London 1931. pp. viii+ 240. ill. 12s. 6d. net. 
(Reed. 23/5/31.) 

Beyturen, Apour. Laboratoriumsbuch fiir den Nahrungs- 
mittelchemiker. Dresden 1931. pp. xxiv +589. ill. M. 40. 
(Recd. 12/6/31.) 

BrRIEGLEB, G., and Wotr, K. L. Lichtzerstreuung, Kerreffekt und 
Molekilstruktur. (Fortschritte der Chemie, Physik und physikal- 
ischen Chemie, Vol. XXI.) Berlin 1931. 

Fiury, FERDINAND, and ZERNIK, FRANz. Schadliche Gase, 
Dampfe, Nebel, Rauch- und Staubarten. Berlin 1931. pp. xii + 
637. ill. M.69. (Recd. 12/6/31.) 

GREGORY, JosHuA Craven. A short history of atomism from 
Democritus to Bohr. London 1931. pp. viii + 258. 10s. 6d. net. 
(Recd. 22/5/31.) 

Hovussz, A.G. Bacteriological control of milk: a practical guide 
for media preparation and milk testing. Reading 1931. pp. xii + 
59. ill. 3s. 6d. net. (Reed. 27/5/31.) 
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JORDAN, EpwIN Oakes. Food poisoning and food-borne in- 
fection. 2nd edition. Chicago 1931. pp. xii + 286. ill. 11s. 6d, 
net. (Recd. 23/5/31.) 

Kowatkg, O. L., Houcen, O. A., and Watson, H. M. Transfer 
coefficients of ammonia in absorption towers. (Bull. Univ. Wis- 
consin Eng. Exper. Stat., Ser. No. 68.) Madison 1915. pp. 86. ill. 
3s. net. (Recd. 24/4/31.) 

LippMANN, EpMuND Oskar Von. Entstehung und Ausbreitung 
der Alchemie. Mit einem Anhange: zur alteren Geschichte der 
Metalle. 2 vols. Berlin 1919-31. pp. xvi-+ 742, viii + 258. 
M. 25, M. 26.60. (Recd. 12/6/31.) 

Mouncu, JamEs,C. Bioassays: a handbook of quantitative pharma- 
cology. London 1931. pp.x +958. ill. 45s. net. (Recd. 21/5/31.) 

Prescotr, SAMUEL CaTE, and WINSLOW, CHARLES-EDWARD A, 
Elements of water bacteriology with special reference to sanitary 
water analysis. 5th edition. New York 1931. pp. x + 219. 

Rin, Jacosus JosrerxH Louis van. Die Glykoside. Chemische 
Monographie der Pflanzenglykoside. 2nd edition. By Hvco 
DreTERLE. Berlin 1931. pp. viii + 620. M.48. (Reed. 21/5/31.) 

ScHONFELD, H. Neuere Verfahren zur Raffination von Oelen und 
Fetten. Berlin 1931. pp. 110. ill. M.12. (Reed. 4/6/31.) 

STARK, JOHANNES. Fortschritte und Probleme der Atom- 
forschung. Leipzig 1931. pp. viii+ 112. ill. M. 4.80. (Recd. 
4/6/31.) 

TROTMAN, SAMUEL RUSSELL, and Trotman, EDWARD RUSSELL. 
Artificial silks. London 1931. pp.x + 274. ill. 18s. net. (Reed. 
21/5/31.) 

Unitep States. Department of Commerce. Bureau of Mines. 
Bulletin 327. Potash bibliography to 1928 (annotated). By J.F.T. 
BeRuinerR. Washington 1930. pp.ii + 578. (Reference.) 5s. net. 
—— National Bureau of Standards. Miscellaneous Public- 
ation No. 110. Standards and specifications for non-metallic 
minerals and their products. Prepared by Jonn Q. Cannon, Jr. 
Washington 1930. pp. x + 680. ill. (Reference.) 15s. net. 

Warren, H. Electrical insulating materials. London 1931. 
pp. 516. ill. 42s. net. (Reed. 21/5/31.) 

WrivkLER, Lupwic WitHetm. Ausgewiahlte Untersuchungs- 
verfahren fiir das chemische Laboratorium. (Die Chemische Analyse, 
Vol. XXIX.) Stuttgart 1931. pp. xviii + 155. ill. (Reference.) 





III. Pamphlets. 
Atyar, G. K. [and others]. Notes on the Burmese species of 
plants yielding chaulmugra oil. (Burma Forest Bulletin, No. 21.) 
Rangoon 1930. pp. iv + 22. ill. 
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in- AssocraTIoN OF British CHEMICAL MANUFACTURERS. An index 
to Acts of Parliament and Statutory Rules and Orders affecting the 
chemical industry. London 1931. pp. 24. 
sfer AUSTRALIA, COMMONWEALTH OF. Council for Scientific and 
Vis- ¥ Industrial Research. Pamphlet No. 18. The influence of frequency 
ill. } of cutting on the productivity, botanical and chemical composition, 
and the nutritive value of “‘ natural ” pastures in Southern Australia. 
ung § By J. Grirrirus Davis and ArTHouR Henri Sim. Melbourne 1931. 
der pp. 28. ill. 
58, GENERAL Mepicat Counctn. Pharmacopawia Commission. 
Reports of sub-committees. 1. Pharmacy. 2. Pharmaceutical 
na- § chemistry. 3. Cod-liver oil colour test. London 1930-31. pp. 
31.) B35, 90, 5. 
A. Hvunter, Rosert Fercus. Some applications of the electronic 
ary §# theory of valency. Aligarh 1931. pp. 62. 
Some philosophical aspects of the phenomenon of tauto- 
che J merism. Aligarh 1931. pp. 18. 
Go Mixes Department. Safety in Mines Research Board. Paper 
1.) | No. 68. A routine test of the inflammability of mine dusts. London 
nd § 1931. pp. 9. ill. 
Nasu, ALFRED Witu1amM. The work of the physicist and chemist 
m- § in the petroleum industry. (From the School Sci. Rev., 1931.) 

















































cd. PARLIAMENTARY Reports. Departmental Committee on_ the 
Poisons and Pharmacy Acts. Report. London 1930. pp. 59. 

L, Prosey, T. F., and McCoy, G. W. Relation between trypanocidal 

’d. § and spirocheticidal activities of neoarsphenamine. (From the 
U.S. Public Health Reports, 1930, 45.) 

BS. SaGEeR, GEorRGE F. Investigation of the thermal conductivity of 


T. the system copper-nickel. (Rensselaer Poly. Inst. Bull., Eng. Sci. 
t. Ser. No. 27.) 1930. pp. 48. ill. 

- Sayers, R. R., and Davenport, Sara J. Review of carbon 
ic monoxide poisoning. (U.S. Public Health Bull. No. 195.) Washing- 
r. ton 1930. pp. ii + 97. 

SCHNEIDEWIND, RicHAaRD. Commercial chromium plating. 
1. (Univ. Michigan Eng. Research Circular, No. 3.) Ann Arbor 1930. 
pp. 60. ill. 

B- ScIENTIFIC AND INpDusTRIAL ResEarcH. Department of. 
° Building Research. Bulletin No. 10. The prevention of pattern 
) staining of plasters. By D. G. R. BoNNELL and L. W. BurripceE. 
pp. iv +.8. 

—— Bulletin No. 11. The effect of building materials on 
f paint films. By Herpert Mervyn Liurwettyn. London 1931. 
) pp. iv + 4. 

Food Investigation. Special Report No. 40. The corrosion of 
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the tin-plate container by food products. By T. N. Morris and 
J.M. Bryan. London 1931. pp. viii + 85. ill. 

SCIENTIFIC AND InpDustTRiaAL ResEaRcH. Department of. 
Fuel Research. Technical Paper No. 30. The water gas pro- 
cess: a study of the carbon and thermal balances. By Jamgs 
GRIEVE Kine and B. H. Wirttiams. London 1931. pp. vi + 31. 
ill. 

ScoTLanD. Department of Health. Scottish Advisory Committee 
on Rivers Pollution Prevention. First report. Edinburgh 1931, 
pp. 58. 

SmitH, Maurice I. A quantitative colorimetric reaction for the 
ergot alkaloids and its application in the chemical standardization of 
ergot preparations. (From the U.S. Public Health Reports, 1930, 
45.) 

SmitH, Maurice I., Ervove, Extas, and Frazier, W. H. The 
pharmacological action of certain phenol esters with special reference 
to the etiology of so-called ginger paralysis. (From the U.S. Public 
Health Reports, 1930, 45.) 

SmiTH, Maurice I. [and others]. Pharmacological and chemical 
studies of the cause of so-called ginger paralysis. A preliminary 
report. (From the U.S. Public Health Reports, 1930, 45.) 

SoutH Arrica, UNIon or. Department of Agriculture. (Division 
of Chemistry Series, No. 113.) The sticky point water of soils. By 
BERNARD DE CoLigNy Marcuanp. (From the S. African J. Sci., 
1930, 27.) 

(Division of Chemistry Series, No. 114.) A note on 
the abnormalities in the composition of oranges. By P. R. v.p. R. 
CopEMAN. (From the S. African J. Sci. 1930, 27.) 

SoutH MeErtTropouitan Gas Company. Chemical Department. 
An investigation into the nature and properties of coal tar. By 
Epwarp Victor Evans and Hersert Pickarp. [London] 1931. 
pp. 41. ill. 

SpaRn, Enrique. Las asociaciones quimicas con mas de 500 
socios. (From Temas de Quimicas, 1930, 3.) 

STREETER, H. W. Experimental studies of water purification. 
IV and V. (From the U.S. Public Health Reports, 1930, 45.) 

Takamiya, Ersuo. On the chemical nature of vitamin D. (From 
the J. Dept. Agric., Kyushu Imp. Univ., 1930, 3.) 

Unirep States. Department of Agriculture. Circular No. 129. 
Survey of the fertilizer industry. By P. E. Howarp. Washington 
1931. pp. 22. 

Technical Bulletin No. 212. Mechanical analysis of 














finely divided phosphates. By Lyte T. ALEXANDER and K. D. 
Jacos. Washington 1930. pp. 24. ill. 
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Unirep States. Department of Agriculture. Technical Bulletin 
No. 214. The physical and chemical characteristics of certain 




















He American peat profiles. By Irvin C. Frustex and Horace G. 

ne ByERS. Washington 1930. pp. 26. ill. 

3] Technical Bulletin No. 228. Character of the colloidal 
‘ 9 materials in the profiles of certain major soil groups. By M. S. 

_— ANDERSON and Horace G. ByErs. Washington 1931. pp. 24. 

3] Technical Bulletin No. 229. Variations of the colloidal 

“"* 9 material extracted from the soils of the Miami, Chester, and Cecil 

the series. By R. S. Hotmes and Guten Eperneton. Washington 

sa 1930. pp. 23. ill. 

30 Technical Bulletin No. 232. A laboratory study of 
’ 9 the field percolation rates of soils. By C. S. Suatrer and H. G. 

The Byers. Washington 1931. pp. 23. ill. 

i Department of Commerce. Bureau of Mines. Bulletin 279. 





lie Limits of inflammability of gases and vapors. By HuBErT FRANK 
CowaRp and G. W. Jonss. Revised edition. Washington 1931. 
pp. vi+ 114. ill. 

a Bulletin 302. Fuel-efficiency tests on batch oil 

ny stills. By Henry Kretsineer, W. R. Arcyie, and W. E. Ricg. 

| Washington 1929. pp. vi + 94. ill. 

ion Bulletin 308. Oxides in pig iron : their origin and 














By action in the steel-making process. By C. H. Herry, Jr., and J. M. 
-" Gangs, Jr. Washington 1929. pp. iv + 56. ill. 

Bulletin 312. Bauxite: float-and-sink fraction- 

“ ations and flotation experiments. By B. W. GanpRup and Frep D. 
; pE VanEY. .Washington 1929. pp.iv +101. ill. 

7 Bulletin 317. Rock-strata gases of the Cripple 

~ Creek district, Colo. and their effect on mining. By E. H. Denny 


“ {and others]. Washington 1930. pp. iv + 66. ill. 
Bulletin 321. Innovations in copper leaching 
employing ferric sulphate-sulphuric acid. By Harmon E. Keygs. 














of Washington 1930. pp. iv + 67. ill. 

Miners Circular 33. Advanced mine rescue 
- training. Part I. Mine gases and methods for their detection. By 
a J. J. Forpes and G. W. Grove. Washington 1929. pp. 65. ill. 

Technical Paper 453. Factors governing removal 
m of soluble copper from leached ores. By Jonn D. SULLIVAN and 
na ALVIN J. SWEET. Washington 1929. pp. 26. ill. 

Technical Paper 464. Coal-dust explosibility 

if factors indicated by experimental mine investigations 1911 to 1929. 
) By Grorce 8. Rice and H. P. GreenwaLp. Washington 1929. 
‘ pp. 45. ill. 

Technical Paper 466. Effect of manganese on 
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distribution of carbon in steel. By B. M. Larsen. Washington 
1929. pp.iv+ 31. ill. 

Unirep States. Department of Commerce. Bureau of Mines, 
Technical Paper 472. Acceleration of extraction of soluble copper 
from leached ores. By Morris GueacEennem and Joun PD. 
Suttivan. Washington 1930. pp. 30. ill. 

Technical Paper 473. Chemistry of leaching 
chalcocite. By Jonn D. Sutiivan. Washington 1930. pp. 24. 
ill. 





Technical Paper 476. Stock distribution and gas. 
solid contact in the blast furnace. By C. C. Furnas and T. L, 
JosEePH. Washington 1930. pp. iv + 73. 

Technical Paper 477. A study of the lubrication 
fractions of Cabin Creek (W. Va.) petroleum. With chapters on the 
action of solvents on the heavy constituents of petroleum. By 
F. W. Lanz [and others]. Washington 1930. pp. iv + 48. ill. 
Technical Paper 479. A study of the production 
of activated carbon from various coals and other raw materials. 
By A. C. Frecpyer, R. E. Haty, and A. E.Gattoway. Washington 
1930. pp. 30. ill. 

Technical Paper 480. Intensities of odors and 
irritating effects of warning agents for inflammable and poisonous 
gases. By S. H. Katz and E. J. Tatsertr. Washington 1930. 
pp. 37. ill. 














Bureau of Standards. Feldspar. Commercial Stan- 
dard CS23-30. Washington 1930. pp. vi + 14. 

Circular No. 389. The making of mirrors by the 
deposition of metal on glass. Washington 1931. pp. ii + 17. 
ill. 











Miscellaneous Publication No. 112. Manufacture 
of insulating board from cornstalks. By O. R. SweEenry and W. E. 
Emuey. Washington 1930. pp. 27. ill. 

Miscellaneous Publication No. 114. Filters for 
the reproduction of sunlight and daylight and the determination of 
color temperature. By Raymonp Davis and K. §8. Grsson. 
Washington 1931. pp. 165. ill. 

Viassopoutos, Vuassios. Uber die sterische Hinderung bei 
Reaktionen von Aminoséuren und Polypeptiden, zugleich ein 
Beitrag zum Wesen der sterischen Hinderung. Leipzig 1931. 

. dl. 

* ene, MAGDALENA. Bijdrage tot de kennis van de invloed van 
vergiften op de waterstofpotentiaal en de waterstcfdiffusie. Pur- 
merend 1929. pp. viii + 104. ill. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Extraordinary General Meeting, Thursday, October 15th, 1931, at 
§p.m., Professor G. G. HENDERSON, M.A., D.Sc., F.R.S., President, 
in the Chair. 

The notice convening the meeting was read, announcing that 
the following alterations in the Bye-Laws had been proposed by 

7the Council : 


4 Bye-Law I. 

(a) Page 4, line 22, insert after the words “to do so” the 
following words : “‘ And provided further that the Council 
shall have power, without such confirmation, in the case 
of any person who has been a Fellow for not less than 40 
years, wholly to remit or to reduce the annual sub- 
scriptions thereafter payable by him whenever it may 
consider it desirable to do so.” 

(d) Page 5, line 21, insert after the words “in arrear”’ the 
following words: “or shall not have been remitted or 
reduced under the provision hereinbefore contained.” 


‘ 


Bye-Law IV. 
(c) Page 7, line 12, insert after the words “his subscriptions ”’ 
the following words: “or such portion thereof as the 


Council may determine.” 


Bye-Law VIII. 

(d) Page 10, line 20, inseft after the words “one year,” the 
following words: ‘‘ save and except that if there shall 
not be eligible for election six Vice-Presidents who have 
filled the office of President the Council shall have the 
power to nominate for re-election for the coming year 
one or more of the retiring Vice-Presidents who have 
filled such office.” 


‘ 


The President stated that under Bye-Laws I and IV the 
Council sought discretionary power 
(a) To remit the payment of the annual subscription in the 
case of a Fellow of not less than 40 years’ standing, who 
is unable to continue to pay the annual subscription. 
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In such case the Fellow will not receive the publications 
of the Society. 

(6) To reinstate a former Fellow without requiring payment of 
the arrears of annual subscriptions that were due at the 
time he or she ceased to be a Fellow of the Society. 


and that the proposed alteration in Bye-Law VIII would enable the 
retiring Vice-Presidents (who have filled the office of President) to 
be immediately eligible for re-election, if, otherwise, the number of 







be by ballot. 


such Vice-Presidents would be less than six. 





























following Fellows : 


Thomas H. Bailey 
Sir Hugh Bell, Bart. 
Ethelbert W. Blair 
FN i, GI ce sniccnnsknescccaccacsons 
FRE Bic RPOPEY oiscccccccscceccscess 
John W. Hinchley 
Harold Holcroft 
Reginald Hopkinson 
IE Fas OUD Scisbssccrienecciesccecs 
Frederic N. Kerr 
Channell Law 
I BE basin tiivesivnnsscccereceses 


OCR e eee tenes eeeeeeeeeeeee 


Henry Droop Richmond ............... 
Paul G. W. Typke 


It was announced that : 


Elected. 
Feb. 8th, 1926. 


Feb. 15th, 1917. 
Feb. 19th, 1914. 


April 4th, 1883. 


Feb. 18th, 1926. 


Dec. 3rd, 1896. 
June Ist, 1876. 
May 6th, 1909. 


June 17th, 1886. 


Dee. 2nd, 1926. 


Nov. 16th, 1876. 


Dec. 5th, 1889. 


Feb. 16th, 1871. 


May 4th, 1893. 


June 19th, 1924. 
Feb. 15th, 1923. 


May 4th, 1922. 


June 20th, 1889. 
March 3rd, 1887. 


Feb. 17th, 1876. 


Such re-election will 
Under the Bye-Law as at present constituted, it was 
not possible to elect more than five Vice-Presidents in this category 
at the Annual General Meeting in March 1931. 


The motion that these alterations to the Bye-Laws be adopted 
was then proposed from the Chair and carried unanimously. 


At the Ordinary Scientific Meeting which followed, the PrREsipznt 
referred to the loss sustained by the Society, through death, 
on May 23rd, 1931, of Professor Frank Wigglesworth Clarke, who 
was elected an Honorary Fellow on May 18th, 1904, and of the 


Died. 


April 13th, 1931. 
June 29th, 1931. 
April 23rd, 1931. 
May 8th, 1931. 

Aug. 19th, 1931. 
Aug. 13th, 1931. 
July 13th, 1931. 
Dec. 8th, 1930. 

Sept. 18th, 1931. 
June 2nd, 1930. 
May 4th, 1931. 

July 5th, 1931. 

Sept. 2nd, 1931. 
July 29th, 1931. 
Feb. 3rd, 1931. 

July 21st, 1931. 
Aug. 21st, 1931. 
Sept. 24th, 1931. 
Aug. 27th, 1931. 
July 17th, 1931. 


1. On June 18th the Council had accepted with great regret the § 
resignation of Professor T. Slater Price from the office of Treasurer 
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owing to his appointment to the Chair of Chemistry at the Heriot- 
Watt College, Edinburgh. The Council had expressed its high 
appreciation of the valuable services rendered to the Society by 
Professor T. Slater Price as Honorary Secretary from 1924 to 1928, 
and as Treasurer from 1928 to June 1931. 

2. Mr. Emile S. Mond had accepted the appointment to the 
office of Treasurer, and that Professor T. Slater Price had been 
appointed to fill the office of Vice-President, rendered vacant by 
Mr. Mond’s acceptance of the Treasurership, until the next Annual 
General Meeting. 

3. Professor J. Kendall had been appointed to serve on the 
Research Fund Committee in place of the President, and Sir 
Robert Robertson, K.B.E., on the Finance Committee in place of 
Mr. E. 8. Mond. 

4. The Society’s Collection of Medals had been increased by the 
gift of two replicas of the Chevreul Commemoration Medallion from 
Professor Walter T. Taggart, of Philadelphia, and of the Jubilee 
Medal of the Society of Chemical Industry from Mr. G. 8. W. 
Marlow. The thanks of the Council have been conveyed to the 
donors. 

5. In connection with the Ordinary Scientific Meetings of the 
Society which are to be devoted to Discussions, the Council has 
decided that these Discussions shall be published separately and 
sent free to Fellows. 

It has also been decided that advance proofs of contributions to 
the Discussions shall be available beforehand. Fellows desiring to 
receive such advance proofs for the meeting to be held on 
December 17th are requested to notify the Assistant Secretary 
before December 3rd in order that the necessary number may 
be ordered. 

6. Applications for the Annual Reports for 1931 should reach the 
Assistant Secretary by the 3lst December, 1931. 

7. The Annual Chemical Dinner would be held in the Connaught 
Rooms, Great Queen Street, W.C. 2, on Thursday, December 10th, 
1931, at 7 for 7.30 p.m., and that the price of the tickets is 15s. each. 
8. The Ninth International Congress of Pure and Applied 
Chemistry under the Patronage of the Government of the Spanish 
Republic would be held in Madrid from April 3rd to 10th, 1932. 


Mr. J. Glassman was formally admitted a Fellow of the Society. 











Forms of recommendation for Fellowship were read for the first 
time in favour of : 


Chhotalal Badrilal Almaula, B.A., B.Sc., Public Health Laboratory, Karachi, 
India. 
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John Wilkinson Bee, M.A., 180, Shinfield Road, Reading. 

John Godolphin Bennett, 1, Bryanston Mansions, York Street, W. 1. 

Blanche Rosemary Carpenter, B.Sc., 96, Wyatt Park Road, Streatham Hill, 
S.W. 2. 

Wesley Crocker, M.Sc., 59, Lord Street, Oswaldtwistle, Accrington 

James Allan Cunningham, 8, Lister Crescent, Fairfield, Liverpool. 

George Albert Elliott, M.Se., Ph.D., 58, Mount Street, Perth, West Australia. 

George Denholm Gillies, B.Sc., 12, Bernard Avenue, West Ealing, W. 13. 

Eric Gray Hancock, B.A., B.Sc., 46, Beclands Road, S.W. 17. 

Herbert Holmes, 2, Wexford Road, Wandsworth Common, S.W. 12. 

Sidney Holt, M.Sc.Tech., 44, Pendle Road, Streatham Park, S.W. 16. 

Alfred Herbert James, B.Sc., Fonthill, Weald View Road, Tonbridge. 

Digby Thomas Leyshon, 20, Grand Avenue, Ely, Cardiff. 

John Lewis Moilliet, B.A., University College Hall, Queen’s Walk, Ealing, 
W. 5. 

Ruth Mona Murray, B.Sc., Lansdowne House Club, 13, Lyndhurst Gardens, 
N.W. 3. 

David Malcolm Murray-Rust, M.A., B.Sc., Charterhouse, Godalming. 

Krishna Shrinivas Nargund, B.A., M.Se., Gujarat College, Ahmedabad, India, 

Michael O’Donnell, 37, Castle Street, Dublin. 

John Owen, B.Sc., Trosmarian, Llangoed, Anglesey. 

Samuel Richard Pethrick, B.Sc., Kimberley House, Hatherleigh, Devon. 

Abdul-Aziz Ahmad Salama, 5, Tanfield Place, Virginia Road, Leeds. 

Donald Byard Stanley, B.Se., 377, Romford Road, Forest Gate, E. 7. 

Henry Israel Stonehill, 39, Stepney Green Dwellings, Mile End, E. 1. 

Alexander Robertus Todd, B.Sc., 2, Douglas Gardens, Clarkston, Glasgow. 

John Todd, B.Sc., Ph.D., 44, Shottskirk Road, Dykehead, Shotts, Lanark. 

shire. 

Henry John Tress, B.Sc., 11, Linden Avenue, Wembley. 

Harry Warner, 15, Belmore Road, Hurstville, N.S.W., Australia. 

Patrick Francis Whelan, M.Sc., Marin 5, Rio Tinto, Andalucia, Spain. 

Alfred Edward Williamson, Ivanhoe, Bilston Road, Aigburth, Liverpool. 

Norman Albert Wood, 69, Cambridge Road, Great Crosby, Liverpool. 

Gordon Hilliar Wyatt, Perivale, Linden Avenue, Maidenhead. 


The following forms of recommendation have been authorised by 
the Council for presentation to ballot under Bye-Law I (2) : 


Jack Rowland Atcherley, 21, Turner Avenue, Glenhuntley, Victoria, Australia, 

Henri Busch, Ph.D., Weissfrauenstrasse 7-9, Frankfurt, Germany. 

Léon Antonin Jaloustre, 117, Rue St. Lazare, Paris, 

Morris Goodwin Shepard, 153, Hillside Avenue, Waterbury, Conn., U.S.A. 

Walter Thomas Taggart, Prof., B.S., Ph.D., John Harrison Laboratory of 
Chemistry, The University, Pennsylvania, U.S.A. 


The following papers were read : 


“The interaction of 2 : 6-dichloro-4-methylquinitrol with methyl 
and ethyl alcohols.”” By E. C. 8. Jonzs and J. KENNER. 
“The structure of the isomeric platinous diammino-chlorides. 
Discovery of a third isomeride.””’ By H. D. K. Drew, F. W. 

PINKARD, W. WARDLAW, and (in part) E. G. Cox. 
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“The structure of the simple and mixed plato-tetrammine dihalides.’ 

By H. D. K. Drew, F. W. Prnxarp, and W. WARDLAW. 

“ Amidines of pharmacological interest.”” By A. P. T. Easson and 
F. L. Pyman. 

The following papers were taken as read : 

“Experiments on the synthesis of phenolic aporphines. Part I.” 

By J. M. GuLLAND. 

“Experiments on the synthesis of phenolic aporphines. Part II. 

Nitro-derivatives of 3 : 4-dihydroxyphenylacetic acid and of 

its methyl ethers.”” By J. M. GULLAND. 

“Experiments on the synthesis of phenolic aporphines. Part III. 

The action of benzyl chloride on nitrophenylacetic acids.” 

By J. M. Guuuanp and (Miss) K. I. Ross. 

“Experiments on the synthesis of phenolic aporphines. Part IV. 

The protection of hydroxyls by the carbethoxyl group.” By 

J. M. GuLLAND and C. J. VIRDEN. 

“Experiments on the synthesis of phenolic aporphines. Part V. 

isoCorydine.” By J. M. Guiuanp, (Miss) K. I. Ross, and 

N. B. SMELLIE. 

“Experiments on the synthesis of phenolic aporphines. Part VI. 

Laurotetanine.””’ By R. L. Dovatas and J. M. GULLAND. 





DISCUSSION, THURSDAY, DECEMBER 17TH, 1931, AT 8 P.M. 


At the Ordinary Scientific Meeting on Thursday, December 17th, 
1931, a Discussion on “‘ The Critical Increment of Homogenous 
Reactions,” wiJ] be opened by Mr. C. N. Hinshelwood, F.R.S., and 
continued by Professor A. J. Allmand, F.R.S., Mr. E. J. Bowen, and 
Professor E. K. Rideal, F.R.S. 

Fellows desiring to receive advance proofs of contributions to the 
Discussion should apply to the Assistant Secretary before Thursday, 
December 3rd. 





RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in 
December next. Applications for grants, to be made on forms 
obtainable from the Assistant Secretary, must be received on or 
before Tuesday, December Ist, 1931. Applications from Fellows 
will receive. prior consideration. 

All persons who received grants in December 1930, or in December 
of any previous year, whose accounts have not been declared closed 
by the Council, are reminded that reports must be returned by 
December Ist. 
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Attention is drawn to the fact that the income arising from the 
Donation of the Worshipful Company of Goldsmiths is to be more 
or less especially devoted to the encouragement of research in 
Inorganic and Metallurgical Chemistry, and that the income from 
the Perkin Memorial Fund is to be applied to investigations relating 
to problems connected with the Coal Tar and Allied Industries. 





BRITISH CHEMICAL ABSTRACTS ‘“A’’ FOR 1932. 
(Printed on one side of the page only.) 

The Abstracts “ A” (Pure Chemistry) for 1932, printed on one 
side of the page only, will be issued to Fellows who make application 
by December 31st, 1931. The price is £1 10s. A remittance for 
this amount must accompany each application, and Fellows should 
state whether they desire their copy to be gummed or ungummed. 





TABLE OF ATOMIC WEIGHTS, 1931. 


The Table of Atomic Weights prepared by the International 
Committee can be obtained by Fellows on application to the 
Assistant Secretary. Price: on cards ls. 6d. per dozen, 5s. 6d. for 
50, 10s. Gd. for 100; on paper 8d. per dozen, 2s. 3d. for 50, 4s. for 
100. 





REPORT OF THE INTERNATIONAL COMMITTEE FOR THE 





REFORM OF NOMENCLATURE IN ORGANIC CHEMISTRY. 


Copies of this report, which appeared in the Journal for June 1931, 
are available free of charge on application to the Assistant Secretary. 


THE NINTH INTERNATIONAL CONGRESS OF PURE AND 
APPLIED CHEMISTRY TO BE HELD IN MADRID, APRIL 
3RD TO 10TH, 1931. 


The following provisional programme has been arranged : 
Dimanche 3 Avril. 
Aprés-midi, 18} h. Réception des Congressistes et de leurs familles pat 
le Comité d’Organisation. 
Lundi 4 Avril. 


Matin, 10 h. Séance solennelle d’ouverture du Congrés. 
11-13 h. Conférence générale sur: ‘‘ L’Effet Raman en rap- 
port avec la constitution chimique” suivi de 
discussion. 


Aprés-midi 16-18 h. Réunion des groupes et sections. Présentation et 
discussion de memoires. 
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Mardi 5 Avril. 
Matin Réservé libre aux Congressistes. 
Aprés-midi, 18} h. Réception. 

Mercredi 6 Avril. 


Matin, 93-13 h. Conférence générale sur: ‘‘ Les hauts poliméres en 
Chimie,”’ suivi de discussion. 
Aprés-midi 153-18 h. Réunion des groupes et sections. 
18} h. Réception. 
Jeudi 7 Avril. Réservé aux excursions. 
Vendredi 8 Avril. 
94-13 h. Conférence générale sur: ‘*‘ La Chimie des hautes 
temperatures,”’ suivie de discussion. 
Aprés-midi 16 h. Premiére réunion du Conseil de l'Union Interna- 
tionale de Chimie. 
16-18 h. Réunion des groupes et sections. 
21h. Banquet official du Congrés. 
Samedi 9 Avril. 
10 h. Deuxiéme réunion du Conseil de Union Interna- 
tionale de Chimie. 
10-12 h. Réunion des Commissions, redaction des conclusions. 
Aprés-midi 16 h. Séance de Cléture. 
17 h. Assemblée Générale de l’Union Internationale de 
Chimie. 
Dimanche 10 Avril Réservé aux excursions. 





THEODORE WILLIAM RICHARDS MEDAL FUND. 


It has been decided by the North-eastern Section of the American 
Chemical Society to establish a Gold Medal to commemorate the 
many fundamental contributions made to chemistry by Professor 
T. W. Richards. The medal has been designed by the distinguished 
sculptor, Cyrus E. Dallin, and will be awarded at intervals of two 
or three years for conspicuous achievement in chemistry. 

A fund of ten thousand dollars will be required to cover the initial 
expenses and provide a trust fund yielding sufficient income for 
successive medals and incidental expenses. 

Those desiring to be associated with this recurring tribute to the 
personality and memory of Professor T. W. Richards should send 
their contributions to Professor Lyman C. Newell, Boston University, 
688, Boylston Street, Boston, Mass., U.S.A. 


List of papers, or Abstracts thereof, received between June 4th, 
1931, and October 15th, 1931. (This List does not include the 
titles of papers which have appeared in the Journal, or which have 
been read at an Ordinary Scientific Meeting) : 
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“Dicarboxylic acids. Part III. A comparative study of the}: 


thermal stabilities of some alkylated malonic acids.” By 
F. C. B. MARSHALL. 


‘Methylene ethers of carbohydrates. Part I. Cellulose methylene}: 


ether.” By F. C. Woop. 

“Tertiary methylarsines.’” By W. J. C. Dyke and W. J. 
JONES. 

“Substitution in resorcinol derivatives. Part III. Molecular 


rearrangement during bromination.”” By C. SriKanT1A4, M. §.}« 


IYENGAR, and K. SANTANAM. 

“* Aldehydes of 2- and 3-phenanthrol.” By A. 8. M. Nayar. 

“Colour in relation to chemical constituticn of dyes derived from 
hetero-cyclic dibasic acids.” By J. D. Tewari. 

““m-Anisil and m-anisilic acid.” By H. H. Hopason and W. 
ROSENBERG. 

“Salts and their dehydration.”” By M. Copisarow. 

“The reduction of copper oxide by hydrogen.” By J. 8. Lewis. 


‘“'Trypanocidal activity and chemical constitution. Part III} 
New sulphur derivatives of aromatic organic arsenicals (con- |“ 


tinued). Gold derivatives of 2-thiolbenziminazole-5-arsonic 
acid.” By J. G. EVERETT. 

“The identification of alcohols in very dilute aqueous solution.” 
By H. HEwnstocx. 

“ Colloidal sulphur.” By H. BassEetr and R. G. DuRRANT. 

“ Electrolysis of dilute and neutral copper sulphate solutions. 
Cathode deposit.” By P. K. BANERJEE and L. Gupta. 

‘* Degradation of quaternary ammonium salts. Part IV. Pre- 
liminary kinetic study of molecular rearrangement.” By T. 
THomson and T. 8. STEVENS. 
migratory velocities of substituted benzyl radicles.” By T. 
THomson and T. 8. STEVENS. 

“The attempted isolation of copper benzaldehyde.” By D. B., 
Brieas, H. SAENGER, and W. WaRDLAW. 

‘The decomposition of nitrous oxide by cathode rays.” By G. R. 
GEDYE. 

‘** Condensation of benzanilides with p-dialkylanilines with the aid 
of phosphorus oxychloride. A synthesis of p-dialkylaminobenzo- 
phenones, and the mechanism of the reaction.” By R. K. 
DESHAPANDE and R. C. SHAH. 

“A new and direct synthesis of p-dialkylaminobenzophenones.” 
By J. S. Cuausat and R. C. SHau. 

‘** Reaction of benzanilide-imidochloride with aromatic tertiary 
amines.” By J. 8. Cuausat and R. C. SHau. 


‘ Degradation of quaternary ammonium salts. Part V. Relative |‘ 
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* N-Alkyldiarylbenzenylamidines.” By J. S. Cuaupat and R. C. 
SHAH. 

“Quinazolonylquinolines.” By P. K. Boss and D. C. SEN. 

“The relation of limonene to carvone.” By T. S. WHEELER. 


“The application of benzidine to the quantitative determination of 


small amounts of manganese.” By R. G. Harry. 


“Perhalide equilibrium in non-aqueous solutions.” By E. A. 


DANCASTER. 


“The electrodeposition of chromium from tervalent chromium 


salt solutions. Part I. Chromium chloride and chromium 
sulphate baths.” By H. T. S. Brrrron and O. B. WEst- 
COTT. 


“Hydrolysis of acetone in ultra-violet light.” By E. QuREsHI and 


N. A. TAHER. 


“The purification and some physical constants of formamide.” By 


G. F. Smrra. 


“On the structure of the naphthalene nucleus.” By N. Nakata. 
“Complex catalytic compounds.” By H. HENsTOCK. 
“The solubility of lithium chloride in water.” By J. A. N. FrrenpD 


and A. T. W. CoLLEy. 


“The migration of acyl groups in o-aminophenols. Part II.” By 


F. BE tu. 


“Physical properties and chemical constitution. Part I. Atomic 


refractivities and some observations on the parachor.” By 
J. D. A. JOHNSON. 

‘The determination of glass-electrode potentials by means of valve 
potentiometers.”” By C. Morton. 


“The determination of glass-electrode potentials by means of a 


null ballistic valve electrometer.” By C. Morton. 


“Some dinaphthyl bases. Part I. Reduction of azoxy- and 


azo-naphthalenes. Isolation of an unsymmetrical hydrazo- 
compound.” By W. M. Cummine and G. Howie. 


“Some dinaphthyl bases. Part II. Syntheses and properties.” 


By W. M. Cummine and G. How1e. 


“Some nitro-derivatives of naphthalene, tetrahydronaphthalene, 


and dinaphthyl.” By W. M. Cummine and G. Howie. 


“Reactions of some azoxy- and azo-compounds with benzyl alcohol, 


benzaldehyde, and quinoline.” By W. M. Cummine and G. 
Howle. 


“Some derivatives of kojic acid.” By J. W. Armir and T. J. 


NOLAN. 


“The formation of thionaphthindole. Part II.” By E. W. 


McCLeELLAnD and J. L. D’Srtva. 
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“ Physico-chemical studies of complexes involving weak acids.§« 
Part III. Conductometric and potentiometric titrations of 
metallic acetates.” By H. T. S. Brrrron and F. H. Meek. 

“The action of phenylhydrazine and of thiourea on aliphatic nitro. 
compounds.” By A. K. Macsers and W. B. ORR. 

“The specific heats of sodium carbonate solutions and the heats of 
solution of sodium carbonate.” By J. C. SwaLiow and §. 
ALTY. 

‘* Attempts to find new anti-malarials. Part VI. Derivatives of 
2-8-aminoethylquinoline.” By W. O. Kermack and W. Mur. 

“ The catalytic action of hydrogen on the carbon monoxide flame.” 
By C. E. H. Bawn and W. E. Garner. 

“The association of aromatic compounds in solution.” By D. L. 
HAMMICK. 

“Studies in the olefin series. Part I. Synthesis of «-olefins.” 
By R. WILKINson. 

“Synthesis of a new disaccharide, nectrehalose.”” By W. N. 
HaAworta and W. J. HICKINBOTTOM. 

*“* Polysaccharides. Part IX. Evidence of the pyranose structure 
of xylan.” By W. N. Haworrs and E. G. V. PERCIVAL. 

“ The structure of 2 : 3: 4-trimethyl glucose.”” By W. CHAR Toy, 

W. N. Haworta, and R. W. HERBERT. 

Conversion of 2: 3: 4-triacetyl «-methylglucoside into 2-methy! 
3:4: 6-triacetyl «-methylglucoside.” By W. N. Haworts, 
E. L. Hirst, and (Miss) E. G. TEEcE. 

“The third variety of triacetyl methylrhamnoside.”” By W. N. 

Hawokrts, E. L. Hirst, and H. SAMvELs. 

““ Walden inversion in the «-glucoheptose series. The preparation 
of new derivatives and the determination of the structure of 
methyl-«-glucoheptoside.” By W. N. Hawortu, E. L. Hirst, 
and M. Sracry. 

“The halogenation of phenolic ethers and anilides. Part I. 
Additional velocity measurements in 99% acetic acid.”’ By 
A. E. BRADFIELD and B. JoNnEs. 

“‘ The halogenation of phenolic ethers and anilides. Part III. The 
“‘ phase and steric” factor.” By A. E. BRADFIELD, W. 0. 
JONES, and F. SPENCER. 

“The action of chlorine on benzene in the vapour phase.” By 
C. A. Smaue, R. N. THompson, and T. 8. WHEELER. 

‘The action of chlorine on toluene in the vapour phase.” By 
J. Mason, C. A. Smaxz, and T. S. WHEELER. 

‘‘ The constituents of Indian turpentine from Pinus longifolia, Roxb. 
Part VI. The autoxidation of d-A®-carene.” By J. OWEN 

and J. L. SIMONSEN. 
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“The ternary system potassium permanganate—potassium fluo- 
borate—water.”” By R. C. Ray and K. K. CHATTERJI. 
“The classification of coals by means of their reactivity towards 





































nitro. alkaline permanganate.” By W. Francis. 
“Molecular complexity of supercooled acetic acid and of benzene 
ats of by surface tension measurements.” By H. Fry. 
id 8.9 4-Nitro-5-(3-pyridyl)pyrazole, a new oxidation product of 
| nicotine. Part I.” By G. A. C. GoucH and H. Kine. 
fe of f Trypanocidal action and chemical constitution. Part X. 
- Aromatic arsonic acids containing amide groups.” By A. 
—s. Conen, H. Kina, and (Miss) W. I. SrrancEways. 
“ Attempts to find new antimalarials. Part VII. Quinoline com- 
). L. pounds having a side-chain in the 4-position containing two or 
mm more nitrogen atoms.” By W. O. Kermack and J. F. SMITH. 
ims. “Synthetical experiments in the chromone group. Part V. 
, Chromones derived from 2-phenylacetyl-l-naphthol and 
”. 2-benzylacetyl-l-naphthol.” By U. S. Curema and K. 
VENKATARAMAN,. 
tare Synthetical experiments in the chromone group. Part VI. 
: 2-Styrylchromones.” By U. 8. Cuzrema, K. C. Gubati, and 
_ K. VENKATARAMAN. 
“The decomposition of ammonium nitrate.” By M. 8. SHan and 
thy TM. Ona. 
‘TH, } “A new oxide of rhenium. Rhenium pentoxide.” By H. V. A. 
. Briscoz, P. L. Ropryson, and A. J. RUDGE. 
No «The alleged thallous thio per-rhenate.” By H. V. A. Briscox, 
, P. L. Rozpryson, and E. M. StopDART. 
or i Properties of conjugated compounds. Part XIV. An examin- 
he ation of the homogeneity of seven monomethyl- and dimethyl- 
-_ butadienes.”” By E. H. Farmer and F. L. WARREN. 
U “ Properties of conjugated compounds. Part XV. Influence of 
By the position of alkyl substitution on the refractivity of the 


y monomethyl- and dimethyl-butadienes.” By E. H. FARMER 
and F. L. WARREN. 


“i “Properties of conjugated compounds. Part XVI. The dipole 
moments and atomic polarisation of the monomethyl- and 
By dimethyl-butadienes.” By E. H. Farmer and F. L. WARREN. 


' “Properties of conjugated compounds. Part XVII. The deter- 
mination of the dipole moments of the monomethyl- and 
dimethyl-butadienes (continued). By E. H. Farmer and 
F. L. WARREN. 

ss “ Phase-rule studies on metallic thiocyanates Part II. The 
. systems AgCNS-NaCNS-H,O, AgCNS-KCNS-H,O and 
AgCNS-NH,CNS-H,0 at 25°.” By V. J. OccLEsHaw. 
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““ Investigation on the formation and stability of 8-lactones.”’ By 
A. KANDIAH. 

“* Dehydrogeranic acid.”” By R.S. Cann, A. R. PENFOLD, and J. L, 
SIMONSEN. 

** A potentiometric investigation of electrolytic dissociation. Part I. 
Cadmium halides.”” By H. L. Ritey and V. GALLAFENT. 
“The constitution of benzfurazan and benzurazan oxide.” By 

D. L. Hamnicxk, W. A. M. Epwarpgs, and E. R. STeErNer. 

“The reducing action of bornyl magnesium chloride.” By I. R. 
SHERWOOD and W. F. SuHort. 

“A compound of nitrobenzene and sulphuric acid.” By I. 
Masson. 

“ The dielectric polarisation of hydrogen chloride in solution. Part 
I. Benzene, cyclohexane, and carbon tetrachloride.” By F. 
FAIRBROTHER. 

“The action of halogens on polycyclic indole derivatives. Part I. 
The reaction between bromine and the acy] derivatives of tetra- 
hydrocarbazole.” By S. G. P. Prantr and (Miss) M. L, 
TOMLINSON. 

“ The action of halogens on polycyclic indole derivatives. Part II. 
The bromination of the acyl derivatives of benzopentindole.” 
By 8. G. P. PLant and (Miss) M. L. Tomirson. 

“A new method of preparing a picrolonate from a picrate as a 
means of identification.” By L. Kiem and J. F. Wri. 
KINSON. 

“ The photolysis of potassium ferrioxalate solutions. Part III.” 
By A. J. ALLMAND and K. W. Youna. 

‘ The calculation of degrees of dissociation of weak electrolytes.” 
By W. H. Banks. 

‘“ The inhibitory effect of substituents in chemical reactions. Part 
II. The reactivity of the -NCS group in substituted ary] thio- 
carbimides.”” By D. W. Browne and G. M. Dyson. 


ADDITIONS TO THE LIBRARY. 
I. Donations. 


ARGENTINA. Obras Sanitarias dela Nacién. Métodos de analisis. 

2nd edition. Buenos Aires 1929. pp. 108. ill. (Reed. 11/7/31.) 

From the Director. 

BERTHELOT, MARcELIN. Centenaire 1827-1927. Paris 1929. 
pp. 709. ill. (Reference.) 

From the Berthelot Centenary Committee. 

BRADFORD TECHNICAL CoLLEGE. Journal of Research. Vol. I, 

etc. Bradford 1930+. (Reference.) From the Principal. 
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BrIscoE, HERMAN T. Qualitative chemical analysis: principles 
and methods. New York 1931. pp. vi+ 279. ill. 10s. 6d. net. 
(Recd. 7/7/31.) 

From the London Publishers : Messrs. Macmillan & Co. 

Byep&n, Artur. Silicium als Vertreter des Kohlenstoffs 


‘| organischer Verbindungen. Uppsala 1916. pp. viii + 189. (Reed. 


27/8/31.) From the Author. 
CurTMAN, Louis J. Qualitative chemical analysis from the 
standpoint of the laws of equilibrium and the ionization theory. 
New York 1931. pp. xii + 539. ill. 16s. net. (Recd. 29/7/31.) 
From the London Publishers : Messrs. Macmillan & Co. 
Foop TecunoLocy. Vol. I, etc. London 1931+. (Reference.) 
From the Publisher: Mr. W. H. Newman. 
GLASSTONE, SAMUEL. Recent advances in physical chemistry. 
London 1931. pp. viii+ 470. ill. 15s. net. (Recd. 13/10/31.) 
From the Author. 
HoFFERT, WILFRED HERMANN, and CLaxton,G. Motor benzole, 
its production and use. London 1931. pp. xxii + 689. ill. 
25s. net. (Recd. 19/6/31.) From the National Benzole Association. 
PERKIN, [WiLtt1AM HENRY, JuNR.], and Kippinc, [FREDERIC 
StaNLEY]. Organic chemistry. New edition. By F. 8S. Kipprne 
and FrepERIC Barry Kriprine. London 1931. pp. xii + 614 + 
xxix. ill. 8s. 6d. net. (Recd. 8/10/31.) 
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From the Publishers : Messrs. W. & R. Chambers. 
SERONO, CESARE. Memorie e communicazioni scientifiche (1894— 
1930). Roma 1931. pp. xii + 701. (Recd. 29/7/31.) 
From the Author. 
SmytH, CHARLES PHELPs. Dielectric constant and molecular 
structure. (American Chemical Society Monograph Series.) » New 
York 1931. pp. 214. ill. $4 net. (Recd. 22/8/31.) 
From the Publishers : The Chemical Catalog Company, Inc. 
Travers, A. Leconsdechimie. 2vols. Paris 1931. pp. viii + 
176, iv + 213. ill. (Reed. 23/7/31.) From the Author. 
VicourEvUx, P. Quartz resonators and oscillators. London 
1931. pp. 217. ill. 7s. 6d. net. (Recd. 29/7/31.) 
From the Department of Scientific and Industrial Research. 


II. By Purchase. 


Franox, H. Hernricn, Makxkus, W., and JANKE, F. Der Kalk- 
stickstoff in Wissenschaft, Technik und Wirtschaft. (Sammlung, 
New Series, Vol. I.) Stuttgart 1931. pp. xvi-+ 213. (Reference.) 

Kavuscu, Oskar. Die Kontaktstoffe der katalytischen Herstel- 
lung von Schwefelsiure, Ammoniak und Salpetersiure. Halle 
(Saale) 1931. pp. viii+ 216. ill. M. 23. (Reed. 25/6/31.) 
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Mark, H., and WieRL, R. Die experimentellen und theoretischen 
Grundlagen der Elektronenbeugung. (Fortschritte der Chemie, 
Physik und physikalischen Chemie, Vol. XXI.) Berlin 193], 
pp. iv + 126. iil. 

Piatti, Luic1. Dampfdrucke binaérer Gemische und ihre Bedeut. 
ung fiir die Absorption fliichtiger Stoffe. (Sammlung, New Series, 
Vol. I.) Stuttgart 1931. pp. 53. ill. (Reference.) 

SPRINGER, Lupwic. Laboratoriumsbuch fiir die Glasindustrie, 
Erganzungsband. Halle (Saale) 1931. pp.x-+ 149. ill. MM. 12, 
(Recd. 25/8/31.) 

Stdcer, Hans. Elektrotechnische Isoliermaterialien. (Chemie 
in Einzeldarstellungen, Vol. XV.) Stuttgart 1931. pp. 354. ill. 
M.27. (Reed. 1/7/31.) 

Suvern, Karu. Die kiinstliche Seide. 5th edition. I Erganz. 
ungsband (1926 bis einschliesslich 1928). Berlin 1931. pp. xvi+ 
642. ill. M.74.50. (Recd. 14/7/31.) 

WokeER, GEeRTRUD. Die Katalyse. II. Spezieller Teil. Abt. 2. 
Biologische Katalysatoren. ii. Atmungsfermente. (Die chemische 
Analyse, Vol. XXVII/XXVIII.) Stuttgart 1931. -pp. xx + 592. 
(Reference.) M. 79. 


Ill. Pamphlets. 


AcHarya, C. Narasmmua. The relation between growth and 
intake of nutrients in the Cholam plant. (From the Madras Agric. 
J., 19.) 

AUSTRALIA, COMMONWEALTH® OF. Council for Scientific and 
Industrial Research. Bulletin No. 49. Factors affecting the 
mineral content of pastures. By A. E. V. Ricuarpson, H. C. 
TRUMBLE, and R. E. SHaprrer. Melbourne 1931. pp. 47. ill. 

BaRANGER, P.-M. Contribution a |’étude des propriétés physico- 
chimiques et thérapeutiques des acides arsyl-arsiniques. Paris 
1931. pp. xiv + 202. ill. 

Boarp OF Epvucation. Educational Pamphlets, No. 85. Report 
by H.M. Inspectors on the provision of instruction in applied 
chemistry in technical schools and colleges in England and Wales. 
London 1931. pp. 51. 

CoHEN, BARNETT, and PREISLER, Pau W. Studies on oxidation- 
reduction. XVI. The oxazines: Nile blue, brilliant cresyl blue, 
methyl Capri blue, and ethyl Capri blue. (U.S. Public Health 
Reports, 1931, Supplement No. 92.) 

Contr, Prince Grnorr. II vetro per l’ottica in Italia. (From 
the Atti Soc. Colombaria, 1930-31.) ill. 
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DeNntINA, ERNESTO, and Frates, Arturo. Esperier sulle 
caratteristiche di funzionamento dell’accumulatore a \iombo. 
(From L’E£nergia Elettrica, 1931, 8.) 

FLORENCE, GABRIEL. Contribution chimique a l’étud de la 
narcose provoquée. Lyon 1928. pp. 97. 

Fukusuima, Ikuzo, and Horto, Masao. Spectroscoic and 
photochemical research on the diazo-compounds, etc. (fom the 
Mem. Coll. Eng. Kyéto, 1931, 6.) 

GENERAL MeEpicat Counctn. Pharmacopeia Commissir. Re- 
ports of sub-committees, 4-7. London 1931. pp. 18, 8, 
4, 15. 

HartoG, Sir Purp. Joseph Priestley and his place irthe his- 
tory of science. (From the Proc. Roy. Inst., 1931.) 

Harvey, Evtery H., and Scuavettr, H. A. The sulfr mono- 
chloride reaction of the fatty oils. II-IV. (From th Trans. 
Wisconsin Acad. Sci., 1931, 26.) 

HooGstRATEN, CORNELIS WILLEM VAN. Para-nitropenyliso- 
cyanaat als reagens op alcoholen en amino-verbindingen Leiden 
1931. pp. xii + 137. 

Imar, Hrrosut, and Hacrya, Masami. Zur Kenntnis derWaerme- 
behandlung und der Abkuehlungsweise von gegossern Zinn- 
bronzen. (From the Mem. Ryojun Coll. Eng., 1931, 4.) 

INTERNATIONAL Socrety oF MeEpicat Hyproioey. Standard 
Measurements Committee. International register of :pas and 
medicinal waters. London 1931. pp. 20. 

Kiso1, Yuxrraro. Some chemical studies of the mulberry 
leaves, used in each instar of silkworms and in each seagn of silk- 
worm-culture, and on the leaves in the fallen season. from the 
Bul. Sci. Fak. Terkultura, Kyushu Imp. Univ., 1931 4.) [In 
Japanese. English summary. | 
Kosaka, Hrrost. Die Beziehungen zwischen den verchiedenen 
physiologischen Erscheinungen der Pflanzen und den in verschied- 
enen Vegetationsorganen in Erscheinung tretenden Firbstoffen. 
Il. (From the J. Dept. Agric., Kyushu Imp. Univ., 1931, 3.) 
Mruoxic, Stanko Stankov. Kemijska analiza alkalitaih kiselica 
u Gornjem Gaberniku. (From the Bull. Soc. Chim. Yougoslav., 
1931, 2.) 

Mines DeparTMENT. Safety in Mines Research Board. Paper 
No. 67. The pressures produced on blowing electric fuse links : 
the effect of the surrounding atmosphere. By G. AitsoP and 
P. B. SmrrnH. London 1931. pp. 19. ill. 

Paper No. 69. The ignition of firedamp by coal- 
mining explosives. I. Gallery experiments. By H. C. GrimsHAaw 
and Wi~t1aAM PaymMan. London 1931. pp. 45. ill. 


—— 
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MrinE DEPARTMENT. Paper No. 70. The ignition of firedamp 
by thereat of impact of coal cutter picks against rocks. By 
MavricJoun BurcEss and RicHaRD VERNON WHEELER. London 
1931. ».21. ill. 

— Paper No. 7]. Spontaneous electrification in coal. 
dust clads. By Samurn Cyrm Bracxtin and H. Rosirnsoy, 
London.931. pp. 17. ill. 

Oxprnsa, Icuis1. On the nature of eutectoid-transformation of 
aluminim-bronze. Parts III and IV. X-ray analysis. (From 
the Men Ryojun Coll. Eng., 1931, 3.) ill. 

ScrEN‘FIc AND INDUSTRIAL RESEARCH, Department of. Report 
of test .. . on a retort of the Bussey Coal Distillation Company, 
Ltd., at tlenboig, Lanarkshire. London 1931. pp. vi+ 28. ill. 








(L. & N.Coal Distillation Company, Ltd., at Newbold, near Ashby. 
de-la-Zovh. London 1931. pp. vi + 27. ill. 
‘he application of X-ray crystal analysis to industrial 
problems London 1931. pp. iv + 13. ill. 
Fel Research. Physical and chemical survey of the 
national oal resources No. 18. The Yorkshire, Nottinghamshire 
and Derlyshire coalfield. South Yorkshire area. The Barnsley 
seam. Lndon 1931. pp. iv + 67. ill. 
—— Physical and chemical survey of the national coal 
resources No. 19. The Lancashire coalfield. The Burnley, Ac- 
crington, Darwen and Bacup area. The Lower Mountain Mine. 
London 131. pp. vi+ 90. ill. 
—— Technical Paper No. 29. The action of hydrogen 
upon coa. I. By A. Crawrorp [and others]. London 1931. 
pp. vi+ 7. ill. 
—— Technical Paper No. 31. The sulphur compounds in 
water-gasand their removal. By Witi1am Epcar Bakgss, JAMES 
GRIEVE Kine, and Frank Sturpy Srnnatr. London 1931. pp. 
vi + 35. ill. 
—— Technical Paper No. 33. The oxidation of hydrogen, 
carbon mmoxide and the paraffin hydrocarbons by copper oxide. 
By James Grieve Kine and L. J. Epecomse. London 1931. 
pp. vi+ %8. ill. 

SEN, HtmenpRA Kumar. Synthetic paraffins. (From the Proc. 
Inst. Chem. (India), 1931.) 

Surnopa, Junzo, and Prne-Kun, CHen. Ein Bestandteil der 
Euphorbia formosana Hay. (From the J. Pharm. Soc. Japan, 1931, 
51.) [In Japanese. German summary.] 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, November 5th, 1931, at 
8 p.m., Professor J. F. Toorps, C.B.E., D.Sc., F.R.S., Past-President, 
in the Chair. 


The CHarRMAN referred to the loss sustained by the Society, 
through death on August 30th, of Robert Grant, who was elected a 
Fellow of the Society on December 4th, 1919. 


It was announced that delegates would represent the Society for 
the year 1932 as follows : 


Professor C. §. Gibson, Mr. A. J. Greenaway, Dr. J. T. Hewitt, 
and Professor G. T. Morgan, together with the Treasurer (ex officio), 
on the Bureau of Chemical Abstracts. 

Professor C. S. Gibson, Sir William J. Pope, and Professor J. F. 
Thorpe on the Federal Council for Chemistry. 


Dr. F. B. Kipping was formally admitted a Fellow of the Society. 


Forms of Recommendation for Fellowship were read for the first 
time in favour of : 


Sekharipuram Venkateswarier Anantakrishnan, B.A., 13, Temple Fortune 
Hill, Golder’s Green, N.W. 11. 

Edward James Boorman, A.R.C.S., 6, Purbeck Road, Chatham, Kent. 

Arthur Cecil Bottomley, M.Sc., Ph.D., Hulme Hall, Victoria Park, Manchester. 

Eric George Hemphill Carter, B.Sc., 183, Twickenham Road, Leytonstone, 
E. 11. 

Ernest Harrison Coulson, B.Sc., A.R.C.S., 50, Greenvale Road, Eltham, 8.E. 9. 

Malcolm Crawford, B.Sc., c/o Monro, 296, Bath Street, Glasgow. 

Dora Anne Duff, B.Sc., 29, Cheyne Walk, Hendon, N.W. 4. 

Robert Albert Ernest Galley, B.Sc., A.R.C.S., 42, Ravensbourne Park, 
Catford, S.E. 6. 

Henry Isaac Hall, B.A., St. John’s College, Oxford. 

Edward Francis Hartree, A.R.C.S., 23, Coleridge Walk, Golder’s Green, 
N.W. 11. 

Winifred Rosa Ashby Hollens, B.Sc., 89, Colliers Water Lane, Thornton 
Heath, Surrey. 

Edward David Hughes, B.Se:, Ph.D., Gwalia House, 97, Gower Street, W.C. 1. 

Richard Lewis Jones, B.Sc., c/o Miss A. A. Heddercott, 29, Girdler’s Road, 

West Kensington, W. 14. 
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Edwin Marshall Meade, A.R.C.S., Royal College of Science, S. Kensington, 


S.W. 7. 

Hermann Giinther Gottschaldt Mohrhenn, B.Sc., 4, Clifton Road, Crouch 
End, N. 8. 

George Maxwell Richardson, M.Sc., Ph.D., Central Y.M.C.A., Tottenham 
Court Road, W.C. 1. 

Eliot Harry Roberts, Galestone College, Upper Norwood, 8.E. 19. 

John Robertson, B.Sc, 21, Borden Road, Glasgow, W. 3. 

James Hilton Rogers, 83, Plymouth Road, Penarth, Glam. 

Henry Norman Rydon, A.R.C.S., 3, Mentmore Close, Northwick Park, Har. 
row. 

Abdul Baki Mohammed Solieman Sheikh, M.Sc., 9, Fairfax Road, Bedford 
Park, W. 4. 

Margaret Sarah Smith, B.Sc., 7, Albert Road, Brighton. 

Bernard Joseph Styles, 86, St. Peter Street, Hackney Road, E. 2. 

Norton James Hugh Wallis, B.Sc., A.R.C.S8., 36, Sydenham Road, Cotham, 
Bristol. 

John Stephen Watt, M.Sc., University College, Oxford. 

Christopher Lumley Wilson, B.Sc., 90, Highgate Road, N.W. 5. 

Henry George Wright, 14, Lesbia Road, Lower Clapton, E. 5. 


The following papers were read : 


“« A potentiometric investigation of electrolytic dissociation. Part I. 
Cadmium halides.” By H. L. Rutey and V. GALLAFENT. 

‘* Dehydrogenation of pyridine by anhydrous ferric chloride.” By 
G. T. Morean and F. H. Bursta.t. 

“The structure of glutaconic acids and esters. Part II. «-Sub- 
stituted derivatives of 8-methylglutaconic acid.” By G. A. R. 
Kon and E. M. Watson. 

‘‘ Studies in gaseous adsorption. ‘Part II. The form of the heat 
of adsorption curve for hydrogen on platinum.” By E. B. 
MAXTED and N. Hassip. 

“‘ Studies in gaseous adsorption. Part III. The heterogeneity of 
catalytic surfaces.” By E. B. Maxrep. 





Ordinary Scientific Meeting, Thursday, November 19th, 1931, at 
8 p.m., Professor G. G. HENDERSON, M.A., D.Sc., F.R.S., President, 
in the Chair. 


The PresiIpENT referred to the loss sustained by the Society, 
through death, of : 


Elected. Died. 
Walter Francis Reid ..................+5. Dec. 15th, 1881. Nov. 18th, 1931. 
John Baldwin Shoesmith ............ Feb. 15th, 1923. Nov. 18th, 1931. 


The PRESIDENT announced that in addition to the two Discussions 
already announced for December 17th, 1931, and May 19th, 1932, 
the Ordinary Scientific Meeting on Thursday, February 18th, 1932, 
will be devoted to a discussion on “ The Significance of Velocity 
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Measurements in Relation to the Benzene Substitution Problem ” 
which is to be opened by Mr. A. E. Bradfield. 


The following were formally admitted Fellows of the Chemical 
Society : Messrs. E. A. R. Bousfield, F. G. Angell, and F. C. Clap- 


ham. 


Forms of Recommendation for Fellowship were read for the first 
time in favour of : 
William Owen Jones, Ph.D., A.I.C., 16, Water Street, Penmaenmawr, North 
Wales. 
Thomas Fotheringham Macrae, Ph.D., 140, Ebury Street, S.W. 1. 
John Alexander Mair, Ph.D., 53, Cunningham Street, Glasgow. 
Arthur Francis Boughton Neal, B.A., Fermor House, Crowborough, Sussex. 
James Eric Wynfield Rhodes, B.Sc., A.I.C., 35, Fielding Crescent, Green Lane, 
Blackburn. 
Gertrude Maud Robinson, M.Sc., 13, Norham Road, Oxford. 
Margot Elaine Thompson, B.Sc., 174, Cromwell Road, Earl’s Court, S.W. 5. 
Muriel Louise Tomlinson, B.A., Kingswood, Lapworth, Warwickshire. 


The following papers were read : 


‘* Dehydrogeranic acid.”” By R.S. Cann, A. R. PENFOLD, and J. L. 
SIMONSEN. 

“The nitration of oximes.” By W. CuHartron, J. C. Eart, J. 
KENNER, and A. A. LUCIANO. 

‘ 10-Chloro-5 : 10-dihydrophenarsazine and its derivatives. Part 
XVII. Constitution of the nitro-derivatives produced from 
3-nitrodiphenylamine-6’-arsonic acid and its homologues.” By 
C. 8. Gipson and J. D. A. JOHNSON. 

‘* Investigations of the olefinic acids. Part VI. Lactonisation and 
allied additive reactions. Part I. The system, «$-acid-fy- 
acid-y-lactone.” By R. P. LinstEap. 





DISCUSSION, THURSDAY, DECEMBER 17TH, 1931, AT 8 P.M. 


At the Ordinary Scientific Meeting on Thursday, December 17th, 
1931, a Discussion on.“ The Critical Increment of Homogeneous 
Reactions,” will be opened by Mr. C. N. Hinshelwood, F.R.S., and 
continued by Professor A. J. Allmand, F.R.S., Mr. E. J. Bowen, and 
Prefessor E. K. Rideal, F.R.S. 

Fellows desiring to receive advance proofs of contributions to the 
discussion should apply to the Assistant Secretary before Thursday, 
December 3rd. 





THE LIBRARY. 
The Library will be closed for the Christmas Holidays from Wednes- 


day, December 23rd, at 1 p.m., until Tuesday, December 29th, at 


10 a.m. 
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ANNUAL TABLES OF CONSTANTS AND NUMERICAL DATA, 
CHEMICAL, PHYSICAL, BIOLOGICAL, AND TECHNOLOGICAL. 


Subscription at Reduced Prices. 
(Volumes VIII (1927-1928) and IX (1929) 
The Subscription List will be closed on December 31st, 1931. 


Special arrangements for payment will be made, taking into 
account the present financial conditions. Apply at once to: 


Monsieur C. Marte, 
General Secretary of the Publishing Committee, 
9 rue de Bagneux, Paris VI°. 


Specimen pages from previous volumes can be sent on application, 
and the Index to Volumes I to V, which is a work of exceptional 
interest, will be sent free on approval. 





List of papers, or abstracts thereof, received between October 15th 
and November 19th, 1931. (This list does not include the titles of 
papers which have appeared in the Journal, or which have been 
read at an Ordinary Scientific Meeting.) 


** Neutral salt addition compounds of $-alanine.” By H. Kine and 
G. V. RUTTERFORD. 

“ Hydroxyanthraquinones. Part I. A synthesis of purpurin.” 
By P. G. MARSHALL. 

“ The saponification of diesters.”” By M. Rircuie. 

“The oxidation of caoutchouc, gutta-percha, and balata with 
hydrogen peroxide.” By J. A. Mar and J. Topp. 

“The chlorination of anilides. Part VII. The constitutional 
influence of the acyl group upon side-chain reactivity.” By 
G. WituiaMs and 8. P. HuGHEs. 

“The rearrangement of hydroxy-sulphones. Part I.” By A. A. 
Levi, H. C. Rats, and 8. SMIzs. 

“A new reaction of certain diazosulphonates derived from 8- 
naphthol-l-sulphonic acid. Part VIII. Preparation of phthal- 
azine, phthalazone, and phthalimidine derivatives from 2-chloro- 
4-nitroaniline.”’ By F. M. Rows and C. DunBar. 

‘‘ Intermetallic compounds formed in mercury. Part I. The tin- 
copper system.” By P. V. F. Cazatert, A. 8S. RussE1, and 
N. M. Irvin. 
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“Intermetallic compounds formed in mercury. Part II. The 
zinc-copper system.” By A. S. Russexy, N. M. Irvin, and 
P. V. F. Cazaer. 

‘“ Degradation of quaternary ammonium salts. Part IV. Mole- 
cular rearrangements in related sulphur compounds.” By T. 
THOMSON and T. 8. STEVENS. 

“ Derivatives of phenylaminocamphor.” By F. L. Rose. 

‘‘ Determination of the rate of rise of pressure in the combustion of 
some gas—oxygen mixtures.” By C. CAMPBELL, W. B. LiITTLER, 
and C. WHITWORTH. 

‘The conversion of d-$-octyl chloroformate into dextrorotatory 
8-chloro-octane and the action of the chlorides and oxychloride 
of phosphorus on d-8-octanol.” By A. H. J. Houssa and H. 
PHILLIPS. 

‘ Constitutional factors controlling prototropic changes in carbonyl 
compounds. Part I. The relative speeds of enolisation of 
acetone and bromoacetone and the effect of the acid catalyst.” 
By E. D. Hueuss, H. B. Watson, and E. D. Yates. 

‘“ Binary systems comprising urea with certain metallic nitrates.” 
By W. J. HowE Lis. 

“ Metallic hydroxy-acid complexes. Part VI. Complexes of lead 
and zinc. ” By (Miss) E. E. Wark. 

“The synthesis and orientation of trichloroanthraquinones and 
amino-disulphonates of anthraquinone. Part II.” By A. A. 
GOLDBERG. 

“The double compound of aluminium chloride with hydrogen 
cyanide.” By L. E. Hinxet and R. T. Dunn. 

“On active nitrogen. Part IX. The electrical conductivity of 
active nitrogen.” By E. J. B. Wituey and W. A. Strine- 
FELLOW. 

“On active nitrogen. Part X. A supposedly oxidisable variety 
of nitrogen.” By E. J. B. Wittey and 8. G. Foorp. 

“The reduction of heteronuclear nitroanthraquinonesulphonates.”’ 
By A. A. GOLDBERG. 

‘“Strychnine and brucine. Part XIII. Note on dihydroindolyl- 
propionic and dihydroindolylbutyric acids.” By B. K. BLount 
and R. RosBrinson. 

“Studies in chemotherapy (antimalarials). Part II. Pyrryl 
methyl ketones and their transformation to indoles.” By 

A. U. Quresut, J. 8. AGGARWAL, and J. N. RAy. 

“The aétion of Grignard solutions on the 10-methoxyanthrones.” 
By E. DE B. BARNETT. 


“The reaction at the quinhydrone electrode in methyl alcohol.” 


By A. MACFARLANE. 











86 


“Cyclic esters of sulphuric acid. Part II. The constitution of 
methylene and glyoxal sulphates, and the reaction of methylene 
sulphate with tertiary bases.” By W. Bakzr and (in part) 
F. B. Frevp. 

“The formation and stability of spiro-compounds. Part XIV. 
The effect of the methylcyclohexane ring on the carbon tetra- 
hedral angle.” By R. D. Dzsat. 

“The chemistry of alkyleyclopentanones. Part II. The effect of 
the methylcyclopentane ring on the carbon tetrahedral angle.” 
By R. D. Dssat. 

“ Dihydroresorcinols. Part I. The alkylation of substituted 
dihydroresorcinols.” By R. D. Dxsat. 

“ Investigations on alkylaconitic acids.” By R. D. Dxsat. 

“ A convenient method of preparing anhydrous aluminium bromide.” 
By R. P. BELL. 

“ Effect of replacement of methyl by alkyl and aryl on the stability 
of the xanthate molecule.”” By (Miss) I. M. McALPINE. 

““ Hydrolysis and decomposition of menthy] dixanthide and of bornyl 
dixanthide.”’ By (Miss) I. M. McAtprng. 

“ Effect of solvents on the optical rotation of menthene, bornylene, 
and borneol.”’ By (Miss) I. M. McAvpPrIne. 

“* Effect of solvents on the optical rotation of esters of menthyl and 
bornyl xanthic acid, and on menthyl and bornyl dixanthide.” 
By (Miss) I. M. McAtprne. 

“The physical properties of nitrobenzene in the neighbourhood of 
the melting point.” By N. B. Massry, F. L. WaRReEn, and 
J. H. WOLFENDEN. 

“* Potassium rheni-iodide.” By H. V. A. Briscoz, P. L. RoBrnson, 
and A. J. RuDGE. 

“ Reactivity of peri-substituted naphthalenes. Part I. Displace- 
ment of the nitro-group in 8-nitro-l-naphthoic acid by thionyl 
halides to form 8-chloro- and 8-bromo-naphthoic acids.” By 
H. G. Ruxe and A. J. G. BARNETT. 

“ Ring-closure studies in the piperidine series.” By G. R. CLEmo, 
J. Ormston, and G. R. RaAMAGE. 

“ The lupin alkaloids. Part V.” By G. R. CLemo, G. R. Ramaae, 
and R. RAPER. 

“The formation of thionaphthindoles. Part III. The synthesis of 
thionaphthindoles from 3-oxy-l-thionaphthens.” By E. W. 
McCLELLAND and J. L. D’SiLva. 

‘* Preliminary synthetical experiments in the morphine group. Part 
I.” By R. Ropmyson and 8. Sueasawa. 

“ Preliminary synthetical experiments in the morphine group. Part 
II.” By R. Rosryson and 8. Sueasawa. 
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“Strychnine and brucine. Part XIV. Oxidation of hexahydro- 
strychnine.” By L. H. Bricas and R. Rosrson. 

“Cyanine dyes and related compounds.” By (Miss) F. M. Hamer, 
I. M. Hersron, J. H. Reape, and H. N. WALLs. 

“ Dicarbocyanines. A new series of cyanine dyes.” ByS. BEatTIE, 
I. M. Hermsron, and F. Irvine. 

“ Studies in the sterol group. Part XI. The formation of ethers 
of ergosterol and its derivatives.” By I. M. Hemsron and 
J. C. E. Sampson. 

“ Polycyclic aromatic hydrocarbons. Part VIII. The chemistry 
of 1: 2:5: 6-dibenzanthracene.” By J. W. Cook. 

“Polycyclic aromatic hydrocarbons. Part IX. The chemical 
nature of chrysogene, the colouring matter of the higher coal- 
tar hydrocarbons.” By J. W. Cook. 

“The kinetics of reactions involving collisions between solute and 
solvent molecules.” By E. A. MoELWYN-HUGHEs. 

“Search for trypanocidal activity. Derivatives of dehydrothio- 
p-toluidinesulphonic acid and of 3-aminocarbazoledisulphonic 
acid.”” By G. T. More@an and J. G. MITCHELL. 

* Nitration of carbazole.” By G.T.Morean and J. G. MITCHELL. 

“ Physico-chemical studies of complex formation involving weak 
acids. PartIV. Alkali solutions of lanthanum tartrate.” By 
H. T. 8. Brirron and W. E. BatTRIck. 

“ Capillary activity in aqueous solution.” By H. MILs. 

“ Estimation of acetic acid in presence of stannic chloride.” By 
C. 8. Murty and 8. Husain. 

“The vapour pressure of 88’-dichlorodiethyl sulphide.” By 8S. A. 
Mumrorp, J. W. C. Puiuies, and W. C. BALL. 

“ Higher aliphatic compounds. Part II. The system cetyl iodide- 
octadecyl iodide.” By J. C. Smita. 

“Trypanocidal action and chemical constitution. Part XII. 
Arylthioarsinites derived from «x-thiolundecoic acid.” By 
A. CoHEN. 

“The dissociation constants of organic acids. Part V. The 
mobility of the hydrogen ion at 18° and at 25°.” By G. H. 
JEFFERY and A. I. VOGEL. 





FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE 
BALLOT WILL BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, DECEMBER 
3rd, 1931. 

ALMAULA, CHHOTALAL BapritAt, Public Health Laboratory, Karachi 


(Sind). Indian. Chemical Assistant, Public Health Laboratory, Karachi. 
B.A, in 1919 with Chemistry and Physics, and B.Sc. in 1920 with Chemistry 
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as principal subject at the University of Bombay. Superintendent, Govt. 
Casein Demonstration Factory, Anand, Nov. 1920 to Aug. 1921. Asst. 
Chemist, Depart. of Industries, Bombay, Aug. 1921 to April 1924. Asst, 
Chemist in the Laboratory of Messrs. J. Hughes & Davies, Bombay, April 
1924 to Feb. 1925. Chemical Asst., Public Health Laboratories, Feb. 1925 
to date, and as such Public Analyst for the city of Karachi. (Signed by) 
S. J. Shah, A. H. Nanavati, M. S. Shah. 

ANANTAKRISHNAN, SEKHARIPURAM VENKATESWARIER, 13, Temple Fortune 
Hill, Golder’s Green, N.W.11. Indian. Student. B.A. (Hons.) of the 
Madras University. Desire to receive the publications of the Society, attend 
the meetings, and use the Library. (Signed by) C. K. Ingold, J. N. E. Day, 
M. 8S. Kazi. 

Ber, JoHN WILKINSON, 180, Shinfield Road, Reading, Berks. British. 
University Lecturer in Agricultural Chemistry. M.A. Cambridge; Diploma 
in Agriculture, Cambridge. Research in Agricultural Chemistry, Cambridge, 
1926-28. Lecturer in Agricultural Chemistry, Reading University, 1928-31. 
(Signed by) H. A. D. Neville, D. Roy Maxted, W. F. K. Wynne-Jones. 

BENNETT, JOHN GODOLPHIN, 1, Bryanston Mansions, York Street, W. 1. 
British. Chemical Engineering Student. Student. Captain Royal Engineers 
(ret.). (Signed by) T. J. Drakeley, J. R. I. Hepburn, H. J. 8S. King, D. H. 
Richardson. 

BoorMAN, Epwarp James, 6, Purbeck Road, Chatham, Kent. British. 
Student. A.R.C.S. (at Royal College of Science), Ist Class. Student, Royal 
College of Science, Oct. 1929 to Oct. 1931. (Signed by) Jocelyn Thorpe, 
G. A. R. Kon, R. P. Linstead. 

Borromiey, ARTHUR CerEciL, Hulme Hall, Victoria Park, Manchester. 
British. Research Chemist in Cancer Research Dept., Manchester Univer- 
sity. M.Sc., Ph.D. (Manchester). Bottomley and Robinson, J.C.S., 1927, 
2785; Bottomley, Lapworth, and Walton, ibid., 1930, 2215. (Signed by) 
Arthur Lapworth, D. H. Hey, G. N. Burkhardt. 

CARPENTER, BLANCHE RosEMARY, 96, Wyatt Park Road, Streatham Hill, 
S.W. 2. British. Research Student. B.Sc. Pass, Special, London. (Signed 
by) E. E. Turner, Mary S. Lesslie, Elizabeth E. J. Marler. 

CarTER, Eric GEORGE HEMPHILL, 183, Twickenham Road, Leytonstone, 
E.11. British. Chemistry Research Student. B.Sc. (2nd Class Hons., 
London). For three years a Chemistry Student at East London College. 
(Signed by) J. R. Partington, D. C. Jones, W. H. Patterson, H. D. K. 
Drew. 

Cocker, WestEy, 59, Lord Street, Oswaldtwistle, Accrington, Lancs. 
British. Assistant to Professor of Organic Chemistry. B.Sc. (1928) (lst 
Class Hons.); M.Sc. (1929), Manchester. Research Student. Work on (1) 
Reaction mechanisms, and (2) Amino-acids. Dalton Scholar, 1930; Beyes 
Fellow, 1931. Various papers to J.C.S. and also Recueil de Pays Bas (Burk- 
hardt and Cocker, July 1931). Cocker, Lapworth, and Walton, J.C.S., 1930, 
440; Cocker and Lapworth, ibid., 1931, 1391; Cocker, Lapworth, and Peters, 
ibid., 1931, 1382. (Signed by) Arthur Lapworth, G. N. Burkhardt, D. H. 
Hey. 

Covutson, Ernest Harrison, 50, Greenvale Road, Eltham, S.E. 9. 
British. Research Student. Bachelor of Science (London, Ist Class); 
Associate of Royal College of Science (lst Class). Laboratory Assistant, 
Research Department, Royal Arsenal, Woolwich, June 1926 to Oct. 1929. 
Student, Royal College of Science, Oct. 1929 to Oct. 1931. (Signed by) 
Jocelyn Thorpe, G. A. R. Kon, R. P. Linstead. 
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CRAWFORD, Matcoum, c/o Monro, 296, Bath Street, Glasgow, C.2. Scot- 
tish. Research Student, Glasgow University. B.Sc. (lst Class Hons.) in 
Applied Chemistry, Glasgow University. At present carrying out research 
work in Organic Chemistry at Glasgow University. (Signed by) T. 8. Patter- 
son, 8S. Horwood Tucker, T. S. Stevens. 


CUNNINGHAM, JAMES ALLAN, 8, Lister Crescent, Fairfield, Liverpool. 


British. Managing Director. Wholesale Manufacturing Chemist. (Signed 
by) James Williamson, H. Humphreys Jones, J. E. Whipp. 

Durr, Dora ANNE, 29, Cheyne Walk, Hendon, N.W.4. British. Research 
Student. B.Sc. (London University). Student of chemistry for three years 
at University College, London, being research student the third year. 
(Signed by) C. K. Ingold, O. L. Brady, R. J. W. Le Févre. 

GALLEY, RoBert ALBERT ERNEST, 42, Ravensbourne Park, Catford, S.E. 6. 
British. Research Student. B.Sc. (London); A.R.C.S. Junior Technical 
Assistant at the Fuel Research Station (D.S.I.R.), 1926-29. ‘“‘ Polycyclic 
Aromatic Hydrocarbons,”’ Part V (with J. W. Cook), J.C.S., 1931, 2012. 
(Signed by) E. H. Farmer, R. P. Linstead, J. W. Cook. 

GILLiEs, GEORGE DENHOLM, 12, Bernard Avenue, West Ealing, W.13. British. 
Assistant Examiner, H.M. Patent Office. B.Sc. (Special Chemistry, Ist Class 
Hons.), London University. Obtained at Battersea Polytechnic. Two years’ 
experience as Laboratory Assistant at Gas Light & Coke Co., Nine Elms, 
and two years’ experience in works laboratory of Kodak, Ltd., at Wealdstone, 
Middlesex. (Signed by) J. Kenyon, F. Bell, C. W. Davies. 

Grir¥itH, Brinutey, “ Gwynfa,’”’ Edward Close, Brentwood Road, Rom- 
ford. British. B.Se., Bristol. Science Master, Ilford Modern School. 
Student, University of Bristol. Am desirous of keeping in touch with 
the developments of modern chemistry. (Signed by) F. W. Rixon, M.Taylor, 
R. C. Menzies. 

Hatt, Henry Isaac, St. John’s College, Oxford. British. Research 
Student in Chemistry. B.A., Oxford. Now engaged in research at Oxford. 
(Signed by) S. G. P. Plant, E. Hope, J. C. Smith. 

Hancock, Eric Gray, 46, Beclands Road, 8.W.17. British Research 
Student at King’s College, London, under Prof. A. J. Allmand. 3.A., B.Sc. 
(Oxon). Scholar of St. John’s College, Oxford, Oct. 1927 to July 1931. 
B.A., 1930; B.Se., 1931; lst Class in Final Honours School of Natural Science, 
July 1931. Worked one year on the “‘ Hydrolysis of Sulphur Monochloride ”’ 
(unpublished) under D. Ll. Hammick. (Signed by) D. Ll. Hammick, Frederick 
M. Brewer, A. J. Allmand. 

HARTREE, EDWARD FRANCIS, 23, Coleridge Walk, Golder’s Green, N.W. 11. 
British. Research Student. A.R.C.S. Student at the Royal College of 
Science since Oct. 1929. Vacational employment at Baird and Tatlock’s 
research laboratory. (Signed by) Jocelyn Thorpe, G. A. R. Kon, R. P. 
Linstead. 

HoLLENS, WINIFRED Rosa AsuHBy, 89, Colliers Water Lane, Thornton 
Heath, Surrey. English. Student. B.Sc. General, B.Sc. Special Chemistry, 
ist Class, London. Desire to attend meetings and receive the Journals. 
(Signed by) James F. Spencer, E. E. Turner, Mary S. Lesslie. 

Hoitmes, HERBERT, “‘ Maroyris,”’ 2, Wexford Road, Wandsworth Common, 
S.W. 12. . English. Assistant Analytical Chemist. Desire to receive the 
Society’s Journal, and to be able to attend the meetings of the Society, as 
well as to be able to use the Library. (Signed by) Henry J. S. Sand, A. M. 
Ward, F. G. Kny Jones. 

Hott, Smpney, 44, Pendle Road, Streatham Park, 8.W.16. British, 
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English. Chemist. M.Se. (Tech.), Manchester. Department of Scientific 
and Industrial Research. ‘‘ Studies in Naphthalene Series, Part III,” G. B. 
Jambuserwala, S. Holt, and F. A. Mason, J.C.S., 1931, 373, and F. A. Mason 
and 8. Holt, ibid., 1931, 377. (Signed by) C. 8. Gibson, John D. Johnson, 
L. A. Elson, B. Levin. 

Hueues, Epwarp Davin, Gwalia House, 97, Gower Street, W.C. 1. British. 
Research Student. B.Sc., Ph.D. (Wales). Two years’ research at Bangor 
University. One year at University College, London. J.C.S., 1929, 1945-54; 
ibid., 1930, 1733-40 (both with Dr. H. B. Watson). (Signed by) C. K. Ingold, 
R. J. W. Le Févre, O. L. Brady. 

JANES, ALFRED HERBERT, Fonthill, Weald View Road, Tonbridge, Kent. 
British, by birth. Student. B.Sc. Hons. (London). Engaged in Research, 
in London University (East London College). (Signed by) J. R. Partington, 
H. D. K. Drew, D. C. Jones. 

Jones, Ricuarp Lewis, c/o Miss A. A. Heddercott, 29, Girdler’s Road, 
W. Kensington, W.14. British. B.Sc. (2nd Class Hons.), Glasgow. Student. 
(Signed by) Jocelyn Thorpe, G. A. R. Kon, R. P. Linstead. 

La VALEeTTE, Frank ERIc, c/o St. James College, 165, Lower Circular Road, 
Calcutta, India. Domiciled European. Headmaster, St. James College. 
M.Se. (Calcutta). Teacher of Physics and Chemistry in the Cambridge 
Classes of the School. (Signed by) J. N. Mukherjee, J. C. Bardhan, P. C. Ray. 

LeysHon, Diepy THomas, 20, Grand Avenue, Ely, Cardiff. British. 
Head Brewer and Chemist (Ely Brewery Co., Ltd., Ely, Cardiff). Associate 
of the Institute of Brewing (by examination), 1925. Honoursman and Silver 
Medallist with full Technological Certificate in Brewing of City and Guilds 
of London Institute, 1925. Studied Chemistry under Professor W. J. Jones 
at the University College, Cardiff, 1921-23, passing the Final B.Sc. examina- 
tion of the University in Organic, Inorganic, and Physical Chemistry, but 
did not complete B.Sc. Degree. Formerly Technical Assistant to the late 
Dr. R. V. Stanford for period 1919-21 at the Laboratories of the Cardiff 
City Mental Hospital. Served with the Public Schools Brigade and Royal 
Flying Corps, 1915-18. I desire to obtain the Journals of the Chemical 
Society. (Signed by) H. Ll. Bassett, W. C. Davies, W. J. Jones. 

MEADE, Epwin MarsHALL, Royal College of Science, 8. Kensington, S.W. 7. 
British. Research Student. A.R.C.S.1(2nd Class). Student, Royal College 
of Science, 1929-31. (Signed by) G. A. R. Kon, E. H. Farmer, R. P. Linstead. 

MoHRHENN, HERMANN GUNTHER GOTTSCHALDT, 4, Clifton Road, Crouch 
End, N.8. British. Research Student. B.Sc. (2nd Class Hons. Chem.), 
University College, London. Research Student, one year under Prof. C. K. 
Ingold, D.Se. (Signed by) C. K. Ingold, Henry Terrey, O. L. Brady. 

MoILirrt, Joun Lewis, Univ. College Hall, Queen’s Walk, Ealing, W. 5. 
Research Student at Univ. College, London. B.A. with Hons. in Chemistry 
and Phi Beta Kappa, Rice Institute, Houston, Texas, U.S.A. (Signed by) 
Conmar Robinson, Henry Terrey, F. G. Donnan. 

MvurrRAY, RutrH Mona, Lansdowne House Club, 13, Lyndhurst Gardens, 
N.W.3. British. Research Student. B.Sc. Pass, Special, London. 
(Signed by) E. E. Turner, Mary S. Lesslie, Elizabeth E. J. Marler. 

Mvurray-Rust, Davip Matcoztm, Charterhouse, Godalming, Surrey. 
British. Schoolmaster. M.A., B.Sc. (Oxford). Lecturer in Chemistry at 
Balliol College, Oxford, 1927-31. Papers on Electrical Conductivity of 
Solutions, published in Proc. Roy. Soc. and J.C.S. Part author of following : 
J.C.S., 1930, 2492; 1931, 199, 215. Ann. Rep., 1930, 326. (Signed by) 
C. N. Hinshelwood, E. J. Bowen, H. Hartley. 
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Narr, PARAMESWAR VELAYUDHAN, Dyson Perrins Laboratory, Oxford. 
Hindu (Indian). Research Student (Candidate for the degree of D.Phil. 
(Oxon.)). B.A., University of Madras; M.Sc. (lst Class), University of 
Lucknow. (Signed by) R. Robinson, K. N. Menon, 8. Sugasawa. 

NarGunpD, KrisHna Sarinivas, Gujarat College, Ahmedabad, India 
(London address: 9, Fairfax Road, Bedford Park, W.4.) Indian. Assistant 
Lecturer in Chemistry, Gujarat College for the last five years. B.A. (Hons.), 
Bombay; B.Sc. (Ist class), Bombay; M.Sc. (distinction), Bombay; A.I.I.Sc. 
(a research diploma of the Indian Institute of Science, Bangalore). No papers 
in J.C.S., but I have published onespaper in Journ. Ind. Inst. Science, Vol. 9, 
Part VII, and another in J. Ind. Chem. Soc., April 1931. (Signed by) G. A.R. 
Kon, R. D. Desai, R. 8. Thakur. 

O’DonnELL, MicHakt, Dispensary, 37, Castle Street, Dublin. Irish. Resident 
Medical Officer. L.A.H.D., L.P.S.I., Dublin. Ex. Examiner, Apothecaries 
Hall, Dublin. (Signed by) Sydney Young, Emil A. Werner, Thos. Nolan. 

Owen, Joun, “ Trosmarian,’”? Llangoed, Anglesey, N.W. British. B.Sc. 
(Wales), 1st Class Hons. in Chemistry with Agricultural Chemistry (1930). 
Research Student (Organic Chemistry). (Signed by) J. L. Simonsen, A. E. 
Bradfield, F. G. Soper, R. S. Cahn. 

PETHRICK, SAMUEL RicHARD, Kimberley House, Hatherleigh, Devon. 
British. Demonstrator. B.Sc. (London), while at University College, 
London. At present a Demonstrator in Chemistry at University College, 
Southampton, and doing research at same institution. (Signed by) D. R. 
Boyd, A. E. Clarence Smith, A. I. Vogel. 

PoLLARD, JAcK, 1, Brunel Street, Burnley, Lancs. British. Assistant 
Works Manager, Oswald Street Gas Works, Burnley. I have passed examina- 
tions in Organic, Inorganic, and Physical Chemistry to standard required by 
Institution of Gas Engineers for Diploma. I served Jan. to July 1928 under 
Major Ross, F.1.C., F.C.S., Borough Analyst. Assistance in design and 
control of chemical works plant and gas-making plants. I wish to continue 
my chemical studies and to take advantage of your technical publications. 
(Signed by) J. Herbert Clegg, D. V. Hollingworth, J. W. Bell. 

RICHARDSON, GEORGE MAxweELL, Central Y.M.C.A., Tottenham Court 
Road, W.C. 1.- British. Research Student. M.Sc. (N.Z.); Ph.D. (London). 
Joint publications: J.C.S., 1928, 1775; Biochem. J., 1929, 28, 68, 624, 1242. 
(Signed by) C. R. Harington, A. C. Chibnall, E. H. Farmer. 

Roperts, Exvior Harry, Galestone College, Upper Norwood, S8.E. 19. 
British. Schoolmaster. H.L.C. (Oxon), Chemistry, Theoretical and Practical 
(Inter-Science standard), Dyson Perrins Laboratory, South Parks Road, 
Oxford. Registered Student, Institute of Chemistry, Inter. A.I.C. course 
(equivalent to Inter-Hons. B.Sc.). Faculty of Technology, University of 
Manchester, six years’ experience. Senior Science Master, Heaton Moor 
College (recognised by the B. of E.), Heaton Moor, Stockport. Many 
successes at the Oxford Locals and Conjoint Board Exams. (Signed by) 
W. G. Aston, Wm. Barbour, Margaret 8. Dixon. 

RosBertson, JoHN, 21, Borden Road, Glasgow, W. 3. Scots. B.Sc. 
(Glasgow University). University Assistant in Organic Chemistry since 1927. 
J.C.S., 1924, 125, 1526; 1929, 300. (Signed by) Charles Buchanan, T. S. 
Stevens, Andrew Kent. 

Rogers, James Hitton, 83, Plymouth Road, Penarth, Glamorgan. 
British. Chemist and Druggist. Member of the Pharmaceutical Society. 
I would like to have access to the books in the Society’s Library. (Signed by) 
G. W. H. Stokes, J. H. Smith, A. G. Foster. 
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Rypon, Henry Norman, 3, Mentmore Close, Northwick Park, Harrow, 
Middlesex. British. A.R.C.S. (lst Class Hons.), at Royal College of 
Science, London, also qualified for B.Sc. (Special), London University, 
Research Student in Organic Chemistry at Royal College of Science. 
Previously two years student of chemistry at Royal College of Science, 
(Signed by) Jocelyn Thorpe, G. A. R. Kon, R. P. Linstead. 

Satama, Apput-Aziz AnMAD, 5, Tanfield Place, Virginia Road, Leeds, 
Egyptian. Diploma in Science and Education (H.T.C., Cairo). Student 
of Chemistry, Leeds University. (Signed by) Frederick Challenger, W. A. 
Wightman, H. M. Dawson. ° 

SHErkH, AppuL Baxt MonHamMED SoLieMAN, 9, Fairfax Road, Bedford 
Park, W.4. Sunni Musalman (British). Research Student. B.Sc., M.Se, 
(Bombay). I want to receive the Journals of Chemical Society to be in 
touch with the developments of modern research chemistry. (Signed by) 
G. A. R. Kon, R. D. Desai, E. H. Farmer. 

SmitH, MARGARET SarauH, 7, Albert Road, Brighton, Sussex. English, 
Research Student. B.Sc. (General), B.Sc. (Special Chemistry), London, 
Student at Brighton Technical College, 1926-30. Research student in 
organic chemistry at University College, London, 1930 to date. (Signed by) 
C. K. Ingold, O. L. Brady, J. N. E. Day. 

StanteEy, Donatp Byarp, 377, Romford Road, Forest Gate, E. 7. 
British. Research Student, East London College. B.Sc. (Special), Chemistry, 
Ist Class Hons., at East London College. (Signed by) J. R. Partington, 
H. D. K. Drew, W. H. Patterson, D. C. Jones. 

STONEHILL, Henry Isrart, 39, Stepney Green Dwellings, Mile End, E. 1. 
British. Chemical Research Student. B.Sc. (Chem., Ist Class Hons.), 
London (examination passed but actual award of degree to be made next 
year). Studied chemistry for past two years at East London College, Uni- 
versity of London. Passed B.Sc. (Chem.) examination, June 1931, with Ist 
Class Hons. (Signed by) J. R. Partington, H. D. K. Drew, H. H. Hatt. 

Stytes, BERNARD JosEPH, 86, St. Peter Street, Hackney Road, E. 2. 
English. Analyst. Member British ‘Association Chemists. Papers, with 
F. J. Todd, Ph.C., ‘‘ The Official Preparations of Cinchona Bark,” B.P. Conf. 
1927, and “ Liquid Extract Belladonna,” P.J. 9/7/27. I am anxious to receive 
the Journal and other publications and so keep in touch with the advance 
of chemistry. (Signed by) H. V. A. Briscoe, Leonard E. Hulls, Wm. H. 
Woodcock. 

Topp, ALEXANDER Rosertus, 2, Douglas Gardens, Clarkston, Glasgow. 
British. Research Student. B.Sc. (Hons.), Glasgow. Three years’ research 
experience in the Universities of Glasgow and Frankfurt a.M. J.C.S., 1929, 
1768, 2876. (Signed by) Charles Buchanan, T. S. Stevens, F. R. Storrie. 

Topp, Joun, 44, Shottskirk Road, Dykehead, Shotts, Lanarkshire. 
British. Carnegie Research Fellow. B.Sc., Ph.D. (Glasgow). Robert 
Donaldson Scholar, Carnegie Scholar, Carnegie Fellow, Associate of the 
Institute of Chemistry. Researches on Caoutchouc, Gutta-percha, and 
Balata. (Signed by) G. G. Henderson, Alfred Russell, T. S. Stevens. 

Tress, Henry Joun, 11, Linden Avenue, Wembley, Middlesex. English. 
Student. B.Sc. (lst Class Hons.), Internal, London (East London College). 
Research Student in Organic Chemistry at East London College under Dr. 
H. D. K. Drew. (Signed by) J. R. Partington, H. D. K. Drew, D. C. Jones, 

Watts, Norton James Huan, “ Guys Cliffe,” 36, Sydenham Road, 
Cotham, Bristol. British. Research. Student. A.R.C.Se., B.Se. (Lond.), 
at Royal College of Science. To be kept informed of the most recent work 
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by means of the Society’s publications, lectures, ete. (Signed by) G. A. R. 
Kon, E. H. Farmer, R. P. Linstead. 

Warner, Harry, 15, Belmore Road, Hurstville, N.S.W. Australian. 
Food, Drug and Meat Inspector of the City of Sydney. Diploma in Biology, - 
Sydney Technical College (the course included qualitative, quantitative, food 
analysis, and theoretical and practical inorganic, organic and industrial 
chemistry). Certificates from Sydney Technical College as Food and Drug 
Inspector, Factory Inspector, Health Inspector, Stock and Meat Inspector. 
Certificate from the London Royal Sanitary Institute as Food and Meat 
Inspector. Interested in Chemistry of Food and Drug Technology. (Signed 
by) Richard W. Challinor, A. D. Ollé, R. B. Scammell, R. E. Jeffery. 

WatTKINS, GERTRUDE MARGARET CLARE, 39, Upland Road, Sutton, Surrey. 
British. Research Student. B.Sc., London (Student of Bedford College for 
Women). Teacher of Chemistry. (Signed by) James F. Spencer, Corona G. 
Trew, E. E. Turner. 

Watt, JouN StrePHEN, University College, Oxford. British. Research 
Student. M.Se., New Zealand. Have published the following papers in 
conjunction with Professor R. Robinson and Dr. W. F. Short, J.C.S., 1930, 
2293; 1931, 980. (Signed by) Robert Robinson, J. C. Smith, L. H. 
Briggs. 

WHEELER, Haroxp, 41, Burghley Road, Hornsey, N. 8. British. London 
Representative of Manufacturing Chemists. Chemist and Druggist. Member 
of the Pharmaceutical Society, London. Have attended Science Lectures 
at the following: University College of Leic. and Rutlandshire (Tutor, 
Dr. Thomas); Leic. College of Technology (Tutors, Dr. Wood and Mr. 
Jones, M.Se.); London School of Pharmacy (Tutor, Mr. Rankin, B.Sc., 
Ph.C.); Chelsea Polytechnic (Tutor, Mr. C. Morton, B.Sc., F.C.S.), etc. I 
wish (i) to receive the Society’s publications, (ii) to attend the Society’s 
lectures, and (iii) to have the use of the Society’s Library. (Signed by) 
H. N. B. Richardson, F. H. Lowe, C. Morton. 

WHELAN, Patrick Francis, Marin 5, Rio Tinto, Andalucia, Spain. British. 
Chemist and Hydro-metallurgist with The Rio Tinto Co., Ltd., 3, Lombard 
Street, London. B.Sc., 1927, and M.Sc., 1928, from National University of 
Ireland. Published work: Leonard and Whelan in Science Proc. Roy. Dublin 
Soc., Vol. 19 (N.S.), No. 7. (Signed by) A. G. G. Leonard, Thomas J. Nolan, 
A. O’Farrelly, A. D. Mitchell. 

WILLIAMSON, ALFRED Epwarp, Ivanhoe, Bilston Road, Aigburth, Liver- 
pool. British. Managing Director. Wholesale Manufacturing Chemist. 
(Signed by) James Williamson, H. Humphreys Jones, J. E. Whipp. 

Witson, CHRISTOPHER LuMiEy, 90, Highgate Road, N.W.5. British. 
Research Student. B.Sc. (Leeds). One year’s research at Leeds University 
with F. J. Garrick, B.A., and one year’s research at University College, 
London, with Professor C. K. Ingold, F.R.S. (Signed by) C. K. Ingold, 
R. J. W. Le Févre, O. L. Brady. 

Woop, Norman ALBert, 69, Cambridge Road, Gt. Crosby, Liverpool. 
British. Chairman of Directors. Wholesale Manufacturing Chemist. 
(Signed by) James Williamson, H. Humphreys Jones, J. E. Whipp. 

Wricut, Henry GeorGe, 14, Lesbia Road, Lower Clapton, N.E. British. 
Laboratory Manager. Many years of experience in analytical work, including 
alkaloidal assays, water, milk, urine, and chemicals, and work on manufactur- 
ing formulas for oxycyanide of mercury, terebene, etc. Keen on receiving 
Society’s publications. (Signed by) H. V. A. Briscoe, Leonard G. Hulls, 
Henry J. S. Sand. 
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Wyatt, Gorpon Hi11ar, “ Perivale,’”’ Linden Avenue, Maidenhead, 
English. Student (at East London College). Passed B.Sc. Special (Lond.) 
examination in Chemistry (2nd Class). (Signed by) J. R. Partington, D. C. 
Jones, H. D. K. Drew, W. H. Patterson. 


Forms of Recommendation for Fellowship recommended by the 
Council for presentation to ballot under Bye-Law I (2). 


ATCHERLEY, JACK Row.LanpD, 21, Turner Avenue, Glenhuntly, S.E. 9. 
Victoria, Australia. British. Manufacturing and Research Chemist, Chemi- 
cal Laboratories, The Myer Emporium, Ltd., Victoria. Diploma I.CS., 
London. Chemical methods immunising dried fruits against attack by 
insects. Commonwealth Patent 1928, and Council of Scientific and Industrial 
Research Reports. ‘“‘ Chemical Process for controlling Blow-Fly Pest in 
Sheep,” Pastoralists Review. ‘‘ Practical Methods of Sterilisation of Soil,” 
J. Agric. Vict. ‘‘ Non-Poisonous Sheep Dips and Agricultural Sprays.” 
(Signed by) Alfred H. Jackson, Frederic Dunn. 

Buscu, Henri, Frankfurt a.M., Weissfrauenstrasse 7-9. Deutscher. 
Chemiker. Dr.phil. Leiter des Literarischen Biiros der Deutschen Goldund 
Silber-Scheideanstalt vormals Roessler, Frankfurt a-M. (Signed by) Karl Merck. 

CALVET, FERNANDO, The University, Santiago de Compostela, Spain. 
Spanish. Professor. Ph.D. (Oxford); Dr. en Ciencias (Madrid). Formerly 
Ramsay Fellow and Rockefeller Fellow. Formerly Assistant at the Univer. 
sity of Barcelona. J.C.S., 1927, 685; 1928, 1088, 2913. (Signed by) F. D. 
Chattaway. 

Dentina, Prof. Dr. Ernesto, Laboratorio di Elettrochimica e di Chimica 
Fisica della R. Scuola di Ingegneria, Via Ospedale 32, Torino. Italiano. Pro- 
fessore di Elettrochimica e di Chimica Fisica al R. Politecnico e alla R. Uni- 
versita; direttore del Laboratorio di Elettrochimica del R. Politecnico di 
Torino. Dr.ingegnere chimico (Torino) ; diplomato in Elettrochimica ed Elettro- 
metallurgia (Torino); libero docente in Elettrochimica (Roma). “‘ Studi di 
Termochimica, ricerche sugli accumulatori a piombo, sui potenziali elettro- 
litici e sulle elettrolisi, sulle applicazioni delle lampade termojoniche,”’ ecc. 
pubblicati sui principali periodici italiani. (Signed by) G. G. Henderson. 

JALOUSTRE, L&ON-ANTONIN, 117, Rue St.-Lazare, Paris. French. Con- 
sulting Engineer, Expert. Licencié és sciences, Agrégé de Physique, 
Diplomé d’études supérieures de Chimie de l’Université de Paris. Ancien 
Eléve de l’Ecole Normale Supérieure (Sciences) et de l'Institut Pasteur 
de Paris. Ex-Chargé de Conférences & l'Institut de Chimie. Appliquée de 
l'Université de Paris. Auteur de nombreux travaux sur la chimie des elé- 
ments radio-actifs et sur la radio-biologie. Publications diverses aux Comptes- 
Rendus de l’Académio des Sciences, de l Académie de Médecine, de la Société 
de Biologie. Auteur d’une thése sur l’arginase chez les vegetaux. (Signed 
by) T. S. Moore. 

SHEPARD, Morris Goopwin, 153, Hillside Avenue, Waterbury, Conn., 
U.S.A. American. Chemical Engineer. Chem. E., Columbia University, 
New York City. Seventeen years as Research Chemist with U.S. Rubber 
Co., including six as Chief Chemist of The Naugatuck Chemical Co., Nauga- 
tuck, Conn., a subsidiary of the U.S. Rubber Co. (Signed by) Percy J. Leaper, 
W. A. Gibbons. 

TaGGart, WALTER THomas, John Harrison Laboratory of Chemistry, 
University of Pennsylvania, Pa., U.S.A. (Residence: 4418, Spruce Street, 
Phila., Pa.). U.S.A. Blanchard Professor of Chemistry. B.S., Ph.D. 
(Signed by) Louis A. Jordan, C. 8. Gibson. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 


DaRWIN, CHARLES GALTon. The new conceptions of matter. 
London 1931. pp. viii+ 1921. ill. 10s. 6d. net. (Reed. 
15/10/31.) From the Publishers: Messrs. G. Bell & Sons. 

Fraser, Ronatp G. J. Molecular: rays. Cambridge 1931. 
pp. xiv + 204. ill. 12s. 6d. net. (Recd. 3/11/31.) 

From the Syndics of the Cambridge University Press. 

INSTITUTION OF CHEMISTS (INDIA). Proceedings. Vol. I, etc. 
Calcutta 1929 +. (Reference.) From the Institution. 

Jacos, A., and Coyze, V. The use of fertilisers in tropical and 
sub-tropical agriculture. London 1931. pp. 272. ill. 10s. 6d. 
net. (Recd. 19/10/31.) 

From the Publishers: Messrs. Ernest Benn. 

LEVENE, Puorsus Aaron, and Bass, LawRENcCE W. Nucleic 
acids. (American Chemical Society Monograph Series.) New York 
1931. pp. 337. ill. $4.50 net. (Recd. 15/10/31.) 

From the Publishers : The Chemical Catalog Co. Inc. 

Mra, StePHEN. A history of the British chemical industry. 
London 1931. pp. xvi + 273. ill. 10s. 6d. net. (Recd. 23/10/31.) 

From the Society of Chemical Industry. 

PEINTURES-PIGMENTS-VERNIS. Year VIII, etc. Paris 1931 +. 
(Reference.) From the Bureau of Chemical Abstracts. 

SypnEy, University or. Reprints. Series III. (Chemistry, 
organic and inorganic.) Vol.I,etc. Sydney 1924+. (Reference.) 

From the University. 

TECHNIKAI Kurir. Vol. II,etc. Budapest 1931 +. (Reference.) 

From the Editor. 


Il. By Purchase. 


ALTPETER, JuLIus. Das Hexamethylentetramin und seine 
Verwendung. Halle (Saale) 1931. pp. vi+ 178. ill. M. 16. 
(Recd. 14/11/31.) 

ARKEL, A. E. van, and Borer, J. H.pE. Chemische Bindung als 
elektrostatische Erscheinung. Translated by Li KLEMM and 

WitHELM Kiemm. Leipzig 1931. pp. xx + 320. ill. MM. 17. 
(Recd. 14/11/31.) 

Cuim-Cu‘anG, Li. The travels of an alchemist. Translated by 
ArTHUR WaLEY. London 1931. pp. xii + 166. ill. 10s. 6d. net. 
(Recd. 20/10/31.) 

Dresyr, Peter [Editor]. The dipole moment and chemical 
structure. Translated by Wrnirrep M. Deans. London 1931. 
pp. x + 134. ill. 10s. net. (Recd. 15/10/31.) 
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Durrans, THomas Haroitp. Solvents. (Monographs on Applied 
Chemistry.) 2nd edition. London 1931. pp. xvi+ 180. ill. 
10s. 6d. net. (Recd. 19/10/31.) 

Fasans, Kasmir. Radioelements and isotopes : chemical forces 
and optical properties of substances. New York 1931. pp. x + 
125. ill. 15s. net. (Recd. 15/10/31.) 

Hotmyarp, Eric Jonn. Makers of chemistry. Oxford 1931. 
pp. xvi+ 314. ill. 7s. 6d. net. (Recd. 19/10/31.) 

Hume-RotHery, W. The metallic state. Electrical properties 
and theories. Oxford 1931. pp. xx + 372. ill. 25s. net. (Reed. 
15/10/31.) 

JENSEN, HAROLD Rupert. The chemistry, flavouring and manu- 
facture of chocolate, confectionery and cocoa. London 1931. pp. 
xvi-+ 406. ill. 27s. net. (Reed. 15/10/31.) 

Kuivuyver, A. J. The chemical activities of micro-organisms. 
London 1931. pp. 109. ill. 4s. 6d. net. (Recd. 20/10/30.) 

Knoop, Franz. Oxydationen im Tierkérper. Ein Bild von den 
Hauptwegen physiologischer Verbrennung. (Sammlung, New Series, 
Vol. I.) Stuttgart 193i. pp. 37. 

K6rRBER, FRIEDRICH, and SCHIEBOLD, Ernst. [Editors.] Fort- 
schritte der Réntgenforschung in Methode und Anwendung. Leip- 
zig 1931. pp. viii + 326. ill. M.38. (Reed. 14/11/31.) 

KourHorr, Isaak Maurits. The colorimetric and _potentio- 
metric determination of pg. Outline of electrometric titrations. 
New York 1931. pp. xii + 167. ill. Ils. net. (Reed. 15/10/31.) 

LoreB, LronarpD B. The nature of a gas. New york 1931. pp. 
x+ 153. ill. 12s. 6d. net. (Recd. 15/10/31.) 

NovuveL, Orto. Die Industrie der Phenol-Aldehyd-Harze. 
Halle (Saale) 1931. pp. viili+ 128. ill, M.11. (Reed. 14/11/31.) 

Peters, JOHN P., and Van StyKE, Donatp D. Quantitative 
clinical chemistry. Vol. I. Interpretations. [Baltimore] 1931. 
pp. xvi + 1264. ill. 54s. net. (Reed. 15/10/31.) 

Raitt, Witt1AM. The digestion of grasses and bamboo for paper- 
making. London 1931. pp. xii+ 116. ill. 2ls. net. (Reed. 
19/10/31.) 

StoTra, Kart Hetnricn. Grundriss der modernen Arzneistoft- 
Synthese. Stuttgart 1931. pp. x + 202+ 25 tables. M. 20. 
(Reed, 14/11/31.) 





ERRATUM. 
Proceedings, 1931. 
Page 70, line 12 from bottom, for 1931 read 1932. 

















PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, December 3rd, 1931, at 
8 p.m., Professor J. F. TuHorpsz, C.Fi.£., D.Sc., F.R.S., Past- 
President, in the Chair. 


Mr. M. 8. Kazi was formally admitted a Fellow of the Chemical 
Society. 


Forms of Recommendation for Fellowship were read for the first 
time in favour of : 


Dorothy Mary Crowfoot, B.A., The Old House, Geldeston, Beccles. 

John Buchanan McNarey, Oakley House, Bath Road, Slough. 

Thomas Hobson Mead, B.A., B.Sc., 64, Oakley Street, Chelsea, S.W. 3. 

Ronald Barron Mooney, M.A., Ph.D., 14, Argyle Place, Edinburgh. 

Mukundrai Maneklal Parekh, M.Sc., Organic Laboratory, University College, 
Gower Street, W.C. 1. 

George Scott Patterson, Weensland, Mornington Rise, Matlock. 

John Thomas Phillips, 52, Cloncurry Street, Fulham Palace Road, S.W. 6. 

Norman Jeredick Price, B.A., A.I.C., c/o Messrs. Chance & Hunt, Ltd., Old- 
bury, Worcs. 

Frank Stuart Spring, Ph.D., Hulme Hall, Victoria Park, Manchester. 


Mr. H. H. Robins and Dr. W. H. Brindley were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared duly elected as Fellows : 


Chhotalal Badrilal Almaula, B.A., 
B.Se. 

Sekharipuram Anantakrishnan Ven- 
kateswarier, B.A. 

Jack Rowland Atcherley. 


Malcolm Crawford, B.Sc. 

James Allan Cunningham. 

Prof. Dr. Ernesto Denina. 

Dora Anne Duff, B.Sc. 

Robert Albert Ernest Galley, B.Sc., 








John Wilkinson Bee, M.A. 

John Godolphin Bennett. 

Edward James Boorman, A.R.C.S. 

Arthur Cecil Bottomley, M.Sc., Ph.D. 

Henri Busch, Dr.-phil. 

Fernando Calvet, Ph.D., Dr. en 
Ciencas. 

Blanche Rosemary Carpenter, B.Sc. 

Eric George Hemphill Carter, B.Sc. 

Wesley Cocker, M.Sc. 

Emest Harrison Coulson, 

A.R.C.S. 


B.Sc., 


A.R.C.S. 
George Denholm Gillies, B.Sc. 
Brinley Griffith, B.Sc. 

Henry Isaac Hall, B.A. 

Eric Gray Hancock, B.A., B.Sc. 
Edward Francis Hartree, A.R.C.S. 
Winifred Rosa Ashby Hollens, B.Sc. 
Herbert Holmes. 

Sidney Holt, M.Sc.Tech. 

Edward David Hughes, B.Sc., Ph.D. 
Léon Antonin Jaloustre. 
Alfred Herbert Janes, B.Sc. 





Richard Lewis Jones, B.Sc. 

Frank Eric La Valette, M.Sc. 

Digby Thomas Leyshon. 

Edwin Marshall Meade, A.R.C.S. 

Hermann Giinther Gottschaldt Mohr- 
henn, B.Sc. 

John Lewis Moilliet, B.A. 

Ruth Mona Murray, B.Sc. 

David Malcolm Murray-Rust, M.A., 
B.Sc. 

Parameswar Velayudhan Nair, B.A., 
M.Sc. 

Krishna Shrinivas Nargund, B.A., 
M.Sc. 

Michael O’Donnell, L.A.H.D., L.P.S.1I. 

John Owen, B.Sc. 

Samuel Richard Pethrick, B.Sc. 

Jack Pollard. 

George Maxwell Richardson, M.Sc., 
Ph.D. 

Eliot Harry Roberts. 

John Robertson, B.Sc. 

James Hilton Rogers. 

Henry Norman’ Rydon, 
A.R.C.S. 


B.Sce., 


Abdul-Aziz Ahmad Salama. 

Abdul Baki Mohammed Solieman 
Sheikh, M.Sc. 

Morris Goodwin Shepard. 

Margaret Sarah Smith, B.Sc. 

Donald Byard Stanley, B.Sc. 

Henry Israel Stonehill. 

Bernard Joseph Styles. 

Walter Thomas Taggart, B.S., Ph.D. 

Alexander Robertus Todd, B.Sc. 

John Todd, B.Se., Ph.D. 

Henry John Tress, B.Sc. 

Norton James Hugh Wallis, B.Sc., 
A.R.C.S. 

Harry Warner. 

Gertrude Margaret Clare Watkins, 
B.Sc. 

John Stephen Watt, M.Sc. 

Harold Wheeler. 

Patrick Francis Whelan, M.Sc. 

Alfred Edward Williamson. 

Christopher Lumley Wilson, B.Sc. 

Norman Albert Wood. 

Henry George Wright. 

Gordon Hilliar Wyatt. 


The following papers were read : 


‘The dissociation constants of organic acids. 


Part V. The 


mobility of the hydrogen ion at 18° and at 25°.” By G. H. 


JEFFERY and A. I. VoGEL. 


. 


of copper.” 


. 


‘ Orientation effects in the diphenyl series. 


‘Catalytic dehalogenation by tetrahydronaphthalenes in presence 
By (Miss) M. 8S. Lesstre and E. E. Turner. 


Part X. The quantit- 


ative nitration of 4: 4’-dichloro- and 4 : 4’-dibromo-dipheny], 


and of 4-chloro-4’-bromodiphenyl.” 


and E. E. TurRNER. 
‘ Magnetism and valency. 
By 8. SuGDEN. 
‘Properties of conjugated 


Part I. 


compounds. 


By (Miss) F. R. SHaw 
Copper and silver compounds.” 


Part XVIII. The 


catalytic hydrogenation of butadiene-«-carboxylic acids.” 
By E. H. Farmer and R. A. E. GALLEY. 





DISCUSSIONS. 


In addition to the two Discussions already announced for Decem- 
ber 17th, 1931, and May 19th, 1932, the Ordinary Scientific Meeting 
on Thursday, February 18th, 1932, will be devoted to a Discussion 
on “ The Significance of Velocity Measurements in Relation to the 
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Benzene Substitution Problem.” The Discussion will be opened 
by Mr. A. E. Bradfield. 





ANNUAL REPORTS. 


Fellows who have not ordered the Annual Reports for 1931 should 
make application as soon as possible. Application should be accom- 
panied by a remittance for 5s. 6d. 





Ordinary Scientific Meeting, Thursday, December 17th, 1931, at 
8 p.m., Professor G. G. HenpErRson, D..Sc., F.R.S., President, in 
the Chair. 


The PresiDENT referred to the loss sustained by the Society, 
through death on December 12th, 1931, of Mr. Beeby Thompson, 
who was elected a Fellow on February 5th, 1877. 


The following announcements were made : 


1. Professor W. E. Garner, Professor J. Kendall, and Professor 
T. M. Lowry would represent the Society on the Editorial Board of 
the Journal of Physical Chemistry for 1932. 

2. The Perkin Memorial Volume, dealing with the life and work 
of the late Professor William Henry Perkin, Past-President 
of the Society, will be published at the end of next month, and 
issued free to Fellows with the publications for January. The 
contributors to this volume are: Mr. A. J. Greenaway, F.I.C., Pro- 
fessor J. F. Thorpe, C.B.E., D.Sc., F.R.S., and Professor R. Robinson, 
D.Se., F.R.S. The volume will be sold at 3s. 6d., postage extra. 

3. The Discussion number of the Journal containing the pro- 
ceedings of this evening’s meeting will also be published at the end 
of next month, and issued free to Fellows with the publications for 
January. The volume will be sold at ls. 6d., postage extra. 

4. At the meeting of Council held this afternoon it was decided 
that as from January Ist, 1932, and until further notice, papers 
should not be considered for publication in the Journal unless the 
author, or one of the authors, is a Fellow of the Society. 


The following were formally admitted Fellows of the Society : 
H. Wheeler, 8. V. Anantakrishnan, Eric G. Hancock, E. G. Carter, 
G. H. Wyatt, K. I. Ross, H. W. Thompson, M. S. Smith, H. G. 
Wright, B. J. Styles, E. D. Hughes, G. D. Greville, F. W. Kirkbride, 
K. 8. Nargund, D. M. Murray-Rust, W. F. K. Wynne-Jones, B. 
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Topley, H. G. G. Mohrhenn, C. L. Wilson, H. I. Stonehill, E. F. 
Hartrey, J. E. Mills, James Bell, J. H. Wolfenden, and E. J. Bowen. 


Forms of Recommendation for Fellowship were read for the first 
time in favour of : 


Aileen Mary Hayward, B.Sc., Ph.D., Brantwood, Lake Road West, Cardiff. 

Arthur John Stevenson, B.A., Eaglehurst, Ditton Hill, Surbiton. 

Aneurin Williams, M.Sc., Mayfield, Fairfield Road, Widnes. 

Charles George Maurice de Worms, M.A., A.I.C., Milton Park, Egham, 
Surrey. 


The following Form of Recommendation has been authorised by 
the Council for presentation to ballot under Bye-Law I (2) : 


Robert Meyer, La Société des Usines Chimiques, St.-Fons, Rhéne, France. 


A Discussion on “The Critical Increment of Homogeneous 
Reactions ’’ was opened by Mr. C. N. Hinshelwood, and continued 
by Mr. E. J. Bowen, Professor A. J. Allmand, Professor E. K. Rideal, 
Dr. F. G. Soper, Dr. R. G. W. Norrish, Mr. C. R. Bailey, and Mr. 
H. W. Thompson. An account of the Discussion will be contained 
in the special Discussion number of the Journal. 


The Council has made the following grants from the Research 
Fund : 


£ «24 
Physico-chemical studies of basic beryllium wichene W. R. 

Angus. (Univ. Coll., Lond.) ... “ ‘a 5 0 0 
Hantzsch’s pyridine condensation. E. E. Ayling. eet Coll., 

Swansea) . eS 5 0 0 
Heterogeneous ‘equilibria in " temeary systems, ©. R. Bailey. 

(Univ. Coll., Lond.) we se 5 0 0 
The constitution of taxine. B. K. Bieuns, " (Oxford Univ. ime 2 © 8 
Lactonisation of aB- and fy-unsaturated acids. E. J. Boorman. 

(Imperial Coll.) ... - see ona ose one 5 0 0 
Halogenation of phenolic ethers, ete. A. E. Bradfield. (Univ. 

Coll., Bangor) ... 5 0 0 
Addition of mercaptans to ethylenic hydrocarbons end ‘eartein 

derivatives. G.N. Burkhardt. (Manchester Univ.) , 6 0 0 
Cannabis Indica resin (Hashish). R. S. Cahn. (Univ. Coll., 

Bangor) eee eee “ee es 20 0 
Constitution of berbaloin. R. 8. Cahn. (Univ. Coll., Bangor)... 40 0 
Lichen acids. F. W. Canter. (Lond. Sch. of Hygiene)... 5 0 0 
Substitution in p-diphenylyl ketones. (Miss) B. R. Carpenter. 

(Bedford Coll.) ae 6 0 0 
Relation between interfacial tenaion, lowering ond edscrption by 

porous adsorbents. E.G. Carter. (E. Lond. Coll.) “es 5 0 0 
Application of the Guareschi reaction to quinones. R. Craven. 

(Robert Gordon’s Coll., Aberdeen) ne sil “on ree 0 
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Hydroxy-carbonyl compounds. F. H. S. Curd. _—e Sch. of 
Hygiene) . oes eee 

Addition reaction of chanemglifienemalenio outet. (Miss) D. A. 
Duff. (Univ. Coll., Lond.) oo ose 

Studies in the hindrance of organic reactions. “G. M. Dyson. 
(Loughborough Coll.) wicie oot 

Physical properties of binary quid saintuses. " (Miss) I. K. 
Faith. (Bedford Coll.) . des nes 

Selenates and other salts of praseodymium. ‘J. N. Friend. 
(Birm. Tech. Coll.) 

Hydrogenation of conjugated compounds. R. ‘he E. “Galley. 
(Imperial Coll.) ‘ : 

Polysulphonyl methanes. D. T. Gibson. ‘(Glasgow Univ. ) 

Structure of glutaconic esters and acids. B.S. Gidvani. (Im- 
perial Coll.) 

Chemical dynamics of the sanctions between: codium m- aylensinne 
and alkyl iodides. P.J. Hardwick. (Chelsea Polytechnic) 

Measurement of oxidation and reduction potentials. (Miss) A. M. 
Hayward. (Bedford Coll.) ig a oe 

Stereochemistry of some mixed f- dattenmninbassis F. S. H. Head. 
(E. Lond. Coll.) . 7 woh ware 

Substitution senctions in polyayelic eyeheme. “D. H. Hey. 
(Manchester Univ.) 

Dielectric constants of benzene euitlens of some ‘silgieen, 
selenium, and tellurium compounds, and of certain hetero- 
cyclic oxygen een E. C. E. Hunter. (E. Lond. 
Coll.) ‘en sis wad bios oad ose 

Cytisine and celated. ‘alkaloids. H. R. Ing. (Univ. Coll., 
Lond.) wen od — po hin 

Some aromatic hy denies. “A. H. Janes. (E. Lond. Coll.) 

Dipole moments of organic substances with special reference to 
organic derivatives of metals and metalloids. J. D. A. 
Johnson. (Guy’s Hospital Medical School) . aan 

Formation of bridged cyclic compounds. R. ie Sanen. (Im- 
perial Coll.) jie 

Investigation of organo- «metallic compounds (continued). W. J. 
Jones. (Univ. Coll., Cardiff) nee 

Amino-derivatives of quasi-aromatic system. M. S. Kosi. " (Univ. 
Coll., Lond.) “ni i baa 

Synthesis of physostigmine (eneaine). F. E. King. (Oxford 
Univ.) . vee — re 

Interaction of amine salts w ith eldshydes. R. J. W. Le Fevre. 
(Univ. Coll., Lond.) 

Effect of structure on the equilibeiam between “ap and Sym un- 
saturated esters. G.W.G.Maclennan. (Imperial Coll.) . 
Ring closure of cyclopentane derivatives. E. M. Meade. (Im- 

perial Coll.) ove aes see ade hei 

Studies in mutual liquid solubilidies. H. J. Moss. (E. Lond. 
Coll.) os _ wes — obs 

Diaryl ethers. (Miss) R. M. ‘Maes. (Bedford Coll.) ‘ 

Cyclic unsaturated acids and esters. B. L. Nandi. (Imperial 

Coll.) 


uo 


I 





10 
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(a) Dehydration of 8-hydroxy esters. 

(6) Catalytic influence in the three-carbon tautomerism. K. S. 
Nargund. (Imperial Coll.) Jae 

Primary photochemical reactions. R. G. W. Norrish: "(Came 
bridge Univ.) ‘ ove 

Synthesis of cyclic acids dudued oon he-carene. J. Outen. (Univ. 
Coll., Bangor) oes 

Ring chain valency denbeenesion. M. M. Pasckh. (Univ. Coll., 
Lond.) é ‘ ods pe 

By-Substituted butane dnsbecilions. s. R. Pethrick. (Univ. 
Coll., Southampton and Woolwich Polytechnic) 

(a) Studies on glucosides. 

(6) Hydroxy-carbonyl compounds. A. Robertson. (Lond. Sch. 
of Hygiene) . dsé rant 

Influence of poles in the simple theee- carbon system. E. Roth- 
stein. (Leeds Univ.) : 

(a) Influence of polar solvents on the rotatory power of I. bersoin 
and its methyl ether. 

(6) Benzoin condensation in the presence of optically active 
alkaloids. H.G. Rule. (Edinburgh Univ.) 

Lactonisation and additive reactions of unsaturated acids with 
direct double bonds. H.N. Rydon. (Imperial Coll.) 

Hydroxy-carbonyl compounds. Constituents of Filix mas, etc. 
W. F. Sandrock. (Lond. Sch. of Hygiene) 

Hyponitrites (continued). C.C. Shah. (E. Lond. Coll. ) 

Orientation effects in the diphenyl series (continued). (Miss) 
F. R. Shaw. (Bedford Coll.) . 

Synthesis of amino- and alkoxy-derivatives of coniiaguted ac ade. 
A. B. M.S. Sheikh. (Imperial Coll.) .. 

Invesiigations of resin acids. W. F. Short. (Auekdand Unie. 
Coll.) ‘ is e 

Effect of solvent on senction velocity. F. G. ‘Soper. getty Coll., 
Bangor) 

Examination of the stereochemistry ‘of the bases deriv od: from the 
tetrammines of platinous—piatinum, in which various basic 
groups, ¢.g. pyridine, are combined with the platinum atom. 
D. B. Stanley. (E. Lond. Coll.) 

The theory of strong electrolytes, with special yelecenee to the 
question of eT ionisation. H.I. Stonehill. (E. Lond. 
Coll.) mt ‘ 

Kinetics of certain gaseous oxidation proceanes. E. W. T hemp 
son. (Oxford Univ.) ant 

Physical properties of binary liquid saixtures. " (Miss) M. E. 
Thompson. (Bedford Coll.) ‘ ‘ ee 

Stereochemistry of various ammines of bivalent plétianm. H. J. 
Tress. (E. Lond. Coll.) os des 

Synthesis of 1: 1’-dicarbazyl. (Miss) M. C. Melnes ond S. H. 
Tucker. (Glasgow Univ.) éde . +e 

(a) Thermal decomposition of substituted dibasic acids, 

(6) Isolation of strainless forms of cyclohexane and substituted 
cyclohexane derivatives. A. I. Vogel. (Univ. Coll., South- 
ampton and Woolwich Polytechnic) ... ‘ ne ioe 
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Physical properties of liquid binary mixtures. (Miss) G. M. C. 


Watkins. (Bedford Coll.) she he os nite 5 0 0 
The glutaconie problem. E.M. Watson. (Imperial Coll.) _— 5 0 0 
Asymmetry and tautomerism. C. L. Wilson. (Univ. Coll., 

(Lond.) ... . ors ete 8 0 0 


(a) Viscosity of very dilute solutions ‘a electrolytes. 
(6) Viscosity of liquids suspected of occurring in two modifications. 





J.H. Wolfenden. (Oxford Univ.) ... +e 10 0 0 

Action of dimethylamine on potassium chloroplatinite. “G. H. 
Wyatt. (E. Lond. Coll.) age hin aad Pye ase 710 O 
£450 3 0O 





PERKIN MEMORIAL VOLUME. 


The Perkin Memorial Volume dealing with the life and work of 
the late Professor William Henry Perkin, Sc.D., LL.D., F.R.S., 
Past-President of the Society, will be published at the end of 
January, and will be issued free to Fellows with the publications 
for January. The contributors to this volume are: Mr. A. J. 
Greenaway, F.I.C., Professor J. F. Thorpe, C.B.E., D.Sc., F.R.S., 
and Professor R. Robinson, D.Sc., F.R.S. The volume will be sold 
at 3s. 6d., postage extra. 





DISCUSSION NUMBER. 


The special number of the Journal, containing the report of the 
Discussion on “‘ The Critical Increment of Homogeneous Reactions,” 
held on December 17th, will be published at the end of January 
next and will be issued free to Fellows with the publications for 
that month. The contributors to the Discussion are: Mr. C. N. 
Hinshelwood, M.A., F.R.S., Mr. E. J. Bowen, M.A., Professor A. J. 
Allmand, M.C., D.Sc., -F.R.S., Professor E. K. Rideal, M.A., F.R.S., 
Dr. F. G. Soper, Dr. R. G. W. Norrish, B.A., Mr. C. R. Bailey, 
B.A., M.Se., Mr. H. W. Thompson, and Dr. T. Iredale. 





ANNUAL REPORTS. 


Fellows are reminded that applications for the Annual Reports 
for 1931, Volume XXVIII, at 5s. 6d. per copy should be made at once 
to Mr. 8. E. Carr. Application must be accompanied by a remittance 
for 5s. 6d. 
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DISCUSSION. 


The Ordinary Scientific Meeting on Thursday, February 18th, 
1932, will be devoted to a Discussion on “ The Significance of Velocity 
Measurements in Relation to the Benzene Substitution Problem.” 
The Discussion will be opened by Mr. A. E. Bradfield. 





List of papers, or abstracts thereof, received between November 
19th, 1931, and December 17th, 1931. (This List does not include 
the titles of papers which have been read at an Ordinary Scientific 
Meeting, or which have appeared in the Journal.) 


“* The replacement of bromine in bromophenols by the nitro-group. 
Part II. 3-Fluoro-2:4:6-tribromophenol. Some cases of 
group migration.”” By H. H. Hopason and J. Nrxon. 

“‘ The action of alkylmagnesium on triphenylphosphine dichloride.” 
By B. K. Biount. 

“An experiment to illustrate diffusion of gases.” By J. E. Mac- 
KENZIE and H. W. MELVILLE. 

“Studies of valency. Part XV. The dielectric constants of 
phosphorus trichloride and pentachloride.”” By T. M. Lowry 
and J. Horron. 

** Note on the chemical behaviour of ekatantalum.”” By O. Gratis 
and C. H. Coie. 

“ An X-ray examination of $-methylxyloside.” By E. G. Cox. 

“ Symmetrical triad prototropic systems. Part VIII. The analogy 
between symmetrical triad systems and aromatic side-chain 
reactivity, and the effect of m-substitution on mobility and 
equilibrium in the «y-diphenylmethyleneazomethine system.” 
By C. W. SHOPPEE. 

“The vapour pressure of water over aqueous solutions of the chlorides 
of the alkaline-earth metals. Part I. Experimental, with 
critical discussion of vapour-pressure data.” By J. R. I. 
HEPBURN. 

“The sulphonation of o-anisidine and acet-o-anisidine.” By R. 
CHILD. 

*‘Complex formation between nitrobenzenes.” By D. L. Ham- 
mick, L. W. ANDREW, and J. HAMPSON. 

“A paramagnetic organic compound.” By J. Kenyon and S. 
SUGDEN. 

“‘Tsomeric 3-bromo-derivatives of dehydro-2-naphthol 1-sulphide.” 
By J. A. C. McCLEeLuanp and S. SMILEs. 

“ An X-ray examination of the oxides of lead.” By J. A. Darsy- 

SHIRE. 
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“The action of light on mixtures of ozone and chlorine. Part II. 
Results with high ozone concentrations. Discussion.” By 
A. J. ALLMAND and J. W. T. SprInks. 

“The vapour pressure of water over aqueous solutions of the 
chlorides of the alkaline-earth metals. Part II. Deviations 
from Raoult’s law, as indicated by the molecular lowering 
of vapour pressure and van ’t Hoff coefficients ; with theoretical 
discussion.”” By J. R. I. Hepsurn. 

“Benzoic esters and electronic affinities of radicals. Part III.” 
By A. Zax1. 

“Carbonyl selenide. Part I. Preparation and physical pro- 
perties.” By T. G. Pearson and P. L. Rosprnson. 

“A study of liquid-liquid junctions with a view to eliminate 
liquid-liquid junction potential difference.” By J. V. LAKHANT. 

“ Freezing points of the system hydrogen chloride-sulphur mono- 
chloride.” By H. Terrey and H. Spone. 

“New derivatives of p-arsanilic acid. Part III. p-Arsonoglutar- 
anilic acid and related compounds.” By G. T. Morcan and 
E. WALTON. 

“Experiments on the synthesis of physostigmine (eserine). Part 
I. Some indolenine derivatives.” By R. Rosryson and H. 
SUGINOME. 

“Experiments on the synthesis of physostigmine (eserine). Part 
II. Synthesis of a base which is believed to be dl-noresere- 
thole.”” By R. Ropryson and H. Suarnome. 

“Experiments on the synthesis of physostigmine (eserine). Part 
III. Synthesis of des- ethoxydehydroeseretholemethine.” By 
H. 8. Boyp-Barrett and R. Rosrnson. 

“Experiments on the synthesis of physostigmine (eserine). Part 
IV. The Plancher rearrangement of indole derivatives.” By 
H. 8. Boyp-Barretv. 

“ Experiments on the synthesis of physostigmine (eserine). Part 
V. A synthesis of dehydroesermetholemethine.” By F. E. 
Kine and R. Rosrinson. 

“Resolution of r-phenylmethoxyacetic acid into its optically 
active components.” By D. J. C. Prem and (Miss) I. A. 
SMITH. 

“A qualitative study of the action between mercury and methyl 
iodide.” By J. L. Maynarp. 


“ The component glycerides of partially hydrogenated fats. Part I. 


The alterations in glyceride structure produced during pro- 
gressive hydrogenation of olive and cottonseed oils.” By T. P. 
Hixpitcu and E. C. Jongs. 


‘The slow combustion of acetylene.” By R. SPENCE. 
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“The kinetics of two bimolecular reactions in solution and in the 
vapour phase.” By E. A. Mortwyn-Hucues and C. N. 
HINSHELWOOD. 

“* Nitro-derivatives of dehydrodivanillin.” By J. M. GuLLAND and 
G. U. Hopron. 

“Selective adsorption by activated charcoal from solutions con- 
taining two organic acids.” By C. OCKRENT. 

“The nitrosation of phenols. Part XIII. o-Chlorophenol.” By 
H. H. Hopeson. 

“The nitrosation of phenols. Part XIV. Resorcinol monoziso- 
propyl ether.”” By H. H. Hopason and H. Cray. 

“The kinetics of the esterification of acetic anhydride in ethyl 
alcohol solution.” By E. A. Mortwyn-Hueues and A. C. 
ROLFE. 

“‘ The picrolonates of the alkaline-earth metals.” By P. L. Rosr- 
son and W. E. Smiru. 

“ The preparation of dibromofluorescein.” By M. A. PHILLIPs. 

“ Catalysis and photo-conductors.” By A. F. H. Warp and F. H. 
CONSTABLE. 

“The chemistry of the three-carbon system. Part XXVII. 
Nitriles of butenoic and hexenoic acids. A note on the analysis 
of unsaturated nitriles by halogen addition.” By R. A. Letcx 
and R. P. LiystEap. 

“ Synthetical experiments in the chromone group. Part VII. A 
synthesis of 7:8: 4'-trihydroxyflavone, 7:8: 3’: 4’-tetra- 
hydroxyflavone, 7:8:3':4':5'-, 5:7:3':4':5'-, and 
3: 7:3’: 4’: 5’-pentahydroxyflavone.” By I. C. BapHwar, 
K. 8. Kane, and K. VENKATARAMAN. 

“The preparation of pure ethane, methane, and hydrogen and the 
analysis of their mixtures.” By W. E. MacGiLiivray. 

“The rotation dispersion and circular dichroism of bornylene 
nitrosite.” By S. MircHext and 8. B. CorMAcK. 

“The planar configuration of diamagnetic nickel complexes. Part 
I. Isomeric nickel derivatives of methylbenzylglyoxime.” By 
S. SuGDEN. 

“Note on the measurement of glass electrode potentials by valve 
electrometer.” By G. D. GREvILLE and N. F. MaciaGEn. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 
ARMSTRONG, EDWARD FRANKLAND and ArmstrRonG, K. F. The 
glycosides. London 1931. pp. viii + 123. 12s.6d.net. (Reed. 
19/11/31.) 
From the Publishers: Messrs. Longmans, Green & Co. 
Britton, Husert Tuomas StanuEyY. Chemistry, life and 
civilisation. A popular account of modern advances in chemistry. 
London 1931. pp. viii + 248. ill. 10s. 6d. net. (Reed. 3/12/31.) 
From the Publishers : Messrs. Chapman & Hall. 
CHEMIKER-KALENDER 1930. Edited by I. Koppert. Year LI. 
3 parts [in 2 vols.]. Berlin 1930. pp. viii + 73, iv + 678, iv + 
634. ill. (Reference.) From Dr. Robert Donald. 
Foster, Mary Louise. Life of Lavoisier. (Smith College 
Monographs, No. 1.) Northampton, Mass. 1926. pp. viii + 72. 
(Reed. 24/11/31.) From the Author. 
HADFIELD, Sir Ropert Apporr. Faraday and his metallurgical 
researches : with special reference to their bearing on the develop- 
ment of alloy steels. London 1931. pp. xx + 329. ill. 2I1s. net. 
(Reed. 2/12/31.) From the /.uthor. 
Hitcket, Water. Theoretische Grundlagen der organischen 
Chemie. 2 vols. Leipzig 1931. pp. xii + 410, iv + 352. M. 22, 
M.18. (Reed. 19/11/31.) 
From Professor C. 8. Gibson, O.B.E., F.R.S. 
TRON AND STEEL INsTITUTE and NATIONAL FEDERATION OF IRON 
AND STEEL MANUFACTURERS. Corrosion Committee. First report 
to the Iron and Steel Industrial Research Council. London 1931. 
pp. 268. ill. (Reference.) From the Iron and Steel Institute. 
Korp, HrerMANN. Geschichte der Chemie. 4 vols. Braun- 
schweig 1843-47. pp. xx + 455, x + 426, xii + 372, xvi + 448. 
ill. (2nd copy.) From Professor C. 8. Gibson, O.B.E., F.R.S. 
McBatn, JaMEs WILLIAM. ‘The sorption of gases and vapours by 
solids. London 1932. pp. xii + 577. ill. 25s. net. (Recd. 
4/12/31.) 
From the Publishers : Messrs. George Routledge & Sons. 
NEEDHAM, JOSEPH. Chemical embryology. 3 vols. London 
1931. pp. xxii + 614, xvi, 615 to 1254, xvi, 1255 to 2022. ill. 
105s. net. (Recd. 8/12/31.) 
From the Syndics of the Cambridge University Press. 
PatM&R, WILHELM. The corrosion of metals. Part II. Some 
researches concerning the dissolving of metals. (Ingenidrveten- 
skapsakademiens Handlingar, No. 108.) Stockholm 1931. pp. 
198 + iv. ill. (Reed. 14/8/31.) From the Author. 
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REDGROVE, HERBERT STANLEY. Thecream of beauty. London 
1931. pp. xii + 184. 5s. net. (Recd. 3/12/31.) 
From the Publishers : Messrs. William Heinemann. 
SCIENTIFIC AND InDusTRIAL ResEarcH, Department of. Steel 
Structures Research Committee. First report. London 1931. pp. 
xii + 276. ill. (Reference.) 5s. net. From the Director. 
Socift& DE LA MAILLERAYE. La Mailleraye. Bulletin tech- 
nique. No.2,ete. Paris 1924+. (Reference.) 
From Dr. R. E. W. Maddison. 


Il. By Purchase. 


DesyeE, Peter. [Editor.] Molekiilstruktur. Leipziger Vor- 
trage 1931. Leipzig 1931. pp. viii +197. ill, M. 10. (Reed. 
23/11/31.) 

LiescHE, Otto. Rechenverfahren und Rechenhilfsmittel mit 
Anwendungen auf die analytische Chemie. (Die chemische Analyse, 
Vol. XXX.) Stuttgart 1932. pp. viii + 203. ill. (Reference.) 
M. 22. 

WaLpEN, Pavt. Mass, Zahl und Gewicht in der Chemie der 
Vergangenheit. Ein Kapitel aus der Vorgeschichte des sogenann- 
ten quantitativen Zeitalters der Chemie. (Sammlung, New Series. 
Vol. I.) Stuttgart 1931. pp. 106. 


III. Pamphlets. 

Antuony, D. J., Jackson, FREDERICK WILLIAM, and JOYCE, 
Tuomas GoopE. “ Black Gut.” (From the Vet. Record, 1931, 11.) 

AUSTRALIA, COMMONWEALTH OF. Council for Scientific and 
Industrial Research. Bulletin No. 50. The poisonous action of 
ingested saponins. By ALFRED JAMES Ewart. Melbourne 1931. 
pp. 28. ill. 
Pamphlet No. 20. The identification of wood by 
chemical means. PartI. By H. E. Dapswett. Melbourne 1931. 


pp. 16. 





Pamphlet No. 21. The density of Australian timbers. 
A preliminary study. By H. E. Dapswetzu. Melbourne 1931. 
pp. 16. ill. 








Pamphlet No. 22. The chemistry of Australian timbers. 
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